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The Role of Fertiiizer in Meeting,
Developing Countries’ Feood leeds’

Food production in developing countries has become increasingly
dependent on fertilizer during recent years. Although only a small proportion
of total feod production in most of these countries can be attributed to
fertilizer, a considerable proportion of the production incresse is brought
about by increasing fertilizer usage along with the introduction of new fertil-
izer responsive crop varieties and other improved technology. The itncreasing
deﬁendenee on fertilizer to meet current and emerging food needs and the
limited control over fertilizer supplies, due to the dependence on imported
fertilizer, fertilizer raw materials and/or feedstocks cause many developing
country governments to attempt an expansion of national fertilizer production.
The seripusness 0? the matter became abundantly clear in 1972-732, when the
world was hit by fertilizer shortages, drastic increases in crude il prices,
and the 022 embargo. Faced with absolute shortages end/or drastically ircreasing
prices of fertilizer and feedstocks for fertilizer production, developing
country goverrments suddenly realized the potential and, to some countries,
real threat to food production caused by the heavy dependence on inports to
satisfy internal fertilizer needs.

Hence, while high Jevels of self-sufficiency in basic foods has
been an important goal in most developing countries for some time, many of
these countries are now attempting to increase the degree of self-sufficiency

in fertilizer to assure increased control of fertilizer supplies and, in turn,

}?repareé by Dr. Per Pinstrup-Andersen, Director, Agro-Economic Division,
International Fertilizer Development Center, Fiorence, Alabema, for
presentation to the 12th Annual Conference of the Missouri Valley Economic
Association, Tulsa, Cklahoma, February 26-28, 197€.

then the drastic increases in 0il prices occurred, countries such as

South Korea, Philippines, and Malaysia were totaliy dependent on

Middle Last feedstocks for their nitrogen production, while 78% of

India's nitrogen production depended on this source (26).



food supplies. VWhether these attempts will continue to receive as much attenticn
as they did during the period of fertilizer shortage remains to be seen.

While it 15 generally agreed that the importance of fertilizer in food
production of developing countries is increasing, this paper attempts to provide
additional evidence on its past and potential future contribution to meeting
world food needs. UWhile some rough quantitative estimates are made of the contri-
bution of fertilizer to food production in developing regicns, lack of certain
bagic data prohibits an adequate treatment of this matter.

The paper consists of four sections. First, a brief discussion of the
principal fertilizer market developments during recent years; second, a short
section on current and emerging food needs and the limitations of production
expansions alone in meeting such needs. The third and fourth sections deal with

past and potential future contributions of fertilizer to cereal production.

|

Recent Fertilizer Market Develobments

In a recent USDA publication, Reidinger (22) provides an excellent
and up~to-date review of recent fertilizer market deve]epments*s Hence, only
a briaf summary of this fopic is provided here.

Following a pericod of decreasing fertilizer prices, the period
1971-74 ekperienced rapidly increasing fertilizer prices, absolute fertilizer
shortages, and a resulting situation of panic on the part of importing
countries. Reliable estimates of future supply/demand relationships were
scarce and more attention was probably given to sensational predictions of -
"permanent fertilizer shortages" and resuliing "mass starvation™ than to the
more well-founded predictions that supply and demand wouid soon again be
balanced at reasonable prices, although above those of the 1968-70 period.

The high fertilizer prices and shortages arose from rapidly increasing

fertilizer demand, which in turn was determined primarily by increasing food

30 number of other recent publications treat this topic, including {7, 11, 21, 28).



3

prices, and from a shortage of fertilizer production capacity, largely the
result of cyclical investment patterns in the fertilizer industry (7). Increasing
0il and phosphate rock §r%ﬁ§s further contributed to the price increases. However,
prices rose further because importing countries attempted to assure sufficient
fertilizers for the near future, under the assumption that prices would continue
to increase. Thus, some countries purchased up to a year's supply in advance,
with the result that prices went even higher. In the meantime, farmers were
reducing fertilizer applicaticns, either because of high prices or absclute v
shortages, and as importing countries' warehouses began to fill, demands and
prices decreased. Figures 1 and 2 illustrate the drastic price changes for four
fertitizers. Prices went from less than $100/ton during 1970 to $350-400/ton
during the latter part of 1874. A year later, i.e., the end of last year, prices
of the four fertilizers shown were back down to $100-150/ton. While increased
capacity and high operating rates contributed to supply increases during 1573-74
slightly above those of previous years, the primary reason for the price falls
during 1975 is probably the demand response te high prices. Thus, preliminary
data from TVA indicate a reduction in fertilizer consumption from 1974 to 1975
while production continued to increase. The result has been increasing inventories,
By June 1975, producer inventories of nitrogen and phosphate fertilizers were
about double the June 1973 levels, and stocks of selected major fertilizers in
international trade were about three times as large (22). According to preliminary
data from TVA, inventories for nitrogen, phosphate, and potash in Horih America
doubled from 1974 to 1975. Even larger inventory increases are estimated for
Eurcpe. The largest decreases in fertilizer consumpticn were found in Morth
America and Europe, while increasing consumption was noted for South America. It
should be stressed that these data are preliminary and subject to revision.

Yhile farmers and importing country governments responded to price

increases by reducing consumption, the fertilizer industry responded by planning
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additional production capacity. Thus, TVA estimated in August of 1574 that
about 33 million tons of new nitrogen production capacity had been announced to
be on-stream before 1980. The total world nitrogen capacity was estimated to
be 62.4 million tons in 1973, Hence, the increase amounts to more than 50%.
It is likely, however, that considerably less than the announced new capacity

will in fact materialize in view of the drastic price decreases during 1975.

Current and Emerging Yorld Food leeds

| Today's world population is avound 5 billion and growing at about
2% per year. According to FAD data, world food production per capita for 1975
vas equivalent to about 2,600 calories per day, i.e., sufficient to meet the
energy requirements of the world population, if distributed according to
needs (41). Although such data are not readily available for protein, it is
1ikely tﬁ§t a similar situation would be encountered. However, a large
pertion Q;tthe world population gaffers from insufficient calorie and protein
intake. FAQ suggests that at least 460 million people currently suffer from
undernourishment {41) and that absut half of the children under 5 years of
age in the developing countries may be undernourished, accounting directiy or
indirectly for as high as one-half of the deaths in this age group.

Although undernourishment is caused by a large number of factors,

it appears that the problem is basically one of unequal food distribution
rather than absolute food shortage. Severe poverty prohibits large segments
of the population from obtaining sufficient food, while lack of knowledge
causes poor food distribution both among and within families. At the same
time, food consumption of a small portien of the population far exceeds
nutritional needs. Findings from a recent study in Cali, Colombia, illustrate
the point {20). Average protein and calorie intakes for the Cali population

as a whale were estimated to be 112 and 119% of nutritional requirements,
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respectively. However, 36% of the population received insufficient quantities
of protein, and calorie intakes were insufficient among 18% of the population.
The towest income group (18% of the population) spent 87% of their total
incomes on food and obtained 72 and 89% of their protein and calorie regquire-
ments, respectively. In contrast, the highest income group {14% of the popula-
tion} spent 35% of their incomes on food and consumed 204 and 3?8$ of their
protein and calorie requirements, respectively. Although the above findings
are valid only for the Tocation where the study was carried cut, they supsort
the global indications that the current food problem is basically one of
maldistribution rather than ltack of supp1y.4

It is utopia, of course, to expect that available food supplies would
be distributed according to nutriticnal needs, particulariy in a market oriented
economy. Rather,‘food distribution is determined by effective demend, which in
turn is determined by a number of factors including purchasing power and Qersona¥<
tastes and preferences.

Thus, while the current world food problem cannot be resclved unless
available food and/or purchasing power are more equally distributed, expanded
food produciion may reduce the severily of the problem or at least help to avoid
worsening of the problem over time, by attempting to meet effective demands at
current or reduced real food prices.

Changes in effective demands for food are determined primarily by changes
in incomes and their distribution, and changes in population. Average annual
growth in per capita incomes for the world as a whole during the period 1969-70
was 4.2%, while the population growth rate was 2.0% {45). Except for a few countries,

there are no indications that the distribution of incomes has changed during that

4The FAQ document entitled "Assessment of the World Food Situation, Present

znd Future," prepared for the World Food Conference further supports these
indications: "In such widely dispersed countries as Brazil, Indiz, and
Tunisia, the 20% of the population with Towest income has half the per
capita energy intake of the top 10%" (41},
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period. Assuming, as a rough approximation, an income elasticity of demand
for food of 0.3-0.4 for the world as a whole, and a population elasticity of
demand for food equal to one, and assuming further that past rates of income
and population growth will continue and the distribution of incomes will remain
unchanged, effective demands for food weuld increase at an annual rate of 3.23-
3.7%. This estimate corresponds closely to estimates made by the lational
Academy of Science (41) and the University of California Food Task Force (45)
for the periecd until 1985. Failure to expand food supplies by an equa?l peﬁceatage
would result in increasing real prices of food and a further deterioration of
the nutritional status and consumer real incomes.

It should be stressed here that, in addition to improved distribution
and expanded production of food, any long-run solution to the food/population

problem must involve a reduction in popufation growth.

i
|

Past Caﬁ%ribution of Ferti]ize%

For the purpose of this discussion, it may be useful to separate
increases in food production on the basis of whether they were caused by area
or yield increases. Table 1 shows such a separation for cereals for thres
time periods. The compound annual rate of growth in cereal production in
developing market economies as a group was slightly above 2.5% for the period
1948/52-1971/73.  About 55% of this growth was due to yield increases. The
relative importance of yield increases was high in the Far tast, where little
unused arable land was available and low in Latin America where considerable
reserves of potentially arable land are found. The relative importance of
increased area for production expansion is much higher for developing than for
developed countries, as would be expected. The increasing importance of higher
yields relative to expanded land area in lLatin America, Asia, and developing
countries as a whole, is clearly pointed out by the data for the two periods.

The relative importance of yield in production expansions increases from 513



Table 1. Estimated Increase in Area and Yields for Cereals
1948752 - 1971/73 and Relative Contribution to
Production Increases in Selected Regions

Average Annual Compounded Relative Contribution fo
Rate of Increase in: Production Increase (%)

Region Area Yields Ares Yields
@Y ¥ (@Y @) ) (@ @) () () (a) ®) ()
 Africa 1.2 0.1 0.8 1.8 -0.5 0.9 35.3 - 43.9 64,7 - 56.1
éiatin America 2.8 2.6 2.4 1.4 1.% 1.4 82,0 53.3 59.0 38.0 46.7 41.0
Near tast 2.7 1.0 2.0 0.6 1.5 1.0 73.0 39.6 61.8 22.0 60.4 38.2
Far East P.5 | 0.6 0.9 1.7 0.8 1.3 41.9 0.5 34.6 53.1 §9.5 65.4

'Deve?oping |

market ecanom%es 1.7 0.5 1.2 1.6 0.9 1.3 48.7 37.0 45%.6 51.3 63.0 54.4
Horld .8 0.6 0.7 2.0 2.7 2.3 7241 19.9 z21.8& 75.9 80.1 78.72

1/ aj refers to seriod 1948/5¢2 - 1961/65.
{b) refers to perijod 1961/65 - 1971/73.
(c¢) refers to period 1948/52 - 1971/73.

Source: Estimated on the basis of area and yield data from: FAQ, Production Yearbook,
several years.




10

during the first, to 63% during the second period for the developing market
economies as a whole.

Yield increases have been spectacular for wheat and rice in countries
where a large proportion of these crops are produced from new high yielding
varieties. Thus, during a 10-year period, rice yields in Pakistan increased by
73% while wheat yields increased 56% in India (table 2). The high yielding
varieties of wheat and rice provided for higher net return per unit of land
tnan before and farmers expanded the area of these crops at the expense of
craps for wnich no high-yielding varieties had been developed. Hence, while
the total area grown with cereals remained constant, a considerable crop substi-
tution took place among thc various cereals. This explains the area contribution
shown in table 2.

To whatnextent was fertilizer responsible for the yield increases
shown in tables 1 and 27 Fertilizer consumption for three pericds of time is
shown in taB?e 3. Average annual consumption of nitrogen, phosphate, and potash
in developing market economies as a whole during 1972-73 was 11.9 million tons
of nutrients, or 14.8% of total world consumption. The compound growth rate in
fertilizer consumption during the period 1948/52-1972/73 was 5-10% far tne
developing market economies and 6-10% for the world as a whole {table 4). Growth
rates for developing market economies, as a group, increased from 3.8-6.9 during
the first, to 14.3-15.3% during the second period. Considerablie differences are
found among individual countries.

Fertilizer usage per unit of land increased at a compound annual rate
of 11.2% in developing market economies during 1960-74 {table 5). The highest
percentage increase was found in the Far East while Europe provided the lowest
percentage increase. The European consumption of fertilizer per unit of land
is about 10 times that of Asia, 20 times that of Africa, and about 7 times that

of Latin America. Although this relationship is changing in favor of developing



Table 2.

Wheat

Pakistan

India

Rice

Philippines
~ Pakistan
N[Ma]aysia
iIndia

13
indonesia

Estimated Increase in Area and Yields and Relative

Contribution to Production Increases for dheat and

Rice in Selected Countries, 1960/63 - 1970/73 (%)

Total Increase for

the Period (%)

Area Yields
22.3 45.2
38.2 56¢.1
0.4 33.9
22.8 73.3
43.7 16.5
4.6 13.8
18.8 29.1

Relative Contribution to

Production Increase (%)

frea

35
42

27
70
26
40

Yields

65
58

99
73
30
74
60

Source: Dana Dalrymple (2, pp. 22-23).



Table 3. Average Annual Fertilizer Consumption in Se]ected Req1ons of the World, for Three Periods of Time (Thousands
of Tons of Hutrients) -

Percent
: Consumption
Developing Developed in Developing
Latin Harket Market Market
Type Period Africa America Near East Far East Economies Econemies Horld Economias
Nitrogen 1843/52 33 116 94 617 860 - 4,309 19.9
1981/65 113 596 358 930 2,052 9,149 14,972 13.7
1972773 412 1,717 1,142 3,560 6,840 17,1564 37,214 18.4
Phosphate 1948/52 - 107 33 265h 576 - 6,103 9.4
1961/65 107 395 126 314 937 9,113 12,6893 A
1972/73 300 1,315 489 1,154 3,259 13,657 23,412 13.9
Potash 1948752 23 55 5 163 250 - 4,503 5.6
1961/65 74 247 12 167 500 7,204 10,272 4.9
1972773 180 339 4] 732 1,804 11,043 19,767

Sources: FAD, 1974 Annual Fertilizer Review / 3% ) and 1971 Production Vearbook { 28 }.

A



Tabie &,

Compounded Annual Rate of Increase in Fertilizer Consumption in Selected Regions of the

Vorld, for Three Periods of Time (%}

Developing Developed

Latin Market Market

Type Period Africa Auerica  Near East  Far East Economies  Economies  Horld
Nitrogen 1948/52-1961/65 10.0 13.4 10.9 3.6 6.9 - 0.1
1961/65-1972/73 15.5 12.5 13.8 15.4 14.3 7.3 10.7
1948/52-1872/73 12.2 13.0 12.0 8.3 9.9 - 10.3

Phosphate  1548/52-1861/65 - 0.5 0.8 0.5 3.8 - 5.8
1961/65-1872/73 i2.8 14.3 16.3 15.5 14.9 4.6 7.0
1948/52-1972/73 - 12.7 13,0 6.4 3.2 - 6.3

Potash 1948/52-19561/65 7.9 12.3 6.7 0.2 5.5 - 6.6
1961/65-1972/73 11.1 14.6 14.6 17.8 15.3 4.8 7.5
1548/52-1972/73 9.2 13.2 g.9 7.1 9.4 - 7.0

Estimated on the basis of data in table 3, using a compound interest equation.

Source:

£l
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Table 5. Fertilizer Consumption Per Hectare of Arable
Land (Kg of Nutrients N, P,0., K,0}, for
Selected Years and Regions

Annual Compounded
Rate of Increase

Region i 1960 1965 1570 1974 1960-1974 (%)
Africa 1.5 2.0 3.6 5.0 9.0
Latin America 8.9 12.8 23.0 32.7 9.6
Near East 4.8 8.3 14.0 22.2 11.6
Far East ’ 4.0 6.6 15.4 20.5 12.4
North America 33.3 53.6 £69.7 79.5 6.4
Western Europe 97.3 129.3 173.5 200.4 5.3
Developing M.E. 4.2 6.6 13.3 8.6 11.2
Developed M.E. 54.7 76.1 94.7 109.0 5.0
World 21.4 32.7 46.3 56.8 7.2

Source: FAG, 1974 Annual Fertilizer Review { 3% ). Rate of Increase
Estimated by the Author.
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countries, the absclute increase in per umit area fertilizer consumption
during the last 15 years has been much higher in Europe (103 kg/ha) than in
deve1op%ngﬁregions {3.5-23.2 kg/ha}. Although there is no reason to balieve
that optimum quantities of fertilizer per unit of Tand would be the same for
all regions, the data presented in table 5 suggest that a great potentia)
exists for expanding food production in developing countries through additional
fertilizer use.

! Reliable information on fertilizer usage by crop in developing
countries is scarce. Table 6 provides estimates of the percentage of fertil-
izer used for cereals in selected countries. On the basis of this information,
1t appears that cereals account for roughly 30% of all fertilizer used in Latin
America, and about 60% in Asia. No such estimate can be made for Africa on the
basis of avai?ablé data.

i The response to fertilizer depends on a variety of factors and differs
among crgps, crop varieties, regions, and farmers within a given region. An
average response of 10 kg of grains for each kg of fertilizer {measured in terms
of plant nutrients) appliied in developing countries has been widely accepted
as a rough approximation {18). If this rough estinate can be accepted as a
sufficientiy close approximation to the actual average response in developing
countries, the centribution of fertilizer to cereal production can be sstimated.
The production function analysis offers an alternative approach to estimating
the fertilizer contribution. Both methods are used in this analysis.

A production function developed by Evenson (6) for cereal grain
production in 20 Astan/Middle tastern couniries was used. Tne function is
based on 1,050 observations for the period 1948-71. Evenson estimated the
elasticity of production, with respect to fertilizer, to be 0.0796. The

compound annual rate of incresse in cereal production due to fertilizer usage



Tabte bB.

Country

i6

Percentage of Total Fertilizer Consuription

India

" Thaitana

Taiwaﬂﬁf
South Vietnam
Zaire

Costa Rica
Dominicaﬁ Republic
Co!o%ﬁia

Brazil
Sao Paulo
Nor{heast
Rio Grande do Sul
5/

Pery~

Used for Cereals in Selected Countries

_Year

1970/71
1970/71
1968/69
1970/71
1973/74
1971
1974
1974
1967
1967
1967
1965

Percent Used
_for Cereals

65
33-50

75

75

11
19
24

Source of
information

(40)
(37)
(23}
(30)
( 4}
{24}
(&)
(5]
(14}

%or rice only.

bNitragen only.
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Qas then estimated on the basis of the elasticity of production and the estimated
rate of increase in fertilizer consumption shown in table 4. It was assumed that
the proportion of total fertilizer consumption applied to cereals remained
constant over time.

The results obtained from applying the two methods are shown in table 7.
Fertilizer was estimated to have added 48.2 million tons of cereals to the annual
production in developing market economies as & group, during the pericd 1948/52-
1972/73. This amounts to about 30% of total production increases and more than
half of the yield increases during that period.s The contribution of fertilizer
to production increases was smallest for Africa and largest for Asia. This
reflects the larger increase in fertilizer consumption per unit of area in Asia.
About two-thirds of the yield increases in lLatin Ameérica were due to fertilizer,
while less than half of the yield increases in the Far East were caused by this
facter.s |

The contribution of fertilizer to increases in world cereal production
was estimated on the basis of a production function developed by Hayami and Ruttan
{12} for total agricultural production in 37 countries, developed and developing,
for the neriod 1957-62. They estimated elasticities of produclion with respect
to fertilizer between 0.70 and 0.17. Using these elasticities, the contribution
of fertilizer to fota1 world cereal production was between 27.7 and 47.1% of the
production increases between 1848/52-1972/73.

The proportion of total cereal production in developing market economies
for 1972773 attributed to fertilizer was estimated to be 15.2% (table ?}~? Only

6.6% of the African cereal production was estimated to be due to fertilizer,

SChristensen gbtained a similar estimate for the United States for the period
1640-55. He estimated that 55% of yield increases was due to fertilizer (1).

6Herdt and Barker estimated the fertilizer contribution to increases in cereal
production in the Far Fast to be 51% when a response ratio of 10:1 was used {13).
Their estimate correspands closely to the estimate obtained here with respect

to yield contribution.

Herdt and Barker estimated that 13.5-20.2% of total cereal production in the
Far Fast was due to fertilizer {13). As would be expected, a much higher
proportion of total production in the United States is due to fertilizer., The
Council for Acricultural Science and Technolegy estimates that about one-third
of the U.S. arain production is due to fertilizer (34).

7



Table 7. Estimated contribution of fertilizer to cereal grain production in developing market economies 1948/52-1972/73

Total increase in annual cereal production (1,000 tons)®
Estimated fncrease due to fertilizer (1,000 tcns)b

Percentage of total production increase due to ?erté?izarb

Percentage of total yield increase due tOAfert%iizefb

Estimated compounded annual rate of increase in cereal
production due to fertilizers, %

Percentage of total production increase due to fertilizer
Percentage of total yield increase due to fertilizer®

C

Estimated perceptage of total production 1972/73 due
to fertilizer

Africa

12.339
2,523
20.4
36.4

6.6

Latin

America

40,527
10,779
26.6
64,9

1.03
27.1
66.1

16.2

Near
Fast

21.000
9.240

0.97
32.5
85.1

Far
Fast

81.518
26.226
32.2
49.2

0.62
28.0
42.8

Developing
m»és

155,413

48,243
31.0
57.0

0.75 _
<

29.9
54.8

15.2

8rstimated on the basis of FAO, Production Yearbook, several Years.

UEstimated on the basis of increases in fertilizer use for cereals

per 1 kg of fertilizer {nutrients).
“Estimated on the basis of production function

dTotal production duye to fertilizer estimated on the basis of the average response rate of 10:1.

and an average response rate of 10 kg of cereal grains
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In addition to its importance in cereal grain production, fertilizer
plays a major role in certain other crops, such as sugarcane, cotton, coffee,
banana, and potatoes in developing countries. Lack of data prohibits an
estimation of the contribution of fertilizer to yields and production of these
Crops.

Bafore finishing this section of the paper, a note of caution. The
data used above to provide quantitative estimates of the contribution of fertil-
izer to cereal production suffer from uncertainity with respect to their ability
tok?epresent reality in an exact way. This problem is common to most analyses
based on aggregate data from developing countries. Because data requirements
of the two methods were somewhat different, the similarity of the estimates from
the two methods places considerable confidence in the results. However, the

results should be considered as rough approximations rather than exact estimates,

Future R§1e of Fertilizer

é The future contribution of fertilizer to food production in developing
countries wji] be determined by the quantity and quantity of fertilizer consumed,
which, in turn, is determined by demand and supply, and the crop response. This
section briefly discusses each of these topics and proceeds to make rough
guantitative estimates of expected fertilizer contributions.

Fertilizer Demand-~The demand functicn for fertilizer is basically

derived from product demand and crop response functions. Hence, the quantity
demanded is expected to be determined by the prices of fertilizer, agricultural
products, and other inputs as well as the expected marginal product of fertilizer.
However, a number of other factors tend to influence farm level fertilizer demand

in developing countries. Scarcity of capital and credit, risk, uncertainty and
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a number of other factors may limit fertilizer demands. Uhile a thorough
discussion of the farm level demand issues is beyond the scope of this paper,
readers are referred to Dalrymple (2) and Timmer (27) for additional discussion
and references. It may be concluded that much additional research is needed
on the relationships determining fertilizer demand and actual consumption at
the farm level to assist policymakers in developing countries.

Fertilizer Supply~-A Targe part of fertilizer supplies in developing

ca%ntries is imported. The resulting dependence on exporting countries for
feftilizer, fertilizer raw materials and feedstock was discussed previcusly. As
shown in table 8, developing countries account for about 18% of world nitrogen
consumption but only 10% of world production. A similar situation is found for
phosphate, while almost all the potash consumed in developing countries is imported.
The current degree of self-sufficiency in nitrogen and phosphate in developing
Cﬁuntréég is 55-60% while 1t is 15% for potash (table 9}. For developing market
eccnomieé as a group, there hag been a considerable increase in the rate of self-
sufficiency in nitrogen and potash $ince 1568/69. However, the degres of self-
sufficiency and its recent trend differ greatly among individual developing
countries.

The increasing dependence on fertilizer for their food supply along
with recent fertilizer shortages and drastic price increases in the world market
have motivated many developing countries to attempt an expansion of domestic
fertilizer production capacities. While the nitrogen production capacity of
developing countries was estimated at 5.8 million tons in 1973, new plant
announcemerts as of August 1974 would add another 6.5 million tons of capacity
before the end of the 197G's (26). Although it is unlikely that the total
announced capacity expansion will actually materialize, the actual increase is
1ikely to be jarge. In comparison, Western Europe and North America have
announced a capacity expansion from about 30 to 39 million tons, i.e., an

increase of 30% as opposed to 112% for developing countries.
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Table 8. Developing Countries’ Sharve in Worid Production
and Consumption, 1961/65 and 1973/74 (%)

Production Consumption
1961/65 1973774 1961/65 1973774
Nitrogen 6.1 10.2 13.7 18.2
Phosphates 3.7 8.5 7.4 14.2
Potash 0.5 1.3 4.9 9.2

Source: Estimated on the basis of data from: FAQ, 1974 Annual
Fertilizer Review {39).




Table 9. Degree of Self-Sufficiency in Fertilizers
for the Developing Market Economies as a Whole, 1968/69 - 19?3/?4§f

Year Nitrogen Phosphates Potash
1968765 £7.6 59.4 1.5
1969770 51.8 £5.9 7.1
1976/7 52.8 58.0 13.7
1971/72 55.9 63.1 20.4
1972/73 58,2 65.5 17.5
1973774 56.5 61.7 14.8

%production divided by consumption and muitiplied by 100.

Seurce: Estimated on the basis of ceonsumption and production
data from: FAQ, 1974 Annual Fertilizer Review (39).
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Hence, while shortage of foreign exchange may be an important supply
limiting factor in many developing countries at present, there are indications
that the degree of self-sufficiency in fertilizer production wili increase
considerably before the end of the 1970's. It shouid be noted, however, that
many of these countries are deficient in feedstock and fertilizer raw materials.
While the ownership of feedstock and raw materials is concentrated

8 no absolute shortagas of these rescurces are

in relatively few countries,
1ige1y to occur for a long time to come. World phosphate rock resources are
eséimatad to be 76.1 biilion tons, or sufficient for about 700 years at the
current world rate of production. About 16 billion tons are estimated to be
recoverable at current costs (150 years' consumption at current rates}, while
the remainder is expected to be recoverable only at higher cosis and in some
cases only with improved technology (22).

1+ Total world potash resources are estimated to be 79 billion tons of
Kzﬁ, of éhich 10 billion tons are readily available reserves. Total world
potash production during the year 1973/74 was 22 million tons of Ko0 {22}.
Hence, no absolute shortage of raw materials is visualized. As in the case
of phosphates rock, the conceniration i3 keavy on the supply side. Canada
accounts for about 40% of total world exports and 23% of total world production.
Furthermore, 43% of all readily available potash reserves and about 85% of al}

known potash resources are found in that country {22},

Crop Response to Fertilizer--The response to fertilizer is determined

by a large number of factors. The response of a particular crop to a particular

nutrient is determined by the envirorment in which the crop grows, including soils,

SSimi}ar?y to the recent drastic increases in oil prices, the oiigopsony-like
situation in phosphate rock and potash resources offers ample opportunity for
price manipulations on the part of the sellers. Morocco, for example, which
is the largest exporter of phosphate rock, accounting for about one-third of
all world exports, increased prices from 514 to $68/ton of phosphate rock
between February 1973 and January 1975, i.e., an increase of nearly 400%.
Recent fertilizer price falls, however, have brought this vrice down a little.
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climatic conditions, cultural practices and use of other inputs such as
insecticides, herbicides, and fungicides. ‘hen ideal environments are
attempted, crop responses may be far above those obtained under normal
farming conditions. Hence, experiment stations tend to obtain much higher
responses than farmers. Herdt and Barker conclude that while responses of
20-30 kg of grain might be obtained for each kg of fertilizer applied to
rice under experimental conditions, Asian farmers weuld probably not obtain
more than 10-15 kg {13).

Most currently available chemical fertilizers have been developed
te suit temperate zone agriculture. There are indications that new fertilizers
Yocused on meeting the needs of tropical soils and crops may greatiy increase
the fertilizer efficiency in the tropics.

The ﬁreé variety is another factor that plays an important role in
determining fertilizer response. Frequently, traditicnal varieties have low
respcnseé to fertilizers whiieanew high yielding varieties tend to depend on
fertilizer for exploiting their yield potential. Figure 3 illustrates the
fertilizer response of three traditionmal and one improved rice variety. Disease
and insect resistance frequently incorporated (nto new varieties Tilkewise
increase the on-farm response to fertilizer implicitly, because it reduces losses
in crops where fertiltizers may be applied. Hence, change from traditional to
improved crop varieties may greatly increase fertilizer response, andl in turn,
fertilizer demands. Sidhu (25) estimated that a change from traditional to
improved wheat varieties in Punjab, Indiza would ingrease fertilizer demand by
25%. For these reasons, the potential contribution of fertilizer must be
determined, not in isolation, but as a component of the contribution of new
agricultural technology in general. As the acreage with new high yielding
varieties increases, the average fertilizer response will increase. UWhether

the increasing yields are due to the new variety or to fertilizer becomes an

academic question. Both must be present.



Hile
a -
B24d
&
i Tuichungs
“ (Ratived t
e
JI
o /\‘\
= b S—
Binain
4
; | ’—/—"\fl\“ﬁ
z 1 ! S R SR
U i & i 143
Nitrvgen soplud, it
! iz, 3, Feoticor respone of I ns comparad tosome othee vadativs {IRT Reporier
1U56), Liry senson ¢xXporinuni,



26

Fertilizer Demand/Supply Projections--The fertilizer demand/supply

orojections vary greatly among organizations making the projections. The annual
compound growth rates in world fertilizer demands projected for the period
1972/73-1980/81 by four organizations are shown in table 18. The difference
between the smallest and the largest estimate vary from 30 to 86%. To further
illustrate the difficulties with which policymakers ave faced, when making
decisions on the basis of expected future fertilizer market relationships, FAD
estimated an increasing deficit, reaching 7 million tons of nitrogen and 4.6
million tons of phosphate by 1980/81 {22). The Morld Bank indicated a deficit
of 8.4 and 3.8 million tons of these two nutrients by the same year. These
projections were made in late 1973 or early 1974. In late 1974, TVA released
forecasts showing a surplus of phosphate beginning in 1874 and reaching 1.9
million tons by 1???, and a surplus of nitrogen beginning in 1978. In the TVA
estimates, a slight deficit would be reached by 1980, for both nutrients. The
latest known FAQ projections show a syrplus of 1.7 million tons of nitrogen and
0.2 million tons of phosphate by 1980/81 (22). To complete the picture, in
Yate 1973 or early 1974, FAQ projected a deficit of over 1 million tons of nitrogen
in 1975/7€, i.e., at the present time. In facl, we are having a surplus with
drastic price falls.

While there may be many reasons why veasonably accurate projections
cannot be obtained, the most important cnes probably are that inventory changes
are difficult to monitor, that new investments in the fertilizer industry are
only partially included, and that price changes are not explicitly used for the
projections. What might be a "deficit" situation under 1969 prices might well
turn inte a "surplus" under 1974 prices. Thus, the market situation at the
time when the projections are made seems to have an undue impact on the results
of even long-run projections. Much metnodological work seems needed, together
with better data, to improve supply/demand projections for fertilizer. The
recently created data bank at IFDC attempts to improve the availability of

refiable data.
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Table 10.  A&nrual Cangouﬁd Growth Rates of lorid Fertiiizer

Demand Used in Demand Projections for 197¢/73 -

1980/81 by Tour Organizations

?ercr@gage

Facd  1emp”  unino® Tyasusss® variation®
Nitrogen
Africa 4.6 7. 8.7 6.6 0d.7
Latin Amevica 7.6 8.5 0.6 5.5 33.0
Asia {market econ.) 9.5 13.1 9.8 9.1 38.5
Developing M.E. 8.4 11.3 9.9 9.0 301
World 6.0 7. 8.3 6.6 32,7
Phosphate
Africa 13.3 7.3 7.1 8.3 £G.4
Latin America 14.2 7.3 G.5 10.4 61.1
Asia {market econ.) 15.9 14.0 13.8 8.5 5g.7
Develaping M.L. 15.8 I 10.9 9.3 £9.2
World 7.2 5.3 6.5 5.1 35.8
Potash
Africa 14.0 - 8.7 5 85.5
tatin America 17.8 - 8.5 i3. 71.0
fsia {marzet coon. ) 5.3 - 137 20 55.3
Developing M.E. 16.4 - 1G.7 10.5 471
World 7.0 - 5.4 33.4

“FRO Commission on Fertilizers (Revised): Recent Trends of World Fertilizer

Market, October 1974,
b1grD: Fertilizer Requirements of Developing Countries, Report No. 446,
May 1974,

< . .
UNIDO: Review of World Production, Consumption and International irade i

Fertilizer with Projections to 1975 and 1990, Presented at the Secand Inter-
Regional Symposium, Kiev, Russia, September 21-October 1, 1971,

TVA}US The Worid Fertilizer Situation - 1575, 1876 and 1980, WAS-5
(supp}ement} ERS, USDA, October 1974, o

Estimates similar (o those reported here were shown in a restricted discussion
paper prepacced for the 10th feeting of the UNIDD/FAG/IBRG Working Group on
Fer;ilizar;5 Rome 1975,

EThe percentage diflierence as QSti&%t@d here 15 geti;
est%maae ﬁévld ¢ by the average of the Ob? eat.
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¥hile taking into account the uncertainty associated with fertilizer
supply/demand projections, the Jatest projections for annual growth rates in
fertilizer consumption in developing market economies up until 1S80/81 are
shown in table 11. These growth rates are below those estimated for the
period 1961/65-1972/73 (table 4}. There is little difference among regions,
aithough the Far East and Africa show slightly higher growth rates than the
other two regions.

Estimated Fertilizer Contribution--Cn the basis of the projected

fertilizer consumption growth rates, and the earlier mentioned elasticity of
production estimated by Evenson, the annual rate of increase in cereal
production due fo increasing fertilizer usage was estimated {table 12}.
According to these estimates, the projected expansion of fertilizer use in
developing market economies would increase cereal production by a little less
than 1% énnua11y up to 3986f81‘é This amounts to about 35% of the projected
increase in cereal demands for the region, or slightly above estimated past
relative contribution. The results further suggest that 417 of total increases
in cereal demands in the Far East will ko met through oxpandad fertilizer use
as compared with about 30% in the past {table 7), while only 28% of the Latin
American cereal demand increases will be met through this means of producticn.
The lower relative contribution of fertilizers in Latin America is Tikely to
be compensated for by an increase in cultivated area. Llarge area increases
are not 1ikely to come abeut in the Far tast. FAO projects that cultivated
area will increase at the following annual rates during the period: Africa,
1.0%; Latin America, 1.1% Near East, 0.5%; Far East, 0.3%; and cdevelopinrg
countries as a group, 0.7% {36). The proportion of these new areas that

will be used for cereals will depend, at least 1o sowe extent, on relative



2%

product prices. But the potential for expanding the cereal screage, if
demand increzses are not met otherwise, seems to exist, at least in Latin
America and Africa. Hovever, if projected cereal demends are to be met,

the use of yield increasing technology other than fertilizer must be expanded,

particulariy in the Far East, where new land is scare.
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Table 11. Projected annual growth rates in fertilizer consumption 1973/74-1980/81, ¢

Arnnual growth hear Far

rate, % LErica Latin Anerics Fast rast peveloping m.e,
Hitrogen 14.5 10.1 10.6 13.8 12.4
Phosphate 3.¢ 7.8 10,3 10.6 9.6
Potash 16.5 12.3 - 12.3 12.3

Source: .FAQ data reported in (22).
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Table 12. Estimated compounded anpnual rate of growih in cereal production
due to fertilizer (a), estimated compounded ratz of growth in
cereal demand [b}, and percentage of demand increase met through
fertilizer (¢}, 19753/74-1980/81

{a)_ b} e
Africa 1.08 3.3 32.7
Latin America 0.82 2.9 28.3
Near East 0.81 2.5 32.4
Far East 1.03 2.5 41.2
Developing m.e. ¢.483 2.6 35.8

(a) is estimated from weighted annual growth rates of fertilizer using the
elasticity of production estimated by Evenson, op.cit.

(b) is estimated on the basis of demand projections for cereals 1970-85 (45).
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