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INTERNATIONAL DEVELOPMENT I INTERNAT | ONAL BANK FOR | INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCT|ON AND DEVELOPMENT | CORPORAT 1 ON
e
OFFICE MEMORANDUM
TO: Mr. Montague Yudelman, AGPDR DATE: May 8, 1974

FROM: Joris J. C. Voorhoeve, AGPDR

SUBJECT: Note on the Proposed International Plant Nutrition Institute

5 The American Secretary of State recently proposed to the U.N.
General Assembly "the establishment of an international fertilizer in-
stitute as part of a larger effort to focus international action on two
specific areas of research: improving the effectiveness of chemical
fertilizers, especially in tropical agriculture, and new methods to pro-
duce fertilizers from non-petroleum resources.l/ Subsequently, the
proposal has been broadened into a suggestion for the establishment of
an international plant nutrition institute.

2. The purpose of the Institute appears to be to find ways to
achieve the following:

(1) to increase total fertilizer production;

(2) to reduce the energy costs of fertilizer produc-
tion;

(3) to raise the effectiveness of fertilizers;

(4) to increase the recovery of plant nutrients in
organic wastes;

(5) to increase biological nitrogen fixation and
microbial dissolution of plant nutrients.

Apart from the coordination and execution of the research which is neces-
sary to achieve these five purposes, the institute may store and dissemi-
nate information, and train scientists and extension workers.

3. The purposes (1), (2), and (4) have recently been analyzed in
the Bank Group's Fertilizer Policy and Program as prepared by 1FC.2/
This note highlights again some points made in IFC's analysis and dis-
cusses other possible avenues to increase the supply of nutrients to
Crops.

I. Raising the Effectiveness of Fertilizers

4. Presently, only a part of the total fertilizer productiomn is
utilized effectively. Plant nutrients are lost in storage and transpor-
tation, particularly of urea in humid tropical conditions. Obviously,
these losses can be reduced by correcting the technical and organizational
flaws in national, regional, and local systems of fertilizer distributionm.

1/ Henry A. Kissinger, "Challenges of Interdependence," Address Before
the Sixth Special Session of the United Nations General Assembly at
New York, Department of State News Release, April 15, 1974, pp. 5-6.

2/ Document PRC/M/74-5.
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5. Once applied to the soil, about 50 percent of the nitrogen dis-
appears through leaching, gasification, or biological transformation.
Potash is leached to some extent too. Particularly on acid soils, phos-
phates are partially transformed into insoluble salts, which may again
become available to subsequent crops, however.

64 The degree to which nutrients are lost after soil fertilization
depends mainly on rainfall, cropping pattern, temperature, the chemical

and physical nature of the fertilizer product, and the mode of fertilizer
application. Losses can be reduced by using coated, slow-release fertili-
zer pellets, by correction of chemical soil deficiencies (e.g., pH adjust-
ment), by improvement of soil structure through better tillage methods, by
placing the fertilizer below the surface, by cover-cropping during fallow
periods, and by a greater application of green and organic manures. Where-
as the fertilizer potential of organic wastes and manures is very large

(see Annex I), it is very difficult to expand green manuring in the tropics.
Where the man/arable land ratio is high, food and cash crop production often
cannot be interrupted for green manure production. Green manuring stumbles,
moreover, on the problem that the water supply is generally too tight to
allow for the additional cover-crops. These crops require an investment
effort by the farmers that does not result in immediate and tangible
effects.

7. The effectiveness of the fertilizer application can also be in-
creased by optimal timing. At present, a lack of knowledge of exactly
what the best time is, as well as delays in the supply of fertilizers to
the farmers due to organizational problems and transport bottlenecks, often
result in late application. To improve the situation, a large research
effort is required, and agricultural extension services would have to in-
form the farmers about the results of this research. If the optimal timing
coincides with a labor peak, mechanization may be needed to insure timely
application of fertilizers.

II. Reduction of Energy Cost

8. Food and other agricultural products consume large quantities

of energy. Most of this energy is sunlight, but modern agriculture also
requires vast inputs of fossil fuels and electricity. E.g., the American
farming system consumes more petroleum than any other single industry in
the U.S.1l/ An energy equivalent of 748 liters of gasoline is used for

the production of one hectare of corn in the United States.2/ Most of
this energy is represented by the nitrogenous fertilizers that are applied
to the corn crop.

1/ Committee on Agriculture, House of Representatives, 92nd Congress,
1971, p. 20, as cited in: "The U.S. Fertilizer Situation.and Outlook;
A Report by the Task Force of the Council for Agricultural Science
and Technology,'" January 1974, p. 10.

2/ Pimentel and others, "Food Production and the Energy Crisis," Science,
2 November 1973, p. 448.
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natural gas
in million NM2

naphtha
in million
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coal
in millien
metric tomns

fuel oil
in million
metric tons

refinery gas
in 1012 Kcal

electricity
in million KWH

fuel 2/
in 1012 Kcal

Total

Approximate

Energy Input into Nitrogen and Phosphate Fertilizer Production in 1971

total

P

N
P

Developed Developing
Countries Countries
22500 2500
22500 2500
6.65 0,75
6.65 0.75
6.85 0.75
6.85 0.75
1.7 0.20
147 0.20
14.5 1.6
145 1.6
9700 1400
6690 1070
3000 320

47 7
14 3.4
33 3.4

Total

25000
25000

~ ~ -
E
I Lrin

. .
I o~ ~

o
1w

11100
7760
3320

54
17.4
17.4

Total in 10%2

1/

Btu's Percentage 2/
883 50"
314 . * 18t
194 1t
73 4*
64 4
38 2
1 y
214 11
1780 100

1/ Excluding energy consumed for production of machinery and other capital goods, rock phosphate mining
and sulphur production.
2/ The input "fuel" consists of unallocated, different fuel sources used in the conversion of ammonia and

phosphatic acid to end products.
and refinery gas.

The exact allocation is not known.

Part of this consists of natural gas, part of naphtha, coal, fuel oil,
This means that the percentages of the different

energy sources given in the last column are minimal; the remaining 11% should be distributed among them.
Source: R.P. Cook, "Fertilizer Production in the World From 1971 to 1980, "UNIDO/ITD. 218, tables 14, 16, 17

and 18.
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9. Of all energy that goes into fertilizer production, about 87
percent is consumed by nitrogenous fertilizers, and only 5 percent by
phosphatic fertilizers and 8 percent by potassic fertilizers.l/ The ap-
proximate amount of energy consumed by the world's fertilizer industries
is shown in Table 1. Most energy sources for the production of fertili-
zers are fossil fuels: natural gas {(over 50% of all energy consumed in
fertilizer production), naphtha (over 18%), coal (over 11%), fuel oil
(over 4%), refinery gas (over 4%), and electricity (approximately 2%).
(The remaining 11 percent is umallocated).

10. The methods to produce fertilizers from non-petroleum products,
to which Dr. Kissinger referred, include ammonia and urea production from
(1) natural gas, (ii) coal, brown coal, and lignite, (iii) hydro-power,
(iv) nuclear power, (v) bio-gas from garbage, manures and other organic
wastes, and (vi) other potential energy sources. Each of these subjects
is dealt with below.

(i) Natural Gas

5 P Ammonia production clearly offers possibilities for changes to
non-petroleum energy sources. Most ammonia is today already beilng pro-
duced from natural gas. See Table 2. Natural gas is becoming scarce and
expensive in the industrialized nations; in the coming years, the cif
natural gas price may move up to $1.00 - 1.50 per million Btu, parallel
with the rise of crude oil. In most developing countries, however, mna-
tural gas will remain cheaper, due to the high transportation costs of
gas products (liquefied gas, methanol, ammonia) to Japan, Western Europe,
and the United States. Developing countries with large gas reserves in
associated or unassociated form do not need to develop feedstocks other
than gas and can greatly expand their ammonia industry. This applies
particularly to those which flare most of thelr associated gas.

Table 2: TFeedstocks of Ammonia, 1971

Ammonia in
million metric
tons Percentage

Natural Cas 26.4 60
Naphtha 8.7 20
Coal 4.0 2
Fuel 0il | 2.0 4.5
Refinery Gas 2,0 4.5
Electrolytic Hydrogen _0.9 2

Total World 44.0 100

Source: R. P. Cook, "Pertilizer Production in the World
from 1971 to 1980" UNIDO/ITD. 218 dd Oct. 3,
1973, pi S,
1/ Task Force, Op. Cit., p. 9.
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12, Natural gas is the most important, energy-efficient and cheapest
raw material for nitrogenous fertilizers. In 1971, the world's natural

gas reserves were estimated at least at 50 trillion (1012) cubic metres.l/
Probably more than 14 trillion is located in OPEC countries. Net world
production surpassed 1,142 billion (109)m3 in 1971. About 49.8 billion

(or 4.4 percent) was produced by the OPEC countries.2/ (Net equals gross
minus re-injected, flared, vented, or otherwise wasted gas.) The potential
net production of OPEC countries is many times higher. The reserves of

the members would last, on average, 67 years if the gross production of

. 1972 would continue till depletionm.

13 In 1972, more than 62 percent of all gas produced by OPEC members
was flared, surpassing 130 billion m3. This quantity of gas could be put
to several good uses, one of which would be ammonia production for nitro-
genous fertilizers. 130 billion m3 would be enough to produce 83.4 million
tons of ammonia.3/ In 1971/72, total ammonia production in LDC's was
5,801,000 metric tons of N (including Socialist Asia), which equals
7,074,390 metric tons of ammonia.4/ The volume of gas flared in the OPEC
countries would enable them to increase the ammonia output of LDC's almost
12 times at very low costs.

14, The consumption of N-fertilizers by LDC's (excluding Socialist
Asia) reached 5,890,000 metric tons of N in 1971/72, and the Bank Group
Fertilizer Policy and Program projects that the demand will reach 15,475,000
metric tons in 1980/81. The amount of ammonia necessary to meet this is
18,871,951 metric tons in 1980/81. The oil companies in the OPEC countries
flared enough gas in 1972 to satisfy this future demand four and a half
times. (This figure puts the present and projected fertilizer shortages

in the LDC's in the proper perspective of today's energy and feedstock
waste. )

(ii) Coal

15. Before the Second World War, almost all ammonia was produced
from coal. The investment costs of coal-based plants are much higher than
those of plants using other materials. (See Table 4.) Large amounts of
coal are required; maintenance and operating costs are high. Also, coal
is more polluting. For these reasons, coal has fallen into disfavor,
although it is more plentiful than petroleum and gas. Some developing
countries have large amounts which can be mined at low cost, however.

1/ UN, Statistical Yearbook 1972, pp. 182-3.

2/ Excluding Kuwait, for which no net production figure is available.
Source: OPEC, Annual Statistical Bulletin 1972, p. 11.

3/ TUsing 55 million scf for 1,000 metric tons of ammonia, which is a
conservative estimate.

4/ Ammonia has 82% N.




Table 3.

Natural Gas:

Praduction, Utilization and Flaring, 1971 - 1972

Actual reserves must be wuck higher.
3/ Consisting of re-injection, local consumption, and export.

/ Execl.
f  BEek.

Source:

Abu Dhabi
Indonesia

Direct communications to the OPEC - Secretariat.
the Petroleum Exporting Countries, Statistics Unit.

Arnual Statistical Bulletin 1972, Organization of

1/ Source: World 0il (louston: Texas), as quoted in the UM Statistical Yearook, 1972, pp., 182-3,
2/ Represents the total of all countries listed in the UN Statistical Yearbook for which figures are available.

Reserves 1/ Production Utilizatioﬁii{ Flared Flared as Annually Reserves -
1972 1972 1972 % flared as- annual

billion million million million of produced % production

(109) (106) (106) (106) of reserves (in years)

3 _ (cubic meters)
Aba Dhabi na 11215 1038 10177 91 -na ua
" Algeria 4417 15529 6904 8625 56 0.2 284
Indonesia 147 ' na 4147 na na na na
Iran 3681 41685 17757 23928 5 0.7 88
Trag 566 7420 935 6485 87 3 B 76
Kuwait 1119 18343 6992 331351 62 1.0 61
Libya 767 14047 7813 6234 44 0.8 55
Nigoria 283 17122 273 16849 98 6.0 17
Qatar 229 5380 1103 4277 79 1.9 43
Saudi-Arabia . 1918 32568 5509 27059 83 1.4 59
Venezuela 596 46020 31493 14527 32 L6 19
Total OPYC 14023 4/ 209329 5/ 83964 129512 5/ 62 5/ 0.9 4/ 5/ 67 4/ 5/

World 49900 2/ na na na na na na
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India and South Africa, e.g., have already coal-based ammonia plants. The
high present prices of naphtha and fuel oil, combined with the desire for
increasing national self-reliance as well as awareness of a possible de-
pletion of gas and oil reserves, are currently revitalizing the interest
in coal. The Soviet Union plans to establish three coal-based plants in
India, and the United States ordered recently six German coal-gasification
plants which could be used for ammonia production (among other purposes).
Use of domestic coal saves foreign currency if the alternative is importa-
tion of feedstocks, intermediates, or end products. It creates employment
and may stimulate other industrial or domestic usages of coal, where a
large customer like an ammonia plant is required to achieve a minimum mine
production. The same advantages are attached to lignite and brown coal,
which are cheaper, but also bulkier because of high water contents, and
are therefore costly to transport.

Table 4: Approximate Investment Costs of Ammonia Plants in LDC's
For completion in late 1970's. Figures in millions of
constant 1973 dollars. Capacities in metric tons per day.

Capacity
600 MT/D 1,000 Mr/D
Feedstock:
Natural Gas 32 . 44
Naphtha 35 49
Heavy 0il y 41 55
Coal . 58 78

Including all off-sites and storage facilities.

Source: Bank Group Fertilizer Policy and Program, Annex II, Table 6.

16. There are both well-established and new technologies for ammonia
production from coal. In old processes, ammonia is made from the town gas
or coke that is derived from coal. In such current processes as the Lurgi
and Winkler omnes, coal is gasified and ammonia is derived from syngas. A
new and promising method is presently in development by Texaco. Partial
oxidation of finely ground coal, in an oil slurry or simply water, replaces
naphtha or fuel oil in the partial oxidation process. Partial oxidation
plants using naphtha or oil could be converted to pulverized coal plants
with minor alterations. In 3-5 years, this method should be ready for
commercial application on a large scale, which holds a great promise for

a country like India.
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(iii) Hydro-Power

17. Presently, only 2% of all ammonia is produced with hydro-power
or other sources of electrolytic hydrogen. In general, electricity is
too expensive as compared to fossil fuels. Only where a surplus elec-
tricity capacity exists will it be economic to use power for the produc-
tion of fertilizer. Fertilizer production on the basis of electricity
does take place, e.g., in Peru, India, and Egypt; but in Peru the produc-—
tion costs are too high, and in India the plant concefned is being con-
verted to fuel oil. One of the few developing countries which presently
has an opportunity for expanded fertilizer production on the basis of
hydro-power is the Philippines.l/ In general, the share of hydro-power
in fertilizer production cannot be greatly expanded in an economically
justifiable way.

(iv) Nuclear Power

18. Nuclear power from fusion is generally expected to become an
economical energy source for wide application within a couple of years.
Important safety problems have still to be solved. Nuclear power from
fission, though potentially much cheaper, is still far from the stage of
general applicability.

19. The electricity generated by fusion or fission can be used to
produce ammonia by combining hydrogen from water electrolysis with nitro-
gen from the air. Phosporous fertilizers can also be produced with elec-
tricity, which would replace the sulphuric acid in the conventional process.

20. Large agro-industrial nuclear complexes have been suggested for
LDCs by Edward A. Mason,2/ but at the moment this idea does not yet seem
ready for implementation. In any case, the expansion of nuclear energy

generation is constrained by lead times of 7-10 years. It will probably
remain an insignificant source for fertilizer production till about 1985.

(v) Bio-gas and Garbage-Fuel

21. A cheap but ignored source of methane gas, which is an excellent
feedstock and fuel for ammonia and urea production, is the gas produced

by fermenting garbage, cellulose, manures, and other organic wastes. Bio-
gas is a natural by-product of the decomposition of cow-dung and other
wastes and is being used on a limited basis to provide fuel in some Indian
villages. This process reduces loss of organic matter through decomposi-
tion, preserves the organic plant nutrients, and provides up to 2,000 cu.
ft. of cooking gas per metric ton of fresh cow-dung. The potential methane

1/ 1In the Mabuhay electrolysis plant, hydrogen by-product is presently
being wasted. According to IFC, 37,000 metric tomns of urea could be
produced annually, at an Investment cost of only 8 million dollars.
See T. H. Liem, Office Memorandum to H. G. Hilton, dd, September 17,
1973.

2/ In: "An Analysis of Nuclear Agro-Industrial Complexes," Science and
Technology in Developing Countries, edited by C. Nader and A. B. Zahlan
(Cambridge: University Press, 1969).
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gas production based on the number of cows in LDC's in 1971 is at least
12.3 trillion (1012) cu. ft. Experiments show that gas for cooking, irri-
gation pumping, and village electrification can be produced with relatively
simple equipment and at low investment and processing costs (See Amnex I,
p- 2 (footnote); 5-7, for the data on which these estimates are based).

22, The potential gas production from cow-dung alone, valued for in-
stance at a low gas price of US$.10/1,000 cu. ft., represents a gross value
of US$1.23 billion on the basis of the 1971 dung production. In addition,
the remaining sludge can be used as manure, because plant nutrient losses
during fermentation are minimal. The process of capturing methane gas and
simultaneously producing good fertilizer is technically feasible for certain
urban composts and sludges, too. At least one plant in Great Britain is
operating in this manner. This points to the possibility of combining the
functions of hygenic waste disposal, organic fertilizer production, methane
gas production, and recycling of salvageable materials (metals) in one and
the same plant.

23, Apart from bio-gas production, waste products can be used for
energy generation by simply burning them. The U.S. Environmental Protec-
tion Agency has recently estimated that 70-80 percent of the 90 million
tons of home and industrial garbage annually produced in the U.S. can be
burned as fuel, producing the equivalent of 150 million barrels of oil a
year. As the garbage production per capita is considerably lower in LDC's,
large garbage-fuel plants are not as widely applicable as in the U.S. Much
waste and manure is already being burnt in LDC's for cooking purposes. The
energy efficiency of household burning is low, however. If the manures and
cellulosic wastes were used for methane gas production in village bio-gas
plants, the net energy gain would be higher. In addition, the remaining
sludge could be used as fertilizer. "

24, In theory, all "alternative' energy sources can be used for
fertilizer production. Shale oil and sand tar are not projected to become
significant supply sources in the near future, because of technological
problems, a long lead lime, high manufacturing costs, and other problems.
No proposals are known for fertilizer production based on solar or geo-
thermal energy. NASA's idea to generate electricity and produce liquid
hydrogen in huge underwater plants in the Mexican Gulf may only be realized
in the distant future.

III. Organic Plant Nutrients

25. Traditional agriculture has generally relied exclusively for its
nutrient requirements on (i) manures and other decomposing organic materials,
(ii) atmospheric nitrogen fixation by lightning and radiation, and (iii)
nitrogen fixation by soil bacteria and other organisms. It does not seem
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possible or advisable to manipulate atmospheric nitrogen fixation, but
organic waste products and biological nitrogen fixation are much more im-
portant potential sources for the development of agriculture in an eco-
logically sound and energy-economic fashion than is generally understood.
Both subjects are dealt with below.

(i) Biological Nitrogen

26. The largest nitrogen "industry" in the world is of a bacterial
nature, and is located in the surface soil of the earth. Azotobacter and
Rhizobia fix about 170 million metric tons of nitrogen per year.l/ For
comparison, the world's industrial production of nitrogenous fertilizers
reached 33 million tons of N in 1970/71. Another 10 million metric tons
of nitrogen is supplied each year to the soil by the chemical effects of
lightning and ultra-violet radiation, which create nitrogen compounds in
the atmosphere that enter the coil dissolved in rainwater.

27 Nitrogen-fixing organisms can be divided into two main groups:
those which have symbiotic (interdependent) relationships with plants and
animals, and those which live independently. Free-living organisms are

the aerobic (oxygen-consuming) bacteria Azotobacter, the anaerobic bac-
teria Chromatium, the facultative Klebsiella (adaptable both to aerobic

and anaerobic environments), and blue-green algae. Symbiotic organisms

are the lichens (fungi and algae) Nostoc, the leaf nodule Klebsiella, the
root nodule bacteria Rhizobia (on legumes) and Actinomyces (on other plants),
certain wood and fungus Bacillus, and again the Klebsiella living on animal
tissues.2/

28. The Rhizobia invade the root systems of leguminous crops and live
in symbiosis with these plants by transforming atmospheric nitrogen into
nitrogen compounds that can be absorbed by the plant. Examples of legu-
minous crops are soy beans, peanuts, chick peas, string-type beams, cow
peas, and pigeon peas. The fact that these crops are so high in protein,
while they require little or no nitrogen fertilizer, is entirely due to

the symbiosis with Rhizobia.

29. The Azotobacter are free-living bacteria which are present in

most soils. Some of these free-living bacteria develop particularly in as-
sociation with certain plants. Rice, sorghum, millet, some tropical grasses,
and to a lesser extent, maize have been shown to benefit from the nitrogen-
fixing activity of Azotobacter.

30. Blue-green algae fix nitrogen on the crust of the soil surface in
humid conditions and are known to have a beneficial effect on rice yields.
The age-old, continuous wet rice cultivation in many Southeast Asian coun-
tries has been possible partly because of this natural fixation by blue-
green algae.

1/ Ralph Hardy, as quoted in the Wall Street Journal, February 7, 1974, p. 1.
2/ "Protein from Air," Mosaic, IV (No. 4, Fall 1973), p. 24.
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31. Shifting cultivation traditionally relies almost exclusively on
naturally fixed nitrogen. Several tropical plants accumulate nitrogen
during the fallow period. It is also known that certain trees, such as

the elm tree, have symbiotic relationships with nitrogen fixing bacteria,
Bacterial nitrogen fixation even occurs in the intestines of animals and
human beings, thus enabling them to subsist on minimal amounts of protein.
Very little nitrogen fixation has been found so far to occur in wheat crops.

32, The amounts of fixed nitrogen can reach substantial levels: it
has been found that grassland mixed with legumes can fix about 200 kilograms
of nitrogen per ha annually. It is probable that the quantities of nitrogen
fixed in tropical soils can be very high under certain conditions. There

is a wide range of leguminous plants which can be used in tropical agricul-
ture for green manure or fodder.

33 The factors that inflvence’biological nitrogen fixation are:

(1) temperature (high temperatures stimulate fixation); (2) light intensity
and day length; (3) soil humidity; (4) soil tillage and physical structure
(one of the reasons why very little nitrogen fixation occurs in wheat may
be that the soil is too open; too much oxygen inhibits the activity of the
bacteria concerned); (5) the acidity of the soil (pH); (6) the amount and
type of organic matter in the soil; (7) presence of phosphates (phosphorus
increases notrogen fixation);}/ (8) presence of the proper kind of bacteria.
Many different Rhizobia strains exist; they are very selective and work only
in symbiosis with certain crop varieties. It is therefore necessary to
inoculate the seeds of leguminous crops with the proper strains of Rhizobia.
One method is to grind peat mixed with bacteria and add this to the seed.
(This method does not work in dry conditions.) Another method is to use
brown coal with which pellets of seed and bacteria are made. In acid soils,
lime pelletting of seeds can be successful; the lime neutralizes the acidity
and creates a micro-environment around the seed that is favorable to the
bacteria.

34. Large amounts of chemical fertilizers impede biological nitrogen
fixation. Although an initial dressing of about 20 1lbs of nitrogen per
acre may help a soy crop to develop its root system, thus stimulating the
formation of nodules, additional amounts of chemical nitrogen gradually
reduce bacterial fixation to nought. Therefore, the application of moder-
ate or large quantities of nitrogenous fertilizer on leguminous crops is
economically wasteful.2/

35 The problems of greater usage of biological nitrate fixation are
that too little is known about the bacteria, the symbiosis, and the associ-
ation with non-leguminous crops. Only a limited number of scientific re-
searchers is working on this matter, mainly in the USA, Australia, and
Great Britain. It is first of all necessary to greatly expand research

1/ It has recently been found, too, that certain soil fungi can infect
the root system of crops and produce a mantle of fungus and assists
the roots in the dissolution of phosphatic salts.

2/ C. R. Weber, "Status of Soybean Nodules," Plant Food Review, Winter
1966, pp. 14-15.
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in the tropics and to go into inoculant production. After more information
has been gathered, training of researchers and extension officers will be
necessary in the various developing countries. As biological nitrogen fixa-
tion varies greatly among solls, crops, and climates, future extension ac-
tivities should be based on local findings. If the funds devoted to these
matters would be increased greatly (presemtly, less than half a million
dollars goes into this matter annually), it could be expected that, within

a few years, important research results would be ready for farm application.

36. There are various avenues to a greater utilization of biological
nitrogen fixation: (i) manipulation of Rhizobia genes in order to duplicate
the symbiosis with leguminous crops on non-leguminous crops, particularly
cereals; (ii) the nitrogen producing mechanism of the various bacteria
might be installed into plant cells by manipulating the genetic base of
plants in order to allow them to produce protein from atmospheric nitrogen
themselves; and (iii) it may prove possible to mimic the nitrogen fixation
mechanism in an industrial fashion. Certain enzymes (nitrogenase) and
catalytic metals could be used in the production of nitrogen from the air.
It may be possible to apply this in farm-based units that would draw nitro-
gen from the alr and convert it to ammonia. Such a system, while probably
using some electricity, might greatly reduce the amount of energy required
for the production of nitrogen fertilizer, and eliminate the need for im-
port of fertilizers and transportation of fertilizers over long distances.

(ii) Fertilization with Waste Products

C 37 Organic fertilization with waste products is generally associ-
ated with "organic agriculture," which is often seen as a luxury concern
of well-fed idealists in industrial countries. The subject deserves more
serious consideration, however, and is more potentially important for
developing countries than is often realized. The current exorbitant fer-
tilizer prices, the energy crisis, foreign exchange shortages, amnd soil
erosion in developing countries are factors that justify more attention
for organic manures.

38. As estimated in Annex I, the total production in LDC's of soil
nutrients (N, P and K) in organic wastes that can theoretically be used in
agriculture was approximately 7.8 times larger than the consumption of
chemical fertilizers by LDC's in 1971. A very significant contribution

to food production growth, soil conservation, sanitary and ecological
objectives, energy conservation, and foreign exchange savings would be
achieved if rural and urban wastes would be better utilized.

39. The value of the plant nutrients in the potential production of
organic manures in the LDC's is estimated at over 16 billion dollars.

(See Annex I). Most of this is wasted by dumping and incineration. In
addition, organic wastes can be used to produce methane gas, without losing
their value as fertilizers. As indicated in paragraphs 19 and 20, cow-
dung alone has a potential of about 12 trillion cubic feet of methane per
year, which represents a value of at least 1 billion dollars.
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40. It is true, part of these fertilizer and energy potentials cannot
be captured for technical or economic reasons. But with a few exceptioms,
most nations neglect these potentials and do not engage in substantial
research to lower costs and improve gas and nutrient recovery.

41. Judged by the standards of conventional economic analysis, com-
posting and gasification may remain economically not very attractive even
after téchnical improvements. However, the non-monetary values of hygienic
waste-disposal, pollution control, soil conservation (and the better uti-
lization of chemical fertilizers achieved by orzanic manure application)
would justify government support for composting and sewage irrigation on

a large scale. These are matters of collective and long-term interests
that should not be left to the free market mechanism.

42, Fertilization with waste products may gradually become more
attractive by sheer economic and technical necessity: the costs of pollu-
tion and erosion rise rapidly, and supply of wastes increases steadily
with the growth of world population. Potash and phosphorus resources are
limited; their gradual depletion will eventually make recycling of wastes
imperative. Nitrogen is non-depletable, though the energy needed for the
production of nitrogenous fertilizers also requires more attention for
recycling.

43, It is recommended that national governments and foreign aid
donors devote more attention to this matter through research as well as
technical and financial assistance. The following two tasks could be
given to a new Plant Nutrient Institute, or can be executed by existing
institutions. They involve little manpower and can be executed at low
cost by research-assistants or junior officials:

(1) An inventory study of the existing experience and
research results concerning composting, sewage
irrigation, bio-gas production, and ecologically
responsible waste disposal in both rich and poor
countries. This study should focus not only on
the financial, but also on the social costs in-
volved in the different ways of waste disposal and
waste utilization, especially in overpopulated
regions with high unemployment and low labor cost.
The proposed study would require about 4-6 man-
months.

(2) If the findings of this inventory study warrant
further action (which is likely), it could be
proposed to FAO, WHO, UNIDO, and the UN Environ-
ment Program to jointly issue a manual on waste
disposal and organic fertilization in less de-
veloped countries. This manual could be written
by about 8 experts and would require one editor.
Total costs of the manual are estimated at 12
man-months, plus publishing costs of about $6,000.
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IV. Conclusion

44, The establishment of an International Plant Nutrition Institute
as a new agency that expands and coordinates the work of the various ex-
isting research institutions can make a significant contribution to world
food production in the future. Production of fertilizer from non-petro-
leum sources (natural gas, coal, etc.) is already under way and can be
greatly expanded by the end of the 1970"'s. Use of gas that is presently
flared is the most promising possibility, but the construction of addi-
tional plant capacity in LDC's requires 4-5 years. In the meantime, up-
grading of existing fertilizer plants in LDC's to increase capacity uti-
lization, and import of fertilizers from the Communist and OECD countries
at reasonable costs, are the only means to increase fertilizer consumption
in the LDC's.

45, The potentials of alternative energy sources like nuclear energy,
bio-gas, garbage power, sand tar, shale oil, etc., are promising, but need
further research. These sources cannot be expected to contribute signifi-
cantly to fertilizer production before the mid-1980's.

46. The potential production of plant nutrients by biological fixa-
tion and utilization of organic wastes is very great, but here, too, a
major research effort, as well as a reorientation of agricultural thinking
and an enormous organizational and extension effort are required. A sig-
nificant impact of organic fertilization cannot be expected before the end
of the present decade.

JCVoorhoeve :nw
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ANNEX T

ORGANIC FERTILIZERS

PROBLEMS AND POTENTIAL FOR DEVELOPING COUNTRIESl/

L Waste products from plants, animals, and humans contain plant
nutrients and organic materials that are valuable to agriculture. As set
forth in background study No. 4 of the Bank Group Fertilizer Policy and
Program, the potential contribution of organic wastes to agricultural pro-
duction is larger than is generally understood. The environmental costs
of most contemporary methods of urban waste disposal (incineration, dump-
ing onto land or into water) are very high.

24 Land, with a good crop cover, is an inexpensive and natural oxi-
dative system for the safe disposal of the organic wastes which are left
behind by most types of human, animal, and plant activity. Utilization of
wastes as a means of crop fertilization has been practiced in many parts of
the world for centuries. Among the most common are:

(1) Compost: The decomposition, natural or induced, of
organic matter in some organized manner. The value
of compost as a fertilizer depends on its composition
(from agriculture: rice hulls, weeds, unused plant
matter; from industry: processed food and fiber resi-
dues; other: bone-meal, fish-scrap, paper products,
etc.) and the system of composting used (losses of
nitrogen may easily vary from 10-60%). Farm compost-—
ing efficiently combines waste disposal with seoil
structure amelioration and plant fertilization at low
cost to the farmer. Urban composting may serve a
similar purpose, but often at a higher cost, due to
land and sanitation restrictions as well as the high
concentration of wastes in urban areas. Mechanical
composting in urban areas has the added economic
benefits of the sale of salvaged metal, rags, and
papers.

(2) Manures: Animal manures provide the largest single
organic source of crop nutrients. Manures are readily
available in rural areas, but do mot contain high con-
centrations of N, P or K. Fresh manuring (the applica-
tion of fresh manure directly to cropland) is often
discouraged because of the weed seeds, worms, insect
pests and other harmful organisms that may be contained

1/ This annex is an excerpt of the Bank Group Fertilizer Policy and Program
Background Paper No. 4.
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in the excrement. Manures are often first rotted,
a heat-producing process which destroys most of
these negative aspects. An important potential of
animal manures, especially cow-dung, is the produc-
tion of methane gas, a natural by-product of the
decomposition process.

(3) Green Manures: Green manures are plant crops which
are not (or only partly) harvested, and are grown
to prevent nutrient leaching, ti improve the soil
structure, and to add organic matter to the soil.
Leguminous green manures add significant quantities
of N to the soil, as their root systems contain
N-fixing bacteria,

(4) Night Soil: Night soil (human excrement) has a some-
what higher nitrogen content than animal manures and
has been used with some success especially in China,
India and Japan. As with animal manures, it can be
applied in its raw state, but due to problems of
hygiene, it should undergo the time-consuming process
of decomposition before application.

(5) Urban Sewage: Urban areas often have a great but under-
utilized fertilizer potential in the form of sewage,
which for the most part is dumped into a nearby body of
water, in treated or untreated form. Sewage has two
components: the solid portion, or sludge, and the liquid
portion, or sewage water. In its liquid form it can be
utilized in irrigation of cropland, and in its solid form
it can be processed and later utilized as a good quality
fertilizer. Hygiene requires that untreated forms of
sewage be used only on fodder and selected food crops
such as sugarcane, wheat, or fruit orchards.

The Potential for Organic Fertilizer Production in IDC's

3. It would be interesting to know how large the quantities of or-
ganic fertilizers are, and what their potential value might be. Organic
fertilization is often discarded by agriculturalists and economists as a
romantic idea that endears only those with no concept of the total nutri-
ent requirements of agriculture and the costs which are involved in

organic fertilization. It might be, however, that a contemporary bias,
caused by the high labor costs of handling wastes in industrialized natioms,
and a preference for clean industrial fertilizers, as well as a gross under-
estimation of the long-term costs of pollution and erosion, hamper objective
investigation.
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Any effort to pull together statistics on wastes in LDC's stumbles

unfortunately on the lack of research that has been carried out on this sub-
ject. Moreover, the figures that are available may not be entirely reliable.
A preliminary investigation is worthwhile, however, at least to demonstrate
the quantities involved. Table 1 indicates that the total availability of
organic fertilizers is very large indeed.l/

This table was calculated on the basis of various publications, especi-
ally Organic Manures, Indian Council of Agricultural Research, Technical
Bulletin No. 32, FAO's Production Yearbook 1971, and IBRD's Trends in
Developing Countries (1973). The LDC total for human excrement is based

on the Indian calculation of 0.0047 metric toms N/person/yr., 0.0011
metric tons P20s5/per./yr., 0.0010 metric tons K/per./yr., multiplied

by a total LDC population estimate for 1971 and 1980. Cattle estimates
are based on Indian figures of 8.6 metric toms/cow/yr. excrement (liquid
and solid) x number of LDC cattle (FAO Production Yearbook, 1971, p. 303)
x the respective percentages of N, P and K of .0029, .0008 and .0023,
likewise based on Indian findings. Assuming that cattle production will
rise at least as rapidly as human population growth rates, the 1980
estimated cattle population was based on the human growth factor of
1.25. All other categories are based on a similar methodology, i.e.

an extrapolation of Indian findings. As waste production increases
sharply with income per capita and feed/animal, and extrapolation of
Indian experience is bound to be a conservative estimate.
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TABLE 1: Total annual production of soil nutrients (N, P, K)
through organic wastes in the developing world, 1971 (actual)
and 1980 (estimated)l/
(million metric tons of nutrients)

Source N 2 K
Human:

1971 12.25 2.87 2.61

1980 15.26 3.57 3:.25
Cattle:

1971 17.80 4,91 14.12

1980 22525 6.14 174065
Farm Compost:

1971 9.54 3.34 T 9.54

1980 11.93 4,18 11.93
Urban Compost:

1971 .48 .38 o

1980 . 60 .48 s 11
Urban Sewage:

1971 1.43 .29 .86

1980 1.79 .36 1.08
other2/

1971 6.63 4, b4 11,35

1980 8.29 595 14.19
TOTAL:

1971 48.13 16.23 39.05

1980 60.12 20.28 48.81

1/ Excludes Central America and Oceania, includes Socialist Asia.

2/ Bone-meal, poultry litter, bagasse, sheep/goat litter, oil cake,
press-mud. (Several other sources were not included due to small
potential for all developing world.)
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These figures, of course, indicate only raw output. Whether the degree to
which this potential could economically be harnessed to serve the world's
agricultural needs is, e.g., 607 or 80%, is a matter of speculation. Fur-
thermore, in the case of human excrement, animal excrement, and urban sewage,
our calculations for N production could be reduced by 0-50%, depending upon
the assumed method of processing. (All other categories have already been
adjusted to account for N losses in normal processing.)

Da To compare the figures of Table 1, it should be noted that the
actual consumption of inorganic fertilizers in LDC's during 1970/71 was

13.2 million metric tons of N, P, and K.1/ In other words, the total pro-
duction in LDC's of soil nutrients in organic manures that might theoreti-
cally be used in agriculture was about 7.8 times larger than the consumption
of chemical fertilizers during 1971.

6. The World Bank Group has estimated that the future nitrogenous and
phosphatic fertilizer consumption will be gbout 30 million tons of N and P
in all developing countries in 1980/81 (including Socialist Asia). In Table
1 we have estimated an indigenous potential of 64.36 million metric tons of
N and P in organic forms in 1971. By 1980, yearly output should be at least
80.40 million metric tons of N and P. We would anticipate, therefore, that
a very significant contribution to agricultural fertilization could be made
simply through an improved utilization of rural and urban wastes. Even an
increase of, say, 10%Z of the degree to which these wastes are now utilized
would be a substantial contribution to tropical agriculture.

Economic Implications

T The total nutrient production by wastes, and their potential value
as fertilizers, demonstrates their potential as substitutes for chemical
fertilizers, whose prices are skyrocketing as a result of cyclic shortages—-—
which are compounded by the rise in energy costs. Table 2 indicates the
value of the organic nutrient production at 1973 world prices (f.o0.b.) of
chemical fertilizers.

1/ FAO Annual Fertilizer Review 1971, p. 36, including Socialist Asia.
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TABLE 2: Value of N, P, and K found in wastes of the developing
world as compared to chemical fertilizers (at 1973
world f.o.b. prices)l/

(in millions of US$)

N P K Total
1971 9,626 4,058 2,499 16,183
1980 12,024 5,070 3,124 20,218
8. Economic costs of organic fertilizer production vary widely, and

depend upon the processing method. We do not have sufficient data to esti-
mate the cost of labor-intensive waste processing for fertilization. Mechan-
ical composting costs known to us vary widely. Net production costs of a

200 long ton-per-day plant in the United States are $7.73-0.23 per long ton
of processed refuse, after deduction of salvage sales. Due to a greater
market for compost and a good return on salvage operations, European compost
costs are a good deal lower.2/

9. An important source for defraying the costs of organic fertilizers

is methane gas production. Methane gas is a natural by-product of the de-
composition of cow-dung and other wastes and is being used on a limited

basis to provide fuel in some Indian villages. This process reduces loss

of organic matter through decomposition, stops nitrogen loss, and provides

up to 2,000 cu. ft. of cooking gas per metric ton of fresh cow-dung. This
converts to a potential methane gas production of 12.3 trillion (1012) cu.

ft. for all developing countries in 1971, and a 15.3 trillion cu. ft. potential

1/ The individual farmer pays, of course, local prices, which are higher
than world prices because of transport, storage, and commercial costs.
He may also benefit from government subsidization of fertilizer costs,
however. In Table 2, the value of N is based on the world f.o.b. price
of urea (45% N) at US$70-105 metric ton, which means a price of $155-233
per ton of pure N. The average value was set at a median of US$200/
metric ton. P205 value is based on triple superphosphate (48% P20s5)
at $120 metric ton which means $250 per ton of P. The K-value is based
on potassium cloride (62% K) at $40/metric ton which means $64 metric
ton of K.

2/ Note should be made here of IFC's unsuccessful involvement in the Aevol
Industrial Co. of Organic Fertilizer, S.A. (Greece). The economic dif-
ficulties of this company were primarily due to mismanagement and not
inherent in the composting operation.
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for 1980.1/ Experiments show that gas for cooking, irrigation pumping, and
village electrification can be produced with relatively simple equipment and
at low investment and processing costs.2/

TABLE 3: Manure obtained when one tonne of fresh dung is
processed by (A) the traditional Indian methods
and (B) through a gas-plant (fresh dung, 1,000 kg.
at 0.25% nitrogen)

Traditional Method Obtained through Gas-Plant

(a) Organic matter -

loss by decomposition -500 kg. =270 kg.
(b) Nitrogen -
loss by decomposition -1.25 kg. Nil
(c) TFinal manure quantity 500 kg. 730 kg.
Quality - N%
on dry basis 1.0 kg. 1.37%
(d) Additional advantage - 2,000 cu:. ft.

gas for cooking

Source: Garg, A.C. et. al Organic Manures (Indian Council of Agricultural
Research, technical bulletin No. 32, 1971), p. 29.

10. The potential gas production from cow-dung alone, valued for in-
stance at a low price of US$.10/1,000 cu. ft., represents a gross value of
US$1.23 billion in 1971 and US$1.53 billion in 1980. In addition, gas can
be produced from various other manures and garbage. The process of captur-
ing methane gas and simultaneously producing good fertilizer has now become
technically feasible for certain urban composts and sludges. At least ome
plant in Great Britain is operating in this manner. This points to the
possibility of combining the functions of hygienic waste disposal, organic
fertilizer production, methane gas production, and recycling of salvageable
materials (metals) in one and the same plant.

1/ This figure is a conservative estimate of the theoretical potential.
Research in India has shown higher quantities of bio-gas production
for 1like amounts of cow-dung, dependent upon the material mixed with
it. E.g., 300 grams of fresh dung mixed with 30 grams of cellulose
produces 36 liters of bio-gas in 9 weeks. Bio-gas contains about 60%
methane and 40% carbon dioxide.

2/ Benefit-cost studies will be published by A. Makhijani of the Ford
Foundation's Energy Policy Project in 1974.
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The Agricultural and Environmental Value of Organic Fertilizers

11; Compost and other organic fertilizers are generally consldered to
be most valuable as soll conditioners and not as fertilizers. As fertili-
zers, these wastes contain from 0.2-1.5% N, 0.01-3% P505, and 0.2-2% X, plus
certain trace elements. Artificial fertilizers are available in concentra-
tions many times these figures. As soil conditioners, organic fertilizers
provide everything that may be lacking in the physical makeup of a soil.
This is particularly important for the soils of many developing countries,
which often are low in organic content, are either too acidic or too alka-
line, and have been alternately baked by the sun and leached and eroded by
heavy rains. 1In this respect, organic additives will help prevent erosionm,
retain humidity, adjust the pH (acidity or alkalinity), improve drainage,
prevent crusting and cracking, and promote normal bacterial and animal life
in the soil. Organic matter is =ssential to increasing the ion-exchange
capacity of a soil; many tropical soils are deficient in this respect.

12. Organic fertilizers are most valuable when used in tandem with
chemical fertilizers. Compost, manures, etc. improve the physical and
chemical aspects of the so0il and help maintain optimal soil conditions for
sound plant growth. They provide a source of slow-release N and other
nutrients, and prevent chemical fertilizer run-off or evaporation (deni-
trification). Therefore, organic fertilizers increase the'efficiency of
inorganic fertilizers, particularly in the long run.

13. Experimentation has shown that soil erosion and water run-off are
inversely proportional to the amount of organic matter contained in the
soil. (See Table 4.)

TABLE 4: Conservation Effect of Compost
Eroded Soil

Compost Total Runoff Per Plot
Metric Tons/ha Per Plot (liters) (kg.~dry wgt.)
0 102.5 30.26
200 58.3 Zx25
400 3.8 0.15

Source: International Research Group on Refuse Disposal, Information
Bulletin Nos. 13-20, 1969, p. 39.

14. Erosion is a serious problem in developing countries, especially
because of the minimal depth of the top soil and the silting of irrigation
ditches. Soil conservation is necessary to prevent the loss of fertile soil,
the breakdown of irrigation systems, and the retention of the capacity to
meet the increasing demand for food and other agricultural products.
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15. In the past, most developed and developing countries have organ-
ized their waste disposal by way of low-cost and least-effort methods--
primarily dumping untreated wastes on vacant land and in neighboring bodies
of water, or incineration. Waste dumping leads to the breeding of flies,
parasites, and various infectious agents. Wholesale diverting of sewage
into large bodies of water severely limits the normal development of aquatic
plant and animal life through consumption of the available oxygen (eutrophi-
cation). Incineration pollutes the atmosphere and destroys the nutrient
contents of waste.

16. Proper recycling of urban and rural wastes would greatly reduce
air and water pollution and limit infectious health hazards significantly.

Problems and Possible Solutiomns

2 By £ Despite the great value that organic fertilizers can have for crop
production in the developing nations, only certain countries have utilized
the potential to some degree. Most nations, both rich and poor, mneglect or
reject a better use of wastes. There are several reasons that explain this
situation.

(a) Lack of Acceptance by the Farmer

18. With developed countries leading the way since the mid-50's, global
interest in use of organic fertilizers has waned considerably. Especially

in comparison with chemical fertilizers, organic materials have fallen in dis-
favor in modern industrialized agriculture. They are bulkier, less easily
transported, poorer in nutrients (especially N), and may be labor-intensive--
depending on the processing and application methods. The lower labor costs
and generally poor soil structure in developing countries wholly or partly
offsets these disadvantages, however. Rural education and extension work
should develop more intérest in organic fertilizers. Costs and benefits to
the farmer should be clearly indicated. Independent production of bilo-gas
for domestic use as a by-product of manuring may promote greater acceptance
of organic fertilizationm in rural areas.

(b) Resistance in Urban Areas

19. Urban areas in India have displayed some resistance to the utiliza-
tion of urban wastes. Difficulties arise out of (1) a lack of interest by
the municipal authorities--resulting largely from their inability to meet
composting expenses; (2) inadequate physical infrastructure for the removal
of city wastes, and organizationmal deficiencies, plus lack of cheap trans-
portation to areas of cultivation after processing; (3) a lack of sufficient
demand for compost, etc. in large cities that have little surrounding farm-
land. Most of these objections center around the issue of financing; there
is simply not enough domestic capital to establish efficient disposal schemes.
Foreign donors of financial or technical aid seldom show any interest in the
subject of waste disposal.
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(¢) Public Health Problems

20. Working with wastes can lead to a series of health problems: fly
and rat breeding, certain diseases, parasites, and noxious odors. Untreated
wastes are in particular a great health hazard, to the extent that they are
uncontrolled and unsterilized. Composting is one effective way of reducing
the problem. Fly breeding can be controlled in compost by systematic turn-
ing of the compost in the 6th and 12th weeks of decomposition. Odors, rats
and parasite problems can be reduced by heaping wastes under controlled
conditions and in areas that are removed from population centers. The Dutch
experience shows that transport costs need not be a problem. Mechanical
composting is sanitary, odorless, faster than conventional methods, and pro-
vides good quality compost.

(d) Economic Return

2%, Based on findings in industrial countries, the economic return on
organic fertilizers, especially as compared to chemical fertilizers, has been
poor. Concentrated chemical fertilizers are more efficient and less expen-
sive than their organic counterparts. Composting plants in developed coun-
tries and especially the United States have not found the necessary markets
for processed compost, and have had to rely on subsidization. The rapid
rise in the costs of chemical fertilizers (100-300% since 1969) is likely to
increase the profitability of organic manures, particularly now that soaring
energy costs are likely to further increase fertilizer prices. The ecologi-
cal advantages of waste utilization for agriculture should not be forgotten,
too. The need for effective pollution and waste controls have re-kindled
interest in organic fertilizers. Aside from increased agricultural produc-
tion, these sanitary, environmental, and soil conservation factors have to
be taken into account when calculating the total economic return. A com-
parison with chemical fertilizers understates the true value. Important to
the developing world are also the foreign exchange savings that result from
a greater utilization of domestic resources which reduces the need to import
chemical fertilizers.

(e) Lack of Research in LDC's

22, With the exception of India, lack of research on organic fertilizers
and proper waste disposal in the developing world is the major obstacle to a
better utilization of the potential. Comprehensive analysis which stresses
coordinated agricultural, environmental and public health planning is needed.
Cost-benefit studies should be carried out which include all benefits and
costs, in order to form a better idea of the true value of organic manures.

It might also be possible to reduce capital needs of composting and bio-gas
plants, and generate more employment. Admittedly, this is no easy task, as
various health hazards and resistance to menial work will have to be overcome,
both among workers and researchers.
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INTRODUCTION

L First, it should be noted that the "energy crisis" is not a major
cause of the recent shortage and price effects for fertilizer, though it has
exacerbated them in some degree, especially in some countries. The nature of
these effects in less developed countries (LDCs) in particular are discussed
later.

2. Second, there has not been a decline in annual world fertilizer
production of either nitrogen, phosphate or potash at any time in the past

15 years, and presumably for much longer than that (see Table 1). Further,
there are only one or two instances where production in any one country has
declined.

B Third, there is no evidence that the current very high short-run
demand for fertilizer is of a self-sustaining character (or a portent of
things to come) due to a "population explosion", a "green revolution" or
anything else of a cataclysmic nature.

5o On the other hand, everything points to the current fertilizer deficit
being primarily demand related, reinforced by a reduced rate of growth in
fertilizer production capacity in the immediate past, and various constraints
on the manufacturing side which have prevented a rapid supply response. A
confluence of events can be traced which have determined the nature of the
shift on both the demand and supply sides. These seem likely to disappear
as rapidly as they appeared, though there may be some lasting effects on
both the industry and agriculture.

NATURE OF THE CUKRENT SITUATION

B The full implications of the current shortage of fertilizers have

yet 1o be reliably assessed. As yet, the patterns of future prices for



nitrogen and phosphate fertilizer are still difficult to predict with any
accuracy. Similarly, the agricultural impact of the supply shortfalil has
yet to be evaluated in any depth. However, the nature of the prevailing
fertilizer situation is now sufficiently recognizable that some analysis can
be made of the direction and orders of magnitude of the related changes and
of the issues that arise in relation to it.

6. The current shortage and price increases relate to all main plant
nulrients - phosphates (P), potash (K) and nitrogen (N). The problem is
least serious for potash since lower amounts are used in crop production,

the supply short-fall is less acute (being due mainly to transportation
bottlenecks), and additional supplies are coming available quickly. The
problem is also less serious for phosphate in that (like potash production)
it is not directly affected by the crude oil shortage, and new producticn
capacity is under construction - and because a reduced application of phosphate
to crops for a season or so will have relatively small effects on yields from
most crops (phosphate is stored in the soil whereas nitrogen is readily lost
to the air or leached).

T The major concern relates to nitrogen fertilizer. It is on HYV

crop responses to nitrogen that the "green revolution" is predominantly based.

Consequently, constraints on supplies and increased prices have far-reaching
implications for the agriculture of many developing countries, and especially
for food supplies. The major sources of nitrogen are oil- or natural gas-
based processes for which feedstock supplies are short. Since the same
feedstocks are used in the production of many crop protection chemicsls, the
problem is compounded - such inputs being also a feature of modern crop

production technology.



Demand Helated Effects

8. Since the demand for fertilizer is a derived demand, it is to be
expected that a major shift of the kind we have experienced will be underlain
by changes in the demand for crop products, especially cereals. Several
factors have influenced this change. First, there is a long-term upward
trend caused by (i) growing population, (ii) increases in incomes, and

(iii) changes in consumption patterns.

2. The growth in population is the most stable factor affecting the
increased growth in demand for food, especially cereals. This is presumably
causing an overall increase in aggregate demand for food of some two percent
per year, although in some countries it is greater and in oters smaller due

to differences in rates of population growth. Significantly, the higher
rates of growth are in countries that are fertilizer deficient, and hence
importers (mainly LDCs). The demand from this source is reinforced by the
fact that the HYV technology, which is the primary means of increasing domestic
food supplies in the LDCs, is highly fertilizer dependent.

10, Added to this is the increase in demand for food associated with the
growth in incomes. Incomes increased substantially in many countries

through the sixties, especially in the U.S., Western Europe and Japan, but
also in Eastern Europe and some other countries. Although the direct effects
of rising incomes on food prices are usually small, due to the relatively low
income-elasticity of demand for food, there was perhaps some small increase in
demana due to income effects.

g5 2 The exception to the low income-elasticity for food argument occurs
when people trade-up to superior goods, especially increasing their consumption

of meat. This shift can cause a disproportionate increase in the demand for



grains - one pound of meat requires some four pounds of grain to produce.
Although meat consumption has grown only some 2-3 percent annually over
recent years, a fairly small rate of expansion, this has added to the demand
for foodgrains.

12. Despite the steady upward pressure on fertilizer demand from this
long-term trend there is nothing here to explain the recent surge in demand.
However, there have been a series of abnormal effects on the demand for and
production of foodgrains including: (i) a run-down of world grain stocks,
(ii) widespread crop failures, (iii) sudden changes in the patterns of trade
in foodgrains, and (iv) a sudden acreage expansion encouraged by govermment
action in the major grain exporting countries.

13 A seemingly deliberate run-down in world stocks of foodgrains, mostly
held in Western countries, is perhaps the most significant factor underlying
the current situation. The acreage of wheat grown in the U.S. in 1970 was
80 percent of that in 1968 and 7L percent of the 1967 acreage, and the
lowest since 1948 (see Table 2). In the U.S. some 60 million acres of
cropland were held out of production through 1970-72 - nearly 20 percent of
the total arable area. Similarly, due to acreage restrictions, Canada's
wheat acreage in 1970 was only half the 1969 acreage and Australia's acreage
was ait to 60 percent of its 1968 acreage. The effect of these acreage
constraints was to cut the level of stocks held in those countries substantially.
1. Reinforcing this shift, there were widespread crop failures in 1972
which resulted in many countries, notably India and other Asian countries,
importing more foodgrains than they would otherwise have done. 4s a
consequence there was a severe shortage of wheat in 1972, to the extent that

the FAO reported stocks at the end of 1972 to be at "dangerously low levels".



15. On top of this, the USSR entered the market in early 1973, buying

12 million tons of wheat from the U.S. alone. This turned the tight supply
situation into a severe shortage.

16. Somewhat belatedly, in response to this not entirely unforseeable
situation, the major exporting countries in.1973 raised quotas, released
"set-aside" land and encouraged widespread cereal planting. Acreages in
the main exporting countries rose by more than 10 percent in 1973 and are
expected to be up by a similar proportion in 197L. The demand for
fertilizer expanded equally suddenly.

17 Further, since fertilizer is also used on non-cereal crops, there
are derived demand effects relating to changes in their production. In
this category there were also several influences: (i) an upsurge in demand
for industrial crops, (ii) a steep rise in the price of soybean, and

(1ii) diversion of some urea to livestock feed.

18. The economic resurgence in all Western countries that caused an
increased demand and resulting higher prices for all basic commodities, also
caused an increase in demand for industrial crops. The prices of oilcrops,
coarse fibres, cotton and rubber, all increased in the early 1970s, some by
fantastic amounts (see Table 3).

19. This was accompanied in 1973 by the sudden disappearance of the
already depleted stock of anchovy off the coast of Peru - the major source
of fishmeal used in livestock feeds. This had two effects. First, there
was a significant demand increase for soybean meal as an alternative, and
prices rose fourfold encouraging extra planting. Second, urea (otherwise

used for fertilizer) was used as a protein substitute in feedmixes. Thus,



this capricious event caused a double demand effect on the fertilizer industry.
(The anchovy have since returned - at least for the time being!)

Supply Helated Effects

20. The supply of fertilizer has not been subject to variations of the
same magnitude as demand. However, it has still been subject to a series

of interacting events which have resulted in both a slower rate of output
growth in some recent years (see Table 1) and (perhaps more importantly) in

a number of constraints upon thé ability of the industry to respond quickly
to the changing demand situation. These events were related to the changing
structure of the industry, economic and policy changes, distribution effects,
and some other fortuitous events.

24 The supply situation has been influenced by some fairly significant
structural changes (as discussed elsewhere, see "Fertilizer Requiremen ts of
Developing Countries"). These include: (i) a changing pattern of ownership,
especially in the U.S., (ii) changing technology and scale advantages leading
to larger plants, (iii) the disposal of inefficient plants, and (iv) some
changes in the location of manufacture.

22. The changing pattern of ownership was largely a response by oil and
gas firms who sought an outlet for their gas supplies through fertilizer.
Some of these bought existing manufacturers but in most cases they started
from scratch (or expanded) by building new plants. The emergence of these
new large suppliers contributed to the surplus situation in the second part
of the sixties. At the end of the sixties many of these plants were sold

off to agricultural cooperatives and established fertilizer companies, though



some remained in the hands of oil and gas corporations. It is possible that
such firms found profitable alternative uses for their feedstocks in recent
times.

23 Some major changes in processing technology in the sixties lead to a
new generation of fertilizer plants where there were considerable economies
of scale. This lead to some of the 60-odd manufacturers in the U.S.
becoming giants in the field. It also meant that there was a considerable
increase in the "lumpiness" of capital investment in production capacity.
This may be a significant determinant of the investment cycle characteristics
in the future.

2l. This modern plant made smaller plants of an earlier vintage relatively
expensive to run, and lead to their early retirement when the market proved
inadequate to maintain them profitably - no doubt to the chagrin of managers
in 1973-74.

25. With the installation of new plants there was some shift in location
within the U.S. and Europe, away from the former coal and steel centers
toward the ports and fuel sources. In a global context there was also some
growth of production capacity in LDCs - both in the oil and gas producing
countries (e.g., Venezuela and Persian Gulf) and in the consuming countries
(e.g., India).

26. While it is difficult to see how these adjustmemnts could have
contributed to a supply deficit in any major way, it is perhaps important
that ﬁhey caused a dynamic situation of change and uncertainty within the

manufacturing industry which made rapid adjustment to the sudden expansion



of demand even more difficult than it was otherwise. Such a volatile
situation almost certainly added to the degree of imperfect knowledge
surrounding the planning and investment process.

27 Related to these structural adjustments within the industry, is an
established cycle of investment in production capacity which has recurred
irregularly since World War II. All evidence suggests that the recent
resurgence in demand coincided with a low point in the swing of this cycle.
Thus there was a delay in the supply response till new plant came on stream,
and new investment was implemented. As this happened there were some
inevitable teething troubles and the industry found itself with a greater
demand than it could satisfy - at least in the short-run.

28. Reinforcing the structural and cyclical effects there were also many
operational constraints, arising from: (i) the "energy crisis", (ii) environ-
mental control regulations, (iii) world-wide shortages of basic raw materials
and commodities, (iv) the shipping shortage, and (v) low plant capacity
utilization, for various reasons.

29 The "energy crisis" contributed to some extent, especially in
providing alternative demands for feedstocks and in delaying the supply of
other inputs. The shortage of feedstocks is known to have lead to the closure
of some plants in the LDCs and to reduced output from some plants in Japan.
But it also clearly restricted any rapid expansion of ‘output in many other
situations. |

30. Although the productién capacity rating of most plants is fairly
nominal, the introduction of envirommental protection regulations caused

some of the upper bounds on capacity utilization to be more constraining
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than usual. Most plants in most countries have to conform to controls on
emissions and on water heating. These also restricted an output response

to higher prices.

31.. Along with other industries, the fertilizer industry encountered a
shortage of basic inputs, and delays in new plant deliveries, caused by
scarcities associated with.the concurrent peaking of the major Western
economies. This not only drove up the price of basic commodities but

caused shortages of steel and other metals. It also contributed in large
measure to a world-wide shortage of shipping capacity - this affected both
the delivery of rock phosphate and the distribution of finished fertilizers
to importing countries.

32. Added to all of these factors was the low level of capacity
utilization achieved in many plants. In some cases this was of an acute
nature, due to teething problems in the initial operation of new plant, to
the non-availability of spares and replacements, or other delays in deliveries.
In other cases this problem was more chronic in character; especially in the
LDCs where the level of capacity utilization is frequently around 50 percent.
This is due to many factors, including poor layout, inadequate ancillary
services such as power and transport, limited storage capacity, poor mainten-
ance standards, and various bottlenecks in the logistics of the production
process. Regardless of their exact nature, such capacity utilization
constraints stubbornly resist short-run increases in output whatever the
demand situation.

33. There was also a group of problems on the marketing and distribution

side of fertilizer supply. These related to: (i) transportation, (ii) storage

and stock levels, (iii) regional allocations and (iv) hoarding.
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3. In addition to the shortage of international shipping tonnage, there
was also a shortage of transport capacity within many countries. Rail cars
were short in the U.S. and Canada - this affected both the distribution of
finished fertilizer and the delivery of potash from Canada to both North
American and overseas markets. India suffered a dislocation of rail
services due to labor disputes and mechanical problems. The Philippines
was short of coastal shipping. Many countries had similar problems which
made shortages in supply even more difficult.

35. Stocks of fertilizers were very low in some countries and in many
regions within countries. This was due to inadequate storage capacity in
some situations, especially in areas where the HYVs were only recently
intlrocuced. In other places it followed from the need to replant crops
following the poor seasons of 1972. The shortage of local stocks reinforced
the supply deficiency from major distribution centers, at least.in certain
regions.

36, The uneven impact of the shortage was made worse by a lack of
coordination in the allocation of scarce supplies, notably in fhe U.S..

~ Where several companies served one area there were cases of local surpluses
and high stock levels while other localities had short supplies. The extent
to which the problem was unexpected is reflected in the lack of contingency
‘plans for this kind of allocation, and for handling many other related
difficulties.

37. In addition, there was a tendency toward speculgtion in stocks of

fertilizer. Clearly, with visibly rising prices it was profitable for



w 11 =

merchants at retail and wholesale levels to hold stocks for as long as
possible. There are reports that such hoarding reached significant
proportions in some countries. In Western countries farmers are reported
to have held higher stocks than usual, probably caused by over-ordering in
an uncertain supply situation.

38. Finally, there were a series of changes which especially affected
supplies of fertilizer to the LDCs, including: (i) a cut-back in supplies
of aid-financed fertilizer from the U.S., (ii) the removal of price controls
on fertilizer in the domestic market, and (iii) the disappearance of cheap
by-products usually available from Japan.

39, In 1968 USAID spent $175 million on fertilizers for export to the
IDCs, in 1971 it was less than $50 million and this year is less still. This
policy change has significantly influenced supplies available to some LDCs,
especially Bangladesh.

L40. The price of fertilizer in the U.S. was subjected to the price
control regulations instituted in 1971. Subsequent to that exports rose

as the relative profitability of the export market increased. When the
price constraints were removed in 1973 the rate of exports subsided as all
production was diverted to the domestic market.

{2 In recent years, too, there has been a technological breakthrough

in the production of caprolactam in Japan. This reduced the amount of
ammonium sulfate as a by-product by about half. This source of supply had
been regularly drawn on by India, and has proved difficult to replace.

L2. In summary, the current fertilizer supply deficit has been influenced

by a confluence of events, some of which are indicated above. While listing



the active ingredients in this way does not explain the situation or resolve
it, it does permit some hypotheses as to the nature of the éffects and thus
some insight into the related issues.

IMPLICATIONS FOR AGRICULTURE

L3. That the chemical fertilizer industry is but an area of a technically
advanced agriculture is frequently lost sight of. The industry exists, after
all, solely because we need it as an input source in the production of food
and fibre.  Accordingly, the agricultural implications of the current
fertilizer shortage are perhaps its most significant elements. Yet there
has been little discussion of this aspect.

Lk. World fertilizer consumption more than doubled in the ten years to
1972, reaching almost 80 million tons (see Table 1). Usage in the LDCs

grew at a lower rate than in developed countries despite the demands of the
"ereen revolution'. The IDCs consumed 1l percent of total consumption in
1972, but this is projected to rise to 26 percent by 1980. The significance
of fertilizer supplies to the LDCs is reflected in the estimate that 35 to

LO percent of the incremental growth rate of agricultural output is
attributable to fertilizers. With a five percent shortage of fertilizer
supplies food grain production in India, for instance, could fall by more
than one million tons per year. This implies substantial price increases
for food (which are already evident) and higher food grain imports.

L5. These effects will be accompanied by major dislocations at the farm
level. For those farms which are mechanized and irrigated there will be the
double effect of fuel and power price increases in addition to those for

fertilizer. However, more serious might be the supply availability problem,
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cince this could limit irrigation and cultivation to restricted areas of
crops, and lead to the use of HYVs without fertilizer, in which case they
may yield less than traditional varieties. Less mechanized farms and
those in rainfed areas are likely to be less seriously affected since they
use less fuel and fertilizer in the first place.

Effects on Farm Costs

L6, Current indications are that farmers face a threefold increase in
the price for fertilizer within the year 1973/7L (see Table 3). Fertilizer
and other chemicals costs ranged from zero to 4O percent of total farm costs
depending on the production situation. This means that, in general, farm
operating costs could rise in the short-run from zero for subsistence small-
holders to as much as 100 percent for.those using modern technolggy.

L7. Clearly, the actual increase in costs will vary, first, with the
level of fertilizer inputs used. Irrigated famms growing HYVs (such as
those in the Punjab) are likely to be the most severely affected. The

cost impact will not, however, be direct and simple, since farmers will
respond to the price increases by various shifts in production patterns -
changing to crops and varieties with lower fertilizer needs, using lower
fertilizer dressings and substituting other inputs for fertilizer (such as
green manuriﬁg). In this way the full impact of increased costs will be
offset, but some loss of income may also be incurred depending on changes
in product prices.

Effects on Farm Product Prices

L8. Consequent upon the changes in production patterns and the related

reduction in output, an increase in price for farm produce is inevitable. In
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fact, as with fertilizers and most basic raw materials, there has already teen
a substantial increase in the past year. Price indices for major farm
products on the world market are shown in Table 3. The forecast prices
presented here are probably little better than a gulded guess at best since
they take no explicit account of the expected changes in the supply of
nitrogen, and are - as always - subject to unexpected changes due to seasonal
conditions.

L9. ‘ A crop failure in the coming season in a country such as India, when
coupled with the fertilizer and fuel supply problems, could lead to massive
food shortages and further price increases. On the other hand, the increased
acreaffe of crops being grown in the food exporting nations could offset the
upward pressure on food prices on the world market. Nevertheless, the impact
on consumers is likely to be great, as suggested by the figures in Table 3. Given
that food is their major item of expenditure, the urban poor will undoubtedly
be the most severely affected.

50. On a priori grourds, the market price for cotton, coarse fibres and
rubber is also likely to rise. However, cotton acreage may decline and
output be reduced in response to the fertilizer and chemical price effects,
though jute, sisal and rubber will feel little effect in this regard. Since
all fibres and rubber have synthetic substitutes derived from petro-chemicals
for which future prices will rise, however, it is therefore expected that the
price for these natural products will rise. The prospects for rubber are
complicated by possible changes in the motor industry in Western countries;

a reduced mileage will reduce tyre replacements, smaller cars use small tyres

and less rubber. However, it is predicted that as the price of isomer
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rubber riscs with the higher price for feedstocks, that of natural rubber will
follow jt. All fibres ineluding cotton, wool, sisal and jute are expected
Lo respond similarly at least to some extent - though for cotton the
substiluticn possibilities may be greater than the others (in both productiorn
and end use) and the nrice rise correspondingly more sustained.

Effects on Output and Income

51 The direct effects on output will be a consequence of lower yields
due to less fertilizer being applied. However, more complex shifts from
existing cropping patterns to new ones will alter both the physical mix and
the value of output. Generally, acreages of leguminous crops (such az
beans, peas and gram) will not be cut back and may even expand. Other

basic food crops, especially the one which is the traditional food cror in
each area, will probably not decline either - if for no otber reason than
that they are needed for family subsistence, but also because food crop
produrts will have increased in price substantially in the short-run unless
held down by administered pricing. Acreages of basic food crops may even
increase at the expense of fibre crops such as cotton, and other export crops.
52. Fertilizer will tend to be used, first, on the highest return crops
(suct as sugar in India and Pakistan) and second, on those with the lowest
price elasticity of demand, since prices will rise most for these products.
Where less fertilizer is used output can be expected to decline. In some
cases there mgy be a switch back to traditional varieties that are less
responsive to fertilizer. There may also be a switch away from high protein

crops since, unless they are legumes, their fertilizer needs are higher than
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other crops. Further changes, some of which may be contrary to these
expectations, will be made in response to price movements for farm products,
which will depend in turn on their relative scarcity and price elasticity of
demand.

53. The most significant physical output effect could be in response to
changes in the use of crop protection chemicals. While yields will decline
more or less proportionally to the amounts of fertilizer used, the omitting
of a disease spraying a use of a greater dilution of active ingredient than
is advisable, could lead to an infesgtation which might virtually wipe out a
crop. Failure to use appropriate sprayings by some farmers may have equally
serious effects even for their neighbours who do. A shortage of such
chemicals, or higher prices, since they have a relatively high elasticity of
demand, could therefore have effects on output and incomes of much greater
proportions than a comparable situation for fertilizers.

sh. Tt is notable, however, that these effects are likely to be short
lived - though they may be recurring. The very high commodity prices ol
past months have already begun to decline as the prospect of rebuilding
foodgrain stocks becomes recognized and other shortages become less critical.
Given the rate at which new fertilizer capacity is being established (& to

6 million tons of additional nitrogen capacity is believed assured to come
on stream in the U.S. within the next 12 months) severe shortages are likely
to disappear quickly and prices to come down sharply (though they will
probably be higher than in the.past due to higher production costs). This
does 01 r1educe the seriousness of the short-run impact, especially in LDCs

and particularly in South Asia.
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KEY TISSUES RELATING TO FERTILIZER

¢

55. The first issue must be the existing information state we find

ourselves in regarding the factors affecting fertilizer supply and demand.
Deopite the heavy reliance we are putting our fertilizer supplies in terms

of increased food production, we know very little about the prevailing
situalion, especially concerning investment plans, capacity being installed,
existing capacity, levels of utilization or constraints on output within the
industry. At this stage there exists no comprehensive independent reporting
system; most analysts are dependent on journal reports and ad hoc information
collection.

56. Even with existing resources, spread around various institutions, it
would seem possible to survey all firms producing fertilizers in the world
given a small amount of planning and coordination and a small travel budget.
It is of some concern that the prevailing fertilizer situation should have
been subject to so many desk studies with so little effort expended on fact
finding - "never have so many depended on so littlel™". How can a better
information system be organized?

r

57. The second issue involves what might be done to augment fertilizer

supplies in the short-run. Although the critical fertilizer situation

might be resolved relatively quickly, in the next year or two the effects
are likely to be severe, especially in fertilizer importing countries such
as India, Pakistan and Bangladesh.

58. A review of possible measures that might be adopted suggests that

the scope for affecting short-run supplies is fairly limited. Some of the
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possible areas for action include: (i) making better ﬁse of the amounts of
ferlilizer held at various points "in the pipeline - some 20 percent of armual
consumption is tied up in this way in many countries, and for same it is
muchhigher; and (ii) raising capacity utilization by removing operating
constraints (debottlenecking) - an increase of 10-20 percent is suggested

as feasible for Indian plants within two years. What else can be done?

59. The third issue concerns how far we can po using chemical fertilizers

as a land augmenting input, in order to increase food supplies. In part
this is an empirical question which can be answered in terms of finite fossil
fuel reserves, but it involves much more complex issues of likely competing
uses for feedstocks and possible further discoveries of reserves.

60. But, it also involves other questions. For instance, fertilizer

is a bulky input ﬁhich necessitates substantial investments in storage,
handling and transport facilities, all of which are lacking in the LDCs.
Recently the Philippines Government found that half of all their coastal
shipping was tied up for several months in transporting fertilizers, even
though levels of use are less than two kilograms perhectare. Are there not
severe restraints on how far and how fast we can go with this type of
technology, apart from the rate of adoption?

6. The fourth issue follows from the last, and concerns the possibility

of developing alternative sources of nutrients. Research on soil fertility

has been heavily oriented toward the use of chemical fertilizers. Even
plant breeders are oriented to the promotion of a monocultural production

based on chemical fertilizers.
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62. There is some evidence, however, that research on biological nitrogen
fixation might lead to a clear alternative to chemical inputs. There is the
existing experience with the symbiotic Rhyobium in légumes which was

developed as a clieap nitrogen source for a low cost agriculture. Recent
studies suggest that bacteria in free association with plants, in the root
zone, may be equally effective. A technological breakthrough at the research
level has paved the way for substantial developments in this field. Cen we
diveri research funds to this new priority area?

63, Finally, perhaps only after we have considered these issues can ue

explore the likely demand for chemical fertilizers in the future. Clearly

we need reliable projections of demand in order to be able to organize
supplies. But both supply and demand can be moulded by changes in technology
and alternative means of production. So many of the underlying factors are
subject to independent decisions - often in an institutional setting - that
neither demand nor supply can easily be forecast. Are there ways of improving

the planning process?
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FERTIL.IZER RELATED ISSUES

A great variety of issues have been raised, by various people,
as a consequence of recent experience with fertilizer supply and
demand effects, some of which are summarized below. This list,
despits its length, is by no means exhaustive. Clearly, too, not
all of these questions are of equal importance, and certainly they
cannot all be translated into feasible instruments for policy makers.
This listing is presented partly as a checklist of issues, but alsc
to indicate the extent of our lack of knowledge about an aspect of
the agricultural production system upon which we are placing very

heavy reliance in terms of incre=sing food supplies.

(a) Short-iun Adjustments

(1) Can we increase fertilizer availability in the short-run? Can
intermediate stocks be reduced? Can capacity utilization be quickly
increased? Do adequate incentives exist for manufacturers? Should
priority be given to fertilizers in the allocation of feedstocks,
energy and transport?

(ii) Can we offset shortages at the farm level? Allocations to
foodecrops versus industrial crops?  Reduce levels of application on
all crops, whole area, or selectively? Allocations to particular
regions (eg., irrigation)?

(iii) Is administrative intervention required, or should current

arrangements be modified? Do cheap food policies discourage fertilizer



iise at higher prices? Do high tariffs on fertilizer, feedstock imports
agpravate farm cost situation?

(iv) What are the returns to fertilizer use in LDCs compared to Western
countries? What are the opportunity costs of fertilizing Americar lawns,

English roses and French asparagus?

(b) Longer Run Strategies

(1) Can we rely on expanded use of chemical fertilizers to provide
increased food supplies? How far (and for how long) can we go in
relation to feedstocks, transport systems?

(ii) Can we rely on farming system dependent on chemical fertilizers
for reliable food supplies? Risk of recurrent cycles? Dangers in
possible coincidence of seasonal and industrial cycles?

(iii) 1Is it possible to offset cyclical movements in fertilizer prices
and guard against a recurrence of crisis proportions? By what means?
(iv) Should the LDCs rely on imports or pursue self-sufficiency in the
interests of conserving foreign exchange and ensuring reliable supplies?
(v) Will the LDCs be prepared to rely on imports given their recent
experiences?

(vi) How did we come to be so dependent on a monocultural form of

crop production based on an industrial input? Are there biases in

research? Are there feasible alternatives which warrant research?

(c) Fertilizer Production

(i) Should additional capacity be located in developed countries, near
feedstock sources, near to markets? What are the magnitudes of the

trade-offs?
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(ii) Can cheaper alternative feedstocks be found? Can flared gas be

' profitably used? Are there alternative means of manufacture?

(i) Do the economies of scale of larger plants exist in LDCs? What
demands do they put on logistics and management? Are there less
capital-intensive means of production?

(iv) Can LDC plant capacity utilization be increased? Must it
inevitably be low?

(v) What are the ancillary investments necessary to support fertilizer
manufacture and distribution in LDCs? Roads? Rail? Power? Water?

Shipping? Training?

(d) Agricultural Production

(i) What proportion of output is attributable to fertilizer? What
is the production elasticity?

(1i) What is the response to fertilizer in terms of tons grain per
ton of nutrient? Do we know enough about responses on farms, especially
in the longer run? What are the production effects of a fertilizer
shortage?

(iii) Since fertilizer substitutes for land in most ILDCs, can we find
alternative substitutions? Improved irrigation practices? DBetter
crop husbandry (spacing, fertilizer placement, weeding)? Alternative
production methods (intercropping, rotations, green manuring)?

(iv) Are there substitutes for chemical fertilizers? Unprocessed
mineral sources? Usable organic materials? Biological nitrogen

fixation? Microbial nutrient release?



(v) What are the ancillary costs of using chemical fertilizers
(transport, storage, losses, shortages, ill-timed deliveries, field

application)? What are the benefits?

(e) Information and Intervention

(i) Is better information desirable? Can it be obtained? What is
the likely cost? |

(ii) Is it desirable that investment in fertilizer production capacity
be guided or regulated? Is this feasible?

(iii) What is the scope for international cooperation? Can it be
achieved?

(iv) What is the nature of the supply response for different fertilizers
in different situations?

(v) What are characteristics of the demand for different fertilizers in
different countries?

(vi) To what extent is the industry oligopolistic? Have they made

cxcess profits?



1960
1961 .
1962
. 1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
19734/
19764/

WITROCEN
Preduction

'000 tons 1 change
11,000

12,000 9.1
13,100 9.2
14,500 10.7
16,400 13.1
18,600 13.4 :
21,100 13.4
24,700 17.1
28,200 14.2
31,300 11.0
33,300 6.4
36,300 9.0
38,700 6.6
41,200 9.0
45,800 8.5

1/" Estisate provided by USDA and TVA material.

Source:

FAD Annual Fertiliser Review for 1960-63,

Consumption

‘000 tons 1 change
10,100

11,300 11.9
12,100 7.l
13,700 13.1
15,400 12.6
17,000 10.4
19,200 12.%
24,000 5.0
26,400 10.0
2%,300 11.0
31,600 1.9
35,000 10.8
37,200 6.3
40,200 8.1
&b, 800 1.4

Table 1: World Ferciliser Production and Consusption - 1960-74

. PHOSPHATE
Production

4000 tons ‘T change
Pals

10, 740

11,13 3.6
11,440 2,8
12,200 6.6
13,740 12.6
15,260 1.1
16,630 9.0
18,780 12.9
19,870 5.8
20,490 Ll
21,260 L8
22,970 8.0
24,810 8.0
26,130 5.3
28,890 10.6

1964, 1965, 1966, 1972 for 1967<72.

Coupumption

1000 toms % change
10,580

10,950 1.9
11,450 4.0
12,150 6.1
13,500 10.8
14,710 9.0
15,860 7.8
17,780 12.1
18,700 5.2
20,080 1.3
20,740 3.4
21,900 5.6
23,150 6.2
25,820 11.1
27,710 7.3

TProdurtfon
‘000 rons
K90

© 9,600

9,670
10,320
10,820
11,900
13,370
15,180
16,000
16,860
17,510
18,430
19,520
21,210
23,700

24,070

POTASH

change

Conwuaption

'000 tons 1 change
9,040

9,370 3.7
9,560 2.0
10,230 7.0
11,060 8.1
12,070 9.1
13,400 1.0
14,310 6.8
13,580 =5.1
16,130 16,8
17,020 5.9
18,190 6.8
19,270 5.9
20,320 5.5
21,400 5.3
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Country Area (million hectsres)

1961-65
average 1967 1968

1959 1970 1971 1972 1973

19.2 17.6 19.3 19.1 21.7
10.1 5.1 7.9 8.6 10.1
9.5 6.l 7.1 7.8 9.0

65.2 63.1 58.5 62.5

Usa 194 23.8 22.L

Canada 1151 ¥2.2 1139

Australia 6.7 9.1 10.8
(1965-69 average)

USSR 68.2

World

Total 210.8 228 221.Y

221.6 210.9 216.1 21L4.5 222.2

Qutput (million metric tons)

*1961-65
aversge 1967 1968 1969 1970

33.0 Kl k2.9 39.7  36.8

15.4 16.1  17.7  18.6 9.0

8.2 7.5 1L.8  10.5 7.9
(1965-69 average)

66.9 £0.0

zsh.3 299.4 332.5 315.5 318.6

1971 1972
LL.0  L2.0
1i.L 1.5

8.L 6.5
98.8  83.8

353.8  3L3.4

Note: Takble compiled from statistics in FAO "Production Yeerbeok, 1971", revised and updated with statistics from FAO "Monthly Bulletin of
Agriculturel Economics aend Statistics", 1973 issues, and from U.S. Department of Agriculture, "World Agricultural Production and Trade",

March 1972, September 1973.

The 1973 figures are preliminary.

1973

L7.0
17.0

1.7

95.0

37L.L
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(eomatamt terma - 1977 = i0G)

A Forecast
196769 1972 1573 Jan.-Fareh I 1975 o w7 978 1975 1980 158
1974
" Petrolewm [} 100 s m m L m m m m n m
Food
Cocen 143 100 168 173 164 141 1% 148 130 115 118 118
Coffes 100 100 103 103 104 108 116 104 101 %% 5 =
12 . 100 8 8 103 8 3 5 n &7 & &
¢ (World) &l 100 108 192 18 135 100 - L - 8 il
v (1.5, Prefersorial) 104 100 92 131 143 123 122 n 122 123 113 113
Oranzes/Tangerinas 137 100 a7 BS (13 % (13 (11 n LH 82 82
fLiman 122 100 100 98 L] 100 L] "% £ " 96 95
. s 100 88 5 7% m 75 Y 3 12 72 8
Livestack Products
- 100 108 87 103 105 103 102 105 107 e 122
Hides snd Skina 1) 100 104 108 ¥ 9% 101 9% 01 103 106 106
Craing
Wheat 119 100 1 220 HTY 103 i 155 145 132 122 128
Rice 172 100 198 182 128 03 187 10 155 161 131 134
Malze 116 100 1458 16% 156 1&7 142 135 129 113 nr i
Graln Sorghue 11 100 138 i s 140 132 125 118 110 104 106
Fats & Oils
Coconut DIl 178 108 180 b 111 % 701 187 180 mn 166 157 17
Copra 192 100 208 403 276 240 m 1 203 196 186 204
Groundnut 011 87 100 103 17 126 107 99 96 91 e 83 9l
Croundnuts 8 100 120 1712 106 9 8 81 78 15 1 80
Fala OI1 * 110 100 161 212 146 126 n7 13 107 104 98 197
Fistaeal 77 100 138 15% 174 159 165 1% 130 122 113 128
Soysbean Heal 102 100 170 " [ 70 1 78 8 L] 104 13
Hon-Food
Cattan 102 100 137 158 135 115 125 100 100 100 100 100
Jute 120 100 80 . 69 n 11 73 73 73 73 €
Sinal %0 100 186 e 264 157 1% 5 3] 7% 7% 7
Vool 92 100 178 142 143 124 115 98 9l 91 91 106
Rubber 152 100 166 204 168 148 140 140 140 140 160 132
Tobacea 173 100 8 8 L] " 80 L1} 82 3] 84 8
Tinber
Logs (Lauan) 125 100 139 173 170 152 155 158 163 166 170 17%
Logs (ilauga) 9 100 168 150 159 136 139 142 145 148 152 159
Metals & Minerals 5
Copper 151 100 137 160 164 142 13 127 127 127 127 160
Lead 107 100 118 154 128 120 118 108 104 104 107 107
Tin 112 100 107 183 12 18 1z 107 102 a7 9 103
Line 9 100 187 289 133 191 188 149 139 140 140 148
Bauzite 128 100 87 L1 17 139 152 184 176 176 182 182
Tron Ore 17 100 8 91 92 52 87 52 101 110 1% 128
Manganess Ore 125 100 % 126 12 11 99 9% %0 96 102 96
Steel 0 100 110 n.s. 11 108 105 104 101 87 94 LH
Fertilizers
Prosphate Rock 173 100 100 263 269 263 220 203 200 199 187 141
AP 82 100 109 182 184 158 127 115 107 102 103 103
Ures 184 100 133 300 27t - m 196 154 130 1nrz 112 137
Wurlste of Potash " 100 107 115 113 9 s %0 & 87 8 7
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FERTILIZER REQUIREMENTS OF DEVELOPING COUNTRIES

There is attached for information a report entitled "Fertilizer
Requirements of Developing Countries" (report No. 446), dated

May 15, 1974.
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November 27, 1974

Dear Mr. Khatri:

Thank you for your letter of November 6, 1974 to Mr. Harold Graves
concerning the use of Azotobacter to increase yfeld of cereal crops.

As you know, the Consultative Group on International Agricultural
Research sponsors ten research centers most of which do research on
various cereal crops. These research centers are directly responsible
for conducting trials and experiments.

It would be more appropriate, however, to bring the matter of
Azotobacter up to the Consultative Group's Technical Advisory Committee
which is responsible for advising the research centers on the technical#é
scientific aspects of cereal crop research. The person to contact is
Mr. Peter Ofam, Secretary, Technical Advisory Committee. The address is:

Food and Agriculture Ofganization
of the United NHatioms

Via delle Terme di Caracalla

Rome 0100, Italy.

I am also circulating your letter and brochure to some of my c@lleagues
for their informmtion.

With best regards,

Sincerely yours,

..-v-""--_._—_—
Bruce M. Cheek
Deputy Executive Secretary

Mr. A. A. Khatri
Director, Technical
BAFE LAB PVT. LTD.
1233-A Apte Road
Deccan Gymkhana
Poona 411004, INDIA

cc: Messrs. Neylan, Carmignani, Fransen, Coulter

CBGavilno:ia
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ORGANIZACION DE LAS NACIONES "UNIDAS
PARA LA AGRICULTURA Y LA ALIMENTACION

ORGANISATION DES NATIONS UNIES POUR
L’ALIMENTATION ET L'AGRICULTURE

FOOD AND AGRICULTURE ORGANIZATION
OF THE UNITED NATIONS

Via delle Terme di Caracalla, 00100-ROME Cables: FOODAGRI ROME Telex: 61181 FOODAGRI Telephone: 5797

Ref. PR 3/3 In reply please mention
our subject code ref.
‘and date of this letter

2 2 NOV.A974

Dear John,

I should like to thank you for your letter of 5 November 1974
referring to the report of the TAC Sub-Committee on Plant Nutrition.

When this Sub-Committee met in Frankfurt late September it
reviewed research needs in the field of soil fertility. I pointed out
that the interpretation of research results and the planning of future
activities should take into account the rather wide diversity of tropical
gsoils. I had the impression that one was thinking of tropical soile as
an extensive homogeneous stretch of land with common characteristics.

It is as a follow-up of this discussgion that I was asked to prepare &
short introduction to the report of this Sub-Committee, pointing to
differences in tropical soils and the need for stratification of research
to be undertaken in this region. The paper, therefore, can be rather
ghort since no full account of tropical soil characteristics is needed.

I hope I can draft something in the near future and then submit it to you
for your review and amendments.

I was pleased to learn that you have now jointed the Consultative
Group on International Agricultural Research and I am looking forward to
a continued cooperation with you.

With begt regards,

Yours singerely,

Soil Resources, Development d Congervation Service
Land and Water Development Division

Dre. John K. Coulter

Consultative Group on International Agricultural Research
1818 H St., N.W.

Washington, D.C. 20433

UoSode P.8. Could you please let me have a reprint or

a photocopy of the paper you presented at
the IITA Seminar on Tropical Soil
Management o
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NOTE AND RETURN
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NOTE AND SEND ON

COMMENT PER OUR CONVERSATION
FOR ACTION PER YOUR REQUEST
INFORMATION PREPARE REPLY

INITIAL RECOMMENDATION

NOTE AND FILE

SIGNATURE

REMARKS

Please find attached, for your information,
a brief Note summarizing the Status of
World Bank Group Financing of Fertilizer
Manufacturing and Fertilizer Raw Materials

Projects.

Roger Carmignani

L

From ACting

Fertilizer Unit

|[ROOM NO. |EXTENSION
} E-1028 | L4348




WORLD EANK GROUP FINANCING OF FERTILIZER MANUFACTURING
AND FERTILIZER RAW MATERIALS PROJECTS

"% Since 196l, the World Bank Group has participated in the
financing of 18 fertilizer manufacturing projects (on stream and under
construction) and is considering participation in the financing of an
additional 5 fertilizer manufacturing projects (currently at various
stages of appraisal and negotiation). Various other projects are under
consideration. The attached Table shows a detailed list of projects
according to their status.

24 These 23 fertilizer projects (on stream, under construction
and under appraisal) are located in 13 different developing countries.
Their total capital costs amount to about US$2.6 billion and the World
Bank Group financial participation to about US$900 million. After
reaching full production by the end of the 1970's, their cumulative con-
tribution to the world supply of nutrients will be substantial:

(i) about 3.2 million tons of nitrogen, i.e. about one-third to one-
fourth of the forecasted 1980/81 nitrogen production in developing
countries; and (ii) nearly 1.1 million tons of Py0c¢~4 i.e. about one-
fourth to one-fifth of the forecasted 1980/8l P05 production also in
developing countries.

1/ Nutrient element in phosphate fertilizers.

Fertilizer Unit
Industrial Projects Department
November 197U



BANE GROUP FINANCING OF

MANUFACTURING AND RAW

PROJECTS SINCE 1364

In Million US$ —Capacity in 000 Tons/Year of Nutriemts
Estimated P
Start-Tp Final Total Cost Total World Trtat — loan Capital Financing . ki 2 2% 2/
ey Brofect Date Products At Start-Up  Bank Croup rcl/ TEkD 108 Co-financier 's Froject Plants/ Project  Plante Sponsors and Remarks
ON STREAM
Tunisia NPK-Engrais 1965 TSP 14 3.5 3.5 - - SponsorsSuppliers - - 83 83 Various Spomsors
Senegal SIES 1968 NPE. 12 3.5 3.5 - - EIB(2) , BNDS (2) ,FAC(1) 7 7 24 28 EMC (France)
Congo crc 1969 Potash (KC1) 95 30.0 - 30 . ETB(9) , BNP(6) = - - - Cap: 0.8 million tons/year
Brazil Ultrafertil 1970 & Urea 105 11.3 11.3 - - 3 120 120 75 75 Phillips Petroleum (USA)
Indis Indian Explosives 1970 Urea 82 11.5 11.5 - = local Banks/Suppliers 207 207 = - ICT (WK)
Pakistan Dawood-Hercules 1571 Urea Bl 35.% 3.9 3z - AID(14) ,Others (8) 170 170 = - Hercules (USA)
India Zuari Agrio Chemicals 1973 NP & Urea 75 18.9 18.9 - - &/ 170 170 30 30 United States Steel
Indonesia Pusti II 1974 Urea _83 35,0 - = 35 AID,OECF & ADB (46) 175 221 - = Pusti
0 149.6 32,6 52 35 849 895 212 26
% (100) (] (10) (11} (&)
AFPROVED AND UNDER
CONSTRUCTION
India Cochin II 1975 NFE 68 20 - - 20 - 47 291 115 150 FACT
India Gorakhpur 1975 Urea 23 10 - - 10 o 51 131 = - Fertilizer Corp. of India
Turkey IGSAS 1976 Urea 130 24 - 24 - - 233 233 - - TPAQ - IFRAS
Morocco Maroc-FPhosphore 1975 Phos,Acid/MAP 155 50 - 50 - KEW(27), ENDE(8) 25 25 495 495 oce
India Rangal 1977 Ures 115 58 - = 58 = 152 230 - - Fertilizer Corp. of India
Pakistan Multan 1977 NP & CAN 125 35 - 35 - 5/ 200 240 70 70 Pakarah ‘
India Trombay IV 1977 NPE 64 50 - 50 - - 75 304 75 129 Fertilizer Corp. of India
Egypt Talkha 1977 Urea 135 20 - = 20 Various Funds(69)8/ 262 360 - - El Basr
Romanis Tecuci 1977 Urea/DAP 201 60 - 60 - - 225 225 100 100 Tecuci
Tunisis Gafsa 1977 Phos, Rock [ .23 = 23 - - = - = - Cap: 1.6 million tons/year
TOTAL 1,080 350 - 242 108 7,039 855 1y
% (100) 2) =) 2) (10)
NDER APPRATSAL
India Sindri 1977 Urea 188 91 - - 91 = 145 245 o 156 Fertilizer Corp. of India
India IFFCO 1978 Urea 221 109 - 109 - - 228 228 - - 1FFCO
Indonesia Pusti Ilty 1977 Urea 187 112 - 112 - o 262 483 = - Pusri
Bangladesh Ashuganj 1978 Urea 245 33 - 5 33 8/ 243 243 £ - BFCPC
Mexico Cuanomesx 1978 Ures 144 50 - _30 e n.8. 380 380 - - Guanomesx
TOTAL "985 395 - 2 T 1,258 579 - 156
% (100) (40) (=) (28) (12)
OVERALL TOTAL 2,615 895 52.6 575 267 32000 4,200/ 1,067 1316
% (100) (34) @ @2 (10)
UNDER CONSIDERATION
Sri Lanka T.a. Trea .8, Un d ==Undetermined-- - - -
Burma Trea n.a, Und, ined =-Undetermined-- - - -
Philippines n.8, Urea .8, Und ined ==Undetermined-- - - -
Jordan Arab Chemicals Phos.Acid/MAP n.a. Und dned ~=Undeterminad-~ ~~Undetermined-- -
Egypt n.a, Phos. Rock f.a, In d ~~Undetermined-- - - Cap; n.a.
India Dharamsi Mor. NPE na, Undetermined --Undetermined-- --Undetermined-- -
India Rajasthan Phos. Rock b, d ined. =-Tndetermined== 300 300 -
India Sector Loan n.a. o8, - - - 120 - n.a. n.a, n.a, n.d.
Pakistan = Urea 240 d ined - 262 262 - - U.5.5teel, Fauji Foundatiom
1/ loan plus equity capital financing,
2/ Total capacity after expansion
3/ AID (16), INCB (l4), Phillipe (13), Others (24).
4/ Bank of America (12), AID (25).
5/ ADB (27), Abu Dhabi (11),
6/ Arab Fund (22), Kuwait Fund (24), Abu Dhabi Fund (10), Lybian Bank (10}, Govt, of Qatar (3),
1/ Pusri IIT plant capacity includes Pusri IT,
8/ ADB, AID, ODM, KfW, Others (85).

:

trial Projects Department
Hovember 1974



November 5, 1974

Dear Rudy:

1 have received a copy of unotes of the meeting called by
Vernon Ruttan on the Plant Nutrient Institute and I see that
I am to work with you on the tropical soils aspect. I look for-
ward to this very much and would like to have your ideas on any
contributions that I might make.

I don't expect to be through Rome until February which is
too late to have any discussion before the next TAC meeting; so-
we will have to work by correspondence.

1 received a copy of the draft edition of "Soil Survey in
Ircigation Investigations” but unfortunately I have yet to find
the time to comment om it, though I should be able to do so
fairly soon.

With best regards,

Yours sincerely,

John K. Coulter

Dr. R. Dudal

Land and Water Development Division

Food and Agriculture Orgamnization
of the United Hations

Via delle Terme di Caracalla

Rome 00100

Italy

JKCoulter:apm
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FROM:

SUBJECT:

— — . e

INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK FOR | INTERNATIONAL FINANCE

ASSOCIATION

OFFICE MEMORANDUM

Files | DATE: October 8, 197k
Q?A’
Anthony Neylan "I "~

International Fertiliser Development Centre

RECONSTRUCTION AND DEVELOPMENT CORPORATION

Mr John Malcolm of USAID told me per phone this afternoon that
the International Fertiliser Development Centre was formally incorporated
yesterday, October 7. The Board of Directors, consisting at this stage of
Chairman John Hannah and two members, will hold its first meeting on
October 1l. The Board is expected to have nine members eventually.

Mr Malcolm told me that Mr Don McCune had been nominated for
Managing Director and it was expected that he would take up that position
about November 1 after his resignation from TVA.

The preliminary draft of a work program for the Centre was
expected to be prepared by December 16. The program would be reviewed
on January 9 and in final form on January 14 in time for forwarding to
TAC for its Rome meeting beginning February 3.

I informed Mr Malcolm of the outcome of the Frankfurt meeting
of the TAC Sub-Committee on Plant Nutrition. He offered to act as a
channel of communication prior to McCune's appointment as Managing Direc-
tor between the TAC Sub-Committee and the new Centre.

I consequently addressed a letter to Malcolm to elicit an input
on chemical fertiliser research needs for the consideration of the TAC
Sub~-Committee.

cc: Sir John Crawford
Mr R. Carmignani
Mr H. Graves
Mr V. Ruttan
Mr M. Yudelman

ANeylan: jf



A /D /c

The Agricultural Development Council, Inc.

630 Fifth Avenue, New York, N.Y. 10020

Established by John D. Rockefeller 3rd Tel: 212-757-8566 « Cable: Agrideve

October 3, 1974

To: Members and Participants AN
TAC Subcommittee on Plant Nutrition .
| & ’_1 X
From: Vernon W. Ruttan = ﬁ_f
Subcommittee Chalrman ) -
- ) o
Re: ‘Subcommittee Meeting Coashas?

Frankfurt, Germany, September 28, 1974

The purpose of this memorandum 1s to confirm the results of the
meeting of the TAC Plant Nutrition Subcommittee 1n Frankfurt on
September 28. A more complete, and perhaps more accurate, set of
minutes will be avallable shortly from Bryan Webster.

The subcommittee agreed to organize its efforts around six toples:

(1) Chemical Fertilizers

This working group will be concerned with strengthening capacity to
work on problems of the formulation, distribution and use of chemical
fertilizers sulted to tropical environments. It will give particular
attention to identification of the appropriate institutional rela-
tionships between the new international fertilizer institute to be
located at Muscle Shoals (Alabama) in association with the TVA to the
commercial fertilizer industry (or industry organizations), to ex-
isting international crop institutes, and to agencies involved in
planning for fertilizer development in LDC's. Peter Oram has been
asked to serve as Chairman of the working group. Hassan El-Tobgy,
Tony Neylan and F, Biedermann have been asked to serve as members. It
is anticipated that the subcommittee may want to draw on the advice of
TVA staff. Tony Neylan stands ready to asslist in any contacts with
the TVA.

(2) Bilological Sources of Plant Nutrition

This working group will attempt to determine if there are specific
research problems in the field of blological nitrogen fixation,
biological approaches to more efficient use of phosphates and others
that should be explored in greater depth by TAC or that should re-
present priority areas for CG support. It is anticipated that the
working group will be able to draw heavily on the results of the
international conference on grain legumes being held in India in early
October as well as on the results of several other recent interna-
tional conferences and symposia dealing with nitrogen fixation,
improvement of seed problems and others. H.C. Pereira has been asked
to serve as Chairman of the working group. Peter Dart, Guy Camus and
Bryan Webster have been asked to serve as members.

Supporting teaching and research related to the economic and human problems of agricultural development, primarily in Asia.



TAC Plant Nutrition Subcommittee Meetling,
Frankfurter Hof, Frankfurt, Germany
September 28, 1974

TAC Members

Dieter Bommer, Head

Institute for Plant Cultivation
and Seed Research

Agricultural Research Center

Braunschweig-Volkenrode

Federal Republic of Germany

H.C. Pereira®

Ministry of Agriculture, Fisheriles
and Food

10 Whitehall Place

London, SW1l

England

V.W. Ruttan, President
Agricultural Development Council
630 Fifth Avenue

New York, New York 10020

Observers and Consultants

B. Ramamoorthy, Coordinator

All India Coordinated Soll Test
Crop Response Correlation Scheme

Krishi Bhawan

Dr. Rajendra Prasad Road

New Delhi - 1

India

Rudi Dudal, Chief

FAO Soil Resources Service
Via delle Terme di Caracalla,
00100 Rome, Italy

Peter Dart,

Rothamsted Experimental Station
Harpenden

Herts. England AL5 2JQ

Secretarlial

Anthony Neylan

International Bank for Reconstruction
and Development

1818 H Street, N.W.

Washington, D.C. 20433

John Coulter®
IBRD

*Unable to participate

Guy Camus, Director

Office de la Recherche Scientiflque
et Technique Outre-Mer

24 Rue Bayard

75008 Paris

France

M.S. Swaminathan, Director General®

Indian Council of Agricultural
Research

Krishl Bhawan

Dr. Rajendra Prasad Road

New Delhi - 1

Indila

F. Biedermann

Director of Biological Development
Agrochem Division

6234 Hattersheim

Okrifteler Strabe 31

Hoechst Aktiengesellschaft

6230 Frankfurt (M) 80

Germany

Donald Plucknett, Chief

Soil and Water Management Division
Office of Agriculture, Rm. 2246 NS
AID

Washington, D.C. 20523

Brian Webster

Food and Agriculture Organization
Via delle Terme di Caracalla,
00100 Rome, Italy

Peter Oram#
FAO



TAC Subcommittee
October 3, 1974
Page 3

(1) There 1s a major constraint in scientific knowledge
or technology that is unlikely to be overcome in a reasonable
time by existing public or private institutions.

(2) There is a reasonable possibility that the potential
advances in knowledge in science or technology would lead
to a significant contribution to cerop production within the
next 10-15 years.

Several of the working groups have made preliminary plans for a
meeting to firm up the results of their efforts. Arrangements
for such meetings should be made through Bryan Webster or Peter
Oram at FAO.

The TAC Subcommittee will plan to make a progress report to TAC
at the TAC meeting in Rome on February 3-7. It may be desirable
for the subcommittee to meet in Rome to discuss the working

group reports on the Friday prior to the winter TAC meeting (on

January 31).

ce: John Crawford

attachments



TAC Subcommittee
October 3, 1974
Page 2

(3) Organic Sources of Plant Nutrition

This working group will be concerned with both the potential role of
organic sources of plant nutrition and the role of organic materials
in rendering chemical fertilizers more effective. Attention will be
given to the possibility that the higher prices for chemical fertilizers
may increase the economic feasibility of making more effective use of
manure and other organic waste materials at the municipal, village and
farm level., M.S. Swaminathan has been asked to serve as Chalirman of
this working group. Donald Plucknett and Rudi Dudal have been asked
to serve as members. We anticipate that the section will draw very
heavily on the materials that have previously been prepared for the
TAC by Swaminathan. Plucknett will make available the result of US
experience. Dudal will draw on sources at FAO including the results
of a forthcoming conference that will be held in Rome.

(4) Diffusion of Known Technology

This working group will attempt to determine steps that might be taken
to assure that the avallable technology in the areas of chemical
fertilizers, biological sources of plant nutrition and organic sources
of plant nutrition are fully utilized. It 1s not expected that
activities in this area will be funded through the Consultative Group.
Opportunities in this area should, however, be brought to the at-
tention of national programs and bilateral donors. Dieter Bommer has
been asked to serve as Chairman of the working group. Rudi Dudal,
Donald Plucknett and Guy Camus have been asked to serve as members.

(5) Tropical Soils

The objective of this working group will be to indicate the impli-
cations of the complexity of tropical soil, climate and other eco-
logical conditions for any effort that might be undertaken in the area
being covered by the other working groups. PRudi Dudal has been asked
to serve as Chairman of the soils working group and John Coulter and
B. Ramamoorthy as members. It was also suggested that the subco-
mmittee might want to be in contact with G, Uehara of the University
of Hawaii.

The material requested from the several international crop institute
directors in my letter of August 16 (attached) will be transmitted to
the Chairmen of the several working groups as they are received.

The reports of each working group should not exceed fifteen pages. An
effort should be made, particularly in working groups (1), (2) and (3)
to indicate those areas (if any) that should have a relative high
priority for international support. The reports should attempt to
identify how (and if) the TAC and the CG should proceed to encourage
further work on the priority problems rather than to provide an en-
cycopediec review of the literature. My own criteria for interna-
tional support include the following:
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The Agricultural Developme
630 Fiith Avenne, New York, N

tstablished by John D Rockeleller 3id

Auqust 16, 1974

Dr. 1. J. Grant, Director-General

Centro Internacional de Agricultural Tropical
Apartado Aereo 67-13

Cali, Colombia, S. A.

Dear Dr. Grant:

At the recent Centers Week sessions in Washington

nt Council, Inc.

1002y

Fal 212757 8566 » Catiin: Agrdaevel How Yok

the Technical Advisory Com-

mittee (TAC) reported to the Consultative Group (CG) on "Plant Nutrition

Research Needs." The TAC Chairman, Sir John Crawf
a subcommittee to follow-up on the issues outlined

ord, has asked me to chair
in the TAC report to the CG.

A copy of the report on Plant Nutrition Needs is enclosed in case you do not

have one in your files.

The purpose of this letter, which is going to all Center Directors, is to seek
your advice on plant nutrition research needs. Steps are underway to establish

an expanded capacity to work on problems of chemic
tropical environments in cooperation with the TVA

al fertilizers suited to
at Muscle Shoals. The sub-

committee will, therefore, focus its major attention on the opportunities for
research and development of biological sources of plant nutrition.

We would appreciate it if you and your staff could
information:

(1) What are the potential research and developme
biological sources of plant nutrition for the
assumed research responsibility? What work i
undervay at CIAT?

(2) wWhat are the potential research and developme

provide the subcommittee with

nt opportunities for
crops for which CIAT has
n this area is already

nt opportunities for organic

sources of plant nutrition for the crops for which CIAT has assumed re-

search responsibility? What work in this are

(3) What are the potential research and develoqme
efficient use of conventional sources of plan
for which CIAT has assumed research responsib
area is already underway at CIAT?

(4) What level of additional staffing (by discip)

a is already underway at CIAT?
nt opportunities for more

t nutrition for the crops
ility? What work in the

ine) would it require for

CIAT to make a significant contribution to the solution of the research

and development problems outlined above?

Supporting teaching and tesearch related ta the economic ang human problems of

agricultural development, primarily in Asia.

P —



(9)

(6)

(7)

What steps would be required, either in the public or the private Lector
to make the results of the research and development activities that might
be conducted by CIAT available for use in crop production?

What length of time would it take for the results of research along the
Tines outlined in (1), (2), and (3) to beyin to have a significant impact
on production of the crops for which CIAT is responsible?

How do you evaluate the potential contribution of the research resources
that might be devoted to (1), (2) and (3) above, compared to the work
that you currently have underway or might engage in in the future, on
production of the crops for which CIAT has assumed research responsibilii/?

In responding to these questions it would be very helpful to discuss both the
opportunities and the limitations which you and your staff see with respect to
each of the questions outlined above.

Your response would be most helpful to us if we could have it by mid-November,
Would you please copy your response to Peter Oram and Anthony Neyland?

Sincerely yours,

Vernon W. Ruttan
President

GL s

Sir John Crawford
Mr. Peter Oram
Mr. Anthony Neyland




Outober 2, 1574

Dear Mx. Roupp:

Thank you for letting me kuow, in your letter of Scpteuber 25,
about the position of the Charles ¥, Kettering Foundation with re-
gpect to the astivitiecs of the Congultative Group on Iantornatiopa
Aoyicultural Research. While I am sorry that we are not to have tle
Foundation's finasuncial participation, I su grateful to you for hav-
ing ctaken the time vo attend our mesping dn July. Your romarhs
about the Foundatien's involvament in ailtrogon fdxation x :
will b of intersst to a uumbey of donoy apgencies now cousuiting
on various aspects of plant nutritlon, as well as Lo the Consuliy-
tive Group's Technical Advisory Commdttce, and I am takiog the

. 1iberty of calling this part of your letter to their actention.

N

Sincorely yours,

Harold CGraves
Executive Secretary

vz, Puillips Roupp

ractor

Interpational Affairve

The Charies F, Kettering Foundation
Suite 300

5335 Pox ills Drive

Daveon, Uhio 454285

cc: Sir John Crawford
Dr. Sterling Wortman
Dr. Joel Bernstein
Mr. Peter Oram

Mr. Baum

Mr. Yudelman

Mr, Neylan
HG:ime]d



CHARLES F. KETTERING FOUNDATION/SU#TE 300/533b FAR HILLS AVENUE/DAYTON. OHIO 45429/513-434-?3{30

September 25, 1974

Mr. Harold Graves

Executive Secretary

Consultative Group on International
Agricultural Research

1818 H Street, N. W.

Washington, D. C. 20433

Dear Mr. Graves:

Before replying to your letter of August 28, 1
want to thank you for welcoming the Kettering Foundation's
observers to your July meetings so cordially. Mr. Vause,
Dr. Newton, and I found the experience informative. It
nelped us to add to our picture of the coordinated efforts
in agricultural research being supported and quided by the
Consultative Group. Alternative possibilities for the
Kettering Foundation's relationship with the Consultative
Group have been considered in the Tight of what we were
able to learn through your generous cooperation.

Your letter detailed the budgetary requirements for
ten programs supported by the Consultative Group and
additional funds which are likely to be needed in 1975.
We understand that the proposed International Plant
Nutrient Institute is not being funded at this time but
remains under study.

After careful consideration, we have had to conclude
that our own budgetary constraints will not make it
possible for us to contribute to the current programs of
the Consultative Group.

The nitrogen fixation research of the Charles F.
Kettering Research Laboratory represents a major, long-term
commitment of the Foundation. For this reason, we see no
way in which we can make a monetary contribution to the
Consultative Group's present programs. Should the Inter-
national Plant Nutrient Institute be created eventually,



CHARLES F. KETTERING FOUNDATION

Mr. Harold Graves
September 25, 1974

page two

we would 1ike to consider ways to establish a working
relationship between the Kettering Laboratory and the
Institute.

We are of course eager to ! 3t informed
regarding the status of the pro . ?lant Nutrient
Institute and to receive regular updatings on the
Consultative Group's activities.

With renewed appreciation for the invitation to
join you in July.

< ‘/ g
“Phillips op
Director

International Affairs

PR/pmc



September 27, 1974

Mr. Sayed Marei

Secretary-General

World Food Conference

Food and Agriculture Organization
Via delle Terme di Caracalla

Rome 00100, Italy

Dear Myr. Marei:

The forthcoming World Food Conference promises to be an important
step towards the improvement of food supplies and food production in the
developing countries, The documents of the Preparatory Committee make it
quite clear that fertilizers play a key role in any strategy to help de-
veloping countries feed their people. Moreover, the attention of the Con-
ference has been called to the need for research which could lead to improved
types of plant nutrients and non-energy alternatives for stimulating plant
growth. It therefore seems opportune to write to you about the work of the
Consultative Group on International Agricultural Research with respect to
plant nutrients, including the proposals which the Group and its Technical
Advisory Committee (TAC) have under comsideration.

At the August 1-2, 1974, meeting of the Consultative Group in Washington,
special attention was given to a report from the TAC on its consideration of
how to approach the question of stimulating research on the application of
chemical fertilizers to developing country conditions, biological fixation of
nitrogen, and organic fertilizers, and to a proposal by the United States to
help develop research on the chemical fertilizer part of this problem. The
latter proposal was intended to fall within the context of any overall Con-
sultative Group effort on plant nutrition: it would be based on the extensive
facilities of the Temnessee Valley Authority (IVA).

The existing international agricultural research centers have a substan-
tial interest in plant nutrition: the International Rice Research Institute
(IRRI), the International Institute of Tropical Agriculture (IITA) and the
Centro Internacional de Agricultura Tropical (CIAT) have programs on the bio-
logical fixation of nitrogen by leguminous and non-leguminous plants. More-
over, work on conventional chemical fertilizers is under way at all the centers,
including research into improving efficiency in the use of fertilizers in
tropical conditions. An important aspect of this work, in view of the ferti-
lizer shortage, is that the new varieties of wheat and rice, while responding
best under controlled fertilizer use, are not dependent exclusively on ferti-
lizers to be superior in yield to traditional local strains. At the same time,
the need is recognized to strengthen these programs so as to increase the ef-
ficiency of presently available conventional fertilizers and to help define
needs for new types of fertilizers.




oz Al

Accordingly, the Consultative Group's Technical Advisory Committee has
recently established a subcommittee to examine the best ways and means of
giving effect to the need to mobilize the experience of TVA and other bodies;
how best to monitor work at the centers and elsewhere in all relevant fields,
and to stimulate further research in each of the three main elements of
chemical, mierobilological and organic aspects of plant nutrition. The sub-
committee will report to TAC at its next meeting in Rome in February 1975.
The Consultative Group and TAC have also welcomed the U,S. proposal to es-
tablish a non-profit corporation with a multi-national board and staff which
would have access to the staff and facilities of the Tennessee Valley Autho-
rity and would help develop chemical fertilizer research for tropical condi-
tions. Further plans are awaited by the CGroup and will be examined by TAC,

In sum, the Consultative Group is seized with the problem of promoting
research on more effective means of nourishing the major crops that are prac-
tical for small as well as large farmers in developing countries. We hope
and expect that this will make an important contribution to the solutiom of
world foed problems.

More generally, it is good to note the emphasis which the documents of
the Preparatory Committee for the World Food Conference have given to increased
agricultural research, inecluding that sponsored by the Consultative Group. It
is the hope of the members of the Group that this matter of strengthening in-
ternational and national agricultural research will receive strong support at
the Conference when it meets in Rome in November.

Sincerely yours,
Warren ¢ p-m

Warren C. Baum
Chairman

cleared in substance with, and cc: Mr. Mashler, UNDP
Mr. Oram, FAO

cc: Sir John Crawford
Mr. Joel Bernstein, USAID
Mr. Yudelman
Mr. Neylan
Mr, Carmignani

»

WA

}MC!NK/ HG/WCB/JBernstein :mcj
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Dr Donald L. McCune

Director

International Fertiliszer Development Staff
Tennessee Valley Authority

Muscle Shoals

Alabama 35660

Dear Don, i

Thank you for sending copies of the report to Ottawa -
they arrived in good time for me to put one directly into the hands
of Str John. |

The visit to Muscle Shoals was thoroughly enjoyable = |
both for the intellectual fare and the opportunity to meet you and |
your colleagues. I look forward with keen anticipation to the
ideas and vigor you will all bring to the international scene.

With kindest regards,

Yours sincerely,

Anthony Neylan

1

ANeylan:jf
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CHARLES F. KETTERING FOUNDATION/SUITE 300/5335 FAR HILLS AVENUE/DAYTON, OHIO 45429/513-434—?300

September 25, 1974°

Mr. Harold Graves

Executive Secretary

Consultative Group on International
Agricultural Research

1818 H Street, N. W.

Washington, D. C. 20433

Dear Mr. Graves:

Before replying to your letter of August 28, I
want to thank you for welcoming the Kettering Foundat1on s
observers to your July meetings so cordially. Mr. Vause,
Dr. Newton, and I found the experience informative. It
helped us to add to our picture of the coordinated efforts
in agricultural research being supported and guided by the
Consultative Group. Alternative possibilities for the
Kettering Foundation's relationship with the Consultative
Group have been considered in the 1light of what we were
able to learn through your generous cooperation.

Your letter detailed the budgetary requirements for
ten programs supported by the Consultative Group and
additional funds which are likely to be needed in 1975.
We understand that the proposed International Plant
Nutrient Institute is not being funded at this t1me but
remains under study.

After careful consideration, we have had to conclude
that our own budgetary constraints will not make it
possible for us to contribute to the current programs of
the Consultative Group.

The nitrogen fixation research of the Charles F.
Kettering Research Laboratory represents a major, long-term
commitment of the Foundation. For this reason, we see no
way in which we can make a monetary contribution to the
Consultative Group's present programs. Should the Inter-
national Plant Nutrient Institute be created eventually,



CHARLES F. KETTERING FOUNDATION

Mr. Harold Graves
September 25, 1974

page two

we would 1ike to consider ways to establish a working
relationship between the Kettering Laboratory and the
Institute.

We are of course eager to be kept informed
regarding the status of the proposed Plant Nutrient
Institute and to receive regular wwdatings on the
Consultative Group's activities.

With renewed appreciation for the 1nv1tat10n to
join you in July.

Yours singerely, *

Ph1111ps Ruopp
Director :
International Affa1rs

PR/pmc



TELEX FROM: ROME AGRICULTURE & SURAL

Sept. 2L, 197L INCOMING GRLEX - DEVELOPMENT

YUDEL AMAN FROM KOFFSKY ORAFT LETTER RE FERTILIZER INSTITUTE ACCE
PTABLE AS |8 BY WEBSTER wiTH ORAM AwAY AND BY SECRETARYGENERAL

STOP REGARDS #HUYSER +



Form No. 27
(3-70)

INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR INTERNATIONAL NCE
ASSOCIATION RECOMSTRUCTION AND DEVELOPMENT CORPORATI
OUTGOING WIRE \ \
TO:  COULTER DATE:  SEPTEMBER 13, 1974
11 DELLCROFT WAY
HARPENDEN CLASS OF
HERTS. SERVICE:  FULL RATE
Ext. 3454
Tele: HARPENDEN 60589
COUNTRY: e e P
TEXT:
Cable No.:

HAVE TODAY RECEIVED FOLLOWING CABLE FROM DIOUF QUOTE PLEASED INFORM
YOU DOCTOR HARRY WILL RESEARCH COORDINATOR AND OMER KOFFI FERTILIZER TRIALS
COORDINATOR MEETING YOU DAKAR STOP RESEARCH STATIONS ALREADY NOTIFIED OF
VISITS AND TRANSPORT ARRANGED ACCORDINGLY STOP REGARDS DIOUF UNQUOTE
REGARDS

CHEEK

NOT TO BE TRANSMITTED

AUTHORIZED BY:

NAME

DEPT.

EAgriculture & Rural Development
SIGNATURE .ﬁ—@

CLEARANCES AND COPY DISTRIBUTION:

Bruce M. Cheek yg:mcj

x (SIGNATURE OF INDIVIDUAL AUTHORIZED T FROVE)
REFERENCE: For Use By Commynications SeciiQn

ORIGINAL (File Copy) /
(IMPORTANT: See Secretaries Guide for preparing form) Checked for Dispatch:
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Mr. George F. Darnell September 12, 1974

John K. Coulter %
Report of Dr. Ahmad'Safed Khan, University of Agriculture,
Lyallpur

1 have not been able to read this document in detail but I presume
that economists would be major users since it deals with economic pro-
duction functions.

It is impossible to say how good is the agronomic element in this
report. It deals with a 1000 wheat fertilizer trials on irrigated
land and whilst impressive yield functions were derived from the data,
there are no graphs to show how well the data actually fits these functioms.

Perhaps one of the economists might look at this document to see if

the data has any value for measuring returns at varying costs of fertilizer.

Attachment

JKCoulter:apm
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Mr Anthony Neylan August 23, 197h

George F.

Terms of Ref -
Visit to TVA and Aubwrn University

On August 26, 197h, you will proceed to Muscle Shoals,
Alabama, to represent Sir John Crawford, Chairman of the Technical
Advisory Camdittee, and Dr Vernon Ruttan, Chairman of the TAC Sub-
Conmittee on Plant Nutrition, at a meeting to be held at the Head-
quarters of the Temnessee Valley muthority to discuss the
of the formation of an International Fertiliser Development Centre.

On leaving Muscle Shoals, on or about August 30, 197h, you
will proceed to Auburn, Alabama, for discussions with staff of the
Department of Fisheries and Allied Aquaculture, University of Auburn,
in comnection with the work of the TAC Sub-Committee on Aquaculture.

Upon your return to the Bank on September 2, 1974, you
will prepare a report on yowr missions.

ANeylan/GDarnell:jf W




Form No. 27

(3-70)
INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR INTERMNATI AL HNAN
ASSOCIATION RECOMNSTRUCTION AND DEVELOPMENT CORPPORATI
OUTGOING WIRE
TO: ORAM DATE: AUGUST 3 197,.},
FOODAGRI T
ROME CLASS OF (
SERVICE: (EXTN L4823)
COUNTRY: TITALY /\
TEXT:
Cable No.:
AVATIABLE PLANT NUTRITION MEETING FRANKFURT SEPTEMBER 28 GRATEFUL TICKET
AUTHORISATION STOP TAC CHAIRMAN AND SUBCOMMITTEE CHAIRMAN RUTTAN HAVE
ASKED ME REPRESENT THEM BOTH TVA SEMINAR MUSCLE SHOALS ALABAMA AUGUST 27
THROUGH 29 STOP ALSO PROPOSE VISIT AQUACULTURE CENTRE AUBURN ALABAMA
30
AUGUST ﬂ;(IN CONNECTION AQUACULTURE SUBCOMMITTEE STOP GRATEFUL CABLED
AUTHORISATION THIS TRIP IN ORDER CLAIM LATER REIMBURSEMENT FROM TAC REGARDS
NEYLAN
NOT TO BE TRANSMITTED
AUTHORIZED BY: CLEARANCES AND COPY DISTRIBUTION:
NAME A.A. Neylan

DEPT

REFERENCE:

: Agricult % ﬁl Devel
SIGNATURE — __

dﬁ’bl- LfDivipuaL Au}ﬁ%mzan To APPROVE)
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an‘

For Use By Communications Section

ORIGINAL (File Copy)
(IMPORTANT: See Secretaries Guide for preparing form)
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Form No. 27
(3-70)

INTERNATIONAL DEVELOPMENT INTERNATIONAL BANK FOR INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORAT
OUTGOING WIRE \l\
\
TO:  ORAM DATE:  AUGUST 21, 1971;\
FOODAGRI
ROME CLASS OF [
SERVICE: LT ,
S /
Extn 1482
COUNTRY: ITALY ( = 3)
TEXT:
Cable No.:
PLANT NUTRITION SUBCOMMITTEE MEETING SEPTEMBER 28 FRANKFURT STOP
BERNSTEIN UNDERSTANDS FOUNDATIONS OFFER WAS FOR EMPLOYMENT OF ASSISTANCE
FROM OUTSIDE TAC STOP GRAVES CONCURS THAT FRANKFURT MEETING WOULD BE
PROPER CHARGE TO TAC ADMINISTRATIVE BUDGET STOP UPON RECEIPT OF 3EEEEE® UPDATED
TAC 8 ACCOUNTING CGIAR SECRETARIAT CAN CONSIDER PROVIDING ADDITIONAL FUNDS
STOP LAST ACCOUNTING APPEARING IN OUR FILES IS AS OF JUNE 30 1973 REGARDS
NEYLAN
NOT TO BE TRANSMITTED
AUTHORIZED BY: CLEARANCES AND COPY DISTRIBUTION:
NAME A.A. Neylan cc: Mr Graves

DEPT. Agl‘iW /
SIGNATURE Q/C/

(SIGNATUﬁ!oF INDWIDUAL AUT RIZED TO APPROVE)

For Use By Communications Section

REFERENCE: ANeylan:jf

ORIGINAL (File Copy) | %
i i Checked for Dispatch:

(IMPORTANT: See Secretaries Guide for preparing form)
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FORM NO, 249

[

(7—74) WORLD BANK GROUP
ATE:
INCOMING MAIL .af'?ﬂ
Mr. H. Adler A1042 Mr. Knox 813
Mr. J. Adler E624 Mr. Krieger B906
Mr. Alter A908 Mr. Lari D1032
|| Mr, Bart F718 Mr. Lejeune A1013
Mr. Baum E1023 Mr. McNamara E1227
Mr. Bell AB13 Mr. Muller N436 |
Mr. Benjenk E723 Mr. North D1032
Mr. Broches E923 Mr. Nurick E915
Mr. Cargill E1236 Mr. Paijmans C702
Mr. Chadenet E1204 Mr. Rayfield N434
Mr. V. C. Chang E516 Mr. de la Renaudiere | C302
Mr. Chaufournier A313
Mr. Chenery E1239 Mr. Rotberg E427
Mr. Wm. Clark EB823 Mr. Thalwitz A210
Mr. Clarke D1029 Mr. Tims D428
Mr. Damry A1219 Mr. Twining N635
| |- D.A.de Silva NG635 Mr. Van der Meer A507
Diamond C502 Mr. Van der Tak E1023
Mr. Fowler A1219 Mr. Votaw €602
Mr. Gabriel E516 Mr. Wapenhans A712
/i £ Mr. Weiner A513
| Mr, Graves [(1:"'--.:).""" E1039 Mr. Wiehen C1001
| Mr. Gulhati | D530 Mr. Wiese AB37
Mr. Hittmair E427 Mr. Willgughby G1050
Mr. Hoffman E823 Mr. Wright A307
Mrs. Hughes D529 244
Mr. Husain A1136 WO e
Mr. Kirmani A610 ( Ny
Mr. Knapp E1227 | N

FROM: Incoming Mail Unit, Room F—1 26, Extension 2023
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Mr. Robert S. McNamara o June 27, 1974
Warren C. Baum /W‘
Fertilizer Unit - Wotk Program a—

1. Attached are the proposed terms of reference and work program
for FY75 for the new Fertilizer Unit to be established immediately in
the Industrial Projects Department, together with a brief description
of the Unit's longer-term objectives.

24 It is important that the Unit be launched expeditiously, and
work has in fact already started. We intend to staff it from within the
Bank Group with two of the most qualiffed semnilor people we have in the
fertilizer field, Mr. R. Carmignani, an industrial economist who is to
head up the Unit initially, and Mr. D. Brown, a chemical engineer.
Before joining the Bank Mr. Carmignani gained broad experience in the
ficld while with OECD, and Mr. Brown has played a key role in helping

to formulate and push forward most of the Bank's recent fertilizer
projects.

3. The incremental budget requirements for the Unit (excluding
overhead) are estimated at about $132,000 for FY75 and will cover the
salaries of Messrs. Carmignani and Brown, some 230 man-daya of consultant
time, as well as their respective travel. Since liaison with other or—
ganizations working in the areas of fertilizer and food, and help in
project preparation will be major elements of the Unit's work, travel
will be fairly heavy. The Unit will also include a junior agricultural
economist but this position will be provided out of the authorized FY75
budget of the Industrial Projects Department.

4., I draw your attention to the contribution (90 man-weeks) that
various other Bank Group units are expected to make. While this will
put some additional strain on them, these tasks will be rather broadly
distributed in the rest of the Bank and, at least in part, are already
planned. 1 hope therefore they can be fulfilled with the already
budgeted staff resources.

5. Finally, I do not expect at this moment that in subsequent
years the Unit will need to be built up beyond the three positions now
planned for FY75, although this can only be firmly determined once the
work of the Unit is further advanced.

[ You have tentatively authorized two positions for this purpose,

to be taken from the FY75 contingency. May I now have your formal
approval for the estimated budget requirements of $132,000.

WCBaum: rma

cc: Mr. John Adler



BANK GROUP FERTILIZER PLANNING AND MONITORING UNIT
OBJECTIVE, FUNCTIONS AND FY75 WORK PROGRAM AND BUDGET

A, Objectives

To coordinate the planning of Bank Group assistance, in the
form of both finance and advisory services, for improved supply and
use of fertilizers in developing countries; to devise a coherent
strategy and policy to this end taking account of worldwide trends of
demand and supply; and to monitor Bank Group progress towards che
objectives.

B. Organization and Role in Bank Group

The Unit is to be established immediately. 1t will consist
during FY75 of two senior staff (Mr. R. Carmignani, an industrial
economist who will be responsible for launching the Unit, and
Mr. D. Brown, a chemical engineer) and a junior agricultural economist
who is also expected to be obtained from within the Bank Group. Both
Mr. Carmignani and Mr. Brown are senior and experienced staff members,
who have worked in the fertilizer field in the Bank and elsewhere.

Mr. Carmignani's appointment is an interim one, to allow time for a
permanent chief of the Unit to be selected. The Unit will form part
of the Industrial Projects Department and will report to its Director.

The Unit will utilize available expertise from other parts of
the Bank Group and elsewhere whenever possible. The Unit will also
employ consultants tc carry out specific technical assignments such as
preinvestment studies and to broaden its data collection effort through-
out the world. Operational activities in the fertilizer sector
(i.e. lending, advisory work, and country sector studies) will continue
to be carried out by the Industrial Projects Department, the Projects
Departments in the Regions and CPS, the Regional Program Departments,
and IFC as well as the UNIDO/IBRD Cooperative Program (CP) Units. For
research, data collection, and Bankwide policy support the Unit will
also utilize facilities currently available elsewhere in the Bank Group
(particularly in the Agriculture units of CPS and DPS) and outside the
Bank. The Units' staff will only be used for these purposes to fill in
existing gaps or to participate in particularly important or semsitive
operations. Its primary tasks will therefore be to ensure that an
adequate data base and intelligence service exist, to prepare an overall
Bank strategy and work program, to monitor its progress, and to lead or
participate in key activities.

The Unit will also be a focal point of coatact with relevant
outside organizations including industry. A large number of institutions
(national, international, public and private) are concerned with the
supply and use of fertilizer. However, their activities are frequently
unrelated to each other, are overlapping and even duplicating, and in
some instances not adequately focused on the critical issues, Concerted
international acticn in the fertilizer field -- difficult as it will be
to bring about -- can result only from close liaison among these individual
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activities.

From the outset, therefore, the Unit will work toward

bringing these different efforts more closely together and will
support any efforts to ¢stablish an effective international co-
ordinating mechanism in the field.

C. Specific Functions

The Unit will:

l-

Ensure that an adequate data gathering system is
established within the Bank and outside to

provide up-to-date intelligence on worldwide trends
in fertilizer demand, supply, costs, prices, inter-
national trade and marketing, with special reference
to the needs and resources of the developing
countries;

Assemble and process the above data to: (a) develop
and keep up-to-date estimates of the present and
future supply/demand balance for the world as a
whole and for developing countries, with particular
emphasis on major fertilizer consuming countries

or group of countries; (b) make recommendations as
to the strategy that the Bank Group should follow
and the specific action it should take to rationalize
the international pattern of fertilizer investment
and trade in order to bridge supply gaps or avoid
potential oversupply situations; and (c) encourage,
in cooperation with Bank Group operating units,
specific investment, trade and other actioms in
producer and/or consumer countries, particularly in
the developing world, consistent with this strategy;

Formulate, in cooperation with the relevant
operational units of the Bank Group, and keep

under continuous review a 5-year program of lending
(for new production capacity, better utilization of
existing capacity, and related purposes), advisory
services to developing countries, and country sector
work. Particular attention would be paid to the
requirements of countries with the most urgent food
and fertilizer requirements (e.g. India);

Monitor continuously all Bank Group activities in the
fertilizer field to assure consistency with the
objectives of the 5-year program; and

Maintain close liaison with other organizations
outside the Bank, including the fertilizer industry.

ol Fe



& B =

As part of the above functions, the Unit will:

6. Keep abreast of plans and projects around the world
for additions to fertilizer production capacity;

7. Investigate the availability of capital and know-how
for investment in fertilizer plants in developing
countries;

8., Advise countries, including oil- and natural gas-rich
countries, on potential investment opportunities and
help them in the initial preparation of projects;

9, Follow trends in availability and cost of equipment
and engineering services for expansion of fertilizer
production capacity in developing countriesy

10, Maintain up-to-date information on developments in
capital, feedstock, and transport costs of fertilizer
production and marketing;

11. Identify possible measures for reducing capital
costs, for increasing capacity utilization, and for
improving plant efficiency of fertilizer production
in developing countries;

12, Identify gaps in the adequacy of national and inter-
national research on ways of improving effectiveness
of fertilizer use in developing countries as well as
on nutrient forms other than chemical fertilizer;

13. Establish liaison with other relevant organizations
and entities involved in fertilizer promotion,
production and distribution such as the fertilizer
industry; UN agencies (FAO, UNIDO); bilateral and
multinational financial institutions; EEC, OECD,
OPEC, IDCAS; the Consultative Group on International
Agricultural Research; commercial organizations;
COMECON.

D. Work Program for FY75

It is important that the Unit start its work expeditiously,
particularly since fertilizer problems are expected to be most acute
over the next two or three years. Therefore, at least initially, the
Unit will be staffed from within the Bank Group. In view of other
existing commitments of the Unit's two senior people (Messrs. Carmignani
and Brown) and the fact that the third staff member is not expected to
be available until early September, it has been assumed thet the Unit's
manpower availability in FY75 will amount to 80 man-weeks. It must again
be stressed that the Unit can effectively do its work only with the
support from other parts of the Bank Group; this is the underlying
assumption in the following preliminary program.

sale
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PRELIMINARY WORK PROGRAM FOR THE FERTILIZER UNIT (F.U.) IN FY75

Major Tasks and approx. time

__ for Completion

August 1974

1. Development of detailed work
program for F.U. and other Bank Group
supporting units for FY1975.

October/November 7

2, 1Identification of principal
constraints on increasing
fertilizer output and productionm
capacity from existing plants.

3, Review of existing data and
initial contacts with industry
and other organizations to agree
on systems and formats for
data collection.

4, Establishment of a priority
list of LDC countries and
projects for possible Bank Group
action in calendar 1975
(financial, promotional, and
advisory, including potential
for joint ventures).

December 1974

5. Identification of major factors
which influence trade, distribution
and promotion of fertilizers and
impact of such factors on global
fartilizer strategy.

Pebruary/March 1975

6. Data collection -- on basis of
formats developed under (3) above -~
to update global demand and supply
forecasts and outline of a proposed
future investment and trade
strategy.

7. Evaluation of present and fore-
casts of ocean freight rates,

8. Preparation of a Bank-wide
Five-Year Work Program.

June 1975

9, Review of schemes for financing the
international fertilizer trade
including bilatéral export schemes
and the need for and feasibility
of a Fertilizer Export Fund.

10, 1Identification of major gaps in
agricultural research related to
and proposals for the promotion of
fertilizer use,

Continuous

11. Project identification and co-
ordination of initial project
preparation and technical
assistance.

12, Liaison with Industry and other
organizations.

TOTAL

Industrial Projects Dept.
June 27, 1974

Direct Input
by F. U,

22

[+ -]

80

(in man-weeks)

Other Bank Group

Supporting
Units

Consultants

(CPS, DPS,
Regions)
6

(IPD, IFC,
UNIDO CP)

10
(DPS Commodities,
DRC, IFC
FAO CP)

10
(Regions, IFC,

IPD, CPS Agr.
UNIDO CP)

(DPS, Regions,
CPS Agr.
IPD)

(CPS Agr., DPS
Com., IFD,
FAO CP)

10

(CPS Trans.)
8

(DPS, CPS)

4

(CPS Agr., DPS,
Regions, IFD,
FAO CP)

15

(IFC, IPD,
UNIDO CP)

13

L]

90

46

Total

10

20

20

16

18

22

12

14

28

43

10

216

Prime Respon-
sibility for
Task

=
=

F.U,/UNIDO CP

F.U,/DPS Com,

F.U.

F.U./FAO CP

F.U./DPS

CP5S Trans.

F.U.

F.U,/DPS

F.U,./CPS Agr.



The work program, and particularly the manpower allocation
from other participating Bank units, should be considered no more than
a general indication of what the Unit should attempt to achieve during
its first year of existence. Changes in emphasis and possibly a
reduction in coverage may become necessary as we proceed. Though the
Unit's work will help determine actions needed to ease the fertilizer
shortage in the short term, it will be directed primarily toward up-
dating supply and demand forecasts and preparing an outline for a
proposed long-term investment and trade strategy. Given limited man-
power, part of the assignments initially cannot be treated in much
depth but they will be undertaken to launch the proper action in
relation to the Unit's main objectives.

E. Direct Budget of the Unit for FY75 (excluding overhead)

1. Unit Staff (19 man—months)lf -- $42,000
2. Consultants (230 man-days @ $160/day) - 37,000

3. Travel for Unit Staff, 15 trips
@ $1,500/trip -- 22,500

4. Travel for Consultants, 10 trips
@ $1,300/trip - 13,000

5. Subsistence Expenses while travelling
for Unit Staff and Consultants
(430 man-days @ $40/day) -- 17,200

$131,700 say $132,000

1/ Direct salaries only; does not include salary
of agricultural economist who will be on budget
of Industrial Projects Department,

Industrial Projects Dept.
June 27, 1974



CONSULTATIVE GROUP ON INTERNATIONAL AGRICULTURAL RESEARCH M

1818 H St.,, NW. Washington, D.C. 20433 U.S.A.
Teiephone (Area Code 202) 477-3592
Cable Address — INTBAFRAD

June 10, 1974

TO: Center Directors and Members of TAC
FROM: Executive Secretariat
SUBJECT: World Fertilizer Situation

Reference is made to the Secretariat memorandum of March 7y 1874,
on the above subject and to the June 10 Provisional Schedule of Events
for the 1974 International Centers Week, which indicates that plant
nutrition will be on the agenda of both TAC and the CG.

To help in preparing for these discussions, two recent World Bank
papers are enclosed. One is the report "Fertilizer Requirements of
Developing Countries" issued on May 15, 1974. The other is "Issues
Relating to the Fertilizer Situation", a discussion paper at a con-
ference sponsored by the World Bank and the Agricultural Development

Council at Princeton, also in May.

Attachments (2)
BMC :mc §



DEPARTMENT OF STATE
AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D.C. 20523

ASSISTANT
ADMINISTRATOR

1'\.,‘..‘ NATION,: ’
‘\Q\r‘" 1 Uk
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b 3

= 11 JUN1974

Mr. W. David Hopper

President

Canadian International Development
Research Center

P. 0. Box 8500

Ottawa, Canada

Dear Dave:

It has occurred to me that your efforts to appraise the international
plant nutrition institute proposal that I presented for TAC consid-
eration, or alternatives, could benefit from a paper done for us by
TVA staff in early April. This deals only with that part of the
Plant nutrition research that we had suggested as best done at Muscle
Shoals. I am attaching a copy, and regret having delayed in
transmitting this to you.

Best regards.

Sincerely yours,

Joel Bernstein
Attachment: a/s

cc: Sir John Crawford v///



Fertilizer Technology - Adequacy in Relation

to the World Food Situation

Food production in most of the LDC's will have to double by the .
end of this century just to maintain the present inadequate level of ﬁutrition.
And, because of inaccessibility and the high cost of bringing additional
land under the plow, most of the projected increased production will
have to come from increased.yie1ds. pne of the major inputs required for )
these increased yields is chemical fertilizer. Thus, the abi1ity'of the
LDC farmer to have access to and be able to profitably use chemical

fertilizer iﬁ.a critical consideration in national and international
‘goals for increased food production. ‘ |

Fertilizer is a costly inpuf. In the United Statés, it is

estimated that.about $4 billion will be spent on fertilizers in 1974.

The consideration assumes greater importance for the LDC farmer when

often ferti]ize; prices are comparatively even higher than in the United
States. In both cases, the amount of fertilizer used (assuming availability)
will depend to a considerable extent on the profitability of use. Where
high price, limited availability, and limited capital or credit for
purchasing are often the case for the LDC farmer, a higher margin of

return commonly is required to induce usage.

The considerations require that we not only be concerned with
the price of the fertilizer, bﬁt with its efficiency in meeting crop needs.
It confronts us with the question of the adequacy of fertilizer production
and marketing technology. We rightly approge investment in research
designed to develop higher yielding varieties of the basic food crops
to develop more effective "crop technology." As we propose to show

further'along, we seem to have been less concerned about the adequacy

-



-2- : )

o qf. or need for, improved technology dealing with the-prodﬁction and
marketing of fertilizer. The assumption is-made that a reasonable level
of research is doﬁe on fertilizer usage as part of the agronomic research
in crop improvement programs (e.é. as in IRRI on rice or at CIMMYT on

corn and wheat).

!

Fertilizer Technology--A Historical Perspective

In reviewing the worldwide development of fertilizers and
fertilizer production and marketing technology, two very significant
points are apparent. In the first place--in contrast to crop produFtion
-research--fertilizer production research is restricted to a very small
number of insFitutions. In the United States, a high proportion of
.the effective fertilizer produ;tion research is done by, or with the
support of, the National Fertilizer Development Center of the TVA at
Juscle Shoals, Alabama. Elsewhere there is nothing in fertilizer technology
research and development that compares with the university and state
_experiment station efforts for crop improvement. The fertilizer industry,
especially in Western Europe and Japan, has some R&D activity; but it
‘is generally recognized that their effort in developing of new technology
is limited indeed. Second, practically all of the present day fertilizer
technology has been and is aimed at producfng_fertilizers for farmers in
the developed regions in temperate climates. The LDC's, where population

‘hrowth is the greategt and food production is already critical, lie
primarily in the tropics and subtropics. Even though the climate and
the physical characteristics of the soil in large areas of the tropics
appears to be cbhducive to highly productive agriculture, these areas--

__even-more than temperate agriculture--must rely on the liberal use of

chemical fertilizer. The tacit assumption has been that fertilizers
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developed for use 1n the temperate zones are equally good for the
tropics. Yet, careful inspection of differences in climate, soils,
crops and agriculture in general reveals that this assumption is not
; entirely valid. Agronomic results are also confirming these doubts.

As a matter of fact, in considering the current and projected
magnitude of fertilizer input both in the developed and the developing
regions, we question the adequacy of investment in general for R&D in
fert111zer technology. |

World fert111zer use in 1973 exceeded 77 million tons of
nutrients. However, gross inequities exist: The LDC's as a whole are.
asing only about 20% of the total or about 15.5 million metric tons.

By 1980 fert111zer use is estimated to reach 114 million metric tons of
nutrients. Even though the LDC's are expected to increase use more
rapidly than the developed countries, they are still expected to be
using only 26% or about 29.5 m1111on tons of nutrients.

lt is estimated that in 1973 upwards to $30 billion were
spent on fertilizers--about $21.5 billion in the DC's and $8.5 billion
in the LDC's. By 1980, assuming the same price per ton of nutrient,
this could balloon to almost $46 billion--$29.6 billion in the DC's and
$16.3 billion in the LDC's. | _

Our best estimates are that eurrent expenditures for actual
research on new and impeoved fertilizers (excluding agronomic work) to
be less than $40 million annually in the free world.

Potential for Advances in Fertilizer Technology

Use of the right amount of the right kinds of fertilizers in
the right way can produce dramatic resu]ts in increased crop produetion.
But often overlooked is the fact that, even under the best of circumstances,

utilization of applied fertilizer is low. For example, in the United States
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the best corn farmer can expect to recover no more than 46%-45% of the
applied nitrogen. A small--say 5%--may remain in the soil to be
used by a following crop, but most of that ;ot taken up by the corn is
lost by leaching or volati?izéd to the atmosphere. The picfure is oftén
more disturbing in the case of phosphorus. A corn crop in the United
States usually would take up no more than 20%-25% of tﬁat applied .
specifica]iy for that.crop. The remainder is "fixed" in the soil thus
rendering it unavailable or Hifficultly available to future crops.

While the pictﬁre of utilization of applied fertilizer in
the United States seems to hold considerable room for improvement, ?he
situation in tﬁe tropics appears to hold much mofe. Higher soil temperatures,
coupled with higher rates of chemical and biological actfvity and accentuated
leaching, result in even lower nit(ogen uptake. And, a large part of the
soils of the tropics, because of their even higher "fixing" characteristics,
are notorious in their ability to "tie up" applied phosphatic fertilizers.

Recogniiing that these conditions exist, is there evidence

that a realizable potential exists for substantially improving fertilizer
technology for enhanciﬁg the utilization of N and P applied as fertilizer?
We have evidence to indicate that subsfantial progress could be made -
with greater investment in research designed to produce superior fertilizer
technotogy for the tropics. For example, sulfyr-coated urea, a fertilizer
~ designed to modulate the rate of nitrogen release in the soil more in
keeping with plant uptake requirement;, has shown up to 50% greater
efficiency in N use. fhis was obtained with rice under intermittent or
delayed flooding. This result has been obtained with relatively modest

investment in fertilizer technology research. Based on what we know
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now, there is reason to believe that expanded research on fertilizer

technology for tropical agriculture could result in:

Fertilizers with improved_transpoft and handling characteristics
permitting greater use of bulk shipment and handling and ?
reducing losses.

Higher analysis products to materially reduce tran;port,
handling, and marketing costs. Marketing costs in the LDC's

may make up over‘SO% of the price paid by the farmer.

Cheaper and more effective processes that perﬁit more extensive
use.of domestic raw materials. |

Processes to use lower grade raw materia1§.

More efficient utiT{zation of appl{ed‘nutrients. Attaining
efficiencies common in temperate agriculture would be an
improvemen% of 25%-30% over present; gains even beyond this

would be probable. |

Better balanced ferti]izers; Secondary (Ca, Mg & S) and micro-
nutrients. |
Improved marketing systems that would assure adequate fertilizers
at the right place and time at minimum cost. -

More uniformity of supply and thus decreased oscillation in

bl

price. : ' .

An International Fertilizer Technology Center for the LDC's

In view of the important role that fertilizer must play in

increased LDC food production, and the potential for improved fertilizer

technology for these countries, how best can this technology be generated?

If we were talking about crop improvement technology, then we might

consider the feasibility of an IRRI-like center. Yet this analogy is of
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-but limited application. While IRRI generates new technology (new
varieties), its success dépends in Targe'measure on the éxistence of
country-level IRRI's (national rice -research program) to which if can s
1link. An international fertilizer technology cenfer could ‘not reasonany-z
expect to be linked to country-level fertiiizer technology centers in
each of the LDC's. As mentioned eér]ier. in the Unitéd States we have
primarily the National Fertilizer Development Center at TVA; we do not
have--could not afford--state-level counterparts. And, in other developed
countries, this job is left almost entirely to fertilizer manufacturers
who invest very inadequately in research. _
Considering the success of TVA in generating improyed fe;tilizer
technology for the United States in particu]ar,-and the developed
countries of fhe femperate zones in general, a reasonable approach for
the LDC's might appear to be an international TVA-Tike fertilizer
technology center.

_ Based on the experience at the National Fertilizer Development
Ceﬁter of TVA, an adequate center for fertilizer technology to be established
in one of the LDC's in the tropics would have'to include the following
basic units.

Estimated cost
million dollars

Ammonia ) ’ 2
Nitric acid
Urea
Sulfuric acid
Phosphoric acid
Ammonium phosphate
Triple superphosphate
Gypsum treatment and disposal
Storage, handling, bagging
Maintenance equipment, shops & service laboratories
Spare parts
- Offsites
Site preparation

Total : = . 73
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In addition, major expenditures in lands, roads, fencing, housing, utilities,
' offices and laboratories could easily run the initial investment to $100
million. It is also estimated that to oper;te and maintain the basic

units alone would require 130 to 140 employees with an annué] budget

of about $2.5 million. This still would not include the research and
development staff. (The National Fertilizer DeveIopmént Center of TVA

has a total of over 850 employees with some 230 scientists and engineers.)
Improved fertilizer materials would still have to be evaluated agronomically
through existing international centers, national agricu]tural'research
centers and the fertilizer industries. ' \

Another approach might be to take advantage of the .facilities of

the National Fertilizer Development Center at TVA. At fhe request of

USAID, the TVA board of directors has indicated that land could be made
available for a separately finﬁnced and operated center adjacent to the
National Fertilizer Development Center. TVA would agree to furnish the
"building blocks" materials, ammonia, phosphoric acid, nitric acid,

sulfuric acid, etc.; permit tie-in to utilities; use of repair, maintenance,
and service facilities; share the library; in some cases share the use of
specialized laboratories and pilot plants; and continue to provide on

_a contractual basis specialized expertise for research and training.

This approach, rather than requiring hundreds of people, might produce
outstanding results with say 30 to 35 international scientists and
‘engineers. The comp}ementary effects of the two staffs might in reality
produce even greater results. The international staff could certainly
benefit from the contact with TVA's experienced scientists and the spiﬁ

off of one program to the other could be significant.
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The cost of a center adjacent to TVA would be much less than

starting from scratch. Probably an initial investment--primarily offices,

L] s ,1"_""'—‘_——-_ ﬂ"ﬁ%
laboratories and small-scale pilot plants--of |say $3 or $4 million with aﬁgkg_é-
l ny : o

an annual operating budget of $4 to $5 million would be amﬁ]e to initiate ol

and carry out a very effective program.

.Another probable advantage of an internatioﬁal center that
had a close link with TVA would result from the large projected U.S.
investment in energy research. Much of the investment (e.g. gasification
of coal) would relate to fertilizer iechnology and interests of the
LBC's. For many countries, a more efficient gasification of coal could
permit these countries to make their own ammonia at a reasonable price.

The international fert11izer'develdpmént cenfer should not
attempt to solve all the problems in the field of fertilizer and production
technology, and a substantial portion of investment in the "center" should
be in the developing countries. For example, Brazil is developing special
competence for studying the utilization of lower grade phosphate rock.
Such activities should be encouraged and expanded to be shared with other
countries. India, with 1imited petrojeum reserves but extensive coal,
would be a logical site for a center dedicated to the ammonia feedstock
from solid fuels. Wherever possible, pilot plant work and especially
demonstration scale work shoul& be carried out in the LDC's to both
provide experience for industry and materials for market development.

Over the next six or seven years, as many as 50 or 60 major
fertilizer complexes will need to be constructed just to meet the
increased fertilizer need§ of the LDC's. These plants alone (battery
limits) could cost as much as $7 or $8 billion. Thus, it would seem

that the investment of a few million dollars in research and development

-
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aimed at the needs of the LDC's, especia]ly_tropica1 agriculture, could.

be well justified. One breakthrough that would increaéé fertilizer

use efficiency in the LDC's by 15% to 20% would pay for this investment

" many times over. Potential breakthroughs should greatly exceed this

and may well be comparable to the high-yielding varieties that are
credited with much of the success of the so-called "green revolution" of

the late 1960'5.

g . April 11, 1974
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May 31, 1974

Dear Dr. Pereira:

I was glad to have your letter of May 20 on fertilizer problems.
As you say, the subject will come up plentifully at Centers Veek:
it is on tne TAC agenda; the Flant iiutrient Institute proposal will
come up at the CC; and the Center PDirectors are to report to TAC on
the impact of the energy/fertilizer problems on the adoption of their
technologies and on their work programs.

In a week's time, I am sending you and also your TAC and Center
Director colleagues two documents which are Bank efforts to answer
your question on fertilizer supply and related subjects. Both docu-
ments are made available to you in your TAC capacity. As you will
note, they are not for public use. The two documents are: "Fertilizer
Requirements of Developing Countries' and "Issues Lelating to the
Fertilizer Situation' which the Bank staff presented at a joint Bank/
ADC conference last week.

I think the supply estimates, which interest you most, are as
good as we can make them. On the demand side, there is perhaps an
over—optimistic view of how much agricultural production (and there-
fore fertilizer use) will increase in India. Also, the report uses
the FAO's Indicative World Plan growth rates which are also subject
to discussion.

With best wishes,

Sincerely yours,

-

S i

Bruce M. Cheek

Dr. H., C, Pereira

Chief Scientist

Ministry of Agriculture, Fisheries
and Food

10 Whitehall Place

London, S.W. 1

England

cct Sir John Crawford

P Mr. G. Donaldson
“~BMC :mc j k

L
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Mr. Graves: World Bénk

Dear Harold:

Per our luncheon discussion on May 22, enclosed are a summary of
the notion we have suggested for TAC consideration and a letter
on the same subject that I've just sent to Warren Baum.

Best regards.

Enclosures
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Outline of Proposed International Plant Nutrition Institute

The purpose is -to develop improved technologies and systems for nutrition
of the principal LDC crops. Special attention would be given to the needs
of small farmers, and therefore to systems that involve the lowest feasible

on-farm capital inputs.

Achieving this purpose is critical for acceleration of LDC food output.
The latter depends primarily on higher yields per acre, rather than on
farming more acres which has been the primary basis for past production
increases. Higher yields depend, in turn, on increasing the absorption
of key nutrients by the major LDC crops.

To further this purpose, three principal areas of research are contemplated.
The bits and pieces of research already done in these areas suggest a good
prospect of large pay-offs from a more intensive and well integrated effort,
geared to the typical tropical and sub-tropical conditions of LDCs and
their other environmental factors and disciplined to focus its efforts
sharply on achieving well defined product or process results.

(1) Means to control and increase microbial action that causes
biological transfer of nitrogen to plants and soil and that makes
nutrients in the soil more soluble and therefore absorbable by

plants.

(2) Conservation and reuse of the plant nutrients contained in wastes
and in the soil, for example:

-- reuse of nutrients from animal and human manures, urban
sewage and garbage, crop residues, and industrial wastes,
especially from food processing;

-- more efficient use of nutrients available in the soil by such
means as plant breeding to maximize the important role of
root systems;

-- conserving nutrients by improving a wide variety of agronomic
practices such as tillage, multiple cropping, rotation and
methods of applying fertilizer.

(3) Improvement of chemical fertilizers, particularly for efficiency
under tropical and sub-tropical conditions, and of the technology
for producing and marketing them. /This is TVA's forte, and we
envisage locating a component of the Institute alongside TVA with
access to its facilities and staff. A promising start has already
been made on this line of research at TVA, under AID research
contractsl7

An institutional arrangement that facilitates overall planning for and
interaction among these research areas would increase the productivity of
the total effort. Interactive concerns among the alternative lines of




research include the comparative economics and social fit of alternative
means or combinations of means of increasing plant nutrition in particular
types of LDC circumstances, and the research and application priorities
that follow from this. The need for integrated research programming and
execution also reflects overlaps and complementarities among the various
lines of research, e.g., between solubility research under (1) and
research under (3), or between research under (1) and (2). The likelihood
of achieving the interdisciplinary and inter-project collaboration needed
to attain high output and efficiency is much greater within a single
organization. Existing crop oriented institutes are not and could not

be equipped to carry out efficiently a program of the type envisaged,
although they should play a cooperative role in the agronomic work.

The structure of the Institute may have several components in different
locations in addition to working linkages with many other organizations.
As now envisaged, the central facility would be in a LDC.

It would:
== plan and manage the overall research program;
-- do considerable parts of the research in areas (1) and (2);
== arrange for other parts to be done elsewhere, as described below;
- conduct training, mainly for LDC scientists and extension managers;
--  Pprovide iﬁformation management for the whole system.

Most of the work should be done on LDC soil to get access to a wide variety
of the pertinent farm environments, to increase LDC support and use, and
to facilitate non-U.S. financing.

Agronomic trials and experimentation could be carried out through a network

of cooperating international and other research centers providing comprehensive
ecological coverage. Basic lab/greenhouse or other basic research supporting
work in areas (1) and (2) could be sub-contracted or otherwise arranged with
advanced research organizations in the developed countries or elsewhere.

AA/TA
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DEPARTMENT OF STATE
AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON. D.C. 20523

ASSISTANT
ADMINISTRATOR May 24, 1974

Mr. Warren C, Baum

Vice President, Projects Staff
World Bank

1818 H Street, N.W.
Washington, D. C. 20433

Dear Warren:

Enclosed is a summary of the idea for an International Plant Nutrition
Institute that I put informally to Sir John and a few others that Monty
assembled at his office a few weeks ago.

You may have seen already the fuller paper that was quickly drawn by our
agriculture staff to spell out more the types of research contemplated.

We believe that the line of effort contemplated addresses what probably
is by far the most important technological bottleneck to accelerating
IDC agricultural production. Given the current worldwide development
priority for food supply, reflected in preparations for the World Food
Conference, this direction of effortdeserves very serious attention

and, we feel, strong support by the Bank -- without prejudice to
conclusions on the most efficient way to tackle the problem. The latter
question will of course require very careful study under TAC auspices.
and by the interested CGIAR members.

In comparing the magnitudes at stake here on the side of world food supply
and of the huge investments being made in expansion of LDC production
(including the Bank's investments), with the possible costs of a major

new research initiative, we believe it would be very foolish to allow
concerns about the total size of the CGIAR budget to influence consideration
of what can be done productively and efficiently on this particular set

of problems.

I'd be happy to discuss this with you, if you'd like, at some convenient
time.

Sincerely yours,
\,
Joel Bernstein
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INTRODUCTION

i First, it should be noted that the "energy crisis" is not a major
cause of the recent shortage and price effects for fertilizer, though it has
exacerbated them in some degree, especially in some countries. The nawre of
these effects in less developed countries (LDCs) in particular are discussed
later.

2. Second, there has not been a decline in annual world fertilizer
production of either nitrogen, phosphate or potash at any time in the past

15 years, and presumably for much longer than that (see Table 1). Further,
there are only one or two instances where production in any one country has
declined.

Fe Third, there is no evidence that the current very high short-run
demand for fertilizer is of a self-sustaining character (or a portent of
things to come) due to a "population explosion", a "green revolution" or
anything else of a cataclysmic nature.

L. On the other hand, everything points to the current fertilizer deficit
being primarily demand related, reinforced by a reduced rate of growth in
fertilizer production capacity in the immediate past, and various constraints
on the mamufacturing side which have prevented a rapid supply response. A
confluence of events can be traced which have determined the nature of the
shift on both the demand and supply sides. These seem likely to disappear
as rapidly as they appeared, though there may be some lesting effects on
both the industry and agriculture.

NATURE OF THE CURRENT SITUATION

G The full implications of the current shortage of fertilizers have

yet Lo be reliably assessed. As yet, the patterns of future prices for



nitrogen and phosphate fertilizer are still difficult to predict with any
accuracy. Similarly, the agricultural impact of the supply shortfalil has
yet to be evaluated in any depth. However, the nature of the prevailing
fertilizer situation is now sufficiently recognizable that some analysis can
be made of the direction and orders of magnitude of the related changes and
of the issues that arise in relation to it.

6. The current shortage and price increases relate to all main plant
nulrients - phosphates (P), potash (K) and nitrogen (N). The problem is
least serious for potash since lower amounts are used in crop production,

the supply short-fall is less acute (being due mainly to transportation
bottlenecks), and additional supplies are coming available quickly. The
problem is also less serious for phosphate in that (like potash production)
it is not directly affected by the crude oil shortage, and new production
capacity is under construction - and because a reduced application of phosphate
to crops for a season or so will have relatively small effects on yields from
most crops (phosphate is stored in the soil whereas nitrogen is readily lost
to the air or leached).

T The major concern relates to nitrogen fertilizer. It is on HYV

crop responses to nitrogen that the "green revolution" is predominantly based.
Consequently, constraints on supplies and increased prices have far-reaching
implications for the agriculture of many developing countries, and especially
for food supplies. The major sources of nitrogen are oil- or natural gas-
based processes for which feedstock supplies are short. Since the same
feedstocks are used in the production of many crop protection chemicals, the
problem is compounded - such inputs being also a feature of modern crop

production technology.



Demand Related Effects

B Since the demand for fertilizer is a derived demand, it is to be
expected that a major shift of the kind we bave experienced will be underlain
by changes in the demand for crop products, especially cereals. Several
factors have influenced this change. First, there is a long-term upward
trend caused by (i) growing population, (ii) increases in incomes, and

(iii) changes in consumption patterns. «

9. The growth in population is the most stable factor affecting the
increased growth in demand for food, especially cereals. This is presumably
causing an overall increase in aggregate demand for food of some two percent
per year, although in some countries it is greater and in otfers smaller due
to differences in rates of population growth. Significantly, the higher
rates of growth are in countries that are fertilizer deficient, and hence
importers (mainly LDCs). The demand from this source is reinforced by the
fact that the HYV technology, which is the primary means of increasing domestic
food supplies in the LDCs, is highly fertilizer dependent.

16 Added to this is the increase in demand for food associated with the
growth in incomes. Incormes increased substantially in many éountries

through the sixties, especially in the U.S., Western Europe and Japan, but
also in Eastern Europe and some other countries. Although the direct effects
of rising incomes on food prices are usually small, due to the relatively low
income-elasticity of demand for food, there was perhaps some small increase in
demana due to income effects.

JEIES The exception to the low income-elasticity for food argument occurs
when people trade-up to superior goods, especially increasing their consumption

of meat. This shift can cause a disproportionate increase in the demand for



grains - one pound of meat requires some four pounds of grain to produce.
Although meat consumption has grown only some 2-3 percent annually over
recent years, a fairly small rate of expansion, this has added to the demand
for foodgrains.

12, Despite the steady upward pressure on fertilizer demand from this
long-term trend there is nothing here to explain the recent surge in demand.
However, there have been a series of abnormal effects on the demand for and
production of foodgrains including: (i) a run-down of world grain stocks,
(ii) widespread crop failures, (iii) sudden changes in the patterns of trade
in foodgrains, and (iv) a sudden acreage expansion encouraged by government
action in the major grain exporting countries.

13. A seemingly deliberate run-down in world stocks of foodgrains, mostly
held in Western countries, is perhaps the most significant factor underlying
the current situation. The acreage of wheat grown in the U.S. in 1970 was
80 percent of that in 1968 and 7L percent of the 1967 acreage, and the
lowest since 1948 (see Table 2). In the U.S. some 60 million acres of
cropland were held out of production through 1970-72 - nearly 20 percent of
the total arable area. Similarly, due to acreage restrictions, Canada's
wheat acreage in 1970 was only half the 1969 acreage and Australia's acreage
was ait to 60 percent of its 1968 acreage. The effect of these acreage
constraints was to cut the level of stocks held in those countries substantially.
P17 Reinforcing this shift, there were widespread crop failures in 1972
which resulted in many countries, notably India and other Asian countries,
importing more foodgrains than they would otherwise have done. As a

consequence there was a severe shortage of wheat in 1972, to the extent that

the FAO reported stocks at the end of 1972 to be at "dangerously low levels".



15. On top of this, the USSR entered the market in early 1973, buying

12 million tons of wheat from the U.S. alone. This turned the tight supply
situation into a severe shortage.

16. Somewhat belatedly, in response to this not entirely unforseeable
situation, the major exporting countries in'l9?3 raised quotas, released
"set-aside" land and encouraged widespread cereal planting. Acreages in
the main exporting countries rose by more than 10 percent in 1973 and are
expected to be up by a similar proportion in 197L. The demand for
fertilizer expanded equally suddenly.

17 Further, since fertilizer is also used on non-cereal crops, there
are derived demand effects relating to changes in their production. In
this category there were also several influences: (i) an upsurge in demand
for industrial crops, (ii) a steep rise in the price of soybean, and

(iii) diversion of some urea to livestock feed.

18. The economic resurgence in all Western countries that caused an
increased demand and resulting higher prices for all basic commodities, also
caused an increase in demand for industrial crops. The prices of oilcrops,
coarse fibres, cotton and rubber, all increased in the early 1970s, some by
fantastic amounts (see Table 3).

195 This was accompanied in 1973 by the sudden disappearance of the
already depleted stock of anchovy off the coast of Peru - the major source
of fishmeal used in livestock feeds. This had two effects. First, there
was a significant demand increase for soybean meal as an alternative, and
prices rose fourfold encouraging extra planting. Second, urea (otherwise

used for fertilizer) was used as a protein substitute in feedmixes. Thus,



this capricious event caused a double demand effect on the fertilizer industry.
(The anchovy have since returned - at least for the time beingl)

Supply Related Effects

20. The supply of fertilizer has not been subject to variations of the
same magnitude as demand. However, it has still been subject to a series

of interacting events which have resulted in both a slower rate of output
growth in some recent years (see Table 1) and (perhaps more importantly) in

a number of constraints upon the ability of the industry to respond quickly
to the changing demand situation. These events were related to the changing
structure of the industry, economic and policy changes, distribution effects,
and some other fortuitous events.

21. The supply situation has been influenced by some fairly significant
structural changes (as discussed elsewhere, see "Fertilizer Requiremen ts of
Developing Countries"). These include: (i) a changing pattern of ownership,
especially in the U.S., (ii) changing technology and scale advantages leading
to larger plants, (iii) the disposal of inefficient plants, and (iv) some
changes in the location of manufacture.

22; The changing pattern of ownership was largely a response by oil and
gas firms who sought an outlet for their gas supplies through fertilizer.
Some of these bought existing manufacturers but in most cases they started
from scratch (or expanded) by building new plants. The emergence of these
new large suppliers contributed to the surplus situation in the second part
of the sixties. At the end of the sixties many of these plants were sold

off to agricultural cooperatives and established fertilizer companies, though



some remained in the hands of oil and gas corporations. It is possible that
such firms found profitable alternative uses for their feedstocks in recent
times.

23. Some major changes in processing technology in the sixties lead to a
new generation of fertilizer plants where there were considerable economies
of scale. This lead to some of the 60-odd manufacturers in the U.S.
becoming giants in the field. It also meant that there was a considerable
increase in the "lumpiness" of capital investment in production capacity.
This may be a significant determinant of the investment cycle characteristics
in the future.

24. This modern plant made smaller plants of an earlier vintage relatively
expensive to run, and lead to their early retirement when the market proved
inadequate to maintain them profitably - no doubt to the chagrin of managers
in 1973-7L.

25. With tﬁe installation of new plants there was some shift in location
within the U.S. and Europe, away from the former coal and steel centers
toward the ports and fuel sources. In a global context there was also some
growth of production capacity in LDCs - both in the oil and gas producing
countries (e.g., Venezuela and Persian Gulf) and in the consuming countries
(e.g., India).

26. While it is difficult to see how these adjustments could have
contributed to a supply deficit in any major way, it is perhaps important
that they caused a dynamic situation of change and uncertainty within the

manufacturing industry which made rapid adjustment to the sudden expansion



of demand even more difficult than it was otherwise. Such a volatile
situation almost certainly added to the degree of imperfect knowledge
surrounding the planning and investment process.

2l Related to these structural adjustments within the industry, is an
established cycle of investment in production capacity which has recurred
irregularly since World War II. All evidence suggests that the recent
resurgence in demand coincided with a low point in the swing of this cycle.
Thus there was a delay in the supply response till new plant came on stream,
and new investment was implemented. As this happened there were some
inevitable teething troubles and the industry found itself with a greater
demand than it could satisfy - at least in the short-run.

28. Reinforcing the structural and cyclical effects there were also many
operational constraints, arising from: (i) the "energy crisis", (ii) environ-
mental control regulations, (iii) world-wide shortages of basic raw materials
and commodities, (iv) the shipping shortage, and (v) low plant capacity
utilization, for various reasons.

29. The "energy crisis" contributed to some extent, especially in
providing alternative demands for feedstocks and in delaying the supply of
other inputs. The shortage of feedstocks is known to have lead to the closure
of some plants in the LDCs and to reduced output from some plants in Japan.
But it also clearly restricted any rapid expansion of ‘output in many other
situations. |

30. Although the productibn capacity rating of most plants is fairly
nominal, the introduction of envirommental protection regulations caused

some of the upper bounds on capacity utilization to be more constraining
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than usual. Most plants in most countries have to conform to controls on
emissions and on water heating. These also restricted an output response

to higher prices.

3l Along with other industries, the fertilizer industry encountered a
shortage of basic inputs, and delays in new plant deliveries, caused by
scarcities associated withlthe concurrent peaking of the major Western
economies. This not only drove up the price of basic commodities but

caused shortages of steel and other metals. It also contributed in large
measure to a world-wide shortage of shipping capacity - this affected both
the delivery of rock phosphate and the distribution of finished fertilizers
to importing countries.

32. Added to all of these factors was the low level of capacity
utilization achieved in many plants. In some cases this was of an acute
nature, due to teething problems in the initial operation of new plant, to
the non-availability of spares and replacements, or other delays in deliveries.
In other cases this problem was more chronic in character, especially in the
LICs where the level of capacity utilization is frequently around 50 percent.
This is due to many factors, including poor lsyout, inadequate ancillary
services such as power and transport, limited storage capacity, poor mainten-
ance standards, and various bottlenecks in the logistics of the production
process. Regardless of their exact nature, such capacity utilization
constraints stubbornly resist short-run increases in output whatever the
demand situation.

33, There was also a group of problems on the marketing and distribution

side of fertilizer supply. These related to: (i) transportation, (ii) storage

and stock levels, (iii) regional allocations and (iv) hoarding.
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3L. In addition to the shortage of international shipping tonnage, there
was also a shortage of transport capacity within many countries. Rail cars
were short in the U.S. and Canada - this affected both the distribution of
finished fertilizer and the delivery of potash from Canada to both North
American and overseas markets. India suffered a dislocation of rail
services due to labor disputes and mechanical problems. The Philippines
was short of coastal shipping. Many countries had similar problems which
made shortages in supply even more difficult.

35. Stocks of fertilizers were very low in some countries and in many
regions within countries. This was due to inadequate storage capacity in
some situations, especially in areas where the HYVs were only recently
inlroduced. In other places it followed from the need to replant crops
following the poor seasons of 1972. The shortage of local stocks reinforced
the supply deficiency from major distribution centers, at least in certain
regions.

36. The uneven impact of the shortage was made worse by a lack of
coordination in the allocation of scarce supplies, notably in ﬁhe %

~ Where several companies served one area there were cases of local surpluses
and high stock levels while other localities had short supplies. The extent
to which the problem was unexpected is reflected in the lack of contingency
‘plans for this kind of allocation, and for handling many other related
difficulties.

g " In addition, there was a tendency toward speculation in stocks of

fertilizer. Clearly, with visibly rising prices it was profitable for
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merchants at retail and wholesale levels to hold stocks for as long as
possible. There are reports that such hoarding reached significant
proportions in some countries. In Western countries farmers are reported
to have held higher stocks than usual, probably caused by over-ordering in
an uncertain supply situation.

38. Finally, there were a series of changes which especially affected
supplies of fertilizer to the LDCs, including: (i) a cut-back in supplies
of aid-financed fertilizer from the U.S., (ii) the removal of price controls
on fertilizer in the domestic market, and (iii) the disappearance of cheap
by-products usually available from Japan.

39. In 1968 USAID spent $175 million on fertilizers for export to the
LDCs, in 1971 it was less than $50 million and this year is less still. This
policy change has significantly influenced supplies available to some LDCs,
especially Bangladesh.

LO. The price of fertilizer in the U.S. was subjected to the price
control regulations instituted in 1971. Subsequent to that exports rose

as the relative profitability of the export market increased. When the
price constraints were removed in 1973 the rate of exports subsided as all
production was diverted to the domestic market.

L. In recent years, too, there has been a technological breakthrough
in the production of caprolactam in Japan. This reduced the amount of
ammonium sulfate as a by-product by about half. This source of supply had
been repularly drawvn on by India, and has proved difficult to replace.

L2. In summary, the current fertilizer supply deficit has been influenced

by a confluence of events, some of which are indicated above. While listing



the active ingredients in this way does not explain the situation or resolve
it, it does permit some hypotheses as to the nature of the effects and thus
some insight into the related issues.

IMPLICATIONS FOR AGRICULTURE

U3 That the chemical fertilizer industry is but an area of a technically
advanced agriculture is frequently lost sight of. The industry exists, after
all, solely because we need it as an input source in the production of food
and fibre. Accordingly, the agricultural implications of the current
fertilizer shortage are perhaps its most significant elements. Yet there
has been little discussion of this aspect.

Lh. World fertilizer consumption more than doubled in the ten years to
1972, reaching almost 80 million tons (see Table 1). Usage in the LilCs

grew al a lower rate than in developed countries despite the demands of the
"ereen revolution'". The LDCs consumed 1l percent of total consumption in
1972, but this is projected to rise to 26 percent by 1980. The significance
of fertilizer supplies to the LDCs is reflected in the estimate that 35 to

LO percent of the incremental growth rate of agricultural output is
attributable to fertilizers. With a five percent shortage of fertilizer
supplies food grain production in India, for instance, could fall by more
than one million tons per year. This implies substantial price increases
for food (which are already evident) and higher food grain imports.

L5. These effects will be accompanied by major dislocations at the farm
level. For those farms which are mechanized and irrigated there will be the
double effect of fuel and power price increases in addition to those for

fertilizer. However, more serious might be the supply availagbility problem,
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cince this could‘limit irrigation and cultivation to restricted areas of
crops, and lead to the use of HiVs without fertilizer, in which case they
may yield less than traditional varieties. Less mechanized farms and
those in rainfed areas are likely to be less seriously affected since they
use less fuel and fertilizer in the first place.

Effects on Farm Costs

L6. Current indications are that farmers face a threefold increase in
the price for fertilizer within the year 1973/7L (see Table 3). Fartildser
and other chemicals costs ranged from zero to LO percent of total farm costs
depending on the production situation. This means that, in general, farm
operating costs could rise in the short-run from zero for subsistence small-
holders to as much as 100 percent fbrlthose using modern technolqu.

L7. Clearly, the actual increase in costs will vary, first, with the
level of fertilizer inputs used. Irrigated farms growing HYVs (such as
those in the Punjab) are likely to be the most severely affected. The

cost impact will not, however, be direct and simple, since farmers will
respond to the price increases by various shifts in production patterns -
changing to crops and varieties with lower fertilizer needs, using lower
fertilizer dressings and substituting other inputs for fertilizer (such as
green manuriﬁg). In this way the full impact of increased costs will be
offset, but some loss of income may also be incurred depending on changes
in product prices.

Effects on Farm Product Prices

L8. Consequent upon the changes in production patterns and the related

reduction in output, an increase in price for farm produce is inevitable. In
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fact, as with fertilizers and most basic raw materials, there has slready been
a substantial increase in the past year. Price indices for major famm
products on the world market are shown in Table 3. The forecast prices
presented here are probably little better than a guided guess at best since
they take no explicit account of the expected changes in the supply of
nitrogen, and are - as always - subject to unexpected changes due to seasonal
conditions.

L9. - A crop failure in the caming season in a country such as India, when
coupled with the fertilizer and fuel supply moblems, could lead to massive
food shortages and further price increases. On the other hand, the increased
acreage of crops being grown in the food exporting nations could offset the
upward pressure on food prices on the world market. Nevertheless, the impact
on consumers is likely to be great, as suggested by the figures in Table 3. Given
that food is their major item of expenditure, the urban poor will undoubtedly
be the most severely affected.

50. On a priori grounds, the market price for cotton, coarse fibres and
rubber is also likely to rise. However, cotton acreage may decline and
output be reduced¢ in response to the fertilizer and chemical price effects,
though jute, sisal and rubber will feel little effect in this regard. Since
all fibres and rubber have synthetic substitutes derived from petro-chemicals
for which future prices will rise, however, it is therefore expected that the
price for these natural products will rise. The prospects for rubber are
complicated Ly possible changes in the motor industry in Western countries;

a reduced mileage will reduce tyre replacements, smaller cars use small tyres

and less rubber. However, it is predicted that as the price of isomer
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rubber riscs with the higher price for feedstocks, that of natural rubber will
follow ijti. All fibres including cotton, wool, sisal and jute are expected
to respond similarly at least to some extent - though for cotton the

subsli luticn possibilities may be greater than the others (in both production
and end use) and the nrice rise correspondingly more sustained.

Eff'ects on Output and Income

51, The direct effects on output will be a consequence of lower yields
due to less fertilizer being applied. However, more complex shifts from
existing cropping patterns to new ones will alter both the physicel mix and
the value of output. Generally, acreages of leguminous crops (such as
beans, peas and gram) will not be cut back and may even expand. Other

basic food crops, especially the one which is the traditional food crov in
each area, will probably not decline either - if for no other reason than
that they are needed for family subsistence, but also because food crop
produrie will have increased in price substantially in the short-run unless
held doﬁn by administered pricing. Acreages of basic food crops may even
increase at the expense of fibre crops such as cotton, and other export crops.
52. Fertilizer will tend to be used, first, on the highest return crops
(suct as sugar in India and Pakistan) and second, on those with the lowest
price elasticity of demand, since prices will rise most for these products.
Where less fertilizer is used cutput can be expected to decline. In some
cases there mgy be a switch btack to traditional varieties that are less
responsive to fertiligzer. There may also be a switch away from high protein

crops since, unless they are legumes, their fertilizer needs are higher than
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other crops. Further changes, some of which may be contrary to these
expectations, will be made in response to price movements for farm products,
which will depend in turn on their relative scarcity ard price elasticity of
demand.

53. The most significant physical output effect could be in response to
changes in the use of crop protection chemicals. While yields will decline
more or less proportionally to the amounts of fertilizer used, the omitting
of a disease spraying a use of a greater dilution of active ingredient than
is advisable, could lead to an infestation which might virtually wipe out a
crop. Failure to use appropriate sprayings by some farmers may have equally
serious effects even for their neighbours who do. A shortage of such
chemicals, or higher prices, since they have a relatively high elasticity of
demand, could therefore have effects on output and incomes of much greater
proportions than a comparable situation for fertilizers.

Sh. It is notable, however, that these effects are likely to be short
lived - though they may be recurring. The very high commodity prices of
past months have already begun to decline as the prospect of rebuilding
foodgrain stocks becomés récogﬁized and other shortages become less cribicsl.
(iven the rate at which new fertilizer capacity is being established (S to

6 million tons of additional nitrogen capacity is believed assured to come
on stream in the U.S. within the next 12 months) severe shortages are likely
to disappear quickly and prices to come down sharply (though they will
probably be higher than in the.past due to higher production costs). This
does 1ol jeduce the seriousness of the short-run impact, especially in LDCs

and particularly in South Asia.



/ 17 -

KEY ISSUES RELATING T0 FERTILIZER

i d

55 The first issue must be the existing information state we find

ourselves in regarding the factors affecting fertilizer supply and demand.
Decpite the heavy reliance we are putting our fertilizer supplies in terms

of increased food production, we know very little about the prevailing
situalion, especially concerning investment plans, capacity being installed,
existing capacity, levels of utilization or constraints on output within the
industry. At this stage there exists no comprehensive independent reporting
system; most analysts are dependent on journal reports and ad hoc information
collection.

56. Even.with existing resources, spread around various institutions, it
would seem possible to survey all firms producing fertilizers in the world
given a small amount of planning and coordination and a small travel budget.
It is of some concern that the prevailing fertilizer situation should have
Leen subject to so many desk studies with so little effort expended on fact
finding - "never have so many depended on so littlel". How can a better
information system be organized?

57 The second issue involves what might be done to augment fertilizer

supplies in the short-run. Although the critical fertilizer situation

might be resolved relatively quickly, in the next year or two the effects
are likely to be severe, especially in fertilizer importing countries such
as Tndia, Pakigtan and Bangladesh.

58. A review of possible measures that might be adopted suggests that

the scope for affecting short-run supplies is fairly limited. Some of the



possible areas for action include: (i) making better ﬁse of the amounts of
fertilizer held at various points "in the pipeline - some 20 percent of armual
consumption is tied up in this way in many countries, and for some it is
muchhigher; and (ii) raising capacity utilization by removing operatling
constraints (debottlenecking) - an increase of 10-20 percent is suggested

as feasible for Indian plants within two years. What else can be done?

59. The third issue concerns how far we can go using chemical fertilizers

as a land augmenting input, in order to increase food supplies. In part
this is an empirical question which can be answered in terms of finite fossil
fuel reserves, but it involves much more complex issues of likely competing
uses for feedstocks and possible further discoveries of reserves.

60. But, it also involves other questions. For instance, fertilizer

is a bulky input which necessitates substantial investments in storage,
handling and transport facilities, all of which are lacking in the LDCs.
Recently the Philippines Government found that half of all their coastal
shipping was tied up for several months in transporting fertilizers, even
though levels of use are less than two kilograms perhectare. Are there not
severe restraints on how far and how fast we can go with this type of
technology, apart from the rate of adoption?

61. The fourth issue follows from the last, and concerns the possibility

of developing alternative sources of nutrients. Research on soil fertility

has been heavily oriented toward the use of chemical fertilizers. Even
plant breeders are oriented to the promotion of a monocultural production

based on chemical fertilizers.
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62. There is some evidence, however, that research on biological nitrogen
fixation might lead to a clear alternative to chemical inputs. There is the
existing experience with the symbiotic Rhyobium in légumes which was

developed as a cheap nitrogen source for a low cost agriculture. Recent
studies suggest that bacteria in free association with plants, in the root
zone, may be equally effective. A technological breakthrough at the research
level has paved the way for substantial developments in this field. Can we
diverl research funds to this new priority areca?

63. Finally, perhaps only after we have considered these issues can ue

explore the likely demand for chemical fertilizers in the future. (learly

we necd reliable projections of demand in order to be able to organize
supplies. But both supply and demand can be moulded by changes in technology
and alternative means of production. So many of the underlying factors are
subject to independent decisions - often in an institutional setting - that
neither demand nor supply can easily be forecast. Are there ways of improving

the planning process?
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FERTILIZER RELATED ISSUES

A great variety of issues have been raised, by various people,
as a consequence of recent experience with fertilizer supply and
demand effects, some of which are summarized below. This list,
despits its length, is by no means exhaustive. Clearly, too, not
all of these questions are of equal importance, and certainly they
cannot all be translated into feasible instruments for policy mekers.
This listing is presented partly as a checklist of issues, but alsc
to indicate the extent of our lack of knowledge about an aspect of
the agricultural production system upon which we are placing very

heavy reliance in terms of incre= sing food supplies.

(a) Short-iun Adjustments

(i) Can we increase fertilizer availability in the short-run? Can
intermediate stocks be reduced? Can capacity utilization be quickly
increased? Do adequate incentives exist for manufacturers?  Should
priority be given to fertilizers in the allocation of feedstocks,
energy and transport?

(41) Can we offset shortages at the farm level? Allocations to
foodcrops versus industrial crops?  Reduce levels of application on
all crops, whole area, or selectively? Allocations to particular
regions (eg., irrigation)?

(iii) Is administrative intervention required, or should current

arrangements be modified? Do cheap food policies discourage fertilizer



use at higher prices? Do high tariffs on fertilizer, feedstock imports
agpravate farm cost situation?

(iv) What are the returns to fertilizer use in LDCs compared to Western
countries? What are the opportunity costs of fertilizing Americen lawns,

English roses and French asparagus?

(b) Longer Run Strategies

(i) Can we rely on expanded use of chemical fertilizers to provide
increased food supplies? How far (and for how long) can we go in
relation to feedstocks, transport systems?

(ii) Can we rely on farming system dependent on chemical fertilizers
for reliable food supplies? Risk of recurrent cycles? Dangers in
possible coincidence of seasonal end industrial cycles?

(iii) 1Is it possible to offset cyclical movements in fertilizer prices
and guard against a recurrence of crisis proportions? By what means?
(iv)  Should the LDCs rely on imports or pursue self-sufficiency in the
interests of conserving foreign exchange and ensuring reliable supplies?
(v) Will the LDCs be prepared to rely on imports given their recent
experiences?

(vi) How did we come to be so dependent on a monocultural form of

crop production based on an industrial input? Are there biases in

research? Are there feasible alternatives which warrant research?

(¢) Fertilizer Production -

(i) Should additional capacity be located in developed countries, near
feedstock sources, near to markets? What are the magnitudes of the

trade-offs?
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(11) Can cheaper alternative feedstocks be found? Can flared gas be
profitably used? Are there alternative means of manufacture?

(iii) Do the economies of scale of larger plants exist in LDCs? What
demands do they put on logistics and management? Are there less
capital-intensive means of production?

(iv) Can LDC plant capacity utilization be increased? Must it
inevitably be low?

(v) What are the ancillary investments necessary to support fertilizer
manufacture and distribution in LDCs? Roads? Rail? Power? Water?

Shipping? Training?

(d) Agricultural Production

(i) What proportion of output is attributable to fertilizer? What
is the production elasticity?

(1i) What is the response to fertilizer in terms of tons grain per
ton of nutrient? Do we know enough about responses on farms, especially
in the longer run? What are the production effects of a fertilizer
shortage?

(iii) Since fertilizer substitutes for land in most LDCs, can we find
alternative substitutions? Improved irrigation practices? Better
crop husbandry (spacing, fertilizer placement, weeding)? Alternative
production methods (intercropping, rotations, green manuring)?

(iv) Are there substitutes for chemical fertilizers? Unprocessed
mineral sources? Usable organic materials? Biological nitrogen

fixation? Microbial nutrient release?



(v) What are the ancillary costs of using chemical fertilizers
(transport, storage, losses, shortages, ill-timed deliveries, field

application)? What are the benefits?

(e) Information and Intervention

(i) Is better information desirable? Can it be obtained? What is
the likely cost?

(ii) Is it desirable that investment in fertilizer production capacity
be guided or regulated? Is this feasible?

(iii) What is the scope for international cooperation? Can it be
achieved?

(iv) What is the nature of the supply response for different fertilizers
in different situations?

(v) What are characteristics of the demand for different fertilizers in
different countries?

(vi) To what extent is the industry oligopolistic? Have they made

excess profits?
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Table 1: World Fertilizer Production and Consumption - 1960-T4

NITROGEN ; s POTASH
1000 u::“u“'; change 1000 l::-m“": change 1000 o:::dn ““‘l change 1000 ::::w"o; change '000 ':"‘:a‘“‘”" hinge ‘ol :S::“p“a:_ i
P05 K90

1960 11,000 10,100 10,740 10,583 iR S
1961 . 12,000 9.1 11,300 1.9 11,130 1.6 10,950 ) 1.9 9,670 0.7 g o
1962 13,100 9.2 12,100 7.1 11,440 2.8 11,456 4.0 10,320 54 9280 i
1963 14,500 10.7 13,700 13.2 12,200 6.6 12,150 6.1 10,820 = M2 -
1964 16,400 13.1 15,400 12.4 13,740 12.6 13,500 10.8 11,500 M A58 i
1965 18,600 1.4 17,000 10.4 15,260 1.1 14,710 9.0 13,370 125 A%, 40 Yt
1966 21,100 13.4 19,200 12.9 16,630 9.0 15,860 7.8 15,180 133 LA s
1967 24,700 17.1 24,000 25.0 18,780 12.9 17,780 12.1 16,000 3.4 18,210 A
1568 28,200 14.2 26,400 10.0 19,870 5.8 18,700 5.2 16,860 3 132k e
1969 31,300 11.0 29,300 11.0 20,490 3.1 20,080 1.3 17,510 3.9 St s
1970 33,300 6.4 31,600 7.9 21,260 1.8 20,740 3.4 18,630 5.3 17,020 i
19711 36,300 9.0 35,000 10.8 22,570 8.0 21,900 5.6 19,520 53 1910 5t
1972 38,700 6.6 17,200 6.3 24,610 8.0 23,250 6.2 21,210 8.7 19,270 i
19734/ 42,200 9.0 40,200 5.1 26,130 5.3 25,820 1.1 23,700 AL 20 i
19761 45,800 8.5 44,800 1.4 28,89 10.6 27,110 7.3 26,070 1.6 21,400 5.3

1/ Estisate provided by USDA and TVA material.

Source: FAQ Annual Fertilizer Review for 1960-63, 1964, 1965, 1966, 1972 for 1967=72.
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Country Area (million hectsres) Qutput (million metric tons)

1961-65 *1961-65 :
average 1967 1968  19%9 1970 1971 1972 1973 average 1967 1968 1949 1970 1971 1972 1973
Usa 19.k a8 @o . A9Le | AT.6) I9:8 19:% 2y 33.0 L.y h2.9 39.7 36.8 LL.O 42.0  L7.0
Canada 113 15,2 11.9 10.1 5.1 7.9 8.6 10.1 15.4 16.1 179 18.6 9.0 1.k 14.5 17.0
Australia 6.7 9.1 10.8 9.5 6.1 7.1 7.8 9.0 8.2 7.8 1.8 30.% 7.9 8.L 6.6  1l1.7
(1965-69 average) _ (1965-69 average)
USSR 68.2 65.2 63.1 58.5  62.5 66.9 80.0  98.8 5.8 95.0
World
Total 210.8 222.1 227.7 221.6 210.9 216.1 21L4.5 222.2 25h.3  299.L 332.5 315.5 318.6 353.8 3L3.L  37L.L

Note: Tatble compiled from statistics in FAO "Production Tecxbook, 1971", revised and updated with statistics from FAO "Monthly Bulletin of
Agricultural Economics end Statistics", 1973 issues, and from U.S. Department of Agriculture, "World Agricultural Production and Trade",
March 1972, September 1973. The 1973 figures are preliminary.
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T987-69 1971 1373 Jan, -Fagch RN 1873 1978 97 1578 1979 1980 19385
1974
LU 100 s m m m m 111 m m n 130
143 100 168 173 Lok 181 150 148 130 115 118 118
160 100 103 103 104 109 118 104 101 %% % 1
131 100 [ 3] as 103 % 7 151 10 &7 & o
a1 100 108 192 182 135 101 Ly [ B L] %0
104 100 92 13t 143 123 122 in 1712 11 123 118
137 100 7 8% “ % s 8 (4] 1 82 1
122 100 100 % " 100 % * % " 9% 95
119 100 (1] " 19 7 75 7% I i H 7 L]
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7% 100 104 108 " 9 101 9 101 103 106 106
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9 100 187 269 5% 191 168 149 13 140 140 148
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Ministry of Agriculture Fisheries

and Food

Qur Ref: 16.1 Whitehall Place (East)

London

SW1A 2HH
P A Oram Esq
Secretary TAC
FAO
Via delle Terme di Caracalla
00100 Rome
Italy 20 lMay 1974

Dear Peter

As we approach another Centres Week, in which Institute Directors-
will report progress in both research and extemsion of improved
agricultural techniques to the developing world, I am inecreasingly
concerned with the supply situation for fertilisers.

/e shall, in Washington, be reviewing success in a massive campaign
to introduce more fertilisers into tropical subsistence agriculture,
both for crops and for pastures.

At the same time, fertiliser supply is causing increasing concern
in the most developed countries, where it is already essential %o
our standards of living. In the UK we manufacture 90% of our ovn
ammonia for fertiliser, but we have been importing the rest from
Trinidad, and have recently completed a2 large liquid-ammonia
refrigerated terminal in the West Country for importing by large
tankers.

Similarly, the USA has‘recently switched from e;gértb”to imports and
is currently said to be shert oflggkgggggg‘ﬁﬂ{ni rogen per annum,

I am sure that at least nj en stipply should be on our TAC agenda, f
and indeed on that of the Consultative Group, for next July.

In the meantime I feel the need to be better informed for such a
discussion. I am sure that FAO will have published recent reviews
of the world fertiliser situation, and it is probable that IBRD will
have commissioned some up=-dating activities in so rapidly changing
a situation.

I am not seeking a mass of statistics, but if you could let me have
any convenient published summary of the supply position as seen

by FAO I would be grateful. By copy of this letter I am asking
Harold Graves if it is possible to let me have any current-
awareness summary of the fertiliser supply position from his side
of the A%lantic. I am prepared to keep any particular piece of
information confidential if there is any necessity so to do.



I feel that TAC has a very real responsibility to advise the CG on
how the supply position should affect our poliey and thinking on
R & D for the developing countries. ‘

With kind regards

Yours sincerely

H C PEREIRA

ce Sir John Crawford
Ve -Hareld Graves. cJ ey
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AN INTERNATIONAL PLANT NUTRITION INSTITUTE

Problem:

Food production in most of the LDCs will have to be doubled by
the end of this century, just to maintain the present inadequate
level of human nutrition. Most of the necessary increased production
will have to come from increased yields from lands already 1in use.
Undeveloped arable lands are mostly remote from centers of population
and industry or are marginal. The assurance of better yields is
required before these will be developed. One of the major constraints
to increased yield is the lack of essential elements for plant growth
in an available form. In developed countries supplementary plant
nutrients are usually applied in the form of fertilizer, 1ime or
nutrient sprays. While commercial chemicals are an important source
of supplementary plant nutrients for many of the LDCs as well, there
is not enough fertilizer to meet the needs of the vast areas of farming
land in these countries now or in the foreseeable future; nor would
there be sufficient foreign exchange to purchase the fertilizers if
they were freely available. Thus the whole problem of plant nutrient
supply must be looked at from many aspects. No reasonable means to
overcome the plant nutrient deficit should be overlooked.

Scope of Proposal:

An International Plant Nutrition Institute (later referred to as
the Institute) is proposed to focus and sustain attention on the means
of supply of plant nutrients and ways of using them more efficiently.
By combining a number of disciplines within a single center, neglected
areas of research which have lacked a sponsoring organization can be
identified and studied.

Such a center will provide a critical mass of highly motivated
scientists and teachers not only to concentrate on basic research but
to reduce to practice fundamental discoveries as they are reported at
laboratories throughout the world. In providing essential functions
such as definition of problems, analyzing, storing and dissemination
of information, as well as serving as a training center for advanced
scientists, it will increase tke no~" f skilled experts and hasten
the utilization of knowledge throughout the world.

The proposed Institute would attack problems of nutrient supply by
considering the overall system: interactions of plant, soil, water,
fertilizers and weather. Particular attention would be given to three
priority areas: 1) investigation and development of means to control
and increase the biological fixation of nitrogen and microbial
solubilization of soil nutrients; (both fields have received too little
attention for too long, although these mechanisms provide the basic
nutrient supply on which the world depends for most of its food);
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2) conservation and reuse of the plant nutrients in farm and other
wastes and in animal and human manure; and 3) improvement of chemical
fertilizers, especially for the tropics and subtropics, and the
technology to produce them. :

Bio]oﬁica1 Fixation of Nitrogen and Microbial Solubilization of
01l Nutrients:

As fundamentally important as these biological processes are to
agriculture, particularly in the developing countries, there is a
dearth of data that can be readily utilized to improve their impact
on a broad basis. While a number of valuable collections of Rhizobiaceae
have been made, very little work has been done to screen them for
efficiency under tropical conditions. Correspondingly, work is limited
on the exploration of other symbiotic and non-symbiotic nitrogen-fixers
in relation to more productive agriculture for the tropics and sub-tropics.
In both cases, more attention is needed in some of the more basic aspects
of biological fixation of nitrogen. As envisaged, the Institute would
also be concerned with microbial solubilization of other nutrients in
the scil =- phosphorous is one example. Al1l of these microbiological
approaches have the potential of developing a technology that would
be "low-capital-input" in nature and thus more readily adaptable by
the small farmer,

Re-utilization:

One group within the Institute will lead the work on re-utilization
research. Re-utilization of nutrients in crop residues, farm and
urban wastes (including manures and sewage) is an inherent part of all
farming systems but 1ike all recycling systems, it is subject to losses.
Control of these losses on the farm, in the forest, factory, and from
the urban community will go a long way toward meeting the nutrient needs
of our crops. Conservation systems must be studied as thoroughly as
systems for bringing new nutrients into plant cycles but have received
much less attention to date.

Means of saving the nutrients in the leaves and stems of plants will
be assessed, especially in tropical environments. An attempt will be made
to maximize the role of root systems and assure efficient utilization of
available nutrients. Manure and urine from the house as well as
the barn contain most of the plant nutrients of the food and feed consumed.
Sanitary, efficient and acceptable means will be identified or devised to
return these nutrients to the fields. Towns and cities are extremely
wasteful. Better means of recovering the valuable components of garbage
and sewage will be sought. Similar waste and disposal problems created
by the factories processing fruits, vegetables and some industrial crops
may be solved in a similar way. Various means of saving plant nutrients
will be studied. :
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Farm management schemes, minimum tillage, incorporation, multiple
cropping and rotation may all conserve plant nutrients in the field.
Manures can be saved and returned to the fields directly or following
composting. Composting can also be utilized to concentrate and sanitize
urban wastes. Anaerobic fermentation can produce useful gas from plant
residues, manures and sewage. The sludge from such fermentation still
contains all of the nitrogen, phosphorus, potassium and secondary and
micro nutrients in the fermented organic material. Industrial processes,
based on partial oxidation, perhaps coupled with steam reforming can be
used to recover both nutrients and energy. Finally, although wasteful of
both nitrogen and sulfur, simple burning of plant and animal wastes does
not destroy phosphorus and the basic elements. The mineral nutrients
can be carried back to field and reused by crops.

The problems of reuse (with present knowledge) which need to be
solved are mostly related to the cost in money and energy in gathering,
processing and redistributing nutrients contained in the waste. Therefore,
good economic analysis must accompany technical developments to provide
a basis for selection of systems suitable for use in various locations
and according to the amount of material to be handled.

Fertilizer Development:

No center for plant nutrient research would be complete without
active research on fertilizers. Both new products and new production
technology are needed. New and old raw materials must be evaluated
and better or less expensive means of converting to plant use will be
sought. By their nature and cost of production, fertilizers are items
of trade and understanding markets, supply and demand are critical.

Law, relating to prospecting, extraction of raw materials, production
controls, and process patents and licenses all either 1imit or control
the fertilizer supply and fertilizer cost. Too often lack of information
about the law discourages efforts to develop new sources of fertilizers,
excludes investment, especially off-shore investment, or may lead to
unwise and disastrously costly mistakes.

An International Fertilizer Development Center is an essential unit
of the Institute. The cost of basic production facilities to provide
the range of raw materials needed for ney product development would cost
approximately $100,000,000 -- s#x to eiynt times as much as the rest of
the Institute. Most of this capital overhead can be avoided through
establishment of a branch of the Institute at the National Fertilizer
Development Center, TVA, located at Muscle Shoals, Alabama. The Board
of Directors of TVA has indicated willingness to cooperate in an
international effort by allotting land for offices, laboratories and
other facilities. The International Center would be supported by
supplying utilities, services and materials at the same costs used
within TVA. As space and facilities permitted, the international
scientist will also be allowed to work in the laboratories, production
and pilot plants owned by TVA, The details of their offer will be
presented separately. -
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Fertilizers will be designed to overcome soil reactions which
sequester nutrients from crops, which control leaching and which can
overcome difficult management problems such as precise timing or
applications in dense standing crops. Cost will not be neglected.
More concentrated fertilizers which minimize shipping costs will be
developed. Others will be found which have superior handling or
storage properties, reducing both cost and the care necessary in
handling. Economical production technology will be developed for
the new products and improved technology developed for the "old"
fertilizers.

Multidisciplinary Approach:

To be effective the Institute must combine a number of disciplines
with focus on fundamental biology, chemistry and physics which can be
applied to plants, micro-organisms, fertilizers and their integration
into productive farming systems. Plant scientists will need to screen
existing genetic collections and, if necessary, explore centers of
origin to determine genetic 1imits of nutrient utilization. Studies
in morphology, cell biology and plant physiology will replace simple
empirical selection with guided search.

Soil research will be another key supporting discipline in the
Institute, and will be closely integrated with other research on tropical
soils now being conducted in many parts of the world. Soil chemistry
will help to assay the nutrient supply and to assess the rates of
availability of the nutrients. The presence and concentration or
activity of toxic or detrimental elements within the soil can also be
measured and used as a guide to plant selection, microbiological
adaptation and soil management practice. The physical properties of
the soil and the movement, retention, and release of water within it are
critical for plant growth and for understanding nutrient uptake. For
example, nitrogen utilization and loss are closely related to the
percolation of rainwater and capillary flow of water into the active root
zone or to the surface. Fertilizer solution rates, depth of placement
and dispersion of the fertilizer through the soil are all inter-related
and must be considered in product and system evaluation.

Soil microbiology is one of the prime fields in its own right but it
is also the 1ink between the soil and the plant which must be known and
understood if many plant responses are to be predicted. The growth and
survival of Rhizobia are dependent on soil conditions as well as on the
species of plants in the field. The conversion and release of nutrients
from crop residues, manures and other wastes is dependent on the microbial
processes. Understanding the relationships is the key to controlling
unnecessary loss. The natural soil flora have strong antibiotic output -
and can sanitize many wastes, including human excrement.



Plant and soil interactions, including nutrient uptake, are controlled
to a large extent by the weather, therefore a meteorological/climatological
section is needed both to define conditions under which various crops will
be grown and to select appropriate areas for search, testing and recommending
final adaptation trials and introduction of a variety, a fertilizer or
particular strains of micro-organisms.

Fertilizer technologists with a range of disciplinary background
will be needed to develop fertilizer designed specifically for the
unique requirements of tropical agriculture. Al1 of the soil and crop
and fertilizer technology disciplines must be combined in management
systems to take fullest advantage of native supplies of nutrients, the
potentially inexhaustible supply of nitrogen in the air and the effective
use of fertilizers.

Training:

Training will be an essential element of the program of the Institute
This will be coordinated by a professional staff but much, if not all, of
the training will be conducted by or under the supervision of the working
scientists. Training at the center will be for advanced acientists or
extension leaders. There is no need foreseen to use the center for
training technicians, extension agents or farmers.

Information:

The gathering and dissemination of information on plant nutrients will
be a major function of the Institute., The library will be a cornerstone
but there should be no attempt to duplicate the collection at TVA. Data
collection, storage and retrieval is similar., TVA and FAO have already
established an efficient and readily accessible system on fertilizer
production, marketing and use. They are already the accepted source of
such data and nothing is to be gained by duplicating the service.
Publication of research at the center, satellite facilities or independent
laboratories will extend the knowledge obtained, enhance the prestige of
the center and its scientific staff and help to keep investigators in the
field fully informed on the work of their colleagues. Production of
displays and other visual media, perhaps including movies, can be under-
taken directly by the information division or through a contractor.

Organization:

The organization of the Institute will reflect both the biological
and technical environment around the world. The central laboratory of
the Institute can be located in almost any part of the tropical world
but should be close to a center of scientific activity. The central
laboratory will be devoted to portions of the research and advanced
training for the most part. Satellite centers will be advisable or
necessary for two reasons. Since studies of the efficiency of nutrient
use by plants is a study of the reaction of plants to their environment,
materials, varieties and even concepts must be tried under various
conditions. Not every soil or climate can be tested but sufficient
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variety can be sought to permit generalizations in which both the
scientist and the farmer have confidence. The advantage of developing

a satellite adjacent to existing facilities has been discussed. TVA

is the logical example because of the very high cost of the basic
building blocks from which new fertilizers can be built. Other
satellites might be developed in conjunction with international centers
which maintain a major germ plasm bank or a university or research
center with a major collection of bacterial or mycorrhizal species

and strains.

Contract research is another means by which the center can
minimize capital costs while controlling the direction of research
and assuring that significant results will be reported in a timely
manner and widely distributed. Contracts which support graduate students
can relieve the shortage of qualified microbiologists. Contract research
may also be effective in creating local facilities for training. A
scientist with a good record in adaptive research can often relate to
extension agents and to farmers as well or better than the professional
teacher who has never had the opportunity to test the ideas he is
passing along.

Contract research has many other advantages. The skills of active
scientists can be tapped without luring the men from the institutions
in which they are established. Thus the Institute will become a supporter
and not a competitor of national and especially university programs.
This will have the effect of maintaining a broad base of inquiry and
?voiding the myopia which could develop if all the work were done at the
nstitute.

Field research must be done in various locations and in a range of
climates. It is not desirable to create a whole system of branch
stations. It is desirable to have wide geographical and climatic
coverage by using a Targe number of cooperators. Again funding
capability will be important. Many university scientists have the

interest and ability to make significant contributions but have very
limited budgets to support research. This budget support will be
provided.

Linkages with other institutions is the critical element in almost
any complex scientific undertaking. The international institutes will
be the source of much of the biological material and hopefully will
cooperate in breeding desirable cultivars; further, they should be
anxious to test that which is identified by the International Plant
Nutrition Institute. National research centers and universities will
play both roles. FAO, UNIDO, and UNDP are all sources of information
and potential program exchanges. Industry cannot be ignored. The
commercial seed industry, especially in the developed countries,
has a scientific capability which dwarfs many of the better universities.
Fertilizer manufacturers and vendors offer possibilities in testing
production ideas but more importantly, in testing farmer acceptance of
new products.



Estimated Cost:

Preliminary estimates for the Institute indicate about $19 million
for capital facilities, and about $8 - $10 million per year for
operating expenses (including an envisaged fertilizer technology component =--
possibly at TVA). This component at TVA would require around $4 million
in capital costs, and $2 - $2.5 million in annual operating costs.



INTERNATIONAL DEVELOPMENT | INTERNATIONAL BANK FOR INTERNATIONAL FINANCE
ASSOCIATION RECONSTRUCTION AND DEVELOPMENT CORPORATION

TO: Mr. Montague Yudelman, AGPDR DATE: Apnil 26, 1974
FROM: Joris J. C. Veoorhceve, AGPDR i1 s

SUBJECT: Note on the Plant Nutrient Institute ”

1. The American Secretary of State recently proposed to the U.N.
Ceneral Assembly "the establishment of an international fertllizer in-
stitute as part of a larger effort to focus international action on two
specific areas of research: improving the effectiveness of chemical
fertilizers, especially in tropical agriculture, and new methods to pro-
duce fertililizers from non-petrolieum resources."l/ Subsequently, the
proposal has been broadened into a suggestion for the establishment of
a Plant Nutrient Institute. The purpose of the Imstitute appears to be
fourfold:

(1) to increase total fertilizer production;
(2) to raise the effectivenese of fertilizers;

(3) to reduce the energy costs of fertilizer produc-
tion; TH

(4) to increase the supply of organically produced
plant nutrients.

The subject of increasing total fertilizer production has heen dealt with
at length in the VWorld Benk's Fertilizer Policy and Program. The other

three subjects are briefly discussed beleow.

Raising the Effectiveness of Fertilizers

2 Presently, only a part of the total fertilizer production ie
utilized effectively. Plant nutrients are lost in storage and tianspor-
tation, particularly of uresz in huwid tropical conditions. Obviously,
these losses can be reduced by correcting the tecbnical and organizational
flaws in national, regionzl, and local systenms of fertilizer distribution.

3. Once applied to the soil, about 50 percent of the nitrogen dig=
appears through leaching, gasificaticn, or blological traneformation,
Potash is leached to some extent toc. Particvlarly on acid soils, phoso-
phates are partizlly transformed into insoluable selts, which may again
become available to subsequent creps, however.

1/ ¥Henxy A. Kissinger, "Challenges of Interdependence," Address Before
the Sixth Special Session of the United Nations Ceneral Assembly at
New York, Department of State News Release, April 15, 1874, pp. 5-6.
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4, The degree to which nutrients are lost after soil fertiliza-
tion depends mainly om rainfell, cropping pattern, temperature, the
chemical and physical nature of the fertilizer product, and the mode

of fertilizer application. Losses can be reduced by using coated, slow-release
fertilizer pellets, by correction of chemical soil deficiencies (e.g.,

pll adjustment), by improvement of soll structure through better tillage
methods, by placing the fertilizer below the surface, by cover-cropping
during fallow periods, and by a greater application of green and organic
manures. Creen manuring stunbles, however, on the problem that the water
supply is generally toc tight to allow for the additional cover-crops.
These crops require an investment effort by the farmers that deoes not
result in immediate and tangible effects.

5. The effectiveness of the fertilizer application can also be
incressed by optimal timing. At present, a lack of knowledge of exactly
what the best time is, as well as delays in the supply of fertilizers

to the farmers due to organizational problems and transport bottlenecks,
often result in late application. To improve the situation, a large
research effort is required, and agricultural extension services would
have to inform the farmers about the results of this research. If the
optimal timing coincides with a labor pesk, mechanization may be needed
to insure timely application of fertilizers.

Reduction of Energy Cost

6. Food and other agricultural products consume large quantities

of energy. Most of this energy is sunlight, but modern agriculture also
requires vast inputs of fossil fuels and electricity. E.g., the American
farming system consumes more petroleum than any other single industry in
the U.S.1/ An energy equivalent of 748 liters of gasoline is used for

the production of one hectare of corn in.the United States.2/ Most of
this energy is represented by the nitrogenous fertilizers that are applied
to the corn crop.

7. The largest energy-consuming input into agriculture comnslsts of
chemical fertilizers. Of 211 energy that goes into fertilizer producticn,
about 87 percent is consumed by nitrogenous fertilizers, and only 5 percent
by phosphatic fertilizers and 8 percent by potassic fertilizers.3/ The
approximate amount of energy consumed by the world's fertilizer Industries
is chown in Tahle 1. Most energy sources for the production of fertilizers
are fossil fuels: mnatural gas (over 507 of all energy consumed in ferti-
lizer production), naphtha (over 18%), coal (over 11%), fuel oil (over 47),
refinery gas (over 4%), and electricity (approximately 2%Z). (The remaining
11 percent is unallocated). X

}j Committee on Agriculture, House of Representatives, 92nd Congress, 1971,
p. 20, as cited in: "“The U.E. Fertilizer Situation and Outlook; A
Report by the Task Yorce of the Council for Agricultural Science and
Technology.," Jenuary 1974, p. 10.

2/ Pimentel snd others, "Pood Production and the Energy Crisis,"
El s 8y s

2 MNovember 1973 s BOH,
5

Science,

3/ Task Force, Op. Cit., p. 9.
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8. The methods to produce fertilizers from non-petroleum products,
to which Dr. Kiesinger referred, include ammonia and urea production from
(i) natural gas, (ii) coal, brown coal, and lignite, (iii) hydro-power,
(iv) nuclear power, (v) bio-gas from garbage, manvres and cther organic
wastes, and (vi) other potential energy sources. Each of these subjects
is dealt with below. '

(i) MNatural Gas

) y .
9. Ammonia production clearly offers possibilities for changes to
non-petroleum energy sources. Most awmonia is teday already being pro-
duced from natural gas. See Table 2. Natural gas is becoming scarce and
expensive in the industrialized nations; in the coming years, the cif
natural gas price may move up to $1.00 - 1.50 per million Btu, parallel
with the rise of crude oil. In most developing countries, however, na-
tural gas will remain cheaper, due to the high transportation costs of
gas products (liquefied gas, methanol, ammonia) to Japan, Western Europe,
and the United States. Developing countries with large gas resgexrves in
associated or unassociated form do not neced to develop feedstocks other
then gas and can greatly expand their awmonia industry., This applles
particularly to those which flare most of their associated gas.

10. Matural gas is the most important, enerpgy-efficient end cheapest
raw material for nitrogenous fertilizers. Im 19271, the world's natural

gas reserves were estimated at least at 50 trillion (1012) cubie metres.t/
Probably more than 14 trillion is located in OPEC countries., Met world
production surpassed 1,142 billion (109)m3 in 1971. About 49.8 billion

(or 4.4 percent) was produced by the OPEC countries.2/ (Net equals gross
minus re-injected, flared, vented, or otherwise wasted gas.) The potential
net production of OPEC countries is many timés higher. The reserves of

the menbers would last, on average, 67 years if the gross production of
1872 would continue till depletion.

TL. In 1972, more than 62 percent of all gas produced by OPLC members
was flared, surpassing 130 billion m3. This quantity of gas could be put
to several good uses, one of which would be ammonia production for mnitre-
genous fertilizers. 130 billion m3 would be enough to produce 83.4 million
tons of ammonia.3/ In 1971/72, total ammonia production in LDC's was
5,801,000 metric tons of N (including Sccialist Asia), which equals
7,074,390 metric tons of ammemia. 4/ The volume of gas flared in the OPEC
countries would enable them to increase the ammonia output of LDC's almost
12 times at very low costs.

12 The consumpticn ¢f K-fertilizers by LDC's (excluding Soclalist
Asia) reached 5,890,000 metric tons of N in 1971/72, and the World Bank
1/ UN, Statistical Yearbock 1972, pp. 182-3. '

2/ Excluding Kuwait, for which no net production figure is zvailable.
Source: OFPEC, Annual Statistical Bulletin 1972, p. 11.

3/ Using 55 million scf for 1,000 metric tons of ammonia, which is a
conservative estimate,.

4/ Amwonia has 827 M.
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Yertilizer Study projects that the demand will reach 15,475,000 metric
tons in 1980/81. The amount of ammonia necessary to meet this is

18,871,951 in 1980/81. The oil companies in the OPEC countries flared
enough gas in 1972 to satisfy this future demand four and a half times,
(Thie figure puts the present and projected fertilizer shortages in the
LDC's in the proper perspective of today's energy and feedstock waste.)

Table 2: Feedstocks of Ammonia, 1971

Anmonia
in
million metric B
tons Percentage
natural gas : 26.4 -~ 60
naphtha 8.7 | 20
coal 4.0 .
fuel oil r 2.0 4.5
refinery gas 2.0 4.5
electrolytic hydrogen 0.9 2
Total World 44,0 100

Source: R.P. Cook, "Fertilizer Production 'in the World
from 1971 to 1980" UNIDO/ITD. 218 dd Oct. 3,
1973, 1. 5.

(ii) Cozl

3. Before the Second World War, almoet all ammonia was produced
from coal. The investment costs of coal-based plants are much higher

than those of plents vsing other materials. (See Table 4.) Large
amounts of coal are required; maintenance and operating costs are high.
Also, coal is more pelluting. TFor these reasoms, coal hag fallen into
disfavor, although it is more plentiful than petroleum and gas. Some
developing countries heve large amounts which can be delved at low cost
Tndia and South Africa, e.g., have alrecady coal-based ammonia plants.

The high present prices of naphtha and fuel oil, combined with the desire
for increasing national self-relisnce as wvell as awareness of a poesesible
depletion of gas and oil reserves, are currently revitalizing the interest
in coal. The Soviet Union plans to establish three coal-based plents in
India, end the United States ordered recently six German coal-gas ifica~
tion plante which could be used for amronia production {(among other
purposes). Use of domestlc ccal saves foreign currency if the alterna-
tive is iwmportation of feedstocks, intermediates, or end products. It
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creates employment and may stimulate other industrial or domestic usages
of coal, where a large customer like an ammonia plant is required to
achieve a minimurm mine production. The same advautages are attached to
lignite and brown coal, which are cheaper, but also bulkie r because of
high water contents, and are therefore costly to transport.

£ 3 .
Table 4: Approximate Investment Costs of Ammonia Plants in LDC's
For completion in late 1970's. Figures in millions of
constant 1973 dollars.

\

600 MT/D - E | 1,000 MIL/D
Feedstock L 1
Natural Gas 29 ! L4
Naphtha 35 ; 49
Heavy 0il 41 55
Coal 58 i 78

Including all off-sites and storage facilities.

Source: World Bank Fertilizer Policy and Program.

14, There are both well-established and new technologies for ammonia
production from ccal. In old processes, ammonia is made from the town gas
or coke that is derived from coal. In such current processes as the Luxgl
and Winkler ones, coal is gasified and ammonia ie¢ derived from syngas. A
new and promising method is presently in develepment by Texaco. Partial
oxidation of finely ground coal, in am oil slurry or simply water, replaces
naphtha or fuel oil in the partial oxidation process. Partial czidation
plants using naphtha or il could be converted to pulverized coal plants
with minor alterations. In 3-5 years, this methed should be ready for
commercial application on a large scale, which helds a great proumise for

a country like India.

(ii1) Hydro-Fower

15. Presently, only 2% of all ammonia is produced wlth hydro--power
or other sources of electrolytic hydregen. In general, electricity is

too expensive as comparcd to fossil fuels. Only vhere a surplus elec—
tricity capacity exists will it be economic to use power for the produc-
tion of fertilizer. Tertilizer production on the basis of electricity
does teke place, e.g., im Peru, India, end Egypt: but, in Peru, the
production costs are too high, and in India the plant concerned is being
converted to fuel oil. Cne of the ifow developing countries which pre- ,
sently has an opportunity for expanded fertilizer production on the basis’
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of hydro-power i1s the Philippines.!J In general, the share of hydro-
pover in fertilizer production cannot be greatly expanded in an economi~
cally justifiable way.

(iv) DNuclear Power

16. Nuclear power from fusion ig generally expected to become an
economical energy source for wide application within a couple of years.
Important safety problems have still to be solved. Nuclear power from
fission, though potentially much cheaper, is still far from the stage of
general applicability.

17. The electricity generated by fusion or fission can be used to
produce ammonia by combining hydrogen from water electrolysie with nitro-
gen from the 2ir. Thosporous fertilizers can alsc be produced with
electricity, which would replace the sulphuric acid in the conventional
process.

18. Large agro~industrial nuclear complexes have been suggested
for LDCs by Edward A. Mason,gf but at the moment this idea does not yet
seem ready for implementation. In any case, the expansion of nuclear
energy generation 1s constrained by lead times of ?—10 years., It will
probably remain an insignificaent scurce for fertilizer production till
about 1935.

(v) Bio-gas and Carbage-Tuel

19. A cheap but ignored source of methane gas, which 1s an excellent
feedstock and fuel for ammonia and urea production, is the gas produced

by fermenting garbage, cellulose, manures, and other organic wastes. Bio-
gas is a natural by-product of the decomposition of cow-dung and other
wastes and is being used on a limited basis to provide fuel in some Indian
villages. This process reduces loss of organic matter through decomposi-
tion, preserves the organic plant nutrients, and provides up to 2,000 cu.
ft. of cooking gas per metric ton of fresh cow-dung. The poiential methane
gas production based on the nuwmber of cows in LLC's in 1971 is at least
12,3 trillion (1012) cu. ft. Experiments show that gas for cooking, irri-
gation pumping, and village electrification can be produced with relatively
simple equipment end at low investment and processing costs (See Annex I,
pp. 3-6, for the data on which these estimates are based),

1/ In the Mabuhay electrolysis plant, hydrogen by-product ig presently
being wasted. According to IFC, 37,000 metric tons of urea could be
produced annually, at sn investment :cost of only 8 millien dollars
See T. H. Liem, Office Memorandum to H. G. Hilton, dd, September ¢7,

1973.
2/ In: "“An Analysie of Nuclear Agro-Industriai nmplﬁxeﬂ," Seience and
Technology in D\Vﬂ10~1uf CU”FLVIO‘, edited by C. Nader and A.B. Zahlen

(Carbridge: University Preess, 1969).
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20. The potential gas production from cow-dung alene, valued for
instance at a low gas price of US$.10/1000 cu. ft., represents a gross
value of US$1.23 billion on the basis of the 1971 dung production. In
addition, the remaining sludge can be used as manure, because plant
nutrient losses during fermentation arc minimal. The process of captur-
ing methane gas and simultaneously producing good fertilizer is tech-
nically feasible for certair urban composts and sludges, too. At least
one plant in CGreat Britain is operating ia this menner. This points to
the possibility of combining the functions of hygenic waste disposal,
orgenic fertilizer production, methane gas production, and recycling of
salvageable materials (metals) in one and the same plant.

21, Apart from bio-gas production, waste products can be used for
energy generation by simply burning them. The U.8. Environmental Protec-
tion Agency hae recently estimated that 70-80 percent of the 90 milliOn
tons of home and industrial garbage annually produced in the U.S. can

be burned as fuel, producing the equivalent cf 150 million barrels of
0oil a year. As the garbage production per capita is considerably lower
in LDC's, large garbage-fuel plants are not as widely applicable as in
the U.S. Much waste and manure is already being burnt for cooking
purposes, though the energy efficiency of household burning is low.

(vi) Other Energy Sources

22, In theory, all "alternative" energy sources can be used for

fertilizer production. Shale oil and sand tar arve not projected to
become significant supply sources in the near future, because of tech-
nological problems, a long lead lime, and high manufacturing costs.

No proposals are known for fertilizer production based on solar or
geothermal encrgy.

Orgenic Plant Nutrients

23. Traditional agriculture has generally relied exclusively for
jts nutrient requirements on (i) manutes and other decomposing organic
raterials, (ii) atwospheric nitrogen fixstion, and (iii) nitvegen fixa-~
tion by soil bacteria and other orgamisws. It does not seem possible
or advisable to manipulate atmospheric nitrogen fixation, but crganic
waste products and biolegical nitrogen fixation are much more important
potential sources for the development of agriculture in an ecologically
sound and energy-eccnomic foshion than is generally understeood. Both
subjects are deoalt with below.

(i) Biological Nitiogen

24, The largest nitrogen "industry" in the world is of a bacterial
nature, and is located in the surface soil of the earth. Azotobactex end
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Rhizobia fix about 170 million metric tons of nitrogen per year.;/ Yor
comparison, the world's industrial production of nitrogenous fertilizers
reached 33 millicn tons of N in 1970/71. Another 10 million metric tons
of nitrogen is supplicd each yecar to the soil by the chemical effects of
lightning and ultra-viclet radiation, which create nitrogen compounds in
the atmosphere that enter the soil dissclved In ralnwater.

25. Nitrogen-fixing organisms in the top soll of arable land consist
of several different types: (a) Rhizobia; and (b) Azotobacter; (c)
Beijerinckia; (d) blue-green algae; and (e) other organisms. The Rhizobia
invade the root systems of leguminous crops and live in symbiosis with
these plants by transforming atwospheric nitrogen into nitrogen compounds
thzt can be absorbed by the plant. The most important leguminous ¢rops
are soy beans, peanuts, chick peas, string-type beans, cow peas, and
pigeon peas. The fact that these crops are so high in protein, while they
require little or no nitrogen fertilizer, is entirely due to the symbiosis
with Rhizobia.

26. The Azotobacter, however, are free-living bacteria, whlch are
present in most soils. Some of these free~living bacteria develop parti-
cvlarly in association with certain plants. Rice, sorghum, millet, some
tropical grasses, and to a lesser extent, maize, can-greatly benefit from
the activity of Azotobacter. :

27 Blue-green algae fix nitrogen on the crust of the goil surface

in humid conditions. It is also known that certain trees, such as the elm
tree, have symbiotic relationships with nitrogen fixing bacteria. Bacterial
nitrogen fixation even occurs in the intestines of animals and human beings,
thus enzbling them teo subsist on minimal awounts of protein.

28, Shifting cultivation traditionally relies almost exclusively on
naturally fixed nitrogen. Several troplcal plants accunulate nitrogen
during the fallew period. This natural fixation is mostly ignored as a

', source of plant nutrients. The continuous wet rice cultivation in many
Southeast Asian countries is possible only because of these natural [ixe-
tion, partly by blue-green algae. Very little nitrogen fixation has been
found so far to occur in wheat crops. ' '

25. The amounts of nitrogen can reach substantial levels: it has
been found that grassland mixed with legumes can fix sbout 200 kilograms
of nitrogen per ha ammually. It is probable that the quantities of
pitrogen fiwed in tropical goils can be very high under certain conditioms.
There is a wide range of leguminocus plants which can be used in tropical
agriculture for green manure or fodder.

30. The factors that influence biological nitrogen fixation are:
(1) temperature (high temperatures stimulate fixzation); (2) light intensity

lj Ralph Hardy, as quoted in the Wall Streect Journal, February 7, 1274, p. L.
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and day length; (3) soil humidity; (4) scil tillage and physical struc-
ture (one of the reasons why very little nitrogen fixzation occurs in wheat
may be that the soil is too open; too much oxygen inhibits the activity
of the bacteria concerned); (5) the acidity of the soil (pH); (C) the
amount and type of organic matter in the soil; (7) presence of phosphates
(phosphorus inecreases nitregen fixation): 1/ (8) presence of the proper
kind of bacteria. Many different Rhizobia strailns exist; they are very
selective and work only in symbiosis with certain crop varieties. It is
therefore necescary to inoculate the seeds of leguminous crops with the
proper strains of Rhizobia. One method is to grind peat mixed with
bacteria and add this to the seed. (This method does riot work in dry
conditions.) Another method is to use brown coal with which pellets of
seed and bacteria are made. In acid soils, lime pelletting cf seeds can
be successful; the lime neutralizes the acidity and lcreates a micro-
environment around the seed that is favorable to the;hacteria.

31. The problems of greater usage of biological nitrate fixation
are that too little is kmown about the bacteria, the symbiosis, and the
association with non-leguminous crops. Only a few scientific researchers
are working on this matter: one South African, one Rhodesian, some in
Australia, the U.S., Great Britain, the Philippines (IRRI), and a few in
other places. It 1g first of all nececsary to greatly expand research
and to go into inoculant production. After more infermation has been
gathered, treining of researchers and extension officers will be necessary
in the various developing countries. As biological nitrogen fixation
varies greatly among soils, crops, and climates, future extension activi-
ties should be based on local findings. If the funds devoted to these
matters would be increased greatly (presently, less than half a million
dollars goes into this matter annually), it could be expected that,
within a few years, important research results would be ready for farm
application.

32, There are three different avenues to a greater utilization of
biological nitrogen fixation: (1) manipulation ¢f Rhizobiz genes in

order to duplicate the symbiosis with leguminous crops on non-leguminous
crops, particularly cereals; (ii) the nitrogen producing mechanism of

the various bacteria might be installed into plant cells by manipulating
the genetic base of plants in order to allow them to produce proteln from
atmospheric nitrogen themsclves; and (iii) it may prove possible to

mimic the nitrogen fixation mechanism in an industrial fasghion. Certain
enzymes (nitrogenase) and catalytic metals could be used in the preduction
of nitrogen from the air. 1t may be possible to apply this in farm-based
units that would draw nitregen from the air and convert it to anmonia.
Such a system, while probably using some electricity, might greatly re-
duce the smount of energy required for the produecticn of nitrogen ferti-
lizer, and eliminate the need for import of fertilizers and transportation
of fertilizers over long distances.

1/ It has recently been found, too, that certain soil fungi can infect the
root system of crops and produce 2 mantle of fungus that assists the
rocts in the dissolution of phosphatic szlts.
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(ii) Fertilization with Waste Products .

33. Organic fertilization with waste products is generally associ-
ated with "organic sgriculture,'" which is diten seen as a luzury concern

of well-fed idealists in industrial countries. The subject deserves more
serious consideration, however, and is more important for developing
countries than is often realized. The current exorbitant fertilizer prices,
the energy crisls, foreign exchange shortages, and soil erosion in develop-
ing countries are factors that justify more attention for organic manures.

34. As estimated in Annex I, the total production in LDC's of soil
putrients (N, P and K) in organic wastes that can theoretically be used
in agriculture was approximately 7.8 times larger than the consumption of
chemical fertilizers by LDC's in 19671. A very significant contribution
to food production growth, soil conservation, sanitary and ecological
objectives, energy concervation, and foreign exchange savings would be
achieved if rural and urban wastes would be better utilized.

35 The value of the plant nutrients in the potential production of
organic manures in the LDC's is estimated at over 16 billion dollars.

(See Anmex I)., Most of this is wasted by dumping and incineration. In
addition, organic wastes can be used to produce methane gas, without losing
their value as fertilizere. As indicated in paragraphs 12 and 20, cow-
dung alore has a potential of abeut 12 trillion cubic feet of methane per
year, which represents a value of at least 1 billion dollars.

36. It is true, part of these fertilizer and energy potentfals camnot
be captured for technical or economle reasons. DBut with a few exceptions,
most nations neglect these potentials and do not engage in substantial
research to lower cests and improve gas and nutrient recovery.

37 It dis conceivable that composting .and gasification remain eco-
~nomically not very attractive even after technical improvements, but the
‘non-monetary values of hygienic waste-disposal, pollution contrel, soil
conservation (and the bhetter utilization of chemicel fertilizers achieved
by organic manure application) would justify governrent support for com-
posting and sewage irrigation on a large sceale, These are matters of
collective and long~term interecsts that should not be left to the frece
market mechanism.

38. It is recommended that national governments and foreign aid
donors devote more attention to this matter through resecarch as well as
technical and financial assistance. The following three tasks could be
given to a new Plant Nutrient Institute, or can be executed by existing
institutions. The first two tasks hardly involve much manpower or funds.
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(1) An dinventoery study of the existing experience and research
results concerning composting, sewage irrigation, bio-gas production, and
ecologically respensible waste dispesal in beth rich and poor countries.
This study should focus not only on the financial, but also on the social
costs involved in the different ways of waste disposal and waste utiliza-
tion, especially in overpopulated regions with high unemployment and low
labor cost. The propesed study would require about 4-6 man-months.

(2) If the findings of this inventory study warrant further
action (which is likely), it could be proposed to FAG, WHO, UNIDO, and
the UN Environment Program to jointly issue a manual on waste disposal and
organic fertilization in less developed countries. This manual could be
written by about 8 experts and would require one editor. Total costs of
the manual are estimated at 12 man-mounths, plus publishing costs of
about $6,000. |

Conclusion

39. The establishment of a Plant Nutrient Institute (as & new agency
or merely as a body that encourages and coordinates the work of the various
existing research institutions) can make a siguificant contribution to
world food production only in the long run. Production. of fertilizer from
non~petroleun sources (natural gas, coal, etc.) is already umder way and
can be greatly expanded by the end of the 1970's. Use of gas that is
presently flared is the most promising possibility, but the construction
of additional capacity in LDC's requires 4~5 years. In the meantime, up-
grading of existing fertilizer plante in LDC's, and import of fertilizers
from the Commumist and OFCD countries, are the only means to increase
fertilizer consuwption in the LDC's.

40. The potentials of alternative energy sources like nuclear energy,
bio-gas, garbage power, sand tar, shale oil, ‘etc., ere promising, but need
further research. These sources cannot be expected to contribute signifi-
cantly to fertilizer production before the mid-1%80's.

41. The potential production of plant nutrients by biclogical fixation
and utilization of organic wastes 1s very great, but here, too, a major
research effort, as well as a reorientation of agricultural thinking and an
enormous organizational and extension e¢ffort are required. A significant
impact of orgenic fertilization cannct be expected before the end of the
present decade.

JCVoorhoeve nw -
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ANNEX I

Organic Fertilizers: DProblems and Potential foxr Developing Countries 1/

e 4 i Hapheny s vianYm. EmdEhv
s ol C: ¥ 4 fev o i e Bape O
i AR Lausdan HE &4
¢ 58 X AT RSN 15 waneTall; band .
al oot sonrcapavary wEthnds of aste diaposead (4 nodneracion,
dymdasn, Gty Tawrd oy fufe wetier) gne very highe
Land, vith 2 gosd crop cover, is an inexpensive and natural oxida-
tive system for the safe Jdisposal of the ovganic wastes which are left
behind by most types of huwan, animal, and plent actiyvity. Utilization-of

wastes as a means of crop Ffertilization has been practiced in many parts of
the worid for centuries. Amopg the mosl common ared

(1) Coupost: The dmr”mru ition, matural er induced, of organie watter in
soie orgunized mauner, The value of compast as a fertilizer depends on its
comy.s‘t:on from nuriuhl yra: viece hulls, weeds, vaused plent matterns

from industry: processed food and fiber residucs; other: bone-meal, fish-
serap, paper products, ete.) and the system of composting used (losses of
n;11nh¢u way casily vary Lrom 10-6GZ). FYaum cemposting efficiently conbines
waste disposal with soll strucrure suelioraticn sod plant fertilization at
low cost to the farmer. Wrban compnstivg may gerve # similar purpoese, but

efiten at a higher cost, duc to land amd itation restryictions as well as
the high concentration ef wastes in 1'-1'1':::11 areas. Mechanieal conpesting in
urban avess has Lhe added eeonowmic benefits of the sale of salvaged metal,
“dps. ond papera.

{2} Mo Andwmal manbies prowide’ 3 DERARLC, GOHTEe o1

CYop mrLriv nte, Mamres ave veadily svai areas , but da por

tontnin bigh concentragions of X, P or K. Prech mapuring (Ehe applicastion
of 1rvouly wanure divs o ciropland) is often discouneged beenuse of the

weed geeds, worns, dnscct pests and ether hammful organisms that may be
contoinél in the exervement. Mabures are often first rotted,; a heat-

producing proce which destroys most of these nepative agpecta. 4An
important potential of animal manures, L-.spec»-'i ally 0(1'@-»(111119, is the production
of methane gas, a natural by-product of the decompocition process.

(3) Green manuregs Green meEnures arz plant crops which are not (or only
partly) harvost e G, and are grevn to prevent nvtrdent leaching, to improve
the seil structure, and to add organic wmatter to the soil. Leguminons
green manures add significant quantities of W to 'the soil, as their root
gsystens contain N-fisivy bacleria,

(4) N__.'}.;.,__I_ﬁ_.'__soi 1: Might soil (humen exgvement) hos a somewhat higher

o0 content, than aninsl manures and has been usod wilh soke sUCCRSS

Tridda ard Japin.: A8 with aninal nanvres,; it €55 he

(e{;;)c'ciulj ¥y dn Chine, 3

applied in dts raw state, DUt due Lo Pre g of lypiene, it should wader-
go the ta -eonmuaing precess of decoopisitien helfove application.

_;Jif Thie annex ic an excerst of the Bani Grouz Fertilizer Policy and Frogram
ackercund Pacer no.4. '
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scwage,; which for the most part is
+ ] 3

ad Torm, Sewage

£5) Urban Urban area i
fertiliser 1 I3 the form of

dunped into a pearby body of water, in treated or untreat

has two cemponents: the solid portion, or sludge, and the liquid portion,
or gewage water, In irs Liquid form it can be uvwiildized in drrvigation of
cropland, and in jte L,1id form it can be processed and laber vtilirzed

as a goed quality fert
secwage be used only on
wheat, or fruit orchards.

izer, Hypiene regquives that untreated foras of
ier and solected food crops such as sugarcane,

The Totentiel for Organie Iy

e,

Pt L mer

It would be interesting to know how lavge the quantities of
organic ferti ]1/<_ 8 are, and what their potential value might he. Organic .
fertiiization is often discarded by agriculturalists and economists as a
remantie idean tl:aﬂ endears only those with un concept of the total nutrient
requiresents of agriculture and the ecosts whicli are involved in orxganic
fertilizatisn, Ik m:{{hi‘ bc:, hovever, that a contanporary hias, caused by
the high laber costs of handlieg wasctes in industrialized nations, and a
prefoerence for elean indestrial fevtilizers, as well as a gross underesti-
macion of the leng~term eosts of pollution and erosion, hamper objective

ilvvestigation,

Ay effore to pull vogzsrloy statistics on wostes in IIC's stunbles
unfortvmately on the lack of research that carried out oa Lhis
subject. MHoreover, the I igures thrt are ava yLe may net be enbirely

i lon 4s 1-;-.".-1'I]=\-.’1.‘.'I Le, however, at lease to

reliable. A prelimipacy Lovestipstl
demonstrate the qnarltit'icr' invelved., Table 1 indicates that the total
availability of organic fertilizers is very large indeed.l/

1/ This table wvas calevlated on the basis of various publications (see
bibliegraphy), espeeially Orgenile Menures, Indian Council of Agri-—
culturzl Research, Technicael Bulletin No. 3'{ as.well as
tion Yeorlo 3 1."- IfnD's 1 1'C—T‘zrle~
The LDC tot 1 ont 4
0 0047 metric tons Q

0.0010 metric tong K
estinmate for 1971 anc

N exerenenl s i
"‘:.:rm/yl., G.[?UU metriec tons E';n_a'\_r),/pr:‘-:./\;_zr,
Ayr., multiplied by & total 1LC population
980. Cattle eotimntes are based on Indiag
\

J &
figores of 8.6 metric tonsfeow/yr. excdremont (liguid and solid) =
number of JC cattle (FAO Production Yeaa:r b 31273 pe 303) 5 the
respective percentages of N, P ond K of 0028, D008 and 0023, Jile-
i dien findines gile pommietdon wiltl
g rapidly as Fomvih ¥eies, the 14986
Lo promlatisn w gy groctth factor of
O tebesuvies ik ler wethodology, L6,
on of Indigw { s prodpdtion Snatosas
RGN P S N oERtanpslatien of




TABLE 1:

Total annual preduction of soil nutrients (N, P, K)

through organic wastes in the developing world, 1971 (actual)

(million metrie tons of nutrients)

Sonrce

Human:
1971,

1g€0

Yarm Cowpost

Uxban Ceupost:
1971
1960

Drbom Sewage:
1971
1980

TOTAL:
1971
1960

12525
15,26

17.80
22.25

and 1960 (estimated)®

p

Lone

La o
LS Ty

(O Ql_i

6.14

S5k
4,18

G0
oA

A8

16.23
20.28

.86
1.08

11,35
14.19

39.05
48 .81

# excludes Central Anerica and Oceania, includes Socialist Asia,
%% Pona-meal, pouiiry litter, bagasse, shucp/goat 1itter, oil cake,
prese~mud. (Beveral other sources were net fncluded dioe to small

potential for all developing world.)

figures, of covrse, in Wheth the daprog Lo
a B oo g the world's
¢F jepeadlatien.
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Furthernmore, in the case of human exerement, animgl exeremont, and urban
sewane, our cdleulations for N production «could be reduced by 0-530%,

depending upon ithe assumed method of processing. (ALl other categories

have alveady been adjusted to account for N Josses in normal processing.)

To compere the figures of Table 1, it should be noted that the
actual consumption of incrganic fertilizers in LDC's during 1970/71 wes
13.2 million metrie tons of N, P, and K.1/ Ip other words; the total
production in'LiC's of soil nutricents in organic manures that might
theoretically be used in agriculture was about 7.8 times larger than the
congiwnption of chamical fertilizers duvring 1971. '

The Werld Bank Group has estimated that the future nitrogeuous
and ph-.".lsphzi!'ic- Teptilizer consvmption will be sbhout 30 million tong of W
and P oin gll developing countries din 1980/81 (Guweluding Secialist Agia).
In Teble 1 wo have estinated an indipenovs potential of 64.36 wmilidon
metric topns of W and P in organie foums in 1971: By 14980, yearly ouniput
should be at least 80,40 willion melyic tons ol W and P. We would anpfi=
cipate, therefcre, that a very sigoificant contribution te agrieunltural
Tertilization e iparoved viildzation of
rural end urban wastes. LEven an inereasc of , way; 10¥ of the degree to
vhich these wasies are pow utilized would be a substapntial contripution Lo
trepical agrieculturg,

d be made simply thyough ap

- The tetal mutrjent preduction by wastes, awd their potential

ratwe am fertd
Elyomread, fersl

shoriages = whieh are conpounded by the rige in anergy dosts. Tabla 2

gy demonstidtes thelr pelteniis]l as subsiltutes for

Tivevs, whose prices are shyrochet dg & result bf exelie

indicotes the walve of the orgonie nutrient production at 1973 world prices
« (f,o0.b) of chewmiral Feriilisors,

(o
rral
I-—‘a
e
L
;
"
-
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TABLE 2: Value of Ny, P and K found in wastes of the developing
world as compared to chemical fertilizers fat 1973
world f.0.b. prices)s

(in millions of Uss)

N P K Total

9,626 4,058 2,499, -" 16,183
12,024 . 5,070 3,124} " 20,218

oo
~d

=
o
S k=

e

The individual farmer pays, of course, local prices, vhich are
higher than world prices because of Lransport, storage, and
commercial costs, MHe may also benafit from government subed-
dization of fertilizoer costs, however. In Table 2, the value
of N is based on the world f.0.b. price of urca (45% ¥) at
US$70-105 wetric ton, which meane a price of $155-233 per

ton of pute B. The average value was set at s median of
US$200/metric ton. PoOc value is based en triple super-
phosphate (485 Po0c) at §120 metric ton which rHeans $250 per
ton of P. The K-value is based on potassium cloride (62% X)
at $40/metric ton which means $64 metric ton of X

.

' Economie costs of organic fertilizer production vary widely, and
depend upon the processing method, We do not have suffjeient dats to esti-
mate the cost of labor-intensive waste processing for fertilization,
Mechanical composting costs known to us vary widely. Net production costs
of a 200 long ton-per-day plant in the Unitec States are $ﬂ.?3~9.23-pcr
long ton of processed refuse, after deduction of gal age sales., Due to &
greater market for compost and a good return on salvage operations,

Luropean compost costs are a good deal waer.zf g -

An important souree for defraying the costs of organic fertilizers
is methane gas production, tlethare gas is & natural by-product of the

decomposition of cov~dung and other wastes and is being used on a limited

]_/ Rote should be made hate of IpQls unsucecessful invelvasent in the
Aevol Industrial Co. of Organic Fertilizer, B,4. (Creece). The
economic difficulties of thie company were primarily due to wismanage-
went and not inherent in the composting operation,
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basis to provide fuel in some Indian vi llages. This process reduces 'loss

of orgenic matter throush dc"uﬂpnsiiimn, stops nit trogen loss, and provides

up to 2,000 cu. ft. of cooking gas per metrie ton of fresh f-m!—-uuu?., This

converts to a potential methane gas production of 12.3 triliicn (101“) say Tk
in 1971, and a 15.3 trillion cu. ft, potential

Zor all developing countrie
for 1980.1/ Experiments s !u: that gas for cooking, irrigation pumping, apd
village electrification ean beo produced with relatively sinple equipment
and at lovw investment and piocessing coats.gj -

TABLE 3: Manure obtained when one tonne of fresh dung is

processed by (A) the traditional Indian methods
and (B) through a gas-plant ({resh dung, 1,000 kg.
at O.LJz nitrogen)

Traditional method Obtained through gac-nlant

(2) Organic matter -

Joss by decomposition =500 %kg. =270 kg.
(b) Nitroge : £ " &

l oss by dctoup0511101 ~1. 25, kau Ril
(¢) Final manure quantity 500 kg. 730 kg.

Quality « NX

on dry basis 1.0 T, 1:37%
(d) Additiona advantage O ; . Z,bGD eu, Ft.

gas for cooking

Source: Barg; A et. 1res (Indian Council of Agricultural

Research, Lcchnxcaf‘bullutln No. 32, 1971), p. 29.

1/ This figure is a conservative estimate of the theoretical potential,
Research in India has shown higher quantitics of bio-gas production

for lile amcunts of cow-dung, dependent upon the material mixed with fg,

L.g.,300 grame of fresh dung mized with 30 grams of cellulose produces

36 liters of bie-gas in § woeks. Bio-gas contains about 607 methane

and 40% carbon dioxide,

|5

2/ Benefit-cost studies will be published by 4. Makhijani of the Ford
Poundation's Energy Policy Projuct an 182&,
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The potential gas production from cow-dung alone, valued for
instance at a low price of USS.10/1000 cu. ft.y represents a gross value
of USS51.23 billion in 1971 end USS$L.53 billion in 1960. In addition, gas
czn ba produced from various other manures and garl

. The process of

[,

capturing methane gas and simultaneously producing good fertilizer has
now becowe technically feasible for certain urban composts and sludges..
At least one plant in Great Britais is operating in this manner. This
points to the possibility of combining the functions of hygienic waste
disposal, organie fertilizer production, nethane gas production, and
recycling of salvageable materials (netals) in one and the same plant.
' |
eultural and Envirenmental Value of Oﬁﬁgnic Fertilizers

The Agri

Compost and other organic fertilizers are guherally considered to
_be most valuable as soil conditioners and not as fertilizers.” As ferti-
lizers, these wastes contain from 0,2-1.5% N, 0.01-3% P05, and 0.2-27 K,
plug certain trace clements, Artificial fertilize are available in
concentrations many times these figures. As soil conditioners, organic

fertilizers provide everything that may be lacking in the physical make~
up of & soil, This is particularly important for the goils of many
developing countries, which often are low in organic content, are eithex
too acidic or too azlkaline, and have been alternstely baked by the sun
and leached and eroded by heavy rains. In this respect, orgenie additives
will help prevent erosion, retain humidity, adjust the pH (acidity or
alkalinity), improve drainage, provent crusting and cracking, and promote

normal hacterial and animal life in the sedil. Organic matlter is esscential

to increasing the ion-ewchanpe capacity of a soil; man tropical soils are
= Lo t it S i

defdicient in this respect.

Organie fertilizers are most valuable when used in tandem with
chemical fertilizers. Compost, manured, otd. improve the physical and
chemical aspects of the soil and help maintain optimal soil conditions for
sound plant growth., They provide a source of slow-release N and other
nutricnts, and prevent chemical fertilizer cun-ofi or evaporation (deni-
trification). Therefore, organic fertilizcrs increase the efficiency of
inorganic fertilizers, particularly in the loag run.

Experimentation has shown that soil eresion and water run-off are
inversely proportional to the amount of organic matter contained in the
gofl. (Sce Table 4.)
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TABIE 4t Couservation efiect of compost
Compost Total Rufs OFL Eroded Soil
Metric Tons/ha . 2 s per plet (liters) Yoy Plot
N . : (kp.-dry wel.)

0 102.5 30.26
200 ' 58.3 | 2Lla25

400 . - 39 ! 015

Source: Internati

il ireh Group on Refus
Bulletin

s 1969, p- 39 1
|
Erosion is a serious problem in developing countries especially
because of the minimal depth of the topsoil and the silting of drrigation
ditches. Soil conservation is necessery to prevent the loss of fertile soil,
the brealdown of irrigation svetems, and the retention of the capacity to
meet the inereasing demand for-food and other agricultural products.

seiPDicppsal, Tnformation

In the past, most developed and devaloping countries have organized
their waste disposal by way of low-cost and least~effort methods - primarily
dumping untreated wastes on vacant iand and in neighboring bodics of
water, or ipcineration. Waste dumping leads 'to the breeding of flies,
parasites, and various infectious agents. Vholesale diverting of scewage
into large bodies of water severely limits the normal development of aquatic
plant and animal life through consumption of the available oxygen (cutropini-
caticn). Incineration pollutes the atmospherc and destroys the nutrient
‘contents -of waste. ; )

Proper recycling of vrban and rursl wastes would greatly roduce
air and water nollution and limit infectious health hazards sipgnificantly.

Problems and Possible €olutions
Despite the great value that organic fertilizere can have for erop
praduction in the doveloping nations, only certain countries have utilized
the potential to some degree. Most nations, both ¥ieh and poer, nepleck or
rejoct a better use of wastes. There are several ye:
situation. '

2
song that explain this
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(a)y Lack of ascontance by the farmer:

With developed countries leading the way since the mid-50's,
global interest in uge of orpanic lertilizers has waned conciderably.
Especially in Ccmnurlsun with chemical fertilizevs, organic materials
hﬁVG f*l1un in disfover in modern dadustrialized agriculture: They are
bulkie less easily Uran ; 1, coorver in nutrients {especially M),

and may ho labor-intensive —= dg,vnl'u* on thie processing and application

methods. The lower lahory costs aenerally poor soil strueture in
developing countries whplly or parrly offsets these disadvantages, however.
Rural education and extension work should develop more interest in organic
fertilizers. Costs and benefits to the farmer should be e¢learly indicated.
Independent producticn of bio-ges fov demestie use as a by-product of
manuring way prounte greeler acceptance of organie fortilization in rural
areas. ; s

(b) Registance in urban areas:

Urbhan areas in Indie have displaved some resistance to the utiliza-
tion of wrban wastes. DiffHbcultiss ardise eneof (1) a lack of intorest by
the munieipal avthorities - resulting largely from their inability to
meet composting expenses; (2) inadequate physicsl infrastructure for the
removal of city wastes, and orgenizational deficiencles, plus lack of cheap
trensportétion to areos of cultivation after processing; (3) a lack of
sufficient demand for cempost, ete, in laxrge cities that have little
surrounding farmland., Most of these objections center around the issue of
financing; there is simply not enough domestic capital to cstablish effi-
cient disposal schemes. Foreign donors of financial or technical aid seldom
show any interest in the subject of waste disposal.

(e) Public heol

_hnwrohjc*ﬁz : %

WO]IJML with wastes can lead to a serics of health problems: fly
and rat brecding, certain disecases, parasites, and noxiouvs odors. Untreated
wastes are in particular a great-health hzzard, to the extent that they are
unecontrolled and unsterilized., Compogting is one effective way of reducing
the problem. Fly breeding can be controlled in compust by systematic turn-
ing of the compost in the 6th and 12th weeks of decomposition. Odors, rats,

A

and parasite problems can be reduced hy heaping wastes under controlled
conditions and in areas gthot are renoved from population centers. The
Dutch experience shows that transpert costs need not be a problem.
Mechanjcal composting is sanitary, wdarless, faster than cnnvcntional
methods, and provides good guality compost.

(d) ZEeonomic return:

Based on findings in industrial couvntries, the econonic return on
organic fertilizers, especially as compared te chemical fertilizerd, has
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been poor. Concentrated chewmical fertilizers ave more eflicient and less
expensive than their orgawvic counterparts. Composting plants in developed
countries and especially the United States have not found the necessary
markets for processed compost, and have had to rely on subsidization.

The rapid rise in the costs of chenmieal fertilizers (L00-3007 since 1969)
is likely to dneresse the profitability of organjc'manures, particularly
now that =oaring energy costs are likely to furiher inerease fertilizer

prices. The ecological sdvantagns of waste utilization for agriculture

should not be forgotten, too. . The need for effective pollution and waste
controls have re~hindled interest in orgoniec fertilizers. Aside frowm in-
ereased agricultural preduetion, these sanitary, environuental, and soil

conzervation fectors have to be taben inte account when calevnlating the

total economiec return. A comparison with chemical fertilizers understates
the true value, lmportant to the developing world are also the foreign
exchanpe savings that result from a greater utilization of domestic resources
which reduces the need to import chemical fertilizers.

(e) lack ef research in LDC's:

With the exception of India, research on organic fertilizers and
proper waste disposal in the developing world is the major obstacle to a
better utilizaticen of the potential. Cempreliensive analysis which stresses
coordinated agricultural, enviroumental and public health planning is needed.
Cost-benefit studies should he carried out whiclh include all benefits and
cogts, in order to form a better ides of the true valve of eorganic manures.
It might also be possible to reduce capital neads of composting and bio-gas
plants, and generate more employment, Admittedly, this is no easy task, as
various  health harards and resistance to menial work will have to be over-
come, both amcng workers and researchers. '
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CONSULTATIVE GROUP ON INTERNATIONAL AGRICULTURAL RESEARCH

1818 H St., NW.  Washington, D.C. 20433 U.S.A.
Telephone (Area Code 202) 477-3592
Cable Address — INTBAFRAD

March 7, 1974

TO: Members of the Consultative Group
FROM: Executive Secretariat

SUBJECT: World Fertilizer Situation

Attached for information is the Resolution on the World Fertilizer
Situation which the TAC adopted at its meeting at FAO in Rome during
the week of February 4, 1974. The Resolution calls the attention of
the Preparatory Committee of the World Food Conference to TAC's position
on the problem.

The subject is being discussed by Center Directors at their March
4-8 meeting at QIAT, and TAC is inviting the Directors to indicate at
International Centers Week in July 1974 the extent to which the shortage
and high price of fertilizer and other inputs based on fossil fuels would
affect the spread and effectiveness of the technology being developed and

recommended by their respective institutes.

Attachment
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WORLD FERTILIZER SITUATION

RESOLUT ION ADOPTED BY TAC FEBRUARY 8, 1974

The Technical Advisery Committes currently meeting in Koms,
Febrvary L-8, wishes to convey to the Consuitative Group the grave
concern with which it visws the present world fertilizer situatione.

Currsnt shortage of supply, aggravated by the resulting sharp
increases in tho price both of fertilizer and feed stock, will make it
extremaly difficult for develoring countriess to satisfy their normal
requirements, let alone support a wider adoption of the new technolo-
gles now availableo

Mich of the success of the International Centres and the
continuing work of this Committea is based on the devslcpuent of those
new agric: sltvral technologies which are dependent on the aveilability
and increasad use of fertilizer.

-

While there is a continuing search for jmproved forms and
more ¢fficient ways of using fertilizsr, fertilizor is and will remaln
an essential input to modern agriculturzl technisucss It follows
that shortage of fertilizer in devesloping countrices will not oaly
inhibit future expansion but will pusn agriculturs output back tcwards
traditionally lcw levels of productiviiys

Thera is tho danser that many of the gairs in production over
recent years could be wiped oub in thoss countries least able to aflord
such lossese.

TAC helieves that the current problens of world prodaction
and internationai distrimnticn of fertilizer call for wrgent considera-
tione Accordingly it strensay recomands that the Preparatory Comittac
considor placing s subject cn the aponia of the forthooming Werid Foel
Conference in iovembere  TAC would also like 1o ses approprizte papers
premured as part of the data papers for the Conference.
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February 22, 1974

Dear Jerry:

You will recall that, at the TAC sessions which you attended
in Rome earlier this momth, the members discussed the fertilizer
problem in the light of the emergy crisis.

In closing their session, the TAC adopted a Resolution which
they have asked the Secretariat to convey to the Consultative Group
members. We have just received the full text and will circulate it
next week. However, in view of the Center Directors' meeting on
March 4 at CIAT, I thought it best to get the Resolution to you im-
mediately as this is a major item on your agenda.

In addition, the TAC decided to ask Center Directors to indicate
at International Centers Week in July the extent to which the short-
age and high price of fertilizers and other inputs based on fossil
fuels would effect the spread and effectiveness of the technology
being developed and recommended by their respective institutes. Again,
in the light of the Directors' meeting, I thought it best to put
this point to you as a further imput to your discussion. TAC also
decided that, on the basis of Dr. Swaminathan's report, they should
examine the organic approach to agriculture at their July meeting in
Washington.

With best wishes,

Sincerely,

Enclosure

Pr. U. J. Crant

Director General

Centro Internacional de
Agricultura Tropical

Apartado Aereo 67-13

Cali

Colombia

cc: Mr. Yudelman
Sir John Crawford
Mr. Oram




WORLD FERTILIZER SITUATION

RESOLUT ION ADOPTED BY TAC FEBRUARY 8, 1974

The Technical Adviscry Committes currently mesting in Roms,
Febrvary L-8, wishes to convey to the Consultative Group the grave
concern with which it views the present world feriilizsr situation.

Currsnt shortage of supply, aggravated by the resulting sharp
increases in the price both of Tertilizer and feed stock, will make it
extremaly difficult for develoring countriss to satisfy their normal
requirements, let alone support 2 wider adoption of the new technolc-
gles now availableo

Mach of the success of the International Centres and the
continuing work of this Commititesc is based on the development of these
new agricultural technologies which are dependent on the availability
and increased use of fertilizere.

While there is a continuing search for improved forms and
more efficient ways of using fertilizer, fertilizer is and will remain
an essential input to modern agricultural techniques. It fellows
that shortage of fertilizer in developing countries will not only
inhibit future expansion but will push agriculturs output back towards
traditionally lcw levels of productiviiy.

Thers is the danzer that many of the gains in production over
recent years could be wiped out in those countries least able to afford
such lossas.

TAC believes that ths current problems of world production
and international distribution of fertilizer call for urgent considera-
ticne Accordingly it sbtrongiy recommands that the Preparatory Committase
considor placing ths subject on the agenda of the forthcoming Werld Fool
Confercnca in LKovember. TAC would also like to sea appropriate papers
prepared as pari of the data papers for the Confersnce.
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Mr Robert S. Moliamara February 21, 1974
Anthony Neylem (Agriculture & Rural Dev. Dept)
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the attached resolution, which he discussed with you in Austraiia.

Attachmant
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WORLD FERTILIZER SITUATION

RESOLUT ION ADOPTED BY TAC FEBRUARY 8, 1974

The Technical Advisory Committes currently meeting in Roms,
February L-8, wishes to convey to the Consultative Group the grave
concern with which it views the present world fertilizer situation.

Current shortage of supply, aggravated by the resulting sharp
increases in the price both of fertilizer and feed stock, will make it
extremely difficult for developing countries to satisfy their normal
requirements, let alone support a wider adoption of the new technolo-
gies now available.

Mach of the success of the International Centres and the
continuing work of this Committee is based on the development of these
new agricultural technologies which are dependent on the availability
and increased use of fertilizer. .

While there is a continuing search for improved forms and
more efficient ways of using fertilizer, fertilizer is and will remain
an essential input to modern agricultural techniques. It follows
that shortage of fertilizer in developing countries will not only
inhibit future expansion but will push agricultures output back towards
traditionally low levels of productivitye.

There is the danger that many of the gains in production ovsr
recent years could be wiped out in those countries least able to afford
_such lossese

TAC believes that the current problems of world production
and international distribution of fertilizer call for urgent considera-
tion. Accordingly it strongly recommends that the Preparatory Committee
consider placing ths subject on the agenda of the forthcoming World Food
Conference in Novembsr. TAC would also like to see appropriate papers
prepared as part of the data papers for the Conferencs.

% % 2 Rk XK



€77 Luie . "

¢ ¢ ARQUSE IBKU Ule

ANOONING _ TEIEY ' Log.216

L u . k0098 1BRD UY
| 61181 FOOUAGRI <k IVﬂ
dan
. T | fa*"":ﬁ
Sgriculture & Rural S~
Development
, FROM3 ROME
" FEERUARY 20, 197k
bear HH NS )
@ BT Y
' 3%

FOR MEYLAN AGRICULTURE ULPARTRENT TEXT OF Fiaal ranssaar#éﬁ;c;]

e GESOLUTION AS FOLLOWS GUOTE TAC SELIEVES THAT THE CURKRENT PRUBLEMS
OF SURLD PRUDUCTION ANG INTEANATIONAL CISTRIBUTION OF FERTILIZER
CALL FORK URGENT CONSIDERATION STOP ACCORDINGLY |7 STRONGLY ReCOMuE
965 THAT THE PREPARATORY COMMITTEE CONSIDER PLACING THE ﬁuaqﬁgl

UN THE AGENUA OF THE FORTHCOMING ®ORLU FOOD CONFERENCE IW NOVEMBER
STOP TAC ¥OULD ALSO LIKE TO SEE APPROPRIATEL PAPLAS PREPARED[AS PART
OF THE UATA PAFPLRS FUR THE CUNFERENCE STOP UNQUUTE BILL GIVE

TEAT TO YUULLMAN AS REQUESTEDL REGARDS =
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 of meterdal which I will take to Rome for next week's meeting of the
[ Technical Advisory Committee for Intermational Agricultural Research.

Flease extend to Mrs de leva and Mrs Risdon my warm thanks
for all their help.

Kind regaxds,
Yours sincerely,

Anthony Neylan

cc: Dr Vietmeyer

ANeylan: 3£ MV




Jammary 29, 1974

¥y He Puehs (Through Mr M. Yudelman)

Anthony lNeyl:n

of |74C Mosting,

Item on

FERT ILISER:

Hesars Oareshl

Fransen



