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01. BLACK SLIDE I am most happy to participate in this 

seminar with you. This is my first visit 

to this particular sectin on the world but 

I have been aware of your problems  and of 

your triunphs, too - for a long time. From 

time to time I have met aid worked with 

representatives from each of the CO.TO 

countries. Eiach has been a sincere, dedi

catzd worker. Now, I have the opportunity 

to work even more c.osely with you. I 

exopct to learn such that will be useful in 

other assignments and I hope that I will be 

able to pass on sore ideas that will aid 

each of you in your assirn.ent. 

Fach of us han read the background and 

objectives of this seminar. Probably each 

of us has developed a different opinion of 

what is supposed to be accomplished. Even 

at the conclusion of the conference, after 

we all have participated in the same dis

02. ART: CARTOON cu~sions and heard the same words, each 

The changes that occur in a of us wil], have learned different things. 

statement as it passes from This is si.ilar to the situation that T 

one person to another have regarding the title of m'y presentation. 

The same title has been used by fertilizer 

eyperts for many other occasions. Reaard

less of the sameness of the titles, the 

*?re'seted at the COTO Wer-inar on Key Fana~emant Probln:=s in the Marketing, 
i)atrib'tion, an, Wse of ertilizers; January 7-10, 17, Isla:mabad. P kistan.
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messages that have been presented have been 
remarkably varies. Fach writer or speaker 
has utilized his own unique knowledge of, 
and experience with, fertilizer to asses 
its role in agricultural development. For 

this reason, I did not hesitate to accept 
the invitation to discuss the role of ferti
li7er in agricultural development with you.
My experiences are different from those of 

any other speaker and I.will emphasize 

different aspects. I am sure each of you 

will hear different things during my 

presentation. 

03. ART: Before starting my discussion, I want to 
DS LJEOP.INT define a few terms. Let's start with 

DEVELOP.'CENT. The dictionary definition 

refers to a gradual advance or gro,,th 

through progressive change. This is an 
across-the-board definition. No specific 
sector is named. From a country or national 
viewpoint, development undoubtedly refers 

to an improvement in the standard of living 
of the people. This improvement can be 
indeed must be  in many aspects: health, 

education, relief from drudgery, enlightened 
leadership, a market for surplus production, 
a chance to watch television, a whole host 
of other things. Development is usually 

subdivided into such broad categories as 
social, institutional, economic, and the 
like. Economic development is the most 
appropriate for us to consider because it 

is the category in which agriculture usually 

is placed. Perhaps I should emphasize 
"usually". Agriculture can and does affect 
social and political development but its 
chief effect is economic. 
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I'!RTI[,!ZEAGRICULTUTUAL DEVE.P'Ii vrHE8V,,,'C".IlTO C1O,,T'I, S 

iCO;O:,IC Di-NEWPNT is the growth in output 
per head of population and the chang.es in 

the structure of th3 economy under discussion. 
A high priority must be given to agriculture
 
in economic development, if for no other
 

reason than that more people are inengaged 
agriculture than in any other activity. 
In
 
the developing countries, 75% of the popu
lation obtains its livlihood from agriculture
 
anI in some countries as many as 905 of the
 
people are dependent upon agriculture.
 

AGRIOULTaRAL IEWELO,NT is 
a series of
 
positive acts consciously initiated in order
 

to m,odernize traditional. production and
 
rr.arketing systems. The objectivity is to
 

increase productivity. It is at this point
 
that so many programs run into difficulty. 
Frequently, there just isn't enough funds 
for development, including agricultural 

development, to proceed as fast as it should. 
Occasionally, the importance of agriculture 
is not recognized in the total development 
program and its dovelopment is underfunded. 

Agricultural development is important in the 

total development program. Rostow, in his 
book on Tne Stages of Economic Growth, has 
stated that ". . . the rate of increase in 
output in agriculture may set the limit 

within which modernization proceeds." 
Agricultural i"provement contributes to
 
economic develop.ent in several ways:
 
a. It provides food and fiber for an in

creasing proportion of the population
 

working outside of agriculture.
 

-M'ORE
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O. ART: Table 1 


U.S. agricultural pro-Juctivity 
ero. of persons spple 

eynr farr! workee 

19O 1 

l9)5 21.7 

1960 25.8 

1965 37.0 

1970 47.1 

b. 

07. 	 ART: Table 2 

CENTO exports and imrports 

West 
Iran Pakistan Turkey 

1965/66 1968/69 1970 

million thousand thousand 
reals rupees lira
 

Agr. exp. 6h40 11-56 5587 

Other exp. 75424 2098 820 

Imports 66517 h233 9598 

*Excludes oil
 

c. 

d. 

DVFn771PM:,;: .T IN TE CTo COUNTIE , 4 

To illustrate how effective agricultural 

da.vel.opment can be in this respect, 
Table 1 provides information about the 

productivity of U.S. agriculture. In 

20 years, productivity more than tripled. 

Most 	of the drudgery formerly associated
 

with 	agriculture also has succunbed to 

mechanization. 

Agriculture produces for export and thus 

earns the foreign exchange needel to
 

import industrial and consumer goods.
 
Agricultural exports have been almost 

the only source of foreign exchange for
 

many 	 of the developing countries. 

Table 2 shows that this is also the case
 

for the CETO countries although it 
applies more to Pakistan and Turkey than 
to Iran. Oil exports in Iran finance
 

most 	 of the imports into the country.
Under normal conditions, agriculture 

would be the major source of foreign 

exchange earnings. 

Agriculture provides market outlets for 
concumer goods and services from other 
segments of the economy. 

Agriculture also provides raw materials 

for industries engaged in processing
 
agricultural products. For example, 

here in Pakistan, exports of items 
manufactured from cotton were valued 
at twice the exports of raw cotton in
 

1968/69. 
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e. 	The surplus earnings from the sale of 

agriculbural products, both iithin the 

country and as exports, provides capital 

for investmnent in industrial and 

business enterprises.
 

f. 	 Agriculture also provides its surplus 

manpower to other trades and professions. 

Because agricultural development is so
 

important to the total economy of a country,
 

we must be sure that we understand the
 

development process. There are four key
 

state.ents that apply to agricultural
 

development:
 

08. 	ART: a. Agricultural development must accompany
 

Accompany or precede or precede industrial development.
 

09. 	ART: b. Increases in production must precede 

6row it before you eat it increases in consumption. 

10. 	ART: c. Development takes place inside an area
 

Inside, not outside - not outside.
 

11. 	ART: d. Usa of knowledge is the key to success.
 

KNOWLEDGE: Key to Success Let's examine each of these statements to
 

determine their validity and applicability
 

Khan 	has12. 	ART: Identical to 08 to the three CNTO countries. {.H. 

Accompany or precede 	 written a book on The Role of Agriculture
 

in Economic Development using Pakistan for
 

a case study. He states that, "Most of the 

contemporary underdeveloped economies have
 

a distinct dual character. In such economies
 

a small rarket sector, which comprises almost 

all 	the industrial activity, . . . is super

imposed upon a large subsistence sector
 

producing food and other such comm:odities
 

which are used prirarily for self-consumption 

of the agricultural population . . .
 

[Assumina that] an indistrial sector has to
 

energe and susbait itself, the agricultural
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sector must increase its total output right
 

from the beginning . . ." The reason for 
this, Knhan explains, is that the new 

industrial sector will draw upon agriculture 

for its new labor force. en though these 

ex-agriculturists were not fully employed 

in agriculture, their leaving creates a void
 

that must be filled by those who remain.
 

These workers must now work harder and longer
 

and consequently will eat more. Those who
 

leave agriculture also will work harder and
 

longer and they, too, will eat more. The
 

net effect is that, for each man who leaves
 

the agricultural labor force, agriculture
 

must increase production on an almost
 

equivalent basis. Any attempt, then, to
 

establish an industrial sector without
 

simultaneously developing the agricultural
 

sector will result in larger and larger
 

shortfalls in food production.
 

13. ART: Identical to 09 
 In 1963, F.W. Parker estimated that one-half
 
Growr it before you eat it of the world's population suffered from some
 

form of hunger or malnutrition. Despite
 

the advances made in agricultural production,
 

about one-half of the world's population
 

still suffers from some form of hunger or
 
malnutrition. There are still many, many
 

countries in which the population is
 

increasing at a rate equal to or faster than
 

agricultural production. The only way that
 

a hungry person can have more food to eat
 

is for more food to be produced. Increases
 

in production must precede increases in
 

consumption.
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We have had this problem in the valley of
 

the Tennessee River. In fact, this is one 

of the.reasons for establishing the Tennessee 

Valley Authority. It was a depressed area, 

made up almost wholly of subsistence 

agriculture. 

I1. PHOTO: Landess 56 	 The soils were poor
 

I5. PHOTO: Landess 27 	 Farming methods were poor. 4any of them 

actively promoted erosion.
 

16. PHOTO: Landess 18 	 In some areas, erosion had proceeded so far
 

that the land could not be reclaimed for 

cultivatio n. 

17. PHOTO: Davis 17 	 Due to erosion and intensive cropping, there
 

was not enough fertility in the soil to
 

support livestock.
 

18. PHOTO: Davis 1 	 The people were poor,
 

19. PHOTO: Landess 14 	 . . . and so was their housing.
 

20. 	 PHOTO: Davis 0 '.'en TVA was created, the only resources 

that remained were the people and the 

worn-out soils. The first step was to make 

both productivc - and so the initial 

emphasis was agricultural development. 

21. 	PHOTO: Davis 23 Thirty years later, farmers were following
 

modern methods of erosion control.
 

22. PHOTO: Davris 6 	 New homes began to replace the old. 

23. ART: 	 Development started within the area as a
 

1VA - UNIVERSITIES - FARMERS cooperative effort among TVA, the lahd-grant 

universities, and the people. 

2h. PHOTO: I andess 50 	 A lot of one-to-one personal contact was 

necessary to get farmers started on new 

paths. 

25. PHOTO: Landoss 29 	 Dramatic de-monstrations were established 
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?). PHOTO: I2i:!i:z 2 	 . . . and w:ere used for group discussion. 

27. 	 :-113TO: Lan:;.3z 1 Soon, noifhbor -.as vying with neighbor on a 

-;holo farm basis to see who could produco 

the most. 

4828. PHOTO: Landoss 	 Knowledge wUs the k:oy to success but much 

of this knowledge had to be developed 

through research. Ideas were tested in the 

greenhouse, 

29. PHOTO: Landess h7 	 then with srAU plots, 

30. PHOTO: Landess LI6 	 and finally with large fields. 

31. 	 PNOTO: Russel B3 -SS? After several years, the changes in agi

culture iere apparent to even the casual 

observer. 

32. 	 PHOTO: Russel Soon after agriculture was started on the 

path of development, industrial development 

was started. Te Valley is now a mixture
 

of productive apriculture and indu3tr-y.
 

Agricultural development does not occur
 

spontaneously. It has to start at a
 

definite place !'itha definite act. Khan
 

said that the principal question is how to
 

induce "traditional agriculture" to produce
 

33. PHOTO: 	 more. A statement in some of the literature 

Shahpur publication 	 from the Shahpur Chemical Co-apaoy in Iran 

is significant: "Of all the aspects oC the 

'flew Technology' that affect the creation 

of a powkerful agricultural base, the proper 

use of chemical fertilizers on soils certainly 

represents the input that is least expensive 

to apply, simplest to evaliate and control, 

most dramatic in effect, and quickest in 

realization of return." 

3:. P:TO: Ruasel This is a familiar statement to those of us 

U:'DC faciliLics who work for the Tennessee Vslley Authority. 

http:Lan:;.3z
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At an FAQ conferonce in Colombia, 

Nelson, Manager of T'7A's National 

Dr. L.B.-

Fertilizer 

Develupr-ent Center, stated: 

in the United Stlta3, and I 

'ITradttionally, 

suppose in rest 

developed countrio3, we look upon fertilizers 

as a low-cost way to increase output per acre 

of land and give the far-er a high econo-.c 

return for his labor and capital investpent." 

On another occasion, Parker and Nelson cor
eluded that plant nutrients were the major 

limiting factor for agricultural development 

in the least-developed countries. They, as 

have so mar others, -acre careful to point 

out that fertilizer alone " ould not suffice. 

For fertilizer to be effective, there rust 

be good seed ani adequate v:ater; there rust 
also b3 protection from in3ect3 and disease; 

and there nu3t be an adequate rarket. 

Agricultural econor.ists have condlucted a 

35. ART: 

Yield increases (U.S.) 

Fertilizer 

Irrigation 

Hybrid corn 

All other innovation3 

1 S4 

6 

10 

39 

nu-iber of studies to relate quantitatively 

the contribution of fertilizer to increases 
in crop yields. In 196 , Heady and his 

associates at Iowa State University esti

mated that l,5 . of the average aniual increase 

in yields of all crops in the United States 

over the past several decades cave from 
fertilizers. Of the remainder, 6% cane from 

irrigation, laO. from the introduction of 
hybrid 

seeds, 

corn, and all the rest from irproved 

ir-.proved cropping practices, and other 

innovations. 

Ibach concluded that from the mid-fifties to 

the early sixtie3 about 36% of the change in 

crop production per 

solely to increased 

acre could be attributed 

ratis of fertilizer 

application. 

http:D7.'E'LO7':S.JT
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Tno U.S. Department of Agriculture studied 

crop production changes occurring fro,. 19h8 

to 1953 in 26 develcping countries and con
cluded that additional fertilizer consump

tion accounted for one-fifth to two-thirds 

or more of the increased grain yields. 

36. BLACK SLIDE There can .bebut little question that ferti

lizer is one of the most far-reaching and 
significant inputs. But, it has become an 

important factor in agricultural production 

only in comparatively recent years. Outside 

the developed countries, fertilizer is used 

on only a very srall percentage of the crop

land. There are still areas throughout the 

world where alternative methods of increasing 

agricultural production vtould be economically 

more feasible than using fertilizers. 

Bringing new land into cultivation, which is 

possible in several of the Latin American 

countries, and 3hortening the fallow rotation, 

which is possible in some African countrios, 

are t-o of these alternatives. Improved 

management practices also are possible but 

these usually are not developed until 

relatively late in the process of modernizing 

agriculture. 

The next most important question, then, is 

when should fertilizer be used as an input 

to increase total agricultural production. 

From the farrer's oint ov view, the answer 

is fairly simple: whenever the benefit/cost 

ratio is high enough that there Is not much 

of a ganble in using fertilizer. The cost 

of the fertilizer and the value of the 

agricultural producr.s, however, are not 

controlled ty the individual farmer but 
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37. 	 ART: Table 3 

Literacy and fertilizcr use in 
selected countries, 195. 

Literacy

Country rate 


d 

Spain 87 


Costa Rica 79 

Tai-'an 54 

Turkey 39 

Pakistan 19 

!ran 15 

Nigeria 11 


Sudan 7 

*Xg N + P + K/capita 
lation. 

Fertilizer 

consunotion 


kg/capita* 

25.6 


19.8 

17.8 

8.2 

2.9 

2.5 


0.1 


3.4 

total popu-

L -n WY'rT V1 fT. CF:IT3 CO!T.:,,, 1I 

rather by rovernnent policy. "Tnus, it is 

govcrnyent officials ,ho decide "hin ferti

lizers should be used. They also decide, 

consciously or unconsciously, ho!., much 

fertilizer will be u~c' and what crops will 

be fertilized. How, then, should these 

government officials make their decision?
 

What 	 information do they need to make an 

analysis that leads to a correct decision?
 

There are six major factors that should be 

considered:
 

a. The human factor, 

b. Land tenure arrangements, 

c. Capital, credit, and financial 
ins ti tutio ns, 

d. Demand, prices, and output in agriculture, 

e. Present yield levels, and 

f. Size of farm. holdings. 

There are throe aspects of the human factor 

that ara itrportant. First, there is a high, 

positive correlation b3tt'-ieen the level of 

education of the farmer and fertilizer use.
 
I have not been able to obtain reliable
 

information on the level of education of 

farmers for most developing countries but 

the correlation still holds if the literacy 

rate for the country as a whole is used. 

Table 3, based on some rather old data, shows 

the correlation for several countries. If 

the correlation were perfect, which it is 

not, we would not need to consider any other 

factors. It appears that a literacy rate of 

around 50, is needed for fertilizer to be 

used in substantial quantities. 
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Secondly, there is a close relationship 

between the nu',ber of extension workers in 
a country (or rather, the number per hectare 

.,f arable lanJ), and fertilizer use. AZain, 
I have used sore old sources of information 

for certain data but the principle is still 

sound and useful. The results are given in 

Table h. The relationship is inverse as 

presented. Tlat is, the more land per 

extension .orker, the smllor the quantity 

of fertilizer used per hectare. An almost 

identical correlation is obtained for number 

of farmers per extension worker and fertilizer 

use . It ap.63rs that there should be at 

least one extension worker per lOO) hectares 

of arable lami or about one per 1500 farners 

before fortilier use can begin to expand.
 

Government officials faced with a shortage 

of extension workers have a linited number
 

of alternatives. At times, the first choice
 

has been to do nothing because the alterna

tive of increasing the size of tho extension
 

staff seems impossible. There is a third
 

alternative: private sector extension workers.
 

Usually, these would be called salesmen;
 

when trained to know his job, a salesman can
 

be a major source of information for farmers. 

The third aspect of the human factor is 

research. Growth in man's capacity to pro

duce foods and fibers has increased greatly 

throuph improverents in agricultural tech

nology and increases In the capital and 

skills required to use the technology. Until 

the 19th century, most tcchnological improve

ments wera either accidental discoveries or 

products of relatively few individuals. 

Since the raiddle of the 19th century, a 

35. ART: Tabln 1i 

Exton3on ;worc:'s, farriers, 
fcrtilizer u5c in selected 
countries, 1955. 

Arab! e 
Contylaid/ 

Countrr exten. 
tiorker 
100 ha 

Thailand 3h.: 

Chile 29.3 

Iran 17.9 

Venezuela 15.7 

Turkey 15.O 

Taiwan 1.0 

Greece 0.8 

Israel C.6 

and 

Fort.
 

cons. 


kg/cap-

2.4 

8.2 

2.5 


4.L 


8. 


17.8 


29.1 


13.7 


*Kg N + P + K/capita of total 

population. 

ro.of
far7,ers 

/e:,ten. 

ulorker 

4,555 

4,208 


5,130 


2,331 


5,<39 


1,698 


,O3 


157 
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39. ART: Table 5 


Agricultural research and 

fertilizer consumption in 

selected counLries, 1965.
 

Af.ricultural 

Fertilizer
research 


Country workers per consumption 

100,000 

farmers
 

kg/capita* 

T an 79 17.8 


Yug slavia 29 21.9 


Gree 10 28.1 


Spain 10 25.6 

Iran 1 0 2.5 


Colombia 9 5.9 

Thailand -4.7 2.1t 

?akistan !4.5 2.9 

India .2 2.8
 

steadily growvng stream of ir-provcd agri

cultiral technologies has developed. I-lost 

of this technology ha. develope! in the 

United States, urope, a.,d Japan. Some of 

it is transferrable to tropical zones 

such as high analysis fertilizers, agri

cultural equipiont, so-.e new varieties of 

crops, and the like. There is a need, 

neverthele3s, for a great deal of applied
 

research in the developing countries, as 

irell as for sone basic research. Vithout 

applied research, it would be nost difficult 

to transfer technology from one countr- to 
another. The only data that I have seen
 

that measure agricultural research in the
 
developing countries are those obtained by 

the U.S. Department of Agriculture in its 
1948-1963 survey of 26 dcvelopinR nations.
 

The data on the nunber of agricultural. 

research workers per 100,030 farr-ers are 
listed in Table 5. A parallel listin? shows 

fertilizer consumption for the same countries. 

Obviously, research is important for ferti

lizer use to expand. A country needs at 

least one agricultural research worker for 
each < to 10 thou3and farners in order to 

have sufficient fertilizer inforratisn to
 

found a sound fertilizer use progra.
 

To su .-..arize the human factor, there must 

be farmers w..o can at lea3t read and write,
 

there nust be extension uorkers and/or
 

salesmen who can tell farmersi hew to iso 

fertilicrs, and there must be research 

vorlers who tell the educators what to say. 
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0. ART: 

b. LAN) TE)IUR APaw'M..rS 

hi. 	 ART: Table 6 


Effect of tenure on crop yields 

in Iran, 19560. 


Crop 	 Owner Fixed 
crop 	 share Owe id0 

reoth! operated rent 

kg/ha 


Barley 680) 798 l2Lt 
Rice 216 2281lRice 2164 252325 228 

Cotton 0 5 1198 1332 

U2. 	 ART: 

c. CAPITAL, CREDIT, AND 
FINANCIAL INSTITUTIONS 


43. 	 ART: Table 7 

Traditionally, in both developing and 

develo?'i courdries, fertilizer use and 
crop iields have been higher on land managed 
by owner-operators and by tenants who have 
a fixed rent Der unit of land than by 
farmers who have a crop-share rent. Because 

of infloxibilities, crop-share leases tend
 

to favor the landlord more than the tenant. 
As a result, the tenant has less incentive 

to use yield-increasing inputs such as 

fertilizer and better seed. For fertilizer
 

use to increase, rental arrangements must
 

be such that both the tenant and the land
lord share in the increased output in the 
same proportion that they share the expenses. 

Nbere"these arrangementsU are not made, 

fertilizer use and agricultural output 

increase more slowly than is needed in most
 
developing countries. I have been unable
to support the fertilizer portion of these 

statemerts with statistical data but some
 
of the 1950 data from Iran shows the effect 

of tenure on crop yields (Table 6). 

Historically, the shift from subsistence 

farming to commercial farming has always 
required increasing use of capital. Few
 

farmers 	are able themselves to .finance the. 

higher costs of improved seeds, fertilizers, 
agricultural chemicals, irrigation, mechan

ization, and/or other practices that are 

used to increase production. To illustrate 

the change in demand for credit, Table 7 
shows a '-year projection for credit needs 

in India. The data show that , at the time 
of the projection, about half of the farmers 
were borro..iing - mostly from local money

lenders 	- in order to finance crop production. 
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Effect of 
zation on
invaieties 

agricultural roderni-
necds for farmer credit 

"':ith the introrhction of hih-,iedin, 
of wheat and rice and thegoen 

Crop year Fertilizer sold on credit 

P*.ent program to 

it was expected 

intensify 

that more 

cereal production, 

and more farmers 

of sales would have to borrow money. Pres'imably this 

1966-67 50 
projection was based on the estimate 
Sivaraman Committee on Fertilisers. 

of the 
7i-! 

197-8 committee found that about half of the 

1968-69 60 cultivators in Iniia borrowed money for crop 
1969-70) 65 production during the Third Five-Year Plan 

1970-71 70 (1961-6? - 196-66) and estimated that 7Q0 

of them would have to ust credit to purchase 

fertilizers by the end of the Fourth Five-
Year Plan (19')66-67 - 1970-71). A recently 

completed studyr of the arknting sys-tem in 
Y Ixico showed th-at 7T' of the fertilizer 

sold to farmrs ;Wa3 on credit. The 7Qi 
estim.te seeis realistic in view of a 

survey of 101 fertilizer firms in Oklahoma 
(U.S.A.) in 1971. This survey showed that 

exactly 70 of the farmers purchased their 

fertilizer on credit. Using the retail 

price of fertilizer and the tonnage esti
mates of fertilizer use, it is comparatively 

easy to calculate the amount of farmer credit 

that ,.ill be needed. It is much more diffi
cult to supply the credit and to make it 

available through institutions that are 
attuned to farmer needs. 

ART: Crop production credit, however, is only a 
Crop Production portion of the total credit needs for a 
Distribution CRFDIT progresaive fertilizer pro.ram. Distribution 
i{arfacturin- credit and manufacturing credit requirements 

can be substantial. For example, marketing 
costs have been estimated to make up 22,f of 

the consumer price of fertilizer in India 
and about a third of the selling price in 
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the United States and TEurope. Despite these 
fairly low marketing cost estimates, a 

Fertili3er Credit C:omm.ittce in India esti
mated that distribution credit requirements 

could be as high as 9QX, of the retail value 

of the fertilizer. 

IManufactiirers also have credit needs, in the
 
form of investment in physical facilities
 
and of working capital. Fertilizer facilities
 

require an initial investment equivalent to 
10-25% of the annual retail value of the
 

product. Annual interest costs are 8-10 

so that this portion of the capital invest
ment adds a negligible amount to the credit 
*'eds. Working capital, however, is more 

important. ±:stimates of working capital 
needs range from 15 to 30P of the retail 

value of the ,-_,aduct, calculated on a 

pre-tax basis. 

. ART: Considering,.then, the peak demand for credit
 

for a prorres3ive fertiliser program, it is
 
-_ fairly safe to estimate that an arount
 

Taequivalent; to 150-2035 of the retail value
 

of the fertilizer rust be available. Average 

credit needs are not meaningful. Peak demand
Farmer is the critical value. By peak demand, I 

i tmean that one instant in time, 'the one day

1. ____  of the year, that shows the maximum amount
 

of money on loan for fertilizer. If a 

MowIj country cannot arrange for this credit to
 
Credit needs as a percentage of be available at the right time, at the right
 
the retail value of fcrtilier 
 place, and in the right a;mount, the fertilizer 

program will suffer. Because it is impossible
 
to make precise credit allocations, my best
 
guess is that credit requirements should be
 

set at 207% and then reduced as circumstances 

within a particular country or region might 
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suggest. For e;,ample, if the national 

objective is to use 	100,000 tons of ferti

lizer, valued at :31O0 per ton, there needs 

to be '0 million of credit available in 

some form or another. 

h6. kRT: 	 The benefit/cost ratio is the relationship 

d. DE'AND, PRICES AND OUTPUT between the price a farmer receives for his
IEN AGRlICULTURE crop and the cost of the fertilizer. This
 

is one of the most influt ntial factors 

affecting fertilizer use. It is also the
 

factor most easily influenced by government
 

policies.
 

47. 	ART: Two variables enter into benefit/cost ratios: 

value of INORFASE commodity value and fertilizer cost. BothBenefit/cost in 	crop yield can be controlled hy government actions.
 
ratio cost of fertilizer 

Unfortunately, many governments promote 

fertilizer use by controlling the cost of 

the fertilizer. That is, fertilizer costs
 

are subsidized. Admittedly, this will
 

increase fertilizer 	use, but not necessarily
 

on those crops that 	are in short supply.
 

Were the government 	to control the price of
 

commodities so as to provide high benefit/cost 

ratios for those crops that needed an
 

expansion in production, fertilizer use
 

still would increase and so also would
 

production of essential food crops. In many 

situations, free market conditions prevail
 
and fertilizer use must stand on its own
 

economic merits. 

When the benefit/cost ratio exceeds 1.0 

only slightly, farmers usually will nit use 

fertilizer. The risk is too high. A crop
 

failure one year out of five would require
 

a ratio of 1.25 to break even. There are
 

no precise rules for determining the
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4R. 	 AmlT • magnitude of the benefit/cost ratio needed
 
BR.IEFIT/COST RWTIO to iotivate farmers 
 to adopt a now practice. 

Generally, it is thought that the ratio 

should be at least 3.0 in developed countries 
where farmers are more acctomed to trying 

something new and are more likely to be
 

operating from a larger capital base. In
 

developing countries, where farming practices
 

may not have changed for a century or more,
 

the benefit/cost ratio Must be much higher
 
- possibly 6.0-10.0 - and must be 	easily 

observed before farmers will try 	somethingl
 

new.
 

h9. ART: 	 Two .otner items required for calculation of 

benefit/cost ratios are the quantity of 
fertilizer to be used and the increase in
 

) I I I I	 yield that results from its use. Because 

the fertilizer response curve is very simi
-	 lar to a graph of the Law of Diminishing 

Returns, it is comparatively easy 	to adjust 

' fertilizer application rates 	to provide any
 

a * 	 benefit/cost ratio that is desired. The 

ra'+v !. 	 difficulty is adequate researchrprinciple 

data to determine the exact shape of the
 

response curve for many crops on various
 

soils under a range of climatic conditions.
 

50. 	ART: Govarnment officials and agronomists for
 
e. PRESEF4T YIELD LEVEL 	 commercial fertilizer companies should be
 

thoroughly familiar with the present yield 

levels of indigenous crops because they.
 
affect the ease of attaining national crop
 

production goals and of fertilizer sales
 
goals. A farmer's enthusiasm for fertilizer 

usually is in direct proportion to the in
crease in yield that he can observe or 

moasure.
 

http:COUNTR.ES
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5. 	AT: If he is farming fertile soils, yield in

creases from fertilizer are likely t- be 

-negligible and the farmer probably vill 
i owa, concentrate his efforts on some other input. 

Ien V 	 Few farmers in developing countries are in 

this category. host of them are farming 

soils that are very lowin fertility, either 
Very I0 F40 	 naturally or as a result of long-continuedPO 

arv4aI'ir ?cultivation and croppting. Fertilizer 

usually causes some rather dramatic increases
 

in yields - but there are many exceptions, 

of course.
 

There are tw.,o quantitative statements that 

relate 	to yield level. Both appear to have
 

originated from stulics by F.W. Parker 	.fho 

52. ART: 	 used FAO statistics. The first statement is
 

Fertilizer use is essential when that fertilizer use becomes essential when
 

tnhe national economy requires the national economy requires a level of
 

food production at a level equi- agricultural production equivalent to
 
valent 	to 800-1200 kg grain/ha. 800-1200 kilograms of cereal grain per
 

hectare.
 

The second statement is that countries using
 

20 or more kilograms of plant nutrients 	per
 

hectare of arable land have satisfactory or
 

very good levels of food supplies and human
 

nutrition. (Some countries have satisfactory
 

53. ART: Table 8 	 supplies at less than 20 kg of plant nutrients
 

Plant nutrient use in the CERNTO per hectare but no country has unsatisfactlory 
countries. supplies when use is 20 kg per hectare or 

Countr 1.91,8-53 1952-63 1971-72 higher.) This table (Table 8) illustrates
 

kg/arable ha the progress of the three CENTIO countries
 

Palkistan 0.2 5.7 1h .6 toward satisfactory supplies when measured 

Iran ? 0.8 6.? by this standard.
 

Turkey 0.6 2.7 17.4
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5. ART: The size of farr. holdings is important for 
f. SIZE OF FA.': PO!I)GS t'ro reasons. The most important it the 

effect on co:nunicition3. For illustration, 
let us start vrith an extrirre cxample. 

Suppose all the farm land in the throe C.NTO 
countries were owned by ,lust one r-an. It 

should then be a comparatively sir.ple 
ratter to educate just one man about ferti

lizers and to keep hiT. informed about the 

new developments. This, of course, is not 
the case; rather, the CENTXO countries have 

an almost impossibly large nu!!ber of farmers. 

rach far.,r needs to be taught how to use 
fertilizer properly but thi3 is not possible 

because of the limited n'umbor of extension 
55. ART: Table 9 v:rkers. There is a possible solution to 
% .R'ubarand size of farnz in this dilerna. Horoccan data are usatd to 

!orocco, 197. illustrate the solution (Table 9). Avoiding 
i-"pe of Nlumber Total for the ,omentall social and political 
farnin Ui fr arma considerations, the obvi.-us procedure is to 

ha 100 ha concentrate the fertilizer program on the 

Trad. 0- b: 8R,500 1200 
modern far"s and 
than 10 hectares. 

the traditional farms larger
Almost exactly 50., of the 

4~- 10 15,50 1100 arable land would be in the program but less 
> 10 56,o00 1100 than 6% of the farmers would be involved. 

Modern 0- 50 1,500 50 As these farmers becarre more and more knowl

50-50 3,000 800 edgeable about fertilizers, the educational 
>500 600 600 program would be shifted to farmers in the 

next smaller size group. 

Socio-political considerations suggest that 
a pure econon, approach cannot be adopted. 

So-.n attention must be given to the very 
small land holder. An effective program 

can still be conducted if extension agents 
are a3ugn-)d on the basis of number of 

farmers to be serviced rather than land area. 



Using thio sar- i. i data, 	 il~en 
land area thaL w:ould be serviced if onti 	aient 
•cor-ked :;ith 1,J) tIra lit'ional fttr.rnr-:; .- th 	!e.,:s 

than 10 hcetares of land and anothcr ageit 

vorked with traditional farriers oparnting 

more than 10 hectares. The first agent 

would service about 100 hectares ",hile the 

second vould be working vrith about 1000 

hectares. No one could deny that the agents 

were not eqaitably distributed arong the 

active farmers yet the second agent is very 

likely to promote the use of even nrro than 

10 tir.es the ar.unt of fertilizer Lhan the 

first agent. 

5. 	BL4CK SLIDE Size of farm holdings is important from still
 
another viowpoint. Those is a very higih
 

correlation between size of farn and extent 

of rechnization. I have heard that nechan

ization is undesirable for agriculture in 

develooping countries bucaise it displaces 

too many people fre. the land. I am in 	 com

plete disagreement, with this philon;ophy. No 

man should be required to provide hours and 

hours of back-bending labor in order to reap 

a few hardfuls of grain for his family. 

There is an easier %wa - and the sooner 	this
7 


easier atay can be used, the better off ran

kind uill be. It is truq that rechanization
 

releases a lot of labor from the aricultural
 

sector. But, conmercla'"-xtion of agri

culture creates new jobs Ln the transyx)rtation, 

food processing. i -ole.rnt r!anufact'lring. 

ad-inistrative, anI other snctors. 'he.o 

*job3 rightfully belong to th.3 people ro

leased fron the anricultural sector. Govern

r.ont officials sho)uld rake certain that 

cucational progran3 are available for re
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training d tsplacer! agricultural ::orkcru so 

that they con qualify for the now Jobj. 

Iiy objective in this presontation has been 

to quantify the six major restraints on 

f
fertilizer use - nn.d to present opnc5 tic 

information rather than generalizations. 

Some of the data are tenuous and probably 

need some adju3t-ent before thsy can be
 

applied to the three CVTO countries. 

Nevertheless, they can servo as starting
 

points in a country-by-country evaluation. 

Let me summarize my presentation. then, by 

roiterating the sir major restraints in the
 

forr.of specific questions.
 

57. ART: 1. Does your country have a literacy of 

5M LITMACY ? 50% literacy or higher? Ho:w many years 

will be required to reach this level of 

literacy :rith the present educational 

progrars? 

C8. ART: 2. Does your country have at least one 

1 EAT-SIO VORKER/±J00 MA ? extension worker per 1000 hectares of 

or arable land or per 1500 farmers? If 

1 EXTEISION WORKER/15O FA R US ? not, how rnany years will it take to 
reach this level? Are the commercial 

fertilizer progra", designed to supple

ment the extension program with knowledge

able salesmen?
 
59. ART: 3. Does your country have at least one 

ONE AGRICILLUiMAL R-SFARCH W.ORKM agricultural re3earch i orker for each 
PER 5 TO 10 THfO!3AUID FARI*R ? 5 to 10 thousani farrers? If not, how 

many ycari will be required to reach
 

this love]? Are thn commercial fertilizer 

cor.panios pr.anred to fund some of the
 

research?
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6. ART: 

FAW.5"O*.:.,A') OzkT;.., 9Y THS 
SkMS~ PEMSX: CAi REJTED FOR CS!f ? 

61. ART: 

CilDIT EUIVALF T TO 200% OF THE 
RETAIL VALUE OF THE F&TiLIZER ? 

6?. ART: 

B I?-'4IT/CO3T ;tATEO - > 6 ? 

63. ART: 

TISE KORZ lND OR USE FERTILIZER ? 

6!4. ART: 

20 KG PIANT RTRiF2TSPER H:TAR-? 

65. ART: 

COirRCIAL FA.-ING PROIOTE-) ? 

66. 3ACK SLID.-

h. Does your country have a high proportion 

of farmers who own and operate their o-rn 
fari-s or else rent on a fi':e.1-fec basis? 

Do you have land progras that encourage
 

ownership by farm operators?
 

5. Do you have credit inotitutions that can
 

service the nanufacturer, the distributors,
 
and the farmers? Are total available
 

credits about double the retail value of
 

the fertilizer projected for use?
 

6. Do your far.crs receive at least a 6:1 

return on their fertilizer investment on
 

those crops that. require expanded pro

duction?
 

7. Does your country have excess land that
 

8. 


can be placed into production or must 

production be upped to at least 800-1200
 

kilograms of grain per hectare?
 

How many years vill it be before your 

cuuntry is using 20 kilograTs of plant 

nutrients per arable hectare? How fast 

nust the rate of fertilizer application
 

be increased to keep up with expanding 

population and increasing demands for
 

food?
 

9. Are your government educational programs
 

and fertilizer sales programs designed 

to quickly convert large farms to com

mercial agriculture or are they faltering
 

because of misplaced enphasis on the 

very small farrer? 

If any countr has answercd "yes" to all 

those question3, it. ,as not necessary for 

that country to have attended this seminar. 

Gentloen, it h3s b4 en a plea.3ure to reet 

*with you. 




