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SOIL FERTILITY
AND FERTILIZING
OF CULTIVATED PLANTS

ORFFEQ T. ROTINI
Direitore dell’Istiiuto di Chimica Agraria
dell’ Universita degli Studi di Pisa
Pisa - Italia

A Study Week on the use of fertilizers demands in the
first place a preliminary Survey covering both the concept
of fertility and our new knewledge of plant nutrition in con-
nection with the absorbing process and the transport of nutri-
tive constituents by cultivated plants. This demand, of course.
has become more and more important with the progress and
decpening of knowledge concerning soil and plants.

Modern concepts of root absorption, the numerous cor-
relations which on the physiclogical and agronomical level
condition the development and productiveness of crops, and
especially the rapid change of the different fertilizers that
industries put at the disposal of farmers, require from techni-
cians and practical farmers a carefel consideration for the
pedological and physiological appropriateness of these ferti-
lizers, and for the way and limits of their application.

More than half of the fertilizers used immediately after
the war are no longer to be found on the market, and teday
there are prodacts in use which at that time did not exist.
For this reason both the concept of fertilitv and the fertilizing
processes acquire new and more precise agronomical signi-
ficances.

[18] V. 1 - Rotini - p. 1
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To oppose soil fertility to the practice of manuring which,
in its general acceptance means today chemical fertilizing,
is in my opinion a formulation that is not quite correct and is
open to some dangerous interpretation, because it may easily
favour the illusory conviction that soil fertility may be in-
creased only through the administration of chemical fertilizers.

Apart from this consideration the subject of my paper
wouid require not forty minutes for its presentation but a
whole course of lessons. Thercfore, I shall limit myself to
handling the theme in a summarized way, cmphasizing parti-
cularly the more significant aspect of fertility and fertilizing
in relation to the actual conditions of agronomical practice.

First T would spend a few moments on the definition of
the concept of fertility, which represents a complex function
of many variables, most of which are neither simple nor
independent.

Many renowned agronomists, among others Demolon,
maintain that fertility is not susceptible of a precise and ab-
solute definition, but that it constitutes the expression of an
experimental ascertainment referable to the propensity of a
soil to favour more or iess high yields.

Without entering into detail and considering it in a global
sense, the concept of fertility corresponds to what CosiMo
Riporyr defined at his time as “the admirable propensity of
the soil to produce”. Evidently this is a rather polyvalent
concept which led agricultural chemists to consider a whole
series of factors, the intervention of which tends to modify
the productiveness of the soil by means of specific effects
which, being temporary and manifesting their efficacy within
certain limits, determine almost always essentially dynamic
situations, capable of changing more or less rapidly. Thus
fertility turns out to be the component of a vast series of
factors which have the capacity to increase the unit produc-
tion {i.e. production per hectare) of cultivated plants, and
which cannot all be modified through the intervention of man.

[8] V, x - Rolini - p. 2
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The location, latitude and altitude of the soil, and above
all climatic conditions, which influence the ground and with
which the farmer can by no practical means interfere, consti-
tute parameters of particular importance for determining nu-
merical indices for the expert to make use of for establishing
in a certain territory a scale which may facilitate the evalua-
tion of its ferlility in accordance with experimental results,

The lie of the land which can be modified with levelling
and terracing works; the depth of the culfivable stratum,
which can be increased by trenching works, and the presence
of abundant gross skeleion which today can in certain cases
be satisfactorily altered, form on the other hand a category
of factors susceptible of possible and substantial ameliorations,

But what I would particularly take into consideration,
together with Jand clearing, is the state of the superficial dispo-
sition of the ground which, apart from other fertility factors,
very often conditions the productiveness of agricultural crops.

When the ground is not well levelled, the first rain after
sowing — especially when the soil contains organic or inor-
ganic colioidal constituents — will deprive it of permeability,
and there will be a formation of stagnant water capable of
provoking asphyxia of the seed and resulting in a conspicuous
decrease of the unit yields.

It is not difficult to observe even in European agriculture,
in places where the soil cultivation is not carried out very
effectvally, neglecting for example the levelling of the ground,
that the unit yields are inexplicably low even when there is
no deficiency of other fertility clements, as a consequence
just of this constitutional defect.

While we are discussing the superficial disposition of
the ground, besides surface levelling, there has to be consi-
dered the subsequent correction of the slopes so that a well
scattered systern of drainage may prevent destructive conse-
quences at lower levels.

The availability of water in sufficient quantity for the

[+§] V, 1 - Rolini - p. 3
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hydric needs of the plant, or the excess of humidity deter-
mining difficult life conditions for the root systemn of the plants,
that is the general hydric state of the soil, are essential factors
regarding fertility, factors, however, which generally can be
maodified more or less easily by the farmer in proportion to
the means available and the territorial situation in a favou-
rable sense for the vegetal development, and thus for the
promotion of a higher level of fertility.

So far, we have pointed to that series of factors concern-
ing essentially the fertility of position or the general fertility
of the soil, which in part can be ecasily modified. Now I
would like to dwell on texture and sfructure, with which the
ground’s capacity for water and air appears to be linked,
and which activate the so-called physical fertility that seems
to be of prior importance and to condition conslitutional
fertility.

As is known, the physical properties of the seil are fun-
damentally linked with its texture and structure. The signi-
ficance of the texture is frequently confounded with the signi-
ficance of the structure without taking into account their pro-
found diversity. The texture is in fact linked to the size of
the elementary particles and corresponds to the so-called
granulometric composition.  The structure instead concerns
the way the particles are grouped among themselves.

As already mentioned, on these two factors depends the
behaviour of the soil with regard to air and water. While in
the definition of texture the dimensional principle dominates,
in that of structure prevails the principle of distribution of
the single constituant elements in space. In the texture the
units are represented by fundamental particles, coarse sand,
fine sand, slime and clay, but it is useful to remember that
the physico-mechanical characteristics of the soil do not de-
pend on the dimensional factor; they are furthermore linked
to the type of slime and especially to the type of clay contained
in the soil.

[i8] V. v - Rotint - p. 4
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When the soil is too light or too heavy as concerns its
physico-mechanical constitution, one provides for its amend-
ment which consists in the addition of sandy material to too
heavy soils or of clayey material to too light soils, that is, of
course, when one recognizes the objective and economic pos-
sibility of their realization.

The soil structure, on the other hand, contains as funda
mental units the elementary aggregates which can also com-
bine one with another so as to form structural units of higher
dimensions, The structure is extremely important for fertility
because it influences the capacity of accumulating water and
air and plays a considerable role in resistance of the soil to
erosion by conditioning the process of leaching and the per-
meability. The new agricultural techniques, the ever increas-
ing use of machines for the cultivation of the soil, and above
all the reduced supply of organic substances have during the
last decades led to a gencral decay of the structure of agri-
cultural fields.

Insufficient structural stability (which ‘stability depends
on the tenacity of the organic and inorganic binding means
in the larger part of cultivated soils) makes the disastrous
effect of hydro-meteoric erosion more severe, and this within
a short time can determine the loss of the surface stratum
where the larger part of the chemical fertility of agricultural
soll is located.

There is no need here to dwell on the subject of the ag-
gregates and the binding means which contribute to the sta-
bility of the aggregates, however, T deem it necessary to
mention that quite a series of factors can regenerate the struc-
tare and heighten the structural stability, which will lead to
an increase in porosity. By incorporating mechanical work
that has the effect of raising the center of gravity of the active
thickness of the soil in increasing its apparent specific weight,
one provokes the occurrence of certain phenomena wlhich can
condition positively the formation of binding means. Tt is

{181 V. 1 - Rotini - p. 5
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known that the production of binding materials is favoured
by abundant administrations of organic substances and by
well directed microbiological transformations of the organic
substance itself, or also by adding conditioners like “Flotal”,
once used in Italy, or some synthetic polymers, like Krilium
and Vama, and finally by means of some natural compounds
of plant origin found in the soil which by their nature contain
substances provided with a constifution and functions ana-
logous to those of synthelic polymers.

The full fertility of agricultural soil requires that this soil
manifest, in the right measure, certain catalytic and enzymatic
activities capable of proveking and accelerating a whole series
of fransformations directed to the formation of numerous me-
tabolites that characterize the active chemistry of the soil.
Among the catalytic activities mention should be made of
the oxidasic activity prevailingly linked to the presence of
hydrated manganese oxide, which determines the transforma-
tion of carbon monoxide into carbon dioxide, and of cyanamid
into urea, according to the CrrLse Urprant’s classical scheme.
Therefore, in a soil that is not provided with such activity,
as for example the heavy calcareous Grisolera soils (Venice),
this transformation of the cyanamid into more easily assimi-
lable products will not take place on the part of the plants.

Furthermore, the oxidation of ammonia provoked by
manganese dioxide, studied in 1904 by Fausrto SesTINI and
later by De Rossr and by Russern and SmITH, constitutes
an activity of the soil capable of forming nitric acid and then
putting this nitric matter at free disposal of the plant. Tt is
known that the processes of eatalytic oxidation procced in
considerable measure in agricultural soil when the action of
metallic oxides becomes manifest under the iufluences of
luminous radiations.

In this connection we may mention the researches made
by GoraL Rao and by DHaR on photochemical oxidation in
the soil; they aftributed this power also to titanium, alumi-
nium and silicon oxides.

[#8] V, 1 - Nolini - p. G
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Enzymatic activities manifest themselves in the soil by
the presence of tissnal enzymes, which plant residues convey
into the soil, and those of bacterial and fungous origin. They
include the catalase activity, the urease activity, particularly
responsible for the rapid transformation of fertilizing urea
into ammonia, and fuorthermore the cellulase, phosphatase,
amylase, protease and depolymerization activities. The latter
assumes greal importance for the transformation of polyphos-
phates, now largely used in agriculture, and for the degra-
dation of surfactents, the accumulation and persistence of
which would finally lead to unfavourable effects for the soil
structure together with antimitotic actions capable of reducing
the development of plant roots.

I would like to refer in detail also to the phytase and
lecithinase activities which contribute to the mobility of or-
ganic phosphorus contained in the soil; but to me it appears
sufficient to have mentioned these essential characterictics of
the soil which are intimately linked to the transformation of
certain insoluble compounds into forms more easily assimi-
lable by plants, and which consequently constitute an im-
portant factor of fertility,

I deem it convenient just to mention the microbial ferti-
lity of the soil, without which the cycles of mineralization of
the organic substance, of the atmospheric nitrogen fixation
and of the nitrification process would not develop in an eco-
nomic and timely way, with serious damage for the nutritional
absorption of plants,

Before considering the constitutional fertility factors in.
cluding the chemophysical and chemical state, I would like
to emphasize that modern agricultural development has led
us during the last decades to a form of husbandry that makes
use of special inert substrates, or as it is generally expressed
by a term not always legitimate, hydroponic culture.

In this connection it should be pointed out that owing to
the transformations suffered by the solid material in the course

[281 ¥V, 1 - Robini - p. 7
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of time, the concept of physical fertility, which might appear
simplified because of the absolute absence of colloids of
organic and inorganic nature, on the contrary reacquires
almost all of its strictly pedological dimensions as a result of
the pedogenetic transformations manifested in the substrate.
Therefore, when using ecasily decomposable material as a
substrate for hydroponic plants, there arise again all of the
problems concerning the correlations between fertility and
the general characteristics of agricultural soil.

The relation between physicochemical properties and soil
fertility is marked by the hydrogenionic concentration value
or by the pH index. It is known that plants do not tolerate
acidity degrees below the acidity of vinegar and above the
alkalinity of calcium carbonates,

On the other hand, the chemical macro and micro nutri-
tive elements can become inscluble in a soil with anomalous
reaction; and so even when the plant is able to tolerate the
reaction of the milieu, it will for this recason yet be unable to
benefit from the chemical fertilizing.

These pedological conditions, though, are in many cases
easily susceptible of correction. The correctives of acid and
alkalinic soils succeed in most cases in modifying favourably
the anomalous reaction of the soil. These operations are by
now largely infroduced in agricultural practice, and I think
it is sufficient to have just mentioned them.

Concerning real chemical fertility, apart from all other
fertility factors already discussed, it should be emphasized
that the chemical composition of the nutritive means operates
on the aspect and the growing velocity of the plants, on their
morphology and composition, and thus on the configuration
of the vegetable landscape as well as on the useful production
of agricuitural crops.

The attempts to put plant biochemistry in relation to the
mineral components of the soil leads back to the dawning
of research and belongs to the first meditations of the natu-

(A8 V, 1 - Rotini - p. 8
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ralists; a rational cxplanation of the various influences exerted
by the inorganic components on plant life, however, repre-
sents a rather recent, and under certain aspects not yet enti-
rely definitive achievement.

The spreading of ashes on the ground is besides a verv
old practice and was already characterictic of the first agri-
cultural initiatives. Brrnarp Parissy in 1563 wrote that the
remarkable variety of mineral salts which plants require for
their development, is drawn from the earth through the root
system; but the Georgics had already much earlier realized
that fertilizing substances added to the soil restore what plants
withdraw during their developing cycle.

The origin and the significance of the mineral salts con-
tained in plants remained nevertheless for a long time subject
of controversy, and only in the course of the centuries has
it been clearly demonsirated that certain mineral elements are
indispensable to plant life.

For the first experiment on mineral plant nutrition we
are indebled to Van Heimoxt, but it was not until 16gg that
the linglish scientist Woodward started an interesting expe-
riment which brought the problem of mineral plant nutrition
on the right track. He shows in detail, in the first place, that
plants can live with their roots immersed in water, drawing
from it the elements useful for their growth, and by means
of a series of rather subtle experiments he demonstrated that
such growth is different according to whether the plant is
immersed in river water or in rain water, or in water extracted
from the soil.

On the strength of these interesting observations, Woob-
waRD contested decisively Van HrerMont’s conclusions, and
he writes fairly logically — even though not quite legitimately
and correctly that “carth and not water is the malter that
constitutes plants”.

In 1727, some decades later, Hales carried out another
series of researches converging rather on the same subject.

[z8] V, 1 - Rotini - p. 9
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But it was not until 1804 that Dr SAUSSURE expressed the
opinion that the scil furnishes small but essential contribu-
tions to the nourishment of plants, and he demonstrated expe-
rimentally that if a plant grows in water devoid of mineral
substances, the content of such substances will increase only
proportionally to the small quantities of inorganic matter
that may come to the plants from the seed or from atmos-
pheric dust deposits. In spite of these clear experimental
results, there persisted the opinion that the inorganic substan-
ces, present in plants, are simple accidental inclusions or else
mysterious stimulants rather than nutritive factors. The results
of D& SAUSSURE’s experiments were only taken into their
just consideration 50 years later, The theory of the humists
indeed was finally demolished by Jusrtus v. Limsic with
perspicacious criticism, in a famous address presented in 1840
at the British Association for the Progress of Sciences.

Agricultural practice had in part already anticipated these
conclusions,  Ammonium sulfate from coke ovens, saltpeter
from the Chilean caliches, guana from Peru, bone meal and
phosphorites had already been largely introduced, together
with dung, in the manuring of agricultural crops. It is evident
that after the formulation of the new doctrine of mineral plant
nutrition, the utilization of these substances would strongly
increase, and the chemical indusiry would thus be pushed
towards that series of fruitful experiments which followed one
another near the end of the century, and which led to the
production of the new synthetic fertilizers.

The doctrine of mineral plant nutrition, cstablished in
its essential aspects by J. v. Liesic in 1840, finds its defini-
tive formulation after careful rescarches regarding the com-
position of ashes and after the further study of the relations
existing between plant development and the absorption of
mnorganic elements present in the soil or in nutritive solutions.

BoussmeauLt and Worr, Witener, PoLsTorer and Knop
participated in these important works, and a final conclusion

[:8] V. 1 - Rotini - p. 10
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about the indispensability of mincral elements for the develop-
ment and growin of plants was reached only after 1840, when
the cultivation method of plants in nutritive solution was in-
troduced, a method which permits this problem to be solved
by legitintating the substance itself of the new doctrine.

These achievements resulted in determining clearly the
function of the soil as source of inorganic salts for plants, and
the experimental data on plant growth in nufritive solution
led to the conclusion that when the medium is lacking in one
of the organogenic elements, such as carbon, hydrogen, nitro-
gen or phosphorus, sulphur, potassium, calcium, magnesium
and iron, the plants show defects and are unable to complete
fully their vegetative cycle.

Tt is on these ten pillars that the doctrine of mineral nu-
trition and chemical fertility was based for some decades. It
should be pointed out, however, that in these classical experi-
ments no attention had been paid to the great importance and
the usefulness of certain inorganic elements absorbed by the
plant in extremely small quantity, and almost always present
in the impuritics of the reagents and the receptacles used for
conducting the tests,

Later rescarches and the new achievements of modern
plant physiology, especially those concerning the role of enzy-
mes in the chemistry of the metabolic processes, demonstrated
that besides LIEBIG’s ten macroelements there are still others
that plants absorb only in traces and which are likewise indis-
pensable for their development.

These elements have been named minor elements or mi-
croelements. A hundred years after the important discovery
by LiEBiG, we are today witnesses of a second renaissance of
the mineral nutrition of plants. The series of the clements
indispensable for plants has remarkably increased, and in
the course of these last decades, there has been clearly put in
evidence the agronomical importance of manganese, molybde-
num, zine, boron, copper, cobalt, viz. of all the micro-nutritive

[#8] V. 1 - Rotini - p. 11
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or oligodynamic elements connected with the names of BEer-
TRAND, of SCHARRER, and also of the Ttalian GroaccHino CAR-
RADORT. The latter already in 1749, even before the doctrine
of mincral plant nutrition had been affirmed, had already
foreseen the importance of certain microelements, not so much
for their specific action on plant metabolism as for their in-
tluence on the general development of plants and the producti-
veness of agricultural crops.

There is now opening a third period of the science of
mineral plant nutrition: that of the simple and complex ali-
mentary interactions, the knowledge of which has already
suggested profound modifications in the fertilizing manage-
ment of crops.

Passing now fo the second part of my paper concerning the
fertilizing of plants, I must say that more than a hundred
years after the formulation of the doctrine of mineral plant
nufrition, there still persist together two opposed attitudes as
regards chemical fertilizing.

There is the attitude of the agronomists who are especially
concerned about the unitary yield, and they reasonably see in
the manuring of their crops, no matter how it will be applied,
the fundamental instrument to obtain a higher agronomical
result,  There is then the attitude of the hygienists, who see
in the chemical fertilizing a forcing of the productive capacity
of plants with disadvantages on the qualitative and health level.

[ cannot associate myself cither with the one or with the
other attifude. Tach one is in part right and in part wrong.
In fact, so as to respond fully to the exigencies of agricultural
crops, a manuring must be complefe and cquilibrated. The
assessment of the qualify of agricultural crops for the alimen-
tation of man and domestic animals, today must take info
account the play of the nutritional balances which' condition
the global productiveness of the crops and at the same fime
have a profound effect on the quality of the production itself.

[+8] ¥V, 1 - Rolini - p. 12
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In plants, the will to feed, and the preference expressed
by their selective root absorption, cven though they are not
coordinated by a rational intelligence, manifest themselves
none the less in a framework of strictly coordinated and in-
terdependent actions and reactions. The knowledge of these
actions and reactions appears to be an indispensable condition
for being able to complete on a solid basis the science of plant
nutrition, and for the rules to follow for the sake of an eco-
nomic and productive manuring of the soil.

On its part the mechanism of absorption and transport of
the elements of fertility involves the existence of a strict
coordination between the different factors which determine
the growth of plants and their specific yield.

After all it must be kept in mind that the role of a parti-
cular fertility element does not depend only on the direct
cffects of its concentration, but also on the repercussions that
it exerts on all of the other factors existing in the system.

In practical agriculture fertilizers constitute without any
doubt, if not the major, one of the most efficacious technical
factors to increase the productivencss of the earth.

The science of genetics, the mechanization of agricultural
work, irrigation, the defence of crops against noxious factors,
together with the manuring of the soil have exerted, during
these last decades, a remarkable influence on the entire agri-
cultural production throughout the world. There is no doubt,
however, that the large increase recorded in the production
of cereals in the course of the last half of the century depends
greatly on the total quantity of the soluble fertilizers admi-
nistered to the crops.

Also, the considerable production in overseas countries,
which has determined a great availability of food products
for international consumption, is linked to an extensive appli-
cation of soluble fertilizers to the plants. On the other hand,
countries that still use peat or natural organic ferilizers of
various nature — neglecting fertilizers of prompt effect have

i8] V. 1 - Robtini -~ p. 13
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achieved rather modest increases in their global and unit pro-
duction in spite of the progress made in improving other
factors of their production,

In this connection it is interesting to point out that, on
the physiological level, the plant can feed even if the fertility
clements are given to the medium in extremely small con-
cenfrations; but in order to correspond to the exigencies of
agricultural and economic character, the concentrations of
the soil solutions relatively to the single macro and micro
nufritional elements, must not diminish below fixed levels.

From this exigency follows the necessity to apply to the
soil the fertility elements needed by the crops in the quantity
and form capable of creating in the agricultural ground ex-
cellent concentration conditions of each nutritive element,

And secing that the development of agricultural crops
takes place relatively to the ratio of the wvarious nutritive
clements present in the scil, the problem of plant needs must
therefore be considered comparatively rather than in an ab-
solute sense, because the lack of a given clement may show
itself even when it is administered in conspicnous guantities
if its quantity is out of proportion compared with the other
clements or does not correspond to the general needs of the
mineral nutrition of the plant.

The levels of unit productiveness of the various crops
show very sensible differences in different countries and dif-
ferent agricultural regions throughout the world. In 40 coun-
tries chosen from among the most important, the mean wheat
production during the period 1956/58, has shown variations
ranging from a minimum of 6.64 quintals to a maximum of
36.33 quintals per hectare, i.e. in a ratio of one to six.

This remarkable oscillation of the unit yields does not
find sufficient justification in the different characteristics of
the physical enviromment; it appears indeed connected in the
first place with agricultural and economic development, and
in an equally important measure with technical means. Even

[+8] V, 1 - Holini - p. 14
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the increase during the last decades seem to be clearly con-
nected with the genetic improvement, the control and the
defence of the crops, irrigation and technological or cultural
improvement, but especially with the use of fertilizers.

Evidently the application of these factors requires also
an adequate structuration of farms as well as economical and
social conditions favourable to the development of the pre-
ductive process. The researches conducted in the larger
countries of the world have in fact demonstrated that high
unit yields are observed mainly in those countries where mo-
dern agricultural techniques are employed with great care,
and where the cultural level of the rural world, besides being
elevated, goes hand in hand with a clear efficiency in the
technological - sector,

As concern the reserves of the hygienists, it should he
emphasized that the experiments made by Zrmer and co-
workers, and by GERICKE in Germany, have shown that when
soils are rationally fertilized, by respecting the nutritional
balances, the agricultural products present higher alimentary
characteristics than those deriving from unfertilized soils.

We consider now shortly the complex problem of the
choice of criteria and methods for the measure of chemical
soil fertility.

In spite of the experimental researches carried on for
more than a century on this difficult subject, the approximate
agreement between the different methods, namely the sta-
tistical correlation index between the results obtained, cannot
be considered as a definitive solution of the preblem, but
only as a proof of a satisfying convergence between the metheds
that are today more largely employed. In fact, neither the
abundance of nutritive elements nor even their solubility
can assume full significance, these being generally elements
Like phosphorus, petassium, calcium and magnesium which,
being retained in the absorption compounds, present a chan-
geable agricultural behaviour.

[18] V, 1 - Rolini - p. 15
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With regard to nitrogen, to the elaboration of which
contributes aiso the microbiological activity of the soil -
in which in spite of a richness in organic nitrogen there may
at times be observed a lack of nitrogen because of the soil’s
anomalous reaction or of its reducing capacity — the apprai-
sement of the concept of fertility becomes still more difficult.

Analogous considerations are valid also for phosphorus,
potassium, iron and the other elements of macro and micro
nutritive fertility.

When the evaluation of chemical soil fertility becores a
guiding instrument for dunging techniques, the decisive
method for practical aims is the direct or agronomical method
of dung tests carried out in the fields or in pots according to
the position of the problem.

Also indirect, physiclogical, chemical, biochemical ex-
traction methods etc., may present a certain reliability for
practical aims provided their results agree with those of the
direct agronomical method.

Regarding the fertilizing technique, T shall limit mysslf
just to hinting at two general problems, having to do with
the production and use of chemical fertilizers.

Production as technical fact, particularly for the sector
of nitrogens, could not present a more satisfying panorama
than the present one. The same cannot be said of the phos-
phatics, the production of which - except in the United
States where the polyphosphate industry has greatly developed
— still sticks to the old technologies and to the old products.
These latter, though having played an important role in the
past, present certain serious inconveniences when applied to
acid and subacid soil, where phosphoric anhydride becomes
easily insoluble forming ferric and aluminium phosphate.

The experiences of these last decades moreover have
shown that among the deficiencies of agricultural practice on
the technological ievel, the way and the limits of fertilizing
the soil are rather important.
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It is known that the global volume of agricultural pro-
duction depends fundamentally on the ability of the cultivated
species to adapt themselves to pedoclimatic conditions, on
their resistance to noxious agents, and on the capacities of
the crops to take advantage of the fertility of the soil.

But the lack of information on these questions is still
far from being negligible, and 1 daresay that this insufficiency
costs the economy of the different countries very dear. In the
interest of all, it appears useful to free cerfain specialists from
the illasion that to solve agricultural production problems,
and consequently those of the food supply for the whole of
humanity, it is sufficient to increase agricultural machinery
and the consumption of fertilizers or pesticides, whereas it is
absolutely necessary to improve in the first place the limits,
the times and the ways of employing these endogenous factors
of production in order to adapt them to the real necessities of
the crops and of farm management,

Nobody thinks that there might be expected a strict cor-
relation between the quantity of fertilizer employed and the
agricoitural production, since the water availability, the cli-
mate, the fillage, the choice of the varieties and sceds as
well as the farming practices constitute together with fertilizers
equally factors capable of conditioning crop productiveness.
There is no doubt, however, that when a further administra-
tion of fertilizer does not bring about an adequate increase
in production, as happens almost throughout the world, the
reason can only be looked for in the way, the times or the
limits according to which the dunging is carried out.

This shows that with great cfforts there are obtained
small results, meaning that it is still necessary to work in the
sector of soil fertility and the technique of dunging in order
to adapt the fertilizer to the soil and to the crop, in the
framework of a deeper knowledge of mineral plant nutrition.

There have always been many difficult problems in the
field of crop fertilizing, and in spite of the progress achieved
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during the last decades therc remain still those with regard to
causes of physiclogical, pedological and eccnomic nature.

Therefore, we must clarify still more accurately the va-
lidity of the so-called complex fertilizers, know better the va-
rious nitrogen forms, furthermoere respect the relations and
the nutritional balances between the different fertility elements
and, finally, consider with mcre scientific and practical depth
the corrclations existing between fertilizer-soil and plant.

These problems require precise solutions which will en-
lighten farmers and become uselul for agricuitural producti-
veness only if the researches be set up in a correct way and
above all carried out with full methodelogical rigour.

The old factors of production are today in competition
with a wvaster series of scientific facltors concerning the de-
velopment cycle of plant life in connection with environ-
mental conditions and in the framework of the complex cor-
relations existing between all of the physiological factors
operating in the multiform play of the natura! balances.

Agronomical science has until today pursued almost
exclusively objectives of quantitative character, but in future
it will be necessary to look more into the influence of ferti-
lizers on the quality of crops and of livestock, so as to cor-
respond more strictly with the exigencies of the consumers.

It is known that the influences of qualitative order de-
pend essentially on the ratio according to which the different
fertility elements are available for absorption by agricultural
crops. Therefore, an equilibrated dunging is the first condi-
tion for agricultural success and for the largest agricultural
productiveness.

A deeper knowledge af these ratios will certainly faci-
litate also the better use of fertilizers, making of this impor-
tant instrument of agricultural technique a factor of progress
and economic prosperity for farmers and for national com-
munities.
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THE LIQUID FERTILIZING

ORFEO T. ROTINI
Divettore dell’ Istitulo di Chimdca Agraria
dell’ Universite degli Studi di Pisa
Pisa - [talia

Of the two papers indicated in the program I shall pre-
sent only the second, and perhaps I should explain the phi-
losophy which led me to present this paper. When a year
ago, together with VarenTtine HErwanpo I had to choose one
of the two papers I had proposed, namely: “On Soil Fertility
and Fertilizing of agricultural croppings” and “On liquid Fer-
tilizing”, we decided to present that on liquid fertilizing.
Later on I travelled to France and the United States to study
this problem, and my enthusiasm for the one on liquid fertiliz-
ing soon died down for reasons I shall explain later. On my
return from these journeys, it appeared to me that it was not
worth while to developing a subject which presented so many
uncertainties, and I decided for the subject on fertility. 1
thought that it might be necessary, on a philosophical level,
to explain the different elements which share in the forma-
tion of soil fertility. It is generally Dbelieved that the chemical
fertility coincides perfectly with the general fertility of the
soil, i.e. the agronomical fertility. In my opinion this is a
great error, because it may lead agriculturists to false inter-
pretations, making them believe that it is sufficient to add
chemical fertilizers in order to raise the agronomical fertility
of the soil. This does not correspond to reality, becanse the
agronomical fertility, the fertility of the soil, includes different
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components. There exists in the first place a physical fertility
of the soil which is linked with the texture and the structure
of the ground. A ground not well structured, a ground that
daoes not have a structure resistant to the course of time, lends
itself badly to a rational manuring, because in such ground
the manure will not be able to exert its entire influence. A
soil without a certain physico-chemical fertility lends itself
little in tolerating heavy manures because in that case the
soil is in a certain degree unable to manifest the absorbing
power capable of retaining the ammonium ions, potassium
ions and phosphoric acid anhydride ions which otherwise are
whashed away by meteoric waters. In the first place the carth
should be fairly neutral because, if it presents anomalous
reactions, which happens when the pH passes below the acid
acidity and above the alkalinity of calcium carbonate, it is
difficult to obtain economically efficient results from the ma-
nuring. In such case the pH of the soil must first be reduced
within the right limits and only then will it be possible (o
apply fertilizers in a useful way, These were the subjects I
intended to develop.

On the other hand, besides the physical and physico-
chemical fertility, there are also other components which are
not always duly taken into account. For example, if the
chemical, catalytic, enzymatic and microbiological activities
are lacking, not only do they render less efficient the manuring
of the cultivations, but in certain cases the application of
fertitizers when such activities are lacking may even bring
about resuits that are diametrically opposed fo those expected
from the manuring. T would like to advance only two cxam-
ples in order to explain this interesting aspect. By applying
organic products to a soil which is not provided with a suffi-
cient microbial quantity, the organic substance will not trans-
form itself, it remains mummified, This occurs, for example,
in strongly clayey, reducing soils in which happen to lack,
amongst other elements those binding eclements which con-
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tribute to the formation of the micella structures of the soil.
T agree with the Colieague Colwell who the other day joined
in the discussion on this subject fo siress the Importance of
the organic fertilizing. When, in the absence of organic
binding elements the land plots are not firmly compact so as
to form solid structures, the earth does not present a good
structure nor sufficient stability of structure, and in such case
there will never be a soil with sufficient capacity for air, and
thus for oxygen, as Wz2LTE deemed it to be reasonably neces-
sary, and for water. We know how the agricuitural produc-
tion progresses without water. We all know very well that
for the formation of one gram of organic substance, there
must pass through the plant stalk from 300/350 to 1.000/
1.200 g of water. Water consumptions are extremely high.
I think that these probiems niast be carefully examined, other-
wise it will be very difficult to get a proper picture of the
fertility of the soil, and it will be even more difficult to draw
uselul knowledge for manuring the cultivations.  Another
example I wish to illustrate concerns the use of urea as a
nitrogenous fertilizer. Today very high quantities of urea
are employed throughout the world. Somectimes I ask myself
if all soils are provided with a sufficient quantity of urease
in order to transform the urea rapidly in ammenium carbo-
nate. When the soil is well provided with urcase, the fertiliz-
ing urea decomposes itsclf rapidly and the ureic manuring
assumes the volume of an ammoniacal manuring. But if by
chance we have to do with a soil of old fertility which contains
no or but a small quantity of urease, the urcolytic transforma-
tion, instead of becoming manifest with a wvelocity that in
normal cases lasts from 4 to 5 days — meaning that within
4 to 5 days the urea will be transformed in ammonia —
proceeds very slowly or stops altogether. Then instead of
changing into ammonium carbonate, the urea takes another
direction pointed out by WOHLER in 1828, a century and a
half ago. The urea changes intc ammonium cyanate on ac-
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count of an isomerization action, and with the appearance of
the cyanide ion, which is terribly antimitotic with concentra-
tions of the order of o0,0001%, the roots and small plants
will be destroyed with consequent mortification of the culti-
vations. I gave these examples fo put in evidence that it is
important to consider not only the chemical, physical, phy-
sicochemical or chemophysical fertility, but likewise all thosc
activities of chemical, catalytic, enzymatic and microbiolo-
gical nature normally existing in the soil which, however,
may be lacking in sterile soils and in those where the farmer
with irrational spreading of insecticides, fungicides or herbi-
cides, contributes in destroying or mortifying those activities
with the result of reducing the efficacity of the manures be-
yvond the necessary measure,

The first part of my paper which was distributed be-
forchand, summerizes these meditations on the concept of
global fertility which, T trust might explain the philosophical
sense of the different single components of soil fertility. The
second part has been prepared because the Colleague VALEN-
TINO HERNANDO thought it right that in a Study Week, where
the fertilizing problems are discussed, the problems of liquid
manuring ought to be debated. This is the reason why it was
decided to illustrate the second and not the first one of my
two papers. The paper of liquid manuring deals mainly with
anhydrous ammoenia which in my opinion presents aspects of
larger economical convenience for countries which, like Ttaly,
nced to obtain a certain economy in the manuring of the crops.
I would like to point out that my paper intends above all
to arouse a discussion among the Colleagues. Of course, 1
mentioned already that for this new form of manuring there
are certain favourable elements and other less favourable
elements, in short there are lights and shadows, the intensity
of which varies profoundly with the conditions of the various
agricultures; therefore, while it may be considered advisable
in certain countries, it may appear less so in others.
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I. In the United States and in several European coun-
tries there has recently been diffused a new way of fertilizing
agricultural crops which, under certain aspects, recalls the
so-called “fertirrigation” already applied for a long time in
mountain farms where sufficient water under natural pressure
is available and also considerable quantity of manure.

In this case it is a question of utilizing not only the ma-
nure, i.c. the solid deiections added to the litter, but also the
liquid fecal matter possessing high fertilizing value due to
their nitrogen, potassium and auxins content.

GNo FrIEDMANN, around the twenties, had devoted him-
self to this agronomical practice on farms in the Alps using
chiefly a method with a mixing apparatus of fixed and va-
riable dosage, consisting in an hydraulic injector capable of
drawing an organic manuring liquid, formed Ty urines and
manure slime collected in special and separated vats. In
small farms the “fertirrigation™ was effected with barrel carts
containing the manuring liquid drawn by a tractor which
commanded a booster pump connected with the irrigator
installed in the same barrel cart.

On the other hand, specimes of fertirrigation of meadows
and seedplots with ammonia solutions had already been used
in 1853 on the initiative of the English Scrusron, and also
in Italy in 1920, by Franco SaMmarani, then Director of the
Agricultural Station in Crema.,

Today this new way of manuring the soil is called “liquid
fertilizing”, but maybe it would be better to say “fluid fer-
tilizing”, thus including also the administration of gaseous
fertilizing products, like anhydrous ammonia, and also those
in form of solid suspensions when using materials with high
concentrations containing liftle scluble nitrogenous, phospha-
tic and potassic compounds.

The benefits of this fertilizing irrigation, realized by
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means of fluid of various nature, present certain advantages
of general order like:

a) the greater facility with which the fertilizer can at
any time be distributed on the felds during the developing
cycle of agriculture;

b) Its agreeing with a criterion of greater speed by
making the single fertility elements available to the crops;

¢) the increase of the fertilizing efficacy thanks to a
quicker action and an intenser potential of the process of
mineral nutrition, also through the practice of the leaf ab-
sorption;

d) the reduction of the cost of the fertilizer unit, and
subordinately of the distribution expenses, especially when
the fertirrigation method is applied. According to American
experiences, the labour cost for the administration of fluid
fertilizers amounts to 5%, of the cost of the fertilizer, and does
not differ much from that of solid fertilizers:

¢} saving of labour on the part of the farmer. Evi-
dently the pumping of the liquid is much casier and less
toilsome than the transporting of sacks or even loose quantities
of solid products. Because of the state of aggregation cha-
racterictic of the material used, it is obvious that the fluid
manuring permits an entirely mechanized manipulation and
distribution;

f) the realization of a more uniform distribufion of
the fertilizing elements which permils a more homogenouns ve-
getative development of the cultivations;

£) the possibility of uniformly mixing and administer-
ing with the same operation, and thus with a notable saving
of time and labour, secondary elements: microelements, her-
bicides, insecticides and anticryptogamics. In any case work-
ing times are remarkably shortened;

h} the combination of these advantages with those of
the much easier storage and dosage, and others of psycholo-
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gical nature, such as to interest and attract those farmers
who want to put in practice a more favourable and advanced
technique.

There are still more advantages like the greater economy
in packing up, loading, unloading and transport of the ferti-
lizer, less labour for the farm worker, and last not least, less
cost per unit of fertilizer compared with the same unit con-
tained in conventional compounds.

2) During these last decades fluid manuring has indeed
experienced an unusual expansion in several countries, but
whereas at the beginning it was pushed by the necessity and
the convenience of introducing less onerous and more easily
used fertilizing systems, the initiative passed later into the
hands of productive and commercial organizations aiming
mainly at the intensification of selling larger quantities of
phosphatic and potassic mixtnres, according to the case,
losing sight of what had been the original intention.

Now while the use of liquid [lertilizers developed rapidiy
in the U.S.A. where the application of fluid forms had reached
53% by 1061, i.e. about ten years after their introduction,
in Ttaly and generally in all of the European countries, the
time has been spent on trials or tests of preliminary character.

Both in the U.S.A. and in France, the basis of fertilizing
with Hquid manures is the availability (besides ammonia,
urea and ammonium nitrate), of several raw materials like
superphosphoric acid and polyphosphates, not produced in
every country,

The lack of the industrial preparation of superphosphoric
acid and polyphosphates certainly handicaps the development
of a larger and extended application of liquid manuring.

The preparation of superphosphoric acid and its ammo-
niacal salts has been developed Ly the Tennessee Valley Au-
thority; it is an acid that contains 769, phosphoric anhydride,
whereas orthophosphoric acid contains only 54%.
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The melting point of this acid is sufficiently low to render
it fluid at room temperature, and the advantage of its use
consists in the fact that its ammonium salts are much more
soluble than those of orthophosphate. The development and
use of polyphosphates obfained by various methods make
possibie the availability of products containing up to 79%
of phosphoric anhydride, and according to recent preparations
realized by the T.V.A., a compound has been obtained in
which the 79% of phosphoric anhydride is formed by: 19%
orthophosphoric acid, 44% pyrophosphoric acid, 21% triphos-
phoric acid, 10% tetraphosphoric acid and 6%, acid of a still
longer chain,

I do not want to go on any longer on illustrating the
particular properties of these compounds, i.e. their solubility,
hydrolysability and possibility of binding certain oligoele-
ments of great interest for plant nutrition, but I would like
to point out that it will not be possible to develop the expan-
sion of liquid manuring in those countries where the industries
of phosphatic fertilizers are not embarked on aiming decidedly
at the preparation of these important products.

As concerns Ifaly, T believe that the delay in the reali-
zation of liquid fertilizers is linked with three different
reasons:

1) First of all, phosphorous compounds with high con-
centration of soluble phosphoric anhydride, indispensable for
the preparation of compound fertilizer solutions, are not avai-
lable to us.

2) We have no distribution structure, that is organi-
zations of a capillary agronomical service which could take
the place of the initiative of the individual farmers who as a
rule do not have the necessary means to provide for it directly
for themselves, _

3) Finally, the structure of Ttalian agriculture is up to
the present time based on farms of dimensions inadequate
for realizations of this type.
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As to the conditions of agriculture in Ifaly, where rather
big structural problems relevant to phosphatic products have
to be solved in the agricultural and in the industrial field, it
appears advisible, at least at the beginning, to direct liquid
manuring towards the use of products like gaseous ammeonia
the market price of which per fertilizing unit is lower than
that of a unit of nitrogen present in the traditional nitrogenous
fertilizers.

It is known that the production cost per unit of nitroge-
nous fertilizers is almost twice as much as that of anhydrous
ammonia or ammonia in solution which has also the advan-
tage of not being burdened with extra charges for operations
of drying processes, granulation and storing, characteristic of
solid products.

3. The realization of fluid fertilizing with anhydrous
ammonia has the advantage, amongst others, of utilizing a
product that contains 84%9% nitrogen and constitutes, as is
known, the raw material for the preparation of almost the
whole of the fluids and for the larger part of the solids.

The use of the ammoniacal solutions presents certain ad-
vantages concerning the distribution apparatuses, but in spite
of this, in the U.S.A. anhydrous ammonia continues to be
the main fluid nitrogenous fertilizer.

The corrosion of the tanks and the equipment are no prob-
fem as concerns anhydrous ammonia which vequests only
a few particular precauntions because of its toxicity and its
burning effect. Considering, however, that the applications
are made in fhe open air, it will not be difficult to prevent
such type of incidents, when observing the usual safefy
measures.

Anhydrous ammonia is generally injected into the soil at
a depth varying from 10 to 20 cm. in relation to the texturce
and the other physico-mechanical characteristics of the soil.
The operation consists in producing in the soil a narrow fur-
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row which will be rapidly closed in order fo cover the gaseous
ammonia in such a way as to limit the losses to a minimum.

Soun and PracH have studied the absorption of ammo-
nia on clay and on organic substances of the goil arriving at
the conclusion that this process develops more easily in slimy-
clayey and in acid soils. Also in subalkaline soils with pH
up to 7.3, the earth absorbs likewise considerable guantities
of ammonia, almost the whole of which spreads from the ap-
plication point in a range of § cm.

The experiment has demonstrated that even by giving
nitrogen quantities of 100-120 kg/ha, the losses are econo-
mically unimportant.

Mac Inton and FrepeErICK found that the diffusion of
anhydrous ammonia takes place with a different velocity,
according to the content, in empty spaces ol the carth. The
gravity does not scem to have any effect on its diffusion
which does not appreciably vary either above or below the
point of injection. Under the same humidity conditions, the
ammonia requires cight hours for its diffusion in an area of
27,5 cm, of range with 40%, empty spaces, whereas with 50%
it takes only 6,5 hours to diffuse in the same environment.

Gormng and MarrTiv have investigated the behaviour of
anhydrous ammonia in a sandy soil under different condi-
tions of humidity. The diffusing vclocity of ammonia di-
minishes with the increase of the humidity on the soil.

For its diffusion on 12.5 cm. from the point of injection,
anhydrous ammonia takes 130" in dry earth, 2™30” in earth
containing 1.5% humidity, 4"20" if it contains 3.5% and
430" if it contains 69%,.

With change in femperature the velocity of diffusion
varies, and obviously this velocity increases with higher tem-
perature: in a tract of 14.5 cm length it takes 3"30” at #°C,
130" at 20°C, and only one hour at 28°C.

The diffusing velocity of the gas, however, diminishes
when the content of organic substances in the earth increases,
while the other conditions remain the same.
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According to GIFForn and STRICKLING anhydrous am-
monia would exert a certain effect on the stabilization of the
soil aggregates, in relation to a certain specific interaction of
the ammonia with several organic constituenis not yet well
identified, and which — after being dissolved by the am-
monia — would subsequently reprecipitate and spread in a
more homogenous way in the soil,

According to ANDREWS the manuring with anhydrous am-~
monia produces the best effect when duly taken into account
together with the most favourabie depth of injection, humidity
of the soil, ventilating conditions, spacing of the rows and the
temperature at the time of the administration,

There are then still the experiments concerning the to-
xicity of the gaseous ammonia. As a matter of fact, Eno
and BLUE have ascertained that the nitrifying power of the
soil decreases only by 10% even when the alkalinity increases
to pII 9,6. 1t is evident that the mortification of the nitrify-
ing process is connected, with the toxic effect of the ammonia
on the nitrifying microorganism. The effects of the gaseous
ammonia expiain themselves also in comparison with the other
members of the microbial population of the earth.

When 100-120 kg. nitrogen per hectare are given as
anhydrous ammonia, one netices also a reduction in the num-
ber of the bacteria, hyphomycetes and actinomycetes, but the
toxic effect is limited to those found in the earth at 6 or 7 cm.
from the point of the injection,

The same researches, however, have shown that 3 or 4
days after the treatment, the bacterial and actinomycetic load
of the earth returns about the same as at the beginning,
whereas the toxic effect on the fungi lasts longer and may
persist for several weecks. When the concentration of the
nitrogen increases to 600 p.p.m., the pH rcaches g,4, and
its cffect on the fungi population and on the nematodes beco-
mes rather drastic; this activily, however, is only temporary
and has not the slightest consequence on the normal course
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of the cultivation. When the concentration of the ammonia
reaches 008 p.p.m., corresponding to a hydrogenionic con-
centration of pH g.4, almost all the microorganisms succumb,
but concentraticns of this kind occur only in zones where
anhydrous ammonia invades a relatively small portion of the
ground. Obviously the effect is only temporary because the
pH reached will not last for a long time; but according to
Boncess and Hawrins a few days after the nitrification
process the conditions return to be normal and in certain cases
there may be even a drop below the original pH.

Perhaps T should here recall the series of researches car-
ried out by SranLey and SMITH whe have shown that an ap-
plication of 100 to 120 kg. of gaseous ammonia per hectare
causes a remarkable increase in the quantity of phosphoric
anhydride and in assimilable potassium oxide thanks to the
action that the ammonia exerts on the phosphoeric and potassic
components absorbed or fixed by the constituents of the soil.

This detailed examination of the behaviour of anhydrous
ammonia In the soil, in relation to the different conditions of
humidity, structural stability etc., is of great importance for
the sake of ascerfaining the best conditions for the admi-
nistration of the fertilizer: the quantity, the depth of injection,
the distance between the injector cogs, and the exigency of
reducing the loss te a minimuom.

4. The agronomical researches on the effects of the
manuring with anhydrous ammonia have shown that there is
no sensible difference between the fluid and the solid form of
nitrogen. The fertilizing with anhydrous ammonia has given
the same productive yicld as under all the other conditions.
Evidently this happens also when the nitrogen is applied under
other forms, like the urcic or the nitroammoniacal form. In
spite of some difference between the wvarious nitrogenons
forms, no difference is recorded when they are administered
in floids or in solid state.

[79] V, 2 - Rotini - p. 12
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A careful examination of the other fluid fertilizers does not
scem timely to me in consideration of the preliminary re-
marks. I am convinced that in view of the objective conditions
of the Italian sitvation, we are not yet mature for the full
introduction of the fluid fertilizing except for the Po Valley
and the other alluvial districts in the center and in the scuth
which, however, represent a rather reduced section of the
entire agricultural surface.

At any rate, the fluid manuring needs for its develop-
ment:

1) a network of farm units of larger dimensions which
allow for an easicr development of agricultural mechanization.
The practising of fluid fertilizing forms part of the mechanized
operations and therefore needs for its expansion that the real
conditions of the mechanization itself be carried into effect.
The reduced volume of the single farm units and the modest
extension of the cuifivated plots certainly constitute a han-
dicap in the process of mechanization and a delay in the in-
troduction of liquid fertilizing.

2) There will then be nceded an efficient organization
of agricultural services for the numerous farms which do not
have the convenience or the possibility of investing important
sums for equipment. Therefore they must resort to these
specialized services, capable of carrying out essential agri-
cultural operations like that of liguid manuring.

3) Finally the advantage of technological order cha-
racteristic of liquid fertilizing discussed previously, must go
together with a certain economical advantage which, under
the present conditions may be obtained only with the use of
anhydrous ammonia.

Later on, when the organization conditions render more
cfficient the network of agricultural services, and when all
the raw materials necessary for the preparation of other fluid

[193 V, 2 - Roiun - p. 13
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fertilizers are available, we may pass from manuring with
anhydrous ammonia to the realization of liquid manuring in
other ways.

Evidently the costs of liquid fertilizing depend also upen
the extension of its application; thus the more it is used the
more consistent will be the productiveness of this agricultural
practice.  Moreover the improvement of equipment and the
perfectioning of technique will render the applications easier
and more economical, also with less waste.

By now the new system has been firmly established in
more advanced agriculture, and the experience of operators
promises that a new epoch is going to open up for the manur-
ing of the fields, and in spite of certain technical problems
not yet soived, this will constitute an important progress com-
pared with the techniques of the past.

In concluding I should like to emphasize that liquid ma-
nuring constitutes the only and the most economical means
for fertilizing the soil and the cultures of a large agricultural
farm where the process of mechanization has arrived at its full
application.

In countries where organization conditions do not yet
permit that they proceed straightforward in this direction, the
first applications of liquid manuring with anhydrous ammonia
might be reserved for cultivations like maize which requests
considerable quantities of nitrogen. This will represent an
important progress in comparison with the present reality,
and certainly an eventual evolution will be possible towards
fertilizer solutions which will mark ancther step forward to
more advanced forms in the process of field manuring.

frg] V., 2 - Roiimr - p.g



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERFILISANTS ETC. » 723

REFERENCIES

ArLison, F.1., Fixed gmmonie in soils and its availability to crops, « Apr.
Ammonia News », 6, 19 {1958).

Avprrws, W.B., et al., dnhydrous ammonia as a sowrce of witrogen. « Miss.
State Agr. Exp. Sta. Bull. », 482 (1951}

Anorews, W.B., Anhydrous aninonia as a nilrogencus ferlilizer. « Advances
in Agron. », §, 61 (1956).

Anlydrous @mmonia, Proceedings of a Symposium on aspects of its tech-
nology and use as a fertilizer, Bedford, 197:.

Brue, W.G. and Exo, C.F., Some aspecis of the wuse of anhydrous gimn-
monia on sandy soils, « Soil Sei. Sce. Amer. Proc. », Iz, 157 (1952).

Exo, C.FF. and Brug, W.G., The effect of anhydrous awemonia on nilrvifica-
tion and the microbiological population in sendy soils. « Soil Sci. Soc,
Amer. Proc, », 18, 178 {1954).

Exo, CF., Brug, W.G. and Goobp, J.M., The effect of anhydrons wmnonia
on nempelodes, fungl, bacierin and nifrification in some Flovidae soils,
« Soil Sci. Soc. Amer, Proc, », 19, 55 (1955).

Frispmaxy, G., « Fertivrigazione ». REDA, Roma (1948).
Girrorp, R.O. and Serwckring, E., The cffects of anhydrous ammonia on
water stability of soil aggregates. « Soil Sci. Soc. Amer, Proc, », 1958,

McInvosn, T.H., and Frepewicx, L.R., Distribution and witrification of
anhydrows anononia e Nicollet sandy Cluy loam. « Soit Sci. Soc.
Amer, Proc, », 22, 402 (1058).

Mawrmw, J.P. and Cuavman, H.D,, Volatilizalion of ammonia swurface ferii-
lized soils. « Soil Sci.», 7z, 25 (1951).

Morrranp, M.M., Reaclions of wmmonta in soils. « Advances in Agron. »,
1o, 325 {1958).

Nommick, H., Fixation and defivation of emmmonium in soils, « Acta Agron.
Scandin. », 7, 395 {1657).

Perernurcsxi, AV, and Swmiewov, P.M., Ammonium fixation by some
sofls in the U.R.5.5. and the quvailability of this ion to plants. «Pl,
Soiln, 25, 119 (1966).

frgl V., 2 - Rotima - p. 15



724 PONTIFIGIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

Rormxg, O.T., Le wavie forme dellazolo welle fertilizzazione delle collwre.
Atti del Colloquic nazionale sull'azoto in agricoltura, Roma, r19-20
febbraio 19068,

Rovint, O.T., Fertilizzazione liguida, « Glornale & agricoltura », &1, 2127
(1971).

Srack, A.V., Produgione ed uso dei fertilizzanti liguidi. « Concimi e Con-
cimazioni», ¢, 3 (rg62).

Soux, $.13. and Pupcw, M., Retention and fivelion of emmonia by soils.
« S0il Sci.», 85, 1 (1958).

SouBIes, l., Les engrais liquides. « Le Génie Rural»n, 2 {1965).

Sountes, L., Bararisg, .1, Gaper, R. et Souviron, P., Les engrais [
guides, « Information Chimique», 12 (1966),

Srantry, F.A, and Smirn, GE., Effect of soil moisture and depti of ap-
plication on retention of anhydrous ammonde. « Seil Sci. Soc. Amer.
Proc. », 20 557 (163506).

Vax Bure, P.F.J., Scmerers, J.J. and Vax Braxs., G.D., Iniczion/ d
NH, come metodo di conchmazione azolata: 4 visullati di prove con
frivmento invernale, « Stickstoff », 5, 234 {15006).

Warrex, K.8., Avpnonie toxicity and pI7. « Nature », 195, 47 (1962).

Youna, J.L. and Cavrany, R.A., Mineral fixation of anhydrous NH; by wir.
dry sofls. « Soil Sci. Soec. Amer. Proc.w, 26, 147 (1962).

Youxs, J.J. and MeNpan, B.R., Aspects of ammonia and mmmoniiin
reactions with layer-silicale minerals, « Soil Sci. Soc. Amer. Prpc. »,

28, 334 (1004).

{191 V, 2 - Rolini - p. 10



725

DISCUSSION

Chatrman: Y. ARATEN

ARATEN

On page 8, Professor Roting wrote that the super phosphoric
acid of TVA contains 76% phosphoric anhydride (P,0;) whereas
orthophosphoric acid contains only 54% (P,0;).  This is true
for « wet phosphoric acid » which is not 1009 phospheric acid and
which is impure, Thermal acid, or so called furnace acid, contains
about between 69 and 70% P,0;, and L.M.I1. acid, which is made
by digesting phosphate rock with hnydhechloric acid and con-
sequent solvent extraction contains the same amount of 69%,.

On page 6, Professor Rorint wrote that ammonia is the chea-
pest nitragen fertiliser. This is correct, however the various classes
of nifrogen solution fertilisers, acqua-ammonia, urea, ammoninm
nitrate solution or both, owe their existence and popularity to lower
investment for storage, handling and application equipment, and
to lower application costs because of the power required for pulling
injectors through the soil.

RoTINI

L’acido fosforico ad altissima concentrazione ha da noi un
costo cosl elevato che non puo trovare economica applicazione
nella produzione dei fertilizzanti. Il rapporto del costi da me ci-
tato nella mia relazione si riferisce tanto per 1'acido superfosforico

[19] V, 2 - Rolisz - p. 17
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3

quanto per Vacido orfo-fosferico ai prodoti tecnici e non a quelli
concentrati,

Non ho creduto opporfuno estendere la trattazione all’acqua
ammonia, prodotto gia largamente impiegato in Francia, perché
nelle condizioni dell’agricoltura italiana reputa sia pitt armonica-
mentfe conveniente cominciare con l'ammonia anidra ed anche
perché dall’acqua ammonia si passa facilmente alle soluzioni miste,
le quali accanto all'azoto contengono anche prodotti fosfatici e
potassici e cloé componenti che hanno differente coerenza pedo-
logica ¢ fisiologica ¢ che non sempre & opportuno legare insieme.

In our country phosphoric acid at highest concentration is so
expensive that it is not economical to use it in the fertilizer production.
The cost relation whick I mentioned in my paper refers for hoth
superphospheric acid and orthophosphoric acid to technical and not
to concentrated products.

I did not deem it suitable to extend the treatment to water
ammoniz, already largely employed in France, because in reputed
Italian agricultural cenditions it is harmoniously more convenient
to begin with anhydride ammonia and also because from water am-
monia it is easy to pass over to mixte solutions which, besides nitrogen
contain also phosphatic and potassic products, ie. compounds with
different pedological and physiological coherence and which it is not
always appropriate to bind together.

HERrNANDO

I should like to explain that when I had the idea of assembling
here speciaiists with different poinis of view on problems regarding
the use of fertilizers, I thought it might be interesting to have
with us a personality with a very good knowledge about fertilizer
materials, knowledge which Prof. Araten will explain to us io-
morrow. The idea is to try to get here conclusions for the future.
My opinion is that in fulure we may be using new fertilizer types
as Professor ARATEN will show us, and we may use also more
ferti-irrigation for several reasons. The main one being the reduction

Lig] V, 2 - Rotim - p. 18
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of labor cost. Labor cost is increasing quite heavily and so the
cost of yields, especially for intensive cultivation since we use high
amounts of fertilizers, and we must reduce the cost.

On the other hand the probiem illustrated by Professor RoTIni
shows that many countries have difficulties in preparing fertilizers
with high phosphate levels and with the problem of the equipment
for the use of the ammoenia, T am of the opinion that this is not
a real problem. In Spain fi. for the fime being we do not prepare
fertilizer with a high phosphate content.  On the other hand,
hewever, the price of 18.54.00 ammeniated ({riple-superphosphate
fertilizer is surely the cheapest in Spain although it is imported
from other countries, This means that in future the developing
countries may not have possibilities to produce their own needs,
and they may receive fertilizing materials from the more developed
countries, where highly concentrated substances, like pure phos-
phoric acid can be prepared for nuxed or complex fertilizers.
This will reduce the price for shipment and especially the handling
charges. In certain cases these products can also be applied in
higher quantities without increasing e labor costs. With water
irrigation it is also possible to apply soluble fertilizers in any areas
of the more intensive cropping of the world,

ARATEN

I would like to draw the attenfion of Professor Hernanpo to
a factory in Sevilla which during the last year has been producing
concenirated phospheric acid according to the I.M.I. method on a
commercial scale, that is a beginning.

EweLL

I would like to set the record straight about the chronology
of the development of the use of liquid fertilisers. In the United
States we began to use liquid ammonia in 1937, 35 years ago.

[rg1 V, 2 - Rotini - p. 19
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The use of liquid ammonia was developed by iwo people in
different parts of the country, by Dr. Awsprrws in the State of
Mississippi, and by Dr. Leaveryt in California, at almost the same
time in 1937. The United States today uses something like 63
percent of all of ils nitrogen in the form of liquids and an increas-
ing amount of both phosphate and potash are used in liguid form
also.  In the rest of the world, Mexico is now using liquid ferti-
lisers to a large extent, particularly ammonia, but alse other liguid
fertilisers. The Soviet Union and Japan have made a very good
start in the use of liquid fertilisers, and several counfries in Europe
I believe are doing so, particularly France. We use so much
liquid ainmonia in the United States that we now have two pipelines
running from Texas up to the Middle West area in the general
neighbourhecod of Towa, Just like we transport pefroleum and gas
in pipelines, we transport liquid ammeonia in pipelines a distance
of around z,500 kms. This liqguid ammonia comes into large
storage areas and then it goes into refrigerated or pressurised trucks
and is {aken out to the different distribution areas where a farmer
can go with his own tank, just like you go to a gasoline filling
station, and fill up with liquid ammonia or other liquid fertilisers.
For a good many years liquid ammonia was the only liquid fertiliser
used in the United States, but about 1950, or maybe a little hefore,
the use of nitrogen solutions became quite widespread, These are
solutions of ammonia and either urea or ammonium nitrate in
water. This s now a very large business. And in the middle of
the 1950’s we began to use NPK liquid fertilisers, and also aqua
ammonia (a 20 percent solution of ammonia in water at zero
pressurc).  So T just wanted to set the record straight on how
long we have been using these types of fertilisers in the United
States.

PRrRIMAVESI

Je vous présente mes compliments, pour Vexcellent travail
présenté. En particulier je veux vous dire que nos expériences
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nous font croire qu'ur des factenrs fondamentaux pour obfenir
continzellement des hautes rentes dang l'agriculture dans les tro-
pigues et subtropiques, ol I'agriculture pratique est plus difficile
et plus compliquée que dans les régions de climat temperé, c’est de
soigner une bonne structure du sol. Sans doute, le cher collegue fut
trés heureux avec son explication sur la structure do sol, et e
rappelle spécialement ce que vous dites dans ce sens, dans les
page 7 et 8 de vofre travail, sur l'importance de la structure du
sol. Sans amener en compte ces considérations fondamentales de
physique et de micrebiologie du sol les meilleures connaissances
purement chimiques, on soit des meilleures applications des ferti-
lisant, aprés peu d’années de succés initial, se rendent toujours
plus insuffisants jusqu’a ce que donnent des réponses anti-économi-
ques, car la décadence du sol provoquée par la destruction de Ja
structure du sol le rend, en peu d’années d'usage ef maniérement
incorrect du sol {ropical et subtropical, infertile. Tandis que nous
pouvons maltraiter pendant bien des années les sols des régions
de climat tempéré, jusqu’a ce que sa structure entre en décadence;
généralement cela se passe trés vite aux fropiques et subtropiques
oll, pour cette raison, l'importance du secin de la struciure du sol
est plus grande.

Digne d’étre noté de son formidable travail, & cause de son
importance pour Vagriculture pratique dans les tropiques et sub-
tropiques, ¢’est encore ce que vous dites sur la fertilité microbienne
du terrain, Il ¢’agit de deux grandes vérités, que malheureuse-
ment sont souvent tout & fait oubliées, spécialement quand des
techniciens des régions de climat tempéré, parfois des {echniciens
tameux, viennent aux tropiques pour rendre leur collaboration.

Pour 'agriculture pratique dans les trepiques c’est important
& noter que notre éminent collégue dit que les changements rapides
deg différents engrais & la disposition des paysans, réclament, de
la part des techniciens et des pratiques de la fertilisation, une
grande considération pour la cohérence pédologique et physio-
logique des engrais et pour 'emploi 4 propos de leur distribution.
Et encore, de la nécessité d'administrer an scl les éléments de
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fertilité nécessaires aux cultures dans la mesare et dans Ja (orme
capables de déterminer dans le sol agricole des conditions excel-
lentes de concentration de chaque élément nutritif, »

Le manque de considération des facteurs ici détachés, cités
dans volre travail, peal $ire considéré dans la majorité des cas
comme les raisons principales pourquoi les rendements agricoles
dans les tropiques et subtropiques sont si bas tandis que dans la
majorité¢ des pays de climat tempdré on a déja obtenu de hauts,
et méme excellents, rendements. C’est pourquoi le professeur dit
avee toule raison que dans la pratique « malgré de gros efforts
on obtient de petit résultats ». On doit intensifier beaucoup plus
Vinvestigation expérimentale, mais pas seulement sur le champ de
la chimic du sol mais aussi sur le champ de la physique et la
microbiclogie du sol, ef étndier beawcoup plus des facteurs limi-
tants de la production agricole. Beancoup de messieurs seront
surpris de ce que nous avons déja vérifié, tonjours de nouveau,
que les études de la physique du sel, par exemple, sont au moins
de la méme Importance que cenx de la chimie du sol, quand
nous cherchons d’augmenter continuellement les récoltes agricoles
dans les tropiques et sublropiques,

I pay you my compliments for your excetlent paper. In particular
I may say that our experiments make us believe that one of the
fundamental factors for obtaining continuwally high profifs in tropic
and subtropic agriculture, where the practical agriculture is more
difficult and more complicated than in regions with temperate climate,
Is to take care of a good soil structure. No doubt the Colleague was
very happy with his explication on soil structure, and I remember
particularly what you say in this sense on page 7 and 8 of your
work on the importance of the soil structure. Without taking into
account these fundamental physical and microbiological considerations
of the soil, the best, purely chemical knowledges or the best fertilizer
applications, after a few years of initial success become ever more
insufficlent unfil they give anti-economical responses, because the
deterioration of the soil provoked by the destruction of the soil struc-
ture renders it within a few vears of use and incorrect treatment of
tropical and sabtropical soil infertile. While in regions of temperate
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chimate the soils may be badiy {reated for years until its sfrocture
declines, this bappens generally rather quickly in the tropics and
sublropics, where for this reason the curing of the soil structure
is of greater importance,

Worth of particular mention of your excellent work is also what
you say about the microbial fertility of the soil, on account of its
importance for the practical agriculture in the tropics and subtropics.
There are two imporfant facts which unfortunately are often quite
forgotten, especially when techniciens from temperale climatic rvegions
come {or collaboration.

For practical agriculture in the tropics it is important to note,
as pointed out by onr Collegue, that the rapid changes of the different
fertilizers at the disposal of the farmers request from the techniciens
and from the fertilizing practices great consideration for the pedological
and physiclogical coherence of the fertilizers and for the way of their
distribution. Turthermore the necessily (¢ apply to the scil natrients
of fertility necessary to the caltures 1o an extent and in a form
capable of determining in the agricultural soil excellent conditions
of concentration of each nutritional element. The lack of considera-
tion of the factors, herc singled out, mentioned in your work, in
the majority of the cases may be regarded as the main reasons for
the low agricultural yields in the tropics and subtropics which, on
the contrary, in most of the couniries with temperaie climate have
already obtained high and even excellent yields. That is why Prof.
Rovm: says quite rightly that in practice “in spite of great efforts
one obtains small results®. The experimental investigation should
much more be intensified, not only in the field of soil chemistry but
also in the field of physics and microbiclogy of the soil, besides, by
studying much more the factors limiting the agricultural production.
Many of you will be surprised of what we have already reached, and that
the studies of soil chysies, for instance are of no less importance than
those of scil chemistry when we try to increase confinually the agri-
caltural yields in the tropics and subtropics.

SAALBACH
On the German market there are on sale nitrogen solutions
and anhydrous ammenia but no NPK solutions.  One reason for

this is that the highly concentrated phosphoric acid is too expensive
and it is cheaper for the farmer to ferlilize with nitrogen solution
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732 PONTIFICIAE ACADEMIAK SCIENTIARVM  SCRIPTA VARIA - 38

and to give solid phosphate and potash dressings. The other reason
is that the nutrient content of the NPK solutions is very low and
you have to transport very much water,

RoTINT

Sono d’accordo che convenga in paesi come !'Italia e la Ger-
mania incominciare in fertilizzazione fluide con i soli azotati in
alcune celture, come, per esempio, il mais, che richiede alte som-
ministrazioni di azoto da fornire in diversi momenti del ciclo di
sviluppo della pianta, interrando per contro i concimi fosfatici e
potassici in forma solida al momento della preparazione del ter-
reno o alla semina,

I agree that in countries like Ttaly and Germany it is convenient
to start the fluid fertilization with nitrogens only on a few cultures,
as for instance on maize which requests high mnitrogen supplies at
different times of the developing cycle of the plant, while on the
other hand phosphatic and potassic fertilizers are given to the soil
in solid form at the time of the field preparation or at the sowing
season.

[19] ¥V, 2 - Hotind - p. 24
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FERTILIZERS - THE LIMITING FACTOR
IN THE SUCCESS OR FAILURE
OF THE GREEN REVOLUTION

RAYMOND H. EWELL
State University of New York
Bufialo, N.¥Y. U.S5.A.

Theses of This Paper

The theses to be presented and defended in this paper are
the following:

1. Of the three primary agricuitural inputs - seeds, water
and fertilizer ~ fertilizer is the most critical input since it involves
the greatest investment both by individual farmers and by
the national economy,

z. Very large quantities of fertilizer will be required by
the developing countries during the next decade in order for
agricultural production to keep pace with population growth.

3. Under-utilization of fertilizer is likely to be the
limiting factor in increasing agricultural production in the

developing countries during the next decade.

4. Under-utilization of fertilizer in the developing coun-
tries, if it occurs, may be due to inadequate demand by
farmers or due to inadequate supply of fertilizer.

[20] V, 3 - Ewell - p.o7
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5. Supply of adequate quantities of fertilizer in the
developing countries will require enormous sums of money
during the next decade, possibly as much as U.S. $ 28 billion
or more {including both local currencies and foreign exchange).

The Green Revolution

What is the Green Revolution? What do T mean by the
“success or failure of the Green Revolution”?

The Green Revolution is the improvement of agricultural
yields in tropical and sub-tropical regions of the world by the
application of scientific principles and agricultural techniques
which have been used in the temperate regions for the past
50 or more years. The tropical and sub-tropical regions refer-
red to correspond roughly to the group of countries in Asia,
Africa and Latin America usually called the “developing coun-
tries”.  The Green Revolution is a development of the past
30 years, and particularly the past 20 years. The Green
Revolution had its origin in the agricultural improvement
program on wheat and maize in Mexico initiated by the
Rockefeller Foundation in 1942. This program began to have
a significant impact on wheat and maize yields in Mexico by
the mid—rg50’s. The wheat and maize improvement program
in Mexico is now being operated as the Centro Internacional
de Mejoramiento de Maiz y Trigo (CIMMYT). The Mexican
experience was later transferred to other Latin American coun-
tries and to Asian countries, netably India and Pakjistan, in
the middle 1960’s.  Figure r shows the remarkable increase
in wheat yields in Mexico since 1955 and the beginning of
increased wheat yields in India since 1966. Figure 2 compares
wheat yields in 18 countries in 1¢70.

In 1963 the Rockefeller and Ford Foundations cstablished
the International Rice Research Institute (IRRI) in the Philip-
pines with the objective of improving rice culture in tropical
regions.  Many new varietics of rice designed to give high
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yields of rice under tropical conditions have been developed
by IRRI and are now widely used throughout Asia. Also,
important advances in rice-growing technology have been made
by indigenons research institutions in India, Taiwan and other
South Asian countries. Rice yields have been substantially
increased in Taiwan, South Korea, Philippines, Ceylen and
West Pakistan, but there has been little improvement in rice
yields in India, Bangla Desh, Indonesia, Burma, Thailand,
Malaysia and most other South Asian countries. IFigure 3
shows trends in rice yields in Taiwan and India during the
period 1g55 to 1970. Figure 4 compares rice yields in 18
countries in 1970.

New research institutions have recently been established
in Colombia and Nigeria with the objective of repeating the
wheat/maize/rice successes of CIMMYT and IRRI on other
tropical crops.

How will we know whether the Green Revolution has been
a success or a failure, say 25 years from now? Since the
population of the developing countries —- 2.7 billion in 1972 —
Is now increasing at the rate of 2.5 percent per year and
therefore will double in 28 years if this rate of growth continues,
success of the Green Revolution might well be defined as at
least a doubling of agricultural production during the next 28
years. The area under cuitivation will, of course, increase to
some extent during the next 20 years, possibly by 15 to 20
percent, judging from the increase in agricultural area during
the past 20 years. Therefore it is clear that the larger part
of the increase in agricultural output during the next 28 years
will have to come from increased yields,

Figures 5, 6 and 7 show the increases in grain production
in Mexico, India and Brazil during the period 1955 to 1970,
In Mexico and India most of the increases in grain production
have come from factors other than area increase, including .
improved seed wvarieties, water supply, fertilizer and other
factors. The increase of grain production in Mexico from 5.8

[20] V, 3 - Ewell - p. 5
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millien tons in 1955 to 15.2 million tons in 1g70 is probably
the greatest success story in the history of agriculture in the
developing countries. The effect of the 1965 and 1966 droughts
in India shows up dramatically in Figure 6. Fortunately for
India she has had very favorable weather for the past five

[20] V, 3 - Ewell - p. 7
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years and grain production has increased substantially. In
Brazil on the other hand most of the increase in grain produc-
tion has come from increased use of land rather than from
improved technology.

Anything less than a doubling of agricultural production
in the developing countries during the next 28 years would
have to be considered as a faillure of the Green Revolution.

An even greater increase in agricultural production than
doubling in 28 years would be needed if the developing
countries were fo improve their nutritional levels during this
period.  Many writers have suggested that the developing
countries need to increase total food production by a factor of
three and protein production by a factor of five during the
next 28-30 years in order for these countries to realize even a
modest improvement in nutrition, The following data on two
representative countries in 1g6g illustrate the enormous dif-
ference in nutritional level between developed and developing
countries;

France India
Calories per person per day 3270 1940
Total protein, lg. per person per year 37.8 17.5
Animal protein, kg. per person per year 23.5 2.0

Most of the developed countries have approximately the
same nutritional picture as France, although Japan is consi-
derably lower in both calories and protein than other developed
countries. Many of the developing countries have approxi-
mately the same nutritional picture as India, although a few
such as Argentina, Uruguay, South Korea, Taiwan and Turkey
are considerably better than India.

However, this writer suggests the more modest target of
doubling food production in the developing countries between
1972 and 2000, In the case of grains this would mean increasing
production from possibly 650 million tons to something around
1,300 million tons in 2oo0. This would appear to be a colossal

fze]l V, 3 - Ewell - p. 11
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achicvement, but yet it would be consistent with growth trends
of the past 20 years. Grain production in the developing
countries increased from 318 million tons in 1950 to 597 mil-
lion tons in 1970 — an increase of 88 percent in 2o years
(Table 1). Probably 20-25 percent of this increase came from
increased land under cultivation and 75-8c percent from in-
creased yiclds. Therefore an increase of 1009% in 28 years
seems quite within the realm of possibility.

Figure & shows grain production in the world, developed
countries and developing countries in 1955 to 19%0. Graphical
extrapolation of these data (including 1950 data, also) give the
projections of grain production in 1975 and 1980 shown in
Table 1. Figure ¢ shows the derived data on grain production
per capita. The difference between grain prodaction per capita
in the developed and developing countries is striking, The
production of grain is increasing quite rapidly in the developing
countries, but the population is increasing rapidly, also, so
that the production per capita increases very slowly. Accord-
ing to my projections, grain production per capita is likely to
increase very slowly in the developing countries during the
next decade.

There is, of course, a net movement of grain from the
developed countries to the developing countries — circa 15 to
20 million tons per year in recent years — but this is small
compared with the total magnitudes. Therefore it seems clear
that the developing countries will have to depend largely on
their own resources to meet their requirements for grain and
other basic foods.

In this paper “grain production” is used more or less
synonymously with “food production”. This is common prac-
tice among writers on the world food problem since production
of various grains can be added together with a reasonable
degree of homogenecity, whereas it is difficult to add grains,
potatoes, ‘beans, sugarcane, ground nuts, bananas, etc. in a
meaningful way. Table II shows that grains occupy 50 percent
of all arable land and an even larger percentage of land

[20] V., 3 - Ewell - p. 12



TaBLE 1 — Population, grain production and feritlizer consumption
1950-1080.

Fertilizer Grain Fertilizer

Population, Grain constmption, production consumption
TOTAL WORLD billions production, millien per capita, per capita,
million tons tons (1) kg./capita kg /capita
1950 2.49 6oz ) 14.9 278 6.0
1055 z.71 825 22.0 304 8.
1960 z.98 963 29.0 323 9.9
1065 3.20 1,021 45.6 3 13.9
1670 3.63 1,168 68,1 337 18.8
1975 4-00 1,385 (Y 99-4 (%) 347 24.7
1980 4.40 1,570 (%) 133.5 {9 352 30.0
DEVELOPED COUNTRIES
1930 0.83 374 C) 13.70) 450 16.5
1055 0.88 440 19.8 500 22.5
1900 0.04 515 25.5 548 27.1
1605 1,00 528 391 528 39.1
1970 1.04 601 54.0 578 52.0
1973 110 710 () 759 (9 645 bo.o
1380 1,106 Boo (%) 100.2 {7} OG0 86.5
DEVELOPING COUNTRIES
1950 1.0 318 {8 1.2 (%) 192 0.7
1955 1.83 385 2.2 250 1.2
1560 2.04 148 4.1 220 2.0
1605 2.20 493 6.5 215 2.8
1470 2.50 597 14.1 231 5.4
1975 2.50 675 (%) 23.5 (Y 232 6.0

1980 3.30 770 (%) 33.3 (9 233 10.0

Notes and Sowrces of Data

(1) Developed countries include U.8.A., Canada, Europe, U.S.5.R., Japan,
Aunstralia, New Zealand.

(*) Developing countries include all other couniries and dependent territories.

{) Population data 1950-1985 are from “Total Population Estimates of World,
Regions and Countries Fach Year, 1950-1985", repert ESA[P/WP.34, Population
Division, Department of Bconomic and Sceinl Affairs, United Nations, New Yorlk,
16 Qctober 1970.

() Population data for 1ggo were estimated as 1985 plus 1.0 percent per year
for developed countries, 1985 plus 2.4 percent per vear for developing countries {z.4
percent per year s the growth rate in 1g80-85 indicated in the reference in note 3).

(") Grain production data and fertilizer consumplion data, 1950-7970, are from
FAO Production Yearbook, annual, FAO, Reme.

(¥} Grain prodoctions and fertilizer consumptions for 1950 are the average of
1948149 o 1952153,

{!) Grain production estimates for 1975, 1¢80, 3¢85 and 1990 made by projection
of production data from 1950 to 1970 by use of Gompertz equation (see explanaiion
on page 17 of text).

(%) Fertilizer consumptions are for the st half of the split vears in which fertilizer
data are reported by FAO, c¢.g data for 1970 given above are for the split year
1970/71.

() Fertilizer consumption in 1975 and 1980 are projections published by UNIDO
in 1971 (Kiev Symposivin paper ID/WG.gg/4). Fertilizer consumplion in developing
countries in 1985 and 1900 given in Table I are rough “guesstimates” and not based
on any analytical or graphical method. :



TaBLE II — Arable Areas and Production of Major Crops
World-Wide  1g%70).

Area, Production
million miilion
hectares metric tons

Wheat 210.3 3171.0
Rice {paddy)} (Y 135.5 306.8
Sorghum & millet 112.3 92.5
Maize 110.8 206.8
Barley 78.1 128.5
Qats 32.0 52.6
Rye 20.0 30.8
Otiser cereals 4.8 7.9
TOTAL CEREALS 7038 1,197.5
Dry pulses () 63.3 42.0
Soybeans 35.0 46,5
Cotton 33.2 1.8 + 22 m. tons cotton seed
Oilseeds  (five) () 31.9 30.7
Potatoes 22.5 200.5
Ground nuts 1G.X 18.1
Sweet potatoes & vams 16.0 135.0
Sugar cane 11.3 581.0
Grapes 0.9 51.0
Casgsava, 0.7 g1.0
Coffee 8.0 4.0
Sugar beets 7.7 219.0
Industrial fibers (%) 5.1 5.0
Tobacco 4.0 4.7
Hananas 1.7 26.2
Flax fiber 1.6 0.7
Tomatoes 1.3 27.3
Tea 1.3 1.3
Onions 0.9 17,0
Hops 0.6 0.7
TOTAL, ABOVIE CROPS 988

All other- crops (7 4306

TOTAL CROPPED AREA  Tqz4

(") Production of milled rice = 0.65 x paddy.

{3) “Dry pulses” includes dry beans, dry peas, dry broad beans, chick
peas, lentils, pigeon peas, cow peas, vetch, lupins, and other minor pulses.

{3) “Five Oilsceds” includes linseed, rapeseed (mustard), sesame seed,
sunflower seed and castor beans.

(*) “Industrial fibers” includes hemp, jute, kenaf, abaca {Manila hemp),
sisal, henequen, letona, cantala, ixtle, caroa, fique, Mauritius fibre, formig,
and others. Of these, jute and sisal are by far the largest.

(%) “All other crops” includes vegetables, fruits, welons, berries, hay
{various species), a aumber of tree crops (coconuts, cacao, oil palms, olives,
tung nuts, ete.), and many other crops on which specific data are not
available, Of these, wvegetables, fruits and hay are by far the largest.
Ameng fruits, grapes and bananas are listed specifically above, but neo
specific data are available on apples, apricots, peaches, pears, plums, prunes,
cherries, citrus fruits, pincapples, figs, dates, mangoes, papayas, etc. Also,
a substantial part of this area is fallow each year, even though it is clas-
sified and reported by FFAO as «arable area ».

Source: “FAO Production Yearboolk, rg70”, FAQ, Rome, 1971.
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actually cropped, i.e. excluding fallow land. Also, it may be
noted that in the developing countries grains supply probably
6o to 70 percent of all calories and most of the protein.
Moreover, something like 50 to 60 percent of all fertilizer is
used on grains and this percentage seems likely to increase
in the future. ’

The distribufion of food supplies in the world is very
uneven at present - as it has heen for at least the past 200

[20} V, 3 - Ewell - p. 16
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years. The 28 percent of the world’s population in USA,
Canada, Europe, USSR, Japan, Australia and New Zealand
consume miore than half of the world’s food production and
the other 72 percent of the world’s population in Asia, Africa
and Latin America consume less than half (see Table I and
Figure 6). The people in the developed countries cat very
little of the grain they produce, but feed most of the grain to
animals for production of meat, eggs and milk products. On
the other hand, the people in the developing countries eat most
of their grain directly as food and feed very little to animals.
The people in these countries are so poor they can’t afford to
feed grain to animals. As a result, they eat very little animal
protein as illustrated by the above data on India.

Table 111 shows the production of major foods in rg70 in
the 27 most populous countries in the world plus Australia
{(because Australia is a major producer of wheat and sugar).

Agricullural Inputs

The physical and biological inputs to agricuiture may be
summarized by the following diagram:

Soil
Seeds
Watexr
Carben dioxide

Sunlight /

Fertilizers

CROP PRODUCTION

Pesticides

Implements & machinery

[20] ¥, 3 - Ewell - p. 17
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The basic chemical reaction which takes place in the growth
of plants is photosynthesis in which carbon dioxide and water
are combined, under the influence of sunlight, to form glucose:

6CO; + 6HO + sunlight — CeHpOs + 602

Glucose then forms starch and cellulose. Therefore carbon
dioxide and water are the basic raw materials of plant growth,
but many other elements are required for high crop yields,
including nitrogen, phosphorus, potassium, sulphur, calcium,
magnesiuni, iron, manganese, boron and some 8 or ro other
elements. The chemical role of these elements in plant growth
is too complex to discuss in this paper, but obvicusly nitrogen
plays a key role in the production of plant proteins.

Seeds, water and fertilizer are the three primary agricul-
tural inputs. Pesticides and machinery are secondary agricul-
tural inputs. Pesticides are needed — and neceded badly — if
a crop is atfacked by a disease or an insect pest, but if there
is no pest, pesticides are not needed -— wheat in North India,
for example. In other words, pesticides are not fundamental
to plant growth. Agricultural machinery is largely concerned
with reducing labor requirements, although in many crop situa-
tions the use of mechanized equipment will increase yields
over and above what could be obtained by hand labor alone
by carrying out the various farm operations more rapidly.

In addition to physical and Dbiological inputs, there are
many economic, polifical and cultural factors which affect
agricultural production, including education of farmers, land
ownership, farm credit, prices of agricultural products, prices
of inputs, subsidies for products and inputs, marketing systems,

[20] V, 3 - Ewell - p. 19
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transportation facilities and many more. However, this paper
will focus primarily on the physical and biological inputs.

The three primary agricuitural inputs — seeds, water and
fertilizers — acting within the miliex of the soil, constitute
the triangular base of agriculture:

SEEDS

SOIL

WATER FERTILIZER

This three-way relationship is like a three-legged stool.
Unless these three inputs are balanced, yields will not be
maximized. Japan is the world’s master in balancing these
three inputs. Among the developing countries, Taiwan, South
Korea, North Korea, Igypt and Mexico are very efficient in
this regard. Also, Western and Iastern Furopean countries
are very good at balancing these inputs and obtaining high
yields. The United States, the Soviet Union and China obtain
high yields in some crops but not so high yields in other crops.
India, Brazil, Indonesia, Turkey and most other developing
countries do not balance these inputs properly and therefore
have generally poor yields (aithough India has improved her
wheat yields during the last five years). Figures 2 and 4 il-
lustrate the wide variations in wheat and rice yields among
countries.

[20] V, 3 - Ewell - p. 20
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India and Japan may be compared in their success in
balancing the three primary inputs by the following diagram:

Seeds |Water |Ferti- Seeds
lizer Water
Ferti-
lizer
JAPAN . INDIA
Good balance of inputs Poor balance of inputs
High crop yields Low crop ylelds

India now has a good supply of high quality seeds, at least
of wheat, rice, maize and sorghum (jowar). Also, India has
30 million hectares of irrigated land and additional millions of
hectares of adequately rain-fed land so that India could ef-
fectively use many times as much fertilizer as she is now
using. The big factor holding back higher agriculiural produc-
tion in India today is under-utilization of fertilizer. This point
will be discussed in greater detail in a later section of this paper,

Fertilizer the Most Critical Input

It is not possible to say that any one of the three primary
agricultural inputs — seeds, water, fertilizer - is more im-
portant than the other two. All three are essential for crop
production, and it is necessary to attain an optimum balance
among these three inputs in order to obtain high yields.
However, it is possible to say that fertilizer is the most critical
of the three primary inputs because it is the most costly of

[20] V, 3 - Ewell - p. 21
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the inputs — at least this is the case in most countries, developed
and developing. Providing enough fertilizer is more cosily
than supplying high quality seeds or enough irrigation water
or any other input. And yet the use of enough {fertilizer is
absolutely essential to high agricultural production. Moreover,
the use of fertilizer usuvally yields a good economic return.
Fertilizer is, therefore, the most-critical agricultural input (1) to
the farmer bLecause it strains his financial resources and {2) fo
the nation because it requires much foreign exchange ecither
to import fertilizer or to buy machinery with which to equip
indigenous fertilizer factories.

This point may be illustrated by an operating cost analysis
of a typical wheat farm in an irrigated area shown in Table I'V.
This farm might be in India, Iran, Turkey, Algeria, Mexico
or any other country growing wheat under irrigation. In this
example, total ont-of-pocket costs to the farmer are $ 69 per
hectare (not including interest on invested capital and deprecia-
tion). Out of the § 69 out-of-pocket costs per hectare, fertilizer
takes $ 30, water $ 20 and seeds $ 1o. These costs will, of
course, vary widely in different countries and regions. There-
fore, in this example, fertilizer is the most costly input to
the farmer and pnts the greatest strain on his financial resources.
However, much more important is the financial strain on the
national economy to provide this fertilizer because this regnires
much foreign exchange either to buy the fertilizer on the world
market or to buy machinery from the developed countries
with which to equip indigenous fertilizer factories.

On the other hand, providing the farmer with high gnality
seeds and irrigation water can be accomplished largely by the
investment of local currencies. TProviding high quality seceds
requires investment in research institutions and seced multipli-
cation farms which need only local currencies, although a
small initial investment of foreign exchange might have to be
made to buy high quality sceds from some other country, as
India and Pakistan bought high-yielding wheat seeds from

fzo] V, 3 - Fwell - p. 22



SEMAINE D'ETUDE $UR « L'EMPLOI DES FERTILISANTS ETC. » 758

TABLE 1V — Economics of a typical wheal farm in an wrrigated
area (in India, for example).

- using high vielding varieties of wheat
—— using moderate amounts of fertilizer
— using irrigation water

— using pesticides if and when necessary

Yield = 3000 kg./hectare
Production
costs
per
hectare,
U.Ss.
dollars
Seed (saved {from previous year’s :crop), 100 kg, @ 10g/kg. (¥ 10
Irrigation Water, 4000 co.m. (@ 4gfcuan. (%) 20

Fertilizer:

100 kg, N @ 20p/kg.
50 k. PO, @ 1s5¢/kg. - 30
25 kg, K,0 & r1og/kg.

Pesticides (maybe required, maybe not) ?
Labor (ocutside family), 6 man-days @ 6yg/man-day 4
Maintenance of equipment, 5% of $100/ha. 5
Interest on capital invested in land, 10% of $rooo/ha. 100
Interest on capital invested in equipment, 10% of $100/ha. 10
Depreciation on equipment, 10% of $100/ha. 10
Total production costs per hectare 189
Income, 3000 kg. wheat (@ 1og/kg. 300
Profit {¥**) 111
Cash flow (prefit + two interest items 4+ depreciation) 237

(*} Even though seed is saved from the farmer's own crop, it must
be considered an out-of-pocket cost since it could be sold in the market for
cash. If the farmer buys seed, the price would probably be higher than
that given above.

{(**) Water @ dg/cum. = 2prooo gallons (1 cum. = 264 gallons)
4000 cu.in. /ha. = 16 inches of water.

(**#) Profit subsumes the Jaber of owner and family.

Note: The above figures are illustrative oniy. All the figures in the
above calculation will vary greatly from ome country {o another and from
one region to another within a country,

[20] V, 3 - Ewell - . 23
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Mexico several years ago. Providing irrigation water involves
building dams and irrigation canals which can be done with
local labour and local building materials, although some expen-
diture of foreign exchange may be made to buy earth-moving
equipment, explosives, ete. from the developed countries.

Table V shows the operating cost analysis of a typical
wheat farm in a non-irrigated area for comparison with
Table IV.

Many agricultural observers have made statements that
this developing country or that developing country, or all
developing countries, should use more fertilizer. Why? What
is the basis for such statements? What is the optimum amount
of fertilizer that a nation, or an individual farmer, should use?
How can a nation or an individual farmer know whether the
current usage of fertilizer is optimum or not? The answer to
these questions lies in a complex array of economic, techno-
logical and social factors.

In general, it can be said that agricultural areas which
use large amounts of fertilizer per hectare have higher agri-
cuttural yields than comparable areas using smaller amounts
of fertilizer per hectare. Also, countries which use large
amounts of fertilizer per capita usvally have better nutrition
than countries using smaller amounts of fertilizer per capita.
However, there are exceptions to this gencralization resulting
from other agricultural and economic factors. These exceptions
reflect the fact that agriculture is a very complex activity
involving many variables.

Figure 10 shows the percentage of irrigated land in 20
countries. Egypt is unique in having 1oo percent irrigated
agricultural land; this fact is a major reason why IEgypt has
some of the highest agricultural yields among developing
countries. However, greater use of fertilizer would increase
Egypt's yields still more. China has 6g percent irrigated land,
and this is a major reason why China is able to feed her 770
million people on 110 million hectares at least as well as India

[z0] V., 3 - Ewell - p. 24
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TaBLE V — Economics of a typical wheat farm in a non-ir-
vigated area (in India, for example).

—- using traditional wvarieties of wheat
-— using no fertilizer (or very litile)
- using no irrigation water

- UsIng N0 pesticides

Yield = 1000 kg./hectare
Production

costs

per

hectare,

.5,

dollars

Seed (saved from previous vear’s crop), 100 kg @ rod/kg. (*) 10
Irrigation water 0
Fertilizer c
Pesticides 0
Labor (outside {amily) 0

Maintenance of equipment, 3% of $13/ha. 0.7
Interest on capital invested in land, 10% of $zoo/ha. 20
Interest onx capital invested in equipment, 109, of $r3/ha. 1.3

Depreciation on equipment, 10% of $13/ha. 1.3
Total production costs per hectare 33
Income, 1000 kg, wheat (@ 10g¢/kg. 100
Profit (¥*} 67
Cash flow {profit + two inferest items -+ depreciation) 90

(*) Even though seed is saved {rom the farmer’s own crop, it musi be
considered an ont-of-pocket cost since it counld be sald in the market for
cash. If the farmer buvs seed, the price would probably be higher than
that” given above,

(**) Profit subsumes the labor of owner and his family,

Note: The above figures are illustrative only. All the {figures in the
above caleulation will vary greatly from one couniry to another and from
one region 1o another within a country,

fzo]l V, 3 - Ewell - p. 25
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Percent of toial
cultivated land
which is irrigated

V2% 7 A EGYPT 100
V77 71 CHINA (Peopie's Rep.) 69
V7774 CHINA (Taiwan) 58
% 77 JAPAN 57
v 7) PAKISTAN 43
G 7///) INDONESIA 29
/) BULGARIA 22
V7] INDIA 17
MEXICO

~ UNITED STATES

P TURKEY

U.S.S.R.

GERMAN DEMOCRATIC REPUBLIC
GERMAN FEDERATED REPUBLIC
POLAND

AUSTRALIA

BRAZIL

f cuBA

| FRANCE

| UNITED KINGDOM

-
4]

O O N N W W W W b o O

#* For various years 1966 to 1969

IiG. 10 — Percentage of irvigated agricultural land selected countries®.
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feeds her 570 million people on 162 million heclares. Greater
use of fertilizer would increase yields in both China and India.
Most European countries have little irrigated land, for example,
23,000 ha. in France and 107,000 ha. in U.K. The five
highest countries in Europe percentagewise are Bulgaria 22
percent, Greece 20 percent, Italy 16 percent, Portugal 15 per-
cent, Spain 11 percent,

Fertilizer, Population and Grain Production

The basic driving force for increased use of fertilizer, and
other agricultural inputs as well, is the growth of population
and the resulting increased demand for food and other agri-
cultural products. Thus there is a basic relationship between
population growth and fertilizer consumption.

This refationship is illustrated by Figures 11, r2 and 13.
Figure 11 compares popuiation growth, grain production and
fertilizer consumption in the world during the period 1g50 to
1969 with projections to 1975 and 1g80. Tigure 12 makes
the same comparison for the developing countries (including the
Agian communist countries). The conclusions to be drawn
from Figures 11 and 12 are (1) that grain production increased
slightly more rapidly than population during the 1950-19%0
period, both in the world as a wholc and in the developing
countries as a group, and {2) that fertilizer consumption has
been increasing much more rapidiy than either population or
grain production. All the data shown in Tigures 1T and 12
are from Table L.

Figure 13 shows a correlation of population growth and
fertilizer consumption in the developing countries during the
period 1050 to 1069 and also forecasts for 1975 and 1980 which
will be discussed in the next section. Figure 13 shows that
fertilizer consumption has been increasing much more rapidly

[20} ¥, 3 - Ewell - p. 27
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0 p e OB AT TRl tion
195C¢ 1955 1980 1965 1970 1975 1980

Fie. 11 — Growth of population, grain production and fertilizer copsump-
tion -~ Total world.

than population. For example; from 1950 to 1969 population
of the developing countries increased by 52 percent whereas
fertilizer consumption increased from 1.2 to 12.4 million tons
or g30 percent. In fact, fertilizer consumption has been
increasing only slightly less than exponentially with popula-
tion. The forccast of fertilizer consumption in 1975 lies on
the projected curve, but the forecast for 1680 is well below

[20] V, 3 - Ewell - p. 28
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504

45

40|

35

307

25 |-
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=
k=
1950 1955

: P ORULA
1965 1970 1975 1980

1960
Frg., 1z — Growth of population, grain produoction and fertilizer consump-
tion - Developing countries.

the curve. This raises the question that possibly the 1980
forecast of fertilizer consumption may be too low.

Basic Statistics on Ferlilizer Produclion and Consumption

World production and consumption of commercial fexti-
lizers have increased rapidiy throughout this century as indi-

[26] V, 3 - Ewell - p. 29
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‘ ; : d
Population of developing countries, billions.

Fic. 13 — Correlation of population growth and fertiizer consumption in
developing countries,

[203 V, 3 - Ewell - p. 30
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cated by the following data on fertilizer consmmption (in
million tons of nutrients):

N P,0; K,0 Total
1905 /00 0.4 1.0 Q.5 1.G
1013/14 0.7 2.1 1.0 3.8

----- Dxecline during World War 1 --- -~
1919 /20 0.8 1.7 i 3.6
1538139 2.7 36 2.9 9.2

vvvvv Decline during World War 11 - - - -+

1945/40 2.0 3.4 2.1 7.5
1047 /48 3.1 5.0 3.% 1Y.2
706G /6T 1.0 101 8.6 29.7
1670/71 31.06 19.8 10.8 08.2

Fertilizer production would be paraifel to the above data
but about five percent higher in cach year. The above data
include the Asian communist countries in 1g60/61 and 1970/
71, but not in the carlier years. These data do not include
organic fertilizers except organic fertilizers processed in fac-
tories and sold as commercial fertilizers. Organic materials
were a substantial part of commercial fertilizer production up
to about 1930, but today they are only a small fraction of one
percent of total commercial fertilizers.

Despite the great increase in world fertilizer production,
the majority of developing countries in 1970 did not produce
any fertilizer at all and many others did not produce enough
to meet their needs. Both these categories of developing
countries, therefore, have to import fertilizers. On the other
hand, nearly all developed countries produce chemical ferti-
lizers and many of them produce surplus fertilizer which
they export.

For example, in nitrogen fertilizer many European coun-

fze] V, 3 - Ewell - p. 31
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tries, U.S.A., U.S.S.R., Canada and Japan are exporters,
whereas among the developing countries only Chile, South
Korea, Kuwait, Saudi Arabia, South Africa and Trinidad were
significant exporters in 1g70/71.

Similar situations exist in phosphate and potash fertilizers.
In phosphate fertilizer, many European countries, U.S.A.,
U.5.5.R., Canada and Japan are exporters, while among the
developing countries only Tunisia, Morocca and South Africa
were significant exporters in 1g70/71. In addition, Mexico,
Iran and Israel will soon become large exporters of phos-
phoric acid.

In potash fertilizer, production is dominated by U.S.S.R.,
Canada, U.5.A. and several European countries, with Israel
and Congo (Brazzaville) also producing significant amounts.
Israel and Congo (Brazzaville} export nearly all of their
production.

Tables VI, VII, VIII illustrate the facts outlined in the
last three paragraphs.

In 1970/71 the developing countries produced 8.0 million
tons of fertilizer (nutrient basis) and consumed 14.r miilion
tens, indicating an apparent deficit of 6.1 million fons. The
largest deficits among the developing countries were People’s
Republic of China 2.0 million tons, India 1.1. million tons,
Brazil 777,000 tons, Cuba 31,000 tons, Turkey 287,000 tons,
TPakistan 243,000 tons, Indonesia 206,000 tons, Egvpt 172,000
tons. These eight countries compriged 85 percent of the total
deficits of the developing countries in 1g9%0/%T.

Figures 14, 15 and 16 show the past history of the
consumption of fertilizers in developed and developing coun-
tries with projections to 1g75/76 and 1680/81. Figures 15
and 16 are semi-logarithmic graphs so that all slopes are
proportional to rates of growth. The rate of growth of fertilizer
consumption is higher in the developing countries than in the

fz0] V, 3 - Ewell - p. 32



TagLE VI — Largest Producers, Consumers, Exporters and Imporiers
of Nitrogen Fertilizer in 1969/70 (all data in thousand tons of

nitrogen).

Largest Producers Production Largest Consumers Consumption
1. USA 7,632 . USA 6,679
2. USSR 4,509 2. USSR 3,768
3. Japan 2,752 3. China (Mainland} 2,495
4. FRG 1,574 4. India 1,244
5. France 1,313 5. France 1,243
6. China {Mainland) 1,040 6. FRG 1,085
7. Italy 600 7. Japan 8g7
8. Poland G538 8. Poland 760
g, Netherlands Goh ¢. United Kingdom G5e
ro. India 731 10. Spain - 604
17. United Kingdom 710 1. Italy 550
12, Canada Gos 12. GDIRR 187
13, Bulgaria 586 . 13. Bulgaria 402
14. Spain 543 14. Mexico 388
15. Belgium 514 15. Netherlands 385
16, Romania 494 16. Romania 380
17. GDIR 391 17. Hungary 348
18. Norway 3771 18, Crechostovakia 330
1g. Mexico 359 19, Korea, Republic of 320
20. Korea, Republic of 356 20. Palkistan 320

Apparent Apparent

Largest lixporters Exports (*) Largest Importers Imports (*)
1. Japan 1,255 1. China {Mainland) 1,455
z. USA 953 2. India 513
2. USSR 777 3. Denmark 200
4. Netherlands 3231 4. Turkey 179
5. FRG 489 5. Cuba 179
6. Taly 430 G. United Aral Republic 160
7. Canada 360 7. Brazil 158
8, Relginm 337 8. Pakistan 145
g. Norway 266 g. Vietnam, Republic of 122
10. Bulgaria 184 10. Indonesia 122
17. Poland 148 11. Yugoslavia 100
r2. Austria 127 2, GDRR [#16]
13. Romania T14 13. Ceyion 6z
14. Kuwait 75 14. Spain 61
r5, Trinidad & Tobago 70 15. Sweden 61
16, France 70 16. Hungary 48
17. United Kingdom 6o 17, Thailand 47
18, Chile 59 18, Greece 45
19, Sonth Africa 54 1g. Sudan 39

20. Korea, Republic of 36 20, Peru 35

{(*) Apparent exports estimated as Production - Consumption; apparent imports
estimated as Consumption - Production. This is a rough method of estimating apparent
exports and apparent imports, but it should Dbe reasonably accurate except for stock
changes and losses, Since stocks of fertilizer tend to increase in step with the steady
increase in consumption and since losses in trapsportation and storage do oceur, ap-
parent exporis calculated in this manner tend to be too high by a few percent and
apparent imports tend to be foo low by a few percent.

SOURCE: FAQ Monthly Bulletin of Agricuitural Economics and Statistics, Reme,

February rg7r.



Tasre VII — Largest Producers, Consumers, Exporters and Imporiers
of Phosphate Fertilizer in 196¢/70 (all data in thousand tons of
P;0s).

Largest Producers Production Largest Consumers Consumption
1. USA 4,721 . USA 4,177
2, USSR 2,071 2. USSR 1,610
3. Jrance 1,400 3. France 1,681
4. FRG 919 4. FRG 857
5. Australia 742 5. Australia 830
6. Japan 745 6. Japan 68y
7. Belgium 610 7. Poland 6GOo
8, ltaly 540 8. China {(Mainland) 1Y
4. Poland 534 9. ltaly 486
ro, China {(Mainland) 507 10, United Kingdom 460
11. Canada 450 11, Spain 400
1z. United Kingdom 434 12, GDR 380
13. Spain 375 13. New Zealand 341
14. GDRR 36g 14. India 315
15. New Zealand 330 r5. Canada 320
16, Sonth Africa 312 16. Czechoslovakia 300
17. Crechoslovakia 289. 17. South Africa 26x
18. Netherlands 284 18. Bulgaria 256
19, India 224 19, Brazil 237
20, Romania 2271 zo. Turkey 201

Apparent Apparent

Largest Exporters Exports (*) Largest Importers Tmports (*)
1. UsSA 544 ¥. France 2871
2. Belgium 460 2. Turkey 157
3. Netherlands 176G 3. Brazil 118
4. Tunisia 162 4. Bulgaria 117
5. USSR 155 5. Cuba 112
6. Luxembourg 140 6. India gr
7. Canada 130 7. Chile 8y
8. Morocco 87 8. Poland GO
g. FRG 63 g. Indonesia 53
10. Japan 56 10. Pakistan 48
T1. Italy 54 11, Colombia 48

12. South Africa 51 12, Thatland 45
13. Norway 49 13. Ireland 45
14. Romania 41 14. Yugoslavia 30
15. Lebanon 16 15, Australia 39
16. Korea, Republic of 106 16, Switzerland 38

17. United Aralb Republic 10 ¥7. Denmark 33

18. Greece 6.6 18, Spain 31

1g. Senegal 5.G 19, Iran 30

20. Uganda 3.4 z0. Vietnam, Republic of 28

{(*} Apparent exports estimated as Produetion - Consumption; apparent imports
estimated as Consumption - Production, This is a rough method of estimating apparent
exports and apparent imports, but it should be reasonably accurate except for stock
changes and losses. Since stocks of fertilizer tend to increase in step with the steady
increase In consumption and since losses in transportation and storage do occur, ap-
parent exports caleulated in this manner tend to be too high by a few percent and
apparent imports tend to be too low by a jew percent.

SOURCE: FAQ Monthly Bulletin of Agriculturai Ecenomics and Statistics, Rome,
February 1g77.



TasiLe VIII — Largest Producers, Conswmers, Exporters and Importers
of Potash Fertilizer in 1969 /70 (all data in thousand tons of K:0).

fargest Producers Production Largest Consumers Consumption
1. Canada 3,500 1. USA 3,625
2, USSR 3,244 2. USSR 2,319
3. USA 2,487 3. IFrance 1,279
4. GDR 2,340 4. FRG 1,720
5. FRG 2,212 5. Poland 1,050
6. France 1,750 6. Japan 6go
7. Spain 516 7. GIIR 624
8. Israel 437 8, Czechoslovalaa 500
g. Ttaly 366 g. UIC 4062
10. China {(Mainland) 140 1o. China (Mainland) 240
11. Congo (Brazzaville) Gy 11, Spain 224
12, Chile 15 1z, Brazil 200
13. Italy 195
(No other significant producers). 14. Canada 190
15. Belginm 186
16, Caba 185
17. Denmark 184
8. Yugoslavia 180
19. Austria 169
20. Hungary 106

Apparent Apparent

Largest: I3xporters Exports {¥) Largest Importers Imports (*)
1. Canada 3.310 r. USA 1,138
2. GDR 1,722 z. Poland 1,050
3. FRG 1,092 3. Japan 6go
4. USSR 425 4. Crechoslovakia 500
5. France 471 5. UK 462
6. Isracl 428 6. Brazil 200
7. Spain 295 7. Belgium 186
8. Congo (Brazzaville) 63 8. Cuba 185
g. Demmark 184
{No other exporters) 10. Yugoslavia 180
13, Austria 169
1z, Hungary 109
13. India 151
14. Jreland 141
15. Finland 132
16. Sweden 129
17. Netherlands 127
18, China (Mainland) 100
19. New Zealand 09
20. Australia 95

{*) Apparent exports estimated as Production - Consumption; apparent imports
estimated as Consumption - Produetion. This is a rough method of estimating apparent
exports and apparent imports, but it should be reasonably accurate except for stock
changes and losses, Since stocks of fertilizer tend to increase in step with the steady
increase in consumption and since losses in transportation and storage do oceur, ap-
parent experts calenlated in this manner tend to he too bigh by a few percent and
apparent imports tend to be too low by a few percent.

SOURCE: FAO Monthly Bulletin of Agricultural Economics and Statistics, Rome,
February 1971,
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TOTAL WORLD

1959/60 27.8

1969/70 77 77/ /) 62.8

1975/76 777 /77777 99.4
1980/81(7777777/ 7//7/7/7/4133.5

DEVELOPED COUNTRIES

1959/60 24.5

1969/707 777/ 50.5

1975/76 [ /7 /777 75.9
1980/811 7 777777/ 100.2

DEVELOPING COUNTRIES

1959/60 ) 3.3
1969/70 12.3

1975/76 77} 23.5
1980/817 77 ) 33.3

Fia. 14 — Consumption of fertilizers 1959/00, 1969/70, 1075/76, 1980/8r,
fmillion tons NPK) (including Mainland China, North Korea, North
Vietnam).

[20] V, 3 - Ewell - p. 36
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50;;

1
1955/56

.1980/51 1955,/66 1876/ 1975/75 1980/81

K, 15 — World consumption of fertilizers (including Mainland China, North
Korea, North Vietnam).

[20] ¥V, 3 - Ewell - p. 37
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developed countries. The same is true of rates of growth of
fertilizer production.

Figure 16 shows the consumption of fertilizer in the
developing countries of Asia, Africa and Latin America. It
is clear that Asia has had the highest growth rate among the
three continental regions, Latin America has the next highest
growth rate and Africa has the lowest growth rate.

Figure 17 shows the growth of both production and con-
sumption of fertilizers in developed and developing countries.
It may be noted that in the developed countries production
exceeds consumption, but in the developing countries consump-
tion exceeds production. The apparent deficit of the develop-
ing countries in xgyo/71 amounted to 6.1 million tons NPK
and the indicated deficit in 1980/81 is g.1 million tons NPK.,

Figure 18 shows the history of the consumption of nitro-
gen, phosphate and potash fertilizers., Nitrogen has been
growing more rapidly than phosphate or potash fertilizers.
The trends of the past 15 years appear to be heading towards
the following ratios of the three major nutrients by 1g98o:

Developed countries  N-P:05-IK:0=1-0.55-0.45

Developing countries  N-P»05-1:0 = 1-0.50-0.30

These are averages, of course, for the two groups of countries.

Tables 1X and X give some of the numerical data shown
graphically in Figures 14 to 18,

Growth Rate of Ferlilizer
World production and consumption of fertilizer have
shown high rates of growth throughout this century, except

during the First and Second World Wars, when both produc-
tion and consumption declined greatly. The following data

[20] V, 3 - Eweli - p. 38
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1
1955/ 56

1860/67 1865/55

1975/76 1980/

Fic, 16 — World consumption of fertilizers (Breakdown by continental

areas).

[26] V, 3 - Ewell - p. 30
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oen

500

955/ 56 1960/61 1965/66 1870/ 1975/76 1980/81
# DEVELOPING COUNTRIES include Mainiand China, North Korea, North Vietnam

Fis. x7 — Production and consumption of fertilizers in developed and
developing countries,

[20] V, 3 - Ewell - p. 40
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Frg, 18 — World consumption of fertilizers (including Mainland China, Norih
orea, North Vietnam).
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TaBLE IX — World Production and Consuwmption of Fertilizers
Breakdown by developed and developing countries (mil-
lion tons NPK).

Production Consumplion

Developed Developing World Developed Developing World

Countries  Countries Total Countries Countries Total
1G45/46 n.a. .4, 7.9 n.a. n.a. 7.5
1940/47 » » 10.1 » » 4.5
1547 /48 » » 11.8 n » 7.2
1948/49 » » 13.0 » » 12.4
1949/ 50 » » 14.2 » » 3.5
1950/51 » » 15.7 » » 14.9
1951/ 52 » » 16.6 » » 15.8
1952/53 » » 181 » » 7.2
1953/54 » » 20,0 » » 19.X
1954/55 » » 21.3 » » 20.3
1955/50 21.8 I.I 22.9 16.8 2.2 22.0
19506/57 23.17 1.3 24.4 20.7 2.5 23.2
1957/58 24.1 1.5 25.06 21.0 2.8 24.4
1958/59 25.9 1.6 27.5 234 3.0 26.4
1956/60 27.3 1.8 29.1 24.6 3.3 27.9
1060/61 28,6 2.0 30.6 25.5 4.2 29.7
1961 /62 30.2 2.1 32.3 20.8 4.2 31.0
1962/63 32.3 2.5 34.8 2G-3 4.0 33.9
1903 /64 30.2 2. 39.1 32.1 5.4 375
1904/65 40.3 3-5 43.8 35.2 59 4.1
1965/66 45.3 3.8 49.1 39.1 6.5 45.6
1966/67 49.T 4-3 53.4 42.4 8.0 50.4
1967 /68 53.2 4.9 58.1 45.9 9.7 55-0
1668 /69 56.6 6.0 12.0 48.3 i1.2 50.5
1969/70 59.0 7.0 66.0 50.4 I2.4 62.8
1970/77 63.2 .¢ 7i.2 54.1 T4.¥ 68.2
T975/76 88.5 15.7 104.2 75.9 23.5 99.4
1980/81 110, 24.2 740.3 100.2 33.3 133.5
Sources

1945/46 to 196g{70 data from FAO Production Yearlool.

1970/71 data from FAO Monthly Bulletin of Agricultural and Economic
Statistics, February 1972,

1975/76 and 1980/81 estimates are from UNIDO paper ID/WG.gg9/4,
« Review of World Production, Consumption and International Trade
in Fertilizers with Projections to 1975 and 1980 », presented at the
Second Interregional Fertilizer Symposium, Kiev., U.S.S.R., Sep-
tember 1671,

[20] V, 3 - Ewell - p. 42



aBLE X — Production and consumption of fertilizer 1960/61 to 1g80/81.

Nitrogen fertilizer (million tons N)
Production Consumption Deficit or (Sury
1960/61 1970/71 1080/81 1660/6x  1970/71 Y080/81 196061 1970/7%

eveloped countries (*) 10.4 28,1 57.2 8.5 22.8 48.5 {1.9) {5.3)
eveloping countries (%) 1.0 4.6 14.8 2.5 8.8 19.¢ 1.5 4.2
Asia (ex, Japan & CAY(H) 0.2 2.0 7.5 0.G 3.3 8.5 6.7 1.3
Asia, Communist (CA) () 0.4 1.4 3.0 0.8 3.2 6.0 0.4 1.8
Africa 0.1 0.4 1.2 0.3 0.9 1.8 0.2 0.5
Latin America 0.3 0.8 3.1 0.5 1.4 3.6 0.2 0.6
‘orld total Ti.4 32.7 72.0 11.0 31.6 68.4 {0.4) {1.1)

Phosphate fertilizer (million tons P,04)
Production Consumption Deficit or {Sury
r9bo/61 1970{71 1680/81 1960/61 1970/71 1080/81 1660/63 1g70/7X

eveloped countries G.5 18.3 31.6 9.0 16,4 28.5 (0.5} (x.0}
eveloping countries 0.8 2.5 7.2 1. 3.4 8.5 0.3 0.9
Asia (ex. Japan & CA} 0.1 0.6 1.9 0.3 1.2 3.8 0.2 0.6
Asia, Comununist {CA) .2 0.7 1.5 0.2 0.7 1.5 —_ —
Alrica 0.3 0.8 2.5 0.3 0.0 1.1 — {o.2}
Tatin America 0.2 0.4 1.3 0.3 0.9 2.1 a1 0.5
Torld total 10.3 20.8 38.8 10.7 16.8 37.0 {0.2) (1.0)

Potash fertilizer (million tons K,0)
Production Consumption Deficit or (Surg
1960/61 1970/71 1980/81 1960/61 1970/71 1980/871 1660/61 1970{71

eveloped countries 8.7 16.8 27.3 8.0 14.9 23.2 (0.7} (r-9)
eveloping countries 0.2 0.9 2.2 0.6 1.9 4.9 0.4 1.0
Asia (ex. Japan & CA) 0.1 0.6 10 0.2 0.6 2.1 0.1 —
Asia, Communist (CA} 0.1 0.1 0.3 0.1 0.3 a7 — 0.2
Africa e 0.2 0.8 o.1 0.3 0.6 0.1 0.1
Latin America e _— 0.1 0.2 0.7 1.5 0.2 0.7
'orld total 8.9 17.7 29.5 8.6 16.8 28.1 {0.3) {0.9)

Total fertilizer (million tons N + P,0; 4+ I0)
Production Consumption Deficit or (Surp
1960/61 1970f/71 1080/8% 1960/61 1970f/71 1980/8x 1960/61 1970/71 !

eveloped countries 28.6 63.2 116.1 25.5 54.1 100,72 (3.1} {g.1)
eveloping countries 2.0 8.0 24.2 4.2 S 14.1 33.3 2.2 6.1
Asin fex. Japan & CA) 0.4 3.2 10.4 1.4 5.1 14.4 1.0 1.9
Asia, Communist {CA) 0.7 2.2 4.8 1.1 4.2 8.2 0.4 2.0
Alfrica 0.4 1.4 4.5 0.7 1.8 3.5 0.3 0.4
Latin America 0.5 1.2 4.5 1.0 3.0 7.2 0.5 1.8
‘orid total 30.6 71.2 140.3 20.7 08.2 133.5 {0.9) (3.0)
oles

(1) Developed countries include U.S.A., Canada, Europe, U.5.5.R., Japan and Oceania.

(3] Developing countries include all countries of Asia (except Japan}, Africa and Latin America. Latin /
all of North and South America except U.5.A. and Canada.

() CA = Communist Asia - People’s Republic of Ching, North Korea, North Vietnam, Mongolia.

RIrCe |

1960/61 data from FAQO Production Yearboolk.

1g70/71 data from FAO Monthly Bulletin of Agricultural and Economic Statistics, February 1g72.

rg8o/81 estimates are from UNIDO paper ID/WG.gg/4, “Review of World Production, Consumption anc
national Trade in Fertilizers with Projections to 1975 and 1980", presented at the Second Tnter
Fertilizer Symposium, Xiev, U.5.5.R., September 1971,
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show the rates of growth of production and consumption dwm-
ing several periods of time:

Average annual rates Percent per year
of growth N »,0, WK,0 Total
1905/00 to ¥g13/v4 (8 years) 8.5%  93%  00%  ao%
1939 /20 to 1938/30 (19 years) 6.9%  4.0% 54% 5.0%
1547/48 to 1980/63 {13 ycars) 10.2% 5.697 8.19, 7.89%,
robo/Gr to vo7x/71 (10 years) 1A 1Y 7.0%, 7.0%, 8.7%,

The relatively low growth rate during the 1919/20 to
1938/36 period was caused by the economic depression of the
earty 1930’s when fertilizer consumption remained constant
for several years.

One of the most important facts concerning the world
fertilizer picture is that both production and consumption of
fertilizers have been growing nearly twice as rapidly in the
developing countries as in the developed countries. This is
illustrated by the following data:

Growth of fertilizer production and consumption in developed
and developing countries during ten-year period 1960/67 to TG70/71
(in million tons N + 0, 4 KO

Daeveloped Developing World
Countries Countries Total
Production, 1966/61 28.7 2.0 30,7
» , I970/7T 63.3 7.9 70z
Annnal rate of increase 8,29 14.7%, 8.89,
Consumption, robo/63 25.4 4.2 20.6
n ; I070/71 54.0 T4.7 G8.x
Annnal rate of increase 7.8%, 13.0%, 8.7%

Fulure Projections of Production and Consumplion

Projections of future fertilizer production and consunip-
tion up to 1980/81 were made by the staff of the United
Nations Industrial Development Organization for all countries

[20] V, 3 - Ewell - p, 44
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in the world Dbased on the historical data from r1g50/51 to
196G/70.  This analysis was presented at the Second Inter-
regional Fertilizer Symposium. in Kiev, U.S.8.R. in September
1971 {paper ID/WG.gg/4). The projection method used was
a visual, graphical adaptation of the Gompertz growth curve,
as illustrated in Figures 15, 16, 17, 18. The data for 1g70/71,
which became available from FAOG in February 1g72, fit
precisely on the projection lines developed a year earlier. The
projections made in the UNIDO report for 1980/8r are sum-
marized as follows:

Total fertilizer (mallion tons N + 0, + K,0)
Apparent deficit
Production Consumption (Apparent surplus)
1g70/7% 1980/8r  r970/{7r 1980/81 ro70/y1 1g8o/8y
Developed

countries 63.3 1:16.1 54.0 1002 (9.3) (r5.9)
Developing

countiries 8.00 24.2 4.1 33.3 6.1 9.1
Total world 71.3 140.3 G8.1 133.5 (3.2) (6.8}

The apparent world surpluses are the result of increased stocks
as the volume of trade in fertilizers increases and also losses.

Apparent deficits of the developing countries are, there-
fore, projected to increase from 6.1 million tons in 190g/70
to g.1 million tons in 1980/8r. The two largest deficits
indicated by the projections are People’s Republic of China
3.1 million fons and India 2.65 million tons,

Fertilizer Consumption per Capita and per Heclare

Figure ro and Table XI give detailed data on fertilizer
consumption per capita in various countries in 196g/70.
Fertilizer consumption per capita varies from East Germany
at ¢2.6 kg./capita down to Ethiopia at o.1 kg./capita. The
top 21 countries include 16 European countries plus Australia,

[20] V, 3 - FEwell - p. 45
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Kg. NPK
Capita
G000 73 G.D.R. 93 %
Y 7 AUSTRALIA 88
V27 0 77/ FRANCE 82
Vi % 7/} BULGARIA 81
G 77777) POLAND 745
V27 74 U.S.A. 71
vz 7) CUBA 574
v 7774 F.R.G. 54
% 77 U.S.S.R. 334
UNITED KINGDOM 28
V777777 JAPAN 22
CHiINA (Taiwan) 19
V777 TURKEY 13 %
MEXICO 11
U.A.R. (Egypt) 9.3
BRAZIL 6.5
CHINA (Mainjand) 4.3%
‘P INDIA 34
PAKISTAN 29
fINDONESIA 1.9
% For calendar year
Fro. 19 — Fertilizer consumption per capita - 1989/70 (selected countries).

20) V, 3 - Ewell - p. 40
I
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TapLE XI — Classificaiion of Countriecs in Fertilizer Consumption
per Caputa (Including all countries over 5,000,000 population in
1970) (in kg./capita of N+T1:0:+ K0 in 1969/70 crop year).

Developed Countries

Australia
Austria,
Belgium
Bulgaria
Czechoslovalina
France

Canada
Greece
Netherjands
Romania

Italy

Japan
Portugal
Switzerland

Very High —
Germany (Fast)
Germany (West)
Hungary
Foland

Sweden
United States

High — 23
Soviet Union
Spain
United Kingdom
Yugoslavia

Moderate —

Low — 5-

None

Very low —

None

I Developing Countries

50-100 kg.fcapita

Cuba

-50 kg./capita

Nene

10-25 kg./capita

Chile

China (Taiwan)
Korea (i¥orth)
Korea (South)

10 kg. /capita

Algeria
Brarzil
Ceylon
Colombia
Fcunador
Egypt

o-5 kg feapita

Afghanistan
Angola

Argentina

Burma

Cambodia
Cameroon

China (Mainland}

Ethiopia
Ghana
Haiti
India
Indonesia
Iran

Iraq
Kenya

Central America (%)

Congo (Dem. Rep.)

Mexico
Rhodesia
South Africa
Turkey

Malaysia
Morocco
Peru
Tunisia

Vietnam (South)

Madagascar
Mali
Mozambique
Nepal
Nigeria
Pakistan
Philippines
Sandi Arabia
Sudan

Syria
Tanzania
‘Thailand
Uganda
Upper Volia
Venezuela
Vietnam (North)

(*) Central America includes Guatemala, Nicaragua, Honduras, El Salvador,
Costa. Rica and Panama.
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U.5.A., Cuba, Canada and U.5.5.R. Cuba is the only deve-
loping country in the Very High or High Categories. Al
countries in the Low and Very Low Categories are developing
countries,

Figure 20 and Table XII give similar data on fertilizer
consumption per hectare. Fertilizer consumption per hectare
varies from Japan at 400 kg./hectare down to Upper Voita
at 0.1 kg, /hectare. The top 19 countries include 13 European
countries plus Japan, China {Taiwan), Cuba, South Korea,
North Korea and Egynt.

Actuaily, Netherlands and Belgium appear to be the two
highest on a per hectare basis with 675 and 583 kg. /hectare,
respectively.  However, these are fictiticus figures since a
majority of the fertilizer in both these countries is used on
pastures rather than on crop land. The same thing is true
to a lesser extent in West Germany, Switzerland, East Ger-
many and other northern European countries. Kg./hectare
data are usually calculated by dividing total fertilizer consump-
tion by total arable land (which does not include permanent
pastares), and therefore if a large part of the fertilizer is used
on permanent pastures the caleulated ratio is fictitious. For
his reason it is believed that Japan has the highest kg. /hectare
application of fertilizer on crops and is so shown in Figure 20,

Fertilizer consumption per capita is the important eco-
nomic variable related to planning the development of the
fertilizer industry in any country rather than fertilizer consump-
tion per hectare. In other words, fertilizer consumption per
capia is an economic variable whereas fertilizer conswmption
per hectare is an agro-technical variable. A ton of fertilizer
will produce so much additional food whether it is used on
10 hectares or zo hectares or even possibly 40 hectares. This
generalization is true only within Hmits, of course, and it
implies a lincar yield-fertilizer response curve, which is not
exactly true. But within limits this is a valid generalization —

[z0] V, 3 - Fwell - p. 48
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% 774 JAPAN
V2 ) F.R.G.
V.7 74 G.D.R.

Y 77) CHINA (Taiwan)
% 7] CUBA

J 4 UNITED KINGDOM

| 777} FRANCE

77/ POLAND
BULGARIA
V77774 U.A.R. (Egypt)
U.S.A.

U.S.S.R.

CHINA (Mainland)
U] AUSTRALIA
MEXICO

BRAZIL
INDONESIA
ATURKEY

/) PAKISTAN

AINDIA

*For calendar year 1969

Kg. NPK
hectare

400
374
301#*
298
234+
213
212
158 %
150 %
112
- 82
36 #*
30 *
27
22
20% .
18
17 %
14
10

¥iG, 20 — Fertilizer consumption per hectave - 166g9/70 (selected countries).
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Tasre XII — Classification of Couniries in Fertilizer Consumpiion
per Hectare (Including all countries over 5,000,000 popula-
tion in 1970) (In kg./hectare of N+Py0s+1G0 in 196g/70

crop yearj.

Developed

Ausiria
Belgium
Czechoslavalkia
France
Germany, LEast

Bulgaria
Hungary

{Greece
Italy
Remania

Australia
Portugal
Soviet Union

Canada

Countries

Very High — over 200 kg /hectare

Germany, West
Japan
Netherlands
Switzeriand
United Kingdom

High — 7100-

Poland
Sweden

Moderale — 5
Spain
United States
Yugoeslavia

Low — 23-

Very jow -

China {Taiwan)
Cuba
Korea (South)

200 kg./hectare

Egypt
Korea (North)

0-100 kg fhectare
Ceylon

Rhodesia
Vietnam

{South)
50 kg. /hectare

Central America (%)
Chile

China (Mainland)
Colombia

0-25 kg.fhectare

Afghanistan
Algeria
Angola
Argenting
Brazil
Burma

Cambodia
Cameroon

Congo, Dem. Rep.
Ecuador

LEthiopia

Ghanga

Haiti

India

Indonesia

1 Tran

Irag
Kenya
Madagascar

Developing Countries

Malaysia

Pern

South Adrica
Vietnam  (North)

Mali

Mexico
Moroceo
Mozambique
Nepal
Nigeria
Pakistan
Philippines
Saundi Arabia
Sudan

Syria
Tanzania
Thailand
Tunisia
Tuarkey
Uganda
Upper Volta
Venezuela

(*} Central America inciudes Guatemala, Nicaragua, IMonduras, El Salvador,
Costa. Rica and Panama,
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in fact, many yield-fertilizer response curves are approximately
linear over wide ranges of fertilizer application.

Therefore fertilizer consumption per capita is the variable
on which national planners should focus their attention. TFer-
tilizer consumption per hectare is of great importance to the
economics of a particular farm, and indeed to the economics
of the nation, but in planning the development of the fertilizer
industry, fertilizer consumption per capita is the key variable.

Fertilizey and Crop Yields

The purpose of using fertilizer in agriculture is, of course,
to increase crop yields. The effect of fertilizer on crop yields
may be represented by a fertilizer response curve or in a more
complex way by fertilizer response surfaces. Figure 21 gives
a schematic picture of some types of response curves comparing
the fertilizer response of the new high-yielding, fertilizer-
responsive varieties of wheal and rice with the old traditicnal
non-fertilizer-responsive varieties. These curves represent the
essence of the Green Revolution. The old traditional varieties
of wheat and rice respond to low applications of fertilizer, but
at high levels of fertilizer application the plants fall over or
“lodge” which reduces the yields drastically. The maximum
vield with the old traditional varieties is usually reached
somewhere in the range of 75 to 125 kg. /hectare of NPK.

By contrast the new high-yielding, fertilizer-responsive
varieties increase vields steadily with increased fertilizer ap-
plication up to at least zoo kg./hectare and even up to as
high as 400 or more kg./hectare. TFigure 21 indicates a yield
at 200 kg./hectare about double the yield at zero fertilizer.
This is very conservative since many instances of increasing
wheat and rice yields by factors of 3, 4 and 5 by increased
usc of fertilizer are reported in the literature. The response to
fertilizer in any particular situation is, of course, influenced

[20] ¥, 3 - Ewell ~ p, 57
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very much by the natural fertility of the soil — soils of low
fertility give higher responses to fertilizer than soils of high
fertility. However, soils of low fertility are the usual situation
in developing countries.

Also, it must be kept in mind that fertilizer application
has to be accompanied by an adequate supply of water to be
effective and economical. However, many of the developing
countries have enough irrigated land and adequately rain-fed
land to use effectively much greater quantities of fertilizer
than they are now using. For example, India has 30 million
hectares of irrigated land and if India were to use an average
of 200 kg, NPK/hectare on all these acres, this would amount
to 6 million tons NPK, compared with India’s total consomp-
tion of 2.1 million tons NPK in 1970/71. By contrast Japan
uses 400 kg, NPK /hectare as an average for the entize country,
and Taiwan and South Korea used 298 kg./hectare and 230
kg./hectare, respectively, in 1g6g/70. In addition, India has
another 1o-15 million hectares which have good water supplies
without irrigation, which could also use more fertilizer ef-
fectively. The large area of agricultural land with inadequate
or marginal water supplies is a major problem in India and
in many other developing countries. This will continue to be
a problem, but in the meantime India and other developing
countries are not wvsing their well-watered lands to maximum
effectiveness.

The basic biological feature that distinguishes the new
high-yielding, fertilizer-responsive varieties of wheat and rice
is that they are dwarf varieties, growing to a height about
half the height of the old traditional varieties. . This desirable
characteristic has been obtained Dby the application of the
science of plant genetics fo cross-breeding of thousands of
strains of wheat and rice at CIMMYT, IRRI and other research
institutions.

The intense interest in the new high-yielding wvarieties
has resulted in thousands of experiments involving various
combinations of seeds, water and fertilizer which have generated

[20] ¥V, 3 - Ewell - p. 53
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millions of response curves. It has been this writer’s observa-
tion that no two response curves are ever identical.  Response
curves vary widely under seemingly identical conditions. That
is why I presented some schematic response curves in Figure
21 rather than actual experimental curves.

In fertilizer experiments on wheat, rice, malize, sorghum,
beans and ground nuts, response ratios of 6 to 10 are quite
common, but in many experiments response ratios as high as
15 to 20 or even higher have been observed. The general
picture is that move fertilizer gives higher yields, with value/
cost ratios frequently in the range of 3 (o 5, i.e. $§ 310 $ 5
value of additional crop per $ 1 cost of fertilizer.

Figure 22 shows the correlation of rice yields and fertilizer
consumption in Taiwan during the period 1955 to 1970. The
decreases in rice yields in 1959, 1966 and 1960 were undoub-
tedly due to weather fluctuations. The yield-fertilizer ratio is
about 10 for the period 1955-68, bul the ratio drops to about
8 if 1¢0g is included. The fertilizer figures are for all crops
in Taiwan {rice, sugarcane, pineapple, banana, efc.), hut rice
is the main crop.

Figure 23 shows a similar correlation in Taiwan for earlier
yvears, 1930 to 1g57, published by FAQ in 1gbz. The first
vears in Figure zz fif exactly with the last years in Figure 23.
The yicld-fertilizer ratio seems to be about 8 during the period
1045/47 to 1957/59. '

Figure 22 is a well-known curve published by FAQ in
1660 correlating grain yield and fertilizer use in 40 countries.
What this curve says, again, is that greater use of fertilizer
increases yields, The slopes of this curve are:

0~ 50 kg, NPK/hectare Average slope = 16 kg, grain/kg. NPK
50~ 100 » » » n =g " »
OO - T30 » » » noow b0y n »
T30 - 200 ” » » » R T » bl
200-250 n » : » »oo= 5.0 » »
230 - 300 » wo noo-oon o= 4.6 3 »
300 - 350 n » » » = 4.3 » w»

[20] V, 3 - Ewell - p. 359
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¥, 22 - Rice vield compared with fertilizer consumption Taiwan,

{201 V, 3 - Fwell - p. 55
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These slopes are consistent with response ratios reported in
the literature. The fertilizer dosages indicated in Figure 24
are the averages of all crops in each country, which may ac-
count for some of the wide variations, As noted earlier in
this paper, the kg, NPK/hectare figures for Netherlands and
Belgium are fictitions and not comparablie with other countries.

Figure 25 shows a correlation of grain production and
fertilizer consumption in four countries over a r14-year period
from 1955 to 196g. This correlation is similar to Figure 24
but the correlation is for a particular country over a period of
years rather than for a number of countries in a given year.
The production-fertilizer ratios of 8.4 to 12.7 shown in Figure
25 are consistent with response ratios reported in the literature.

Financial Requirements of the Developing Countries to Meel
Their Fertilizer Needs During the 1970-80 Decade

Let us start with an analysis of crop production. Table
I presented data on grain production in the developing coun-
tries during the period 1950-70 with projections to 1975 and
1980, which may be summarized as follows:

Projected grain production in 1080 7470 million fons

Actual grain production in 1970 35097 » »
Projected increase 1970 to 1980 173 » »

As explained in an earlier section of this paper the projected
grain productions in 1975 and 1980 were obtained by graphical
projection of the data for the developed and developing coun-
tries, separately, using the Gompertz equation. These projec-
tions are, of course, subject to guestion and disagreement like
any projections into the future,

Using an average response ratio of ro would give a
requirement of 17.3 million tons of additional fertilizer (NPK)

[20] V, 3 - Ewell - p. 58
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¥16. 25 — Correlation of production of cereals with consumption of fertilizers,

fz0] V, 3 - Eawell - p. 59
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to increase grain production by 173 million tons. Next if we
assume that 67% of the additional fertilizer used by the
developing countries is used on grain and 33% on other crops,
this approach gives an estimated requirement for additional
fertilizer (compared with 1970) of 26 million tons NPK. How-
ever, part of the increased production of grains and other
crops would be the result of increased land under culfivation,
increased irrigation, wider use of improved seed varieties and
greater use of pesticides, Therefore the requirement for ad-
ditional fertilizer (compared with rg70) would be somewhat
less than 26 million tons, possibly of the order of 2o mil-
lion tons.

Tables I, IX and X give the following data for fertilizer
consumption in the developing countries in 1970 and 1980:

Projected fertilizer consumption in 1980 33.3 million tons NPK

Actual fertilizer consumption in 1970  14.1 » o

Projected increase 1670 to 1980 9.2 % »oom
The agreement with the calculation based on increased grain
production is interesting, but subject to the usual doubts of
such an exercise in futurism.

Assuming that the developing countries will need, and
will in fact obtain and use, an increase of 1¢.2 million tons
of fertilizer in 1980 (compared to 1g970), what will be the cost
of this much fertilizer and auxiliary costs associated with
distributing this much fertilizer. Table XIIT presents an analysis
of these costs which total § 28.2 billion over the ro-year period
1970 to 1980 — or it might be any other ro-year period such
as 1972 to 1982, The analysis in Table XIII is based on a
recent paper by E. Brcker-Boost, World Bank Group, pre-
sented at the Second Interregional Fertilizer Symposium in
New Dell, India, in October 1971 {UNIDO paper 1D/WG.
09/6), but with some modifications and refinements based on
further research and discussion since October 1971,

20] V, 3 - Ewell - p. 6o
L
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TagLe X — Financial Reguivements of the Developing
Countries to Meet Their Feriilizer Needs During the 1970~

8o Decade.

Capilal cosis (lo increase Tndigenocus production o the levels indicated in

Table X}

Nitrogen plants 1o.2 m. tons x $H400/ton = § 4.7 billien
Phosphate plants 4.7 m. tons x §ioc/ton = 1.4 »
Potash mines and plants 1.3 m,. tons x $zoo/ten = 0.3 »

Total capital investment in plants

$ 5.8 »

Additional infrastructure needed lo iransport raw nalerials and feriilizer

and to market flwished fortilizers

Transportation facilities

Marketing facilities

Total capital investment in infrastructure

Annual cosis, cwmulative Jor the 10-year period 1g70-80

Imported fertilizers (fo make up deficits)
Raw materials (to operate indigenous plants)

Spare parts, calalysts, chemicals, eote.

Total costs during 10-year peviod 1970-80

$ 3.0 billion

& 6.0 n

$ 8.0 billion ()
7.0 n oo
1.4 »

10.9 »

$28.2 billion

(*) Dased on the following average landed costs of fertilizers:

$I50 per ton N
100 per ton 12,0,
50 per ton KO

[20] V, 3 - Ewell - p. G1
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The estimations in Table XIIT are sununarized briefly
as follows:

New fertilizer plants $ 5.8 billion
'.I‘rmls;pbrhlﬁon tacilities 3.0 »
Marketing facilities 3.0 %
Imported fertilizer (to make up deficits) 8.0 »
Raw materials {to operate indigenous plants) -~ 7.0 »
Spare parts, catalysts, chemicals, ete. T.4 v

§ 28.2 billion

The capital cost of new fertilizer plants is needed fo
increase indigenous preduction from 8.0 million tons NPK in
1970/77 to 24.2 million tons NPK as projected in Table X.
The calculation of these items in Table XIII is, I believe, clear.

Transportation facilities comprise (1) port unloading faci-
fities for imported fertilizer, phosphate rock, potash, sulphur,
and imported machinery for fertilizer plants, (2) railroad cquip-
ment and heavy-duty road vehicles to transport these items
from the ports to the fertilizer plants and to transport finished
fertilizer from the plants to various points along the distribu-
tion pipeline.

Marketing facilities comprise (1) storage warchouses of
various sizes along the distribution pipeline, (2) soil testing
stations, (3) agronomic research institutions, all of which arc
necessary parts of the marketing process.

There are no good guide-lines for estimating these infra-
structure costs, and it must be admitted that the figure of § 6
billion is only a wiid guess,

The Dbill for imported fertilizer is estimated at § 8 billion
to make up the projected deficits of the developing countries
beginning at 6.1 million tons in 1970/71 and getting larger
each year to a projected Jevel of g.1 million tons in 1¢80/81.
This is a cumulative figure for the entire 1o-vear period.

{20} V, 3 - Ewell - p. 62
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The cost of raw maferials for the to-year period comes
to § 7 billion. These are the raw materials required to operate
the indigenous fertilizer plants in the developing countries
which are projected to produce 24.2 1million tons NPK in
1980 /81, These raw materials include natural gas, petrateum
products {particularly naphtha), coal, phosphate rock, potash,
sulphur and also intermediates including ammonia, phosphoric
acid and ammonium phosphates.  The figure of $ 7 billion
may be considerably too low.

The estimated overall cost of § 28 billion will be com-
prised of both local currencies and foreign exchange. Many
of the required items are produced in the developing countries,
particularly i the more advanced countries, and these can be
purchased with local currencies. But many items will have
to be purchased from the developed countries with foreign
exchange, by the extension of credit by the developed coun-
tries, or through barter deals.

A good guess is that about 50% of all these costs can be
paid for with local currencies and about 50% with foreign
exchange (or credits or barters). Following is a general picture
of how these items might be procured: '

New fertilizer planis

— equipment can be produced indigenously to some extent in
the more advanced developing countries, such as China,
India, Egypt, South Africa, Brazil, Mexico, but not all
equipment even in these countries — the remainder would
have to be bought from the developed countries

—- buildings can be buill indigenously although structural
steel and other construction items would have to be im-
ported in many cases

Transportation facilities

- same picture as equipment for fertilizer plants

[201 V, 3 - Ewell - p, 03
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Marketing facilities —

— same picture as buildings for fertilizer plants

Imported fertilizers

— all would have to be bought with foreign exchange (or
through credit or barter deals)

Raw materials

— many developing countries have indigenous supplies of
natural gas, petrolenm products, coal, phosphate rock,
potash and sulphur, but many countries do not have these
raw materials and would have to buy them with foreign
exchange (or through credit or barter deals)

Spare parts, catalysts, chemicals, efc.

~— most of this would have to be bought with foreign exchange

Part of the fertilizer deficits of some developing countries
will be met by exports from other developing countries which
have surpluses, but this is included in the overall projected
deficit of g.1 million tons NPK for the developing countries
as a group, including countries with deficits and those with
surpluses. Table XIV lists the developing countries which are
likely to have deficits, those likely to have surpluses and those
likely to be in balance in 1¢8o.

Also, there will be some sale of fertilizers from the surplus
developing countries to developed countries, such as the fol-
lowing:

Nitrogen from Algeria and Libya to Europe

» »  Kuwait, Tran, Saudi Arabia and Qatar
to Japan
» »  Trinidad and Venezuela to U.5.A.

[z0] V, 3 - Ewell - p. 64
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Phosphate from Morocco, Algeria, Tunisia and Senegal
to Europe

» »  Israel to Europe and Japan

Potash from Israel and Congo (B) to Europe and
Japan

However, to the extent that such sales take place, the overall
deficit of the developing countries as a group will be even
larger than the ¢.xr million tons projected in Table X and this
additional deficit will have to be made up by additional pur-
chases from the developed countries.

A very large question facing the developing countries is
where arc they going to obtain the foreign exchange (or
credit) to finance somecthing like $ 14 billion of purchases
from the developed countries during the next ro years. Even
the local currency requirements of another $ 14 billion (equi-
valent) may put a considerable financial strain on some deve-
loping countries,

The estimation of $ 28 billion in Table XIIT is probably
an understatement since it does not make any allowance for
the following:

— the estimation of capital costs is based on operation of all
new fertilizer plants in the developing countries at roo
percent of capacity, whereas in many developing countries
existing plants operate at 50 to 75 percent of capacity

— the estimation does not include anything for development
of production of natural gas, petroleum, coal, phosphate
rock and sulphur in these countries

— the estimation does not include anything for additional
infrastructure for transportation, marketing and storage of
additional food production (this is not directly a part of
the fertilizer picture, but is indirectly connected with it).

[20] V, 3 - Ewell - p. 65
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------ Classification of Developing Countries re Fertilizer Supply wn 198o.

Developing couniries
likelys to have fertilizer
deficits in 1980

Developing countries
likely to be in balance
in fertilizer in 180

Developing countries
likely to have fertilizer
surpluses in 198c

ASBTA

AFRICA

LATIN AMERICA

Cambodia
Ceylon

China

Cyprus

India

Indonesia
Jordan

Nepal

Pakistan
Philippines
Thailand
Turkey
Vietnam, North
Vietnam, South

Eavpt
LEthiopia
Ghana
Kenya
Rhodesia
Sudan
Tanzania
Uganda
Zaire

Argentina

Beolivia

Brazil

Central America
(6 countries)

Cuba

Dominican Republic

Ecnador

Jamaica

Mexico

Paraguay

Pery

Uruguay

Afghanistan
Burma

Trag

Korea, North
Korea, South
T.ebanon
Madagasear
Malaysia
Syria
Taiwan

Mauriting
Zambia

Colombin

{z0] ¥, 3 - Bwell - p. 66

Kuawait, (N only)

Iran (¥ and P)

Tsrael (P only)

Qatar (I°. only}

Saudi Arabia (N only)

Algeria (N and P)
Libya (N only)
Moroceo (I only)
Nigeria {(N. only)
Sencgal (7. onhy)
South Africa (N and P)
Tunisia (P only)

Chile (N only)
Trinidad (N only)
Venezuela (N only)
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Limiting Factors in Apricultural Produciion

At any point in time in a particolar region one of the
agricultural inputs will be the factor limiting agricnitural pro-
duction in hat season in that region. In one crop scason the
limiting factor may be shortage of high quality seeds. In
another crop scason the limiting factor may be water supply.
In another crop season the limiting factor may be shortage
of fertilizer. In another crop season the iimiting factor may
be the lack of effective pesticides lo combat some new discase,
for example, the fungus disease which struck the United States
maize crop in 1970, Or fhe limiting factor may be a lack
of understanding or interest by farmers in using these agri-
cultural inpuls even when they are available.

Each of these agricultural inputs has Dbeen the limiting
factor in one region or another in past years. For example,
lack of high quality seeds has been the limiting factor in
agricultural production in most of the developing countries for
many decades and this is still the Hmiting factor in many of
the developing countries.

As another example, water supply was the limiting factor
in India in the great drought yvears of 1965 and 1966 (note
Figure 6). Since 1906 India has been blessed with good to
excellent monsoons for five successive years and agricultural
production has increased steadily from the 1966 low point.
However, Tndia is still vulnerable to a shortage in water supply
and another poor monsoon, such as rg05 or 1966, could be
expected to reduce India’s agricultural output by 15 to 20
percent as it did in 1965 compared to 1964. Such a reduction,
if it should occur, would be from a muach higher base level of
agricultural ocutput, but also India has a much larger popu-
lation to feed than she had in 1965 and 1966.

Shortage of water is a perennial imiting factor in Egypt,
Syria, Iran, Algeria, Morocco, Peru, Australia, southwestern
U.5.A. and other countries in arid regions. Egypt has com-

[z0] ¥V, 3 - Ewell - p. 07
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pensated for her basic water shortage by using relatively high
dosages of fertilizer so that Egypt in recent years has had
high yiclds of wheat, rice, cotton and other crops. Other arid
countries, especially in North Africa and the Middle Fast,
are moving in this same direction.

However, Egypt does not produce enough fertilizer to
meet her needs and must import over half of her fertilizer
requirements at great cost in foreign exchange. Moreover,
Egypt could use much more fertilizer,. effectively and econo-
mically, if she could afford to buy it. Egypt is still using
only 9 kg, NPK/capita compared to Cuba at 57 kg./capita
and China (Taiwan) at 1¢ kg./capita. On a per hectare basis,
Egypt is using 112 kg, NPK/hectare compared to China
(Taiwan) at 2¢8 kg./hectare and Cuba at 234 kg./hectare.

Lack of effective pesticides, when they are nceded, can
also be the limiting factor in agricultural production, for
example, in rice in fthe Philippines in 1970 and in maize in
the United States in 1g70.

However, the most widespread limiting factor in agricul-
tural production in most of the developing countries has been,
and still is, the low wusage of fertilizer. The low usage of
fertilizer is due, in many of the developing countries, to a
fack of understanding or interest by farmers in using more
fertilizer. In many other countries there is an actual shortage
of fertilizer due to limited indigenous capacity for manufac-
turing fertilizers and/or to limited foreign exchange with which
to buy fertilizer on the world market. There is a large
surplus capacity for manufacturing fertilizers in the developed
countries, but the developing countries which need it cannot
afford to buy it except on very liberal credit terms. In still
other countries, there is an adequate supply of fertilizer and
the farmers have an interest in using more fertilizer but they
are deterred by unfavourable economic conditions, such as
low prices for agriculiural products, high prices of fertilizer,
poor marketing facilities, etc.

[z0] V, 3 - Ewell - p. 68
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Conclusions

1. Under-utilization of fertilizer is likely to he the limit-
ing factor in agricultural production in the developing countries
during the 1970’s and 1980’s, rather than under-utilization of
improved seed wvarieties or under-utifization of agricultural
waler,

2. Under-utilization of fertilizer in the develeping coun-
tries is the most likely cause of the Green Revolufion falling
short of the expectations the wozld's people now have for it,
if that should happen.

3. The developed and developing countries and interna-
tional organizations, such as the United Nations and the
World Bank, should work together to supply the guantities
of fertilizer and other agricultural inputs needed by the develop-
ing countries during the 1g70’s and 1980’s and to educate
and motivate farmers in the developing counfries to use opti-
mum levels of fertilizer and other agricultural inputs.

The discussion of this paper, for matter of iime, was posiponed. I
was included in the Joint Discussion of fhe papers: EwrLiL, AraTin and
Bramio.

[20] ¥V, 3 - Ewell - p. 6o
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NEW FERTILIZERS,
THEIR AGRICULTURAL
AND ECONOMIC IMPORTANCE

YEHUDA ARATEN

1ML - Israel Mining  Industries
Instifute for Reseavch and Development
Haifa - Israel

[¥TRODUCTION

I feel honoured to participate in the study week organized
by the Pentifical Academy of Sciences, an academy that is
unique because of its universal nature. At the time of its
foundation, the academy already comprised Catholic, Pro-
testant and Jewish scientists from twenty-two nations.

I also appreciate the privilege that enables me to address
you on the subject of New Fertilizers, their Agricultural and
Economic Importance especially as there are scientists here
who are responsible for much of our knowledge in this field.

This review had to be prepared in a compactness dictated
both by the abundance of subject matter and by the limitation
of space. It was necessary to bring inte focus at least a
number of developments, and in making the choice of these,
I am aware of various unavoidable omissions.

Most of the participants here have addressed you on
specific topics to which they personally contributed a great
part of our knowledge; my report, however, deals mainly
with work done by others in various research institutes, uni-

{213V, 4 - Avalen - p. v
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versities, agricultural experimental stations and the like, and
my own part in this vast area of research has enabled me to
pinpoint the highlights of all their work, so that I hope to
be able to give you an over-all picture.

Science, of course, is forward-looking but has its basis
in past work. So it is interesiing to take a swift look backwards
and rid ourselves of any delusion that this idea of feeding
the soil, so that it may feed us, is something that belongs
entirely to our modern world! The Bible ifself gives us one
of our earliest pieces of information about conserving the
properties of the soil: the Children of Isracl were commanded
to let the land lic fallow every seventh year. In this way,
nutrients from the plants that were growing but were neither
removed nor used during this Sabbaficai year partly coun-
terbalanced those nutrients lost while the land was being
cultivated and made to give up its fruits.

Going farther East, somewhat later accounts tell us about
the Indians who had already learnt that buryving a fish under
a corn hill produced better plants, and that corn grew better
when a brush pile had been burned. These people did not
realize that what they were doing was fertilizing the soil with
nitrogen and phosphates from the fish and with potash from
the wood ashes. All that mattered was that there should be
enough fish and ashes for the little corn needed then by the
nmuch smaller popuiation.

In Western Europe, up to the end of the nincteenth
century, agriculture was practised mainly with animal manure
without chemical fertilizers. An interesting sidelight on farm-
ing methods in the Middle Ages was given recently by Prof.
pe Wit of Holland who tells us how the St. Symphorian
Monastery in Antver, France, fed its fiffeen monks: the
hundred farmer families in the ncighbourhood, with a maxi-
mum gross yield of Soo kg. grain per heclare (compare this
with Holland’s present harvest of sooo kg. ver hal) gave
their surpius crops to the monks. And this is how they laid
out their 800 kg: on account of the inferior quality and the

[2¢] V, 4 - Aralen - p. 2
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many weeds they contained, no less than 200 kg. per ha. had
to be set aside for seeds; 150 kg was required for the beasts
of burden and for the production of beer (the quality of
drinking water was inferior and the meat was salty, for it
had to be preserved); and the farmers were left (after sup-
plying the monks) with just 3c0 kg of grain/ha for their own
needs for a whole year. Today, 100 farmer families are able
to produce food for more than 1coo families.

This, of course, is vast progress, and by understanding
how it has come about, we shall also be able to plan for the
future, becanse much of our world is still hungry and ill-clad,
and the populaiions are expanding.

Why did our Medieval farmers get such low yields? The
reason was not the lack of water or the unfavourable climate,
but the shortage of available plant nutrients. We know that
only about 25 kg of nutrients were available per heclare
per annum from organic waste, and with this amount, plants
cannot produce more dry matter than 1500 kg/ha. If we
deduct the amount of dry matter consumed by the leaves and
the stems, about half (some 750 kg) will be obtained as secds.

Compare this quantity of 25 kg nutrients with the almost
400 kg used in our times in such countries as Japan and W.
Germany!  Today we know that efficient agriculture can
supply the needful food and clothing; and since crops require
nutrition if man is to benefit from them, it follows that efficient
agriculture needs i.e. chemical fertilizers be efficiently produced.
Thus my subject-matier resolves itself into a number of well-
defined aspects:

How much fertilizer does the world use, and is likely
to use in the future?

Which types of fertilizer have been used so far?

Which types are being produced today, and in what
are thesc different from the conventional kinds used in the
past?

[2:7 V, 4 - Aralen - p. 3
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These are the questions that I shall attempt to answer in
this review. '

WORLD CONSUMPTION OF FERTILIZERS,

The use of inorganic fertilizers is, of course, extremely
young in the history of agriculture. The first shipment of
Chilean nitrate to Europe was despatched in 1830, super-
phosphate production began in 1843, and potash fertilizers
in 1861, while nitrogenous fertilizers were first manufactured
in 1902,

A continually expanding world population means that
more food is always required; this has been reflected in the
growth of fertilizer consumption which increased from about
2 million tons in 1go5 to 63 million tons in 1969/70. Except
for the war periods, 1914-1318 and 1040-1045, production
and consumption have doubled or trebled in cach decade.

By 196y/70, we see that the use of nalrients has become
an integral part of farming.

Figure 1 shows that farmers used in 196g/%0

70 times as much N (0.4 million tons -» 28.5)
7 n  o» on P (1.1 » » — 18.5) and
31 0w on o» KO (2 » poo 63 )

as in 1995/06.

The increase in the yields of crops per hectare was
astounding, and led naturally to popularizing the use of ferti-
lizers on the one hand, and to greater discrimination in the
various types on the other.

Until the late 1g50’s the principal fertilizers available
in commercial quantities were: sodium nitrate, ammonium
sulphate, single superphosphate and kainite (MgSO,-KCl
3H20) with a nutrient content within the range of 15-209%,.

However, hand in hand with the increase in the fertilizer

Far] V, 4 - Avalen - p. 4
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consumption went the decline in the use of conventional
fertilizer materials, while new fertilizer materials rose .to
popularity, as can be seen from Figures 2 and 3:

Thus, sodium nitrate — i.e. Chilean nitrate — which
in the twenties had 33% of the nitrogen market, dropped at
present to less than 19,

Ammonium sulphate which had, a decade ago, 30%
of the nitrogen market dropped to 15% in 1969, and may
decline to 8% in 1975.

Novmal superphosphate, formerly the most popular of
the phosphatic materials, which was supplying 63% of the
phosphate fertilizer market in 1955, dropped to 35% and is
likely to dwindle to 22% by 1975,

Basic slag dropped from 16% in 1960 to 10% of the

total in 1g6g.
This brings us to our main question and the actual subject

of thig lecture:

TYPES OF NEW FERTILIZER MATERIALS.

The basic materials are anhydrous ammonia, wet process
phosphoric acid and potash.

Anhydrous ammonia, with 829, nitrogen, has become
the basic building block for nifrogen fertilizers, while wet
process phosphoric acid became the major source of phosphate
fertilizers.

Little change has taken place in the processing of potas-
s chiovide, which remains the principal type of potash
fertilizers.

Urea, with 469% nitrogen, has the greatest popularity
within nitrogenous fertilizers, as shown in Figure 2, having
risen Irom less than 5% in 1955 to 16% in 1g69. This does
not include the urea content of solutions and of complex

f2i] V, 4 - Avalen - p, B
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fertilizers, which may bring its use to 40% of world nitrogen
fertilizer production.

Ammonium phosphates and complex fertilizers increased
from 10 to 39% of the total during the same period.

What has brought about these changes? Tet us examine
the puarport of the new fertilizer materials that are ousting
the old traditional ones.

AGRICULTURAL SIGNIFICANCE,

From an agricultural point of view, the usc of new
fertilizer materials, with their high concentration, precludes
the unnecessary addition of soluble salts and baliast to the
soil that occurred with the type of fertilizers formerly used.

The amounts of natrients applied were increased in many
areas from 20 kg/ha to 300 kg/ha. Applying the low analysis
soluble fertilizer with zo?%, nutrients means adding 1200 kg
ballast and salts per hectare, whereas concentrated fertilizers
with 60% nutrient leave only 200 kg non-nutrients, which
often consist of water and oxygen only. Low analysis ferti-
lizers applied in large quantities increase the salt content of
the soil and may reduce crop yields.

Tn the case of nitrogen fertilizers there are additional
reasons for the decline in the use of conventional fertilizers
ammonium sulphate and ammonium chloride:  both ammo-
ninm sulphate and ammonium chloride deplete reserves of
hases and make soil acid. It is true that the ammonia itself,
urea and ammonium nitrate also accelerate the loss of cations
from soil but ammonium sulphate and ammonium chloride
have the greatest effects and it is necessary to supply exira
lime to all non-calcareous soils when these fertilizers are used.

Losses of soluble nutrients from surface soils caused by
leaching may be reduced by some new fertilizer materials or
by inhibitors.

T2l V, 4 - Araten - p. 9
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EconomMic SIGNIFICANCE,

Fertilizers cannot always be produced where they are
needed. Geographical distances separate the sources of major
raw material phosphate rock, potash and hydrocarbon
fuels from the principal fertilizer consuming areas. Hence,
marketing, shipping, storage and distribution are required.
In view of the population explosion in developing parts of
the world, large amounts of fertilizers have to be fransported
far away from the production centres. The estimated cost of
marketing, shipping and distribution in various areas of the
U.5.A. already amounts to 50% of the price the farmer Days
for his fertilizer. In developing countries these costs reach
70 to BoY%, when we usc low analysis fertilizers, like ammoninm
suphate or single superphosphate, containing 20%, nutrients.

The production of high analysis fertilizers meant that
" the high production costs per vnit of nutrient in high analysis
fertilizers could be out-balanced by the cheaper freight, storage
and distribution costs per unit of nutrient.

NEw TormS oF FERTILIZERS,

Four different forms are being produced

o Multinutrients and

o Liquid fertilizers, both on a large commercial scale

o Suspension fertilizers and

o Controlled release fertilizers with varying degrees of
conmmercial success.

Mullinutrients,

a) Nitrogen and phosphorus., — It was in the field of phos-
phatic fertilizers that the multinutrient was used for the first

[2r] ¥V, 4 - Araten - p, 10
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time: this combines high concentration, water soluble P,0.,
and the presence of nitrogen and phosphorus in a single com-
pound. There is a considerable mass of evidence relating to
the interaction of nitrogenous and phosphatic fertilizers. This
can lead to greater uptake of phosphorus and to higher crop
yields.

This group includes diammonium phosphate (21-53-0),
ammonium polyphosphate (r5-62-0) mainly for the production
of liquid ferfilizers, and nitrophosphates up to 20-30-¢ with
over 8o% of the P.0s water soluble, however, the range of
grades in nitrophosphates is limited.

b) Potasstum and phosphorus, potassium and wnitrogen. —
There has been much less research and development in
the potash area than in that of nitrogen and phosphate,
Potassivm chloride of a high concentration, up fo 629% K,0,
available in large quantities, supplies about go% of the
fertilizer potash. Petassium chloride holds its key position
because of its low production costs and high concentration,
and its excellence as a source of potash for crops in general.
However, on account of the detrimental effects of excessive
chlorine for wvariows crops, the demand for other carriers of
potash is growing. Potassium sulphate is the classical non-
chloride potassium fertilizer.

This group includes: monopotassium phosphate (0-52-
32), monopotassium phosphatemoneammonium phosphate (6-
57-18), potassium polyphosphate (0-57-37), potassivin meta-
phosphate (0-58-33) and potassium nitrate (13-0-44).

A few words about the properties of those fertilizers:

o Monopotassium phosphate and its ammoniated double
sait monopotassium phosphate  monoammonium phosphatz pro-
duced on pilot plant scale arc obtained as dry free-flowing
non-hygroscopic powder that can be dry-mixed, granulated
or compounded with such materials as ammmonium nitrate,

[22] ¥V, 4 - Araten - p. 771
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urea, ammoninm phosphale and with other fertilizer materials
making up the principal fertilizers used in the main crops in
various countries; grades up to 20-20-20 can be obtained in
this way. In greenhouse experiments their performance was
proven to be as great as, or in some cases greater than, that
of phosphorus and potassium in monocalcium phosphate and
potassium nitrate.

Monopotassium phosphate and monopotassium phosphate-
monoammonium phosphate have the following advantages:

— They combine solubility with congruent dissolu-
tion, which means that the solution phase containg the same
species as the solid phase.

' — They are virtually free of chloride ions, which
is of special importance for crops like tobacco and potatoes,

— Phosphorus and potassium in potassiam phospha-
tes diffuse at approximately the same rate in sandy soils.
This is' Tather important because most of the phosphorus and
potassium that crops take up reaches the roots by diffusion.

Monopotassium phosphate and monopotassium phosphate-
moneammonium  pheosphate will probably be available to
agriculture, in the near future, in commercial quantities.
Liquid grades, produced on pilot plant scale, contain 409%
more plant food than the grades produced from potash.

o Potassium polyphosphales have several attractive
features, inctuding high nutrient content, absence of chloride,
high solubility for liquid fertilizer, and low solubility, when
made at high temperature.

There are difficulties, however, in getting the optimum
combination of processing conditions and product properties.
Unless further research advances are made, commercial pro-
duction seems at present unlikely.

o Potassium metaphosphate. Many studies indicate the
long run fertilizer value of potassium metaphosphate in cer-

[2:] V., 4 - Aralen - p. 12
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tain areas despite its low solubility. However, so far, produe-
tion on pilot plant scale in the U.K. and in Israel has not
succeeded in converting it into a commercial product.

o Polassium nitrate, A full scale commercial production
started in the U.S.A. in 1963, and in Isracl in 196g. The
U.S. plant has lately discontinued its production.

Mr. A. V. Srtack of T.V.A., summarized the pros and
cons of potassium nitrate as follows:

Advantages

~— Iixcellent physical condition.

— Granulation aid for mixed fertilizers. High solu-
bility of potassivm nitrate, at clevated temperatures, makes
possible to granulate with less water, thereby increasing the
capacity of granulating units.

— Useful as additive in stabilization of ammonium
nitrate.

— Absence of chloride.

- Reduced burning of plants.

Disadvantages

—- Processes are expensive.

— Fconomics depend on adequate return from a
co-product,

-— Fconomics are Turther adversely affected by the
fact that all the nitrogen comes from nitric acid, a relatively
expensive source.

There is also an economic reason for the production of
multinutrients, Mixtures of NPK were formerly made, using
straight fertilizers which were manufactured by different com-
panies, and despatched to a mixing plant for mixing and for
eventual granulating.

[22] V., 4 - Aralen -~ p. 713
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Such mixing and granulation entail additional expense
which can partly be avoided if multinutrients are manufac-
tured in infegrated plants.

Liquid Fertilizers
The main advantages of liquid fertilizers are:
o Lower production costs for the same types.

o More economical handling by use of pumps and
pipes rather than the more cumbersome equipment that han-
dles solids.

o Convenience of labour saving in application.

o They provide means for the uniform application of
plant nutrients, including micronutrients,

o Herbicides and insecticides may be uniformly mixed
and applied in liquid fertilizers.

o Investment cost in a fluid mixed fertilizer plant is
often less than that of a plant producing dry-mixed fertilizer.

o Fluid mixed fertilizers can be produced with a mini-
mum of air and stream pollutiou.

The consumption of liquid fertilizers in 1g65 in the U.S.A.,
as you can see from Figure 4, was 5.1 million fons including
1 mmllion fon liquid mixed fertilizer and rose to 9.8 wmillion
tons in 1970 incl. 2.7 million fons liguid mixed fertilizers,
which is about 30%, of the total N, 05 and K:0.

The various classes of nifrogen solution fertilizers — aqua
ammonia, urea and ammoninm nitrate selution or both —
obviously cost more than anhydrous ammonia. They owe
their existence and popularity to lower investment for storage,
handling and application equipment, and to lower application
costs because of the power required for pulling injectors
through the soil.
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A disadvantage of clear lquid mixed fertilizers is that
they cannot contain a high percentage of potash.

Suspension Fertilizers.

Suspension fertilizers, containing a suspending agent,
can overcome this disadvantage of liquid mixed fertilizers,
and grades available are up to 10-20-20, 15-15-15 elc.

Solutions. and suspensions save labour and time required
for transportation and application, and avoid segregation
problems, which exist in bulk blended materials, In addition
solutions and suspensions are useful as carriers of micronu-
trients and sources of sulphur solutions, such as ammoeniom
thiosulphate.

Controlled or Slow Release Fertilizers.

Slow release fertilizers have the following advantages:

o One application of the material can take the place
of split applications of soluble fertifizers. This applies espe-
cially to sandy soils and high rainfall or irrigation throughout
the growing season.

o Minimization of losses by leaching, fixation or decom-
position.

o The chance of water pollution is lessened.

So far, experiments with controlled-release phosphate and
potassium materials have not been promising; however, good
results have been obtained with some controlled-release nitro-
gen materials, Because of their cost, they have, so far only
been used in gardening.

A particular example of the advantages of fertilizers which
release nifrogen at a controlled and varying rate during the
growth of the plant is in the growing practice of mulching
with a membrane of plastics or other materials, The entire

fzx] V, 4 - Aralen - p. 15
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quantity of fertilizer must be applied before the membrane
is placed, and since the crops that justify this expensive
practice are those with high vields, such as vegetables and
fruits, large amounts of fertilizers are used. Under these
conditions, a reduced rate of release during the early develop-
ment is of considerable value.

Thus, briefly, we see what these new types of fertilizers
do, and we have to make some comparison with the tradi-
tional ones.

NEw FERTILIZERS VERSUS TRADITIONAL FERTILIZERS.

The introduction of new fertilizers to replace the older
types did not come about without encountering objections.
One of the arguments used against concentrated fertilizers
was that they were incomplete in comparison with low analysis
fextilizers; they contain little or no secondary clements and
very few trace elements. This argument was valid as long
as the amount of nutrients applied per hectare and the respec-
tive crop yield per hectarc was relatively small. The increased
amounts of nutrients applied as well as the large yields of
crops which removed substantial quantities of secondary and
trace elements from the soil made it imperative to determine
the amounts of secondary and trace elements required for a
certain crop in a certain area.

Controlled amounts, which can often be incorporated in
fertilizers, can be added. Tor intensive agriculture this is
more efficient, and the object of avoiding deficiencies is better
secured than in the case of uncontrolled quantities of these
elements in the traditional fertilizers.

Another reason in favour of concentrated fertilizers versus
low analysis was given recently by Dr. Rarsrtrick of the
U.K., who finds that as fertilizer dressings increase, so also
does the quantity of any toxic material present in the fextilizer.
Some of the heavy metals are particularly toxic, especially
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when potentiated by known means, for example by chelate
materials both natural and chemical. A case in point is
cadmium, which has done so much damage to human health
in Japan. Even though the quantities of these heavy metals
in raw materials, for example, phosphate rock, are relativ-
cly small, the tonnage of rock used in fertilizers is new so
great that hundreds of tons of toxic elements are processed
every year.

High analysis ferfilizers contain less heavy metals; how-
ever, if they contain chelating agents {polyphosphates) they
must be watched.

Phosphate rock containing minimal quantities of toxic
metals will probably occupy a more favourable position in
the market with the coming years.

MERCHANT PHOSPHORIC ACID,

Let us now take a look at the world trends in new
phosphatic fertilizers:

The trend in the phosphate industry is to remove calcium
from phosphatic fertilizers in order to increase their nufrient
content, reduce ballast and raise the water solubility of phos-
phates. This trend has reached its peak: ammonium phos-
phate, ammonium polyphosphate and potassium phosphate
contain no calcium at all.

In order to produce them, large amounts of phosphoric
acid are required. Until a few years ago, phosphoric acid
was a captive commodity, and limited amounts were produced.
However, in 1969, phosphoric acid already accounted for
45% of total phosphate rock consumption. World production
in 1963, was 6.3 million tons P»0Os, and total world production
in 1970 reached 1T million tons P:0s in the form of wet phos-
phoric acid and 2.4 million tons in the form of furnace acid.
Fertilizer firms started to buy phosphoric acid for use in high
analysis fertilizers in addition to what they themselves pro-
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duced, and large wet phosphoric acid plants came on stream,
the output of which is designed for sale as merchant acid.

The trade in phosphoric acid has increased for the fol-
lowing reasons: About 3.5 tons of phosphate rock and nearly
I ton of salphur are required to make 1 ton of P:0s as
phosphoric acid. Thus, the weight of the raw materials is
about 4.5 tons per ton P:0s, whereas the weight of the acid
is 1.85 tons for acid of 54% concentration, or 1.4 tons for
acid of 729% concentration. So one advantage of shipment
of acid rather than raw materials is the reduction in weight
of material transported. Another advantage is the cconomy
of production of the acid in large-scale plants located at the
phosphate mine or at the source of sulphuric acid.

Upgrading of wet phosphoric acid.

In addition to the increased use of wet phosphoric acid
for concentrated phosphate-based chemicals in the fertilizer
industry, various firms have developed upgrading technologies
for crude wet process phosphoric acid to meet the increasing
demand for upgraded, concentrated, phosphate-based che~
mieals,

The upgraded acid is expected partly to replace thermal
acid in the manufacture of industrial products such as:
liquid fertilizers, high concentration phosphate fertilizers, ani-
mal feed phosphates, detergent and other industrial phos-
Phates.

So far, the IMI Cleaning Process is the only one which
has been implemented on a commercial scale by Fertilizantes
Fosfatados Mexicanos (FFM) producing several hundreds of
tons P,Os per day as liquid fertilizer grade acid, and detergent
grade acid. The Clean Acid can easily be concentrated to
6% P:0s or even further without scale formation or acrosol
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tosses.  Total Cleaning recovery of wet phosphoric ac’d can
reach 5% P2Os.

A simple version of the Cleaning Process splits 60%, of
the feed 05 into the Clean Acid product, the balance being
available as a residual acid streamn, containing about 40%,
P:0s, and the bullk of the Impurities in the raw phosphoric
acid. This version of the process is attractive if an outlet
for the residual stream is available.

On account of the decreasing price of sulphur — the raw
material required for the preduction of wet phesphoric acid,
and the increasing price of electricity consumed in large quan-
tities by furnace acid - the trend of upgrading the wet process
phosphoric acid is increasing.

Details about magnesium and sulphur fertilizers are given
in the report,

QuTLoOK,

Fulwre of new fertilizers.

High analysis fertilizers will undoubtedly be an increas-
ingly important factor in the world’s agricultaral economy,
Very few additions are likely to be made to the list of elements
known to be required for the growth of plants; substitutions
among these elements are impossible, since cach of them per-
forms specific functions. Thus, the essence of fertilizers is
not subject to change, bul thebr form, concentration and

combination may change.

Future vesearch and development.

Basic agronomic studies in plant nutrition together with
technological research will eventually cause the nutrienfs to

21] V, - Aralen - p, 20
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be suppiied in their most efficient and economic forms; more
specifically:

o New processes will be developed and new kinds of
combinaticns wiil reach the market.

o The average nutrient content of fertilizer materials
will rise.

o Physical conditions will be improved.

o Fertilizers for specific crops and for specific soils
will be developed.

o More attention will be paid to the influence of ferti-
lizers and their accompanying ions on the quality of crops.

Production and marketing.

o In the next 15 years there will be 1.5 Dbillion more
people in the world to feed. The increase in the use of
fertilizers will be staggering.

o The increased consumption of fertilizers means that
giant plants for the production of intermediates become feasi-
ble. These intermediates will be produced at locations where
raw material costs are low and low-cost transportation methods
can be used,

In order to save transportation costs, those intermediates
—— ammonia, urea, eiemental phosphorus, phosphoric acid,
potassium phosphates, polyphosphates — will be high analysis
fertilizer materials which wiil minimize transportation, storage,
and handling costs.

o These intermediates will be shipped fo smaller plants,
which will serve local markets, for the production of the final
product.  Planits in local areas can satisfy specific needs of

[2:1] V, 4 - Avaten - p. 21
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local farmers regarding grades, addition of secondary elements
and micronutrients.

o Consumption of liguid fertilizers will increase and
again concentrated basc solutions will be shipped to small
plants for the production of various grades.

Many farmers prefer liquids duc to absence of caking,
dustiness, hygroscopicity and inhomogeneity.

If the shortage of agricultural labour in W. Europe
increases —— liquid fertilizers will be used on a much larger
scale because less labour is required for application,

# ok g

I have been able to give but a small aspect of this im-
portamt subject; may I thank you for the privilege.

[2:F V, 4 - Araten - p, 22
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Chairmain: E, W. RUSSELL

RuUSSELL

1 wounld like to take comments only on points of detail of
Dr. AraTEN's paper, and leave general points cf principle unti]
after the coffee break when we will be having a general discussion
on fertilizer requirements, future types of ferlilizers and so on.
So poinis of detail please, not of general principle.

Rotint

To desidero precisare che alcani dissensi che si verificano
tra di noi dipendenc dal fatto che ognuno di nel vede le co-
se nelle particolari condizioni di ambienfe in cui noi operiamo.
Io desidero confermare la mia perplessitd nel riguardi dei concimi
complessi, per due ragioni: la prima agione ¢ di caratiere eco-
nomice; la seconda ragione ¢ di carattere tecnico. In Italia la vendita
dei concind chimici & regolaia dalla commissione centrale dei prezzi.
T2 il congiglio dei ministri che stabilisce § preszi dei concimi chimicl.
A questa disciplina sono legati tutii i concimi semplici, mentre non
sono legati { concimi complessi. La ragicne per cui in Italia i sono
diversi complessi & perché con i complessi il conmmercio ricsce a rea-
lizzare un prezzo supeiiore a quelio dei concimi semplici. L agricol-
tore che concima le proprie colture con i concimi complessi spende
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molto di pitt di quel che si spende conclmando con i concimi
semplici. To non desiderc annoiarvi con le cifre, ma vi posso dire
che la concimazione di un ettaro di frumente con 1 concimi
complessi costa dalle zo.000 alle zj.000 lire in pit della stessa
concimazione fatta con i concimi semplici. Per questa ragione
aleuni di noi non sono molte d’accordo ¢on la estensione del
concimi complessi, Accanto a questa ragione di caraltere econo-
mice, ¢'& un’altra ragione di carattere tecnico. Si comprende come
i concimi complessi possano avere una grande diffusione in paesi
come gli Stafi Uniti di America dove in interi stati come kv Flo-
rida, i1 Wiscongin, ricorrono ferreni molto omogenei, Quando il
terreno di un vasto terriforio & omogeneo e quando wvi st pratica
la monacoltura @ estremamente facile stabilire alcune formule di
concimazione idonee per quel terrenc e per quella coltura. Ma in
Italia, la compesiziene del terreno cambia ogni so metri, dato che
la geologia del territorio & molto complessa, e credo che la Francia
e la Germania si trovano su per gitt nelie stesse condizioni. In [talia
poi non viene praticata la monocoltura perché ogni agricoltore nel
s10 piccalo podere vuol coltivare un po’ di tutto; io penso percid che
non si possa dare I'avvio ai concimi complessi. Quindi, non ¢ che
esista un contrasto tra la vostra opinione ¢ la mia. Noi abbiamo
delle opinioni diverse perché ognuno i nol opera in condizioni
economiche ¢ tecniche profondamente diverse.

I wish to explain that certain dissensions happening between us de-
pend upon the fact that every one of us looks at the things under the
particular environmental conditions in which we work. 1 wish to con-
firm my perplexity in regard to complex fertilizers for two reasons: the
first one being of economical character, the second of technical charac-
ter. Tn Italy the sale of chemical fertilizers is regulated by ihe central
price commission. The chemical fertilizer prices are fixed by the
Council of the Ministers. All simple fertilizers are bound to this
discipline, whereas complex fertilizers are not bound. The reason
for the existence of different complex fertilizers is because in trade
it is possible to realize a higher price for complex fertilizers than for
simple fertilizers. “The farmer who uses complex fertilizers for his
cultures spends much more than what is spent when using simple

[2:F V. 4 - Araten - p. 24



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS ETC. » 827

fertilizers. 1 do not want to anncy you with figures, but T may say
that the manuring of a hectare of wheat with complex fertilizers costs
from 20.000 to 25.000 lire more than the same manuring with simple
fertilizers, Tor this reason some of us are not much in agresment
with the extension of the complex fertilizers,

Resides this reason of economical character, there is another one
of technical charvacter. Tt is uwnderstandable that complex fertilizers
may have a large diffusion in countries like the United States of
America, where enlire states like Flovida, Wisconsin dispose of many
homogeneous pieces of land.

When the land of a vast territory s homogeneous and when the
monoculture is practised there, it is extremely easy to establish certain
formulas of manuring suitable for such land and for such culture.
In Ttaly, however, the composition of the ground changes every 50
meters since the geology of our country is very compiex, and I be-
lieve that France and Germany find themselves more or less in the
same conditions. In Italy the monoculture is not practised, because
each farmer likes to cultivate a little of everything on his small
farm, therefore T think that it is nol possible to start with complex
fertilizers. So it is neot that there exists a contrast between youwr
and my opinion. We have different opinions hecause cach one of us
works under profoundly different economical and technical conditions.

ARATEN

I wonld like only to make a few general remarks to what
Prof. Rorint said.  Of course a group of fertilizers is not a thing
you can introduce in all areas in all soils and in all countries.
However, regarding Prof. Rorint’s objections fo new fertitizers
and liquid fertilizers for Ttaly, T would be ready fo prepare a
table for Prof. Rorinn abont fertilizers in ltaly - 1960 and at
present. [ visited Ttaly in 1960 and the late Prof. Morany, who
was then the head of the research station in Rome, told me that
it is impossible to change the structure of Italian agriculture and
that there were in 1060, 46 percent of the working population
engaged in agriculture. I don't know what today’s figare is but
T am ready to find out and I am ready to give you a table compar-
ing the sitnation of 1¢60 with ’72. You will see what was con-
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sidered then impossible was reached .-- Italy made great progress
in agricalture during those 12 years and I do hope thal the next
great progress will be in producing, on a large scale, the con-
cenirated infermediates and combining those small farmers to
cooperatives, like we have in Istael.

Herwanpo

I should like to take part in this discussion. Five years
ago we had in Spain the same problem Prof. Rerini presented,
but now the sitnation is completely different. We find that farmers
and technicians are in complete agreement, that the prices and
applications of high complex fertilizers are cheaper than the normal
fertilizer. The reason is that we must not think of the price of
oo kgs of material but of the price of the nutrients, In this
connection we must consider three factors: price per unit, {rans-
portation costs and labour application. In areas where very
low amonnts of fertilizers are applied, it may be cheaper to use
normal fertibizer. DBy increasing the application of fertilizer, also
in the central areas of Spain where the total application is on
the level of developed countries, the cost on the whole is lower,
because we do not think in the price of the preduct oaly, but
in the three aspects just mentioned. The joint effect of these
three aspects is to get a cheaper price. I suppose that in fuiure
years this difference will be greater, ie. every time we can get
fertilizers closer to the pure chemical substances. I believe that
this will be the best effort to help the developing countries.  As
Prof. LweLL yesterday told us, the develeping countries need to
receive quite large amounts of fertiizer substances from the
developed countries.  And if they have the possibility to receive
these pure chemicals and prepare the fertilizer they need themselves,
they will considerably reduce the need of funds to import these

products.
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Roring

Vorrei cogliere 'occasione per commentare hrevemente alla
replica. del Professore Araten, ed a quello che ha detto il profes-
sor HMErNanpo. Per quanto riguarda le osservazioni fatte dal col-
lega AwrarTeN, che ha citato i1 Prof. Morani, vorrei soilolineare
che in qualsiasi paese per un tecnico talvolta ¢ cstremamente
difficile esprimere liberamente il proprio pensiero. Le organizza-
zioni industriali ¢ commerciali, dalle guali dipendono molte cose,
sono molto potenti ¢ non {uiti hanno il coraggio di dire quello
che va detto. To mi onore appartenere a quel gruppo di chimici
agrati che desiderano dire quello che pensano, Non mi meraviglio
che altri possano comportarsi in modo diametralmente opposto.
Per quanto riguarda le osservazioni del collega VALENTINO Hrz-
NANDO, io vorrel sottolincare che, dal punto i vista tecnico co-
stituisce a mio avviso un grave errore dare insieme acido nitrico,
potassio ¢ anidride fosforica, perché un complesso di questo tipo
contiene tre clementi fertilizzanti di differente coerenza pedologica
¢ fisiologica. Se un tale concime complesso viene dato alla semina,
ciod all'implanto della coltura, Yacido nitrico durante 1inverno
si perde perché viene dilavato dalle acque. Se il complesso viene
dato in primavera in apertura, viene utilizzato l'acido nitrico,
ma la potassa e lanidride fosforica, che vengono fortemente as-
sorbite dai costituenti colloidali ¢el terreno, non entrano in ginoco
nel processo di nutrizione della pianta, rimanendo in superficie.
E positivo che ci sono delle ragioni di carattere teenico che non
consigliano di preparare sempre il piatto unico delle colture, ciod
di mescolare la minestra, il primo piatto e la frutta. C'¢ poi
un’alira ragione di notevole validitd, e ciod che il fosforo, il pe-
tassio e azoto, vengono utilizzate in diversi momenti nel ciclo
di sviluppo della pianta. 11 fosforo deve essere disponibile sin
dall'inizio, perché la pianta utilizza direttamente le forme del fo-
sforo presenti nei fertilizzanti, ma gli csteri fosforici ed i com-
posti organici del fosforo, si formano durante il primo periodo
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dello sviluppo e costituiscono i1 vero patrimonio fosfatico deila
pianta, Per fale ragione il fosfore va dato all’inizio della coltura,
Mentre l'azoto viene soprattutto richiesto quando la pianta esplode
e ciod durante la stagione primaverile. A mio avviso, anche per
tale ragione ritengo che non sia convenienle consigliare agli agri-

coltori il piatto unico delle colture.

I would like to comment hudefly on Professor ARaren’s answer
and to what Professor Hernanno said.  As concerns the observations
made by the colleague Araren who cited Professor Morani, I may
point oul that in any country it is very difficult for a technicien
to express freely his own cpinion. The industrial and commercial
organizaiions, on whom depend many things, are very powerful and
not all have the courage to say what ought to be said. I am proud
of belonging to those group of agravian chemists who want to say
what they think. I am rot surorised that others may behave in a
diametrically opposed way. Tegarding the observations of the col-
league Varenrino Herwanvo, I would emphasize that {from the tech-
nical point of view I consider it a serious erwror to give at the same
time nitric acid, potassivm and phosphoric anhvdride, because a com-
plex of this type contains three fertilizing elements of different
pedological and physiological eoherence. [f such a complex fertilizer
is given to the sowing, that is {o the implantation of the culture, the
nitric acid gets lost during the winter because it will he washed away
by the water. If the complex fertilizer will be given at the beginning
of spring, the nitric acid will be uwsed, but potash and phosphoric
anhydride, which will be strongly absorbed Dby the colloidal consti-
tuents of the soil, will not join the mutritional process of the plant
and remain on the surface. As a matter of fact there are reasons of
technical character which do not advise to prepare always the unigue
dish for the cultures, ie. to mix the soup with the main dish
and the fruit.

There is still another reason of remarkable validity, and that is
that phosphorus, potassivm and nitrogen will be utilized at different
times in the developing cycle of the plant.  Phosphorus must be
available as {from the beginning, becausc the plant utilizes directly
the forms of the phosphorus present in the fertilizers, but the phosphoric
esters and the organic compounds of phosphorus form {hemselves
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during the first developing period and constitete the real phosphatic
patrimony of the plant. Ior this reason phosphorus ought to be
given at the beginuing of the culture. On the other hand the unitrogen
is mainly requesied when the plant explodes that is during tho spring
season.  According to me alse for this reason I think that it is not
convenient to advise the farmers to serve the unique dish to the plants.

2i} V, 4 - Araten - p. 29
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THE PLACE OF SOIL FERTILITY
AND LAND RESOURCES IN THE FUTURE
OF AGRICULTURAL PRODUCTION

LUIS BRAMAO

ovmer ehief of ihe FAQ's World Soil Resources Office
and coordinetor of the FAQJUNESCO
Soil Map of the Worid Project and now Senior Rescarch Professor,
The Agricitivral Reseaveh Cenler
Qeiras - Portugal

The various aspects of soil fertility, fertilizer uses and
crop production have been referred to here already in great
detail and with the greatest competence. I now wish to refer
here to some aspects of land resources, development problems
concerned with soil fertility and crop production and give an
idea, although very general and modest, of the present position
of the matter and future trends. My international experience,
during the last twenty years, was mainly in the field of soil
science, particularly soil classification and geography related
to climate, topography and agricultural production. T wit-
nessed, cooperated and sometimes participated in studies car-
ried out fo promote agricultural development at the national
and international levels, not only in developed countries but
often, because of my duties, in the developing ones.  The
earliest of these studies of a global nature was The Plan for
Agricultural Development of Portugal launched in 1949 and
which aimed at coordinating technically and economically the
activitics related to the promotion of agricultural production.
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Later 1 had the opportunity of participating in the FAO
Indicative World Plan for Agricullural Development {ITWDP)
as chairman of the Inter Division Production and Resources
Unit and alse as the coordinator of the FAQ/UNESCO Soil
Map of the World Project. During this period I hecame
deeply interested in the so-called phenomenon of population
explosion in relation to the food production potentialities of
the different regions of the world.

Future trends

After the Second World War the economic, social, political
and cultural conditions of the world have changed much and
this change has been much more rapid than was forescen.
The new technological advances are deeply influencing agri-
cultural production and above all the philosophy of the farmer
himself. His concepts are changing fast and his requests to
have a share in modern life are becoming very pressing.
However, at the present time traditional agriculture is stiil
predominating in the world as a whole, sometimes contrasting
sharply with highly sophisticated enterprises, where the farmer
is already artificially controlling the climate, temperature,
moisture and even light to provide ideal conditions for his
particular product. He may use fotally artificial conditions
in which plant nutrients are supplied to his plants with much
the same accuracy and scienftific rigor that a diet may be
administered to a patient, or better to an athlete, in a specia-
lized institution,

In the developed countries marketing largely controls
agricultural production. Technical skill plus capital invest-
ment, including equipment, other inputs, and infrastructures
are now responsible for the success of the enterprise.  The
pre-war agriculture is being replaced quickly in the most
advanced countries by this enterprise agriculture, and the
developing countries are trying to follow the example pretty
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closely. The labour force of the production sector, whether
i industry or agricuiture, is shrinking. The trend is for it
to be reduced to a small percentage of the total population
of the country and there will be less and less place for unspe-
cialized labour which will tend to disappear with increased
level of education. We are witnessing a large-scale migration
of the rural population into the towns. The new agricultural
production methods are therefore designed to employ a small
number of highly specialized hands and to absorb considerable
capital investments. This seems to be the dominant trend in
modern agriculture. I would even dare to say that it is an
irreversible trend and agricultural production must adapt itself
to the new conditions.

According to the FAQ State of Food and Agriculture
for 1970, during the last fifteen years the population working
in agriculture has decrecased considerably, Belgium being the
country in Europe, that employs the least people in agriculture
(about 6% of its population). The shrinking of the agricultural
population is not due only to the increased production per
capita (*) but to the general phenomenon of exodus from the
land into urban areas which occurs more or less everywhere.
Many of the agricultural labourers prefer to go and fry their
opportunities in the wrban centres, and this secems to be an
irreversible process, and modern agriculfure can no longer
afford to employ so much labour anyway. Curiously enough,
there is also the reverse process of the urban people moving
to the country, not as agriculturists, but to establish their
residence, from which they travel every day to worl, or for
retivement cutside the confusion of the big cities. This retuwrn
to the land seems to be a phenomenon which represents an
important trend for the future. Perhaps with social and
economic consequences too.

(" In the United States however, in the production of wheat, pro-
ductivity per capita has increased considerably whilst per unit area i is
still low.

[22] V. 5 - Bramdo - p. 3



836 PONTIFICIAE ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 38

The land vesowrces of the world.

The inventory of the land resources which I am referring
to here was based on information coming from the FAO/
UNESCO Soil Map of the World Project, analyses of Land
Forms and on crop-climate relationships in addition to infor-
mation coming from experimental fields and farmers the
world over.

Let me consider first, although very briefly, the FAO/
UNESCO Soil Map of the World Project which provided the
main bulk of information for the land resources inventories.
Other world seil maps have been published previously, however,
only this one was thoroughly the result of an international
effort and the integration of all available knowledge on soail
classification and geography prepared by the participating
countries — approximately 7o (*} — in cooperation with the
project centre.

The project accumulated an enormous amount of informa-
tion in the project centre in Rome. The project centre and its
advisory panel established a uniform criteria for the map
legend and the definitions of the mapping units. This was the
result of many meetings and field excursions with the parti-
cipation of the advisory panel, the members of the Soil Cor-
relation Committees and other consulting soil scientists until
the legend and the definitions of the mapping units reached
the publication stage in 1g68.  Several international soil
expeditions were made in different countries and across con-
tinents to warrant uniformity of concepts, of methodology
and of boundry definitions. It is important to explain here
that the criteria adopted for the separation of the soil units
and their identification included a strong agricultural element,
relating soils with land use. In this way the units of the
legend reflect relationships between soil conditions and the
agricultural capabilities of the land.

(3} All the countries that bad soil scientists.

[22] V, 5 - Bramio - p. 4



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS ETC. » 837

The studies on lLand Form were prepared by classifying
land according to a few classes of topography, related to the
suitability of the area for mechanized agricuiture, and the
crap-climate regions on the basis of Papadakis climatic studies.

Potential Land Area Estimated to be Suitable for Crop Produc-
tion (%)

Area, As % of Total
Region Mill. Ha Land Arca
Africa South of Sahara 304 19
Asia and the Far East 252 44
Tatin America 570 20
North West Africa 19 6
Total or average 1145 20

The combination of soil characteristics, relief classes and
crop climate information resulted in the Inventory of Land

( IWP, Vol. 1, 1g70.

(The experience of advanced couniries shows that the place of soils in
development planning remains important indeed, but not as important as
in pre-war subsistence agriculture. 1 wish to mention an example here.
On the kind invitation of Prof. Hirxanpo I visited an interesting experi-
mental strawberry farm near Malaga in Spain {(La Mayora}. It is a pilol
farm and farmers in southern Spain and Portugal are following with great
success the methods developed.  Here some strawberries are produced in
fields conquered from the hilly country by bulldozers which levelied the
hill tops to create a favourable topography. The surface of the land has
no soil, so to speak, and remains covered with rock fragments and rock
debris which are used as strawberry beds with the addition of peat and the
necessary plant nutrients).

[22] V, 5 - Brasndo - p. 5
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Resources and in the appraisal of their suitability for agri-
culture, forestry and animal preduction.

Arable land in 1962 (%)

Area As 9, of Total
Region Miil. Ha Potential Tand Area
Africa South of Sahara 172 50
Asia and the Far East 211 84
Latin America 130 23
North West Africa 19 100
Total or average 512 45

The accuracy of this inventory varies considerably ac-
cording to the accuracy of the basic information. However,
this was the first attempt o actually measure land resources
from field information rather than from statistics.

The studies of land resources showed that the amount
of land available for agriculture was considerably higher than
that being used, at least in certain regions such as lLatin
America and Africa South of Sahara, The studies also showed
that often the best soils are not being used. They may be loca-
ted far from the population centres and general advancement
and population pressure have not yet stimulated the farmers to
scarch for them. Of course, in these regions population pres-
sure and economic conditions are too low for the farmers to

) IWP, Vol. 1, 1970,

[22] V, 5 - Bramio -~ p. 6
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expand their arable land. This situation occurs more often
than is generally recognized. I agree with Prof. Baapg, when
he writes in his very interesting paper that there is no reason
to fear that world population will soon become too big to be
adequately fed by world agriculture, provided that agriculture
is developed to what is now considered its fullest possibilitics.

The analysis of the two tables gives an idea of the relative
population pressure in the different regions concerned. Eu-
rope, North America and Australia were not included in these
tables Dbecause their position is Dbetter known and we had
in mind to stress the situation as it is at present in the develop-
ing world.

The same source shows that the average utilization of
the land in the developing countries is only 11% for arable
land and permanent crops, 21% for permanent pastures and
289, for forestry. There remain 40% of the avea which is
not used for any agricultural or forestry purposes. This high
percentage accounts for the deserts, inland lakes and wvery
high mountains. These average values are percentages of the
total land surface. The situation differs between regions, the
highest percentage of arable land being 39% for Asia and
the Far East and the lowest 6%, for the Near East and North
West Africa.

Since the fallow usually takes several years, the harvest
land is only a percentage of the arable land. The ratio between
the two is the cropping intensity. The fallow has been used
to store up water for the following crop and also to increase
the natural soil fertility. In the irrigated areas as well as in
technological agriculture the fallow can be reduced or elimi-
nated altogether and crop intensity increased up to 100%.

Technical advances i food production.

Crop intensity is usually very low throughout the develop-
ing regions and efforts should be directed towards increasing

[22] V, 5 - Bramdo - p. 7
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crop intensity and productivity per unit area and per worker.
How then can food production be increased, Essentially it
can ve done by:

a) expanding the arable area;

b) increasing crop yields;

¢) reducing the fallow, or;

d) increasing the number of crops grown on cach field
per year.

a) It is usually difficult and expensive to expand the
grable land. Modern land settlement requires expensive infra-
structures, including medical services, to make life atfractive
and safe to the new scttier. In the future, even if the resources
of the soil, water and climate are favourable to a prosperous
agricultural enterprise, occupation of new lands may not auto-
matically follow. A pioneering spirit of a few settlers will
not be sufficient. It is my strong belief that only carefully
planned multi-disciplinary settlement projects will guaraniee
a successful undertaking.

b) An increase of the yield of crops per wunit can be
achieved, and has in fact been achieved in a spectacular
manner, by applying the knowledge gained by scientists in
such fields as genetics, soil science, physiology, plant patho-
logy, enfomology and fertilizers, which in combined action
can bring about the full genetic potential of new varietics.
In this connection I would like to mention the work carried
out by the ROCKEFELLER and Forp TFoundation and TAO.
I had the opportunity of following closely the development
of some of the outstanding results achieved by these Organiza-
tions and which helped to widen considerably the horizons and
perspectives of agriculture in the developing countries. I had
the good fortune of being closely acquainted, for the last 30
years, with some of the scientists engaged in this very suc-
cessful work, In this connection I would like to mention the

f22] V, 5 - Brawio - p. 8
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name of Dr. J. Harrar of the Rockefeller Foundation, who
initiated at the request of the Mexican Government the Mexi-
can Program for the production of wheat and maize in 1943.
This became an enormous success crowned by the awarding of
the Nobel Prize for Peace to Dr. NormaN BOrRLAUGH for the
creation of the so-called “miracle wheat”. The Rockefeller
Foundation in association with the Ford Foundation launched
the International Rice Research Institute in the Philippines
to improve the production of rice in the so-called “Rice Bowl™.
Dr. CHANDLER was given the leadership of the Institute, which
after only six years of work produced the famous IR 8 rice.
This new variety is already enormously increasing the supply
of this staple food in Asia and consequently the cconomy of
the farmers.

The great quality of the IR 8 is to have a short, stiff
straw, resistant to lodging, capable of absorbing large quan-
tities of fertilizers. It increased local production irom the
average 1-2 tons per hectare to 4-10 tons per hectare. These
high yields were obtained, disturbing as little as possible the
general traditional system of rice production in the FFar East
with only the necessary innovations in agricultural practices,
such as pest control and adequate fertilizer dressings.

The IR 8§ is not the final answer. The breeding process
is continuing in order to improve the variety’s resistance to
disease and also to make it more palatable to the very exigent
taste of the local consumer.

Beginning in the late forties and carly fifties Dr. W, FiT1s
and other American scientists were working to help the farmers
in North Carolina and Towa to obtain the most efficient results
from their fertilizer inputs, particularly in relation to the
production of hybrid corn. Dr. F1rTs during this long period
has developed and improved {as you heard from his lecture)
suitable tests that are not only much faster but often more
accurate than conventional analytical methods.

Meanwhile FAO started its famous TFertilizer Program.
This was the first intcrnational fiel¢d soil fertility program

[22] V., 5 - Bramdo - p. ¢
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with experiments in many developing countries; yon had
an excellent account of the program by Dr. Hauser. In
this connection T would like to mention the names of the
ploneers Drs. H. L. RicuarnsoN, F. W. Parker and G,
VeRMAT. Dr. G. HAUSER is also a pionecer in this Program.

Finally, T would like to mention in the international
ficld the experiments carried out by Dr. Frigp, whose lecture
will show us clearly the potentialities of his work and its
consequences for the economy of production.

Since the times of Laws and Grigerr, Liesic and Mrr-
SCHERLICH a long way has Dbeen covered. Fertilizers are
indispensable plant foods but expensive materials.  Their
volume of application will conlinue to increase fast in the
years to come. They must therefore be applied accurately
with regard to quality, gquantity, location and timing for
maximum usefulness, From the contributions presented to
this Study Week it is clear that there are already many
answers, which when put into practice would significantly
improve the output and economy of agricultural production.

¢) Reducing the fallow. According to the IWP, there
are the grass fallows and bush fallows in the tropical forest
zones and the bare fallows in the low rainfall areas. Although
fallows had a place in traditional agriculture to help build up
soil moisture and soil fertility for the next crop, they represent
an important waste of land area. They are, however, dif-
ficult to eliminate. 1In the tropical humid areas they usually
occur in the soils with the lowest fertility and as we will see
further on, such soils are difficult to recover.

In the arid zones the bare fallow is the result of low rain-
fall and the intensification of agriculture in such lands is also
very difficult because of water as a lmiting factor. Australia
seems to be the country which has achieved the greater success
in the intensification of production of such arid grass lands.
This was accomplished in part through tbe Australian strains
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of the “subclover” — Trifolimm subterraneum, the ancestors
of which came from plants collected in southern Europe.

4) Increasing the number of crops grown on each field
per year. Dr Ricuarp BRaDFIELD in his important work for
the IRRI in the Phillipines has shown opportunities for
increasing food production in tropical regions by intensive,
multiple cropping. He calls atfention to the fact that solar
energy is much higher in the tropics than in temperate regions,
Because of this higher temperature and the abscnce of a cold
winter, crop production can take place all year round. The
cumulative temperature throughout the year is also much
higher in the tropics, 3 to 5 times that of the temperate regions.
This cumulative temperature is a useful measure of solar
energy. It helps to predict the amount of dry matter that
could be produced per unit area, if the farmer could keep his
fields covered with crops all year round and supply them
with the necessary inputs. Theoretically, he could produce
3 to 5 times more than his counterpart in the temperate regions,
Dr. BRADFIELD reports growing 4 to 5 crops on the same piece
of land per year, thus amply confirming the possibility of
taking full advantage of the whole year as a growing season.

Farmers in the Mediterranean climate of southern Europe,
where solar encrgy is also plentiful, have since time imme-
morial used three to four crops per unit.area and per year
with reasonable success. However, in the humid tropics, as
for instance in certain parts of the Amazons, the cloud cast
is too thick and permanent all year round that there is evidence
that solar energy may become a limiting factor for increasing
crop yields.

The agriculture of the fulure for the developing countries
will be modelled after the technological agriculture already
established in some advanced countries.

[22] V, §5 - Braméo - p. 1}



844 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

Its production must:

a) satisfy the market requirements for quality, size
and shape of the products,

b) be in large enough quantities to be marketable on a
commercial basis (so that distribution is feasible and clients
can count upon a steady supply). Therefore, it must be
produced out of reasonably large land units with modern
techniques and needed inputs.

¢) employ the minimal possible labour, highly spe-
clalized,

d) utilize specialized cquipment to replace labour, abun-
dant in traditional agriculture.

This will give opportunities to the highly organized entre-
prencurs with sufficient capital to face the inevitably high
overnead costs and expensive production techniques, On a
business-like basis such an entreprencur will select a field,
in the right climatic area for the crop, of the required size
for the volume of production and with suitable topography.
He must invest heavily in inputs of which fertilizers, one of
the chief expenditures, must be used o their maximum ef-
ficiency.

Traditional agriculture cventually will have great dif-
ficulties in surviving because of production costs, since labour
will become the most expensive input. However, the repla-
cement of one type of agriculture by another will be slow,
but not as slow as people thought ten years ago. In fact
there are at present plenty of symptoms of agricultural crises
and traditional (artisanat) agriculture is already dying in
many countries.

Together with this field-crop production there is the highly
sophisticated production of vegetables, fruits and flowers in
totally arfificial conditions in hot-houses, in a kind of hydro-
ponic culture. In this type of production capital investments
may reach the magnitude of the industrial level. But returns

227 ¥V, 5 - Bramao - p. 12
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are correspondent and often these enterprises are very ren-
table. Hot-house production is extending rapidly in Europe,
not only in the North but also in the southern countries.
The latter wish to compete on the northern markets with
earlier and earlier products, which fetch the best prices, parti-
cularly fruits and vegetabies. The production and marketing
of flowers is even better organized. Some producers just root
the cuttings of certain plants and retain them in cold storage
until the right moment comes for expert. How much the
agriculture of the future is going to develop along this par-
ticular line, is difficult to foresee. However, I presume that
since the system has proved its economic viability, it is
bound to continue and take a more important place in the
general agricultural production pattern.

Sotl Conditions and Sotl Productivity.

Although, in modern farming, equipment and other inputs
may overcome certain soil limitation, soil condifions, however,
may bring serious problems to agricultural production. 1
would like to mention just a couple of examples regarding
soils of the humid tropics and the arid zones.

There is no need to refer to the well-known problem of
phosphorus fixation by the soil in the humid tropics, so much
discussed during the past twenty years. What I would like
to mention is the lack of bases in certain soils of the forests
and savannahs of the large flat table lands of South America.
These soils are called, in the nomenclature used in the FAO/
UNESCO Soil Map of the World Project, Acric Terralsols
(cerrado phase}. They arce extremely deficient in nutrients
and particularly low in calcium in the subsoil. Although high
in clay, they also lack active silicate clay minerals. They
are very ancient, inherited from another geological era and
the product of climatic conditions which have since long
disappeared. Their vegetation is living on a very limited

22 V, 5 - Bramdo - p. 13
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mineral cycle. Once destroyed, usually by burning, the mine-
rals are lost. To build up the fertility of the Acric Ferralsols
(cerrado phase) and make them suitable for food production
may prove very difficult and expensive. Some progress has
been made with balanced nutrient treatment; good response
to zinc. Their economical utilization is still a question marlk
because of the difficulty of incorporating the necessary mine-
rals in the soils to ensure normal plant growth., In addition,
limestone quarries are scarce over large areas in the tropics
and certainly in South America, which means transport over
large distances of these materials. This is just to mention one
problem of soil fertility and productivity in the humid tropics
and the savannah counfries,

In the arid zones the soil problems are different, Rainfall
and its characteristically bad distribution have created through-
out time adverse soil conditions through water-lagging and
salinity, There is often too much water over a short period
of the year with -the consequent problems of soil hydromor-
phism, bad drainage, erosion and salinity, During the rest
of the year there is not enough moisture in the soil for rentable,
rain-fed crops. The alluvial plains are often subject to flood-
ing. Strictly speaking, the amount of Fluvisols (alluvial soils)
in these plains is small. They exist in association with Gleysols
and Halosols. If not properly protected against the floods,
there will be no possibility of introducing the modern high-
yielding varieties and all the inputs, including the expensive
fertilizers, that must go with them., When profected and
developed through irrigation and drainage, conditions for maxi-
mum productivity are created since solar energy is at its
maximum. It is interesting fo note that the alluvial valleys
in the humid tropics, and I would like to bring as an example
the Amazon valley, do not contain but small portions of
Distric Fluvisols, Most soils are Gleysols of different kinds
with a narrow suitability for agricultural production, And
again, they must be defended from flooding. This applies to
most river vaileys in the wet tropics, which contain the Plinthic
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Gleysols, Histic Gleysols and often, in the mouth of the rivers,
the Thionic Gleysols.

The soil limitations of the alluvial valleys, both in the
humid tropics and the arid zones, are of considerable impor-
tance and often escape the attention of the planners in Europe
and North America, because of the different association of
soils in their own river wvalleys.

Conclusions

Soil fertility and fertilizer use arc indispensable compo-
nents of maodern agricultural production.  Without proper
~ application of fertilizers no high yields can be expected. Even
~ the very best strains and highest yielding varieties developed
recently, when placed in conditions of traditional farming will
give low yields. However, currently much money is wasted
in the application of wrong fertilizexs in the wrong place and
at the wrong time. Studies concerning response to fertilizers
by crops, such as those referred to here during this Study
Week, are obviously of utmost importance in understanding
crop-soil-climate-fertilizer relationship and eventually in guid-
ing the farmers to obtain maximum economic results.

I think it is important to stress in these conclusions that
very little scientific application of fertilizers in terms of arca
percentage occurs in the present-day world. With the excep-
tion of some European countries and North America only
a few progressive farmers throughout the rest of the world
utilize fertilizers efficiently (see the situation in Central and
South America regarding fertilizer use as stated by Dr. Bor-
NEMISZA in his lecture here). In the large majority of the
countries of the world infrastructures are missing, marketing
information is not currently available and losses before and
after harvest are not controlled. 1 believe that modern tech-
nological agriculture occurs only in a very small percentage
of the world and that therefore world production could be
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increased manyfold. For instance, the Amazon region, which
is ten times the size of France, has a population of slightly
above one million most of it concentrated in two towns, BELEM
and MaNaus. There are, so to speak, no farmers in this
enormous region that alone could produce maore rice than
all the rice needed at present by the world.

Much is already known about crops, their environments
and what could be done to obtain high vields of basic foods
from the world’s land. Tt is my believe that if agricultural
production and food distribution were given higher priority
by world leaders, food could be made plentiful and hunger
and malnutrition conquered. It is up to the leaders of humanity
to rechannel resources and energy and initiate what could be
called a “Food Production Race”! by improving research,
experimentation and demonstration wherever needed, infrastruc-
tures, education and extension, credit and marketing to assist
farmers in producing and selling their products, on national
and international markets in a nutshell to make agriculture
and food production attractive enough to compete with other
activities. :

[22] V, 5 - Bramio - p. 10
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JOINT DISCUSSION

of papers EwELL, ARATEN and Bramao
Chairman: E, W. Russkir

RuUssELL

I suggest that the following problems could be discussed at
this session. First of all, whether slow acting nitrogen fertilizers
have a place in the agricuiture of developed countries where high
levels of nitrogen fertilizer are used, leading to the possibility of
causing high levels of nitrates in the drainage waters. This is a
point of great interest to the environmentalisis, Another point
of intercst to environmentalists is the conservation of natural
resources.  Shonld more attention be paid to developing new
methods of making phosphate fertilizers that do not need sul-
phuric acid; for in general the calcium sulphate produced is an
unwanted waste product.  Another point 1 would like to hear
conuments on is the possibility of polyphosphate fertilizer mobilizing
trace clements foxic to human or animal health, so increasing their
content in the crops. I think we should also distingnish in our
discussions between problems of fertilizer technology and fertilizer
formulation in developed and developing countries and in different
agricultural systers.  Thus has liquid fertilizer any real place
under systems of farming involving small fields, TFuarther whether
developing countries should be encouraged to import ammonia
and phosphoric acid and to use them to produce the fertilizer
formulations locally needed.  With these introductory remarks,
I now open the subject for discussion.

HERNANDO

I would ask Prof. ARATEN something about his paper.
Have you some special knowledge on the use of NPK components
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which release nutrients very slowly and are recommended for
citrus trees’ growing areas, especially when we start planting?

The other point is in relation to Prof. Rorint’s paper.  Prof.
Roriny spoke about the problems of using NPK in high concen-
tration. We have lad the same problems in Spain about five
years ago, but now it has been resolved hecause it is important,
fo use highly concentrated fertilizer, but not necessarily NPK. Tt
could be PK only which is mostly used for wheat or barley growing
areas where nitrates and ammonia must be applied after sowing.
Sometimes, however, it is necessary to apply, for example, N and
P. In such case we use {rebie-super phosphate and ammoriia.
I do not think that this is harmful to the plant’s growth, becanse
their fertilizers lend themselves for any possible use. The important
matter is ihe high concentration level.

SAALDBACH

I am of the the same opinion as Dr. ARATEN in relation to
the main trends in the develepment and use of new fertilizers.
The speed of the development and the exten! of the use of the
new products wiil be different in each country.

Privavist

First T will congratulate Prof. Bramao on his excellent paper
and will take the occasion to thank him for all he has dome for
Brazil. He has realized a very great work for the development
of the agricultural sitvation in DBrazil.

Your work, Professor Aratin, is without doubt an excellent
explanation of the theme you have chosen.

May I ask you to kindly explain me one thing. 1 did not
quite understand, referring to paragraph 8 « Qutlook »: If addition
or lack of silicon increased the yields of sugar cane in Hawail
and of rice in Japan?
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ARATEN

Mr. T. P. Hienerr of T.V.A. cited an example of silicon,
which, in the form of assimilable silicones, dramatically increased
yields of sugar cane in Hawai or of rice in Japan, when the supply
of silicon from the soil was inadequale.

WaALSH

Having heard the contributions in fhis sessicn I feel it de-
girable to draw altenticn f0 an Important matter which seems fo
have heen overlooked. 1t is very nice to have highly concentrated
formulations and have ferfilizer technology well developed but
when it comes to farmer use, efficiency will be considerably de-
termined by the way the nutrients are distributed in the soil,
Uneven distribution will result in uneven wields, uneven crops
and a consequential effect on the economics of fertilizer use, This
was clearly shown at the FAQ/EEC meeting in Geneva in De-
cember 1970, Indeed much of the matter covered at that meeting
is very relevant to this meeting here, Perhaps Mr. Hauser from
FAO could make available to this group the conclusions of that
meeting becanse I do not think we should sit down here at a
meeling and duplicale or repeat the conclusions of that meeting.
What we are talking about now, has been thoroughly worked over
at Geneva, It was concluded there that there should be far more
altention paid to the mechanism of fertilizer distribution at farm
level, because there could be major losses in efficiency. At that
meeting T gave the results of work from our own country and the
United Kingdom which showed clearly the substantial losses in
efliciency due to uneven distribution, Many of the machines that
are available not only in my country but in your countries for
distribuling fertilizers may not be efficient. T trust that this point
will not be overlocked in the conclusions of this study weck.



854 PONTIFICTAE ACADEMIAE SCIENTIARVAM SCRIFTA VARLA - 38

Hauszr

I am sorry, maybe I have heard about that meeting but I
was not there and I think the Economic Department of FAQ was
involved there. I cannot give you any details about that meeting
“because I do not have them, but if you would like it I can find
out of course. It could have been a meeting of the Economic
Commission of Europe.

FiTrs

I would agree with Dr. WaLsH on this, this is a real problem
and one we are interested in as we begin to approach these second
and third generation problems beyond the primary elements. A
lot of comments have been made here on sources of fertilizer,
We kncw that fertilizer technology in the last two decades has
made {remendous progress, and I am sure that in the next decade
there will be even more progress. I believe that the soil scientists
and agronomists need to keep up with these changes to see what
is happening. We have mentioned here about the exploding
population, and what the pepulation is going to be in the year zooo.
We must remember that as population increases that many other
things increase too. We will have more cars or some other form of
transportation, and more other sources of poliution. This is some-
thing I think we have got to lock at. This question of more people
means more pollution. The environmentalists are now having a
« field day », they are trying fo have conditions like they were
50 years ago, but it is very difficult to go back to where we were
50 years ago in environment if population continues to increase at
a rapid rate. I think we have to look at this from the viewpoint
of increase of population. This means we are going to change
the environment, and if we are going to change enviromment how is
the best way to do it which would be most satisfactory to everyone
and still have a higher standard of living. I think this is a
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question as we begin lo use increased guantities of fertilizer. The
old philosophy of a little is good, much more is better, will not
hold. We are going to have fo have much closer fit of fertilizers
to plant needs to avoid contamination of our streams, poliution
and other conditions. I think that we have the responsibility
relative to, how de we distribute fertilizer uniformerly, how do
we get the greatest efficiency from it, not only from the product
itself but from its distribution. In respect to this preblem we
are locking more and more at slurries or suspension fertilizer, and
not much mention of that has been made here. The shurry ferti-
lizers are becoming more popular in our part of the United States
anyway, and it does offer us a cheaper source of materials to
put in a slurry, for more uniform distribuiion. Tt also makes it
possible for us to use cheaper sources of micro-nutrients to put
in the slurry.  Some of these micro-nutrien{s are rather expensive
but we can get them cheaper with slurry forms,

Bramao

I would just like to support Dr. Warsi’s remarks. I think
it is very important to have the conclusions of the Geneva meeting
before ours are drawn so that there is some coordination, and I
am absolutely sure that the paper on this meeting must be at
FAQ, either in the Agricultural Department’s technical section or
in the FEconomic Department. If we could have a copy it would
be important to see the conclusions before curs are finalized.

RUSSELL

This problem of the non-uniform application of fertilizer over
the land due to the inefficiency of fertilizer distributors has always
been with us, and in spite of much work by manuvfacturers they
are still relatively inefficient.
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HERNANDO

I would like to cominent cn the paper of Prof. Bramao in
relation to the problem of lime in some areas of Brazil, T think
it wiil be interesting fo use natural rock phosphate that is available
in the areas around Sac Paulo. It is not necessary to import,
and at the same time there is transportation from one part to
ancther and the distribution price is used for both calcium and
phosphate. 1 don’t know if you weuld like to answer on fhat.

BramMao

I think it is a very good suggestion. Rock phosphate is also
abundant in the north-east of Brazil in the state of Pernambuco.
Another suggestion that has been made sometime in the past, was
to ground basic igneos rocks and use that material for liming and
providing other minerals fo the soil.

BHrernanpo

Now I would like to make some comment on the paper of
Dr. Ewprr. I have many questions for you but I try fo make
some comments first and later to ask my questions, The comment
is in relation to fignre 4. You present there the yield per hectare
of many countries producing rice in the world. I am surprised
you don’t have news about Spain, because Spain is the country
which does not have a large area but the highest yield in the
whole world.  We have an average of more than 7,000 kg per
hectare and in some areas near Valencia we arrive, with normal
varieties, to g,000 kg. The nex{ point is related to a comment
you made on page 62, bat this is in relation to a table. 1 don’t
remember now the table, but T will try to explain the point. The
point is that you don’t take into account that the family work
is a farming cost. T was surprised that you separated the family
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work from the work of people employed and paid. T think the
family work also is a cost that you must include,

CWELL

With respect to the yields ol rice, I only included the major
producers.  Spain, Italy and Australia have the three highest
yields of rice in the world, but they are alt very small producers
in terms of total production, and therefore all three of these coun-
iries are nol included in this list. I should have indicated that, T
think I used & minimum of 2 million tons a year of rice production.
While the yields in Australia, Italy and Spain are extremely high,
the total producticn is quite low. On the second point, including
or not including the cost of family iabour in farming, it is the
asual mode of thinking in the developing countries that they do
not consider the family labour as a cost. In the developed countries
this would be true because there is a shortage of labour. In most of
the developed countries if a member of a farm family works on
the farm, he is not able to work in a factory or some other paying
position, but in the developing countres there is almost always
a surplus of labour so countries like India and Indonesia, the
Philippines and Thailand, family labour on the farm is just con-
sidered as part of cveryday living. They live and they work on
the farm, but if they have to hire somebody from the neighbonrhood
to work they have to pay them as an out-of-pocket cost. I men-
tioned yesterday that the cost analysis of the wheat farm in India
I actually obtained from a farmer in northern India, This is the
custom in India that they do not consider the labour of the {family
as part of the operating cost of the farm.

RusszLL

T would like to make an additional comment here. There are
patts of Africa where there is a greal surplus of labour on the
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land during most of the year, yet there can be short periods, such
as planting time and weeding as critical periods in the growth of the
crop when there is a shortage of labour. There is a strong case
for developing simple labour-saving equipment for these bottlencck
periods.

HegNANDO

[ think you are right in this moment, I think as you do.
Maybe this income will be important to keep in mind when you
think in the future of the developing countries. This is an im-
portant fact to take into account,

EwrLL

It is just a question of surplus or shortage of labour and at
least in a counfry like India, which I know the best, there will
be a surplus of labour for the next 1,000 years,

ARATEN

Professor EwELL, in your figure mentioned of 26 or 28 mil-
lion dollars required for the provision of fertilizers needed in un-
derdeveloped countries, there is included a figure of 5.8 million
dollars for new fertilizer plants. T would like to know if you
took Into consideration that fertilizer plants in underdeveloped
countries are working at an average rate of 50% capacity. Tt is
therefore of importance to spend funds on education of engineers
and technicians able to run the plants efficiently at fall capacity,

There is a problem in India which T would like to mention:
the Ford Foundation Team several years ago sent a team and made
a review of the agricultural situation in India. One of the mem-
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bers, a Californian prefessor came to a village lying in a zone
where the government of India distzributed fertilizers free of charge,
and when the professor enquired about what were the resuits of
using fertilizers, the farmer did not knew what a fertilizer was.
They thought they were stones sent by the government and they
wouldn't touch them. When I told this story to an Indian extension
officer who was visiting Tsrael, and I said it was a pity that they
don’t have more extension officers to tell the farmer what a
fertilizer is, he said to me; « you are wrong, I am of a higher
class, I would never speak to a farmer ». May be this is not the
rule but education in this respect is also of great importance,

EwiLL

It is true that most of the fertilizer factories in the developing
countries operate at low efficiencies,  The average for all the
fortilizer factories in all the developing countries is probably in
the range of 6o-70 percent operation. This is a very important
problem and countries sucl: as India are working on this problem.
They all have kopes of bringing these efficiencies up to 80 or go
percent within the next 5-6 years. In fact the World Bank has
recently established a new special program of loans to developing
countries for the specific purpose of improving the cfficiency of
fertilizer plants, what is called in the trade « de-bottlenecking »,
i.e. remaving the neck from the bottle. The World Bank is prepared
to make loans to any developing country which can offer a plan
for adding new equipment or improving maintenance or fraining
persennel which will increase or up-grade the efficiency of their
plant, T think they have earmarked something like 100 million
dollars a year for the next five years for this purpose. The second
point you made, Dr. ARATEN, was the reaction of extension officers
in India, Now I question wether this is a universal reaction. I
have met hundreds of extension officers in India and I never
heard this reaction before. There might be a few very self-
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conscious high-caste Brahmins who would have this reaction, pur
most of the extension officers in India are wvery hard-werking,
down-to-earth people who do their best to help the farmer.

OBERLANDER

T should like to comment en one of Prof. Iwkrl's graphs,
concerning the prediction of a linear increase of fertilizer con-
sumption in the highly industrialized countries for the next decades.
I assume this prediction was based on the assumption of a constant
size of the cultivated area, However we know that at least in the
highly industrialized couniries of north western Europe, this cul-
tivated area is continucusly reduced, and if this trend of reduction
does not continue spontaneously, it will be enforced; so if we assume
that the cultivated area will be reduced, and we still want to
predict a linear increase of ferfilizer consumption for some decades,
we must necessarily come to such extremely high rates of appli-
cation per unit of area that I do not think they would be phy-
siologically tolerable. Would you, please, comment on this point.

EwrrL

The future consumption of fertilizer in the developed countries
is a very controversial issue. As a maller of fact the projections
which we made in UNIDO in Vienna during the past year are
about the highest that there are. The other principal group which
has done this type of projecting is TVA in the United States.
The Tennessee Valley Authorily, and their projections are sub-
stanfially lower for the developed couniries than the UNIDO
projections. There is a controversy going on about this now. Per-
sonally, T like the projections that we made in Vienna, but the
TVA thinks they are too high and we think theirs are toc low,
As regards the ultimate possibility of fertilizer consumption {rom
the standpoint of plant physiology., I would not know about that,
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but there must be some level at which plants just can’t absorb
any more.  Just like human beings can cnly eat so much, But
I prefer to accept the projecticns that we made af UNIDO for the
time being.

BussLer

Dr. Operrinner and Dr. EwsLl mentioned the physiological
discrimination. I am sure it is to be feared the more salt we give
the most dangerous is a single salt solution. It is not more so
with two different salts and it even diminishes if you give all the
nutrients, How mucl: salts are to be given depends on the exa-
mination of soils, or of plants by sap or leaf analysis. We canmot
give the amounts statistically calculated for a continent or a single
place. We must have analysis for each place. We add these high
amounts of nutrients because we want high vields, We should
have real knowledge about what is to be given on each place.

BLANCHET

Justement, je pense que ces questions nous raménent un pen
au probleme de la carle des sols dont le docteur Bramao a présenté
une excellente réalisation tout & I'heure, malgré les difficultés qui
ont été rencontrées pour son établissement 4 cause des bases de
classification différentes au départ. Je pense que cetie carte des
sols doit &tre maintenant un point de départ de nouvelles études
plus agronomiques qui concernent & la fois les possibilités de dé-
velopment et de production des plantes dans ces différents types
de sols, dans leur contexfe climatique, de manidre & pouvoir micux
définir les potentialités de production, et les conditions de cetie
production, qu’il s’agisse de structure physique des sols, de xé-
gime de l'eau et de systémes de cultures possibles, de manitre 4
bien wvoir quelle est, dans tous ces différents types de sols et leur
contexte climatique, l'efficacité des éléments fertilisants. Aussi je
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crois que quand dans des points bien précis, bien caractéristique,
indiqués par les cartes, ces études onl pu &tre faites, la carte de-
vient alors le moyen de généralisation de ces dennées agronomi-
ques, alors que cefte généralisation serait trés difficilement possible
quand on ne dispose pas de ces cartes nécessaires,

Exactly, 1 think that these questions lead us somewhat to the
problem of the soil map of which Dr. Bramao has presented an
excellent realisation just now, in spite of the difficultics met with
in its establishing on account of the different classification bases at
the Dbeginning, In my opinion this soil map should now serve as
starting point of new more agrarian studies which concern at the
same time the possibilities of plant development and plant production
in these different soil types, in their climatic context, so that the
production potentiality may better be defined, and the conditions of
this production, i.e. whether it is a question of the physical structure
cf the soils, of the water flow and of the system of possible cultures,
so as to be able to see in all these different soil types and their
climatic context the efficacity of the fertilizing elements. I also
believe that when under precise and well characterized points, indi-
cated by these maps, these studies can bave been made, the map
becomes the means of generalization of these agrarian data when
this generalization would hardly be possible if these necessary maps
were not available,

BraMao

I would like to inform you Dr. Brancurrt, that your points
were really the points that persuaded FAQ to undertake the pre-
patation of The Soil Map of the World. Thercfore T appreciated
very much your commenis,

OBERLANDER

I am afraid T used the word « physiological », T did not want
to confuse anyhody who is not a physiologist. . Maybe I should
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have said « reaching the plateau of the Mitscherlich curve » where
any further fertilizer increment just does not make any sense. If
you predict linear increase of feriilizer consumption on reduced
arcas of application you would try to do something that would
be useless, I mean you'd be applying rates which would not have
any more effect on cropping.

Prssx

1 have wafched the fiuid fertilizer development over the past
15 years or a little bit more in the central United States, T admit
readily that anhydrous ammonia is by far the least expensive
source of nitrogen, at least delivered to a farm, and T do not
choose to discuss this one. However, I still fail to see the economy
of either nitrogen solutions, or complete fertilizer sclutions, as
compared to handling the dry materials in the equivalent amounts
invoived. T wonader if either Prof. ArateN or Prof. Rorivr would
explain how conditions which exist elsewhere might make these

fertilizers less expensive — contrary to my experience,

RUSSELL

I'd just like to make a remark. 1f contractors in England
could supply liquid fertilizer cheaper than solid fertilizer, the
formers would use liquid fertilizer.

Frrrs

Y would say Dr. PesEx, that North Carolina is a little different
than Towa. Nitrogen solutions, liquid fertiizers and slurries are
more popular than anhydrous ammonia. There is little anhydrous
ammonia used for our soils. Almost all of nitregen is applied in
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liquid fertilizers. They find it more ecconomical both from the
work distribution stand-point and from ease of application.

PESEX

I think that this answers my guestion, He said popular and
I asked if there is any similarity between popularity and ecenomics,
and he went on {o say that people « feel » it is more economical.
Qur evidence indicates they really are not, but people do usc them,
even though it is not as economical to use them. We are certain
that the people who use these in planiing corn-belt soils, use them
at a significant loss for added convenience, and whatever prestige
they secure by using them.

EwELL

T am not very familiar with Towa, but Dr. PEsEK I am absolutely
amazed to hear you say this, because the consumptien of liquid
fertiizers of all types, including liquid ammonia, nitrogen solutions
and NPK solutions, has been going up constantly in the United
States for 20 years now and there must be an economic reason for
it. At least T am told by various fertilizer distribution experts that
it is a matler of lower cost, Now I believe it’s true that the prin-
cipal consumption of liquid ammonia and possibly other liguid
fertilizers is in the Far West, in California, in Arizona and in the
South, throughout the coiton-growing area. On the other hand
there are these two ammonia pipelines ranning right up to Towa
from Texas and the ammonia which comes out at the end of those
pipelines is certainly being used for something.

Prsix

I excempted a discussion of ammonia from my question. [
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agree on ammonia, but not on complete solutions or nitrogen
solutions.

HERNANDO

On page 08 of your paper at the end eof the page you tfalk
about the lack of effective pesticides when they are needed, This
can also be a lmiting factor in agricultural production. T would
like to make a comment on that, I think in many occasions it
is really due to the lack of pesticides, but some climatic con-
dition affect the absorption of the nutrient element by the plant
thus producing the spreading of the discase. Several times during
the meeting I have pointed out that it is very important to know
if there is a shortage ol mineral elements in the plant before ap-
plying pesticides, and in this connection I would like to present
a clear example. In the province of Guadalajara to the north of
Madrid the rainfall is rather variable every year, Sometimes we
have a minfall in the winter of 400 mm and sometimes of 1o mm
only. With such very low rainfall the plants look like this. There
is deficiency in phosphate but the soil test does not show shortage
of phosphate and we get there a fungus disease. In normal years
we found a normal phosphate level in the plant and no disease.
The only problem or difficulty of absorption of the phosphate by
the plant in this case is water deficiency. Therefore, I suggested
to study the soil directly independentty of environmental conditions.
It may thus be possible to get a clear idea of the potentiality of
the soil and to supply a nutrient element to the plani, indepen-
dently of the climatic conditions.

Coic

Je reviens sur le probléme de 'angmentation de la consom-
mation des engrais dans les pays 4 cultures intensives. Nous
pensons que angmentation de cette consommation d’engrais dans
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les années futures dépendra, pour beaucoup, des résultats cobtenus
par les chercheurs. Par exemple quelle sont les principales causes
d'augmentation de la consommation d’engrais dans l'ouest de I'IFu-
rope ces dernidres années? D'une meilleure utilisation des engrais;
mais aussi du travail des généticiens de 'amélioration des plantes,
C'est le cas du mals; c’est le cas des plantes de prairies. En
France, je pense que la meilleure assurance du besoin en eau de
nos cultures (irrigation d’appoint) sera une cause importante de
la consommation d’engrais dans les prochaines années.

I return to the problem of the increase of fertilizer consumption
in the countries with intensive cultures. We think that the increase
of such fertilizer consumption in future years will for many depend
apon the resulls obtained by the researchers, For example, what
are the main causes for the inciease of the fertilizer consumption
in Western Lurope during these last years? A better ferlilizer use,
but also the work of the geneticists of plant amelioration. This is
the case with maize and with grassland plants, In France, I think
that the best assurance of water needs of our cultures (odd irrigation)
will be an important motive of the fertilizer consumption in the
next years.

RusseLL

There is one point 1 would like to raise here on irrigation.
Inland water can be a scarce commodity. Every farmer in castern
IEngland would like to irrigate his land, but he cannot because
he has not got the water. In parts of western Europe there are
also probably areas where intensive agricultural production is
practised bui where there is not enough water available for iri-
gation.

HERNANDO

I would like to make another comment to the paper of Prof-
Bramao.
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Firrs

I just wanted to come back to your outline a moment relative
to the item, slow acting nifrogen fertilizer. I wondered what you
had in mind that we might take up in this discussion. Several
studies on slow acting nitrogen fertilizer have been done by TVA
and commercial companies around the world.  One thing that we
have noted with slow release nitrogen fertilizers — the nitrogen has
to he released bhefore the plant can take it up and that which
is in a soluble form will leach as rapidly as if it were in the inor-
ganic form when you added ¢, Then for a short time after the
rain there is a problem of getting enocugh nitrogen for the plant
needs. There are special conditions, particularly on rice, when
some of the sulphur coated nitrogen fertilizer looks like it has pos-
sibilities, but I wondered if you had any specific points in mind
that anybody could give us additional advice?

RussELL

The possible advantages of using urca-sulphur slow 1clease
fertilizers compared with a single dressing of a readily available
nitrogen fertiizer are that there should be lower losses of nitrates
from the soil if there are heavy rains shortly after the fertilizer
has been applicd. The urea-suiphur prills or granules are formulated
so that they will be releasing nitrates fairly cvenly over a matter
of 2-3 months. The value of these fertilzers was discussed a few
weeks ago at an FAQ working group in the context of developing
nitrogen fertilizers which would give a minimum risk of raising the
nitrate content of the drainage water leaving the farm.

PESEK

I have one more question on feriilizer maferials and this deals
with the use of urca on lays or meadows. Urea Is rapidly trans-



808 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

formed to ammonia and carbon-dioxide by the action of urease
which is universally present and particularly present on the surfaces
of some plants and in soils. T wonder if any of the people in
Europe, who have had experience with the use of urea containing
fertilizers under such conditions where they have to be top dressed
would indicate what they feel abeut the possible losses and what
their experience has been with urea.

RUSSELL

In Great Britain we purposely use ammonium nitrate on our
short-period grass pastures. Has anybody else experience regarding
ammonium nitrate versus urea on such pastures?

PESEK

In my opinion ammonium nitrate is the perfect nitrogen fer-
tiliser for aereated soils because it is virtually impossible o make
an error in using it.

Coic

La difficulté dans I'utilisation de 1'urée est que cetle substance,
avant d'étre transformée en carbenate d'ammoniaque peud traverser
trés rapidement le sol, n'étant pas retenue énergiquement par les
Coloides argilo-humiques de sorte que la méthode d'emploi de
P'urée est évidemment un peu délicate et pew amener plus d’erreurs
que celle du nifrate d’ammoniaque mais je ne pense pas que ce
soit trés grave.

The difficulty in utilizing wrea is that this substance, before
being transformed in ammonium carbonate, can get through the scil




SEMAINE D'ETUD SUR o L'EMPLOI DES FERTTLISANTS ETC. » 869

very quickly since it is energetically not retained by argil-hwmic col-
loids so that the methed of using ura is somewhat delicate and can
bring about more ecrrors than the one of ammonium carbonate. 1
think, however, that this is not very serious.

Hausker

I just want to make a remark abount the comment of Professor
BrancHET on Dr. Bramao's presentation. What Professor BLancnsr
gaid that the World Soils Map and the data related to it should
be used efficiéntly, is done at the moment by FAOQ, and I men-
tioned it very briefly in my presentation. FAOQ is now devcloping
a storage and retrieval system for computerisation of all the soil
data which are available, and the final goal is to make estimates
with these data and with ihe help of the computer on the pro-
duction potentialities of the soils which are shown on the Soils
Map of the Werld, We will then know what we can produce in
this world and which crops can be produced where, etc., and
we shall have more defails about the production possibilities in
this world,

WALSH

This is as mumch a remark as it is a question, 1 would bring
you back to Dr. Frrrs' contribution as there is, T believe, a con-
clusion from it which concerns the meeting as a whole. We must
look at the question of nutrient conservation. The supply of the
world’s nulrients is limited, parficularly regarding phosphorus. In
this conlext it is obvious that in the develcpment of new fertilisers
and new formulations, this question of conservation should receive
attention. In the second place new fertilisers should be developed
g0 as to ensure thé hest conservation of the envirenment. Iere
we are concermned with a societal matter of the greatest significance,
I think this meeting should take note of this sitnation, and would
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hope that Dr. Frirp’s committee will take note. We should see
clearly where we are going so that the new fertilisers will not be
such as to lead to undue contamination in the days ahead, while
also conserving nutrient resources.

There is one more remark I want fo make about this whole
question of slow release nitrogenous fertilisers. I want to bring
you back to the views of one of your British colleagues, Dr, Cooxi,
on this matter. He said that « it seems a hopeless task to design
materials that would releagse nitrate by a biological mechanism at
a rate that matches the need for nitrate of another biological
system, and that is the crop». I do not aliogether agree with
George Cooke on this matter, because 1 believe progress in design-
ing appropriate slow release fertilisers is possible,  We should,
through research and its capacily to create new things, be able
to do something about this. However, we shall not become over
enthusiastic about this whole situation. My other remark is that
under our conditions urea for grassland produnetion is 80Y% as
efficient as caldum ammonium nitrate at some s0% of the cost
for unit of N, so there is no need to wonder why farmers inten-
sifving their enlerprises are tending to use urea increasingly as
a source of nitrogen.

RussirL

There are one or two points that 1 think we should bear in
mind in this discussion. Dr. Bramao, you commented on the
amount of land that is nof being caultivated. Would you like to
comment on how far this s due to the poor system of land
ownership that exists in many parts of the world? There is often
an over-populated area next to an under-populated area, and there
are political reasons why populations cannot move over from one
to the other. 1 don’t know how far FAO has looked into this
problein.  Another problem on development is the availabilily of
agricultural capital and that again comes hack to land ownership;
for if the farmer is to obtain credit, he must be able to give some
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security for that credit, and his security is usually land.  Another
point I would like to comment on is the World Soil Map - to
me the greatest contribution that FFAQ has made, is not on an
agreed system of nomenclature but on getling an agreed system
of criteria for separating soils into the different categories. I would
also like to ask if you are publishing any maps showing the relia-
bility of the soil map? I should alsc like to make a little comment
on Dr. BraprieLp’s work in the Philippines which Dr. Bramao
quoted. Dr. Brapriirp has been able to obtain fonr or five crops
per year on some land in the Philippines and is a great enthusiast
for multiple cropping. The Philippines have however a climate
that exists only in parts of the tropics. There is no cald season
and the temperature is always high cnough for the growth of tro-
pical crops. There is an adequate water supply available every
day of the year, So Dr. BRapbriiLy’s excellent work cannot be
translated directly to many other parts of the tropics, A final point
on the tropics which we have already been discussing, but on
which T would like to remark again is that on the whole labour is
not a scarce commodity on many farms in the tropics. There are
bottlenecks but on the whole labour is not scarce. Now I will
open this to discussion.

Bramao

Land unused in the Tropics. I think there is a bit of every-
thing. All the arguments you used are probably right. THowever,
in addition, there is also very scarce population in many areas in
the Tropics. Let us consider South America, for instance, to which
we have been giving a little more atfention today. We have made
an expedition from the border of Peru {o Rio de Janeire, across
the whole Amazon arca. We found the populated arcas werc often
very small — towns marked on the map would have, sometimes,
only 4 or 5 houses. The oceupation of the continent really starts
at about s00 kms from the coast; in our expedition we covered
about 4,000 kms. There is not a minimum of population on the
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vast central areas of the continent, although there are some very
good soil arcas. 1 think shortage of population is often one of
the reasons,

I am very glad you mentioned the importance of reaching a
unified criteria for soil definitions which was obtained in the po-
pulation of the Soil Map of the World Project. I appreciated the
opporfunity you have given me to speak of the reliability of the
map. With regard to South America, you may sec the small map
printed on the same shect showing the reliability of the basic
soil surveys from which the soil map was prepared. The reliability
of the soil map of South America is obviously heterogenous, so
is its detail, Some soil areas in the Amazon Valley are very large
while some others near the coast, where much more is known
aboul the soils, are much more detailed as expected.

Referring to your other question, I do not think I have fo
explain farther Dr, Braprierp's working in the Philippines, We
all know of it and have great respect for him.

The question dealing with availability of labour in the Tropics.
Labour is scarce, often because the population is also scarce. Take
for example the Mato Gross State in Brazil. It is a very large
State, about two and a half times the size of France. Ifs popu-
lation is only about one million inhabitants. Obviously you do
not have enough population to fully develop the land potentials.
If you want to start some agricaltural production enterprise you
find that it is difficult to find heip,

HERNANDO

I tried to present two points to Dr. Bramao. The first point
has already been referred to by Professor Russeri and my
only remark is to stress the following aspect. It is necessary to
prepare the soil capability map or the soil productivity map, I
don’t mind about the name — separately from the soil survey map,
but maybe with the possibility of gelting the corrciation, soil type
~ fertilisation needs. The other thing is a comment in regard to
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the data you showed us on the work in Australia with the sub-
terranean clover. You say thaf the subterranean clover they have,
are species oblained from Spain and Portugal. T would like to
add to this point that we are already cxperimenting in Spain with
these varieties, too, and new varieties with very good results, Also,
T remember that when T was in Portugal last thme they were expe-
rimenting along with good results.

BRrAMAO

I was informed that with the varicties of clover which they
have obtained from Europe, the Ausiralians have developed their
own improved varieties. I am afraid T did not understand you
well, Professor Hirnanpo, when you mentioned the necessity of
preparing soil productivity maps independently of the world
soil map,

HerNaNDO

What 1 wanted to say was this, that in the world seoil map
prepared by FAO, many of the countries show details on the needs
of fertilisers by soils, but it is not the general rule. There are
many countries, one of which is Spain, where there is nothing
indicated about this. Therefore T guggested also to Dr. HaUSER,
that one of the first things FAO could do in continuation of the
world soil map, would be to prepare a map of the whole world
in relation to the fertilisation needs of the soil, in correlation to
the soil type, as a second part of the work.

WALSH

1 was especially pleased to hear Mr. Hauser saying that FAO
wese conscious that the soil map of the world would be of value
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and that the people in the soil [ertility end of FAO are going to
use it and indeed consider it worth using, Quite candidly, I could
never understand the opposition inside FAQ 1o this particular
matter and indeed the resistance which those preparing the map
encountered generally. To me this oppositicn was totally unme-
rited. However we are very glad to hear that it is now accepted
that soil maps have distinet advantages for rationalising the use
of fertilisers throvghout the world and for transferring technology
from one area to ancther. I think that is a major advance. It has
taken a long time to achieve,

T was very pleased to hear that FAQ are selting up a world
soil data bank. This is a most important development which I
believe we shouid definitely put on record here and that it should
appear in our final conclusions. It is a development we should
support very fuilly because from that bank I would visualise that
even a couniry like ours is able to benefit very substantially, Tt
has benefits for the refrieval of information for people in developed
and under-developed countries alike. May I give a personal instance
of how the lack of such a data bank hag inhibited development,
When T wanted information about an area in Brazil of interest
to our national « IFreedom from Hunger » arganisation, T feund it
very difficult to get the necessary information,

We should record that this is a major advance and it should
be supported by all the countries everywhere that are supporting
FAQO and who are contribuiing to the funds of FAQ. The service
should, of course, be fully computerised. On Dr. Bramao’s map
as such, T think that there are one or two matters we should
remember.  The world seil map is presented now as an appro-
ximation. It does not say it is the final result. A lot of work
has to be done fo get accuracy in it in a great many countries.
In any logical system of snil survey, the soil maps should first be
developed, based on a realistic approach where classification is
concerned; a meaningtul approach, understanding that the map
has to be used for a variety of purposes, not only for soil fertility
work but for rural development and for raral area planning.
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From basic soil maps we should of course logically develop land
use capability maps. We do this normally. The first thing that
we do m our own effort is that from the soil map for each area
we develop a land use capability map. On the basis of this we
set down major series of experiments, recording all relevant data
including the traditional experience of farmers. In the final ana-
lysis the data can be incorporated in computer programmes. TFor
instance we make such maps as I showed you in my paper en the
livestock carrying capacity of a particular region or of the country
as a whole. This is based on basic soil information and soil
mapping and also of course on experimental work on a chain of
experimental farms and practical experience for the particuiar
soils.  For instance, livestock carrying capacity per unit area
depends on the type of soil. T think that the New Zealanders
and ourselves are the only two countries that bave approached i
in this way, because we are both primarily pastoral countries, and
this information is vital to us for planning. I might also say that
our soils approach to this problem was conditioned to a conside-
rable degree, by the developments in that very intensive agricultural
country, the Netherlands. I have said enough about this matter
to express our total conviction that as we begin to rationalise the
use of fertilisers and other resources on the basis of goed soil maps
that we move in a progressive rational fashion removing much
confusion and ensuring the use of our resources in the best pos-
sible manner.

Hauskr

I fully agree with what Dr. WaLsx said, and it is so that in
the projects of FAO in the various countries, such land use maps
are made, very many of them really because there are quite a
few projects now going on, but this happens on another scale.
Now the world scil map at the moment is 1:5 million and that is
of course a fairly small scale. It is not detailed enough for land
une maps for the countries but that doesn’t mean that it is not



876 PONTIFICIAE  ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 358

useful because we have land use groups. As regards the precision
of the map, T think we should alse think here in terms of the scale
of the map. It is not very probable if we work with the scientists
of the country that they make very big mistakes. On the scale
of 1:5 million the map is faidy precise. Less precision comes
in when the scale gets bigger, and then of course we will have
to make corrections.  Already, some countries have come up with
corrections and that is very helpfal.. In the course of these cor-
rections there were four of five main soil units added; we are
now at 106 or 108 although we were under at the beginning, so
you can see that this is also a development, it is not one fixed
map for ever. The map may change and is corrected as needed.

BRrAMAO

I would like fo say that I am very much in agreement with
Dr. Warsw's peint of view., We have iried to make these land
capability maps with the information coming from the soil map
of the world project. This information does cause varied scales
always larger than 1:5000 as you realize. Some cartograplic in-
formation came at the scale of 100,000 or even larger. My office
actually prepared land capability maps of the entire world at the
scale of 25 million, because it is practically impossible to do such
maps at a larger scale. It would become foo confusing due to
different uses. A soil with high capability for a given crop may
have a low suitability for another crop. In preparing soil capa-
bility maps, we did take into consideration the crop climate and
topography.

Prsex
I would like to indicale agreement with Dr. Bramao’s ge-

nerally optimistic attitnde towards the poszibility of meeting our
food nceds in the world, and agree with him also that there is
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no reason for lack of food in the relatively near futore because
of the technical inability of soil and crop scientists to show the
way fo the increased production needed. 1 think that much de-
pends on the people and governmenis of the various countries in
deciding whether we will or will not be well fed.

DavibEscu

In ce qui concerne l'utilisation de la carte du sol pour une
application rationneile des engrais: d'aprés les expériences faites
en Roumanie, on remarque que la carte du sol peut servir pour
P'utilisation rationnelle des engrais guand uwn pays, une régiom,
une ferme utilise de petites quantités d’engrais & 1'hectare. Au con-
traire, quand on utilise de grandes quantité d’engrais il faut faire
une carte agro-chimique. L’emploi des fertilisants d’aprés la carte
du sol, dans notre pays, ne donne pas de bons résultats quand il
s'agit de culture intensive.

As concerns the utilization of a soil map for a raticnal fertilizer
application: According to the experiences made in Rumania it is
observed that the soil map may serve for a rational fertilizer ap-
plication when a country, a rvegion or a farm use small fertilizer
quantities per hectare, On the contrary, when large fertilizer quanti-
ties are used there ought to be made an agro-chemical map. The
use of fertilizers according to the soil map does not yield good results
in our country when dealing with intensive cultures.



879

V1

EMPLOI DE TECHNIQUE DE CALCUL ET
NOUVEAUX SYSTEMES POUR DETERMINER
LE BESOIN DE FERTILISANTS



881

CROP YIELD RESPONSE EQUATIONS AND
ECONOMIC LEVELS OF FERTILIZER USE

JOMN T. PESEK

Prof. Towe Stale University of Scignce and Technology
Ames, Jowa - ULS.A,

The recognition of crop responses to applied fertilizers has
accelerated greatly during the past few decades. Experiments
have shown that responses are secured in more places, that
there are responses to higher rates of fertilizers and that a
greater number of the so-called « soil-derived » essential ele-
ments is needed for optimum crop yields. There are many
factors which have led us to seek and find this increased
knowledge; however, the most important one is the need to
produce more food and fiber for an expanding world po-
pulation.

Fertilizer use has grown because fertilizers can be substi-
tuted for land and labor and other capital inputs in the produc-
tion of crops and, in many cases, crop production can be
expanded more efficiently by adding fertilizers than by adding
the other production factors. This has the dual bencfit of
providing food at lower costs and of releasing people and
resources to provide other items needed for a better living
standard for all.

Once it is known that a particular crop will respond to
fertilizers at a given location, one must learn how much ferti-
lizer is necded to achieve certain objectives in crop production.

Ta3] VI, v - Pesek - p. 1
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The first requirement for fertilizer use for crop production is
that the value of the crop response, Ay, is greater than the cost
of the increment of fertilizer applied, A7, If the price per unit
of cach is given as R, this inequality may be written as:

(1) Ay (Ry) > AF (Re)

There is no economic rationale for applying fertilizer unless
this inequality exists.

Certain types of factors of production, other than ferti-
lizers, may be employed only in specified units. Tor example,
a crop may be cultivated once or twice, but not one and one-half
times and, likewise, it is possible either to spray or not spray
- for control of pests, but onc cannot apply part of a spray.
Under these circumstances, equation 1 is adequate to make the
decision relative to the application of the factor provided there
is no other competitive use for the investiment in resource which
is more profitable.

But the application of fertilizer can be in any fractional
amount chosen and is limited only by the individual’s ability
to measure and distribute it. Likewise, the increments, AF,
of fertilizer may be varied in size at will. The question then
becomes one of how many increments of fertilizer should be
applied to achieve certain economic objectives. One common
agronomic objective is that of maximizing tbe economic return
per unit of arca fertilized. The optimum raie of fertilizer is
the quantity of fertilizer which achieves this objective.

Let us consider how the optimum rate of fertifizer is
derived,

Experience and experiments have shown that whenever
there is a response of a crop to fertilizer, and the whole range
of responses is studied, the increase in yield per additional
increment of fertilizer decreases as follows:

(2) A‘y;/_\Fj:}’A‘yZ/AP\Z:\’ e _:>Ayn/[$1?n -

[233 VI, 1 - Pesek - p. 2
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The subscripts 1, 2, ..., # represent the increments of response
to successive equal increments of fertilizer. This specifies the
law of diminishing returns.

If the inequalities of (2) hold then the following can also
be shown to exist as successive increments of fertilizer are
added.

(22) Ay (R) D AF (Ry)
(3b) Ay (R) > AF (Ry) ;
(30) Ay R) = AT (Ry) ;
(3d) Ay (R) < AF (R4 ;

Clearly, it is profitable to apply increments of fertilizers
as long as inequalities such as 3a and 3b prevail. Tt is also
true that the inequality 3d leads to a loss from the use of ferti-
lizer and should not be applied. Generalizing then, it is pro-
fitable to add increments of fertilizer until the equality 3c is
reached but no more. Every increment of fertilizer up uatil
this one returns some profit. Every increment above this leads
to a loss in net revenue.

Inequality 3¢ may be rewritten as:
{4) Ay/AF = Ry/Ry .
As T approaches zero we obtain:

(5) dy{dF = Re/Ry .

Hence, the optimum rate of fertilizer is defined as that amount
at which the marginal product, dy/dF, (lirst derivative) is

[23] VI, 1 - Pesch - p. 3
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equal to the price ratio of the unit of fertilizer to a unit of yield.
It can be shown that this quantity of fertilizer is the maximuim
amount which should be applied under any conditions given the
objective of maximizing profit per unit of area of crop produced.

The relationships described in the previous paragraphs
may be graphed as in Figure 1. The conditions in equation
5 are defined graphically by drawing a line parallel to the
fertilizer cost line, BFC, (expressed in the same units as y)}
and tangent to the yicld response curve, OEA. The amount
of fertilizer, xs, needed to produce this magnitude of yield
response al this point of tangency is the optimum rate. The
verlical distance, EF, between the fertilizer cost line and the
yield response curve is the profit and this distance is greatest
al this fertilizer rate.

YIELD RESPONSE EQUATIONS

The previous seclion indicated that the optimum rate of
fertilizer may be determined graphically and also that this
graphical relationship can be expressed algebraically. There
are rather serious difficulties with graphical solutions of prob-
lemns of this nature, and an algebraic solution is quicker and
reproducible. An algebraic soiution, however, requires the
expression of the yield response curve as a function of the
fertilizer applied. Much effort has been spent in deriving

response equations.

Response equations for single nulrients

Perhaps the oldest and probably best known of the response
equations was the one proposed by MITSCHERLICH (190g). In
a series of experiments, he observed that the incremental

[23] VI, 1 - Pesek - D. 4
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response to fertilizer was proportional fo the decrement from
maximum yield or:

(6) dyjdx=c (A-y),
which, upon integration and solving, becomes:

(7) ]og A= }Og {A - y}:‘:cx

where x is the magnitude of the fertilizer being studied, ¢ is
the effect factor, y is the yield obtained at any given level of x,
and A is the maximum obtainable yicld by adding increasing
quantities of x. This equation produces a response curve
asymptotic to A: it does not permit reduction in yield due to
excessive rates of x. Hanway and DumMenIL (1g55) employed

=z
2o :
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RATE OF FERTILIZER
¥ig. 1 — Relationship between the response curve, OIFA, and the total

fertilizer cost line, BFC, and the optimwm rate of fertilizer x;, Line BHD
is the fixed cost of applying fertilizer. (After Prsuix and Hreapy, 19358)

[237 VI, ¥ - Pesek - p. 5
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this equafion in computing optimum rates of nifrogen fertilizer
for maize.

In order to overcome the objection to this equation because
of its asymptotic nature, MIrSCHERLICH (1928) divided both
sides of equation 6 by y and then integrated and simplified
fo give:

(8) y=A {I-107%) {10~k

in which % is a damage factor permitting the equation to turn
down if high levels of x do reduce yields.

BavLe (1918) made it casier fo apply the MITSCHERLICH
equation to certain data by designating an “effect gquantity”
unit, n, of the applied factor as that quantity which produces
~one-half of the maximum yield. Two unils of this “effect
quantity” would produce 0.75 of maximum yield, three units
produce 0.875 of maximum yield, etc, With these modifica-
tions and " being the ratio of observed yield to A, equation 7
may be written in natural logarithms as;

(9a) y=1 -t
or
(913) y'm I - 6“0'7 v

because £ is the unit of measurement, unity, and x/4 is v.

Observing that successive increments in yield resulting from
successive equal increments of fertilizer tended to form the terms
of a decreasing geometric series, SpiLLMay {1923) derived
what has been called the SpiLiMar equation and used widely
by cconomists. This equation may be written as:

(10) y=A - MR*

where A is the theoretical maximum yield attainable by adding
unlimited quantities of the fertilizer, 2, M is the maximum yield

[23] VI, 1 - Pgsek - p. 6
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increase attainable and R is the ratio of the incremental yield
increase resulting from each successive increment of x to the
yield increase which results from the previous equal increment
of x, The SPILLMAN equation can be shown fo be mathema-
tically equivalent to the MITSCHERLICH equation and has the
same limitations.

A number of investigators proposed various forms of the
hyberbola as a response equation. Among these were BAULE
(xg18), Bricas (1g25), BALMUKRAND (1028), Boresch (1928),
RAUTERBERG {1934), and Bonnorrr and THILAU as quoted by
PressiNG (1943). The derivation of these equations and others
is summarized by the author in the National Academy of
Sciences National Research Council (1961) and by Hrapy and
DiLron (1661).

Nrgras and MILLER {1g2%) admitted that they were not
the first to use the parabola to describe yield responses;
however, they apparently were the first to set down the condi-
tions necessary to derive the second degree polynomial form
(parabola or quadratic equation). They visualized that an
optimal supply, A, of a growth factor exists which gives a
maximum yield, H. The differential of the incremental re-
sponse, dy/4x, they postulated is proportional to the difference
between the amount of fertilizer, x, applied and h. If ¢ is the
proportionality factor than the differential equation may be
written as:

(x1) dy/dx=c (h~x).

Foliowing integration and simplication, the yield equation
becormnes:

(1'2) Ay = be + bix + bux' .

When the sign of the coefficient by is negative the equation
specifies diminishing returns, i.e., the graph is concave fo

[23] VI, © - Pesek - p. 7
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the xz-axis. It permits positive and negative responses to added
increments of x.

Various exponential functions of differing degrees of com-
plexity have been proposed as yield equations for crops respond-
ing to fertilizers. These, too, are presented by the National
Academy of Sciences National Rescarch Council (1g61). The
most common of these exponential or power functions is the
Cope-DouGLas function and is usually written as:

(13) y = ax®

where a and & are constants and x again is the variable fertilizer
quantity used. The most serious limitation of this function is
that it does not provide for a maximam vield and hence cannot
describe, adequately, the compilete range of responses observed.
It is not even asymptotic te a maximum,

Response equations for fwo or more nutvients

Single nutrient equations are satisfactory for certain pur-
poses but they have only limited application for expressing
yield responses to fertilizer under most field conditions. The
most important reason is that most soils are simultancously
deficient in more than one nutrient clement for most satisfactory
crop production. A second reason is that the establishment of
a single nutrient response curve in the presence of added ade-
quate quantities of other elements attributes nof only the direct
effect of that element upon yicld, bat alse attributes to it any
favorable or unfavorable effects due o interaction with other
clements. Hence, an optimum rate determined on the basis
of a single nutrient response curve either over-estimates or
under-estimates the optimum if other elements are added at
adequate rates and interactions are present. This is a very
common situation. A fairly complete treatment of multivariate

[23] VI, v - Pesehk - p. 8
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equations has already been presented by the author in the
National Academy of Sciences National Research Council (1661)
and by Heapy and Dirron (1g61). Some of these will be
presented briefly here,

After establishing his concept of “effect quantity”, BaULE
(1918) was apparently the first to expand the MITSCHERLICH
equation to apply to more than one variable. He wrote it as:

(14) y =T (I _ 8—0.7.\’,1’)‘:1 (I . e---(!.’.".\"z.fhz) {I . e-—O.T.\"n/h"

In this equation, E is the maximum attainable yield when all
factors, x7, arc in adequate gquantities and #: are the effect
quantities of the respective growth factors. The nature of &
has been described previously. When soil is the medium of
growth, there are certain quantities of the growth factors, i,
already present. To accommodate the soil contribution, equa-
tion 14 may be modificd by substituting x; + b; in the numerators
of the exponents of ¢ replacing «":. {e is the base of the Napie-
rian logarithms).

SPILLMAN {1633), following BAULE’S procedure, expanded
his equation as follows:

(15) y=A (1-R" (1~ RPY) (- I{K’-i—c)“‘

In this case, R has the same meaning as previously, a, &, and
¢ are units of fertilizer like N, P, and K applied and #, p, and
% are the amounts of @, b, and ¢ available in the soil and in the
same units, The most difficult problem in applying the Mir-
SCHERLICH-SPILLMAN type of equation is the problem of deter-
mining effect quantities in the soil because chemical and biolo-
gical tests do not yield answers which arc in “effect equivalents”
to the units supplied in fertilizers.

[23] VI, £ - Peseh - p. g
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The Cosp-DoucLas power function is easily expanded
by writing

(16) y=ax o o xt

It is fitted by the method of least squares by rewriting it in
logarithmic form. Aside from the other problems with the
power function mentioned previously, this multivariate form
presents the same difficuities related to soil supplies of nu-
trient elements encountered with the MITSCHERLICH-SPILLMAN
equation.

Barmukanp (1928) expanded the resistance formula pro-
posed by Brices (rgzs5) to more than one factor. The basic
hypothesis is that the reciprocal of the yield, 1/y, is the sum
of a constant and several effect functions of the various nu-
trients. His final equation was written as:

(17) I/y=Ctan n+N)"+a (p+P) +a (R+K) ...,

where C Is a general constant, a., 4p, etc. are constants for the
several types of fertilizers, N, P, etc. are the quantities of
nufrients added in the fertilizer and #, #. etc. are effect quan-
tities of these nutrients initially present in the soil.

‘The modified hyperbola equation was also expanded by
Bavre (1918) by writing it as:

A

) y= A
I+3 [a@]/x) + {aa/x2) + (as/x3) +...]

‘The second degree polynomial is simply expanded by ad-
ding terms representing the additional variates and their interac-
tions to give:

v ==Dy4 bz + buxd + Daxs + bux® + bz + baxa + ...

(Ig} NR4aH2
+ 6™+ b+ L bapXaky

where bo is the intercept, 1, x2, ... %, are the nutrient variates
or production factors, /s are the linear coefficients, b.’'s are

[23} VI, 1 - Pesek - p. 1o
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the quadratic coefficients, by’s the interaction coefficients, and
P is equal to #-1. The effect quantitics of nutrients present
in the soil and other soil or environmental growth factors inter-
acting with fertilizers are simply added as additional x variates
with corresponding effect coefficients.

The second degree polynomial may be written substituting
x* for x and simplifying (Hrapy et al., 1955). This has been
referred to as the square-root transformation of the quadratic
equation. The basic polynomial equation also can be expanded
to include higher powers of xi, e.g., x/ (STRITZEL, 1958), and
more complex interaction terms, e.g., bmxixa’. Another varia-
tion is to write ¥ in place of x* (DoLL et al., 1958). These
equations like the others can be fitted simply by least squares
fitting procedures for multiple curvilinear regressions.

Some properties of mullivariate response equations

Hrapy and Ditron (1g61) have described the properties
of the response surfaces generated by the most frequently used
response equations with two variates. These are the Cops-
DouGLas cquation, the MITSCHERLICH-SPILLMAN equation, the
resistance equation proposed by BaLMuxanp, and the quadratic
and square root transformation of the quadratic equations.

Experience, experiments, and intuition suggest that re-
sponses of crops to fertilizers should be characterized by dimi-
nishing returns over at least part of the range of responses, they
should exhibit a maximum yield and the yield should decline
after the maximum is reached and that the maximum should be
achieved at a unique combination of two or more variates used
in multivariate experiments. Regression equations which do
not provide for these possibilities would not be appropriate to
describe the full range of crop responses to fertilizers, although
they may be appropriate for other growth responses such as
growing or lactating animals.

According to Heany and DirroN {1961) and as described
previously, given the right data, all of these equations provide
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for the possibility of diminishing returns. However, only the
quadratic equation and the square root transformation of the
quadratic equation provide for positive and negative responses
to additional increments in the same function. Likewise, only
these two forms of equations, the two polynomials, provide for
a unigue combination of two factors to produce a maximum
vield or yield response: the other equations provide for re-
sponse surfaces which either are asymptotic to a plane as in the
case of the MIrscuErLICH-SPILLMAN equation or which con-
tinue to rise as in the case of the other two.

By elimination, we arrive at having to make a choice
between the quadratic equation or the square root transforma-
tion of the quadratic equation, {Other transformations of the
quadratic equation containing terms with fractional powers
have similar properties). One obvious advantage of a simple
seccond order equation is that it is very easy {o manipulate
algebraically while the differentiation and solution of equations
with terms raised to fractional powers involves more computa-
tions.  There are, however, other reasons why this author
prefers the simple second order pelynomial equation for study-
ing and specifying economic fertilizer use levels.

It is necessary to consider the properties of the response
surface generated by the two types of regressions to present the
argument for favoring one over the other. An illustration of a
general response surface showing vyield as a function of two
variates is presented in Figure 2. When fitted to data over a
wide range of treatiments, both the quadratic and the square
root transformation of the quadratic equation provide for a
maximum point on the surface; i.e., there can be a real simul-
taneous sclution to

(20a) dvidz = o
and
{z20b) dyldx = 0.

{23) VI, 1 - Pesek - p 12
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Note that on a response surface of this type, any given
vaine of y may be achieved with many combinations of the
two independent variates as along the dotted line ab. Dif-
ferent values of ¥ are contours on the surface which are at the
same distance above the base plane. When these contours are
projected vertically downward to the base plane and graphed,
they become a series of more or less parallel curved lines as
in figures 3 and 4. These curves, representing cqual quantities
of yield, are called isoguants. The isoquant for the maximum
yield reduces to a single point with the unique combination

QUANTITIES OF Y

0 r4l Zz

QUANTITY OF Z

P, 2 — A vield surface generated by a yield equation in two independent
variables, X and 7. (After Hrapy and Ditroxn, 1967 used by permission
from Agricultwral Production Functions by Iart Hrspy and Joux Dmroxw,
{©) 1566 by the Iowa State University Press, Anmes, Towa.)
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QUANTITY OF X,
Fiz. 3 — Isoquants and isoclines for a quadratic yield equation. {After

Heany and Drimexs, 1961 used by permission from dgricultuval Production
Functions by Eawi Hiapy and Joms Divox, € 1966 by The Towa State
University Press, Ames, lowa.)

of the two variates given by values of the coordinates of
this point (the solutions to equations zoa and z2ob). Observe
also that at yield levels below the maximum, numerous com-
binations of the two variates are predicted to produce the
same vield.

Starting with a simple quadratic equation in x and x
such as:

{21) v = bo+ b1+ buxr® -+ baxz + b + braxixe

the isoquant can be calculated by transposing y and solving
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for either x or x; by the guadratic formula. The isoquant
equation then becomes:

(22)

= - (b; + b]zxz)jjl;_[(b] + blzxz)z - 4.1)11(1)2272 + byt + o — j))] z
h 2bn |

By selecting different values for x, holding y constant, the
values for x may be calculated and the isoquant graphed. A
new value for v and a set of values of x: will lead fo calcula-
tions of another isoquant. Computer programs arc available
for plotting these isoquants.

A simple equation in x; and x; in the square root transfor-

mation is;
(23) = bo+ bixik + by + baxat + Daoer + buoxadxat
The isoquant equation is calculated similarly and is as follows:

(24)
Xy = - (b + @E_xzﬂjﬂ{(b' + DotV 40 {baxat + b 22+ bo - j")}ig
2by, '

This equation is always a little more combersome to use than
equation 22. The coefficients by and b» have negative signs
when these equations are fitted to data exhibiting diminishing
returns. The isoquants in figures 3 and 4 are characteristic of
the general nature of isoquants for equations 21 and 23, respec-
tively.

Observe that for the appropriate values of 4y, that is, values
of y below the maximum, cquations 22 and 24 provide for
closed curves elliptical in nature. Fach curve will therefore be
vertical at two points, one nearer the vertical axis and to the
left of the maximum point and one to the right of the maximum
point. Likewise, cach curve will be horizontal at two points,
one nearer the horizontal axis and below the maximum point
and one above the maximum. The parts of the isoquants

[23] VI, ¥ -~ Pesek - p. 15
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graphed are those falling between the vertical point to the left
of the maximum and the horizontal point below the maximum.
These segments of the curves are said to fall within the “ra-
tional” range of choices of fertilizer combinations. The reason
is that any given level of y between these two points on the
isoquant can be secured with a lower quantity of one or both
variables than at points along the same isoquant curve outside
of this rational range.

The lines in each figure connecting the points on the iso-
quants where the isoquants are vertical and where the isoquants
are horizontal are called »dge-lines. These ridge-lincs intersect
at the maximum point and, with the two axes, form the houn-
daries for the rational choices of combinations of the two
variates in producing given levels of y.

It is necessary to consider one more concept. This is the
concept of economic substitution of one of the variates for the
other and sclecting the combination which produces a given
level of y for the lowest cost. If variate x; were “free” then one
would produce a given level of y with the greatest amount of x,
and the least amount of x: possible. Hence, one would select
combinations of x; and x: producing the quantity of y along
the upper ridge-line. On the contrary, if x; were free then one
would select combinations of x; and x: which produce a given
quantity of y with selections along the right ridge-line.

But boeth resources usually have some actual costs to the
producer and the problem becomes one of selecting some com-
bination which lies between the two ridge-lines. The least
cost combination to produce a given quantity of vy is that
combination at which the following is realized:

(25a) A3 (Cy) = Az (Cy)
(251)) ’—\X1/-’-\x2 B C-"Z/C"'l
(ZSC) dx /dxz = C.\'z/cxi .
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Here C is the cost per nnit of each vartable and the derivation
for the equality in equation 25c is the same as for equation 5
presented earlier,

On each isoguant, there will therefore be the solution
which satisfies equation z5¢ and, if one wishes to produce at
a higher level of v, he would produce at a poeint on the higher
isoquant which also satisfies this condition. If we calculate
the points on a series of isoquants which wili satisfy the same
cost ratio and connect them, we produce a line which is called
an socline. This Iine connects points on successive isoquants
having the same slope or inclination, hence, the name. The
significance of the isocline is that it specifies the combination
of the two variates which produce a given level of 4 at least
cost. These isoclines all pass threugh the maximum point and
only those falling within the rational range are of interest. Tf
the cost ratio Is writlen simply as ¢/, equations 26 and 27
specily the isoclines for equations 21 and 23, respectively. A
different isocline is specified for each value of ¢

(26) dxi o bt 202X beXe
dxs by 20nX; 4 5120 ’

bar 4 0,502 5 4+ 0.5buxiing % o

(27) by + 0.5251371""%“ + O.Sb]zxz"’%xl‘& =

Observe that equation 26 provides for the linear isoclines
which are shown in Figure 3. One of these isoclines will pass
through origin and only if the least cost combination of x
and x; for production of y lies along this isocline should higher
quantities of v be produced by simply increasing the amount
of a fixed mixture of fertiizer. In all other cases, the least
cost combinations of x and x; for production of increasing
gquantities will require changing proportions of the two variates

[23} Vi, 1 - Pesek - p. 17
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gradually approaching the unique combination producing the
maximum yield. The square root transformation of the qua-
dratic equation also provides for changing the mixture of the
two variates as higher yields are sought. The least cost com-
binations also converge to the single ratic producing the
maximum yield. This is shown in Figure 4.

The big difference between these two equations is that
the square root tramsfermation predicts a narrowing of the
ratio ranges of the two variates at low yield levels as well as
at high yield levels, while the range of ratios permitted by

QUANTITY OF X,

QUANTITY OF X,

Fra, 4 — Isoquants and isoclines for a square roof transformation of the
quadratic equation. (After Hrapy and Ditnox, 1963; used by permission
from Agricullurel Producliop Functions by Earn Hrany and Joms DiLicx,
@ 1966 by The Towa State University Press, Ames, Iowa.)
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the quadratic equation is widest at low yield levels. It permits
the production of certain low levels of y with only one variate
or the other variate. (In practice, even with one but not the
other, Brown et al., 1956.) Experience indicates that, except
under unusual conditions, some vield increases can be achieved
by the application of only one of several limiting factors in
soil systems in the field,

It is because of the nature of the isocline map that this
author prefers the quadratic equation over the square root
transformation for crop yield functions involving fertilizers.
This is in spite of a significant disadvantage. This disad-
vantage is that, intuitively, the radius of curvature of a response
surface should be shortest at low rates of fertilizer inputs
becoming longer as fertilizer inputs are increased and hecoming
longest at the point of maximum yield. The MITSCHERLICH,
SPILLMAN, resistance, and the square root transformation all
have this property. The quadratic equation does not, having
the shortest radius of curvature at the maximum point.

Figure 3 shows the isocline and isoquant map in the
presence of a positive interaction. Note that the ridge-lines
intersect each other at an acute angle. In the absence of an
interaction term, the ridge-lines intersect each other at right
angles and when a negative interaction is present, the ridge-
lines intersect at an obtuse angle. Interactions between va-
riates applied and with uncontrolled climatic and edaphic
variates are a key to gencralizing yield equations to make
recommendations for economic fertilizer uvse.

GENERALIZED YIELD EgUATION
The equations given and illustrated in previous sections
pertain to responses to fertilizer under a given circumstanc

— that of a particular experiment in which these yields were

[23] VI, 1 - Pesek - p. 10
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measured. Therefore, many potential variables are held con-
stant. If responses to fertilizers always were the same under
various soil and climatic conditions, then a few carefully
conducted experiments could serve as the foundation for
making all fertilizer recommendations. This, of course, is not
he case and one must utilize the resuits of experiments under
many different conditions to sample the relevant range of con-
ditions.  The problem then becomes one of combining the
experiments into a unified system for use in making fertilizer
recommendations.  In order to fit a quadratic eguation in
two variates, it is necessary to have an experiment given these
two variates with af least three levels of each and in combina-
tion with each other if interaction is o be inciuded. Suppose
there were n levels of two variaies in all combinations and
replicated & times. In this case an analysis of variance would
be as in Table 1. Note that there are a number of interaction
degrees of freedom for interactions and main ellects higher
than the second degree. The mean square associated with
these interactions and higher order main cffects is a measure
of the [ailure of the guadratic equation to fit the experimen-
tal data.

The main advantage of adding a replication is to provide
for an estimale of experimental error. I cne is willing to
accept deviations from regression as a mesure of experimental
error, one need not have replications in experiments for the
purpose of fitting yield equations if provision is made for an
adequate number of “lack of fit” degrees of frecdom. Because
three points can be fitted exactly with a curved iine without
deviations from regression, the minimuwm number of levels
for fitting quadratic equations is four. If at least two levels
of each are also applied in all combinations with the other,
there will be three interactions of higher order than the
second degree.

If the experiment is repeated at s sites, then the analysis

L2317 VI, 1 - Pesek - p. 20
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TABLE 1 - dn analysis of variance of a factorial experiment in
two wvariables, A and B, cach at n levels and replicated
k times.

Source of variation Degrees of [reedom
Total Y
Replications (R) : R 1
Treatments (1) w1
Main effect of A - 1
Linear (Ay) 1
Quadratic (Aq) 1
Higher order effects Ho 3
Main effect of B e T
Linear (B)) T
Quadratic (B,) I
Higher order effects m-3
Interaction A x B (- 1y
Linear x linear (A13:) I
Higher order interactions (m-1)-1
Error (R xT) (-1) (v~ 1)
[Deviation from second order regression (#* - 1) - 5]
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of variance is as shown in Table 2. The degrees of freedom
for sites are the bases for the values of be in equation 21 being
different at different sites. The treatment by sites (T xS
interaction represents the failure of treatments to give the
same response at all sites.

It is evident that the total yield, v, over all sites is made
up of at least three components: (a) the treatment effect, T,
including interactions, within sites, (b) the site effect S, and
(c) the interaction of the site factors by the applied treatments.
This can be written:

(28) y = XT+%S+2ST.

All degrees of freedom for the S terms must come from the
“among sites” source of variation. All the T terms degrees
of freedom have to come from “within site” sources of varia-
tion and the ST degrees of freedom come from the large number
of degrees of freedom representend by “treatment by site”.

Combining a series of experiments

The stage of agronomic science is such that the major
factors affecting yields are known and some of the interactions
understood.  JEnson and PesEX (1959) have discussed many
of the basic considerations needed to generalize response equa-
tions to relate response of crops to fertilizers to the initial
soil factors and to environment. We are interested in generat-
ing a yield equation which could be used to predict fertilizer
needs as opposed to determining the presence or absence of
response which should already he known., Voss (1g62), Voss
and Pesex (rgbz), SHaH (1963) and PUENTE (1969) have
shown how this might be done,

[237 VI, 1 - Pesck - p. 22



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS ETC. » 903

TABLE 2 — An analysis of variance of a factorial experiment
in two variables, A and B, each at n levels, replicated k

times and conducted at s sifes.

Source of variation

Iegrees of {reedom

Total
Sites {S)
Replications (R} within 5
Rx5
Treatment (T)
Main effect of A

Linear (A)

Quadratic (A,)

Higher order effects of A
Main effect of B

Linear (B)

Quadratic (B,)

Higher order effects of B
Interaction AxB

Linear x linear (A:l3))

Higher order interactions

TxS
T x R within sites
TxRxS

sk - 1
$~1T
k-x

(S-1)(k-1)

TR |
#-1
I
I
L
ST
1
I
(m~ 1)

I

(n-1)-1
(#2-1) {s 1)
(w - 1) (e~ 1) ‘
(n?)— (k-1) (s-1)
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Suppose we are interested in the joint effect of nitrogen
{N) and phosphorus (P?) fertilizers on the yield of wheat. We
already know that wheat responds to both on many soils but
not on others. It is also known that the yield level and the
presence or absence of response may depend upon soil nitrogen
supply, n; soil phosphorus supply, p; soil pH, a; subsoil
phosphorus supply, ¢; initial soil moisture, w; precipitation
after sceding, #; and mean seasonal temperature, #. The yield
of the untreated control plots, Yo, at many locations could
then be given by

(29)
Yo == fim, n®, p, p*, a, g, w, @', v, 7, 4, &, np, ap, pg, mw, nt,

wh, vk, ).

Of a large number of factor cffects possible, we have written
only 19, Some of these may be proven to be of little or no use
in predicting wheat yields and others may be known or discov-
ered later. One of the lalter, for example, might be an index
for a variety and another might be the seeding rate.  Observa-
tions of the untreated yields at a minimum of 20 sites would
be necessary to fit an equation to this functional relationship
withont provision for deviations from regression.  An addi-
tional 10 to 15 sites would have to be sampled to provide
for an estimate of error (deviations from regression) for the
coeflicients of a regression equation with these terms in it.

The response, AY,, of wheat {o nitrogen and phosphorus
at a given site may be shown to be given by

(30)  AY. = (N, N3, P, P, NP, NP, NI, ...).

But total yield at a site, Y,, will depend upon Y, and ulti-
mately upon the effect of the factors which determine Y. upon
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the coefficients of the variables in equation 30 when written
as terms in a regression equation.

We have considered the terms in equation 2g as though
alt of these terms are characteristic site effects. As a matter of
fact, many of these terms may be determined for cach piot
and probably should be. These include such terms as », 2,
and a. If this is done, these become plot characteristics just
as the rates of fertilizer applied to each plot except that they
are uncontrolled. This has the practical effect of increasing,
vastly, the number of observations on the soil variables and
transferring the measurement of their effect from the among
site variation to the within site variation. This should also
have the desirable effect of providing better estimates of the
interaction of soil and fertilizer treatment because both are
measured on each plot. It is probably not feasible to measure
the rest of the variates in equation 29 on cach plot and, there-
fore, a value for cach site or replication would be- necessary -

It is evident that with a complete soil test for cach plot,
the number of variables in a within site vield equation would
he increased considerably because it would include not only
the fertilizer treatments and the initial soil analyses but the
interactions of these two classes of effects. The within site
yield equation would then hecome:

{31)
Y. = f (N, N}, P, P2, NP, NP}, N°P; n, p, a, #, D%, up, pa;
aN3aNZ, uNP, pP, pP2% npP, al, al”’, aNP, ). .

A regression of this size would require 30 to 4o field plots
per site to provide for a number of degrees of freedom for
deviations from regression within each site.

If the treatment or inpuf on each plot is considered to
be made up of both fertilizer applied and the seil analysis
values, there can no longer be replication in the true sense
of the word. Hence, it secems that there is little advantage
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or disadvantage to replicating or not replicating a set of
fertilizer treatment combinations at each site. If many more
than three variates are studied simultaneously, even a simple
replication contains an unwieldy number of plots. Consider
only a 4* factorial with 256 plots. The important thing is that
there be the required number of plots (exceeding the number
of expected variables in equation 31) at each site and that
there are a minimum of four levels of each fertilizer applied.
A number of the author’s students have used a 24 plot design
replicated twice in studies involving N, P and K fertilization
of maize and forage grasses. The design is a modified central
composite design of the 2 (29)+2z4 1 type providing five
levels of each element where z is the number of variables
(Box and WiLson, 1951; Box, 1954; Box and HUNTER,
1954, 1957). The levels are equally spaced and one plot in
the design is untreated. The 24th plot is a second untreated
control in each replication which is added for convenience in
field layout (DESSELLE, 196%).

Having a replicated design permits an examination of the
error mean square, that is, the replications by treatments
interaction within each site, When this is compared with the
mean square for deviations from regression, one can judge how
adequately the chosen regression fits the data. If the mean
square for deviations from regression is significant, the investi-
gator should examine the soils and other factors of the environ-
ment in the experiment for a possible significant factor not
being considered. In the few cascs where the mean square for
deviations from regression has been examined in relation to the
replications by treatment error term, it has been found not to
be significantly different (PESEX, 1956). This gives some con-
fidence in the use of the quadratic equation for fitting the data.

The central composite or the modification of this design
is favored by the author for experiments to be used in quadratic
regression analyses because the estimates of the coefficients of
the terms representing fertilizer inputs are estimated with more
nearly the same degree of variance than is done using factorial
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experiments.  Data secured from full factorial experiments
estimate the second order and interaction terms with far more
precision than the others. The author feels it is more desirable
to increase the number of observations in such a way that all
coefficients are estimated with about the same degree of confi-
dence rather than estimating some coefficients so much more
precisely than others.

Every investigator who has fitted multiple regression equa-
tions to experimental data has been faced with the decision of
what to do with coefficients which are not significant at some
level of probability. Lamp and Capy (1969) are among the
recent ones (o have published on this question. This author
takes a rather liberal position on keeping variables. In view
of the fact that a variable must be logical even to be considered,
there must be a good reason for deleting it if it does not explain
a significant part of the variation. Therefore, the author is
inclined always to keep variables which are significant at the
70% level. Under some conditions, any probahility level of
50% would be acceptable for the term of highest order for a
particular variate. For example, the second order is the highest
order for the simple curvilinear effect of a particular variate.

Lower order terms for variates with significant higher
order termms must remain in the equation. If the coefficient
of the second order term of a wvariate is significant, then, the
first order term must be retained even though the chances
are slight that it is different from o. For the same reason,
simpler terms of variates occurring in significant interactions
must also be retained because the significance of the interac-
tion itself establishes the existence of an effect of all variates
involved in the interaction,

Change of variate inlensily with time

Upon incorpation of soluble phosphorus fertilizer in soll,
a number of chemical, physical and biological changes take
place almost immediately. Tven before the crop absorbs the
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phosphorus  from the fertilizer, the biclogical availability
has changed. Therefore, the rate of fertilizer applied is no
more than an index of the available quantity from that source.
This change in availability will be different for different soils
and this is one reason why we have significant interactions
of soil properties with the effectiveness of a unit of phosphorus
fertilizer, In the case of nitrogen fertilizer, there arc certain
biological changes which might take place to influence signi-
ficantly the amount available, although the effects are not
the same as with phosphorus.  Because a large proportion of
the nitrogen applied in fertilizer may be recovered by the
plant, there is clearly a lesser quantily available, due to crop
removal, by the middle of the season than there was at the
beginning.  Again, the rate applied is simply an index. TUR-
RENT (1908} has dealt in depth with some of these concepts.

A different but related factor is related to the develop-
ment of the crop. Initially, the root zone embraces the surface
horizon of the seil in which the fertilizer is placed and the total
amount applied is soon within reach of most of the root system.
As the root system exploits the moisture in the subsoil under
natural rainfall conditions, a significant part of the active root
system is no fonger in a position to exploit the fertilized zone.
If the surface horizon dries below the wilting point, the fertilizer
may have very litlle or no real availability to the crop. Havway
etal. (1962) and other investigators have considered this problem
and have arrived at the simple approach suggested in equa-
tion 2g.  Even though Turreny included the wvertical distri-
butional factor, he was not able o test his propesals ade-
quately because of the lack of satisfactory data. In reality,
the situation must be more complex than suggested in cqua-
tion 29, but we have not tested more sophisticated procedures.

Another major factor in crop production which is certain
ol change during the growing season in the field is the clima-
tological factor or factors. These changes are unpredictable,
on a seasonal basis, although the general behavior of climate
is known. Again, cquation 2g suggests a very simple curvi-
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linear effect of the two major components of climate, rainfall
and temperature. While adequate for purposes of ilustration,
the real effects must be mwuch more complex ~we actually
lnow they are.

Recognizing that a given level of moisture availability
might have different effects depending upon the stage of
growth, climatologists and soil physicists have developed a
concept of a siress day or a non-stress day. In general terms,
a stress day is a day when the conditions of atmospheric
demand for moisture, water availability in the soil, and stage
of crop development are such that adequate moisture for
meeling evapotranspirations demands cannot be extracted from
the soil by the crop and the plants begin to wilt. Several
variables go into the determination of a stress day and stress
days do describe the reaction of plants to climate quite well
(DrnMEAD and SHaw, 1662).

Because one day of stress might have a different effect
depending upon ils time of occurrence relative to the crop,
all stress days would net have the same coefficient. To ac-
commodate this, various invesligators have divided the grow-
ing period of a crop into two or more periods and the regres-
sions are developed with numbers of stress days duering spe-
cified periods. Tor example, the detrimental effect of a
stress day during the time of blooming of maize is many
times greater than that of a stress day soon after emergence
(Dare, 1664; PUENTE, 1060).

Ifisner  (1924) recognized the distributional pature of
precipitation and temperature and developed his concept of
the regression integral to deal with this problem. This con-
cept has not been used as much in the past as it shouid have
becanse of major computational difficulties of fitting equa-
tions of fourth and fifth order to climatological data and the
general lack of appreciation of agronomists of handling these
and other distributional properties in this way in relation
to crop yields.

One might visualize that the cifect of some weather fac-
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tors such as temperature, ¢, might be the accumulation of the
effects of different levels of ¢ mpultiplied by an effect coef-
ficient, &. This equation may be written as

(32) Y = Do+ bty +bada+ ...+ biti .

If there were 100 days in the growing season, then, there
would be 100 of these terms meaning that there would have
to be over 1oc experiments measuring the effect of ¢ for an
equation of this size to be used.

In reality, I'rsHER visualized that the effect coefficient
for successive days, like 1, 2, and 3, would vary very little
from each other and likewise that the effect cocfficient for
days 8o, 81, and 83 also would vary very little but that there
might be a major-difference between the mean-effect coefficient
for the first set of days as compared to the second. Agrono-
mists have recognized this hy dividing the growing season into
two or more paris,

Fi$fikr further reasoned that the effect coefficient would
vary very little from one day to the next; however, he visua-
lized that this effect coefficient would vary rather uniformly and
smoothly throughout the whole growing season. He reasoned
that if one expressed the climatological factor, £, as an ortho-
gonal function of time, T, the coefficients of T could be used
as independent variables in the multiple regression relating
yield to £, In other words, he visualized writing:

{33) t = gt al +a T+ e T+ a1
We can then rewrite equation 32 as:
(34) Y = boge+ bia + bado + L+ Dt

In using this procedure, some students working with the
author found that orthogonal equations in T of the fifth order
gave very adequate descriptions of the seasonal variation in ¢
expressed in terms of the mean daily temperature. Because of
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the discontinuity of precipitation periods, this did not work as
well so the procedure was modified to express accumulated pre-
cipitation as a function of time. This stili was not completely
satisfactory so SHAH (1g65), TURRENT (1968), and PURNIT
(196g) expressed the absolute amount of available soil mois-
ture in the root zone in the growing period as a function of
time and related yield and responses to fertilizer fo orthogonal
coefficients for available soil moisture expressed as the fifth
order function of time.

To date, the author is not aware of any study which
made an exhaustive evaluation of the relative effectiveness
of the two general procedures for handling climatic factors.
Besides the possibility of using the regression integral to help
study climatological effects on crop growth, the regression
integral presents some intriguing possibilities for studying the
offect of any factor known to vary in time or in space; for
example, the subsoil distribution of nutrients,

Qur interest in the. effect of climate and its variation
upon response to fertilizers stems from the fact that decisions
with regard to fertilizer use must be made with the Dbest
information available. Because climatological factors mar-
kedly influence the response to fertilizers, optimum rates are
affected. A pgiven experiment or set of experiments has the
limitation that the data represents certain fixed points with
regard to the infensity of climatological factors as well as
soil factors previously discussed. Unfortunately, we cannot
evaluate the climatological factors ahead of time as we can
test soil. The variation in climate from year fo year, there-
fore, becomes a critical factor in giving advice on {ferti-
lizer wnse.

SELECTING THE FERTILIZER RATE ACTUALLY USED

The use of fertilizers in crop production is an economic
activity which depends upon the knowledge of a biological
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response.  Because of this, no choice of fertilizer rale is a
priori the correct rate or the incorrect rate provided the amount
is within the rational economic limils for the specified crop,
soil, climate and price conditions prevailing.  The following
twoe sections deal with the establishment of these limits,

The upper limit of ferlilizer wuse

The optimum fertilizer rate, by definition, specifies that
the last small inerement applied gives a return just large
enough to pay for the cost of that increment - it returns no
profit. In reality, thus high a rate should never be used because
the individual would be no worse off than if he simply did
not invest this last increment of resource at all.  In fact, by
not investing it, he would avoid the uncertainty of losing
the investment enfirely to some unexpected natural event. A
second, and more important reason for not using the optimum
rate as delined, is that, in reality, most decision-makers have
alternative opportunities to invest and secure some specified
return on the types of resources needed for applying fertilizer.
For example, the resources may be invested in animal feed
with some given rate of return expected. They might also be
invested in crop protection activities or even in the fertiliza-
tion of another crop. A sum might also be invested in
various securities which are expected fo yield a given relative
revenie,

Under conditions where there are adequate resources to
purchase all the fertilizer needed and there is an alternative
investment opportunity for money, the rate of fertilizer ap-
plied would be that rate for which the marginal unit applied
gives a refurn equal to the return on the investment if it
were invested in the best alternative. Assume that the best
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alternative would yield 10% on the investment, the optimum
fertilizer rate would be given by rewriting equation 5 as:

(35) dy/dx=1.1 C;/C, .

To use more than this amount of fertilizer would lcad to a
reduction in the revenue to the individeal or organization
producing the crop.

Frequently, the resources for buying fertilizer are limited
to such an exfent that not all fields of crops can be fertilized
even up to the level provided for in equation 35. The prob-
lem then becomes one of how to allccate the investment in
fertilizer among various crops and fields fo maximize the
net return. This goal is achieved when the marginal returns
from fertilizer use to all crops or all fields are the same. If
the fertilizer response equation for three fields or three crops
are given as f {y1), f (y2) and f (ys) and the costs of fertilizer
and crops are appropriately designated, the maximum revenue
witl occur when the following holds:

(36) dyy o= dyafdia= dys  ds

and the total of x:, x» and x; multiplied by the prices does
not exceed the limited rescurces. These equal marginal re-
turns must, of course, be greater than the returns in alter-
native investments.

Another reason why a decision-maker might not wuse
the optimum rate of fertilizer or even some high rational rate,
is that he might discount future returns because of uncertainty
to a greater degree than the return on a “safe” investment.
This discounting characteristic varies among individuals for
many reasons, but enters into decision-making whether or not
it is recognized by the individual.

Usually discounting is expressed as a percentage just
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as in the case of interest. Some discounting is made on an
economic basis such as the yield of revenue from alternative
investments presented in equation 35. Therefore, part of any
discounting has a firm basis, but the rest is an individuval
reaction to uncertainty. Suppose that the total discounting
rate (including return on alternative investments) for an indi-
vidual is 20%. Under these conditions, the rate of fertilizer
which this individual should use would be given by

(37) d5/d\ = 1.2 C.\-/'Cy .

PrsEx et al. (1g60) have presented examples of how discount-
ing affects fertilizer use in the presence and absence of resi-
dual fertilizer effects and given one or more cropping seasons.
If compounding of returns is considered, and the period of
investment in crop growth cxceeds the length of one com-
pounding period, then the standard compounding formula
must be used to determine the coefficient of the inverse price
ratio in equations 35 and 37.

Long-term investments in soil fertility practices, such as
liming acid soils, must be considered in light of a rcal or an
individual discounting rate. Such practices as drainage and
terracing must also be amortized over a peried of time and
discounting considerations help determine the maximum in-
tensity of these practices to be followed.

Lower Fmit of fertilizer use

Given the diminishing returns response curve, the initial
increment of fertilizer applied produces the greatest return.
The maximum return per unit of fertilizer also is at this level
and, if resources for fertilizer use are extremely lmited and
there is no fixed cost of fertilizer application, the smaliest
practical application of fertilizer would be the first one. (The
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optimum fertilizer rate and the rate for fertilizer discussed
previously, maximize the return on a unit area basis). The
mignimum rate of fertilizer is defined as the rate which gives
the greatest return per unit of fertilizer and application cost.
In reality, however, there is always a cost associated
with the application of fertilizer whether a small quantity is
applied or whether a large quantily is applied. This is called
the fixed cost of fertilizer application and is indicated as line
BD in Figure 1. TLocking at Figure 1, it is evident that at
least % amount of fertilizer must be applied before the fixed
cost and the cost of the iaitial increments are recovered.
The profit at x; is 0 and less than o at rates below that.
Figure 5 (Pesex and Hreapy, 1958) is a companion
figure to Figure 1 and is a graph of the ratio of the difference
between the response curve OCA and the fotal fertilizer cost
line BDC. Note that the relative return rises {o a maximum
and then declines reaching o again at the peint where a
variable fertilizer cost line crosses the response curve.

» @
O O

PERCENT
PROFIT

P
@ b
o O ©

RATE OF FERTILIZER

¥Fra. 5 — Graphical derivation of the wmindnwm ferlilizer rate, x,, based
on Figare 1. The curve is the ratio of the difference between the response
curve and the fotal fertilizer cost hine 1o the latter. {After Prsik and
Heany, 1958)
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If the fertilizer response curve is written:
(38) Ay = by +bnx? .
and the variable fertilizer cost hne is:
(39) C = m+rx
where s is fixed cost of fertilizer application per unit arca
and # is the cost of the fertilizer in unils of response.
The quantity to maximize is the difference between these

two equations divided by the latter.  This maximum is
reached at the level of x given in the following equation (*):

V' — byt (mbn)” — mirbibn
rhn

(40) x =

The previous calculation is the minimum rate of fertilizer
used based on the assumption that a crop may be produced
profitably without any fertilizer. In many cases, some ferti-
lizer is required to produce a crop profitably. In this case,
the total yield curve and the total cost of production line
including the variable fertilizer cost must be considered and
the quantity to be maximized is the difference between the
yield curve

(41) v = bo+ bix + byx?

and the fotal cost line

(42} w = p+rx

where bg is the yield without fertilizer and $ is the sum of the

total cost of production and of fertilizer application per unit
arca.
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The quantity of fertilizer which should be the minimum
rate applied is given by the solution for x in the following
equation (1):

o 751311:3’::_“‘- {pbi} — #bu {pbi ~ rbo)
(43) x = o

The interpretation of the value for x in equation 40 is
that all similar units of area should receive this minimum
amount of fertilizer if there is enough fertilizer available. If
there is not encugh fertilizer to cover all units at this level,
fertilizer should be applied at this level as far as it will reach
and the other units should be left unfertilized. In the case
of equation 43, x is interpreted as the rate to apply to all
similar units, but if there is not enough to treat all units at
this level, these excess units should be left out of production.
Any other action leads to a reduction in revenue.

Game theory models for deciston-making

The two previous sections in this part dealt with the
establishment of a rational economic range within which the
choices of fertilizer rates must be made. This range is con-
ditioned by the expected {or average) response, the expected
price structure, availability of resources for fertilizer purchase
and alternative uses for capital which might be expended on
fertilizer. We considered the solutions as if the yield func-
tions were known and that they accurately predicted the
expected outcome; or that the average of all functions over
time is known and the producer will operate long enough to

() The auther acknowledges simplification of the originally published
equation by Prof. Malavolta, Piracicaba, Brasil,
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realize this average. Hence, we viewed matters in a 7isk
setting,

But we know that the actual functions are not the same
cach year, depending upon weather, pests, timeliness of ope-
rations, etc., none of which are fully known at the beginning
of production. Even though the results may be viewed from
the point of view of risk over a period of years, each year's
outcome is uncertain, Therefore, we must consider decision-
making under wumcertainty.  Decision-making under uncer-
tainty is quite different from decision-making under risk.
The behavior of an individual regarding wuncertainiy is pro-
bably affected by age, tenure, family situation, equily and
psychological fraits.

Warker et al. (rg6o, 1964) and CHrISTENSEN (1968)
applied game theory models to fertilizer and other crop pro-
ducing decisions.  There are at least four models which were
explored in these studies, LArLack, WaLp, Savace and
Hurwicz.

The Larrace model is a special case of a simple risk
model.  In it, it is assumed that each previously observed
outcome has an equal chance of ocemrring in the next season,
or that the average condition will occur.  The alternative
chosen is the one which is expected to give the highest return.
Because the “best” is always expected, the Larrace solution
s an optimistic one and provides no protection against the
occurrence of low returns because of the alternative chosen.

Just as the former model is optimistic, the WaLD model
leads to conservative action. Tt is set up as a game against
natore with stafes of nature and alternatives making up the
choice matrix. The decision-maker playing against nature
assumes that nature “tries to do its worst” and, therefore,
always selects an alternative which maximizes returns under
the worst which nature presents. The fallacy is that nature,
unlike a living opponent, does not take conscious action,

A SAVAGE minimum regret model is less conservative
than the WarLp. Its operation starts with the Wawp “states -
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alternatives” choice matrix and a new regret matrix s gene-
rated by subtracting the highest outcome alternative within
each “state” from each other alternative. This new matrix
is one of ex post opportunity losses. The strategy is fo
minimize the opportunity loss for a given season or crop.

The HUrwicz criterion depends upon the assignment of
an optimism-pessimism index « to an operator. This index
lies between o, optimistic, and 1, pessimistic; under the Jatter,
the strategy in a given game is the same as the WaLp solu-
tion gives. If m is the minimum and M is the maximum
outcome under one alternative over all “states”, and 1 -4
is the individual’s belief that M will occur, then am + {1 - ajM
is the a index for that alternative, The alternative with the
highest a is the preferred one.

Ttven more favorable outcomes may be determined by
using more than one alternative, c.g., part of the crop may
be fertilized ai one level and another part at a higher or
lower level. Availability of rapid computational methods and
linear-programming procecdures makes the nse of game theory
possible in planning, especially at a regional or national level.
It is assumed here that regional or national geals in crop
production can accommodate individual preferences within
the total plan. On an individual choice-making level, game
theory can be used to help understand the behavior of pro-
ducers and thus point out new approaches and research nceded
as well as helping them make more consistent choices with a
fuller knowledge of why they make them as they do. ‘The
possibilities have hardly been touched.

SUMMARY
Developments in data reduction and analysis during the
last twenty-five years have made it feasible to apply muitiple

regression analysis procedures fo the results of multivariate
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experiments on a scale not previously possible. Not only can
more sets of observations be analyzed quickly, but the number
of variables possible in the regressions has expanded tremen-
dously. For the first time, then, it has been possible to
consider the analysis of mullivariate fertilizer experiments
including several rates of N, P and K and other fertilizer
nutrients, and the inferactions of these nutrients with each
other and with measured uncontrolled variables associated
with the sites or seasons of a series of experiments.

These multiple regression equations relating yield to the
various controlled and uncontrolled factors of production
were the key to the application of economic principles for
specifying the optimnm range of fertilizer applications given
the initial conditions determined by experience or prior mea-
surement. This range is bounded by the minimum rate of
fertilizer to apply, if any is used, and the opitmum rate and
represents the rational choices open to producers in all cate-
gories of capital, land and personal restrictions. The concepts
developed may be applied {o individual fields, firms, or
regions for the purpose of optimizing the investment in
fertilizer.

The second-degree polynomial has been employed as the
basic equation for representing the concepts and procedures
because it has linear parameters, is algebraically simple and
most statistical or biometric calculations arc easily applied.
Other equations, intuitively, would seem preferable but they
lack the simplicity of the polynomial which also may be ex-
panded in degree to approximate the results of the other equa-
tions as closely as one wishes.

Before the advent of rapid computation methods, the size
and complexity of experiments and their pooling was limited.
Now, the physical limitations of the sites, their number, and
experimental operations and measuzements pose the most se-
rious problems. The author favors some fractional factorial
experimental designs with intensive sampling of cach experi-
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mental unit for the generation of data to calculate the crop
vield equations. Specificatly the fractional factorial combina-
tions in a modified central composite design based on five or
more rates of cach element studied is proposed. These data
are to be collected at the maximum number of sites but with
a minimum of units at each,

The initial conditions of the soil are measured by pre-
viously and independently calibrated chemical or biclogical ana-
lyses. Soil nutrients so determined are permitted to express their
direct cffect upon yield and also to affect the response to applied
fertilizer nutrients through interaction terms in the yield regres-
sion equation. The matter of high intercorrelation of soil varia-
bles within a restricted number of sites has not been dealt with
adequately, nor has the problem of the selection of terms to
remain in the working equations. This resnits in the practical
restriction of the equations to use in making recommendations
only within a universe of similar soif and climatological con-
ditions. The problems of an increasing rooting volume during
he scason and the decrease in availability of some fertilizer
clements have been considered bul no practical solution pro-
vided,

Uncontrolled variables associated with weather have been
incorporated into the regression equations mostly through in-
teraction terms involving both soil and fertilizer variables, The
manner of reduction of weather observations has been cither
through a polynomial expression of femperature and precipi-
tation or available moisture as a function of time or as an
expression of moisture stress in numbers of days of stress and
based on moisture supply and atmospheric conditions. The
latter seems to have been most effective.

While not perfect, the procedures for conducting the expe-
riments needed to estimate economic levels of fertilizers are
available. In the hands of a competent agronomist working
alone or with others ftrained in biometrics, computer pro-
gramming, soil chemistry, cte., and supplied with material
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and labor resources, these methods can be applied anywhere.
The results generated can be used to help in better allocation
of scarce crop production resources at individual, local or
national levels. The benefits, and problems, associated with
more efficient food and fiber production by introduction of
fertilizer and other technology are widely known, They can be
turned to the advantage of mankind now. In the meantime,
there is need for more research on fertilizer use for application
to future needs.
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DISCUSSION

Chatrman: M. Y. Coic

COLWELL

I would like to raise two points | think are important, one
much more so than the other. Taking the smaller point first, this
concerns your statement on page 18 of your paper concerning your
preference of the natural scale rather than the square root scale
for the quadratic response model. The great atiraction of the
quadratic model is that it leads to simple caleulations for optimal
fertilizer rates etc., and T think thai we agree that the quadratic
model on either scale is fay from perfect. The square root model gives
a lower and more realistic curvature in the vicinity of the optimum
and this is ifs advantage over the natural scale model, as you
indicate. The isocline map for the square root model converges 1o
the origin whereas that for the natural scale does not and this
you regard as a sufficient reason for preferring the natural scale.
Now of course we would like to know the true form of the response
surface to judge the validity of this preference and it is difficult
to decide this point experimentally because the differences in this
respect are usually small relative to experimental error. 1 suggest
that your preference is on farely logical grounds and I wish to
present a similar logical argament supporting the square root
model.

Consider the response to a compound fertilizer containing se-
veral nutrients in a figed ratio, Because the ratio of nutrients in
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such a fertilizer is fixed, the response to various rates is in a
vertical phase intersecting the response surface of the origin, To
this extent the response resembles much more closely response to
simultaneous optimal rates of the individual nutrients, with the
square-root scale.  Although the isocline map is curved, the cur-
vature is low so that the response to compound fertilizers resembles
that to simultaneous optimal applications much more with the
square-rool model than the natural scale model.

Now my second point, which I regard as much more im- .
portant, concerns the analysis of wvariance of Table 2. This is
a dangerous analysis and is statistically incorrect, The objection
concerns a mixing of two different variances in the residnal sum
of squares i.e. heteroselasticity. The nature of the error can be
illustrated in simple terms by different substitutions for s {aumber
of sites}) and for R {number of replicates). TFor example con-
sider the case of roI sites and 1T replicates, compared with 1x
sites and 7101 replicates. According to the analysis these wvery
different sets of data would have the same residual degress of
frecdom i.e. (n%—1) (104 100-1000), and this is obviously not
correct. In fact with 1T sites there is a total of 10 d.f. for be-
tween site comparisons and for tor sites there are 100 d.f. The
effect of this error is to make tests of significance on between site
variables seem much more significant than they really are. This
error has misled many people into claiming significant trends by
fitting multiple regressions, when in fact the data do not indicate
statistical significance.  One way of analysing this sort of data
is based on scparating orthogonal trends [tom the data of each
feld experiment as described for example in some of my pubbli-
cations, cited at the end of my paper.

Prsrr

Professor CoLwrLi has raised two hmportant points which
have not gone witheut consideration. We <hall start with the
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first one. The experimental design which has been suggested in
the paper does not employ mixed fertilizers but uses pure ferti-
lizers, blending them according to the requiremenis of the treat-
ments, and therefore the design does indeed include treatments along
the edges of factor space. I do have observations with two, three
and four factors and there is some significance of meaning to the
straight isoclines. T cannot accept that it is more difficult to get
very low ylelds than it is to get a very high vield. ‘This is my
basic objection to the root scale transformation, The comment on
errors being different is frue and this is recognized, You will
note that I emphasised the greatest number of sites and the minimum
number of treatments within sites. This will tend fo give you
more weight to the site effect ervor term so that it will dilute
the precision within a site if errors are pooled madvertently.
Nevertheless, there are several lines of error terms in the regression
analysis of variance and whenever experiments are pooled the first
thing one does is to examine the different sources of error and
one does mot pool errors for testing the whole regression until
after it is determined that the error terms themselves do not
vary from each other. If they do not vary from each other, then
they may be pooled according to published statistical texts, but
if they do vary from each other, one has to use the appropriate
error term for the appropriate regression coefficients; in other words,
the site coefficients would be tested by the error term which is

generated by the site effects,

HERNANDO

The real difficulty is how to solve the problem of agricultural
research so as o be in line with industrial research. Last century
many wellknown chemists like Liebig, Boussingault, Lavoisier cte.
worked on agricultural problems; in this century the best resear-
chers in chemistry are working in industiial and not in agricultural
chemistry, I spoke to some of them and they told me not to
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be interested in agriculture which is pood for humanity bot does
not offer the possibility to repeat an experiment when one would
want to do it because of the many uncontrollable factors. That
is why they prefer to work in indusiries where it is possible to
repeat exactly the same experiment. Prof. Prsex presented a
method to arrive at this system in agricalture so that we have
now the possibility to get many chemists to work in cur field who
until now remained outside,

Now I try to ask you a question: One of the factors yon use
is the temperature and you say that you use an average day
temperatare. My suggestion is, would it not be better to use the
lowest and the highest day temperatare since they are more in
relation to the growth factor. Maybe you will answer that this
would be more complicated. But today we have the computers,
and I believe that it is very important to have extreme temperatures

in the equafion,

Prsex

The answer to your temperature problem is that the only
limitation is how many times you can repeat the experiment. If
you can repeat the experiment enough times you could do this —
the degrees of freedom are the crux of the matter, This is com-
pletely within the scope of the computer programme; is completely
within the scope of the concepl, and as a wmalter of fact, onc
of my graduate students from Perz actually used maximum tem-
peratures during the day instead of average temperatures to study
the effects of fertilization on rice.

HrrnANDO

You are taking everyday temperatures in one of these expe-
riments. T think it will be better if you do not have the possibility
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or degree of freedom to take the minimum and maximum everyday
temperature maybe possibly every three or four days or maybe
every week, because I think the lower temperature during the day
and the highest are more important for growth than the mean one.

PESEK

Yes, we do take daily temperature bul we reduce the daily
{ime which Fisher proposed originally; simply a 3rd, 4th or 5th
temperature from all observations of temperature tc a function of
degree polynomial of time which gives a very close fit of the
temperature distribution and magnitude dwing a season. The
temperature figures, as such do not go info the regression but the
coefficients of these terms that describe this model. We have to
reverse the process to get the optima back out, so we use perhaps
3.4, or 5 terms to describe the temperature for the whole season.
This is the same of the moisture supply.

BrANcHET

Je voudrais faire une réflexion simplement sur ces problémes
et sur un aspect un peu délicat qui me parait soulevé. Au début
de son rapport, Dr. Friep dit que quand on demande aux gens
pourquoi ils mettent des engrais, ils répondeut: pour augmenter les
rendements. Or, c’est pour nourrir les planies, d'abord, que I'on
met des engrais. Je pense gne le problime des éléments refenus
par le sol, c'est-d-dire des engrais phosphatés et potassiques, peut-
&re méme un peu des engrais azotés, pose dans ces caleuls éco-
nomiques un probléme assez particulier et délicat. Souvent, tout
ce qui est apporté par lengrais n’est pas absorbé par la culture
au cours de Yannée d’apport, mais ce qui n’est pas absorbé reste,
en général, dans le sol scus une forme assez valablement assi-
milable. C’est donc un capital qui est investi dans le sol, et je me
demande si on a bien le droif, pour ces engrais phosphatés ou
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potassiques, de traiter le résultat sur la scule année de l'apport.
Méme la réaction de l'année suivanic n’est pas forcément trés va-
lable 4 considérer seule, et & mon sens, ia guantité ncn absorbée
est & considérer comme une partie de la fumure de fond, donc
comme une valorisation du sol qui peut #re mesuré pas des tech-
niques approprides. En sols pauvres, je crois gqu'elle constitue
une création de fertilité, & proprement parler; en sols riches, elle
peut éventuellement éviter apport d’engrais I'année suivante. Je
serais heureux d'avoir le point de vue des agronomess économistes

sur ce sujet.

1 should like to make simply a reflection on these problems and
on a somewhat delicate aspect which appears to me fo be raised.
At the beginning of his paper Dr. Fwmp says that when one asks
people why they put fertilizers they answer: fo increase the yields.
Well first it is to nourish the plants, that one gives fertilizers. I
think that the problem of elenenis retained by the soil, that is to
say phosphatic and potassic fertilizers, maybe even some nitrogen
fertilizers, puts in these economical calculations a very particular
and delicate problem.  Often all that is sapplied by the fertilizer
will not be absorbed by the plant in the same year, but what is not
absorbed remains generally in the soil under a quite validly assimi-
lable form. Therefore, it is a capital that has heen invested in the
soil, and I ask myself if T have really the right, for these phophatic
and potassic fertilizers, to treat the result fust on the supply of the
year. Iven the reaction of the following year is forcibly very valid
to consider singly, and according to me, the non-absorbed quantity
must be considered as a part of the basic manure, thus as a valorization
of the soil which may be measured by the appropriate techniques. In
poor soils 1 helieve, this constitules a creation of fertility, properly
speaking; in 1ich soils it may eventually avoid the supply of fertilizers
in the following year. I should be glad {o know the viewpoint of
the agronomisis-economists on this subject.

Prsex

This is a very good question and T use as an example this
problem of an investment in the spendifure for calcium carbonate
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in the corn belt, This is an input probably which will not retum
a profit the first year, so our procedure has been to accumulate
the response over the expected or a reasenable lifetime of the
calcium carbonate application; we used 10 years. We added the
value functions of all the crops grown during those 10 years and
performed the analysis accordingly. Now the thing that one has
to remember is that money costs meney, and a retum of 1o dollars
ten years from now is not worth 1o dellars today. Therefore, we
introduced the discounting equation to evaluate the accumulated
discounted wvalue of the returns over the life of the freatment
with lime., Two colleagues and I published a paper in the Trans-
actions of the International Soil Science Congress of 1g0o dealing
with discounting. It dealt with the question of what effect residual
fertilizer carryover has on the economic optimum. The answer
is that if the discounting rate of the future is mnot too high, the
oplimum is higher if you consider additional years of return for
the same application. However, if a farnier knows he is on his
land only one year, he has no future in that land, so he has to
have a planning life of only one year, This is a very geod point
and I think it can be handled satisfactorily.
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THE DERIVATION OF FERTILIZER
RECOMMENDATIONS FOR CROPS
IN ANON-UNIFORM ENVIRONMENT

JEFFREY D, COLWELL

C.ST.R.O. Division of Sails
Canberra City - Australia

I. INTRODUCTION

The amounts of fertilizer required for the most economic
production of crops in a region commonly varies in a largely
unpredictable manner, throughout the region and from year
to year. As a consequence potential profits are lost either
because insufficient fertilizer is applied to obtain potential
yields or because too much is applied, wasting money and
possibly also depressing yields. The variability in fertilizer
requirements is caused by factors such as differences of sea-
sonal weather conditions, cultivation methods, varying in-
festations by weeds and pests, disease, and types of soil and
levels of available nutrients in the soils. The usual sequence
of research into the needs for fertilizers in such a region is
firstly to carry out a series of field experiments with fertili-
zers, to obtain a general indication of fertilizer needs, and
then to seck methods for esfimating the specific fertilizer re-
quirements of the crops to be grown in the individual ficlds
of the region. This sequence of work seems to have proven
very satisfactory in the more prosperous agricultural regions
of the world, such as parts of Europe and North America,
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although the success of the work may have been judged more
on the basis of the general prosperity rather than by a critical
appraisal of the actual results of the research. For poorer
agricultural regions where the needs for accurate estimations
of fertilizer requircments is now of much greater importance,
corresponding programs are being attempted.  There are
however severe practical difficulties to be overcome. TFunds
for research are usually very limited, large areas have to he
covered with few trained research workers and there may be
problems associated with primitive forms of agriculture. The
work needed is hoth expensive and time consuming. Ti is
bmportant therefore to carefully assess the results of such pro-
grams during their course and to modify the programs on the
basis of local experience. Methods for assessing data from such
programs are considered in this paper.

II. ExAMPLE DATA

The methods to be discussed are conveniently described
and illustrated with a sct of data from fertilizer experiments.
For this purpesc data have been taken from a series of expe-
riments designed to show the effects of nitrogen and phosphorus
fertilizer on wheat, in a region of southern New South Wales,
Australia, and these data will be referred to as example data.

The example data are the yields of wheat grain from 46
fertilizer experiments in each of which the treatments were
factorial combinations of 0, 20, 50, 100 kg N and o, 10, 20,
50 kg P, applied as fertilizer at seeding, with 3 replicates for
each experiment i.e. 4 x4 %348 plots for cach experiment.
‘The experiments were carried out to represent a large region
(300 by 500 km) over the 3 year period 1968-1970, and they
congequently represent a variety of seasonal weather condi-
tions and different types of soil. The data could be partitioned
into less variable groups, but for the purposes of this paper
they arc considered as a whole,
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Previous work in the region represented by the cxample
data has shown that phosphorus is by far the most important
nuirient affecting wheat production and that nitrogen is the
only other deficiency likely to be important at least for the
immediate future. Soil tests for P fertilizer requirements have
not proved popular with farmers because wheat production
based on soil test recommendations has not gencrally proven
noticeably better than that for fertilizer appied on the basis
of local experience. Nitrogen deficiencies also occur but
nitrogen fertilizers decrease yields about as often as they in-
crease them (e.g. Corwslrr, 19634; COLWELL and ESDAILE,
1968; DaNN, 196g). At present there is no satisfactory method
for distinguishing between soils which will give negative or
positive responses to nitrogen fertilizers.

IIT. FERTILIZER REQUIREMENTS FOR INDIVIDUAL SITES

Fertilizer experiments are usuvally carried cut to estimate
fertilizer requirements for optimal crop production, at parti-
cular sites in a region. Simple exploratory experiments, with
only 2 or 3 treatment levels for each fertilizer, may be carried
out at first to identify nutrient deficiencies but thereafter the
experiments are required to provide a basis for estimating
yield response functions from which fertilizer requirements
can be calculated. Empirical polynomial models provide a
convenient means for representing experimential data as respon-
se functions, and regression methods may be used both to
estimate the models and for significance testing on the effects
of fertilizers on vield {c.g. COLWELL and STACKHOUSE, I1¢70).
Standard statistical procedures are available for estimating
the reliability of quantities that may be calculated from such
surfaces (e.g. FULLER, 1g02).
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A convenient model for the example data is the quadratic,
on the square root scale,

(1) Yebo+bs Nb+ by Pr+by (NP + by N+bs P . . .

where Y = yicld and N, P = rates of application of nitrogen
and phosphorus as fertilizer. The square root scale is usually
preferable to the natural scale for a quadratic model because
it gives a more realistic response form with low curvature in
the vicinity of maximum yield. 1t also serves to concentrate
more information on the response to fertilizer into the ortho-
gonal linear trend for the purposes of analysis of variance of
factorial data and for soil fest calibrations (CorLweLr,
1007h, o).

The rates at which fertilizer should be applied to crops
are calculated from response functions by a variety of proce-
dures, some of which can lead to quite uneconomic applica-
tions of fertilizer. Appropriate mathematical procedures based
on the law of diminishing returns have been known at least
since the pioneering days of MITSCHERLICH (1gog) but have
not been always used possibly because the calculations can
be cumbersome, without computer facilities, and also possibly
because many scientists lack the mathematical background to
appreciate the procedures. It is now 16 years since BAUM,
Heapy and BLACKMORE (1956) felt the need to comment that
“until recently rclatively few agricultural economists had
enough training in mathematics and statistical techniques to
use this type of analysis”, referring to appropriate procedures
for calculating fertilizer requirements and unfortunately the
comment is today pertinent of many agricultural scientists,
Apart from these considerations there are still difficulties which
prevent the use of mathematical procedures based on the law
of diminishing returns, namely the occurrence of non-ideal
yield functions not of the diminishing form. Different proce-
dures are required for these forms and this use of different
procedures can cause confusion. Accordingly the calculation
procedures are briefly reviewed as a basis for the discussions.
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1. Simple fertilizer requivement

Given a functional relationship, Y =f(F), defining crop
yield, Y, as a function of rate of application of fertilizer, F,
the relationship between profit and money invested in fertili-
zer can be derived by,

(2) r=V.Y-1-Q. ..

where ® = profit, V = value of a unit of yield, I = invest-
ment in fertilizer and Q = fixed costs. Investment I is cal-
culated by I = C.F. where C = cost of a unit of fertilizer.
The yield response function, AY can be derived from the
yield function Y, by,

AY=Y - Yo

where Y, = yield for nil fertilizer and the corresponding
function of profit from the use of fertilizer is,

A=V AY T .

The functions of fertilizer rate, Y, AY, & and Awr are thus
all closely related. The rate of return on some differential

investment is simply the slope %7;— which is identical with
dAm . N

1 In the simple and commonest situation when (1) the
functions Y, AY, = or Am are of a diminishing form, (2) fixed
costs associated with the use of fertilizers are negligible and (3)
crop production with nil fertilizer still gives a profit, the rate

d dAwn e . -
of return - or ——— decreases with increase in T and fertilizer

requirement is defined simply in terms of a minimal marginal
rate of return, R. Thus because of the diminishing form, the
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fertilizer requirement can be defined as that amount of ferti-
lizer which satisfies the equation,

an
dl

AL

= R or = R

(3)

where R is determined from a consideration of the alternative
investments available to the farmer. For maximum profit,
R=0 and since in practice farmers always have some alterna-
tive investment likely to vield a return, fertilizer should not,
under usual circumstances, be applied for maximum profit.
For an optimal investment the marginal rate of return will thus
usually be greater than zero i.e. R0,

Since profit and investment are functions of fertilizer rate,

7=V.Y-T-0Q and T = CT, then it follows that % =V

o
% ~ I, so that fertilizer rate can be calculated more directly

by solving the equation,

ay _C dAY ¢
= L (R+1) or e = v R+1)

(4) AP v AR

For the simple yield function,

.

Y == by + bFE + b F

fertilizer requirement is thus calculated by solving -
S dF 2F%

+h,= %(RﬂLI), so that,

(5) F = | 2 h‘?f— (R+1)- b }
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2. Simultancous ferlilizer vequivements

The above procedure can be extended to calculate the op-
timal requirement for scveral fertilizers, applied simulta-
neously. Thus with the general yield function Y=f(F, F, . ..
F,,) in which yield is expressed as a function of the application
rates of m fertilizers, the optimal application rate of I, I¥, . . .

¥, will satisfy the simultaneous equations,
P T R B PR R
DII aIZ o DIm B
or the equivalent set,
oY
6 DS .
(6) oF, V(R+I},g I, 2 ... W ...

where C‘i is the cost of the fertilizer E;.

Thus for the quadratic model (1) the optimal application
rate of N and I’ is the solution of the equations,

o . ¥ »
Ymbrlf)ap +b4mw(:“”*(R+I}

oN 2N% A%

(7) 5 - o
Y - bz + bi Z 1 bs — L (R n I)

2P 2P% Vv

An example of these calculations is given below for equa-
tion (8).
3. Non —ideal response forms

The calculations described above are simple in concept and

can, in theory, be applied to any vield response function, and
may involve any number of fertilizers. The calculations de-
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pend however on the response being of a diminishing return
form and on the solution not being an extrapolation beyond
the range of any of the data. Non-ideal response forms which
do not meet these conditions are not uncommen due to ina-
dequacies in experimental data which seem to be unavoidable
amongst series of fertilizer experiments carried out under field
conditions, despite the skill and care of experimenters. In
retrospect many of the faulls seem easily remedied. Inappro-
priate treatment levels may have been chosen to define the
yield response function in the vicinity of optimum fertilizer
requirements, experiment sites may prove non-uniform and
so on. To repeat these experiments usually involves a delay
of at least a year so that the experimenter feels obliged to
interpret them as best he can. Similar but less obvious errors
may affect other experiments in a -series so that to reject
experiments can introduce bias to any estimate of regional
fertilizer requirements, simply because they do not conform
to the ideal form. The types of complication that can arise
from non-ideal forms with multi-fertilizer experiments, par-
ticularly thase of a central composite type design, have heen
described elsewhere (COLWELL and STACKHOUSE, 1970). Only
the simpler complications of the type depicted in Fig. 1 for
a single fertilizer are considered here.

For responses of the form of curves 1, 2 and 3, (Fig. 1),
the application of equation 3 to calculate optimal fertilizer
requirement is meaningless. The fertilizer requirement is,
however, obviously nil. Responses of form 1 or 2 occur when
fertilizer depresses yield, This may be a result of toxic effects
due to high levels of the nutrient in the soil, or indirect phy-
siological effects such as an exhaustion of soil moisture reserves
by stimulation of carly vegetative growth by the fertilizer
preventing full maturing of the crop. Nitrogen fertilizer may
stimulate vegetative growth of wheat, for instance and yet
depress grain yields {e.g. COLWELL, 1963; DaNN, 1g6g). The
response form 3 may be obtained when the fertilizer has had
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YIELD [ 3 s

FERTILIZER

Fig, 1 — Non-ideal forms of yield function.

practically no effect on yield, the anomalous curvature being
attributable to experimental error.

The application of equation (3) to a response of the form
of curve g in also meaningless, and for curve 4, the calculated
requirement will be an extrapolation and therefore possibly
misleading. These forms occur when there is a very large
response to the fertilizer and when treatment levels have not
extended to a sufficiently high level to indicate the maximum
response. The anomalous curvature of curve 5 could be expe-
rimental crror associated with a large almost straight line
response, or perhaps represent the beginuing of a sigmoidal
response form. In either case the only safe estimate is that
fertilizer requirement is greater than the highest treatment
level.

The occurrence of any of the non-ideal forms of response
in Fig. 1 for a fertilizer in multi-fertilizer experiments, invali-
dates the direct calculation of all the simultaneous fertilizer
requirements by equations (6). When the requirement of one
fertilizer is clearly nil, (curves 1, 2 or 3), then a value of zero
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may be substituted for this fertilizer in the yield function and
the requirements of the remaining fertilizers then calculated.
When an extrapolation error is to be avoided (curves 4 or 5)
the highest treatment level can similarly be substituted and
the remaining requirements calculated, If there are positive
interactions associated with the fertilizer giving the large
response, these estimates will aiso be undercstimates of the
true requirements. In these cases the fact that optimal fertilizer
requirement cannot be calculated, and that the true require-
ment is somewhat greater than the safe values actually calcu-
lated can be indicated by a sign >, signifying greafer than.

Cther difficulties can arise in the calcujation of fertilizer
requirements such as the occurrence of fixed costs directly
associated with the use of a fertilizer, as discussed by PusEx
and HeADY (1958), the need to allow for the residual value of
fertilizers or uncertainty on the value (V) of the crop, as when
fertilizer is applied fo pasture.

4. The wuse of relative vyields for estimating fertilizer requive-
Wents :

A major source of error and confusion in the estimation
of fertilizer requirements from experiment data, is the use of
relative quantities for the calculations in place of actual yield
figures. Such relative quautities are percentage vield suffi-
ciency, %Y= | Y/Y, .| x100, percentage yield deficit,
%Y 4= g(Ynm = Y)/Y nax g x 100 where Y is actual yield
and Y, .. is the maximum yield atfainable with the particular
fertilizer for the local environmental conditions {e.g. Bray
1G44, 1948). It is hardly original to comment that a farmer
derives his income from actual yields so that the cost of ferti-
lizers must be justified by yield increases rather than by rela-
tive increases {c.g. Bonnorrr, 1952). The reason usually
given for the use of these relative quantities is that they cor-
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relate better with soil test values being less affected by the
variations in level of yield from site to site caused by variations
in environmental conditions. Unfortunately the relative quan-
tities cannot be used to calculate fertilizer requirements on
an economic basis nnless the maximum yield is known so
that avoiding the complication of variations in yield in this
way does not help and it is misleading in this respect fo cite
higher correlations to justify their use. The need for maxi-
mum yield for calculations based on relafive quantities is shown
by the relationships, corresponding to equation (3),

d (%Y 100 C d (%Y _ 100 C
ar Yor V (R+1) and iF vy (R+1)

Suspect estimates of Y . are sometimes disguised by names
such as target yields or goal yields, for the estimation of ferti-
lizer requirements, the implication being that these yields
can be attained simply by applying sufficient fertilizer. There
are of course other factors limiting maximum yields so this
practice can easily result in wastage of fertilizer,

There is also a statistical objection to transforming data
to relative values. Dividing site yields by the maximum yield
effectively weights error deviations inversely as the maximum
yields and this can result in an undesirable bias in regressions
involving data from several sites,

5. Ferlilizer vequirements from the example data

Fertilizer requirements have been calculated for the sites
represented by the example data with appropriate allowances
for non-ideal forms as discussed above. For these calculations
local values V==%o0.037 per kg wheat, C,=%$o0.21 per kg N
and C,=$§0.32 per kg P were substituted in equations (5)
or (%), with the minimal rate of return chosen as R=.25.

Fzq] VI, 2 - Colwell - p. 11
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The possible calculations are illustrated in more detail in
Table 1 for the average response function,

(8)
Y= 1576, 4 20.3N% 4+ 210.P% 4 1.51(NP) - 2.12N - 16.3P ...

to be described later.  Simultancous fertilizer requirements
for values of R ranging from o.00 to 2.00 are shown together

TaBLE I — Reguirements of nitrogen and phosphorus ferlilizers as

kg N and kg P per hectave for arvange of smarginal rales of veturn R,
Y = yicld response to the applications of N and P; I, I, = nvest-
ments in N and P fertilizer as § per hectare; Anw = profii from
fertilizer as § per hectarve; G, = gain from the use of N fertilizer
together with P fertilizer,

¥

R NP AY L, 1, Am oy, 1, ., G, = Am — Am,
.00 2.9 19.6 688 0.6 6.3 1B.0 16.1 644 6.1 17.7 0.¢
0.25 2.1 16,5 0653 04 53 18.4 16.2 615 5.2 17.6 0.8
0.50 1.5 14.2 620 0.3 4.5 18.1 3.0 588 4.4 17.3 a.8
1.00 6.9 107 562 0.2 3.4 17.2 10.6 538 3.4 106.5 0.7
2.00 o4 6.7 4%2 o1 z.¥ 15.2 6.7 450 2.1 14.7 0.5

with corresponding calculated values for yield response (4Y),
and profit from fertilizer (Aw) after allowing for the investments
in fertilizer (I, and I). The importance of calculating requi-
rements for a value of R greater than zero is shown by the
small decreases in profits, Am, for relatively much larger de-
creases in the investments, with increase in R. The nitrogen
fertilizer requirement is small and the value of using it in

[24] VI, 2 - Colwell - p. 12
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conjunction with the phosphorus fertiizer can be calculated
by substituting N=o0 in (7} and then calculating the phospho-
rus requirement for a single fertilizer by (5). The requirement
of P alone is less than with N, (compare left and right sides
of Table 1} due to the positive interaction effect and profits
{Am,) are less. The gain due to using nitrogen fertilizer is the
difference G,=An-—-Aw, and as expected, is small for this
vield function.

Corresponding calculations were carried out for all the
experiments where possible and the requirements of N and P,
profits and gains from the N values are listed in Table 2,
for R=.25.

TaBLe 2 — Festilizer vequivements (kg N and kg P per hectave), profits
from fertilizer (3 per hectare) and gain from N fertilizer, for wmay-
ginal vate of relurn R = .25,

Site N P Ax G, Site N P Az G, Site N P Az G,
T o ¥ 1056 00 17 o] 23 20.0 00| 33 o =21 2806 0.0
2 10 26 32.9 4.3 718 o 21 24-1 0.0 | 34 5 21 200 2.3
3 o 8 749 oo/l 19 o 5 2.7 0.0 | 35 5 1 164 1Y
4 o 7 37 0Ci 20 2 14 IT.I 0.5 30 o T2 3.0 0.0
5 0o 7 55 001 21 4 26 10.8 1.3 37 o 6 55 090
6 2 10 Q.2 1.2 | 22 13 26 33.4 4.6 ] 38 0o 5 3.4 00
7 o g9 6.6 0,0 23 Q 24 20.0 3.1 39 1 22 17.0 4.6
8 0o 16 24.2 0.0 | 24 0 5 3.7 0.0 40 7 25 3635 4.1
9 0o 15 17.3 0.01 25 6 TG 23.6 3.0 1 47 21 T2 159 04
10 o 7 2 00| 206 0 15 10.3 0.0 42 14 16 302 8.7
I3 o 17 282 00| 27 45 50 350 »17.8| 43 T9 17 317 T0.5
12 o 12 B2 0.0 28 1y 33 18.5 G.2 | 44 2 26 47.8  1.x
13 0 1T 10.9 0.0 29 >16 50 >48.1 > 4.0 45 2 5 G.z 0.6
4 7 F0 40.5 3.4 | 30 15 22 37.1 7.5 46 12 6 ¥17 53
15 0 34 44.8 oo | 31 2 19 37.1 0.4 Average
16 35 27 24.4 1I1.4 | 32 0 28 40.9 0.0

6.217.820.8 2.5

[24] VI, 2 - Colwell - p. 13
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Most of the sites showed either a non-significant effect due
to nitrogen or a negative response, and for these the value
N =0 was substituted and the requirement of P alone calcu-
lated by (5). For sites 27 and 29, the calculated requirement
exceeded the highest treatment level (P=j50) and to avoid
extrapolated estimates, the N requirement was also estimated
by (5) after substituting P=s50 in (8). The P requirement is
shown as >>50 and the N requirements >45 and >16 in
these instances to indicate that the true requirements can be
estimated only by extrapolation. The fertilizer requirements
for the 46 experiments range from o to “>45 kg N and from
5 to 50 kg P, indicating wide ranges of requirements for
this particular region. Series of experiments often give such
a range of requirements thus leading to the problem, consi-
dered next, of what fertilizer rates should be used in the
region in the absence of any specific indication of the requi-
rements of individual ficlds.

1V. REGIONAL FERTILIZER RECOMMENDATIONS

A series of fertilizer experiments commonly give a diverse
set of fertilizer requirements such as that in Table 2. Some
sites obviously require heavy applications of fertilizer, others
little or nil, and at some sites fertilizer will depress yield indicat-
ing what might be called a negative fertilizer requirement. In
the absence of any means for indicating fertilizer requirements
of individual ficlds, as with nitrogen in the region of the example
data, fertilizer rates have to be estimated from a consideration
of such a range of possible effects. Such general estimates are
termed regional fertilizer recommendations.

1. Recommendations based on frequencies of profils

The yield functions estimated by a series of fertilizer expe-
riments in a region, can be regarded as samples from an infinite

[2g] VI, 2 - Colwell - p. 14
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population of yield functions characteristic of the variable en-
vironment of the region. Given an adequate sampling, proba-
bilistic statements about responses in the region become pos-
sible and a regional fertilizer recommendation can be chosen
on this basis. This is illustrated with the example data.

The responses of wheat to nitrogen and phosphorus ferti-
lizers for the 46 experiments of the example data has been
represented by model (1). Treating these functions as a sample
of the functions that are characteristic of the region, the sample
can be represented by the 46 equations,

(@) Yi=boi+ bulNz+ baPd + by NPY 4+ buN + bsl?,i=1, 2 ... 46
The profit functions can similarly be represented by,
{10} Am;=V (bh‘N% + bzf_Pi‘+ bu(NPYE + byN + bsii?) - Co.N - C,.P

and the probabilities of profits for any particular recommenda-
tion of N and P can be estimated from the frequencies of the
Am values indicated by the sample. Substitution of combina-
tions of the rates N = o, 5, 10, 20 and P = o, 5, 10, 20, 40
in the profit function (10) for site T of the data gave the profits
and losses in Table 3. Doing this for each of the 46 functions

TABLE 3 — Profils as § per hectare from various combinations
of N and P fertilizer, ai site 1.

I
kg/ha
N
kg/ha ¢} 3 10 20 40

o 0 10,0 11.0 11.5 G.q
5 =149 8.2 9.7 94 4.7
1o —2.86 6.7 8.2 7.8 2.4
20 ~- 5,57 3.8 5.2 4.8 -0.8

[24] VI, 2 - Cokwell - p, 15
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gave a range of similar profits and losses, summarised as fre-
quencies in Table 4. For this table profits have been counted
for the frequency classes § - 19.9 to -10.0, $~9.9 to 0.0,
$0.1 to 10.0, . ... $40.1 to $50.0 and relative frequencies or
probability estimates for these classes of profits for any of the
fertilizer combinations, can be obtained by dividing the fre-
quencies by 46. The class bounds can be varied according
to the detail required.

Frequencies, as given in Table 4, summarise the expected
consequences of particular regional fertilizer recomumendations,
if they were adopted for all sites at which the crop is to be
grown in future years. Obviously very conservative fertilizer
recommendations will lead to few profits of consequence but
will also ensure no serious losses, On the other hand, liberal
recommendations will result in substantial profits for a pro-
portion of the sites as well as substantial losses for another pro-
portion. The best recommendation for the region as a whole
should be between these extremes. ‘

The frequencies also serve to indicate abnormal sites and
may point to ways for partitioning the data into more uniform
groups each with its own fertilizer requirements.

It should be noted that the frequencies within the classes in
Table 4, indicate that the continuous frequency distributions
for the profits for each combination of fertilizers are skew po-
sitive. The use of a classification such as Table 4 avoids the
need to assume any particular frequency distribution or to
transform the data so that the profits can be represented by
a normal frequency distribution, for the purposes of proba-
bilistic statements about the general effects of various fertilizer
rates.

2. Average profits

The average profit for a region resulting from a particular

[24] VI, 2 - Colwell - p. 16
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TABLE 4 — Frequencies of profits from various applications

of N and P feriilizers, for 40 sites,

N Profit class P (kg/ha)
{leg/ha) {$/ha) I 5 10 20 40
s} - 19.9 to — 10 o Qo [} ] 1
- .0 10 0 46 0 0 I 4
0.1 to 10 0 10 12 10 16
10.1 to 20 0 18 19 17 I
20.1 10 30 [¢] 8 i¥ 10 8
30.1 to 40 5] ¥ q 6 3
40,1 to 50 o o o] 2 3
3 —19.g 0 — 10 0 Q o] o [¢]
- 4.9 to 0 28 0 o 1, 7
0.7 to 10 18 17 15 16 T4
10.7 to 20 0 15 T4 10 7
20,1 to 30 0 12 12 10 [}
3o0.1 to 40 0 2 4 G G
40.1 to 50 6] o 1 3 3
i0 -¥9.9 10 —1I0 o] o) 0 0 0
— 0.0 to o 3r 0 0 3 8
0.1 1o 10 15 19 7 14 13
0.1 10 20 0 10 13 7
20.1 1O 30 o] Q T I3 g
30.1 to 40 o 2 5 6 [§]
40.17 to 50 0 0 0 3 3
20 —1g.9 to 10 2 s} s} [} 3
- 9.9 to 0 33 4 3 G 10
0.1 to 10 i 16 15 13 7
0.1 ta 20 0 16 12 G 8
20.1 o 30 o 9 1x 8 TT
30.1 to 40 o) ¥ 0 4
40.1 to 50 [} Q 1 3

[247 VI, 2 - Colwell r'p. 17
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TasLE 5 — Awerage profits as § per hectare, from vavious
combinations of N and P jertilizer.

N P kg/ha
kg/ha o 5 10 35 20 30 40
0 0 13.5 6.3 17.5 17.7 16,6 i4.2
3 0.4 14.1 17.1 15.3 18.6 17.6 15.2
5 0.2 i4.0 17.0 18.2 8.5 17.5 15.2
10 ~0.5 13-4 16,4 17.7 18.0 17.0 14.8
15 — 1.4 12.5 15.6 16,9 17.2 16.4 14.1
20 2.4 11.6 14.7 16.0 16.4 ¥5.5 13.4

combination of fertilizer rates can be estimated from (10) by

. #
1 . .
—- 2 7; where # is the number of experiments. Average

i
=1

profits for combinations of a range of application rates of N
and I» are given in Table 5, and these should be viewed in
conjunction with the frequency distributions in Table 4. Highest
average profit of $18.6 per hectare is indicated for N=13 and
P=20 and this combination is indicated as satisfactory for the
region by the frequencies in Table 4. Frequency tables for
other sets of data, particularly for more variable regions, may
indicate however that some fertilizer application other than that
giving maximum profit may be desirable. Profits from other
fertilizer combinations in the vicinity of the maximum are not
much different because of the typical low curvature of the
profit response function in the vicinity of the maximum and
obviously high precision is not warranted in choice of a regional
fertilizer recommendation. Thus if the fertilizer recommenda-
tion for the highest profit was likely to result in substantial
losses for a proportion of occasions as indicated by the frequency

¢
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distribution, then it might be desirable to choose lower fertilizer
rates as a regional recommendation.

Strictly the sample of functions (10) should be weighted
inversely to the number of experiments per season, and accord-
ing to the portions of regions represented, for the calculations
of averages and frequencies. If for instance most of the expe-
riments were carried out in a particular year, the unweighted
sample would tend to rvepresent the seasonal conditions of that
year.

An important advantage of the choice of a regional recom-
mendation from frequencies of profits and estimates of regional
averages resulting from alternative substitutions, is that ferti-
lizer treatment levels and experimental designs can vary without
invalidating the calculations, if extrapolations are avoided. A
series of experiments assembled from the work of different
people over many years is likely to cover a variety of treatments
and designs.

3. Optimal regional fertilizer recommendations

The principles described for the calculation of optimal fer-
tilizer requirement can also be applied for the choice of a regional
fertilizer recommendation. Thus the mean profit for a region
from application of fertilizers at the rates ¥y, j=1, 2 . . . m, is
estimated by,

. T 4
T = 7;* . E VY; - C;F; - Cze - . C;,.F;;;

=1

and the optimal fertilizer recommendation can be calculated by

solution of the equations 9711, A
I, o1, 21,
oY .S (R+1), j==1, 2 . . . .. m, as described for equa-

°F; vV
tion (6). The calculation depends essentially on the estimation

[24] VI, 2 - Colwell - p. 19
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of a mean yield function Y. This is simple if and only if the
treatment fevels and experimental design has been constant for
each member of the series. The mean yield function can be
estimated then from the mean of the yields over the different
experiments for each treatment, or in the case of polynomials
by averaging the coefficients, The mean response function for
the series of functions (10) can thus be estimated by,

. r
{1z} Y= —;; S (bei + balN% + bylP% -+ bu(NPY + hyN + bsil?) or
ED

]
i}:go—kgzN% +ﬂb.2p';‘+~b—3(NP)% +mb-4N+b;P Ce s

The mean function for the example data, equation (g),
was calculated by this procedure, and so the optimal regional
fertilizer recommendation can be chosen from the recommen-
dations in Table 1. It may be noted that the maximum profit
for R=0 is for N=2.9 and P=19.6, corresponding to the
estimate from Table 5. As before, the profit frequency distri-
bution for a recommendation should be considered in choosing
a recommendation by this procedure, and again weighting
according to representation of the region and seasons may im-
prove the cstimate of the average yield function for these cal-
culations.

4. Average of fertilizer requivements

A regional fertilizer recommendation is often estimated sim-
ply by averaging the fertilizer requirements indicated by expe-
riments in a region. -Offen, as with the example data such an
gstimate is not very different from that obtained by the above
procedures. Apart from the difficulties of calculating averages
when some of the individual estimates indicate extrapolation
values, as in Table 2, it can be shown that mathematically the
average of individual fertilizer requirements is different from

F2g] VI, 2 - Colwell - p. 20
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the fertilizer requirements calculated from an average yield
function, and so could give a misleading estimate. For the
simple response model, for example,

Yi=aut+as Fr+ax F

the fertilizer requirement for each site is,

L

daii . : )
Fi=| 2V R0~ an

(3
by (5) and the averagei— > T is different from the fertilizer
o
i=1

requirement from the average of the yicld functions (11),

ay : .
|2C/V (R+1) - EJ

V. THE VALUE OF SOIL TESTING

Any regional fertilizer recommendation, as derived above
will, if followed, be optimal for only a small proportion of the
crops produced in a region, that is for the relatively few instan-
ces when response to the fertilizers is as desctibed by the mean
yield function of the region. There is an obvious need to vary
fertilizer rates belween individual fields within the region, ac-
cording to their particular fertility levels, and the way of doing
this is often seen to be by soil testing. If the nutrient levels in
fields can be measured by simple chemical soil tests then ferti-
lizer applications can be varied above or below the general
regional recommendation by amounts according to the soil test
level. The appropriate variations for particular soil test levels
can be derived from soil test calibration equations that have
been derived from regional regression estimates. A soil test
calibration Dbased on regressions of the parameters of yield

[24] VI, 2 - Colwell - p. 2:



050 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

functions on soil test values provides such a means of varying
a regional fertilizer recommendation (CoLwrLL, 1967), ¢, 1968,
1g700; CoLweLL and Espaire, 1968). The value of soil testing
to a region can then be gauged from the increase in profits
resulting from the variation about the regional fertilizer recom-
mendation made on the basis of the soil test. Such a valuation
is likely, however, to be an overestimation since in practice a
regional fertilizer recommendation will be varied on the basis
of local knowledge about cropping history and past performance
of individual fields, presumably giving better estimate of local
requirements. The valuation will also be favoured if the in-
crease in profits likely to result from using soil test estimates
is calculated from the same data as was used to derive the fest
calibration. A critical economic appraisal of soil testing would
require a set of experiments, carried out within a region over
a number of years, designed to estimate the increase in profit
that would result from fertilizer applied according to a soil fest
recommendation, over the profit that would be obtained from
fertilizer applied on some alternative basis, such as a regional
recommendation modified according to local experience and
tand-use history. Clearly the better the soil test calibration
and the worse the allernative estimates, the more valuable a
soil testing service would be. This type of appraisal seems
never to have been carried out. Research resources are usually
devoted to developing and improving soil test procedures rather
than to assessing the value of existing services.

The likely value of soil testing to a region can also be gauged
from the data provided by a series of fertilizer experiments,
even before a soil test has been developed or calibrated, by
comparing the profits estimated for the oplimal application of
fertilizer at each experiment site with those which would be
obtained by following a regional recommendation. Thus for
the example data, the estimated average profit from the optimal
application of fertilizer at each site for a marginal rate of retumn
R=.25 is $20.78 (Table 2) whereas the estimated average
profit from the application of fertilizer for the regional mean

[241 VI, 2 - Colwell - p. 22
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function is $18.43 (Table 1). Thus in this example, the maxi-
mum scope for improvement in regional profit by soil testing
is only of the order $2.35 per hectare cropped, even though
there is an obvious wide diversity of feriilizer requirements
above and below the regional recommendation of N=2.1 and
P=16.5 (Tables 1 and 2). The explanation for this estimated
small gain from the precise application of fertilizer at its optimal
rate lies in the typical low curvature of the yield or profit
surface in the vicinity of optimum profit. Even quite wide
variations in fertilizer application rates have relatively small
effects on profits, as illustrated by the calculated profits for
the mean yield function (Table 1) and for site 1 (Table 3).
The largest gain in profit from fertilizers is from the first crude
estimates of their requirements, as by the estimation of regional
fertilizer requirements, and later refinements to more precise
estimates do not in general add much. For this particular region
there seems little prospect of estimating nitrogen fertilizer requi-
rements by soil testing, at least for the present, and phosphorus
test correlations have been far from perfect. Add to this the
known variations in crop response due to unpredictable effects
of weather, weeds and discase which also affect fertilizer requi-
rements and i seems obvious that soil testing will be of little
value for this particular region considered as a whole. Rather
than establish a testing service it would seem better to simply
use the regional recommendation, varying it a little according
to local knowledge about individual fields and districts.

Soil testing can have other, less obvious benefits, for example
by bringing farmers into contact with local agricultural extension
workers and by encouraging local experimentation with fertili-
zers. Such benefits may explain some of the relatively high
agricuttural prosperity in countries where admittedly rough and
imperfect soil testing services have functioned for many years.
The development of automatic methods for analysing soils, and
of computer methods for furnishing soil test recommendations to
farmers may mean ultimately that the cost of soil testing will
become negligible, so that any gain from testing is worthwhile.

[2¢] VI, 2 - Colwell - p. 23
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V1. CoNCLUSIONS

The work needed to improve agricultural production in a
region by the use of fertilizers usually seems obvious enough.
Fertilizer experiments have to be carried out to find out local
fertilizer requirements and then methods have to be devised to
estimate the requirements of the individual crops to be grown in
the region in the future. Commonly if is assumed that the need
is simply to carry out a large number of fertilizer experiments
and then to establish a soil testing service similar to those operat-
ing in North America and Eurcpe. Fertilizer experiments are
costly, however, if they are carried cut properly and are reason-
ably comprehensive, and the objective should therefore be to
obtain the information they can provide about a region with a
minimum number of experiments. Also, given good general
estimates of fertilizer requirements for a region, the economic
gains from more precise estimates based on soil testing may
hardly warrant the cost of the testing service. These conside-
rations are particularly pertinent to development programs for
the poorer regions of the world where rescarch resources are very
limited both with respect to funds and research personnel.

From these considerations it is suggested that research pro-
grams on fertilizer requirements should be regarded as sequential
sampling projects. With this view-point the fertilizer experi-
ments are carried out to provide samples of the response func-
tions that are typical of a region, and as in normal sampling,
the experiments will be located to represent the region with all
its diversity of growing condifions from site o site and from
year to year. IFrom the beginning the samples should be
studied for the information they provide on the variability of
the region so that the infinite population being sampled can be
partitioned into less variable groups, as on the basis of cropping
history, soil type, geographic location and so on. The
sampling can then be repeated within these groups. The needs
for more specific estimation of ferlilizer requirements can be
conveniently examined by frequency tables, such as Table 4,

1241 VI, 2 - Colwell - p. 24
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and by comparisons of profits from the application of fertilizers
according to specific and general estimate of fertilizer requi-
rements. As shown by the example data, given a good
estimate of regional fertilizer requirements, the gain from more
specific estimates may be small, and this gain is likely to
be reduced quite considerably if sites are classified on the
basis of cropping history, seil type, location, ete. This can
be shown for the example data which represents a very large
region and a wide range of growing conditions. Soil testing
should only be contemplated after a study of the fertilizer
requirements of a region in this manner.

Note: The discussion of this paper, for matier of time, was postponed.
It was included in the Joint Discussion of the papers: Prsrx, CoLwxtl
and Frixp,
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THE EFFECT OF CULTURAL PRACTICES
ON EFFICIENCY OF FERTILIZER USE
DETERMINED BY DIRECT MEASURE
IN FIELD EXPERIMENTS USING
ISOTOPICALLY LABELLED FERTILIZERS

MAURICE FRIED

Interpational Analomic Energy Agency
Wien - Osterreich

The question of why fertilizers are added to soils inva-
riably receives the response “to increase yields”. Yet, this
answer tends to put a mental block on the real primary reason
for adding fertilizer, and this is to feed the plant. It is only
as a result of this feeding process that the plant may respond
by giving a higher yield, or a higher protein content, etc.

Once the mental block is surmounted it is easy to get on
with the real problem of how cultural practices affect the ef-
ficiency of fertilizer use because, by fertilizer use, we are
talking about the uptake of a nutrient by the plant. Fortu-
nately, therc is a guantitative way of directly measuring the
uptake of a fertilizer nutrient by the plant and this is by use
of labelled fertilizers. The use of this tool in research of
direct value to practical agriculture depends on an ability to
determine actual fertilizer utilization in field experiments.

International research programmes coordinated by the
Joint FAO/IAEA Division, Vienna, have involved over a
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hundred ficld experiments primarily in developing countrics,
where the effect of placement, time of application, fertilizer
source, nutrient interactions, and other cultural practices on
fertilizer efficiency was measured directly and quantitatively.
The experiments were primazily with the major food graing
rice, maize and wheat. Some of the results arce presented and
the implications discussed.

Rice - Phosphorus
Table 1 compiles the results of nine identical experiments

located as far away from each other as Hungary and the
Philippines. When phosphate in the form of superphosphate

TaBLE 1 — Effect of placement on the percentage of P in rice plants that
was derived from labelled superphosphate (60 day harvest).

Treatments

Location Surface Heeing il yo® Hill2o Row 10 Rowzo  LSD 59%
Philippines (Los Baiios) 17 i7 G 4 4 3 2
Thailand (Bangkhen) 68 68 50 34 51 a6 ]
Thailand (Surin) 37 40 22 15 26 23 2
Burma (Gyogon) Ix T7 6 4 4 3 2
Burma (Mandalay) 25 25 G 6 6 4 3
Pakistan (Tandojam)

(8o days) 48 50 5 4 4 4 5
Dacea 19 25 22 iy 12 7 8
Egypt (Sakha) G4 60 37 38 38 37 10
Hungary (Szarvas} 3 3 2 T 1 1 1

¢ Placement at 1o-cm depth in the planting hill,
® Placement at ro-cm depth between the rice rows,
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is applied on the surface or worked into the surface, the plant
takes it up more effectively than when it is applied at any
other location. In one location placement in the planting hole
at the time of {ransplanting was as effective, but not more
effective.  The results are clear and conclusive. Since this
placement happens to be the casiest to apply, there are no
complications as far as putting these results into practice
are concerned.

Table 2 gives the results of ten identical ficld experiments
concerned with the efficiency of utilization of superphosphate
as affected by time of application. The superphosphate was
applied at three different times as follows: (¥} at transplant-

TABLE 2 ~— Percentage of the phosphorus in vice plants devived
from superphosphate trealment in kg P:0s/ha at the three
different times of application®. Harvested three weeks after
last superphosphate treatment.

Location G0-0-0"  0-60-0  0-0-00 30-30-0 30-0-36 0-30-30 20-20-20
Burma (M) 31 30 22 33 28 30 28
Burma (G) 7.2 7.8 5.7 6.6 7.7 7.5 8.5
[Hungary 12 7.6 7.1 11.6 0.3 0.9 10.3
Korea 10 22 19 23 24 23 23
Pakistan {T) 16 18 47 45 46 43 49
Pakistan (K) 44 406 39 41 15 49 46
Dacca 66 63 48 G4 03 G4 G0
Philippines 10 10 s} 11 XY 11 10
Thailand 82 74 04 82 84 81 85
Lgypt 39 27 33 34 33 33 35

% Go-0-0: 6o kg P,Os/ha at planting, o kg P,05/ha at two weeks before primordial
initiation and ¢ kg P,Os/ha halfway between planting and two weeks before
primordial initiation,
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ing, {2) halfway between transplanting and two weeks before
primordial initiation, and (3) two weeks before primordial
initiation. The latter two treatments were made directly into
the water in the flooded rice field. Split applications at two
different times and one at all three times were also made,
Again, the consistency was quite remarkable. It was indeed
clear from the results of the analysis of the final harvest made
three weeks after the last fertilizer application, that the ap-
plications of soluble phosphate fertilizers were effective even
when applied directly in the water as late as two weeks before
primordial initiation.

Rice - Nitrogen

The effectiveness of five different placements of nitrogen
fertilizer for rice was investigated by measurement of N derived
from the fertilizer in field experiments in the four countries
shown in Table 3. The results indicate that nitrogen applied
on the surface in the form of (NH%:SO: may result in marked
losses of the applied nitrogen. The magnitude of these losses

TaBLE 3 — Effect of depth of placement of ("NH.SOq on the percentage
of mitrogen in the vice grain that was devived from the fertilizer.

Treatments
Surface  Surface j-cm depth ro-cm depth 13-cm depth

Location broadcast  rows in rows in rows in rows
Philippines 7.1 8.3 18.5 19.3 23.6
Rep. of China (Taipei) 20.4 15.3 23.2 26.8 31.2
Thaitand 11.8 11.2 32.4 37.0 38.1
Madagascar 15,5 g.1 20.4 20,0 26.5
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may be quite high. In another experiment at the 16 locations
shown in Table 4, similar losses from surface-applied N were
found at many but not all locations.

The cffect of time of nitrogen application was then in-
vestigated with the results as shown in Table 5. The results
were as remarkable as they were unexpected. Even though
the rice plants were harvested three weeks after the last nitro-
gen application, the nitrogen applied in the standing water
two weeks before primordial initiation was taken up in as
large, and usually in larger, quantities than the nitrogen ap-
plied on the surface at the time of transplanting.

An extensive comparison was made of the efficiency of

TABLE 4 - Effect of placement of ("NH:SOs at 5 cm depth on
the percent nitvogen in vice grain derived from the fertilizer.

T.ocation Surface Depth pH H;0O
Burma 12.3 20.0 45
Ceylon 12.3 18.6 7.3
Rep. of China (Taipei) 16.7 22.7 5.5
Flungary 34.7 40.7 7.0
India I 27.6 35-3 —
India II 25.3 37.3 e
Ttaly 13.0 5.0 5.5
Korea 3.3 4.9 5.0
Madagascar 15.3 18.3 4.8
Palistan 25.7 28.0 8.1
Dacea Io.0 17.0 3.3
Philippines 17.7 23.3 6.1
Thailand 23.0 23.3 4.7
Egypt I 23.7 23.Q 8.2
Egypt II 27.3 28.7 7.9
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Tanrr 5 — Effect of time of application on the percentage of nitrogen in #ice
that was devived from (PNH.):SOq.  (Harvested three weeks after last
application of N).

Percentage of N devived from fertilizer
{mean of six replications)

Lacation Go-0-0* ©-60-6 0-0-66 30-30-0 30-0-30 0-30-30 20-20-20
Burma (Cyogon) 20 35 40 28 34 471 33
Burma {(Mandalay) 16 2g 37 25 30 20 24
Ceylon (Gannoruwa Peradeniya) 14 21 27 TG 23 24 25
Ceylon (Maba Illuppallama) 32 28 35 32 32 32 29
Pakistan (Tandojam)} 12 28 34 19 2G 32 29
Dacea 1 5} 23 37 T4 20 27 24
Daceca IT 26 31 34 20 38 41 39
Hungary (Szarvas) 18 17 25 13 16 19 16
Korea (Suwon) 33 41 40 30 35 33 37
Madagascar (Tananarive) 18 24 37 18 30 371 25
Philippines {Los Banos) 10 22 30 14 20 24 20
Rep. of China (Taichung) 32 18 30 24 32 37 20
Rep, of China (Taipei) 16 24 37 22 29 31 22
Thailand (Bangkhen) 16 28 37 273 26 33 28
Thailand (Rangsit) 27 44 16 33 43 40 33
Egypt (Sakha) 26 23 31 27 32 20 28

2 '60-0-0: 60 kg N/ha at transplanting, o kg N/ha halfway between fransplanting and two
weeks before primordial initiation, and o kg N/ha two weeks belore primordial initiation.

various nitrogen sources for rice.  The results are given in
Table 6 for 15 locations. Nitrate fertilizer applied at trans-
planting was almost worthless.  When applied two wecks
before primordial initiation directly into the irrigation water,
NaNOs was between 15 and 73 percent as effective in supplying
N to the plant as (NHy);S0; with an average of 43 percent.
Urea and (NH.:):SOs were equivalent sources of nitrogen. Am-
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TABLE 6 — Field experiments on the effect of various N sources applied al
different times on the percentage of N in the gran derived from the

fertilizer.
(NIT),50, Urea NH,NO, NaNO, 1.SD
Applicatien Time? P=0.03
Location T Pz T Pz A T P2
Burma 19 23 16 21 10 21 4 15 5
Ceylon 171G 19 22 9 i4 4 1O 3
Rep. of China (Taichung) 19 30 20 23 I 16} 3 13 8
Rep. of China (Taipei) 14 30 13 26 9 23 3 10 4
LEgypt 3 T4 iz 18 5 11 1 14 3
Hungary 210 6 8 7 5 1 3 4
Tndia (Cuttack) 34 37 33 36 20 30 14 25 4
India (Hyvderabad) 19 23 21 24 1z 16 z 7 4
Ltaly 15 18 17 17 10 14 1 5 k!
Korca g 20 g 25 10 10 I 3 7
Madagascar 6 20 g 19 3 13 b 7 4
Pakistan 20 15 19 24 4 17 3 ) 5
Dacca 15 24 13 20 0 20 z Iz 3
Philippines 1T 20 19 19 13 15 2 8 3
Thailand 40 44 41 30 27 31 6 3z g
* Application Time: Tw=35 em depth at time of transplanting, P-z = in water two weeks

before primordial initiation.

monium nitrate of course reflected the poor performance of
the nitrate ion as a source of nitrogen for rice.

Rice - Nitrogen [ Phosphorus Interaction

Table 7 records the results of sixteen identical field expe-
riments in various parts of the world, devised to study the
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TaBLE 7 — The effect of mixing of (PNH)S0s and #P super-
phosphale on the uptake of fertilizer nitrogen and phos-
phorus by rice (6o day harvest)*.

% P derived from % N derived from
the fertilizer the fertilizer

Tocation separated mixed separated mixed
Burma 4.4 5.0 23 28
Ceylon 38 50 32 36
Rep. of China 5.8 6.5 27 27
Hungary 7.5 13.5 48 52
India I 10 17 44 47
India IT 44 Go 46 36
Italy 22 36 15 20
Korea L 7.8 .2 50 49
Korea IL 9.8 11.5 26 22
Madagascar 67 75 40 37
Pakistan 40 40 33 36
Dacca 56 53 20 22
Philippines 8 15 3 28
Thailand 72 82 28 30
Egypt I 18 34 25 23
LEgypt 1I 20 27 33 33

* applied in rows at 5 cm depth,

inferaction between nitrogen and phosphorus placement on
the uptake of fertilizer phosphorus and nitrogen. When phos-
phorus was applied in rows 5 cm. below the smface together
with the nitrogen many locations gave increases in utilization
of the phosphorus as compared to separation of the nitrogen
and phosphorus.  However, uptake of nitrogen from the
fertilizer was unaffected.

In another experiment in 15 locations the effect of time
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of nitrogen application on the utilization of applied super-

phosphate was determined.

The results are presented in

Table 8. They show clearly that time of nitrogen application
had no effect on the utilization of superphosphate applied on

the surface at the time of transplanting.

TABLE 8 — Effect of time of nitrogen application on the per-
centage of phosphorus in the planis that was derived from
the superphosphate applied at transplanting (sampled three

weeks after last nitrogen application).

Percentage

of P derived from fertilizer
(mean of 6 replications)

Location 60-0-0" 0-60-0 0-0-00
Burma (Gyogon) 26 23 22
Burma (Mandalay) 38 36 37
Ceylon (Gannoruwa Peradeniva) 20 27 30
Ceylon {Maha Iluppallama) 40 40 34
Pakistan (Tandojam) 55 62 50
Dacca 64 56 61
Hungary (Szarvas) =} 8 7
Korea {Suwon) 12 13 14
Madagascar (Tananarive) 37 31 34
Philippines {Los Banos) 25 35 20
Rep. of China (Taichung} T3 I3 15
Rep. of China (Taipei) 7 9 7
Thailand (Bangkhen)} 65 75 60
Thailand (Rangsit) 40 47 40
Egvpt (Sakha) 79 78 8o

* Go-0-0: 6o kg Nfha at transplanting, o kg N/ha halfway between {rans-
planting and two wecks before primordial initiation, and o kg N/ha
two weeks before primordial initiation.
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Maize ~ Nitrogen

A quantitative evaluation was made of the uptake of
nitrogen from (*NHy);80s as affected by placement and time
of application. The results are given in Table g. The expe-
riments in Colombia, Peru and Egypt were irrigated, while
those in Argentina and Brazi! were not. In addition, it was
a very dry season in Argentina. The results reflect these
differences. Where moisture was adequate, side-dressed ni-
trogen was as effective and, where irrigated, more ecffective
m supplying N to the plant than banded nitrogen. While the
N taken up in the treatment halfway in time between 50 cm.
high and tasseling is undoubtedly as offective in mcreasing
yield as earlier applied nitrogen, the last two treatments, and
particularly the last treatment, would be less effective in
increasing grain yield but correspondingly more effective in

Tapre 9 — Effect of placement and time of application of
(PNH.2SOs on the percent wilvogen in the grain devived
from the fertilizer®*,

Side-dressed*

Location Plow-down Banded 50 €m % bet T T+1o
Argentina 20 23 6 16 10 4
Brazil 27 28 34 39 33 24
Colombia 10 25 38 50 45 34
Peru 24 38 46 43 46 32
Egypt 20 18 36 42 46 37
* refers to stage of growth: 50 cm = 50 am high; X bet = halfway in time
between 50 om high and tasseling; T = at tagseling; and T + 10 = 10

days after tasseling.
** 15 kg P/ha applied in band.
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increasing the nitrogen content of the grain. Of course, in
practice side-dressing at 50 cm. height is convenient and does
cssentially no damage to the crop., A comparison of three
fertilizer materials was made at the two different placements,
BANDED (banded at a point 5 em. to the side and 5 cm.
below the seed af seeding time) and SD (side-dressed at
50 cm. height). Since isotope applications permit comparisons
of identical ferfilizer treatments except for the label, and in
agricultural practice, high nitrogen treatments are often split
between banding and side-dressing, split applications of 8o
kg/ha N Dbanded at time of seeding and 8o kg/ha N side-
dressed at 50 cm. height, was the freatment. The results are
given in Table 1o0.

Comparison of banding and side-dressing gives the same
plcture as Table 6, that is, where moisture is adequate parti-

TaBLE 10 — The percent nitrogen in maize grain devived from each fime

of application of a split application of three diffevent nitvogen sources®.

Nitrogen Source

(PNH),50, BN, ¥NO, SUrea
Location Banded SD**  Total Bandad SD**  Total Banded SD** Total
Argentina 13 5 18 17 5 22 22 6 28
Celombia T4 47 6y 18 4z 6o T4 42 56
Mexico 24 ") 33 19 19Q 38 20 7 27
Peru 22 35 57 40 o1 101 42 Go 102
Brazil 13 17 30 14 18 32 14 17 3T
Ghana 16 9 28 i3 10 23 23 7 30
Romania 13 27 34 10 25 35 5 23 38
Egypt 16 435 r5 28 43 17 38 33

* Superphosphate - 40 kg Pfha mixed with the N fertilizer in the band.

% Side-dressed at plant height of 50 cm.
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cularly under irrigation (Colombia, Peru and Egypt), side-
dressing is more effective than banding. When depending on
natural rainfall, the adequacy of timing of the natural rainfall
affects the relative utilization of banded wersus side-dressed
nitrogen. No essential difference in the three nitrogen sources
is indicated by the data. The low value for (HN¢):SO4 in Pern
is not understandable but suggests a consistent error by a
factor of 2.

Maize - Nitrogen | Phosphorus Interaction

The extent of a nitrogen/phosphorus interaction on the
uptake of both phosphoerus and nitrogen resulting from mixing
(NH4):80s and superphosphate was determined quantitatively
in experiments in eight locations. The results are presented
in Table r1. The resulls clearly demonstrate that whereas

TABLE 1T - Effect of mixed VS, Separate placement of (NH S04
and superphosphate on the percent phosphovus and nitro-
gen o maize devived from the fertilizer (plants sampled
when 50 cm high).

Y% P aff o W odif
Location separated mixed separated mixed
(Ghana 40 38 30 24
Brazil 31 45 37 43
Colombia 18 30 65 72
Romania 15 21 57 58
Peru 12 33 17 44
Argentina s 38 24 29
Mexico 2.1 7.7 50 57
Lgypt 0.¢g 2.2 14 14
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(NH.):SOi, when mixed with the superphosphate, normally
increases the nptake of phosphorus, the presence of superphos-
phate does not increase the uptake of nitrogen from (NHs):SO;.

Discussion

Tables 1-11 are presented to illustrate the kind of questions
that can be answered quantitatively by using isotopically label-
led fertilizers to measure directly the actual uptake of the
fertilizer nutrient by the plant in the ficld. All the experiments
described also had yield plots, and analyses werec made for
the actual content of the nutrient element in the plant., The
additional information obtained by using labelled fertilizers
gives a parameter which can be used to make quantitative
economic decisions which could only be guesswork otherwisc.

A particularly good illustration is given by the results
obtained in a recent group of expcriments as a part of an
international coordinated research programme on wheatl ferti-
lity. The results are shown in Table 12. The results show

TABLE 12 — Percent ulilization of N from “NH; "NO; applied
to irrigated wheat®.

Rate of Application - kgfha

Location 20 Go 120
India 38 35 36
Turkey 24 34 27
Egypt ' 72 68 6o
Pakistan 2G 28 371

¢ Data supplied by research contracters in respective countries.
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very clearly that the percent atilization of nitrogen from the
fertilizer is essentially independent of the rate of application
of NHuUNOs, This quantitative result with all its economic
implications was certainly unexpected.

A tremendous additional advantage of isotope-labelied
experiments to measure fertilizer use is that for the first time
fertilizer experiments can be performed where the desived in-
formation is obtainable with no variation of treatment. For
instance, suppose we wished to compare the efficiency of
broadcast treatments of three different materials, (NHi)S0.,
NaNQO; and NHNOs, We could set up an experiment with
three freatments as follows:

Treatinent Rate of Application - kg N/ha
No. (NI1,),50, NH,NO, NaNQ,
I 50% 50 50
Z 50 #50 50
3 50 50 *30

In each treatment, each of the three materials are sepa-
rately Dbroadcast on the surface. The three treatments are
identical. The only difference is the position of the label
(refcrred to above as *). Thus, a comparison can be made
of the intrinsic ability of the fertilizer source to supply the
nutrient in question under identical conditions. We could
even compare the NHy and the NOs sources under the identical
sitnation of using in one treatment *NIL.NQ; and in the other
treatment NHs*NOs, 1.e., the same material but labelled on
a different nitrogen atom. These comparisons can be made
not only for materials but for placement, times of application
and all kinds of interactions. The power of this kind of expe-
riment to answer specific questions uneguivocably in field
experiments has hardly been utilized.

It would be erroneous to leave the impression that this
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information alone will solve all fertilizer problems. All the
data given has been only a part of the data from experiments
which included measurements of yield responses and nutrient
analyses of all samples. The use of labelled fertilizers provides
a method for obtaining the necessary quantitative data on
fertilizer use efficiency which, when combined with other
agronomic data, gives us the capability of making much more
rational decisions concerning fertilizer use, both from an cco-
nomic and a scientific standpoint. This is valid whether one
is making a recommendation to farmers or deciding in which
area to concentrate research. Why not use it more?

Note: Much of the data in the tables has been taken from the following
two publications:

Fertilizer Management Practices for Maize: Resulte of Experiments with
Isotopes. TAEA, Vienna, 1970.

Rice TFertilization, TALA, Vienna, 1g7o.

[25] V1, 3 - Fried - p. 15
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DISCUSSION

Chatrman: M. Y. Colic

WELTE

It was an interesting paper, Dr. FriEp, because you have
brought forward a very important problem, But I cannot agree
that this exists only for the developing countries, Tt is of enor-
mons importance also for the highly developed countries. The
efficiency of a given amount of fertilizer as a function of placement,
Himing, spliting ete, is just a real problem in the European coun-
tries. May I give some example? For instance, it is usual in
German agriculture to fertilize sugar beet by spreading fertilizer
on the soil surface becanse it s easily done with modern equipment.
Nitrogen, phosphorus and potassium is spread as NPXK ferlilizer
at once; that means more than 1oco kg fertilizer material per
hectare. Now the sugar beet in the stage of germination ls very
sensitive against this high salt concentration. By this, very often
damages occur cn our sugar beet fields due to wrong application
procedures.

Another problem 1 wish te point out here is the importance
of the high yield level in the develeping countries in relation to
the growth curve. During the growing season the amount of ions
which must be taken up by the plant are much higher than in
areas with low production. Especially during the shooting stage
the amount of fertilizer per day comes into consideration, for
instance for a high comn yield about 4 te 5 kgs K,O per hectare
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and day must be available. Therefore splitting is more effective
iistead of applying the whole amount of fertilizer at once. We
have measured — what we call the daily flow rate of nufrients
(ion-flux} and often found that nitrogeu applied just before seeding
is insufficient when the wheat plant has reached this stage of
development.

And now a third remark. There are some mixed fertilizers
which give results quite contradictory t¢ your findings, especially
PK fertitizers based on basic slack, which is coated by KCl. The
effect of this granuiated fertilizer is not a very good one if we apply
it too late. We have to apply it during autumn or winter time
because tbe roots have many physiological difficulties in golng
through this coat of potassium cloride in order to get phosphorus.
That is a handicap, which causes a decrease in P uptake.

HERNANDO

I would like to add something to Prof. WELTE's remarks.
With some special analysis it is very easy fo find several types of
the phosphate present in different soil kinds. But in order to
get useful results, one must work on soil types,

Another point: I was related with labelled phosphate from 1950
to 1g51. At that time I was working with Prof. Scorr-RUssELL
at the Oxford University. We made some experiments with clay
fixation, but since then I have always had the idea — and in this
connection I want to ask you -— what is actually true of the results
we get from the absorption of labelled phosphate by the plant when
we apply labelled fertilizer? T think iu the same way as the plant
gets the phosphate from the soil, and on the other hand, the
phosphate from the fertilizer. I -daresay there will be some ex-
change in the soil between the phosphate contained in the fertilizer
and the scil phosphate, and since the phosphate in the fertilizer is
P-labelled, I suppose the plant wili then fake some fime {o absorb
the total phosphate-labelled present in the soii after the first
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exchange. 1 would like to know your opinion about this, that is
whether this is important or not.

FrIiED

I am glad to give my opinion on that last subject because it
has been a subject which at one fime at least seemed to bother a
lot of people. I think it is a fictitious kind of subject in many
ways. Remember that we not only measure the uptake of the
fertilizer phosphorus — and there is no question about this, what
you are measuring is the uptake of the fertilizer phosphorus, every
radioactive ion that you find there represents the uptake of ferti-
lizer phosphorus.  We also, of course, in these experiments — in
any field experiments this is only an additional piece of information;
we are also measuring the uptake of the soil phosphorus. I could
have given results in terms of whether these factors happen to
affect the uptake of soil phosphorus and T could have given you
a quantitative answer to that question. I can do it for Nis, for
nitrogen, whether the amount of soil nitregen is affected by the
fertilizer application, Because we have that data and we cannot
— in making a recommendation - take in isolation only the
uptake of the fertilizer, but we are usually taking inte account all
the other factors but we never know the answer to that question
of the uptake of the fertilizer, and this is a direct answer to that
question. T do want to call your attention to the last paragraph
in my paper which starts off with: «It would be erroneous to
leave the impression that this information alone will solve all
fertilizer problems, All the data given has been only a part of
the data from experiments which included measurements of yield
responses and nutrient analyses of all samples. The use of labelled
fertilizers provides a method for obiaining the necessary quan-
titative data on fertilizer use efficiency which, when combined
with other agronomic data, gives us the capability of making much
more rational decisions concerning fertilizer use bath from an
economic- and a scientific standpoint, »
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PRIMAVEST

I have a question referring to your very interesting paper.
In which state, on what soil type, and in what years have you
made the experiments in Brazil referring to Tables 9, 10 and 11?

TriED

Referring to Tables g, 10 and 11, 1 did not do the experiments,
the cooperator did them in Pericicaba. You know more about the
soils there than I do.  All of these locations are defined in the
normal way that yeuw would for a fertility field trial. 1 do not
have the data in my head, but much of it would be in this
publication on rice fertilisation and this one on maize fertilization,
giving the location and the collaborators that actually did the

experiments.

Larrovics

Professor IFrip illustrated, on the basis of a large number
of data, the kind of questions that can be answered quantitatively
by using isotopically labelled fertilizers.

In ounr Institute we have nsed this method too. In the follow-
ing, I would like to present our results.

1. Utilization of N fertilizers on pastures

On the irrigated pasture of the solonetz soil, microplot trials
were carried oul to study the effect of the different nitrogen
fertilizers labelied with N,

Our data show that at the frst culting 32,430 percent, at the
second cutting 14-16,5 percent, and at the third culiing 8,g-11,7
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percent of the total N taken up by the plant derived from the
fertilizer applied. 1t could further be established that the utili-
zation of the different nitrogen scurces was 17-19% and 1,9-3%,
respeciively.  The N fertilizers added were utilized to an extent
of 27,5-31,2 percent.

The utilization of the applied N-fertilizers was essentially in-
dependent of the kind of fertilizer sources, under the given con-
ditions,

2. Efficiency of nitrogen top-dressing.

Micro-plot trials were also carried out to study the efliciency
of top-dressing with labelled wrea and ammonium nitrate on slightly
acid brown forest soil with moderate humus content, available N
and K confents and peor in available P. TFertilizers containing
50 kg N/ha were applied to Besostaja I intensive winter wheat
in April.

The resulls show that after N top-dressing, the yiclds and
the amounts of N taken up by the whole crop have increased.

The data indicated that 13,6-14,4 percent in the grains, 9,5-
10,0% in the straw and 8,7-9,7% in the chaff of the total N taken
up by the plant derived from the labelled fertilizers, 154,2 and
141,17 mg nitrogen taken up by the whole crops was from the
labelled fertilizers and the degree to which fertilizer nitrogen was
utilized amoutnted to 32,4-35,5 percent.  Our data also show that
there were no reliable dilferences between the effects of urea and
ammonium nitrate.

3. N uplake as affected by the time of N fop-dressing.

On brown forest soil, bifactorial micro-plot experiments were
carried oul to study the nitrogen uptake by winter wheat from N
fertilizers added at different times.

The utilization of N amounted to 24,8-33,8 percent at the time
of earing and to 29,9-36,0 percent at harvesting, Variance analyses
have shown that the effect of N top-dressing was neither influenced
by the time of application nor by the stage of plant development,

{257 VI, 3 - Frled - p. 23
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Our data illustrate that by using the isotope indication method,
we can get further information concerning the N fertilization of
pastures, and top-dressing, both from an economic and sclentific

aspect,

BranNCHET

I was alse very interested in the report of Dr. Friep and 1
wonld ask him if the proportion of P derived from fertilizer in
his experiments is a function of the importance of the soil reserve,
that is, the value of the pool of adsorbed P in the soils, because
T observed in the field a variation from 5 percent to 8o percent
for the proportion derived from the placed feriilizers in scils of
decreasing value of adsorbed P,

Frigp

The proportion of phesphorus in the plant derived from the
fertilizer is an inverse function of the supply of phosphorus in
the scil. Since you are dealing with a lmit of 100 percent utili-
zation, in order to reflect the actual guaniity available in the
soil yeu would have to go through the appropriate mathematical
transformation. We have developed the concept of an A-value
based on the assumption that the plant will take np the phosphorus
from multiple sources in direct proportion fo the amounts available
so that you can actually quantitatively calculate the level of phos-
phorus in the soil in relative terms from this type of data. Yes
it does absolutely reflect the level of phosphorus in the soil.

THERON

I just want to ask Dr. Friep something about Table 12 of
his paper. There the amounts absorbed are very much the same

[25] VI, 3 - Fried - p. 22
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percentages; are the yields in the same proportion as these ap-
plications?

Friep

No, not at all. Each one gave a different response curve, if
you want to call it that, but the relative efficiency was the same
at different rates of nitrogen application. That is, the actual
utilisation — the proportion of the nitrogen fertilizer that was
actually used — was the same and was independent of the type
of yield response obtained.

THERON

Does that mean then that the higher the vields made would
be using less nitrogen in total?

Friep

The higher yields may be using less nitrogen? Not because
when you put on 60 kgs per ha as compared to 20 kgs/ha you ars
putting on three times as much; your percent nitrogen in your
plant may go up if your yield curve is curvilinear. If your yield
curve is curvilinear and your percent utilization is constant, then
it would mean that your percent nitrogen in your final product
actually went up. But obviously this is not at the point where
the nitrogen can no longer be taken up by the plant; in other
words it is not saturated with nitrogen.

RusseLL

Dr. FRIED’s paper gives the opportunity of making a complaint:
United Nations agencies, FAO and the International Atomic Energy

[25] VI, 3 - Fried - p. 23
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Agency, and sometimes UNESCO, are :esponsible for a very large
number of field experiments. Most of the result of these are
quite inaccessible and unknown to the mayority of research wor-
kers, unless they have the good fortune fo attend a meeting like
this. I would suggest to United Nations Agencies that they should
consider if there is not some better way of making known the main
results they are finding, then by producing pamphlets like the
two I saw Dr. Friep produce. How is the ordinary person expected
to know what the International Atomic Energy Agency and so-
metimes IFAQ are doing. I think it is a point which does need
looking into. Now for a very minor point, Dr. Friep showed
us that the uwptake of phosphorus by paddy rice was independent
of its time of application, He therefore made the statement that
if {he fertilizer arrived on the farm late, it was still worth pulting
on because the uplake was the same as for an early application.
Were the yields the same, whether the phosphate uptake is carly
or late? In the old days we were told that phosphates were
needed early on in the growth of the crop and that a late application
would not compensate for a lack early on, We do not want people
to think that late application is as efficient as early, from the point
of view of yield, if this is not the case,

TFFriED

T appreciate that and we have al' the yields listed here in
this pamphlet that nobody knows about. Bui I was vory careful
to say that the sampling of the phosphorus took place one week
after primordial initiation.  We do know a lot about the rice
plant and rice yields. And fertilizer that is taken up before
primordial initiation is very likely, the only word I can use here
without doing the experiment, to go into the yield component,
That is the reason why we sampled one week after primordial
initiation phosphorus and nitrogen of the last application which
was there for three weeks only. The two experiments were the

[25]1 VI, 3 - Fried - p. 24
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same, except that one was with phosphate and the other with
nitrogen. 1 carefully pointed that out with maize also, that is in
making the application only when the maize was 50 cm high, the
nitrogen taken up would cerfainly go into the yield component.
So I can only say that the indications are very strong, even for
phosphorus.  TFor the second time of application — made half way
between two wecks before the primordial initiation and the time
of transplanting — I do not think that anybedy would have any
question in their mind that if the phosphorus taken up was going
into the yield component. In the case of nitrogen for rice, Le.
before the short straw varieties had developed, there was a tendency
and certainly a strong recommendation in the U. S. to apply
nitrogen late, namely at a time when you would not get the
lodging but have it gone into the grain yield and nat inte the
straw.

[251 VI, 3 - Fried - p. 23
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JOINT DISCUSSION

of papers: PEsEK, COLWELL and FRIED

Chatrman: M. Y. Coic

WaALSH

I was very interested in these three papers. We must take
note of them in our final decisions about experimental techniques
and experimental methods. The sort of sophistication we have
heard here conflicted very much with what we heard from
Mr. Haustr in FAO’s reports the other day which brought us back
to the sort of approach in our country fifty years ago. I am still
very doubtful about FAO's « average » approach, I doubt if it
will yield really meaningful data for the future. We might ask if
this is the right sort of data for their data bank. T do, however,
fully recognise the difficulties of FAO, 1 wish to put one or two
questions to Dr. Corweri. He has taken very great care in
replication. What sort of survey work does he carry out on an
experimental site beforchaud. For instance, do the people laying
down the cxperiments define the sort of soils and varations. 1
feel that before we close this meeling we wilt have to know some-
thing more about nutrient cycles and nutrient cycling because this
is important in terms of the problems we may have.io face, e.g.
those raised by Prof. Firrs about the environment. To what extent,
for instance, can isotopes be used to examine systems of nutrient
use or nutrient partitoning in nutrient cycles, either for tillage
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crops, or moere especially for pastoral system — the latter involving
grazing, fecding in houses, the use of nutrients bought in feeds,
If this could be done and if isotopes could have a meaningful nse
in this regpect, it would be very valuable. I{ should never he
overlooked that it is from developed countries such as those in
surope that mew methodology, meaningful in terms of underde-
veloped countiies, can be developed. In this context FAQ in my
experience has paid less than sufficient attention to European
alfairs.  They will have an appropriate dividend one day. They
felt that they shouldn’t for instance be interested in research in
Europe. 1 have a strong conviction that we in developed coun-
tries have a total commifment, to produce methodology, which
can be used in more underdeveloped countries.

COLWELL

The question was, do we do survey work in selecting sites,
with an auger, and so on. Yes, we certainly do. These expe-
riments which T showed you are a part of what we call our national
soil fertility project. Our pedology section is interested to deman-
strate the importance of soil classification and do our site sclecting,
I can assure you that a lot of differences that we see in soils do
not show in crop growth, and alternatively we get a lot of diffe-
rences in crops which we cannot see by looking at the soil.

Hregrxanpo

I wish to present two question: The first one 1o Prof. CoLwEiLL,
I read your paper and followed your very interesting cxplanation
here. I fry to put a point in relation to what you said about the
use of soil fests in Australia. I have never had the chance to
go there, but I have spoken many times with people from your
country, and I know that there are some areas with similar climatic
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conditions as we have in central areas in Spain. I know that
farmers are working in these arcas for 100 years and sometimes
even less; your farmers, however have more knowledge than far-
mers in my country. I believe the difference in Hme working in
the field may possibly be overcome with a better technique. I
suggest to use a method we developed in Spain in 1952, that is to
check the soil test with the knowledge of the farmer and to de-
velop a few field trials. We go to a village, falk to the most
experienced farmers about the different soil types in the areas in
relation to the ylelds. They, of course, talk to us of the resulis
of a over hundred year's experience acquired by several farmers’
senerations.  That means that the effect of climate, diseases etc.
are completely avoided, and with these details cn the soil tests we
found a very good corrclation when we tried to know the low
level, the medium and the high level for an element, especially
for phosphorus and potash in this region. We do not go any more
into nitrogen for the problem everyone knows. These methods
are working on like that in a few field trials only in order to know
what amount to apply in a normal year, i.e. with mean climatic
conditions, In this way we reduce the number of trials quite a lot,

My second question is to Dr. Frip in relation to table 7,
He showed us that in mixing phosphate with ammonia sulphate
you can always get the main effect, namely the activation of the
ammonia sulphate; but maybe this is another type of effect.

Tn my experence we made field trials with a different plant,
j.e. with sugar beet. The important thing, however, is that you
cap comment on your resni in relation to the other one T tried
to show you., Our results show that experimental design with
ammonia sulphate plus superphosphate, sodium nitrate plus su-
perphosphate and the same amount.at the same rate of nitrogen
applicd at the same time in the season, we always get in a three
years’ period of experiments a high level in the content of phos-
phate in the plant when we use sodium®nitrate instead of using
ammonium  sulphate, 1 do not mean that these results are in
their conditions different from those yeu gave. The only thing
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I would like to ask you is an explanation for these results, cspe-
cially when T tell you that we made the experiments on calcareous
soils, alluvial calcareous loamy soils with about 20-40% of calcium
carbonate near Madrid in Alcald.

COLWELL

Replying to the first question before Dr. Friuun to his question,
We select our sites in a very similar manner to what you do. We
have been asking farmers to indicate to us what they thought was
a good soil and what they thought was a bad soil. And we then
go through the site selection which I was telling Dr. WALSH about,
getting it to represent particular soil groups, uniformly. TJust a
point: the point I tried to bring out in this paper was that in
assessing the value of a soil fest, it is not sufficient to look at
the correlation. We are trying to make an estimate of the economic
value of a test to farmers in a region. This is a step further.
Certainty, unless we have got a significant correlation, there is
not much point In going further, but having got a correlation I
think, the next question we are obliged to answer is, how much
is this going to mean in actual dollars per hectare to a farmer.

HAUSER

I had a few remarks on the two previous presentations, but
T had no chance to say anything. Now I must apologize that T
did not understand what Prof. WarLsH exactly said about the
FAO work. What my experience is here from that meeting, and
if T may talk openly here because we are in the Vatican City, is
that everybody is inclined to judge according to his own expe-
rience which is normal, but it is pot a guarantee that this expe-
rience alse applies to cther conditions. It was clear that we have
a very difficult stand in FAO to convince people of the high
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developed countries, scientists, that our methods are well founded
and that we have reason why we do it. We had, as T said also,
very little help from these Institutes, not because they are all bad
and not all the people want to do so, but because our experiences
are different from theirs.

Referring to Prof. Warss, we have very many times tried to
group our thousands if experiments according to soil types, accord-
ing to soil series, according to soil phases, but there was very little
sncecess; and now we are making the first multifactorial analysis
for the soil testing calibration, and we find that the soil is so in-
fluential. There is a contradiction and that contradiction was not
explained here in the meeting. 1 think we will have to find another
patent solution ta this. That is not a complaint. If we make these
small trials, in two years we can say to the countries what fertilizers
should be applied, and if we work five years we can lell them how
much water fo give, when fo put in the seeds, when to put the
fertilizer, on an average basis. 1 agree on an average basis but
it is not the best that we can do. Now if we go and fry to make
more use of the soil testing we come into the trouble which is
rightly brought up by Dr. Corwsri, but also by Dr. Vaw pEr
Pravw, Does it pay? We have no answer to that and the Go-
vernments determine which projects they want in their countries.
The couniries request help from us in this or that matter. The
conniries are also requesting our help for soil testing in order to
know what fertilizer they should apply, This is very difficult be-
cause even in high developed countries it tock a very long time
to solve these problems. But we have to deal with these diffi-
culties, Now I will no longer delay on this subject which we can
discuss in private talks, I would like, however, to say a few other
things: in regard to Prof, PesER’s presentation and Dr. CoLweLL's
reply. e said that it is important for this type of tzial to have
many spols covered in a cerfain area and only a few replications
or a few plots on each site. This is right for a certain kind of
trial and we do this also. We try to sample the fields of an area
stafistically as much as possible. Therefore, we must include many

a3
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sifes though this is not good for everything, We can do it won-
derfully for determining with high prebability which are the proper
fertilizer treatments for the farmer on an cconomical basis. But
if we go for instance for the comparison of fertilizer materials, it
is not so. H we want to know whether urea or ammonium nitrate
is more effective on a certain crop in the first year and the diffe-
rence is, lef us say, only 59%, we cannot determine this difference
with dispersed experiments, because they are not sufficiently pre
cise,  But if with more exact experiments we find a fertilize-
which is 59 more cffective and this fertilizer is nsed in the whole
country, the gain will be considerably. This we have to find out
in more precise experiments, We have te make more replications
on the spot and select only a few good sites; then we can determine
these small differences in the effect. So there is no standing rule
for this type or that type, no standing rule for many locations
with few plots or few lecations with many plots; this depends on
what is the purpose of the experiment.

Another remark T have concerns the simple composite designs
which were brought up here: let us take the 3 by 3 or 4 by 4
factorial.  We in FAO are against these designs, not hecause they
are a priori bad, Maybe they are statistically right, but because
of certain curves, let us say a nilrogen curve on zero phosphorus,
or a phosphorns curve on zero nitrogen, the general picture is
disturbed, and therefore we try in cur designs to leave ihese
unbalanced treatments cut. When you remember what one of the
gentlemen said, 1T do not remember who it was, the surfaces we
saw and which were so imregular — well, this irregularity was in
the zerc nitrogen or the zero phosphorus regions.  Higher up on
the return curve things are very normal uniil one comes to the
maximum  yield, then it Dbecomes agamn variable and uncertain.
Therefore, we are not a priod for the complete factorial designs.

With regard to yield functions, referring to Prof. Prsex, we
had the same experience though much more pronounced in ocar
figures. We used also the quadratic and not the root surface, and
the reason is that the root surface cannot be interpreted if not
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very many points are observed in a curve. We have tried that
with hundreds of firials, and il the fertilizer rates are not very
well chosen, the maximum is always very far out of the obser-
vation points.  Therefore, we cannot use the root surface, we
must use the quadratic surface, and this can also be proved hy
quite interesting data material in FAQ,

JTRIED

Dr. Hrznanno had asked a question but I think thaf’s going
to involve a pretly involved discussion as {o why he got the
results he got and 1 think it would be better really if we disenssed
it together. I would Hke to make one remark on Dr. Warsi’s
question.  If yon want to know what is happening with the fertilizer,
whether it i3 a pollution question, an efficlency of fertilizer use,
whether it iz pesticide; puiting a label on the poliutant, if yon
want to puf it that way, iz an ideal way of comrse to study it and
we do have some projects with pesticides with that kind of purpose
in mind. We don’t have any with ferlilizer; It is not because we
don’t realise the potential problem which may be involved, but
as you said, we are spending your money: and unfortunately most
countries are very niggardly about their money: they don’t give
the international organizations as much in fotal as they woeuld give
to one university. Adding all the countries together they don't
give as much as they would to one large university in their own
couniry, So we just have to take the resources we have and
apply them tfo fhe problems that at the moment seem the most
serious, particularly in the developing world.

BussLer

Dr. Frien you said you believe strongly in field experiments,
but concerning your figere 1, Professor MARSCHNER in Berlin came
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with a laboratory experiment to the same results as you have in
the field experiment. This is only an additional remark that in
a laboratory we can have the same resuits as in the field,

KRrRIED

The final proof is always in the field, if possible.

PRIMAVEST

You said very well in your Summary: « Response to fertilizers
is commonly effected by the more or less unpredictable effects
of local and seascnal conditions; soil, weather, weeds, cte. ».  And
in your Introduction: « For poorer agricultural regions where
the needs for accurate estimalions of fertilizer requirements is now
of mucl: greater importance... », and in your paragraph 5 about
the Value of Soil Testing: « ...Clearly the better the soil test ca-
libraticn and the worse the alternative estimates, the more valuable
a soil testing service would be »...

I think it is indispensable, at least for the {ropic and sub-
fropic zones, to study besides the soil type and the chemical
propertics of soil, also the physical and biological properties to
understand the biodynamic interaction possibilities and to obtfain
a larger basis for the recommendations of fertilizer application

which in this way will be more exact.

TFiTTs

I would just like to comment briefly on Dr. CoLwrLi's sta-
tement relalive to soil analysis. I certainly agree with him that
we should always evaluate everything that we are doing to see
whether it is worthwhile or not. Also I would agree that a large
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amount of soll analysis around the world has been made purely for a
psychological purpose to sell fertilizer or for something else, and
I would agree that has very little real value. But I would also
like fo call your atlention fo the table whick I showed you last
Monday on data from about 100 field trials conducted in Peru
over an eight year period. I do not have the dafa with me sa
I will have fo comment on it from memery. These were good
experiments on potatoes in the Sierra region of Peru. Now when
we separated the data into two classes, Dbelow the critical level
and above it, for the fields below the critical level the refurn was
greater than o.25 dollars for every dollar invested for fertilizer,
and those above it lost 10 cents for every doilar invested. Tt
happened that several thousand soil samples had been analysed
from farmers fields in that area, and if came ouf almost a 509
for split, those below and those above the critical level, Tf T were
a farmer living in that area I would certainly want to lmow if
my soil was below the critical level or above it, whether T would
get 190 dollars profit or lose 12 dollars, I believe that is profitable
information, but you have to have the research correlation pro-
gram in order to be able to do it

Prsex

I wanted to make a comment on Professor CoLwrLl’s idea of
the soil test, during the rest period he convinced me that his soil
test was much belter than the ones with which 1 am familiar and
instead of assuming that the soil test is worth only § 2 plus, as
he indicated, I am willing to accept it is worth only § 1 per hectare.
1 asked him how large the region was and it appears that this
region is at least 500,000 hectares in size, if one dollar per hectare
is assessed for each of these, this is half a million dollars, and
this really means something for one year. It is multiplied each
year. The further problem here is that by not making a precise
recommendation in areas which do not require much ferilizer as
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the average, the fertilizer nser there is deprived of the use of this
capital which is invested in fertilizer but which might have been
invested in some profitable enterprise.  Hence, nol only is he
deprived of a profitable enterprise he loses money on investment
in the fertilizer. Can any region or individual accept such losses
needlessly.

Davipescy

Je désire faire guelques remarques en lisant les problémes
traités dans les rapports de M. Pursex et M. Corwerr,

Lemploi ¢'équation algébrique suppose l'acceptation de cer-
taines hypothdse concernant la relation entre le rendement opti-
mum et la modification des facteurs d’engrais. Cerfaines égnations
sont plus élastigues tandis que &’autres ne le sont pas. Ce qui
veut dire en méme temps qu'il existe une corrélation plus grande
ou plus petite, La dose d'engrais économique optimum est géné-
ralement établie en disant revenue maximum et les frais de pro-
duciion pour la récolte & cbienir, Comme nous allons voir, on peut
employer des équations qui expriment cette relation par une sur-
face et un volume, mais je veux dire qu'd cause de nombreux
factenrs contribuant 4 Uobtention de la réeolte, il est difficile
d’établir en fonction de production valables équations pour toutes
les condifions. Pour calculer linteraction des eugrais employés,
ainsi que pour corriger la dose en fonction de divers facteurs du
milien — humidité du sol, climat, systdme d’agriculinre, précipi-
tation — a été proposée une série d'équations qui apparemment
paraissait compliquée. Nous avons en méme temps envisagé l'ap-
profondissement de cette recherche permettant 1'élaboration de
quelques fenctions mathématiques capables d’offrir aux agricul-
teurs des recomumendations sur le dosage économique des engrais,
recemmendations qui prendront en considération tous les facteurs
influengant les conditions, par des facteurs techniques et écono-
miques concomitants. £n Roumanie, basé sur l'analyse des don-
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nées climatiques et des récoltes de plusicurs années, on a établi une
certaine corrélation entre la précipitation en automne et en hiver
et la deuxiéme dose d’azofe. Pour cela on aura voulu une situa-
tion par 'aide de laquelle dans la pratique on peut calenler la
deuxitme dose d’azote en fonction de la quantité de la précipi-
tation dans la péricde du septembre au féviier: équations sur des
types qui on éé ici éerites sur le tablean.

Bien sfire, ¢’est une confribution modeste a cetle question-la,
qui est trés complexe. En ce gui concerne mon travail, si vous
&tes d'accord on peut discuter demain. Maintenant nous sommes
contre le chronométre.

I would like to make some remarks on the problems dealt with
in the papers of Mr. Prsex and Mr. CorwnrnL. The use of algebraic
equations implies the acceptance of certain hypotheses concerning the
relation between the optimum yield and the modification of ferti-
lizer factors. Certain equations are more elaslic whereas others are
not.  This means at the same time that there is a larger or a smaller
correlation.  The optimum economic fertilizer dosage is generally
established by the maxium income and the production expenses for
the vield to cbfain. As we are going to see, there can be used
equations which express this relation for a swface and a volume,
but T want to say that on account of the numerous factors contributing
to the obtaining of the yield, it is difficult to establish in respect
to the production valid equations for a]l of the conditions. In order
to calculate the interaction of fertilizers used, and to correct the
dosage in respect to the different envirommental factors — humidity
of the soil, climate, agricultural system, precipitation — there has
heen proposed a series of equations which apparenily seemed com-
plicated. We have at the same time envisaged the deepening of this
research permitting the elaboration of some mathematical [unctions
capable of giving to the farmers certain recommandations as to the
economical desage of the fertilizers, recommmendations which take into
consideration all of the factors which influence the conditions by
concomitant technical and economical Tactors. In Rumania, on the
basis of the analysis of climatic data and of the yields of several
yvears, there has been established a certain correlation between the
precipitation in autumn and in winter and the second nitrogen
dosage. In order to do this one wanted a situation with the aid of
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which one could in practice calculate the second mitrogen dosage in
respect to the quantity of the precipitation during the period from
September to IFebrnary: egunation of the {ypes which have been
described here in the table.

Certainly this is a modest contribution to the question there
which is very complicated. As concerns my work, if you agree, it
may be discussed tomorrow. We are now short of time.
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THE FATE OF ORGANIC MANURES IN SOIL
AS TRACED BY MEANS OF RADIOCARBON

HANS 15, OBERLANDER

Landwivischaftlich-chemische Bundesversuchsanstall
Wien - Osterreich

1. INTRODUGCTION

Tt is generaily agreed that organic matter plays an impor-
tant role in soil productivity [47], in the temperate zones
as well as in tropical and arid regions [51] and in the humid
subtropics [48], acting as a necessary factor in support of
mineral fertilizers. It is well known that the beneficial effect
of soil organic matter is mainly due to the « indirect action »
(the favourable influence on physico-chemical properties of the
soil), but in the last two decades also the « direct action »
(the stimulation of physiological processes in the plant) has
received increasing atiention as a result of the research work
of Brancuer [4], Cuaminape [q], CuristEva [10], FLAIG
[167, HerwaNno [24], SaarsacH {52] and many other in-
vestigators, However, it should be well understood that soil
organic matter is of minor émporiance as a sowrce of plant
nutrients when mineral fertilizers are available in sufficient
quantities. The maintenance of an adequate level of soil or-
ganic matter together with an appropriate application of mi-
neral fertilizers is therefore considered as an important factor
controlling the increase of yiclds and the improvement of the
quality of crops. Thus it is appropriate, on the occasion of

201 VI, 5 - Oberlinder - p. 1
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a Study Week on the Use of Fertilizers, to discuss seme recent
knowledge of the role of traditional and modern forms of
manures in maintaining the level of organic matter in soil,

The opinion has been frequently advanced that the quantity
of crop residues, left in the soil after harvest, is large ecnough
to compensate for the loss of crganic matter by mineralization.
According to this opinion no addition of crganic manures
should be necessary in order to maintain an adequate level of
humus in the soil. Tt is possible to test the validity of this
assumption by using an equation derived by WErrre [67].
He calculated that under the conditions of Central Europe the
crop residues of a rotation with 609, grain crops amounting
annually to about 1,8 t/ha would balance losses only in soils
with a humus content below 2,59% and with an annual rate
of mineralization below 2%. Since in many soils of this arca
the humus contents and sometimes even the rates of minera-
lization exceed these limits, and since moreover there is a clear
tendency towards pure grain farming leaving in the field not
more than 1,4 t/ha annually [37], the addition of organic
manures 1s most advisable. The assumption that higher guan-
tities of crop residues could be obtained by applying higher
rates of mineral fertilizers, is not fully justified, because an
increase of yields is not reflected by a proportional increasc of
crop residues.  KOmnimw and VETTER [37], testing To crops
species, showed that e.g. a ¢89% increase of clover vicld was
followed only by a 22% increase of residues, a 64% increase
of maize yield was accompanied by a 19%, increase of residues,
but a 399 increase of wheat yield did not result in any in-
crease of crop residues at all.  With regard to these findings,
calculations whether carried out with Werre’'s formula or
based on tracer experiments (cf. chapter 11I. 3) lead to the
conclusion — valid at least for Central Europe — that amy
conservation of orvganic matter in soil merely through the
enhancement of vyields by increased mineral fertilizing is a
quite isky wventure. The application of organic manures is
therefore an indispensable precautionary measure.

[26} V1, 4 - Qbevidnder - p, 2
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For many centuries rofled (decomposed) farmyard manure
has been the traditional organic fertilizer in Europe. If made
correctly, it is the final product of a mixture of animal faeces
and straw litter, moistened with animal urine, carefully pressed
to layers and tightly stacked up for rotling in compact piles,
covered with a roof. But with increasing industrialization the
lack of farm workers, as caused by the rural exodus, became
a limiting factor for animal husbandry in wheaf-growing areas,
whereas grain farming, thanks to the increasing mechanization,
was not impeded by the lack of farm hands. This situation
as well as difficulties in marketing surplus animal products
have tempted farmers to reduce or even to abandon livestock
husbandry in these areas and to rely imainiy or entirely on
crop farming; this development led to a serious shortage of
rolted (decomposed) farmyard manure or, as in some areas of
Central Europe, to its complete disappearance from the farn.

Where animal husbandry is still practised as a profitable
source of additional income, there is a tendency to replace the
laborious procedure of piling up the fresh manure for rotiing
by the ecasier procedure of simply flushing it out of the stable
with water or recirculated animal urine (« Jauche ») into clos-
ed containers where it is kept under anaerobic conditions
until further use. This procedure known in German-speaking
countries as « Schwemmentmistung » {(manure removal by
flushing), saves two thirds of the labour costs and one half of
the losses of organic mafter and nitrogen normally occuring
with traditional rotting [64]! The product obtained thereby,
a mixture of animal faeces, urine and reduced gquantities of
litter with various amounts of water, is an wnrotied (undecom-
posed) liguwid or semi-liguid manure (« Schwwenunist ») with
the favourable C/N-ratio of 15:1, whercas C/N of ordinary
(rotted) farmyard manure is 25:1. A further step towards a
labour-saving removal of manures is the litter-free stabling of
animals: special housing systems make it possible to omit the
spreading of straw and to obtain an undecomposed semi-liquid
manure, known in German-speaking alpine regions as « Gélle »

[26] VI, 4 - Qbevitnder - p. 3
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(a mixture of animal faeces and urine with various amounts
of water). Litter-frec stabling which has been practised for a
long time by grassland farmers for lack of straw, is more and
more adopted by grain farmers in order to interrupt the labour-
consuming « straw chain » along which the straw is conveyed
from the field after combine harvesting, spread as litter into
the stable, hence removed as manure to be piled up on the
dung heap, and finally returned to the field in the form of
rotted farmyard manure.

The decrease of livestock farms in cereal-growing arcas
as well as the expansion of litter-free housing of animals have
created the problem of straw remowal. Since there is no
demand for straw, it remains on the field after combine harvesi-
ing; burning it seems to be a sunitable way to dispose of it
and this has been practised for a long time. Though one
should shrink back from destroying energy-rich materials,
burning of straw might be tolerated if the level of soil organic
matter is restored otherwise; but if the supply of farmyard
manure 1s limited or impossible, burning mcans really a waste
of the farmer’s energy-rich capital. Hence it is an obvious
solution to return the untreated straw immediately to the soil
instead of moving it along the laborious « straw chain » by
converting it into decomposed farmyard manure. Straw ma-
nuring by ploughing in the undecomposed straw has been
widely practised indeed for years and even for a few decades,
after various difficulties associated with it, such as nitrogen
immobilization, spread of cereal diseases and inhibition of seed
germination, had been overcome successfully by suitable mea-
sures. It has, however, not yet been possible to reconcile the
pros and cons, as demonstrated by extensive discussions in
the literature concerned [1, 5, 17, 38, 34, I3].

For higher efficiency straw manuring can be combined
with the application of liquefied litter-free animal manure (a
procedure known as « kombinierte Giillerei ») or with green
manuring which is widely practised as a method of restoring
soil organic matter, however restricted to areas of sufficient

[26] VI, 4 - Obgrlinder - p. 4
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rainfall and favourable temperatures in periods between main
crops. ,

It is a characteristic of all the substitutes for rotted farm-
vard manure, such as liquid and semi-liquid stable manure
(with and without litter), straw manure and green manure,
that they have not undergone any rotting procedure and
therefore confain large amounts of readily decomposablie sub-
stances. Hence it has been a matter of discussion for a long
time whether the prolonged application of these materials
would lead to a similar stability of soil organic matter as it
would be obtained by the application of traditional farmyard
manure.

The success of two impressive meetings convened jointly
by Fao and Iaga [18, 25] proved that investigations of this
problem have been greatly stimulated by the advent of Zso-
topic tracers. Indeed, the use of organic manures uniformly
labelled with radiocarbon {™C) has considerable advantages
compared with conventional experiments with unlabelled ma-
nures.

In the present paper a review of selected data will be given
as obtained by several investigators from laboratory, pot and
field experiments with MC-labelled manures on cropped and
uncropped soils dealing with the outlined problem, Particular
emphasis will be placed on discussing the experiments carried
out under field conditions at the Rothamsted Experimental
Station, England [27, 28, 20, 30, 371, 32, 33], at the Univer-
sity of Bonn, Germany [53, 54, 55, 20, 50, 57, 58, 59] and
at the Federal Experiment Station for Agricultural Chemistry
in Vienna, Austria [68, 50, 43, 44, 69, 48, 46, 4G].

The following aspects will be dealt with in turn:

1} the decomposition of manures in soil
2) the transformation of manures into humic substances

3) the conservation and accumulation of manure carbon
in the field.

F26] VI, 4 - Oberlinder - p. 5
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Yet it is beyond the scope of this paper to discuss problems
of rural economy, fertilizer placement, crop production, phy-
totoxicity and phytopathology associated with the increasing
application of undecomposed organic manures.

I1. PRINCIPLES OF EXPERIMENTAL METHODS

1. General Considerations.

In following the decomposition and transformation of or-
ganic manures in soil by conventional methods differences
between the carbon contents of manured and anmanured plots
and of fractions of organic matter isclated therefrom are taken
as a measure of the manure-derived carbon present in the soil.
Disregarding here the effect of newly added manure on the
decomposition of organic matter already present in the soil —
a complication to be dealt with later — the major difficulty
of this method is the detection of statistically significant diffe-
rences between the carbon contents of different plots as long
as manures are appiied at the usual rates of practical farming.
When a soil containing e.g. 20 mg C/g is fertilized at a rate
corresponding to 2000 kg C/ha, the soil gains 0,66 mg C/g,
but this amount falls after some months to about 0,22 mg C/g
(=~ 1% of the soil C) due to mineralization. The detection of
such small carbon differences by conventional analytical me-
thods is almost impossible, since the smallest detectable dif-
ference (at a ¢59% level of significance) is about 0,5 mg C
per gram of soil. In conventional field experiments these diffi-
cuities are overcome by either

a) increasing the rates of manure up to the tenfold of
what is usual in farming whereby significant carbon differen-
ces can be detected, of course at quite unusual soil-fertilizer
ratios, or

b) repeating the application of usual rates of manure

[26] VI, 4 - Oberlinder - p. 6
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through decades as long as the sum of the annuval increments
becomes casily detectable, e.g. in the famous « Ewiger Rog-
genbau » (continuous rye cultivation) at Halle (Germany)
where 2000 kg of farmyard manure per ha had to be applied
annually in order to result in a carbon increment of 4,2 mg
per gram of soil after 70 years [03].

2. The Preparation of “C-Labelled Manures.

The introduction of organic manures uniformly labelled
with radiocarbon (M*C) has made it possible to overcome the
difficulties of the differential method. Thus we are now able
to make statistically significant statements on mineralization
and {ransformation processes already after a single manure
rate not higher than applicd in practical farming. TFurthermore
we can detect accelerations of the decomposition of the original
soil organic matter under the influence of newly added manu-
res; this effect however occurs only in a few cases to any
appreciable extent.

The fechunical difficulties of labelling orgamic manures vni-
formly with MC are remarkable. The cssential step is the
labelling of plants which have to serve cither immediately as
green or straw manures or are fed to animals in order to
vield labelled excreta for the preparation of farmyard manure.
Labelling of plants can be done only by exposing them to an
atmosphere enriched with MCO, under conditions favourable
for photosynthesis.  Any labelling of adult plants in closed
transparent containers, under plastic tents efc. cannot be ex-
tended for more than a few hours because of unfavourable
environmental conditions; plants treated by this short-time
procedure are therefore not labelled uniformly all over their
organic substance: primary products of photosynthesis and of
metabolism, such as monosaccharides, amino acids etc. show
the highest labe! whereas polymeric reserve substances {pro-
teins, polysaccharides etc.) become only slightly labelled and
skeleton substances, such as lignin, remain almost free of label.

267 VI, 4 - Oberlinder - p. 7
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The usc of such non-uniformly labelled plants for studies on
the transformation of organic manures results in an underesti-
mation of the primarily interesting decomposition process of
high polymers because of the very low specific activity of
these substances; this leads to a misinterpretation of the pro-
cesses actually occurring in soil [29, 54]. Research work done
with non-uniformly labelled manures will therefore not be re-
garded in this paper.

Uniform labelling of plants with ¥C is feasible only by
growing them from germination until harvest in an atmos-
phere containing “CQ, of constant specific activity., This is
achieved in hermetically sealed growth-chambers providing
an optimal environment for the plants by contrelled tempera-
ture, humidity, light, and nutrient supply; the chambers have
to be fitted with a device for the automatically controlled
supply of ¥CO, to the plants. Until quite recently gastight
growth-chambers for this particular purpese were not manu-
factured commercially, but had to be built by the interested
scientists, as was done in several institates of the United States,
Great Britain, Germany, and Denmark. A hrief description
of the older growth-chambers was given by ZELLER et al. [68]
who adapted some well-established principles of these chambers
in designing and constructing the growth-chamber of the Fe-
deral Experiment Station for Agricultural Chemistry in Vien-
na. This chamber (Fig. 1) was operated by OBERLANDER and
Roru [43] through 7 years who grew there 13 crops of green
or mature maize or wheat resp. with a total dry weight of
about 20 kg (Table 1), All the crops were uniformly labelled
with "C, onc of them additionally with ®N [12]. The homo-
genious distribution of the Iabe! throughout the plant material
and in the manures prepared therefrom was ascertained by
proximate analysis (Table z).

Recently a factory-built, most elaborate growth-chamber
was set up at the Institute of Agricultural Chemistry, Univer-
sity of Bonn (Germany), and is being successfully operated
by SAUERBECK and Jomwew [50] (Fig. 2).

[26] VI, 2 - Oberlgnder - p. 8
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The production of labelled farmyard manure involves al-
most deterrent diffenities of ali kinds besides of being a rather
expensive undertaking. Large growth-chambers of the descri-
bed special type are required in order to produce sufficient
quantities of labelled animal fodder, and some problems of
radiation safety may arise in handling such large guantities
of radioactive materials, The assistance of veterinarians is
indispensable to ensure proper feeding of the animals on the

TapLy 1 — Production of PC-labelled planis in a growth-
chamber.

Dry weight Specific  activity

Bateh  Plant species Age of plants of total plants  of {otal plants

(days) harvested (nC "Cjg ¢y
(&

A Maize, green 8o a6 108
B® » » 53 473 10
(GG Spring wheat, green 35 200 02
DM » » » 28 154 0
E » »  mature 100 875 177
) » » » 16y 3073 233
G " Maize, green 48 992 o8
(" » » 50 1723 278
I M Spring, wheat, green 35 183 203
10 » » » 38 373 126
K@ » » mature 16 2300 183
L () » n » 218 4720 31
M (%) » » n 189 432% 124 (%)

) Data from Operrixorr and Rorm [43).

)
(?) Unpublished data of Rorm. .

(]} Data {from Dawxepsre and Rorn [1z2].

() Labelled additionally with 14,88 atom per cent "N,

2

[26) VI, 4 - Oberlinder - p. 11
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prepared fodder in order to label the intestinal contents as
uniformly as possible. Problems of veferinary hygiene and
of radiation protection are involved in collecting the animal
excreta separately through many days into harnessed con-
tainers. Since also mixing of the excreta with labelied litter
and storage of the manure during the rotting process require
some control as to a safe removal of gaseous fermentation
products, the whole preparation of labelled farmyard manure
is necessarily confined to specially equipped stables.

SAUERBECK was the first who prepared uniformiy labelled
manure-like model substances by feeding a rat with labelled
plant materials [551. ZELLER et al. [6g] fed a cow under the
supervision of veterinarians with almost 6 kg of uniformly
labelled dry maize and wheat plants and collected faeces and
urine separately under controlled conditions, By mixing pro-
per quantities of the excrements with uniformiy labelled straw
litter of the same specific radioactivity they obtained 68 kg of
a product which had a moisture content of 82% and a C/N
ratio of 16 after a three months period of rotting. This final
product resembled in all respects a rotted farmyard manure;
it was uniformly labelled as shown by proximate analysis
(Table 2).

3. Characterictic Features of Experiments with C-Labelled
Manures.

Due to the limited availability of labelled manures the
turnover of these substances in soil was mainly investigated
by model experiments in the laboratory (Lit. in [54, 32, 33].
For this purpose soil-manure mixtures are incubated in glass
vessels at constant temperature. A CO,-free air stream of
constant humidity is pumped through the vessel; the total
carbon dioxide (CO,)sw developed in the mixture by microbial
activity and consisting of the labelled ¢20;)w from the manure
and the unlabelled {CO,)s from the o . is flushed into an ab-

[26] V1, 4 - Oberlinder - p. 13
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sorption solution. By chemical and radiometric analyses of
the solution the specific activity *Agy of the total carbon
dioxide (CO,)eum is obtained. When the carbon dioxides derived
from the two sources are mixed, the specific activity *Ay of
the manure is reduced to *Agy inversely to the ratio of manure
carbon dioxide to total carhon dioxide:

- “Aw__ (COe
' *Agn ( C'O;_)M

Hence one obtains the amount of (CO evolved from the

manure:

:::ABM

* A + (CO)sm

(2) (COm =

and the amount of (CQ,); evolved from the soil:

. * A
) (€O = (O + {132
Mo/

This approach provides information on the rate of decom-
position of the manure and on any effect that newly added
material might have on the organic matter aiready present in
the soil. 1f, however, information is songht on transformations
within the manure remaining in the soil, total and radioactive
carbon have to be determined in the soil-manure mixture, and
equations {2) and (3} can be adjusted by replacing CO,-values
by the respective C-values so as to obtain

* Agn
(4) CM. - ,I‘AE;]:I ’ C‘SM

[26] VI, 4 - Qberlindey - p. 14
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and

~ ~ $ASNI
Loy = ("».'L’L - ( T — .....:':WA_A,..)
(5) s = Can s |15y

Numerous wmethods of carbon determination by wet or dry
combustion are in use. One of them which is based on dry
combustion and on conductivity measurements in the CO,-ab-
sorbing solution, as described by Kocu and Marissa [36],
has proved particularly efficient for large series of soil and
humus analysis [14, 15]; it was adapted in the present
author’s laboratory for the subsequent determination of radio-
carbon either by end-window or by liquid scintillation
counting,

Some shovfcomings of the methods used to fractionale soul
ovganic wmatter, are revealed as soon as the humification of
labelled manures in soil is followed. Many extraction proce-
dures have been devised to separate humified soil substances
from non-humified constituents of manures, but none of these
extractants is sclective enough to bring abeut a sharp separa-
tion. Detectable quantities of labelled non-humified consti-
tuents of the manure which may partly behave, in this respect,
Jike humic substances, arc therefore co-extracted with the
material already humified. Thus it is not surprising that
« humic fractions » can be isolated even from the pure unrotted
plant material which is used to prepare the green manure, and
it is a quite common feature of this type of experiments that
immediately after mixing a labelled manure with soif, i.e. at
a time when humification could not yet have taken place,
considerable amounts of the radioactive label are detected in
the humic fractions (Figs. g and 10). Moreover, SAUERBECK
and FUHR [57] as well as OserranpEr and Rori [45] found
that the pattern of distribution of the labelled carbon among
the fractions is different whether the manure had been fractio-
nated alone or mixed with soil (Table 3). Less labelled « non-
humic substances » and more labelled « humic substances »
were extracted from the labelled manure in presence of soil

[261 VI, 4 - Oberlgnder - p. 15
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than from the manure alone, presumably because in the soil-
manure mixture some labelled low-molecular compounds were
adsorbed fo the soil humic colloids. Thus the appearance of
labelled carbon in a humic fraction does not necessarily pro-
vide evidence of humification of the added manure.

This drawback of any fractionation of labelled soil-ma-
nures mixtures is no argument against the use of labelled ma-
nures, it only endorses the conjectures of earlier authors [62]
that the fractionation procedurcs in humus chemistry do not
vield chemically homogeneous fractions, but mixtures of dif-

TABLE 3 — Percent distribution of labelled carbon in the frac-
tions obtained by treating labelled fresh green manure with
« humus extractants »,

Green manure derived from

Fraction Rape shoots (1) Maize shoots (5
Mixed Mixed

Alone with soil  Alone with soil
Non-humic substances 15,6 12,5 27,1 14,4
« Mum'e» and «fulvic» acids 26,9 33,1 2,1 5,2
Insoluble residue 57,5 54.4 73,4 78,6
Losses 3.4 1,8

('} Data from Saurrsecxk and Friur [57]; successive exiraction with hot
1,34-n NP0 and hot o,5-n NaOH.

(*) Data from Opernixpir and Rorm [45]; successive extraction with hot
ethanol-water and cold o,1-m Na,P,0,.

ferent chemical compounds having in common only the same
behaviour towards a particular extractant. Much effort has
been devoted to describe and to overcome these difficulties
([32, 57, 26], but this author is inclined to share JENKINSON'S

[26) N1, 4 - Qberldnder - p. 16
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opinion [33] that a completely cffective separation may not
be possible at all.

It can, however, be assumed that the labelled unstable im-
purities of the humic fractions are decomposed with time to
such a degree that the label of the humic fraction becomes an
increasingly reliable indicator of the humification of the ma-
nure as actually occurring in soil.

Incubation experiments in closed systems under laboratory
conditions have a high degree of precision, since the influences
of the environment can be kept fairly constant. DBut obser-
vations made by Bircy [z, 3] on intermittent enhancement
of the decomposition of soil organic matter by alternate dry
and wet conditions have taught us to be cautions when inter-
prefing results obtained under constant environment. SAUER-
BECK [53] altained an appreciable degree of « outdoor condi-
tions » in his laboratory experiments by alternately drying
and rewetting the soil in the vessels, Nevertheless, any valid
conclusions for practical agriculture can be drawn only from
experiments under field conditions. The limited availability
of Tabelled manures suggests primarily the execution of outdoor
pot experiments. Pioneering work in this respect was done
by JENKINSON [30, 31, 32} who added labelled ray-grass to
the soil and kept the mixture uncropped in special pots em-
bedded in the ground for several years. Similar outdoor pot
experiments with straw manure, cropped and uncropped, were
initiated by FUHR and SAUERBICK [20] and are being contin-
ved by SaUersrck and FUer [58] in order to study the
influence of different crop rotaticns.

More information, however, of the processes actually oc-
curring in-the field is derived from field trials under the con-
ditions of praciical farming. Tt is easily understood that the
modest quantifies available of labelled manures strongly limit
the plot size in this type of experiments leading to serious
inconveniences, such as a pronounced edge effect, a settling
of the top soil due to the repeated sampling from the Iimited
area, the impossibility to use tillage-equipment of common

[26] VY, 4 - Oberlinder - .27
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size etc. In spite of these limitations a small-scale field expe-
riment with ®C-labelled manures has been initiated by ZELLER
et al. [6g] and is being carried out by OBERLANDER and
Rotm [46]; recently it was enlarged by a plot with double-
labelled (*C, 1N) straw manure [12]. Considerable difficul-
ties had to be mastered in this experiment, such as the handling
of large quantities of radiocarbon in order to produce enough
labeiled manure (straw and farmyard manure) for 6 treat-
ments in quadruplicate (plot size 1,5 m?), problems of the
homogeneity of soil samples due to the limited possibility to
replicate sampling on the smail plots, as well as difficnlties
of the radiometric detection of MC with regard to the remark-
able dilution of the labelled material in the soil, still increas-
ing with time.

ITT, RESULTS OBTAINED UNDER FIELD CONDITIONS.
I. The Decomposition of Manures in Sotl.

a) Rale and extent of decomposition.

The opinicn is upheld among agroncmists that green ma-
nure as well as unrotted straw decompose rapidly and com-
pletely in the soil. This view is based on conventional field
experiments subject to the mentioned shortcomings.

The advent of isotopes and the production of plant mate-
rial uniformly labelled with *C have made it possible to fol-
low the decomposition of manures in the field for many years
with satisfactory precision. Several investigators [30, 56, 33,
58, 45, 40] described the decomposition unanimously as a
process with a high initial velocity slowing down after ahout
one year to a significantly lower rate (Fig. 3 and 4). It was
shown that about 30% of the carbon of the added green or
straw manure remained in the soil after one year, about 25%,
after 2 years and still 18% after 5 years [33], irrespective of

261 VI, g - Oberlinder - p. 18
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the ciimatic conditions. These obervations were made in areas
with moderate temperature fluctuations and with precipitations
distributed equally, as in the Southeast of England and in the
Northwest of Germany, as well as in an area with marked
temperatare fluctuations and with prolonged periods of drought,
as in the Northeast of Ausiria. In this area straw decompo-
sition was found to proceed somewhat slower in the first
vear (Fig, 4). All these results are rather surprising and they
are quite contrary to the above-mentioned widespread view
in agronomy.

b} Behaviowr of rotted and unyotied materials.

It is of particular interest for those grain farming areas
where animal husbandry is still practised, that the application
of fresh litter-free animal manure saves a considerable input
of labour as compared with the appiication of rotted farmyard
manure. However, the opinion is widely upheld that it is
more desirable to use fully rotted materials which already
contain a considerable quantity of stable humic substances
formed during the rofting procedure. The advocates of this
opinion do not take notice of the inevitable losses of organic
matter by mineralization on the dung-pile. The question is
therefore raised whether it is not wiser to give up the laborious
preparation of dung-piles, apply the fresh manure to the field
and thus transfer the whole microbial decompostion process
into the soil. A positive answer must be based on the proof
that fresh as well as rotted manure behave similarly as far as
their transformation in soil is concerned. SaumrRBEcK [55]
furnished proof of this fact in laboratory experiments with
labelled fresh and rotted rat manure. Besides of confirming
the fact that fresh manure loses 20-30% of the carbon during
the rotting procedure, he showed that after a three months’
incubation with soil equal amounts of carbon remained there
from fresh as well as from rotted material, in two different
treatments, and only 5% carbon more of the rotted manure

[26] VI, 4 - Oberlinder - p. 20
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in-a third treatment. Thus the large losses of dry matter
during rotting were not balanced by any appreciable increase
in residval carbon derived from the rotted material, and
there is no evidence from this experiment that rotted manure
should be considered superior to an unrotted product.

With regard to the findings so far mentioned the presumed
superlority of rofted farmyard manure to unrotted plant ma-
nure becomes rather doubtful. Tt was shown by OBERLANDER
and Rora [46] in a small-sized field experiment with wni-
formly MC-labelled farmyard manure corresponding to a rafe
of 5000 kg dry matter per ha that the carbon percentage re-
maining from this material in the soil after about 3 years
under bare fallow was only somewhat higher than from 4C-
labelled unrotted straw applied at the same rate and supple-
mented with 35 kg N/ha in addition to basic NPK rates.

But it shouid be noticed that the straw decomposes initial-
ly, up fo one year, faster than the farmyard manure so as to
reach the level of stabilized constituents earlier (¢f. chap-
ter 111.3 and Fig. 16). This means that the decay of readily
decomposable constifuents which takes place on the dung-pile
in farmyard manure and leads to appreciable nitrogen losses,
Is fransferred into the soil in the case of straw.

In a further experiment the decomposition of straw sup-
plemented with mineral N as above was compared, on the
basis of equal amounts of total carbon applied, with the de-
composition of straw supplemented with liquefied animal ex-
crefa.  Straw and animal excreta were uniformly lahelled
with MC; they had the same C/N ratio {~ 10) including
organic and mineral N-sources. Preliminary results show
that in both treatments about 42% of the total labeiled ma-
nure carbon applied remained in the seil after two years.
Hence, a lack of animal manure as an additive to straw, if
compensated by mineral N, does not seem to be of any dis-
advantage for the retention of straw carbon in soil.

[26) VI, 4 - Obevrldnder - p. 22
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¢) Influence of application techniques on decomposition.

In the first years of work with ¥C-labelled green manures
it had been observed that large guaniities of plant malerial
decompose more slowly in the soil than small amounts would
do {7, 21]. This observation was confirmed by SAURRBECK
[56] in a series of model experiments under constant environ-
mental conditions, but not when the soils were subjected to
alternate wetting and drying. However, in all other investi-
gations as listed in JENKiNsON's review [33] no influence of
the rate of manure applied was reported on the velocity of
decomposition, particularly not in the trials carried out under
field conditions (30, 45]; (cf. curves III and V in Fig. 3).

It has been recommended for a long time to let the cut
plants wilt and decompose in the field until incipient drying,
before ploughing them in as green manure. Fresh plants when
ploughed in immediately, may give rise to a flush of ammonia
harmful to seed germination. Initiating an overground plant
decomposition to avoid the harmful effect seems to be reason-
able if sowing the next crop cannct be deferred sufficiently.
But a slow predrying en the surface has been also advocated
as a means of increasing the resistance of the material against
microbial attack in the seil. OBERLANDER and ROTH [45]
tried to werify this assumption. They found indeed a slower
decomposition of the green manure in soil when the material
had been gently predried for some days (ef. curves I and II
in Fig. 3}, but during the pretreatment the plants had Jost
35% of their carbon. A calculation of the balance of carbon
saved during decomposition in soil and carbon lost during
predrying leads to the conclusion that only rapid drying might
result in a net carbon saving.

There are but few results available concerning the influence
of mitrogen on the decomposition of labelled manures. In
SaUERBECK's laboratory experiments, carried out under alter-
nate wet and dry conditions, the influence of N {added as
NH,NQO,) was almost zero in a soil rich in N (0,36%), but

[26] VI, 4 - Obevlgnder - p. 23
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it was appreciable when soil N was low (0,05%). The added
nitrogen enhanced the decomposition of sfraw much more
during the first few weeks than later [56]. Similar results
were obtained by OBERLANDER and Rora [45] with labelled
green manure under field conditions when 600 kg N/ha were
added {cf. curves IIT and VI in Fig. 3).

dy Influence of soil factors,

This influence on the decomposition of green manures is
astonishingly small. Nejther soil organic matter content nor
soil pH, unless below 5, play any role in this respect; strongly
acid soils retard the decomposition as shown by JENKINSON
[27] with labelled green manure from raygrass. But there
is some influence of the mechanical composition (grain size
distribution) of the soil, in as much as an increasing clay
content retards the decomposition of the added material, but
not proportionally,  JENgINSON believes that this effect is
partly due to greater leaching losses from the sandy soils,
partly due to the clay which might be shielding the added
organic matter from mineralization [27]. OBERLANDER and
Rorl, working with labelled green manure on two soils, not
too different in chemical composition and distribution of grain
sizes, did not find either any differences in carbon retention
(cf. curves ITI and IV in Tig. 3).

e} Influence of cropping.

There are now some data available from cropped long-
term experiments with labelled manures carried our in Eng-
land, Germany and Austria in order to study the influence
of vegetation on the decomposition process. JENKINSON [27]
found that 399% carbon of a green manure remained in the
soil after one year under grass, but only 28% under bare
fallow. A similar observation was made by SAUERBECK and
FUnr [58] in their studies on the transformation of labelied

[26] VI, 4 - Oberlitnder - p, 24
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straw under a rolation of root crops, a rotation of grain crops
and under a bare fallow. The material decomposed within
he first year faster under root crops and under bare fallow
than under grain crops, but the difference disappeared after
two years and does not seem to be of importance when lasting
effects are considered.

OsErRLANDER and Rotd [46] were not able to confirm the
mentioned results; they did not detect any significant diffe-
rence within the first year between the influence of a rotation
(sugar beet — winter wheat -— spring barley), continuous
spring wheat and bare fallow on the decomposition of labelled
straw {repeated applications of labelled straw to the rotational
and to the continucus wheat plot did not allow further com-
parison with the single rate initially applied to the fallow
plot). They did, however, follow through three years the in-
fiuence of cullivation practices on the decomposition of labeliled
farmyard manure, but the difference befween freatments was
zero (cf. curves 1V - VI in Fig. 4).

Junkinson as well as SAUuErBECK and FURR offered rather
different explanations for the initial enhancement of decom-
position under fallow. But since the effect does not last, the
present author believes that the influence of crops on the mi-
neralization process should not be overemphasized.

fy The « priming action ».

When "C-labelled plants first became available, a bielo-
gical effect which may be caused by the application of readily
decomposable manures has received much more attention than
it would deserve with respect to farming practices: The « pri-
ming action » (effet excitateur, Zindwirkung). Alrcady some
decades ago LoHNIS [39] had suspected that readily decompos-
able manures when added to the soil, might stimulate the de-
composition of « native » organic matter already present in
the soil. Although this effect can be measured conventionally
in a rather troublesome way [42], an unequivocal demonstra-

[26] VI, 4 - Oberldnder - p. 25
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tion became only possible after isofopic techniques were in-
troduced [8]. On the basis of these experiments the opinion
was advanced that the application of readily decomposable
manures could do more harm than benefit, as it might deprive
the soil of its reserves of stabilized organic matter.

Measuring a priming action in the soil would involve the
determination of a very small difference between the amounts
of native unlabelled carbon, remaining in a manured and in
an unmanured soil, after the initial effect of the added manure
has ceased. Since this difference is of the same magnitude as
the analytical error of soil carbon determinations, a detection
of priming actions in labelled field experiments is not fea-
sible [44]. All our knowledge is therefore derived from deter-
minations of the CO, evoived from manured soils incubated
in the laboratory. Fig. 5 demonsirates how {CO,)s, evolved
from an unmanured soil, is increased by the addition of
readily decomposable manures so as to reach the amount of
(CO,)Ys.  The difference A(CO,)s is the increment caused by
- priming action. (CO,)u, developed from the manure, is over-
estimated in conventional experiments with unlabelled mate-
rials: hence, the advantage of isotopic techniques becomes
quite evident.

It remains to be examined whether the priming action
plays any significant role in practical farming. The reviewers
of the problem [29, 53, 33] agree in stating that only the
effects found by the first workers using isotopic technigues
some 20 years ago were large, but in none of the numerous
recent investigations any effects were reported to be of such
an alarming magnitude as in the earlier work., It may be left
undecided whether this is due to a gradual improvement of
techniques.  Jenxinson [2g] demonstrated that a number of
apparent priming effects could be traced to experimental er-
rors, such as the use of non-uniformly labelled manures, the
exchange of “CO, with soil carbonate and alterations of the
soil microflora induced by the fresh organic matter, These
sources of error being excluded, the origin of priming action

[z6] VI, 4 - Qberlinder - p. 26
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may be seen in triggering the germination of microbial spores,
leading to a higher respiration of the vegetative cells formed.
Since microbial enzymes are then produced in abundance, the
probability increases for a native stable humic substance 1o
be split hy an enzyme, and, as it is possible that some fresh
products of plant decomposition may render the native soil
organic matter more decomposable {qo], the increased num-
ber of enzymatic reactions may lead to a measurable degra-
dation of humic substances [25].

SAUERBECK evaluated the data reported on priming action
in the literature since 1946 [54] and he found that in each of
the experiments examined — with a single exception — the

[26] VI, 4 - Oberlinder - p. 27
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amount of native soil carbon mineralized by priming action
was balanced or overcompensated for by the amonnt of ma-
nure carhbon remaining finally in the soil in a stablie form.
He showed in his laboratory experiments [53], simulating
field conditions by alternate drying and wetting, that the
priming action was appreciably enhanced for a short time after
each rewetting. But even under these conditions the amount of
soil carbon mineralized under the influence of the added ma-
nure was never greater than the amount of manure carbon
retained in the soil in stable form. e concluded that just a
slight increase of the usual rates of manure could easily pre-
vent unexpected disturbances of the carbon balance, It seems
to the present author that the priming action is an inexhaust-
ibie sovrce of discussions on the academic level, bhut it is
certainly no argument against an increased application of
undecomposed manures in the field.

2. The Transformation of Manwres into Humic Substances.

Any appraisal of the role of manures in restoring soil
organic matter cannot be confined to investigating whether
and to what extent manure carbon remains in the soil, but it
must proceed to investigating the process by which the ma-
nures are transformed into stable humic substances. Tt is
well known that the high-molecular humified constituents of
soil organic matter {as described by the German term « Dauer-
humus ») are the source of the « indirect action » of humus,
i.e. its influence on the physical and chemical properties of
the soil.  Since this is the main factor responsible for the
beneficial effect of organic matier on soil preductivity, it is
iegitimate fo judge the value of a manure mainly by the
extent to which it can Dbe converted info humic substances
in soil.

Results obtained, in this respect, with labelled manures
should be cautiously interpreted for reasons described in detail
in chapter II. 3. It was shown by numerous investigations

F26] VI, 4 - Oberlindey - p. 28
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with labelled materials that no complete separation is possible
between humified and non-humified constituents, since any
fractionation of soil organic matter means setting arbitrary
chemical boundaries [32, 57, 26]. The main difficulty is
some coexiraction of high-molecular constituents of the ma-
nure, particularly of lignin, together with the humic acid frac-
tion; this effect is rather insignificant with materials of low
lignin content, such as green manures, but it becomes appre-
ciable with straw or farmyard manure. It should, however,
be borne in mind that these shortcomings become less signi-
ficant when the cocxtracted unstable impurities are decom-
posed.

Several investigators have studied in laboratory experi-
ments the distribution of the label in various fractions of soil
organic matter as decomposition ol added labelled material
proceeds [33]. So have done SiMonart and Mayaupown [65]
and Mavaupon and Batistic [41] who separated classes of
constituents from labelled plants and added them to the soil
in order to study the biochemistry of their humification, But
the number of results available from experiments under field
conditions is limited.

The fraction of non-humic constituents of manures follows
the general decomposition pattern of the whole material. An
example is given in Fig. 6 for the cthanol-water soluble frac-
tion isolated from a soil which had been manured with labelled
green maize under field conditions [45], (cf. Fig. 3). Similar
results had been obtained previously in laboratory experi-
menfs in respect to acid soluble non-hwmic substances {577.

The fraction insoluble in « humus exiractants » is called
humines and is supposed to consist of rather inert humic acid-
clay complexes. The label of the fraction should be zero
immediately after the addition of labelled green materials and
should increase with time. The reverse was the case in the
experiments presented in Fig. 7. These curves do not reflect
the formation of humine-clay complexes, but rather the de-

26] VI, « Oberlgnder - p. 29
4 T



1030 PONTIFICIAL ACADEMIAL SCIENTIARVM SCRIPTA VARIA - 38

-

8 ¥ 8 @ = @& 3 =

R e B VA
»

T I I
e ] et "
" I I g r L&D [0.05)
iRVl

o

Percent of applied manure carben

-1

=S Y

L R

| L8.D [0.08) o

J'.’"I,yé,','}"\;,t,'1.‘)1(1
Time
P, 6 — Decomposition of the labelled non-hwmnic fraction {(soluble wm

ethanol and water) of two soils manwred with YC-labelled green maike.
{Labelled carbon of fracticn as percentage of labelled manure carbon added).

For details see Fig. 3.
From Operrizper and Rorw [45]

composition of contaminating constituents of the manure, pre-
sumably of cellulose [451.

Different pictures have been given by different authors
of the emergence of the label in humic and fulvic acid fractions
extracted from soil from time to time. SAUERBECK and T'UHR
found a marked steady decrease of the label in both fractions
whether derived from green mannre [577 or straw [58]. A

[26] V1, 4 - Oberlinder - p. 30
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decrease during the initial period indicates the decomposition
of coextracted non-humic matter; in later stapes, of course,
a decrease may be an indication of a decomposition of the
less stable parts of the humic substances formed from the ma-
nure. The high initial label may have resulted, too, from the
use of hot sodium hydroxide solution as an extractant which
is known to give rise to highmolecular artefacts on the expense
of coextracted non-humic compounds.

The choice of a milder, though less exhaustive extractant

{261 VI, 4 - Oberlénder - p. 31
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— spdivm pyrophosphate — seems to have enabled Opir-
LANDER and Rorn [45] to follow the formation of humic acids
from green manure already in the initial period (Fig. 8). The
authors described the process as being initially rather fast:
after one month an appreciable amount of labelled humic
acids had formed, few months later the labelled fraction reached
the maximum and began to decrease at a steady, very slow
rate. Some authors demonstrated even shorter initial phases:
only xo days were required for the saturation of the humic
acid fraction with PN in a compost [11]; in soil the maximum
labelling of humic acids with “C and “N was reached even
after 42 hrs. {rg]. These results of tracer experiments in-
dicating a rather fast formation of humic substances are sur-
prising, and they arc contrary to traditional views in agri-
cultural chemistry.

Differently from the picture given of humic acids the initial
formation of fulvic acids was overlapped by the decomposi-
tion of coextracted contaminants (Fig. 8). More of the pre-
dried than of the fresh green manure was converted into humic
and fulvic acids after incorporation into the soil {cf. curves 1
and II in Fig. 8), but this was only an apparent gain, since
appreciable losses of organic matter had occurred during pre-
drying.

In the mentioned small-scale field experiment (cf. Fig. 4},
initiated by ZeLLER et al. [6g] and carried out by OBERLAN-
pER and Rorr {46], the transformation of labelled straw and
farmyard manure into humic substances was followed through
3 years (FFigs. ¢ and 10). In this case it was not feasible to
trace the initial formation of humic acids because of the high
lignin content of the appled materials; coextracted lignin was
mainly the cause of the appearance of 2-3% of the applied
straw carbon in the « humic acid » fraction immediately after
application (cf. curves I-IIT in Fig. ¢). This percentage de-
creased slowly through 3 wears on the fallow plot, and it
cannot be decided at which rate and to what extent the lignin
was gradually converted to humic acids. The stepwise increase

[26] VI, 4 - Qberlinder - p, 32
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of this fraction after repeated application of straw is shown
by curves T and IT,

A good deal of the 3-4% of added manure carbon, present
already initially in the humic acid fraction from the plots with
labelled farmyard manure, may be humic adds formed during
rotting on the dung-pile. The stability of this fraction was
almost perfect through 3 years (Fig. ¢) irrespective of culti-
vation. Tulvic acids whether derived from straw or farmyard
manure, showed the same slow decrease with time in later
years, irrespective of cultivation practices (Fig. 10).

Additional information can be obtained by presenting the
data as distribution of fractions in percent of the manure
carbon remaining in the soil at sampling time (fermed « Je-
weilsverteilung » by OBERLANDER and RoTui). A shifting of the
distribution pattern of labelled fractions with time can be
observed; by comparing it with the distribution of correspond-
ing unlabelled soil fractions, the assimilation of the manure-
derived organic matter to the native soil organic matter can be
followed.

This way of presenting data was used by séveral authors
(58, 45, 46]. In Fig. 11 a set of curves is given for one
treatment of the mentioned experiment with green manure (cf.,
Fig. 3). Also in the other treatments the percentage of the
labelled non-humic fraction remained above the level of the
respective soil fraction; no « assimilation » had been attained
after 3 years. The labelled humic acids, on the contrary,
gradually reached the respective soil level (except on a black
earth with a very high humic acid content), and the fulvic
acids approached it. This finding, suggesting the envichment
of humic acids in the residue of green manure — in addition
to the absolute increase of the fraction — is again contrary to
widespread opinions in farming.

An appreciable enrichment of humic fractions takes place
in the residue of straw and farmyard manure [46]. Tig, 12
demonstrates the shift of distribution under bare fallow, show-
ing a relative increase of humic fractions and a relative de-

[26} VI, 4 - Oberlinder - p. 34
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crease of non-humic and non-extractable fractions. However,
the distribution does not become completely similar to the
pattern of native soil fractions even after 3 years. In Fig. 13
the enrichment of the same humic fractions is demonstrated
with cropped soils; the percentages of the native soil frac-
tions (169, humic acids and 19% fulvic acids) are not reached
either. The interpretation is somewhat intricate due to dis-
turbances of the distribution patiern caused in a different
way by repeated applications of labelled straw (shown as
marked indentations in curves I and II), but a comparison of
Figs. 12 and 13 reveals no clear influence of cropping. No
conclusions can be drawn from the distribution patterns, very

[26] VI, 4 - Oberlguder - p. 35
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For details see Fig, 4.

From OserLisper and Rorm [46]

similar in the residues of both materials as to any superiority
of farmyard manure to unrotted straw.

For further interpretation of their data OBERLANDER and
Rori plotted the hwmification tndices which are the ratios
of humic acid carbon to fulvic acid carbon (Cy/Cy), versus
time [45, 46]. When labelled green manure was added to a
brown carth (native Cy;;/Cr=0,5) and to a black carth (native
Ci/Cr=1,0), the index of the labelled material (MCy/"Cy)
increased within a few months from = 0,3 to the level of the
respective soil, soon exceeding this value and following the

[26] VI, 4 - Oberlinder - p. 36
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[26] VI, 4 - Oberldnder - p. 37
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[26] VI, 4 - Oberlinder - p. 38



Percent of residval manure carbon

Percent of residual manure carbon

SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS LETC, » 1036

LR}

! ommma Rofation
Hecewcs Wheat

Were Rofotion § fam-
Vom0 Wheot ‘man.

L5.D {0,05) I
[50 on]

PR RO N " P 4 o] " " bt i
1967 4 ‘1968 114 it X ],(pﬁg 14 Vi X }p;g w Vi X
lime

e

5.
. a” [ o—o0 Rotation
[ awnema Wheat | 51"
W s Rotation | farm-
14 ¥ omimo Wheot )’,”a".
2
l ] [ ] I L5 (0051 | I
b e bt oot e by
1967 X" ‘;953 v vit X }969 114 ¥ X I;g;o 4 i X
fime
Fis. 13 — Ewntichment of hwmic acids (above} and fulvic acds (below)

in the residues of "C-labelled wmanures in cropped soils,
{Labelled carbon of fractions as percentages of labelled carbon present in
the soil at sampling time) {cf, Fig. 1z},
TFor details see Fig. 4.
From Operrivprr and Rotu [46]



1040 PONTIFIGCTAE  ACADEMIAE SCIENTIARVM  SCRIPTA VARIA - 38

gently rising plateau of a saturation curve (Fig. 14). The maxi-
ma reached (0,7-0,9 In the brown ecarth, 1,1 in the black
earth) showed a clear dependence on soil type: the black carth
provided an environment obicusly more favourable to humi-
fication, but both soils integrated the green manure satisfacto-
rily into their process of humification.

By plotting their results of straw humification in black
earth {native Cy/Cr=0,85) in the same way, the menfioned
authors [46] obtained a picture similar to green manuring,
with indices rising finally to 1,1 (Fig. 15). The low initial
values found with green and straw manures and reappearing
after each new dose of straw {cf. curves 1 and II) are due o
the high initial contamination of the fulvic acid fraction with
readily decomposable constifuents, Since rotted farmyard ma-
nure does not contain much of these contaminants, but appre-
ciable amounts of humic acids formed during rotling, it showed
humification indices similar to those of the soil, already ini-
tially, in comparable trials (Fig. 15). The maximal indices,
however, did not exceed the straw values reported; rotted and
unrotted materials evidently follow the same process of humi-
fication.

3) The Conservation and Accwmdation of Manure Carbon in
the IField.

For a long time agronomists have been interested to know
whether and to what extent manuring, when repeated an-
nually, can influence the organic matter content of seil. A
deeper insight into this relationship should enable farmers to
adjust rates of manuring as may be required to maintain a
certain humus level, Maintaining this level means keeping in
balance the supply of manures and crop residues with losses
of the added materials and of native soil organic matter. In
order to predict the supply necessary to maintain an equili-
brium, knowledge is required of the velocily of decomposition
of the whole organic matter contained in soil,

[267 V1, 4 - Oberlinder - p. 40
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A number of differential equations as reviewed by JENKIN-
soN [28] and by Broapeent [6] have been developed to
describe changes in the level of ovganic matter in soil (taking
into consideration the annual supply of organic materials and
he continuous process of mineralization. Some of these eqna-
tions suffer from the simplifying assumption that all fractions
of organic matter present in soil, whether native humified
matter or added materials, decompose at the same rate. Under
this assumption the overall process is determined by the rate
constant # which can be calculated from carbon analyses (or
in the absence of carbon data from nitrogen analyses) carried
out through decades in the soils of permanent field experi-
ments, such as initiated at Rothamsted, IEngland [66] and at
Halle, Germany [€3] in the 1gth century. An annual decom-
position rate of 2,5% was calenlated for the former location
[28] and rates of 1-5% for the latter [67].

However, the whole decomposition process must be ob-
viously split at least into iwo parts, the fast mineralization
of the added materials and the slow mineralization of the hu-
mified soil matter. This implies a splitting of #, the overall
rate constant, into #y and »s, the rate constants of the partial
processes.  HiNin et al. [22, 23] have recognized this and
modified their original terms by setting up a {wo equation
model. They calculated 7y values of 0,3-0,7 and 7 values of
0,01-0,02. But even two rate constants do not seem fo des-
cribe adequately the whole process; presumably each organic
fraction is decomposed at its own rate. A defailed kinetic
analysis, taking into consideration several fractions, should
therefore display a whole spectrum of rate constants leading
to rather sophisticated mathematic models.

It should be borne in mind that the values of #, as given
above, were obtained from conventional field experiments with
unlabelled materials and are subject fo the well known diffi-
culties encountered with soil carbon determinations. Taking
soil nitrogen as a measure of soil organic matter is somewhat
arbitrary anyhow. Schemes of the interplay hetween annual

[267 VI, 4 - Oberlinder - . 43
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manuring and changes of the humus level in soil when based
on rate constants describing the actual process inadequately,
are therefore necessarily imperfect.

The production of C-labelled materials in quantities suf-
ficient for small-sized field experiments has made it possible
to tackle problems of turnover of seil organic matter more
efficiently.  JeEnrINson [287, a pioneer in this field, outlined
possible experimental approaches, He alse examined whether
published analytical data from long-term field experiments
would follow the path predicted by the general form of diffe-
rential equations describing changes of organic matter in soil.
In absence of carbon data he wused figures for soil nitrogen
from an experiment under continuous barley carried out at
Rothamsted for the last 120 years. The carlier analytical
data used fitted well into the theoretical curve, calculated for
the increase of soil nitrogen (initially 0,103% N) under the
influence of annual supply of farmyard manure. The theo-
retical curve approaches asymptotically to the predicted equi-
librium level (0,311% N) and has reached at present (after
120 years} 7% of this value which cannot be exceeded under
the current manuring practice. Admitting soil nitrogen to be
taken as an approximate measure of soil organic matter, this
example shows that the measured accumulation follows quite
satisfactorily the predicted saturation curve; pictures of this
process, sometimes encountered in literature, showing a linear
increase, are obviously misleading. The fact that doubling of
nitrogen, in the given example, took 25 years and trebling
120 years, is a proof of how difficult it is to restore soil organic
matter when it has been lost,

Recently SAUERBECK and FU#R [58] published a hypothe-
tic diagram predicting the carbon content of a soil under the
assumption of an annual supply of 2 t/ha straw carbon. The
diagram was based on data taken from an experiment on the
decomposition of a single dose of labelled straw in soil, obser-
ved through 4 years. The authors calculated that the highest
possible accumulation of straw carbon in soil, under the

[26] VI, 4 - Oberlinder - p. 4a
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assumed annual rate of supply, would amocunt to 6,5 t/ha.
05% of it would be reached after 25 years. The turnover time
1, of the slowly decomposabie (« humified ») straw fraction
at annual supply was found to be 6-7 years (i.c. by definition
the time required for the mineralization of an amount of the
fraction equal to the amount contained in soil). Assuming
an annual mineralization rate of the native soil carbon of 1
or 2% alternatively, the authors were compelied to the sur-
prising conclusion that the assumed annual supply of organic
matter would not suffice for maintaining the original level of
native soil carbon (0,87% C) through more than 27 or 12 years
respectively.

Rorr and OBERLANDER [49] made an attempt to give a
kinetic interpretation of their data from previous experiments
[45. 46] including a plot with annual supply of labelled straw.
They succeeded in demonstrating a good agreement of the
actual increase of labelled carbon present in the soil in stabi-
lized {(« humified ») form, measured through 4 years, with a
hypothetic curve calculated from straw decomposition data.
Both curves followed the path of the theoretical curve corre-
sponding to ‘an equation of HENIN et al. [23]. In order to
obtain basic data for their calculation, Rota and OBERLANDER
plotted their decomposition curves of green, straw and farm-
yard manures in semilogarithmic form (Fig. 16) as suggested
by JENKINSON [28]. The parts of the curves describing later
stages of the process proceeding at a lower rate of decompo-
sition, were converted to straight lines, whereas the curvilinea-
rity still inherent in the initial part indicates that at least one
more process, presumably the mineralization of the rapidly
decomposable constituents, is initially superimposed on the
slow process. After one year, when the pool of rapidly de-
composable constituents becomes gradually depleted, the de-
composition of the less decomposable constituents dominates
the whole process, following fairly well a straight line as
given by

[26] VI, 4 - Oberlander - p. 45
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@ = green manure (mean of curves IIL.1V, Fig, 3).
b o= straw manure (curve IIT, Fig. 4).
¢ = farmyard manure {(mean ol curves IV-VI, Kig. 4).
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T, Ty T = half lives of the slowly decomposable {« stabilized ») residues
of manures.
Adapted from Rorn and OBeRLANDER [49)]
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(6) I X = In X, - A
the logarithmic form of

?) 5 = e

oblained by integrating the differential equation of a first
order decay reaction

dx
(8) — Ax
x = carbon of labelied slowly decomposable (« stabi-

lized ») constituents present ir: the soil at time #

x, = carbon of labelled slowly decomposable consti-
tuents of the initial dose of manure (entering
the soil at time £)

) = rate constant of the decomposition of labelied
slowly decomposable constituents

¢t = fime

Two characteristic terms were calculated (Table 4): The half
life T (the time elapsed when x has dropped to x,/2) and the
mean residence time t© (the time required for x to become
x,/e) which equals the reciprocal rate constant (1 = 1/2).
Using the data obtained from Fig. 16 the cited authors
showed that the measured increase of the slowly decomposable
fraction followed the path of the calculated summation curve
(Fig. 17) as well as the path of the theoretical curve of accu-
mulation (Fig. 18) corresponding as mentioned to the equation

[26] VY, 4 - Oberlinder - p. 47



1048 PONTIFICIAY  ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

s 200+ 0
?-‘é- ]
5 1 ]
3 it
N i i
2 i i
T I .
N " i
: ¥ B
S ] 1
2 ] i
S 750-}- i i3
O ? i ?{ ! N
2 i ! i b,
2 : N i v
3 1 i i "\ I N,
P i ! \ I \,
@ " 1 N\ 1 N,
e 1 1 H * *
.y H H -
8 -+ !&‘\ ! .\ ; ”;a
ri’ ; K : N i 7
. N ”
- . \ : -
700“’1i E N i ”
i i 8 : ,
45 H \. ! /’
H . ~J s
§ 1 o o’
. H ”
4 i i »”
' i e
L i el
\ ! ;
§ f s
T " ] /
N, i ,,
.
. 7’
50-1- s, f S
et "l
4 A e
" i i 1
¥ T 1 al
/) 7 2 3 4
Years
Yic. 17 - Decomposition of "C-labelled straw applied awmpually and accu-

mulation of the labelled slowly decomposable residues in soil wnder con-
tinwnons wheat,
-.- .- - - supply and decomposition of straw (eurve II, Fig. 4).
G0 meastured accumulation of labelled residues.
---------- calculated accumulation of labelied residues {by summation of
annual sections of curve III, Fig, ),
Adapted from Rorx and Operiizper [40]



SEMAINE IVETUD:E SUR « L'EMPLOI DES FERTILISANIS JETC. »

1049

Residual straw carbon

[

(t/ha)
£

Fis. 18

Measured  and

calcujated

{cf. Fig. 17}

accpudation  of
decomposable residues in soi after awnual supply of YC-labelled straw.

fabelicd  slowly
oovoooo o measured accumulation,

calculated curve of accwmulation (cf. Fig. 17)
For x, and x

e theoretical curve of accumulation according to equation (g).
g See text.

Adapted frem Rorn and OBeRLANDER [49]

[26] VI, 4 - Oberlinder - p. 49
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X x
- 4_“9 . O . e rf
(9) X P + (xl ¥ ) ¢

which is the integrated form of the differential equation

dx,
{10} T Ky X
x, = carbon of labelled slowly decomposable (« stabi-

lized »} constituents present in the soil at time ¢

%, = carbon of labelled slowly decomposable consti-
tuents of manure entering the seil annually (=
crdinate interceptions in Fig. 16)

%y = residue of x, remaining in the soil one year after
first addition (= ordinate interception in Fig. 18)

# = rate constant of the decomposition of labelled
slowly decomposable constituents supplied an-
nually

o= time

When supply and losses of the same fraction are in equi-
librium, equation [10] becomes

ax,
{11) =0
whence
x
(12} ?" = xp
xr = equilibrivm concenfration of labelled carbon of

the «stabilized » fraction in seil (maximal at-
tainable concentration under the given annual

supply)

(201 VI, 4 -~ Oberlinde: - p. 50
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Eguation {g) had been originally developed [23] to des-
cribe changes in the level of total carbon in soil, the native
as well as the newly added components, assuming a mean rate
constant of decomposition. Rorx and OBERLANDER used egua-
tion {g) to describe solely the accumulation of labelled straw
carbon irrespective of soil carbon, in order to investigate this
process separately. They also calcolated analogous data fer
green and farmyard manure, assuming a model with a fictive
annual supply.

Data sumimarized in Table 4 do not show fundamental dif-
ferences between the three kinds of manure tested. The kinetic
terms of green and straw manures are very similar, the farm
yard mangre being only somewhat more stable, but the sup-
ply of slowly decomposable constituents by the farmyard ma-
nure is much greater (68% of the total manure carbon) as
compared with 29% in the case of green manure.

Further kinetic data listed in Table 4 are as surprising
as thc analogous values adduced by SAUERBECK and FUHR
58] turnover times 7, (defined as above and caleulated as
1/7) of the « stabilized » fraction were found to be rather short
(3-4 years) as compared with the figures calculated and quoted
by Junkinson [28] for unlabelled organic nitrogen (1545
years). They are cerfainly not comparable with the age of soil
organic matter which was found to range from many hundred
to 2000 years as determined by radiocarbon dating [6Go, 611.
Facing these discrepancies several authors [58, 35] had re-
course to the assumption of a labile pool of less stable humic
substances undergoing a rapid {urnover and being arranged
around a core of old inert material.

The increase of the level of « humified » carbon in sail
seemns to be rather limited, even if derived from farmyard ma-
nure. Table 4 suggests that an annual supply of 5 t/ha dry
matter would lead to a maximal accumulation of about 3-06

[26] V1, 4 - Oberldnder - po 52
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t/ha « humified » manure carbon (equilibrium concentration
xz) as compared with a content of native soil carbon of 36,7
t/ha. About 95% of xz would be reached after 1o years of
annual manuring (approximate equilibrium concentration x,,).
It should be kept in mind that these data refer solely to the

TABLE 4 — Kinetics of decomposition and accumulation of
slowly decomposable residues of "C-labelled manures in
soil (cf. Tigs. 3, 4, 16, 17 and 18).

Soil: 1,4% C (= 36,7 t/ha).
Initial (= annval) supply of manwre (dry matter}: 5 t/ha (= 2.1 t C/ha).

Straw
Kinetic term Symbol  Green under under Farmyard
mAnure bare  continuous manure
fallow wheat
Rate constant (decompoesition) X 0,24 0,25 . 0,19
Half life (years) T 2,0 2,8 — 3,6
Afean residence tiine of initial dose
(years) T 4,71 4,1 e 5.2
Supply of slowly decomposable
constituents (% of total ma-
nure supplied) Yo 39 51 51 68
Rate constant (decomposition un-
der annual supply) r .33 (1 0,33 (Y 0,30 0,20 ('}
Turnover time (yvears) T, 3,0 (Y 3.0 (B 3.3 3,0 (%}
LEquilibrinm concentration of la-
belled carbon (t/ha ) %y 2,5 (1) 3,3 (0 3.6 59
Approximate equilibrnim concen-
tration of labelled carbon ({/ha) %, 24 N 3.2 () 3.5 53 (O

Kinetic terms are explained in the fext.

(') Values based on a hypothetic curve of accummulation (dashed curve in
Fig. 18) calculated from decompesition data, assuming a fictive annual
supply as given abowve.

Data partially adapted from Rota and Osrruimper [49].

[20] V1, 4 - Oberlinder - p. 52
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labelled « humified » manure-derived fraction, irrespective of
soil carbon.

Any predictions that could be made from Table 4 in order
to balance the accumulation of labelied carbon with the loss of
native soil carbon, should be looked upon with some reserve,
regarding the approximations necessarily involved in comput-
ing the data listed in the table. Assuming a 1%, annual rate
of soil carbon mineralization, the manure carbon accumulated
under the given conditions would not suffice to maintain the
original level of soil carbon for longer than for #-15 years,
according to kind of manure. This is a rather surprising con-
clusion if compared with the results of permanent field expe-
riments; SAUERBECK and FUHR [58] recently faced the same
dilemmaltic situation when making predictions on carbon equili-
bria in soit as outlined above. One could think of smaller
rates of soil carbon mineralization; actuaily no losses of soil
carbon within 4 years were detected in the reviewed experi-
ments [45, 461, but it would be unreascnable to talk of a
constant level. The author prefers to believe that the dilemma
is due to inaccuracics necessarily inherent in extrapolating
shorf-term experiments, even if they have been undertaken
with labelled materials. This is one reason mare fo stress
the importance of carrying on experiments of this type for
some more years. In spite of these limitations the kinetic ap-
proach demonstrates that considerable quantities of organic
materials are required to compensate for losses due to mine-
ralization and how early careless management may lead to
declining carbon levels in soil.

IV. Concrusions.

The use of organic manures uniformly labelled with YC
or N for research purpose has appreciably increased our
knowledge of the role of manures in conserving and restoring

soil organic matter.

[26] VI, 4 - Oberldnder - . 53
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For reasons explained earlier it is essential that manures
used for this kind of research are wniformly labelled and that
the homogencous distribution of the label has been proved by
proximate analysis, It is no question that the difficulty of
preparing uniformly fabelled materials was a deterrent to in-
vestigators until recently, but since growth-chambers required
for this purpose have become available on the market (cf. e.g.
Fig. 2), technical difficulties involved in the production of
these materials have been reduced considerably.

Only a few small incubation experiments using dowuble-
labelled ("'C, "NY wmaterials have been conducted in the labo-
ratory, yet it is probably in the use of this kind of material
that a greal fulurve potential lies. Research work of this type
s in progress in Austria: some time ago more than 4000 g
of double-labelled plant matter have been produced [12] and
were recently applied to small-scale field plots in order to trace
the paths of carbon and nitrogen during humification pro-
cesses in soil,

As useful as labelled manures have proved when the turn-
over of the whole labelled matler is studied, as difficult fo
interprel arc results obtained when the labelled matler is
fractionated by successive extraction as discussed earlier. Any
modifications of the commonly used methods of extraction,
hydrolysis etc. aiming at a better separation of classes of
constituents do not seem to be promising. More success might
come from the application of gel chromatography or similar
methods.

Undeubtedly, shortcomings encountered in fractionating
labeiled soil organic matter are more than balanced by the
incontestable advantages of using labelled materials for an easy
and precise determination of small changes of the added or-
ganic matter in presence of large quantitics of native seil or-
ganic matter. Some results obtained in this way are conclu-
sive enough as to urge upon agronomists the necessity of chang-
ing their traditicnal views of the fate of organic manure in soil,

One of these new findings obtained with labelled substances
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is the fact that fresh or undecomposed materials, such as green
and straw manures or unfreated (unrotted) animal manure,
do not decompose rapidly nor completely in the soil within
few weeks or months as commonly believed. Statements of
nearly 100% mineralization of added organic materials within
short periods, as found in the literature until quite recently,
are erroneous and ftherefore misieading, because any minera-
lization will always be connected with some production of mi-
crobial fissue.  Thus some of the manure-derived organic
malter will enfer successive microbial generations and will
persist in the soil biomass for several years.

We know, however, — and this is again one of the results
obtained exclusively by means of labelled materials — that
some per cent of fresh and unrotted manures, apart from the
constituents entering the biomass by frequent transformations,
are stabtlized in the soil wn « hwnufled » form.  This was
clearly shown for green manures (Fig. 8); in the case of
straw the begin of the humification process cannot be defined
exactly, but it was proved that the stable fraction, whether
being still lignin or already « humified » matler, persists in
the soil for several years.

The objections to an increased use of green manures raised
in the early times of work with labelled materials, as described
above under the heading « priming aciion », have been mean-
while convincingly invalidated, partly by reducing some of the
older findings to techwical errors, partly by caleulating that a
priming action never causes net losses of organic matter when
the whole soil-manure system is considered.

The comparison of several kinds of undecomposed manures
with conventionally rotted farmyard manuvre has nof shown
any essential differences between the distributions of fractions
in the « humified » residues nor hetween the stabilitics of these
residues.  Farmyard manure is only slightly mere stable than
the other manures. Of course, a greater percentage of slowly
decomposable constituents enters the soil with farmyard ma-
nure; but it would be a paralegism to deduce a superiority
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of rotted farmyard manure from this fact, because during the
rofting procedure, the preparations of which require a con-
siderable input of labour, about one fourth of the dry matter
is lost by the fast initial decomposition on the dung-pile. The
use of unrotted manures, on the contrary, does nol consume
any labour to prepare rotfing piles, and, moreover, some be-
nefit for soil fertility may result from the products of the fast
initial decomposition taking place in soil.

A final balancing of the input of labour and of the losses
of dry matier on the one hand, with the quantity and quality
of stabilized organic matter obtained from the various manures
tested on the other hand, certainly leads to the advice of
giving up the prepavation of rotted farmyard manure in favour
of using unrotted manures of various forms. This implies the
acknowledgement of untreated straw as a suitable form of ma-
nure, as far as its convertibility into humic matter is con-
cerned.  Of course, straw manuring under excessively dry
conditions will always be subject to some limitations.

In making predictions on the conservation of humus re-
serves of soil a kinelic approach can be useful. Attempts to
calculate equilibria between annual supply and niineraliza-
tion of organic matter, even if carried out using many approxi-
mations, have shown that soil management trying to restore
organic matter by wmerely relying on crop vesidues implics,
whenever soil carbon equilibria are approaching boundary
conditions, certatn risks of humus losses with the well-known
undesivable consequences for soil structure. But as the increase
of yields and the improvement of the quality of crops is
founded, all over the world under all climates and agricultural
systems, on the well-balanced, risk-free interplay between an
adequale nutrient supply by mineral fertilizers and a favou-
rable physico-chemical state of the soil due to its humus con-
tent, it is wise to make any possible cfforts to maintain this
favourable state, whenever necessary, by the supply of organic
matter in appropriate form and in sufficient quantities.
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V. SUMMARY.

Problems of humus formation in scil associated with the
substitution of undecomposed organic manures for traditional
(rotted) farmyard manure are ocutlined.

Advantages of using “C-labelled materials in solving these
problems are discussed. The preparation of uniformly labelled
manures (including rotted farmyard manure) and some salient
features of laboratory, pot and field experiments with these
materials are briefly described. Shortcomings of the fractio-
nation of labelled soil organic matter are mentioned.

Results obtained from experiments on decontposition, hu-
mification and accumulation of varicus kinds of MC-labelled
manures in soil under field conditions are reviewed in detall,
including influences of application techniques, scil factors and
cropping systems. The « priming action » of fresh materials
is briefly discussed. Conclusions as to the value of the tested
manures for humus formation are drawn.

Kinetic studies of the turnover of labelled organic matter
in soil are discussed, The risks involved in restoring soil
organic matter merely by enhancing the growth of crops are
mentioned. Additional supply of organic manures as a pre-
cautionary measure is recommended.

I

The author’s heartfelt thanks are due to Professor A. Zeller,
the initiator of research with "C-labelled manure in Austria,
for steady encouragement and for many suggestions made for
the improvement of this manuscript.

The author is especially indebted to Mr. K. Roth for the
benefit of frequent stimulating discussions and for valuable
assistance in preparaing graphs and tables of this paper.
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DISCUSSION

Chatrman: O, T. Roring

HERNANDD

I was very pleased when listening to your paper since it gave
me the answer to one of the most important problems in farming,
that is the necessity on the part of the farmers to apply manure
to the soil in order to stop the decrease in organic mafter. We
helieve that this is always true, But the farmers complain that
they have not enough animals on the farm to produce manure,
In this case we suggest to apply compost, but even though this
might not be the same, I am salisfied that we are in the right
direction.

T should like to ask you about the experiment dealt with
at the end of page 22. There you make a comparison between
farmyard manures and straw manures. My question is: have you
any plots with unrotted straw and without any additional nitrogen?

(OBERLANDER

Tt wonid have taken too much time to tell that with straw
manuring there are certainly some shortcomings if you do mnot
have enough precipitations. And this is probably the case in parts
of Spain. We alse have it in parts of North Eastern Austria,
an arid region, becausc in this area the transformation of straw
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would occur rather slowly, and we are usually recommending in
these case to our farmers not fe apply the straw automatically
every year without checking if the straw from previous years has
already decomposed. This is one point so that 1 would like to
say: the success of straw manuring is just depending on humidity.
But in humid areas it would work on farms,

Now {o answer your question I must say thal unforiunately
we did not use a plot without nitrogen, because agronomists who
have made experiments on straw manuring already for decades,
say that you have a fixation, an immobilization of the nitrogen
in your sail, and since the straw is low in nitregen you must add
nitrogen. DBut as our experiment was rather expensive, we could
not reproduce it as you would reproduce another experiment; thus,
in order to have the smallest risk, we added nitrogen and we did
not use a plot without N,

Hernanno

I mentioned in a previous discussion that in leaving the straw
on the surface in areas with low rainfall, there is not enough
moisture for the decompesition of the straw, in summertime, of
course, In the autumn we mix the surface soil with the rotting
straw, and then it is different, You say in your paper that with
certain total rainfall there is enough water to grow plants. But I
do not think that wsually it is always like this. I remember areas
with rainfalls of more than 1,500 mm where this water problem
exists,  Becanse there the rainfall lasts only for three to four
months in the year, whereas for the rest of the year the tempe-
rature is very high without any rain.  On the contrary in the
Central Areas of Spain we have about 500 mm rain every year.
These 500 mm tend to come at the right 1ime, ie. in autum,
winter and spring.  We often get 3,000 kg per hectare of winter
wheat.  People farming in this area do not use large amounts of
fertilizer, and we could show them very clearly that, when there
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is water deficiency, they must apply higher amounts of ferlilizer
than usually to overcome the lack of rain. We can easily de-
monstrate this becavse with high rainfall we got very often lower
yields; therefore it is not always a problem of waler but of bad
fertilization. Well, I was trying to explain also that during fall,
winter and spring the straw has some effect on the sail, because
with rainfall the parts covered with straw get more water and
remain more humid afterwards than the uncovered parts.

(IBERLANDER

I would like to say that in the field, usually right after the
harvest, the straw is brought about 10 cms deep. We imitated
this practice in our experiments; the straw was turned down with
a rotor cultivator about 10 cms deep and was left at this depth one
month or six weeks until autumn when it was ploughed down to
10 more cms. Actually we used no plough in this experiment,
we did it by hand with a spade.

Prinavist

Tirst, T wish to congratulate Dr. OBERLANDER on his excellent
paper, T agree perfectly with what is said on page 17 that «any
valid conclusions for practical agriculture can be drawn only from
experiments under field conditions ». This is also our experience
and that of all teams we are in relation with in South America.
We have been working in Brazil since 1949 with field trials under
conditions of practical farming.

1 also agree perfectly with what is said on page 28 about
the high-molecular humified constituents of soil organic maftter
{Danerhumus) and its influence on the physical and chemical pro-
perties of the soil.  Unfortunafely my experience indicate that
this information is not well known in many places in Sonth
Ameriea.
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RusseLL

Prof, OBERLANDER's work is very exciling and I would like
to make one or two comments on what he has said and what he
has not had time to say. The first point is: he gave us a curve
on the board — actually figure 16 — showing the rate of decompo-
sition of organic matter in the soil plotted on a fixed scale. That
rate is surely not due to the decomposition of different components
of the material added to the soil, but to the decomposition of the
biomass or of the metabolic products of the soil microorganisms.
So it is naturally constant for ali the added materials becanse you
are now on the decomposition of biomass or decomposition
products.

The second point T would like to make that Prof. OpERLANDER
had not {ime to discuss is that this work now allows us a much
clearer understanding of the various components of humus and it
shows us that the traditional method of humus analysis has no
good theoretical foundation because it will not separate out the
humic acid of the biomass, the humic acid of the soil organic
matter and the humic acid of the metabolic products of biomass.
This work has given us a completely new picture of the whole
of humus chemistry, You are well aware of that naturally, but
I would like to emphasize that this work has got much larger re-
percussions than merely what Prof. OBERLANDER had time to show
us. I now come to a much more controversial thing. We have
been at a high level of science: I now come to the sordid level
of the farmer in the field. I do not know what experience you
have in Austria, but with the field experience we have had in Great
Britain on farms running over a period of 10 years, we were not
able to show any benefifs to the fammer of ploughing in straw
compared with burning it. Burning has other advantages in that
you get more control of plant disease by burning. Have you got
any evidence from your couniry to show what benefit a farmer
gels by this system of ploughing in straw.

[ now come to a third point which I think I disagree with
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you on. I am not quite certain. . For any system of, farming you
tend to have a.given level of organic matter in-the soil but that
level of organic matter depends on the rate of addition of organic
matéer to the soil and the rate of decomposition of organic matter
in the soil. And if you take a contiauous cereal policy, growing
cereals only, you will tend to get a certain level of organic matter,
but you de not go down to zero of organic matter,

So if a continuzous cereal growing policy is adopted, the soil
organic matter content will stabilise at a definite level; 1t will not
fall to zero. It is possible that therc is a definite organic matter
content Dbelow which soil conditions deteriorate sufficiently to
affect the economics of soil management. There is also the well-
known Broadbalk field at Rothamsted where most plots have re-
ceived neither straw nor organic manure for over 130 years, and
high yiclds of wheat are still oblained on these plots receiving
high levels of fertiliser, and some - yields are still well above our
national average.

The field has however a naturally well-structured clay loam
of redbrown colour containing an adequate level of active iron
or aluminium hydroxides. 1 would expect some fine sandy and
very fine sandy loams or loamy fine or very fine sands to have a
structure more sensitive to organic matter level than the Rotham-
sted soil, though T don’t think we yet know what it is, nor under
what farming systems it would fall to too low a level

OpBERLANDER

Te answer your first question Prof. Russerr, 1 mentioned
just some details in my talk and I should like to make it clear
now, If we find labelled carbon after five or ten years still in
the soil, it does not mean that this is entirely undecomposed ma-
nare material, it may be carbon of micre-organisms which have
been formed during this time and have been retransformed to the
next, and again to the next generation. When talking of organic
matter it is useless to talk of the original material and try to

[26] VI, 4 - Oberlinder - p. 67
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separate it from the newly formed material, because you actually
don’t have any boundary where you could say the material has
already been transformed, And if you use labelled materials you
even can’t distinguish the newly formed substance from the one
you have added.

Prof. RussrLL’'s second remark was whether one can afford
not to plough in the straw, This is really a point of controversy.
I think I have mentioned it already several days ago in the dis-
cussion, we just don’t know the critical level of organic matter
for any soil, we don’t know how much we can exhaust onr soils,
how far we can let drop the level and when we should stop, and
this was also the conclusion of my presentation. Tt i3 a malter
of risk, it may be, it may not be, and T am just concluding that
if the labour which is spent on adding manures can be afforded
and justificd, when it doesn’t mean additional trouble for the
farmer, why should he not add manures?

Hauser

The results which Dr. OBERLANDER reported are for us tech-
nically very reassuring because we had such problems of whether
green manure would work or would not work, or whether straw
should be added, or whether it is worse than farmyard manure
and so on, In the dry zone where the soils are rich in calcium
carbonate, rich in basis as found in the area from Lebanan up to
Pakistan, in these soils the carbon content is tremendously low,
very often under one percent, nearly always under two percent C.
Still, these soils are by no means unfertile if they are deep enough.
If they are deep enough they are the soils where the high yiclding
varieties from Mexico give their highest yields, np to 4-8 thousand
kilos of grain per hectare. 1t is obvicus that these soils are working
on a different level of carbon. If a bush is taken off and the
soil has two and a half percent carbon after catting the bush, this
content will drop to maybe one and a half percent during culti-
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vation, but still this soil is very fertile. In the humid tropics you
have completely different conditions, the carbon content is some-
what higher normally but seldom up to three percent (except in soils
which are of organic origin), .and there the addition of organic
matter is much more effective than in the arid zones. In the humid
tropics an addition of the right amount of organic matier, the
yield may increase enormously. We measured mainly the money
returns from these soils in the vulcanic areas of Java, and they
went up many imes especially on poor soils by the application
of organic matter.

The conclusion from Dr. OBERLANDER’s presentation would be
that any organic material applied to the soil can be expected to
have a suitable effect on the yield and is a security factor for
the farmer. Especially in arid climate the organic matter remain-
ing in the soil in humified form will probably increase the water
holding capacity. This effect of organic matter was not mentioned
by Dr. OBERLANDER, as it was probably not determined, but it
is of great interest.

ORERLANDER

Tt should be understood that our cxperiments are entirely
valid for central European conditions, climate, soils and mana-
gement practices and, frankly speaking, I would not dare extra-
polate anything from it to any other region, arid or sub-tropic or
humid tropic, because the systems would cerfainly change in a
rather surprising way. In mineral fertilising the situation is much
casier, T think we can cxtrapolate, to a certain extent, what we
find in Central Europe to ofher climatic zones and there would
be much more probability that it would work out under very
different conditions in other parts of the world, but to extrapolate
organic matter experiments from Central Europe to somewhere
else, T would not dare so. Thercfore, 1 always wonder wby do
international organisations pay sc little attention to ocrganic matter
problems outside of the temperate zones.
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HerNaNDO

I would like to add some resulis of an experiment in relation
o the critical level of organic matter. Yesterday, whilst speaking
to Dr. Corwrrr, I suggested he used the knowledge of farmers
to know which will be ihe best methed to correlate the yields
in the area with the soil test, but when we make that, we need
to talk with the farmers. My impression of the different areas
we have studied in this way, is that farmers as an average always

—

say that 50 years ago the problem of cultivating the soil with
good filth after rainfall was not so difficult as now. They find
now that the fields retain the rain very badly, and also the con-
dition for cultivation is much worse than it was 30 years ago.
Our only explanation for that is that this seil has actually a lesser
amount of organic matter, and therefore the good condition of
the structure and possibility to work the soil properly with ploughing
arc.reduced in many areas by less than 1% of organic matler when
they need {o work the soil. Sometimes it is too wet, and sometimes
too dry-and in this latter case they get too much erosion by the
wind,  Therelore, it may not be possible fo say that there is a
critical level of organic matter throughout the world. T rather
think that with any climatic condition with the same soil type,
there is certainly an amount of organic matter which is critical.
For the Central Arca of Spain with ioam clay soil we found that
i{ is between 1% to 1.29%,.

WALSH

It is obvious that this question of organic matter disposal and
its effect on the soil is very much a regicnal matter. You have
quoted fHigures that apply to FFrance, Great Brilain and yourselves.
[ would content that this effect from organic matter is very much
rclated to climatic condifions and to the regional situation. in
relation to soil,  We found no significant effect from farmyard

Bk

[26] VI, 4 - Qberlinder - p. 70



SEMAINE D ETUDE SUR « L'EMPLOYI DES FERTILISANTS XETC. » 1071

manure, other than from the nutrient it carried. There were
no cffects from the organic matter as such, for the simple reason
that we have sufficient crganic matter in our soils already. With
us in actual fact, the disposal of farm residues and waste is now
something of an embarrassment.  Under modern intensive con-
ditions of animal production, the dispesal of waste from our farms
or farmyards becomes quite a difficult preblem, and T think we
must consider this at this meeting. We must devise conditions
that will ensure that from these very mtensive animal prodaction
units, there is a way of disposing of the nufrients and the other
material so as not to contaminate the invironment. Today we are
collecting these materials as slurrics.  Under these iniensive
conditions the use of straw is limited because it Is too costly to
nse straw and too difficult to distribufe on pastuzes. We are now
icoking at this from the point of view of feeding the straw together
with supplementation by way of urea, or converting, with the use
of anhydrous ammonia, the straw into an animal foodstuff closing
the cycle if you like and making the maximum use feed-wise
of what we produce. We are, in effect, beginning a new cycle of
production related to nwtrieni conservation and ifs conservation
of the environment. This is a matter of the very greatest signifi-
cance, net alone in the developed countries but in under-developed

cuntrics as well. I want to remind you here at this meeling that
we have talked almost totally of the underdeveloped countries,
We must also think, however, of the seil fertility problems in
the developed countries, because if we do not we are not leoking
at the whole spectrum. It becomes equally important from a
socletal point of view that we look at the developed countrics
where agriculture is intensifying. We can tearn from this because
the underdeveioped countries of today will, we hope, be the
developed countries of fomorrow.
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CHEMICAL FERTILIZERS
AND CROP QUALITY

DAVID DAVIDESCU

Agricultural College « N, Bilcesew n - Depavlinent of Agricullure
Bucarest - Romania

Today many specialists consider the quantitative increase
of the crop quite as important as the improvement of its quality
but in certain situations it is more important to realize in the
first place an improvement of the quality of the crop.

The evaluation of the quality of an agricultural product
intended for human food must be made conformably with a
number of properties. It is not possible to do this according
to one criferion only, although in certain cases such an evalua-
tion is being applied.

Indeed the notion of “quality” must include three types of
characteristics:

a) the quality, from the point of view of biological
value, that is to say of the nutritional value, according to the
content of clements with high biological valuc;

b) the quality from the organoleptic point of view:
taste, smell, colour, consistency, efc.;

¢) the hygienic quality including both the absence of
residues of toxic chemical products and pathogenic bacteria,
and the absence of certain natural products with toxic character
or inhibitors of certain physiological processes.

We refer particularly to the effect of the nutritional condi-
tions on the quality, both from the point of view of the content

[27] VI, 5 - Davidescu - p. x
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of elements with high biological vaiue and of the imbalance
which may arise because of an inharmonious relation among
the nutrient ions of the solution of the soil or of the plants.

At present there are a few agricultural products whose
commercial value is cstimated according to the quality of
certain biologically active chemical components (sugar Deet,
oil-bearing plants, fruit juices, etc.). More often the quality
is estimated according to the exterior aspect and according to
certain physical properties (hectoliter weight, weight of 1000
grains, volume, uniformity of the colour, Drilliance, taste, etc.).
Surely there exists a certain relation between the exterior
aspect and the quality of specific components with an active
biological role (vitamins, enzymes, sugars, proteins, cte.), but
these physical properties could never express the quality. The
quality of a plant product should never be judged only accord-
ing to its exterior aspect and certain physical properties, but
also according to its content of active biochemical elements,
which assure the nutritional value of the product.

The nutritional deficiencies determined by the fertility state
of a soil reflect themselves at first in the plant products and
then in their consumers.

The health of an individnal, of a nation, depends largely
on the variety of the products they live on, on their biclogical
quality which, of course, is closely connected with the soil
where they grow and with its state of fertility,

The ctfect of fertilizers on the crop is being studied in many
works, and we find it reflected also in the works presented at
four regional colloquia organized by the Institut International
du Potassium with the theme: “Le potassium et la qualité de
la récolte”, and in the works of four symposia organised by
the Centre International pour la Coopération en Agriculture
with the theme: “La composition de la matitre végétale et la
qualité de la récolte” (Paris, 1964), as well as in the works
of the 3rd World Congress of Research in Agriculture (Rome,
166g) with the theme: “Modern agricultural technique and
human health”.
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There is no doubt that a large number of factors acts on
the crop and on its quality: edaphic, climatic, genetic, chemi-
cal, phytosanitary, economic factors (fig. 1). The researches
have thrown into relief that an efficient and quick measure,
which not only influences the quantity of the crop but also its
quality, is constituted by the nutrient conditions. One may
thus obtain, per unit of surface, with the same climate and soil
conditions, more proteins, fatty substances, vitamins, essential
aminoacids, etec. Tt is more difficalt to check the modifications
of the climate, of the humidity of the soil than the nutrient
conditions. Numerous studies and researches have put in
evidence the fact that the judicious utilization of the fertilizers
can modify the metabolism of the plants in determining an
increase in the content of proteins, fatty substances, sugar,
starch amd other substances.

Function of the conditions of culture (variety, climate, soil,
agro-thechnique) may vary the quality of the crop within very
large limits. For example, as concerns the environmental fac-
tors and the variety, the protein content varies between very
farge limits from ¢ to 239%, the starch content from 52 fo
75%., and the content of fatty substances from 2 to 59%,. This
means that from the same crop quantity per surface unit, one
can obtain products with a higher nutrient value.

In Rumania the researches on the quality of the agricultural
production have passed through several stages which characte-
rize the evaluation criteria of the crop with regard to the
technical possibilities of the respective period.

During the peried rgoo-1930, C. CArnu MunteEsNU, C.
Rowman, I, Enpscu, Ar-Zauaria, C.C. Dopriscu, in their
researches have determined crop quality based on physical
analysecs, and in a certain measure, also by means of chemical
analyses.

During the period 1930-1960, the control of crop quality,
especially of the cereals and fodder plants, carried out by
M. Ionescu, H. Srusanscii, Macpa IVANESCU et al. regards
particularly the characterization from the technological point

{273 VI, 5 - Davidescu - p. 3
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of view, the quality of bread production and industrialization.
Although chemical analyses are being approached to an ever
larger extent, the problems of biochemical crop formation and
of the content of biologically active substances are as yet not
solved.

After 1960, simultancously with the intensification and uti-
Hzation of fertilizers in the Rumanian agriculture, there have
been initiated also systematic researches in order to establish
the modification of chemical composition under the influence
of fertilizers or other vegetation factors, and the relation be-
tween the biochemical indices and mineral nutrition,

In this direction researches have been made on the influence
of fertilizers on the crude protein content and protein fractions
(albumin, globulin, prolamine}, and on their composition of
amincacids, in wheat, maize, potatoes and fodder crops.

There exists a close relation between the mineral nutrition
of the main biochemical indices of the plants. The researches
made in Rumania by I. Csaro [2] show under this point of
view the following:

- the most important vegetation phases where the in-
fluence of the fertilizers reflects itself on wheat, are the phase
of intensive growth and the phase of flowering;

— in the vegetative parts and in the grains, during the
phase of intensive growth, there increases under the fertilizer
influence the ratio of crude protein (Ph), soluble glucides (Gs),
one ascertains a decreased ratio Gs/Gr [soluble glucides, di-
rectly decreasing glucides (Gr), diminish the total glucide con-
tent (Gt)]. These modifications contribute to a more accentua-
ted synthesis of the constitutional matters and of the apparatus
of synthesis.

One notices a positive, clearly significant correlation be-
tween the production of directly decreasing soluble glucides
(Grs) and the production of crude protein (Pb).

— During the flowering phase, one observes under the
influence of the nutrient conditions, a correlation between the
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production of soluble glucides (Gs) and that of brute protein
(Pb), which can be improved by the ratio Pbh/Gs when there
exists a significant correlation also in Pb/Gs of the grains as
well as in the production of the grains.

In fig. 2 we present schematically, after Csaro 1., the rela-
tions between the chief biochemical indices and the production
of grains in wheat, under the influence of the nutrient factors.

In winter wheat the influence of fertilizer doses and of the
ratio between them, on the basis of the coeflicients of relation
between the chief biochemical indices, have led to the conclu-
sion that in wheat the phosphorus dose and the N/P ratio are
the main factors which significantly influence the production
and the content of crude protein (fig. 3).

During the intensive growth period P and NP nutrition has
had a significant influence on the production of crude protein.
During the flowering period more important for the nutrient
conditions arc the formation of soluble glucides and of crude
protein,

The character of the dynamic exchanges under the influence
of nutrient factors may show us the measures that have to be
taken in view of the increase of protein production, by means
of the combination of agrochemical tests of the soil with the
character of biochemical {ransformations taking place in the
plant.  The unilateral doses of N or P, by provoking qualita-
tive changes in the glucide and protein metabolism, prejudice
the accumulation.

In a further series of researches carried out lately on wheat
by D. IsFan [12] with increased doses of nitrogen (40-80-120-
180-220) on phosphorus basis, there has been put in evidence
the positive influence of nitrogen fertilizers on the production
of wheat and on the production of crude protein (table r and
fig. 4). The development of the curve of the production shows
that the higher doses (180 kg/ha N) do not procure any more
economic gains of the production. As concerns protein, one
states that its increase becomes slower at the dose of 80 kg/ha
and higher at the doses of 100 to 120 kg/ha.

[27] VI, 5 - Davidescu - p, 6
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increase in grain and protein production in proportion to N,

The nitrogen doses have favourably influenced also certain
technological indices of the quality — note on the farinograph,
PELSHENKE index, weight and volume of the bread which have
simultaneously increased with the increase of the nitrogen doses.

As regards the physical indices (guantity of rooo grains
and hectoliter weight) there have been recorded higher values
with decreased doses (40 kg/ha N}, whereas with higher doses
they descreased.

The results of other experiments with nitrogen fertilizers
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on cercals have shown that nitrogen determines the increase
of the glyadine content and the decrease of the glutenin content
and at the same time the decrease of the content of certain
amino acids, like lysine and arginine.

From researches carried out in Rumania it results that
nitrogen fertilizers applicd alone or with phosphatic fertilizers,
have led to an average increase of the gluten quantity of 1 to
3%. In slightly provided soils, the gluten content in wheat
fertilized with nitrogen (on PX basis), compared with the va-
riant which received PX only, increased 1,5 times (fig. 5).
Besides the quantitative gluten increase, also the relation be-
tween different protein fractions as well as between amino acids
have changed.

Coic, Favconneau and Terrome show that the appli-
cation of nitrogen fertilizers in a late stage of the wheat, can
lead to a substantial increase in protein and to an increasc
in the 7zein content and to a decrecase in the lysine conteat.

The results obtained with maize and published in our
work [7] show that by applying nitrogen fertilizers, the crude
protein may increase from 7,6% to 11,6% (100 kg/ha N}
and the starch content from %2,2% (100 kg/ha N} to 74,9%
(50 kg/ha N). 1In case of an insufficient supply of nitrogen,
the protein content decreases greatly, even down to 50% as
compared to the best variant {Ny). The decrease in starch
content, in case of progressive nitrogen doses, explains itself
by the fact that during the numerous metabolic stages of
nitrogen, the plants consume a large quantity of energy ob-
tained from the oxidation processes of the carbohydrates.
Likewise, the intense biosynthesis of the nitrogen compounds
contribute to the decrease of the content of carbohydrates of
the plants.

he fertilizers change the crude protein content in pro-
portion to the genetic potential of the variety, thus also the
amount of the protein fractions (albumin, glebulin, glutelin,
prolamine), and the relations between them. The highest
value of protein fractions was noticed since the utilization of

[27] VT, 5 - Davidescn - p. 11
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compound NPK fertilizers, followed by NP. Albumin and
prolamine have increased in all of the cases where chemical
fertilizers were applied, whereas the globulin content increa-
sed only in the variant with NPK. In the same way the
amino acid content of each protein fraction increased under
the influence of fertilizers with NIPK, and also the amount
of amino acids. The deficiency of phosphorus and potassium
diminishes the accumulation of starch and fatty substances.

The researches made by D. Davingscu and L. RorcnsucH
on potato tubers [13], likewise put in evidence the possibility
of improving its quality with the use of fertilizers.

From the analysis of the data represented in table 2, it
results that both the percentage of protein content in potato
tubers, and the one calculated per hectare were influenced by
modification of the nutrient regime through the application
of fertilizers. The highest values were obtained where very
high doses of chemical fertilizers had been used: NjgP s
K5, and in the variant where manure had previously been
applied in the course of the rotation.

The researches made with fodder maize have shown that
in parallel with progressive doses of nitrogen fertilizers in-
creases also the nitrogen content in the plant. The protein
nitrogen of a certain doses lessens the accumulation rhythm
by increasing, in exchange, the content of the non-protein
nitrogen.

Elevated nitrogen doses applied wvnilateraily lead to an
imbalance in the assimilation of magnesinm by the plants,
and the accumulation of nifrates in the plants owing to the
antagonistic phenomenon of the ions and the imbalance be-
tween photosynthesis and nitrogen (C/N) accumulation.

Animals, and especially milk cows and sheep, which are
put to pasture early, on meadows heavily fertilized with ni-
trogen become sick of “grass tetany”, known in Rumania
under the popular name of “burnt grass”. The fodder plants
containing large quantities of mnitric nitrogen have a toxic

[27] VI, 5 - Davidesce - p. 13
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effect because of the formation of metahemoglaobin which
prevents the normal oxygenation of blood.

Under the influence of phosphorus and potassium doses
the nitrogen content of plants decreases. An increase of po-
tassium doses reduces the assimilation of nitrogen, indicating
an antagonism between nitrogen and potassium.

Fertilizers modify not only the chemical composition of
the protein substances but also of phosphorus compounds
{orthophosphates, phosphoric esters, phospholipids, ribonne-
leic acids, desoxyribonucleic acids, compounds of sulphurs,
of oligoelements, sugars, vitamins, etc.).

The researches made by D. DincA and H. CIMPEANU on
lucerne, spring vetch, sorghum, Sudan grass, fodder maize,
show an increase in the confent of carotene and xanthophyll
with an equilibrated fertilization of these plants (table 3).

TasLe 3 — Influence of fertilizers om the vitamin content
(carotenoides) of fodder plants (according to Dinck D.
and CiMrEanu H.).

mg/% dry natter
Variant Lucerne Spring Sorghum Sudan Maize
vetch grass (leaves)

C X C X c X c X C X

Non-fertilized 12,0 17,8 506 91 2,3 59 1,5 41 3.2 5.4

Nip Py 13,2 187 6,1 68 26 63 1,7 51 41 9,2
Nigo Pes L3 159 56 80 2,4 4,5 1,3 40 30 50
20 1 manure

N Pio 138 19,4 6,5 10,4 29 68 19 50 4.7 125
C = carotene !

¥ = xanthophyll

[27] VI, 5 - Davidesen - p. 315
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Among the fodder plants lucerne occupies an important
place in Rumania. Thanks to its chemical composition,
lucerne can in its green state, in the form of hay or lucerne
meal, substitute a good part of other categories, used in cattle,
pig and poultry feed. Since in superior agrotechnical condi-
tions lucerne can yield up to 70-100 t/ha green matter, it is
desiderable that this be also of high quality.

The researches carried out by C. Covric [3] during the
period 1g66-1970 on the effect of chemical fertilizers on
lucerne, put in evidence the increase of protein content thanks
to the judicious use of N and P fertilizers {table 4).

TABLE 4 ~— Crude protein content of lucerne hay in proporhron
to the doses of mitrogenous and phosphatic fertilizers.

Crude Protein content

N, Ne N N
o kg/ha % kg/ha % ke/he 9 ke/ha
e 17,00 1666 17,37 1832 17,87 1820 18,06 1990
Py 17,43 T1gb0 17,62 2024 18,00 2243 18,18 198g
Po0 18,43 2223 18,03 2443 1,50 2452 19,68 24496
150 18,87 2213 9,62 2360 19,62 2410 17,93 2202

On meadows the judicious use of nitrogenous fertilizers
increases production quantitatively and qualitatively. The
experiments made by Robpica MARINESCU on three meadows
in Carasova-Resita, Poiana-Brasow and Rarau-Suceava at a
meadow rate and pasture rate with 8 levels of nitrogenous
fertilization {0, 30, 60, go, 120, 240, 360, 480 kg/ha N on

[27] VI, 5 - Davidescue - p. 16
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the basis of 80 kg/ha P,0s and 120 kg/ha K,0), show an
increase of the total nitrogen of the plants in proportion to
the improvement of the total nitrogenous nutrient rate (fig. 6)
in the plant, and important modifications between the relation
in which the protein nitrogen finds itself in proportion to the
soluble nifrogen and the comparative nitric nitrogen to the
total nitrogen, and to the level of fertilization. Under the
influence of nitrogen doses the composition of crude protein
is modified, the production of proteinic nitrogen decreased
and the production of non-proteinic alpha-aminic, amidic and
nitric forms increased. Likewise when the plants accumulate
nitric nitrogen, the total nitrogen decreases under the influence
of elevated doses of nitrogen fertilizers which leads to a de-
preciation of the fodder quality.

It has been insisted on the infiuence of fertilizers on the
quantity and the quality of protein since no product can re-
place this substance in human or animal food. The maximum
accessible protein source and the less expensive is at present
assured by cereals and leguminosae. According to the FAQ-
UNESCQ data, of the total of 85 million tons of proteins
yearly used in the human conswmption, approximately one
half derives from cereals. Hence particular attention must
be given to the improvement of the crop, also from the qua-
litative point of view, both through the cultivation system
and by the development of varieties with higher protein
contents.

The different species of cultivated plants have certain
limits concerning their content of proteins and of different
amino acids. Researches have shown that in general the
protein content can easily be increased in varieties cultivated
on land of reduced fertility or not fertilized previously, and
in plants deriving from seeds yielded from cultivated plants
in conditions of deficiencies of nutrient elements. The protein
content of cultivated plants in normal conditions may be in-
fluenced, within certain limits especially with regard to the
relation between the different amino acids.

[27] VI, 5 - Davidescu - p. 17
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The results obtained in Mexico with wheat, in the Philip-
pines with rice, in the north European countries with barley
and in the United States with maize put in evidence that in
order lo increase the protein content, one must create new
varieties by utilizing especially the method of mutations. The
mutations obtained in maize are known with regard to the
elevated amylase content, to the reduced zein content and to
the proteins better equilibrated from the point of view of the
lysine and tryptophane content realized by transfering the
genes opaque 2 and floury 2.

In general the cercals are relatively better provided with
sulphur-containing amino acids {methionine, cystine), poorer
in lysine and sometimes in tryptophane. The protein is better
equilibrated from the point of view of the relation between
aming acids.

The increase in production of protein per hectare and the
improvement of quality are likewise in close relation with the
way of application of the fertilizers. The best results were not
obtained by the unilateral application of onc fertilizer or
another, bul by the combined use of fertilizers with NP or
NPK. I the same way one obtaing an increase in protein
per hectare in irrigated wheat culture, resulting from an in-
crease in total production, but often there has been observed
a reduction in the protein per kilogram of the dry matier; this
deficiency can be corrected by a better combination of ferti-
lizer and irrigation,

Another aspect of the modification of crop quality under
the inflzence of nutrient factors may be constituted by the
application of fertilizers in inharmonious, imbalanced ratios
which reflect on the quality of the products of economic value.

Llevated ov excessive doses have a relative significance,
since they mwst first be analysed with regard to the relation
of the nutrient elements existing between them and then in
proportion to the other nutrient elements in the soil.

From the quantitative point of view, the same fertilizer
dose may be excessive if in inharmonious relations — leading

[27] VI, 5 - Davidescn - p. 18
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to serious imbalances in the plant — and can be normal when
it is in harmonious relations with the other nutrient elements
inclusive oligoelements, These imbalances caused by the
excess of certain nutrient elements, must therefore be under-
stood in the sense of creating certain inharmonious nutritional
conditions.  The use of higher doses becomes sometimes ne-
cessary for increasing the production, but if this leads to
induced deficiencies, one should not refuse to increase the
doses but fry to find their best means of utilization for the
sake of correcting these deficiencies; for instance for the
improvement of the qualitative indices in wheat. MasLova
1..B. shows that the increase of nitrogen doses must be assured
by a K/Ca ratio in favour of calcium and other bivalent
cations. When the ratio monovalent cations/bivalent cations
is in favour of the monovalents (K-, Na+) the process of
desorption of the elements is stronger, the process of trans-
formation goes down and that of the transport of phesphorus
diminishes.

The effect of the insuffictency and excess of witrogen.

The role of nitrogen in the improvement of crop quality
is well known, and so is the effect of the deficiency of this
element. Less known are the effects of an excess of nitrogen.

If there do not exist fiving compounds of the plant orga-
nisms without nitrogen which makes an integral part also of
the enzymatic sysiem intervening in the energetic and syn-
thetic transformations, then it is explainable why a judicious
nitrogen supply improves crop quality. Certain constituents
have a more or less passive role (the proteins), others a regu-
fating role of transport or support (the chloroplasts, the mi-
tochondria), The molecules of chlorephyll have a very short
life and renew themselves permanently which explains the
permanent necessity of the element. In different parts of
the plant the total nitrogen content varies on an average of
0,2 to 4,5% of the dry matter. In seeds the non-protidic
nitrogen rarely surpasses 109, of the total nitrogen.

{271 VI, 5 - Davidescu - p. 1y
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A good nitrogen provision of the plants favours the for-
mation of vitamin B, (riboflavin), a protective factor against
azoie-cancerogenic substances.

Increase of protein content under the influence of nitrogen
fertilizers takes place within the limits of the genetic potential
of the species and of the variety. That is why the excess of
a certain optimum dose has no more an effect on the increase
of the protein content and may provoke very sericus imba-
lances and repercussions.

Abundant or excessive nitrogen nutrition and the insuffi-
cient supply with other elements (P, K, etc.) lead to the for-
mation of an important quantity of nucleic acids which fa-
vour mitosis, At the same time the ratio C/N goes down
leading to an imbalance. An excess of nitrogen nccessitates
a surplus of light in order to intensify photosynthesis and the
formation of organic acids and carbohydrates.

Excess of nitrogen nutrition favours the appearance of
certain diseases [10] which handicap the growth and the
development. Thus, for example with wheat: excessive ni-
trogen doses favour the attack of Fusarium graminearum and
Erysiphae graminis (table s).

TABLE 5 — Effect of nitrogen doses on the attack of Fusarinm
graminearum and Erysiphae graminis in certain varieties
of wheat (after 1. DUMITRU).

Trusariose 9% Oidium (notes)

Variety No Np Ny Ny Ny No Ny Ny Nag N

Dacia 1,5 2,5 3,0 4,5 6,5 2 3 4 6,5
Maldova L5 2.5 40 55 7.5 3 4 55 7 8
Excelsior LS 25 45 45 6,5 2,5 35 45 07 7.5
Favorit 1,5 2,5 3.0 4.5 6,5 2,0 3 4 6,5
Bezostaia 3,0 4,5 5,0 7,0 q,0 4,0 5 7 8 9

27 VI, - Davideseu - p. 20
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Excess of nitrogen diminishes extension of the root sys-
tem, thus limiting the supply of other nutrient elements.

Excess of nitric nitrogen fertilizers (NGO,7) leads to an
accumulation of witric fons in the plant. When there is no
equilibrium between photosynthesis, that is between the for-
mation of organic acids and the quantity of nitric ions, the
latter remain uncombined and accumulate in the plant. This
accumulation of nitric ions in fodder plants can provoke
serious intoxications and even the death of the animal. The
cause is the imbalance of the plant metabolism, owing also
to other elements such as the insufficiency of magnesium
which leads to an imbalance of the Ca/Mg ratio.

Another cffect of the imbalance caused by an excess of
nitrogen in plants is the diminution of the assimilation of the
copper of the soil. This oligoelement influences likewise the
increase of the crop and of its qualities. TForages with 8 ppm
copper content {dry matter) reduce the copper content m the
blood serum of the animals below 0,65 g/1, a limit considered
normal by the Dutch researchers. This deficiency of copper
reflects itself both in the health of the animals and in their
productive capacity. Researches effected in Holland by
AwDprRE Vorsiy [14] show that milk production or the gain
in weight decrease in the same measure as the copper of the
blood serum diminishes.

Insufficiency of copper in food constitutes also one of the
complex causes of the sterility of the animals, conjointly with
the deficiency of manganese and estrogenic substances.

Deficiency of copper in forages causes alsc in young grow-
ing animals, exclusively nourished on pasture ground, disor-
ders in bone formation, in the depositing of calcium and phos-
phorus, which lead to rachitism, to osteomalacia and to bone
fractures.

According to A. Vorsiv the cause of “enzootic ataxy” of
lambs is also the deficiency of copper in forages on which
the ewes were fed during gestation,

According to Prof. Guenta [11] excess of nifrogen in

[273 VI, 5 - Davidesew - p. 21
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cabbage increases the content of the antithyroid factor. The
milk of cows fed on these cabbages carries this factor into
the human organisin causing serious repercussions on the
thyroid.

Effect of the wnsufficiency ov the excess of phosphorus.

Since phosphorus is one of the main constituents of the
compounds accumulating and transporfing energy, it is dis-
tributed in all of the plant organs, buf chiefly in the seeds and
in the tissues in growth. Each process of cell division and
seed formation is connected with the metabolism of phosphours.

Deficiency of phosphorus causes a series of physiological
imbalances.

In certain plants, such as subterranean clover (T#ifolium
subterranenm), deficiency of phosphorus favours the excessive
increase of isoflavone content, a product with very strong
estrogenic aclion,

Fxcess of phosphorus, resulting from a large accumulation
in the soil or from the application of too high doses not harmo-
niously ecquilibrated with the other elements, causes a reduc-
tion in the assimilation of zinc and copper by the plants as
a result of the antagonistic effect of the ions. That is why
simultaneously with the increase of the doses of fertilizers
with phosphorus, one must control the quantity of zinc and
of assimilable copper, both in the soil and in the plant tissues.
On maize cultures in Rumania there has also been observed
the deficiency of zinc as the result of unilateral or excessive
doses of superphosphate given fo the soil.

In leguminous plants excess of phosphorus reduces the
quantity of nodosities.

Effect of insufficiency or excess of potassium.

Potassium is just as indispensable for the growth and deve-
lopment of the plants as nitrogen and phosphorus. It is found in
all the tissues and organs of the plants except in the grains of

{27] V1, 5 - Davidescu. - p, 22
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chlorophyll. Potassium activates a number of enzymes or enzy-
matic systems such as those of phosphorus, of the respiratory
metabolism, of the transfer of energy, of the transfer and accu-
mulation of the carbohydrates, etc. Potassium influences the
physical state of cell colloids and of the cellular membrane,
contributing to the best functioning of the organism and to
exchange of substances. It is a regulator of the water content.

Insufficiency of potassiwm in nutrition of the plant orga-
nism weakens the intensity of the processes of synthesis, of
trapsfer and transport and depositing of substances. The in-
sufficiency of potassium increases the hydrolytic activity which
teads to an increase of the non-protidic nitrogen content. The
deficiency of potassium disturbs the cell metabolism, the me-
chanical tissues of support develop weakly (diminishing their
resistance to be heaten down). Insufficiency of potassium
reduces the resistance of plants to certain cryptogamic diseases
and other unfavourable factors of the environment.

Deficiency of potassinm disturbs the synthesis of vitamin
B, (thiamine) which plays a certain role in the metabolism
of carbohydrates and in the synthesis of amino acids.

Excess of potassivm in the nutrient environment as the
result of the inharmonious application of fertilizers, causes
diminution of the assimilation of magnesium, calcthwm, sodium,
and boron by plants, and the deficiencies induced in these
elements.  Besides the ncgative cffect on production, one
observes also an influence on quality. The more reduced
content of certain mineral elements with an active biological
role, and of certain vitamins (B!} is responsible for it.

This explains the fact of the more frequent sterility in
animals fed on plants coming from grounds excessively ferti-
lized with potassium, and of the diseasc known under the
name of “grass tetany”, for a more reduced content of mag-
nesium and sodium in the plants.

Chapman shows that excess of potassium is considered to
exert an unfavourable influence on the absorption of zinc
and iron. In greenhouse conditions one observes very fre-

{27] VI, 5 - Dawidescu - p. 23
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quently the effect of excessive potassium doses, for the defi-
ciencies induced by magnesium, as a result of the antagonistic
K/mg effect.

Lffect of deficiency or excess of calcium.

On soils with acid reaction, where calcium has been leach-
ed, the unfavourable conditions for plant nutrition are due to
the excess of the ions of hydrogen H', of aluminium AP+,
and of iron Fe*. On acid soils calcium diminishes the toxic
effect of boron by reducing its solubility.

Excess of calcium in the nutritional environment dimi-
nishes the assimilation of certain nutrient elements by plants,
such as manganese which passes from the bivalent form {casily
assimilable) to the not easily assimilable tetravalent form.

Likewise diminishes the solubility of phosphorus, boron,
copper, tron and zinc on soils with basic reaction, or where
there have been made improvements with calcium. This
leads to the appearance of induced deficiencies. Excess of
calcium leads also to the increase of potassium quantities fixed
in unchangeable form.

Effect of wnsufficiency or excess of magnesium.

Deficiency of magnesium may be an induced deficiency
owing to elevated doses of potassium or owing to parent rock.
It may also be caused by applying excessive doses of calca-
reous manure leading to modification of the Ca/Mg ratio.

Both a strongly acid reaction and a strongly basic reaction
reduce the assimilation intensity of magnesium.

Excess of soluble salts, duc to high fertilizer doses, fa-
vours the leaching of the soluble forms of magriesium causing
implicitly an induced deficiency.

It has been ascertained that high doses of nitrogenous
fertilizer lead to a reduction of the magnesium content of
leaves,

The increased concentration of hydrogen ions in the nutri-

[27] VI, 5 - Davidescw - p. 24
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tional solution, accentuates the symptoms of magnesium
deficiency.

Deficiency or excess of manganese,

Calcium, as well as a basic reaction, diminishes the assi-
milation of manganese by the plants causing induced deficien-
cies because of the transformation of the bivalent manganese
into tetravalent manganese. In this case the manganese defi-
ciency can be corrected both by extraradicular nutrition with
manganese sulfate or by fertilizer with elevated equivalent
acidity (ammonium sulfate, ammonium chloride) which De-
cause of the local modification of the reaction, permits the
assimilable manganese content to increase.

Excess of manganese in assimilable form is mainly noted
in acid soils (pH < 6,5). Excess of manganese can cause
induced iron deficiencies.

A much reduced manganese content of plants causes
physiological imbalances, and likewise a decrease of the vita-
min C content because of the diminution of its synthesis.

In animals fed on plant products with reduced manganese
content, one abserves disorders in the skeleton formation, bone
deformations and increase of sterility.

Fertilizers and cvop vields oblained in Rumania.

In Rumania agriculture, like all the other branches of the
national economy, have experienced profound changes during
the last two decades which have transformed the social-cco-
nomic relations and the life of the peasants [9].

Thanks to her geographical position, favourable climate
and soil quality, Rumania presents propitious conditions for
the different cultures, specific for the temperate zone. The
consumption of fertilizers per surface unit and per head of
the inhabitants has increased (table 6) during the last decade
(fig. 7).

The fist experimental researches concerning chemical
fertilizers in Rumania were effected in 1888 in Striharet, dis-
trict of Olt.

[2731 VI, 5 - Davidescu - p. 25
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elements per inhabiant 1938-19771,

[27] VI, 5 - Davidescu - p. 27

1970

1371

yoar



1100 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIPTA VARIA - 38

TapLe 6 — Conswmption of chemical ferlilizers in Rumania
1938-1972.
Per head
Total thousand tonsg kg/ha arable land of inhabitants
gross  Tertilizer gross  Fertilizer gross  Fertilizer
weight  element weight  clement weight  elements
Year kg kg
1938 11,0 2,5 0,820 0,200 0,712 0,173
1950 22,0 5,9 2,412 0,583 1,380 0,335
1055 87.0 21,9 4,000 2,210 5,080 1,230
1960 370,0 7445 37,640 9,134 20,105 4890
1605 1054,0 266, 4 121,00 29,470 55,40 13,480
1971 3104,7 38,0 316,800 87,500 180,840 44,00
1975 — 1955-2155 - 195-235 - 45-100
TaBLE 7 — Awerage crop vyield of the main cultures relative

to fertilizers, to ecological conditions and to the agro-
technigue used.

For 1 kg actlive Mean profit
Plant fertilizer substance per hectare
N = NP NPK o kg

Antumn wheat 6-16 5-14 5-0 3,5-8,0 T4-23 440-1370
Mais {double hybrid) 520 2,4-9 4-11  2,5-6,4 TO-40 235-1557
Sunflower 2-8 4-TT  1,7-3,5  1,5-2,3 G4z 200-955
Sugar heet 10-22  25-77 38-08 32-08 8-45  20600-10000
Potatoes 6-50 — 42-05 20-81 36-85  3500-11000
Naturai grassland (hayv) 1¢-40  3,7-9 31-16 15-18 30-100 1600-3T00
P = PO,

[27] VI, 5 - Davidescu - p. 28
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TapLE 8 — The efficacy of NP fertilizers on the production
of maize, winter wheat and sugar beet, in trrigating con-

ditions (1968).

Steppe Zone

Nitrogen :
Doses Mais g/ha Wheat g/ha Sugar beeu
PD P 50 ?G PW PD P 60

Ny 775 77.7 359 37,0 50,4 56,2
N 86.0 90,7 43,7 45,2 67,7 70,3
Nigg 9L.5 94.4 454 49,8 71.9 73:0
Niso 956 90,1 47,2 517 74,9 75:2
Nago 66,9 98,9 48,7 52,2 73,7 78,4

Sylvo-steppe zone
N, 67,1 68,0 30,2 30,2 37,2 42,3
Ny 82,2 81,6 18,8 30,4 46,0 53,9
Nig 86,5 88,4 40.4 44,0 51,8 58,2
Nig 91,9 91,4 44,2 16,3 54:9 Gx,9
Nyg 93.7 94,5 44,2 45.8 56.6 64,9

Alluvial soil
Ny 68,3 70,1 33,4 33,8 61,1 63,1
Ny 85,3 88,3 40,7 43,1 70,8 75,0
N 05,1 97.4 43.7 45.7 75.8 81,6
Niso 95,6 100,4 43,5 45,9 79,2 86,9
Nom 05,4 102,8 42,0 45,0 $o,0 86,3

[27] V1, 5 - Davidescwe - p. 29
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A Dbetter organized and vaster systemn of experimentation
with fertilizers on the different cultures in the main types of
soil has been noticed after the organization of the Institute of
Agronomic Research (1929) and after the development of the
network of research thanks to the creation of new Institutes
of Research (1957) and regional laboratories of agrochemistry
(1959) for the periodical contro! of fertility.

The experimental results during this period obtained on
account of the application of fertilizers, in the form of increas-
ed crop yields relative to the type of fertilizer, are represented
in table 7.

In analyzing the factors which contribute to the increase
of the wheat production, in Rumania one arrived at the con-
clusion that if the crop yield is equal to 100, then 38% is
due to fertilizers, 34,5% to the cultivation of soil, 15% to
first quality seed stock, and 12,5%, to the rotation of cultores.

Measures taken during the last decade for increasing agri-
cultural production include also the extension of irrigation.
At the end of 1971 the irrigated surface Dbeing almost one
million ha, it follows that at the end of the year 1975 it will
reach approximately 2 million hectares,

Trrigation permits a better utilization of the other vegeta-
tion factors and a much more intense succession of agriculture
cultivations (table 8). By using all these faclors in the in-
crease of production, it is anticipated that global agricultural
production wil! increase during the 1g75 period from 36 to
490% as compared with the average of the years 1968-1970.
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DISCUSSION

Chatraman: E. WrLte

PRIMAVEST

Je vous présente mes felicitations pour votre magnifique travail,
spécialement sur ce qui est écrit & la 2¢me page sur « les carences
nutritives déterminées par 1'état de fertilité d’un sol, sc reflétent
d’abord dans les produits végétaux et puis chez ceux que les con-
somment. » En effect, c’est un aspect trés important ef explique
la raison pour laquelle les peuples dans terres épuisées, sans nu-
trients ou avec un grand déséquilibre des mémes, n’ont pas de Ja
vigueur, sont malades et miserables, tandis que les peuples qui
vivent dans des terres fertiles sont fort, dynamiques et salubres.
Dans les mémes, nous avons étudiés cette expérience maintes fois
confirmées, dans plusicures contrées de Penorme pays qui est le
Brésil, ce qui a é¢ toujours confirmée.

Je crois que votre déclaration mérite spéciale évidence, car
elle respecte 4 la santé et bonheur humaine. C'est justement pour
¢a que je suis d'accord en avoir une fertilization bien équilibrée
de tous les nutrients qui manque au sol, scient macro- ou micro-
éléments. On ne doit jamais oublier, que la fertilization se reflet,
par la méme raison citée par Villustre Professeur, sur la santé hu-
maine, Alors, une fertilization déséquilibrée pourra occasicnner
maladies humaines. Par confre une fertilisation orientée rendra
forte la santé humaine et donnera vigueur au peuple. Clest pour-
quoi on doit éviter au maximum une ferlilization unilalerale, désé-

[27] VI, 5 - Davidescit - p. 33
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quilibrée avec les autres éléments nutritifs dans le sol, dans la
plante, et par conséquence pour homme, qui se nourit des pro-
duits de provenance du sol.

T congratulate you on your magnificent work, espectally on what
is said on the second page: ¥“the nutritional deficiencies, determined
by the fertility state of a soil, reflect themselves fivst in plant products
and then in those who consume them”. Indeed this is a very impor-
tant aspect and explaing the reason why people in impoverished Jand,
without nutrients and with great imbalance of these, have no strength,
are sick and miserable, whereas peopie living in fertile land are
strong, dynamic and healthy., We have made this experience on
themy which has many time been confirmed in severa] regions of the
enormous country of Brazil.

I daresay that your declaration merits particular attention because
it concerns human health and welfare. 1 a.greé perfectly on the peint
to have a well equilibrated fertilization of all the nutrients the soil
is lacking of: both marco- und microelements. One should never
forget that the fertilization reflects itsell, for the reason menticned
by the eminent Professor, on the human health. An imbalanced
fertilization jnay cause human diseases whereas an oriented fertiliza-
tion renders the human health resistent and gives strength to the
people.  Therefore, an unilateral fertilzation, unbalanced of ail other
nutrients should at the uimost he prevented in the plant and conse-
quently in man who feeds on products deriving from the soil.

OBERLANDER

Prof. Daviprscu, in the second part of his paper has
painstakingly listed the disease of animals which more or less
are caused by excess or imbalanced fertilization of pastures,
The literafure in north-western countries of Europe is full
of these observations. To my greatest astonishment I found
that this point in the first draft of the introduction is touched
upon only with three words « even potential pollution ». I think
we have to put it like this, even potential polluticn is possible,
but we have to spend seme words on what really can happen,

[277 VI, 5 - Davidescu - p. 34
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particularly the words « animal diseases » I have not found yet
in any of the statements, so T think this has to be brought in in
some way. I realize it is not of such eminent interest for less
developed countries, but as they are adepling our techniques, they
will later be facing the same problems, so we should alrcady warn
them about what can happen.

BussLEr

Do you think that it ceuld be dangerouws for men {o get
nutrients with a dis-equilibrinm of anions and cations and organic
substances which were made by these mineral deficiencies or
toxicities?

Daviprscu

Bien s@r qu'un déséquilibre a des répercussions sur Palimen-
tation normale et aussi des répercussions sur la croissance normale
de la plante, mais il est difficile d’obtenir 1'équilibre quand on utilise
des doses massives d’engrais; chez nous, quand nous n’avons pas
d’engrais nous n'avons pas de probléme de déséquilibre, mais
depuis la dernigre décennie quand les quantités des engrais ont
augmentées, nous avons maintenant des problémes de déséquilibre
parce que les spécialistes utilisent des engrais sur les recommen-
dations générales. Je crois que cette situation se trouve auvssi dans
d’autres pays qui ulilisent de grandes doses d’engrais.

Certainly an imbalance will have repercussions on the normal
alimentation and also on the normal plant growth, but this is difficult
when one uses massive fertilizer doses,

In our country, when we have no fertilizers there is no problem
of imbalance, but since the last decade when the fertilizer guantities
have been increased, we have problems of imbalance, because the

[z7] VI, 5 - Davidesen - 1. 35
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specialists use the fertilizers on general recommendations. [ believe
that this situation is found also in other countries where large
fertilizer doses are used.

HrrnaNno

I have some questions to ask you. I think the most
important is in relation to Table 1. You wrile about the
yield with different doses of nitrogen with {we levels of phosphate,
but I wonder where are the different yields with s0 and 100
kg/ha of phosplate, because there is only one yield for each dose
of nitregen and nothing in relation to phosphate,

DaviDEScU

Evidement il est trés difficile d’élablir les conditicns de nu-
frition plus adéquate, mais le résuliat peut encore étre interprété.

Je suis d’accord avec votre observation.

Evidently it is very difficult {o establish conditions of a more
adeguate nutrition, but the result may still be interpreted. T agree
with your observation.

Coic

Je pense que les engrais ont surtout é1é utilisés justement pour
remetire en bon équilibre la nuirition des plantes, L'emploi exces-
sive des engrais, ou le mauvais emplei des engrais peuvent créer
de nouveau déséquilibres mais an début il est bien évident que
c’est pour créer un équilibre de bonne nutrition de la plante. 11
ne faut pas confondre 1'équilibre de la fertilisation avec 1'équilibre:
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de la nutrition, et le but est d’obtenir un bon équilibre de nutrition
de la plante,

1 think that fertilizers have cspecially been used to bring the
plant nutrition again in a good equilibrium. The eccessive use of
fertilizers or the bad use of fertilizers may again provoke an imba-
lance, but at the beginning it is quite evident that this is done for
the sake of an eguilibrium of a good plant nutrition. One must
not confound the equilibrium of the fertilization with the equilibrium
of the nutrition, and the aim is to obtain a good equilibrium of
plant nutrition.

DavipEscU

Je suis d’accord avec la suggestion de M. Coic.

1 agree with Mr. Cofc’s suggestion.

FFrI1ED

I think you have clearly cstablished, as other data had esta-
blished, that we can change the quality of a product by fertilisation
or if there are genetic means of changing it also. I think we are
fundamentally then involved with the problem of whether the
farmer is going to be paid for this quality factor, and while
in dealing with commercial crops this is not uncommon, it is quite
uncommon for the normal fosd grains, and 1T wonder what Pro-
fessor Davinrscu sees in the future — of how, for example, a
higher protein content of 1ice or any of the other food items
might be implemented unless the farmer himself receives a higher
return for a higher quality product.

{271 VI, 5 - Davidescu - p. 37
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GENERAL DISCUSSION

Chatrman: . WELTE

WELTE

First I would ask if there are some additional remarks in relation
to the sessions we have had during the week and which should
not go into the conclusions.

SAALBACH

I have some remarks to the paper of Dr. OsmrLANDER. Dr.
OBERLANDER has found that farmyard manure, straw and alse green
manure, have the same effect on some humus fractions and the
humus content in the soil. We have tested the influence of organic
matter on the efficiency of mineral nitrogen fertilisers in view of
the yield in field experiments, We have taken for our experiments
straw, farmyard manure and also green mapure. Principally the
three forms of organic fertilisers had the same effect on the efficiency
of the mineral nitrogen fertilisers, if the different nitrogen: carhon
ratio of the single forms of organic manure were respected, Or-
ganic fertilisation led to a better efficiency of the mineral nitrogen.

OBERLANDER

T would like to comment very briefly and rather generally
on the statements of Dr. SaaLBacH and Dr. WalLsn before the break.
You can find in Hterature many thousands of experiments that
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show an effect of organic manuring, but you also find many
thousands of experiments that show no effect of organic manuring.
So the situation is as dark as the substances involved. And in
this case it is better not to risk anything and to apply organic
manures - I just can't put it otherwise.

COLWELL

N.B.  This comment is rather meaningless without the figure.

Mr. CralrmaN, 1 wish te raise a matter which T will call a
matter of scientific ethics, This is my point. I am going to show
you a salesman’s way of selling the value of soil classification, or
the value of soil testing.  And a more ethical way of demonstrating
the value of these things. Consider these plots of profil from
fertilizer versus investment in fertilizer.

PROFIT _— B
FROM
FERTILIZER
—
A
o} INVESTMENT IN FERTiLiZER

Let uns consider the case when A and B are different soils.
A saleman would say there is an enormous difference in the profit
from fertilizer for soll A compared with soil B, and therefore, soil
classification is of immense value. Now I suggest, in all honesty,
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this is stretching things a bit becanse this assessment is based on
the response over no fertilizer at all.  We know very well that
fertilizer is going to be put on, say at rale x. If we compare the
differences between profits for investment x and the respective
maxima, the difference in profit, indicating the value of scil clas-
sification is a very much smaller amount. So if we are trying
to establish the value of soil classification we should make the
comparisen against the best alternative, i.e. x, nol the worst, i.e.
pil.  Now this is for z soils. Curves A and B could very well be
for two different soil test levels, Exactly the same line of reason-
ing should apply. And this is the point thal I tried to bring out
in my paper yesterday, and I think a lot of you were surptised
at the very small difference I showed in favour of soil iesting.
Fven given an ideal test that would forecast exactly the result of
an experiment allowing for climatic effects and everything else
than can effect the response. These differences can be very small
if compared against the best alternative fertilizer recommendation.
1 know that someone remarked to me that my data must be for
a very uniform region. Well, it you look at the data which 1
present in Table I, you will find that it is far from a uniform

region.

FRIED

I wounld like to comment on this last point which has come
up previously. If I had diabetes T would want to be treated for
it, but if T looked at the community as a whole, as to whether we
should treat everybody as a whole for diabetes I obviously would
come to the conclusion that we shouldn’t or maybe we should raise
the level of insulin to a small amount for everybody and then those
that have diabetes would not suffer as much and those that don’t
have diabetes wouldn’t be bothered by it. I think that averaging
out the whole community is a réal problem that has nothing to do
with ethics, it has to do I think with the individual farmer who,
if he is the one that suffers, is the one that we are really looking at.
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COLWELL

If I could just come back briefly on that, Obviously Dr. Frikp
has not undertood what I said. If you want to talk about diabetes,
we are comparing two different dizbetics in this case, Both curves
A and B are suffering from diabetes and the question is now
what should we do. Just give a reasonabie application of insulin
or ity to work out more accurately the exact amount of insulin
that should be applied?

FriED

I just want to say that T think the analogy is very good becaunse
if you gave a common amount of insulin some of those people
would die and if I was one of those I would be mighty unhappy
to say the least.

Prsex

To the individual involved the loss may be quite serious.
As a scientist T cannot accept the idea of not offering to the farmer
the best cholce that is in my capability to give him to guide him
in his fertilizer use program. Now it is his decision to use my
services or ignore them, but I cannot rest peacefally if T know
that T am not giving every individual farmer the best information
available for his situation. And like 1 indicated yesterday even
if a region loses 0.5 dollars per hectare on one million hectares,
it is still half a million dollars,

COLWELL

That is right. Tt is a guestion of how much better is your
recommendation than an alternative. And this is what I mean by
ethics and salesmanship. The alternative is not nothing. The al-
ternative is not the worst, the alternative is the best, and if necessary
it is worth two doliars per hectare and that mounts up to a large
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amount of money and that is the way of it but it is not the gross
response to the fertiliser.

WALSH

Chairman, [ agree with Dr, Pesex on this matter, T just can’t
understand what Dr, CoLwEeLL is getting at. T just can’t understand
the analogy whatsoever. I raised this matter initially about the
value of soil classification and equally 1 am fotally convinced that
soil survey is a valuable tool. If you don't find in Australia that
either soil classification or soil testing are of any value that is your
business in the final analysis. As far as I am concerned we would
never try to sell it the salesman way, you suggested. It would be
a very foolish man, cither scientist or salesman, that tried to sell
this idea in what you wonld describe as the unethical fashion.
T will tell you that such a salesman in our country would not do so

for very long.

Frrrs

1 wonder if someone [from the Committee, possibly Dr. Friep,
would like to give us a brief review related to what the Com-
mittee has been discussing in regard to the conclusions. Otherwise
we shall be talking withent knowing what has already been con-
sidered by the Committec.

I think it would be beiter if we could actually deal with the
recommendations, otherwise T feel it will be too confusing. T would
suggest that any discussion be in relation to the recommendations
that have already been received and we could formerly start going
threugh these at any time that the Chairman wishes to start the

operation.
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FRrIED

Agrees to the above suggestion.

WELTE

First T would ask Dr. AraTen if he wants to present additional

recommendations.

ARATEN

In the first place it seems to me that we are interested in
confributing to the soiution of two problems.

1) The basic ecconomic research together with technological
research, should result in producing nutrients in the most efficient
and cconomic form.

2) The fertilizer plans in underdeveloped countries should
work at higher capacities than at present. At recent they are
working at only about 50% capacity, and if the capacity will be
increased, more and cheaper fertilizers will be produced. In order
to reach this geal, I suggest adding two conclusions to Dr. Frizn's
paper.

@) In addition to the joint team of medical, physiological and
soil conditioning and research workers proposed on page 4 by
Prof. Frizp, to form cooperative research belween agronomisis,
physiologists, bacteriologists and chemists which will contribute
to a betler understanding of the basic processes faking place in
soil, roots and plants.

b) To suggest an education programme for chief engineers
and chief technicians in fertilizer plants able to run a fertilizer
plant ably and efficiently.  From experience T know that it is
impossible to improve a situation in a plant if you try to re-educate
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the existing chief engincer and chief technician in a factory work-
ing for years at a 50% capacity. In such a Plant the technical
management has to be changed, and an education programme for
new people is therefore essential.

WALSH

[t has been emphasized that if you want to get over a deficiency
there are several ways of doing it besides puiling nutrient into
the soil.  TFFor instance in relation to trace clements « hazard »
areas should be defined and treated each one according to what
is required. I believe that is a very important point.  The other
one, I think we brought forward here and it is related to argu-
ments put forward by Dr. Frirs following his paper, that fertilizer
companics concerned with the manufacture of fertilizer should in
their formulation work have an eye on the censervation aspect of
fertilizer use, both from the point of view of the supply and
renewal of resources on the one hand and on the effect of these
fertilizers on the environment on the other. This seems to me to be
an important point. I believe also that there is another aspect
of the matter which needs o be incorporated in the reporl, i.c.
the whole question of nutritional necds of people and the satisfaction
of human wants. As pecple become more affluent, they look
more and more for instance to animal products in the diet. There-
fore concentration on animal farming and the development of
animal preducts should be an important consideration for this
meeting, This means the development of systems of animal pro-
duction based on soil fertility, grassland and fovage development
which will be efficient in the context of developing economics.

Then, of course, we come to the other highly important point,
ie. the impact of farming on societal matters. This has been
referred to in a general way, but T think it needs to be widened
out a little, I will talk more about this when I come to the point.
There is very little said here in this document about markets and
the need for markets, how markets are developed and how the
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various systems of farming, both the developed and underde-
veloped countries, must be geared to meet the needs of specific
markets. I believe this is a cardinal point in {he business of
farming in the context of the subject matter of this week. We
must look at soil fertility work against a background of overall
integrated programs of rural arca development. Anybody aware
of development will know that this approach is receiving more
and more attention. Also a question which has been rajsed mar-
ginaily here is very important, i.e. of how technology can be best
transferred and adopted. Tn that context, Mr. Havuser's statement
about the setting up of a World’'s Seil Data Bank is of utmost
significance, and T belicve that this should be emphasized in the
report.

Also the other and fimal point T am going to talk about now
is the question of how we can develop the right sort of package,
of practices for the farmer, ie. how effective packages can be
synthesized from the different components from research and how
these can be harmonized and quantified in relation to the specific
needs of some farmer somewhere either in Brazil or Ireland. In
other words, how can we develop the right sort of package? I be-
lieve the time has come when research people should be involved
in the synthesis of systems of farming, either for cropping or for
animal farming that can be converted into an appropriate package
by the people advisers and others in the different areas concerned
for use by farmers,

TFrRIED

Firstly I would like to say that T agree entirely with all of
the points that Dr. Warsn has made, but T would also say
that if T worked up until midnight and got up every morning
at 5 a.m. for a whole week, I could never write the kind of book
that Lie wants me to write. We can only touch on some general
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points. 1 am sorry, but T do not sce any other way to do it.
I respect the ideas, we will try to include within our gencral points
but that is about all we can do in the way this thing was set up.
I really don’t know what else to say. So as we come to the
individual points let us either try to emphasize them or re-empha-
size them in relation to the relative importance. 1f we put every-
thing in the manusecript it will be worthless. The only thing we can
do is to highlight some of the things that have been brought up
and some of the things that can have a major impact in the areas
in which we are trying to work. I would be very happy to have
a discussion on that because we all are involved with it.  We
have asked for suggestions and believe it or not, we have taken
inte account every suggestion that has been handed to ws. They
have all been discussed by the Commitiee — sometimes a whole
page may have gone into two words in the report which emphasizes
something which was not emphasized before. But that is how
we are working the suggestions into the report, and 1 can only
suggest that we continue to do that although there is no reason
why a particular paragraph cannot be added on a point that bas
been completely left out. But if the peint has not been completely
ieft out let us try to modify the way it has heen presented to
give it its relative importance that the group feels it ought to
have. I have taken advantage of this question to give the rest
of you the general philosophy on what we have tried to do here
and that is we are confined to making general statements on prob-
lems, needs and means of golving them, thalt the group here
feels are important and that have been indicated in their presen-
tations, in the discussicns and cven in discussions individually
with the Commitiee. Some of you will recognise your ideas as
you go through them. We have already made a substantial
number of changes and there is a group of papers that should be
distributed to everybody. As you all know the whole thing is
divided into introduction, research and fertiizer requirements and
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farming ulilization. 1 would like fo give you some of the changes
that have already been incorporated, nct because these changes
are final but because that gives yeu the ability fo discuss whether
they make any sense and becauwse obviously they have taken
into account some remarks that have been made and some sug-
gestions that have been given to us.

If you have in front of you now the introduction with the
eleven points you might wish to add or change the fellowing.
In paragraph IIT the first sentence should now read «in addition
a greai number of other cultural practices » that was just an
editorial change — most of them are not editorial changes. On
the following line after the words -— necessary components of
yield — there should be the words « ranging from physical struc-
ture ».  In paragraph IV The Study Week of necessity has only
concerned itself — shouid mad « The Study Week could only
concern itself n. Now for more substantial changes,

Item 2 on the first page of the Introduction — the suggested
change is -~ «much can, should and must be done by Regianal
and International crganization to help. » This remains the same
— up to «help train local staffs to — «insext not only new
information but already accumulated information and expertise »
then follow on to «into the local system ». (We are trying to put
in one of the points Dr. Warse mentioned).

Item IV on the next page, the second line of item IV we
have added a few items after the word « nuitient balance ». The
itemns to be inserted are — soll structure, affects of time of planting
and disease conirel measures,

In Item VIII the second sentence of Uem VIII — most of
this increase will noi be feasible without —— instead of « tremen-
dous » we have used the words « very large » increases in « pre-
sent level of fertilizer use.

Now substantial additions to items 1o and 1713

Item X — the word « pesticide » is suggested instead of the
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word « insecticide » — maybe you have other suggestions. — At
the end of that sentence which ends in « pollution in the environ-
ment » we would like to suggest the inclusicn of another senience
that says the following - « The efficient use of ferfilizers, parti-
cularly at high use levels and recycling of man and animal
wagte will help minimise pollution and conserve scarce resources.

Item XI — the last three words of item XI is «need not
decrease n. Would you please cross that out and add the following:
« can <efinitely be maintained and even improved. Technologically
this can he achieved. {A very positive statement now — we can
discuss it later},

I must say that in relation to the discussion you will have
had to read the whole paper in order to actuwally carry on this
discussion because many of the items that you have suggested
come not in the gencral Introduction but in the specific areas under
Research and under Fertilizer Requirement or Farming Ultilization,
so if it was possible I would hope that the suggestions you make
would be related te the particular part of the drafted conclusions
where might be perfinent. We can always make shifts one way
or the other.

Now I would like to open it for any further remarks bhefore
we go any further,

Hausir

On reading that thing about scientists again here under para.
6, T think there is a mistake here which I did not recognize before.
Para. 6 on page 3. The second senfence is « this may be a dircct
response to the added fertilizer or may be the elimination of some
other limiting factor such as water or even genetic potential. » I
don’t think that this is right. Water cannot be replaced by
fertilizer under any one condition.

11
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FRIED

There mmst be something wrong with the drafting. T think
that will have to be clarified. The point was that increasing yiclds
may be associated with fertilizer use or elimination of some limit-
g factor. Tt was not meant to imply that the fertiizer use took
carc of the limiting factor. We will have to redraft the English
there to make it clear,

PrIMAVEST

Para, 6. page 3.  Says: « Increasing vyields are invariably
associated with increase of fertilizer use ». T think it is necessary
to add « when soil conditions permit, availability of nutrients added
for the plants », because then save nutrients from the soil, but if
it camnot be used by plants, it is not all right. In para. 8, same
page. « Most of this increase will not be feasible without having
those increases in fertilizer uwse », T think it will he added in ade-

quate soil conditions.

IriED

Many of these things have Dbeen discussed by the group be-
cause they are quite clear and the statement made by Dr. Prima-
vEST 15 certainly valid. However, we are faced with this problem
that you do not get a fertilizer response unless there is enough
water, unless you have the right genetic material, unless you have
the right soil structure, anless you have the right light intensity,
unless you have the right associated culture practices; [ mean
there are 15 of them. Rach time we talk about fertilizer use we
can not add all 15. We are faced with this factor and 1 think
we do want fo bring out those things which are more important
but I do not think that every time we {alk about fertilizer use
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and response we can put in all of the conditions when you have
the right variety, we just have to try.

We are faced with a problem, and when making our gencral
assessment we, the committee, will get together and discuss each
proposed point. We will try to reflect the study group, if it is all
right with you,

WaLsH

Mr. Chairman, 1 am very happy abouf{ what you have put
in here and the addition is quite candid. 1 should like fo make
another point that T have raised to a -very comsiderable extent.
At the bottom of page 2, 1 think the change is quite simple. You
talk here abou! « including kind, placement, methods of distri-
bution ». It i3 only one word or so. You know on the land of
eveness of distribution, T mention it as being important because
it was mentioned at the FAO meeting also in Geneva as an im-
portant factor. The other one here T am inclined fo your additions
here on item number 10, the effective use of fertilizer at high use
fevels and recycling and so on, we have to minimize pollution.
I was going to put that in a more positive way and that is, it
would lelp conservation. In effect what I wanted to say was that
vou said we would have to minimize pollution. 1 do not like the
ward pollation, it would be more positive to say it would help
towards consgervation and conserve scarce resources,  Yes, well
that is the scarce resources part of it, the conservation of the
environment and of scarce resources — something like that, we
can think about it. Pollution is a dirty word, and we should leave
it out of this report as much as we possibly can,

HErnaNDO

But I do not know if someone talked about the point I
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wanted to raise. It is in relation with the 1st point: « food
supply per capita need not decrease n. This should be made
more positive.

FRIED

This has already been done. For script see introduction paper.

RUSsSELL

Dr. Prsex and 1 have had the opportunity of discussing
some of the things in this draft, some others were done first thing
this morning, and Dr. Brancuer has not seen them. We are
dealing with this section headed Research under several sections:
in relation to environment, relation to plants, relation to soil, re-
lation to man and animals and so on. You have had the oppor-
tunity to recad in relation to environment, and this section has
not been altered. In the section « In relation to plants » whbat we
have done is to remove from the existing draft those things which
refer to human and animal health and to keep in those that are
only referring to plants. (a) was in the original draft « the need
for breeding varieties capable of responding to high level of ferti-
lization. (b} was « on the nutrient requirements of different va-
rieties of a given crop and different stages in its development ».
(c) was « on the effect of fertilizer on the susceptibility of a crop
to different pests and diseases ». (d) is a new one, « The possible
effects of adding various substances on increasing response to fer-
tilizer or the level of fertilizer at which responses remain eco-
nomic ». There have been no changes in the section « In relation
to soil »,

The section « In relation to the scil » has not been altered.
The new section « In relation to human and animal bealth »:
(a) is as in the old draft « The effect of fertilizers on crop quality
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including total protein, amino acid composition and other organic
substances such as contributing to flavour and keeping quality,
etc. ».  The second also was in the original draft « The effect of
fertilizer on inorganic constituencies of the harvested crop ».  The
third is also in the original draft although there is a word gone
wrong, « The need for medical research on the effect of human
health of crops having different mineral compositions ».  And the
fourth is a new « The need for monitoring the quality of fodders
on the health of the animal ». The next section again is a new
one. It is in relation te increasing the efficiency of fertilizer use:
« Research for increasing the efficiency of fertilizer application and
fertilizer uptake by plants including the proper placement of fer-
tilizer, the splitting of dressings, the time of application, production
of fertilizers in the most effective form for uptake ». The second
one is Research on ways of improving the agronomy of crop pro-
duction to enable the crop to make the most efficient use of added
fertilizer, And the third one is the adaptation of fertilizer appli-
cation policy to the cropping rotation, including the development
of more intensive rotations based on a high level of fertilizer inputs,

Page 3 «In relation to reducing the drain on the natural
sonrces of the world, research on the recycling of nutrients present
in farm and human wastes back ontc the land in a way that
causcs the minimum hazards to health and to the pollution of the
water draining off the land, and the development of new processes
for the development of fertilizer manufacture to make minimum
demands, for example, of the saving sulphur in making sulphuric
acid, making phosphoric acid and throwing away all the calcium
sulphate. Finally « In relation fo extension work » the sections
are. Research on hindrances to the acceptance of research findings
of efficient method of ferlilizer application by thke farmer; the ne-
cessity for developing genuine cooperation between the extension
and research services to ensure that adequate research on increasing
crop yields through the efficient use of fertilizers is cared out
within a framework involving the minimum disturbances, the
deep-seated social customs; and I have only just been given the
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wording, a proposed wording of the third, which will T think need
some alteration. The draft wording is: to conduct in each couniry
limited but sufficlent studies on the extension learning process
and the adoption process of farmers in accepting and using new
ideas, methods and materials, to establish the extent to which these
processes are similar to, cor different from, the behaviour of the
farmer as determined in more detfailed studies elsewhere. An
efficient extension service is possible cnly if its procedures maxi-
mise the rate of adoptien which is possible only with effective
knowledge of the system and processes », Those are the headings
that we are proposing for this section on research.

ARATEN

1 would like to suggest that there should also be a team of
agronomists, physiologists, pathologists and chemists to do basie
research regarding processes taking place in soil, roots and plants,
which are at present unknown,

RUSSELL

I have assumed that research would be carried out by inter-
disciplinary research teams when that is appropriate, but we can
put in the words inter-disciplinary {o cmphasize this point.

Would it be agreeable to you if we had a recommendation
that more research in plant physiclogy and plant bio-chemisiry,
root uptake and so on is necessary and is essentially inter-disci-
plinary?

ARATEN

I think a joint feam is very important.
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WALSH

T think that Dr. Russerl’s approach here is quite satisfactory.
What you want is Inter-disciplinary teamwork, but you don’t need
to go much beyend that in a statement. It is a general conclu-
sion and Mr. Russern, I think yon can move that one in the
context of the inter-discipiinary teamwork. It is a general re-
commendation isn't it?

RussELL

Yes I think it is the basic recommendaton that we need more
work on fundamental plant physiclogy. '

HERNANDO

I think T am in agreement with the idea of Professor ARATEN.
It will be convenient to write these peints in part 11, te. the
need for medical and clinical research on the effects of the crops
with different mineral composition on human health; this cannot
be left only to medical research workers. I know that it is very
difficult to get, but there is a difference between doing it by one
self or ask someone else to have it done. T think we must emphé,size
the need of interdisciphinary studies inducing medical, soil chemistry
and plant physiolegy researchers,

RusskLL

If we accept it I would like two recommendations, This me-
dical one is for the medical people; what are the effects of these
various things on health? If we wanl an analytical recommenda-
tion on more work on analytical methods of determining these
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things, we want it as a separate recommendation not muddled up
with the medical one. I would not have thought that we need
to make recommendations on more research on analytical methods
because it is going on so actively throughout the world, but if you
want one, we can put it in.

T ERNANDO

T said that T know medical people and I have discussed the
problems in practice with them. They are not convinced of the
impartance of this aspect. We may suggest to them to carry out
the work, pointing out that not only the study of the normal plant
compositicn is important but also to study the problems in this
field of research jointly with soil chemistry or plant physiology
experts in order to aveid confusing results.

Prsex

We have a statement which Professor ARaTeEN requests relating
to fertilizer requirement for the general statement in our last pa-
ragraph of our opening statement part I11. « A word nceds to be
sald about cooperative efforts amongst disciplines, institutions and
couniries, Muach knowledge is already available on trepical agri-
caulture; this knowledge must be fully exploited, something which
requires communications among individuals, disciplines and insti-
tufions.  Joint planning of research should be encouraged, perhaps
demanded, so that scarce scientific resources are used most effi-
ciently ».

RusseLL

Could T just refer to Dr. Friep's introduction, I do not think
that is a specific research recommendation, I think it is more one
for the introduction, but I would like Dr., FFriEp {o comnent

on that,
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IFrRIED

I thought I had mentioned something in the introduction
concerning this but I would have to look back on it. We could
have the suggestions written down then the Commitlee could

consider them,

PrsEx

What he is saying is that on Page 1A of Ferlilizer require-
ments, the statement concerns disciplinary efforts with Prof. AraTen,
that is a word need to be said about cooperate efforts among
disciplines, institutions and countries, Much knowledge is already
available on practical agriculture and this must now be fully
exploited.  So I think that the point he is making is that there is
a statement of this kind in anything you might want to insert --
taking into account the statement that already exists.

SAALBACH

Page 3, point a: « Research on the recycling of nutrients ».
There are in the wastes not only nutrients but also organic sub-
stances. [For instance, in the wastes of farms with intensive dairy-
ing it may be that these crganic substances have no good influence
on the fertility of cows (cestrogenic substances). In my opinion
we should write under (a) « not only nutiients » but alse « organic
substances » i.g.; oestrogenic substances.

RusseLL

It is dificult to know how much detail to go into here. De-
tails of slurry or giille disposal have not been given. 1f a method
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of recycling farm wastes is used which allows {oxic organic sub-
stances to accumulate in this soil, this wouald be an effective method
and research would be needed to improve it.

WaLsH

Commenting on Dr. RusseLi's point: On page 1 in relation
to the plant, the need for breeding varieties capable of responding
to high levels of fertilization and high levels of fertilizer use, Tn
relation to increasing the efficiency of feriilizer use you may he
able to Dbring in the methods of distribution of fertilizer on the
land  On page 3 hindrances should in actnal fact be real barriers,

RussiLL

This is included in the section relating to human and animal
health-section DY — the need for monitoring the guality of fodder
and health of the animal.

Warsy

It is more than that. T am talking about trace elsment si-
tanations relevant to both crop and animal production. It is a
question of identifying « hazard » irace clement arcas as related
to soil type as a basis for rationalizing the extension of information,

Card

On the first page of research, third paragraph, the second line,
I would recommend a change. After the word « length », 1 suggest
the elimination of the words « photosensitive varieties », so that
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the statement will ;‘ead: « to the extent the climate, rainfall dis-
tribution, temperature and even day length determine plant growth
and crop response lo added fertilizers ». The suggestion is made
because all the varieties are pholosensitive. $So my suggestion is
to eliminate after length the three words that follew and insert
after “determine’”’ « plant growth and crop response ».

RuUSSELL

The reason 1 puf in photo-sensitive varicties is that we have
a lot of varieties in Africa that are not photosensitive, which can
be ased over a wide range of latitude. That is why I put in those

words,

CArd

As far as I know, most of the crops in Puerto Rico are affected
by daylight; sometimes corn is affected in yield depending on the
time of the year to plant, 50 per cent, potatoes 300 per cent,
even though the length of the day varies only two hours. You
can get a very great influence of the length of day with 1most

crops in Puerlo Rico.

WELTE

That is the situation in your couniry. In other countries it
Is quite different, and we have fo see the whole world,

CAPS

What I say is that practically all crops are photosensitive. If
there were no light, there would be no plant growth.
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RussELL

T would like to give the redraft that I have done of one or
two sentences on the first page, headed research, in the first pa-
ragraph which begins « research involving fertilizer use of neces-
sity » is invelved with terminclogy. I would like to add the sen-
tence « and must include fundamental studies of plant physiclogy
and plant-soil relationship » which refers to the point that Dr.
ARATEN has made. On the new page 2 which is headed « in relation
to human and animal health continued » (d) is replaced by the
following: « Survey of trace clement contents of soils to identify
solls in which plant and animals may suffer from their lack of
excess. » Then (e) is a new one « effects of fertilizers on cestrogens
and other organic substances in plants on animal health and pro-
duction n, And at the bottom of the page, in relation to increasing
efficiency of fertilizer use, (d) mere attention be paid to the design
of fertilizer distributors to ensure more uniform spreading of solid
fertilizers than is possible at present,

TriED

Chapter 3 as you will see has a rather large infroduction,
a large general introduction, and then essentially it deals with
field trials, tissuc analysis, and sofl testing, so that you may want
to confine your remarks into the appropriate section. As vou
recall, this section was part of the work of the sub-committee of
Dr. Werte and Dr, Pesex, and 1 think Dr. Prsix will be answer-
ing any of the questions, remarks, snggestions, etc.

Prsex

I really have no general remarks in particular except that
the chapter is before you, and if you will lock on the back page,
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page 6, you will see the paragraph entitled « Soil Testing ». This
paragraph must be transferred in its entirety to the page marked,
« page 2 », which is the third sheet, and insert immediately under
Roman, Numeral ITT « fertilizer requirement - continued ».  The
last paragraph on the last page, page 6, entitled « Soil testing »
should be transferred in its entirety to become the first paragraph
on page 2.

VAN DER Paauw

I have no general remarks to make Mr. Chairman, but I want
{o say that I was very much pleased by the pages 2 and 3 concern-
ing soil festing. We have in Holland a large experience in soil
testing, and I think that this concept is very good. I only should
like to propese an addition relating to nitrogen. In IHclland, and
also in other countries, Germany, England, France, there is a
very promising development in the use of the correlation between
the rainfall in winter and the amounl of soluble nitrogen present
in the rooted zone of the soil in ecarly spring; on this basis there
can be recommended the amount of nitrogen which has fo he applied
to cereals. The recornmendation is much appreciated by the far-
mers; in Holland we are doing this already since 1050 sucessfully.
There is another development, pamely in so far as models have
been made about the distribution of water and solved nitrogen,
making use of the physical composition of the soil and the amount
of precipitation, so that we are able to calculate the distribution
of nitrogen in the upper soil by means of the computer. Therefore,
I want to draw attention to this development, and T would be
pleased if it might be possible to add something about the need
of behavior studying the nitrogen in the soil and its relations to
precipitation.

PrSEX

I changed the middle of the paragraph somewhat, the para-
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graph on page 2 as it now stands; in the middle of the paragraph
the sentence beginning: “because’, I have changed this on the
basis of a suggestion made because of the nature of the soil ni-
trogen cycle.  Suifable recommendations can usually be made,
based on information about the nitrogen cycle, and the point is
that nitrogen is known to be needed, Perhaps the rainfall should
he included by saying, «information about the N cycle, precipi-
tation and the quantities of nitrogen known to be needed for a
given yield of a given crop ». Will that take care of that point.

Hauser

I would propose to take out the sentence, ''no suitable tests
for routine testing of soil nitrogen and visibility, are now available’’.
Because the nitrogen test they are now using in the States is very
promising and gives very gocd correlations with the yields, although
it is not applied much, or not tried out yet, We should not include
that sentence because it might be wrong already now.

PESEK

My response to that would be that I agree with you perhaps
either we should take it out or we might say 'no tests for routine
testing for nitrogen availability are now wused’ instead of “availa-
ble'.  What about generally used? I'm willing to go along with
the rest,

HerNANDD
1 suggesied on page 4 to put in the paragraph on tissue ana-

lysis « tissue analysis and sap analysis », because sap analysis is
completely different from tissue analysis, and there might come
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up misunderstandings, Tt is not because we are working on that,
but because I find such & large difference especially in determining

clearly the needs of microelements,

PrsEr

Qur committee had your sap analysis and other sap analyses
and all sorts of tissue analysis in mind when it started the first
sentence, by saying: “‘use of tissue analysis of various types’”,
now perhaps sap is not a tissue, even ihough it comes from tissue.

Reaction one way or the other requires only two words.

WEaLTE

Dz, Prsex, I think that if we change the words, the problem
will be solved.

Friep

Particularly in the tree crops, many of these are actually plant
analysis, plant samples and that what we think of in terms of
plant tissue. Does that include all kinds of I wondered whether
you might want to say plant analysis of various types which might

be much more conclusive,

PusEr

I assumed we were speaking of plant tissue here but maybe
we should remove ajl doubt and say the “‘use of plant tissue

analyses™,
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Havusrer

I have a small remark here. Would it not be good to clarify
the matter in so far as to say that the tissue or plant analysis
are mainly important for the perenial crops, and for annual crops
more the soil test,

COLWELL

Plant tissne and sap analysis, It seems to me that this chapter
and some of the other chapters raise controversial issues, and no
provision has been made for this in the draft. Actually, instead
of making it look as though we have agreed on everything, we
should summarize the points on which there seems to be some
controversy, Now there is one here in particular on page 3 about
the middle where we vefer fo determining the correct ratio of
nutrients by the method of Homés. Now, without wishing to
bring up this controversy again, I thought there was in fact quite
a strong confroversy on the use of this technique of Prof. Homits,
and I suggest that this should we deleted.

Prsex

May I read what that paragraph now says. "'The purpose of the
initial ficld trials is to verify the correlation of the soil plant cultures,
and calibration of the soil test, to separate the ranges of the chemieal
tests representing very low, low, medium, etc. categories, to indicate
relative levels of nutrients, to determine the optimum rates of nu-
trients for yield and quality, te make regional fertilizer recom-
mendations, and to secure some understanding of the influence
of other soil and climatic and management factors on the res-
ponse cf the fertilizer, or to the fertilizer’”. So we have taken
out one name and we have added a concept of regional recom-
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mendations, and we have distinguished between correlation and
calibration of the soil {est as well, so we have modified that
considerably.

COLWELL

Might T suggest you also delete this « represenling very low,
low, medium categories » T don’t think we need be as specific
as that. In the same vein, the last sentence of the first paragraph
of this same page where you say mathematical and graphical pro-
cedures to be used may be either the Mitscherlich, ete.

Prsix

1 have ne objection to taking out the words “representing
very low, low, medium, ete. categories”. Il should be to identify
the ranges of the soil or the chemical test.

We have not finished with that mathematical staterent, T have
rewritten it a little but did not take care of your objection. *’Ma-
thematical and graphical procedures to be used may be either the
Mitscherlich curve or the nufrient yield A value, perhaps others’.

COLWELL

Well, in fact this is the first tme it has been mentioned at this
meeting, I think, Mitscherhich is just ene of several models, 1
think on the whole we would be better without it.  And also
another deletion T would suggest. It is the middie of page 4.
There is a sentence there starting “the use of these procedures for
NP or K”. T suggest that that counld also be left out, on the
basis that it is really getting too specific.  Then at the botfom of
that page I find long-term experiments, where did they come from
we did not talk about them at all.

72
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PEsEK

The long-term experiments belong in the field trials section.
The committee thought that long-term experiments were important
and so did several people who furmed in notes on long-term ex-

periments.

COLWELL

I don’t recall that we menticned agreement on the desiderability
of long-term experiment and certainly I would wish to speak
against them if this subject was to be debated. Ideas change so
very dramatically over a few years. There are many examples
of these experiments which have been very expensive to carry out.
By the time many reach the stage where they might be interesting,
because they have been going for such a long time they are
demonstrating things which are no lenger of interest,

BussLER

I would prefer to have the words as described by Howmis on
page 3 to be inside the paper, because it was a very important
method, and the method was known together with the name.
I think it is the first progress after the methed from Mitscherlich
and so I think the words, as described by Homiis should not be
distorted.

Hauser

I have a remark cn what is now the last paragraph on soil
testing and which should be moved ahead. 1 cannot agree to that
at all, because calibrated chemical and biological soil analysis
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procedures are not the first cssentials of the fertilizer use program-
me and never were. 150 years agoe when in the highly developed
countries fertilizer use was introduced, field experiments came first
and the calibration of soil tests took a long long time thereafter.
In this regard also under the paragraph « Field Trials » the first
sentence is absolutely wrong. The purpose of a field trial is pri-
marily not the calibration of the soil testing, Tt is impossible
to first calibrate soil tests in a practical fertilizer promotion pro-
gramme in a country where that has not been done before. The
field tests are the first thing to do. The calibration comes years
and years laler when already the farmers know what fertilizer to
use and then the calibration and the soil tests are only an abbre-
viation of the field tesling, not the other way round and therefore,
I think we shonld change that sentence to the reverse.

WELTE

1 think that is a very essential point. Dr. Prsex would you

agree?

Prsex

In my view these things tend to go on simultarously and in
a way it is difficult to wiite in a few words exactly the precise
order in which one might da things. I keep in mind the comment
I made this morning, we are looking for eventually developing the
best scientific approach, There are other approaches which might
be taken in the meantime which are presumably already going on
to indicate the benefit of fertilizers, This does require quite a
change in philosophy and makes me wonder whether T could
rewrite it to meet these particular objections. I welcome anyone
to rewrite the first paragraph if they want ta, We may recast it
somewhat but it is still a guestion whether it will come out right
or not.
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Frin

I can only say as far as redrafting is concerned it is simple
and T think probably more accurate to leave outl that first sen-
tence on soil testing and change the word needed fo nseful because
you certainly cannot set it up as an absolufe requirement, there
has been a discussion as to whether 1t is even useful. 5o @ think
you could not say it was an absolute requirement. If you took
cul the first sentence entirely and changed the word needed to
useful and the other essential o useful in aveiding pollution. T
think you would get meet the objections.  Take out the first
sentence entirely, in the second sentence change the word needed
to useful and then the next essential in avoiding pofential” put
“useful in avoiding potential polhution™.

Frrrs

T think this is a question entirely of philosophy and invelves
whiclh way are you going to approach getting the information.
During the next few days the U.S.A. will launch another space
ship to the moon. They do not send up rooo reckets to find i
cne of them is going to get to the moon. This is the same
philosophy in research disciplines.  What is the procedure for
research?  Are you going {o get all the information abeut the soil
first plus any information you can get from potled plant studies
and then use the field trials as a testing procedure to sce if you

are reaching the goal that you are after?

VAN DER Paauw

In regard to Dr. Bussier’s remark, Mr. Chainmpan, Dr. CoL-
wELL did not say that the theory of Dr. Homits is not important
but his argument was that it is slill controversial.
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PPEsrK

Our sub-commitiee talked about this and we thought that in the
interest of matters of treatment of all the participants that we should
aveld identifying by name any one of them in this final report
and this is why we choose to restate that in the way that if was
restated which clearly identifies exactly what we mean and anyone
familiar with the field will identify this procedure. That is in re-
lation to ratio of nufrients to optimum wyield and quality.

HausEr

I would say that there are certainly two philosophies pos-
sible, but the one philosephy we have chosen is in any case
effective, In a very short time, easily in two to five years we
can tell the people what fertilizer to use, but that was never pos-
sible with the other philosophy, and therefore, 1 wounld suggest
not to stress any philosophy as snggested by anybody, leave it
apen and maybe say both, but do not say that one is better than
the other.

Homizs

Of course T completely agree to have my name kept out of the
text but T would like to have the principles which I have presented
mentioned in some way, I mean the importance of the ratio be-
tween the nutrients and the possibility to find a maximum yield
from an optimum composition of the fertilizer. Those are facls
about which I am quite prepared to see this meeting disagree.
If the meeting does disagree it may be left out completely but
anyway something should be said about basic research about the
way lo cxplore something which is as yet unknown, No question
about my name, but T would appreciate some mention of the ten-
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dencies which I mentioned in the text. It is possible that there
are scrious controversies about the method but it is surprising
that I did not hear any serious controversy during my presentation
or after, so I think it has been considered worthwhile being present
here, and in some way it should be mentioned without my name.

Prsik

I have here as one of the objectives of field trials the optimum
ratios of nutrients for yield and quality.

WELTE

Are there further remarks especially on the point soil testing.

SaaLBacH
Can we include the magnesium analysis in this chapter, then

it is my opinion we have good methods for characterizing the
magnesinm level of arable soils,

Prsrx

You would suggest adding inagnesium here as well, That
would be as « phosphorous potassium and magnesium and for pH
requirement »,

WELTE

It could be done in connection with P and K mentioning also
caagnesium.  Then I think we have all things together,
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HAUSER

I have one small remark on « Field Trials», The first
sentence does not make very much gense. It reads «The
purpose of the field trials is to wverify the calibration of the
soil testing and the soil-plant caltures ». I think we must include
there that the purpose of the field trials is first of all to find the
required fertilizers, quantities and kind. That is the purpose of
these field trials, we cannot leave that out.

Prser

Would you listen to the way I have this paragraph written
« Purposes of the initial field trials is to verify the correlation of
the soil-plant cultures and calibration of the soil tests to separate
the ranges of the chemical tests, to indicate the relevant levels of
nutrients, to determine the optimum ratios of nutilents for yield
and gquality, to make regional fertilizer recommendations and to
sccure some understanding of the influence of other soil and cli-
matic and management factors on their response to fertilizer.

Bramao

These experiments should be located on sclected benchmark
soil types, 1 would like to know exactly what you mean by
benchmark soil types?

PrESEK

To me benchmark soil type is a soil type which is represen-
tative of a major group of soils in an area, and there may be
several in a country or in a state. This was my meaning. I'm not
sure how else to state it because this is what T meun,
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Bramao

Would it be something like a major soil type?

Prsrk

That wili accomplish the same purpose.

WaLSH

In the last paragraph zeferring to research. This statement
on research should be iransferred 1o the section dealt with
by Professor Rusgsern, its primanily drafting matter, 1 wag
very pleased to see that Dr. Prsex had included in his field trials,
some words about establishing soil capability values as one of the
purposes of these trials.

COLWELL

Whal is the general fecling of the meeting. 1 think there are
controversial issues in this chapter and it seems to me a lot of the
writing just conveys some of the personal views of people here
rather than general views,

VaN DER Pasuw

T want fo add physical soil testing for the determination of soil
gtructure.  There are very interesting developments in this field.

WrLTE

I think this has been forgotten indeed.
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PESEK

I did not quite understand the suggestion.

WELTE

Physical methods for testing soil structure are particularly used

in the Netherlands.

Prser

1 struggled with this and T ended up with « physico-chemical »
to represent all this, but if it is preferred to have « calibrate che-
mical, biological or physical seil analyses », then I am willing o

make the change.

WELTE

We are now discussing the preposal of Dr. Van nEr Pasuw
in relation to seil testing. D, Vaw per Paauw has suggested to
put into the paper methods, especially physical methods, for the

determination of soil properties,

FirTs

I would probably eliminate that first sentence and start
with soil fertility and I believe we come back to the question
of our study week. How we are getting over Into soil properties.

Is that part of cur responsibility?
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Van DER Pasvuw

Personally I sald that the study of physical seil structare is
also important in respect to its connzction with the effectiveness
of fertilizers.

HErNANDO

I think it is very easy to name plysical, physico-chemical and
chemical soil analysis biological soil analysis. Now with that
we cover the three aspects, and we gather these three into one word.

Pesex

The only problem Prof. HerNanpo is some other men have
suggested striking the first sentence completely. And starting with
the sccond one. I had in mind to strike it out - perhaps I
should not do it.

RusseLL

We have agreed to remove the first sentence of soil testing and
I think that if that senfence comes at the end rather than at the
beginning as a part of soil testing, it would make sense. 1 agreed
with the reason why it was at the beginning, but T think we could
draft something like that at the end rather than at the beginning
of the paragraph.

Frien

Can I just suggest, since I have suggested removing the sen-
tence, that when Corweknl and Prssx are working on this that I
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get involved with this particular part. I think that would represent
all of the philosophies. We will try 0 put in the physical soil test
in there in some way.

WLLTE

Yes, I think that would be a good proposal, Dr, Warsy, do
you agree?

WaLsH

Chairman, T have this objection. I don’t think that anywhere
in the proceedings of the mecting we actually discussed the question
of physical soil tests, and I am not for putting anything in this
report that we have not discussed. T agree with Dr. PESER on
this one. We did not come here to this mecting to discuss
physical soil fests. If it is in somebody’s paper and has been
agreed to, and if it is the general view, I am for it.

VAN DER Paauw

Br. Chairman, the only thing I have to say is that it was in
my paper. If has not been discussed as it couid have been dis-
cussed.

HeERNANDO

Well, 1 agree with the proposal of the point brought up by
Professor VAN DER PaaUw; we also discussed this point here in
the general discussion, and therefore it conld be included. Had
we not discassed it, it could possibly not appear in the conclusions,
since we are discussing this point, the results shall be printed.
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WELTE

I think these difference are not so wide apart that the main
commission should net be able to find the right solution. I would
like to recommend that especially this chapter 3 should be writien
once mere guided by Dr. Prsgr, Dr. Hausgr and Dr. CoLweLL

during the break.

Frirp

This chapter is headed « Farmer Utilization ». Someone asked
me what the farmers are going to e utilized for. You may even
want te change the heading, but this was again handled by another
sub-committee and particularly represented an altempt to put down
some necessary items afler we had gotten our research done,
after we had found our fertilizer requirements and hopefully de-
veloped a reasonable sort of soil test, or tissue test, how do we
then put it into wse. The sub-committee consisted of Dr. Bramao
and Dr. Bormnemisza and 1 believe that Dr. Bramao is prepared
to answer all questions and suggestions.

Brayao

I have already a suggestion here to change the title from « farmer
utilisation » to « utihzaticn by farmers », Well T think that the con-
sensus was that peeple with English mother tongue should decide
rather than we. Anyway, there are very few modifications to the piece
of paper that you have. I think that only in paragraph 2, numbcer a.
it should read « national agriculiural institutions must oblain infor-
mation leading to an understanding of the factors affecting the repu-
tation and acceptance of new agricultural practices. This knowledge
shonld Dbe used by the extension services, to guarantec that the
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new information on improved agricultural production is carried to
the farmers in a way acceptable to them.». Those are the only
modifications, My, Chairman, that I have to present o you,

WALSH

This is in fact a very important chapter. If this is not right
the other parts are not meaningful. Dr. Bramao mentioned « io
guaranice », well in drafting T would say « ensure ». On the second
chapter here it says « there should be demonstrated on economi-
cally operated pilot farms and to the extent possible, on actual
farmers’ fields ». Where animal practices are concerned, you have
to demonstrate on a whole farm system. In actual fact there is
a matter here which should be included — I mentioned it earlier
on today and T feel rather strongly about if: that there must Dbe
synthesis research to put the components together into viable
systems. The right sort of package must be developed to be used
by farmers ander specific conditions. We must be concerned with
the development of a package of practices, Quite a few people
talked about this and rightly so, but I do not see anything about
it here. Generally the other part of it is allright, but personally
again, T would like to see something said about looking at the
fertilizer use situation in the context of an integrated rural com-
munity development approach, because it is only in that way that
in the final analysis the work at farm and farmer level can be really
be made froitfut in terms of the community and in terms of the
country or state. I believe this is an approach that is lacking
in onr proposals here.

Finally T would like io repeal again that synthesis rescarch
should be the function of research stations and research workers
and that it should occupy an important part in this whole pattern
of things. It has not come through clearly enough in this document.
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Hauser

I would propose, in persuit of what Dr. Warsu said and what
was 1ight, I would say to write here: « Under local farm condi-
tions », that is what really is meant and I would change the title
from o« farmer utilization » which is not very good English T
think, fo: wextension of knowledge to farmers »,

BraMa0

It seems to me that « extension to the farmers » would be
allright, but I would like to lhave the opinion of other people
around the table.

RussniLn

I weould like to suggest that the title of this is « Problems
of increasing fertilizer use on the farms». I think that is what
this section is about. « Farmer utilization » I am quite certain
must go. The heading could contain the word « extension » as
Dr. Hauser suggests, but my own view is what this section is
really about is the problems of increasing fertilizer use in farms,
There are very minor points, a word hag gone wrong in a) the
sccond line « affected adaptation ». T think the word « adoption »

is meant, net adaptation.

ARATEN

I second the propesal of Dr. RusserL who suggests the title
« Problems of increasing fertilizer use on farms » also for the reason
that I propose to include in this chapter a suggestion on an edu-
cation programme for engineers and technicians in fertilizer fac-
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tories, I know I am in a strong minority as a chemical engineer
here, but ¢till it is a fact that in vnderdeveloped countries most of
the factories work about 50%, of their capacity., This means that
in the same factories work 80%, 90%, 1009, more than other
planis, and even as I heard from Professor IiweLyn, there is one
factory in India with 1009, The reason that this is the case as 1 al-
ready mentioned is due to a lack of engineers and technicians who
have enough education in this field. You must change the technical
management in such a factory. You must give opportunities to
gifted young people to work a year longer in a good fertilizer fac-
tory before going over to a factory in an underdeveloped country.
We had such problem in Spain, and in Helland and in Israel and
from great personal experience 1 can say that this is the way to
do it. And fertilizer factories in underdeveloped countries plus the
Governments have vested interesis in this education. They will
pay it, if you would agree that this is important and you would
suggest an education programme for young gifted technicians and
engineers and try to have them for a year or more in a fertilizex
factory somewhere in Europe or America or Japan, I am convinced
that the fertilizer factories in a few years’ time would produce
more and cheaper fertilizers,

Hauskr

I would withdraw my suggestion for the title mentioned before

Bramao

I would like {o say that the title suggested by Prof. RuUssELL
is very well with me: I think it expresses very well whatever we
have in mind. Coencerning, the suggestions put forward by Dr.
WaLsH, 1 mysell think that these economically operated types of
problems are very imporfant, at least under the conditions of the
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topics T know. T think it is probably one of the ways of helping
the farmers fo go azhead and start producing: they have got to
see something that is within their reach also, something that is
operated by such funds. T would like to ask Dr. Warsn, covld he
draft & small paragraph containing general suggestions that he was
putting forward.

Warsn

I believe the title as suggested by Professor RusskiLl might
not be just the exact one either because we are not dealing in this
chapter with the problems of applying fertilizer. We are dealing
with the solntion to these problems. A heading such as « extending
the use of fertilizers to farmers », «developing farmer uwse of fer-
tilizer » would express the position better, And T would agiee too
with what Prof. ARaTEN has said here, for the reason that in im-
proving the wse of fertilizer, the people concemed with the input
industries such as the fertilizer industries, and the people concerned
with the output activities, such as marketing and merchandizing,
can affect the economic optimum use of fertilizer on farms.  Any-
body who was again al the Geneva meeting would know of the
document presented by one of our French colleagues there, a very
fine document on the question of how fertilizer efficiency and
economics at farm level s affected by syslems of distribution.

TFrIED

T wounld like to suggest modifying Dr. RussiLL’s suggested
title by leaving out the words « Problemns of » which would then
mean « Increasing Fertilizer Use by IFarmers », and have changed
«on farms » to « by farmers ». ¥t apay be a fine distinction and
if you don’t like the change, but 1 really want to get it down fto
the farmer level because otherwise « on farms » becomes the same
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general story of the research and everything else.  So that would
be my suggestion on the title. I would like to say that T think
Dr. Ararin has made a good point, and that we should add a
sentence, I had staried drafting one but 1 didn’t get finished.

WeLte

Can we agree with the preposed title now? Yes, we can,
thank you. Coming back to the discussion remark of Dr. ARATEN,
of course, it is a real problem. “The only thing is, should we
educate people working in the industry, or did 1 misunder-
stand you?

ARATEN

Increasing fertilizer use by farmers. They will increase it if
fertilizers are cheap, these problems will scolve themselves.
WELTE

That’s right, but the capacity of the fertilizer industry is
just another thing, T may also say, if the industry had not enlarged
the capacity, there would be a better market.
TFrieD

I do think that Dr. WarLsi’'s point belongs in the research
section. I mean that is my impression from the point you were
making cf developing package systems, synthesis is research, so

I think you would have to get together with doctor RUSSELL maybe
and work up something in there.

72
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ORNEMISZA

I tried 1o put together a sentence on Dr. WaLsH's recommen-
dation.  IHow would you like the following addition to paragraph
{(a) as the last sentence: « This information on fertilizer nse should
he incorporated with the other techniques necessary for progressive
farm operation in a « package of improved practices ».

WELTE

Conclusions,  The second dratt,

I think we have already come to an agreement on Chapter 1
{Introduction) and also on Chapter 2 (Rescarch). Therefore, we
should now go along with Chapter 3 and 4. As Chapter 4 has
already been discussed, a certain agreement has been reached.
Increasing Fertilizer Use by Farmers is the new title, T think., We
can also agree to the corrections. Dr, Bramao informed me that
all the ideas and all the remarks will be considered, But Chapter 3
has to be changed completely, and T would ask Dr. TriED to say
something about this chapter.

FrIED

Chapter 3 is what we have been talking about, — Fertilizer

Requirements, section 3.

WeLTE

Section 3 has not been distributed because the sub-commitlee
has just finished the work. Perhaps Dr. Frip will be so kind
as to say something about the new setup.

FRIED

Before going into Chapler 3, you have received Chapter 2,
and there were some typographical and maybe slight editorial
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changes that I think Dr. RussiLL would like to give to you. And
then we will go on to Chapter 3.

RusseLL

Would you all leok at the new drafi of Chapter 2 which is
headed « 2 Researcli, second draft ».  Now that it is typed alto-
gether there are some alterations of wording 1 would like to make
which lave nothing to do with changing the sense of the recom-
mendation, merely in improving the English. The first paragraph
will read as follows: « Rescarch involving fertilizer use.  Of ne-
cessity it involves obtaining knowledge, not determining knowledge.
Both basic and applied research which enable the prediction {change
of word order), the prediction of the effect of fertilizer appiication
of both the yield and guality of crops. Then, in the next sentence
« draft soil climate » were omilted from the typescript. « Inter-
disciplinary appreach » which must include fundamental studies of
plant zoology and plant soil climate relationships. Have you all
got that.

And then in the next line the total environment determines
the limits to yield. That is the « s » has got in the wrong place.
The next paragraph I suggest should read, and this is purely a
rewording: « The effect of the wvarious components of the climate,
i.e. radiation, rainfall distribution, temperature and even day
length or these varieties of crops to added fertilizer should be de-
termined as accurately as possible n. It is a more re-wording of
that paragraph. On page 2 in relation to the soil (b}: second line,
the world should be «ease of cultivation » and not east of culli-
vation. NPK fertihzers. Then the next sentence, this includes
« each nutrient in the soil » I suggest « each plant nutrient in the
soil » and you want no hyphen between plant and nutrient. (This
includes a study of the constitution of the available fraction of
each plant nutrienf). In (f) first line, last word: including « de-
termining the... » and not « determination ».  Fourth line of (g):
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The verb should be « allows » and not « allow »: that efficient use
of fertilizers allows economic crop production.

On page 3, in relation to human and apimal health {d), in the
first line the word should be « contents » and not « controls »n.
And T suggest again a purely verbal alteration, the contents of soils
to identify thase of which animals may suffer from their lack or
excess. {e} there is a spelling mistake « effects of fertilizer on the
estrogen » (insert « 1 ») and other substances on animal health
and the words «and production » have got left out,

On page 4 af the fop (c), third line: « On the high level of »
instead of « on the high load of ». (Tnsert « level » not « load »),

In the next paragraph (d) in the second line: the word is
« distributors » not « distribution ».

Tn the next para called (a) T suggest in the second line towards
the end: «...on to the land in ways that cause » {« ways» in the
plural).

On page 5 (c] you haven’t seen this at all, but 1 read it out,
a much longer version quickly. I ieduced the draft Dr. Prsex
gave me and I am not certain that T have got that correct, but
the last Hne to read as follows: wand to cstablish the extent to
which this process » (rub out all the rest) « differs among farmers
in different regions of the world ».  But I would like to ask
Dr. Peser if he agrees with that draft.

Warsu

Just one or two poinls in general at this stage. Under « Re-
search » there is a drafting matter, We should state that « research
including fertilizer use of necessity is ' concerned with’” rather than
“fmvolved iw’" ». On page 3, in relation te human and animal
health under (d) change to «to identify soils in which animals
may suffer from imbalance or excess ». (1) Effect of Fertilizers on
the estrogenic (mol oestrogen) and other organic substances. The
next change T saggest is « rescarch on the recycling of nutrients
present in farm and human waste in a way that causes minimum
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hazard to health or pollution of water draining off the land ».
Professor RUSSELL's statement that « the necessity for developing
genuing co-operation on exiension rescarch service to ensure that
adequate research on increasing crop yields with the efficient use
of fertilizers is carried ouf », I feel this needs re-consideration.

In relatien to n. 4, « My approach would be that the statement
relating to the necessity to establish organizational methods or ap-
proaches to develop genuine cooperation » is not a research pro-
blem and hence should be placed elsewhere. {c) Under the sta-
tement « research on improving methods for the efficiency of
extension methods including the learning process of farmers in
accepiing new ideas », I feel that it would be desirable to add
« and the synthesis of efficient production systems ».

RusskLL

But this is quite a different kind of research from the one
that is put in here,

WALSH

You might think it is, buf it 15 not,

RUSSELL

On page 4, I don’t think it comes in here, at the top, b, ¢, d, e,
it is in relation to increasc the use of cfficient fertilizer use. Some
words about the « given to package systems for selling to the
farmer », something like that.

WALSH

Professor RusseLL, 1 believe that comes in; you see, 1 am
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looking at this in the context that it is a package job and I was
referring to the designing of techniques to give the adviser a
package to bring to the farmer. TIf he does nof bring it to him,
nchody else will. It is in the extension research confext.

F1rrs

Just one short comment on — the design fo censure mode of
uniform spreading of solid fertilizers — 1 wonder if we might not
take out wsolid » and jusi say spreading of fertilizers because
uniform is understood in all forms.

WELTE

No other comments. Then Chapter 2 is adopted. Now we
come to Chapter 3. Dr. Friip would you be so kind to explain
the changes that were made.

FRriep

I just wanted to say that we have considered all of
the remarks that were made here. TFour of us worked during
the break to fry fo dmplement the things that the group wished
us to do. Dr. Corwrrl, Dr. Pesix, Dr, Hauser and myself and
I shall now indicate to you the changes that were made. Under
Soil Testing, which is on page 6, because that i3 really the first
change because it is located in the wrong place, but it is located
on page 0; we have taken out the whole first sentence,

WELTE

Only to give you some information. We are coming fo an



SEMAIXE P ETUDE SUR « L'EMPLOI DES FERFILISANTS ETC. » 1159

end in our Study Wook and have now to prepare the conclusions.
The conclusion consists of four chapters: Chapter 1, Introduction,
Chapter 2 dealing with research, Chapter 3 dealing with fertilizer
requirements and Chapter 4 with soil testing. Now we are just
speaking about Chapter 3.

IFriep

We were on page 6 of section 3. On page 6 under Soil Testing,
we have left the first sentence out entirely, Going back to page 2,
because that is what follows, still falking abeut Soil Testing, we
have inserted in the first sentence on that page so that it reads
as follows: « Soil testing procedures for phosphorus, potassinm,
magnesium, pH, calcium carbenate requirement and physical pro-
perties have been and should continue to be utilized as one of the
factors to be considered in making fertilizer recommendations.
Now if we go to the third sentence in that paragraph, starting off
« No suitable tests... » it now reads: « No suitable tests for routine
testing of soil nitrogen availability are generally available ». And
we have struck out the rest of that sentence. And we have struck
aut the beginning of the next sentence, and started with the words:
« Suitable recommendations » and 1 will read now what we ended
up with: « Suitable recommendations usually can be based on the
quantities of nitrogen known to be needed for a given yield of a
given crop, taking into account the efficiency of uptake of applied
fertilizer, losses of nitrogen that are likely to incur in the environ-
ment».  You will recognize the addition of «in environment ».
The last senfence in that paragraph starting with: « These data
are derived from experiments, trials and expericuce ». We have
put a period at the end of cxperience and taken out the rest of
the sentence.

The next paragraph, there are individual words that have
been changed and T will just read the words because they are only



1160 PONTIFICIAE ACADEMIAR SCIENTIARVM SCRIPTA VARIA - 38

insertions of one word or another, « Correlation of the soil analysis
results is first made by relatively inexpensive soil plant cultures,
followed by more costly and time-consuming calibration in field
trials with the crops actvally to be grown. This must be done
under local conditions with local soils. Soil in these eanltures should
include the complete range of possible scil physical, chemical and
biological conditions determined above ».

The soil plant culture results must include a nuirient element
vield and the yield of dry matter.

The next page — Under « Fleld trials ». « In addition to the
determination of crop response to fertilizers the purposes of field
frials are also to check the relability of the results obtained in
pot cultures and calibration of the soil test n. We have taken
out of that sentence — « o separate the ranges of the chemical
tests » and « to indicate relative levels of nutrient,

The following sentence which starls — « The degree of com-
plexity is governed by the degree of original nncertainty of fer-
tilizing needs and their prediction. Then if you go down o the
penultimate senfence starting with — « Procedures for those in
other types of studies » — that whole sentence comes out,

We have also taken out the last part « also diseases and insect
attacks », The last few words in parenthesis at the end of the page
have been taken out,

In addition to adding sap analysis which you know of, we
have changed the last paragraph on the page — starling
with long-term experiments — and it now reads « Expe-
riments should be established {o measure changes due to fertili-
zation.  These experiments should be located on selected major
representative cultivated soil types and include several fertilization
and cropping systems, in addition to chservations (the « usnal » is
taken out) and the crops, soils and climate, the soil should initially
be characterized in great detail {Leave thal « physically, che-
mically » of course). Also at the end of the page leave out the last
part of the sentence « and studied carefully on a planned sche-
dule, » Put a full stop after the word « followed ».
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On page 5 — you have a sentence in the middle which says
« and tissue analyses are needed to evaluate and plan a fertilization
programime ». « While important everywhere this is of particular
importance in many developing countries because there crops are
an important source of foreign exchange. A tissue analysis Re-
search programme with the most important of these crops should
have a high priority where applicable for assessing the management
programme for NP and K as well as for other essential mineral
elements ». T think this could probably be shortened if yor would
let us edit it down a little.

I think those are all of the major changes that we have made.
If we have missed anything important or we have to argue about
something impertant let us do it now.

BraMao

Just one word — on page four where you say « in great
deal» T would put adequate there and I will tell you why. Be-
cause there was a very important Institution in one developing
couniry making 150 deferminations in the soils bat they did not
know how to interpret them and this might be something that they
consider to be exhaustive although they do not understand what

they are deing.

WALSH

You talked about the cultivated soil types, I would leave out
the word « cultivated » because what you say is equalily important
for all soils whether cultivated or uncultivated. Some grassland types
are never culticated. T also think a link sentence in page 5 of
your Introduction pointing out now you have examined these mat-
ters in detail in the following sections.
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BussLrer

We are speaking about words and better English in these
papers — I think it is important enough, but I cannot understand
really that the method of systematic variations has now disap-
peared completely. T think that also those who do not agree with
this method cannot cress it out in this manner. No one of us
has published a paper in which he writes his experience about
this method that is not in accord with the papers of Homis
who works on this, and I think this must he inside the conclusions,
maybe without the name of Professor Honis, hul effects of this
method must be included.  The second remark refers to page 5
— the last sentence in the first Abstract that is for the « asscssing
the management programme for NP and K as well as for the other
essential minor elements ». T think NP and K could be eliminated
— « assessing the management of » — it is enough to write essenfial

elements,

I"rien

I do have to give a reply to the other one, because we have
discussed this over and over since we recognised the problem.
I do want to point out thai we have talked zbout checking the
reliability of the results and determining the optimum ratio of
nutrients for yield and quality, to make reasonable fertilizer re-
commendations, 1 must say, 1 really feel afler our discussion with
the various Committecs, Members before and now, that we have not
anywhere here mentioned any particular method for doing a job;
we have not mentioned the best phosplorus method; we have not
mentioned the best type of yield trial method although we have
had @ paper on it by PEsex; we have had other papers on it by
other people; we have left oul any of that kind of detail. Why
should we put in that kind of detail in this one particalar case.
I have spoken to a Jot of people here about it now in two ways:
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1) as to whether they agree with the method, and 2) whether they
think that going down to a level that we have not gone down to
in any other case. I have not put down that the best way to
determine fertilizer efficiency is to use isotopes even though I am
convinced about this, but I would not be surprised if someone
here is not. T think that this is getting to a different level of
detail and that is why we have kept the concepts in, bul left the
methods out. By concept T mean the concept, that the relative
ratio of nutrients that are utilized, is important. I am only trying
to reflect this. Is there anyone in the Committee I have worked
with who thinks differently, please say so.

BussrLEr

[ think that I overlooked that the words optimal ratio are
inside, when these words « optimal ratio » are inside, then I agree
completely. (They are not in the conclusions).

WELTE

Suggests to go on fo discuss Chaper IV and asks Dr. Bramao
to add his remarks.

Bramao

[ think that Prof. Frisp did not yet include a sentence cover-
ing the idea that was suggested here.

FrIzD

No, I think there is only one factor left in Section IV - T think
you are all aware of the changes that have been made. No ad-
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ditional changes were meade and that is the problem, becanse we
did talk about educafion of workers on fertilizer plants in order
to obtain maximum capacity of production from a given plant.
There seems to be a difference of opinion in that I tried to draft
various things and they always came out in a way that was difficult
te get any kind of agreement on. Part of the reason for this is,
I must say, not only the question of whether we should deal with
a problem that is important to industry which works at a different
level from the farmer, or on extension service type of operation,
but also that various remarks were made that when you increase
the capacity of the fertilizer plant what you usually do is increase
the profit for the person who owns it and not make more fertilizer
suppiies avaitable to the farmer. I thought that perhaps we should
put something in that we should make more ferfilizer supplies
available to the farmer at low cost. Then T went back to this easy
credit terms etc. and we may be able to insert something in there,
but I think we will have difficulty in being specific about training
for the fertilizer industry. That is my impression. I don’t know
how the rest of the grovp feel.

BranMao

[ feel strongly that in many cases where 1 have experience the
fact that the factory has been installed and is working at full
capacity, does not usually mean that the consumer is geing to
get the product at a cheaper price. I have seen many cases in
which the overheads of that industry become much heavier and
the profit goes some other place, but certainly it is not reflected in
the low cost of the product. T would suggest sirongly that we put
in a sentence stressing the urgent needs for the farmer to obfain
the necessary fertilizers at low cost, even if it is with a subsidy
from the government. What we are interested in really, is for the
farmers to have the fertilizers al low cost so that they use fertilizers
and increase production.
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ARATEN

I believe we are interested in two things that the farmers
should get more fertilizers and the undeveloped countries should
import less from abroad which costs a lot of foreign exchange and
that the farmer shonld get fertilizers at a low cost. Irom my ex-
perience as a chemical engineer in the chemical induosiry, I would
say that if a factory is working at Jow capacity the prices of the
product are going up, you have to import fertilizers required and

spend foreign exchange.

BORNEMISZA

I think I have something that gets close to Prof. ARATEN’s
idea and even widening it slightly because from this excellent idea
I thought that actwally not only fertilizer technicians but other
people supporting efficient agriculture might be in short supply -
for example, low level market managers and so on, so I would
suggest the following paragraph: « Technical personnel should
also be prepared to suppor{ the farmers with the materials needed

for increased production and ifs efficient marketing ».
WELTE

Can we agree lo this additional remark to Chapter TV?  Yes.
Are there any additional remarks or proposals for cancellations?

WALSH

Do I take it that Tr. BorNEMISZA's original insertion is also

in? Reply: yes.
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Frirs

I have no remarks in general but T think a lot of editorial
work is still needed on this, I think it should be gone cver by
somebody who will put it all together, particularly on the draft
conclusions.  Considerable improvement can be made in the way
it is presented and I am sure somebody will have to do something

to it to make it read more smoothly.

Frizp

[ do not know myseif what the final procedore is. I hope
that we will be allowed by the group to make editorial changes ag
Dr. Frres just mentioned, becanse there are a lot of them. T think
you might ask a Committee of three. We can circulate 1t even
through the mail if necessary, Dr. HERNANDO may be more familiar

with how it was done in the past.

Hrrxanno

Our idea is to publish this conciusions on the whole of the
theme as soon as possible but that does not mean that there are
no possibilities to make some changes in the final draft, We will
try to look at it on the whole here but when we find something
that is not clear we send it to the author. The general practice
we used in the past was to send it to everyone by airmail asking
to reply within three days after receiving the letter, If we do not
receive an answer within 15 days, we assume that there is agreement
with the conclusions and we immediately go ahead with publication.
But as regards the papers we do not send any draft unless we have

some tronbles in understanding,
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IF1rTs

I was just raising a question of procedure and I think that
all of us should try to do this and I was wondering if the Com-
mittee wonld welcome any suggested changes so they can look at it
hecause somebody is going to have to undertake the final writing
of it, A Commitiee cannot do it and I was wondering whether
Dr. Frip is going to assume the whole responsibility or whether
he would like to have some snggestions handed lo him.

WELTE

1 think it is possible Dr. ¥irrs. This opportunity will be
given and you can contact Dr. Friep and then make your pro-
posals. 1 believe the essential point here is to come to an agreement
in general on the important points of the conclusions,

HERNANDO

T should repeat that the general conclusions will be typed
maybe belore Sunday evening and will be distributed to all of
you (at least to all who remain), You could take them
along with you, read them over and send them back with the
changes you would like to suggest, Buf the problem is if the
change is in some way related with the methed of presentation, this
would be easy, but if you try to change something in the sub-
stance it would not be possible to change, otherwise we should
all have to meet again to get another agreement. I think the best
thing would be if everyone can read the whele becanse many people
find errors casier than a single person does, 1 would also suggest
that people who live out of Europe should give me their address
in Europe before leaving for their home countries so that I can send

them the general conclusions there.
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HUNDRED YEARS OF INCREASING CROPS
THANKS TO THE USE
OF COMMERCIAL FERTILIZERS

A retrospective view at the year 1goo
and an outlock on the year 2000

ERTTZ BAADE
Fustitule of Rescarch for Economic Probienis
of the Developing Counleies
Iiel - Deutschiand

T was indeed wvery unhappy that I was net able to amive at the
beginning of this Study Week., I did not feel well and ag T am
already in the eightieth year of my life, T have to obey Doctor’s order
and to be careful. T am now very glad that I finally was allowed
to come here and to attend at least the last day of the Study Week,
However, far from here, on the island of Madeira, I tried to take
part in the Conference and was graieful to be given the opportunity
to read the papers which had been presented to the Conference.
I must confess that seldom in my life have I learnt so much. The
papers which my colleagues have presented to this Confercnce ave
a real treasure of Jmowledge, especially those concerning the techno-
logical and managerial problems of application and production of
fertilizers. T, as an cconomist, shall now concentrate myself on the
economic side of the problem.

The most significant discoveries regarding the Importance
of plant nutrition with fertilizers of industrial and mineral
origin were already made in the middle of the last century.
Justus v, Lizeig, in his book “The organic chemistry and its
application in agricultural chemistry and physiology”, and

For this paper in German language see Appendix Nr. 8,

[28] - Baade - p. 1
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the studies of the famous English Research Station Rotham-
sted have demonsiraied which nutrients we must give the plants
in order to get permanently high yield. They have shown
us also how we can produce these nutrients in mines and
manufacturing plants in large quantitics as fertilizers.

First, however, more than half a century went by before
these discoveries gained ground, even to an appreciable cx-
tent, in practical farming in the world.

At the beginning of our century the acreage provided with
commercial fertilizers was less than 1 percent of the farmland
in the world. The consumption of nitrogen had reached a
quantity of about 300.000 t N. 240.000 t about were supplied
in form of Chile saltpetre and 88.000 in form of ammonium
sulfate as by-product of the coke industry. The consumption
of phosphoric acid amounted to a total of about goo.co0 t of
P,0s, of which about one third feli to the United States,
another third to Germany and the last third to the rest of
Europe. The world consumption of potash lay in the range
of 250.000 t of K,0, of which 117.000 t fell to Germany,
30.000 t to the other European countries, and 80.000 t to
the United States,

About the turn of the century the world supply of nitrogen
was still prevailingly based on a natural product, namely
Chile salpetre,  Shortly hefore the turn of the century Sir
WirriamM CROOKES, inn a meeting of the British Association
for the Advancement of Sciences, had pointed out that the
easily cultivable virgin lands of the world were running short,
and that around the year 1930 humanity would be faced
with a famine in view of the increasing population, unless
we succeed In synthesizing the unlimited quantity of nitrogen
present in the air with hydrogen into ammonia. At that time
this synthesis had indeed been worked out in the laboratory,
but methods for the industrial production had not vet been
found. He emphasized that the development of such indus-
trial possibilitics would be by far the most important contri-
bution to the sclution of the world food problem. At the end

[28] - Baade - p. 2
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of the first decade of our century, there had been opened up
a modest industrial production of synthetic nitrogen by mecans
of the flame-arc process, thanks to the inexpensive hydroelec-
tricity in Norway, The decisive course, however, was then
taken during the First World War and shortly afterwards
with the explosive increase in nitrogen production according
to the Haber-Bosh process.

Cf the plant nutrient phosporic acid Justus v. LIEBIG
had already shown that phosphoric acid, contained in bone
meal in form of tricalcium phosphate, is little absorptive for
the plants and that it can be made absorptive, by rendering
it soluble with sulphuric acid. This was the begiming of the
superphosphate industry though it remained a modest indus-
try as long as only bone meal was known as the disintegrative
raw material. The enormous step forward was made shortly
before the turn of the century thanks to the discovery of rich
deposits of rock phosphates in different parts of the world,
especially in Tlorida and on the Isle of Nawn in the Pacific
Ocean, but also in North African countries.  These phos-
phates were likewise disintegrated with sulphuric acid and
converted into superphosphate assimilable by plants.  Another
important source for the plant nutrient phosphoric acid be-
came Thomas slag, a by-product of steel production.

The third important plant nurient, potash, just like
Tromas slag, became first known as a waste product. The
developiment of potash mining began in Germany with deep
mining for rock-salt in Stassfurt in 1843. Initially one was
badiy disappointed te find enormous strata of magnesium
sulphate above the rock-salt which, at first were threwn on
tbe waste heaps as potassimm-magnesium salts, ApoLr Frang
acknowledged the value of these potassium-magnesium salls
for the supply of the plant nutrient potagh. In 1861 the first
factory for potash fertilizer salts was founded in Stassfurt.
At the beginning of the new century, however, the total pro-
duction amounted only to a quarter of a million t of K,0,
and more than half of it was used in Germany.

[287 - Baade - p. 3
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The starting point of our consideration, the year 1goo,
we may therefore characterize as follows: The most important
scientific knowledge about plant nutritien had already been
acquired half a century ago. The manufacturing industry
and mining industry were prepared to supply large quantities
of the plant nutrients potash and phosphoric acid. The most
important industrial development, namely the large produc-
tion of synthetic nitrogen, had been successful in the labora-
tory, and the industrial use on a large scale was near at hand.
Consequently the presupposition was given that the world
consumption of plant nutrients of a total of scarcely 1,5 mill t
pure nutrients at that time could be incrcased to 65 mill. t
pure nutrients, i.e. the fortyfold, up to the present time.

As fo the geographic distribution of the consumption of
plant nutrients in those days, we may state that the modest
consumption was completely concentrated on two territories,
namely on parts of the agriculture in Western Furope, espe-
cially in the Netherlands, Belgium and Germany, and on the
cast coast of the United States. There a considerable part of
plant nutrients was used for the cultivation of tobacco, the
rest principally for potatoes, fruit and vegetables. In the
year 1goo the Unites States’ agriculture produced the major
food, brcad grain, forage, root crops and dairy products
practically stil without any appreciable use of plant nutrients.
The only source of production was the natural soil fertility
which was exhausted to a not inconsiderable extent.

The yields per hectare were accordingly low. TFor the year
1900 we may assume a yield per hectare of 10 cwt for almost
all of the cercal varieties in the Jargest part of the world; and
this not only in developing countries, where it is yet today
for the most part on the same level, but also for the largest
part of Europe and North America.

The development from 1900 up to the present time is
chiefly characterized by the fact that the yields per hectare
have increased fourfold in ever larger territories of the world.

[28] - Beade - p. 4
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This fourfold increase has been aftained whercver the neces-
sary quantities of plant nutrients were used. Of course, plant
nutrients must be combined with highly ecfficient seeds and,
where necessary, with irrigation and pest control products.
The plant nutrients are not a miraculous drug to simply throw
on the field in order to get a fourfold yield. If nevertheless
we repeatedly indicate in our study statistical data on the use
of comimercial fertilizers in connection with the increase of
yields per hectare, we do this because the consumption of
plant nutrients is that factor which can casily be dealt with
statistically.

About a quarter of a century later, in the year 1925, the
consumption of plant nufrients was stilf very low, The con-
sumption of nitrogen had increased to 1,2 mill t N, the con-
sumption of phosphoric acid to 2,7 mill t, and the consumption
of potash to 1,7 mill t of K,0. These appeared to be impres-
sive increases, but after than, they were by far overshadowed
by the increases during the second and third quarters of the
century.

Of the situation of the use of plant nutrients and the level
of the yields per hectare in Europe around the year 1gzs,
the diagrams 1 and 2 give so to say an instantancous photo-
graph. At that time the Author delivered an expert judge-
ment to the World Economy Conference, held in Geneva in
1926 and 1927, containing an estimate {!) of the production
reserves of the Furopean agriculture in the light of the use
of plant nutrients.

At first sight one notices the very close relation between
the use of plant nutrients, here in form of nitrogen, and the
yields per hectare, here wheat.

In the entire Europe there was only a very small district,
where the yields per hectare were quite high with more than

(") Frrrz Baave, Produbtions- und Kaufkraftreserven in der Europiischen
Landwirtschafl, Berlin 1y27.

[28) - Baade - p. 3
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Dracram 1 — Average vield of wheat in Europe 1922-24 (cwt on 1 ha

acrezge).

[28] - Baade - p. 6
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DIAGRAM 2 — Consmmption of commercial feridlizer in European agriculiure
(kg pure nitrogen per ha farmland}.

[287 - Baade - p. 7
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21 cwt per hectare, whereas they were low, in part alarm-
ingly low, in other districts. A larger part of France, Ttaly
and even South Germany had at that time wheat yields per
hectare corresponding in size to the present hectare yields in
the most underdeveloped countries, i.c. 10 to 12 cwt or even
less than 10 cwt per hectare.

Diagram 2 shows that there was an appreciable consump-
tion of commercial fertilizers, in this case of nitrogen, in those
European ferritories where a high wheat yield was proof of
a high standard of agricultural technique: in Belgium, the
Netherlands, in a small part of North France and in East
and Central Germany.

At thans time the Author ventured to draw keen conclusions
from these diagrams. He has affirmed that the use of plant
nutrients, f. i, of nitrogen, ought to and would be raised to
30 kg per hectare in the larger part of Europe, and that this
improvement of plant nutrition would bring about a higher
production in European agriculture, thus eliminating the de-
pendency of Continental Turope at least of mass imports of
grain from overseas. The prediction might have appeared
very keen in 1925, but 25 years later it had proved to be
generally right,

The diagrams 3 and 4 show that in 1955/56 the area with
wheat yields of more than 24 cwt/ha in FEurope had been
greatly enlarged. Not only Great Britain and Ireland, the
three Scandinavian countries, Belgium and the Netherlands
belong now to this territory, but all Germany, that is both
the Federal Republic and the DDR.

In Italy the territory of high yields has advanced to Central
Italy, and in France the part with high yields has greatly
extended,

In absolute parallelism with this has developed the use of
plant nutrients during these thirty years. During the years
1G22-24 there existed in Furope no region with a nitrogen use

[28] - Baade - p, &
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of more than 30 kg/ha (*). In the meantime, however, there
has developed a large area with a nitrogen use of 30 to 40 kg,
of 40 to 50 kg and over 50 kg per hectare,

And now the effect on the food supply in Europe: Already
in the middle of the 1950s the additional requirements of wheat
from overseas in Continental Europe, taking the territory as
a whole, had practically ceased. The Genman Federal Republic
though was still in need of imports. On the other hand Sweden
and in particular France had a surplus in exports so that the
arca of Continental Western Europe had indeced become in-
dependent of wheat imports from overseas, as had been
predicted in the expert judgement in 1g27 for the World
Economic Cenference.

And now we advance once more for about one and a half
decade and arrive at the end of the zgbos. In 19067, wheat
yield per hectare had exceeded the 24 cwt limit not only in
Scandinavia, Great Britain, in the Netherlands and in all Ger-
many bul also in France except for very small areas in Central
TFrance and i the Provence. But there, foo, had already heen
obfained yields of 21 to 24 cwt per hectare. Only in Spain,
Portugal, Sardinia, Corsica and in South Italy including Sicily
yields per hectare were less than 21 cwt. In Ifast European
countries, especially in Poland, Czechoslovakia, Hungary and
Jugoslavia, yields had partly amounted to more than 24 cwt.,
otherwise they were from 21 to 24 cwt. Besides, diagram 5
does not even show the whole situation, because the yields
obtained in the black marked areas are for the most part nof
only over 24 cwt/ha but over 32 cwt/ha.

To this corresponds the use of the plant nutrient nitrogen.
The territories with a nitrogen use of more than s¢ kg/ha have
extended in Europe, above all where also the wheat vields per

() Diagram 4 had to be designed differently than diagram 2, beecause the
consumption had so much increased, Tn diagram 2 all aveas are biack
with a consumption of more than 20 kg/ha, in diagram 4 all areas with a
consumption of more than 30 kg/ha farmland,

[28} - Baade - . 13
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hectare have been raised to more than 24 cwt. In one part
ol the black marked area in diagram 6 there is being used a
quantity of nitrogen not only of more than s0 kg/ha but for
the larger part of more than 100 cwt/ha.

The development of production has gone far beyond what
was predicted with the presentation of the diagrams of 1g2z-24
at the World Economic Conference in Geneva about the pro-
duction potential of European agriculture.

In vast European areas the yields per heclare not only of
wheat, but of all grain varieties, have increased to threefold
and even to fourfold of what they had been in 1925 in the
largest part of France and in large parts of Germany and Italy.
Also in East Europcan counfries there has been obtained a
tripling of the yields per hectare, and this most evidently due
to the widened use of plant nutrients. Here it should once
more be pointed out that these high yields per hectare, of
course, are not only the result of the plant nutrition use but of
a whole “package of measures”:

Use of very efficient seeds, good pest control and, at least
In parts of Europe, a sufficient water supply through irrigation.

We will now cast a glance at the next decade of our century.

If we consider the grain economy as a whole, we can state
that the present world situation corresponds largely with what
it was in Europe about fifty years ago: Only in some parts of
the world are there high yields per hectare of the extent of 30
ewt, and even 40 or so cwt, and these are territories with a
high use of plant nutrients. Tn the larger part of the world
grain economy, especially in the developing countrics, things
arc still as was the case in large parts of Europe in the vears
1922-24: low, in. part alarmingly low yields per hectare. And
this is clearly connected with a markedly underdeveloped
situation of cultivation technique, characterized by a complete-
ly insufficient, or even quite lacking, use of plant nutrients.
From this backwardness and the possibility to overcome it

[28} - Baade - p. 14
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arises the hope that not only we must prevent a world famine
but that we can also prevent it. We can produce sufficient food
for all the peoples of the world, if the agricultural backward-
ness everywhere in the world — especially alse in developing
counfries — will disappear.

Sufficient use of plant nutrients, namely of commercial
fertilizers, will thereby play a determinant réle, The wvse of
plant nutrients must go hand in hand with the use of highly
efficient seeds.  Where the farmland does not get sufficient
wafer for lack of rain, there irrigation must be added. Since
in the warm climate of the developing countries with abundant
distribution of plant nutrients weeds grow just as rankly as
cultivated fruits, there must be combined intensive pest control.
Therefere the following measures must be associated in one
“package”: plant nufrition, highly efficient seeds, sufficient
water, better cultivation of the soil and pest control. This
“package approach” is effective also for the simple reason that
it will be hardly possible to stir up an illiterate peasant in an
anderdeveloped country by demonstrating a single yield increas-
ing factor, as f.i. the use of fertilizers. If he is being told
that with such fertilizers he can obtain a yield increase of 20
to 25 percent, he will hardly be prepared to spend money for
such fertilizers, or even fo make debts, If, however, in his
own village he is shown a field that yields double, threefold
or even fourfold of what he himself, his father and his grand-
father had even seen or belicved to be possible, he will start
moving and ask for such seeds, for such fertilizers and such
pest control preducts.

In development of the “package” politics the Rockefeller
Foundation has particular credit for having cultivated the
“miracle wheat” in Mexico. The recipe was really very simple:
the hitherto existing wheaf varieties have long straw, and if
they are intensively fertilized especially with nitrogen, they
fall over (lodge). In Mexico the colaborators of the Rocke-
feller Foundation have culiivated the so-called dwarf-straw

[28] - Baade - p. 15
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wheat, l.e. a wheat with a very short but strong straw. This
dwarf-straw wheat tolerates quantities of 1oo kg and even
125 kg of pure nitrogen per hectare; and if, besides the
abundant sunshine, is also provided with sufficient water, it
yields from 40 to 50 cwt per hectare; there have been obtained
even yields up to 8o cwt. With this contribution of the Rocke-
felier Foundation, i.e. the “miracle wheat”, Mexico has
succceded to multiply not only the yields of particularly pro-
gressive farmers but the fotal average crops of the country,
and this within such a short time ag it had never been believed
to be possible.  Around the year 1950 the average yields of
the country were stiif about § cwt/ha, but ten years later they
had reached the twofold and after another five years even
the threefold of the vields of 1950,

Tripling of the yields per hectare in a whole country wi-
thin only fifteen years is something that had never happened
in the entire history of agriculture. In Europe, for instance
in the German Federal Republic, wheat vields have increased
from 8 cwt to 16 cwt and finally to 24 cwt/ha, which is a
tripling. But the fathers, grandfathers and great-grandfathers
of the present farmers have needed 150 years to do this,
whereas the Mexicans have realized it in fifteen years thanks
to the Rockefeller Foundation, If it is possible to cultivate
this wheat alsc in the big famine-threatened countries —— and
we shall see that this will have come true within an amazingly
short time — then the Rockefeller Foundation has put a real
“miraculous weapon” for the victory over the hunger in the
world in the hands of all the peoples of the earth, both of those
who are starving and of those who reflect about what they can
do to abolish the hunger. Humanity is highly indebted to the
ingenious wheat cultivator Borlaug who not only has cultivated
the miracle wheat for the Rockefeller Foundation in Mexico
but who also introduced it into large practical use by farmers.
It was therefore an excellent idea to award the Nobel Peace
Price to this man.

The Rockefeller Foundation has not only cultivated this

[28] - Baade - p. 16
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wheat but has decidedly helped that the use of high-yielding
sceds be combined with large quantities of fertilizers. In the
fifteen years during which the wheat yields have tripled in
Mexico, the wse of fertilizers was raised by twentyfold, The
same must happen in all those countries that are anxiocus to
follow Mexico on the way to the Green Revolution.

Therefore, in economic sciences the relation between the
use of plant nutrients and increase in food production constitutes
for many years the central point of all considerations. TFor a
long time the Author has estimated in books and articles that
in developing countries the use of fertilizers must be increased
by tenfold or even by twentyfold. As regards Turkish agric-
ulture, he estimated in the expert judgement of the working
team of the FAQ (%) already in 1959 that the use of nitrogen
must be raised by twentyfold, and indeed within only ten years,
from 1959 to 1969, nitrogen use in Turkey increased by
twentyfold.

The Commitiee of the 110 specialists, who submitted the
expert judgement on “The World Food Problem” to the Pre-
sident of the United States, cstimated that food production in
the developing countries must be doubled by 1080, and there-
fore the wse of plant nutrients of 6 mill ¢, consumed in the
developing countries in 1967, must be raised to 67 mll, t, that
is eleven times as much (%),

In those developing countries in which there have been at
feast initial resulfs thanks to the “Green Revolution™, there
have been set up corresponding programs for the increase of
the consumption and finally for the proper production of com-
mercial fertilizers which meanwhile have been energetically
put into effect,

In Indig — at least for wheat — in the territories of the

() Turkey. Country Report (Food and Agriculiure Organization of the
United Nations. Mediterranean Development Project.) Rome 1950.

(%} The World Food Problem, A report of the President’s Science
Advisory Committee, Vel. 1 and 2; Report of the Panel on the World Food
Supply. Washington, D.C., The White lonse, May, 1967.

{28] - Baude - p. 17
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Punjab, particularly suitable for wheat cultivation, the area
sown with high-yielding varieties imported from Mexico, has
been enlarged to more than half of the wheat area. The use
of nutrients in fertilizers (N +P,0¢+ K,0) increased from an
average of 97,000 t in the years 1948-52 to 1,474,000 t in
the year 1968/6g, India set up a program fo increase the use
of nitrogen for the whole country to 2.5 mill t N in 1973/74.
The consumption has remained until now, however, behind
the planned expectations. But even if in the year 1973/74
there should only be attained a use of 2 mill t N, against the
very low starting point of an average of 63,000 t in the year
1948/52, this would be an impressive increase by 35 times
in little more than two decades.

In clear relation with the improvement of plant nutrition,
Indian yields have likewisc increased in an impressive way.
At the beginning of the Iirst Five Year Plan in 1950, the total
crop of foodgrains amounted to 52 mill t approximately, By
1654 it had increased to 89 mill 1. Then two consccutive
catastrophical drought years caused a setback to 72 mill. t and
74 mill. t respectively in the years 1965 and 1966. With the
return of normal rainfalls the total production of foodgrains
increased to 100 mill. t in the year 1968 and to 106 mill. t in
the year 1969/70. TFor 1971/%2 one expects a crop of 113
mill, t, and in the successive years one of 120 mill. t. Since,
despite the boring of then thousands of irrigation wells, the
Indian crop depends still on the very variable monsoon rain-
falls, setbacks are not excluded,

The general level of the Indian crops, however, has still
increased by two and a half times, and the consumption of
fertilizers has a decisive share in this. In view of the continuous
increase of population, this development must proceed inten-
sively. Even the nitrogen consumption of 1.4 mill. t N approx.
in the year 1968/69 for an area of 144 mill, hectares, corre-
sponds only to a use of 1o kg/ha. Since all of the Indian cultu-
res — not only cereals but alse sugar cane and cotton —- are in
urgent neced of fertilizers, the next decades will require another

{28] - Baade - p. 18
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increase in the consumption of fertilizers which must be doubled
at first and then raised fourfold.

Things are similar in Pakistan. In West Pakistan, thanks
to the combination of high-yielding seeds with abundant plant
nutrition and the provision of irrigation water through tube
wells, wheat production has increased to such an extent that
the wheat deficit has been eliminated and a wheat swrplus was
obtained which, at least in part, may cover the food deficit
in East Pakistan. Before the use of the Mexican varieties and
the consumption of corresponding large quantities of fertilizers,
wheat production amounted in West Pakistan to a yearly
average of 4 mill. t. Then it increased within three years to
& mill, t, that is cne and a half times, and today it is about
7,5 mili, t. An increase to 8 mii. t, that is the double of the
former yields, will be expected for the year 1g971/72, provided
somewhat normal weather conditions. The forecast that the
wheat yields may be doubled in five years and tripled in fen
years might be realized in the case of West Pakistan, however
keen it appeared originally, though of course only if Pakistan
increases the use of plant nutrition in the form of commercial
fertilizers,

The use of nitrogen has already increased from the insigni-
ficant average quantity of 5,000 t of the years 1948/52 to the
25fold, namely 131,000 t N in the year 1968/6¢g. Tn view of
the area of 28 mill. ha, however, this means a consumption of
4,5 kg/ba only.

Of the Pakistan rice production the quantitatively less
important production in West Pakistan has indeed greatly
increased thanks to the use of efficient seeds and large quantities
of fertilizers. The more important rice production in East
Pakistan, however, bas up to now only shown an absolute
insufficient increase. Since in Pakistan, beside rice, also sugar
and cotton need urgently fertilizers, there must be obtained a
particularly high increase in the use of fertilizers during the
next decades. First a double increase and then fourfold as in
India will hardly be sufficient.

[28] - Baade - p. 19



1188 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIFTA Varla - 38

These two populous countries give an idea to what extent
the means of better plant nutrition must be employed in the
developing countries to overcome hunger.

Hence arises the problem of the provision of raw material.
As to the nitrogenous fertilizer, particularly important for
yield increase, the factor nitrogen (N) will be taken from the
unlimited supply of the atmospheric air. Nitrogenous fertilizer
will be produced by preparing first ammonia through a synthe-
sis; ammonia must have the formula NH3, that is one part
nitrogen requires three parts hydrogen. This hydrogen for
the ammonia synthesis was in India as everywhere in the world
at first prepared from coal. Since, however, all developed
countries in the world have changed their procedure in nitrogen
production from coal to that from natural gas or from material
of the petroleum refineries {naphtha), the developing countries
are going the same way. A particularly promising possibility
for an abundant provision with the plant nutrieni nitrogen
results from the fact that in the cil countries of the Near East
and North Africa the natural gas that escapes unused into
the air, shall in increasing measure be used for the production
of synthetic ammonia. It has been calculated that the natural
gas that up to now escaped in the air in the Near East and
North Africa, would be sufficient for the production of 40 mill,
t ammonia, i.e. a quantity larger than the present world
production of ammonia. The opening up of mare and more
crude oil reserves evidently brings about also the opening up
of increasing quantities of natural gas. Thus a very large part
of the enormously rising demand from Asiatic countries may
be covered by utilizing the raw material now escaping in the
air. Besides the adaptation of the nitrogen production from
coal 1o natural gas consequently leads to a great reduction of
the investment cost and to a most remarkable reduction of the
total cost of production so that we may hope that the most
important production means for the increase of food production,
namely nitrogen fertilizer, may be made available just in

[28] - Baade - p. 20
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Asiatic and African developing countries in unlimited quantities
and at low production costs.

Somewhat more difficuit is the question of the phosphoric
acid supply. To convert the water insoluble tricalcium phos-
phate of the rock phosphate into superphosphate, one needs
sulphuric acid. If, however, the natural gases which up to
now escaped in the air, will be desulphurized during their
conversionn to ammonia, and if the desulphurization process
will also be extended to the largest possible part of fuel oil,
then from this raw material scurce may he obfained the quantity
of sulphuric acid for a multiply increasing world supply of
phosphoric acid fertiizers. Natural deposits of rock phosphates
have been discovered in large quantities during the last decades,
especially in Jordan and Egypt. But India also has di-
scavered rich deposits of raw phosphates so that a universal
scarcity is not to be feared, even if the the world consumption
of phosporic aicd fertilizers increases many times.

Particularly favourable are the possibilities of potash supply.
In the course of our hundred year's consideration it may be
pointed out that at the beginning of our century Germany
held the world monopoly of the mining production of potash.
With the cession of Alsace and the potash imines there to
Trrance, the world monopoly became a German-Ifrench one.
Then already during the First World War and especially dur-
ing the Second War, the United States started to exploit their
rich deposits of potash salts, and during the last decade there
have heen discovered and exploited deposits of potash salis
in Canada. These deposits secure a world agricultural supply
with this plant nufrient even at low prices, if until the end of
the century consumption shounld increase seven to cight times.

We may conclude our considerations with an estimate on
the increase of the world consumption of commercial fertilizers
up 1o the end of our century. In the year 1965 the International
Mineral & Chemical Corporation published an article on “The

[28] - Bawde - p. 21
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Chart above shows total world consumption of chemical fertilizers from
1906 to 1965, and projected {o the year 1980,

World population climb from the Middle Ages through this century is
shown in chart at right.

Use of chemical fertilizers has been increasing even faster than population,
as world agricnlture moves inte a new era of much mere intensive farming.
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Quiet Revolution” (°). Here a diagram reflected the steeply
ascending world population increase set against the steeply
ascending consumption of plant nutrients. Anyone worried
about the population explosion may be comforted by the fact
that an explosive increase is also to be expected from the use
of commercial fertilizers (Diagram 7).

Doubtiessly until the year 2000 or 2050 respectively bath
curves will present quite a different aspect than that of con-
tinuously ascending fountains, During the last decade, maybe
even already during the last one and a half decade the curve
of the world population increase will undergo a certain flatten-
ing, and this flattening will intensively continue dering the
first decades of the new century.

Absolutely groundless are the frequently expressed appre-
hensions that the inhabitants of the earth, up to the year 2300,
might increase to such a number that there would not even
be room for them to stand on the ground. In all of the countries
in which owing to the reduction of mortality, especially also
of the child mortality, the population had rapidly increased,
because the birth rates remained high at first, the curve of the
birth rates has largely adapted itself to the mortality curves,
although only after decades, We may venture such a prediction
especially for the reason that during the last decades there
happened in many countries a decisive diminution in the growth
rate of the population. The countries in the Mediterranean area
have had an explosion of population not very long ago. Today
the growth rates in Greece have decreased to 1.0 percent, in
Spain to 1.2 percent and in Taly to 0.8 percent. In the East
European countries the growth rates are approximately as
follows: In the Soviet Union 0.g percent only, in Poland 0.8

("} The Quiet Revolution, A call for action in world agricnlture. With
a review and projection of chemical fertilizers’ role in helping a hungry
world win the war on want. Publ. by IMC (Internntional Mingral & Chemical
Corporation}, Skokie, 1., 1065.

Quelie: Bis zum Jahre zo00: The Quiet Revolution, a.a.0)., from the
year 2000 to 2050: personal estimate.

[28] - Baade - p. 24



SEMAINE D'ETUDE SUR o EMPLOI DES FERTILISANTS ETC, » 1103

percent, in Bulgaria 0.6 percent and Hungary even 0.4 percent,
that is even less than in the German Federal Republic.

But things arc similar also in Asiatic countries. In Japan
the birth rate has diminished to such an extent that by the
end of the century one should rather predict a decrease than
an increase of the present number of the population, unless
there be registered another increase in the birth rate. Also in
some other Asitatic conntries, £.1. in South Korea and in Taiwan,
we note today already a considerable reduction in the birth
rate and in the growth of population. It is characteristic of
these territories, which for some time have been under Japanese
domination, that during this period they were abie to achieve
a valid diminution of illiteracy. Both are now witnessing a
considerable increase in prosperity. In direct relation with
increasing prosperity and elimination of illiteracy, birth rafes
have greatly decreased.

In those countries in which hunger and poverty arc today
still dominant, and where 80% men and go% wormen of the
villagers are illiterate, checking the population explosion will
take longer. Buf there, too, increasing elimination of iiliteracy
may also be expected to decrcasc the birth rates by the last
decade of our century.

While thus the curve of population increase will decline
during the last decade of our century and above all during
the first decades of the 21st century, in the curve of fertilizer
consumplion we may expect a remarkable inclination already
for the decades before the year zooo. The use of comimercial
fertilizers which during the decade from 195¢/60 to 196G/70
has more than doubled, i.e. from approx. 27,8 miil. t to 62,8
mill. t, can under no circumstances continze such a develop-
ment during the next decades until the end of the century.
This is obvious, because the continuation of these growth rates
wonld lead to a consumption of 764,3 mill. t at the end of
our century.

In diagram g it has been estimated that the fertitizer con-
sumption during the decade 1970-1080 Will increase at the

[28] - Baade - p. 25
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same rate as in the decade from 1960 to 1970, i.e. to 145 mill. t;
but that in the following two decades the increase will slow
down in a way that around the year 2000 the fertilizer consump-
tion will only be about 250 mill, t.

The curve will thus already until the year 2000 change
from that of a steeply ascending fountain into an S curve. But
even these reduced figures promise us a universal food surplus.
If during the decade 1970-1980 the use of plant nutrients rises
to 145 mill. t, the inhabitants of the earth, in the meantime
increased to 4,5 milliards, will then avall of an essentially
larger food reserve per head than today. And if up to the vear
2000 the use of plant nutrients will rise to about 250 mill. {,
then with an increase of the world population to % milliards,
even the poorest couniries in the world may permit themselves
a food consumption that corresponds to the today’s food con-
sumption in Western Furope. The abundant plant nntrition
by means of commercial fertilizers will thus also during the
forthcoming decades decidedly contribute that the situation of
the world food supply will change from a deficiency to a surplus.

This optimistic advance estimate is based also on the fact
that by combination of very efficient seeds with large quantities
of fertilizers, the cropping efficiency obtained with a weight
unit of fertilizer, has greatly increased. We were used fo
calculate roughly that 1 kg nutrients in fertilizers would under
average conditions effect an increase of 10 kg grain equivalent.
Today, however, thanks to the highly efficient cultivated seeds,
it may be calculated that with r kg additional use of nutrients,
there will be obtained a production raise of 20 kg grain
equivalent.

In order to feed by the end of the century a world popu-
lation of presumably 7 milliards human beings, and this not
scarcely as today, but sufficiently, there will be nceded 3,5
mrd t approx. of grain equivalent. This includes already a
considerable food improvement. Because, while we in Europe
need about 0,5 t grain equivalent for a man’s feod, in India
one calculates only with a consumption of 0,2 per head of the

[28] - Baade - p. 27
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population. If therefore until the end of our century we
calenlate with a quantity of 0,5 grain equivalent for the tota}
humanity, we have, as just mentioned “even for the poorest
countries of the world calculated with a grain consumption
that corresponds to the present food consumption in Western
Europe”.  Now supposing that with a generally abundant
manuring, and where necessary with irrigation, the new variet-
les would vield an average of 40 cwt/ha of wheat, rice, maize
and millet — and this appears to be a modest aim — then of
the arable area of the earth, which today comprises about 1,3
mrd ha, there would only be used one milliard hectares with
such high yiclds in order to produce 4 mrd t grain equivalent,
that is abundant food for # mrd human beings. The remaining
land would then largely be available for other purposes, or,
as it is already practiced in the United States and in Europe,
withdrawn from the cullivation.

Our consideration on the development of the use of com-
mercial fertilizers in our century shows that humanity has been
offered a tool with which food production not only may be
increased considerably but explosively. In the first three
quarters of our century, this increase happened above all in
wealthy industrial countries. This brought about that the
industrial countries of the world — at first the United States,
but now also Western Europe — have a food production that
not only is sufficient for feeding their population, but that
yields surpluses with which part of the deficits in developing
countries can be covered. In the last quarter of our century
we shall witness the same process on a world scale, that is to
say, the at present hunger-threatened developing countries shall
mmprove their production not so much by extending the area
but chiefly by increasing the yields per hectare. The food
deficit of the developing countries perhaps will already disappear
in the 1970s, but certainly completely in the 1980s. Thereby
the better and abundant plant nutrition, especially with the
use of commercial fertifizers, will play one of the most important
roles.

[28} - Baade - p. 28
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So much for the technical and material aspects of the prob-
lems. But after all we are dealing here not with a technical
question but with a humanitarian question. The decisive ques-
tion is how we can induce the farmers in the developing countries
not only to use the necessary quantity of plant nufrients but to
do this also in the right measure and intelligently — considering
that these farmers up to now hardly usc one of the most
important discoveries in the history of mankind, namely the
nutrition of plants with commercial fertilizers,

The consumption of plant nutrients in the world is con-
centrated in those territories where there lives a dense popul-
ation, but a population thal can read and write. Completely
insufficient is the consumption of plant nutrients in those
densely populated countries where most of the pecple are
illiterate.

A good insight into the relations between educational level,
plant nufrition and human food is obtained by making a
comparison between the following figures,

In Japan rice yields amount to more than 50 cwt/ha.
Japanese consumpfion of fertilizers is with 100 kg nitrogen per
hectare equal fo the maximum consumption in Europe, and
tlliteracy is practically eradicated in Japan.

In China rice yields reached until recent vears aboul one
half of the Japanecse yields. There was a modest consumption
of commercial fertilizers, but an intense increase in preparation.
The fight against illiteracy had just begun.

In India, Indonesia and Burma rice yiekls are about a
quarter of the Japanese ones. Until some 20 years ago the
consumption of commercial fertilizers was virtually zcro, and
in the villages about 8¢ percent of the adults have no know-
ledge of reading and writing.

The eradication of illiteracy and the spread of knowledge
beyond reading, writing and the simplest arithmetic is the
first requirement for us to be able to improve fully the utilization
of plant nutrients for freedom from hunger in the world. But
to begin with an increased use of plant nuirients we need not

[28] - Baade - p. 29
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wait until illiteracy has completely disappeared. If this were
the case the prospects for freedom from hunger in the world
would be in an evil plight. Fortunately, however, the farmers
can at least calculate also where they are illiterate. If a farmer
is shown a field, which thanks fo the consumption of plant nu-
trients and highly efficient seeds yields threefold of the usual
crops, then the Green Revolution already starts favourably
before illiteracy has indeed been eradicated.

But a real victory over hunger and poverty needs besides
the elimination of illiteracy also a thorough improvement of
the medium and higher grades of education.

The country to which we owe the most important instrument
of the Green Revolution, the “miracle wheat”, is Mexico. Well,
Mexico spends for education and research three tinles as much
as for armament, whereas in the developing countries India
and Pakistan the State spends at present three times as much
for armament as for education and research. If the Mexican
formula will' be accepted also by the developing countries,
especially by India and Pakistan, then a decisive victory is
gained over the battle for freedom from hunger in the world.

Pope Paul VI in His Encyclopedia “Populorum Progressic”
has clearly defined the humanitarian aims of mankind, namely
that not only must we overcome hunger and prevent hunger,
but that we must build a world in which every man can lead a
real human life. In chapter 51 He also suggested to “constitute
a large universal fund which ought to be raised by part of the
means up to now spent for military purposes so as to help the
weaker peoples”.  To this end not only must the helping
countries energetically reduce their armament expenses but
particularly also those peoples who nced to be helped.

The technical means: “better plant nutrition particularly
with fertilizers” has been known to us for 150 years. Decisive,
however, for putting this technical means into effect is, to
take the necessary steps in the domain of human morality,
therefore the real progress of the people.

[28] - Baade - p. 30



CONCLUSIONS



1201

CONCLUSIONS OF THE STUDY WEEK

INTRODUCTION

The problem of overcoming hunger in the world is closely

linked to the efficient vse of fertilizers. The developing coun-
tries, where hunger is more prevalent, cither use fertilizers
inadequately or not at all.
' Fertilizer use to increase food supplies involves a panorama
“of necessary components of which fertilizer appplication is the
central core. An infrastructure involving everything from
extension to education of the farmers, to financing and impor-
tation of necessary fertilizer supplies, to transportation of the
fertilizer and produce, and to marketing, are absolute requi-
rements for efficient fertilizer use to relieve hunger.

In addition, a large number of other management practices
are necessary components of yield, ranging from physical
structure of the soil, to wafer and pest control, cultural prac-
tices, adapted varicties, seed qualities, etc.

The Study Week could conecern itself only with the core
of the problem; namely efficient fertilizer use and closely
related components. It has reached the following conclusions:

1. Efficient fertilizer uvse within a country of large to
medium size requires that the country itself establish the neces-
sary research and extension organization to determine the local
problems and their solution.

2. Much can, should and must be done by regional and

76
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international organizations to help set up these countries’
research and extension organizations, to help train local staff,
to disseminate not only new information but already accumu-
lated information and-expertise into the local system, and even
to help in carrying out adaptive research while the local system
is being developed.

3. Economic fertilizer use must take info account the
differences in wvalues associated with the various inputs and
outputs such as the cost and avaiiability of money, improved
seed, fertilizer, labour, land and water, or the value placed
on yield, quality and even potential poliution; e.g., in develop-
ing countries the only input generally available is labour. In
developed countries, labour is one of the main limiting inputs.

4. Research is still required at all levels including under-
standing basic processes, nutrient balance, soil structure, ef-
fects of time of planting, disease conirel measures, response
obtained in the ficld, cfficiency of fertilizer use, diagnostic
techniques and calibration of methods for predicticn of response
obtained in farmers’ fields. Recently developed methodology
can give more precise answers and can evaluate accumulated
information more effectively than ever before and it should be
used wherever possible.

5. Because fertilizer may be the only cash cost to the
farmer in developing countries, because it must often be im-
ported, and because the cost of fertilizer is much higher in
most developing countries, the investigation of efficiency of
fertilizer use including the effect of kind, placement, method of
distribution, time of application and nutrient or environment
interaction is of prime importance in these areas.

6. Increasing viclds are invariably associated with in-
creased fertilizer use, The magnitude of the increase is normally
a direct response to a nufrient requirement which may have
been enhanced by the concurrent elimination of other limiting
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factors such as water or genetic potential. Thus the establish-
ment of yield potentials is necessary for rational fertilizer use.

7. Tertilizer use is affected by tlie organic matter complex.
However organic matter and fertility of the soil was the subject
of a similar Study Week in 1968 and the proceedings and
conclusions were published by the Pontifical Academy of
Science. The conclusions reached are endorsed by the parti-
cipanis of the present Study Weck.

8. TFor food production to keep pace with projected
needs for an increasing population, yields of food crops will
have o increase substantialy. Most of this increase will not
be feasible without very large increases in the present level of
fertilizer uwse. In the short period from 1970 to 1980 the
production and use of fertilizer is expected to more than double
in the developing countries. The ration] utilization of these
supplies will require a very large effort at the international,
national and farmer level.

g. The inventory of the land resources of the world
indicates that the amount of land available for agriculture is
considerably greater than that being used. This represents a
base to cushion food supplies for the world, although much
of this potential exists in areas where the population pressure
and therefore the food production pressure is low. -

10. Increased use of fertilizers and concurrent increased
pesticide use must be carefully implemented taking into account
any local or general problems of pollution in the environment.
The efficient use of fertilizers particularly at high levels and
recycling of human and animal waste will help conserve both -
the environment and scarce resources.

11. After considering the accumulated knowledge and
experience, affer considering the potential of solving fertilizer
use problems, and after considering the problem of food supply
in a hungry world, the participants of the Study Week have
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reached the consensus that in this century there is reason to
expect that with rational agricultural practice including the
necessary increase in fertilizer use, food supplies per capita can
definitely be maintained and even improved. Technologically
this can be achieved.

Suggestions on the necessary research and the adoption of
improved practices by farmers follow.

Resrarca NEEDS

Research involving fertilizer use of necessity is concerned
with the.obtaining of knowledge, both basic and applied, which
will enable the prediction of the effect of fertilizer application
on both the yield and quality of crops. This requires an
interdisciplinary approach and must include fundamental studies
on plant physiology and soil-plant-climate relationships. The
following rescarch needs can be highlighted.

In Relalton to Enuvironment,

The total environment determines the limits to yield. It
is necessary that research determines the maximum potential
yield of crops in a particular environment both when water
is not limiting and under natural rainfall (maximum yield
plots) so that the factors limiting yield can be identified.

The effect of the various components of the climate, i.e.,
radiation, rainfall distribution, temperature and even day
length for photosensitive varietics, on the response of crops to
“added fertilizers, should be determined as accurately as possible,

In Relation to the Plant.

a) To breed varieties capable of responding to high levels
of fertilizer use.
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b) To do research on the nutrient requirements of different
varieties of a given crop at different stages in the development
of the crop.

¢) To study the effect of fertilizers on the susceptibility of
the crop to different pests and diseases.

d) To determine the economics of adding fertilizers and
various growth substances to the crop.

In Relation to the Soul.

a) To determine management for optimum control of water
from natural rainfall (maintaining permeability, prevention
of erosion.

b) To determine the means and need to a good soil struc-
ture to allow easy production of a good secdbed, ease of culti-
vation, good root development, etc.

¢) To do research on how to make the most eflicient use of
fertilizers in areas liable to drought.

d) To evaluate the ability of soil to supply all the nutrients
needed by the crop other than those supplied in the fertilizer
(possibility of deficiencies arising from continuous use of simple
NPK fertilizers). This includes a study of the constitution of
the available fraction of each nutrient in the soil.

¢) To do research on the interactions between the fertilizer
constituents and the soil.

) To evaluate the sulphur budget in soils, including salphur
inputs from rain and the atmosphere, the turnover rate of sul-
phur in soil organic matter, and the losses of sulphur.

g) The Working Party noted the Conclusions of the partici-
pauts of a previous Study Week on Soil Organic Matter and
agreed with their principal conclusions. It noted that the effi-
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cient use of fertilizers allows economic crop production on soils
whose organic carbon content has fallen much below the level
in the virgin soil, but there is stiil little agrecment on the
minimal Ievel necessary in any given soil for the profitable
production of high quality crop. It noted that soil organic
matter consists of many constituents which have very different
effects in producing and stabilizing soi} structure, and it recom-
mends that, as far as possible, future research on the importance
of the organic matter status of the soils should pay more aften-
tion to the relative role played by the various fractions.

in Relalion to Huwman and Animal Health

a) To study the effect of fertilizers on crop quality, inciud-
ing total protein, amino-acid composition and other organic
substances such as those contributing to flavour and keeping
quality, etc.

b) To evaluate the effect of fertilizers on the inorganic con-
stituents of the harvested crop.

¢) To emphasize the need for medical research on the effect

on human health of crops having different mineral compositions.

d) To make surveys of trace element contents of soils to
identify those on which animals may suffer from their lack,
imbalance of excess,

¢) To investigate the effect of fertilizers on the oestrogenic
and other organic substances in relation fo animal health and
production,

In Relation to Increasing the Efficiency of Fertilizers Use.

a} To determine the efficiency of fertilizer application and
fertilizer uptake by plants, including the proper placement
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of fertilizer, the splitting of dressings, time of application,
and the production of fertilizers in the most effective form
for uptake.

b) To do research on ways of improving the agronomy ot
crop production to enable the crop to make the most efficient
use of the added fertilizer.

¢) To adapt fertilizer application practices to the cropping
rotation, including the development of more intensive rotations
based on a high level of fertilizer inputs.

d) To further develop the design of fertilizer distributors
to ensure a more uniform spreading of fertilizers than is pos-
sible at present.

In Relation to Redwucing the Drain on the Natwral Resources
of the World.

a) To do research on the recycling of nutrients present in
farm and human wastes in ways that cause minimum hazard
to health or to the pollution of water draining off the land.

b) To develop new processes for fertilizer manufacture
that make minimum demands on the natural resources of the
world.

In Relation to Extension Work.

#) To expand research on the barriers to the acceptance
of research findings on efficient methods of fertilizer applica-
tion by the farmer.

b) To conduct research on developing methods for improv-
ing active cooperation between the exfension research services
to ensure that adequate rescarch on increasing crop yields
through the efficient use of fertilizers is carried out within the
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framework involving the minimum disturbance to deep-seated
social customs.

¢) To initiate research on improving methods of the effi-
ciency of extension practices, including the extension learning
process of farmers in accepting new ideas, and to establish
the extent to which this process differs among farmers in
different regions in the world.

d) To develop methods for the synthesis of efficient sys-
tems of farm production.

¢) To do research on introducing new methods of agricnl-
tural production into traditional systems of agriculture through
the use of a “package deal”. A “package deal” involves the
simultancous introduction of a number of improved practices
or new practices appropriate to the required level of pro-
duction.

FERTILIZER REQUIREMENT

Fertilizer use is a key factor in the race to produce adequate
food and fiber for the increasing world population. The
economics and reality of the situation require that efficiency
of fertilizer use be an initial and continuing goal while total
production is increased. This is important to remember because
expanding the area of land or increasing the area of intensive
land use in agriculture is still an open alternative in mast
developing countries as well as in some highly developed ones.
Also, fertilizer is secured at significant cost to the national eco-
nomy of many countries and investment in it is in direct com-
petition with investment in other human needs.

A limited technical personnel base for rescarch, demonstra-
tion and extension requires that initial fertilizer use investiga-
tions be by the simplest methods to determine the most
limiting factor(s). Not all soils are uniformly deficient in all
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essential elements, being most deficient in only one or two,
and the addition of the most limiting ones bring forth major
changes in yiclds at very low cost per unit of production.

At the same time various studies should be initiated to
secure a better understanding of the influence of other fertilizer,
edaphic, environmental and management factors upon ferti-
fizer use efficiency, e.g., moisture supply variation among
years will cause a difference in response to fertilizers, especially
nitrogen, ctc.

More complex studies might be directed toward the special
solutions of unique soil management problems of the geographic
regions of the individual countries.

Much knowledge is already available on tropical agricul-
ture. This knowledge must be fully cxploited — something
which requires communication among individuals, disciplines
and institntions. Joint planning of research should be encour-
aged, perhaps demanded, so that scarce scientific resources
are used most efficiently.

Soil Testing.

Assay of the soil fertility status of soils is among tbe
relatively simple procedures which are useful to guide farmers
and governments in formulating a sound fertilizer-use policy.
Soil analyses are also useful in avoiding potential pollution by
inappropriate fertilizer application.

Soil testing procedures for phosphorus, potassium, magne-
sium, pH, calcium carbonate requirement and physical pro-
perties have been and should be continued to be utilized as one
of the factors to consider in making fertilizer recommendations.
There are several published tests in use for making these deter-
minations and some of these have been demonstrated to be
of use in tropical and subtropical regions. No suitable routine
tests for soil nitrogen are generally available. Suitable recom-
mendations usually can be made, based on the quantities of
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nitrogen known to be needed for a given yield of a given crop
taking into account the efficiency of uptake of applied fertilizer,
losses of nitrogen that are likely to occur, the cropping sequence,
and the environment. These data are derived from experimental
trials and experience,

Correlation of the soil analysis results is first made by
relatively inexpensive soil-plant pot cultures (followed by more
costly and time-consuming calibration in field trials with the
crops actually to be grown). This must be done under local
conditions with local soils. Soil in these cultures should include
a complete range of possible soil, physico-chemical, and bio-
logical conditions. The soil-plant culture results must include
both nutrient element yiclds and the yields of dry matter,
Radioisotopes (e.g., P-32) or stable isotopes (e.g., H-15) may
be employed at this stage to refine the procedure, in some
cases, to remove ambiguity of observation.

Field Trials.

In addition to the determination of crop responses to ferti-
lizers the purpose of field trials is also to check the reliability
of the results obtained in pot tests, to calibrafe the soil test,
to determine the ratios of nutrients optimum for yield and
quality, to make regional fertilizer recommendations, and fo
secure some understanding of the influence of other soil and
climatic and management factors on the response to fertilizer.
The degree of complexity is governed by the degree of original
uncertainty of fertilizer needs and their prediction. ¥ there is
confidence in these, then the field trials may be of such design
that makes them useful for simple or more sophisticated agro-
nomic and economic analyses for use in making fertilizer
recommendations for fields of geographical areas. Economic
analyses, for generalized application later, also require rather
detailed observations on climate, soil properties, and manage-
ment factors. |
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Experiments should be located on selected major represen-
tative soil types and include several fertilizations and cropping
systems. In addition to observations on the crops, soils and
climate, the soil should initiaily be characterized in adequate
detail. The changes in the physical (e.g., soil structure),
hiclogical (e.g., organic matter content changes) and chemical
properties should be followed.

The use of soil analyses calibrated by field trials as a
hasis for fertilizer recommendations for the major nutrients
can set the stage for great strides in increasing food production
and in helping governments formulate food production policy.
This is the simplest scientific approach to fertilizer use. Exam-
ples of the exccution of this system are available for obser-
vation in many places.

Sap and Tissue Analyses.

The use of sap and plant tissue analyses of various types
may be necessary for the study of micro-element deficiences
and for their correction. The use of these procedures for N,
P or K is a sophistication which is of use in refining fertilizer
use at superior levels of management and for the amelioration
of deficiencies of these for crops of high economic value.
Because vegetable and flower production is an important com-
mercial activity in almost all countries, a tissue analysis service
to help refine practices for these crops is of significant priority.

A major exception to the previous statement on tissue
analysis is the perennial crops of the bush, vine or tree types.
Soil tests are not generally utilized as routine indices of the
nutritive status of these long-lived plants, Tissue analyses
are utilized and needed to evaluate and plan a fertilizer pro-
gram. While important everywhere this is of particular im-
portance in many developing countries because these crops are
an important source of foreign cxchange. A tissue analysis
research program with the most important of these crops
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should have a high priority, where applicable, for assessing
the management program for essential mineral elements.

For many crops there are established quality standards
for marketing and utilization. TExamples are sugar-beets,
sugar-cans, wheat, potatoes, etc... Where routine quality
tests of tisues are a requirement in marketing, these tests must
be a part of the observations made in the fertilizer experiments.
Even if they are not, it is worthwhile to include some chemical
and biochemical analyses of the edible portions of fertilized.
crops to help demonstrate how modern production technology
effects “hidden” or ignored quality factors, e.g., protein
content, thus relating quality factors to fertilization.

INCREASING FERTILIZER USE BY FARMERS

The sum total of research and knowledge of fertilizer
requirement will have no effect on fertilizer use unless this
knowledge reaches the farmer and he is convinced that this
will benefit him both economically and socially. The partici-
pants of the Study Week wish to highlight that all planning
is in vain unless the farmer is reached and his total situation
encourages his rational use of fertilizers. The following are
suggested areas of emphasis:

a) National agricultural institutions must obtain information
leading to the understanding of the factors affecting the adoption
and acceptance of new agricultural practices. This knowledge
should be used by the extension services to ecnsure that the new
information on improved agricultural production is carried to
the farmer in a way acceptable to him. Continuous education
for the whole farm family and a permanent extension service
should be maintained to adapt rescarch results and improve
continuously the production practices. These should be de-
monstrated on economically operated pilot farms, to the cxtent
possible under local farm conditions, and possibly even on
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actual farmers’ fields. The information of fertilizer use should
be accompanied by other techniques necessary for progressive
farm operation in a “package” of improved practices.

b) Marketing services and guaranteed prices for essential
farm products are basic conditions to promote progress of
agriculture.

¢) The increased investment needed for the adaptation of
modern techniques requires that the farmer who is capable of
making use of credit have it available to him on easy terms.

d) Increased production requires improved infrastructures
such as fransport, communications, storage etc. which must
exist fo make possible agricultural progress.

¢) Technical personnel should also be prepared to support
the farmers with the materials needed for increased production
and its efficient marketing.
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CONCLUSION DE LA SEMAINE D'ETUDE

INTRODUCTION

Le probiéme de surmonier la faim dans le monde est étroi-
tement 1i¢ 4 D'uvtilisation efficace des engrais. Dans les pays
en voie de développement ot la faim est la plus préoccupante,
Tes engrais sont peu ou mal utilisés.

L’emploi des engrais pour accroitre les ressources alimen-
taires implique tout un ensemble de conditions nécessaires,
parmi Iesquclles 'application de la fumure est e point domi-
nant, Une infrasiructure comprenant tout un enscmble depuis
la vulgarisation pour le perfectionnement des agriculteurs, le
financement et 'importation des engrais nécessaires, le trans-
port des engrais et des produifs, et la commercialisation, est
un impératif absolu pour une utilisation efficace des engrais
afin de lutter contre la faim.

En outre, un grand nombre d’autres techniques culturales
sont des factenrs indispensables du rendement, depuis la struc-
ture physique des sols jusqu’au coniréle de l'ean et des para-
sites, aux pratiques culturales, & des variétés adaptées, & des
semences de qualité, etc,

Ta Semaine d’Etude concernait seulement le point central
de ce probléme, c’est-d-dire 'utilisation efficace des engrais
et ses conséquences trés directes. Elle a retenu les conclusions
suivantes: ‘

1. L'utilisation efficace des engrais dans une région de
dimension grande ou moyenne nécessite que le pays lui-méme
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établisse les organismes de recherche et de vulgarisation néces-
saires pour bien déterminer les problémes locaux et leurs so-
lutions.

2. Beaucoup peut et doit étre fait par les organismes
internationaux pour aider 4 metire sur pied ces organismes
nationaux de recherche et de vulgarisation, pour aider leur
encadrement, pour faire connaitre non seulement I’informa-
tion nouvelle mais aussi les connaissances déja accumulées et
V'avis des experts quant & la situation locale, et méme pour
alder le démarrage de recherches bien adaptées aux problémes
locaux. ‘

3. La meilleure utilisation économique des engrais doit
prendre cn considération les différences de valeurs assocides
aux divers « inputs » ct « outputs » tels que les cofts et dis-
ponibilités financiéres, semences éprouvées, engrais, travail,
terre et eau, ou les valeurs relatives au rendement, & la qualité
et méme aux possibilités de pollution, Dans les pays en voie
de développement, le seul « input » généralement disponible
est le travail; dans les pays développés, le travail est I'un des
« inputs » le plus limitant,

.\

4. La recherche est toujours nécessaire & tous les ni-
veaux, notamment la compréhension des processus de base,
les bilans d’éléments nutritifs, la structure due sol, les effets de
dates d’implantation, le contréie des maladies, la réponse ob-
tenue au champ, V'efficience des engrais, les techniques de dia-
gnostic et 'étalonnage de méthodes pour la prévision de la
réponse obtenue dans les exploitations agricoles. Des méthodo-
logies récemment développées peuvent donner des réponses
plus précises et peuvent valoriser I'information accumulée plus
efficacement qu’autrefois, ot elles doivent &ire utilisées partout
ou cela est possible.

5. Les engrais constituent généralement une dépense
immédiate de U'agriculteur; dans les pays en voie de dévelop-
pement, ils doivent souvent étre importés ct leur colit est gé-
néralement élevé; aussi, la recherche de I’eficience de ces
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engrais est primordiale dans ces régions: effets de formes, loca-
lisation, méthodes de distribution, dates d’application et inter-
action avec les autres éléments nutritifs ou 1'environnement.

6. Des rendements croissants sont invariablement asso-
ciés avec des emplois croissants d’engrais. L'ampleur de cet
accroissement est normalement une fonction directe de besoins
nutritifs qui ont été accrus par 1’élimination d’autres facteurs
limitants tels que I’eau ou le potentiel génétique. Aussi, la dé-
termination de rendements potentiels est nécessaire pour une
fertilisation rationnelle.

7. L’utilisation des engrais présentc des relations avec
la matiére organique du sol. La matitre organique et la fertilité
du sol étaient le sujet d’une Semaine d’Etude similaire en 1968
et les compte-rendus ef conclusions furent publiés par I'Aca-
démie Pontificale des Sciences, Les conclusions qui en résulté-
rent sont également adoptées par les participants de la présente
Semaine d’Etude. '

8. Pour obtenir une preduction alimentaire susceptible
de conscrver la paix dans le cadre des besoins prévus pour une
population croissante, les rendements des cultures vivriéres
doivent augmenter substantiellement. L’essentiel de cet accrois-
sement ne sera. pas réalisable sans une trés forte augmentation
de la consommation actuelle d’engrais, Dans la courte période
de 19701680, il est prévu que la production et l'emploi des
engrais doivent plus que doubler dans les pays en voie de
développement. L utilisation rationnelle de ces engrais deman-
dera un trés gros effort aux niveaux international, national,
et local (agriculteurs).

9. L’invenfaire de ressources en terres cultivables dans
le monde indique que les surfaces utilisables pour I'agriculture
sont considérablement plus grandes que celles qui sont utili-
sées actuellement. Cela représente unec possibilité supplémen-
taire de production de denrées alimentaires pour le monde,
quoiqu’une forte proportion de ce potentiel existe dans des ré-

kN
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gions ot la densité de population et par conséquent le besoin
de production alimentaire soient bas,

ro. L’utilisation croissante des engrais et celle gui est
concomitante des pesticides, doivent étre solgneusement pré-
vues en prenant en considération tous probitmes locaux ou
nationaux de pollution de I'environnement. L usage efficace des
engrais, particuliérement & de hauts niveaux, et le recyclage
des déchets humains et animaux, aideront 4 conscrver & la
fois I’environnement et les ressources.

I1. Aprés avoir considéré les comnaissances et expérien-
ces accumulées, les perspectives de solution des problémes de
fertilisation et les problémes d’approvisionnement alimentaire
d'un monde qui a faim, les participants de la Semaine d’Etu-
de ont abouti & la conclusion que jusqu’a la fin de ce siécle
il ¥ a des raisons d’espérer qu’avec une agriculture rationnelle
comportant I'angmentation nécessaire de I’emploi des engrais,
les disponibilités alimentaires par habitant peuvent étre main-
tenues et méme augmentées. Cela est technologiquement pos-
sible.

Les suggestions relatives aux recherches nécessaires et a
I'adoption par les agriculteurs de meilleures pratiques sont
exposées ensuite.

LLES BESOINS DE RECHERCHE

La recherche relative & la fertilisation concerne nécessai-
rement ’obtention de connaissances & la fois théoriques et ap-
pliquées, qui permettront de prédire 'effet des fumures a la
fois sur les rendements et la qualité des récoltes. Cela demande
une approche inter-disciplinaire et comprend des études fonda-
mentales de physiologie végétale et de relations sol-plante-
climat. Les besoins suivants de recherche peuvent étre dégagés.
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En relation auvec I'environnement.

L’environnement disponibie détermine les limtes des ren-
dements. Il est nécessaire que les chercheurs déterminent les
rendements potentiels maxima des cultures dans un environne-
ment donné, & la fois quand l'eau n’est pas limitante et sous
les précipitations naturelles {parcelles & rendements maxima),
de telle sorte que les facteurs limitant le rendement puissent
étre identifiés.

A T'égard de la réponse des cultures aux engrais apportés,
Ueffet des diverses composantes du climat, ¢’est-d-dive radia-
tion, distribution des pluies, température ct méme longueur du
jour pour les espéces photosensibles, doit étre déterminé aussi
stirement que possible.

En relation avec la plante,

a) Pour croiser des variétés capables de répondre 4 de hauts
niveaux de fertilisation.

b} Pour rechercher les besoins en éléments nutritifs de di-
verses variétés d'une culture donnée, i différents stades de
développement de la culture.

c) Pour étudier l'effet des engrais sur la sensihilité de la
culture a divers parasites et maladies.

d) Pour étudier 1’économie des engrais et des diverses sub-
stances de croissance apportés i la culture.

En velatton avec le sol.

a) Pour déterminer Yaménagement en vue d’'un contrdle
optimum de I'eau provenant des pluies naturelles (maintien de
la perméabilité, prévision de I’érosion).

b) Pour déterminer les moyens d’obtention d’une bonne
structurc du sol permettant de réaliser aisément un bon lit de
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semences, une culture facile, un bon développement racinaire,
Cefe. ete.

¢) Pour faire des recherches en vue de réaliser Pufilisation
la plus efficace des engrais dans les zones sensibles 4 la sé-
cheresse.

d) Pour évaluer I'aptitude du sol & fournir tous les éléments
nutritifs nécessaires aux cultures, autres que ceux apportés
par les engrais {possibilité de déficiences induites par un usage
continu d’engrais N P K seuls). Cela inclut l'étude de la
constitution de la fraction assimilable de chaque élément nutri-
tif du sol.

2) Pour conduire les recherches sur les inleractions en-
tre les constituants des engrais et le sol.

f) Pour établir le bilan du soufre dans le sol, compte-tenu
des apports de soufre par la pluie et 1’atmosphére, de la vitesse
de renouvellement du soufre dans la matiére organique du sol,
et des pertes de soufre.

£) La réunion de travail a noté les conclusions des parfi-
cipants d’une précédente Semaine d’Etude sur la matiére or-
ganique des sols et a été d’accord avec ses principales conclu-
sions, Elle a noté que I'utilisation efficace des engrais permet
la culture dans de bonnes conditions économiques sur des sols
dont la tencur en carbone organique s’est abaissée bien au-des-
sous du niveau du sol vierge, mais il ¥ a encore peu d’accord
sur le niveau minimum nécessaire dans un sol donné pour une
bonne production de cultures de qualité. Elle a noté que la
matiére organique du sol comporte de nombreux constituants
qui ont des effets trés différents dans la production et la stabi-
lisation de la structure du sol, et elle recommande que, autant
que possible, les recherches futures sur impoertance de la ma-
titre organique du sol attachent plus d’attention aux 1oles
refatifs exercés par les diverses fractions. ‘
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Eun rvelation avec la saniéd humaime et animale.

a) Pour I'é¢tude de l'effet des engrais sur la qualité des ré-
coltes, notamment protéines totales, composition en acides
aminés et autres substances organiques telles que celles qui
contribuent a la saveur et au maintien de la qualité, etc.

b) Pour apprécier 1'effel des engrais sur les constituants
minéraux des récoltes.

¢) Pour faire apparaitre le besoin de recherche médicale
sur l'effet de récoltes ayant différentes compositions minérales
sur la santé humaine.

d) Pour diagnostiquer la teneur en oligo-éléments des sols
afin d’identifier ceux sur lesquels les animaux peuvent souf-
frir de carence, déséquilibre ou excés.

¢) Pour approfondir 'effet des engrais sur les oestrogénes
et autres substances organiques en relation avec la santé et la
production des animaux.

En velation avec Uaccroissement de Uefficacité de la fertili-
sation.

a) Pour déterminer l'efficacité des applications d’engrais
et leur absorption par les plantes, notamment la localisation, le
fractionnement des apports, les dates d’application, et la pro-
duction d’engrais sous les formes les plus efficaces pour I'ab-
sorption.

b) Pour faire des recherches sur les moyens d’amélorer
les conditions agronomiques des cultures afin de permettre 2
celles-ci d’utiliser plus efficacement les engrais apportés.

¢} Pour adapter la pratique de la fertilisation aux rotations
de cultures, notamment au développement de rotations plus
intensives basées sur un haut niveau d’apport d’engrais,

d) Pour développer 1'étude de distributeurs d’engrais assu-
rant un épandage plus uniforme de ceux-ci.



1222 PONTIFICIAL ACADEMIAE SCIENTIARVM  SCRIPTA VARIA - 38

En velation avec la préservation des ressources naturelles du
monde.

a) Pour réaliser des recherches sur le recyclage des éléments
nutritifs présents dans les déchets agricoles et humains, de ma-
nitre i cc qu'ils cansent le minimum d’aléas pour la santé
ou pour la pollution des eaux de drainage des terres.

b) Pour développer de nouveaux procédés de fabrication
des engrais entrainant le minimum de demandes a I'égard des
ressources naturelles du monde.

En velation avec le travail de vulgarisation.

a) Pour développer les recherches sur les difficultés d’ac-
ceptation des découvertes scientifiques a I'égard des méthodes
efficaces d'application des engrais par 'agriculteur.

b) Pour conduire des recherches permettant de développer
des méthodes de coopération active entre les services de vulga-
risation et de recherche, de maniére & obtenir que les recher-
ches adéquates sur les rendements croissants des cultures a tra-
vers l'utilisation efficace des engrais solent réalisées avec des
lipnes de force entrainant le minimum de troubles dans les
coutumes sociales bien établies.

¢) Pour instaurer des recherches relatives & 'efficacité des
techniques- de vulgarisation, notamment des procédés d’ensei-
gnement aux agriculteurs de nouvelles idées, et pour établir le
degré de différenciation de ce processus auprés d’agriculteurs
de différentes régions du monde.

d) Pour développer des méthodes pour la synthése de syste-
me de production agricole efficaces.

¢) Pour condnire des recherches sur I'introduction de non-
velles méthodes de production agricole dans les systémes
d’agriculture traditionnels, par 1'utilisation de tout un ensem-
ble de techniques appropriées. Cet ensemble de technigues
comprend Pintroduction simultanée d'un bon nombre de pra-
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tiques éprouvées ou de nouvelles pratiques appropriées au ni-
veau de production demandé.

BESOINS EN ENGRAIS

L’emploi des engrais est un facteur-clé dans la course 4 la
production de guantités suffisantes d’aliments et de fibres pour
une population mondiale croissante. Une vue réaliste et éco-
nomique de la situation exige que Pefficacité de la fertilisation
soit considérée tant au départ qu'ensuite comme un but accom-
pagnant 'augmentation de la production totale. Le rappel de
ce point est important car Pextension des ferres cultivées ou
I'accroissement des surfaces de cultures intensives est tou-
jours une alternative ouverte dans beaucoup de pays en voie de
développement, aussi bien que dans certains pays trés dévelop-
pés. Par ailleurs, la place des engrais dans I’économie natio-
nale de beaucoup de pays est assurée, quoique I'investissement
dans ce domaine soit en compétition directe avec linvestisse-
ment dans d’autres besoin humains.

La limitation du personnel technique de base affecté aux
recherches, démonstrations et vulgarisations exige que les in-
vestigations iniliales sur la fertilisation soient réalisées par les
méthodes les plus simples, pour déterminer le ou les principaux
facteurs limitants. Tous les sols ne sont pas uniformément
déficients en tous les éléments essentiels, mais généralement
déficients en un ou deux de ceux-ci, et I'apport des plus limi-
tants apporfe ainsi une forte élévation des rendements pour
un faible coit par unité de production.

En méme temps, diverses études doivent étre entreprises
pour assurer une meilleure connaissance de linfluence des
autres facteurs (édaphiques, nutritionnels, envirenncment,
-aménagement) sur 1'efficacité des engrais; ainsi, les variations
annuelles de régime hydrique entrainent des différences de ré-
ponse aux engrais, notamment 4 ['azote, etc.
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Des ¢tudes plus complexes pourraient étre orientées vers la
résolution de probléemes particuliers d’aménagement des sols
selon les régions naturelles de chaque pays.

Beauconp de connaissances sont déja disponibles sur 1'agri-
culture tropicale. Ces connaissances doivent étre pleinement
exploitées, ce qui exige la communication entre les individus,
les disciplines ef les institutions. Les plans de recherches con-
certés doivent étrc encouragés, peut-étre demandés, de sorte
que les précicuses ressources scientifiques solent utilisées le
plus efficacement,

Tests appliquds au sol.

L'évaluation de I'état de fertilité des sols par des tests est
['un des procédés relativement simples qui sont utiles pour
guider les agriculteurs et les gouvernements dans la formula-
tion d'une politique judicieuse de fertilisation. Les analyses de
sol sont également utiles en prévenant des pollutions possibles
par des fertilisations mal appropriées.

Les tests relatifs au phosphore, au potassium, au magné-
sium, au pH, au besoin en chaux et aux propriétés physiques
ont été utilisés et doivent continuer a4 V'étre comme 'un des
facteurs & considérer cn établissant les recommandations de fer-
tilisation. Divers tests publiés sont utilisés pour faire ces dé-
terminations, et 'utilité de certains d’entre eux a été démon-
trée dans les régions tropicales et sub-tropicales. Pour l'azote
du sol, il n’y a pas de bons tests de routine qui soient géné-
ralement utilisables. Des recommandations valables peuvent
habituellement étre faites en les basant sur les quantités con-
nues d’azote nécessaires pour un rendement donné d’une cul-
ture donnée, en considérant 'efficacité de 'absorption de 1'en-
grais appliqué, les pertes d’azote qui interviennent habituelle-
ment, la succession de cultures et 'envirennement. Ces don-
nées sont fournies par les champs d'expérimentation et "ex-
périence.
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I’étalonnage des résultats d’analyses de sols est d’abord
réalisé par des expériences en pots relativement peu colteuses
(suivies par des essais au champ avec les cultures habituelles,
plus cofiteux en temps et en moyens). Cela doit éire réalisé sous
les conditions locales avec les sols locaux. Dans ces cultures,
les sols doivent inclure I'éventail possible des variantes et des
conditions physico-chimiques et biologiques. Les résultats doi-
vent comprendre i la fois les rendements en matiére séche et
les éléments absorbés par la récolte. Les radioisotopes (ex.
P-32), ou les isotopes stables (ex. N-15) peuvent étre employés
4 ce stade pour affiner ia démarche, et en certains cas, pour
lever I'ambiguité des observations.

Expérimentations au champ.

Outre la détermination de la réponse des cultures aux en-
grais, le but des essais au champ est aussi de tester la validité
des résultats obtenus en pots, d’étalonner les tests de sol, de
déterminer les taux d’éléments nutritifs optima pour le rende-
ment et la qualité, d’établir des recommandations régionales
pour la fertilisation ¢t d’assurer une certaine compréhension de
U'influence d’autres conditions de sol, de climat et d*aménage-
ment sur la réponse aux engrais. Le degré de complexité dépend
du degré d’incertitude & I'égard des besoins en engrais et de
leur prédiction. Si Yon a confiance dans ceux-ci, I’essal au
champ peut &tre alors d'un type tel qu’il soit wtilisable pour
des analyses agronomiques et économiques plus ou moins éla-
borées, et permette des recommandations de fertilisation pour
nne aire géographique. T analysc économique, pour une ap-
plication ultérieure généralisée, demande aussi des observa-
tions plus détaillées sur le climat, les propriétés du sol el les
facteurs d’aménagement.

Les expérimentations doivent étre localisées sur les prinei-
paux types de sols représentatifs, et comprendre diverses fer-
tilisations et systeémes de cultures. Qutre les observations rela-
tives aux cultures, au sol et au climat, le sol doit étre initia-
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lement caractérisé avec les détails voulus, Les modifications
dans les propriétés physiques (ex. structure), biologiques (ex.
modification de tencur en matidre organique) et chimiques doi-
vent étre suivies.

L’utilisation d’analyses de sol étalonnées par des essais au
champ comme bases de recommandations de fertilisation pour
les éléments majeurs peut promouvoir & grands pas ’accroisse-
ment de la production alimentaire et aider les gouvernements
4 formuler une politique de production alimentaire. C’est 1'ap-
proche scientifique la pius simple de la fertilisation. Des exem-
ples de réalisation de ce systéme sont disponibles pour 1’ obser-
vation en de nombreux endroits.

Analyses de séve ef de lissus.

L’utilisation de divers types d’analyses de séve et de tissus
peut étre nécessaire pour I'étude de déficiences en oligo-élé-
ments et pour leur correction. I’usage de ces procédés pour
I'azote, le phosphore ou le potassium est une complication qui
est utile en précisant la fertilisation & des niveaux supérieurs
d’aménagement, et pour I'amélioration de déficiences dans des
cultures de haute valeuwr économique. La production de légu-
mes et de flenrs étant une activité commerciale importante dans
presque tows les pays, un service d’analyses de tissus permet-
tant d’affiner les techniques relatives 4 ces cultures présente
une priorité marquée,

Une exception importante & "opinion ci-dessus concernant
I'analyse des tissus est relative aux cultures pérennes de types
arbustif, viticole ou arboricole. Les tests relatifs au sol ne sont
pas utilisés généralement comme indices de routine de 1’état
nutritif de ces plantes pérennes. Les analyses de tissus sont
empioyées, et nécessitent I'établissement d’un plan de fertili-
sation. Si ce probléeme est important partout, il 'est particu-
licrement dans heaucoup de pays en voie de développement
car ces cultures sont une source importante d’échanges avec
I'étranger. Un programme de recherche sur 'analyse de tissus



SEMAINE D'ETUDE SUR « L'EMPLOI DS FERTILISANTS ETC. » 1227

concernant les cultures les plus importantes doit avoir une hau-
te priorité, lorsqu’il est applicable, pour établir le plan d’orga-
nisation concernant les éléments minéraux essentiels.

Pour beaucoup de cultures, des criteres de qualité sont
établis pour la commercialisation (ex. betterave A sucre, canne
A sucre, blé, pommes de terre, efc.). Si des tests de routine de
qualité des tissus sont nécessaires dans fa commercialisation,
ces tests doivent figurer parmi les observations réalisées dans
les expérimentations de fertilisation. Si ce n’est pas le cas, il
est judicienx d’inclure diverses analyses chimiques et biochimi-
ques d’organes appropriés provenant des cultures fertilisées,
pour aider & montrer les effets de la technologie moderne de
production sur les facteurs de qualité fels que la teneur en
protéines (parfois ignorée) et les relations entre qualité et fer-
filisation.

ACCROISSEMENT DE L UTILISATION DES ENGRAIS
PAR LES AGRICULTEURS

L.a somme totale de recherches et de connaissances sur les
besoins en engrais n’aura pas d’effet sur leur utilisation sans
gue cette connaissance atteigne P'agriculteur, et qu'il soit con-
vaincu que cela lui est bénéfique & la fois économiguement et
socialement. Les participants de la Semaine d'Ifude souhaitent
mettre en lumidre que toute planification est vaine tant gue
'agriculteur n’est pas afteint, et que sa situation d’ensemble
n’encourage pas de sa part I'usage rationnel des engrais. Les
grandes lignes suivantes sont dégagées:

@) Iles institutions agricoles nationales doivent réunir
Pinformation relative i la compréhension des facteurs lids &
I'adoption et & l'acceplation de nouvelles pratiques agricoles.
Cette connaissance doit étre utilisée par les services de vulga-
risation en s’assurant que !'information nouvelle sur 1'amélio-
ration de la production agricole est donnée a 1'agricuitenr sous
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une forme qui lui soit acceptable. La formation continue pour
I'ensemble de la famille rurale et un service de vulgarisation
permanent doivent étre maintenus pour adapter les résulfats
de la recherche et améliorer continuellement les pratiques de
production. Cela doit élre démontré sur des fermes pilotes tra-
vaillant dans les conditions économiques réelles, dans la me-
sure du possible dans les conditions locales des fermes, et peut-
étre méme sur les champs habituels des agriculteurs. L’infor-
mation sur la fertilisation doit étre accompagnée de celle rela-
tive aux autres techniques nécessaires au progrés agricole, en
un ensemble de pratiques éprouvées.

b) Les services commercianx ct des prix garantis pour
les produits agricoles essentiels sont les conditions de base pour
promouvoir le progrés de 'agriculture. _

¢} Les investissements croissants nécessaires pour l'adap-
tation des techniques modernes exigent que I'agriculteur qui
est capable d’utiliser le crédit en dispose de manigre facile.

d) L’accroissement de la production nécessite des infra-
structures également croissantes telles que tramsport, commer-
cialisation, stockage, etc., qui doeivent exister pour que le pro-
grés agricole soit possible. :

¢} Le personnel technique doit aussi étre préparé, pour
alder les agriculteurs avec les matériels nécessaires 4 une pro-
duction croissante, cfficacement commercialisée,
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PREFACIO

El problema del hambre en el mundo estd estrechamente
vinculado con ¢l uso racional de log fertilizantes. Precisamente
en los paises mds atrasados donde hay una poblacidon mds
necesitada, es donde 6 no se usan fertilizantes 6 se usan de una
forma inadecuada.

Este problema se ha hecho hoy dfa tan acuciante que ha
llamado la atencién de todos aquellos que de alguna manera
pueden contribuir a su solucion,

La Academia Pontificia de Ciencias ha promovido dentro
de ésta linea una-Semana de Estudics bajo el titulo « Uso de
fertilizantes y su efecto en el aumento de las cosechas con
especial atencidn a la calidad y economia », en la que se ha
tratado de obtener unas conclusiones que contribuyan al mejor
uso de fertilizantes, tanto desde el aspecto de aplicacién técnica,
como desde el punte de vista econdmico, tratando de extender
los resultados de las discusiones y confrontacién de opiniones,
a todo el mundo y especialmente a las circustancias de Ios paises
menos desarrolfados.

Con éste fin la Semana de Fistudios se dividié en seis aspec-
tos diferentes que abarcaron toda la problemdtica relacionada
con el tema y al mismo tiempo facilitaron la discusidn.

Se procuré resnir dentro de cada materia, especialistas pro-
cedentes de diversas partes del mundo, con wvariedad de
puntos de vista y destacados internacionalinente, procurando
en lo posible que pertenecieran a paises de las distintas dreas
geogrificas que presentan una problemética diferente dentro
de la temdtica de la Semana.

Append. 1 - MHenmando - p. 1
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Los seis temas que sc han considerado, en el orden que se
han tratado han sido los siguientes:

Primero: « Aplicacién de las diferentes clases de técnicas
en el andlisis de suelos v plantas con el fin de determinar la
necesidad de fertilizantes ».

Dentro de este campo ¢l problema de la utilizacién mis
adecuada de los fertilizantes ha sido considerado por wvarios
especialistas con el empleo de las técnicas mds modernas, dis-
cutiéndose las ventajas e inconvenientes de cada wna y el en-
foque que debe darse al problema para su mejor aprovecha-
miento en un futuro inmediato.

Segundo: « Uso de fertilizantes en dreas del mundo con
diferentes condicicnes climdticas ».

T.os aspectos iratados fueron los relativos a los trépicos vy
subtrdpicos himedos en su conjunto, aspectos particulares de
la. América Latina, de Africa, de las regiones semidridas y
subhtimedas, asi como el conjunto de los problemas de la
fertilizacién de las zonas templadas, Finalmente se presentd la
labor que Ia FAO en forma general viene realizando para me-
jorar el empleo de fertilizantes e incrementar la produccién de
alimentos.

La discusion de los diferentes matices y aspectos que sur-
gieron como consecuencia de todo lo presentado condujo a
consideraciones de gran interds,

Tercero: « Los aspectos relacionados con la ecologia vy las
condiciones de crecimiento de las plantas ». Hoy dia tiene
mucha importancia y cada vez la tendrd mds, la consideracion
de las condiciones ecolégicas como factores que controlan la
rentabilidad de los fertilizantes y los limites de su aplicacidén.

En la presenlacién y discusién de las distintas ponencias,
tratadas dentro del tema, se han resaltado los factores ecolé-
gicos limitantes y su accién sobre la potencialidad de los ferti-
lizantes.

La experiencia adquirida hasta el momento puede y debe
ser de gran utilidad, al extender en lo posible al resto del

Append. 1 - Hermando - p. 2
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mundo los conocimientos ogrados en zonas muy limitadas de
paises desarrollados.

Cuarto: « Los efectos de los fertilizantes sobre la calidad de
las cosechas ». Un aspecto de gran importancia, porque abarca
una tematica que hasta fechas recientes no ha adquiride la
consideracién gue merece y que sin duda en un futuro inmediato
tendrd ain mds importancia.

Dentro de este campo se resalté como factor importante la
necesidad de emplear un nimero de elementos fertilizantes
mayor que el ya cligico (NPK) pues cada dia se estd poniendo
mé4s de manifiesto las consecuencias del uso casi exclusivo del
NI'’K sobre ¢l equilibrio nutritivo y la calidad de las cosechas.

A medida que los rendimientos van aumentando por las
nuevas variedades de hibridos, los métodos mas adecuados de
laboreo del suelo, de siembra y aplicacién de fertilizantes, la
necesidad de aplicacién de una gama mds amplia de clementos
fertilizantes, se va haciendo cada vez mds acuciante, coadyu-
vando a esto ¢l que la aplicacién de estiéreoles y residuos ani-
males ha disminnido extraordinariamente.

Con el fin de resolver estos problemas se han desarrollado
y presentado nuevas técnicas y procedimientos para realizar
fertilizaciones equilibradas.

Se discutio las posibitidades de generalizacion, asi como las
directrices a seguir en un futuro préximo,

Se sefialé la importancia de que los paises premien la ca-
lidad de las coscchas con precios remunerativos con el fin de
que el agricultor aumente sus estuerzos para obtener mejores
calidades que indudablemente redundardn en unas condiciones
de salud mds beneficiosas para los individuos.

Quinte: « Nuevos fertilizantes y aspectos especiales y fuo-
turos en el uso de los mismos ». Dentro del mismo, se consi-
deraron las perspectivas del wso de nuevos fertilizantes y su
posible importancia econdmica en ¢l futuro, asi como los resul-
tados y alcances posibles de la lamada « revolucién verde ».
Los recursos previsibles futuros son tales que pueden compen-
sar las dificultades de alimentacién previsibles,

Append. 1 - Hermando - p. 3
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Los aspectos econdmicos han sido los mds destacados y
sugerentes de la discusién.

Se puse claramente de manifiesto que es fundamentalmente
un problema econdmico {compra y transporte de fertilizantes),
lo que realmente limita las posibilidades de incremento de
rendimientos en las cosechas de los paises subdesarrollados.

Por el contrario, no existe ninguna limitacién inmediata en
la posibilidad de fabricacién de fertilizantes, pero ésta se centra
principalmente en los paises desarrollados que son exportadores
y de aqui ¢l problema ccondémico que hemos citado anterior-
mente como limitante,

Sexto: « Uso de técnicas con computadoras y nuevos mé-
todos en la determinacién de las necesidades de fertilizacion ».

Incluyd cn empleo de los isdtopos radiactivos en los fertili-
zantes, con los resultados obtenidos para conocer la eficacia de
los mismos en invernaderos y en campos experimentales,

Se destacaron las posibilidades futuras en el empleo de
estos procedimientos especiales, tanto desde el punto de vista de
la fertilizacién inorganica como orgdnica.

Las posibilidades que el empieo de las modernas compu-
tadoras ofrecen para el estudio de la influencia del gran nimero
de factores que intervienen en la produccidén vegetal, fué una
parte muy importante de lo tratado bajo el altimo epigrafe.

Sin el empleo de dichas computadoras, resultaba de todo
punto imposible que tantos factores como pueden afectar a las
cosechas se pudieran tener en cuenta en la experimentacién y
menos auin en los cultivos normales, siendo practicamente im-
posible conseguir una buena correlacidn enfre la fertilizacién
y los rendimientos. Ahora este problema puede quedar acepta-
blemente subsanado por lo que resultard factible llevar a cabo
una prediccion de rendimientos en funcién de la fertilizacién
con garantia de una buena exactitud.

Una intensa discusién final del conjunto de los temas trata-
dos condujo a la preparacién de las Conclusiones. En éstas se
resaltaron los puntos mds importantes en los que se legd a
un acuerdo enire los asistentes.

Append. 1 - Hermando - p. 4
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Destacan los referentes a las necesidades futuras de in-
vestigacion en relacidn con los distintos aspectos del ambiente,
plantas, suclos, salud del hombre y de los animales, con el fin
de incrementar en cada caso la eficacia del empleo de fertili-
zantes y reducir al maximo la pérdida de recursos naturales en
el mundo.

Respecto al control de las necesidades de fertilizanfes se
resaltd la importancia de alcanzar una buena correlacién entre
los analisis de suelos y plantas y los resultados de la experi-
mentacion en campo y sobre todo en invernadero,

Se sefiald lo fundamental que es para la eficacia de todo
lo anterior, la conveniencia de la divulgacién de los conoci-
mientos de forma que alcancen a los agricultores, convenciéndo-
les de sus ventajas econdmicas y sociales.

Es de seflalar el optimismo con que los cientificos ven el
futuro de la produccién de cosechas en el mundo; resaltando
que el problema del hambre solamente puede ser paliado por
una mejor distribucién de los medios de produccién, cn espe-
cial de los fertilizantes, 6 lo que en el fondo es lo mismo,
ayudas econdmicas a los paises subdesarrollados concedidas
por entidades internacionales 6 por los paises més desarrollados
y econdmicamente mas fuertes, que les permita disponer de los
medios necesarios para fertilizar adecuadamente sus cosechas.

Esperamos que el buen criterio se imponga y se llegue en
un futuro préximo a esta recta distribucién que se propone.

Con todo ello creemos se ha contribuido de acuerdo con el
pensamiento del Santo Padre a presentar directrices, v en suma
las posibles soluciones que pueden ofrecerse para resolver este
acuctante problema que aqueja de una forma tan aguda a Ja
Humanidad.

VaLENTIN  HERNANDG — FERNANDEZ
Vicedirector del Instituto de Edafologia
v Biologia Vegetal de Madrid, Partici-
pante. en la Semana de listudios vy
Secretaric Técnice de la misma.
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WIRTSCHAFTLICHKEIT UND OPTIMALER EIN-

SATZ DER MINERALDUENGER IN LANDWIRT-

SCHAFTLICHEN BETRIEBEN UNTERSCHIED-
LICHER NUTZUNGSINTENSITAET

ERWIN WELTE (*)

Der Kampf zum Erwerb und zur Sicherung des tiglichen
Nahrungsbedarfs hat die historische Entwicklung der mensch-
lichen Siedlungen in ihrer geographischen Verteilung und
Strukturierung sowie auch in ihrem Wachstum massgeblich
bestimmt. Trotz ungeheurer Anstrengungen und technischer
Fortschritte sind immer wieder Hungersnote iiber die Mensch-
heit hereingebrochen und haben Miilionen menschlicher IExi-
stenzen vernichtet. Auch in unserem modernen technischen
Zeitalter, das uns aufgrund der wissenschaftlichen Erkenntnis-
se auf dem Gebilet der Pflanzenernihrung ungeahnte Méglich-
keiten zur Steigerung der Nahrungsmittelproduktion erschlos-
sen hat, ist es bisher nicht gelungen, eine ausreichende Iir-
nihrung der Weltbevélizerung sicherzustellen.

Noch heute ist der Hunger weit verbreitet und Ursache so
vielen Elends insbesondere in der Dritten Welt, in der das

(*) Direltor des Institutes fiir Agrikulturchemie der Universitit Gotrin-
gen, (34) Gottingen, Nikolausberger Weg 7, BRD. Privat-Anschrift: (3400)
Bovenden, August-Lange-Strasse 13.
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Bevélkerungswachstum als Folge des rasanten medizinischen
Fortschritts in bedriickendem Awsmass zunimmt, demgegenti-
ber die notwendige Melrerzeugung von Nahrungsmitteln
jecdoch nicht Schritt hilt.

Die grossen christlichen Organisationen « Miserior » und
« Brot fur die Welt » treffen alle erdenklichen Anstrengungen,
im Verein mit anderen Hilfsorganisationen auf nationaler und
internationaler Basis die anmittelbare Not in vielen Entwick-
lungslandern zu lindern. Einer ungeniigenden Nahrungsmittel-
produktion in den Entwicklungslindern steht in den hochent-
wickelten Lindern eine Uberproduktion als ein typisches Kenn-
zeichen ihrer fechnischen Eutwickiung gegeniiber.

Die wesentlichen Ursachen fiir diese Diskrepanz sind in
erster Linie darin zu erblicken, dass der technische Fortschritt
in der Erzeugung von Nahrungsmittein nicht in dem Masse in
den Entwicklungslindern voranschreitet, wie dies von der
steigenden Nachfrage her erforderlich wire. Der Vorschlag,
diese chronische Unterprodukfion durch die permanenten
Agrariiberschiisse der Industrielinder auszugleichen, ist ftheo-
retisch plausibel, aber als Dauerlosung nicht praktikabel.
Transport, Lagerung und Verfeilung dieser Uberschiisse steilen
nicht nur Kosten- sondern auch Sozialprobleme dar, die kaum
zur IEntspannung beitragen.

Ziel aller Anstrengungen sollte vielmehr sein, in den Ent-
wicklungsldndern die Produktion von Nahrungsmitteln vorran-
gig zu betreiben und zu verbessern, damit die vom Hunger
heimgesuchten Linder und Volker selbst in die Lage versetzt
werden, den bendtigten Nahrungsbedarf im eigenen Lande
weitgehend zu decken.

Dies aber setzt voraus, dass die Ursachen der geringen
Agrarproduktion beseitigt und dicjenigen Massnahmen getrof-
fen werden, die sich am schnellsten und wirksamsten durch-
setzen lassen. Gerade gegen diese 6konomischen Prinzipien
wird vielfach verstossen, weil ideologische Vorstellungen einer
baldigen Realisierung dicses Ziels enfgegenstehen und auch

Append, 2z - Welle - p. 2



SEMAINE D'ETUDE SUR « L'EMPLOI DES TERITLISANTS ETC. » 1239

die politischen Interessen vieler Staaten sich nicht an dem
wirtschaftlich Moglichen und Errcichbaren orientieren.

Viele Entwicklungsprojekte sind in den lefzten Dbeiden
Jahrzehnten mit grossem Eifer und Elan von den Industrie-
lindern fir die Dritte Welt in Angriff genommen worden, und
viele von ihnen sind auf halbem Wege stecken geblieben, weil
entweder dic Voraussetzungen nicht erfilit waren oder Vorstel-
lungen zugrunde gelegt wurden, bei denen das zu ldsende
Problem der Steigerung der Agrarproduktion an Massstiben
der Industrielinder orientiert und gemessen wurde.

Ansgangspunkt einer lritischen Betrachfung des Welter-
nihrungsproblems muss in erster Linie cine Analyse der agrar-
biologischen Situation secin, die daréiber Auskunft gibt, in
welchem Umfang und Ausmass der zu Verfligung stehende
Boden bei Anwendung moderner Erkenntnisse wnd Bewirt-
schaftungsmethoden zu einer héheren Ertragsleistung gebracht
werden kann, Agrarsoziologische und agrarékonomische Ge-
sichtspunkte sind wichtig, aber doch in dieser Phase der Iint-
wicklung nicht ausschlaggebend.

Es existieren geniigend Beispiele — vor allem im Zusam-
menhang mit dem Fertilizer Program der FAO —, die erfolg-
reiche Wege aufzeigen, auf denen ohne Anderung der Besitz-
verhiltnisse und der vorgegebenen Agrarstrukturen allein durch
organisatorisch fundierte Entwicklungspline und durch einen
dem Ausbildungsstand der Landwirte angepassten Beratungs-
dienst entscheidende Fortschritte in der pflanzlichen Erzeugnng
erzielt werden konnten. Der Erfolg war dadurch gesichert,
dass die sachliche Beurteilung der Probleme Vorrang vor ideo-
logischen Vorstellungen erhielt.

Die wesentlichen Ursachen der unzureichenden Nahrungs-
mittelerzeugung sind die nihrstoffarmen Béden, die in den
dicht besiedelten Gebieten der Tropen und Subtropen weit
verbreitet sind. Seit Jahrhunderten sind sie iibermissig stark
in Anspruch genommen und ihres natiirlichen Nahrstoffvorra-
tes weitgehend beraubt worden. Nur dort, wo durch Uber-
schwemmungen in den Deltagebieten der grossen Strome oder
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durch Aschenregen vulkanischen Ursprungs (2.B. auf Java)
periodisch eine Erneuerung des Bodens eintrat, waren auch
relativ hohe Ertrige zu erwarten. Blieb diese natiirliche Diin-
gung oder der bendtigte Regen aus, waren Missernten unaus-
bleiblich und fir die betroffene Menschheit von katastrophalen
Folgen.

Der Schwerpunkt agrarwirtschaftlicher Massnahmen muss
sich daher vorrangig auf die Versorgung der Béden mit
Pflanzennihrstoffen konzentrieren. Der Nihrstoffversorgungs-
zustand der in den Entwickiungslindern fiir die pflanzliche
Produktion verfiigharen Béden ist denkbar schlecht und ein
ausreichendes Nihrstoffspeichervermdgen wegen zu geringer
Humusversorgung meistens nicht vorhanden. Die Nachliefe-

rung von Nihrstoffen — insbesondere von Stickstoff und
Phosphat — im Wege der Verwitterung und Mineralisierung

reicht aber nicht aus, wm ein dem Nahrungsbedarf angepasstes
Ertragsniveau zu erreichen.

Alle Anstrengungen, den Boden mit Hilfe motorisierter
Zugkrifte und verbesserter technischer Gerite intensiver zu
bearbeiten, fithren kaum zu einer Verbesserung, in den meisten
Ifallen sogar zu ciner Verschlechterung der Ertragsverhiltnisse.

Eine intensivere Bodenbearbeitung bewirkt eine verstirkte
Durchliftung und Oxidation der organischen Substanzen und
damit voriibergehend einen verbesserten Mineralstoff-Fluss,
Dieser geht jedoch auf Kosten des Humusgehaltes, der rasch
absinkt und dann zu keiner nennenswerten Nihrstoffnachlie-
ferung mehr in der Lage ist. Auf einige bessere Ertragsjahre
folgen auf die Dauer schlechtere, die unter dem anfinglichen
Niveau Hegen,

Mit dem Humusabbau gehen verschiedene chemische Pro-
zesse einher, die u.a. zur Festlegung von Nihrstoffen durch
Bildung schwerléslicher anorganischer Verbindungen fithren.
Hierzu gehéren die Phosphate der Sesquioxidhydrate, die sich
insbesondere auf den tropischen und subtropischen Standorten
bilden, weil diese in der Regel @iber hohe Gehalte an P,04-fixie-
renden Kationen (Fe, Mn, Al) verfiizen.
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Ausserdem  erfihrt die Schutzkolleidwirkung sowic die
Komplexbildung von Nahrionen durch organische Koemponen-
ten mit dem Abbau der Humusstoffe eine fortgesetzte Vermin-
derung.

Neben der Verschlechterung des Néhrstoffspeichervolumens
tritt somit auch cine Verminderung der Nihrstoffmobilitit ein,
woraus cine erschwerte Aufnahme von Nihrionen durch die
Pflanze resultiert. Dic intensivere Bodenbearbeitung, die in
den Entwicklungslindern durch den Ersatz der tierischen
Zugkrifte durch Maschinen vorgenommmen wurde, hat zu fol-
genschweren Strukturschiden vieler Béden gefiihrt und eine
Verschlechterung threr Niahrstoffdynamik mit sich gebracht.

Ahnliche nachteilige Verfinderungen haben viele Boden
erfahren, dic bewissert werden miissen. Auch hier war die
Unkenntnis der Folgen des Einsatzes technischer Hilfsmittel
und Einrichtungen die Ursache der Tfehlentwickimng. Da in
diesem Beitrag im wesentlichen auf Erndhrungsfragen der
Pfianze eingegangen werden soll, kénnen die Folgen falscher
Bewisserungsmassnahmen hier nich! behandelt werden.

Das Problem der Steigerung der Pflanzenproduktion muss
vorrangig von dem Nihrstoffversorgungszustand des Bodens
aus angefasst werden. Nur so ldsst sich unter vorgegebenen
Kiimaverhilinissen eine zutreffende Aussage dariiber machen,
wie und in welchem Ausmass das vorhandene LErtragsniveau
verbessert und bis zu welcher Intensitit der Boden genutzt
werden kann. Auf dieser Grundlage lassen sich in Verbindung
mit dem Ertragsgesetz nach Mitscherlich realisierbare Vorstel-
lungen tiber die Wirtschaitlichkeit und den optimalen Einsatz
von Handelsdiingern gewinnen.

Welche Bedeutung der Zufuhr von Pflanzennédhrstoffen fiir
die Steigerung der pflanzlichen Produktion durch Einsatz von
Handelsdiingern im Vergleich zu anderen produktionssteigern-
den Massnahmen zukommt, geht aus ciner umiangreichen sta-
tistichen Untersuchung in den USA im Zeitraum 1940 bis 1955
eindrucksvoll hervor. {Abb. 1)
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App. 1 — Ursachen der Steigerung der Flichenprodulttion in den USA im
Zeitraum 1940-1955.

Die Handelsdiinger, die uberwiegend als Mineraldiinger
eingesetzt werden, gestatten es dem Landwirt, nicht nur unzu-
reichende Mengen der im Boden vorhandenen Pflanzenniihr-
stoffe aufzubessern sondern auch disharmonische Verhiltnisse
der Néhrstoffe untereinander auszugleichen und sich dabei den
Nihrstoffanspriichen der jeweils anzubauenden Kulturpflanze
anzupassen.

In landwirtschaftiichen Betricben ohne Anwendung wvon
Handelsdtingern ist dies nicht méglich. Hier bestimmen die i
Boden verfigbaren und aus der Mineral- und Humusreserve
nachlieferbaren Néhrstoffe Art und Umfang des Anbaus sowie
das zu erzielende Ertragsniveau, Dies wird um so hdher liegen,
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ie ginstiger die mobilisierbaren Néhrstoffreserven des Bodens
und je geringer die Nihrstoffentziige sind. Das solchen Bedin-
gungen cntsprechende landwirtschaftliche Nutzungssystem
wird unter der Voraussetzung einer gleichbleibenden Nihrstoff-
dynamik im Boden durch nachfolgende Gleichung bestimmt:

(NE - Nw) - (NN - Nv}
wobel bedeuten

Nz = Brotto-Nihrstoffentzug durch die Ernte,

Nw = Néhrstoff-Rickfuhr durch wirtschaftseigene Diingemit-
tel wie Stallmist, Jauche, Giille, Stroh u.a.m.,
Ny = Nihrstoff-Nachlieferung des Bodens durch Verwitte-

rung und Mineralisierung,
Ny = Nihrstoffverluste im Boden durch Auswaschung, Ver-
fliichtigung und Fixierung.

Dem Nettoentzug (N - Ny), der durch Verkauf von land-
wirtschaftlichen  Produkten wund durch innerbetricbliche
Nihrstoffverluste im Stall und auf dem Hof verursacht wird,
steht zum Ausgleich das Nettoangebot (Nx~— Ny gegentiber.

Da Ny keine beliebig zu verindernde Grosse ist, vielmehr
iiber eine durch die Verwitterungsintensitit und Mineralisierang
begrenzte maximate Hohe hinaus nicht gesteigert werden kann,
wird das Ertragsniveau entscheidend durch diese Grésse limi-
tiert.

Soweit es die Pflanzenndhrstoffe in organischer Bindung
betrifft, steht die Grosse Ny in direktem Zusammenhang mit
Nu. Durch die Riickfithrung von Nahrstoffen iiber den Einsatz
von wirtschaftseigenen Diingemitteln wird das Nachlieferungs-
vermdgen von Ny begimnstigt. Ausserdem kdnnen die durch
Auswaschung entstechenden Nihrstoffverluste wegen der ver-
besserten Speicherleistung des Bodens reduziert werden.

Eine Zunahme der Grosse Ny hat eine Reduzierung des
Nettoentzuges zmr Folge und zwingt dazu, méglichst nur sel-

Append. 2 - Welts - p. 7



1244 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIFTA VARIA - 38

che Produkte diesem Nntzungssystem zu entzichen, die die
geringste Nihrstoffzufuhr bedingen. Andererseits ist die Nach-
frage nach pflanzlichen Erzeugnissen auf dieser Stufe der
landwirtschaftlichen Entwicklung in den dicht besiedelten Ge-
bieten so gross, dass moglichst die gesamte Ernte fir den
menschlichen Bedarf verwertet wird d.h. nicht nur fir die
rndhrung, sondern auch fiir die tierische Produktion, fir
Wohnung, Kleidung und Heizung.

Bei der Nutzung eines Teils der Ernte durch das Tier wer-
den die anfallenden Exkremente dem Boden selten zuriickge-
geben, vielmehr als Brennmaterial genutat.

Die Grosse Ny hat also ecine wichtige Schliisselposition in
dem Nihrstoffgleichgewicht dieses Nutzungsystems inne. Vo
Bedarf her ist bei der Knappheit der pflanzlichen Trzeugnisse
in den dicht besiedelten Entwicklungslindern die Tendenz
vorherrschend, die Grisse Nw zugunsten eines moglichst hohen
Nettoertrages klein zu halten, Auf der anderen Seite erfordert
aber die Erhaltung der Bodenleistung und damit des Ertragsni-
veaus einen ausreichenden Iinsatz wirtschaftseigener Diin-
gemittel zur Sicherung der nachfolgenden Ernte. Die sich aus
den gegensitzlichen Interessen ergebende Lage des Gleichge-
wichtes ist in der Regel durch cin Ertragsnivean gekennzeich-
net, das zwischen 6 und 1o dz Getreideeinheiten / ha liegt.

Die Produktionsverhéltnisse sind um so glinstiger, je gris-
ser das Nahrstoff-Nachlieferungsvermogen des Bodens ist. Dies
hiangt ab vom mineralogischen Aufbau, vom Humusgehalt des
Bodens, dem Alter der Nutzung und von der Art der Wirt-
schaltsweise. In jedem Fall ist die obere Grenze durch die
maximal mégliche Inanspruchnahme des natiirlichen Nihrstoff-
Flusses gegeben, solange ausreichende Wasserverhiltnisse vor-
handen sind, Wo dicse Grenze iiberschritten wird, legen bhe-
sonders giinstige und nicht zu verallgemeinernde Produktions-
verhiltnisse vor.

Eine Steigerung der Ertrdge tiber diese natiirliche Begren-
zung hinaus kann erst durch Einfithrung einer zusitzlichen
Grasse in die Nihrsteffbilanz-Gleichung erreicht werden, nim-

Append. z - Welle - p. 8



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERYTILISANTS ETC. » 1245

lich durch Zufuhr betriebsfremder Néhrstoffe (N,). Die Grund-
gleichung der pflanzlichen Produktion wird damit um eine
Grésse von fundamentaler Bedeutung erweitert:

(NE - Nw) == NN 4 NZ N\’-

Durch die Zufuhr betriebsfremder Pflanzennihrstoffe {Han-
delsdiinger u.a, wird das bisherige Nutzungssystem, das an-
nihernd einen geschlossenen Kreislauf darstellt, gedffnet und
zwar um so stirker, je grosser Ny gewihlt wird.

Hierdurch wird gleichzeitig der Ubergang wvon der Sub-
sistenz-Phase, in der der Mensch die selbsterzeugten Nahrungs-
mittel auch weitgehend selbst verbraucht, zu einer Produk-
tions-Phase vollzogen, diec durch die Lieferung von Agrarpro-
dukten an nicht in der Landwirtschaft titige Bevolkerungsteile,
also an den Markt schlechthin gekennzeichnet ist und die sich
daher auch absatzmissig am Markt zu orientieren beginnt.

Mit der Einfithrung der Grosse N, wird die Vorstellung
eines « input-output » - Modells realisiert und hierdurch eine
weitgehende  Unabhiingigkeit der Nélustoffversorgung  der
Pflanzen von den bodeneigenen Nihrstoffen sichergestellt. Die
Wesenszige diescs Modells seien durch nachfolgendes Dia-
gramm schematisch wiedergegeben. (Abb. 2)

Mit zunehmendem Aufwand von Handelsdiingemitteln
sinkt die Bedeutung der bodenecigenen Nahrstoffe, d.h. jener
Nahrstoffe, die von Natur aus in Form der Mineralien und der
organischen Substanz vor Inkulturnahme des Bodens vorhan-
den gewesen sind. In ciner durch hohe Flichenproduktivitiit
ausgezeichneten Landwirtschaft giit daher

N, » N

Damit hat sich die Rolle des Bodens von der urspriingli-
chen Funktion eines Néhrstofflieferanten zu der eines Trans-
formators gewandelt mit der Aufgabe, die zugefithrten Nahr-
stoffe (Ngz) mit méglichst grossem Nutzeffekt fiir die Ertragsbii-
dung zu verwerten.
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Das Modell des fast geschlossenen Kreislaufs in der Sub-
sistenz-Phase der Landwirtschaft benétigt zum Ausgleich der
unvermeidlichen Verluste und des Nahrstoffentzuges einer
Brache- und Regenerierungsphase. Dies ist im in- und output-
Modell nicht mehr erforderlich, da der Ersatz, der Nahrstoffe
iiber eine entsprechende Zufuhr kompensiert wird. Dariiberhin-
aus entfillt eine Orientierung der anzubauenden Kulturpflan-
zen an dem verfigbaren Nahrstoffvorrat des Bodens; vielmehr
tritt die Befriedigung der verschiedenen Nahrstoffanspriiche der
Pflanzen in den Mittelpunkt der Dingungsmassnahmen.

Durch die Anwendung von Handelsdiingern ist es auch
zum ersten Mal moglich geworden, das genetisch vorhandene
Ertragspotential der Kulturpflanzen durch eine gezielte Nahr-
stoffversorgung unter den jeweils. vorgegebenen klimatischen
Bedingungen auszuschopfen.

Somit stellt die Einfiithrung der Grosse N die wichtigste
Voraussetzung fiir die Entwicklung zur modernen Industrie-
- gesellschaft dar und zwar aus folgenden Griinden:

1. Durch den Einsatz der Handelsdiinger {(d.h. durch
Ng) wird die ertragsbegrenzende Funktion des bodencigenen
pflanzenverfiigbaren Nihrstoffkapitals aufgehoben. Fiir die
Begrenzung der Ertrige verbleiben lediglich dic vom Menschen
nicht zu verindernden Wachstumsfaktoren wie Strahlung,
Temperatur und allgemeiner Witterungsverlauf sowie das durch
die Genetik festgelegle Ertragspotential der jeweiligen Kul-
turptlanzen.

Durch die Méglichkeit, tiber die Grésse N, entsprechend
dem Ertragsgesetz von Mitscherlich die Ertrige unabhingig
von der Grosse Ny su verbessern, wird bei gleichem Arbeitsauf-
wand die Flichenproduktivitit und damit die Wirtschaftlich-
keit der Agrarerzeugung wesentlich gesteigert. Es kinnen die
in der Landwirtschaft titigen Menschen besser ernahrt, darii-
berhinaus betriebliche Agrariberschiisse erwirtschaftet wer-
den, dic der Ernihrung der nicht in der Landwirtschaft titigen
Bevilkerung zugute kommmen,
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3. Es werden die Voraussetzungen geschaffen, die tech-
nischen Hilfsmittel fiir die Agrarerzeugung verstirkt einzu-
setzen und Arbeitskrifte aus der Landwirtschaft abzuzichen,
um sie anderen Produktionsprozessen zuzufihren, Der den
Wohlstand der modernen Industriegesellschaft begriindende
Produktionsprozess wird dadurch cingeleitet.

Die Hersteliung von Handelsdiingemifteln ist somit von
ungeheurer wirtschaftlicher Tragweite und die Hohe ihres Ver-
brauchs ein sicheres Kennzeichen fiir die erreichte Produk-
tionsstufe im Entwicklungsprozess der Landwirtschaft.

(Abb., 3)

Die Strenungsbreite der Werte wird in erster Linie durch
unterschiedliche klimatische Verhiltnisse, landwirtschaftliche
Nutzungssysteme, Fruchtfolgen und Bodencigenschaften verur-
sacht. Durch diese Parameter wird auch die Wirtschaftlichkeit
des Handelsdiingereinsatzes mchr oder weniger bestimmt, Die
Héhe des Aufwandes hingt vor allem davon ab, ob die Kosten
fiir Ny, durch die Erlése des zu erwartenden Mehrertrags ge-
deckt werden. Um dies feststellen zu kénnen, muss man die
Kostenkurve mit der Erloskurve vergleichen, wie das in der
Agrardkonomie aligemein gebriduchlich ist. Der optimale Diin-
geraufwand liegt dort, wo die Erlos-Kosten-Differenz ein Ma-
ximum hat. Eine Steigerung der Dingungsintensitit bis zum
Schnittpunkt beider Kurven (Erlose = Kosten) ist nur bei
planwirtschaftlichen Massnahmen von Bedeutung, bei denen
dic Steigerung der pflanzlichen Produktion Vorrang vor einer
optimalen Wirtschaftsfithrung der einzelnen Betriebe hat.

Mit beginnender Anwendung der Handelsdiingemittel stel-
len sich in den Entwicklungslindern oft erhebliche wirtschaft-
liche Schwierigkeiten ecin. Die Kosten fir den Kauf der ge-
wohnlich importierten Dingemittel und fir inren Transport bis
zum Einsatzort sind in der Regel recht hoch — demgegeniiber’
die Mehrerlose fiir die teilweise betrichtlichen Ertragssteigerun-
gen sehr niedrig, so dass sie hiaufig die Dingungskosten gerade
decken.
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Typische Beispiele zur Kennzeichnung der Schwierigkeiten
wihrend der Initialphase des Handelsdingereinsatzes kdénnen
dem umfangreichen und langjdhrigen Tertilizer Program der
IFAO entnommen werden. (Tab. 1)

Tan., 1 - Ausschniti aus den Feldversuchen des 1. Fiin-
fiahresabschntts wm Fertilizer Program dey FAO (1961/62 -
1065/66).

Region and Plant Fertilizer kg/ha Increase  Value/
N - 20 - K,0 o of Cost

control ratio

Ecuador, peanuts 45 - 0 - o0 33 4.x
Highland 45 -45 - O 11 0.9
45 - 45 - 45 9 0.5

Coast 45 - 0 - 0 25 6.4
45 -45 - 0 38 5.8

45 - 45 - 45 30 3.8

Ecuador, corn 45 - 0o - 0 30 2.4
Highland 45 -~90 - 0 63 2.3
45 - 90 - 45 78 2.6

Coast 45 - © - 0 — e
45 -9 - 0 7 0.3

45 - 90 - 45 14 0.5

West-Nigeria, Yams 22.4 - o - o0 4 2.0
Forest 22.4 - 22.4 - 0 6 1.5
22.4 - 22.4 - 22.4 6 T.4

Savannah 22.4~ 0 - O 18 9.9
22.4 - 2.4 -~ 0 28 7.4

22.4 - 22.4 - 22.4 30 6.7
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Die Ergebnisse der Feldversuche zeigen bemerkenswerte
Schwankungen im Erids/Aufwand-Verhiltnis. Die wesentli-
chen Ursachen liegen im Nihrstoifversorgungszustand der Bo-
den, den unterschiediichen Nahrstoffanspriichen der Kultur-
pflanzen, den klimatischen Verhiltnissen und den unterschied-
lichen Kosten fiir die Beschalfung und Anlieferung der Diin-
gemittel. _

Trotz teilweise erheblicher Ertragssteigerungen, die mit re-
lativ geringen Mengen mineralischer Nahrstoffdiinger erzielt
werden kdnnen, ist aus den vorgenannten Griinden die Wirt-
schaftlichkeit der Dingung auf dieser Stufe der agrarischen
Entwicklung oft infrage gestellt.

In den Entwicklungslandern ist es daher erforderlich, dass
die Dingemittel- und Transportpreise in wirtschaftlich tragba-
rer Hohe von der Regicrung festgesetzt werden und die Ab-
nahme der erzielten Mehrertrige zu einem gerechten Preis ga-
rantiert wird.

In Landern mit einer im Aufbau befindlichen Industrie und
einem entsprechend niedrigen Lohnniveau kénnen solche agrar-
politische Stittzmassnahmen im Zuge der Entwicklung einer
freien Marktwirtschaft mehr oder weniger abgebaul werden,
da seitens der ausscrhalb der Landwirtschaft arbeitenden Be-
vilkerung eine verstirkte Nachfrage nach Nahrungsmitteln
hesteht, die von der eigenen Landwirtschaft meist nicht ge-
deckt werden kann, Tm Vergleich zu den Erzeugerpreisen sind
dic Kosten fiir Handelsdiinger niedrig, so dass in der Steige-
rung der Grosse N, ein Anreiz liegt, die Einkommensverhilt-
nisse zu verbessern {Intensivierungsphase (¥} I, Steigerung der
Flachenproduktivitit).

{*) Intersivierung = Steigerung des ertragssteigernden Aufwandes.
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In den hochindustrialisierten Lindern, in denen die iand-
wirtschaftlichen Betriebe aus Mangel an Arbeitskriften erheb-
liche Investierungen fiir die Technisierung der Produktions-
verfahren durchfiihren miissen, stehen einem hohen Lohnni-
veau und den hierdurch bedingten hohen Kosten fiir Maschi-
nen, Bauten und Energiebedarf Uberschiisse in der Agrarpro-
duktion gegeniiber.

Um einen viliigen Preisverfall und eine damit verbundene
Existenzgefihrdung der kleinen und mittleren Betribe zu ver-
meiden, sind Festpreise fiir Agrarprodukte, Ausgleichszahlun-
gen fir die zunehmende Disparitit zwischen den Lohnen der
Industriearbeiter und den Einkommen der Landwirte sowie
Regulierungsmassnahmen zur Drosselung der Uberschusspro-
duktion erforderlich. Das aus diesen Massnahmen resultieren-
de Preis-Kosten-Gefilge wirkt sich in der Landwirtschaft so
aus, dass in fortschreitendem Masse viele Kleinlandwirte ihre
Betriebe aufgeben und zur Erzielung héherer Einkommen
(Léhne) in die Induostrie abwandern, wihrend die mittleren
Betriebe eine Vergrosserung der Nutzfliche durch Zukauf oder
Zupacht anstreben. Im Zuge dieser Umstrukturierung der Be-
sitzgréssenverhiltnisse werden die leistungsschwicheren Béden
aus der Produktion ausgeschieden, so dass der Umfang der
« Grenzertragshiden » und der « Scozialbrache »  zunimmdf.
Demgegeniiber werden die fiir die Produktion verbleibenden
Fliachen intensiver bewirtschaftet. Diese Situation ist heute ver-
breitet in den Lindern der EWG anzutreffen (Intehsiviel'ungs~
phase II, Fortsetzung von I und Steigerung der Arbeitsproduk-
tivitit). '

Die sich auf die leistungsfihigen Boden konzentrierende
intensivere Flichennutzung ist die Tolge giinstiger Preis-Ko-
stenverhiltnisse wie sie einer zu hoheren Erfrigen fithrenden
Ertragskurve (hoherer A-Wert) zugrande liegen. (Abb. 4)
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Ang. 4 — Optimaler und maximaler Diingeraufwand bei verschiedenen
LEriragskurven.

Der oplimale und maximale Dingereinsatz verschiebt sich
zugunsten hoherer Aufwandmengen.

Die durch die Rentabilitit des Produktionsfaktors « Mine-
raldiinger » verursachte Steigerung des Nahrstoffanfwandes er-
fihrt durch den stagnierenden, teils riicklaufigen Einsatz der
wirtschaftseigenen Diinger eine weitere Zunahme.
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Wegen der hohen Lohnkosten und der ungeregelten Ar-
beitszeit sind in den letzten Jahren vicle Betriebe dazu iiber-
gegangen, das Vieh abzuschalfen oder aber sich an einer fiber-
betrieblichen Massentierhaltung zu beteiligen. Dadurch fallen
im Betrich dic herkémmtiichen Diinger wie Stallmist, Jauche
und Giille nicht mehr im bisherigen Umfang an. Das Stroh
verbleibt auf dem Felde; wegen des schr weiten C/N-Verhilt-
nisses sind zusitzliche N-Gaben zur Sicherung einer ausrei-
chenden Verrottung erforderlich. Die bendtigten N-Mengen
werden in der Regel in Form der mineralischen Stickstoffdiin-
ger cingesetzt, da der Anbau von N-autotrophen Leguminosen
als Zwischenfriichte nicht immer moglich und vielfach auch zu
tever ist. Gewdhnlich ist es billiger, die mit dem Zwischen-
fruchtbau angestrebte Griindiingung zur Humusverbesserung
mit Nichtleguminosen wie Raps, Senf, Grinroggen u.a. vor-
zunehmen.

Der Lrsatz von Stallmist, Jauche und Giille durch Stroh
hat daher zu ciner starken Zunahme der N-Dingung gefiibrt.
Dabei mussten zusitzlich die Nihstoffe Berticksichtigung {in-
den, die in den zugekauften Futtermitieln enthalten und mit
der Abschaffung der Viehhaltung in Fortfall gekommen sind.

Auch in den Betrichen mit Viehhaltung werden die wirt-
schaftseigenen Diingemittel nicht mehr so eingesetzt wie das
frither bei geringeren Lohnkosten der Fail war. Wo in den
dorflichen Gemeinden eine Kanalisation zur Ableitung der Ab-
wisser vorhanden ist, werden nicht selten die flilssigen Exkre-
mente der Tiere nicht mehr auf den Acker zuriick gebracht,
sondern in die Abwiisserkanalisation eingelcitet.

Die dem Boden auf diese Weise veriorengehenden Nihv-
stoffe miissen durch zusitzliche Mengen an Stickstoff, Phosphat
und Kali ausgeglichen werden. Damit verschicht sich das B3ild
der Niahrstoffzafuhr immer starker zugunsten der Handelsdiin-
ger, wie das aus der nachfolgenden Ubersicht erkennbar ist.
(ADbb. 5)
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Bereits heute ist das in der BRD erreichte Ertragsniveau
vont durchschnittlich 45 dz GE/ha zu rd. 70-80% auf die
Nihrstoffzufuhr durch Mineraldiinger zuriickzufithren, wobei
pflanzenziichterische, pflanzenbauliche, wie auch Pflanzen-
schutzmassnahmen bei der Verwertung der Nihrstoffe durch
die Pflanze mitgewirkt haben.

Die starke Zunahme der Grésse Nz fithrt zu neuen Pro-
blemen, die bel dem hohen Nihrstoffaufwand eine zeitliche
Staffelung der Diingergaben, eine sebr sorgfiltige Einbringung
in den Boden und die Beriicksichtipung der Spurenclement-
dingung erforderlich machen. Die Dilngung muss dabei simt-
liche an der Ertrags- und Qualititsbildung der Pflanze betei-
ligten Nahrstoffe umfassen und sich dem physiologischen Be-
darf der jeweils angebauten Kulturpflanzen im Verlauf der
Wachstumsperiode unter Wahrung cines ausreichenden Nihr-
stoffausgleichs im Boden anpassen. Die Erfilllung dieser For-
derung ist entscheidend vom Ausbildungsstand der Landwirte
und von der Qualifikation des bendtigten Beratungswesens
abhingig. Sie ist zugleich Voraussetzung fiir die Wirtschaft-
lichkeit des hohen Mineraldiingeraufwandes in einer weitge-
hend technisierten Landwirtschaft mit hohem Ertragsniveau.

Append, 2 - Welle - p. 20



1257

EFFET DE LA FUMURE
COMPLETEMENT EQUILIBREE
SUR LA PRODUCTION DE PLANTES
DE GRANDE CULTURE

MARCEL V, HOMES
Professeur & FUniversité de Bruxelles
Bruxelles-Belgique

La fumure minérale, en influengant fortement la producti-
vité végétale, est certainement, avec l'irrigation, le moyen le
plus puissant dont I’homme dispose pour améliorer la produc-
tion. Mais il n’est peut-&tre pas inutile de rappeler que les essais
agronomiques sur la fumure minérale se bornent le plus souvent
2 prendre en considération les éléments fertilisants classiques,
Pazote, le phosphore et 1a potasse. Il est aussi utile de souligner
que la trés grosse majorité des essais agronomiques se bornent
4 établir un éventuel rapport entre la quantité de ces éléments
fertilisants et la production quaniitative de la partie du végétal
qui tniéresse U agriculteur.

Ces considérations sont trés valables si 'ambition de
I'expérimentateur ne dépasse pas lintention de tirer de ses
essais une conclusion de caractére empirique s’appliguant 4 la
situation locale particuliere dans laquelle il a conduit son expé-
rience. En fait, toute généralisation reste dangereuse et pour-
tant le désir, dans la plupart de ces expériences, est de donner
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aux résultats une portée plus étendue. Reprenons notre pre-
miére remargque.

Nature el nombre des éléments feriidisants pris en consi-
dération.

Personne ne nie que des éléments majeurs autres que N, P
et K ainsi que des éléments mineurs, infiuencent la production
végétale. Pour nous en fenir aux premiers, on commence i
parler de linfluence du Scufre, du Calcium, du Magnésium.
On peut done se demander pourquoi tant d’essais récents, par-
fois a trés grande échelle, portent seulement sur les fertilisants
parfois appelés “essentiels”: l'azote, le phosphore, la potasse.

C’est sans doute en partie parce que I'idée est fort ancrée
dans beaucoup d’esprits que ces trois éléments sont véritable-
ment essentiels. Cette conviction elle-méme repose en partie
sur ce que la méthode factorielle, la plus couramment utilisée
pour metlre en évidence des interactions, conduit seuvent 2
minimiser ceiles ol inferviennent d’autres éléments, ce qui sem-
ble justifier que ceux-ci soient négligés dans la plupart des
essals. C'est aussi parce que cetfe méme méthode factorielle,
pour é&tre raisonnablement appliquée A un nombre plus grand
d’éiéments fertilisants, sans parti-pris préalable sur leur intérét
ol leur importance, exige une extension cxpérimentale qui dé-
passe ies possibilités réelles. Clest aussi parce que d’autres mé-
thodes, comime celle de MrtscHERLICH, permettent 1'étude de
Ueffet des éléments fertilisants pris un & un et que, dans ces
conditions les éléments autres que N, P et K paraissent en cffet
exercer un effet bien moins important que ceux-ci.

Peut-ttre oublie-t-on un peu trop, devant les difficuliés
matérielles, que extrapolation, dans la méthode factoriclle, est
particulierement dangereuse et que les conclusions négatives
auxquelles elle conduit {telles que le caractére négligeable de
certaines inferactions) ne sont valables que dans la situation
explorée et dans les limites (de dose, par exemple) de 1’expéri-
mentation. Toute conclusion —— surtout négative — étenduc
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des conditions différentes ou a des doses d’engrais non expéri-
mentées est sujelte 4 caution.

C’est pourguoi une méthode qui ne présente pas une extension
expérimentale exagérée, et qui soit susceptible de certaines
extrapolations, serait particuli¢rement précieuse. Nous y reve-
nons plus loin, aprés avoir repris l'objet de notre seconde
remargue.

Production quantitalive ¢t production qualitative.

En premier lieu, il faut répéter que la production nerma-
iement envisagée est celle d’une partie du végétal, celle qui
intéresse 'agriculteur. Or, si les relations quantitatives que les
méthodes expérimentales expriment ou font apparaitre ont un
sens biologique, il faut bien admettre que les facteurs nutritifs,
plus que d’autres, doivent affecter la plante entitre et, dans
celle-ci, peuvent affecter le rapport pondéral entre parties de
la plante, ce qui conduit finalement & la production quanti-
tative de V'une de ces parties. Mais si tel est lc processus, la
simple observation du résultat final traduit le résultat d'un
processus caché que la méthode est impuissante a faire ap-
paraitre.

En outre, au sein de cefte production pondérale, il est &
penser que l'action physiologique des éiéments nufritifs, qui
commande le résultat final, le fait par leur intervention dans le
métabolisme ou d'autres processus, lesquels conduisent non
seulement 3 une production pondérale globale, mais aussi i
une infinité de situations morphologiques, & une infinité de
compositions chimiques, bref & des caractéres qui définissent,
A c6té du poids de la récolte, sa qualité.

Certes on posséde déjd certaines indications telle que la
richesse en sucre de la betterave sucriére selon que l'azote do-
mine cu non dans la fumure, etc... Maig ce sont des indications
fort limitées et qui, encore une fois, ne sont jamais lides a la
composition complete du milieu nutritif, I en est de méme dans
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I'aspect extréme qui traduit I'action morpholegique, ¢’est celud
des symptémes de carence alimentaire, toujours ramenés a
Vaction ou a la déficience d'un seul élément nutritif,

Possibilité expevimentale d éludier Ueffet d'un mulieu alimen-
tatre complet.

Nous avons mis au point une méthode expérimentale qui
permet de déterminer la composition d'un engrais complet
comprenant les six éléments majeurs dans les proportions les
meilleures possibles (engrais optimum). Pour connaitre cet
engrais a la dose testée, il suffit de six ou sept traitements
expérimentaux et un témoin. Pour en déduire la composition
d’un engrais optimum A une dose autre que la dosc testée
{soit plus &levée, soit moindre) il suffit de six autres traitements,
Avec douze ou quatorze traitements, on résout ainsi un pro-
bleme qu'aucune antre méthode ne permet de résondre avec
cette faible extension expérimentale.

Cette méthode est cxposée en détail dans Hombs et Van
SCHOOR [4, 6, 7] et complétée par Homis et Van Scroor [8]
et [10]. Nous nc pouvons ia reprendre entidrement ici, Rap-
pelons toutefois que les traitements expérimentaux sont tous
des traitements complets en ce qui concerne les éléments ma-
jeurs (N, S, P, K, Ca, Mg), qu'ils correspondent tous & la
méme dose fotale exprimée en équivalents chimiques et qu’ils
different entre eux en ce que chacun est caractérisé par la pro-
portion dominante d’uvn élément, les autres éléments étant tous
présents en unc autre proportion dite “faible”. Cette méthode
est d’ailleurs adaptable, si on désire la limiter, au cas d’un
engrais ou seulement les éléments N, P et K sont en proportion
agronomiquement justifiée.

Nous avons appelé cette méthode “Méthode des Variantes
Systématiques”. Tlle est amplement contrdlée par I’expérience.
Nous en donnons ici I'exposé succinct et un exemple de caleul.
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Exposé succinct de la méthode.

Si nous appelons V la proportion dominante et v la pro-
portion faible, il y a une fois V et autant de fois v qu’il y a
au total d’éléments pris en considération,

Par exemple, si I'on désire mettre au point un engrais
contenant deux éléments nuiritifs, il y auwra V + v dans la
somme constante. Si nous donnons & cette somme la valeur
de 100%, nous aurons V + v = Ioo (en pour-cend). Il 'y aura
donc lien d'utiliser deux traitements expérimentaux, l'un ol
le premier corps est en proportion V et 'autre en proportion v
au sein du total V. + v,

De méme, si trois corps sont pris en considérafion, il y
aura trois traitements. Dans le premier, uu des corps est en
proportion V et chacun des aufres en proportion v au sein du
total V + w + v = 100%. Dans les deux autres traitements,
chacun des deux autres corps est respectivement présent en
proportion V.

Dans la méthode préconisée sur le plan agronomique,

v2 présente la valeur de 209, et V 80% si deux corps sont
pris en considération

vy présente la valeur de 13% (i y a deux fois wy) et 'V 74%
(la somme est 74+ 13+ 13=100%)

De méme, on a successivement:
vi = 10% et V = 70% (somme 70 + (10 x 3) = 100%)
vs = & ot V=068 (somme 68 + (8 x 4) = 100%)
ve = % etV =065 (somme 65+ (7 x 5)= 100%)

Ceci est le cas le plus complexe qui permet de résoudre
le probléme de la fumure la micux équilibrée pour six éléments
majeurs 4 la fois. Une certaine latitude est p0951b1e autour de
chacune de ces valeurs, le résultat agronomique n’ayant pas
la précision d’un résultat physiologique.
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Dans ces conditions, si 41, 32, etc... sont les rendements
obtenus dans les divers traitements, v, le rendement témoin, on
obtient les proportions & respecter dans la fumure équilibrée
par les calculs suivants:

&) Deux éléments nutritifs pris en considération

. . g
proportion du premier e
¥t oy
. y2
proportion du second B
Yi + vz

h) Trois éléments nutritifs pris en considération

. . Wi
proportion du premicr B -
S PR
. ¥2
proportion du second —
I A I
. . Vi
propertion du troisiéme T — s
I T T V)

N.B. Si on s’écarte des valeurs indiquées ci-dessus pour
v et V, il faut faire intervenir un terme correctif comme suit:

. N y - T
proportion particuliére = e
Zny - nT

¢} La valeur de T est donnée dans des tables mais, avec une
excellente approximation, on peut écrire:
. Ly
T = 0,65 Vi avec ym = e
: F
Un seul exemple de calenl sera donné pour permettre au
lecteur non averti de se rendre compte de la simplicité des
calculs.
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Expérience sur la Betterave sucriére.

Objet:

On cherche le meilleur rapport Azote-Phosphore dans la
fumure compldte, & raison de 25.000 équivalents par hectare
(expérience en plein champs).

Trattements:
1} e témoin sans fumure (rendement v.)

2} les parcelles recevant 'engrais minéral & raison de
25.000 équivalents chimiques par hectare, soit 2,5 équivalents
au meétre carré. Les deux traitements semblables en ce qui con-
cerne cette dose, comprennent aussi tous-deux 1,34 équivalent
des éléments « invariants » répartis comme suit:

0.17 S
, K
0 53 = 1,34 (et 1,16 de N + P)
0.47 Ca
0.17 Mg

Tes deux traitements différent entre eux comme suit:

— traitement 1 (N dominant) {rendement y}

v = 15% de la somme N + P (le pourcentage
idéal n'a pas été réalisé; on utilisera le terme
correctif)

V2 = 85% de cetle somme

Cela donne
0,15 X 1,16 = 0,17 équiv. P
0,85 x 1,16 = 0,09 équiv. N
— traitement 2: symétrique du précédent
0,00 équiv. P
0,17 équiv. N
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Le tableau suivant résume la composition de la fumure

appliquée dans les deux traitements,

Traitement 1

Traitement =2

Dominance N P
Somme totale 2,5 2,5
Part de linvarviant 1,34 T,34
Dans cet invariant 8 Q,17 0,17
K 0,53 0,53
Ca 0.47 0,47
Mg o, 17 0,17
Part de N + P 1,16 1,16
Dans cette part N Q0,59 0,17
r 0,17 0,99

(N.B.: la dose cheisie correspond approximativement 4 une quantié

d’une tonne par hectare),

Dans ces conditions, pour la production de racines, on

obtient:
y: = 29,6 {tonnes/hectare)
vi = 5I,8
Yo = 34,1
Les calculs se limitent & ce qui suit:
51.8 + 34.I
You = T S 42,05

T = 065 x 42,05 - 27,9
Ceci donne:

Proportion optima de N / N + P:
51.8 - 279 _ 23.88

5.8 + 34.1 - (2 x 27.0) 30.00

Proportion optima de P / N + P:
100 - 7I = 21%
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Concluston:

Sur ensemble N + P figurant dans la fumure optima,
celle-ci doit contenir:

79% N
21% P

Cette conclusion est valable & la dose expérimentée. Si
l'on avait expérimenté demx doses {par exemple T.250 et
2.500 ¢quivalents au métre carré), on aurait pu trouver la
proportion N/P optima & n’importe quelle autre dose.

Grice A sa simplicité, la méthode permet aisément d’étu-
dier bien d'autres manifestations du végétal que la manifesta-
tion pondérale, et notamment les maniféstations qualitatives ou
phytosanitaires. :

En ce qui concerne les résultats, nous nous limiterons,
dans la présente note, 4 des cas intéressant des plantes de gran-
de culture, mais il est permis de signaler que la méthode a été
appliquée avec succés & un cas aussi différent de ceux-la que
la culture de Penicillium en vue de la production de pénicilline.

Donndes expérimentales sur Ieffet des fertilisants sur la pro-
duction végétale,

Les résultats qui sont cités dans ce rapport ont été obtenus
par divers collaborateurs et chercheurs au Laboratoire de Phy-
siologie végétale de 1'Université de Bruxelles, ainsi que par
certains d’entre eux en mission 4 Yétranger. Ces données sont
loin de représenter la totalité de celles qui sont en notre pos-
session et qui sont actucllement A I'étude. TElles nous paraissent
toutefois suffire & montrer que la méthode que nous préconisons
permet d’obtenir des données précises et nombreuses, qu’elle
atteint notamment ! aspect qualitatif de la production végétale
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et qu’il est possible dés & présent d’en tiver des indications ut-
les pour la pratique.

Les “optima” de la composition d’engrais s’entendent tou-
jours en poumrcentages du total N + S + P d'une part;
K + Ca + Mg d’autre part. Ils s’entendent aussi pour des
concentrations ou quantités exprimées en équivalents chimiques
et non en poids des divers éléments ni en radicaux tels que
P05, K20, Il est compté un équivalent par atome pour N et K;
deux équivalents par atome pour S, Ca et Mg; trois équiva-
lents par atome pour P.

Ceci précisé, les points que nous tenterons de toucher sont
les suivants:

1) Effet des {fertilisants chimiques sur la production
pondérale des végétaux.

2} Effet des fertilisants chimiques sur certains caractdres
qualitatifs de la production végétale.

I. EFFET DU FERTILISANT SUR LA PRODUCTION VEGETALE PON-
DERALE.

Nos travaux nous ont permis de rencontrer la question
importante qui consiste a savoir si les différences d’exigences
que révéle expérimentation sont dues principalement & 'es-
péce cultivée ou a d’autres facteuss.

1. Caractére spécifique des exigences alimentaires de plantes
cultivées dans une méme gnbiance.
Pour éviter I'interférence due au fait que les exigences ap-

parentes peuvent différer selon que les parties de plantes dif-
férent elles-mémes, nous considérons ici ie cas de la production
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de maticve végétative verle totale, que cette matiére soif nor-
malement 1'objet d’une récoite (fourrage) ou qu’elle seit au
contraire abandonnée {fanes). L'ambiance est l'ensemble des
conditions maintenues uniformes et constantes et comprend
aussi la durée de I'expérience, les exigences alimentaires pou-
vant varier avec la durée de la culture.

Nous donnons ici quelques résuitats.

Optimum Optimum
Ambiance Plante anionigue cationigue

N 0§ P K Ca Mg

1 Majs fourrage 70 25 5 30 32 29

(quartz ou Tabac 77 19 4 36 32 32z
verre concassé) Laitne 86 17 3 41 k¥i 32
11 Mais fourrage G2 35 23 37 33 30

(sable + terre C) Tabac G4 17 15 38 30 33
I1I Mais fonrrage GG 19 15 37 34 29

(sable + terre A) Tabac G4 24 12 36 20 35
v Valériane 54 24 23 37 30 27

{verre concassé) Tabac 55 24 21 32 35 33
Laitue 53 28 20 33 34 33

Bien qu’il ne puisse s’agir ici que de quelques exemples
et que 1a généralisation soit dangereuse, on ne peut manquer de
remarquer que, & ambiance égale, les différences spécifiques
(pour des récoltes qui sont toutes foliaires) sont minimes. Tl
se powrrait donc que les exigences alimentaires, & ambiance
égale, soient les mémes pour des espéces trés différentes dont
la partie récoltée soit de méme nature,

Ceci snggére la comparaison suivante.
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2. Exigences alimentaives de vécolles identiques dans des am-
biances différentes.

a) Pomme de terre. Chacune des “situations” correspond
a un champ différent, désigné par des lettres qui permettent
la référence & nos données. Ces champs sont tous situés en
Belgique. Le symbole E se rapporte 4 des expériences sur
substrat artificiel,

Optimum Optimum

Situation N 5 P K Ca My
1 (C) ] 38 31 3r 48 2% ar
2 (C.F) 45 24 3 40 24 30
3 (C.C 40 28 32 33 37 30
4 (0.7 49 ar 20 100 a 0
5 (OLR.O) 30 32 38 27 31 42
6 (0RO 29 32 39
7 {A.C) 49 28 23 41 28 31
8 (3) 44 31 25 33 30 37
9 (V.0 37 30 33 34 33 33
ro (U.E) 50 20 2%

rr (U.E) 6z 25 13 28 38 34

On constate que la diversité pour une méme plante et
selon fes situations dépasse celle qui se manifeste pour des
plantes différentes dans une méme situation.

b) Mais (graine) en Afrique centrale (champs situés au
Zaire, au Rwanda et au Burundi). Situations indiquées par des

références [5].
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Optimum Optimum
Situation N 5 I K Ca, Mg
1 (V) 43 29 28 25 39 36
2 (B) 32 30 38 39 27 34
3 (K) o1 25 iq 2g 30 35
4 (L) 35 33 30 34 33 33
5 {Iy) 48 28 24 32 36 32
6 {I{a) 47 26 27 35 26 3G
7 (N) 31 33 30 30 34 36
8 (1) 30 30 40 28 39 33
g (1Y) 22 30 48 38 30 32
10 (I3} 23 35 42 20 40 34
v {Ld) 42 24 34 38 33 29
1z (Bo) 34 29 47 30 20 32
13 (1) 37 28 35 34 36 30
14 (G1) 21 43 36 32 36 32
15 (Gz) 53 28 19 21 3T 48
16 (G) 27 36 37 a3 28 37
17 (M) 33 33 34 35 33 32

I semble clairement résulter de ces exemples que leffet
différentiel des situations (sol et climat) est important: opti-
mum d’azote varie de 21 & 619, par exemple.

3. Variations des exigences alimentaives selon les organes vé-
coltés.

Quelques cxemples illustreront ce probléme. Les optima
des exigences sont toutes exprimées dans 'ordre N-S-P puis
K-Ca-Mg, les données exprimant des pourcentages au sein des
deux tolaux partiels.
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N 5 r X Ca Mg

a) Vealdriane

feuilles 53 24 23 37 36 27

racines 27 38 35 37 23 40
b)) Betterave

fenilles 65 18 17 32 31 37

racines 41 32 =27 3r 31 38
¢} Tomates

{euilles 50 zq 20 20 42 38

fraits 40 30 30 24 38 38
d) Cotomniey

feuilles + tiges 6z 20 18 28 46 206

graines (+ coton) 80 15 3 1 77 12

(Zaire) champs a4 Bambesa 63 15 22 33 47 20 AJC=1.3

4. Importance des effets mis en évidence par la méthode utifiség.

Si 'on rapporte D'effet observé par la meilleure variante
expérimentée — cffet qui est le plus souvent inférieur et jamais
supérieur a celui de 'optimumn — au rendement témoin ou &
la moyenne générale pour la culture sur substrat artificiel,
compté pour 100%,, nous observons les résuliats suivants.

Sur milicu artificiel
Valériane
Avolne
Tabac
Pomme de ferre

In sol véel (champs)

Pomme de terre
Cotonnier [3]
Betterave
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5. Effet de la dose d’engrais apphquée.

Deux groupes de résultats ressortent de 'application de la
méthode citée:

a) Effet de la dose optimum d’cngials utilisée en pour-
cent du témoin sans engrais

Pomme de terre 135 4 194%
Cotonnier {3] 104%

b} Possibilité offerte par notre méthode [10] de calculer
la composition optimum de 1’engrais 4 une dose quelconque a
partir des résultats obtenus a deux doses expérimentées (Mais,

terre).

Doses expérimentées Composition optima

N S P
1 (500 meq/vase) 42 32 26
2 {1000 meq/vase) 15 35 30

Composition optima & des doses non testées

ZOOO Imieq 31 37 32
250 56 20 18
125 84 14 ' _ 2
100 g2 8

75 100 o

L'intérét de ce calcul est de montrer que les proportions
optima varient avec la dose mais surtout qu'en dessous d’une
certaine dose (A partir de 115 meq dans "exemple cité), la pro-
portion optima de 'un des corps devenant nulle, ce corps P,
devient superflu et V'engrais optimum ne contient plus, en fait
d’anions, que N et S. Plus bas encore, au niveau.de 75 meq,
deux des corps (S et P) deviennent superflus et seul l'azote
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reste utile. On comprend ainsi que dans certains essais prati-
ques on n’ait de réponse qu’a un seul élément fertilisant: c’est
unr cas limite qui est souvent exprimé par le principe de la loi
du mimimum. '

Cette possibilité offerte par notre méthode est tellement
importante que nous croyons utile de donner un second exemple
(Tabac) ou les résultats du calcul d’optimum pour la dose non
testée de 2000 meq ont pu étre contrélés par Uexpérience.

Doses testées Optira
{en meq/vase) N 5 r K Ca Mg
500 04 17 19 38 20 33
1000 49 23 30 34 31 35
Doses non testées
@) avec contrdle zooo calculé 42 23 35 32 a3 35
conilrdle expérimental 46 24 30 32 33 35

b caleulées

400 71 15 14 40 28 32
300 84 12 4 43 26 30
270 go 10 0 15 20 30
200 95 o 50 23 27
160 100 0 o 35 20 25
100 70 13 Ty

Go 96 0 4

55 100 o o

On constate en effet que le contréle expérimental confirme
le calcul, le plus grand écart, en pourcentage, étant de 4, ce
qui tombe dans les limites habituelies de 1’erreur.

D’autre part, a partir de la dose de 160 meq, le seul anion
nécessaire étant N, c’est un mélange des trois nitrates qui seunl
produira un effet.
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A partir de la dose de 60 meq, seui un mélange des nitrates
de K et de Mg produira un effet. Enfin, & partir de 55 meq,
sen] le nitratc de potassium sera utile,

1I. EFFET DU FERTILISANT SUR LES CARACTERES QUALITATIFS
DE LA PRODUCTION VEGETALE,

1. Effet sur la production velative de diverses parties d'une
plante. :

a) Le Cotonnicr.

Nous citons & titre d’exemple I'optimum des proportions
relatives de K ct de Mg dans 1’alimentation de la plante, déter-
minant soit la plus haute production végétative:

K © Mg

60%, 40%

soit Ja plus haute production du coten-graine:

X Mg

28% 72%

Il est donc important de respecter entre ces deux éléments

nutritifs des proportions précises.
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b) Betlerave fourragére (champ & Waterloo, Belgique).

Influence des proportions relatives de N et de P sur les
productions de racines et de bouguetls foliaires:

Optimum  pour la production N P
de racines 764, 24%
de feuilies 829, 18%

Les résultats concrétisent ici le fait bien connu de l'in-
fluence de 'azote sur la production des feuilles mais ils le tra-
duisent par des proporiions optima dans la fumure, faisant
d’ailleurs apparaitre gue la production optima d’azote pour
la production de racines est loin d’étre faible.

2. Effet du fertihsant sur la tenewr de la plante en substances
wtiles,

a) Sucre dans la betterave sucviéve.

En outre de I'action sur la production relative de la racine
ct des feuilles, le rapport azote-phosphore celui-ci agit, omr le
sait, sur la teneur en sucre. Comme il agit d’autre part sur la
production pondérale, il détermine finalement la production de
sucre & l'hectare. Le méthode des variantes systématiques se
préte particuligrement bien & déterminer les meilleures propor-
tions en vue des diverses productions.

Optimum  des proportions pour la production N P
pondérale 4 "hectare 68 32
sucre A hectare 63 37

La différence est ici faible mais toujours dans le méme
sens ef est parfaitement susceptible d’application pratique.
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b) Production de substance active dans la valériane.

Il est & remarquer que les teneurs en produit actif sont
influencées davantage par les proportions relatives des cations
que par celles des anions. Celles-ci ne produisent aucune diffé-
rence significative. En ce qui concerne les cations, le traitement
4 Calcium dominant produit la plus haute teneur en extrait
étheré (3.0%) et cn extrait alcooligne (31.8%). Par rapport
au traitement le moins favorable, les élévations de teneurs sont
respectivement de zo et de 11%.

Il faut noter que le traitement le plus favorable au point
de vue de la teneur en substance active est le moins favorable
au point de vue de la production pondérale de racines. Cette
corrélation n’est toutefois pas générale et la production de dro-
gue par plante se trouve donc diversément affectée par les trai-
tements minéraux. Ainsi, dans une expérience ol trois va-
riantes anioniques (désignées par T.N - T.5 - T.P}) et trois
variantes cationiques (T.K - T.Ca - T.Mg) sont appliquées, les
productions en pour-cent de la moyenne sont:

pour l¢ rendement pour Pextrait pour lextrait
Traitements pondéral étherd alcoolique
T.N 78 7z 8o
T.S © 05 102 G5
T.P 107 o8 99
T.K 108 57 106
T.Ca 84 93 93
T Mg 133 127 128

La composition de 1’alimentation minérale influence donc
trés nettement la production de substance active extraite de la
valériane.
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c) Production d alcaloides.

c.I. Nicotiana tabacum

Les optima de composition anionique et cationique qui
figurent ici sont extraits d’une thése de SEE Rvum CHUNG
défendue mais non encore publiée (Laboratoire de Physiologie
végétale) [1].

Cptima

N S r K Ca Mg

Production pondérale (feuilles) 36 20 15 42 34 24

Tencur en alealoides 43 17 40 28 21 51

c.2. Lycopersicum esculenium

Les données sont extraites du méme travail.
Optima

N S r ¥ Ca Mg

Production pondérale {{euilles) 39 31 30 32 34 3y

Teneur en alcaloides 47 19 40 30 25 45

II est apparent que l’alimentation minérale influence les
tencurs en alcaloides et qu’elle le fait différemment de son
action sur la production pondérale simple, avec une résultante
encore différente sur la production d’alcaloides par plante,

d) Production d’huile de coton,

Le mikieu minéral influence aussi la teneur en huile d’une
graine oléagineuse et cela principalement par intervention des
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ions dans les réactions enzymatiques de la lipogenése. Les
données que nous citons sont déduites des graphiques figurant
dans T. VANDENDRIESSCHE [g] dont le travail contient beau-
coup d’autres précisions.

I’optimum alimentaire assurant la plus haute teneur en
huile des graines du Cotonnier est le suivant:
(en pour-cent dans chaque groupe ionique}

30 490 30 30 50 20

Il est peut-étre utile de signaler que "optimum alimentaire
assurant la plus haute production pondérale de graines dans
les mémes expériences est le suivant:

8o 10 10 10 75 15

Les exigences alimentaires sont donc trés différentes selon
que l'on désire le plus haut poids de graines ou la teneur en
huile la plus élevée.

e) Tencur en acides aminds des tubercules de pommes de terre.

Les donndes suivantes sont extraites d'un {ravail de D,
CoUTREZ-GEERINCK [2], ou trois traifernents alimentaires 2
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dominance respective N, S ou P ont été appliqués 4 la culture
de la plante. Dans les tubercules récoltés, on obtient les résul-
fats suivants:

Acide Aminé Teneurs en A.A, Proportionn des ALA.
(micromeles/gr.m.s.) au sein du total de
chaque colenne

Traitements Traitements

N S r N s P
Glycine z.66 1.069 2.07 1.20 0.99 1.03
Alanine 5.87 4.61 4-4G 2.62 2.09 2,24
Valine 27.40 20.37 24.54 12.36 11.88 12.27
Leucine 5.75 4.69 6.30 2.59 2.74 3.15
Isoleucine G.57 7.47 11.8% 4.31 4-36 5.90
Sérine 17.00 8.95 11,71 7.65 5.22 5.85
Thrionine 9.86 6.67 8.50 4.44 3.8¢ 4.33
Tyrosing 14.30 12.07 ¥4.55 6. 44 7.04 7.27
Phénvialanine 12.62 8.86 11.40 5.68 5.17 5.73
A. aspartique 206.28 17.96 23.40 11.83 10.47 11.70
A. glutamique 28.84 27.08 25.15 12.99 16.32 12.57
Tsine 14.39 13.45 15.29 G.48 7.84 7.604
Arginine 20.00 16.15 16.86 .28 .42 8.43
Iistidine 5.43 4.27 4.60 2.44 2.49 2.48
Methisnine 5.54 3.02 5.78 2.49 2.2 2.80
Proline 15.98 12.36 12.90 7.20 7.21 6.45
Total 222.04  171.47  200.02 100 100 100

On observe que les spectres d’acides aminés sont différents
selon I'alimentation re¢ue par la plante. Les teneurs sont toutes
inféricures aux autres dans le traitement a dominance S. La
richesse globale en acides aminés s’en trouve naturellement
diminuée de facon sensible.
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3. Effet sur certains cavactéves qualitatifs de la vécoite.

Les exemples sont relatifs au cotonnier et concernent la
qualité de I'huile ainsi que celle de la fibre,

a) Huile: Les proportions anioniques n’influencent guére
I'acidité de 'huile. Au contraire, les proportions cationigues
ont une influence marquée, 1'acidité pouvant varier sous 1'effet
des traitements alimentaires de 1.2 4 6.49%.

I optimum de cefte action, c¢’est-d-dive les proportions ca-
tioniques assurant la plus faible acidité, est le suivant:

I Ca Mg

o 30 i 30 40

b) Fibres.

Ce cas est d’autant plus intéressant qu’il s’agit en réalité
de poils purement cellulosiques. C’est la gualité de ces poils
(ou fibres) qui se trouve influencée par 'alimentation regue
par la plante.

L’indice de dispersion de la longueur des fibres varie,
selon les traitements, de 21.0%, 4 24.6%. Le traitement le plus
favorable est celui ou domine 1'azote parmi les anions et le
magnésium parmi les cations.

D’autre part, U'indice “importance des fibres courtes™ varie
de 10.1% & 16.8%. Le traitement le plus favorable est le
méme qu’en ce qui concerne l'indice de dispersion.

Conclusions.
1. Dans la composition de I’engrais dont Veffet escompté

est le meilleur possible, il n’est pas possible de négliger a priori
aucun des constifuants majeurs. Pour chacun d’eux, il existe
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une proportion optimum qui dépend de la dose d’engrais ap-
pliquée. 5i la dose est faible, certaines de ces proportions peu-
vent atteindre la valeur zéro et il n’est alors pas nécessaire de
donner un engrais complet.

2. Devant le nécessité de déterminer les proportions
optima de fous les éiéments nutritifs dans un engrais, I"oppor-
tunité d’une méthode adéquate se justifiec. La méthode des
variantes systématiques répond & cette nécessité. [Elle constitue
une excellente méthode exploratoire des exigences alimentaires
des végétaux.

3. Les proportions des constituants du milieu alimen-
taire semblent différer fort peu d’une espéce a 'autre si un
méme type d'organe récolté est pris en considération. Elles
dépendent par contre fortement de ce type d’organe, des con-
ditions générales de la culture ct tout particuliérement du sol.

4. La composition de l'engrais influence les caractéres
qualitatifs de la récolte. Il peut étre utile de s’écarter de 1'opti-
nium de production pondérale lorsque le caractére qualitatif
est suffisamment important.

5. Le rapport contient plusieurs exemples susceptibles
d’application pratique immédiate.
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DIE BEDEUTUNG
"AUSGEGLICHENER NAEHRSTOFFANGEBOTE”
MIT 1z NAEHRSTOFFEN
FUER DIE ERZEUGUNG HOHER ERNTEN
VON BESTER QUALITALLT

W, BUSSLER

Institut iy Pllanzenerndhrung
Berlin-Dahlem - Dentschland

1. Die Entwickiung der Diingung

Eine uraife Erkenntnis der Bauern ist, dass tierische Ver-
dauungsprodukte, Mist, bestimmte griine Pflanzen und Tluss-
schlaynm einen ackerbaulich genutzten Boden verbessern kén-
nen. Mit der Zufuhr dieser Steffe in den Boden konnten die
Ertrige gesteigert werden. Es war bekannt, dass der Irfolg
umso geringer wiirde, je weniger von diesen Verbesserungsmit-
teln angewandt wirde und auch, dass ein Zuviel, z.B. von
Taubenmist, die Pflanzen schidigen kann. {Cato, 200 a.D. 5.
TrigLscHir). Heute wiirden wir das in einer Optimumkurve
darstellen.

Wihrend der Nilschlamm bis zum Bau des Assuan Stau-
dammes das Delta immer wicder neu mit Nihrstoffen anrcichern
konnte, der Kreislauf der Nihrstoffe in der chinesischen land-
wirtschaft durch Verwendnng des Kots zur Dingung nahezo
geschlossen war (LiEBIG 1850), konnten durch Mistzufuhr die
mittcleuropiischen Boden nicht einmal auf der geringen Héhe
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ihres alten Ertragsniveaus gehalten werden. Die Bodenfrucht-
barkeit reichte nicht mehr aus, um die anwachsende Bevilke-
rung zu erndhren. Durch Stallmist konnte der Entzug nicht
kompensiert werden, Noch weniger was es moglich, Lrtrags-
steigerungen zu erzielen. Hungersnéte fithrien zur Auswande-
rung in Gebiete zu ertragreichen, nicht durch lange Ackerkuliur
ausgelaugten Boden, denn wie die Bodenfruchtbarkeit der
alten Baden mit den verfigbaren Mittein wieder zu steigern
wiire, war nicht belannt, Wohl konnten kurzfristic durch
intensive Bearbeitung und Kalkung (Mergel) noch einmal
Erfolge erzielt werden, doch dann fihrte dieser Raubban zn
einer Abnahme der Bodenfruchtbarkeit.

Eine entscheidende Wende in der Landwirtschaft fithrten
erst Im vorigen Jahrhundert Boussingault, LawEgs, GiLBERT
und Liesi¢ herbei, die Begriinder der modernen Agricultur-
chemie.

TAEBIG forderte, dass dem Boden die mit dev Entfernung dey
Evnten vom Acker entzogenen Néhrstoffe wieder zuge-
fithrt werden, damit der Boden seine Fruchibavkeit behdlf.

Einige dieser Nihrstoffe wurden in Rohstoffen gefunden,
diec sonst in grossen Mengen nicht verniinftig verwendbar
waren, Kalium in den Abraumsalzen, Phosphor in Knochen
und spiter in der Thomasschlacke. In Rohstoffen also, die
wie der Mist irgendwie anficlen, zwar nicht auf dem
bauerlichen Hof, die aber cbenso wenig wie andere bis
dahin bekannte Dingemitte] fir die Erndhrung der Pfian-
zen bewusst entwickelt waren. Man fing an, nach Roh-
stoffen fiir die Pflanzenerndhrung zu suchen. Kaliumsalze
wurden planmissig abgebaut. Mit Ammoniumsulfat begann
die Entwicklung von Stickstoffdiingemitteln in schon sehr reiner
Form. Ein Trend zur Entwicklung immer ballastarmerer Diin-
gemittel begann sich abzuzeichnen. Neue Diingemittel erschie-
nen immer konzentrierter an Nihrstoffen und drmer an Bal-
laststoffen auf dem Markt. Eine neue Technologie fithrte zu
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Harnstoff, Kalkstickstoff, sowie zu Mineraldlingern mit N, P
und K, die umso mehr an Calcium, Magnesium, Sulfat und
Spurennihrstoffen verloren, je reicher sie an den anderen
Néhrstoffen hergestellt wurden. Heute kennen wir Diingemit-
tel, die nur noch aus Nahrstoff oder Nahrstoffen bestehen
(vgl. z.3. Srack 1g67). Man ist auf dem Wege, Diingemittel
aus mehreren Komponenten so zu konstruieren, dass ihre
Wirkung dem Bedarf und Wachstumsverlauf der Pflanze ange-
passt ist (WANEK, ONDRACEX und Hamrr 1g71). Die Néihr-
stoffabgabe aus den Diingemitteln wird dorch Umbhiillen der
Granulate gesteuert {vgl. Saarsaca u. Mitarbeiter 10%71),
durch Fritten (APPIAGYET-DANKA u. BUSSLER) oder durch
Einbau der Nahrstoffe in organische Verbindungen, die im
Boden langsam abgebaut werden, wie z. B. verschiedene
Aldehyde mit Harnstoff.

Dicse neuartigen Dingemittel zeigen, dass eine moderne
Industrie in der Lage ist, Stoffc zu produzieren, die eine
vorausplanende Pflanzenerndhrung mdéglich machen. Daneben
entstehen in den dichtbevdlkerten Gebieten der Industriestaaten
auch neue Abfallprodukte: Mille, Industrieschlimme, Stadt-
abfille, die beseitigt werden miussen und die deshalb der
Landwirtschaft angeboten werden. Diese Abfaliprodukte ent-
halten auch Nihrstoffe (und vieles andere mehr) und kénnen
auch zur Strukturverbesserung der Boéden beitragen. Verglichen
mit den modernen Moglichkeiten der Pflanzenernihrung und
Diingung, ist diese Anwendung von Abfallprodukten ein Riick-
schritt in die Anfange der Agrikultur.

In dem vielfiltigen Angebot der zur Diingung cinsetzbaren
Mittel, welches alle Kombinationen alter und neuer Nihy-
stofftrager und Nahrstoffe erlaubt, sind 3 Néhrstoffe in beson-
ders grosser Menge vertreten. Es sind Stickstoff, Phosphor
und Kalium. Diese drei sind kennzeichnend fiir den Stand der
praktischen Anwendung von Dingemitteln in den Industrie-
landern.
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2. Der derzeitige Stand der prakiischen Anwendung von
Dingemitieln n den Industrielindern.

Riickschauend wissen wir, dass um 1872 sieben unent- -
behrliche Nihrstoffe bekannt waren. Heute wissen wir von
zwolf Nihrstoffen, die in der praktischen Diingung von Bedeu-
tung sind, aber nur von dreien, die auch taisichlich bewussi
ind gewollf in grésseren Mengen dem Boden zugefithrt werden.
Liepic forderte den Ersatz aller enlzogenen Nihrstoffe.

Ist nun dieses Abweichen von Lizpics Forderung berech-
tigt? Der Erfolg der Landwirte gab und gibt im Ganzen dieser
Beschrankung aufl nur drer Nihrstoffe recht.

Die Ertrdge sind in einem Ausmass gestiegen, welches vor
100 Jahren nicht vorstellbar war. Man nimint sogar an, dass
die Leistung eines ertragreichen Ackers heute noch verdoppelt
werden kann (BUSSLER 1066 u. TFINCK 16063, MENGEL u.
ForsTER 1g71), weil das genetisch fixierte Leistungspotential
ertragreicher Sorten noch gar nicht zur Entwickiung kommt.
Die Bodenfruchtbarkeit ist durch dic moderner: landwirtschaft-
lichen Methoden nicht nur erhalten worden, sondern gesteigert
oder sogar erst geschaffen worden, Wir kennen DBeispiele,
dass als Unland ausgewiesene Flichen zu ertragreichen Boden
umgewandelt worden sind {THORMANN u. GOLISCH 1g70).

Eine Bevorzugung von 3 Nihrstoffen erscheint auch noch
aus einem anderen Grunde als berechtigt. Wir wissen, dass
nicht alle Néhrstoffe in den gleichen Mengen bendétigt werden,
um den Irtrag zu steigern. Einige Nihrstoffe erweisen sich
auf bestimmten Bdéden als wirkungslos, z. Teil sogar als
schidlich. Es gibt Bdden, die eine grosse Reserve auch an den
Nihrstoffen besitzen, die nicht in der tiblichen Diingung
enthalten sind.

Gemessen am Durchschnittsertrag der Lander, brauchten
wir ung iiber dic Vereinfachung von LiEeiGs Forderung nicht
zu beunruhigen, wenn nicht in letzter Zeit und von Jahr zu
Jahr zunehmend Abweichungen vomn Trend eines zunchmen-
den Ertrages bekannt wiirden.
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Selbst bei hohen Gaben von N, P und K nehmen die
Ertrige auch bei Saat ertragreicher newer Sorten und Anwen-
dung geeigneter Bestellungsverfahren nicht mehr tberall zu.
Was friither unbewusst mit den ballastreichen Diingemitteln
in den Boden kam, fehlt jetzt in den Mengen, die Entzug
und Auswaschung ausgleichen konnten, Die Diingung ist
dadurch komplizierter geworden. Auch diese Stoffe missten
jetzt bewusst dem Boden wieder zugefihrt werden.

In der Abbildung 1 ist die Entwicklung der Anwendung
von Diingemitteln und die damit verbundene Ertragsleistung
schematisch (nicht masstiblich) dargestellt.

Die Linie zeigt den zunchmenden Gebrauch von
N, P und K (vgl. Die westdeutsche Landwirtschaft).

Die Linie — o — zeigt cine dieser Entwicklung folgende

Steigerung der Ertrige. Die punktierten Linien weisen auf
zunehmend vorkommenden Ertragsriickgang hin, der nicht
mehr dem steigenden Einsatz von Dingemitteln entspricht,
sondern ihm zuwider liuft. Die gestrichelte Linie weist auf
den geringer werdenden Vorrat nicht gedingter (oder entzo-
gener, festgelegler, ausgewaschener) Nihrstoffe hin. Das
Verhiltnis von “gegebenen Nahrstoffen” zu “nicht gegebenen
Nihrstoffen” wird immer weiter. Es wird umso weiter, in je
prosserer Menge einzelne Nahistoffe gegeben werden und je
geringer die Nachlieferung der nicht gediingten Nihrstoffe aus
dem Vorrat im Boeden ist.

Solange dic Entziige noch nicht sehr hoch waren, weil
relativ geringe Nihrstoffmengen gediingt wurden, blieben auch
die Entziige an den nicht-gediingten Néhrstoffen gering und
wurden z. Teil sogar aus den Nebenbestandteilen der den
Pflanzen gegebenen Diingemitte] erginzt. Mit dem Zunehmen
der Anwendung von N, P und K, mit dem zunehmenden
chemischen Reinheitsgrad dieser Dingemittel wurden hohere

Append. 4 - Bussler - p. 5
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Ernten erzielt und gleichzeitiz weniger “andere Nihrstoffe”
unabsichtlich  zugefithrt, aber in immer héheren Mengen
entzogen. Das Gleichgewicht der Nihrstoffe wurde immer
stirker verdndert bis zur Induzierung von Erndhrungssté-
rungen, bis zur Induzierung von Mangel an einem Nahrstoff
durch Uberschuss an einem anderen Nihrstoff. Die auch bei
Anwendung hoher Gaben von N, P und K riicklaufigen
Ertrige sind z. Teil auf absoluten oder induzierten Mangel
an cinem oder mehreren der anderen neun Nihrstoffe zuriick-
zufiihren. Das Néhrstoffgleichgewicht ist durch einseitige
Diingungsmassnahmen gestort. Wir wissen, dass in sehr vielen
Fillen diese Stérung durch Erginzung des Néhrstoffangebotes
anfgchoben werden kann. Hiufig wird die Ursache der
Erndhrungsstérung aber erst nach lingerer Zeit und lingerem
Ausfall eines Ertragszuwachses erkannt. Schon aus der Er-
kenntnis LLIEBIGS ist es kiar, dass friher (z.B. bei Sandbéden)
oder spater (z.B. bei schweren Boden) eine Ertragsstagnation
oder ein Ertragsriickgang eintreten muss, wean in der Diingung
nicht alle Néhrstoffe berlicksichtigt werden, die auf dem ent-
sprechenden Standort berficksichtigt werden miissten. Durch
welche Nahrstoffe aler die drei meist gegebenen erginzt werden
sollten, kann nur eine auf Standort, Sorte und Verwendungs-
zweck der Ernteprodukte ausgerichtete Untersuchung kliren.
Diese Untersuchung wird im allgemeinen nicht vorgenommen,
sondern erst dann durchgefithrt, wenn der Ertragsriickgang
sehr auffillig ist oder wenn an der Pflanze sichtbare Symptome
von Erndhrungsstérungen auftreten,

3. Zur Verbreitung von Erndhrungsstérungen,

Erndhrungsstérungen treten weltweit auf, Sie kénnen
Folge ciner Degradieriing des Bodens sein, wie auf den sauren
ausgewaschenen Lateritbéden der Tropen, sic kdnnen als
Foige einer Versalzung im ariden Klima auftreten und als
Folge bestimmter Kulturmassnahmen, die die Festlegung von
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Nihrstoffen herbeifihren (z. B. Heidemoorbéden, deren orga-
nische Substanz Kupfer fixiert).

In der intensiv betriebenen Landwirtschaft sind Ernih-
rungsstdrungen hiufig auf eine Verschicbung des Nahrstoff-
gleichgewichts zuriickzufiihren. Diese Verschiebung des Nihr-
stoffgleichgewichtes wird z. Zeit auch in denjenigen Entwick-
lungslindern eingeleitet, die zur Ertragssteigerung vorwiegend
einen Nahrstoff — nidmlich Stickstoff — oft sogar in einer
physiologisch unglinstigen Form anwenden. Die Wirtschaft-
lichkeit misst man dabei am Ertrag der nichsten Ernte.

Nur wenige Beispicle sollen die Verbreitung von Ernih-
rungsstorungen verdeutlichen.

— In den USA gab es 1967 18,7 Millionen ha landwirt-
schaftlicher Nutzfliche, auf denen Mangelsymptome auftraten
(Page). Diese Boden wurden z. Teil als jungfraunliche Bdéden
erst vor roc Jahren in Kultur genommen. Die auf hochsten
Profit ausgerichteten Anbaumassnahmen haben z. Teil die
Grundlage der Erzeugung vernichtet.

— 50% aller Boden der BRD Dbediirfen einer Gesun-
dungskalkung (Henze 1g71). In der Saison 1968/69 waren
in den fiir die industrielle Verarbeitung geernteten Kohlpartien
teilweise bis zu 30% der Kohlkdpfe von Innenblattnekrosen
durch ungeniigende Ca-Versorgung geschidigt {s. WEHRMANN
IG7I).

— Etwa 40-58%, der norddeutschen Béden (DDR) ent-
hielten nicht die zu fordernden Mengen an verfligbarem
Kupfer, 30% der Bdéden waren unterversorgt mit Mangan.
(Scavorr und BERGMANN, 1g67).

— Im Bezitk Weser-Ems waren 60%, aller Acker- und
Griinfandbéden ungeniigend mit Magnesium versorgt (VETTER,
1971}

- PRIMAVESY (1g72) zeigte in langjihrigen TFeldver-
suchen, dass Kupfer bei bestimmten Reissorten den ungiin-
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stigen Effekt zu hoher Stickstoffgaben kompensiert, die Resi-
stenz der Pflanzen gegen Pilzbefall erhoht und damit zu einer
wesentlichen Ertragssteigerung fithrt, Durch einen sonst hiufig
vernachldssigten Nihrstoff wird hier

1. das Nihrstoffgleichgewicht im Angebot hergestellt,

2. die Qualitit der Pflanzen durch Steigerung der Re-
sistenz verbessert,

u. 3. der Ertrag erhiht,

4. Die Entwicklung von Erndhrungsstorungen an der Planze.

Pflanzen kénnen sich nicht ohne Stérungen entwickeln,
wenn sich nur ein Nihrstoff im Mangel befindet oder nur
einer im Uberschuss vorliegt. Die Nachlieferung und Verfug-
barkeit nicht gediingter Nihrstoffe muss geringer werden und
zu Ertragseinbussen fihren wenn

T. ein bewusster Ersatz nicht geleistet wird,

2. eine unbewusste Zufuhr des Nahrstoffs durch Mist,
Schlamm, Nebenbestandteile von Diingemitteln usw. nicht
mehr stattfindet,

3. Bodenversiuerung die Auswaschung fordert oder
auf andere Weise die Verfiigbarkeit herabsetzt, wie Dbei
Molybdéin,

4. Versalzung die Aufnahme eines Nihrstoffes behin-
dert oder die direkte Wirkung eines im Uberschuss gediingten
Néhrstoffes die Aufnahme eines anderen durch Antagonismen
oder chemische Bindung hemmt (z. B. NHy : K, P : Zn),

5. andauvernd hohe Erlrige zu andavernd hohen Ent-
ziigen fithren, die nicht ausgeglichen werden,

Append. 4 - Bussler - p. g
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Dieser Ausgieich ist auch fiir Spurennihrstoffe vorzu-
nehmen. Wenn auch der mittlere Entzug an Spurennihrstoffen
nur etwa 5- 500 g/Jahr u. ha betrdgt, so ist doch festzustel-
len, dass auf alten ISulturbdden im Lauf der Zeit ein Vielfaches
dieser Mengen entzogen und nicht ergianzt wurde und dass
auch durch Verwitterung diese Mengen in einer Vegetations-
periode nicht wieder aus der nichtverfiigbaren Reserve der
Béaden frei werden.

Auf eine Erndhrungssttrung reagiert eine Pflanze nicht
sofort mit einem Symptom. Drei aufeinanderfolgende Stadien
sind zu unterscheiden (A, B, C). Die jeweils folgenden Stadien
schiiessen die vorangegangenen mit ein, sind durch Uber-
gange miteinander verbunden wnd auch in sich noch gra-
dulerbar:

A. In der Pflanze treten stoffliche Verinderungen auf,
die nur analytisch nachweisbar sind. Das Verhiltnis der mine-
ralischen Jonen zueinander wird verschoben. Als Folge dieser
Verschiebung kormen Verdnderungen im Muster der organi-
scihen Bestandteile anftreten, z. B. bei Chloridiiberschuss eine
Verringerung der organischen Siuren, bei K-Mangel eine Anrei-
cherung niedermolekularer N-haltiger Verbindungen (vgl.
Abschnitt 5).

B. In der Pflanze wird die Ordnung der Organelien,
Zellen und Gewebe verdndert. Diese Verdnderungen sind licht-
mikroskopisch oder elekirenenmikroskopisch nachweisbar,
lange bevor die Pflanze sichtbare Schiden zeigt. Bestimmte
Strukturen werden nicht mehr gebiidet, in ihrer Organisation
verindert oder zerstort (vgl. Abschnitlt 6).

C. An der Pflanze treten sichtbare Symptome auf. Die

Organe kénnen in ihrer Form, ihrer Firbung oder in ihrer
Entwicklung von der “Norm der Vergleichspflanze” abweichen
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(Chlorosen, Nekrosen, Morphosen). Der Ertrag kann auf Null
zuriickgehen,

Die Stadien A und B gehdren dem verbreitet vorkom-
menden Bereich latenter Stérungen an. Sie werden nur in
Ausnahmefillen erkannt. Welche Folgen der Verzehr solcherart
geinderter Nahrung hat, ist nur in wenigen Fillen bekannt,
meistens in Fallen aus der Tierernihrung (Beispiel: Lecksucht
bei Kupfermangel, Hinschkrankheit bei Kobaltmangel, Te-
tanie bei ecinem gestdrten Kationenverhiltnis im Serum mit
za geringem Magnesiumanteil, Weidediarrhoe Dbei Mo-Uber-
schuss).

Durch die in der ganzen Welt nahezu gleichen Produktions-
verfahren der intensiv gefGhrten Landwirtschaft, ist auch cin
Ausgleich in der menschlichen Ernihrung durch optimal mit
allen Stoffen verschene Nahrung nicht mehr gesichert.

5. Stoffliche Verinderungen im evsten Stadium einer Ernih-
yungssiérung,

Jeder Verinderung der Zellen und Gewebe muss eine
stoffliche Umorganisation des Stoffwechsels vorausgehen. Zu-
sammenhinge zwischen stofflicher Verdnderung und eingelei-
teter Fehlentwicklung sind z. Zeit noch in keinem Fall ickenlos
geklirt. Einige leicht nachzuweisende Verdnderungen seicn
genannt, um ecinen Einblick in die mégliche Vielfalt der
Abwege des Stoffwechsels zu geben. (Ubersicht Nr. 1).

Fehlerhafte, weil mangelhafte oder einseitig zu hohe Diin-
gung, fithrt aber nicht nur zur Veriinderung der Inhaltsstoffe,
sondern auch zu einer LErhéhung der Empfindlichkeit der
Pflanzen gegeniiber Schiadlingsbefall, zu einem erhohten Be-
darf an Pflanzenschutzmitteln und damit auch zu einer star-
keren “Umweltbelastung”. (Krauss, 1969, GROSSMANN, 1970).
Die Erkenntnis dieser Zusammenhinge wird durch unterschied-
liche Wirkung der Nihrstoffe sowie ungleiches Verhalten der
Pflanzenarten erschwert.
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UBERSICHT I,

Ursache Stoffliche Verinderung
N - Mangel Relative Zunahme der Kohienhydratfrak-
tionen, verstirkte Verholzung.
S - Mangel Anreicherung von niedermolekularen N-

P - Mangel

K - Mangel

B - Mangel

Mo - Mangel
Fe - Mangel

Cu - Mangel

NH, - Uberschuss

Append. 4 - Bussier -

haltigen Verbindungen.

Anreicherung von sckundiren Pflanzen-
stoffen,

z. B. Anthozyanen (BucHHOLZ, 10962)
und von China- und Chikimisdiure (Coic,
1961).

Anrcicherung von schiadlichen Stoffen

z. B.-Putrescin (CoLEMAN u., RicHARDS,
1956).

Anrcicherung eines die Zellteilung fordern-
den Stoffes oder Fehlen eines Stoffes,
welcher die Zellteilung hemmt (BussLER

1964, 1965).

Anreicherung von Nitrat.

Gehemmte Proteinsynthese, Zunahme los-
licher N-haltiger Verbindungen, Anrei-
cherung organischer Siuren (VENTRATRATU
TO7T).

Hemmung der Aktivitit der Phenoloxyda-
sen, verringerie Ligninbildung (Ramimr
1971).

Verringerte Bildung organischer Siuren.
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6. Histologische Verdinderungen als Folge von Erndhrungs-
Storungen.

Um die ersten histologischen Folgen eines gestérten Stoff-
wechsels erkennen zu kdénnen, muss man mikroskopische Un-
tersuchungen vornehmen. Die hierfiir zu priparierenden Ge-
webe sind den Organen und Stellen zu entnehmen, die spiter
an der Pflanze auch direkt sichtbare Symptome zeigen. Beil
Schnittserien wird man feststelien kénnen, dass die allerersten
Verinderungen einzelne Zellen betreffen. Erst wenn viele Zel-
len geschidigt werden, kann die Entwicklung der Schidigung
vom histologischen Beginn bis zum Absterben des Organs
verfolgt werden. Die Abbildungen 2-6 zeigen typische Stadien
aus der Entwicklungsreihe der Symptome.

In der Rinde sind einige Zellen zusammengefallen und
von den sich vergréssernden Nachbarzellen zu gelbbraunen
Bindern zusammengepresst worden. Diec zusammenfallenden
Zellen haben zundchst geringe osmotische Werte und kaum
noch nachweisbares Kalium. Die den zusammengefallenen
benachbarten Zellen haben sich vergréssert und irreguldr
geteilt. Die Gewebestruktur in den Leitbiindeln, im Kambium
und im Mark ist normal (BUSSLER, 1902, 1954, 1970). (Abb. 2).

Parenchymezellen im Mark der jiingeren Stengelteile 1dsen
sich vollkommen auf. Das Mark wird hoht, der Stenge! knickt
um. Diesem Symptom geht, im elektronenmikroskopischen
Praparat sichtbar, eine Zerstorung der Membranen wvorauns
(Marinos). Dadurch ist das Peltin der Mittellamelle dem
Angriff der Pectinasen ausgesetzt, die zunichst einzelne Zellen
voneinander trennen, Von den Zellen des Marks bleibt eine
nicht strukturierte braune Substanz iibrig (BUSSLER, 1962a,
b, ¢, 19632, b). (Abb. 3}.

Die Zahl der Zellen zwischen Siebteil und Xylem nimmt
zu. Das Kambium teilt sich fortgesetzt. Die neuen Zcllen dif-
ferenzieren sich aber nicht mehr. Die Gewebevermehrung in
diesem Bereich kann so weit gehen, dass der Stengel platzt.
Ein homologes Symptom ist bei Sellerie als “cracked stem”
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ABpiLpUNG 2 — Cosmea Querschnitt im unteren Stengeiteil bei Kaliom-
Mangel 250 x
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a8,

ABBILDUNG 3 -— Aubergine -— Querschnitt im oberen Stengelteil bei Calcium-
Mangel 100 X

bekannt. Diese Zellwucherung ist der dhnlich, die bei anima-
lischen Neoplasien (Krebs) zu beobachten ist (BUSSLER, 1g56a,
b, rgboa. b, 1961, 19624, b, 19064, 1965, 1966, 19H8). (AbD. 4).

Zu Beginn eines Molybdin-Mangels werden in junge
parenchymatische Zellen Substanzen eingelagert, die diese Zel-
len zum Absterben bringen. Wenn es sich hierbei um Zellen
in Organanlagen handelt, werden ganze Organteile vor der
Entwicklung vernichtet. Der Rest bcrlebender Zellen formt
nur noch Organfragmente. Bei Molybdinmangel ist eine als
“Whiptail” bekannte vereinfachte aber véllig irreguldre Blatt-
form typisch (BussiEr 1g60a, b, ¢, 1970). {Abb. 5).

Bei Manganiiberschuss wird Mangan in grdsseren Kon-
kretionen in Epidermiszellen, besonders in den Fusszellen von

Append, 4 - Bussier - p. 15
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ADBILDUNG 4 - Sonnenblume - Cuerschnitt durch den Stengel unter der
Endknospe bei Bor-Mangel 100 x

Haaren, abgelagert. Im Gegensatz zu den Verinderungen im
Gewebe bel verschiedenen Mangelzustdnden haben wir hier
keine Storungen in der Organisation der Gewebe feststeilen
kénnen. Nach Umsetzen der Pflanzen in Mangelldsung ist
das in den Konkretionen festgelegte Mangan nicht aktivierbar.
Die Pflanzen zeigen dann in dlteren Organen Manganiiber-
schuss, in jiingeren Organen Manganmangel (BUSSLER, 1958).
(Abh. 63,

Wie die Abbildungen 2-6 zeigen, werden bei bestimmten
Ernidhrnngsstérungen ganz bestimmte Symptome induziert.
Diese Symptome ermdglichen es, auch bei mehrfachen Er-
nidhrungsstérungen noch verschiedene sich makroskopisch
ttberdeckende Symptome zu unterscheiden.

Diese Symptome zeigen auch {das ist nicht neu), dass
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AusilouNGg 5 — Blumenkohl — Querschnitt durch die Mitlelrippe eines
jungen Blattes bei Molyhdin-Mangel 250 X

eine Erndhrung bei welcher nur ein Nihrstoff fehlt, fiir eine
normale Entwicklung der Pflanzen nicht geniigt. Kann eine
Diingung mit fiberwiegend 3 Nihrstoffen die Pflanzenproduktion
sichern, wo 12 Nihrstoffe enfrogen werden?

7. Dirvekt sichtbave Symptome von Evndhvungssitrungen

Bei andavernder Ernidhrungsstdrung nehmen die stoffli-
chen Verinderungen in der Pfianze zu, treten immer hiufiger
Schiden an den Zellen auf, die endlich zum sichthbaren
Ausdruck der Erndhrungsstorungen fithren. Je nach der Beweg-
lichkeit des die Stérung veranlassenden Nihrstoffes und seiner
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ABBILDUNG 6 - Bohne - Querschnitt im &dlteren Stengeiteil bei Mangan-
iiberschuss 250 X

Funktion im Stoffwechsel der Pflanze, sind die entstehenden
Symptome verschieden. Bei Mangelerscheinungen sind die
Symptome und Symptomfolgen an der Pflanze typisch fir den
Mangelzustand. (BussLer, 1668) Die Ernahrungsstérung kamn
an diesen Symptomen erkannt werden.

Schon seit langer Zeit wurden diese Symptome beobachtet,
beschrichen und abgebildet (2. B. WiMMER um 1900, ECK-
STEIN, BrUNO, TURRENTINE 1937, BROEDEL-KITCHEN 1048,
HamsinGe 1951, MULDER 1956, STENUIT u. ProT 1g6o, Ma-
LAvOLTA et. al. 1962, PENNINGSFELD 1g62, BUSSLER 1G62,
164, DEL RIVERO 1064, SPRAGUE 1064, PRIMAVESI 1065,
Roorpa von EvsiNGa u. SMILDE 1668 u. 1069, JUNG u.
RrIeHLE 1960).
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Wenn damit auch noch kein vollstindiger Uberblick iiber
die bei Erndhrungsstérungen méglichen Schadbilder gewonnen
ist, so haben sich doch die Erfahrungen iber die Entwicklung
von Symptlomen bei der Bekimpfung von Ernihrungsstorungen
sehr bewihrt. Von Nachteil ist, dass auch bei richtiger Dia-
gnose der Symptome mit der Beseitigung der Schiden erst spat
begonnen werden kann. Latenter Mangel (ohne sichtbare Symp-
tome) kann schon viele Jahre lang vorgelegen haben, bevor
die Storung erkannt wurde. Anders gesagt, der Verbraucher
erhielt in diesen Fallen schon jahrelang Nahrung, die chemisch
anders zusammengesetzt war als Nahrung von normal er-
nahrten Pflanzen.

8. Optimale Néhvstoffverhiltnisse

Wenn die in den vorigen 3 Abschnitten beschriebenen
Schiiden an der Pflanze auftreten, waren die im Nihrstoffan-
gebot vorhandenen Nihrstoffverhidlinisse nach Kombination
oder (und) Konzeniration nicht optimal,

Da durch den Boden und durch das Pflanzenwachstum
ein einmal gegebenes Angebot von Nihrstoffen in vielen nicht
immer ecindeutig erkennbaren Richtungen verindert werden
kanu, wollen wir zunfichst fragen, wie etwa ein optimales
Nihrstoffangebot in ciner Wasserkultur bei konstantem Néhr-
stoffangebot im Durchfluss beschaffen sein sollte.

Tn der Ubersicht 2 sind die Forderungen zusammenge-
stellt, die fiir ein eptimales Nihrstoffangebot zu erfillen sind.
Es liesse sich in Worten se ausdriicken:

Ein optimales Néhrstoffangebot liegt dann vor, wenn es
bei gegebenen sonstigen Bedingungen der Pflanze erlaubt, ihre
genetischen Anlagen voll zur Entwicklung zu bringen. In dem
vom Herrn Kollegen Coic vorliegenden Beitrag finden wir:

“Les facteurs qui ont une action sur la Physiologic de
la plante ne sont pas indépendants les uns des antres. Il faut
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dong amener chacun d’entre eux & une valeur correspondante
& un équilibre entre tous”.

UBERSICHT 2 - Forderungen an ein optimales Nihrstoffangebot,

1. Es muss alle Niahrstoffe enthalfen.

2. Es muss alle Nihrstoffe in geeigneter Form enthalten (z.
B. N als NO; — oder — NH,; — lon).

3. Es soll keine Baliaststoffe und keine stérenden Ionen
enthalten.

4. Is soll alle Nahrstoffe in entsprechend dem Angebot rich-
tigen Mengen enthalten {vgl. Ubersicht 3).

5. IEs soll im pH-Wert nicht extrem sein.

6. Es soll alle Nihrstoffe in zueinander optimalen Verhilt-
nissen enthalten.

Am schwicrigsten sind die Forderungen nach Punkt 6 zu
erfilllen. Tirst mit Hilfe der von Homis entwickelten Methode
der systematischen Variationen, ist es iiberhaupt méglich
geworden, mit einer fechnisch durchfithrbaren {geringen) An-
zahl von Versuchsschritten nahezu optimale Verhiltnisse von
Néhrstoffanionen und Nihrstoffkationen zu ermitieln (Homiis
1953, 1961, 1963, 1906, RAUTERBERG u. BUSSLER 1060, BUs-
SLER 1963, 1¢9€06a, b,). Wir haben mit der Methode von HomEs
auch versucht, optimale Spurennihrstoffverhiltnisse zu finden
(ForoucH u, Bussier 196¢). Bei sehr unterschiedlichen An-
geboten an Spurennidhrstoffen und Massennihrstoffen, fanden
wir die in Ubersicht 3 dargestelllen Nihrstoffverhiltnisse fiir
Sonnenblumen (Kultur in go-ml-Glisern, Lésung nicht beliiftet
und nicht erneuert, BussLEr, 19714, b).
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Upersicut 3 — Ein “ausgeglichenes Nihvstoffangebot” filr
Sonnenblumen in go-ml-Glisern.

Massennahrstoffkationen / Pflanze : 2,4 mval

K. Ca: Mg = 26 — 44 1 26 — 42 : 20 — 37
Massennihrstoffanionen [/ Pflanze : 2,4 mval

N:S: P = 28-—46:33 —45: 17 — 3I

Kationen : Anionen = I : T

Spurennihrstoffkationen / Pflanze : o,012 mval
Fe:Mn:Cu:Zn=20-—41:17—31: 1429 : 20— 33
Spurennéhrstoffanionen / Pfianze : 0,012 mval

B: Mo = 42 — 72 : 28 - 38

Massennahrstoffe : Spurenndhrstotfe = 400 : 1

Spurennihrstoffkationen : Spurennihrstoffanionen = unbe-
kannt (hier gegeben 1 : 1, Optimum nicht unfersucht).

{BUssLER, 1g71,b}

Je nach der Art des Nihrstoffangebotes miissen sich diese
Verhiltnisse mehr oder weniger verdndern. Je geringer das
Nihrstoffangebot in seiner Gesamimenge wird, umso hedeu-
tungsvoller wird das Selektionsvermdgen der Pflanze. In je
grosseren Mengen die Nahrstoffe im Angebot vorliegen, umso
stirker beeinflusst das Nilwstoffangebot selbst die Nahrstoff-
aufnahme (vgl. Ubersicht 4). Da fiir hochste Ertrige grosse
Mengen von Nahrstoffen angeboten werden miissen, die einen
grossen Einfluss auf die Nihrstoffaufnahme haben, sollfen die
Nihrstoffe schon im Angebot in optimalen Verhiltnissen vor-
liegen, Das gilt auch fir die Spurennéhrstoffe.
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URBERSICHT 4 — Arten des Néihrstoffangebotes.

Hebe Nihr- 4 1. in einer Gabe, ausreichend {ir Vegeta- | Das
stoffkon- | tionszelt  oder  vorgesehene  Versuchs- | Selektions-
zentration : dauner | vermégen
> 50 mvalfs der Pilanze

2.0 mehreren Gaben, der Entwicklung { O
| mmmt an

i
|
: angepasst | Bedeutung zu
} 3. & konstant gehalten durch hiufige Br- |
i nenerung H
Nihrstoffe [ 4. konstant gegeben mit verlorenem Dnrch-
1 janf ¥

< 5 mval

9. Die Spurenndhrstoffe im optimalen Nikvsioffangebot,

Je geringer friher das Nihrstoffangebot an allen essen-
tiellen Nahrstoffen war, umso weniger vertrug es die Pflanze,
dass ein Nihrstoff diesem Angebot in grosserer Menge hinzu-
gefigt wurde. Die iltesten Berichte tiber die Anwendung von
uns heute bekannten Spurenndhrstoffen handeln von Vergif-
tungen. Die planméssige Anwendung von Spurennihrstoffen
setzte sich daher nur in Gebieten durch, in denen Mangel-
krankheiten auftraten. Wie bei den Masscnnihrstoffen wird
der Ertrag durch unginstige Kombinationen von Spurennihr-
stoffen aber schon beeintrichtigt, bevor Symptome auftreten
(vgl. Ubersicht 5).

UBERSICHT 5 ~— Vergleich dev welativen Evirige in Colwell-
Lisung und in nach systematischen Variationen zusam-
mengestellter Losung (Sonnenblumen in q0-mi-Glisern) bei
unterschiedlichen Spurvennihrstoffangeboten.

Massen Spuren- Anionen d.  Iationen d. Lroteertrige
Nihrstolfe nahrstoffe Spuren- Spuren- SV, C.
nihrstoffe niihrstoffe (red.y
200 I I 1 03 100
200 2 1 I 8o 100
200 4 T I 4I 100
200 2 2 1 o8 100
200 2 10 I 180 100
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Bei gleichem Angebot von Massennéhrstoffen fithrte eine
Veranderung des Verhéltnisses von Spurennihrstoffanionen
Spurennihrstoffkationen zu einer ganz erheblichen Verbesse-
rung des Wachstums, Die Verbesserung des Wachstums wurde
am Frtrag gemessen. Die verbesserte Wirkung der Spuren-
nahrstoffe war hier eindeutig auf die Erhohung der Borgabe
zurickzufithren. Molybdédn, schon in zu hoher Gabe, hat den
Ertrag nicht beeinflusst.

10. Zur Beurtetlung einer Nihvstoffwivkung

Die Wirkung einer Dilngung oder allgemeiner eines Nahr-
stoffangebotes, wird in der Regel am Ertrag gemessen. Damit
wird aber nur cine Maglichkeit von viclen benutzt um zu
prifen, ob durch eine Massnahme die Entfaltung der geneti-
schen Anlagen verbessert wiirde. Andere Mdoglichkeiten zur
Beurteilung einer Nihrstoffwirkung sind in der Ubersicht 6
dargestellt.

UBERSICHT 6 — Krilerien fiiv eine Bewrteilung von Nédhvstoff-
wirkungen.

1. Ertrag
(ungeniigend, schliesst negativ zu beurteilende stoffiiche
Zusamimensetzung nicht aus),

2. Ausschen der Pflanzen
{ungeniigend, N-Uberschuss oder P-Mangel-Pflanzen kén-
nen “normal aussehen”).

3. Entwicklungsgeschwindigkeit
(ungentigend, sagt tiber das Endergebnis nichts aus).

4. nach physiologischen Kennwerten, z.B. nach Gehalt an
loslichen Stickstoffverbindungen.
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Jeder einzelne Punkt der Ubersicht 6 ist fiir eine wissen-
schaftlich begriindbare Beusteilung unzureichend. Nur weil
der Ertrag das am einfachsten zu ermittelnde Kriterium dar-
stellt, orientieren sich fast alle praktischen Dimgungsmass-
nahmen am Ertrag. Dabei wissen wir, dass hdchste Ertrage
nicht mit bester Qualitit verbunden sein miissen. In der
menschlichen Ern&dhrung ist es ganz klar, dass die schwersten
Menschen nicht die gestindesten sind. Wenn in der praktischen
Diingung der Ertrag dennoch als Kriterium fiir weitere Anbau-
massnahnien benutzt wird, so aus der Unkenntnis ither die
Zusammenhinge der cinzelnen den Ertrag bildenden Kompo-
nenten und aus betriebswirtschaftlichen Uberlegungen.

In diese geht der Ertrag viel hiufiger ein, als die Qualitit.
Die fiir den menschlichen Verzehr zu beurteilende Nahrungs-
qualitit richtet sich zum grossen Teil nach Ausseren, fiir den
Stoffwechsel unwesentlichen Merkmalen oder nach Negativ-
befunden. Die Ernteprodukte sollen frei sein von schidlichen
Stoffen (Rickstinden), Krankheiten, Schidlingen. Damit wird
eine Produktion hochwertiger Nahrung nicht angeregt.

11. Dilemma zwischen Rentabilitit und Qualiliiserzeugung.

Wenn in Bezug auf Qualitiat und Quantitit optimale Ernten
erhalten werden sollen, dann muss unser ganzes Wissen bis
zum letzten gesicherten Stand der Erkenntnis in die Praxis
umgesetzt werden. Es geniigt nicht, dieses Wissen nur bis zur
Grenze einer marktwirtschaftlichen Verinderungen unterlie-
genden kurzfristig gesechenen Rentabilitit zu verwirklichen.
Versauerte Boden, Pflanzen mit gestorten Garnituren von
organischen und anorganischen Inhaltsstoffen sind die TFolge
cines nur auf Erfrag und Rentabilitit gerichteten Denkens.

Wie Coic (1972) es ausdriickt: “... en agriculture, on se
préoccupe plus de rendement que de la qualité, car pour beau-
coup de produits agricoles, 'amélioration de la qualité est
peu payée”.
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Der Pflanzenproduzent wire aber durchaus gewiilt, seine
Produkte optimal zu erndhren, wenn er dafiir auch honoriert
werden wiirde. Ein Beispiel dafiir bildet der Blumen- und
Zierpflanzenbau, der seine Aufwendungen filr modernste Pro-
duktionsverfahren auch wieder hereinbekommt. Der Verbrau-
cher ist jedoch noch nicht bereit, flir die ihn nihrenden pfianz-
lichen Produkte so viel auszugeben, wie fiir die “Blumen fir die
Dame”. Der Verbraucher unterliegt imnier noch der falschen
Meinung, die Landwirtschaft miisse biflig und nach Méglichkeit
mit Hilfe von Abfillen, wie Millen, hochwertige Nahrungsmittel
produzieren. Die Worte von ViRTANEN sind noch nicht Alige-
meingut menschlichen Bewussiseins:

“Nene Einsicht in die Aufgaben und die Bedeutung der
Ernihrung lisst die Behauptung gerechtfertigt erscheinen, dass
die Nahrung offenbar der michtigste vom Menschen beherysch-
te TFalktor ist, durch den er auf secine Gesundheit, seine
Arbeitskraft und seine Aktivitit idberhaupt einwirken kann.
Eine ausreichend und harmonisch abgestimmte Zufuhr der von
Mensch und Tier benétigten Nihrstoffe ist in ausschlaggeben-
dem Mass von der chemischen Zusammensetzung der Kultur-
pflanzen abhingig”. — Diese wird erheblich von der Dingung
beeinflusst.

Durch die Anwendung von Dungemilteln kann heute der
Hunger bekampft werden. Unsere Erndhrung wird aber nicht
gesichert, wenn wir nicht alle Néhrstoffe in der Diingung
beriéicksichtigen und nur in geringem Umfang die Grundlagen
der Ernihrung erforschen koénnen. Der in der Abb. 1 gezeigle
Trend wird sich fortsetzen. Emndhrungsstérungen werden auch
da an den Pflanzen aufireten, wo sie heute noch nicht bekannt
sind.

12. ZuSamamenfassung.

1. B¢ wurde gezeigt, dass bel der derzeitigen praxis-
fiblichen Anwendung von Dingemitteln zunehmend Erndh-
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rungsstorungen auftreten miissen. Die zunchmende Verbreltung
von Erndhrungsstérungen wird darauf zuriickgefihrt, dass die
alte Forderung von Lizpic, “alle entzogenen Nihrstoffe seien zu
ersetzen”, nicht erfillt wird. Der Ersatz von nur 3 Nihrstoffen
geniigt nicht.

2. Bei Mangel an nur einem Néihrstoff treten an der
Pflanze stoffliche und histologische Verdnderungen auf, die
neben der Herabsetzung der Erfrige auch eine Verminderung
der Qualitit der Lrnteprodukte herbeifithren.

3. Eine optimale Entwicklung der Pflanzen, die zu
hohen Ertriagen und guter Qualitit fihrt, ist nur moglich, wenn
die Nahrstoffe in ausgeglichenen Verhiltnissen angeboten wer-
den. Eine Méglichkeit, solche optimalen Verhidltnisse erkennen
zu kénnen, bildet dic Anwendung der Methode der systema-
tischen Variationen von HomEs,

4. Die Grundlagenforschung sollte auf dem Gebiet der
Erndhrung und Pflanzenernidhrung wverstirkt werden. Die
Beurteilung einer Pflanze, ob sie wirklich optimal entwickelt
ist, ist uns z. Zeit nach wissenschaftiichen Gesichtspunkten
nicht méglich, auch nicht die Empfehlung optimaler Nihr-
stoffangebote. Wir kennen nicht das Ertragsmaximum einer
Art, Wir kennen kein grundsitzlich giiltiges Kriterium fiir die
Beurteilung der Qualitdt von Nahrungspflanzen.

5. Optimale Ertrige in Bezug anf Qualitit und Quantitit
scheinen bel Orientierung landwirtschaftlicher Massnahmen an
der Rentabilitit nicht erzeugt werden zu kéunen. Die Ausrich-
tung auf billige Produktionsverfahren, Anwendung von Abfallen
anstelle von dem Produktionsziel angepassten Dingemitteln,
schiiesst eine optimale Nahrungsqualitit fast immer aus.
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FERTILISATION MINERALE
ET QUALITE DES RECOLTES

YVIES M. COIC
Stadion Centrale de Physiologie Végétale
Versailles - France

I - INTRODWCTION.

I’ Agriculture a pour but d’obtenir de manidre rentable,
sur une aire déterminée, la plus grande quantité de produits
utiles et la meilleure qualité de ceux-ci.

Evidemment, nous essayons continuellement de remplacer
le “qualitatif” par le “quantitatif”; antrement dit, de substituer
& la notion abstraite de qualité, la notion concréte de “composi-
tion biochimique”, lorsque cela est possible. Nous progressons
rapidement dans ce sens lorsqu’il s’agit de. valeur alimentaire
et technologique des récoltes. Les progrés sont treés lents lors-
qu’il s’agit de propriétés organoleptiques qui sont des données
trés subjectives. Dans bien des cas il est si difficile de trouver
des caractéres concrets de qualité que I'on est amené & définir,
non le produit, mais les conditiong qui influencent cette qualité,
d’ott les dénominations de crli, d’appeliation ¢’origine qui es-
saient de définir U'ensemble “variété - =ol - climat” donc 'en-
semble “variété - surface délimitée - année de production”.

Il n’est pas question de traiter le probléme dans toute son
gtendue, mais de donner une vue générale des problémes qui
se posent et de montrer, grice a quelques excmples concrets,
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pris plus epécialement dans nos propres travaux, comment on
peut résoudre ces problémes,

Le rendement et la composition biochimique de la récolte
dépendent d’une part de I'hérédité, c’est-a-dire de Vespece, de
la variété végétale et d’autre par du milien extérienr. Iis sont,
en définitive, le résultat du fonctionnement de la variété dans
le milieu extérienr considéré.

Les facteurs qui ont une action sur la physiologie de la
plante ne sont pas indépendants les uns des autres. Il faut donc
amener chacun d’entre cux 4 une valeur correspondant & un
équilibre optimum entre tous. Parmi tous ces facteurs nous
devons distinguer ceux sur lesquels nous pouvons avoir une
action, de ceux indépendants de nous. La nutrition minérale
fait partie des facteurs que nous pouvons coniréler, grice aux
travaux des physiologistes et des agronomes de la science du
sol. Les facteurs indépendants de nous (climat, certaines con-
ditions de sol) doivent donc étre sculs & limiter le rendement
ou & limiter notre action sur la qualité; et les facteurs sur
lesquels nous pouvens agir {I’hérédité, la nutrition minérale)
doivent étre “adaptés™ aux facteurs indépendants de nous ac-
taellement.

Notre action sur le rendement et la gualité est aussi limitée
d'une part par la faiblesse de nos connaissances dans toutes les
disciplines agronomiques {Amélioration des plantes, Physiolo-
gic et Biochimie végétales, Science du sol...) el, d’autre part,
par les nécessités économiques, la rentabilité,

L'apport d’éléments minéraux a pour but fondamental
d’augmenter la production de substances ovganigues, La ferti-
lisation minérale peut aussi faire varier la composition biochi-
mique des récoltes et le but de cette communication est dex-
poser comment elle fait varier cette composition et en consé-
quence comment on peut §'en servir pour associer rendement
et qualité des récoltes.
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II - DIVERSITE DES CONDITIONS D' ALIMENTATION MINERALE DANS
LES SOLS NATURELS. EFFET DE LA SUPPRESSION DES DE-
FICIENCES.

En raison de la grande diversité des roches-méres qui ont
donné naissance aux sols et aux éléments minéraux nutritifs
assimilables (calcaires, granites, schistes, gneiss, cle.), on pour-
rait penser que la composition des espéces végélales est extre-
mement variable en fonction do type de sol, en conséquence
de la différence considérable de alimentation minérale qu’elles
ont 4 leur disposition. Ce n'est pas le cas.

in effet, fa plante posséde un certain pouvoir de discri-
mination dans 'absorption des éléments minéraux. Ce pouvoir
de discrimination se présente par exemple de la fagon suivante:
une plante déficiente en vn élément comme le Phosphore, ab-
sorbera préférentiellement et rapidement I'ion phosphorique lors-
qu’elle sera placée dans un milieu nutritidf complet et équilibré.

Inversement 1'élément nutritif sera absorbé A une vitesse
trés réduite lorsque la plante est riche en cet élément; elle peut
méme l'excréter dans un milieu pauvre {Y. Cofc et G. Van-
DERWALLE 1650).

Ce pouvoir discriminatoire, qui se traduit par ce que Pon
pourrait appeler un pouveir “tampon”, a certaines limites dont
I’étude fait d’ailleurs I'objet de cet exposé.

D’autre part les aptitudes et “exigences” des genres, espé-
ces ou variélés végélales sont trés différentes, ce qui permet,
par le choix de la plante cultivée, une certaine adaptation aux
conditions d’alimentation minérale dans les sols naturels.

Ceci dit, le manque de tel ou tel élément minéral est un
facteur primordial de limitation du rendement & la surface de
la terre. Comment ces déficiences se iradwisent-elles du point
de vme composition chimique des récoltes?

Prenons comme exemple la déficience en acide phospho-
rique. La déficience en acide phosphorique diminue !a pho-
tosynthese et done la preduction de matiéres organiques, de
sorte que la dilution de Tacide phosphorique se trouve limitée.
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On congoit d’ailleurs qu’clie ne puisse descendre au-dessous
d’uvne certaine limite. C'est ce que nous montre le tableau
relatant une expérience sur blé, en vases de végétation con-
tenant une terre carencée en acide phosphorique et comportant
une variation de la natrition azotée & partir du début de la
monfaison du blé.

Tapreav 1.

Récolte N o de P.O; 9 Matidres

{en g par  mat. séche  de mat.  azotées dn
pot) du grain séche du grain en g par
grain  pot (N x 35,7)

Sans phosphate
0 nitrate 16,4 2,43 0,44 1,95
1/2 nitrate 17,0 2,78 0,42 2,32

Avec phosphate
1/2 nitrate 71 1,63 0,61 5,07
1 nitrate 93 1,02 0,58 8,75

L.e manque de phosphates a tellement abaissé le rendement
{4 fois), que la teneur du grain est encore les 2/3 de la teneur
normale, Autrement dit, la diminution considérable de 1'ab-
sorption de POy ne s'est traduife que par une diminution
relativement faible de la teneur du grain en phosphore, Paral-
lelement, la teneur en protides du grain a considérablement
augmenté (2,78 au lieu de 1,63 d'azote pour 100 de mafidre
seche, pour une méme nutrition azotée) ce qui signifie que la
protéosynthése a été beaucoup moins touchée que la photo-
synthése par la déficience en acide phosphorique. Cetie expé-
rience nous montre aussi gu'tl est plus difficile d’ obteniy une
forte teneur en protides du prain pay ume bonne alitmentgiion
azotée que par la déficience en acide phosphorique.
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En Agriculture la déficience cn un éiément qui, par défi-
nition pourrait-on dire, abaisse le rendement, accroit généra-
lement la concentration des autres éléments dans la plante et
finalement dans la récolte.

Par cet exemple, on congoit combien l'interprétation de
Paction d’'un engrais sur la qualité nutritionnelle des récoltes
peut étre difficile. En effet, PYapport d’un engrais phosphaté
pour remédier & une carence en phosphore conduit dans I'exem-
ple choisi & une augmentation de la teneur en acide phospho-
rique du grain mais aussi 4 une diminution de sa feneur en
matidres azotées,

L’appoert d’amendements calcaires & un sol peut avoir des
effets sur la composition chimigue de la récolte bien plus im-
portants que ceux résultant seulement de 'amélioration de la
nutrition en calcium de la plante: I'¢lévation du pH change
les possibilités alimentaires du sol par libération d’éléments
nutritifs assimilables et, en particulier, d’azote par minérali-
sation d'une partie de la matiére organique; elle peut créer
des antagonismes entre éléments nutritifs, diminuer ou aug-
menter ’assimifabilité de certains d’entre eux, et ainsi faire
disparaitre des toxicités (Aluminium, Manganése, Fluor, ...) ou
créer des déficiences (Manganése, Zine, Bore...).

TII - T.A COMPOSITION MINERALE DES RECOLTES.

lLa composition minérale des récoltes intéresse plus parti-
culiérement la nutrition des herbivores, d’autant plus que les
techniques moedernes de culture des prairies ont pour consé-
quence utle nourriture moins variée.

Mais clle intéresse aussi la nutrition des autres animaux
et aussi de Fhomme dans les régions ol son alimentation est
surtout 4 base de végétaux (graines, fruits).

Les nouvelles recherches concernent plus spécialement les
oligo-¢léments, Tes chercheurs travaillant sur la production
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végétale se sont intéressés tout d’abord aux micro-éléments
nutritifs essenticls & la physiologie des plantes supéricures ¢’ est
a dire & Fe, Cu, Zn, Mn, B, Mo, Ci: puis aux éléments cssen-
tiels ou inutiles 4 la physiologie de la plante lorsque leur con-
centration est faible mais qui peuvent causer une toxicité si
leur concentration devient élevée, notamment Ca, Mu, B, CI, Al
Cr, F, Ph, Li, As. Les besoing alimentaires en oligo-éléments
de I'homme et des animaux sont en partie différents de ceux
des plantes. Ceux indispensables ou utiles 4 leur physiologie
sont les suivants: Co, Cr, Cu, F, T, Mn, Mo, Se, Zn, Sr; tandis
que As trivalent, Be, Bi, Cd, F, Pb, Mo, Se sont parfois toxi-
ques lorsqu’ils sont absorbés en quantité pius ou moing élevée,
Or, les plantes cullivées servant A I'alimentation peuvent avoir
une croissance optimmum méme lorsqu’elles contiennent des te-
neurs en Co, Cr, Cu, I, Mn, Se, Zn, insuffisantes pour sub-
venir aux besoins de certaing animaux, ou lorsqu’elles contien-
nent, au contraire, des teneurs en Se, Cd, Mo ou Pb qui causent
une toxicité directe ou un déséquilibre métabolique chez les
animaux sans nuire A la plante.

1) Effet indivect de la feriilisation minérale par la varigtion
qu’elle provoque sur la composition botanique des praivies.

L’influence de Vespéce sur la tencur en éléments minéraux
est déterminante. On peut dire que dans une prairic les légumi-
neuses sont beaucoup plus riches que les graminées en Calcium
et Magnésium, en Fe, B, Mo, Cu et Co alors qu'elles sont
moins riches en Potassium et Sodium.

Les différences entre espces sont trés grandes et 'on
parie méme de plantes accumulatrices pour le Cobalt, le Zinc,
le Sélénium...

Ces différences entre espéces esl si grande que Yaction des
engrais minéraux sur la variation de composition minérale de
la pature ou du foin est le plus souvent causée par la variation
qu'ils provoquent dans la cemposition botanique de la prairie.
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2) Influence de la nature de I'alimentation azolée.

1 alimentation azotée de nos plantes peut s'effectuer sous
forme ammoniacale ou nifrique. En général clle est surtout
nitrique en raison de la nitrification de la forme ammoniacale
et de la migration facile de 1'ion NOs~ dans le sol.

Puisque, dans un cas azote est absorbé sous forme de
cation NH,*", et dans Vautre sous forme d’anion NO;~, on
comprend l'antagonisme, & I'absorption, de NOs~ vis-d-vis des
autres anions, et de NHe* vis & vis des autres cations; d'autant
plus que Uion azoté est absorbé préférentiellement aux autlres
ions. En alimentation nitrique, il v a moins d’antres anions et
en particulier d’acide phosphorique absorbé, et moins de ca-
tions en alimentation ammoniacale.

On concoit bien, d’autre part, que le métabolisme de NO;~
dans les feuilles, qui modifie 1’équilibre électrostatique cellu-
laire, va entrainer de grosses modifications dans la production
d’acides organiques qui assurent cet équilibre: en nutrition
ammoniacale, faible quantité de cations et d’acides organi-
ques; en nutrition nitrique, plus forte quantité¢ de cations ct
d’acides organiques dans les feuilles {Y. Colc et al. 1g61).

Tapreavu I1.

Valeur
en  nillidquivalents Maiy (feunilles) Tomates {feuilles)
pour roo g
de matidre fraiche NH," NG, NH,™ NGO,
N total 49 45 63 43,1
P total {en POS) 12,4 7.5 15 0,0
K 13,1 13,1 8.3 I, I
Ca 4,0 6,2 4,7 26,8
Mg 3.3 5.2 2,9 8,6
Cations totaux 20,4 24.5 13,3 46,5
Acidité organigue 3.0 12,4 0,6 26,8
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En comparant le mais et la tomate, nous voyons que la
tomate est particuliérement sensible a4 I'influence de la nature
de la nutrition azotée: la feneur et la composition des anions
(minéraux et organiques) et des cations minéraux des feuilles
présentent des variations considérables.

L’action du type de nutrition azotée sur la teneur et com-
position en cations minéraux, ainsi que sur la tencur en acides
organiques des feuilles est donc différente suivant les types de
plantes, Nous attribuons cette différence & la différence relative
de la puissance du métabolisme de NO;~ dans les racines et les
feailles, les plantes du type Mais (graminées de prairie, blé,
asperge...) cn réduisant une plus forte proportion dans les
racines (et donc moins dans les feuilles) que les plantes du type
tomate (tabac, pomme de terre...).

Il faut de nouveau signaler, qu'en Agriculture, la nutri-
tion exclusivement “ammoniacale” se rencontre rarement et que
si I'on passe d’unc nutrition “ammoniacale” 4 une nutrition
“nitrique” Ia composition cationique et en acides organiques
des feuilles adultes ou jeunes se modifie rapidement (Y. Cofc
et al.).

3) Enrichissement en certains oligo-éléments (Y. Coic et C.
TENBILLE, 1971).

L’enrichissement des récoltes en oligo-éléments est un pro-
bieme important qui doit susciter I'intérét des Agronomes, d’au-
tant plus que les engrais usuels étant de plus en plus concentrés
en éléments N. P, K, contiennent en général du moins en moins
d’autres éléments. Chaque oligo-élément constitue un probléme
en soi: probléme lié 4 sa dynamique dans les divers sols, sa
facilité¢ d’absorption et de migration dans la plante qui dépend
d’ailleurs de la plante elle-méme ct de sa rhizosphere, des anta-
gonismes (POs vis & vis de Zn ou du Cu ou du Co) ou syner-
gismes (POy vis & vis de Mn) renconizés.
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1V - LA COMPOSITION EN SUBSTANCE ORGANIQUES,

Ce sont évidemment les substances organiques des récoltes
qui nous intéressent le plus au point de vue nutritionnel et
technologique. Le probléme de la modification de la composi-
tion des récoltes en ces substances est aussi le plus complexe.

Nous parlerons sculement de la modification apportée par
les engrais A la teneur en protides et & la composition de ceux-ci,
car ce groupe de substances organiques occupe une place de
choix au point de vue nutritionnel et technologique.

Remarque: Lorsque les agronomes s’occupent de 1'in-
fluence de la nutrition minérale sur la “qualité” des récoltes,
ils ont tendance 4 n’étudier que 'influence d'une déficience en
un élément ou plutdt I'effet de la suppression de cette déficience
par l'apport d’un engrais approprié.

Or, généralement, en Agriculture, on se préoccupe plus
du rendement que de la qualité, car pour beaucoup de produits
agricoles, l'amélioration de la qualité est peu payée. Il en
résulte que la suppression de la déficience en un élément est
rémunératrice par I'augmentation de rendement qu’elle procure;
et que la définition agronomique d’une déficience se rapporte
surtout au rendement. Mais, il est trés important pour 1"Agri-
culture moderne de savoir si, au-deld de la quantité d'un élé-
ment nécessaire pour obtenir un rendement maximum (ou opti-
mum du point de vue économique), une quantité supplémentaire
de cet élément n’améliore pas la qualité sans modifier le rende-
ment, Cet aspect fondamental apparaitra dans I'exemple que
nous avons choisi: accroissement de la teneur en matiéres
azotées du grain de blé. L’aspect inverse doit, évidemment,
faire partie aussi de nos préoccupations, a savoir: fournir une
quantité d’un élément inférieure & celle conduisant au maxi-
muin de rendement pour obtenir une combinaison “rendement-
qualité” économiquement rentable.
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1) Variation de la tencuy en malidres azoides.

- La proportion de matiéres azotées parmi fa matitre or-
ganique totale synthétisée traduit le résultat de Iinteraction
entre la nutrition azotée de la planfe et la photosynthése nette.

Prenons comme exemple le blé. La ileneur en maticres

Mati
= Matiére s
Stabolisé
53 3 nette
variations relatives du numérafeur et du dénominateur de cetle
fraction.

Toutes les conditions ¢t facteurs agronomiques qui dimi-
nuent plus la photosynthése que la protidosynthése augmentent
le taux de protides du grain. Nous avons vu leffet d'une défi-
cience du sol en phosphore ¢t la plupart des déficiences en ions
nutritifs ont le méme effet; il en est de méme du manque de
lumiére, du manque d’cau, des maladies cryptogamiques. ..

'cs arotées . ..
he” X T00 varie en general com-

azotées du grain

me e rapport - . Elle sera donc fonction des

a) Action de la fumure azotée sur la teneur en protides du grain.

La fumure azotée augmente la quantité d’azote métabolisée
par la plante, mais, heureusement, eile augmente aussi la pho-
tosynthése nette. D’aprés la loi de Mrrscrnerricn, dite “des
rendements moins que proportionnels” elle devrait toujours
aboutir & une augmentation de la teneur en azote des récoltes.
Cela n’est pas toujours vrai et dépend de la quantité d’azote
et de la date d’apport par rapport au stade de développement.

TaprLeau TIT,

30 kg N
oke N 30 kg N/ha 30 kg N/ha début nmai
- déhut mars fin mai  + 30 kg N
{in may
Taux d’azote do grain
(% de matiére sdehe) 1,62 1,51 2,35 2,00
Rendement
{quintaux a hectare) 16 32 21 36
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Une fumure azotée modérée du blé an moment de la crois-
sance active permet la constitution d’une surface foliaire pho-
tosynthétique conduisant & une forte photosynthése & 1'unité
de surface du terrain. Mais plus tard (aprés que azote de la
fumure azotée aura été utilisée) 1'aceroissement de ia photosyn-
thése par rapport & celle du témoin ne sera pas suivie d’une
augmentation de la protidosynthése puisque 1'azote minéral
disponible, provenant alors de la minéralisation d’une faible
fraction de l'azote organique du sol, sera en méme quantité
pour la parcelle témoin et la parcelle ayant recu la fumure;
la teneur en protides du grain sera abaissée par cette fumure
(Y. Coic 1930).

Par contre, la méme quantité d’azote apportée a la fin de
la croissance active augmente relativement peu la photosyn-
thése netle & I"hectare et accroit considérablement la teneur en
azote du grain, ce qui monfre que la protidosynthése est encore
tres active dans la derniére phase de développement du blé
(apres floraison). Nous atiribuons ce maintien de la puissance
de fa protéosynthése globale au maintien du travail de la vacine
qui joue un réle important dans la protidosynthése chez le blé.
En effet, ainsi que nous 'avons dit, les racines de certains
genres de plantes (Mais, Blé) pcuvent transformer en acides
aminés et amides une bonne partie des nitrates absorbés. Or
cetfe transformation est la phase la plus difficile, la plus éner-
gétiquement cofiteuse de la protéosynthése, et c'est & partir de
ces chainons organiques que le grain va synthétiser ses protéines.

Une double fumure, pendant et aprés la période de crois-
sance active permet de conjuguer ['augmentation du rendement
et l'obtention d'une teneur en azote élevée du grain (Ta-
bleaux IIT et IV).

Cette variation de la tencur en protides, que l'on peut
contréler dans une certaine mesure par la fumure azotée, a
I'importance que I'on connait pour les industries de la brasseric,
de la sucrerie de betterave, et pour la panification et la fabri-
cation des pites alimentaires.
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b) Inleraction varidté - fertilisation azotée.

Pour une alimentation donnée et limitée en azote, la te-
neur dépend du rendement de la variété: plus le rendement
est faible, plus la teneur en azote du grain est forte. Récipro-
quement, plus une variété est productive, plus ses besoins en
azote sont grands, non seulement pour manifester sa produc-
tivité mais aussi pour que la tencur en azote des récoltes ne
soit pas amoindrie en raison de cette productivité.

D’autre part I'on doit se poser la question suivante:
Existe-t-il une aptitude variétale i l'enrichissement en azote
du grain, lorsque I'alimentation azotée cst trés abondante? Cela
est vraisemblable; ct cette possibilité est fonction des aptitudes
comparées de la variété vis & vis de la photosynthése et de la
synthése des protides. En régime d’abondance de l’alimen-
tation azotée le taux d’azote du grain varierait en gros comme
Azote métabolisé

ler § i
e rapport pro

photosynt

Nous avons dit que pour certaines plantes et en particulier
pour la plupart des céréales, la racine jouait un réle fonda-
mental. Or, on s’est surtout préoccupé de sélectionner les
variétés de plantes d’aprés leurs capacités photosynthétiques,
leur rendement & 1'hectare en produits utiles {grain par exem-
ple) dans les diverses conditions agricoles. Peu de {ravaux ont
6été réalisés en ce qui concerne les capacités protidosynthéti-
ques, et en particulier sur la puissance du métabolisme de
I'azote minéral dans la racine. Il est vrai que ’on peut sup-
poser que la sélection pour la productivité est peut-étre clle
ménie dépendante ou corrélative d'une sélection pour la puis-
sance de protéosynthese.

c) Ferlilisation azotée et qualité meuniére-boulangére du grain
(Y. Coic et W. ALEXINSKY 1053, W. ALEXINSKY et Y.
Coic 1g54).

La qualité technologique du blé est fonction d’une part
de la proportion de farine que Yon pourra normalement ex-
traire du grain {taux d’extraction} et d’autre part, de la valeur
de cette farine pour fabriquer le pain.

Append. 5 - Coic - p. 12



SEMAINE D'ETUDE SUR « L'EMPLOY DES FERTILISANTS ETC. » 1327

Potds & I hectolitre: on admet généralement que le taux
d’extraction dépend du poids a Vhectolitre: plus le poids &
Thectolitre est élevé, plus le taux d’extraction est grand. En
réalité, c’est la densité du grain qui est la donnée importante,
mais elle est difficile & mesurer dans la pratique car I'hectolitre
de grain comprend a la fois le volume propre du grain et le
volume de l'air dans les interstices. Le poids a 1'hectalitre est
donc fonction de la densité du grain et aussi du volume occupé
par le grain, celui-ci dépendant de nombreux factcurs comme,
par exemple, de la rugosité du grain, en relation elle-méme
avec sa propreté et de son humidité, en sorte que le poids a
I'hectolitre est un critére de qualité commode mais dont la
valeur n’est pas absoclue.

Le tableau IV montre que la fertilisation azotée tardive
accroit nettement le poids 4 l'hectolitre. Elle accroft le poids
4 T'hectolitre en augmentant la densité du grain, ce qui est
important du point de vue du taux d’extraction.

Vitrosité, Les grains enrichis en azote par la fertilisation
azotée tardive ont un aspect vitreux {moins amidonnecux) et
ptus anguleux que ceux produits par des blés ayant manqué
d’azote aprés la floraison. Les données du tableau IV mentrent
que les différences entre variétés sont grandes & ce point de vue
(différence entre Yga et Hybride 40). Cette vitrosité (absence
de “mitadinage” du grain est une qualité essentielle des “blés
durs” car elle conditionne le rendement en “semoules” destinées
4 la fabrication des pites alimentaires. Les différences varié-
tales concernant la vitrosité ont donc été plus spécialement
étudiées chez les “blés durs”.

Alvéogramme Chopin. La valeur de la farine pour fa-
briguer le pain dépend ecssenticllement de son gluten: de sa
qualité, qui dépend principalement de la variété, et de sa quan-
tité. Pour le boulanger, la quantité d’eau absorbée par la farine
pour obtenir la consistance voulue de la péte est importante.
La qualité élastique et cohésive de cette péfe est exprimée en
Trance par la surface W ct les caractéristiques de 1'alvéogram-
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me Chopin (o0 P indique la pression au moment ol la bulle
de pite créve, et G le gonflement).

Dans Dexpérience relatée au tableau III, on voit que
I'azote apporté au Tallage (Mars) conduit 4 une diminution
du taux d’azote du grain et la farine donne un alvéogramme
dont le gonflement est inféricor A celui du témoin sans azote.
Un supplément d’azote apporté i 1'épiaison augmente considé-
rablement le gonflement et le W. {graphique 1).

Dans les expériences relatées dans le tableau IV, la ferti-
lisation azotée semie tardive (A la montaison) qui agit forte-
ment sur le rendement modifie peu 'allure de 1'alvéogramme
et la valeur du W. Par contre la fertilisation tardive en aug-
mentant fe taux de gluten améliore le gonflement G et parfois
la pression P, le W sc trouvant ainsi nettement augmenté
(graphiques 2).

Cystéine
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84

ALVEOQGRAMMES

Hybride de Dersée

Hybride 40

GRAPHIQUES 2
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Les ecssais effectués au farinographe de DBrabender ont
montré gue 'absorption d’can pour amencr ia pite 4 une
consistance déterminée est plus forte pour les farines prove-
nant de blés enrichis en azote par la fertilisation azolée tar-
dive (graphiques 3).

Essais de panification: Ces épreuves ont été complétées
par des essais de panification et les graphiques correspondant
au tableau IV ont eu une influence trés bénéfique sur 'absorp-
tion d’can, le volume des pains et la note attribuée par le
boulanger (graphigues 3, 4 et 5).

Ces expériences de fumure azotée montrent clairement que
I'on peut associer rendement et qualité.

2) Variation de la composition des protides.

On considére généralement que les proféines d’'un organe
d'une espéce végétale déterminée n'ont pas un grand potentiel
de variabilité de leur composition: le tableau V nous permet
par exemple de voir que les compositions en acides aminés des
protides du grain de trois variétés, une de bié tendre, deux de
blé dur, sont trés voisines.

Lorsgue les protides sont constitués d’une certaine pro-
portion d’azote organique “soluble” la wvariation de la pro-
portion de cet azote soluble, dont la composition en acides
aminés est différente de celle de la protéine, ainsi gue la varia-
tion de composition de cel azole soluble modifient la compo-
sition des protides globaux.

a) Variation de la proportion et composition de I'azote ovga-
nique soluble.
— Influence du type de nutvition azotde: “nilvigue” ou
“ammoniacale” .

Par’ rapport 4 l'alimentation nitrique, ’alimentation amn-
moniacale conduif & une accumulation d'azote organique solu-
ble et plus particulierement des amides (glutamine ou aspa-
ragine suivant les espéces végétales).
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— Déficience ot éléments mindraux.

Les protides sont des constituants fondamentaux de la ma-
tiére vivante et 'on peut dire que tout grave déficience en un
élément guelconque affecte plus cu moins la synthése protéique.

En dehors de Fazote, le soufre est un élément constitutif
des protéines puisqu’il fait partie de deux acides aminés, la
cystéine et la méthionine que I'on rencontre dans toutes les
protéines, La déficience en soufre se traduil par une accumu-
lation “d’azote soluble”, c’est-i-dire d’acides aminés et de
peptides qui n’ont pu étre utilisés & 1'édification des protéines,

II en est de méme de l'action d’auires éléments qui,
n’étant pas des constituants des protéines, sont impliqués dans
leur synthase. La déficience en potassium conduit aussi 4 I'ac-
cumulation d’azote soluble dans la plante,

b) Variation de la compostlion des protéines.

a) effet de la nutvition azotée (Y. Coic et al. 1663).

On considére que la composition en acides aminés des
protides du grain de blé est peu variable.

Cependant nous avons montré que ['enrichissement en
azote du grain par une nutrition azotée tardive, enrichissement
allant de 33% pour Florence-Aurore {blé tendre) & 40% pour
Qued zénati (blé dur), avait pour conséquence une modification
de la composition en acides aminés des protides du grain.

Les proportions d’acide glutamique (ou plutdét de gluta-
mine) et de proline augmentent trés nettement {de 6 4 13%),
celle de phénylalanine augmente aussi mais moins nettement.
Les proportions des autres acides aminés diminuent passive-
ment (de 3 4 4%) mais certains diminuent plus fortement: la
Iysine (8 & 14%) la glycine et Palanine (de 8 & 13%).

La variation de la composition en acides aminés des pro-
tides du grain de blé traduit "accumulation préférentielle de
la gliadine (groupe des prolamines) gui contient une trés forte
proportion de glutamine et est trés pauvre en lysine (Mossi
et al. 1¢66).

9
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La valeur nutritionnelle des profides du grain, enrichi en
arzote par nne nutrition azotée tardive, est diminuée, mais il
n’en est pas de méme de Ja valeur nutritionnelle du grain car
I’enrichissement en protides du grain conduit en définitive &
un enrichissement du grain en acides aminés indispensables.

I effet de la nutrition azotée est le méme chez l'orge (Y.
Coic et al. 1963). Mais il n'y a pas que chez les céréales a
prolamines od l'on voit baisser la teneur en acides aminés
indispensables. Pour le tournesol il en est de méme lorsque 1'on
fait varier considérablement la teneur en azote de I'amande

TaBLEaU VI — Variation de la composition des profides de
I amande de la graine de Tournesol sous U'effet de la varia-
ton de la nutrition azotée. (Les acides aminés sont expri-
més en grammes pour 16 grammes d’azote).

n sans nt n avec nt N sans Nt N avec Nt
ac, aspartigue .75 4.05 9,05 0,9
ac. glutamique 21,25 22,8 24,05 24.3
Sérine 4.15 4,085 4,05 4,0
Thréonine 3,75 3,45 3.4 3.2
Glycine 6,1 5,65 5.4 5,35
Alanine 4,1 4,0 3.0 3,8
Valine 5,1 5,25 5,0 5,15
Leucine 6.3 6,3 0,35 0,1
Isolencine 4,0 4,4 4,25 4,1
Tyrosine 2,8 2,65 2,0 2,6
Phénylalanine 4,05 4,55 4,05 4.6
Proline 4.5 4,0 ) 404 4,45
Liysine 3.7 3,0 2,9 2,75
Hislidine 2,5 2,25 2,25 2,15
Arginine 8.5 3,05 G,2 9.4
Total 94,8 04,85 94.85 95,0
n = 4 millidquivalents de NO,~ par litre de solution nutritive.
N = 12 milliéquivalents de NO;~ par litre de solution nuiritive.
1 = tardif ¢’est & dire aprés Horaison,
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TaprLeau VII - Variation de la composition des protides du
grain d'orge sous Ueffet de la cavence en soufre. (Les
acides aminés sont cxprimés en grammes pour 16 gram-
mes d’azote).

+ S
- 5 -8 — 5

Nx6,259 M.S. 5.3 17,4
Acide aspartique 4,8 6.5 1.33
Thréenine 2,05 2,7 0,91
Sérine 3.9 3,65 0,94
Acide glutamique 24,2 25,0 1,07
Proline T4,0 14,4 1,03
Glyeine 3.4 3,15 0,93
Alanine 3,5 3,2 0,91
Valine 4,6 3,05 0,86
Cystine 2,1 1,3 0,02
Meéthionine 1,1 1,0 0,01
Isoleucine 3.3 3,1 0,04
Leucine 6,4 5.8 0,91
Tyrosine 2,95 2,7 0,01
Phénylalanine 5,2 6,1 ¥,17
Liysine 3,2 2,75 0,86
Histidine 2,05 1,8 0,88
Arginine 3,05 3.8 0,60

de la graine par une variation trés grande de la fertilisation
azotée (voir tableau VI). Comme pour le blé et Iorge, si les
teneurs en acides aminés indispensable des protides baissent,
celles de la graine augmente.

B) effet de la déficience en autres éléments minédraux.

Ces déficiences aboutissent généralement & nn accroisse-
ment de la teneur en protides des graines ainsi que nous
I'avons montré pour le Phosphore. 1. effet constaté sur la qua-
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lité des protides du grain est fonction de cette variation de ia
teneur en protides (Y. Coic et al. 1963).

¥) effet de la déficience en Soufre (Y. Coic et al. 1063).

i

Le Soufre a un role essentiel dans la synthése des pro-
tides. En plus de l'action de la déficience en Soufre sur accrois-
sement de la teneur en protides du grain, on constate un effet
spécifique: augmentation trés nette de la proportion d’acide
aspartique (ou plutdt asparagine} dans les protides et balsse
trés forte de la teneur en cystine alors que celle de la teneur en
méthionine est faible (Y. Coic et al.}.

V - LES PRINCIPES DE FERTILISATION MINERALE.

La fertilisation en Pet K ne pose pas de gros problémes:
amener le sol & un état de richesse dépendant de I'ensemble
des cultures entrant dans un assolement; restituer les exporta-
tions ct les pertes par la fumure annuelle en tenant compte de
I'intensité des besoins (besoin par unité de temps) de la culture.
Les apports de Calciumn et de Magnésium ne posent pas de
probleme. Il en est de méme du Soufre, si ce n’est que d'un
point de vue global, il disparait pen & peu de la fumure en
tant qu’élément accessoire. Nous avons dit que les oligo-¢ié-
ments posaient un probléme difficile sous 1'angic de la qualité
des produits agricoles,

La fertilisation azotée pose des problémes ardus en culture
intensive,

Problémes tmmédiats:

— on a souvent dit que !a fumure azotée était par
excellence une fumure annuelle, Elle 'est en cffet en raison
des considérations suivantes;

— 1’azote minéral est en général rapidement utilisé (sous
forme NO;~ qui circule facilement dans le sol) en donnant des
substances azotées qui sont Jes constituants pondéralement es-
sentiels de la matidre vivante. Il conditionne donc primairement
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la croissance. En conséquence, I’ Agriculteur peut se servir de
la fumure azotée pour diriger la croissance de la culture con-
formément au but poursuivi: ¢’cst ce qu’il fait pour le blé,
en recherchant le meilleur équilibre entre densité de semis et
fumure azotée (Y. Coic);

— cefte fumure doit complémenter en quantité et au
moment voulu la fourniture ¢’azote minéral fourni par le sol.
Comme la minéralisation d’une faible fraction de la matiére
organique azotée du sol est, d’une part, fort variable en quan-
tité et dans le temps suivant les sols, les climats, les précédents
culturaux, les fumures antérieures... et, d’autre part, suivant
les conditions climatiques de I’année, on congoit la difficulté
d’assurer une fumure azotée parfaite.

La fumure azotée dépend évidemment du type de culture:
parce que les Dbesoins globaux des cultures sont différents;
parce que les expressions biochimiques de la qualité des 1é-
coltes sont différentes; parce que l'utilisation de I'azote mi-
nérai se présente de fagon tout & fait différente suivant les
plantes. Nous avons indiqué les différcnces de puissance du
métabolisme de I’azote minéral dans la racine des divers genres
végétaux. 11 faut aussi souligner que certaines plantes peuvent
accurnuler de grandes gquantités de nitrates dans les feuilles et
les tiges: par exemple le tabac, le tournesol, peuvent accu-
muler dans la moelle de leurs tiges de grandes quantités de
nitrates {Y. Coic et al. 1969, 1971).

TaBLEAU VIII — N de NO; (Y0 de Matiére séche) dans Jes ov-
ganes du Tournesol & la vécolle.

Feuilles Feuilies Tiges + Pétioles Tiges + Pétioles
jeunes vieitles parties jeuncs parties vieilles
n sans nt traces fraces 3.3 3,2
n avee nt traces 0,1 17,1 15.3
N sansg Nt traces 0,3 12,9 17,5
N avec Nt 0,2 0,6 10,6 21,3
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Ainsi pour obtenir une forte teneur des graines de Tour-
nesol en matieres azotées i suffit d’assurer une honne alimen-
tation azotée avant floraison car elle a plus d’action que ia
fumure azotée tardive. Nous avons vu qu’ll en était tont autre-
ment pour ic blé.

TasLEAU IX,

Protéines Protides

Huile (% récolte de (N x06,25) récolte de {94 de

de Paman- huile (g (% de indice profides tourteau

de séche) par plante) I"amande {g par d'amande
sbche) plante) sec)
n sans nt 62,8 7.6 22,0 100 2,65 - 59
1 avec nt 58.4 10,9 29,6 134 5,50 71
N sans Nt 51,0 24,5 34,7 158 16,40 7z
N avec Nt 49,0 23,7 37,9 172 18,30 74

Problémes ultéricurs.

L’accroissement des apports d’engrais et notamment d’en-
grais azotés pour miecux satisfaire les besoins des cultures, a
permis d’augmenter les rendements ct corrélativement, les ré-
sidus de matiéres organiques et en particulier de matieres orga-
niques azotées. Il en résulte un accroissement continu de la
quantité d'azole mindral fourni par le sol aux cultwre. A me-
sure que la productivité variétale croit, I'apport d’engrals
azotés, qui, au cours d’un assolement, doit au moins restituer
les exportations plus les pertes d’azote, croit paraliclement.
Toutefois, il se trouve que la fumure azotée d’une culture parti-
culidre (blé par exemple) suivant tel précédent cultural devienne
assez difficile, en raison de la grande quantité d’azote fournie
par le sol et qui échappe & notre contréle.
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VI - CoNCLUSION.

Grice aux travaux des physiologistes, nutritionistes, tech-
nologistes, nous connaissons mieux les besoins de 1"homme,
des animaux, des industries agricoles; c¢’est-d-dire que ces be-
soins peuvent s’exprimer de fagon plus concréte.

Grice aux recherches faites sur les plantes cultivées et le
milicu dans lequel elles vivent, nous pouvons déja concevoir
dans certains cas particuliers des nutritions minérales et réaliser
des fumures qui conduisent & I'obtention de rendements élevés
de récoltes de bonne qualité,

Il reste beaucoup de progrés 4 réaliser, et pour les obtenir
une coliaboration est absolument nécessaire entre les chercheurs
s’occupant de production végétale et ceux intéressés aux besoins
des utilisateurs.
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FERTILITA’ DEL SUOLO
E FERTILIZZAZIONE
DEI VEGETALI COLTIVATI

ORTFEO TURNO ROTINI
Direltore dell’ Istituto di Chimice Agraria
dell’ Universita degli Siudi di Pisa

 Una settimana di studi sull’impiego dei fertilizzanti ri-
chiede in primo luogo un preliminare aggiornamento sul con-
cetto di fertilita e sulle nuove conoscenze relative alla nutri-
zione delle piante in rapporto al processo di assorbimento e
trasporto dei principi nutritivi da parte dei vegetali coltivati.
Naturalmente si tratta di una esigenza che con il progresso e
approfondimento delle conoscenze del suclo e della pianta
& divenuta sempre pin importante.

Le moderne concezioni dell’assorbimento radicale, le nu-
merose correlazioni che sul piano fisiologice ed agronomice
condizionano lo sviluppo e la produttivita delle colture e, so-
prattutto, il rapido cambiamento dei differenti concimi che
'industria mette a disposizione degli agricoltori, reclamano da
parte dei tecnici e dei pratici della fertilizzazione una grande
considerazione per la coerenza pedologica e fisiologica dei
concimi stessi ¢ per i modi e i limiti del Joro impiego.

Piti della metd del concimi che venivano impiegali nel
primo dopo guerra non si trovano pitt in commercio ¢ s’impie-
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gano oggi prodotti che allora non esistevano, Per queste ra-
gioni il concetto di fertilita, ¢ la sostanza degli stessi processi
di fertilizzazione acquistano dei nuovi e pin esatti significati
operativi.

In relazione a queste necessiti noi abblamo preferito in
questa relazione soffermarci sui problemi generali della ferti-
lita e della fertilizzazione,

Contrapporre la fertilitd del suolo alla pratica della ferti-
lizzazione che, nella comune accezione, oggi significa ormai
fertilizzazione chimica, costituisce, a mio avviso, una impo-
stazione non del tutto corretta ed aperta a qualche pericolosa
interpretazione poiché pud facilmente favorire l'illusoria con-
vinzione che la fertilitd del suolo possa trovare il suo potenzia-
mento nella sola somministrazione di fertilizzanti chimici.

Anche prescindendo da tale considerazione il tema pro-
posto per la mia relazione richiederebbe per il suo svolgimento
non quarania minuti, ma un intero corso di lezioni. Mi limiter
quindi a svolgere Pargomento in modo riassuntivo sottoli-
neando soprattutto gli aspetti pin significativi della fertilita
¢ della fertilizzazione in rapporto alle attuali condizioni del-
Pesercizio agronomico,

Vorrel, in primo luogo, soffermarmi succintamente sopra
la definizione del concetto di fertiliti che rappresenta una
funzione complessa di numerose variabili, la maggior parte
delle quall non risulta né semplice né indipendente.

Molti agronomi illustri, e ne ricorde uno i DemMoLON,
sostengono che la fertilith non & suscettibile di una precisa e
assoluta definizione, ma costituisce 'espressione di una con-
statazione sperimentale che si riassume nell’attitudine di un
terreno a favorire dei raccolti pill o meno elevati.

Senza entrare nel dettaglio e considerandolo globalmente,
il concetto di fertilitd corrisponde a quella che CosiMo RIDOLFY
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ha definito a suo tempo “la mirabile attitudine a produrre del
terreno agrario”. Si tratta come & evidente di un concetto assai
polivalente che ha condotto chimici agrari, agronomi ed eco-
nomisti a considerare tutta una serie di fattori, il cui intervento
tende a modificare la produttivitd del suolo attraverso effetti
specifici che, per esserc temporanei e per manifestare la loro
efficacia entro certi limiti, determinano quasi sempre situazioni
essenzialmente dinamiche capaci di mutare pitt 0 meno rapida-
mente. Cosicché la fertilitd risulta la componente di una vasta
seriec di fattori che manifestano la capacita di accrescere la
produzione unitaria delle piante coltivate e che non totti pos-
sono venir modificati dall’intervento deli’uomo.

L'ubicazione, la latitudine e ' altitudine del suolo e soprat-
tutto le condizioni climatiche, che agiscono sul terrenc ¢ sulla
vegetazione ¢ sulle quali appunto l'agricoltore non ha possi-
bilitd pratiche di intervento, costituiscono dei parametri di
particolare importanza per la fissazione degli indici numerici
di cul I'esperto pud far tesoro per stabilire, in un determinato
territorio, una scala che possa agevolare la valutazione della
fertilitd in accordo con i risultati deli’esperienza.

La giacttura, che pud venir modificata con lavori di spia-
namento e di terrazzamento; la profondita dello strato colfi-
vabile, che pud essere aumentato con opportuni lavori di
scasso, e la presenza di un copioso scheletro grossolano, sul
quale oggi in qualche caso & possibile intervenire in modo
soddisfacente, formano invece una categoria di fattori suscet-
tibili di possibili e sostanziali miglioramenti.

Ma quello che vorrei prendere in particolare considerazione,
insieme ai dissodamenti & lo stato sistematorio superficiale del
terveno che, a prescindere dagli altri fattori della fertilita,
moelto spesso condiziona la produttivity delle colture agraric.

Quando il terreno non & ben livellato, alle prime piogge
che si verificano dopo la semina, specie se il ferreno contiene
costituenti colloidali organici od inorganici che ne frustano a
permeabilitd, si formano ristagni d’acqua capaci di provocare
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Iasfissia del semie con conseguenti cospicue riduzioni delle
rese unifarie.

Non ¢ difficile constatare anche nelle agricolture della
nostra Furopa, dove la lavorazione del terreno non viene
escguita a regola d’arte, trascurando per esempio il livella-
mento del terreno, che le rese unitarie risultano inspiegabil-
mente basse anche quando non ¢’é difetto negli altri elementi
della fertilith, quale conseguenza appunto di fale vizio costi-
tuzicnale.

Sempre nell’ambito della sistemazione superficiale del ter-
reno, accanto al livellamento delle superfici, ¢’¢ da conside-
rare la conseguente correzione delle pendenze affinché Ia
raccolta frazionata delle acque di sgrondo 1mpcd19€a rovinose
conseguenze a valle,

La disponibilitd di acqua nella quantitd sufficiente per i
bisogni idrici delle colture o I'eccesso di umidith che determi-
nano difficili condizioni di vita per I'apparafo radicale delle
colture e ciot¢ il generale stato idrico del ferreno, sone fattori
essenziali per la fertilith. Si tratta comunque di fattori che,
generalmente, 'agricoltore pud modificare pit o meno agevol-
mente in funzione delle disponibilitd e della situazione territo-
riale in senso favorevole allo sviluppo vegetale e quindi alla
promozione di un pin elevato livello di fertilita.

Abbiamo fin’ora accennato a quella serie di fattori che
riguardano essenzialmente la fertilith di posizione o generale
del terreno, parte dei quali risultano suscettibili di agevole
modificazione; vorrel ora soffermarmi sulla tessitura e sulla
struttura, afle quali risulta legafa la capacitd per Pacqua e
per l'aria de] terreno e che danno corpo alla cosiddetta ferti-
litd fisica, la cui importanza appare priovitaria e condizionante
della fertilitd costituzionale.

Come ¢ noto le proprietd fisiche del suolo risultano fon-
damentalmente legate alla tessitura e alla struttura. Frequente-
mente si.confonde il significato di tessitura con quello di strut-
tura non tenendo conto della Ioro profonda diversitd. La tes-
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situra infatti & legata alla grandezza delle particelle elementari
e corrisponde alla cosiddetta composizione granulometrica. La
struttura invece riguarda il modo con il quale le particelle si
raggruppano tra di loro. Da questi due fattort dipende, come
abbiamo gid accennato, ii comportamento del suolo rispetto
all’aria ¢ all’acqua. Mentre nella definizione di fessitura do-
mina il principio dimensionale, in quello di struttura prevale
quello della distribuzione nello spazio dei singoli elementi
costitutivi. Nella tessitura le unila sono rappresentate dalle
particelle fondamentali: sabbia grossa, sabbia fine, limo ¢
argilla, ma non ¢ inutile ricordare che le caratteristiche fisico-
meccaniche del terrenc non dipendono scltanto dal fatiore di-
mensionale essendo inoltre legate al tipo di limo e soprattutto
al tipo di argilla contenuta nel terrenc.

Quando il ferreno & troppo leggero o troppo pesante in
ordine aila sva costituzione fisico-meccanica si provvede come
¢ noto al suo ammendamento che consiste nel’aggiunta di
materiale sabbioso nei terreni troppo pesanti o di materiale
argilloso nei terreni troppo leggeri, quando naturalmente si
ravvisano le possibilita obieftive ed economiche per la loro
realizzazione,

Nella struttura del suolo si riscontranc invece, come unita
fondamentali, gli aggregati elementari i quali possono anche
rivnirsi tra di loro per formare unitd strutturali di pid clevate
dimensioni.

L'importanza delia struttura & considerevole per la ferti-
lita perché influisce sulla capacith di immagaxzinare acqua ¢
aria e spiega un ruolo di notevole rilievo sulla resistenza del
suolo ail’erosione, condizionando lo stesso processo di liscivia-
zione ¢ la stessa permeabilitd., Le nuove tecniche colturali,
Pimpiege sempre pit frequente di macchine per la lavorazione
del terreno ¢ soprattutte il ridolte apporto di sostanza orga-
nica hanno, in quest ultimi decenni, determinato un generale
decadimento della struttura dei terreni agrari.

L’insufficiente stabilith di strutfura che dipende dalla te-
nacitd dei cementi organici e inorganici nella maggior parte
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dei suoli coltivati, rende pit incisivo il disastroso effetto della
erosione idro-meteorica che, in breve tempo, pud determinare
la perdita di quello strato superficiale nel quale risiede la
maggior parte della fertilita chimica del ferreno agrario,

Non & qui il caso di approfondive il tema degli agpregati
e dei cementi che contribuiscono alla stability degli aggregati,
ma reputo necessario accennare che tutta una serie di fattori
possono rigenerare la struttura ed aumentare la stahbilita strut-
turale, il che si risolve in un aumento della porosita. Incorpo-
rando lavoro meccanico, il cui effetto & quello @i elevare il
centro di gravith dello spessore attivo del suolo aumentando
il suo peso specifico apparente, si viene a suscitare il mani-
festarsi di alcuni fenomeni che possono condizionare positiva-
mente la stessa formazione dei cementi. E' noto che la produ-
zione dei leganti viene favorita da copiose somministrazioni
di sostanza organica e da bene indirizzate trasformazioni mi-
crobiologiche defla sostanza organica stessa, oppure dall’ag-
giunta di condizionatori come il “Flotal”, utilizzato un tempo
in Italia o di alcuni polimeri sintetici, come il Krilium e il
Vama, ed infine per opera di alcuni composti naturali di
origine vegetale che si riscontrano appunto nel terreno e che
contengono per loro natura sostanze con costituzione e fun-
zioni analoghe a quelle dei polimeri sintetici.

La piena fertilitd del terreno agrario richicde che questo
manifesti nelia giusta misura alcune attivitd catalitiche ed
enzimatiche capaci di promuovere ed accelerare tutta una
seriec di trasformazioni dirette alla formazione di numerosi
metaboliti che caratterizzano il chimismo attive del terreno.
Tra le attivith catalitiche ricordiamo 1’attiviti ossidasica legata
prevalentemente alla presenza nel ferreno dell’ossido di man-
ganese Idrato che determina la trasformazione dell’ossido di
carbonio in anidride carbonica ¢ della cianamide in urea se-
condo il classice schema di Cerso Urriani. Cosicché, un ter-
reno che non sia dotato di tale attiviti come per esempio si &
verificato tra D'altro nelle terre fortemente calcarce di Griso-
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lera (Venczia) non si compie quella trasformazione della cia-
namide nei prodotti pis facilmente assimilabili da parte delle
colfure.

Anche ossidazione dell’ammoniaca promossa dal bios-
sido di manganese, studiata nel rgo4 da IFAusTO SESTINI ¢
successivamente da DE Rosst ¢ da RuUssgLL e SwMITH, costi-
tuisce un’attivitd del ferreno capace di formare acido nitrico
e mettere quindi questa forma azotata a libera disposizione
della pianta. E’ noto che i processi di ossidazione catalitica
decorrono net ferreno agrario in misura considerevole quando
P’azione degli ossidi metallici si manifesta sotto l'influenza
delle radiazioni luminose.

A questo proposito dobbiamo ricordare le indagini com-
piute sull’ossidazione fotochimica nel terreno da GOpalL Rao
¢ da Duar i quali attribuiscono tale potere anche agli ossidi
di titano, alluminio e silice.

Le altivith enzimatiche si manifestano nel terreno per la
presenza degli enzimi tissulari che i resti vegetali convogliano
nel terreno stesso e quelli di origine Dbatterica e fungina. Ri-
guardano l'attivita catalasica; quella ureasica, alla quale si
deve particolarmente la rapida frasformazione dell’urca ferti-
lizzante in ammoniaca, queita cellulasica, fosfatica, amilasica,
proteasica ¢ depolimerizzante, Quest’ultima attivita assume
un’importanza di netevole rilievo per la frasformazione dei
polifosfati che sono oramai entrati largamente nell'uso agri-
colo e per la degradazione dei surfattanti il cui accumuio e la
cui persistenza finirebbe per determinare effetti sfavorevoll per
la struttura del terreno insieme ad alcune azioni antimitotiche
capaci di mortificare lo sviluppo radicale delle piante.

Vorrei ricordare nel dettaglio anche Pattivita fitasica e le-
citinasica, che contribuiscone alla mobilitd del fosforo organico
contenuto nel terrene, ma mi pare sufficiente avere ricordato
queste cssenziall caratteristiche del terreno che sono intima-
mente legate alla irasformazione di alcuni composti insolubili
nelle forme pili facilmente assimilabili da parte delle colture e
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che conseguentemente costituiscono un importante fattore delia
fertilith.

Reputo conveniente accennare appena alla fertilith micro-
bica del terreno senza la quale 1 cicli della mineralizzazione
della sostanza organica, della fissazione dell’azoto atmosferico
e del processo di nitrificazione non si svolgerebbero in modo
economico e lempestivo con grave danno per 1l'assorbimento
nutrizionale delle colture,

Prima di considerare i fattori della fertilith costituzionale
che comprendono lo stato chimico-fisico ¢ chimico, vorrei sot-
tolineare che il moderno sviluppo agricolo ¢i ha condotto negli
ultimi decenni all’esercizio agronomico su substrati speciali
inerti o come si dice generalmente, con un termine non sempre
legittimo, in coltura idroponica.

C’¢é da rilevare a questo proposito che a causa delle tra-
sformazioni che subisce il materiale solido nel tempo, il con-
cetto della fertilitd fisica che potrebbe apparire semplificato
per I'assoluta assenza di colloidi di natura organica ed inor-
ganica, riprende invece, per cffetto delle trasformazioni pedo-
geneliche che si manifestano nel substrato, quasi tutte le sue
dimensioni strettamente pedologiche. Per tale ragione quando
nelle colture idroponiche si implega come substrato del mate-
riale facilmente decomponibile, risorgono tutti 1 problemi che
investono le correlazioni tra Ia fertilitd e le caratteristiche ge-
nerali del terreno agrario.

Il rapporto tra proprictd fisico-chimiche e fertilita del ter-
reno & contraddistinte dal valore della concentrazione idroge-
nionica o dall’indice pH. E’ noto che Ie piante non tollerano
gradi di acidity che vanno al di sotto dell’aciditi dell’aceto ¢
al di sopra dell’alcalinitd dei carbonati di calcio.

D’altra parte in un terreno a reazione anomala gli cle-
menti chimici macro e micro nutritivi possono insolubilizzarsi
¢ cosl anche qnando la pianta riesce a tollerare tale reazione
del mezzo, non riesce tuttavia per questa ragione a beneficare
pienamente delia fertilizzazione chimica.

Si tratta comunque di condizioni pedologiche in molti
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casi facilmente suscetiibili di correzione. I correttivi dei ter-
reni acidi e dei terreni alcalini riescono nella maggior parte
dei casi a modificare favorevolmente a reazione anomala del
terrene. Si tratta di operazioni oramai largamente introdotte
nella pratica agronomica che reputo appunto sufficientie averne
fatto appena un rapido cenno.

Per quanto poi riguarda la fertilith chimica vera e propria,
prescindendo da tutti gli altri fattori della fertilita di cui ab-
biamo gid discorso, ¢ opportuno sottolineare che la composi-
zione chimica del mezzo nutritive agisce suif’aspetto e sulla
velocitd di accrescimento defle piante, sulla loro morfologia e
composizione ¢ quindi sulla configurazione dell'intero pacsag-
gio vegetale, nonché sulla produzione utile delle colture
agrarie.

Il tentativo di mettere in relazione il biochimismo della
pianta con i componenti minerali del ferreno risale agli albori
della ricerca e fa parte delle prime meditazioni dei naturalisti;
una spiegazione razionale delle varie influenze che i compo-
nentl inorganici del terreno spiegano suila vita dei vegetali &
perd conquista piuttosto recente ¢ sotto certi aspetti non an-
cora del tutto definitiva.,

Lo spargimento delle ceneri sul terreno & del resto pratica
antichissima, gia caratteristica delle prime iniziative agrono-
miche, BerNarpo Parissy scriveva nel 1563 che la notevole
varieta di sali minerali che le piante richiedone per il loro
sviluppo, viene prelevata dal terreno attraverso l'apparato
radicale, ma i Georgici molto prima avevano intuito che le
sostanze fertilizzanti aggiunte al terreno restituiscono cio che
fe piante asportano durante il lore ciclo di sviluppo.

L’origine e il significato degli elementi minerali contenuti
nelie piante sono rimasti tuttavia ancora per lango tempo og-
getto di controversia e soltanto nello scorso secolo & stata chia~
ramente dimostrala la indispensabiiita di alcuni elementi mi-
nerali per la vita delle piante.

La prima esperienza sulla nutrizione minerale 'delle piante
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si deve a Van HELMONT, ma solo nel 16gg, uno studioso in-
glese il Woonpwagrp imposta una interessante esperienza chia-
rificatrice, che dirige il problema della nutrizione minerale
delle piante sulla strada giusta. Lgli puntvalizza in primo
fuogo che le piante possono vivere con le radici immerse
nell'acqua attingendo da questa gli elementi utili per il loro,
accrescimento e, con una serie di esperienze assai acute, di-
mostra che tale accrescimento risulta diverso a seconda che la
pianta viene immersa nell’acqua di fiume, oppure nell’acqua
di pioggia o nell’acqua estratta dal terreno.

Sulla base di queste interessanti osservazioni WoODWARD
contesta in modo decisivo le conclusioni di Van HELMONT ¢
scrive in modo abbastanza conseguente, anche se non del tutto
legittimo e corretto che “la terra e non l'acqua & la materia
che costituisce 1 vegetali”,

Nel 1727, qualche decennio dopo, HaLks esegue un’altra
serie di ricerche assai convergenti su questo tema, ma solo nel
1804 Dr SAUSSURE esprime opinione che il suolo fornisce
piccoli ma essenziali contributi per il nutrimento delle piante
¢ dimostra sperimentalmente che se una pianta cresce in acqua
esente da sostanze minerali, il contenuto in tali sostanze non
aumenta s¢ non corrispondentemente alle piccole guantita di
materia inorganica che possono pervenire alle piante dal seme
o dalla deposizione del pulviscolo presente nell’atmosfera. Mal-
grado questi chiari risultati sperimentali, permane 1'opinione
che le sostanze inorganiche presenti nei vegetali siano delle
semplici inclusioni accidentali oppure dei misteriosi stimolanti,
piuttosto che dei fattori nutritivi. I risvltati delle esperienze di
De Saussurn vennero presi nella ginsta considerazione solo
50 anni dopo. La teoria degli umisti verrd infatti definitiva-
mente scardinata da Grusto LIEBIG con una critica molto
acuta espressa in un famoso indirizzo che viene presentato
nel 1840 all’Associazione Britannica del Progresso  delle
Scienze,

La pratica agronemica in parte aveva gid anticipato que-
ste conclusioni. Il solfato ammonico delle cokerie, il nitro
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delle caliche cilene, il guano del Perl, la farina di ossa e le
fosforiti erano gil stati largamente introdotti, insieme al letame,
nella concimazione delle colture agrarie. £’ evidente che dopo
la formuiazione della nuova doitrina della nutrizione mine-
rale delle piante, la utilizzazione di queste sostanze, risulterd
fortemente incrementata e I'industria chimica verra cosi spinta
verso quella serie di fruttuosi tentativi, succedutisi sul finire
del secolo, che hanno poi condotto alla produzione dei nuovi
fertilizzanti di sintesi.

La dottrina della nutrizione minerale delle piante, impo-
stata nei suoi aspetli essenziali da G. Lieeré nel 1840 trova
la sua definitiva formulazione dopo le accurate indagini ri-
guardanti la composizione delle ceneri e dopo lo studio suc-
cessivo dei rapporti infercorrenti tra lo sviluppo dei vegetali
e Passorbimento degli elementi inorganici presenti nel terreno
o nelle soluzioni nulritive

A questi importanti lavori partecipano BOUSSINGAULT e
WoLr, Wiacnek, Porstorrr e Knor ¢ ad una conclusione
definitiva circa la indispensabilita degli elementi minerali per
o sviluppo e laccrescimento delle piante, si perviene solo
dopo il 1840, quando viene inaugurato il metodo di coltura
delle piante in soluzione nutritiva che riesce a risolvere questo
interrogativo, legittimando la sostanza stessa della nuova
dottrina.

Con tali acquisizioni vennc chiaramente accertata la fun-
zione del terreno, quale sorgente di sali inorganici per le
piante, ¢ i dati della sperimentazione sull’accrescimento dei
vegetali in soluzione nutritiva condussero alla conclusione che
quando nel mezzo manca uno degli elementi organogeni: car-
bonio, idrogeno, azoto od il fosforo, solfo, potassio, calcio,
magnesio e ferro le piante mostrano delle carenze e¢ non rie-
scono a completare per intero il loro ciclo vegetativo.

Su queste dieci colonne poggia per alcuni decenni la dot-
trina della nutrizione minerale ¢ defla fertilita chimica. Dob-
biamo {uttavia rilevare che in queste classiche esperienze era
sfuggita I'importanza e la utilita di alcuni elementi inorganici,
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assunti dalla pianta in quantitd estremamente piccola e quasi
sempre presenti nelle impurezze del reagenti e negli stessi
recipienti utilizzati per la condotta delle prove.

Le ricerche istituite successivamente e le nuove acquisi-
zioni, della moderna fisiologia vegetale, specie quelle riguar-
danti il ruolo degli enzimi nel chimismo dei processi meta-
bolici, hanno dimostrato che accamto al dieci macroelementi
del Lignic ne vanno aggiunti ancora altri che le piante assor-
bono solo in tracce e che risultano ugualmente indispensabili
allo sviluppo delle piante stesse.

A questi elementi ¢ stato dato il nome di elementi minori
o 1nicroelementi. A 1oo anni dalle importanti scoperte di
LieBIiG, oggl, noil viviamo il secondo rinascimento della nutri-
zione mineraie delle piante. La seric degli elementi indispen-
sabili per le piante & notevolmente aumentata e nel corso di
questi ultimi decenni ¢ stata messa in chiara evidenza 1'im-
portanza agronomica del manganese, molibdeno, zinco, boro,
rame, cobalto e ciod gli elementt micro-nuéritivi od oligodina-
mici, ai quali & legato il nome di BERTRAND, di SCHARRER e
anche quello dell'italiano GroaccHiNe CARRADORI che gid nel
174G, prima ancora che si fosse affermata la dottrina della
nutrizione minerale delle piante, aveva chiaramente intravisto
I'importanza di alcuni microelementi, non tanto per la loro
azione specifica sul metabolismo vegetale, quanto per la loro
influenza sopra lo sviluppo generale delle piante e la produt-
tivita stessa delle colture agrarie.

Si apre ora il terzo tempo della dottrina delia nutrizione
minerale delle piante: quello delle interazioni alimentari sem-
plici e complesse, la cui conoscenza ha gid suggerito profonde
modifiche nelia condotta della fertilizzazione delle colture.

Passando ora alla seconda parte della relazione, quella
riguardante la fertilizzazione delle colture, debbo ricordare
che a pit di cento anni di distanza dalla formulazione della
dotirina della nutrizione minerale delle piante permangono
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ancora comunemente due atteggiamenti opposti rispetto alla
fertilizzazione chimica.

C’'¢ l'atteggiamento degli agronomi che si preoccupano
soprattutto della resa unitaria e ragionevolmente vedono nella
fertilizzazione delle colture, comunque applicata, lo strumento
fondamentale per conseguire un pitt elevato risultato agro-
nomico. C’¢ poi I'atleggiamento degli igienisti che vedono nella
fertilizzazione chimica una forzatura delle attitudini produt-
tive della pianta con svantaggi sul piano qualitativo e sanitario.

Non posso far mio né l'uno né laltro atteggiamento.
Ognuno ¢ in parte giusto e in parte sbagliato. Infatti una
concimazione, affinché possa rispondere pienamente alle esi-
genze delle colture agrarie deve essere completa ed equilibrata.
La qualificazione delle colture agrarie. per I'alimentazione del-
['uomo e degli animali domestici deve oggi tenere presente
il gioco degli equilibri nutrizionali, che condizionano la pro-
duttivitd giobale delle colture e nello stesso tempo incidono
profondamente sulla qualitd della produzione stessa. Nei vege-
tali la volontd di alimentarsi e la preferenza che si esprime
attraverso 'assorbimento radicale selettivo, anche se non sono
coordinate da una intelligenza razionale, si manifestano ugual-
mente in un quadro di azioni e reazioni strettamente coordi-
nate e interdipendenti, la cui conoscenza appare condizione
indispensabile per poter completare su solide basi la dottrina
della nutrizione vegetale ¢ per le norme da seguire ai fini di
una economica e produttiva fertilizzazione del suolo.

Lo stesso meccanismo dell’assorbimento ¢ del trasporto
degli elementi di fertilith comporta Vesistenza di uno stretto
coordinamento tra i diversi fattori che determinano l'accre-
scimento dei vegetali ed il lore rendimento specifico.

In definitiva occorre tener conto che il ruoclo di un de-
terminato elemento di fertilita non dipende soltanto dagli
effetti diretti della sua concentrazione, ma anche dalle ripercus-
sioni che esso manifesta su tutti gli altri fattori presenti nel
sistema.
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Nell’esercizio dell’agricoltura pratica, i fertilizzanti costi-
tuiscono senza alcun dubbio, se non il maggiore, uno del pill
efficact fattori tecnici per esallare la produttivith della terra.

La genectica, la meccanizzazione dei lavori agricoli, 1'irri-
gazione, la difesa delle colture dalle cause nemiche, insicme
alla fertilizzazione del suolo hanno manifestato, in questi ultimi
decenni, un’influenza considerevole suila produzione agricola
globale del mondo intero; non v'¢ dubbio perd che i grandi
incrementi registrati nella produzione granaria dell’ultimo mez-
zo secolo dipendono in gran parte dalla guantith complessiva
di fertilizzanti solubili somministrati alle colture.

Anche le notevoli produzioni dei Paesi agricoli di oltre
oceano, che hanno determinato grandi disponibilith di prodotti
alimentari per il consumo internazionale, sono legate ad una
estesa applicazione di concimi solubili aile colture, mentre i
Paesi rimasti all’'impiego dei concimi insolubili-fosforiti, torba,
concimi organici naturall di varia natura — trascurando i
concini a pronto effetto, hanno realizzato incrementi piuttosto
modesti della produzione globale e unitaria malgrado i pro-
gressi conseguiti nel miglioramento degli altri fattori della pro-
duzione.

A questo proposito ¢ interessante rilevare che, sul piano
fisiologico, la pianta pud nutrirsi anche se gli elementi di
fertilita vengono offerti nel mezzo in concentrazioni estrema-
mente piccole; per rispondere perd ad esigenze di carattere
agrario cd economico, le concentrazioni delle soluzioni del
terreno, rispetto ai singoli elementi macro e micro nutrizionali,
non devono scendere al di sotto di determinati livelli.

Da tale esigenza deriva la necessiti di somministrare al
terreno gli elementi di fertilita richiesti dalle colture nella copia
¢ nella forma idonca a determinare nel terreno agrario con-
dizioni ottime di concentrazione dei singoli clementi nutritivi.

E poiché lo sviluppoe delle colture agrarie si manifesta
soprattutto in relazione ai rapporti nei quali i vari clementi
nutyitivi si trovano nel terreno, il problema del fabbisogno
delle piante va quindi riguardato comparativamente piti che
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in senso assoluto, poiché la carenza di un determinato ele-
mento pud manifestarsi anche guando questo elemento viene
somministrato in quantitd cospicua se la sua quantitd risulta
sproporzionata rispetto agli altri elementi o comungue non
corrispondente ai generali bisogni della nutrizione minerale
della pianta.

I livelli delia produttivitd unitaria nelle varie colture mo-
strano, nei diversi Paesi ¢ nelle differenti regioni agrarie del
mondo, differenze molto sensibili. Le produzioni medie di
frumento nel periodo 1956/58 hanno avuto, in 40 Paesi scelti
tra i pitt significativi per tale coltura, delle escursioni che va-
tiano da un minimo di 6,64 ad un massimo di 36,33 q.li ad
ettaro e cio2 in un rapporto da uno a sei.

Questa notevole oscillazione dei rendimenti upitari non
trova sufficiente giustificazione nelle differenti caratteristiche
dellambiente fisico; appare infafti legata in primo luogo al
grado di sviluppo agricolo ed economico ed in misura ugual-
mente cospicua all’impiego dei mezzi tecnici. Anche gli au-
menti che si sono manifestati in questi uitimi decenni appaiono
chiaramente legati alla combinazione di alcuni fattorl tra i
quali presentano importanza essenziaic: il miglioramento ge-
netico, il controllo e la difesa delle colture, 1'irrigazione, il mi-
glioramento tecnologico o colturale, ma soprattutto 1'impiego
del fertilizzanti.

Evidentemente 'applicazione di tali fattori richiede anche
un’adeguata strutturazione delle azlende e condizioni econo-
miche e sociali favorevoli allo sviluppo del processo produttivo.
Le ricerche condotte nei maggiori Paesi del mondo hanne in-
fatti dimostrato che le alte rese unitarie si riscontrano preva-
lentemente nei Paesi dove vengono applicate con grande dili-
genza le moderne tecniche agronomiche e dove il livello cal-
turale del mondo rurale oltre che elevato risulta accompagnato
da una chiara cfficienza del setiore tecnologico.

Per le riserve degli igenisti occorre ricordare che le espe-
rienze compiute da ZEILER e coll. e da GERICKE in Germania
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hanne dimostrato che, quando i terreni vengono fertilizzati
razionalmente, rispettando gh equilibri nutrizionali, 1 prodotti
agricoli presentano caratteristiche alimentari superiori nei con-
fronti di quelli provenienti dai terreni non concimati.

Consideriamo ora brevemente il complesso problema defla
scelia dei criteri e dei metodi per la misura della fertility chi-
mica del terreno.

Malgrado l'esperienza e la ricerca si siano esercitati per
oltre un sccolo su tale difficile argomento, 1'accordo approssi-
mato fra 1 diversi metodi ¢ ciod l'indice di correlazione stati-
stica tra i risultati conseguiti non possono cssere considerati
come una seoluzione definitiva del problema, ma solo una
prova di soddisfacente convergenza fra i metodi oggi pit lar-
gamente applicati. Infatti né la copia degli elementi nutritivi
e neanche la loro solubilita possono assumere pieno significato
trattandosi in genere di elementi come fosforo, potassio, calcio
¢ magnesio che, per esscre trattenuti nei composti di assorbi-
mento, presentano mutevole comportamento agronomico,

Per Uazoto, alla cul elaborazione concorre anche 1'at{i-
vita microbiologica del terreno — nel quale malgrado la ric-
chezza in azote organice posseno manifestarsi cavenze azotate
per la reazione anomala o per il suo stato riducente — 1'ap-
prezzamento del concetto di fertilita diviene ancor pit difficile,

Considerazioni analoghe risullano valide anche per il
fosfore, il potassio, il ferro e gli altri clementi di fertility
macre e micro nutritivi,

Quando la valutazione della fertilita chimica del terreno
diviene strumento di guida per la tecnica delle concimazion
il metodo risolutivo ai fini pratici & quello diretto o agronomico
delle prove di concimazioni eseguite in campo o in vaso a
seconda della posizione del problema.

Anche i1 metodi indiretti, fisiologici, chimici, di estrazione
biochimica, ecc., possono mostrare una certa attendibility ai
fini pratici purché i loro risuitati si accordino con quelli del
metode agronomico diretto.

Append. 6 - Rolini - p. 16



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS ETC, » 1359

Per quanto riguarda la tecnica della fertilizzazione mi
limiterd ad accennare ancora a due problemi generali riguar-
danti la produzione e 'impiego dei fertilizzanti chimici.

La produzione, come fatto tecnico, specie per il settore
degli azotati non potrebbe presentare un pancrama pit sod-
disfacente di quello attuale. Altrettanto non si pud dire dei
fosfatici la cui preparazione, fatta eccezione per gli Stati
Uniti dove si & manifestato un grande sviluppo dell’industria
dei polifosfati, & rimasta ancorata alle vecchie tecnologie ed
ai vecchi prodotti 1 quali, pur avendo spicgato un ruolo im-
portante nel passalo, presentano alcuni gravi inconvenienti
nelle loro applicazioni ai terreni acidi o subacidi, dove l'ani-
dride fosforica si insolubilizza facilmente formando fosfato di
ferro e di alluminio,

L’esperienza di questi nitimi decenni ha poi dimostrato
come, tra le lacune che sul piano tecnologico presenta Yeser-
cizio dell’agricoltura, acquistino un cerfo significativo rilievo
il modo e 1 limiti della fertilizzazione del suolo.

£’ noto come il volume globale della produzione agraria
dipenda fondamentalmente dalle attitudini delle specie coltivate
ad adattarsi alle condizioni pedoclimatiche, dalla loro resi-
stenza. alle cause nemiche ¢ dalla capacitd delle colture ad
avvantaggiarsi della fertility del suolo.

Ma il grado di disinformazione su questi temi & ancora
molto clevato e ritengo che questa deficienza costi molti cara
alla economia del diversi Paesi. Conviene, nell'interesse di
tutli, togliere a certi specialisti V'illusione che per risolvere i
problemi della produzione agricola e conseguentemente quelli
dell’approvviggionamento di alimenti per tutta 'umanita, sia
sufficiente aumentare il parco delle macchine agricole, il con-
sumo dei fertilizzanti o degli antiparassitari, mentre & assolu-
tamente necessario migliorare soprattutto i limiti, i tempi ed
i modi di impiego di questi fattori endogeni della produzione
per adeguarli alle reali necessita delle colture e della condn-
zione aziendale.
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Nessuno pensa che ol si possa attendere una stretta cor-
relazione tra quantitd di fertilizzante impiegato e produzione
agraria, dato che le disponibilita idriche, ii clima, la lavora-
zlone del terreno, la sceita delle varieth ¢ delle sementi e le
stesse pratiche colfurali costituiscono, insieme ai fertilizzanti,
altrettanti fattori capaci di condizionare la produttivita delle
colture. Non vi & dubbio perd che quando un’ulteriore som-
ministrazione di fertilizzante non determina un adeguato incre-
mento della preduzione, come si sta verificando in quasi tutto
il mondo, la ragione non pud che essere ricercata nel medo,
net tempi o nei limiti, secondo i quali la concimazione viene
cffettuata.

E’ come dire ciot che con grandi sforzi si ottengono pic-
coli risultati e cio significa che occorre ancora operare nel
scttore della fertilitd del suolo e nella tecnica delle concima-
zioni, per adattare il concime al terreno e alla coltura, nel
quadro di una pit profonda conoscenza della nutrizione mine-
rale delle plante.

I problemi difficili della fertilizzazione delle colture seno
sempre stati numerosi e, maigrado il progresso compiuto negli
ultimi decenni, alcuni rimangono ancora tali in ordine a cause
di natura fisiologica, pedologica ed economica.

Dobbiamo ad esempic chiarire pitt a fondo la validiti det
cosiddetti concimi complessi, conoscere meglic 'azione spe-
cifica delle varie forme dell’azote, rispettare inoltre le rela-
zioni ¢ gli equilibri nutrizionali tra 1 vari elementi di fertilita
ed infine considerare con maggior approfondimento scientifico
e pratico le correlazioni csistenti tra concime-terreno e pianta.

Questi problemi richiedono soluzioni chiare che potranno
illuminare gli agricoltori ¢ divenire utili per la produttivita
agricola solo nel caso che le indagini vengano impostate in
modo correttc e soprattutto condotte con grande rigore me-
todologico,

T vecchi fattori della produzione sono oggi in concorrenza
con una pit vasta serie di fattori conoscitivi, riguardanti il
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ciclo di sviluppo della vita vegetale in relazione alle condi-
zioni ambientali e nel quadro deile complesse corrclazioni
esistentl tra tutti i fattori fisiologici che operano nei molte-
plice gioco degli equilibri naturali.

La scienza agronomica ha fin’ora perseguito quasi esclu-
sivamente obiettivi di carattere quantitativo, ma per l'avve-
nire occorrerd guardare pitt addentro alle influenze dei ferti-
lizzanti sulla qualithy del prodotti vegetali e della qualita della
produzione animale per corrispondere pitt strettamente alle
esigenze del consumactori.

Ora ¢ noto che le influenze i ordine qualitativo dipendono
essenzialmente dai rapporti scconde i quali 1 vari elementi di
fertilita. sono presenti sulla mensa delie colture agrarie, per
cui la concimazione equilibrata & condizione prima per il
successo agronomice ¢ per la maggiore produttivity agricola.

Una pit approfondita conoscenza di questi rapporti age-
volerd cerfamente anche il mighore impiego dei fertilizzanti
e farda di questo importante strumento della tecnica colturale
un fattore di progresso e di prosperith cconomica pe1 gl ope-
ratoxi agriceli e per le comunita nazionali.
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LA FERTILIZZAZIONE FLUIDA

ORFEO TURNO ROTINIT

Direltore dell’Istituto di Chindca Agravia
dell’ Universitd degli Studi di Pisa

Signor Presidente, eminentissimi Colleghi. Delle due rela-
zioni segnate nel programma io svolgerd soltanto la seconda.
Ma forse ¢ necessario che io spieghi !a filosofia che mi ha
portato a svolgere la scconda relazione. Quando, un anno fa,
con VALENTINO HERrmanno, abbiamo dovuto scegliere fra le
due relazioni che avevo proposto — la prima “Suila fertilita
del suolo e la fertilizzazione delle culture agrarie”, la seconda
“Sulla fertilizzazione liquida” — si venne nella determinazione
di sceglierc la fertilizzazione lquida. Successivamente ho fatto
un viaggio in Francia ¢ negli Stati Uniti per studiare questo
problema ¢ Pentusiasmo per la fertilizzazione liquida si ¢ molto
raffreddato per ragioni che spiegherd in seguito. Al mio ritorno
da questi viaggi mi & sembrato che non valesse la pena di
svolgere un tema che presentava molte incertezze e decisi di
svolgere il primo: quello delia fertilita. Ritenevo fosse neces-
sario, sul piano filosofico, spiegare e chiarire le diverse com-
ponenti che concorrono alla formazione della fertilitd del suolo.
Generalmente la gente crede che la fertilita chimica coincida
perfettamente con la fertiliti generale del terreno e ciod la
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fertilita agronomica, A mio avviso questo costifuisce un grande
errore, perché puo determinare false interpretazioni presso gli
agricoltori, lasciando credere che basti aggiungere dei concimi
chimici per innalzare la fertilith agronomica del terreno. 11 ché
non corrisponde alla realth. Perché la fertilita agronomica, la
fertilitd del terreno, comprende diverse componenti, Fsiste in
primo luogo una fertilita fisica del terreno che & legata alla
tessitura e alla strmttura del terreno. Un terreno non bene
strutturato, un terreno che non possegga una struttura resi-
stente nel tempo, mal si presta per una razionale concima-
zione perché in tale terreno it concime non potrd manifestare
tutta intera la sva infiuenza. Un terreno che non presenti una
certa fertilitd fisico-chimica, poco si presta a sopportare forti
concimazioni, perché in tal caso il terreno pud non manifestare
in un certo grado quel potere assorbente, capace di trattencre
gli ioni ammonio, potassio e quelli di anidride fosforica che
altrimenti vengono dilavati dalle acque meteoriche. II terreno
deve, soprattutto, non discostarsi troppo dalla neutralith per-
ché se il terreno presenta reazione anomala, il ché si verifica
quando il pH va al di sotto dell’aciditd del aceto, e al di sopra
dell’alcalinitd del carbonato di calcio, & difficile oftencre dalla
concimazione risultati economicamente efficienti. Tn tal caso
bisogna prima ricondurre il pH del terreno entro i giusti limiti
¢ solo dopo tale operazione & possibile somininistrare utilmente
i fertilizzanti. Questi erano i temi che desideravo sviluppare.

D’altra parte, accanto alla fertilita fisica e fisico-chimica,
ci sono anche altre componenti di cui non sempre si tiene
debitamente conto. Per esempio, le attivita chimiche, cataliti-
che, enzimatiche e microbiologiche, quando difettano, non
solo rendono meno efficente la fertilizzazione delle cnlture, ma
in certi casi una somministrazione di fertilizzanti in carenza di
tali attivitd puod portare addirittura a risultati diametralmente
opposti a quelli che ¢i si proponeva di ottenere con la conci-
mazione. To vorrei portare soltanto due esempi per iftustrare
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questo interessante aspetto. Se noi concimiamo con prodotti
organici un terreno che non @ dotato di una sufficiente carica
microbica, la sostanza organica non si trasforma, riimane come
mumimnificata, Cido avviene, per esempio, net terreni forte-
mente argillosi, riducenti, nei qual vengono quindi a mancare
tra 'altro quei cementi che concorrono alla formazione delle
strutture micellari del terreno. Sono d’accorde con il Collega
CoLwerl che l'altro giorno ha interloquito se questo argo-
mento per sottolineare 'importanza della fertilizzazione orga-
nica. Quando le particelle del terreno in assenza di cementi
organici non risultano tenacemente saldate in modo da formare
strutture stabili, il terreno non presenta buona struttura né
sufficiente stability di struttura, ed in tal caso non sard mail un
terreno che presenta una sufficiente capacitd per I'aria, e quindi
per Dossigeno, come WELTE ha ragionevolmente ritenuto ne-
cessario, ¢ per 'acqua. Senza 'acqua sappiamo comc va la
produzione agricola. Ognuno di noi sa benissimo che per for-
mazione di un grammo di sostanza organica occorre che atfra-
verso il culmo della pianta passi da 300/350 fino a 1.000/1.200
grammi di acqua. I consumi idrici sono estremamente elevati.
Penso che senza considerare bene questi temi riesce molto
difficile avere un quadro giusto deila fertiliti del terreno e
ancora piti difficile riesce trarre utili insegnamenti per la fer-
tilizzazione delle colture. Un altro esempio desidero illustrare:
quello relativo all’impiego dell’urea come fertilizzante azotato.
Oggi in tutto il mondo si implegano quantity molfo elevate di
urea. Talvolte mi domando se tutti 1 terreni sono provvisti di
ureasi in quantitd sufficiente per trasformare rapidamente la
urea in carbonato d’ammonio. Quando 1l terreno ¢ ben prov-
visto di ureasi 'urea fertilizzante si decompone rapidamente e
la concimazione urcica assurue il volume di una concimazione
ammoniacale. Ma se per caso si tratta di un terreno di vecchia
fertilith che non contiene o conticne una scarsa carica nreasica,
la trasformazione urcolitica invece di manifestarsi con la velo-

5

cith che nei casi normali ¢ caraterizzata da una vita media di
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quattro o cinque giorni — i ché significa che in quattro o
cinque giorni la metd dell’urea si trasforma in ammoniaca —
procede pitt lentamente o si arresta del tutto, ¢ allora l'urea,
invece di convertirsi in carbonato ammocnico, marcia in una
altra direzione, che ¢i ha segnalato Wonrer nel 1228, un
secolo e mezzo fi. L'urea si trasforma in cianato ammonico
per una azione di isomerizzazione e quando compare l'ione
cianico, che & terribilmente anti-mitotico a concentrazioni del-
P'ordine del 0,0001%, vengono distrutte radici e plantule con
conseguente mortificazione delle colture. Ho portato questi
esempi per mettere in evidenza come non sia importante
considerare solo la fertilita chimica o fisica o fisico- chimica,
o chimico-fisica, ma parimente tutte quelle attivity di natura
chimica, catalica, enzimatica ¢ microbiologica che il terreno
possiede normalmente, ma che possono risuitare carenti nei
terreni sterili ed in quelli dove agricoltore, spargendo irra-
zionalmente degli insetticidi, fungicidi, o erbicidi, contribuisce
a distruggere o martificare queste attivita con la conseguenza
di ridwrre U'efficacia dei concimi al di sotto delia misura che
sarebbe auspicabile.

Nella prima parte defla mia relazione, che non leg QE0 per-
ché ¢ stata distribuita per tempo, sono contenute in riassunto
queste meditazioni sul concetto della fertilita globale, che Spero
potranno chiarire il senso filosofico delle diverse singole com-
ponenti della fertilita del terreno. La seconda parte & stata
preparata perché il Collega VALENTINO HERNANDO, giustamen-
te, ha ritenuto fosse opportuno in una Settimana di studio,
nella quale si discutono tutti i problemi della fertilizzazione,
stimolare ¢ provocare una discussione sui problemi della fer-
tilizzazione liquida. Questa & la ragione per cui & stato deciso
di iltustrare la seconda e non la prima relazione da me pre-
sentata, Della fertilizzazione Hquida & stata trattata soprat-
tutto la fertilizzazione con ammoniaca anidra che a mio Da-
rere presenta aspetti di maggiore convenienza economica per
i pacsi che, come I’Ttalia, hanno bisogno di realizzare una
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certa economia nella fertilizzazione delle culture. Vorrei sotto-
lineare che il testo da me preparato intende soprattutto susci-
fare ¢ provocare una discussione tra i Colleghi. Naturalmente
io vi ho gid detfo che per questa nuova forma di fertilizzazione
¢l sono alcuni elementi favorevoll ed altri meno favorevoli, ci
sono insomma delle luci e delle ombre la cul intensitd varia
profondamente con le condizioni delle varie agricolture, per
cui mentre pud considerarsi opportuna in certi paesi lo appare
meno in certi altri.

1. In epoca abbastanza recente negli Stati Uniti ed in
alceni Paesi europei, si & diffuso un nuovo modo di fertiliz-
zare Ie colture che, sotto certi aspetti, richiama la cosiddetia
“fertirrigazionc” gia da tempo applicata nelle aziende agrarie
di montagna, dove si dispone di una sufficiente quantity di
acqua in pressione naturale e di una rilevante massa di letame
disponibile.

Si fratta, in questo caso, di valorizzare non solo il letame
¢ cio® le delezioni solide addizionate alla leltiera, ma anche le
egestioni liguide che possiedono un elevato valore fertilizzante
per if loro contenuto in azoto, potassa e auxine.

G1No TRIEDMANN, verso gli anni venfi, si era dedicato
a questa pratica agronomica nelte aziende dell’arco alpino ap-
plicando soprattutto un metodo con iniscelatore a dosaggio
fisso o variabile, consistente in un iniettore idraulico capace
di attingere in un liquido fertilizzante organico, formato dalle
urine ¢ da una melma di letame raccolti in apposite ¢ distinte
vasche, Nelle piccole aziende la “ferlirrigazione” veniva rea-
lizzata con carri botte contenente il liquido fertilizzante e
trainati da un trattore che comandava una pempa di alimen-
tazione collegata all'irrigatore istallato nello stesso carro botte,

Esempi di fertirrigazione dei prati e dei seminativi con
soluzioni di ammoniaca si erano, d’alfra parte, gid riscontrati
nel 1853 per Viniziativa dell’inglese SonusTton ed anche in
Italia, nel 1920, da parte di FrRanco Samaraxy, allora Diret-
tore della Stazione Agraria di Crema.
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Oggi si denomina questo nucve modo di fertilizzare il
suolo con il termine “fertilizzazione liquida”, ma forse sarcbbe
meglio dire “fertilizzazione fluida” per comprendere sotto que-
sta ultima denominazione, anche la somministrazione di pro-
dotti fertilizzanti gasscsi, come l'ammoniaca anidra ed anche
quelli sotto forma di sospensioni solide come quando si im-
piegano maferiali ad alta concentrazione contenenti composti
azotat, fosfatici e potassici poco solubili.

I benefici di questa irrigazione fertilizzante, realizzata
mediante fluidi di varia natura, presenta alcuni vantaggi di
ordine generale, come:

a) la maggior facilith con la quale il fertilizzante pud
venire, in qualsiasi momento, distribuito sui campi durante il
ciclo di sviluppo defla coltura;

b) la sua corrispondenza ad un criterio di maggior tem-
pestivita per la messa a disposizione delle colture dei singoli
elementi di fertilitd;

¢) l'aumento deil’efficacia della fertilizzazione per una
pitt rapida velocithd di azione ed un pi intenso potenziamento
del processo della nutrizione minerale, anche attraverso la pra-
tica dell’assorbimento fogliare;

4) la riduzione nel costo delle unita fertiizzanti ¢, sub-
ordinatamente, delle spese di distribuzione, specie quando
viene applicato it metodo della fertirrigazione. Secondo le espe-
rienze americane, il costo del servizio per la somministrazione

dei fertilizzanti fluidi & pari al 5% del costo del fertilizzante
¢ non differisce gran che da quello dei fertilizzanti solidi;

) risparmio di fatica da parte dell’agricoltore. Ovvia-
mente, pompare del liquido & molto pit semplice ¢ meno fati-
coso che non dover trasportare sacchi o addirittura masse sfuse
di prodotti solidi. Per lo stato di aggregazione caraiteristico dei
materiali impiegati ¢ evidente come la concimazione fluida

Append, 7 - Roliné - p. 6




SEMAINE D'STUDE SUR « L'EMPLOI DES FLERTILISANTS ETC. » 1371

consente una manipolazione ¢ una distribuzione interamente
meccanizzata;

f) si realizza una distribuzione pitt uniforme degli ele-
menti fertilizzanti il che consente uno sviluppo vegetativo delle
colture pit omogeneo;

g) si possono mescolare uniformemente e somministrare
con la stessa operazione e quindi con sensibile risparmio di
tempo ¢ di mano d’opera clementi secondari: microelementi,
diserbanti, insetticidi e anticrittogamici. In ogni caso, i tempi
di lavoro risultano notevolmente raccorciati;

k) a questi vantaggl si aggiungano quelli legati alla
maggiore facilith di stoccaggio e di dosaggio ed altri, di natura
psicologica, come quello di interessare ed attrarre gli agricol-
{ori che desiderano attuare tecniche pin opportune ed avanzate.

Vi sono poi altri vantaggi come la maggiore economia nel
confezionamento, carico, scarico ¢ trasporto del fertilizzante,
minor fatica per l'operatore agricolo e, non ultimo, i minoy
costo delle unitd fertilizzanti rispetto alle stesse unitd contenute
nei composti convenzionali,

2. Durante questi ultimi decenni, la fertilizzazione fluida
ha avuto, in alcuni Paesi, un’espansione veramente singolare
ma, mentre agli inizi era sospinta dalla necessita ¢ convenienza
di introdurre sistemi di fertilizzazione meno onerosi e di mag-
gior comoditi d’impiego, l'iniziativa & passata successivamente
nelle mani di organizzazioni produttive e commerciali preoc-
cupate soprattutto di intensificare lo smercio di una maggiore
quantitd. di composti fosfatici o potassici, a seconda dei casi,
perdendo di mira quelli che eranc stati gli intendimenti ori-
ginari.

Ora, menire I'impiego dei fertilizzanti liquidi si & svilup-
pato rapidamente in U.S.A., dove l'applicazione della forma
fluida aveva raggiunto nel 1061, a poco pilt di un decennio
dalla loro introduzione, il 53%, del totale, nel nostro Paese ed

Append. 7 - Rotini - p. 7



1372 PONTIFICIAE ACADEMIAE SCIENTIARVM SCRIFTA VARIA - 38

in generale in tutta 'Europa ci si & attardati in prove o verifiche
di carattere preliminare.

Tanto in UJ.S.A. come anche in Francia, alia base della
fertilizzazione con concimi liquidi sta la disponibilith, accanto
all’ammoniaca, urea ¢ nitrato ammonico, di alcune materie
prime come I'acido superfosforico e i polifosfati, che non tutti
1 Paesi producono.

La carenza nella preparazione industriale dell’acido super-
fosforico e del polifosfati costituisce certo una remora allo svi-
luppo di una pit larga ed cstesa applicazione della fertilizza-
zione liquida,

La preparazione deil’acido superfosforico e¢ dei suoi sali
ammoniacall & stata sviluppata dalla Tenesse Valley Auathority
e si tratta di un acido che contienc il 76%, di anidride fosfo-
rica nei confronti dell’acido ortofosforico che ne contienc sol-
tanto il 54%. '

Il punto di fusione di questo acido & sufficientemente
basso da renderlo fluido a temperatura ambiente ed il van-
taggio del suo impiego consiste nel fatto che i suof sali di am-
monio sono molto pitt solubili di quelli dell’ortofosfato. Lo
sviluppo e l'impiego di polifosfati ottenuti con i vari metodi
consentono di poter disporre di prodofti contenenti fing al
79% di anidride fosforica e, secondo preparazioni recenti rea-
lizzate dalla T.V.A., si & giunti ad un composto nel guale il
79% di anidride fosforica risulta cosi costituito: il 199, pre-
sente come acido ortofosforico, 44% come pirofosforico, 21%,
come frifosforico, 10%, come tetrafosforico e 6% come acido
a calena ancora pit lunga.

Non voglio dilungarmi ad illustrare le proprietd partico-
lari di questi composti e cioé la loro solubilitd, idrolizzabilith e
possibilith di sequestrare alcuni oligoelementi di altissimo inte-
resse per la nutrizione delle piante, ma desidero sottolineare
che non sard possibile procedere ad un’espansione della ferti-
lizzazione liquida in quel Paesi dove le industrie dei fertiliz-
zanti fosfatici’ non si impegneranno a puntare decisamente
verso Ja preparazione di questi importanti prodotti.
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Per quanto riguarda 1'ltalia, credo comungue che il ri-
tardo nella realizzazione della fertilizzazione liquida sia legato
a tre ordini di ragioni:

1) in primo luogo, non disponiamo di composti del
fosforo ad elevata concentrazione in anidride fosforica solu-
bile, indispensabili per la preparazione deile soluzioni fertiliz-
zantl composte.

2) Mancano poi da noi le strutture distributive ¢ cioé
I’ organizzazione di un servizio agronomico capillare che possa
sostituirsi alle iniziative dei singoli agricoltori che non dispon-
gono di regola dei mezzi necessari per provvedere diretta-
mente.

3) Infine, la struttura dell’agricoltura italiana risulta
ancorata tutt’oggi ad aziende di dimensioni inadatte a realiz-
zazioni di questo tipo.

Per le condizioni deil’agricoltura italiana, che deve risol-
vere problemi di struttura piutiosto imponenti sia per il set-
tore agricolo come anche per quello industriale, relativo al
prodotti fosfatici, mi pare opportuno, almeno inizialmente, in-
dirizzare la fertilizzazione liquida verso 1'impiego di prodotti
quale 'ammoniaca gassosa, la cul unita fertilizzante ha un
prezzo di mercato inferiore a quelio della unita di azote pre-
sente nei concimi azotati tradizionali.

E’' noto come il costo dell’unith dei fertilizzanti azotati
solidi, alla produzione, risulti pressoché doppio rispetto all’am-
moniaca anidra od in soluzione, la quale presenta anche ii
vantaggio di non esscre gravata da maggiori onerl per le ope-
razioni di essiccazione, granulazione e immagazzinamento ca-
ratteristiche dei prodotti solidi.

3. La rcalizzazione della fertilizzazione fluida con I'am-

moniaca anidra ha, tra Paltro, il vantaggio di utilizzare un
prodotto che contiene 1'87% di azoto e costituisce, " com’#
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noto, la materia prima per la preparazione della quasi totalitd
dei fluidi ¢ per la maggior parte dei solidi.

I’impiege delle soluzioni ammoniacali presenta alcuni van-
taggi relativi alle apparecchiature di distribuzione, ma cid mal-
grado, negli U.S.A. 'ammoniaca anidra continua ad essere il
principale fertilizzante fluido azotato.

La corrosione dei serbatoi ¢ delle aftrezzature non costi-
tuisce un problema per I'ammoniaca anidra, per la quale dob-
biamo solo prendere alcune particolari precauzioni data la sua
tossicita ¢ la sua azione ustionante. Si fratta comunque di im-
pieghi all’aria aperta per cui, osservando le usuali misure di
sicurezza, non & difficile evilare questo tipo di incidenti.

L’ammoniaca anidra viene generalmente iniettata nel suo-
lo ad una profonditd che varia da 1o a 20 c¢m. in relazione
alla tessitura e alle altre caratteristiche fisico-meccaniche del
terreno. I'operazione consiste nel produrre nel suole uno
stretto solco che viene rapidamente richiuso in modo da in-
terrare I'ammoniaca gassosa che fuoricsce in modo da limitare
le perdite al massimo.

SOHN e PracH hanno studiato Passerbimento dell’ammo-
niaca sull’argilla e sulla sostanza organica del terreno ¢ sono
giunti alla conclusione che tale processo decorre pit agevol-
mente nei terreni limo-argillosi e nei terreni acidi. Anche nei
terreni subalcalini fino a pH uguale a 7,3, il terrenc asscrbe
parimentl notevoli quantitd di ammoniaca, di cui la quasi to-
talitd si diffonde dal punto di applicazione in un raggio di
5 cm.

[esperienza ha dimostrato che, anche guando si sommi-
nistrano quantity di azoto pari a 100-120 chili per ettaro, le
perdite non risultano economicamente importanti.

Mac InTosH ¢ FREDERICK hanno trovato che la diffusione
dell’ammoniaca anidra si manifesta con una velocity diversa,
a seconda del contenuto, in spazi vani del terreno. La gravita
non sembra avere effetto sulla sua diffusione che non varia in
modo apprezzabile sotto e sopra il punto di iniezione. Nelle
stesse condizioni di umidita, occorrono otto ore perché I’am-
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moniaca si diffonda in un’area di 27,5 cm. di raggio con 40%
di spazi vani; mentre con il 50% impiega solo ore 6,5 a dif-
fondersi nello stesso ambito.

E’ stato indagato da parte di Goring e MartIN il com-
portamento dell’ammoniaca anidra in un terreno sabbioso po-
sto in differenti condizioni di umidita. La velocita di diffu-
sione dell’ammoniaca diminuisce con Paumentare deil’ umidita
del terreno. '

Per diffondersi a 12,5 cm. dal punto di iniczione impiega
1" ¢ 30" nel terreno secco, 2" e 30" quando il terreno contiene
1,5% di wmidith, 4" e 20" se ne contienc 3,5 ¢ 4" e 30" se ne con-
fiene i 6%,.

Con il variare della temperatura cambia la velocita di dif-
fusione e, ovviamente, tale velocith aumenta a femperature
pitt clevate: in un tratto lungo cm. 14,5 viene percorso in 3
e 30" a 7°C, in 1" e 30" a 20°C ¢ in 1" soltanto a 28°C,

La velocita di diffusione del gas diminuisce invece quando,
a parita delle altre condizioni, aumenta nel terreno il tenore
in sostanza organica.

Sccondo GIFFORD e STRICKLING, 'ammoniaca anidra ma-
nifesterebbe un certo effetto sulla stabilizzazione degli aggre-
gati del suolo, in relazione ad una certa interazione specifica
dell’ammoniaca con alcuni costituenti organici non ancora bene
identificati e che, sciolti dall’amnmoniaca, riprecipiterebbero
successivamente ripartendosi in modo pitt omogeneo nel suolo.

Secondo ANDREWS, la fertilizzazione con ammoniaca ani-
dra procede nel migtiore dei modi quando si ticne debitamente
conto, insieme alla pitl opportuna profondith dell’iniezione,
dell’umidith. del suolo, della ventosith, della spaziatura delle
file e della temperatura al momento della somministrazione.

Non mancano poi csperienze per guanto concerne la tos-
sicita dell’arnmmoniaca gasscsa. ENo e BLUE hanno accertato
infatti che il potere nitrificante del terreno si riduce solo del
10%, anche quando ’alcalinitd si eleva a pH g,6. E’ evidente
che la mortificazione del processo di nitrificazione & legata al-
Veffetto tossico dell’ammoniaca sui microrganismi nitrificanti.
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Gli effetti dell’ammoniaca gassosa si spiegano anche nei con-
fronti degli altri membri della popolazione microbica del
terreno.

Quando poi si somministrano 1o00-120 chili di azoto per
eftaro come amimoniaca anidra, si nota anche una riduzione
del numero dei batteri, ifomiceti e actinomiceti, ma 'effetto
tossico risulta limitato a quelli che si trovano nell'intorno di
terreno posto a 6 o 7 cm dal punto di iniezione,

Le stesse ricerche hanno perd accertato che, a 3 o 4 giorni
dal trattamento, la carica batterica e actinomicetica del ter-
reno ritorna pressoché uguale a quella di partenza, mentre
Peffetto tossico sui funghi risulta pid duraturo ¢ pud persi-
stere per qualche settimana. Quando la concentrazione del-
I'azoto si eleva a 600 p.p.m., il pH raggiunge i 9,4 ed il suo
effetto sulla popolazione fungina e sui nematodi risulta piut-
tosto drastico; si tratta tuttavia di un’attivitd temporanea che
non ha la ben che minima conseguenza sul normale decorso
della coltura. Quando la concentrazione dell’ammoniaca arriva
a 608 p.p.m., cui corrisponde una concentrazione idrogenio-
nica pari a pH=g9,4, quasi tutfi i microrganismi soccormnbono,
ma concentrazioni di questo ordine si verificano soltanto nelle
zone di fuoruscita dell’ammoniaca anidra in una porzione
quindi di terreno che risulta relativamente piccola, Tale effetto
ovviamente ¢ solfanto temporaneo perché il pH raggiunto non
permane lungamente, ma a seguito del processo di nitrifica-
zione; secondo BoncEss e Hawxins, dopo pochi giorni si
verifica un ritorno alle condizioni normali ed in certi casi ad-
diritfura un abbassamento de! pH originario,

E’ forse opportuno ricordare la serie di ricerche compiute
da STANLEY ¢ SMITH i quali hanno dimasfrato che, con un’ap-
plicazione di 100-120 chili di ammoniaca gassosa per ettaro, si
determina un aumento considerevole della quantity di anidride
fosforica e di ossido di potassio assimilabile in seguito alla
azione che 'ammoniaca spicga sopra i componenti fosforici ¢
potassici assorbiti o fissati dai costituenti del terreno.

Questo esame dettagliato del comportamento dell’ammo-
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niaca anidra nel suolo, in relazione alle diverse condizioni di
umidith, di stabilitd strotturale, ecc. acquista un’importanza
rilevante al fine di stabilire le condizioni ottime per la som-
ministrazione del fertilizzante: la quantitd, la profondita di
iniezione, la distanza tra i denti iniettort e 'esigenza di ridurre
al minimo le perdite.

4. Le ricerche agronomiche sugli effetti della concima-
zione con ammoniaca anidra, hanno dimostrato che non vi @
una differenza sensibile fra le forme fluide ¢ solide dell’azoto.
A paritd di tutte le allre condizioni, la concimazione con am-
moniaca anidra ha dato la stessa resa produltiva. Evidente-
mente, ci0 si verifica anche quando l'azoto & somministrato
sotto altre forme come quella ureica o nitro-ammoniacale.
Malgrado alcune differenze tra le varie forme azotate, nessuna
differenza si registra quando esse vengono somministrate in
fluidi o allo stato solido.

Un’esame approfondito degli aitri fertilizzanti fluidi non
mi sembra qui opportuno, date le premesse gia fatte. E' mia
convinzione che per le condizioni obbiettive della situazione
italiana, non si sia ancora maturi per la piena introduzione
della fertilizzazione fluida, salvo che per la Pianura Padana
e le altre alluvioni del centro ¢ del sud che rappresentano perod
un'aliquota piuttosto ridotta defl’intera superficie agraria.

La fertilizzazione fluida comunque ha bisogno per il suo
sviluppo:

1) di una rete di unitd poderali di dimensioni pitt grandi,
che consentanc un pit agevole sviluppo della meccanizzazione
agricola. La pratica della fertilizzazione fluida rientra infatti
nelle operazioni meccanizzate e richiede quindi per la sua
espansione 1'attuazione delle condizioni reali della meccanizza-
zione stessa. Il ridotte volume delle singole unita poderali e
la modesta estensione degli appezzamenti coltivati costituiscono,
senza dubbio, un ostacelo al processo di meccanizzazione ed
una remora alla introduzione della fertilizzazione liquida.
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2} Occorre poi un’efficiente organizzazione dei servizi
agronomici per le numerose aziende agricele che, non avendo
la convenienza o la possibilita di investire somme rilevanti
per le attrezzature, hanno bisogne di ricorrere a questi servizi
specializzati capaci di eseguire operazioni agronomiche essen-
ziali e di delicata attvazione come quella della fertilizzazione
fluida.

3) Occorre infine che, ai vantaggi di ordine tecnologico
caratteristici della fertiizzazione liquida, di cui abbiamo di-
scorso precedentemente, si accompagni un certo vantaggio eco-
nomico, ¢id che nelle condizioni attuali ¢ perseguibile solo con
P'impiego dell’ammoniaca anidra.

Successivamente, quande le condizioni organizzative ren-
deranno pid efficienti la rete dei servizi agronomici ¢ quando
diverranno disponibili tutte le materie prime occorrenti per la
preparazione degli altri fertilizzanti fluidi, dalla fertilizzazione
con ammoniaca anidra potremo passare alla realizzazione della
fertilizzazione fluida con le altre forme.

I costi della fertilizzazione lquida dipendono, evidente-
mente, anche dall’estensione del suo impiego per cui, un pit
Jargo esercizio, condurrd ad una piu consistente produttiviti
di questa pratica agronomica. Il ‘miglioramento delle attrez-
vature ed il perfezionamento della tecnica renderanno inoltre
piu semplici e pit economiche le applicazioni, anche per il
maggiore contenimento delle perdite.

Oramal, questo nuovo sistema si ¢ decisamente affermato
nelle agricolture pill avanzate e l'esperienza degli operatori
lascia prevedere che una nuova era si aprirda per la fertiliz-
zazione dei campi e, malgrado alcuni problemi tecnici non
ancora risolfi, cid costituird un progresso non indjfferente nei
confronti della tecnica del passato,

Vorrel infine concludere questo mio intervento sottoli-
neando ulteriormente come la fertilizzazione fluida costituisca
Punico e il piti economice mezzo per fertilizzare il terrenc e

Append. 7 - Rotini - p. 14



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS EYTC. » 1379

le colture in una grande azienda agraria dove il processo di
meccanizzazione sia arrivato alla sua applicazione integrale.

Nei Paesi che ancora non si trovino nelle condizioni orga-
nizzative atte a procedere direttamente in tale indirizzo, le
prime applicazioni della fertilizzazione fluida con ammeoniaca
anidra potranno avere come obbiettivo le colture che, come il
mais, richiedono notevoli quantita di azoto. Ci¢ rapprescn-
terd un forte progresso rispetto alla realth attuale e, certa-
mente, sard possibile un ulteriore evoluzione verso le soluzioni
fertilizzanti, che segneranno un altro passo avanti verso forme
piti avanzate nel processo della fertilizzazione del campi.
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EINHUNDERT JAHRE STEIGENDE ERNTEN
DURCH DIE ANWENDUNG
VON HANDELSDUENGER

Ein Rickblick auf das Jahr 1goo
und ein Aushlick auf das Jahr zo00

FRITZ BAADE
Forschungsinstifuls fir Wirtschafispragen der Enlwickhmgslander
Kiel - Deutschland

Die wichtigsten Entdeckungen iber die Bedeutung der
Ernihrung der Pflanzen durch industricll und bergbaulich
erzeugten Handelsdinger wurden schon in der Mitte des
vorigen Jahrhunderts gemacht. Justus v, Liebig mit seinem
im Jahre 1840 erschienenen Buch “Die organische Chemice in
ihrer Anwendung auf Agriculturchemie und Physiologie” und
die Studien der beriihmien englischen Versuchsstation
Rothamsted haben nachgewiesen, weiche Nahrstoffe wir den
Pflanzen zur Verfigung stellen miissen, um stindig hohe
Ertrige zu erziclen. Sie haben wuns auch gezeigt, wie wir diese
Nihrstoffe in Bergwerken und Fabrikanlagen in grossen
Mengen als Handelsdiinger produzieren kénnen.

Es hat aber zundchst ein reichliches halbes Jahrhundert
gedauert, bis sich diese Entdeckungen in der landwirtschaftli-
chen Praxis in der Welt auch nur in cinemn nennenswerten
Umiang durchsetzten.

Am Anfang unseres Jahrhunderts machte die mit Han-
delsdiinger versorgte Anbanfliche weniger als 1 v. H. der
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Nutzfliche der Welt aus. Der Verbrauch von Stickstoff hatte
einc Menge von etwa 300 ooo t. N erreicht. Davon wurden
etwa 240 ooo t in Form von Chilesalpeter und 88 000 in Form
von schwefelsaurem Ammoniak als Nebenprodukt der Koksin-
dustrie geliefert. Der Verbrauch von Phosphorsiure lag in
der Gréssenordnung von etwa goo 0oc t P05, davon entficlen
knapp ein Drittel auf die Vercinigten Staaten, ein weiteres
Drittel aut Deutschland und das letzte Drittel auf das tbrige
Europa. Der Weltverbrauch an Kali fag in der Grissenordnung
von 250 000 t K0, wovon 117 000 ¢ auf Deutschland, 30 coo t
auf diec anderen Linder Europas und 8o 000 t auf diec Vereinig-
ten Staaten entfielen.

Beim Stickstoff beruhte die Versorgung der Welt um
die Jahrhundertwende allerdings iiberwiegend noch auf einem
Naturprodukt, nimlich dem Chilesalpeter. Kurz vor der Jahr-
hundertwende hatte Sir Winriam CrookEs auf der Tagung
der British Association for the Advancement of Sciences
ausgefiihrt, dass die leicht kultivierbaren jungfriulichen Lin-
dereien der Welt zur Neige gingen und dass die Menschheit
etwa Im Jahre 1630 angesichts der Bevdlkerungszunahme

“einer  Hungersnot gegeniiberstehen wiirde, wenn cs nicht
gelinge, den in unbegrenzter Menge in der Luft vorhandenen
Stickstoff mit Wasserstoff zu Ammoniak zu synthetisieren,
Damals war diese Synthese zwar im Laboratorium gelungen,
aber Methoden zur industriellen Durchfihrung waren noch
nicht gefunden. Er bezeichnete daher die Erschliessung solcher
industriellen Moglichkeiten als den bei weitem wichtigsten
Beitrag zur Lisung des Welterndhrungsproblems. Am Ende
des ersten Jahrzehnts unseres Jahrhunderfs war eine beschei-
dene industrielle Produktion von synthetischem Stickstoff im
Flammenbogenprozess auf Grund der billigen Hydroelek-
trizitit in Norwegen erschlossen. Der entscheidende Weg aber
ist dann wiahrend des Ersten Weltkrieges und kurz danach
durch die geradezu explosivartige Steigerung der Stickstoff-
produktion mnach dem Haber-Bosch-Verfahren beschritten
worden.
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Bei dem Pflanzennihrstoff Phosphorsiure hatte bereits
Justus v. Liebig gezeigt, dass die im Knochenmehl enthaltene
Phosphorsiure in Gestalt von Tricalcium fir die Pflanzen
wenig aufnahmefihig ist und dass sie aufnahmefihig gemacht
werden kann, wenn man sie mit Schwefelsiure aufschliesst.
Das war der Beginn der Superphosphatindustrie, die aber
solange eine bescheidene Industrie blieb, als man als aufzu-
schliessenden Rohstoff nur Knochenmehl kannte. Der gewal-
tige Schritt vorwirts war kurz vor der Jahrhundertwende
dadurch erfolgt, dass man an verschiedenen Punkten der Welt,
inshesondere in Florida und auf der Siidseeinse! Nauru, aber
auch in nordafrikanischen Lindern, reiche Lager von Rohphos-
phaten entdeckte, die dann ebenfalls mit Schwefelsdure aui-
geschlossen und in fir dic Pflanzen auinchmbares Superphos-
phat verwandelt wurden. Eine zweite wichtige Quelle finr den
Pilanzennihrstoff Phophorsaure wurde die Thomasschiacke, ein
Nebenprodukt der Stahlerzengung.

Der dritte wichtige Pflanzennihrstoff, Kali, ist ebenso
wie das Thomasmehl zunichst als ein Abfallprodukt in nn-
seren Gesichiskreis getreten. Die Entwicklung des Kalibergbaus
nahm in Deutschland ihren Anfang mit einer Tiefbohrung auf
Steinsalz in Stassfurt im Jahre 1843. Anfinglich war man
sehr enttiuscht, dass oberhalb des Steinsalzes méchtige Lagen
von bitteren Salzen angetroffen wurden, die man zunichst als
wertlose Abraumsalze auf die Halden schilttete. Adolf Frank
erkannte den Wert dieser Abraumsalze fiir die Licferung des
Pflanzennihrstoffs Kali. Im Jahre 1861 wurde die erste Fabrik
fiir Kalidingesalze in Stassfurt errichtet, Zu Beginn des neuen
Jahrhunderts war aber doch erst eine Gesamtproduktion von
einer Viertelmillion t KO erreicht, von der mehr als die
Hilfte in Deutschland verbraucht wurde.

Den Ausgangspunkt unserer Betrachtung, das Jahr 1goo,
kénnen wir daher wic folgt charakterisieren: Die wichtigsten
wissenschaftlichen Erkenntnisse iiber die Ernihrung der Pflan-
zen waren schon ein halbes Jahrhundert alt. Industrie und
Bergbau standen bereit, dic Pflanzennihrstoffe Kali und
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Phosphorséure in grossem Umfang zu liefern. Die wichtigste
industrielle Entwickiung, nimlich die Grossherstellung von
synthetischem Stickstoff, war im Laboratorium gelungen, und
die industrielle Grossanwendung stand unmittelbar vor der
Thr. Damit war die Voraussetzung dafiir geschaffen, dass sich
der Weltverbrauch an Pflanzennihrstoffen von damals insge-
samt knapp 1,5 Mill. t an Reinnédhrstoffen bis zur Gegenwart
auf 65 Mill. t Reinnihrstoff, d. h. auf das Vierzigfache
steigern konnte.

Uber die geographische Verbreitung des damaligen Ver-
brauchs an Pilanzennihrstoffen kénnen wir feststellen, dass
der bescheidene Verbrauch véliig auf zwel Gebicte konzen-
triert war, nimlich auf Teile der Landwirtschaft in Westeu-
ropa, insbesondere den Niederlanden, Belgien und Deutsch-
land, sowic aul die Ostkiste der Vereinigfen Staaten. Dort
wurde cin erhehlicher Teil der PHanzenndhrstoffe fiir den
Tabalkbau verwendet, der Rest iiberwicgend fiir Kartoffeln
und fiir Obst und Gemiise, Die Massennahrungsmittel, Brot-
getreide, Futtergetreide, Fleisch- und Molkerciprodukte, wurden
im Jahre 1goo in der Landwirtschaft der Vereinigten Staaten
praktisch noch véllig chne einen nennenswerten Einsalz von
Pflanzennihrstoffen produziert. Die einzige Quelle der Produk-
tion war die natiirliche Bodenfruchtbarkeit, an der ein nicht
unerheblicher Raubbau getrieben wurde.

Die Hektarertrdge iagen dementsprechend sehr niedrig.
Wir konnen ecinen Hektarertrag von 1o dz fiir fast alle wich-
tigen Getreidearten im grossten Teil der Welt von 1goo an-
nehmen, und zwar nicht nur in den Entwicklungslindern,
wo er auch heute noch grosstenteils in dieser Hobhe liegt,
sondern auch fiir den grossten Teil von Europa und Nord-
amerika,

Die Entwickiung von 1goo bis zur Gegenwart ist in der
Hauptsache durch das TFaktum einer Vervierfachung der
Hektarertrdge in immer weiteren Gebieten der Welt charak-
terisiert, einer Vervierfachung, die tiberall dort erreicht wurde,
wo Pflanzenndhrstoffe in der erforderlichen Menge eingesetzt
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wurden. Dabei war aber natiirlich eine Kombination mit der
Anwendung von leistungsfihigem Saatgut, und, wo nétig, von
Bewisserungswasser und Schadlingsbekdmpfungsmitteln erfor-
derlich. Die Pflanzenndirstoffe sind nicht eine Wunderdroge,
die man nur auf den Acker zu werfen braucht, um die Ertrage
auf das Vierfache zu steigern. Wenn wir trotzdem in unserer
Untersuchung immer wieder statistische Angaben iiber den
Einsatz von Handelsdiinger in Verbindung mit der Steigerung
der Hektarertrige prisentieren, so geschieht dies deshalb, weil
der Verbrauch von Pflanzennihrstoffen derjenige Fakior ist,
der sich statistisch am leichtesten erfassen ldsst,

Ungefahr ein Vierteljahrhundert spéter, im Jahre 1925,
war der Verbrauch an Pflanzennihrstoffen immer noch sehr
gering. Der Stickstoffverbraunch war auf 1,2 Mill. t N, der
Phosphorsiureverbrauch auf 2,7 Mill. t und der Kaliverbrauch
auf 1,7 Mill. t KO gestiegen. Das schienen eindrucksvolle
Steigerungen zu sein, sie wurden aber dann weit in den Schat-
ten gestellt durch die Steigerungen, die dann im zweiten und
dritten. Vierteljahrhundert erreicht wurden.

Von dem Zustand des Einsatzes von Pflanzennihrstoffen
und dem dadurch erreichten Niveau der Hektarertrige in
Europa um das Jahr 1gz5 geben die Schaubilder 1 und 2
gewissermassen eine Momentfotografie. Der Verfasser hat da-
mals der Weltwirtschaftskonferenz, die in den Jahren 1926
und 1927 in Genf stattfand, ein Gutachten iberreicht, in dem
die Produktionsreserven der euwropiischen Landwirtschaft auf
Grund des IEinsatzes von Pflanzennihrstoffen abgeschitzt
wurden ("), Schaubild 1 und 2 sind diesem Gutachten ent-
nommerl.

Man sieht auf einen Blick den sehr engen Zusammenhang
swischen dem Einsatz von Pflanzennihrstoffen, hier in Gestalt
von Stickstoff, und den Hektarertriigen, hier Weizen.

In ganz Europa gab es nur ein sehr kleines Gebietf, in

() Frizz Baspn, Produltions- und Neaufhraftreserven in dev ewro piischen
Landwivischaft, Berlin 1g27.
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dem die Hektarertrige mit mehr als 21 dz einigermassen hoch
waren, wihrend sie in den (brigen Gebieten niedrig, zum
Teil erschreckend niedrig lagen. Ein nicht kleiner Teil von
Frankreich, Italien und selbst von Siddeutschland hatte da-
mals Hektarertrige des Weizens in der Grossenordoung der
heutigen Hektarertriige in den riickstindigsten Entwicklungs-
lindern, das heisst 10 bis 12 dz oder gar weniger als 10 dz.

Schaubild 2 zeigt, dass von einem nennenswerten Han-
delsdiingerverbrauch, in diesem TFalle von Stickstoff, nur in
den Gebieten Europas gesprochen werden konnte, in denen
cin hoher Ertrag des Weizens einen hohen modernen Stand
der landwirtschaftlichen Technik aufwies: in Belgien, den
Niederlanden, einem kleinen Stiick von Nordfrankreich und
in Ost- und Mitteldeutschland.

Der Verfasser hat es damals gewagt, aus diesen Schau-
bildern sehr kiihne Schiisse zu ziehen. Er hat behauptet, dass
der FEinsatz von Pflanzennihrstoffen, beispiclsweise von
Stickstoff, in dem gréssten Teil Europas auf 30 kg je Hektar
steigen misste und steigen wiirde und dass diese Verbesserung
der Erndhrung der Pflanzen in der europiischen Landwirtschaft
einmal eine Produktionssteigerung bringen wiirde, die die
Abhdngigkeit mindestens Kontinentaleuropas von Massenein-
fuhren von Getreide aus Ubersee beseitigen wiirde. Diese
Voraussage mochte im Jahre 1925 als sehr kithn erscheinen,
25 Jahre spiter hatte sie sich aber weitgehend als richtig
erwiesen.

Die Schaubilder 3 und 4 zeigen, dass sich im Jahre 1955/
56 das Gebiet mit Weizenertrigen von mehr als 24 dz/ha in
Euvropa kraftig ausgedehnt hat. Nicht nur Grossbhritannien
und Irland, die drei skandinavischen Linder und Belgien und
die Niederlande gehdren jetzt zu diesem Gebiet, sondern ganz
Deutschland, und zwar sowohl das Gebiet der Bundesrepublik
wie das Gebiet der DDR.

In Italien ist das Gebiet hoher Ertriage bis nach Mittelifa-
lien vorgertckt, und der Teil Frankreichs mit hohen Ertrigen
hat sich michtig ausgedehnt.
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ScuavBitd 4 — Handelsdiingerverbrauch in der europiischen Landwirtschaft,
1955-50: Stickstoff (kg Stickstoff auf 1 ha landwirtschaftliche Nutzfliche).

Append, 8 - Baade - p. 10



SEMAINE D'ETUDE SUR « L'EMPLOI DES FERTILISANTS X170, » 1393

In wolliger Parallelitit dazn hat sich der Einsatz des
Pfianzennidhrstoffs Stickstoff in diesen dreissig Jahren ent-
wickelt. Wiahrend es in den Jahren 1922-24 in Europa kein
Gebiet mit einem Stickstoffaufwand von mehr als 30 kg/ha
gegeben hatte (%), hat sich inzwischen ein grosses Gebict mit
cinem Stickstoffaufwand von 30 bis 40 kg, von 40 bis 50 g
und von tiber 50 kg je Hektar entwickelt,

Und nun die Wirkungen auf die Nahrangsversorgung
Furopas: Schon in der Mitte der fiinfziger Jahre war der
Zuschussbedarf Kontinentaleuropas an Weizen aus Ubersee,
wenn man das Gebiel als Ganzes betrachtet, praktisch ver-
schwunden, Die Bundesrepublix Deutschland hatfe zwar noch
cinen Einfuhrbedarf. Dem standen aber Ausfuhriberschiisse
in Schweden und insbesondere in Frankreich gegeniiber, so
dass der Raum des kontinentalen Westeuropas per Saldo von
der Weizeneinfuhr aus Ubersee unabhiingig geworden war, so
wie es in dem Gutachten fiir die Weltwirtschaftskonferenz im
Jahre 1027 vorausgesagt worden war.

Und nun gehen wir nochinals etwa eineinhalb Jahrzehnte
weiter und kommen an das Ende der sechziger Jahre. Im
Jahre 1967 hatte der Hektarertrag des Weizens die 24-dz-
Grenze nicht nur in Skandinavien, Grosshritannien, den Nie-
derlanden und in ganz Deufschland dberschritten, sondern
auch in Frankreich bis auf ganz kleine Gebiete in Zentral-
frankreich und in der Bretagne und der Provence. Aber auch
dort waren bereits Hektarertrige von 21 bis 24 dz erreicht.
Nur Spanien, Portugal, Sardinien, Korsika und Siiditalien
einschliesslich Siziliens hatten niedrigere Hektarertrage als
21 dz. In den osteuropiischen Landern, insbesondere Polen,
Tschechoslowakei, Ungarn und Jugoslawien waren teils Er-
trige von mehr als 24 dz, sonst von 21 bis 24 dz/ha crreicht.

{3 Schaubild 4 musste anders gezeichnet werden als Schaubild 2, weil
sich der Verbranch so gesteigert hatte. In Schaubild 2 sind schwarz alle
Gebiete mit einem Verbrauch von mehr als 20 kg/ha gezeichnet, in Schaubild
4 alle Gebiete mit einem Verbrauch von mehr als 5o kgfha landwirtschaftliche
Nutz{liche,
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SCHAUBILD 5 - Durchschnittsertrag an Weizen in Europa 1967-08 (dz auf 1
ha Anbaufliche).

Append. 8 - Bagide - p. 12



SEMAINE D'ETUDE SUR « L'EMPLOI DES VFERTILISANTS EIC. » 1305

[ .
o B a

OI0 EH oW Wi -

0-10 w-® 20-3 20-0 W-ko e Dkgihe

SerAUBILD 6 — Handelsdiingerverbranch in der europiischen Landwirtschaft,
1667-68: Stickstofi (kg Reinstickstoff auf 3 ha Jandwirtschaft], Nutzfliche).
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Dabei zeigt Schaubild 5 noch nicht einmal den ganzen Tat-
bestand. Denn in den schwarz gezeichneten Gebieten wird
grosstenteils nicht ein Ertrag von {iber 24 dz/ha, sondern ein
solcher von {iber 32 dz, ja, bis zu 40 dz/ha und mehr erziell,

Dem entspricht der Einsatz des Pflanzennihrstoffes Stick-
stoff. Die Gebiete mit einem Stickstoffaufwand von mehr als
50 kg/ha haben sich in Eurcpa vor allen Dingen dort ausge-
dehnt, wo auch die Hektarertrige des Weizens auf uber 24
dz gestiegen sind. In einem Teil des auf Schaubild 6 schwarz
gezeichneten Gebietes wird nicht nur eine Stickstoffinenge von
nwehr als 50 kg/ha, sondern zum grossen Teil von mehr als
100 kg/ha eingesetzt,

Die Entwicklung der Produktion ist noch weit iiber das
hinausgegangen, was bei der Vorlage der Schaubilder von
1g22-24 auf der Weltwirtschaftkonferenz in Genf iiber die
Produktionsreserven der europiischen Landwirtschaft voraus-
gesagt wurde. Die Hekiarertrige nicht nur des Weizens, son-
dern aller Getreidearten sind in weiten Gebieten Furopas auf
das Dreifache, ja, auf das Vierfache dessen gestiegen, was sie
um das Jahr rgas im grossten Teil Frankreichs und grossen
Teilen Deutschlands sowie in Italien gewesen waven. Auch in
den osteuropiischen Léndern ist eine Verdreifachung der Hek-
tarerfrage erzielt worden, und dies ganz offensichtlich mit
der Ausweitung der Anwendung von Pflanzennidhrstoffen.
Dabel muss nochmals betont werden, dass natirlich diese
hohen Hektarertrige nicht nur das Ergebnis des Einsatzes
von Pflanzennihrstoffen sind, sondern eines ganzen « Pakets
von Massnahmen »: Verwendung sehr leistungsfihigen Saat-
gutes, guter Schidlingsbekimpfung und, mindestens in Teilen
Europas, ausreichender Zufuhr ven Wasser durch Bewis-
serung.

Nun wollen wir einen Blick auf die kominenden Jahr-
zchnte unseres Jahrhunderts richten.

Betrachten wir die Weltgetreidewirtschaft als Ganzes, s0
kénnen wir feststellen, dass wir zur Zeit in der Welt einen
Zustand haben, der weitgehend demjenigen enispricht, der in
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Europa vor etwa fiinfzig Jahren festzustellen war: Nur in
einem Teil der Welt gibt es hohe Hektarertriige, die in der
Grdssenordnung von 30, sogar 40 oder 50 dz liegen, und das
sind die Gebiete, die auch einen hohen Aufwand an Pflanzen-
nihrstoffen haben. In dem itberwicgenden Teil der Weltge-
treidewirtschaft, insbesondere in den Entwicklungslindern,
sieht es heute noch so aus, wie es in weiten Teilen von Europa
in den Jahren 1g22-24 aussah, niedrige, zum Teil erschreckend
niedrige Hcktarertrige, und dies in vollig klarem Zusam-
menhang mit einen krass unterentwickelten Zustand der An-
bautechnik, charakterisiert durch einen vollig ungentigenden
oder sogar ganz ichlenden Einsatz von Pflanzennéhrstoffen.

Aus dieser Riickstindigkeit und der Moglichkeit ihrer
Uberwindung ergibt sich die Hoffnung, dass wir eine Welthun-
gersnot nicht uur vermeiden missen, sondern auch vermeiden
kénnen., Wir kénnen Nahrung fiir alle Volker der Erde reich-
lich produzicren, wenn die landwirtschaftliche Riickstandigkeit
in allen Teilen der Welt — insbesonderc auch in den Entwick-
lungslindern — iiberwunden wird.

Der reichliche Einsatz von Pflanzennihrstoffen, alse von
Handelsdiinger, wird dabei eine entscheidende Rolle spielen.
Der Einsatz von PHanzennihrstoffen muss mit der Verwendung
von auf hohe Leistung geziichtetem Saatgut Hand in Hand
gehen, Dort, wo das Land durch Regen nicht geniigend
Feuchtigkeit erhilt, muss die Bewdsserung hinzutreten. Da
im warmen Klima der Entwickiungslinder bet reichlicher Dar-
Dbietung von Pflanzennihrstoffen und Wasser die Schadlinge
chenso iippig wachsen wie die angebauten Friichte, muss eine
intensive Schidlingsbekimpfung hinzukommen. Es missen
also die Massnahmen: Emahrung der - Pflanzen, leistungs-
fihiges Saatgut, ausreichendes Wasser, Verbesserung der
Bodenbearbeitung und Schidlingsbekimpfung in einem “Pa-
ket” zusammengefasst werden. Dieser “package approach” ist
auch deswegen so wirksam, weil man mit der Demonstration
cines einzelnen ertragssteigernden Faktors wie dem der Ver-
wendung von Handelsdiinger cinen analphabetischen Baucrmn
|

LI Tt
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in einem Entwicklungsland kaum in Bewegung bringen kann,
Wenn man ihm zeigt, dass er mit diesemn Diinger eine 20 bis
25 prozentige Ertragssteigerung erzielen kann, so wird er
kaum bereit sein, fiir diesen Diinger Geld auszugeben oder
gar Schulden zu machen. Wenn man ihm aber in seinem
eigenen Dorf ein Feld vor Augen fihrt, das das Doppelte,
das Dreifache oder sogar das Vierfache dessen trigt, was er
selber, sein Vater und sein Grossvater je geschen und fiir
moglich gehalten haben, so kommt er in Bewegung und ver-
langt dieses Saatgut, diesen Diinger und diese Schidlingsbe-
kdmpfungsmittel.

Ein ganz besonderes Verdienst kommt bei der Entwick-
lang dieser Politik des “Pakets” der Rockefeller Foundation
zu, die den “Wunderweizen” in Mexiko geziichtet hat. Das
Rezept war cigentlich sehr einfach: Die bisherigen Weizen-
sorten haben ein langes Stroh, und wenn man sie kriftig
insbesondere mit Stickstoff diingt, lagern sie sich. Die Mitar-
beiter der Rockefeller Foundation haben in Mexiko den sog.
Kurzstrohweizen gezichtet, d. h. cinen Weizen, der ein sehr
kurzes, aber ausserordentlich kraftiges Stroh hat. Dieser
Kurzstrohweizen vertriigt Gaben von 100, ja 125 kg Reinstick-
stoff je Hektar, und er bringt, wenn er neben dem reichlichen
Sonnenschein anch mit gentigend Wasser versorgt wird, Helk-
tarertrige von 40 bis 50 dz, ja, Ertrige bis zu 8¢ dz sind
schon erzielt worden. Mit diesem Geschenk der Rockefeller
Foundation, dem « Wunderweizen », ist es Mexiko gelungen,
nicht nur die Ertrige besonders fortschrittlicher Landwirte,
sondern die gesamten Durchschnittsertrige des Landes in einer
so kurzen Zeit zu vervielfachen, wie man es niemals fiir
moglich gehalten hitte. Wihrend die Ertrige um das Jahr
1950 im Durchschnitt des T.andes noch bei 8 dz/ha lagen,
waren sie zehn Jahre spédter doppelt so hoch, und in weiteren
filnf Jahren hatten sie das Dreifache der Ertrige des Jahres
1950 erreicht.

Dic Verdreifachung der Hektarertrige in cinem ganzen
Land in nur fiinfzehn Jahren ist etwas, was es in der Welt-
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agrargeschichte noch niemals gegeben hat, Auch in Huropa,
beispielsweise in der Bundesrepublik Deutschland, sind aller-
dings die Weizenertriige von 8 dz auf 16 dz und schliesslich
auf 24 dz/ha gesticgen, also verdreifacht worden. Aber die
Viter, Grosgviter und Urgrossviter der heutigen Landwirte
haben dazu 150 Jahre gebraucht, wihrend die Mexikaner es
mit Hilfe der Rockefeller TFoundation in fiinfzehn Jahren
geschafft haben. Wenn es moglich ist, diesen Weizen auch
in den grossen vom Hunger bedrohten Lindern anzubauen
— und wir werden sehen, dass das in erstauniich kurzer Zeit
méglich geworden ist —, so hat die Rockefeller Foundation
damit allen Vélkern der Erde, sowohl den Volkern, die hun-
gern, wic den Volkern, die dariiber nachdenken, was sie tun
kénnen, um den Hunger abzuschaffen, geradezu cine “Wun-
derwaffc” fiir den Sieg iiber den Hunger in der Weit in die
Hand gegeben. Dem genialen Weizenziichter, Norman Bor-
laug, der fir die Rockefeller Foundation in Mexiko den
Wunderweizen nicht nur geziichtet, sondern in die breite Pra-
xis der Landwirte eingefiigt hal, ist die Menschheit zu aller-
grosstem Dank verptlichtet. Iis war daher cine ausgezeichnete
Tdee, diesem Mann den [riedens-Nobel-Preis zu verlethen.

bie Rockefeller Foundation hat nicht nur diesen Weizen
geziichtet, sondern auch entscheidend dazu beigetragen, dass
der Einsatz von hochertragreichem Saatgut mit hohen Gaben
von Handelsdinger kombiniert wurde. In den fiinfzehn Jahren,
in denen in Mexiko die Woeizenertrige verdreifachl wurden,
ist der Finsatz von Handelsdiinger auf das Zwanzigfache
gesteigert worden. Das Gleiche muss in allen Landern ge-
schehen, die Mexiko auf dem Wege zur Griinen Revolution
folgen wollen.

Seit Jahren wird daher in der Wirtschaftswissenschaft
immer stirker der Zusammenhang zwischen ILinsatz von
Pflanzennihrstoffen und Steigerung der Nahrungsproduktion
in den Mittelpunkt aller Betrachtungen gestellt. Der Verfasser
hat bereits seit Jahren in Biichern und Artikeln geschatzt, dass
der Einsatz in den Entwicklungslindern auf das Zehnfache
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oder gar auf das Zwanzigfache gesteigert werden muss, Be-
ziiglich der tiirkischen Landwirtschaft hat er in dem Gutachten
des Arbeitsteams der FAO {}) schon im Jahre 1959 geschitzt,
dass der Einsatz von Stickstoff auf das Zwanzigfache gesteigert
werden muss, und tatsichlich ist die Stickstoffverwendung der
Turkel in nur zehn Jahren von 1950 bis 1069 auf das
Zwanzigfache gestiegen., Das Gremium der 110 Sachverstin-
digen, das dem Prisidenten der Vereinigten Staaten das Gu-
tachten “The World Food Problem” erstattet hat, schilzte,
dass die Nahrungsproduktion in den Entwicklungslindern bis
zum Jahre rg8c verdoppelt werden muss und dass dazu der
Einsatz von Pflanzennihrstoffen von den 6 Mill. t, die in den
Entwicklungslindern im Jahre 1967 verbraucht wurden, auf
67 Mill. t, also auf das Elffache, gesteigert werden muss (%).

Digjenigen Entwickiungsldnder, in denen bisher wenig-
stens Anfangserfolge durch die “Griitne Revolution” erreicht
worden sind, haben entsprechende Programme der Steigerung
des Verbrauchs und schliesslich der Eigenproduktion an Han-
delsdiinger nicht nur aufgestellt, sondern auch kriftig in An-
griff genommen,

In Indien ist — mindestens beim Weizen — in den fiir
den Weizenanbau besonders geeigneten Gebieten des Punjab
die Fliche des Landes, die mit den hochertragreichen aus
Mexiko importierten Varietiten besit wird, auf weit mchr als
die Hilfte der Weizenanbaufliche gestiegen. Dic Verwendang
von Nihrstoff im Handelsdinger (N +P.0s+ K;0) sticg von
g7.000 t im Durchschnitt der Jahre 1g48-52 auf 1 474 400 t
im Jahre 1968/6g9. Indien hat das Programm aufgestellt, den
Stickstoffeinsatz des ganzen Landes bis zum Jahre 1973/74
auf 2,5 Mill. t N zu steigern. Der tatsiichlich erreichte Einsatz
ist allerdings bisher in jeder Planperiode hinter dem Planzicl

() Turkey. Country Report (Food wnd Agriculture Organization of the
United Nations., Mediterranean Development Project.}) Rome 1959,

() The World Food Problem., A report of the President’s Science
Advisory Committee. Vol 1 and 2: Report of the Panel on the Waorld
Food Supply. Washington, D. €., The White Fouse, May 1967,
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zuriickgeblieben. Aber selbst wenn im Jahre 1973/74 nur
ein Verbrauch vor 2 Mill. t N erreicht werden wiirde, wire
dies gegeniiber dem allerdings sehr niedrigen Ausgangspunkt
von 63 100 t im Durchschnitt der Jahre 1048-52 cine ein-
drucksvolle Steigerung auf das 3sfache in wenig mehr als
zwel Jahrzehnten,

Im klaren Zusammenhang mif dieser Verbesserung der
Ernihrung der Pflanzen sind die Ernten Indiens ebenfails in
eindrucksvoller Weise gestiegen. Zu Beginn des ersten IFiinf-
jahresplanes im Jahre 1g50 lag die Gesamternte an Nahrungs-
getreide bei 52 Mill. t. Bis zuin Jahre 1964 war sie aul 8¢
Mill, t gestiegen. Dann kam durch die Auieinanderfolge von
zwei katastrophalen Diirrejahren ein Rickschlag auf 72 Mill.
bzw. 74 Mill. t in den Jahren 1965 und 1966. Als dann wieder
normale Regenfille eintraten, stieg die Gesamtproduktion an
Nahrungsgetreide anf 100 Mill. t im Jahre 1968 und auf 1006
Mill. t im Jahre 1g69/70. Bis zum Jahre 1971/72 hofft man
eine Ernte von 113 Mill. t und in den daranffolgenden Jahren
von 120 Mill. t zu erreichen. Da trotz der Bohrung von
Zehntausenden von Bewisserungsbrunnen die indischen Eim-
ten noch immer von den sehr wechselvollen Monsunregenfillen
abhiingen, sind Riickschlige nicht ausgeschiossen.

Aber das Gesaminiveau der indischen Ernten hat sich
doch auf das Zweicinhalbfache erhoht, und die Steigerung des
Verbrauchs von Handelsdiinger hat daran cinen entscheiden-
den  Anteil. Diese Entwicklung muss angesichts der noch
andanernden  Bevélkerungsexplosion  kriftig  weitergehen.
Selbst der Stickstoffverbrauch des Jahres 1968/6g bedeutet
mit rd. 1,4 Mill. t N bel einer Ackerfliche von 144 Mill. ha
nur einen Aufwand von 10 kg/ha. Da alle indischen Kulturen
— nicht nur Getreide, sondern auch Zuckerrohr und Baum-
wolle — dringend diingungsbediinftig sind, wird in den kom-
menden Jahrzehnten eine nochmalige Steigerung im Handels-
diingerverbrauch zunichst auf das Doppelte und dann auf
das Vierfache notwendig.

Ahnfich liegen die Dinge in Pakistan. In Westpakistan
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ist die Weizenproduktion durch die Kombination hochertrag-
reichen Saatguts mit reichlicher Ernihrung der Pflanzen und
Bereitstellung von Bewisserungswasser durch Rohrbrunnen
so gestiegen, dass das Weizendetizit beseitigt und ein Weizen~
iberschuss erzielt worden ist, der das Nahrungsdefizit Ostpa-
kistans zumindest teilweise decken kann. Vor dem Iinsatz
der mexikanischen Varietiten und der Verwendung entspre-
chend grosser Mengen von Handelsdiinger lag die Weizen-
produktion Westpakistans im Durchschnitt der Jahre bei etwa
4 Mill. t. Sie stieg dann innerhalb von drei Jahren auf 6 Mill.
t, also das Eineinhalbfache, und liegt heute bei 7,5 Mill. t.
Eine Steigerung auf 8 Mill. t, also auf das Doppelte der
fritheren Eririge, ist bei einigenmassen normalen Witterungs-
bedingungen im Jahre 1971/72 za erwarten. Dic Voraussage,
dass die Weizenernten in fiinf Jahren verdoppelt und in zehn
Jahren verdreifacht werden konnen, diirfte, so kithn sie
urspriinglich aussah, wohl im Falle Westpakistans verwirklicht
werden, aber natiitlich nur, wenn auch Pakistan den Kinsatz
von Pflanzenndhrstoffen in Form von Handelsdiinger entspre-
chend steigert.

Die Verwendung von Stickstoff ist schon von der aller-
dings minimalen Menge von 5 000 t im Durchschnitt der Jahre
1948/52 auf das 2s5fache, nimlich 131000 t N im Jahre
1608/6¢g gestiegen. Aber angesichts einer Ackerfliche von 28
Mill. ha bedeutet dies erst einen Aufwand von 4,5 kg/ha.

Von der Reisproduktion Pakistans ist zwar dic mengen-
miissig weniger wichtige Produktion in Westpakistan durch
Einsatz leistungsfihigen Saatgutes und hoher Mengen an
Handelsdiinger kriftig gestiegen. Bei der wesentlich gewichti-
geren Reisproduktion in Ostpakistan ist aber bisher nur eine
ganz ungeniigende Steigerung erfolgt. Da auch in Pakistan
ausser Reis auch Zucker und Baumwolle dringend diingungs-
bediirftiz sind, muss in den kommenden Jahrzehnten ecine
besonders starke Steigerung der Anwendung von Handelsdiin-
ger erreicht werden. Eine Steigerung zunichst auf das Dop-
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pelte und dann auf das Vierfache wie in Indien wird wohl
nicht ausreichend sein. .

Diese beiden volkreichen Linder geben einen Begriff
davon, in welchem Masse das Mittel: bessere Emihrung der
Pflanzen in den Entwicklungsliandern eingesetzt werden muss,
um den Sieg iber den Hunger zu erreichen. Die erwihnte
Schitzung in dem Gutachten “The World Food Problem”,
dass der Einsatz von Pflanzennihrstoffen in den Entwick-
lungslindern von 6 Mill. t des Jahres 1967 auf 67 Mill. t
im Jahre 1680 gesteigert werden muss, bleibt vielleicht noch
hinter der Notwendigkeit zuriick.

Damit ergibt sich die Frage nach der Rohstoffversorgung.
Bei dem fiir die Ertragssteigerung besonders wichtigen Stick-
stoffdiinger wird der Faktor Stickstoff (N) aus dem unbe-
~grenzten Vorrat der atmosphirischen Luit entnommen. Stick-
stoffdiinger wird dadurch produziert, dass man zunichst durch
Synthese Ammoniak herstellt, das die Formel NH 3 hat, wobel
also fiir einen Gewichtsteil Stickstoff drei Gewichtsteile Was-
serstoff erforderiich sind. Dicser Wasserstofl fiir die Am-
moniaksynthese wurde in Indien chenso wie tiberall in der
Welt zunichst durch Kohle bereitgestellt, Da man aber in
allen entwickelten Lindern der Welt bei der Stickstoffproduk-
tion von der Kohle zum Erdgas oder zu Abfilien der Erdélraf-
fination (Naphtha) ibergegangen ist, gehen auch die Entwick-
lungslinder diesen Weg. Eine besonders erfolgversprechende
Maoglichkeit zur reichlichen Versorgung mit dem Pflanzen-
nahrstoff Stickstoff ergibt sich dadurch, dass das in den
Exdollindern des Nahen Ostens und Nordafrikas ungenutzt
in die Tuft gehende Erdgas in steigendem Masse zur Herstel-
lung von synthetischen Ammoniak benutzt wird. Es ist be-
rechnet worden, dass das bisher im Nahen Osten und m
Nordafrika in die Luft gehende Erdgas ausreichen wiirde, um
40 Mill. t Ammoniak herzustellen, also eine Menge, die grosser
ist, als die gegenwirtige Weltproduktion an Ammoniak. Die
Erschliessung immer neucr LErdolquellen fahrt natiirlich auch
zur Erschliessung immer neuer Mengen an Erdgas, und so
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kann ein sehr grosser Teil des noch gewaltig anschwellenden
Handelsdiingerbedarfs der asiatischen Linder durch die Nutz-
barmachung ecines in dic Luft gehenden Rohstoffes gedeckt
werden. Die Umstellung der Produktion von Stickstoff von
der Kohle auf das Erdgas hat ausserdem eine grosse Senkung
der Investitionskosten und eine sehr erhebliche Senkung der
gesamten Produktionskosten zur IFolge, so dass wir hoffen
konnen, dass das fiir die Steigerung der Nahrungsproduktion
wichtigste Produktionsmitte], nimiich Stickstoffdiinger, gerade
den asiatischen und afrikanischen Entwicklungslindern in
unbegrenzter Menge und zu niedrigen Produktionskosten zur
Verfiigung gestellt werden kann.

Etwas schwieriger liegt es mit der Versorgung mit Phos-
phorsdure. Um das nicht wasserlésliche Trikalziumphosphat
der Rohphosphate in Superphosphat umzuwandeln, wird
Schwefelsdure bendtigt. Wenn aber die bisher in dic Luft
gehenden Erdgase bei threr Umwandlung in Ammoniak gleich-
zeitig entschwefelt werden und der Prozess der Entschwefelung
auch auf einen méglichst grossen Teil des verwandten schwe-
ren Heizdls ausgedehnt wird, so kann aus dieser Rohstoffquelle
der Schwefelsiurcanteil fiir cine auf ein Vielfaches ansteigende
Weltversorgung mit Phosphorsiurediinger gewonnen werden.
Natiirliche Vorkommen an Rohphosphaten sind in den letzien
Jahrzehnten in grosser Menge entdeckt worden, inshesondere
in Jordanien und in Agypten. Aber auch gerade Indien hat
reiche Vorkommen an Rohphosphaten entdeckt, so dass eine
Weltknappheit nicht zu befiirchten ist, anch wenn der Weltver-
brauch an Phosphorsiurediinger auf ein Vielfaches steigt.

Ganz besonders ginstig sind die Versorgungsméglichkeiten
mit Kall. ITm Zuge unserer hundertjihrigen Betrachtung mag
darauf hingewiesen werden, dass im Anfang unseres Jahrhun-
derts Deutschland ein Welimonopol in der bergbaulichen Pro-
duktion von Kali hatte. Mit der Abtretung des Elsass und
der dort liegenden Kaligruben an Frankreich wurde daraus ein
deutsch-franzésisches Weltmonopol. Schon im Lrsten Welt-
kricg und ganz besonders im Zweiten Weltkrieg fingen dann
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die Vereinigten Staaten an, thre reichen Vorkommnisse an
Kalisalzen abzubauen, und im letzten Jahrzehnt sind in Ka-
nada Vorkomimnisse an Kalisalzen centdeckt und bergbaulich
erschlossen worden, die eine Versorgung der Weltlandwirtschaft
mit diesern Pfianzennihrstoff anch dann zu billigen Preisen
sicherstellen, wenn der Verbrauch sich bis zum Ende des
Jahrhunderts auf das Sieben- bis Achtfache steigern sollte.

Wir wollen unsere Betrachtung mit einer Abschidtzung der
Steigerung des Weltverbrauchs an Handelsdinger bis zum
Ende unseres Jahrhunderts schliessen. Tm Jahre 1965 verdf-
fentlichte die Tnternational Mineral & Chemical Corporation
cinen Artikel “The Quiet Revolution” (). Hier wurde in einemn
Schaubild der steil in den Himmel schicssenden Fontine der
Entwicklung der Welibevélkerung dic ebengo steil in den
Himmel schiessende Fontine des Verbrauchs an Pflanzen-
nihrstoffen  gegeniibergestellt. Wer sich Sorgen ber die
Bevélkerungsexplosion macht, dem mag es ein guter Trost
sein, dass auch beim Handelsdiinger eine explosive Steigerung
des Einsatzes zu erwarten ist. (s. Schaubild 7).

Allerdings werden beide Kurven bis zum Jahre 2000
bzw. 2050 wesentlich anders aussehen als unbegrenzt in den
Himmel schicssende Fontinen. Die Kurve der Steigerung der
Weltbevilkerung wird im letzten Jahrzehnt, vielleicht sogar
schon in den letzten eineinhalb Jahrzehnten unseres Jahrhun-
derts, eine gewisse Abflachung erfahren, und diese Abflachung
wird sich in den ersten Jahrzehnten des meuen Jahrhunderts
leriftig fortsetzen.

Vollig grundlos sind die hiufig gedusserten Befiirchtungen,
dass die Erdbevdlkerung bis zum Jahre 2300 auf eine Zahl
anwachsen kénnte, bei der fiir diese Erdbevolkerung nicht
cinmal Platz zum Stchen auf der festen Erdoberflache vorhan-

(%) The Quiet Revolution. A call for action in world agriculture. With
a review and projection of chemical fertilizers’ role in helping a hungry
world win the war on want, Publ. by IMC (International Mineral & Chemical
(,‘r)rpor:lii(‘.-n), Skolde, 1H., 1065,
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SCHAURBILD 7

Chart above shows total world consumption of chemical fertilizers from
1900 to 1965, and projected to the year rg8o.

World population climb from the Middle Ages through this century is
shown in chart at right,

Use of chemical fertilizers has been increasing even faster than population,
as world agriculture moves into a new era of mueh more intensive farming.
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SeHAUBILD 8 — DEntwicklung der Erdbevilkerung von 1500 bis 2050.

Quelle: Bis zum Jahre zooo: The Quict Revolution, a.a.0., vom Jahre
2000 bis 2050: eigene Schiltzung.
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den seine wilrde. In aflen Landern, bei denen durch Riickgang
der Sterblichkeit, insbesondere auch der Kindersterblichkeit,
eine rapide Zunahme der Bevolkerung erfolgt war, weil die
Geburtenraten zuniichst hoch blieben, haf sich, wenn auch
erst nach Jahrzehnten, die Kurve der Geburtenraten der Kurve
der Sterblichkeit weitgehend angepasst. Eine solche Voraussage
kénnen wir vor allem deswegen wagen, weil gerade in den
letzten Jahrzehnten in vielen Landern eine entscheidende Ver-
ringerung der Zuwachsrate der Bevélkerung eingetreten ist.
Die Mittelmeerlander waren vor gar nicht allzu langer Zeit
Linder mit einer Bevdikerungsexplosion. Heute sind die
Zuwachsraten der Bevdlkervng in Griechenland auf 1,0, in
Spanien auf 1,2 und in Italien auf 0,8% gesunken, In den
osteuropdischen Lindern liegen die Zuwachsraten heute in der
Sowjefunion nur noch bei 0,9%, in Polen bei 0,8%, in Bul-
garien bei 0,6% und in Ungarn sogar nur noch bei 0,4%,
also niedriger sogar als in der Bundesrepublik Deutschland.

Ahnlich liegen die Dinge aber auch in einigen asiatischen
Lindern. In Japan ist die Geburtenrate so gesunken, dass
man fir das Ende des Jahrhunderts eher einen Rickgang
als einen Anstieg der heutigen Bevdlkerungszahl voraussagen
misste, wenn es nicht wieder zu einem Anstieg der Geburten-
rate kommt. Auch in einigen anderen asiatischen Lindern,
etwa in Siidkorea und in Taiwan, koénnen wir heute schon cine
sehr starke Verringerung der Geburtenraten und des Bevél-
kerungswachstums verzeichnen. Charakteristischerweise sind
dies Gebiete, dic cine zeitlang unfer japanischer Herrschaft
gestanden haben und in dieser Zeit eine kriftige Verringerung
des Analphabetentums erreichen konnten. Beide Linder erle-
ben jetzt cinen erheblichen Wohlstandsanstieg.

In direktemn Zusammenhang mit steigendem Wohlstand
und Uberwindung des Analphabetentums sind die Geburten-
zahlen kréftig zurlckgegangen.
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In den Lindern, in denen Hunger und Not noch heute
herrschen und in denen von der Dorfbevdikerung 80 v. H.
der Manner and mehr als go v. H. der Frauen Analphabeten
sind, wird das Abstoppen der Bevéikerungsexplosion linger
dauern. Aber auch dort ist mit fortschreitender Beseitigung
des Analphabetentums woh! fiir das letzte Jahrzehnt unseres
Jahrhunderts eine Verringerung der Geburtenziffern zu er-
warten.

Wihrend also die Kurve der Bevéikerungsentwicklung
sich im letzten Jahrzehnt unseres Jahrhunderts und vor allem
in den ersten Jahrzehnten des 21. Jahrhunderts abflachen wird,
kénnen wir in der Kurve des Einsatzes von Handelsdiinger
schon fiir die Jahrzehnte bis zum Jahre 2000 eine kriftige
Abflachung erwarten. Wihrend in dem Jahrzehnt 1960 Dis
1970 der Einsatz von Handelsdiinger in der Welt sich mehr als
verdoppelt hat, nidmlich von etwa 27,8 Mill. t auf 62,8 Mill. t
gestiegen ist, kann sich diese Entwicklung in den kommenden
Jahrzehnten bis zum Ende des Jahrhunderts unter keinen
Umstinden fortsetzen. Das ist schon arithmetisch klar, denn
ein weiteres Anwachsen dieser Mengen wiirde bis zur Jahrhun-
dertwende zu einem Verbrauch von 764.3 Mill, t fithren.

Iim Schaubild g ist geschitzt worden, dass der Einsatz
von Handelsdiinger in dem Jahrzehnt von 1g70 bis 1680 in
demselben Masse wie in dem Jahrzehnt von rg6o bis 1g70, d. h.
anf 145 Mill. t, steigt und dass auch in den beiden folgenden
Jahrzehnten sich die Steigerung so verlangsamt, dass um das
Jahr 2000 nur cin Handelsdiingereinsatz in der Gréssenordnung
von 250 Mill. t erfolgt.

Die Kurve wird sich also schon bis zum Jahre 2000 aus
ciner in den Himmel schiessenden TFontine in eine S-Kurve
verwandeln. Aber auch diese reduzierten Zahlen versprechen
uns einen Uberfluss an Nahrung in der Welt. Wenn in dem
Jahrzehnt von 1970 bis 1980 der Einsatz von Pflanzennihrstof-
fen sich auf 150 Mill. t vergréssert, so wird eine inzwischen
auf 4,5 Mrd. angewachsene Erdbevéikerung pro Kopf eine
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Scuausitp 9 — Der Handelsdiingerverbranch in der Weltlandwirtschaft
igoo-zooo (bis 1970 F.A.O., ab 1970 ecigene Schitzung).
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wesentlich grossere Nahrungsreserve zur Verfligung haben als
heote. Und wenn bis zum Jahre zooo der Einsatz von Pflan-
zennihretoffen auf etwa 250 Mill. € steigt, so werden bei einer
auf 7 Mrd. Menschen angewachsenen Erdbevolkerung selbst
die armsten Linder der Welt sich einen Nahrungsverbrauch
gestatten konnen, der dem heutigen Nahrungsverbrauch in
Westeuropa entspricht. Die reichliche Ernihrung der Pflanzen
durch Einsatz von Handelsdiinger wird also auch in den vor
uns liegenden Jahrzehnten einen entscheidenden Beitrag dazu
leisten, dass der Zustand der Welterndhrung von Mangel in
Uberfluss verwandelt wird.

Diese optimistische Vorausschitzung baut auch auf der
Tatsache auf, dass durch Kombination von sehr leistungsfahi-
gem Saatgut mit grossen Gaben von Handelsdiinger der
Erntezuwachs, der mit einer Gewichiseinheit Handelsdiinger
erziclt wird, sehr gestiegen ist, Wir waren gewohnt, mit der
Faustzahl zu rechnen, dass 1 kg Nahrstoffe im Handelsdiinger
unter durchschnittlichen Bedingungen eine Steigerung um o
kg Getreidewert bewirken. Heute aber kann man — dank
dem auf Hochleistung geziichteten Saatgut — damit rechnen,
dass durch 1 kg zusitzlichen LEinsatz von Nahrstoffen eine
Produktionssteigerung um 20 kg Getreidewert erzielt wird.

Um am Ende unseres Jahrhunderts cine Weltbevilkerung
von voraussichtlich 7 Mrd. Menschen zu erndhren, und zwar
nicht knapp zu erndhren wie heute, sondern ausreichend,
wird man etwa 3,5 Mrd. t Getreidewert brauchen. Darin ist
schon eine erhebliche Verbesserung der Erndhrung cnthalten.
Denn withrend wir in Eurcpa zur Erndhrung eines Menschen
etwa 0,5 t Getreidewert brauchen, rechnet man in Indien nur
mit einem Verbrauch von o,2 t pro Kopf der Bevoélkerung.
Wenn wir also bis zum Ende unseres Jahrhunderts fir die
gesamte Menschheit mit einer Menge von o,5 t Getreidewert
rechnen, so haben wir, wic oben gesagt wurde, “sclbst far
die armsten Liander der Welt mit einem .Getreideverbrauch
gerechnet, der dem heutigen Nahrungsverbranch in West-
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curopa entspricht”. Wenn wir nun unterstellen, dass bei allge-
mein reichlicher Dingung und dort, wo es notig ist, mit
Bewdsserung von den neuen Varictiten ein Durchschnitisertrag
von 40 dz/ha an Weizen, Reis, Mais und Hirse erzielt wird -
und das erscheint als ein bescheidenes Ziel —, so wiirden von
der Ackerfliche der Iirde, die heute in der Gréssenordnung
von 1,3 Mrd. ha liegt, nur eine Milliarde Hektar mit diesen
hohen Lrtrigen gebraucht werden, um 4 Mrd. t Getreidewert,
also die reichliche Nahrung far % Mrd. Menschen, zu produ-
zicren. Das iibrige Land wiirde dann iiberwiegend fiir andere
Zwecke zur Verfiigung stehen bzw., wie es ja die Vereinigten
Staaten und Europa schon praktizieren, aus der Kultur genom-
men werden kénnen,

Unsere Betrachtung der Entwickiung des Handelsdiinger-
einsatzes in unserem Jahrhundert zeigt also, dass der Mensch-
heit hier ein Werkzeug geschenkt worden ist, mit dem die
Nahrungsproduktion nicht nur kriftig, sondern sogar explosiv
gesteigert werden kann. In den ersten drei Vierfeln unseres
Jahrhunderfs ist diese Steigerung vor allem in den wohlhaben-
den Indusirielindern erfolgt. Sie hat dazu gefihrt, dass die
Industrielinder der Welt —— zunichst die Vereinigten Staaten,
aber jetzt auch Westeuropa — eine Nahrungsproduktion haben,
die nicht nur zur Erndhrung ihrer Bevilkerung ausreicht,
sondern Uberschiisse liefert, mit denen sie ihrerseits einen
Teil des Defizits in den Entwickiungslindern decken kdnnen.
Im letzten Viertel unseres Jahrhunderts werden wir nun den
gleichen Vorgang im Weltmasstab erleben, indem die gegen-
wirtig von Hunger bedrohten Enfwicklungslinder ihre Pro-
duktion weniger durch Ausdehnung der Anbaufliche, sondemn
in erster Linie durch Steigerung der Hektarertrige verbessern.
Das Nahrungsdefizit der Entwicklungslinder wird vielleicht
schon in den siebziger Jahren, restlos aber wohl in den
achtziger Jahren verschwinden, und die bessere und reichliche
Erndhrung der Pflanzen insbesondere durch Verwendung von
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Handelsdiinger wird dabei cines der wichtigsten Instrumente
sein.

Soviel zu den technischen und materiellen Seiten des
Problems. Aber letzten Endes handelt es sich hier nicht um
eine technische I'rage, sondern um einc humanitire Frage.
Die entscheidend wichtige Frage besteht darin, wie wir dic
Landwirte in den Entwicklungslindern, die bisher von eincr
der wichtigsten Erfindungen der Menschheitsgeschichte, nidm-
lich der Ernihrung der Pflanzen durch Handelsdiinger, noch
kaum Gebrauch machen, dazu bringen koénnen, nicht nur die
nétige Menge an Pflanzennihrstoffen zu verwenden, sondern
dies auch mit dem notigen Mass an Verstand zu tun,

Der Verbrauch von Pflanzenndhrstoffen in der Welt
konzentriert sich auf diejenigen Gebiete, in denen wir eine
dichte Bevdikerung haben, aber einc Bevolkerung, die lesen
und schreiben kann. Vollkommen ungenigend ist der Ver-
brauch an Pflanzenndhrstoffen in denjenigen Teilen der Welt,
die dicht bevdlkert sind, in denen aber der grosste Teil dieser
Bevolkerung aus Analphabeten bestcht.

Einen guten Einblick in die Zusammenhinge zwischen
Rildungsnivean, Pflanzenernihrung und menschlicher Ernih-
rung crhilt man, wenn man die folgenden Zahlen cinander
gegeniiberstellt: -

In Japan betragen die Reisertrage mehr als 50 dz/ha.
Der japanische Verbrauch an Handelsdinger erreicht mit 1oo
kg Reinstickstoff je Hektar den Héchstverbrauch in Europa,
und das Analphabetentum ist in Japan praktisch ausgerottet.

In China betrugen bis vor wenigen Jahren die Reisertrige
etwa die Hilfte der japanischen. Der Handelsdiingerverbrauch
war bescheiden, aber cine kriftige Steigerung bahnte sich an.
Dic Ubcrwindung des Analphabetentums war erst cben in
Gang gekommen,

In Indien, Indonesien und Burma liegen die Reisertrige
bei cinem Viertel der japanischen. Der Handelsdiingerver-
brauch war bis vor etwa 20 Jahren fast gleich Null, und auf
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den Dorfern sind etwa 8o v. H. der Erwachsenen des Lesens
und Schreibens unkundig.

Die Uberwindung des Analphabetentums und die Ver-
breitung auch eines tber das biosse Lesen, Schreiben und
einfachste Rechnen hinausgehenden Wissens ist also die Vor-
ausselzung dafilr, dass wir die Steigerung des Einsatzes von
Planzennihrstoffen fir die Uberwindung des Hungers in der
Welt voll nutzbar machen kénnen. Aber wir brauchen mit
dem steigenden Einsatz von Pflanzennahrstoffen nicht solange
zu warten, bis das Analphabetentum véllig iiberwunden ist,
Wire dies der Fall, so wire es mit den Aussichten des Kamples
gegen die Welthungersnot schlecht besteilt, Zum Glick aber
kénnen Bauern auch dort, wo sie Analphabeten sind, wenig-
stens rechnen. Wenn man einem Bauern cin Feld vor Augen
fihrt, auf dem durch den Einsatz von Pflanzennihrstoffen
und auf Héchstieistung geziichtetem Saatgut das Dreifache
der gewohnten Ertrige erzielt wird, so liuft die Griine Revo-
lution auch schon vor der vélligen Uberwindung des Analpha-
betentums erfolgreich an,

Aber zu einem wirklichen Sieg iiber Hunger und Armut
branchen wir ausser ciner Uberwindung des Analphabetentums
auch eine starke Verbesserung in den mittleren und oberen
Stufen des Erziehungswesens,

Das Land, dem wir die wichtigsten Instrumente der Grii-
nen Revolution, den “Wunderweizen” und den “package ap-
proach” wverdanken, ist Mexiko. Mexiko gibt fiir Erzichung
und Forschung dreimai soviel aus wie fiir die Riistung,
withrend in den Entwicklungsldndern Indien und Pakistan der
Staat fiir Riistung zur Zeit dreimal so viel ausgibt wie fiir
irzichung und Forschung., Wemn die mexikanische Formel
auch von den Entwicklungslandern, insbesondere von Indien
und Pakistan angenommen wird, so ist dies ein entscheidender
Sieg im Weltkampf gegen den Hunger.

Papst Paur VI, hat in der Enzyklika “Populorum Pro-
gressio” die humanitiren Zielc der Menschheit formuliert, dass
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wir nicht nur den Hunger besiegen und die Armut eindimmen
miissen, sondern dass wir eine Well bauen miissen, wo jeder
Mensch ein wirklich menschliches Leben fihren kann., Im
Abschnitt 51 hat er vorgeschlagen, cinen “grossen Weltfonds
su errichten, der durch einen Teil der bisher fur militirische
Zwecke ausgegebenen Gelder aufgebracht werden sollte, um
den schwicheren Volkern zu helfen”. Dazu miissen nicht nur
die helfenden Linder ihre Riistungsausgaben kriftig senken,
sondern auch gerade dic Volker, denen geholfen werden soll.

Das technische Mittel: “bessere Ernidhrung der Ptlanzen
inshesondere auch durch Handelsdiinger” kennen wir seit 150
Jahren. Um das technische Mittel aber zur Anwendung zu
bringen, sind die nétigen Schritte auf dem Gebiet der mensch-
lichen Sitflichkeit, also der wirkliche Fortschritt der Volker,
das Entscheidende.
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