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Fertilizer Issues in the
1970s and Beyond
Graham F. Donaldson

[In 1973-74 world prices for fertilizers rose to nearly triple the
levels of 1972-73, and shortages in availability became widespread.
Although prices have since declined somewhat, agriculture has been
affected. The causes and implications of these effects for less
developed countries (LDCs) are discussed, first for the short run and
then from a longer run perspective involving world supplies of food.]

Short Run Situation

The production and use of fertilizer has been expanding
at a rapid rate. There has not been a ded ine in annual
world fertilizer production for either nitrogen, phosphate
or potash at any time in the past 15 years (see Table 1),
and there are only one or two instances where production
in any one country has declined. Consumption has been
groving at rates comparable to production, but there
have been periods of surplus or shortage relative to
demand and corresponding price swings. Everything
points to the recent fertilizer shortage 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 has determined the nature of
the shift on both the demand and supply sides. While some
of these factors seem likely to disappear as rapidly as
they appeared, there may well be some lasting effects
on both the industry and on agriculture.

Prices increased sharply in 1974 for all the main plant
nutrients - phosphates (P), potash (K) and nitrogen (N) -

Mr. Donaldson is with the Agriculture
and Rural Development Department,
World Bank, Washington, D. C.

3



see Table Z. The problem is least serious for potash lince lower
amounts are used in crop production, the supply shortfall was less
acute (being mainly due to transportation bottlenecks), and additional
supplies were forthcoming quickly. The problem was also less serious
for phosphate in that (like potash production) it is not directly affected
by crude oil supplies and new,productionscapa city is under construc-
tion; and because.a reducedapplication of phosphate to crops for a
season or so will (at least under temperate conditions) have relatively
small effects on yields for most crops (phosphate is stored in the soil
whereas nitrogen is readily lost to the air).

Table 1: World Fertilizer Production 1960-1975
(1000 metric tons)

Nitrogen Phosphate Potash
tons % change tons % change tons % change

1960 9977 9741 8707

1961 10884 9. 1 10095 3.6 8770 0.7

1962, 11882 9. 2 10376 z. 8 9360 6.7

1963 13152 10.7 11055 6.6 9814 4.8

1964 14875 13. 1 12462 12.6 10800 10.0

1965 16870 13.4 13840 11.1 12127 12.4

1966 19138 17.1 15083 9.0 13768 13.5

1967 22403 14.2 17033 12.9 14512 5.4

1968 25498 13.8 1801Z 5.7 15347 5.8.

1969 28384 11. 3 18587 3. 2 15969 4.1

1970 30134 6. 2 19274 3.7 16898 5.8

1971 32920 9. 2 20775 7.8 17872 5.8

1972 34999 6.3 22388 7.8 19469 9.0

1973 38028 8. 7 23686 5.6 20198 3.7

1974 40756 6.8 25300 6.8 22100 9.4

1975- 41500 2. 2 27500 8. 7 23500 6.3

1/ Estimates of the UNIDO/FAO/IBRD Ad Hoc Working Group on Fertilizers, April 1975

SOURCE: FAO Annual Fertilizer Review, 1960-63, 1965, 1966, and 1973



Table 2: Indices of World Prices for Principal Fertilizers, 1967-75,
and Forecasts to 1985

(1973 = 100)

Actual Prices Forecast Prices (1973 dollars)
1967-69 1970-7Z 1974 1975 1976 1977 1980 1985

Phosphate Rock 121/ 100 321 357 343 293 200 207
T. S. P. 61 64 253 199 127 116 96 97
DAP 78 73 230 171 186 166 130 136
Urea 105 68 274 216 201 166 107 122
Muriate of Potash 84 95. 116 121 126 116 107 98

SOURCE: World Bank, Economic Analysis and Projection Department.

The major concern relates to nitrogen fertilizer. It is on HYV (high
yielding varieties) crop responses to nitrogen that the "green revolu-
tion" food production strategy is predominantly based. Consequently,
constraints on supplies and increased prices for nitrogen fertilizer
have far-reaching implications for the agriculture and food supplies
of many developing countries. The manufacture of nitrogenous fertili-
zers depends predominantly on oil or natural gas-fired processes. Since
the same inputs are used in the production of many crop protection
chemicals, the problem may be compounded - since such ch6micals

re also a feature of modern crop production technology.

Demand-related effects. Since the demand for fertilizer is a derived
demand, it is to be expected that a major shift of the kind we have ex-
perienced 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,
(2) increases in incomes, and (3) changes in consumption patterns.

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

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
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direct effects of rising incomes on food prices are usually small, due
to the relatively low income-elasticity of demand for food, there has
undoubtedly been some increase in demand due to income effects. The
exception to the low-income-elasticity-for-food argument occurs when
people trade-up to superior goods, especially by increasing their con-
sumption of melat. This _shift rcancaus:e.-adisproportionate 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 expan-
sion, this has added disproportionately to the demand for feedgrains
mainly in the developed countries.

Despite the steady upward pressure on fertilizer demand from these
long-term trends there is nothing here to explain the recent surge in
demand. However, there was a series of abnormal effects on the de-
mand for and production of foodgrains including: (1) a run-down of worlk
grain stocks, (2) widespread crop failures, (3) sudden changes in the
patterns of trade in foodgrains, and (4) a sudden acreage expansion
encouraged by government action in the major grain exporting countries

A seemingly deliberate run-down in the world stocks of foodgrains,
mostly held in the large exporting countries, was 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 74
percent of the 1967 acreage, and the lowest since 1948. 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 cut 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. Reinforcing this
shift, there were widespread crop failures in 1972 which resulted in
many countries, notably India and others in Asia, importing more food-
grains than they would otherwise have done. As a consequence a sever<
shortage of wheat developed in 1972, to the extent that the FAO reporter
stocks at the end of 1972 to be at "dangerously low levels. " 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 int.
a severe shortage.

Somewhat belatedly, in response to this largely unforeseeable situatio.
the major exporting countries in 1973 raised quotas, released "set-
aside" land and encouraged widespread cereal planting. Wheat acreage.
in the main exporting countries rose by more than 10 percent in 1973
and another 10 percent in 1974. The demand for fertilizer expanded
equally suddenly. Further, since fertilizer is also used on non-cereal
crops, there were derived demand effects relating to expansion in
their production. In this category there were also several influences:
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due- an upsurge in demand for industrial crops; a steep rise in the price
has of soybeans; and diversion of some urea to livestock feed.
The
when The economic upswing in all Western countries in 1972-73 that
con- caused an increased demand and resulting higher prices for all basic,

,se in commodities, also caused an-inc.rease-indemand for industrial crops.
>unds The prices of oilcrop4, coarse-Tibers, cottoya'nd rubber, all increased
some in the early 1970s - some by fantastic amounts. This was accompanied
pan- in 1973 by the sudden disappearance of the already depleted stock of
ins - 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

hese fourfold, encouraging extra planting. Second, urea (otherwise used
e in for fertilizer) was used as a protein substitute in feedmixes. Thus,

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

on
untries. Supply-related effects. The supply of fertilizer has not been subject

to variations of the same magnitude as demand. However, it has been
ins, subject to a series of interacting events which have resulted in both a
-st slower rate of output growth in some recent years (see Table 1) and,
of perhaps more importantly, in a number of constraints upon the ability
.d 74 of the industry to respond quickly to the changing demand situation.
. S. These events include: (1) a changing pattern of ownership, especially
rough in the U. S. , (2) changing technology and scale advantages leading to

due larger plants, (3) the disposal of inefficient plants, and (4) some shifts
,r half in the location of manufacture.
f its
the The changing pattern of ownership was largely a response by oil
this and gas firms who sought an outlet for their gas supplies through

I in fertilizer. Some of these firms bought existing fertilizer plants,
e food- but in most cases they started from scratch or expanded by building
severe new plants. The emergence of these new large suppliers contributed

eported to the surplus situation in the second part of the sixties. At the end
op of . of the sixties many of the older plants were sold off to agricultural
an tons cooperatives and established fertilizer companies, though some re-
:ion into mained in the hands of oil and gas corporations.

Some major changes in processing technology in the sixties led to
ituation, a new generation of fertilizer plants where there were considerable
et- economies of scale. Some of the 60-odd manufacturers in the U. S.
creages then became giants in the field. It also meant that there was a con-
973 siderable increase in the "lumpiness" of capital investment in pro-
led duction capacity, and this may be a significant determinant of the in-
:ereal vestment cycle characteristics in the future. These modern plants made

1 smaller plants of an earlier vintage relatively expensive to run, and
ices: led to their early retirement when the market proved inadequate to
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maintain them profitably no doubt to the chagrin of their managers
in 1974. With the instailation 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 the global context the
was also some growth'of :produc,tion :capacityT.in LDCs - both in the
oil and gas producing countries (e. g. Venezuela and Persian Gulf) and
in the consuming countries (e. g. India and Indonesia). While these
adjustments could not have contributed to a supply deficit in any major
way, it is perhaps important that they caused a situation of change and
uncertainty within the'manufacturing industry which made rapid adjust-
ment 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.

Related to these structural adjustments within the industry is an
established cycle of investment in production capacity which has re-
curred 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 until 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. Reinforcing the structural and cyclical effects there were
also many operational constraints, arising from: the "energy crisis,
environmental control regulations, world-wide shortages of basic raw
materials and commodities, the shipping shortage, and low plant capa-
city utilization.

The "energy crisis" contributed to some extent, especially in provi-
ding alternative demands for the gas And ammonia which are the chief
feedstocks for nitrogen fertilizer, and in delaying the supply of other
inputs. The shortage of feedstocks is known to have led to the closure
of some plants in the LDCs and to reduced output from some plants in
Japan, and it clearly restricted any rapid expansion of output in many
other situations. In addition, the introduction of environmental pro-
tection regulations caused some restraints on capacity utilization, and
restricted an output response to higher prices. Along with other indus-
tries, the fertilizer industry encountered a shortage of basic inputs
(other than gas and oil), 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 worldwide shortage of shipping capacity; this affected both
the delivery of rock phosphate and the distribution of finished fertilizers
to importing countries, while the higher shipping rates added to fertili-
zer costs. Another contributing factor was the low level of capacity
utilization in many plants. In some cases this was of an acute short-
run nature, due to teething problems in the initial operation of new
plant, to the non-availability of spares and replacements, or other
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-. gers delays in deliveries. In other cases this problem was more chronic
ain in character, especially in the LDCs.
aad

rtext there There was also a group of problems on the marketing and distribu-

-he tion side of fertilizesr' supply. <In..addition to he shortage of interna-
)iand tional shipping tonia'ge, there was also-a shortage of transport capa-

major city within many countries. Rail cars were short in the U. S. and
ao anCanada - this affected both the distribution of finished fertilizer and

age and the delivery of potash from Canada to both North American and
adjust- overseas markets. India suffered a dislocation of rail services due
it was to labor disputes.- The Philippines was short of coastal shipping.
e degree Stocks of fertilizers were very low in some countries and in many
process. regions within countries. This was due to inadequate storage capa-

an city in some situations, in other places it followed from the need to

re- replant crops following the poor seasons of 1972. In addition, there

-iiat the was a tendency toward speculation in stocks of fertilizer since, with
in the visibly rising prices, it was profitable for merchants to hold stocks

ving of for as long as possible. There are reports that such hoarding

snehs - reached significant proportions in some countries.

industry Finally, there were a series of changes which especially affected
.st in the supplies of fertilizer to the LDCs, including: a reduction in supplies
, were of aid-financed fertilizer from the U. S., the removal of pri'ce con-
risis, trols on fertilizer in the U. S. domestic market, and the disappear-

:ic raw ance of cheap by-products usually available from Japan. In 1968,
USAID spent $175 million on fertilizers for export to the LDCs; in
1971 it was less than $50 million. Since then the dollar commit-

provi- ments have been increasing, but due to the price rise the quantities

e chief shipped have not returned to earlier levels. In addition, the price
other of fertilizer in the U. S. had been subject to price control regulations

closure instituted in 1971; exports rose, as the relative profitability of the

ants in export market increased. But when the price constraints were re-
a any moved in 1973, the rate of exports subsided as virtually all produc-

tion was diverted to the domestic market. In recent years, too,
pro- there has been a technological breakthrough in the production of

onua - caprolactam in Japan. This reduced the amount of ammonium sul-
utis-fate produced as a by-product by about half. This source of supply

ed by had been regularly drawn on by India, and has proved difficult to

Western replace.
ties but
in large Current Implications for Agriculture

cted both The chemical fertilizer industry exists, after all, solely because

fertili- we need it as an input source in the production of food and fiber. The
acity agricultural implications of the current fertilizer shortage are perhaps

short- its most significant elements. World fertilizer consumption more
new than doubled in the ten years to 1972, reaching almost 80 million tons
:her (see Table 1). Usage in the LDCs grew at a higher rate than in
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developed countries, but the former accounted for only 14 percent of
total consumption in 1972. 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 40 percent of the incremental growth of agri
cultural output is attributable to fertilizers. With a 5 percent cut in
fertilizer supply, - the foodg-rain:-pr odvtion in India, for instance,
could fall-by more than one million't6hs per year, which implies
higher food prices and increased foodgrain imports. There is sub-
stantial evidence that the recent impact has in fact been more serious
than this.

These effects have been accompanied by dislocations at the farm
level. For those farms which are mechanized and irrigated, there
has been the double effect of fuel and power price increases in addition
to those for fertilizer. More serious, however, has been the fertilize
availability problem, since this led to the use of HYVs without fertilize
in which case they yield little more than traditional varieties. Less
mechanized farms, and those in rainfed areas, have been less serious
affected since they used less fuel and fertilizer in the first place.

Effects on farm costs. Farmers faced a threefold increase in the
world price for fertilizer within the year 1973/74 which has been sus-
tained through 1974/75 (see Table 2). Fertilizer and other chemicals
costs range in proportion from zero to 40 percent of total farm costs
depending on the production methods. This means that, in general,
individual farm operating costs have risen from zero for subsistence
small holders to as much as 100 percent for those using modern techno

Clearly, the actual increase in costs will have varied with the level o.
fertilizer inputs used. Farm costs are also affected by government
pricing policies for fertilizer. The-cost impact has not been direct anc
simple, since farmers have responded to the price increases by variou
shifts in production patterns - changing to crops and varieties with
lower fertilizer needs, using lower fertilizer dressings and substitutin
other inputs for fertilizer (such as green manuring). In this way the
full impact of increased costs has been avoided; but some loss of incorr
has been experienced - although offset in some cases and to some degi
by increases in product prices.

Effects on farm product prices. Consequent upon changes in produc-
tion costs and related shifts in output, an increase in price for farm
produce is inevitable, unless there is administrative intervention. In
fact, there have already been substantial price increases in the past
two years. A crop failure in a country such as India, when coupled
with fertilizer and fuel supply problems, could have led to massive
domestic food shortages and food price increases. In practice, such
an outcome was largely averted by effective policy measures, a
favorable spring harvest in 1975 and judicious foodgrain imports,
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mt:of tbme of it as food aid. To some extent, the increased acreage of
:.nt by trops being grown in the food exporting nations has offset the upward
lected pressure on food prices on the world market; nevertheless, the

af a.gi- impact on consumers has been great. Given that food is their major
ut:in item of expenditure, the urban poor will undoubtedly have been the

3, most severely affected.

sub- Effects on output and income. A decline in agricultural output has
erious been anticipated as a consequence of lower yields due to less ferti-

liter being applied. However, more complex shifts from existing
cropping patterns to new ones have altered both the physical mix and

rm value of output. Generally, acreages of leguminous crops (such as
,e-re beans, peas and gram) have not been cut back. Other basic food
aiddition crops, especially the one which is the traditional food crop in each
a-rtilizer area, has not declined either - if for no other reason than that they
ieitiize, are needed for family subsistence, but also because food crop pro-
1iss ducts have increased in price substantially in the short run (although
srously in some countries they have been held down by administered pricing).
e..

A most serious decline in physical output could occur in response
the to changes in the use of crop protection chemicals. While yields will

ans&us-- decline more or less proportionally to the amounts of fertilizer used,
amicals omitting a spraying or using a greater dilution of active ingredient
Mosts could lead to an infestation which virtually wipes out a crop. -Failure
eral, to use appropriate sprayings by some farmers may have equally
stence serious effects even for their neighbors who do. A shortage of such
n*=irml-agy. chemicals, or higher prices, since they have a relatively high elasti-

city of demand, could therefore have effects on output and incomes of
J=evelc6f much greater proportions than a comparable situation for fertilizers.

mrent These effects, however, are likely to be short lived - though they
.re:ctzand nay be recurring. The very high commodity. prices of the past two
ywVatious years have already begun to decline with the prospect of rebuilding
Mith foodgrain stocks and a fertilizer price decline. Given the rate at
atttuung which new fertilizer capacity is being established (some 33 million
rytthe tons of additional nitrogen manufacturing capacity is believed assured
of inc ome to come on stream within the next 5 years) severe shortages are
ane cdegnaee likely to disappear quickly and prices to come down sharply, though

they will probably be higher than in the past due to higher production
CoBts. This does not reduce the seriousness of the near-term im-

,roduc- pact, especially in LDCs and particularly in South Asia.
farm Fertilizer and the Longer Run Outlook

an. sIn for Food Supplies-pa-st
pled
sive Over the past 20 years world population, food production and ferti-
5isch lizer consumption have increased at rates shown in Table 3. Food

production trends can best be shown by totals for the output of cereal
grains, on which relatively good figures are obtainable. In the LDCs
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rice, wheat or corn represent the principal food staple in most
cases; in the developed countries much of the grain goes to feed live-
stock, so that by inclusion of feedgrains the trends in consumption of
meat, eggs and dairy products are represented in the grain total
along with foodgrains. During 1953-73 grain production increased by
77%and popula,tion by 48%, leav'i ng ra eper capita gain of about 20%.

Table 3. Changes in Population, Grain Production
and Fertilizer Use, 1953-73

Grain Fertilizer Grain Fertilizer
Population Production Consumption Per Capita Per Capita

World (millions) (million tons) (million tons) (kg) (kg)

1953 2615 775 17.4 296 6.7

1973 3860 1,374 77. 2 355 20. 1

Percent.Increase 48% 77% 345% 20% 200%

Developed Countries

.4953 867 397 15. 9 458 18. 3

1973 1087 741 60.0 682 55. Z

Percent Increase 25% 87% 277% 49% 203%

Developing Countries

1953 1748 378 1.53 216 0.88

1973 2773 630 17.49 227 6.30

Percent Increase 59% 67% 1004% 5% 615%

SOURCES: U. N. Monthly Bulletin of Statistics, June 1975; 1973 Annual Fertilizer Review, FAO.

It must be recognized, however, that the greatest part of this gain
occured in the developed countries, due to their faster growth in
grain production and slower population increase. In the LDCs the
per capita increment was only 5% for the 20 year period. The in-
crease from 378 to 630 million tons of grain in these countries was
a considerable achievement, made possible in part by the "green
revolution" and all the research and investment that lay behind it;
yet a 59% population increase brought down the average per capita
increase to the 5% level. The population increase in LDCs from 1953
to 1973 was about 1. 0 billion; according -to the medium-level projection
of the United Nations, there will be a further increase by the year 2000
of another 2. 2 billion people in the LDCs. (This assumes a decrease
in growth rates from today's 2. 5% a year to 2. 0%). A serious question
arises as to where the food for these additional people will come from.
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World grain output can, no doubt, continue to grow faster than
live- world population. But if this means principally growth in the induis-

ion of trial countries along with relative stagnation in the LDCs, the
1 latter will become increasingly dependent on food imports from the
sed by former. And such a dependency is not.an appropriate solution. The
70. LDCs' finite ability to acceler'at,e"th'ir-,,productionf: goods exporta-

ble to developed country markets and the apparent reluctance of in-
dustrial countries to buy an ever larger volume of such LDC exports,
in conjunction with other LDC import needs, set limits to the practi-
cal possibilities of LDC dependence on food imports. Imported food

;ertilizer may be the optimal solution for some countries; but for LDCs as a-:er Capita
(kg) group, and probably for most of those with large populations, the only
6.7 lasting and reliable answer to food problems is to achieve a high de-

gree of self-sufficiency.
20. 1

200% It is in this context that the role of fertilizer over the next 25 years
must be assessed. Studies of agricultural growth in various countries
over the past 10-15 years have indicated that fertilizer is the most
important single factor in that process, accounting for 35-50% of

18.3 the increases in production. As expansion of cultivated land becomes
55.2 more costly and meets increasing physical constraints, and as the
zo37 absolute increments of population growth in LDCs become larger,

the need for gains in productivity per hectare will grow; this "will
call for an acceleration in the supply of fertilizers (unless substi-
tutes can be found). As seen in Table 3, the use of fertilizers in

0.88 the LDCs is far below that in the developed countries on a per capita
6.30 basis. Although it has grown rapidly in postwar years, and particu-
61576 larly since the introduction of HYVs, it is only 6. 3 kilos per capitain the LDCs compared to 18. 3 kilos in developed countries in 1953 and

55. 2 in 1973. If such high levels of use are economic in the U. S.,
_ FAO. Japan and Europe, then considerable gains should be possible in areas

where fertilizers are still relatively unfamiliar.- There is, thus, a
gain large potential role for fertilizers in the years ahead; but if they are

to accomplish the gains in productivity which will be required, a
he number of difficulties must be overcome.

was Relative prices: Perhaps the most important issue confronting
n developing countries is the need to maintain a favorable relationship
it; between fertilizer costs and foodgrain prices. Evidence obtained by

.ta comparing indices of fertilizer and foodgrain prices suggests that in
. 1953 several countries the benefit-cost ratio has become much less favor-
:jection able, if not unfavorable, in the past two years; and certainly fertilizer
ar ZOOO use has declined in many countries, presumably partly due to farmers'
:rease price responses. If fertilizer use is to continue to expand, clearly
uestion the ratio between fertilizer and foodgrain prices should be kept in a
from. balance that is acceptable to farmers. This is a long term as well as

short term consideration for fostering the increased use of fertilizer
by increasing numbers of farmers.
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Distribution constraints: The use of fertilizer is frequently ham-
pered by two types of constraint. (1) Administrative constraints, of
which the most important is inadequate credit. Special regulatory
arrangements, which are- sometimes intinoduced to ensure equitable
distribution/of limited 'supplie-s, may.be apropriate in a shortage
situation; but if they carry over a "siege mentality" into a period of
surplus, they may often interfere with the free flow of fertilizer
through the distribution system. (2) Physical constraints, in the form
of inadequate transportation and storage facilites. The demand for
these has.been at a premium as fertilizer use has increased, espe-
cially in those areas where high yielding varieties have been intro-
duced, and this problem will persist as the use of fertilizer increases
in the future.

Availability of appropriate supplies: Much of the fertilizer that is
currently available on the world market is in the form of compounds
rather than in straight fertilizers. The fertilizers produced by those
plants that had been taken out of production in the middle 70's, plus
those that had been available as by-products from "Caprolactam" pro-
duction, were straight fertilizers such as ammonium sulphate and
urea rather than the more complex compounds now being offered.
Such compounds are unfamiliar to many LDCs farmbrs, and since
they are generally tailored to the needs of temperate zone agriculture
they are often inappropriate in tropical conditions. Consequently
there is a.need for local mixing plants to ensure that appropriate-
mixes are availabe in particular zones of LDC agriculture to suit
the needs of their crops and climatic conditions, and for much more
research to determine what those needs actually are.

Promotion of fertilizer use: Given the importance of fertilizer in
foodgrain production, related as it is to increased output from high
yielding varieties, there is a need to pay particular attention to the
means of expanding fertilizer use. There are several dimensions of
this problem: (1) The development of complementary inputs such as
irrigation, and seeds, of fertilizer-responsive plant varieties; (2)
Research to develop and test appropriate fertilizer and related pac-
kages, together with demonstration and extension inputs to promote
farmer understanding of necessary input and management practices;
(3) appropriate delivery mechanisms in terms of marketing fertili-
zers, and providing credit to distributors as well as to farmers; (4)
the question of subsidies to promote farmers' adoption of new practicet
merits critical examination (see forthcoming issue of the Development
Digest).

Capacity utilization of fertilizer plants: Capacity utilization varies
substantially from one developing country to another. Some plants
in Indonesia and in Korea, for instance, are known to have achieved
over 100% capacity utilization. On the other hand, plants in many
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am- LDCs run at 50-60% of capacity. The constraints on capacity
:s, of: utilization seem to be of two kinds: (1) management difficulties,
ory and engineering design problems which affect technical efficiency;
:able and (2) external factors such as shortage of power, variable voltage
ge, rates, delays in feedstock deliveries and similar impediments. Such

ad: of problems can only be solved by a concerted effort; usually they lend
themselves to admini.strative ,solutions if expansion 'of "output is not

ae-form very rapid. But if a significant and continuing growth of domestic
' for fertilizer output in LDCs is seen as necessary, the attention to these
spe- problems becomes all the more important.
t ro-
:Teases. Stocking and storage. In order to ensure supplies of fertilizer to

the farmer, and to take advantage of price fluctuations by building
stocks when prices are lowest, it is essential that developing coun-

Atis. tries have a specific stocking and storage policy, together with the
Dimds: capacity for holding stocks. In many countries, such a capacity seems
-- thosee lacking. Where fertilizer imports have been largely left to the private
plus: sector, as well as in some others, there is often inadequate decision-
n"' pro- making machinery at a top level to take appropriate decisions in re-
nd: spect of these issues. Thus, there is a need to build the administra-

Sd- tive infrastructure and to create storage capacity in many countries.
tce Unless this is done, farmers will be unable to count on reliable
~.ulture- supplies where they are needed, and adoption of new practices will
.1y be retarded.
t e
-lit Data availability: The attainment of an effective fertilizer policy
more, is seriously inhibited for many countries by the shortage of relevant

data. In addition to uncertainty about changes on the international
scene, there is frequently inadequate information on existing stocks

r: in-. at retail and wholesale levels and usually none on what stocks might

high- be held beyond the farm gate' Similarly, it is. often difficult to deter-
rthe- mine what proportion of orders placed in a given year are delivered
)nscof: by a particular date. More fundamental is a paucity of information
.xch-.ass about the farm uses of fertilizer, including imperfect- knowledge on

(2). where fertilizer is used, on which crops and at what rates, what pro-
portion of farmers use fertilizers, whether these fertilizers are

:note . purchased on credit or on a cash basis, and in particular, what the
:ices; response is to the use of fertilizer in terms of units of output per
rtili- unit of input. Such informationis, of course, essential if there is to
s- (4) be any realistic demand forecasting in the short run; and for longer
iractices range planning, more data are needed for any sensible interpretaion
'opment of what implications a change in availability or price of fertilizer

might have in terms of crop output, and therefore of appropriate
policies. Very often, this price relationship is of primary impor-

a-rie s. taice, particularly when fertilizer is used primarily on foodgrains.
i.nt s
;eved
Iny
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Developing Alternative Sources
of Nutrients

Research on soil fertility has up to now been heavily oriented toward
the use of chemical fertilizers. In particular, plant breeders are
oriented to the promotion of a.-aonocui1tral production based on chemi-
cal fertilizers. There is eVidence, however, that increased rates of
biological nitrogen fixation might represent a clear alternative to che-
mical inputs (see next article for an explanation). There has been
substantial experience with this method in a few areas, and others in
which experimental wark has begun; but the idea is still unfamiliar to
most agronomists as well as farmers. There is also some scope for
developing the use of other nitrogen sources - including processed
city waste and manufacturing by-products. These might be either
substitutes or complements for inorganic fertilizers in the future.

While the use of city waste and factory by-products, however useful
in developed countries, seem unlikely to become major sources of
plant nutrients in LDCs, the potential for increased biological nitrogen
fixation appears much greater. It has been taken up primarily in
Australia since the early 1950s: the method was first used in the
cooler southern parts of the country, where it has spread rapidly;
presently the method is being successfully adapted to the sub-tropical
areas furthe-r north. Elsewhere it has been tried on a large scale only
in Israel so far, but proved successful there. In other countries, such
as Malaysia, Kenya, Nigeria and India, the preliminary work is still
in experiment stations rather than in use by farmers, but indications
are that the method can be used in a wide range of temperature and
rainfall conditions.

The reasons for seeking an alternative to chemical fertilizers as a
source of nitrogen for increasing plant productivity are these: chemical
production of nitrogen fertilizer has become more costly as the petro-
leum-based inputs rose in price, and these inputs seem likely to become
increasingly scarce. Fertilizer presents problems of transport and
storage in LDCs, especially in the tropics, because of its bulk and
perishability. In addition it represents a substantial cash cost for poor
or near-subsistance farmers, which limits its potential for adoption in
LDCs. For these reasons, it seems possible that the leading alterna-
tive, biological nitrogen fixation, which involves little movement of
materials and is low in cost to the farmer, may represent a significant
method of increasing food production in a number of areas in the next
10-15 years. If the same resources were to be devoted to research on
the acceleration of nitrogen fixation that went into the green revolution,
the results might be even more widespread.
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To summarize: population trends and physical restraints on new
lands for cultivation point to a growing emphasis on increased yields
from cultivated land as the main source of additional food supplies.

toward -The role of chemical fertilizers, especially in LDCs, is certainly
.re very important. In addition, the burden of supplying an unknown

chemi- but perhaps important fraction of the growing ne.d for food supplies
tes of may be shared by nitrogen-ifLxing -methods, asl supplement to the
:o che- more familiar chemical fertilizers.
?en
ars in
liar to [Based on an unpublished paper
-e for presented at a Fertilizer Seminar
zsed sponsored by the Agricultural
ter Development Council and the World
re. Bank in Princeton, New Jersey,

May 1974; updated and expanded
useful by the author. The views expressed

of here are the author's, not necessarily
itrogen shared by the World Bank.]
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