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TEQIIONIA.— Rational fertilization, by the Academician J. Papadakis*.

ABSTRACT

World population increased enormously during the 20th century: from 1.600 millions
in 1900, to 2.500 in 1950, and a population of 6.000 millions is expected for 2.000. However
consumption of food per capita has increased; and its quality too; as qualitative improve-
ment, we consider the increase of the percentage of food of animal origin; however the
quality of meat, etc. may have decreased. Such achievements are chiefly due to fertilizers
and plant breeding; in past times only organic fertilizers were used. But although we owe
to official research —that done by universities and public services— the discovery of min-
eral nutrition of plants and the invention of mineral fertilizers, we should confess, that
official research contributed little to shape the technology of fertilizers application. Such
technology has been shaped by farmers and private industry, in many cases against the
opinion of specialized services; a notorious case is that of «green revolution». Moreover many
outdated theories are still repeated in recent textbooks, etc.

The object of this communication is to point out these facts, underline some alter-
native theories —«potential» and «actualy fertility— propose some interesting practices
—prefertilization in the case of nitrogen, phosphorus placement near the seed— under-
line the need of research on foliar fertilization; and recommend the establishment in ferti-
lizers institutes of special sections, which collect farmers experience, and interprete it in
close cooperation with laboratory scientists.

* INANNOY ITATIAAAKH, "Opfoloyuy) Almavon.
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1. INTRODUCTION

World population increased considerably, from 350 millions in 1,000
A.D., t0 900 in 1,800. 1.600 in 1.900, 2.500 un 1.950, and a population of 6.000
millions is anticipated for 2.000. In spite of that the consumption of food
per capita increased, even in «developing» countries; and its quality has been
improved; the percentage of food of animal origin has increased. Moreover
now great part of cereal production is consumed by the livestock, while such
percentage was insignificant in past times.

Such a great achievement is due to agricultural technology, chiefly fer-
tilizers and plant breeding. It is to be noted, that improved varieties respond
better to fertilizers, so that the combination of these two advances gives excel-
lent results. Consumption of mineral nutrients has increased from 2 millions
tons in 1905, to 8 in 1945, 27 in 1960, 68 in 1971, and continues increasing.

We owe naturally these results to the discovery of mineral nutrition
of plants, and the invention of mineral fertilizers later; the advances of che-
mical industry and petroleum production have helped enormously. But al-
though official research —that done by universities and public services—
contributed much to elucidate many problems, we should confess, that its
contribution to shape the technology of fertilizers application has been little.
Such technology has been shaped by farmers and private industry, in many
cases against the opinion of specialized services; a notorious case is that of
the «green revolution» of Borlaugh.

The reason is, that the problem of how much of each nutrient should
be applied to each crop, according to soil, climate, etc. is very complex. Contin-
uously soil microogranisms, in symbiosis or not with plants, fix atmospheric
nitrogen in the soil, while other microorganisms release soil nitrogen in the
atmosphere; unavailable nitrogen becomes available; and available nitrogen
becomes unavailable; in a few months soil nitric nitrogen may vary from simple
to decuple, or vice versa; something analogous happens with available phos-
phorus, potassium etc., although such processes are in this case slower, and bet-
ter known. All these processes depend on climatic, soil and vegeration condi-
tions. Moreover the influence of crop quality, prices, etc. should be taken
into consideration.

At the beginning, more especially in continental Europe, scientists were
not aware of such complexity; they were jumping too often to conclusions,
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and the phrase «mais en pratique il arrive souvent le contraire» was too often
repeated. Lawes and Cilbert in England founded the station of Rothamsted
to test experimentally these theories. Cilbert has been invited in United States
to organize the agricultural experiment stations, and in 1895 apppeared his
¢Agricultural Investigations in Rothamsted, England, during a period of 50
years», published by United States government, still today interesting, for
the ideas he advances, and his way of thinking.

The experiments of Rothamsted and of American Experiment Stations
have shown, that many of the prevailing theories were gratuitous; in Roth-
amsted plots are cropped during 150 years, without any fertilization, organic
or inorganic, and their yields are today a little higher than 150 years ago;
soil content in organic matter and nitrogen has not decreased Tillage acts
only by eliminating weeds. When weeds are eliminated, sowing density may
differ from single to more than quintuple, without any effect on yield. And
so on. But Anglosaxons do not like speculation. They are cautious in ad-
vancing conclusions.

Then came the great crash of 1929. Roosevelt fighted it by buying
agricultural production at high prices. Farmers were increasing continuously
their production. Government could nol manage the huge problem of sur-
pluses. Congress has been obliged to recommend, to not carry out research,
that may increase production. And that has been a blow to official research.

Private research naturally continued. And it is more efficient than the
official. But it has its defects. It is chiefly interested in patentable results.
When the result is important theoretically, but it has not immediate appli-
cations, it is maintained secret, fearing, that another firm could take adva-
ntage of it. Free discussion contributes much to scientific advance, but those
working in private enterprises, should be cautious in their communications.

For all these reasons we have in «developed» countries the paradox,
of an agriculture, that advances rapidly, and an out of date «official» science.
Borlaugh, the author of «green revolution», has said in 1972, that he is afraid,
with the situation of agricultural research in United States; and naturally
the situation is not better in other countries. A little before (1968) he said,
in the international symposium of Canberra, that young scientists of «deve-
loping» countries, going for postgraduate studies in «developed» ones acquire
bad habits, that impede them to be useful.
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The situation in «developing» countries is usually tragic. Private compa-
gnies are not interested; and «officialy research follows the example of «devel-
oped» countries. Afortunately came the «green revolutiony.

Borlaugh, an American agronomist, working in Mexico with the Rock-
feller Foundation, used in his breeding program the dwarf highly productive
wheats of Japan, and created varieties of wide adaptability very productive.
He tried them in world wide experiments and recommended them to the
governments of India and Pakistan. Although few trials had been done in
these countries, he recommended to sow immediately millions hectares, with
120 kg N and 60 kg P,0, per ha. The specialists of these countries, many of
them of international prestige, opposed the measure; «we are experimenting
during many decades, they were saying, and we cannot give any advice;
how this man, who is not specialist in fertilizers, who has not carried out
experiments in our couniries, can give such prescriptions?». The international
scientific establishment was also more than sceptic.

But the government accepted the proposition of Borlaugh; the farmers,
although illiterate, adopled immediately the new technique. Annual wheat
production of these countries increased by 18 millions tons immediately;
such increase overpasses now 30 millions tons annualy.

Borlaugh thought as follows: the geographical distribution of crops
shows, that good varieties have wide adaptability; and Borlaugh varieties
had shown that, in world wide trials. Nitrogen increases yields almost
everywhere, and high doses can be applied, when the crop is irrigated;
phosphorus deficiency impedes sometimes the action of nitrogen; that is why it
is prudent to add a moderate dose of P,Oj; potash is seldom needed in young,
not acid, soils.

A little later the International Rice Institute created dwarf rices of
high productivity, crossing with japanese rices. The two colossi of «devel-
oping» countries, India and China, with a population of 1.800 millions, pra-
ctice now the green revolution. Many other countries followed.

Concerning fertilizers it is evident, that laboratory scientists should
pay greater attention to what farmers, and industry are doing. Edaphologic
institutes should have a section, that follows, in each region, what farmers
are doing, what results they are obtaining, interpret all that scientifically,
in collaboration with laboratory scientists, and shape a science, that is based
not only on laboratory research, but takes also into consideration what
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happens in practice. Farmers experience is an immense experiment, that
cannot be ignored. And one of the objects of this communication, is to
emphasize such necessity.

2. LONG RUN VARIATIONS OF SOIL FERTILITY «POTENTIAL FERTILITY»

Universal experience shows, that when a virgin land begins to be crop-
ped, and fertilizers are not used, at the biginning yields are high; but they
drop gradually; and after a time, which varies from a few decades in cold
climates, to a few years in the humid tropics, they are stabilized, fluctuating
naturally from year to year. The level at which stabilization takes place
depends on rotation etc.; with crops that receive little cultivation during the
warm season, like wheat, the level is higher, than with crops, that receive
cultivation during the warm season like maize; experiments have shown (Holtz
and Vandecaveye, 1938), that the worse system is continuous barren fallow
(the soil is maintained continuously barren of vegetation, but no crop is grown);
on the contrary abandoning the soil to adventitious vegeration, or estab-
lishing a permanent prairie, mowed or grazed, restores gradually soil to its
original fertility, when it was virgin.

When mineral nutrition of plants has been discovered, the foregoing
drop of yields had been attributed to exportation of nutrients with cropping.
But Rothamsted experiments, repeated later in many parts of the world. have
shown, that such drop is not continuous; after a few years yields are stabi-
lized, it seems for ever; after more than a century yields are now, without
fertilizers, as high, or a little higher, than 100 years before. And this is easy
to understand; soil is not a store, of which we have the keys, and we can do
balance-sheets; nitrogen is continuously fixed, while other nitrogen is lost
with denitrification; phosphorus is continuously released in available form,
while other P is immobilized; and the same happens with all other nutrients;
absorption by plants favours release, while addition of nutrients favours their
immobilization. Finally with the passage of centuries soil changes; new mate-
rials are deposited on its surface; roots advance in new deeper soil, while
surface soil disappears with slow erosion; rapid erosion, that destroys soil,
is not taken in consideration in this discussion.

Determinations of organic matter have shown, that the foregoing va-
riations of soil fertility are accompanied by losses or gains of organic matter.
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And such fertility, that is related to organic matter content, and changes
slowly with the passage of years, may be called «potentialy fertility (Papa-
dakis 1938, 1954, 1970, 1980).

3. RAPID CHANGES OF SOIL FERTILITY «ACTUAL» FERTILITY»

Universal experience has shown, that incorporations of organic matter
with wide C/N ratio (straw f.i.) reduce yields. On the contrary after culti-

vated crops, like maize, cotton, or barren fallow, which favour organic matter
decay, or crops like legumes, that leave residues with narrow C /N ratio,

yields are higher.

Determinations of nitric nitrogen (Richardson 1931, Yancovitch 1933)
have shown, that it varies from 12 Kg /ha after wheat harvest to 125 Kg/Ha
at the end of a barren fallow. That explains the millenary rotation barren
fallow-winter cereals, when fertilizers were not used; and the replacement
of barren fallow by maize, where this crop can be grown. Nitric nitrogen
desappears also after a humid winter, not by leaching as it was thought, but
by denitrification; and that explains why in Nertherlands they increase the
nitrogen given to wheat after a rainy winter. On the contrary wheat gives,
without fertilizers, relatively high yields after a dry winter; in 1933 we had
in Greece exceptionally high yields after a winter so dry, that we were fearing,
wheat crops were lost; fertilizers were not used at that time. In Chile, where
irrigation agriculture prevails, they have observed, that nitrates disappear
after irrigation, but reappear some time later; we carried out experiments
in long narrow pots; either the upper or the lower part was irrigated, leaving
the rest dry; nitrates were disappearing from the irrigated part, due probably
to denitrification; leaching was excluded. All that shows, that meteorological
conditions also affect seriously actual fertility.

These facts conduced the author (Papadakis 1938, 1954, 1970, 1980)
to introduce the concepts of «potentialy and «actualy fertility. Potential fer-
tility depends chiefly on the level of soil organic matter, and changes slowly
with the passage of the years, affected by soil rotation, etc., as exposed in
section 2; «actualy fertility depends on G/N ratio of recently incofi)orated
organic matter, and is the chief cause of the influence od a crop on that
which follows it immediately. » 7 '
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4. MINERAL FERTILIZERS

There is abundant evidence, that mineral fertilizers affect only actual
fertility, but seldom affect the yield of following crops. In many countries
high dosis of phosphorus are applied since one century, or something like
that; soil analyses show an increase of available P; but farmers continue to
apply high doses. Correlation between soil responce to P and different soil
characteristics shows, that available P depends more on the capacity of the
soil to fix P (sesquioxides, calcium carbonate, etc.) and less on the presence
of minerals releasing P. The rapidity of P immobilization, is also shown by
the fact, that P applied a few months before sowing increases less yields,
than P applied at sowing (Papadakis 1946).

It seems, that added potassium is chiefly immobilized by adsorption
by clay; but exchangeable potassium can be used by crops.

1t seems, that deficiencies of some micronutrients are often due to the
existence in soil of substances, that make them unavailable; and foliar appli-
cation is recommended.

We know little about the variation of available nutrients other than
nitrogen. Dormaar (1972) has shown, in Canada, that organic P increases 2
times from spring to autunn. In Tucumdan, Argentina, winter crops respond
better to P than summer crops. Research is needed. Naturally the decompo-
sition of organic matter releases not only N, but other nutrients too; but in
certain cases they may be immobilized rapidly.

It seems, that available soil nutrients are seldom sufficient for high
yields; and this fact should be taken into consideration, when irrigated soils
are fertilized.

5. NITROGEN FERTILIZATION

Since actual fertility (available nitrogen) changes so rapidly, we should
adapt nitrogen fertilization to it. The influence of rotation is long ago taken
into consideration by farmers; that of wet winters too. Determination of
available nitrogen after incubation helps; but it is difficult to have the results
in time. Italians were using foliar diagnostic of nitrates, carried out by the
farmer, in wheat. The best method may be pre-test fertilization (Papadakis
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1971); a narrow very long trip is fertilized; after 1-2 weeks the response is appar-
ent; and the farmer decides. Naturally some experience is necessary, but it
is acquired rapidly; in many cases the farmer makes the test and invites the
consultant agronomist, to visit the land and give its opinion; in a few hours
the consultant can visit a great number of lands; and he acquires a precious
experience.

In periods of slow growth, f.i. winter, nitrogen fertilization can be
postergated; but if for one or another reason crop growth is not satisfactory,
it is fertilized. During rapid growth high doses of nitrogen are often applied;
in this case the dosis is divided. The influence of nitrogen on quality, sugar
content, gluten content, ete. should be taken into consideration.

6. PHOSPHORUS FERTILIZATION

Phosphorus is chiefly needed during the first growth of a plant; it acce-
lerates seedlings growth, and helps them to overcome weed competition, etc.;
in experiments, P fertilized plots look better at the beginning, but often such
difference disappears later. On the other hand P is easily immobilized (see se-
ction 4). That is why localization permits to reduce considerably the doses
applied. It seems, that the good results sometimes obtained with localization
of fertilizers are chiefly due to P. Plants can absorb nitrogen with a part of
their roots, P with another part, and water with a third part; and sometimes
the results are so good as when N, P and water were applied to the entire root
system (Papadakis 1954).

In the case of annual crops P can be placed near the seed; however
contact with the seed seems injurious; phenomenal increases of yield, per
P applied at the seed, have been obtained in the case of beet (Papadakis 1971).
In perennial crops P can be placed in holes, a few per tree, or in furrows
between plant lines.

There are methods, the best is resine, but it is difficult, to anticipate,
with more or less acceptable probability, if a soil responds to phosphorus.
But crops differ considerably in this respect, legumes and some other crops
respond better. Pre-test fertilization, see paragraph 5, can be applied; the
fertilizer may be covered with cultivation between plant rows.
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When high doses of nitrogen are applied, and high yields are expected,
it is usually prudent not omit P. It may be, see section 4, P availability varies
with season.

7. POTASSIUM FERTILIZATION

Potassium is chiefly needed in intensely leached soils; spodosols (podsols),
oxic soils of the humid tropics and subtropics, etc. There are laboratory me-
thods, the best is resine, but it is difficult, 1o anticipate, with more or less
acceptable probability, soil response to potassium.

It seems, that in many cases, competition with magnesium, is one of
the causes K fertilization does not increase yields; and by applying in the same
time Mg better results can be obtained; it is to be noted, that many «maturaly
(not purified) potassium fertilizers used in past times, were containing
substancial quantities of Mg.

8. ORGANIC FERTILIZATION

Low prices of nitrogen made organic fertilizers too expensive, and their
use has been reduced considerably, except for certain crops, that require a
special, we might say artificial, soil. However they permit to maintain the
soil at a high level of potential fertility; when mineral fertilizers are applied
to soils poor in organic matter, attention should be paid to time and frac-
tionnate duly the application. Organic fertilization is linked with that of the
disposal of residues.

9. FOLIAR FERTILIZATION

Foliar fertilization permits to increase considerably the percentage of
nutrients, that is recovered in crops; and that would result in considerable
economy of fertilizers. But applications should be repeated frequently, and
there are many problems, that have not yet been solved; some progress has
been done in Japan. The prices of fertilizers are low in developed countries,
compared to those of agricultural products, application costs are on the con-
trary high; moreover the industry is not anxious to reduce the consumption
of fertilizers. The problem is important for «developing» countries, which do
not earn sufficient foreign money, to buy the quantity of fertilizers they
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need, or raw materials for their fabrication. Much research is needed on this
question.

10. FERTILIZATION SURVEYS

Fertilization problems are usually faced as a particular problem of a
soil, whose farmer asks advice, or as a question of correlation between analy-
tical data obtained with a certain method and crop response. Such research
is certainly useful, but the problem is broader. We urgently need to study
the seasonal variation of available nitrogen (actual fertility) in different crops,
rotations, soil moisture regimes, etc.; and it might be useful to do the same
with other nutrients, P f.i., and potential fertility (organic matter content).
The general trend of such variation is already known (see sections 2 and 3),
so that no very numerous analysis are needed, and some data may exist in
the archives; we should naturally take into consideration, that actual fertil-
ity may change, between sampling and analysis, and nitric nitrogen is not
the only form of available nitrogen.

Farmers experience is now enormous in countries, where the use of
fertilizers has been generalized; private industry takes certanly advantage
of it; but academic research very little; much can be done in this respect.
Naturally the information given by farmes is not exact; but proceeding ade-
quately, not with questionnaires but with personal discussions, one can
obtain valuable information; farmers try to interpret the facts they are ob-
serving; their interpretation is often defective for lack of knowledge; but
interpreting their interpretations pays off sometimes. Correlating the response
to fertilizers with the presumed level of actual fertility, soil moisture and the
geopedologic history of the soil permits often interesting conclusions, which
naturally should be continuously checked with facts, to improve them.

The term correlation is here meaning consideration of the relation
between a factor and crop response; naturally it includes calculation of the
correlation, but it is not limited to it; it needs .sufficient understanding of
crop physiology, soil chemistry and soil formation.

Concerning field experiements their planification is very important
to give answers to the problem; they should be naturally statistically correct,
but that is not sufficient. I shall quote a case. An important institute was
sustaining, based on very exact experiments, that fertilizers do not increase
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the yield of cotton; but farmers were fertilizing and spending much money
in fertilizers; finally the institute has recognized, that farmers were right,
cotton was grown in the institute under conditions very different from those
of the farmers. We should be cautious to not discard information, that although
not precise, is valuable.

Experiments in pots are extensively used; usually they are carried
out with perennial grasses; but other plants, more sensible to one or another
nutrient are sometimes preferable. Field experiments can be also carried out
with the 1 plant per hill method, and distances between plants in all directions
more that 50 cm in the case of wheat, more that 1m in the case of maize. In
this way the response to fertilizers is magnified; observations during growth
give useful information.

In agricultural services there is an excessive division of labour; the
research man finds what should be done; the extentionist transmits it to the
farmer, without sometimes understanding il; he is specialist in methods of
extension; and the farmer applies the recommendations given. But speaking
in medical terms, the extensionist is the general practitioner, and the farmer
the patient; the research man has something to learn from the general pra-
ctitioner and the patient.

11. DECISIONS MAKING

In the case of P and K, correlation between soil analysis and crop res-
ponse is usually considered as sufficiently high, and fertilization is often decid-
ed on this basis. Naturally more attention should be paid to farmers expe-
rience, seasonal variation of available P and K, that may exist, crop physio-
logy, and geopedologic history of soils. The survey mentioned in paragraph
10 may help much.

Concerning N the results of analysis are less informative; variations of
available nitrogen are too important (see section 3). Determinations of avail-
able nitrogen, after or without incubation, or foliar diagnostic might help;
pre-test fertilization may be applied. The survey discussed in section 10 is
necessary.

In the case of micronutrients foliar diagnostics are often wused; the
geopedologic history of soils helps, and naturally farmers experience.

In the case of annual crops, a small dosis of phosphorus localised near
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every seed may be sufficient; but some crops require higher dosis. Locali-
zation gives usually good results; seed fertilization serves also as pre-test
fertilization for the application of higher dosis later.

In the case of K the possibility to improve the response with Mg should
be taken into consideration.

Agricultural geography helps much; what happens in countries with

analogous climate, soils and crops, may help, and should always be taken
into consideration.
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IIEPIAHYH
*OpBoroyny) Almavon

‘O mmbuopds tie I'fic adbffnue tpopaxting Tov eixootd aldva. ‘Amd
1.600 &xatoppipla 1o 1900, ot 2.500 75 1950, xal dvapéverar va pddoet to 6.000
éxatoppdpta 70 2.000. *Ev todroig ) xaravddwcy tpoplpmyv vate xepal abince
xal %) TwoldTnTd Twv émione. Adtd o dmotedéopata dpeldovrar wvplwg 6T Mmwd-
opate xol TV xaAMTedpevon TAY QUTEY, 6Td TapeAddy wévo dpyavixd Amdopata
xenoupomotolyvro. *ANAG pohovéTt f dvaxdhvdy, 871 T pura Tpépovran pt &vépyaveg
oboleg, xal 7 &pelpeon &V dvopydvey Mmacudtev, dpethovtal omhv- Emionuo
Epcuvar, Snhadl) Exelvny mod ylvetan otd mavemioTHute kol dpdoteg Smmpectes, mpémer
va oporoynoope 8ti f Emiomuy Epeuva ouvéBade Alyo oty Stapbppwon Tig Texvo-
roylag €pappoyiic Tév Mmacpdtov. “H texvodoyla adth Stapopeddyre énd Tods
yeopyods xal THv iStwTnd) Blopmyavia, ToMEs popds dvtifeta Tpdg T YvoOUN TV
elduxdv dmmpesiév' 9 meplnrwon Tic «mpdowyg EravdeTaonsy elval oA YVOGTY.
’Enl mMéov Bewpleg Eemepacuéveg Emavadapfdvovrar 68 cbyypove ouyypdupete,
AT

Zxomds adtic Tig dvanolvwons elvar va tovicer adtd T& yeyovéta: va Hmo-
yoapplost pepids Oewples il dxbpy yevinde mapadeypébves —duvapind) xal vepyds
yovipbdtyta— v& mpotetver pepinds Evdiapépovoes Eapupoyis —mpodimaven oThy
mepinTwon Tob &ldTov, Tomobéton Tol pwopbpov xovTd oTd ombpo— V& Tovice
TV dvdyny Epebvye Eml Tiic pappoyiic Tie Almaveng otd QUM xal V& cusTioEL
v WBpuoyn ora ivoritolra Mmaopdtey elduwdy Tumpatov, Te 6mola GUAMEYOULY
iy melpa AV yewpy&Y xal Ty Epunvedovy, o otevi) ouvepyaoia pé ol émioTh-
povag 7ol épyactyplov.



