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PREFACE

The first draft of this manuscript was prepared in the U.S. Depart­
ment of Agriculture (USDA) and was intended to serve as a source paper
for a comprehensive review of the world food situation which 1S being
prepared by the Economic Research Service. The review is to be published
prior to the World Food Conference. This manuscript was not intented to
be reproduced as such but was to serve as one of many sources for the
authors-editors of the ERS report.

Because of tne current interest in the status of, and prospects for,
the green revolution, I decided to revise the paper and have some copies
run off for 11mited distribution. This was done as part of my activities
with the Agency for International Development (AID). The paper is still
by no means finished and should be considered a working draft. Review
comments would be appreciated. Those providing helpful comments to date
include Glenn Anderson, Jay Atkinson, Guy Baird, Daniel Bromley, William
Jones, Richard Reidinger, and Don Winkelmann.

Related reports which I have prepared include:

-Development and Spread of High-Yielding Varieties ofWheat and Rice in the Less Developed Nations, EconomicResearch SerV1ce, U.S. Department of Agriculture (incooperation with U.S. Agency for International Develop­ment), Foreign Agricultural Economic Report ~o. 95,June 197 4, 77 pp.

-(with William Jones) "Evaluating the Green Revolution",presented at the joint meeting of the Amer1can Associat10nof Science and the Consejo National de C1enC1a y Techno­10gia, Mexico City, June 1973, 86 pp. (Br1ef1y summarizedin Science and public Affairs, October 1973, pp. 50-51.)
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The bulletin provides historical and statistical data. The talk evaluates

the benefits of the green revolution from several points of view; it also

includes an evaluation of the green revolution in Mexico.

Thi s paper buil ds to some extent on each report, but to a much greater

extent attempts to evaluate prospects for the future. The latter is done

primarily in terms of the major inputs affecting the supply side.

i i
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I. INTRODUCTION

What happened to the "green revolution"? A few years it was being
touted by some as providing the world breathing space from food problems
for several decades. Recently others have spoken of the demise of the
"green revol uti on" . The reports of both its promise or death are greatly
exaggerated. The purpose of this paper is to try to give a more balanced
view of the "green revolution"--its past and its prospects.

To do so. however, we first need to define ther term somewhat more
precisely and to delineate its historical and geographic dimensions.

A. Defining The "Green Revolution"

Although the "~reen revolution" is by now relatively well known.
the term has a number of severe limitations. It is imprecise, misleading.
and emotive. The loaded phrasing in particular leads to excesses in popular
use--to over selling and to over-buying. Still. we seem to be stuck with
it.

"Green revoll.tion", as used here. will refer to the adoption of both
(1) high-yielding va~ieties (HYV's) of grain - especially wheat and rice ­
and (2) an associated package of inputs. in certain less developed nations.
The varieties usually have ~hort stiff stalks (that is they are semi-dwarf
or dwarf). are highly fertilizer responsive, and are relatively photoperiod
insensitive (which means that they are fairly flexible as to planting date
and may mature earl ier). ,They are continually being improved through breed­
ing, particularly to incorporate factors which will lead to yield stability.
The package of inputs always includes farm chemicals and improved management.
and usually includes insecticides. pesticides, and water control.
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Hence we are not speaking of one single technique or event but rather

a package of techniques which are continually being modified. In short.

we have a complex and dynamic technology.

B. Historical and Geogra~hic Dimensions

The current "green revolution" originated in Mexico in the mid-1940's.

The first improved varieties were released in 1948 and were followed by a

constant stream of new ~ari~ties. Adoption was rapid; within 5 years,

different new releases had taken over 50% of Mexico's wheat land; within

12 years, 90%. Thereafter. the HYV area leveled off, but as total wheat

area declined. it increased in proportion. !!

Outside of Mexico, HYV's of wheat and rice began their take-off in the

mid-1960's. The timing was fortunate because this was a period of severe

.. drought in South Asia and world food supplies had sunk to low levels. The

rate of adoption through 1972/73, as indicated in Figure 1, has been rapid.

As of 1972/73. in Asia and North Africa, the HYV wheat area totaled

about 41.6 million acres (16.8 million hectares) while the rice area was

approximately 38.7 million acres (15.7 million hectares). In addition.

nearly 1.1 mit1ion acres (0.43 million hectares) of HYV rice were

planted in Latin America. Data for individual LDC's are provided in

Table 1. Substantial quantities of HYV rice are also found in Cuba and

North Vietnam.

While by 1972/73 the HYV area in the non-Communist Asian developing

nations was assuming significant proportions (roughly, 35% of the wheat

area and 20% of the rice area), the HYV area in other areas of the world

(aside from Mexico) was still relatively small. To be more specific:

-
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Figure 'J.. ESTIMATED HIGH-YIELDING WHEAT AND RICE AREA,ASIA AND NORTH AFRICA, 1965/66 to 1972/73
(Excluding Communist Nations)MILLION HECTARES
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Table 1. ESTIMATED AREA PLANTED TO HIGH-YIELDING
VARIETIES OF WHEAT AND RICE,

LESS DEVELoPED NATIONS, 1972/73 11

Hectares Acres

WHEAT
Asia

India 10,236,800 25,295,200
Pakistan 3,338,800 8,250,000
Turkey Y 650,000 1,606,200
Iraq 457,000 1,129,000
Afghanistan 450,000 1,112,000
Iran 298,000 736,400
Syria 180,000 444,800
Nepal 170,300 420,700
Bangladesh 21,450 53,000
Lebanon 20,000 49,400
Jordan· 150 380
Subtotal 15,822,500 39,097,400

Afri ca
Algeria 600,000 1,482,600
Morocco 294,000 726,500
Tunisia 99,000 244,600
Subtotal 993,000 2,453,700

Total 16,815,500 41,551,100-
RICE
!ISh

India 8,639,100 21 ,347,200
Phil ippines y 1,752,000 4,329,200
Indonesia 1,521,000 3,758,000
Bangl adesh 1,069,600 2,643,000
Vietnam (South) 835,IJOO 2,063,300
Pakistan 643,500 1,590,000
Thail and 350,IJOO 865,000
Malaysia 217,300 537,000
Burma 199 ,;~OO 492,200
Korea (South) 187,000 462,000
Nepal 177 ,300 438,000
Laos 50,000 123,600
Sri Lanka 17 ,600 43,500
Subtotal 15,658,600 38,692,000

Latin America
Subtotal 429,600 1,061 ,400

Total 16,088,200 39,753,400

17 Excludes Communist nations. Also excludes HYV wheat in Mexico and
Guatemala and HYV rice in Taiwan.

2/ 1971/72 estimate.-- II Unofficial estimate.



- - The "green revel uti on" -~~ '"' ",:2/,;7:', ~S ~'o'y ce seen in Table 1.
was highly concentrateo ",,", f-..s-,e. - ",~ sout:", an~ ',<2S1 As',a for wheat.
and south and east Asia fe, r1ce. ~elal~ve;y s~'; e"a~tities of
HYV's were ",'aised elsewhere, as ':,': ,ows: w~e,,;:, 10r:h Africa; rice.
Latin America. (In aodit~on, MY~ rice varieties are also raised
in North Vietnam and Cuoe.

is not included.

~er=e ~"Cn of :ne iess developed world

-

- Within Asia, the HYV area "as very heavily concentrated in a few
countries. India and We,t :"k~star together accounted for nearly
81% of the total HYV wheat area. The rice area was not concentrated
to quite the same degree: four co"ntries (India, the Philippines,
Indonesia. and Bangladesh) accounted about 83% of the total. India
alone represented 61% of the wheat area and 55% of the rice area.

- The HYV's represented significant portions (25% or over) of total
crop area in only a few countries in 1972/73:

Wheat. Nepal. Pakistan, India. and Algeria.
Rice. Philippines, PaKistan. Malaysia, Vietnam.,

The highest figure was 66%.

Within these countries. the regio~al distribution of the HYV's is
often far from even. In 1972/73 in Ir,d;", for instance. 48% of the HYV
wheats and 40% of the HYV rice v~ '::2, here each concentrated in two
states (each different. however;" .. ncentration '"as even more
pronounced in Pakistan: 74% of tne <01;.: was located in one province

-
(state) and 77% of the rice ir c ., c ",Xc. While points of corcentration
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in South Asia parallel overall wheat or rice production to some extent,

they also tied to the availability of irrigation.

Thus, while the "green revolution" in wheat and rice has spread

remarkably in a few years, it is still quite heavily concentrated in a

relatively few countries or in certain regions of these countries.

There it is of major and undeniable importance. But all of this should

not be allowed to cloud the fact that there are many regions of the

developing world which have not yet been significantly touched by the

"green revo1 uti on" .

C. Organization of the Report

This report is organized into three main text sections. The first

tries to place the "green revolution" in analytical prespective by

viewing it in terms of the usual life cycle of an agricultural technology.

The second section discusses some of the ways of measuring the effect of

the "green revo1ut.ion" on agricultural output in historical terms: special

emphas is is placed 0',1 yi e1 ds. The thi rd secti on turns to prospect in terms

of possible changes in the supply of individual components in the input

package. A final chapter summarizes some of the key interrelationships

between inputs and suggests some of the related difficulties for evaluating

prospects for the "green revolution". Little is said about the social

impacts of the "green revolution": these have been discussed in part in

a previous paper and by numerous other writers. 2/
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Figure 2. THE S-SHAPED ADOPTION CURVE

16%

50%

Late
majority

Early
majority

Early
adopters

:Most progressive
area

100 r---------------------."..~.....-..... .-.-,.,./ /

/ / / / Laggards
/ /

/ /

/ /
-j I

I I
I I

I I
Most laggard I I
ar<a -----,-;-----t- 1

I I
I I
I J
I I

I I
I I

/ /
/ /

/ I
/

I /
I ./

I /
/ /' 2'5%/ .-£-:O-,-"/=--------------;-=--:--....:..----j..... ..... InnoY.1tors

Cumulati"'e
percentage
of
adopters

-

-
Time

S-ource: Barbara Harriss, "Innovation Adoption in IndianAgriculture - the High Yielding Varieties Programme",Modern Asian Studies, January 1972, p. 74.

Figure 3. PROPORTION OF CORN ACREAGE PLANTED WITH HYBRID SEED
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~n the t:conomics of Technological Change,"I
Econometrica, October 1957, p. 502.
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The prc:ess is tLs clear',] cot ec,,'tac,e to producers; not everyone
who adopts cne practice gets the same ~et~rn. Scme do well, others don't.
Even worse, those wno prof~~ the most ar~ o~ter. becter off to start
with - they have the income to afford cne risk, and tne knowledge to see
its potentials or how to realize the~, ~he last adopter is usually in
the reverse position. Thus incorr~ o~sparities among producers may be

widened .

On the other hand, consumers are generally winners. They are provided
added supplies at lower relative prices. In tnis way their incomes are
augmented and their variety of seleccion ennanced. Though they benefit
the most from production-augmenting tecnno,ogy, they are usually the
last to appreciate it.

How closely has the "green revolution" followed this general adoption

pattern? Since the "green revolution" is composed of a package of divisible
technologies, it may be useful to break our discussion down into two
categories: (1) adoption of the seeds themselves, and (2) adoption of
associated practices.

B. The High-Yielding Seeds

The data presented on the annual increase in area planted to the
HYV's in the first section of this paper suggest a very rapid overall rate
of adoption in certain Asian nations. In some of the most advanced areas,
such as Pakistan's Punjab. farmers were ~ore rapid in adoption of the
new wheat seed and less conservative ~n using it than were Iowa farmers
in adoption of hybird corn in the 1930's anc 1940's. ~
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Estimates of the rate of adoption at the national level for wheat

and rice in the leading usin9 nations are presented in graphic form in

Figures 4 and 5. Few of the countries have, at the national level,

followed the S-shaped curve in its traditional form: the example of wheat

in Pakistan and India and rice in the Philippines would seem to be as

close as any. The others differ from the classical form in that after

the first year the rate of adoption was more of a linear nature. For

most of the countries, however, the level of adoption still appears to be

on the increase - though the current fertilizer shortage (about which we

will say more later) may put an upper lid on sooner than have might other­

wise been the case. Rates of adoption within nations may, as suggested,

vary sharply by region.

No country cite1 here has reached a 100% level of adoption. Few

are likely to. Evanson suggests that "In many cases it appears that less

than 50% of the wheat and rice area is likely to be planted to the high­

yielding varieties". 'i.! Several groups on factors constrain complete

adoption. On the supply side there are about three major groups:

(1) Institutional/Economic. Includes such factors as

farm s~ze, credit availability and tenure status.

(2) Uncertainty/Risk. Relates to both economic and

agronomic risks.

(3) Physical/Environmental. The main components are

water control and temperature. Agro-climatic

factors may simply not favor HYV adoption in some

production areas.
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These factors will not be discuS,d in Getail nere; most will emergelater, particularly in Chapter I". Suffice it to say that many of thesmaller farmers in the LOC's, oecause of their weak resource base, arerisk minimizers rather than profit maximizers. §I
On the demand side, it must be recognized that the current HYV's donot fully meet consumer requirements in some areas, In many areas, forexample, there are long-established tastes for certain types and kindsof grains which are not satisfied by the present HYV's. Breeding programsat the national level h~ve, ~owever, increasingly accounted for local tastepreferences and this problem is not nearly as important as it was 5 yearsago.

In addition to these supply and demand factors, the HYV's are unlikelyto completely replace traditional varieties in most major areas in thenear future because of incomplete adoption of other inputs.
C. Associated Inputs

The HYV seeds are only one component of the green revolution. Theother major ingredients are (1) improved water control, (2) increased useof farm chemic~ls for fertilization and plant protection, and (3) imprJvedmanagement practices such as seedbed preparation, seeding rates, weedcontrol, and timing of fertilizer applications. These are, except in somecases for water, usually highly divisib1e inDuts. Ma"y farmers, even ifthey fully adopt the HYV's, fail to adoot all of the recommended Dackage ofinputs or practices. In India, for example, by 1969 orly 12~ of the ~YVfarmers were fully following recomme:~atiors. ~,



We might think of an S-shaped adoption curve for each of these

practices, which falls under the adoption curve for the seeds. This is

illustrated in Figure 6. ~/ Input Xmight be thought of as fertilizer,

Y as pesticides, and Z as improved cultivation practices. (Irrigation

doesn't fit this pattern quite so readily; water is not something that is

available to each farmer in highly divisible quantities - but where it is

provided by tubewells, for instance, a similar pattern might appear.) ~

The relative level of use at any given time is given by a vertical line

(as at ~) intersecting each curve. The exact pattern for each country

or region might v~ry widely. It may also vary by farm: in terms of the

above percentage, it is not ~he same 12% who adopt all improved packages.,
"The search for a survi va1 algorithm results in mos t parti ci pants bei ng

progressive in some aspects but not in others". lQ!

Many of the same factors which retard the adoption of the seeds also

retard the adoption of the associated inputs (in this respect we also have

a "package" of corr::non retarding factors). The main difference is that

some of these other inputs have a much higher price tag to them. Fertilizer

is a particularly significant'cost factor. Hence many farmers have settled

for a modified input package - one with a rather low investment in fertilizer.

It provides some jump, in yields but does not expose them to sharp risk. In

some cases, however, these lower thar ,ec:,mmended 1eve1s of use may represent

an economi c optimu,n: the recommendea 1"'i2,' S are, for a vari ety of reasons,

may not be economic. And in some cas~c ':,',e :ieeded imports may simply not be

available in the right form at the right time.

**********
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Thus we see th~t the "green revolution" is roughly following the

usual course of agricultural technologies. After an initial spurt in

adoption, the increase in the rate of adoption will eventually falloff.

But instead of thinking of the green revolution as one S-shaped curve,

we should think of it as a group of S-shaped curves, one for each of the

technological inputs (aside in some cases, from irrigation water). The

full package is seldom useq at recommended levels.
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- III. EfFECT ON VIELD PRODUCT: THE HISTORICAL RECORDDespite the widespread usage of the term "high-yielding varieties"(HYV), there has been relatively little study of average relative yieldsat the farm lev~l or of the overall impact of the HYV package on wheat orrice production. There is good reason for this. It is difficult enough togather rather simple area data. Yield or production data which have meaningover a wide area, or which permit close and scientific comparision of theHYV's and traditional varieties. are very difficult to obtain.The matter will clearly not be settled in this chapter. But a fewideas will be ~ut forward which may give at least a some idea of howthe relative significance of the "green revolution" might be approached orweighed. (I plan to do some further work on this subject in the monthsto come.) Although the emphasis will be on the quantity of production,- it is recognized that the "green revolution" may also have qualitative effectson the types of products produced.

A. Types of Effects on Production
It is important to realize that the HYV package has both direct andindirect effects on production.
1. Direct Effect on Output
In assessing the impact of the HYV's. some observers merely look attrends in total wheat or ri~e production in a particular LDC. This is,if no further steps are taken. a grossly inadequate way of measuringimpact because it doesn't take relative changes in area and yield intoaccount. Both are usually involved in the expansion of LDC grain oro-duction.-
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- - Area. We have ~uriously little data about the effect of

the HYV's on net cropped area. Considering their biological requirements,

-

-

however, it is unlikely that they have stimulated the clearing of much

new land for their use. Rather, they have probably substituted for

existing crops on the better land. The question then is whether they

substituted for a traditional variety of a like crop or have substituted

for other crops. I assume that they generally substitute for like crops,

but this is not always the case, especially on irrigated land.

- Yield. Relatively little analysis has been made of comparative

data at the national level. The hooker here is the word comparative:

while we have data on yields where HYV's were planted and where traditional

varieties are planted, we usually do not have a comparison of the resource

base. The HYV's are normally planted on the best land where even a traditional

variety might do better.

We shall return to these matters in greater detail in the remainder of

this chapter.

2. Indirect Effect on Output

Most discussions of the productive impact of the HYV's have been cast in

terms of yields of the specific HYV crop. This may be too narrow a focus.

Fi rst, one of the major features of the HYV' sis thei r photoperi od

insensitivity which often shortens the time needed to reach maturity and

provides greater flexibility in planting dates. l!! Both help make it possible

to grow an extra crop a year in some regions. The multiple croppinq index
"

usually rises in "green revQlution" areas. Perhaps, in the long run, this



- effect will be as important or more i~portant than :ne direct influence on
yield. ]Jj

A second possibility is that the hlgner yields possible may free
resources for other uses. This was recently reported to be the case in
Uttar Pradesh in India:

The comming of the new technology has freedthe small farmer from the less profitablecropping patterns on which he could alwaysdepend to provide minimum quantities of suchstaple~ as wheat and animal fodder for homeconsumption. If he grows high-yieldingvarieties, the small farmer can supply hishome consumption needs and still have landremaining to grow high-yielding cereals formarket or other high-profit crops likesugarcane . .!lI
To take these and othen effects into account, we should increasingly

~ turn our attention from yields per crop to yields per unit of land per yea~
in Asia. In the remainder of this section, however, we will focus only on
the direct effect of the HYV's on Wheat or rice production.

"- --. --" ~- r---- -

B. Relative Importance of Area and Yield
Overall wheat and rice production has clearly expanded in the nations

,
adopting significant quantities of the HYV's. The question is, how much
of this expensior, was due to an increase in yields and how much was related
to area expansion?

A rough but simple approach to answering tnis can be ~~de by co~paring
changes in area and yield for countries with significant ~Y'I adoption over
a given period of time. For our purposes, two averages of four year ~eriods,
1960 to 1963 and 1970 to 1973, have been compared. ~he comparisons are
conservative in that 1972 was generally a poor year. Countries selected were
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those where 12% or more of the area Vias p-, anted to HYV' s from 1970/71 to

1972/73. Two countries in turn were left 0ut: wheat, Nepal; rice, South

Vietnam. ill
It may be seen from Table 2 tr,at tlotn area and yield expansions were

involved in each country. But in every case except Malaysia, the relative
I

increase in yields was greater than for area. The increase in yield ranged

from 1.5 times higher than the increase in area for Indian wheat and Indo­

nesian rice, to 2 times for Pakistan wheat, to 3 times for Pakistan and Indian

rice. In the Philippines, virtually all of the increase was in yield.

Another rough way to look at the changes would be to weigh the relative

importance of ar~a and yield expansion. This can be done in a crude way by

adding the area and yield percentages together and then calculating each

as proportion of the total. ~ This rough process suggests that yield

accounted for the following proportions of increase in production:

- Wheat. Pakistan 67%, India 60%.

- Rice. Philippines 99%, Pakistan 76%, India

75%, Indonesia 61% Malaysia 27%.

Whether the percentages are precisely correct or not, the point

emerges that yie 1d increases have been a significant factor in six of the

cases cited, and of moderate importance in the seventh. Yield increases

accounted for virtually all of the rice production expansion in the

Philippines, and over half in the five other cases.

Area trends in India Nom 1967/68 to 1973/74 reveal different patterns

for wheat and rice. In the case of wheat, there was a fairly significant
I

expansion of both the total area and the HYV area; the overall expansion

almost paralled the expansiqn in HYV area. On the other hand, total rice
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Table 2. RELATIVE INCREASES IN PRODUCTION, AREA, AND YIELD,1960-63 TO 1970-73 AVERAGES, WHEAT AND RICE

Yield
1960-63 Avg.

Production Area
--percent -

Increase in 1970-73 Avg. OverHYV Proportion
1970/71 to 1972/73

- percent -

WHEAT
Pakistan
India

52.3 to 55.9
35.5 to 51.5

+77 .8
+115.7

+22.3
+38.2

+45.2
+56.1

RICE
Philippines 50.3 to 56.3 ~.2 +0.4 +33.9Pakistan 36.6 to 43.4 +132.9 +22.8 +73.3Malaysia 30.9 to 38.0 +67.2 +43.7 +16.5India 14.9 to 24.7 +19.3 t4.6 +13.8Indonesia 11.2 to 18.0 ]j +53.4 +18.8 +29.1

!I Government programs only. Additional HYV area planted to private plots.
Source: Based on FAS estimates.
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area expanded only slightly. This suggests that HYV wheat led to, or

further encouraged, a substitution for other crops, while the HYV rice area

appears to have larqely substituted for traditional varieties. l2I

C. Effect on Yields

Although it is clear that overall yields have gone up in the countries

where the HYV's have been extensively adopted, it is difficult to say

precisely how much the HYV'sthemselves contributed to this process.,

Traditional varieties, given the improved input package, would also

respond to some degree. Moreover, the HYV's tend to be planted on the

better land. For these reasons, it is almost impossible to detail the

exact contribution of the HYV's. Instead, about all we can do at the

moment is to provide a general idea of some of the overall relatlonships

in terms of the HYV package.

1. Overall Changes in Yield

Perhaps the most obvious approach is to examine overall changes in

yield and then relate thes~ back to the adoption of HYV's. Changes in

national wheat and rice yields for the countries noted in the previous

section are depicted in Figures 7 and 8.

The following trends were apparent:

- Wheat (Figure 7). Yields were relatively steady in India and
\ '

Pakistan through 1967, and then rose sharply in 1968. 17/ Indian yields, -

continued to rise through 1912, but dropped in 1973. Pakistan's yields moved

up more slowly but continued to rise in 1973, exceeding Indian yields.

- Rice (Figure 8). W Yields in three of the four countries

(excluding India) either remained about the same or rose only gradually
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through 1966. 1967. or 1968. and then increased fairly sharply. Pakistan
and Indonesia showed the sharpest and most persistant gains. The Philippines
(and Malaysia) moved up more ..oerately. India has shown only a gradual

increase over the period. Yields dropped in three of the four countries
in 1972. but increased in all in 1973.

Not surprisingly. these yield trends roughly coincide with the
expansion of HYV area in each country (except for the drop in Philippine
rice yields in 1971 and 1972) as reported in Figures 4 and 5. The impact.
however. seemed to be least for rice in India--probably because (a) the
HYV area only represented a small proportion of the total area. and
(b) the HYV's used in India have not yet proved to be well suited to local
monsoon conditions.

The big overall unknown is how much Qf the increase in yields was due
to weather. Weather normally has considerable influence over year to year
variations but has less influence over long term trends. Most of the
countries showing an increase in yields have continued it over a 4 to 5
year period. Even with the leveling off or drop off in rice yields in
the poor crop year of 1972. they were still above those found in the early
1960's. And they rose even higher in 1973. Thus it seems that more than
weather was involved in the expansion of yields.
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2. Comparative Yield Levels

Some national data are available which give an idea of the relative

yield levels of the HYY's compared to traditional varieties. These data,

however, can be misleading because, as noted earlier, the HYY's are

usually planted on the better land. Even so, it may be of interest to

see what the official statistics say and compare them with other measures.

a. Official National Statistics

While relatively few figures have been pulled together, we do have a

few examples.

India, West Pakistan, and Turkey. One USDA report summarized such

information for wheat from 1966 to 1970 for these three countries. l2!

It revealed that:

- The HYY yields were substantially above local varieties - from

1.77 to 3.70 times as great.

- As the area planted to HYY's expanded, their yield levels

dropped, though not evenly.

- As the HYY area expanded, the national yield levels increased.

These relationships would be expected. The drop in HYY yields might be

surprising at first, but not when the changing quality of land base is

recalled. Because of the higher yields, the HYY's account for a larger

proportion of total production than they do of total area. The multiple,

however, decreases as the average HYY yield level decreases over time.

India. Similar data are available for wheat and rice for the period

from 1966/67 through 1973/74 (Tables 9 and 10). 20/ They show the same
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general trends noted above, with a few variations. The Y1elds of the
HYV's in India were from less than two to more than three times as h1gh
as the traditional varieties. The wheat multiple was constantly higher
than the rice multiple, thou~h the difference narrowed later 1n the
period. These ratios were fairly consistent through 1970/71, and then
dropped.

Crop Year
HYV Yields in India as Multiple

of Yields of Traditional Varieties

1966/67
1967/68
1968/69
1969/70
1970/71
1971/72
1972/73
1973/74

Wheat
2.B7
3.70
3.49
3.68
3.44
2.50
2.35
2.b9

Rice
~
2.18
2.05
2.26
2.27
L.03
1. 76
1.71

- Wheat (Figure 9). The HYV wheat yields in India held relatively
steady through 1970/71 (when 35.5% of the total wheat area was planted to
them), and then dropped fa1r1y sharply from 1971/72 on. Yields of traditional
varieties at first dropped slightly and then rose in 1971/72. While yields
of HYV wheats dropped in 1972/73 and 1973/74, so d1d yields of traditional
varieties. In relative terms, the traditional varieties dropped more than
the HYV's in 1973/74:

1973/74 Yields as
Proportion of HYV Traditional

-- precent -

1972/73
1971/72

92.5
75.3

84.2
72.8

Thus, during 1972/73 and 1973/74, both types of varieties appear either
to have been hit by the same factors, or suffered slmilar reactions to
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different forces. In 1973/74 these appear to have included cool, dry
weather. There is also, as might be expected, a diminishing avallability
of land which can be brought into cultivation wlthout further increases
in irrigated area. ~

- Rice (Figure 10). Like the HYV wheats, the yields for the HYV
rlces in India held fairly steady through 1970/71 (when they occupied
15% of the total wheat area) and then dropped fairly sharply from 1971/72
to 1972/73. The yield of traditional rice remained relatively level,
w~ile the yield of all varieties increased Sllghtly tnrough the period,
except for a slight dip in 1972/73. As with wheat, both the HYV's and the
traditional varieties dropped in 1972/73, although in this case the HYV's
dropped more. The main problem, as is well known, was the widespread
drought.

Philippines. 22/ Official estimates for rice over the 1968-1972
period suggest that HYV yields averaged from 1.30 to 1.35 times those of
traditional varieties.

b. Deflated Comparative Yields
If the land base were standardized, the above comparative yield levels

would be somewhat lower. Based on a rather unscientific combination of
sources and hunches several years ago, I assumed--when pressed for a rough
estimate--that the HYV package in irrigated areas might result ln a relative
yield ratio of 2.0 for wheat and 1.25 for rice. 23/ The ratios would be
lower in unirrigated areas. 241



Recent survey data for the Pr.~~~; - 0 ~"g~~st that; may have been
on the high side for rice. As cempated :0 :he overall ratio of 1.30 to
1.35 reported above, survey data reveaiea that w~en upland rice was omltted
from the calculatlons (since HYV's are of no consequence in upland regions)
the ratio dropped to 1.19. If ralnfed lowland rice lS in turn sorted out
(because HYV's represent a small portion of this zone), the ratio dropped
to 1.10. ?2J That lS, on irrlgated hard, tne HYV's yielded about 1.1
times as much (or 10% more) than tradltional varieties. On the other
hand, it was f9und that the multiple old not decline in any pronounced
fashion over the period; perh~ps the arrlval of improved varieties compensated
for the possbility that lower quality land may have been planted to tne
HYV's.

**********
Obviously we need to know much more about actual realized yields at

the farm level before we can make very preclse evaluations of the contrl­
butions of the HYV's or the HYV package to increased yields and increased
national production. 26/ No reasonable person would expect the Yleld
jumps obtained in experiment station trials to be repeated on the average
at the farm level. Part of the reason that realized yields from the HYV's
may be less that anticipated relates to the level of use and quality of
inputs making up the HYV package. These will be discussed in some detail
in the next chapter. But in any case ~t seems clear that tne HYV package has
had a significant, if impreclsely measured, direct imoact on wneat and rice
output in the countries where they have been w~dely adopted. The indirect
effects on output of other crops,t~rou£n ~ac~iltaticn of ~":.jple cropping
Drograms, may also be of consiaerable s~g~jf"CanCE.
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IV. PROSPECTS FOR THE INPUT PACKAGE

The "greE\n rev01utton". while generally characterized in terms of the

high-yielding varieties of seeds, as I have' suggested, in reality is composed

of a package of technologies. The HYV's are the necessary condition, but

they are not sufficient. In addition to improved management, they must be

accompanied by adeQuate fertilization. Improved water control

and insect and disease control are also usually involved. If anyone of these

is lacking, the potential offered by the varieties may not be realized. The

inputs. therefore. may individually and/or collectively become the weak

link in the chain of events that must take place to make a "green revolution"

possible. Prospects for the future of the "green revolution" on the supply

side largely depend on the relative importance and availability of these inputs.

A. Seed Multipli~ation and Distribution

At this point in the "green revolution" there is a tendency to take

seed for granted. Some may think that the difficult job is done when the

plant breeder releases new varieties. In the DC's this would be the case:
,

many commercial seed firms are available and do a fine job of seed

multiplication and distribution. The situation, unfortunately, is not

so well in hand in the LDC's.

Most LDC's simply do not have a highly advanced seed industry. Indeed,

FAO has recently suggested that the lack of a commercial supply of high

quality improved seeds has been "one of the main bottlenecks limiting the

rapid and sustained spread of the HYV's." 27/ This may not matter so

much at first when areas are limited and reliance can be placed 011 imported

seed. But within a few years and as area planted expands, seed must usually

come from domestic suurces.
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Moreover, varieties d~veloped at the international centers mustoften be tailored to local needs. National adaptive breeding programsare as yet not always uP to the task. According to one reporter whorecently spent 10 days touring rural villages in the Punjab in India:The farmers' chief complaint was that there is no goodseed. They said that the first three new wheat varietiesintroduced in the late 1960's - Kha1yan Sona, PV-18 and308 - were the only good ones and that those put out byIndian research institutes since 1971 had been fiascos,either rust-prone, subject to insects, just plain 10w­yieldin9 or with serious environmental problems. 28/One can only hope that this overstates the actual problem.

A further, more pervasive, difficulty is that the domestic seed stocktends to be diluted in quality over time. In many LOC's it is "frequentlyreported that farmers receive adultered or deteriorated seeds as a resultof negl igence 01' lack of scruples on the part of the distributor." 29/A recent journal article notes that farmers in India's Punjab "generallycomplained of defective seed quality after 1967/68'; the author felt that"mixing of lower quality seed with better seed occurred at IOOre than onelevel of the seed distribution channel." 30/ The problem is not entirelythe distributor. According to another reoort from India.
Farmers trying to skimp on their expenses have tendednot to buy the new hybird seed and instead have usedseeds they've saved from the previous crop or broughtcheaply from friends. As a result, fields .... are jaggedwith stalks of every height. Each acre contains halfa dozen different varieties. ~

As a consequence of such problems, a leading Indian plant breeder concludesthat "seed arrangements are miserably bad." 32/
Just how imrroved seed distribution can best be obtained in lOC's isan open question. Some countries have relied on government seed corocrations,
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but these have not had a notable re:0Y': -,. s"ccess. In some, cases,

in fact, they have been more of a ~ir.ccrance than a help. There is a

feeling in some DC's that the seed DcS" "ess 'is best lest to private

enterprise or large cooperatives, but tha: stringent government adminis~

trati on of quai ity control s tanda rdo i s"",-'eC..

I don't have the answer. But Vl2 must r"cognize that quality seed

multiplication and distribution--w;', ',2 ik,rr,aps not a terribly exciting

matter--is of vital importance and Cannot De taken for granted in most

LOC's. It is the first order of DL.siness if the "green revolution" is

to be maintained or expanded in the future.

B. Water Control, 33/

The provision of an input package involves a greater investment per

acre on the part of individua; farmers. Unexpected variations in weather

can make this investment a risky venture. Perhaos the most significant

weather vari ab"1 e in LDC' sis water sUilPly cr ra i nfa11 . Associ ated

problems of drainage can also be important for some crops in some irrigated

areas. Supply and drainage are often combined in discussions under the

rubric of water control.

Precise water control is most easily obtai nee under irrigated

conditions. Hence much of the HYV area of wheat ond rice is grown under

irrigated conditions. Precise figvres ,Vi; nct aVi,'11abie, but it is estimated

that roughly 2/3 of the HYV wheat and nearly ali of the HYV rice are

irrigated to some p.xtent.

- Wheat. The irrigated wheat area is ,)rincipally found in India and

Pakistan. Some important regions in SOLtr. ~sia (such as the barani or
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rainfed portions of Pakistan) recieve little if any irrigation. The same
is true of much uf the wheat raised in the Near East and North Africa.
Since wheat is usually raise~ in more arid regions, the problem of water
supply is of more importance than drainage.

- Rice. The irrigated rice area in South and Southeast Asia constitutes
only about 20% of the total area planted to rice (Another 50% is rainfed
lowland, 20% rainfed upland and 10% deepwater). HYV's can be raised in the
rainfed lowland areas, but the rainfall uncertainty means that yields may
be only slightly hi~her.

1. Irrigation

Both the quality of irrigation systems and the need for irrigation
vary widely in the developing nations. Irrigation systems range from
virtually complete year-round supply to occasional supplementation of
rainfall. Most commonly, the systems supplement rainfall during the
wet season and service only a limited area during the dry season.

a. Differing Water Requirements

Water requirements of wheat and rice vary sharply. Rice, which is
largely grown under flooded or paddy conditions, requires much more water
per unit of land than wheat. Thus, rice is usually raised in monsoon
areas and wheat in the drier climates. Similarly, rice is more often
grown during the warm wet (summer) season and wheat during the cooler dry
(winter) season. In some instances, where growing seasons permit, they are
able to follow each other in multiple cropping rotations (such as in Puncab
~~d Uttar Pradesh states in India).
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While rice tenqs to b~ a monsoon season crop, it can be, and is,

raised during the dry Season if the weather is not too cool and if
irrigation is present. Irrigation in turn makes more precise water
control possible. The late dry season also provides other cultural
advantages: sunlight is abundant, mechanical operations can be per­
formed at any time, weed control is easy, pests are easier to control,
and harvesting is less hazardous. For these reasons, and because of
difficulties in developing varieties well adapted to monsoon seasons
(as is still the case in India), a significant portion of the rice
HYV's in some countries are planted during the dry season:

-1967/68 season. 30% of the HYV area in India 34/-1972/73 season. 42% of the HYV area in Bangladesh,33% in Indonesia, 53% in Ceylon, and 58% in Thailand.
The difficulty with this practice is the relatively high water requirements
for rice--rough1y three times as' much as for wheat.

b. Source of Irrigation Water

Irrigation water is provided by a variety of sources including canals,
we"ls, and ponds. In South Asia, canals are the leading single source in
terms of overall volume. In India, they are estimated to account for
roughly 40% of the total, while in Pakistan they represented 72 to 83% of
the total in the late 1960's. Wells are the second major overall source,
accounting for some 34% of the total in India (followed by ponds with 17%,
and other with 8%). 35/

Power tubewel1s have become particularly important in areas where the
HYV's have been raised in South Asia. The growth in their numbers has
~uugh1y para11ed the expansion in HYV area in India and Pakistan. Curiously,



much of this growth occurred .:,.. o~e~s already irrigated by large scale
canals. In Pakistan in 1969, ~2~ of the private tuoewells were on
canal irrigated land while 58% were not. ,here is reasor. to believe,
however, that the others were r.ct far away: a 1966/67 study revealed
that only 18% of the tubewe1ls were ,~r~ tnan 5 miles from rivers or
cana1s. 36/

The reasons for this affinity are not hard to find: (1) there are
many limitations to the use of canal water and farmers have turned to
tubewells to more dependable water supplies and better water control;
(2) the seepage from canals and rivers helps recharge the underground
water tapped by the tubewe11s. A number of studies have revealed nigher
yields on land irrigated by tubewells than by canals. For these reasons,
tubewel1s in or near cana~-irrigated districts have played a more important
role for the "green revolution" in South Asia than other overall capacity
might suggest.

c. Influence of the Energy Crisis
TubewellS are powered by both diesel and electric engines. .r.

Pakistan in 1965, the division of power sources was as follows: 37/
Diesel Electric

- percent -
Private Sector
Public Sector
Welghted total*

61
C

45

39
: ~C

55

*Weighted by million acr2 reet Jumped by private ancpublic sectors
jBoth sources have energy re1atec prob~e",s.
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The problem wi th e1~ctri ca1 power in many LDC 'si sits unre1iabil i ty.

Electric power in South As~a, for instance, is usually derived from hydo­

electric sources. These lin turn depend on rainfall. When drought strikes,

hydroelectric power supplies become erratic. This happened in India several
I

years ago, and is a recurring threat. It has led some farmers to install

diesel-powered pumps.

The problem with qiesfl power is one of both cost of diesel fuel

and availability. Even before the energy crisis, the annual private

cost of operating a diesel-powered tubewell was about twice as high

as for an electric-powered tubewell in some regions in India and Pak­

istan. Diesel oil prices began to rise sharply in Pakistan as early

as November 1973(24% over October prices}--and even then the rise in

diesel fuel prir.e was less than for other uses. A certain subsidization

of the diesel fuel price might be justified in Pakistan becuase the social

costs of diesel tubewells are, or were in the 1960's, only about 2/3

of the social costs of electric-powered tubewells (electrical rates bene­

fit from a vast social investment in infastructure). 38/

Added to the price problem is one of sheer availability of diesel fuel.

During late 1973 and early 1974, fuel supplies for tubewell use in some

regions of South Asia were· reduced. The effect at the local level in the

Ludhiana area of India was eloquently reported in a recent article:

The other day outside the town of Khanna, gas station
owner Bulbir Singh Gill shook his head as he walked
along a line of more than 100 farmers.
Some of the turbaned, bearded Sikhs had been waiting
outside Gill's stations for three and four days,
sleeping alongside their drab jerry cans, waiting
for their weekly 5 gallon quota of diesel.



HIt's too late (:0\-\ tc ;,€';p t e cropl! said Banta S~ngh

" h n-a- ne-'-" '--'e ,",:les to G111'S station",a nn. woo .., c =, ."- . -, -
three days earlier. -\01' 'ie re saving cur ration for
the thresning." 0:::

Obvious ly if diesel fue', rer",ins a scarce corrmodity, smaller quantities

may be available to use on whea: and rice. Moveover, if prices for tnese

crops are low farmers may begin to consider reallo:ation to potentially

more remunerative crops. Some of these, sucn as :otton, might be in the

non-food category. Or fanners might simply shift to crops with lower

water requirements. At least ~ome Indian fa"ners are reportedly thinking

of returning to the use of bullock-powered Persian wheels. 40/

Just what will nappen wi11 depend to a large degree to wnat ~o;icies

are followed by national governments with respect to pricing of both ~uel

and agricultural products. The longer-run effect will also depend on how

possible it is to (l) extend electrification to are?; where pumps are

presently powered by diesel engines ana (2) increase tne reliability of

supply. And clearly the improvement of, and possibly expansi0n of.

canal irrigation takes on new pr,ority, Ot~er gGvern~nt policies may

also be important. 41/
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2. Adapting to Less Irrigation
Since the energy crisis may both result in less water being supplied

in areas heretofore covered by diesel tUbewells. and limit future growth
in this form of irrigation. other altel'natives need to be considered.
Beyond examining other sources of energy or of irrigation water (such as
canals). the most promising approach would seem to be to try to develop
schemes or methods for adapting to less water.

Fortunately we do not start from point zero. The fact that HYV's
in the past have largely been confined to irrigated years has not gone
unnoticed. Several years ago the International Agricultural Research
Institutes stepped up studies on dryland culture. Some of this work,
paradoxically, may be of relevance to some of the more poorly irrigated
areas. It has taken several main forms: breeding and selection for
drought tolerance and quick maturity. new cropoing systems, and develop­
ment of systems to enhance moisture retention.

a. Wheat 42/

As noted. the HYV's of wheat are already planted in non-irrigated
regions to a significant degree (perhaps 1/3 of the total area). 43/
And on these regions thay yield at least as well as traditional varieties.
In some of the dryer areas. however, it may be necessary to use mechan za-
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tion in order to secure adequate seedbed preparation or to be able to
sow at the proper time. 44/

One of the main objectives of the wheat improvement program at
CIMMYT is to develop more effective resistance to unfavorable moisture
conditions. This is being attempted in two ways. First, the breeding
program is trying to transfer the drought tolerance characteristics of
winter wheat to spring wne~t \winter hardiness and d~ought tolerance are
believed to be related). Another alternative may be orovided by a wheat
x rye cross known as triticale whicn promises to have pronounced drought
(and cold) tolerance.

Secondly, CIMMYT is studying various cultural practices such 3S

(1) normal fallow-wheat rotations, and (2) a forage legume-wheat system.
The latter system is being examined in Africa where weed problem exists
during normal fallow (the weeds, which are consumed by sheep and goats,
are of low nutrient value and use up soil fertility and moisture); it
promises to reduce weeds and at the same provides much improved forage
for an animal-cereal operation and nitrogen for the succeeding grain
crop. Other methods of weed control are also being examined.

b. Rice 45/

The search for tolerance in rice takes two quite different directions:
(1) adaptation to deficit water supplies, and (2) adaptation to surplus
water. It will be recalled that about 10% of the rice area in East and
South Asia is what is known as deepwater. The dwarf and semi-dwarf HYV's
do not, for obvious reasons, do as weli under these conditions as taller
traditional varieties.
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It has been found that the present HYV's vary in their tolerance to

surplus or deficit water. Philippine farmers, for example, discovered

that one variety (IR5) was able to recover from early drought, and the

variety was spreading rapidly in that country's rainfed acreas until it •

was struck down by virus in 1971. At IRRI, some upland varieties with

a measure of tolerance have been identified in crossing programs.

A genetic characteristic that permits rapid elongation has also been

incorporated i~ dwarf HYV's: when water is at normal levels, the plants

remain dwarf; but if the water level rises, the plants elongate and

successfully overcome as much as a meter of water. Furthermore, trials

have shown that nitrogen applications combined with weed control sharply

reduced, up to a point, the effect to drought on yields.

In terms of surplus water, Thai farmers found that the first high­

yielding Thai varieties (RDl and RD3) were too short to be planted in the

wet season in areas subjec~ to flooding. The most recent Thai release

(RD5) is 50 percent taller than. the earlier releases, and should be

acceptable over a much wider area. Considerably further research work

is now being carried out on water tolerance.

**********

While irrigation can be extended in many areas and plant tolerance to

variations in water· supply improved by breeding, the process takes time

and money and faces upper limits. Water differs from the other inputs

of the "green revo1uti on" in that it cannot be purchased from the 1oca1

agricultural supplies dealer. A close and exacting symbiosis with nature

is requi red.
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C. Plant Nutrition (Fertilizer)

Much concern has been expressed about the possible harmful effects
of the current fertilizer shortage on the progress of the green revolution.
This concern is well placed. The region of the world which have benefited
most from the "green revolution", especially South Asia, are precisely those
where the chemical fertilizer shortage is the greatest.

1. Present Fertilizer Situation

The current world fertilizer shortage is not due to a sudden and
sharp growth in LDC fertilizer use. LDC fertilizer consumption, while
expanding at a greater percentage rate than the DC's, is still relatively
small compared to the DC's. 46/ The LDC's are, however, caught up in
the world shortage because their production is generally low and a
significant portion of consumption is imported.

Levels of chemical fertilizer use vary widely in the LDC's but in
general are well below those in the DC's. In 1971/72, for instance,
total chemical fertilizer use in the non-communist LDC's was (a) only-".--' -

15% if the DC's in terms of application per hectare of arable land, and
(b) only 10.5% of the DC's in application per capita. Within the LDC
category, overc11 fertilizer use was highest in Latin America and lowest
in Africa; Asia fell in between. !ZI Within individual LDC's, there
is a range from large areas which receive no chemical fertilizer to
relatively smaller areas which may be heavily fertilized.

In 1972, imports of fertilizer represented a sizeable proportion of
LDC consumption. The approximate breakdown for non-communist LOC's by
nutrient was as follows: i§/
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Consumption Imports
- mil1ior. metric tons -

Proportion
Imported

- percent -

N ~. 7 2.9 50
P 2.7 1.4 51
;;.K::=...--__--;.,1.:.:;5i- ~1..:,.~;-- 99
Total 9.9 5.7 '---;g

Relative imports were greatest in Afrlca and least in the Far East.

Domestic production of fertil izer has been increasing by fits and starts

in South Asia, ~ut imports have been rising at an even greater rate.

// For most LDC's we have very little information on how fertilizer is

// actually distributed by crop. One of the rare sets of estimates, for

~. India, su~gests the following breakdown for nitrogen fertilizer in
,/

1970/71: 121

Crop
Rice
Wheat
Other grains
Pulses
Other 11
Total

Percent
34.0 ­
12.0
19.7
6.6

27.7
100

JJ Sugarcane, cotton, spices, vegetables, tobacco, other.

There is some feeling that. the rice figure may be high and the wheat

proportion low. It is also not clear whether adequate account has been

taken of fertilizer use on tea, coffee, rubber, oil seeds, etc. A more

detailed estimate for Mysore State in 1972/73, however, suggests a

roughly similar breakdown: SO/

Crop Gro"p ~ercent

Rice, Jowar (sorghum), maize,
bajra (pearl mi' :2:), dheat 59

Sugarcane, cotton, tOJacco, chi~1ies

potatoes and other piantatlon crops 18
Oil seeds , pulse ffi'CS. UDpS 12
Bagi (finger mi et), Dar'"y, &
other minor mi 2tS 11

Total '--"'100
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The actual use pattern in anyone region would of course vary as

relative product prices changed. Generally, however, it is thought
that the most profitable crops, such as the sugarcane etc. cateqory
noted above, or fruits and vegetables, would be able to outbid the
other uses.

2. Fertilizer and the HYV's

It is too early to say precisely how much of an imoact the chemical
fertilizer shortage will have on the HYV's. Yields are determined by
many natural and human factors of which fertilizer is only one. Some
countries such as Burma, Thailand, and Bangladesh make relatively little
use of fertilizer, while others such as the Philippines, parts of India,
and Indonesia make heavier use. ~

a. Levels of Fertilizer Use

Within a given LOC, we do not know how much of the chemical fertilizer
used for gra i ns goes to HYV' sand ho,: much goes for traditi ona1 vari eti es.
Nor do we know much about the comparative doses actually applied. According
to one study of Philippines rice farmers, the use of fertilizer was more
common for HYV than for non-HYV growers, but there was a negligible differ­
ence in the average quantity used per farmer. 52/ It would be heloful to
know how typical this situation is.

Several statements are available, however, which reveal that when LDC
farmers use fertilizer on rlYV's the c~sages have in general been well
below the recommended levels. In Inci", various investigations have
shown application rates on wheat of on,y 40 to 63~ of recommended levels
in the Punjab and 25 to 33% in Bihar. 53/ Another study of wneat
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farmers in the Multan area of Pakistan in 1969/70 revealed that 11%

of the farmers used no chemical nitrogen and the best that could be

said of the rest was that 72% used at least 1/2 of the minimum recom­

mended level of nitrogen. 54) Studies of rice farmers in the Philip­

pines during the 1969/70 wet season indicated that only 2/3 of the

farmers used commercial fertilizer, and of these only 1/3 used the

recommended rate; during the dry season only 60% of the farmers used

fertilizer. 55/ According to an earlier estimate in the Philippines

the actual rate of nitrogen application was less than half of the

recommended dressing. 56/ Only one account has been found of most

farmers using close to recommended levels (IR-20 rice farmers in

Bangladesh). 57/

b. Factors Influencing Application

The relatively low general level of use may come as a surprise in

view of what, has been said about the importance of fertilizer to the

HYV's. It may reflect many factors such as: (a) a relative lack of

other complementary technologies, (b) higher prices for fertilizer

and lower prices for grain than were used in drawing up the recommended

application levels, (c) a desire of the farmer to minimize risk rather

than to maximize profits. The second factor may lead to a lower economic

optimum level of use than anticipated.

And it may ,be that in some areas part of the difference is made up

by animal manures; this is a corrrnon practice in the Punjab of Pakistan

and in one survey in Bangladesh, 75% of the rice farmers raising IR-20

were using cowdung. 58!
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Another factor may be that paddy rice is able to generate some

of the nitrogen it needs. According to a recent report from the

International Ricz Research Institute:

IRRI researchers have discovered that atmospheric
nitrogen can be "fi xed" in paddy soil sin a farm
that rice plants can use. The equivalent of 60
kilograms per hectare of nitrogen has been fixed
in some experiments. This may explain how rice
has been grown continually on the same paddy
fields, without fertilization, for hundreds of
years. 59/

Only low rates of nitrogen fixation have been observed, however, in upland

soil s.

Finally, it should be recognized that HYV's, which are usually raised

under paddy conditions, usually do as well as traditional varieties without

fertilizer, and may even yield slightly more. For a given level of fertilizer

use, they usually yield more than the traditional varieties (See generalized

curves in Figure 11). 60/

Thus some farmers can obtain a slight boost at no cost, or can reach

the most sharply rising portion of the HYV response curve without reaching

the recommended levels of fertilizer use. This situation does not, howeve~,

diminish the importance of getting more low cost fertilizer to HYV farmers.

Rather it sugge~t that more attention needs to be given to the economic

and technical factors restraining fertilizer use at the farm level.

3. Responding to the Fertil izer Crisis

The potential of the HYV's is hardly apt to be attained if the

present rather low levels of fertilizer use drop even more due to

sacarcity and sharply higher prices. Responses to the crisis have

tended to apply to either the chemical fertilizers or to substitutes

for chemi ca1 ferti 1i zers.
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Figure II. GENERALIZED FER~ILIZER RESPONSE CURVES

Rice and Wheat- 7
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a. Chemical FQrtilizers

In turn, recommendations for improving the chemical fertilizer
situation, aside from an expansion in fertilizer production, are usually
of an economic or technical nature.

(1) Economic Policies. Several studies have suggested
that the farm demand for fertilizer is inelastic in the short run and
elastic in the longer run. Thus for a given percentage increase in prices,

I

cO~dPtion will decline by a smaller percentage in the short run and by
/Jlarger percentage in the long run. And the decline may ultimately be/

greater among those who have only recently taken up fertilizer use. Since
the new adopters are more likely to still be on the steep part of the
response curve, the effect on output may be greater than for those who rave
utilized fertilizer for some time at higher levels. £l/

One way to react to this situation is for the government to sub-
sidize fertilizer prices. This has been a common practice over the
years in many LDC's. The problem is that this procedure can distort
the market mechanism and can lead to inefficiences in resource use. It
is also expensive for the government. A recent news item from Manila,
for example, state~ that:

The Philippines in an effort to keep controls onfertilizer prices at the retail level has paidout more than $30 million in direct and indirectsubsidies to importers, but government officials
say the subsidies cannot be continued through
1974. 62/

Moreover, to complete the economic equation, account must be taken af
the price of agricultural products. These can, depending on the degree
of government price supDort, also fluctuate sharoly. Thus the ratio of
fertilizer and product prices can vary notably within and between countries.
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Fertilizer will, of course, tend to be used on the crops ·with highest

returns; these may not always include the food grains. To direct use

to grain HYV's, therefore, the government may have to give close attention

to relative product prices and to possibly raising procurement prices.

Other more esoteric and theoretical ideas would be based on differen­

tial response curves and the locating along them. One idea is to place

a ceiling for individual fertilizer use per unit of land. This ceiling

would be at a point where the response curve begins to lose momentum.

The fertilizer saved by this practice would be redirected to those who

are at an earlier point on the response curve (as shown in Figure 11).

This could be done within a country or between them--such as directing

more fertilizer from the OC's to the LOC's. A second idea might be to

limit fertilizer use to the HYV's wherever they have a higher response

curve than the traditional varieties. To some extent the first proposal

might be accomplished automatically through the operation of the pricing

system: farmers obtaining a greater response from the addition of

fertilizer might, depenQing on the degree to which perfect markets

prevail, be expected to pay a higher price than those expeiiencing a smaller

response. In any case, these proposals are more theoretically intruiging

than practical.

In short, there is some question as to how much can be effectively

accomplished through economic policies in the LOC's in other than the

short run.

(2) More Efficient Use. Although fertilizer use in the

LOC's is relatively low, it may also be rather inefficiently utilized.

,
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Transportation a~d storage may be inadequate. Losses may be high.

Specific fertilizer needs of specific soils may not be well known.

Poor water control may hinder nutrient utilization. Fertilizer ~oV

be applied at the wrong time and/or in the wrong dose. Complementary

cultural practices--such as better weed control and water management

practices--may not be well utilized. Development of slow-release forms

of nitrogen such as sulfer-coated urea may provide a sharp boost in

efficiency on crops such as rice. 62/ Much more can be accomplished in

these areas.

b. Organic Fertilizers

With a shortage of chemical fertilizers. considerable attention has

recently been given to organic fertilizers. These in turn cover a wide

range of products and activities. No attempt will be made to go into

them all here. Suffice it to say, as we have noted earlier, than some

forms such as animal manure have been used on HYV's.

What of prospects? One approach is typlified by the recent aopeal

of the Minister of Agriculture in India to state governm,,~t to: "'lobilize

all their resources of town and village compost. sewage and fullage

irrigation, green manures and other natural waste to suoplement chemical

fertilizers." 64/

There may be ~ny more opportunities for combining the relatively

shorter season HYV's with legumes in multiple cropping systems. In S0~€

cases legumes, which are high in nutrient value and which generate treir

own nitrogen, might be substituted for HYV wheats and rices. T~e :r!er­

national Rice Research Institute, which as noted earlier has found that
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paddy rice fixes some nitrogen, states that:

We hope to find ways to increase the efficiency ofnitrogen fixation, and to determine the conditionsunder which the plant best uses the fixed nitrogen.We are screening rice varieties to determine theirrelative nitrogen-fixing capacities. Perhaps in thefuture, rice varieties can be selected which encour­age high rates of nitrogen fixiation and which usefertilizer and soil nitrogen more efficiently. 65/

Other~ri610giCal forms of nutrient generation are under study. 66/
/,/ ,//While all of these methods can, as noted, supplement chemical

/'~~ertilizers, they are limited at the moment in potential. For the
/' short run, the HYV's will basically have to rely on chemical fertilizer ..-'

To provi de the techno 1ogi ca1 base for more effi ci ent use of chemi ca1
fertilizers, as well as to investigate organic and biological forms over
the longer run, Sp.cretary of State Kissinger has recently proposed the
establishment of an International Plant Nutrition Institute.

**********

On balance, ,it seems quite clear that the current fertilizer shortage
will slow the pace of the "green revolution" in some nations which rely
heavily on imports. These, in terms of the HYV's, are principally in
South Asia. And ~hile it will hinder its progress, it is doubtful
that it will, as some accounts have suggested, result in an abandonment
of the HYV's. The HYV's are considered to do as well or better than
traditional varieties in the absence of fertilizer. In addition, the
HYV's characteristically show higher rates of response to limited
applications of fertilizer than do the traditional varieties. Thus it
may be that what 1ittle fertilizer is available will be used to the
HYV's, unl ess it is bi d away by other more profitabl e crops. But even
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if we see some stagnation in the "green revolution" due to short-run
fertilizer shortages, a tremendous potential remains.

D. P1 ant Protecti on

Although fertilizer shortages have held central stage recently,
there are reasons to think that chemical pesticides may soon prove to
r.~ the next weak link in the chain of technologies that make up the
"lJreen revolution". The problem stems from an increase in worldwide

~emand for pesticides (up about 25% in 1973/74 according to one esti­.~~. mate 67/) and a constant or slightly decreased level of production.
This has led, as might be expected, to an increase in pesticide prices.

The LDC's are almost completely dependent on imports of pesticide
chemicals. What passes for production in some countries is in reality
just a process of blending or formulating imported feedstocks. Hence
the LDC's are in an even more vulnerable position than in the case of
fertilizer. They could face a particularly severe problem during the
1974/75 season. 68/

Insect and disease control ~ even now an important problem. A
recent survey of 30 Asian villages in six countries where modern rice
varieties have been ~lel1 accepted revealed that "the fanners consider
pest and diseases the most serious constraints to high yields for
JOOdern varieties." 69/

Just how much the HYV's may have added to insect and disease problem
is not entirely clear. Some have said that the HYV's have increased
susceptibility bccause of (1) the close genetic interrelationships of
the varieties, and (2) the fact that associated water control and fer-
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tilization practices encourage relatively lush (though dwarfed) growth.

They also suggest that the HYV seldom enjoys the resistance which the

traditional variety has acquired over the course of many years of local

adaptation.

To some extent these concerns are very real, although in some cases

they may be less well founded than they weI'e a few years ago. We have

been fortunate to date in having only a few and relatively limited problems

uniquely due to the HYV's--despite the fact that farmers probably applied

even less of the recommended levels of insecticides and pesticides than

they have in the case of fertilizer. ZQI

This may be pure luck. The HYV wheats introduced im South Asia happened

to have good levels of resistance to local diseases. Over time the

original HYV's have been increasingly crossed with local varieties in

order to increase their suitability to local conditions. Insect and disease

resistance have been major considerations in this process. Also the

newer varieties from CIMMYT and IRRI have increasingly incorperated

resistance. The changes that have been made in the IRRI rice varieties are

are outlined in Table 3 (IR-8 was the first IRRI variety rpleased, IR-26

the most recent).

The relative overall importance of insects and diseases varies

between wheat and rice. In the case of wheat, insects are relatively less

of an overall problem thanc!are diseases (though insects may be important

in localized areas). It has often been said that the new wheat varieties

are less resistant to disease than those being replaced. In regard to

rus t thi sis, accord; ng to Anderson of CIMMYT, "an outri ght fall acy".

He notes that in many countries, including India, they were the first
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Resistance Ratin~s cf I~2I Rice Varie:i~:

Pr9blem IR-8 IR-5 IR-20 IR-22 IR-24 IP-26

Lodging .!J MR ~ R R MR
R

Diseases
Blast MR 5 MR 5 5 ~Bacterial blight 5 5 R R 5 RBacterial leaf stl.:'e.:lk 5 M5 MR li5 MR ~Grassy stunt 5 5 5 5 5 "'RTungro 5 5 R 5 MR R

Insects
Green leafhopper R R R 5 R R- Brown planthopper S 5 5 5 5 R5tem borer MS 5 M5 5 5 MR

50il Problems
Alkali injury 5 S 5 5 MR MR5alt injury MR MR MR 5 MR MRIron toxicity S S R MR MR RReduction products MR li5 MR MR li5 MR

~Key: R ~ Resistant
MR =Moderately resistant
M5 =Moderately susceptible
5 : 5usceptible

50urce: The IRRI Reporter, No.4, 1973 .

..
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resistant varieties in commercial production. Elsewhere, the HYV's have

shown move resistance to rusts than have local varieties. In the case

of Septoria tritici, the first varieties released in the Mediterranean

were more susceptible. However, among them were resistant ones which

are currently being grown. Zl! For rice, insects (which also transmit

diseases) are probably the major problem. Altogether, the primary HYV

chemtcal need may be fungicides to use in seed treatment and insecticides

As in the case of fertilizer, there are many opportunities to

-'

ji.<l"be used on ri ce (and rna i ze) . 72/

/
//

increase the efficiency of use of insecticides and pesticides. They are

new to many farmers and are undoobtedly (and inadvertantly) often used

at the wrong time, in the wrong dosage, etc. Also research may produce

new ways of applying chemicals. For instance, IRRI recently developed

a way of replacing insecticide sprays with a paddy water root zone

application of granular insecticide; the method is more effective than

sprays because it acts as a systemic and one application is effective

throughout the growth period. 73/

There are also potentials for control through biological means.

Some insects might be controlled by the sterile male technique. New

cropping systems rotations might break up the normal insect or disease

life cycle. In one study at IRRI, corn planted alone had six times as

many borers as corn in which peanuts had been planted. IITA has

found that rotations of different types of crops has prevented

significant increases in nematode populations. 74/

All of these techniques offer potential for the future, but

for the short run significant quantities of chemicals may continue

to be necessary for effective pest control.
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**********

The "green revolution" package is obviously e. fradl,' en". '?r.. "'11'
major inputs - seeds, water, fertilizer, and plant protection - arp in
turn prey to many factors. As one Indian farmer recently said: ">lith
less fertiliLer, less diesel oil, less electricity, we seem to be going

,
back to the age of bullocks and Persian wheels." 75/ These are not
conditions, should they become widespread, hardly favor a "green revol u­
tion". Time will tell how significant they become.
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V. CONCLUDING REMARKS

-

-

The "green revolution" in wheat and rice production has made significant

contributions to the food supply of the developing nations where it has taken

root. It wi 11 con'~ i nue to do so, subject to fl uctua ti ons in weather, where

economic conditions are favorable and associated inputs available. There is,

however, a strong prospect that in some Asian nations the pace of the

"green revolution" will level out in the near future due to input shortages

or high input prices. There is little that the LDC's can do about some of these

energy-based factors in the short run, but there are others (such as seed

quality and distribution) where there is much that could be accomplished.

It is difficult to ~ake many prognoses about the green revolution

because of the large number of complex variables involved. Moreover, each

technology may have its own outside sphere of interrelationships. Anyone

of these factors or interrelationships can become a limiting factor. Like

many complex technologies, the HYV package is capable of great accomplishments,

but it is susceptible of being at least momentarily thrown off course by

failures of small components or by seemingly unrelated chains of events.

Because of the many permutations and combinations that are possible in

this chain of events, we will not even attempt to trace them all out. Instead

we will note a few interrelationships among the input factors noted in the

previous chapter.

One that may not be anticipated is the balance between seed quality and

fertilization. We noted earlier that some farmers in India, attempting to

save on expenses, have turned to cheaper poor seed. As a result, fields are
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"jagged with stal ks of every height" and each acre "contains hal f a
dozen different vari et ies"

Because accurate calculations of fertilizerapplications cannot be made for such amixture, whole fields are either underfedor overfed - and production is expectedto be off by 15 to 13% 76/
Similar problems could be found elsewhere. As fertilizer becomes
increasingly scarce and expensive, the results of such malpractices may
be expected to multiply in !eriousness.

Fertilizer usage by the plant is dependent to some extent on the
amount of water available. Within certain ranges, the more water that

-

is available, the more fertilizer the plant will be able to utilize. They
are complementary factors. Hence in areas where water supply is limited
there may be a relatively close correlation between additional supplies
of water and additional use of fertilizer. (The correlation may not be
evident where water is adequate for most normal levels of fertilizer use
or the value of water in speeding fertilizer uptake is not well known).
Hence it may be that in areas where fertilizer use is belm; recommended
levels, the real culprit may be a relative lack of water. And lack of
water may be in turn due to a shortage of energy to run the pumps. Desai
noted this in India in late 1973: "... due to power shortage and difficulties
in obtaining diesel oil there was a widespread shortage of irrigation "Iater,
and low use of fertilizers." 77/

The relationship is not normally considered reciprocal; fertilizer
cannot usually substitute for water at low levels of water availability.
Yet studies on upland rice by IRRI have shown that nitrogen arplicat'crs
combined with weeJ control sharply reduced the effect of drought on y'e'ds. 78;
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It is necessary to separate out the individual effects of weed control

and nitrogen applications, but perhaps there are situations where natural

nutrient levels are so low that fertilizer applications would be of value

even in the absence of what might be considered adequate moisture. In

any case, both low nutrient and water levels mean reduced qrowth. 79/

There are also relations between these and other factors. As noted

earlier, except for water the dry late winter period presents more

favorable 9rowing conditi~ns in some portions of Asia, such as the

Philippines, than does the wet season. Hence where irrigation water is

/ adequate in the dry season, nitrogen fertilizer applications may show a

higher response than during the wet season. Disease problems are also less.

In India it has been observed that the most violent fluctuations in produc­

tion stem from droughts and floods in the kharif or wet season. Hence

increased emphasis is being placed on expanding grain production during

the rabi or dry season. 80/ This step in turn however, would place

more emphasis on the need to expand irrigation. Everything depends, it

seems, on something else.

The fact that inputs have been used at relatively low levels in the

past, however, provi des both concern and hope for the future. Concern in

that if past conditions didr't favor full use of the package, the future

may not be more favorable. Hope in that if it is ever possible to get

the whole package together, there is still a tremendous untapped yield

potential.

A11 of thi s suggests that the "green revo1uti on" will take cons i derab1e

attention on many fronts by governments if it is to realize its very

considerable potential. It has never been otherwise. But the current
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problems with the associated inputs. especially as related to energy.
make the task even more complicated. Still, there are ways of making
more efficient combinations of limited existing resources. These need
considerable further attention.
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VI • IlEllERENCES AND NO'lES

Chapter I

Tre course of the green revolution in Mexico has been examined in
detail by William I. Jones and is reported in sUlIllll!lTY form in Dana
G. Dalxymple and William I. Jones, "E:valuating the Green Revolution, "
presented at the joint meeting of the American Association of
Science and tre Consejo National de Ciencia y Technologia, Mexico
City, June 1973, pp. 15-31.

Ibid. A detailed listing of other studies is provided in Dana G.
Dalrymple, Development and Spread of High Yielding Varieties of
Wheat and Rice in the Less Developed Nations, U.S. Department of
Agriculture, Economic Research Service, Foreign Agricultural Economic
Report No. 95, June 1974, p. 2, tn. ;~, In addition, tre fOllowing
articles U;y Rbbert E. Evenson should be noted: (with Y. KiSler)
"Resesrch and Productivity in Wheat and Maize," Journal of Political
Econo3Y., November/December 1973, pp. 1309-1329; "International
Diffusion of Agrarian Technology," Journsl of Economic History,
March 1974, PI'. 51-73; "The Green Revolution in Recent Development
Experience," American Journal of Agricultural Economics, May 1974,
pp. 387-394. Evenson has several further papers in draft form.

Chapter II

This section is principally based on Dana G. Dalxymple, Technological
Change in Agriculture: Effects and Im;plications for the Developing
Nations, U.S. Department of Agriculture, Foreign Agri'''l1tural Service,
April 1969, pp. 1-32.

8/

M.K. Lowdermilk, "Diffusion of Dwarf Wreat Production Technology in
Pakistan's Pwljab," Cornall University, Department of Agricultural
Economics, Ph.D. Dissertation, May 1972, p. 335.

Evenson, op. cit. (May 1974), p. 389.

In at least some cases, bowever, the HYV's contribute to risk mini­
mization because of treir shorter growing season. Atkinson has
pointed out tv me that tre HYV's reduce risk because they mature
before the late fall dry weather in the Philippines.

Barbara Harriss, "Innovation Adoption in India Agriculturt - the High
Yielding Varieties Programme," ~n Asian Studies, January 1972,
p. 97.

Harriss (op. cit.) makes use of the S-shaped curve for the inputs
but mistakenly scatters tre inputs along the same curve.



-63-

21 That is, where irrigation water is available, there can be some:flexibility in the timing and amount applied -- especially iftubewells are utilized. (Canal water, contrary to popular opinion,is often not available in the quantities or at the time desired.)In south Asia, farmers with tubewells commonly sell water to theirneighbors.

J:EI M. Lipton, as cited by Harriss (~. 2')'

Chapter III

This point is discussed in ltUrther detail for rice in Dalrymple,
~. 2' (1974), pp. 5, 6, tn. 16.

I have discussed multiple cropping in detail elsewhere. SeeDana G. Dalrymple, Survey of Multiple Cropping in the Less DevelopedNations, U.S. Department of Agriculture, Economic Research Service.Foreign Agricultural Economic Report No. 91, October 1971, pp. 30-31.
Ian R. Wills, "Projections of Effects of Modern Inputs on Agricul­tural Income and Employment in a COIIIllIIlnity Development BlOCk, UttarPrs.desb, India," American Journal of Agricultural EconOlllics,August 1972, p. 458.

The FAS estimates of total wheat area, yield, and production in Nepalare open to serious question in the light of recent estimtes receivedfrom US/AIIJ, Kabul; South Vietnam has been left out because of theinfluence of the war. F9r the record, Nepal sholled a substantialincrease in yield; Vietnam remined about the same.

Adding the individual area and yield proportions does not usuallyequal the production proportion because of the different bases.Alternately, one could in\roduce a third residual percentage totake up the difference. Since the wbole process lIIBy not be mthe­mtically sound a~ay, I stayed with the simpler process.

Based on statistics cOlllplled by John Parker, ERS, USDA.

Within Ludhiana District of the Punjab, the growth in wheat yieldspreceeded widespread use of the current lIYV'a, beginning to climbsharply in 1963/64. This correaponded with a j\lllp in nitrogenousand pbosphatic fertilizer use and in the number of tubewells installed.(Based on data compiled by Arthur Dollllllen Of the University ofMaryland. )

Malaysia vas not included on the chart simply because its yieldlevels averaged above the upper bound. It shoved no particulartrend from 1960 to 1967, but then IDOved up substantially in 1968and 1969. More moderate increases were registered in 1971 and1973. Changes in accounting and reporting systems my have influencedsome of the Philippine data.
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Sheldon K. Tsu, High-Yielding Varieties of Wheat in Developing
Nations, U.S. Department of Agriculture, Ere - Foreign 322,
September 1971, 40 pp.

Based on statistics compiled by Parker" ~. cit.

Kenneth Murray, "India's Wheat Harvest to Fall Below Last Year's
Supply Tight", Foreign Agriculture, Me;, 13, 1974, p. 3. Murray
alao suggests two other factors:
- farmer uncertainly concerning the government's wheat policy

(the grain trade was nationalized during 1973/74).
- diversion of some wheat a:rea to other crops which were not

monopoly controlled.

L.J. Atkinson and David Kunkel, "HYV in the Philippines: Progress
of the Seed-Fertilizer Revolution", U.S. Department of Agriculture,
Economic Research Service, Foreign Development Division, unpublished
manuscript, June 26, 1974.

These eatimates were subsequently used by an economist at the World
Balik in I118king a rough aaaessment of the increase in output result­
ing from the HYV's (Agriculture: Sector Working Paper, World Bank,
June 1972, p. 8). In making this assumption I presumed that the
HYV's would be raised on the better irrigated land; therefore the
ratio is not completely deflllted.

In the case of wheat, the countries cited have tmde extensive use
of irrigation. A preliminary review of the data for dryland whest
production in North Africa and the Near East does not yet show a
clear pattern of yield increase. This may be because of the still
relatively low levels of adoption, but may also reflect (1) the
impBct of lower water levels and of variations in rainfall, and
(2) the fact that the traditional varieties in some of the North
African natiOns really are improved varieties that were introduced
over the 20th century and which in some cases carry similar charac­
teristics and ancestry with the Mexican varieties. Further detail
on the latter point is provided in Dalrymple, ~. cit. (1974), pp. 9-15.

Atkinson and Kunkel, ~. cit.

Exploratory work in assessing the impact of the HYV's on production
has been done by Evenson, and is cited in fn. 2. See particularly
his article in the May issue of the American Journal of Agricultural
Economics.

Chapter IV

"Preliminary Assessment of the World Food Situation, Present and
Future", FAO, April 1974, p. 68.
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RiclErd Critchfield, "IIldia: The Lost Years", The New Republic,June 15, 1974.

Andrew Pearse, "SUUBry of Conclusions; The Social and EconomicImplications of the larger-Scale Int1roduction of High-YieldingVarieties cf Ft:>c>dgrain", United Nations Research Institute forSocial Development, Geneva, March 1974, p. 30. ("Draft paper notfor quotation.")

Surgit S. Sidhu, ''EconOmics of Teclmical ClEnge in Wheat Productionin the India Punjab", American Journal of AgriCultural EcollOlll1cs,May 1974, p. 223, in. 1.

Levis M. Simns, "Fading of In4ia's Green Revolution", WashingtonPost, May 5, 1974.

Ibid. Citing Dr. Khem Singh Gill, head of the Plant Breeding Depart­iiieiit of Ptmjab Agricultural UIliversity.

Except as noted, the opening paragraphs of this eection were basedon Dalrymple, £E. £,!!. (1974), pp. 6-7, and Dalrymple, 21!' £,!!. (1971),pp. 3)-31.

Principally in the warmer southern part of India, especially TamilNadu. Rice is not s Winter crop in the cooler northern states.

R. B. Reidinger and J. B. Parker, "Irrigation May be Answer to India'sUrgent Food Needs", Foreign Agriculture, March 25, 1974 p. 10, A Study ofthe Contribution of Private Tubevells in the Developuent of tbllWater Potential in West Pakistan, West Pakistan University of Engi­neering and Technology and lahore, June 1970, pp. 33-66; and F. Kahnertet a1., Agriculture and Related Industries in Pakistan, OECD, DevelOp­ment Center 1970, p. 113.

A Study of ... , op. cit.; Survey Jeport on Economics of TubewellIrrigation in Selected Districts of the Punjab, Government of Pakistan,Food and Agriculture Division, Planning UIlit, April 1972, p. 15.

A study of ••• , op. cit.
,

V. P. Shukla, ''Well Irrigation - Its Costs and Benefits in JsbalpurDistrict of Mnd!lya Pra4esh", Indian Journal of Agricultural Economies,Oct.-Dec. 1973, p. 235; Edwin Clark and MolEllIIIBd GlEffar, An Analysisof Private Tubevell Costs, Pakistan Institute for Developuent
EconOmics, 1lesesrch Report No. 79, March 1969, pp. 60, 61.

Simmons, op. cit.

Takashi Oka, "Need of the Hungry", The Christian Science Monitor,June 20, 1974.
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For example, under land reform regulations passed in 1973, no
individual farmer in tile Punjab of Ind:la may own more than 18 acres
of irrigatp.d farmland, whereas they ma:, have 54 acres of dryland.
As a result it is reported that "many farmers have removed their
diesel or electric' pumps from tubewellll in order to prove to govern­
ment agents that certain fields are no";; irrigated and trerefore
their owners are entitled to a higher ceiling" (SillDllOns, op. cit.).

Based largely on material provided in: R.G. Anderson, "A second
Look at the Green Revolution", Klink Lecture Series of the Agri­
cultural Institute of Canada, Winter 1974; and a memo by Gu;y
Baird, Am/TAB/AGR.

Estimate prOVided by R. G. Anderson, CIMMYT.

This is not to say, however, that the l{YV's are inferior to tradi­
tional varieties in drier areas with poorer seed bed preparation.

Based on Dalrymple, op. cit. (1974), notes by Baird, and comments
by Anderson and Winkelmann.

During the decade of the 1960 's, fertilizer consumption in the LI:C's
expanded at an annual rate of 14.0 percent per year compared to a
rate of 7.5 percent in the oo's (Raymond Ewell, "Fertilizer Use
Throughout the World", Cllemtech, September 1972). More recent con­
sumption data are preaented by Ewell in a recent paper on "Population
Growth, Grain Production, and Fertilizer Consumption, " May 1974,
Figure 6.

Based on data compiled from the Annual Fertilizer Review, 1972, FAO,
pp. 48-49.

R. B. Reidinger, ''World Fertilizer Shortage Could Ease by Late
1975", Foreign AgriCulture, January 28,1 1974, p. 4.

Cited by John B. Parker, New TeChnOl~ in India f S Agriculture and
Outlook for Grain Production, ERS, F=¥l, June 1972, p. 19. Baaed
on date compiled by G. M. Desai, Growth of Fertilizer Uae in Indian
Agriculture - Past Trends and Future DeElld. Cornell University,
Department of Agricultura~Economica"July 1969, pp. 148-155.

Gurdev Singh and V. Ramachandran, "An Approach for Demand Estimate­
tion of Fertilizer Use", Indian Journal of Agricultural Economics
October-December 1973, p.120.

R. W. Herdt and Randolph Barker, "The Rice Situation, 1973-74", p. 6.

L. J. Atkinson and D. E. Kunkel, "Some Explorations of the Nature
of the Green HP.volution in the Philippines", U.S. Department of
Agriculture, Foreign Development Division, unpublished manuscript,
January 15, 1973, p. 10.
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Simmons, op. cit.; Murrey, op. cit.; Clive Bell, "The AcquiSitionof Agricultural Technology: it Determinants and Effecta", Journalof Develc?;p!!!!nt Studies, October 1972, p. 134.

Lowdermilk, op. cit., pp. 339, 342, 343.

Atkinson and KUIlkel, op. cit. (1973), PP. i, 3, 4, 9, 10.

W. w. Tb811111, Introduction and Effects of High-Yieldill6 Varieties ofRice in the PhilippiDes, FNJ, 1971, p. 31.

Refugio I. Rochin, "A Study of Dlnglsdesh Fa~rs' Experiences vithIR-20 Rice Variety and Cauplementary Production Inputs", The Dl!l§ls­desh Econom1c ReViev, January 1973, pp. 85, 86.

2Y Lowdermilk, op. cit., pp. 397, 399; Rochin, op. Cit., p. 85.

Research Highlights for 1913, The International Rice Research Insti­tute, 1974, p. 35.

''Modern Varieties Without Fertilizer", The IRRI Reporter, No.3,1973, p. 4.

As sUIIIIIElrized by C. Peter TiDlller, "The~ for Fertilizer inDeveloping Countries", Stanrord University, Food Iesearch Institute,unpublished manuscript, April 1974, pp. 9-20. Also, D.W. LlIrBonand J. S. Cibsntos, The Deamd for Fertilizer in Southern Brazil1948-197l.r Ohio State, DePllrtment of Agricultural EcOl1Olllic~llI) 188,April 1974, pp. 17-18.

"Fertilizer Soortage Threatens FlImine in East Asia", DlltimOre Gun,December 3, 1973. As of June 1974, hcNever, the subsidies were stillin effect (Atkinson).

"scu - A Time Pill for Plants", War on !IUIlpr, Janlary 1973.

Trevor Drieberg, "The ~SsClDll of the Drought", CE1IBS, March - April 1974p. 17.

Research Higblights .•• , OR. cit., p. 35.

See, for e:xample, DeVid Bnmd, ''Man's Best Friend May be A Dlcteriumcelled the Rhizobium", The 11811 Street Journal, Februllry 7, 1974;Jean L. Marx, ''Nitilosen Fixation: Research Efforts Intensity",SCience, July 12, 1974, pp. 1,32-136.
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,

w. R. Furtick, "The pesticide Problem", FAO, May 24, 1974, 4 pp.
(Furtick is chief of the Plant Protection Service for FAO. His
notes were appended to an internal docUlllent and probably shoud not
be cited.)

~.

Research Highlights ••• , op. cit., p. 43.

The relatively low levels of fertilizer application, on the other
hand, may have resulted in less lush growth and a greater suscep­
tibility to pest problems.

Anderson, op. Cit~, pp. 25, 26, 32.

Furtick, op. cit.

Notes by Guy Baird, AID/TAB/AGR; Research Highlights ••• , op. cit., p. 31.

Ibid., p. 51.

Oks, op. cit.

ClEpter V

SillDDOns, op. cit.

Gunvant M. Desai, "Rapporteurs' Deport on Agricultural Input Supply
Systems Including Marketing", Indian Journal of Agricultural Economics,
October-December 1973, p. 165.

Notes by GuY Baird, ArD/TAB/AGR.

As the plant is starved, as we noted earlier, so also are sotm! of
the insect and disease organisms tlEt infect it. So one slightly
beneficial effects of the current energy shortage could be tlEt
sOtm! pest problems might not be as severe as they would be with the
presence of adequate moisture and fertility (tmless, of course,
pesticide use is reduced even more tlEn Wl'Iter or fertilizer use).
The other side of this situation is tlEt water supply and fertili­
zation are improved, increased attention will have to be given to
pest control.

Drieberg, op. cit.


