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FOREWORD

The International Food Policy Research
Institute, as part of the Consultative Group
on International Agricultural Research, is
profoundly concerned about the new agri-
cultural technology and the policies needed
to encourage its adoption and increase its
effectiveness in meeting major societal
objectives. The spread of high-yielding var-
ieties depends greatly on increases in fertil-
izer availability to farmers. Likewise, con-
tinued rapid growth in fertilizer use -lepends
on new crop varieties that can provide
greater yields in response 1o larger dose.
of fertilizer. 1t is clear that during the nest
few decades the food supplies necessary 10
meet even minimum expected rates of pop-
ulation growth and growih in per capita
income cannot be realized without the
development of this symbiotic fertilizer-
research relationship.

In this resedrch report, Gunvant M.
Desai demonstrates that growth in fertilizer
use is « complex function of many variables
that must be seeninre  tion to each other if
an effective expansionary policy is to be
developed. He notes that in the past there
has been a lack of understanding of the

importance of ample, assured supplies of

fertilizer. Without increased fertilizer sup-
nlies, expanded fertilizer use will not be
possible, and fertilizers will he confined to
the crops and places where they have been
most profitable in the past. e suggests that

growth in fertilizer use has been constrained
by the role of foreign assistance in financing
fertilizer imports for developing countries,
the large fluctuations in the size and tizsing
of such foreign assistance allocations, and
fluctuations in foreign exchange availability
due to chenges in export derwinds and
prices. This has been exacerbated by defi-
ciencies in administration of fertilizer sup-
plics.

Desai analyzes these and other issues
through the Indian experience. He provides
a basis 101 underst- nding that experience
and developing policies to continue fertilizer
growth in India in the face of the more
difficult economic environment for fertilizer
use. Perhaps most valuable, this rescarch
provides a madel for similar in-depth analyses
in other countries.

Desai has spent almost 20 years exploring
the complex factors of fertilizer use, which
his study reflects in its thorough and highly
integrated approach. This analysis will be
followed by anotherrescarch report that will
include a comparison of other countries
and provide the basis for other intensive
analyses at the country level.

John W. Mellor

Washington D,
August 198,
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SUMMARY

It is well known that fertilizer consump-
tion in the developing countries is low and
needs to be raised; what is 10t so commonly
recognized is that in some of them fertilizer
use has grown enormotsly. The complexities
of generating sustained rapid growth in
fertilizer use: are also not understood fully.

India's fertilizer consumption rose 1o
about 5.5 million metric tons of nutrients in
1980/81 from less than 100,000 tons in the
carly 1950s. It now ranks fourth after the
United States, the U.S.S.R, and China. But
consumption per unit of land is still consid-
erably less than in these and many other
countries. The future requirements of agri-
cuitural production also point out the need
for sustaining rapid growth in fertilizer
consumption.

This study attempts to identify key policy
areas that can sustain rapid growth in
India’s fertilizer consumption by developing
aperspective on the major forees behind the
past growth. The perspective is based on
changes in the composition of total fertilizer
use. Consnmption profites hy crop are de-
veloped using the findings of the surveys
conducted by the National Sample Survey
Organisation (NSS) and the National Cuancil
of Applicd Economic Rescarch (NCAER)
between the early 1950s and the mid-1970s.
Three aspects are examined: shares of crops

in total fertilizer consumption, diffusion of

fertilizer use by crop, and average rates of
use on fertilized arcas by crop. Wherever
possible, separate profiles are also developed
for irrigated and unirrigated areas and areas
sown with traditional varictics as compared
with those sown with unproved and high-
yielding varieties. These findings are then
used with available research on other aspects
of fertilizer use to discuss the major forces
behind the past growth and the policies
requirer 10 sustain rapid growth in fertilizer
consumption in the 1980s.

Forces behind growth in fertilizer con-
sumption are commoaly identified by esti-
mating one aggregate fertilizer demand func-
tion from time-series data. This implies that
changes in total fertilizer consumption are
due to changes in the variables behind

farmers’ demand for fertilizer. In developing
countries like India, however, such an in-
terpretation of the time series would be logi-
cally incorrect. There are possibilities of
growthiin fertilizer demand without changes
in demand- governing variables such as prices
because of the sizable untapped econoinic
potential of fertilizer use. Similarly, the
pace and pattern of growth in fertilizer
consumption depend not just on growth in
farmers’ demand for fertilizer. Growth of
fertilizer supplies, expansion of distribution
networks, and development of the support-
ing systems of agricultural research, exten-
sion, and credit, as well as how these
processes interact, are also important. Ex-
amining the changes in the composition of
total consumption in the course of growth
in fertilizer use provides a meaningful hasis
to pursue such inquiry.

Until the mid-1940s fertilizer use was
confined to the plantations, and to sugar-
cane, rice, and tobacco in the nunplantation
sector. It spread to many food and nonfood
crops after the government launched the
Grow-More-Food Campaign. By 1955/56
food crops had a share of about 70 percent
in total consumption of about 125,000 tons
of nutrients. Tea, coffee, and rubber planta-
tions consumed about 25 percent, and the
remaining 5 percent went to nonfood crops
like cotton, jute, groundnuts, and tobacco.
The 70 percent share of food crops included
about a45 perceni share of foodgrains and a
25 percent share of other food crops like
sugarcane, spices, and potatoes. Among
foodgrains, rice dominated with a share of
about 37 percent whereas all other food-
grains had a combined share of only about 8
percent.

In the subsequent two decades total
fertilizer consumption increased to 3.4 mil-
lion tons of nutricnts. The composition of
consumption also changed substantially in
certain respects, By 1976777 the share of
fcod crops had increased to more than 80
percent whereas that of the plantations had
“droppca to about 6 percent. More impor-
tantly, the share of foodgrains had increased
to about 70 percent. This was mainly due to



the rise in the share of wheat from only 3
percent in 195556 1o about 22 percent in
1976/77. The share of rvice had remained
virtually unchanged, and thet of toadgrains
other than vice and wheat had increased
from s percenttoonly 10 percent The share
of noniood crops had risen 1o about 1
percent mainly becouse ol growth in con-
sumption of cotton and groundnuts after
the late 1960

The above changes were primarilv an
outcome of the varied pace of diffusion of
fertilizer use tioeasure-1as changes in per-
centage of crop ared fertilized) on difterent
crops. By 19,0 77 fertilizer use had spread
10 55 percent of wheat area and 45 percent
of rice area as opposed to 12 percent ol bajra
ared dud Tess than 5 percent ol ared sown
with minor cereals and pulses. Among non-
grain crops, 1t had spread 1o more than 70
percent of ared sown with sugarcane, po-
tatoes, chillies, and tobacco as compared to
about -0 percent of ared sown with cotton,
jute, and groundnuts. Onma crops, notably
wheat, josar, haprd, codon, and groundnuts,
diftuston of tertilizer ucewas muchfasterin
the 1970~ thann the previous tno decades,

Meragerates ol application on fertilized
area were quite fow tor ¢l crops in the mid-
1950, In the following 20 vears they in-
creased on all crops By 1976 77 average
rates in terms ol nutnents pey fertilized
hectare reached abiont 300 Kilograms on
potatoes, 150-170 kilograms on sugdarcane
aned chillies, 70-85 Kilograms onri-e, wheat,
and cotton, and J0-60 Kilograms on most
other crops, Betwern 1970 71 and 1976 77
the nites onmeny crops inereased by 40 50
percent. Throughout the period covered by
the tindings, there was more ceoss-sectional
VArialion dinong crops with respect to per-
centages of area tertil zed than average
rates on fertilized area.

Irrigated area, accounting for less than
one fourth of the (Ltal area sown, had o
share ol 70 percent or more intotal fertihizer
consumption between the mid-1950s and
the mid-1970s, For each crop the share ol
irrigated area in tertilizer consumption was
also higher than the percent of crop dred
irrigated. This was so hecause both diftusion
and vates of fertilizer use were higher on
irrigated areas than on unimvigated  areas.
But for cach cvop the difference indiffusion
hetween the two types ol areds was consider-
ably gredater than in rates ol application,

Despite greater dittusion, only ahout

10

two thirds of total irrigated area was fertilized
by 1976,77. Even tor sugarcane, whedt, and
vice, fevtilizer use had not spread to 25-30
percent of ivigated area under them. For
other crops this percentage was higher,

vertilizer use had spread to about 18
percent of total unirrigated area by 1976277,
Crops more commonly fertilized under un-
irvigated conditions were the same as those
more commonly fertilized under irrigated
conditions. After 1970:71 there was an
acceleration in the diffusion of fertilizer use
on ontsh, groundnuts, and jowar under
unirrigated conditions.

Larger percentages of areas sown with
high-yielding and improved varieties were
fertitized, and at higher rates, than those
sownwith the traditional varieties, But there
wds less than complete diffusion of fertilizer
vse even on the former, This was particularly
true under unirrigated conditions, [n 1976/
77 the share of high-yielding and improved
varieties in fertilizer consumption on eight
mdjor crops was about 60 percent. It ranged
from about 10 percent on groundntits 1o
about 80 percent on cotton and wheat. On
rice it was 59 percent.

The study contirms what many micro-
studies have reveated about the dominant
influence of certain crops, irrigation- and
ferilizer-responsive varieties, on the pace
and pattern of growth of tertilizer consump-
tion. This implies 4 gredter relative impor-
tance of physical productivity of fertilizer
than of prices in influencing growth of
farmers” tertilizer demand, particularly until
total consumption reaches its economic
putential  However, the findings based on
nationwide surveys also suggest that past
growth could have been faster. This s
¢ cident from less than complete diffusion
of fertilizer use on each and every crop,
even underirrigated conditions, by the mid-
19705, The slow hut steady growth in fertil-
izev use under unirrigated conditions, even
on the traditional varietios, also indicates
farmers” willingness 1o tap the economic
potential of tertihzer use under such con-
dittors,

Past grewth in fertilizer consumption
was adversely affected by iadequate efforts
to promote fevtilizer use onfoodgrains other
than rice and wheat, oilseeds other than
groundnuts, and unirrigated areas in general;
stow expansion of and inefficienaies i the
distribution systen; repeated shortfalls i
domestic fertilizer production; and wide



year-1o-year fluctuations in fertilizer imports.
Otten these deficiencies in the fertilizer
system were mutually reinforeing,

India’s Sinth Five-Yedar Plan aims at
raising fertilizer consumption 10 9.7 million
tons of nutrients in 1984 85, To achieve
anything like this, it will be crucial o
achieve the Siath Plan's irrigation target and
As0 1o accelerate growth in fertilizer use

under unirrigated conditions. The latter
calls for sustained efforts to expand distribu-
tion networks in districts with low irrigation
and to promote fertilizer use in such districts.
It is necessary 1o recognize that the extent
and vigor of these efforts will critically
depend on total fertilizer supply staying
ahead of growth in the market for fertilizer
under irrigated conditions.
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INTRODUCTION

The economic potential of fertilizer use
in a country is determined by fertilizer
response functions, cost of fertilizer, and
prices of crops. Actual fertilizer use is an
outcome nf the conversion of the economic
potential into farmers® demand for fertilizer,
ana this demand being met by fertilizer
supply and distribution systems.

Since it was invented in the mid-nine-
teenth century,! the use of chemical fertilizer
in any country has begun with a few rarmers
at selected locations.2 This implies that the
beginnings of fertilizer use were below
economic poiential.® The existence of un-

tapped potential implies possibilities of

growth in fertilizer use through interactions
between fertilizer demandd, supply, and dis-
tribuation even without changes in the agro-
economic variables determining the cco-

breakthroughs in crop production and
changes in prices influence not only the
potential but also the pace of growth in
fertilizer consumption. However, so long as
there is untapped potential, it would be
incorrect to attribute all changes inleveis of
fertilizer consumption to changes in re-
sponse functions and prices,* or 0 put
undue emphasis on prices as policy instru-
ments for generating growth in fertilizer
use. Under such circumstances policies that
generate and spread knowledge about the
response functions, promote geographical
expansion of fertlizer distribution systems,
and increase fertilizer supplies in a coordi-
nated manner may be more effective in
accelerating growth in fertilizer consumption.

Appreciable fertilizer use in many devel-
oping countries is relatively recent.> Their

nomic potential of fertilizer use. Biological low levels of consumption per unit of arable

U The use of water-soluble inorganic compounds such as salipeter and sodium nitraie was not unknown before the
1840s. The production and consumption of chemically manufactured fertilizer began in the 1840s after the
chenustry of soils and plants began to be understood as a result of the research of De Saussure, Boussingout,, Liehig,
and Lawes and alter commerena! production of sublfuric acid began. For the evolution of the concept of fertilizer and
the early development of the tertilizer industry, see Mirko Lamer, The World Ferulizer Feonomy (Stanford, Cal.:
Stanford University Press, 1957): Theodore 1 Krepps, The Fcononmes of the Sulfune Acid Industry (Stanford, Cal:
Stanford University Press, 1938): Vincent Sauchelli, Manual on Fertdizer Manufacture, 3rd ed (Caldwell, N1 Industry
Publications, Ine . 1963), and International Fertilizer Development Center, Fernlizer Sianual (Muscle Shoals,
Alabama TFLC, 1979)

L information s readily avalable tor only a tew countries, hut it 1s not difficuli to surmise that this is a typical
heginning tor fertlizer nse, which requires that tarmers be aware of itin order 1o adoptit. Supply and distribution
sy stems must be i place tor tertilizer e to spread. Thus itwould he unrealisae to assume that fertilizer use hegins
simultaneoush with Al farmers for whom itis potentially protitable.

Y Empinically, the existence of the untapped viable potential of fertitizer use is manifested as less than complete
ditfusion ot tertilizer nse and suboptimal rates of application. even on fertdlized land under a given setof fertilizer-
response tunctions dnd prices. The redasons tor untapped potential range trom farmers’ lack of knowledge about
potential returns from fertihzer use o various inadequacies in the fertilizer distribution and supply systems, For
further discussion, see Gunvant M. Desar, “Uaderstanding the Process of Growth i Fertilizer Consumption: A
Conceptudlization,” International Food Policy Research Institute, forthcoming research repornt

4 rhis 1 the veny essence of the methodology that determines the factors governing growthiin fertilizer consumption
of 4 country by estimating a fertilizer demand function from timie series on tetal tertilizer consumption, prices of
crops and fertilizers, and variables hehind fertifzer response functions (such as crops, crop varieties, irrigation).
This specitication implies that the nonstochastic changes intime series of fertilizer consumption are due only tothe
changes in the explanatory variables, which cannot be com+ 1 so long as there is untapped viable potential for
fertitizer use. For other linntations of this methodology, see Desar, “Understanding the Process”

S Dunng the fisst centiry of ity w. more than 85 percent of the world fertthoer consumpton was concentiated in
ahout adozen countries of Western Lurope, the U S S R, the United States, and Japan. bvenin the early 1950s, the
share of developing countries (the developing market ecanomies and the Asian centrally planned econemies) inthe
world fertilizer consumption of about 20 miliion tons of nutrients was only 7 percent. Foran histerical perspective
on fertilizer consumptionin different countries, see Lamer, World Fertltzer Eeonomy Also see K. G Clark and Aildred
S, Sherman, Pre-3War World Production and Consumption of Plant Foods i Ferndizers. Miscellaneous Pablication No. 593
(Washington. D.C. U.S Department of Agriculture, 19:46)
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land suggest that mach of the cvopland s
not yet fertilized " Trials conducted under
field conditions in many countries indicate
substantial untapped potential.” There is
also growing evidence o1 deficiencies i
agricultural resedarch and extension as well
as in tertilizer distribution and supply sys-
tems. This indicates the relevance of dis-
tinguishing between agrocconomic variables
and fertilizer demand,  distribution, and
supply systems. These considerations are
particularly important in developing policies
related to growth in fertilizer use,

A crop-by-crop perspective is useful tor
understanding growth in a country’s fertil-
1zer consumption hecause returns onits use
vary among crops due to ditferences i the
responses to fertilizeruse and in crap prices,

When fertilizer use begins ina country,
mdny farmers are unawdare of its advantages.
Those who are aware do not know the
fertihizer responses of all the crops they
grow. Fertilizer use, therefore, begins not
only with a small number of tarmers at 2
limited number of locations but also with
the exciusion of some crops that could
potentially protit from it Fertilized crops
recene suboptimal rates ot application he-
cdaise of g lack of knowledge aboutresporse
tunctions and because of farmers” attitndes
toward risks and uncertainties.

Such beginmigs imply that the ume
sertes on growth mtotal fertilizer consump-
tion includes changes in consnmption by
crop. Italso implies that growth i tertilizer
consumption on an mdividual crop is dan
outcome of the changes in the area sown
with the crop, ditfusio cot tertilizer use on
the crop, and rate of applicaton on tertilized
ared sown with the crop. The net effect ot
these changes determines the growth in
aggregate terttlizer consumption tor a crop ¥

The above changes would be governed
by the spread of dan awareness of fertilizer
among farmers, their fertilizer adoption
behavior, and grewth in their knowledge
about the responses of different crops to
fertilizer use under thewr own farm condi-
tions. In addition to changes in farmers’
demand at microlevels, growth in aggregate
fertitizer consumptionwould also be atfected
by the factors governing fertilizer distribu-
ton and supply systems Thos the pace and
pattern ol growth in fertilizer consumption
is an outcome of interactions among all
these elements,

Using the framework described, this
study attempts to understand the major
forces behind the past growth in India’s
fertilizer consumption. The understanding
is then used 1o identify key areds of public
policy that would sustain rapid growth of
fertilizeruse inthe 1980s. Through empirical
analysis of the Indian experience, the study
also aims at demonstrating the usefulness
of the approach adopted here in asking
pertinent questions about growth in fertilizer
use in developing countries,

The study develops fertilizer consumyp-
tion prafiles by crop for india at a few
points inr time hetween the early 19508 and
the mid-197¢s, During the period total fertil-
izer consumption increased from less than
100,000 metric tons to about 3.5 million
tons in terms of autrients,” Consumption
per hectare of gross sown area increased
from less than 1 kilogram to about 20 kilo-
grams.

India has a multicrop agriculture, Rice
has abont 22 percent of the gross sown ared
and wheat and jowar ahout 10 percent each
The remaining avea is sown with more than
30 crops, both tood and nonfood. Virtually
all nonplantation crops are grown on farms

" Forall developing connties taken together, the « onstumption per huectare ot mable Tand was 439 kilograms of
nutents w1979 B0 For a large magonty, 1t was fower than 15 bilograms per hectare For detals see Food and
e uttire Organization of the Uiated Natons, Fertthizer Yearbooh 1980 (Rame A0, [9R 1)

“Eor evidenc e, see Food and A ulinre Origamization of the Ueted Nations, 240 Tertlizer Programme 20 Years of
Increasing Ciop Vields 19611981 (Rome FAQ, 1981 Also see Sabeem Ahmed and Nazir Ahmed, * Calealatimg the
Potenal Annual Global Fertihizer Requarement Using the Recaminended Rate Method Some Tentative Resnlis,”
Resonree systems Instituie, Fast- West Center, Hawan (AMnneographed | Cunent consumption as i pete entage of
estimdted potential accordmp to the study, s 47 percent for Atrica, 10-20 percent for Asta, and 20 30 percent (o
Latin Amency Continuous rapid growthm termhizer consunption of the developnng countres i the post 1973 74
prce enviraonment alsa demonstrates the existence of untapped potential tor ferthizer use m these countnes See
Cunvant Mo Desa “Commentany the Feithizer Question,” 1PRE Report September 1980

" Lor emprcal evidence oncthis aspect tor the Uiited States and a number of other developed and developing
countnes, see Gunvat A Desa, “Understanding Growth of Fernilizer Consumption: Anatamy ol the Depender
Vartable ™ Internanonal Faod Poliey Researc b Institate, Swashimgton, 10O 1981 (Muneographedt }

AN tons in thes teport are metne tons



of all sizes in different parts of India,
Theretore, changes i fertilizer consumption
by crop provide a meaningful hasis o
identitying major variables and processes
behind the past growth in tertilizer use,

Appreciable fernilizey nse hegan in fndig
i the 19208 on tea plantations During the
19305 use spread 1o sugarcane and ce i
certain areas  Although the Tow tertihing of
Indian soils has beenaecopnized since the
1890s, fertlizer consumption pew litle
outside the plantaton sector, and the gov-
ernment did nothing to poshit. This changed
in 1943 when the Grow-More-tood Came
paien was launched me the wake ot the
Japanese occupations of Buri (from which
India was importing vice) and the Bengal
Famine, The measmes taken marked the
Leginning ol elfovis (o promote tevtilizer
use 1 the nonplantation sector inorder to
raise tood production rapidiv These efforts
gathered momentum atter India became
independent iy 19471

Since then, evidence from esperiment
stations and fertthzer nals oncalivators”
field: have consistenthy shown that tertilizen
nse is potentraily protitable onca number of
crops, though toavarying extent 'Esimikarly,
the potential ot terndizey use on different
crops has imcreased over time butat different
paces

Fhe importance ol crop considerations
aiso comes through in the findings of many
microstudies conducted in ditferent parts of

India during the last three decades. They
show the dominant influences of irrigation,
cropping patterns, and crop varieties on
adoption of fertilizer by farmers. They also
indicate that many farmers begin fertilizer
use dal low rates and nnonly some crops. Use
then spreads o other crops and rates i
application we increased. These changes
vary Iy crop, imdicating the need to distin-
puish hetween ditfusion of fertitizeruse and
vates of application on different crops in
studyimg the growth in consumpton, E

Ihe findings of microstudies are insuf-
ficient to develop profiles by crop of total
fertilizer consumption because of hdia’s
size and diversity 1Uis now possible tofill in
a part of this lacung with findings recently
made available from the 26th vound of the
NSSs and the surnveys conducted by the
NCATR. these tindings and those of the 8th,
11th, and 22nd rounds of the NSS are used
1o develop tertihizer consumption profiles
by crop. The profiles are then used with
vescearch on other aspects of fertilizeruse io
discuss the major forces hehind its past
growth and the policies required 1o sustdin
rapid growth i the 1980s.

Findings of the above surveys differ in
seape (Table 1) Fovinstance, the 8thround
of NSS Tindings for 195350 covers only
pereentages of ared sownwith seven cereals
receiving manure and tertilizer. The tith
round findings of the NSS relate o the
averape rates of fertilizer use on the entire

MEap an stoncal perspective, see Ganvant M Desan Growth of Fertdizer Cse Indian Agneuliure: Past Trends and
Futrre Demands, iternational Agnoultuaal Developrent Balletin Noo 18 ¢ithaca, N Cornell Unversity Press,
19697, chapter 2, and Guivant M Desas, “Fertiliser m india’s Agne ultaral bese lopment i Agncudiural Development
af Imdre - Policy and Problems. ed. ¢ 1L Shah (Bembay Orient Longiman Lud., 19794 pp. 377426

ALy studies hased onthese daty that exanne the profitable scope ol fonlizersise Indiaand estunate featthze
reqrirements thclide VoG Panse, Techmeal und Peonotnie Possibihties of the Use of Nurogen [ertliser i Indur (New
Pella Instimte of Agncultural Research Statsties, 1964 11 Abaham, “Optinial Ferithser Dressigs and
Feonomue s of Manring,” Indan Journal of Agnewdtural Feonomics 20 (Apnil- lnne 1965) 120 Kimes Pavikhand | N
S st Opamum Requoement of Fertiisers for the @ifth Plan Penod (New Delhi Indian Statistucal Institate, 1974)
For a4 dise tsston of variation in the rettns to fertilizer nse on ditferent crops under the price envioniment ol the
- 1960 and 1t relationslup with the presaibng tertlizer practices of farmens, see Guinant A Desa and Gurdey
singh. Growth of Teriliser Use o Instndts of Inda, Performance and Policy Implications  (Ahmedabad - Centre for
Adnagement e Agncultare. fdan Institute of Aanagement, 1973), chapter 4

o The two most iportant tactors hehind this were ditferences among crops m prowth i mgated aea and the
spread ot fernlizerrespansive vanenies

U b or acsnnuars of these tindiigs, see Desar " Ferhiliser i bdia's Agicadiaral Development,” ppo 410 21 For
detark, among others see Indian Counal ot Apnicaltural Research, nstitnte of Agre ultural Research Statisties, Fer-
tiser Proetices Followed by FarmerstNew Delln 1CAR, T963) vanious teports of the Eypert Comnuttee on Assessiment
A Ealtation of e Intenstve Agrrcubtural Distrect Prograimmme; VoG Panse and £ Smgh, “Promotion and Assess:
ment of Technolog al ¢ hange w Indian Sgncalive” Indan Journal of Agneultural Foonomies { Janudany - March 1966).
E2L-100 Grnnant A1 Desar PN Chanand S C Bandyopadhyay, Dyvnamues of Gunvtban Fertihser Useat the Micro Level
(Ahmedabad Conte tor Management i Apnoublare, Tndian istimte of Management, 1973); Dayandath Tha aned
Rathest santie, 1 ettizen Usean Semn Al Bopaeal India,” International Crops Researcly lnstrtate for the Senu- Arid
Fropies. Hvderabad . fidis, 1980 (Mimeogpraphed )
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Table | —Sample size of selected national surveys and total fertilizer crusumption,

1953/54-1976/77

Survey Year

Total Fertilizer

Sample Size Consumption

8th Round, Nss? 1953,54
1 Hth Round, NSS 1955756
22nd Round, NSS 1966/67
26th Round, NSS 197071
NCAFRY 197576
NCALR 197677

{households) (1,000 tons of autrients)
10,000 Less than 100
7.275 About 120
4,201 1 oo
35.793 2.256
21,495 2,894
21,566 3401

Sourcest Fordetails, see India, Department o Statistics. National Sample Survey Organisation, The Natwonal Sumple
Sturvey, Tubles with Notes on Farnmng Conditions and Practices i Kural Areas 1955 54 F 1ighth Round, No. 60
(Delhit sManager of Pubhications, 1962, The Nutonal Sample Sunvey Jubles with Notes on Some Aspects of
Agrecudiure i India Vleventh Ronnd, Noo 140 (Delhi Alanager of Publications, 1969): The National Sample
Survev Tables wuth Notes on Farm Prachices: Twenty-second Round, No.o 202 {(New o Ihe contoller of
Publications. 1955 “Ferihser Ese m Agnealtunal Houding . NSS 26th Round,” Sarnvekshana (Octoher
FO78E 85-89, Natonal tevnal of Apphied Feononie Pesearch, “Fertiliser Demandd Study, Srovey Ddata on
Pattern of Tertiliner Use on selected Crops 1975 70 and 1976 777 New Delhi, October 1978 (mimeo-
graphedyand Ternhiser A socumon ol india, Ferileser Statisties. 1978 79 (New Delln FAL 1979)

*National Sample Suney
" National Conneil ot Apphied Foononme Research

{as distinguished from fertitized) area under
mdny crops in 1955,56. The 22nd round of
the NSS provides estimates by crop of the
percentages of households using tertilizer
with orwithout inigation in 1966.67. Against
this, the 26th round of the NSS provides
crop estimates of tertilizers used onirrigated
and unirrigated area, the number of house-
holds using fertilizer, as well as the amount
ol miea fertilized under hoth conditions in
1970 71, The NCAER surveys provide data
for 1975 76 and 197677 on the percent of
area fertihzed and the average rates on four
categories of area under mdjor crops: (1) ir-
rigated area sown with high-vielding and
inproved varieties, (2) irigated area sown
with traditional varieties, (3) unirrigated
area sown with high-vielding and improved
vdarieties, and {4) unirrigated area sownowith
traditional varieties,

Fhere ave also problems ininterpreting
the tindings ol each survey. For instance,
the report of the 22nd round of the NSS
provides estimates of the percentages of
households fertilizing each of the difterent
cropsin four seasons. The seasonal findings
relate to fertilizer use ona crop by cultivators
growing it at difterent tmes in the year and
not to use on the same crop in different
seasons. s not possible to consolidate the

seasonal findings tor each crop for the
entire agricultural year (in this case 1966/67)
because the report does ot provide the
number of cultivators to whom the findings
for cach season relate. Furthermore, the
fourfold classitication of seasons in the
report does not correspond to the classifica-
tion of scasons as kKharif, rabi, and summer
that is standard i Indian agriculinral sta-
t1istics,

Sumilarly, there are too many problems
ininterpreting tne estimdtes of the 26th
round of the NSS of the nuber of house-
halds using tertilizers and the amouni of
areaunder vartons crops receiving fertilizer
application to examine ditfuston of fertilizer
use by crop. Separdte estimates are given
tor tive difterent fertilizers: wrea, ammonium
sulfate: superphosphate, mived fertilizers,
and other(remaining) fertilizers. Since more
than one of these could be used on the same
ared under the same crop by a household,
clearly one cannot add the available esti-
mdates to get the percentage of houscholds
fertilizing ditterent crops or the percentages
ol area under different crops receiving fer-
tilizer.

There are several major ditficulties in
using the survey results of NCAER {or the
four categories of land under cach major



crop to develop national profiles. First, no
data on the distribution of hudie’s total area
sown with any crop are available by the
fourteld classification according w irvigation
and varieties, The official area statistics by
crop distinguish between invigated and un-
irrigated areas. Data on further classifica-
tion by varteties are not available Also, the
definition of irmgated area in NCAER survey s
is quite difterent trom the one in the otficial
statistics. Whereas  the olfictal statistics
refate to area actually rigated, the NCAER
surveyvs detine nrigated area as “area which
a farmer expects 1o irigate during the year
with reasonable assurance from a known
source, which might ditfer trom the area he
actually irvigates.”

Finclly, there are problems of consistency
bhetween statistics ot total fertilizer cone
sumption and estimates ot total consumption
based on findings ol tertilizer consumption
In crop. Forinstance, the estimates ot total
constmption in 1955 56 and 1970 71 based
on the THh and 26th rounds of the NSS
respectively are considerably Tower than the
avadable statistics on total fertilizer con-
sumiption during those two vears On the
other hand, the estitnates of total consump-
tion i 1975 76 and 1976 77 based on the
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results of the NCAER surveys are considerably
higher than actaal totel consumption during
thuse years, Clearly, these discrepancies
need attention betore the survey findings
can be taken as profiles of total fertilizer
consumption by crop.

Fven though they are based on nationadl
surveys, various tindings used in this study
are not idedl o study growth in India’s
fertilizer consumption from a crop perspec-
tive. Interpretation must be hased on dind-
ings of microstudies and personal judgment.
procedures used and assumptions made are
discussed where appropriate,

Despite these limitations, the NSS and
NCAER surveys are the most important
sources of information on changes in con-
sumption by crop during a quarter of 4 cen-
try when India’s annual fertilizer use grew
remendously. This information raises per-
tinent questions about the processes and
factors that have governed growth in the
pastand what needs to be done 1o sustain it
in the future, [t also raises doubts about
whether one can determine the causal fac-
tors governing growth m feralizer consump-
ton of ¢ country from the time series of
aggregate tertilizer consumption hy assut-
ing growth to be a phenomenon driven only
by farmers” demand for tertilizer,
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3

FERTILIZER CONSUMPTION PROFILES
BASED ON THE NATIONAL SAMPLE SURVEYS

IN THE 1950S AND 19605

Three aspects of consumption profiles
by crop are examined; shares of crops in total
fertilizer consumption, diffusion of fertil-
izer use by crop, and average rates on fertil-
ized arca by crop. Consumption profiles for
the reference years of the surveys are built
after examining the consistency between
statistics of total fertilizer consumption and
the estimates of total consumption implied
by the tindings of the sample surveys.
Changes in the consumption profiles over
time are discussed in Chapter 5.

Asshownin Table 2, the reportof the8th
round of the NSS{sample size 10,423 house-
holds) provides estimates of the percentages
of arca for cach of seven cereals that
received one, two, three, or no applications
of any “manure” (which in this case includes
farmyard manure, town compost, and in-
organic fertilizers) in 1953/54. The report
also gives the percentage of area receiving
one dose of manure that wds treated with
inorganic fertilizers. From this information,
percentages of area under seven cereals
using fertilizers are estimated.

Three conclusions emerge from Table 2.
First, more thain 60 percent of the total area
sown with the seven cereals (which accounted
for about 55 percent of total cultivated area)
did not receive any manure or fertilizer. The
percentage was about 50 forrice, maize, and
ragi, and between 70 and 80 percent for
wheat, jowar, bajra, and harley. These figures
are consistent with observations of many
investigators about the low levels of manurial
applications, the fertility of Indian soils,

' The observations of the Famine Fnguiny Commission dare relevant: .

and low average vyields.!* Second, only
about 5 percent of the total area under the
seven cereals received inorganic fertilizer,
This is not surprising since total [ertilizer
consumption was barely 0.5 kilogram per
hectare. Third, among the seven cereals, the
percentage of area receiving fertilizer appli-
cation varied between 8 percent for rice and
less than 2 percent for bajra. In the case of
wheat, it was 3 percent. Greater fertilizer
use onrice than on other cereals is consistent
with the history of fertilizer use on this
crop. !’

The report of the 11 th round of the NSS
for 1955/56 (sample size 7,275 households)
gives rates of fertilizer application on total
area under crops, accounting for about 93
percent of total cultivated area. Using this
information, it is possible to estimate crop
shares in total fertilizer consumption during
the mid-1950s (Table 3).

The NSS findings on rates of fertilizer
application are not available for (1) vegetables
other than potatoes and fruits (*other food
crops” in Table 3} {2) tea, coffee, and
rubber, the three plantation crops, (3) fibers
other than cotton and jute; (4) fodder crops;
and (5) nonfood crops not specified in Table 3.
Fertilizer use is assumed for categories (1)
and {2) at an average rate of 10 kilograms
and 250 kilograms of fertilizer materials per
hectare respectively. These rates amount to
2 kilograms and 50 kilograms of nutrients
respectively, Nearly half of the area under
other food crops was sown with such crops
as hananas, fresh vegetables, and tapioca

the fertility ot the sotls of India has thus

become stabilized at a low level 11 therefore, theyield of crops is to be increased and in particular if the full benefit
is to be derived fromamproved varietes, plant food must he added to the soil in considerable quantities Hithertothe
use of manures has been contined Lagely to the more profitable among crops, such as tobacco, sugarcane and
vegetables, 7 tindia, Famine Lnquiry Commission, Final Report of the Famine Enquiry Commussion [ Madras, 1945],
p- 198 The FistBFive- Year Plan(1951-56) also recognized the widespread deficiencies of nitrogen and phosphorus
in Indian soils (India. Plantung Commssion, Fast e Year Plan [Delhic Publications Division, 1953], pp. 254-259).
" Fora discussion of the hegmunimgs of fertihzer use on plantations, the gradual spread 6 sugarcane and rice in
certin areas and the factors hehind this, see S Henny Konght, Food Adnuastration i Indug, 193947 (Stantord, Cal -
Stantord University Press, 1954), pp 133135
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Table 2— Share of area sown with major cereals using manures and fertilizers,

1953/54

Distribution of Area Treated by Manure

Share of Area with Share of Total

No One I'wo Three Ore Dose of Manure Area Using

Cereal Dose Dose  Doses  Doses  Total Using Fertilizers Fertilizers
{percent)

Rice 44.0 42.0 60 4.0 100 11.0 8.0
Wheat 71.0 28.0 1.0 0.0 100 10.0 3.1
Joway 76.0 22.0 0.0 2.0 100 8.0 24
Bajra gt.0 1H0 0.0 1.0 100 8.0 1.8
Maize 480 51.0 1.0 0.0 100 13.0 7.0
Ragi 50.0 48.0 20 0.0 100 5.0 3.1
Barley 700 27.0 240 1.0 100 14.0 4.0
lTotal 630 322 2.0 2.2 100 10.1 4.9

Source: India, Department of Statistics, Nattonal Sample Survey  gamsation, The Nattonal Sample Survey. Tables with
Notes on Farmung Conditians and Practices m Rural Areas: 1955 54, Eighth Round, No. 60 (Delhi, Manager of

Publications, 1962)

Note. These tindimgs e based onthe Natonal Sample survey. Bighth Round (sample siee 3,294 villages, 10,423
households) The survey resulbts are avarlable tor the percent of area sown with each of the seven cereals
receiving one, wo. thiee, or no doses of mantres, swhich melude fanmvard manme, town compost, atul
morganic fertilizers They are also avatlable tor the percent of area treated by morganic ternlizers receiving
onedose of manure The estinates of the percentage of total area ader cach cereal treated with morganic
fertlizers are made by asstuning that one third of the area sown with each cereal receiving more than one
dose of manure was treated with morganie fertdizers: Although wbitrary . this assumption appears realistic
as can e seen from the discussion of the Gndings for 1955 50 The estimates for the seven cercals tahen
together e made by takimg an average weighited by the area sown with each cereal.

on which microstudies conducted in the
19505 show widespread diffusion of fertilizer
use at selected tocations, Thus, the assump-
tion of an average rate of 2 kilograms of
nutrients for the entire area under other
food crops appears reasonable. On o tea,
cotfee, and rubber, an average rvate of 50
kilograms of nutrients is assumed because,
according 1o data in official dispatches, in
the mid-1950s these crops received annually
about 90,000 tons of nitrogenous fertilizers
and unknown quantities of phosphatic and
potash fertilizers and fertilizer mistures,
Some fertilizers officially allocated to the
nonplantation sector were prohably also
used on the plantations because of the
strong demand pull. The average rate of 50
kilograms of nutrients per hectare in the
mid-1950s also seems coasistent with an
average rate of about 90 Kilograms per
hectare in 150,61, No fertilizer use s
assunmed or gories (3), (4), and (5) in the
mid-1950.

How go.. . is the profile of fertilizer
consumption by crop shown in Table 3?2

Since a4 firm estimate of total fertilizer
consumption in 1955/56 is not available, it
is difficult to answer this question.!® Avail-
able information on dispatches and carryover
stocks of nitrogenous fertilizers in some
states indicates that the estimate of total
consumption on all crops made in Table 3
could he less than 10 percent lower than the
actual total. In the following discussion,
this discrepancy is ignored because it is
impossible to say whether it is due to the
underestimation of the average rates in the
survey conducted by the NSS arganization
or to downward bias in the assumptions
made concerning fertilizer use on crops not
covered by the NSS.

until the mid-1940s, fertilizer use out-
side the plantation sector was conlined to a
few crops (notably sugarcane,rice, and to-
hacco). Against this, fertilizer nse had begun
on many aops by the mid-1950s even though
average consumption was still less than |
Kilogram of nutrients per hectare. This was
mainly due to the efforts of the government
to promote fertilizer use in the nonplantation

M ata on tertihizer consinption in india up o 196061 relate to fertilizer dispatches or allucations.
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Table 3—Area, rates of application, and consumption of fertilizers by crop, 1955/56

Rate {in Share of Crop in
Fertilizer  Total Consumption of Total Fertilizer
Crop Areq Materials) Fertilizer Materials Areq Consumption
(1,000 hectares)  (kilograms (1.000 metric tons) {percent)

hectare)

Foodgrains

Rice 31,633 6.064 191,823 21.47 36.63
Wheat 13,704 1314 16,693 8.62 3.19
Jowdr 17,447 0461 8,043 11.84 1.54
Bajra 10,972 0.500 3,292 745 0.63
Maize 3811 0830 3.163 2,59 0.60
Ragi 2,333 1.337 3.119 1.58 0.60
Barley 3.405 0.576 1,961 2.31 0.37
Other cereals
and millets 5412 [N RS 622 3.67 0.12
Total cereals
and millets #7717 2.607 228,716 59.53 43.68
Gram 9,844 0.069 679 6.68 0.13
Arhar 2,336 0.207 484 1.59 0.09
Other pulses 11.428 .16) 1.840 7.76 0.35
Fotal pulses 23,608 0.127 3.003 16.03 0.57
Total foodgrains 111,325 2.081 231.719 75.56 44.25
Nongram food crops
Sugarcane 1.896 34122 64,695 1.29 12.35
Potstoes 280 +41.983 11,755 0.19 2.24
Condiments and spices 1,438 18.629 26,789 0.98 5.12
Other food craps? (3,188) {10) {31,880) (2.16) {6.09)
Total nonfoodgram
tood crops 3,614 28,500 103,239 2,45 19.71
{6,802} (19.865) (135.119) (4.62) {25.80)
Nontood crops
Cotton 8,372 1.199 10,038 5.68 1.92
hite 700 2.674 1.872 .48 0.36
Other fibers! (589) {0.000} {0) (0.40) {0.00)
Groundntts 5.238 1.245 6,521 3.56 1.25
Rape and mustard 1,242 0.231 287 0.84 0.05
Other oilseeds 5449 0000 0 3.70 0.00
Tohacco 415 9.291 3.8560 0.28 0.74
Led, coffee,
and rubber! (537) {250) {134.250) (0.30) (25.64)
Fodder crops” (5.959) {0.000) 4} (4.05) (0.00)
Othe, nonfood crops’ (6H2) {1 000} {0) (0.46) (0.00)
Total nonfood crops 21.416 1054 22,574 14.54 4.32
{29.183) (5374 {156.824) (1981 (21.96)
All crops 136,355 2622 357.532 92.56 068.28
(147.310) {3 555) (523.662) {10Mm (100}

Souwrces Indi Department of Statistics, National Sample survey Organisation, The National Sample Survey. Jables
with Notes on Some Aspects of Agneulte m Didie Hley enth Ronne, No 140 (Delh Manager of Publications,
1969). [India, Mirastry of Agienliure and Irgation. Diectorate of Fconomics amd Statisties, Indian
Agnieultral Stensties (New Delln Connoller of Pabhications, varions yedars)

Notest This tableis developed weng findings of the N ationa Sample Sunvey Fleventh Round. onaverage rates of
dpphcation of chemical tertihzers and otticial statistics on darea under different crops - The National
Sample survey gives rates of apphcation tor alkerops e eptthe ones martked with an . The average rates
an these exchsded cops are hased on oncamstantal evidence, The “other tood crops™ categery consists
manly of vegetables and fruns

* Rates of application not given by the Nattonal Sample Suvey



sector under the Grow-More-Food Campaign
launched in 1943,

Food crops accounted for about 80
percent of the total sown area and about 70
percent of total fertilizer consumption. The
relatively low share of foodgrains (44 percent)
in total consumption was mainly due to the
*aw share of all foodgrains other than rice.
+. ese crops accounted for only 8 percent of
tuaal fertilizer use even though they made
up 54 percent of the sown arca. This contrasts
sharply with rice, which had 21 percent of
total area and 37 percent of total consump-
tion. Incidentally, rice occupied only 28
percent of the area under all foodgrains hut
had an 83 percent share of total fertilizer
consumed by all foodgrains.

The three plantation crops (tea, coffee,
and rubber) were next in total consumption
with 424 percent share. They had less than
percent of total sown area. Sugarcane was
third with 12 percent of total consumption
and 1 percent of total area. Three fourths of
the total consumption was on rice, tea,
coffee, rubber, and sugarcane.

The important nonfood commercial crops
such as cotton. jute, and oilseeds had mach
smaller shares of total fertilizer consumption
than crops like sugarcane, condiments and
spices, and potatoes, despite having four
times more ared.

Table 4 presents estimates of the per-
centage of area fertilized and average rates
of application on the seven cereals covered
by the 8th round of the NSS. Similar infor-
nL.dtion is not available for other crops from
nationwide surveys. However, available evi-
dence from a few microstudies in the 19505
plus the estimates of fertilizer consumption
in Table 3 suggest that diffusion of fertilizer
use on some nonplantation crops (for ex-
ample, sugarcane, potatoes, condiments and
spices, vegelables, and tobacco) could have
been higher than on rice but must have been
quite low on most other crops. Because
crops like sugarcane and potatoces did not
account for a high proportion of total sown
area, it seems safe to say that by the mid-
1950s fertilizer use had not spread to more
than 5 percent of India’s 147 million hectares
of gross cultivated area.

The report of the 22nd round of the NSS
for 1966/67 (sample size 4,201 households)
provided data on the percentage of hotse-
holds Tertilizing crops with and without
irrigation, whether houscholds not using
fertilizer on particular crops were growing
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Table 4— Percentage of area sown with
major cereals fertilized and
average rates of application,

mid-1950s
Area Average Rdtes
Receiving Fertilizer
Cereal  Fertilizer' Materials®  Nutrients®
{percent) (kilograms/hectare)
Rice 4.0 75.8 15.2
Wheat 3.1 42.4 8.5
Jowar 2.4 19.2 3.8
Bajra 1.8 16.7 33
Maize 7.0 11.9 24
Ragi N 43,1 8.6
Barley 4.0 14.4 29
Seven
cereals 4.9 56.6 11.3

* Relates to 1953/54. For details see Table 2.

" This is estimated hy dividing total fertilizer consump-
tion of the crop in Table 3 by total fertilized area sown
with the crop.

‘ This is based on 20 percent nutrient content in
fertilizer materials.

them with irrigation, what proportions of
farms of different sizes were fertilizing
crops, and whether they were using fertilizer
on their entire crop area. The usefulness of
the findings is diminished because the crop
data are reported by autumn, winter, spring,
and sumimer. It is not possible to consolidate
the scasonal findings for each crop for the
entire agricultural year because the report
does not give the number of cultivators to
whom the seasonal data relate.

However, when the findings cover more
than one scason an attempt is made to
identifv the seasons accounting for most of
the hectarage sown with the crop. This was
done by taking into account the sowing
scasons in various states and their relative
importance in the total hectarage sown with
the crop. Such findings are identified by an
a in Tables 5, 6, and 7.

The percentage of houscholds using
fertilizer on different crops varied widely
(Table 5). For a majority of crops. however,
fertilizer use was much less in scasons
accounting for most of the aggregate crop
hectarage. Ina large majority of the cases, 25-
50 percent of the honscholds using fertil-
izer were not fertilizing their entire arca



Table 5— Household distribution of fertilizer use and nonuse, with and without
irrigation, by crop and season, 1966/67

Distribution of Households Growing the Crop Share of
Fertilizer Used No Fertilizer Used Households Using
With Without with without Fertilizer on

Crop/Sedason Irnigation Trrigation lotal Irrigation Irrigation  Total Entire Crop Area
Rice (paddy) (prreent)

Autumn® 1537 H 64 2406 19 09 56 85 7594 16 .88

Winter” 17.83 750 2933 2147 53 20 74 67 15.50

Spring 6246 252 63 ul 2713 789 35.02 495 31

Summer 5230 000 5230 38 49 8.81 47.70 48 40
Wheat

vinter® 18 44 000 1834 2649 57.07 83.56 7.8%

Spring! 2241 239 24 8O 4226 3204 75.20 1417

Summer 0 () 950 950 3092 5954 30 50 475
Jowar

Autumin® 278 5.20 8 04 12.60 79.36 91.96 4.82

Winter 134 322 .50 526 90.18 95 44 2.55

Spring 1178 8.37 20015 12.36 67 49 79.85 13.11

stnmer 24.08 1274 3682 47.40 15.78 6318 31.56
Bayra

Autumn® 5 34 8.27 13.61 1174 74 65 86.39 6.84

Winter 3.98 764 11.67 1005 74.28 88.33 6.05
Maise

Autumn? 7.98 8.54 16.52 12.62 70 86 83,48 7.98

winter 24 49 12.22 36.67 24.25 39.08 6333 24.45

spring 33.61 0.00 33.61 31.90 34.49 66.39 25.73
Ragt

Autumn® 9.23 0.00 923 5.92 81,85 Y90.77 5.55

Winter 7.28 10.04 17.32 7.66 75.02 82.68 9.54
Barley

Winter® 572 0.00 572 11.96 H2.32 94.28 2 86

Spring 11.80 1.54 13.38 5020 36492 86 .62 6.72
Gram

Spring 863 2.50 1113 24.03 .24 78 87 6.29
Tur

Winter* 0.67 6.38 7.05 2.35 90.60 92.95 6.16

Spring 5.26 .88 10.14 3.39 86.47 89.80 5.16
Masur

Spring 394 1.29 5.23 12,74 82.06 94.77 2.63
Mooeng

Winter 0.00 4.22 4.22 0.80 94 94 95.78 1.32
Potatoes

Winter 30.49 1.49 31.94 45.42 22.04 6o (06 26.56

Spring® 36.13 115 37.28 53.49 4.23 62.72 36.13
Sugdrcane

Winter? 2989 1.68 31.57 53.85 14.58 6843 26.20

Spring? 41.93 0.00 41.93 49.51 8.56 58.07 34.95
Tapioca

Winter 2.50 25.00 27 50 9.00 67.50 72.50 20.00
Tabacco

Spring 10,96 10.17 21.13 47 31 31.50 78.37 18.29
Groundnuts

Autimn? 2.39 14.33 16.72 3349 79.89 83.28 12,19

Winter 0.00 5.92 5.92 6.09 87.99 94.08 5.31

Spring 12.51 5.09 17.60 37.68 44.72 82 40 12.51
Rapeseed and

musidrd

winter! 6.08 0.00 6.68 1242 8090 93.32 3.34

Spriug 12 80 0.30 13.10 4202 4 88 #6.90 5.19
Cotton

Autumn 15.214 0.00 15.21 HH 54 1025 H4 79 12.35

Winter 8.34 7.41 1575 1548 68 77 84 25 12.14

Spnng 14 50 16.18 30.68 7.29 62 0% 69 42 20.79
Jute

Autumn 075 18.71 17 4 150 81 04 8254 9 85

Source Tndia, Department of Statistics, Natona! Saple Survey Orgamsavion, the Natonal Sumple Sunvey Tables
with Notes on Ly Practices: Twenty - second Round, Noo 202 1New Delhe, Contraller ol Publications, 1975)

Note e seasons iy this table are the seasans when the crops are grown They are ot the dif ferent seasons in
which ternlizer 1s used onsame standing crop

“Most of the Land sown with thas crop was heingt cultvated 1o this season
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Table 6— Percentage of households using fertilizer by farm size, crop, and season,

1966/67
"arm Size
Less than 04-10 1-2 2-4 4-6 More than All

Crop/Season 04 Hectares Hectares  Hectares  Hectares  Hectares 6 Hectares Farms
Rice (paddy) (percent)

Autumn® 15.5 21 0 233 235 304 30.2 24.1

Winter? 327 19.2 238 25.44 37.3 30.8 25.3

Spring 59.2 6.4 75.0 65.0 43.7 8:.0 65.0

Summer 394 0.0 541 8.7 84.2 0.0 52.3
Wheat

Winter! n.d. 0.0 9.4 17.0 15.2 40.2 18.4

Spring” 8.8 1.8 24.6 28.1 328 348 24.8

Summer n.d. 111 2.9 21.2 0.0 Nl 9.5
Jowar

Autumn 0.0 47 9.7 7.5 11.4 6.2 8.0

Winter 0.0 0.7 2.1 4.7 8.4 7.1 46

spring 0.0 249 24.0 20,9 25.5 15.0 20.2

Summer 0.0 333 20.0 333 n.a. 75.0 36.8
Bajra

Autumn® 0.0 3.9 18.1 i1.5 17.0 14.6 13.6

Winter 0.0 0.0 17.6 11.7 284 0.0 11.6
Maize

Autumrn? 8.4 6.0 17.1 16.8 24.2 25.7 16.5

Wintes n.d. 0.0 25.1 33.2 n.a. n.d. 36.7

Spring 0.0 0.0 254 617 0.0 73.1 33.6
Ragi

Autumn® 5.9 74 7.1 9.4 11.7 73.1 9.2

Winter 38.1 25.0 15.0 15.7 16.0 19.0 17.3
Barley

winter! n.d, 0.0 0.0 7.7 13.7 87 5.7

Spring 14.4 93 20.0 13.7 7.8 19.8 13.4
Gram

Spring 0.0 6.0 9.1 14.4 13.7 12.0 1.1
Tur

winter? 0.0 0.0 3.1 1.7 9.0 5.7 7.1

Spring 0.0 23 14.0 113 14.9 13.7 10.1
Masur

Spring 0.0 12.8 0.0 4.7 18.0 0.0 5.2
Moong

Winter 0.0 0.0 5.1 5.0 17.7 0.0 4.2
Potatoes

Winter 0.0 32.1 27.3 45.0 61.6 39.5 319

Spring* 66.4 33.1 43.0 20.4 67.5 379 373
Sugarcane

winter* 36.1 27.6 18.6 36.0 62.0 34.5 31.6

Spring? 0.0 57.2 32.0 39.5 56.0 411 41.9
Tapioca

winter 12.5 25.0 45.6 25.0 0.0 n.a. 27.5
Tobacco

Spring 0.0 0.0 329 124 0.0 44.9 211
Groundnuts

Autumn® 0.0 8.6 1.5 11.0 32.2 20.7 16.7

Winter 0.0 0.0 3.5 2.8 EN) 14.3 5.9

Spring 0.0 0.0 0.0 333 100.0 13.6 17.6
Rapeseed and mustard

Winter! n.d. 0.0 10.9 0.0 0.0 25.3 6.7

Spring 5.8 1.9 13.5 17.5 323 283 13.1
Cotton

Autumn 0.0 0.0 0.0 64 17.3 24.6 15.2

Winter 0.0 15.5 5.7 13.6 5.1 254 15.8

Spring 0.0 15.7 14.9 168.4 33.0 411 307
Jute

Autumn 250 253 85 10.1 0.0 5015 17.5

Source India, Department of Statstics, Nanonal Sample Suvey Organisation, The Natonal Sample Survey, Tubles
with Notes on Farm Practices. Twenly second Round, Noo 202 (Delhi Controller of Publications, 1975)

Notes: The seasons i this table are the seasons when the crops are grown They are not the ditferent seasons in
whuch tertthzer s used on the same standing crop - noas means not applicable because the crop was not
grown an farms of that size

* Most of the land sown with this crop was being calivvated L this season
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Table 7— Percentage of households using fertilizer on entire crop area by farm size,
crop, and season, 1966/67

Farm Size

Less than 04-10 1-2 2.3 4-0 More than Al
Crop/Season 04 Hectares  Hectares  Hectares  Hectares  Hectares 6 Hectares Farms
Rive (paddy) (pereent)
Autumn® 9() HO 6t 6 72 64 70
Winter” 95 58 56 64 56 70 Ol
Spring 69 B4 77 53 17 100 71
Summner 0 . 100 83 73 n.d. 83
Wheat
Winter* n.d. nad. 0 0 100 57 43
Spring* 65 55 58 60 52 57 57
Sumner n.d. 100 100 25 n.a nd. 50
Jowar
Autunn? n.a. 100 82 31 83 36 60
Winter n.d. 0 2] 100 69 24 57
Spring n.a, 49 100 76 29 66 65
summer n.a. 50 100 100 n.d. 100 86
Bajra
Autumn? n.d. 41 54 41 71 42 50
Winter n.d. n.d. 24 100 43 n.d. 53
Maize
Autumn? 72 45 49 40 47 58 48
Winter n.a. n.d. 100 0 n.a. n.a. 67
Spring n.a. n.d. 100 62 HIEN 73 77
Rapi
Autumn? 100 53 45 100 0 58 6
Winter 100 47 53 62 36 65 55
Barle,
Winter* n.d. n.a. n.a. 100 0 0 50
Spring 84 59 30 (] 44 32 50
Grdim
Spring n.d. 100 45 59 53 51 57
Iy
Winter! n.d. n.a. 100 100 53 100 92
Spring n.a. 0 a9 17 100 0 51
Masur
Spring n.a. 100 n.a. 0 0 0 50
Moong
Winter n.a. n.a. 0 100 0 0 81
Potatoes
Winter n.a. 100 100 66 100 50 83
Spring* 100 100 90 100 100 100 97
Sugarcane
winter? 100 100 73 84 84 75 a3
Spring! n.a. 77 74 g2 82 100 83
Taproca
Winter 0 75 80 100 n.a. na. 73
Tohaccn
Spring n.d. n.a. 75 100 n.a. 100 87
Groundnnts
Autumn’ .. 100 62 4 93 70 73
Winter n.d. n.d. 100 100 100 84 90
spring n.da. n.d. n.d. 100 36 14 71
Rapeseed and
mustard
Winter! . n.a. 0 na. n.a. 100 50
Spring 100 100 18 38 28 47 40
cotton
Autumn n.a. n.a. n.a. 100 100 67 81
Winter n.a. 100 03 100 0 74 77
Spring n.d 100 75 006 80 O] 68
Jute
Autumn® 100 50 77 25 n.d. 0 506

Source ndia, Department of Statisties, National sample survey Osganisation, The Nattonal Sample Survey Tables
with Notes on Farm Practices Dwenty-second Round, No 202 (New Delhi Controller ot Publications, 1975).

Notes The seasons i thus table are the seasons when the crops are grown. They are not the difterent seasons in
wlach fertibizer is used on the same standing crop 1w medans not apphiecable because the crop was not
prown on farns of that size

" Aost of the Land sown withy this crap was being cultivated in this season
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under the crops. Notable exceptions were
sugarcane, potatoes, tobacco, and cotton.
Also it is clear that the proportion of ared
sown with crops receiving fertilizer was
lower than the proportion ol houscholds
fertilizir,, (hat arca. This is indicated by the
finding that small farms used fertilizer(Table
6) and that the percentage fertilizing thei
entire crop area was higher than tor higger
farms (Table 7).

Table 5 shows that a higher proportion
of crops grownwithirigation were fertilized
than crops grown without ivigation. Never-
theless, more than halt ot the households
growing 4 cropwith imigation did not 1ertilize
it. This indicates that the diftusion of tertilizer
use on any crop, even undey ivigated con-
ditions, was far trom complete by 1966 67
Al the same time, there was some fertlizer
use on all unirrigated crops. This is significant
hecause 1966 67 was ayearof severe droughi
in many parts of India.!” 1 also indicates
that the dilfusion of fertilizer use was
proceeding simultaneously and notsequen-
tially on ivigated and univrigated areas,

Fable 6 shows that except for households
with holdings ot less than hall a hectare,
there was not much difference in diftusion
ol fertitizer nse by crop according to farm
size. And even among the smallest holdings,
the craps commonly fertilized (suchas rice,
sugarcane, and patatoes) were the same as
tor larger farms.

In the 26thround of the NSS, information
on fertilizer use by crop was collected from
15,793 houscholds in4.529 villages in ditter-
ent parts of Tndia. Unlike 1966 67,1970 71
wds da vear of normal weather, The total fer-
tilizer consumption was about 2.26 million:
tons of nutrients = nearly twice that ol
19606 67 and about 20 tmes that of 195556,

Table 8 shows the 26th round’s estimates
of ured, ammonium sulfate, superphosphate,
mixed fertilizers, and other fenilizers used
onall crops in 1970 71 Interms of nutrients,
the estimate of total fertilizer consumption
amounts to only 1.38 million tons, about 39

pereent lower than the actual total consump-
tion. The estimates of nitrogen(N), phosphate
{R0;), and potash (K,0) consumption are
32, 54, and 48 percent below actual con-
sumption. Because the three nutrients are
used in varying proportions on ditferent
crops, it is clear that the survey did not
underestimate fertilizer consumption on all
crops uniformly. This is taken into account
later.

The discrepancy betweenthe 26thround's
estimates and actual consumption is too
large 1o be due to the nutrient conversion
ratios of mived and other ferdlizers. Nor
can it be due to any inaccuracy in official
estimates of total fertilizer consumption
bhared on domestic production, imports,
and changes in stocks, The discrepancy
seems 1o he mainly due 1o underestimation
of cultivated areq; exclusion of fertilizer
consumption on tea, coffee, and rubber
plantations in the NSS estimates of fertilizer
consumpton on “all craps;” and underes-
timation of fertilizer consumption on certain
Craps.

The NSS estimate of total fertilizer con-
sumption is amived at by adding consumption
of different fertilizer materials on irrigated
and unirrigated areas under different crops.
These estimates dre based on data on fertilizer
practices as well as the survey estimates ol
irrigated and unirigated area under different
crops. A vomparison of the estimates of area
shown in Table 9 with the official statistics
ol irrigated and unirrigated area under variou:
crops in 197071 shows wide differences. '
For instance the 26th round’s estimate of
arca under dll crops is 132 million hectares
against 166 million hectares in Indian Agri-
cultural Statisties V9 Similarly, the survey es-
timates of rrigated and unirrigated area
under a number of crops (for example, rice,
bajra, sugarcane, cotton, tobacco, and spices
and condiments) differ substantially from
the official statistics. This is one source of
discrepancy between the 26thround estimate
and ac tual consumption.

I he fact that 1966 67 was the second consecntne vedar of a severe drought ennances the value of these findings
Clearly, until fertitizer use s widespread, the role ofweather fluctuations o sustng sethders to growthan farmers’
total demand for terthzer should not he exaggerated. The decrease st demand when some farnters give up or reduce
ferttlizer use can b made dp by an merease i use i areas not attected by drought

B or g discnssion of this aspect, see India, Depariiment of Statistics, National Sample Sunvey Orgamsanon, The
Nattonal Sumple survev Tables on Tand Holdings Al Indw Jwenty-sivh Rouned, Noo 215 iNew Delhi: Controller of

Publicauons, 1976} pp 3-8

S ndea, Muustry of Agricultire and limgation, Directorate of Economics and Statisties, Indian Agneultural Statistics

iNew Delln Controfler of Pablications, vanons y eds)



Table 8—Total fertilizer consumption by kind of fertilizer, from the National
Sample Survey's Twenty-sixth Round, 1970/71

Total Nutrients*
Fertilizer Materials N po, K,0 Total

(1.000 metric tons)

Urea 1.5359 706.5 o S 706.5
Ammonium sullate 5446 112.2 S L 112.2
Superphosphate 410.1 ce S . 65.6
Mived tertilizers 658.0 1184 184.2 3249 335.5
Other tertilizers 4480 75.0 S 84.7 1637
All fertilizers 3.596.6 1.012.1 249.8 121.6 1.383.5
Actual consumption 3 861" 1,479.0 541.0 236.0 2,256 0

sowrces tdi, Department of Statisties, Nattional Sample Survey Orgamsation, “Fertiliser Use in Agricultural
Holdimgs, NSS 20th Round,” Sunvekshana (October 1978) 85-89, S165-5234, and Fertiliser Association of
India, Fertiliser Statisties 19760 77 {New Dellns FAL 1977)

The nutrients are ured, 46 percent mitrogen (N}, ammonium sultate, 206 percent N, superphosphate,
L6 percent phosphate (PO 1 mived tertihzers, 18 percent N, 28 percent BO, and 5 percent potash (K,00; other fer-
tizers 10 75 percent Nand 198 percent K0, Lor urea, ammoninm sulfate, and superphosphate standard ratios
areused  Fhe nutrnient content ot mived fertilizer (that s, ferulizer contaning two or more nutrients) is based on the
nuntent content of domuant NP oand NPR tertilizers used during 1970 71 (see Fertibiser Assoctaiion ot India,
Fertiliser Statisttes 1970 71 [New Delhr FAL 19711 Silaly. onthe basis of tertilizer materials used i that vear, it is
assumed that “other fertthizers” reter to single nutnent tertitizers (manly calomm apunomum mitrate, Jumoniun
subfate nitvate, and munate of potashl 1os also assumed that two thirds of other fertilizers were nitrogenous with an
averdge miirogen content of 25 percent. the remaming one third were potassic with 60 percent K0,

!
Drstimated by the aethor trom data on consumption of dufferent nutnents

Table 9—Irrigated and urirrigated area and fertilizer consumption by crop, from
the National Sample Survey's Twenty-sixth Round, 1970/71

With Irrigation Without Irrigation Total
Crop Ared Consumption Area Consumption Area Consumption
{1.000 fmerie tonsy (1.000 {metrno tons) {1,000 {metne tons)
hectares) hectares) hectares)

Rice 11314 1,006,200 19,8049 266,700 31.123 1,272,9¢
lowar 1.032 349,200 15019 59.000 16,051 98,200
Bajra .00 30,300 H.438 49 900 9,152 80,200
Mawe 1.559 94,200 3,140 56,700 9.699 150,900
Ragt 248 11.600 2426 19,000 2,674 30,600
Wheat 10,583 H41.600 1.954 51,600 15,937 896,200
Barley 1243 22400 754 5.500 1.997 27.900
Other coereals EIR 3,600 3428 3,900 3.839 7.500
Gram 1.059 8,800 3.138 3,500 4,197 12.300
Tur 101 1.000) 1.809 6.200 1,910 7.200
Other ])lllw'\ 1.395 6,400 7.160 9,800 8.555 16,200
SUSTATC e 1,298 208,100 375 14,100 1,673 222,200
Rapeseed and

mustard 342 15.800 596 1.700 938 17,500
craundnnts 573 37,100 5.294 161,100 5.4871 208,200
Sesamuim 40 2ne 782 1.100 822 1,600
Cotton 1.121 Y6, 300 5.27%4 61.600 6,355 157.900
Fate H2 5.800 6H30 4,700 712 10,500
lohacco 20 5400 167 31,000 187 36,400
Spiees and

condiments 255 27 900 397 19,700 652 47.600
Remamming crops 2.888 189 800 10:4.800 13,788 13.788 29:4.600
All crops 36,564 2,664,700 954644 931,900 132,032 3,596,600

Source huha, Depatinent ot Statistics, National Sainple Survey Organisanion, “Fertiliser Use e Agnoultual
Holdings, NSS 26th Round,” Sarvekshana (Octaber 1O7H) 85 89 8516585234 ’
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The estimates of fertilizer consumption
on irrigated and unirigated area under
different crops in Table 10 are based on the
ofticial area statistics. They are derived
from the ones in Table 9 by multiplying
them by the ratios of actual irrigated and
unirrigated areas under difterent crops to
the estimates of these areas made in the
26th round. When adjusted in this manner,
the estinate of total consumption of fertilizer
materials rises trom 3.60 to .24 mitlton
tons, Interms of nutrients, 1 goes up from
1.3% 1o 163 million tons, but is sull sub-
stantially below total actual consumption of
2.26 million tons. This seems 1o he due 1o
the exclusion ot fertilizer consumption 6n
tea, coffee, and rubber plantations in the
NSS estimate of total consumption and!
underestimation ot fertilizer consumption
on certain crops.

The 26th round did not cover fertilize
use on ted, cotfee, and rubber plantations.
Though these plantations had onlv 0.5 per-
cent of total cultivated area, their share in
total fertilizer consumption has been sub-
stantial. fn the early 19505, torinstance, the
plantation craps accounted for more than
one tifth of total fewtilizer consnmption. By
1970.71. area under tea, coffee, and rubber
had increased Iy 11500 and 90 pereent
respectivel 2 similarly, per hectare vield
of these crops went up 28, 700 and 22
percent. This indicates that there must have
heen substantial growthe in fertilizer cone
sumption o1 plantations between 1955 56
andd 197071, considering that overall con-
suption mereased about 20 tines 3 con-
sumption on plantations inereased 10 times
during the penod, 1t woulkd have amonnted
10 268,000 tans of nuttients in 1970 71 This
would stll imply o dechne fron 26 1o 12
pereent e the plantations” share ol total
fertilizer constmption. Afernatively, a vate
of 300 kilograms per hectare i 1970 7]
agdinst 50 klograms of nutrients in 1955 56
would make the total foo the plantation
sector 217,000 tons ot nutrients, (This -
plies a 9.5 percent share in total fernlize
consumption.) hn the absence of data s
ditficult to say what the total consumption
of tertihizers on plantations was, But taking
plantetion consumption inw dcconnt sub-
stantilly veduces the gap hetween the este

mate of the total hased on the 26th round
and the ectual level in 1970771,

Finally, it seems that the 26th ound
severely underestimated fertilizer consump-
tion on certain crops in the “remaining
crops” category. This categony had a sown
ared of about 16 million hectares and in-
cluded vegetables, potatoes, tapioca, fruits,
oilseeds other than groundnuts, sesamum,
rapeseed and mustard, fibers other than
cotton and  te, fodder crops, and miscel-
Laneous crops. Several microstudies in the
19505 and 1960s show that fertilizer use was
INOTe COMMOn on potatoes, handnas, piocd,
and vepetables grown for market than on
most other crops. Even oa the acreage
under these crops in the 1950s there was
vast scope for growthvin fertilizer use through
furtl.or diltusion wnd incveased rates of
application. Since then area and per hectare
yvield of these crops have increased substan-
tially. For instance, area under potatoes,
hananas, and tapioca increased by 72, 43,
and 12 percentrespectively hetween 1955 56
andd 1970 71, During the same period, per
hectare vields of potatoes and tapioca in-
creased by 50 and 102 percent respectively,
Also, wrban demand for crops like potdatoes,
fruits, and vepetables grew substantially by
1970°71, and bandnas b came one of the
leading nonplantation export crops. Theve-
fere, it seems reasonable to say that fertilizer
consumption on these crops must have
prowt rapudly. Nor can one rule out some
growth inuse on other remaining crops. The
26th round’s estimate of only 7 Kilograms of
nutrients per hectare on remaining crops
seemns low compared with the 1970, 71 average
rate of 13 kdograms for the entire gross
sown ared and the growth in total consump-
tion during the preceding 15 vears,

Another reason why fertilizer consump-
tion on remdining crops could have been
substantially underestimated s that the
survey  did not cover the urban sector.
Although this sector accounts for only 4
percent of the total operational holdings in
the country, its share s much larger tor
crops Jike potatoes, vegetables, and bananas,
which are intensively cultivated near towns
and cities Similarly, the sample ol house-
holds survey el may have been too small to
accurately reflect fertilizer practices on

YA e serres of mddey numbers of wreas production, and vield of ditterent crops s venan fod Munstin of
Aenrcntture and Boogation, Sgnecadturad Sstaation i Indie: Yebinary 1981, pp 866 87 E The stgamentsan the text are

Based on these statisties
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Table 10— Adjusted estimates of fertilizer consumption on irrigated and unirr’zated

area by crop, 1970/71

Fertilizer Consumption

Crop Irrigated Area Unirrigated Area Total

Rice 1,275,225
Jowar 23,322
Bajra 16,086
Maize 56.133
Ragi 14,921
Wheat 792.007
Barley 23,932
Other cereals 937
Gram 10,154
Tar 09
Other pulses 3,647
Sugdarcane 300,437
Rapeseed and mustard 16,447
aroundonts 46,853
Sesamum 240
Cotton 110,659
Jute 5.800
Tobaceo 27,540
Sproes and condiments 72,102
Remaming crops 200,593
All craps 3.003.114

(metric tons)

310,228 1.585.453
63,8063 47,185
75.949 92,035
67,478 123,611
16.878 31,799
87,170 879,177

8,958 32,890
5.523 6,460
7.359 17,513
9.021 9,090
16,249 19,896
26,884 327.331
3.021 19.468
212,306 259,159
3.231 3471
76.170 192,829
5.006 10,8006
61,072 88,612
59,795 131,897
123.664 324,257
1,239 425 4,242,939

Souree These estimates are derived trom the estimates of the hwenty-sinth Round ol the Natonal Sample Survey
shown in Table 9 using the official statistics onmgated and unmmigated area by crop from India, Ministry of
Agricatime and trogation, Directorate of Feonomies and Stanstics, indwn Agneudtural Statsties {New Delhi

Connttoller ol Publications, various yeas)

mdrket-oriented crops Tike grapes, apples,
onions, garlic, and tapioca, which are in-
tensively cultivated in compact blocks ina
refatively small number of districts.

I itis assumed that 2 million hectares of
remaining crops were grown in this way and
were fertilized at 100 Kilograms of nutrients
perhectare, total consumption tor the grovp
would be increased by 200,000 tons of
vatrients. This would imply an average rate
of about 20 kilograms of nutrients per
hectare of Tand under all vemaining crops.
This seems more redlistic than the survey
estimdate ol 7 Kilograms ol nutrients per
hectare, Also, as will he shown later, adding
2 million hectares to the survey estimate of
fertlized area undey remaining crops makes
diffusion of fertilizer use on these crops
consistent with the findings of the survey
for other crops.

Consumption of 4t least 220,000 tons of
ntrients on plantations and an additional
200,000 tons on remdining crops substan-
tally reduces the gap between the adjusted
survey estinte and the actual total. The

consumption of P,0, and K,0 is more
common on the plantations and on inten-
sively fertilized crops like potatoes, vege-
tables, and bananas grown near urban areas
than on most other crops. This also explains
why the survey underestimated the con-
sumption of these two nutrients much more
than that of nitrogen.

These adjustments reconcile the gap
bhetween the survey estimate and actual
total fertilizer consumption to a large extent
without touching the survey findings, How-
ever, no attempt is made to explain the
remaining discrepancy of about 9 percent.

Crop Shares in Total
Fertilizer Consumption

Table 11 shows five alternatives for
estimating the relative <hares of crops in
total fertilizer consumption in 1970/7 1.

Alternative A s based on the 26th round's
estimates shown in Table 9. The survey
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Table 11— Alternative estimates of total fertilizer consumption by crop, 1970/71

Share in Total Consumption
Crop Alternative A* Alternative B*  Alterrative C* Alternative D' Alternative E*

(percent)

Foodgrains

Rice 35.39 37.37 29.72 27.05 3670
Wheat 24.92 20.72 16.48 15.00 17.02
Jowar 273 2.05 1.63 1.49 1.70
Bajra 223 2.17 1.73 1.57 1.78
Maize 4.20 2.91 2.32 2,11 2.39
Ragi 0.85 0.75 0.60 0.54 0.61
Barley 0.78 0.78 0.62 0.56 0.64
Other cereals
ana millets 0.21 0.15 0.12 0.11 0.12
All cereals
and millets 71.31 66.90 53.22 48.43 54.96
Gram 0.34 0.41 0.33 0.30 0.34
Tur 0.20 0.21 0.17 0.16 0.18
Other pulses 0.45 0.47 0.37 0.34 0.38
All pulses 0.99 1.09 0.87 0.80 0.90
All foodgrains 72.30 67.99 54.09 49.23 55.86
Nongrdin food crops
Sugarcane 6.18 7.71 6.14 5.58 6.33
Condiments and spices 1.32 3.11 2.47 2.25 2.55
Above nongrdin
food crops 7.50 10.82 8.61 7.83 8.68
Nonfood crops
Cotton 4.39 454 3.62 3.28 3.73
Jute 0.29 0.25 0.20 (.18 0.20
Groundnuts 5.79 6.11 4.86 4.42 5.02
Rapeseed and mustard 0.49 0.46 0.36 0.33 0.37
Sesamum 0.04 0.08 0.07 0.00 0.07
Tobacco 1.01 2.09 1.60 1.51 1.71
Above nonfood crops 12.01 13.53 10.77 9.78 11.10
Remaining nonplantation
Crops 8.19 7.66 15.83 14.40 14.40
Plantation crops (tea,
colfee, rubber) n.c. n.c. 10.70 9.75 9.75
All crops 100.00 100.00 100.00 90.99 100.00

(million tons)

Total consumption
Materials 3,597 4.243 5.334 5.861 5.861
Nutrtents (1.384) (1.633) {2.053) {2.256) (2.256)

Note. noeomedns Cnot considered

" This column s hased on the Taenty-sinth Round estimates of the National Sample Stivey shownin Table 9. ltdoes
not inchide tertilizer consumption on tea, collee, and rubber plantations or urban operational holdings

b This column s based on the adjusted mmgatton area e Lable 10010 also excludes ase on plantation and urban
holdings.

CThese higares are the same as Alternative Bwith the addition of 220,000 tons of nutrients used onctea, cotiee, and
ibber plantanions and 200,000 tons used on remaung nonplantatiion aops

4P hese tigures are based on actal total consumpnion of 2 26 milion tons of nutiients

" The estimates e Alternative D are raised to oftset 0 9 percent underestimation in the hgares tor 1970/71.
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estimdtes of irrigated and unirrigated area
under different crops ditfer substantially
fromthe official area statistics. Total fertilizer
consumption in this case 1539 percent lower
than the actudal and does not mclude con-
sumption on tea, coftee, andrubber planta-
tions or on operational holdings in the
urhan sector. The Alternative B estimates
are hased on the crop estimates of con-
sun ption shown in Table 100 They also do
not take into daccount consumption on the
plantations and on urban operational hold-
ings. Total consumption in this case is 28
percent lower than the actual.

Alternative C includes consumption on
tea, cotfee, and rubber plantations. naddi-
tion to this, the estimate of fertilizer con-
sumption op remdining nonplantation crops
is raised 1o e into account the intensive
fertilizer practuces onsuch crops as potatoes,
vegetables, and bananas. Total estimated
fertilizer consumption in Alternative ¢ s
about 9 percent lower than the actual con-
sumption in 1970:71,

In Alternative C the percentages ol crop
shares are arrived at by dividing estimated
consumption on each crop by estimated total
consumption, namely 2,05 mtdlion tons of
nutrients. o Alternative D ocrop shares are
estimated by taking the denominator as 2,26
million tons of nutients, which was the
actual total consumption in 1970 71 That 1s
why the Alternative D total of crop shares
adds up 10 91 percent and not 100,

Alternative Fois amived at by adjusting
the estimates in Alternative 1) for all crops
oxcept plantation crops and the remaining
nonplantation crops to account for the 9
percent underestimation of total consump-
tion in Alternative 1 This 18 done by
apportioning the discrepancy among crops
according to their relative share i total
consumption i Alternative B

Ihie most iportant conclusion suggested
By Lable 11 s that use of tertilizer on
toodgrams s lower than had been assumed.
So fong as one does not take into account
ferttlizer “onsumption on tea, coffee, and
vubber e underestimanion on certdin crops
inthe reinamimg nonplantation crops o ate-
gory, the share of foodgrams in total tertilizer
consumptionis ahot 70 percent (Alternatives
A and By But this naphes that total tertilizer
consumption was 28-39 pereent lower than
the actual levelm 1970 71 When plantation
use and anderestmation are taken o
consideration. the share of foadgrains in

total fertilizer consumption drops to 53
percent. However, the estimated total s
thend percent lower than actual consumption
(Alternative C), Bridging this gap. as is done
i Alternative F, raises the share of food-
grains to 56 percent.

The 56 percent share ol toodgrains in
total fertilizer consumption, even in 1970/71,
seems diite low hecause it has been generolly
assumed to be 70 percent throughout the
last three decades, 1t deserves some scrutiny.,
A70 perceni chare of fertilizer consumption
for foodgrains can be supported only by
assuming that the entire gap between the
estimate based on the 26th round's findings
and the actual total was solely due to under-
estimation on foodgrains. However, this
implies no consumption on tea, coffee, and
rubber plantations or on crops like fruits
and vegetahles on urban operational holdings,
Obviously, such an assumption would be
incorrect.

I'he share of total fertilizer consumption
attributed 10 foodgrains in Alternative F
secms reasonable on the following gronnds,
Fiist, the experiences of virtually everv
country show that the relative shares of
crops change as total consumption grows,
InIndia onewould expect the share of fertil-
izeyused on foodgrains to vise becdause of its
importance in the cropping patern, the
relatively little use on foodgrains other than
rice in the 19505, the replacement of tradi-
tional varieties by fertilizer-responsive vari-
eties, and public policies. The 56 percent
share of foodgrains in total consumption in
1970°71 was 12 percentage points more
than in 195556, In the absolute increase of
more than 2 million tons of consumption of
total nutrients by 1970.71, the 12 percenge
points increase in the share of foodgrains
cannot be considered inconsequential, par-
ticularly since the hulk of the fertilizer was
used on only two foodgrain crops, The con-
sistency between the 26th round's estimates
by crop of proportions of area tertilized and
rates of application and the findings of many
mtcrostudies on fertilizer use patterns lends
support to the above estimate,

As shown in Table 12, hased on Alterna-
tive b and official area statistics, some crops
had Larger shares of total fertilizer consump-
tion than of total sown area in 1970/71,
These crops were rice, wheat, sugarcane,
condiments and spices, gronndnuts, tobacco,
the plantation crops, and crops like vege-
tables, hananas, and potatoes, Together
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Table 12— Shares of crops in total sown
area and in fertilizer con-
sumption, 1970/71

Share of Crop in Total
Fertilizer
Crop Sown Ared  Consumption

{percent)

Foodgrains

Rice 2255 3070
Wheat 11.03 17.02
Jowar 10.18 1.70
Bajra 8.08 1.78
Maize 3.53 239
Ragi 149 0.61
Barley 1.54 064
Other ceredls 2.99 12
All cereals 01.39 34,496
Grrani 472 0.4
Tur 1.59 0h
Other pulses 7.64 0.38
All pulses 13.95 0.90
All toodgains 75 34 55.86
Nongran tood
crops
Sugarcane 1.56 0.33
Condiments and
spices 1.12 2.55
Above aongrain
tood crops 2.68 6.84
Nontood crops
Cotton 4.72 3.73
Jute 0.45 0.20
Groundnuts 4.56 5.02
Rapeseed and
imustard 0.85 0.37
Sesamum 1.12 0.07
Tobacco 0.26 1.71
Above nontood
crops 11.96 .10

Remaimng nonplan-

tatton crops 9.58 1440

Flantatton crops (1ea,
cottee, and rubher) 0.4} 975

All craps 100 00* 100 00"

sontees Ared hased on Indig, Ministry of Agnonlone
and Irmgation, bnectorate of Fcononnes and
Stansties, Imban Agneulimral Statistics (New
Delhe Controller of Publications, vanons
Vedrs) Consumptionestinates trom fable 11
iermative |

" he totan sown area tor all crops s 165 791 mithon

hectares

"Totallertlizen constmption was 5 861 million tons of
tertthzer matenials

these crops accounted for 45 percent of the
sown ared and about 85 percent of total fer-
tilizer consumption. Thigs, remaining crops,
taking up more than half of the total sown
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area, used only 15 percent of the fertilizers.
Foodgrains other than rice and wheat ac-
counted for 42 percent of the total sown
area but only 8 percent of total fertilizer
consumption. Within the foodgrain category,
they accounted for 55 percent of area but
only 15 percent of consumption. This again
shows how misleading it is to assume a 70
percent share for foodgrains in total tertilizer
consumption on the grounds that they have
4 75 percent share of total sown ared,

Shares of Irrigated and
Unirrigated Area

Table 13 shows the percentages of inigated
sown area for each crop and the relative
shares of irrigated and unirrigated area in
the total fertilizer consumption for that crop.
in the case of remaining nonplantation
crops, 75 pereent of the additional consump-
tion discussed earlier is assumed to he on
irrigated areas and 25 percent on unirrigated
areds.

I 197071 a littde less than one fourth of
India’s total sown Land was irrigated and its
share in total fertilizer consumption was
about 70 percent. In all cases the shares of
irrigated areqa in total fertilizer consumption
were higher than the percentage of sown
darea drrigated, This pattern is consistent
with the findings of numerous microstudies.
Two findings of the 26th round must he
stressed. First, for all crops except tohacco
with 10 percent or more sown area under
irrigation, more than <40 peveent of fertilizer
consumption on the crop was on irrigated
dareas. Second, 80-90 percent of fertilizer
consumption on rice and wheat was on
irrigated aredas despite substantially tower
percentages of arca being irrigated,

Despite the dominant share of irrigated
areain total fertilizer consumption, diffusion
of fertilizer use on irrigated areas was far
from complete by 197071, as the tindings
helow show,

Diffusion of Fertilizer Use

Estimates of the total number of holdings
growing crops with and without irrigation
and of those using cach of the five fertilizers
on crops in the two situations are available
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Table 13— Percent of crop area irrigated and share of irrigated area in total fertilizer

consumption, 1970/71

Percent of Crop
Area Irrigated

Crop

Share in Fertilizer Consumption
rrigated Area Unirrigated Avea

Fooderains
Pice
Wheat
Jowar
Bajra
Maize
Rag
Barley
Other cereals and millets
All cereals and millets
Gram
Tur
Other pulses
All pulses
All foodmains

Nongram tood crops
sugarcane
Condiments and sprees
Ahove nongram food crops

Nonfood crops
Cotton
Jute
Groundnuts
Rapeseed and mustad
Sesamun
fohacco
Above nonfood crops

Remaining nonplantation crops

All crops

38.5
543
3.6
4.0
15.9
13.1
52.0
2.2
27.6
15.6
0.3
6.3
8.8
24,1

724
354
56.9

17.3
10.9

7.5
25.2

2.6
23.7
12.7

223
23.0

80.4 19.6
90.1 9.9
208 73.2
17.5 82.5
45.4 54.0
46.9 53.1
72.8 27.2
14.5 85.5
77.6 224
58.0 42.0

0.8 99,2
18.3 81.7
29.8 70.2
76.9 23.1
91.8 8.2
54.7 45.3
815 18.5
60.5 39.5
53.7 46.3
18.1 81.9
84.5 15.5

0.9 93.1
311 68.9
38.2 67.8
70.0 30.0
71.2 28.8

Somce: These higures are based on Table 10 and India, Ministry of Agricalture and lrmgation, Directorate of
beonanucs and Statistes, Idian Agncdtural Stansties (New Delhi Controller of Publications, various years).

from the 26th round of the NSS. Similar
estimates hy crop are also available for to-
tal area and area receiving the application
of cach fertilizer Using these NSS estimates,
percentages of holdings tertilizing theiy
crops and the area fertilized by cvop are
derived (o study diffusion of tertilizer use
on ditferent crops. Table 1 presents esti-
mates of gross percentages. They are called
groos hecause they are caleulated by adding
the estimates of holdimgs (ared) using each
of the tive fertilizers on a crop and dividing
the sums by total holdings {area) growing
that crop. Because more than one of the live
fertilizers could he used by a holding on the
same crop, diffusion of ferolizer use s
overestimated in Table 140 This is evident
for tohacco and may have occomred tor other
crops. Virtually all micvostudies have shown

that superphosphate and muriate of potash
are used along with a nitrogenous fertilizer.

Overestimation of the diffusion of fertil-
izer use onirrigated areas is also indicated
by the NSS estimates for 17 states of 1otal
irrigated ared, irrigated area not fertilized,
net irrigated area fertilized (estimated by
subtracting inigated area not fertilized from
total arigated area), and gross darea fertilized
under irrigated  conditions {estimated by
adding a.ea fertilized by each of the five
types of fertilizers), For the 17 states, gross
area fertilized under frigated conditions
was 64.6 percent and the net area 499
percent (Table 15).

For unirrigated area under all crops, the
above estimates are available for only 6
states, which account tor about one (ird of
India’s total sown area. For all croaps, gross
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Table 14— Diffusion of fertilizer use, based on gross percentages, by crop, 1970/71

Gross Percent of

Holdings Using Fertilizer Gross Percent of Area Fertilized
Irrigated  Unirrigated All Irrigated  Unirrigated All All
Crop Holdings  Holdings Holdings® Area Area Area’ Area®
Foodgrains
Rice 75.6 217 42.8 868.8 20.0 45.0 46.4
Wheat 63.2 10.8 447 73.6 13.0 54.2 45.6
Jowar 257 6.1 f.4 28.6 0.1 7.5 6.9
Bajra 30.7 8.6 12.4 329 7.6 10.3 8.6
Maize 3ng 127 18.8 473 17.3 25.5 22.1
Ragi 34.8 8.9 12.9 576 13.0 16.8 18.2
Barley 264 2.5 17.6 294 6.5 20.8 18.4
Other cereals
and millets 10.8 2.2 34 9.0 1.7 2.5 1.9
Grom 12.9 1.2 5.4 10.8 0.4 33 2.4
Tur 7.2 5.5 56 18.8 4.2 5.0 4.2
Other pulses 10.7 2.6 47 74 2.1 3.0 24
Nonfoodgrains
Sugdrcane 4.4 21.6 431 74.0 25.9 63.2 60.7
Condiments and
spices 48.6 149.5 31.6 66.7 27.5 42.8 41.3
Cotton 49.0 13.6 237 66.9 12.6 231 229
Jute 868 14.2 23.6 95.1 10.3 20.1 19.5
Groundnuts 530 I4.4 19.8 70.3 30.6 34.5 33.5
Rapeseed and
mustard 469 7.7 25.0 46.2 3.9 19.3 14.6
Sesamum 8.3 1.9 24 7.5 29 3.2 3.0
fobacco 549 244 326 90.0 101.7 100.5 98.8
Remaining nonplan-
tation crops n.d. n.a. n.d 37.0 4.8 1.5 10.9
All crops nd n.Jd. n.d. 64.6 1.4 26.1 244

Sotrees India, Department of Statistics, National Sample Survey Organisation, “Fertiliser Use in Agricultural
Holdigs, NSS 26th Round.” Sanehshana (October 1978)0 85-89, 5165-5234; and Indiga, Ministry of
Agnaulture and limgation, Diectorate of Economics and Statistics, Indie. Agneudtural Statisties (New Delhi:
Controller of Publications, vanous years)

Notes: The gross percentages tor crops are calenlated by adding the estimates of holdings using cach of the tive
tertilizers on a crop and dividing the sums by estumates of the total number ot holdings growing that crop
e percentages of area tettthzed are also calenbated in this way

The five fertihzers are ammonam sultate, ures, superphosphate, mived ferulizer, and other na means
“not available "

¢ Based on the Twentyv-sinth Round's estimates of irmigated and anirrigated darea by crops

! . . .
" sased ot the otfic il statisties of irmgated and unorigated area under different crops and the Twenty-sixth Round's
estimdtes of gross percent of area tertilized under amigated and unrrigated conditions

unirrigated area fertilized was 14.8 percent states as Punjab, Tamil Nadu, and Andhra
of total unirrigated ared and net area fertilized Pradesh. There was considerable variation
wds 13.0 percent. among states. This indicates that even under
Two significant conclusions emerge from irrigated conditions, diffusion of fertilizer
Table 15, First, there is a considerable use was pracecding at vastly different paces
difference in percentages of gross and net in the different states.
irrigated areas tertilized in a majority of the No information by crop is available
states. Difterences are smaller for unirri- from the NSS report on drea not receiving
gated areas. This is not surprising because fertilizer. Therefore, diffusion of fertilizer
use ol more than one fertilizer on the same use by crop, based on net percentages, is
unit of land would be more common on irri- estimate in Table 16 using the following
gated than on uninigated land. Sccond, assumptions,
diffusion of fertilizer use was far from For irrigated conditions, it is assumed
complete even on drrigated areas in such that superphosphate and other fertilizers
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Table 15— Gross and net area fertilized under irrigated and unirrigated conditions
by state, from the National Sample Survey's Twenty-sixth Round,

1970/71
Irrigated Unirrigated Total

Area Fertitized Ared Fertilized Area Fertilized

State Gross Net Gross Net Gross Net
{percent)

Punjab 97 3 722 30.9 234 832 618
Kerala 142.0 71.0 319 26.0 65.6 37.6
Famil Nadu 109.5 67.5 4.4 fl.d 604 i,
Gujarat 0.8 62.6 311 n.a 389 n.d.
West Bengal a1 57.7 16.5 14.9 339 259
Andhra Pradesh 90 8 749 18 n.d. 334 n.d.
tttar Pradesh 505 4.4 13.6 13.5 33.1 29.8
Hary dna 7.0 421 6.5 .. 27.5 n.d.
Jamum aned Kashinw 6573 500 3.0 n.d. 25.7 n.a.
Bihar 520 J2.1 13.8 116 24.8 20.4
Karnataha 4y 2 03 126 103 209 142
Himachal Pradesh 18.6 146 17.3 n.d 17.4 n.a.
Maharashtig 52.0 409 10.1 n.a. 15.7 nd.
Orissa 667 402 5.4 n.d 12.6 .4,
Madhva Pradesh 414 3 58 n.d 10.9 n.d.
Rapasthan 339 319 1.3 n.d. 68 n.d.
Assam 0.0 0.0 1.1 nd [ n.d.
lotal 01 6 499 113 n.d 26,1 n.d

sowce fndias Department of Statistics, National Sample: Sunvey Organisation, “Tertihser Use e Agricultural
Holdmgs, NSS 26th Round,” Survehshana (October 1978) 85-89, S165-5234

Notes o states e arangedan descending ovder according to gross percent of total area tertilized  noa means not

aalable

were used by the same holdings u-ing urea
or ammonium sultate or mived ferulizer.
Thus, the net percentage of holdings fertiliz-
ing a crop is calculated by adding holdings
using urea, ammonivum sulfate, and mived
fertilizer on the crop and dividing the sum
by the total number of holdings growing the
crop with imgation. For nnimgated condi-
tions, the net percentage of holdings fertiliz-
ing a crop is calcatated by adding holdings
using the same three fertulizers plos two
thirds of those using other lertitizer on the
crop and dividing the sum by the rotal
number of holdmgs growmg the cropwithout
irrigation The same procedures are nsed to
calculate net percentages of inrgated and
unnrigdated area fertilized under different
crops. These procedures mply nse of straight
phosphate and potassic fertiizers only with
nirogenons ferndizers feithey straight or
mined). The procedurve torirvigated conditions
also allows tor the vse ol ore than one fer
tilizer containing ninogen on the same crop,
inasmuchas other tevtlizevs include st aight
nitrogenous tevtilizers (or exaraple, calom
dimonium nittate, ammoniun sulfate ni-

trate} as well as potassic fertilizers. For the
country as a whole, the assumptions under-
lying these procedures seem consistent with
the fertilizer practices of cultivators,

The net percentage of drrigated arca
underall crops receiving fertilizer works out
to 510 percent. This compares well with the
estinate of 49.9 peceent irrigated area fertil-
ized in Table 15, which is based on the
sunvey data of drrigated area not receiving
any fertilizer. No such comparison is possible
tor unirrigated areas, but, as Table 15
shows, double counting was more serious in
the case ol irrigated area

Fable 16 concivides that about one {ifth
of the total sownarc awas lertihzed in 1970,
T1obentilizer use varied petween 35 and 75
pereent onodred sown with rice, wheat,
sugarcane, tohdaceo, and condiments and
spices For vintually all other crops, less
than ane fitth of the area was fertilized
Among toodgrains, ditftusion of fertilizer use
on rice and wheat contrasts sharply with
that oncjowar, hajra, and pulses. Less than
10 percent of the area sown with the latter
was fertilized, though they accounted for
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Table 16— Diffusion of fertilizer use, based on net percentages, by crop, 1970/71

Net Percent of

Holdings Using Fertilizer Net Percent of Area Fertilized
Irrigated  Unirrigated All {rrigated  Unirrigated All All
Crop Holdings  Holdings  Holdings® Area Area Area* Area"
Foodgrains
Rice 63.0 201 368 71.0 17.7 37.1 381
Wheat 53.6 9.0 N0 h 9 1.5 43.8 37.2
Jowar 223 4.7 6.8 24.1 47 60 5.4
Bajra 25.1 7.1 10.2 26.0 6.1 8.3 6.9
Maize 32.0 1.5 16.3 367 15.5 213 18.9
Ragi 29.7 68 10.4 45.4 10.0 13.4 14.7
Barley 24.2 2.1 16.1 26.0 4.7 18.0 15.8
Other cereals
and millets 9.9 1.9 2.9 8.0 1.2 1.9 1.3
Gram 1.3 1.0 4.7 9.2 0.6 28 1.9
Iur 5.0 4.8 4.9 16.8 3.5 4.2 3.6
Other pulses 9.6 1.9 1.0 5.3 1.4 2.1 1.7
Nonfoodgrains
Sugdarcane 41.2 207 32.2 62.2 243 53.7 51.7
Condiments and
spices 38.0 18.0 263 54.1 243 35.9 34.8
Cotton 35.2 123 18.4 53.8 11.0 18.5 18.4
Jute 719 12.9 20.6 75.6 9.2 16.8 16.4
Groundnuts 38.1 9.5 13.5 48.0 18.7 215 209
Rapesced and
mustard 415 6.4 21.9 39.2 3.7 16.7 12.7
Sesdanutn 7.4 1.6 2.0 75 2.6 2.8 2.7
Tobacco 413 201 25.9 65.0 76.3 75.1 73.6
Retaining non-
plantation crops n.d. n.d nal 27.9 39 8.9 8.5
All crops n.a . na. 51.6 93 21.0 19.6

sonrces: Based on Indid, Depariment o Statistics, National Sample Survey Organmisation, “Fertiliser Use in
Agricultural Holdings, N8S 26th Round.” Sunekshana {October 1978) 85-89, 5165-5234, and India,
Ainustny of Agniculture and Irrigation, Drrectorate of T cononues and Statisties, fndian Agneultural Statisties
iNew Delhi Controller of Pubhications, vanous years)

¢ Based on the Twenty-sivth Round's estimates of irngated and unirigated area by crops el the denved

estitnate of net percent of dared terthzed under imgated and univrigated condstions made from the indings of the

I'wenty-sinth Round

b ased on the otticial statstics of rrgated and unimigated area by crops and the derived estimates of net percent of
arca tertiized under ungated and mmrmgated condiions made from the findings of the Twenty-sinth Round.

about one third of the total sown area and are consistent with the geographical con-
about 45 percent of total area sown with centration of fertilizer use. Throughout the
foodgrains. 1960s more than 70 percent of India’s total

As expected, fertilizer use was far move fertitizer consumption was concentrated in
common under irrigated Conditions. \What less than one third of the districts, which
is surprising, however, is that on none of the suggests low diffusion of fertilizer use on
crops was diffusion ol fertitizer anywhere irrigated areas of the remaining districts.
near complete, even under rigated condi- Finally, the estimate of net fertilized
tions. About half of the country s irrigated area under the remaining nonplantation
land was ne fertilized. Eventorrice, wheat, crops in Table 16 supports the arguments
sugdarcane, tohacco, condiments and spices, for the underestimation of fertilizer con-
crops on which fertilizer use was more sumption on these crops. According to
common, fertilizer use had not spread to 30- Table 16, only 9 percent of the total area
45 percent of the irrigated area by 197071, sown with these crops was fertilized. This
Incredible though this seems, these tindings seems low compared with the percentages

34



for other crops, particularly because this
category includes potatoes, onions, vege-
tables, tapioca, and bananas on which fer-
tilizer use was quite common, As argued
earlier, much of the fertitized arca sown
with these crops could not have heen captured
by the 26th round. When 2 million hectares
are added to the estimate of net tertilized
areda sown with these crops based on the
survey, the net fertilized area sown with the
remdining nonplantation crops goes up from
9 to 21 percent. This degree of diffusion
seems quite consistent with the percentages
for other crops. With this adjustment the

Rates of Fertilizer Application

Table 17 shows the average rates of
application of fertilizer materials on gross
and net fertilized arca by crop. These rates
are calculated by dividing estimates of fertil-
izer consumption on cach crop shown in
Table 9 by gross and net fertilized arca
under each crop. The rates are caleulated
from the estimates of consumption shown
in Table 11, r

Rates of application of niftrients are
shown in Table 18. For all nonplantation

crops taken together, the average rate of
application is 40 kilograms of nutrients per
hectare on gross fertilized area and 50 kilo-

estimate of total net fertilized arca as d
percentage of total sown arearises from 19.6
to 20.8 percent.

Table 17— Rates of application of fertilizer materials on gross and net fertilized
area by crop, 1970/71

Gross Fertilized Area Net Fertilized Area

Irrigated  Unirrigated All All Irrigated  Unirrigated All All
Crop Area Ared Area’  Area” Ared Ared Arca®  Arca"
(Kilograms/hectare)
Foodgrains
Rice 101 67 9l 92 126 76 1! 112
Wheat 109 80 106 104 135 91 132 129
Jowar 133 64 81 75 157 83 103 95
Bdjra 92 78 a3 80 116 96 103 99
Maize 128 79 104 94 165 88 124 112
Ragi 47 60 68 70 101 78 86 88
Barley 61 112 67 70 69 154 78 82
Other cereals
and millets 97 66 78 75 109 97 102 98
Gram 77 135 313} 95 91 184 106 115
Tur 53 82 76 42 59 97 89 96
Other pulses 62 04 6 65 86 96 92 94
Nonfoodgraing
sugarcane 223 145 216 213 266 155 255 252
Condiments
and spices 164 181 171 171 202 204 203 203
Cotton 131 93 114 113 175 107 142 14
Jute 74 72 73 73 94 81 a8 88
Groundnuts 17 101 104 104 171 165 166 166
Rapeseed and
mustard 100 74 97 94 118 76 112 109
Sesdamum 67 6l 62 62 67 70 70 70
Tohacco 300 182 194 209 415 243 259 279
Remdiming
nonplanta-
tion crops 163 196 174 175 216 242 225 226
All crops 113 86 105 106 142 105 130 131

Saurces: Dernved trom Tables 9, 10, 14, and 16
* Based on the Natonal Sample Survey's Twenty-sivh Round estimates of total area sonn with each crop,

" Based an the otficial statistics of toral garigated and unirrigated area under each crop.
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Table 18— Rates of application of nutrients on gross and net fertilized area by

crop, 1970/71

Gross Fertihzed Area

Net Fertilized Area

Irrigated  Unirrigated All All Irrigated  Unirrigated All All
Crop Ared Areq Area” Area" Ared Ared Areq’ Area?
ibtlowrans terhized hiectae
Foodgrains
Rice 37 26 34 34 +7 29 42 42
Wheat 45 3t +3 32 5% 35 54 52
Jowar 61 21 29 27 72 27 37 34
Bajra 37 28 35 34 47 34 44 42
Maize 51 31 4 37 05 34 49 44
Ragi 36 22 26 27 42 29 33 34
Barley 26 41 27 28 30 58 32 34
Other cereals
and nullets 42 23 28 27 48 33 37 35
Gram 32 45 34 36 38 61 41 44
Tur 20 32 30 32 23 38 35 38
uther pulses 24 23 23 23 33 34 33 34
Nonfoodgrains
Sugareane 92 57 Ha 87 10 61 104 103
Condiments
and spices 64 75 68 68 79 a3 81 81
Cottan 53 36 45 45 71 41 50 5
Iute 29 30 29 29 37 34 35 35
Groundnuts 40 32 33 33 59 52 53 53
Rapesed and
mustard 37 34 37 36 +4 35 43 42
Sesamum 22 18 19 19 22 21 21 21
lobaceo P 56 6 69 153 75 45 92
Remanung
nonplan-
tation crops 62 82 69 09 83 101 19 89
All crops B} 3! 40 40 55 38 50 50

Note Thiese estitates are denved by converting total consumption of ured, ananonium sultate, superphosphate,
mved tertitizers, and other tertilizers on cach cropinto N, PO.and K0 usingthe vatios shown in the footnote
o Table s, and dividing the total noent consumption oneach rop thus obtatned by grosss net fentilized area

under cach crop

 Based on the Nationy

i Sample Survey's Twenty-sinth Round estimates of total area sown with each crop.

b ased on the official statistios on total rmgated and untrrigated area under each crop

grams of nutrients per hectare on net fertil-
ized arca. (Allowing for an underestimation
of consumption of 200,000 tons of nutrients
and of area by 2 million hectares, the average
rate of application on net fertilized area
under all nonplantation crops becomes 53
Kilograms of N« PO« K0 per hectdre.)

The per hectare rate of application of
putrients on net fertilized area varied be-
tween 21 Kilograms on sesamum and 103
Rilograms on sugarcane. On 4 majority of
crops (including all toodgrains) it varied
hetween 343 and 56 Kilograms per hectare,
The averagerate per hectave on net fertilized
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area under sugarcane, tobacco, condiments
and spices, and probably some of the crops
included in the category of the remaining
nonplantation crops was more than 80 Kilo-
grams. Among toodgrams, itwas highest on
whedat=-52 Kilograms per hectare. Onrice it
was 12 Kilogras per hectare, This difference
seems redasonable tor the country as a whole,
in view of the greater success of high-
yiehling varieties of wheat by 1970 71 and
the longer history of fertilizer use on rice,

Fhe average rate of application on the
net fertibized area under irrigatett conditions
was dhout 1.6-2 0 times higher than under



unirrigated conditions for rice, wheat, maize,
sugarcane, cotton, and tohdacco, There was
little difference for groundnuts, sesamuin,
jute, and condiments and spices. For hatley
and ithe pulses gram and tur, however, the
average rate was higher onunirigated area.

For all crops, the average rate of application
under irrigated conditions was about 1.5
times higher than under unirrigated. This
contrasts sharply with about five times
greater diftusion of fertilizer use onirrigated
than on unirrigated areas,
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FERTILIZER CONSUMPTION PROFILES
BASED ON NCAER SURVEYS IN THE 19708

The surveys conducted by NCAER to
collect data on fertilizer use on selected
Crops in 1975776 and 1976:77 were hased on
a sample of about 22,000 households. Ac-
cording to the otficial statistics, India’s total
fertilizer consumption of nutrients was 2.86
million tons in 1975/76 and 3.41 million
tons in 1976/77.

The surveys provided data by stdate on
percent of cropped ared fertilized and average
rates of application on fertilized area, for
hoth total area and ared under selected
crops. When used with the official arca
statistics, however, they substantially over-
estimate India’s total fertilizer consumption
{Tables 19 and 20).

For all states taken together, the esti-
mates based on the survey findings are higher
than the actuals by 60 percent in 1975/76
and 31 percent in 1976/77. The estimates
also do not reflect the substantial increase
in actual total fertilizer consumption be-
tween 1975,/76 and 1976/77. In 12 out of the
17 states, the direction of change of the
survey estimates differs from the actuals.
This indicates the limitations of the NCAER
survey findings for estimating gross sown
arca fertilized and average rates of applica-
tion on fertilized area by state.

Table 21 shows the coverage of the
NCAER surveys for selected crops. Using
these findings with official statistics on area

Table 19— Percentage of total sown area fertilized and average rates of application
by state, 1975/76 and 1976/77

1975/76 1976/77
Sown Area Pate of Sown Area Rate of
State Fertilized Application Fertilized Application
(percent) {(kilograms: (percent) {kilograms/
fertilized hectare) fertilized hectare)
Andhra Pradesh 41.7 111.7 454 104.8
Karnataka 334 104.6 243 159.3
Kerala 72.6 92.0 89.3 88.7
Tamil Nadu 554 128.1 58.9 127.6
Assam? 4.9 49.4 3.6 42.2
dihar 35.3 49.7 39.3 42.5
Orissa 20.7 908 15.9 64.3
West Bengal 49.8 89.5 49.3 78.7
Madhya Pradesh 10.8 46.5 110 46.0
Uttar Pradesh 3710 64.6 408 61.7
Rajasthian 20.1 355.5 17.8 47.6
Haryana 48.7 76.6 48.8 74.1
Hitmdachal Pradesh 27.6 28.5 24.6 27.8
Jammu and Kashimir 285 47.0 26.3 44.1
Punjab 76.3 90.8 76.1 92.6
Gujdrat 43.1 45.4 41.1 4.7
Maharashtra 273 77.3 283 719
All states above 335 79.5 34.0 77.1

Source National Council of Applied Economie Research, “Fertiliser Demand Study, Survey Data on Pattern of

Fertiliser Use on Selected Craps 1975 7

6 and 1976-77," New Delhi, 1978, (Mimeographed.)

*Assam mcludes Assam Manipur, Meghalaya, and Iripura.
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Table 20— Total fertilizer consumption derived from NCAER survey findings on
percentage of total sown area fertilized and average rate of application,
and their relation to actual total consumption by state, 1975/76 and

1976/77
Estimates of Estimated
Total Consumption Consumption as
Rased on Actual Share of Actual
NCAER Surveys Total Consumption Consumption
State 1975/76 1976/77 1075/76 1976/77 1975/76  1976/77
(1.000 metrie tons of nutrients) (percent)

Andhira Pradesh 60+ 564 412 302 146 140
Karndataka 390 382 219 206 178 185
Kerala 199 232 65 64 306 336
Tamil Nadu 513 537 300 278 171 193
Assam! 10 6 9 9 1i1 67
Bihar 198 189 135 156 147 121
Orissa 145 74 48 62 302 119
wWest Bengal 355 290 130 153 273 193
Madhbya Pradesh 107 106 109 137 98 77
Uttar ¢radesh 554 SK3 485 729 114 80
Rajasthan 191 143 78 99 245 144
Haryana 203 191 97 137 209 139
Himachal Pradesh 7 O 9 9 78 67
Jammu and Kashuni 12 1 10 12 120 92
Pungah 433 443 311 371 139 119
Gupardt 201 187 149 202 135 93
Maharashina 415 403 205 290 157 139
SHostates above 4.537 4353 283" 33210 t60 131

Sources henved by muluplying findings of the National Counal of Applied Economic Research given i Fable 19
by otficial area statistios trom India, Mimstny o Agriculture and Irrigation, Directorate of Feonomics and
Statisties, Fstunates of Area and Production of Principal Crops i Inda (New Dethi Controller of Publications,
1980} Actual fertdizer conammption stanstics are from Fertiliser Association of India, Fertiiser Statistics.

1978 79 (New Delht 1AL 1970)

*Assam i ludes Assam, Manipn Meghalava, and Tripura

" A tual toral consunption i the country was 2894000 tons m 1975 76 and 3411000 tans in 197677 U'nion

terntories are not i luded n the table

under crops in various states, an atempt is
made to estimate total fertilizer consumption.

Crops tor which the above findings are
not available are referred 1o as “remaining
crops.” Crops included in this category
differ by state. To estimate total fertilizer
consumption hy crop in each state, the per-
centage of area under remaining crops fer-
tilized and average rates of application on
the fertilized area under them were estimated
using the survey findings on cropping pat-
terns of the sample households in each state,
theirtotal fertilizer consumption, total fertil-
ized area, and their fertilizer consumption
on the selected crops.

The estimates of fertilizer consumption
inTables 22 and 23 were made by inltiplying
the official statistics on area sown with dif-
fevent crops by the survey findings on per-

centof area fertilized and rates of application.
Table 24 brings these state estimates together
for the entire country. The terms “selected
crops”™ and “remaining crops” differ by
state as explained above, For all states taken
together, the estimates of total consump-
tion in Thble 24 are closer to actual levels
in both years than those in Table 20, But
they are still weak in capturing the direction
ol change from 197576 to 1976 77. Also,
there are wide discrepancies hetween the
state estimates and actual figures even in
1976 77 In six states estimated consump-
tion is 27-93 percent higher than actual; in
seven other states, i1 is about 20 percent
higher than actual; and in the remaining
four, it is 28-44 percent below actual con-
sumption,

This discussion leads (o the following
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Table 21 — States covered in the NCAER survey findings on percentage of crop area
fertilized and average rate of application and percentage of crop area

covered, 1975/76 and 1976/77

Percentage of Total
Crop Area Fertilized
in the States Covered

Crop States 1975/76 1976/77
Foodgrans
Rice All states 99 3 94 1
Wheat AL states except Andhra Pradesh, Kevala, Tandl Nadu,
Orissa 949.3 99.3
Jowa Karnataha, Larul Nado, Utar Pradesh, Guparat,
AMaharachtrg 67.0 67.9
Bajra Uttar Pradesh, Rapasthan, Hanvana, Gujdral 66.1 66.4
Maze Brhar, Madhva Pradesh, Uttar Pradesh, Rajasthan,
Hary an, Himachal Pradesh, Tammn and Kashunir,
Pngab 81.7 83..
Rapi Karnataha, Tenul Nadu, G, 61.0 58.5
Barley Uttar Pradesh. Rapasthan 71.6 74.3
Nongrain tood
Sugarcane ML evcept Rerala, West Bengal, Onssa, Himae hal Pradesh,
Lomne and Kashmn 96.7 96.7
Potatoes Ansam, West Bengal 263 26,9
Tapioca Kerala 834 83.8
Chillies Andhra Pradesh 204 175
Nonfood
Cotton Andhra Pradesh, Kainataka, Faeon Nadu, Rajasthan,
Hatvang, Punpib, Guparat. Maharasptra 90.6 90.5
hate Assam, West Bengat 75.2 75.7
Groundnuts Andhna Pradeshy Rarmataka, Tl Nadu, Gujarat,
AMabasitra 79.0 79.4
[ohateo Andinag Pradesh 424 . 436
Al Qwops above! 60.33" 60 594
39.67" 941"

Retining crops”

Sotces Estmated lrom mtormation avadable i Natonal €Conneil of Applied Feonomic Research, ‘Fernhiser
Demand Study, Survey Data on Pattern of Fertdiser Use on Selected Crops. 1975 7o and 1976 777 New
Delhn, Gctober 1978 mnmeogaphed), and India, Muustry of Agncultuge and Irmgation, Directorate of
Feononics and Stasucs, Fsamates of Area and Production of Prunapal Crops m Indie {New el contoller of

Peblications, 1980y

Nate [he states Bsted are those for which the suvey tmdmgs on the o paraietens (erop ated tertihized anud
average sate of apphication) are avatlable on the NCATR study

S s s area under crops incnded as g pricentage of total cropped ared i the states covered by the survey

B s 1 ared sow nonath crops tors inch separate parameters are potavaifable asaper entage o total cropped arean

the states covered by the survey

conclusions: First, the survey findings over-
estimate fertilizer consumption o a lesser
extent in 197677 than in 1973 76. Second,
they are more dependable for studying the
consumphion profile tor the country as o
whole than for indmadual states Finally, the
pattern of discrepancies by state indicates
that the sturvey hindings an percentages of
rice ared fernlized and average rates of
application on fertiized vice area are lugh
In most of the states torwhich estimates ol
fertilizer consumption were 27-94 peveent
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higher than actual in 1976/77, yice is an
Hnportant crop,

Crop Shares in Total
Fertilizer Consumption

The shares of different crops in total
fertitizer consumption in 1975 76 and 1976

77 shown in Table 25 are derived from

Fables 22 and 23 rather than from the actual



Table 22— Consumption of nutrients by crop and state, 1975/76

State Rice Wheat Jowar Bajra Maize Ragi Barley
(1000 metrie tans of nutrients)

Amdhira Pradesh 34 . . L

Karnataka 151 22 20 20

Kerdla 67 o S

Tamil Nadu 275 17 12

Assam 5 . e

Bihar 78 68 8

West Bengal 190 40 ce

Or1ssa 83 o C 2 .

Madhya Pradesh 20 53 o - 2 . e

tttar Pradesh 73 263 | 7 22 5

Rajasthan 3 64 6 3 10

Taryana 29 75 2 4 .

Himachal Pradesh | 2 2

Jammu and Kashunir 10 ! 1

Punjab 51 223 - S 30

Guijarat 17 14 6 23

Maharashtra Eh 51 59 o S L .

All states above 1424 887 109 38 72 34 1S
Ground- Other Remaining All

State Sugarcane Cotton nuts Crops” Crops Crops

(1000 metric tons ol nutrients)

Andhra Pradesh 27 24 3 38 63 478

Karnataha 39 11 13 38 320

Kerala o S o 5 78 150

Tamul Nadu 29 18 I - 50 412

Assam! ! | 3 10

Bihar 7 s 13 174

West Bengal S 35 10} 372

Ornssa 4 56 150

Madhya Pradesh 3 15 93

Uttar Pradesh 83 C. 40 494

Rajasthan C 18 13 17

Harnvana 18 6 12 146

Himachal Pradesh ¢ 5

Lammu aned Kashimn S o . 12

Prrpaby 8 38 - 40 396

Sudrat O 51 25 47 193

Maharashitia 54 u7 14 S 63 376

All states above 278 253 7t 749 634 3.898

Somrces Developed from the suvey estimates by the National Counerl of Applied Economic Research of the
pricentage of aea terihzed and the average wates of appheation on tertiized area and from official
statistics obarcd sownoath ditterent crops: National Conncil of Apphed T eonomie Researc b, 1 ermliser
Bemand Studve snurvey Data on Pattern ol Fertiliser Use on Sedecred o tops 1975 760 and 1976777 New

Delhe October 1978 S imeopraphed )

Cnchudes Assam Mamp Mephabay g and [rpiina

Y he tyenre tor Andbna Pradesh me luedes JLO00 neetc tons ot nanents onchhes aned 14000 toms on tob
figure tor herabncludes 5000 tns antapaoca The Tgire for s
500 tons onqute The fyne for Wet Bengal mec Indes 27 000 1

CLess than 500 ons was constined

total consumption. the Jatter, which in-
cludes consumption on tea, coffee,
rubber plantations, was lower than the
estimated total consumption based on the
survey findings and official aea statistics.

aceo The
st budes 1000 tons on potatoes and Tess than
s 0N potators and 8000 tons on jute

There was litde difference between 1975/
76 and 1976777 in the shares of crops in
totai consamption. Rice and wheat dominated
with 37 and 23 percent, folowed by sugary-
cane and cotton. The share of erops other
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Table 23— Consumption of nutrients by crop and state, 1976/77

State Rice Wheat Jowar Bajra Maize Ragi Barley
{1,000 metric tons of nutrients)

Andhra Pradesh 301 S

Karnatika 119 7 16

Kerala 75 C

Tamil Nadu 213 . 14

Assam? 3 ¢ o

Bibar 89 62 12

West Bengal 145 43 S

Orissd 55 S L 1 .

Madhya Pradesh 16 53 - 4 . Caes

Uttar Pradesh 94 224 9 22 3

Rajasthan 3 43 7 5 2

Haryana 249 77 | 3

Hiunachal Pradesh } 1 3

Tamn and Kashinn 4 | 1

Punjah 54 253 .. 29

Gujatdat 1o 149 14

Maharashtra H2 43 S o Ce ca

All states above 1.3%8 H3! 31 79 31 5
Ground- Other Remaining All

State Sugdrcane Cotton nuts Crops® Crops Crops

(1.000 metne tons ol nutrients)

Andhra Pradesh 27 20 5 41 4 449

Karnataka 45 16 17 .. 3 265

Kerala S . C 4 55 134

Fanul Nadh 30 21 18 TN 86 455

Assam! . ] ! 5

Biha 3 43 12 221

West Benpal 15 233

011854 1 16 73

Madlhy g I'nadesh 3 22 98

Littar Prade<h 92 L 39 493

Rapisthan A 13 30 103

Haryana 17 5 6 138

Fhimachal Pradesh S ! 5

Jatimu aned Kashon S C ¢ 10

Pringab 8 34 . S 39 317

Gugnat B 35 31 L 46 173

AMaharashiia 51 75 16 . 62 I6H

All states above 281 225 #7 89 534 3.640

Somies Developed from the sunvey estinates by the National Council of Applied Feonosue Research of the
percentage of area fertdized and the average rates of application on fertidized ae o and rom ofhaal
statisties of area sown with ditferent crops National Council of Apphied i cononue kesearch, “Fertilise
Demtand Study, survey Data on Patterss ot bertilimes Use on Selected Crops. 19775 76 and 1976 77,7 New

Dethy Octohey 198 Ahmeographed )

Cncludes Assane Atampan Meghalavas and dnpura

" he tipone for Andbra Pradesome ndes 2000 tons ot natments on tobaceo and 20,000 tons oncchillics: Phe figue
for Keraldinddudesd 000 tons cntapnoca . Phe figare for Assanome lides FO00 ons of nuteents on potetoes and fess
that 500 tons onepeee T West Betgal Bipae aine budes 35,000 tans an protatoes and 8,000 1ons on nte

Yl ess than 300 tons was constmed

than the 15 covered Iy the table was abouts
percent. 1 potatoes and chillies are in-
cluded, the share of this category would be
about 1'h percent,

By the mid- 1970s the share of foodgrains
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(the seven cereals shown separately and
others included inthe remaining crops) was
ahout 70 percent. This was due to high
shares ol rice and wheat. All other foodgrains
combined accounted for more cultivated



Table 24— Total fertilizer consumption derived from NCAER findings on percentage
of area fertilized and average rate of application by crop and state,

1975/76 and 1976/77

Lstimated Total
Consumption, 1975/76

Estimated Con-
sumption of All
Crops as Percent
of Actual Total

Estimated Total
Consumption, 1976/77

Selected  Remain- All

Selected

. Consumption”
Remain- All !

State Crops' ing Crops  Crops Crops  ing Crops  Crops 1975/76  1976/77
(1000 metre tons of autrients)

Andhra Pradesh 415 63 478 400 19 449 116 112
Karnataka 282 3 320 2735 30 265 145 129
Keraka 72 78 150 79 55 134 131 194
Famil Nadu 302 50 412 364 36 455 137 164
Assam'® 7 3 10 4 1 5 111 56
Bihar 161 13 174 219 12 221 129 142
Ons54 94 56 150 57 16 73 313 s
West Bengal 271 101 372 188 45 233 286 187
Madhya Pradesh 8 15 93 76 22 98 85 72
tttar Pradesh 454 40 494 454 349 493 102 o8
Rajasthin 104 13 117 73 30 103 150 104
Haryana 134 12 140 132 [} 138 151 99
Himachal

Pradesh 5 o 5 5 [ 5 56 56
Jammnu and

Kaslunir 12 9 12 10 i 10 100 120
Punjah 350 46 396 378 39 417 127 112
Gujarat (B8 47 193 127 46 173 130 46
Maharashtra 313 63 376 302 62 364 142 127
All stites above 3.260 638 3.898 3.102 538 3,640 137 110

Source Natonal Council ot Apphed Leonomie Research, “Fertilizer Demand Study, Survey Data on Pattern of

76 .7

Fertdizer Use on Selected Crops 1975076 and 197677, New Delhi October 1978, (Mimeographed )

*ihe crops selected are those piven i fable 23

" Actaal total consumption ts givea i Lable 20

©these tigimes indlude Assam, Manipun, Meghalaya, ondl ripura.

T ess than 500 tons

area than rice and wheat. But they had only
about 10 percent ot total tertilizer consump-
tion,

The shares ol the four nongrain tood
Crops (stugarcane, potatoes, tapiocd, and
chillies) exceeded the total consumption of
the four nonfood crops (cotton, jute, pround-
nuts, and tohacco) despite a smaller share
ol total cropped area. Sugarcane and potatoes
had more than 10 percent of consumption
but only 2 percent of total cropped area.

Diffusion and Rates of
Application on Different Crops

Table 26 shows estimates by crap of the
percent of area fertihzed and the average

rates of application on these areas in 1975/76
and 1976777 for the country as 4 whole.
For nonplantation crops as 4 group,
abowt 29 percent of the country’s total
crapped area was fertilized at an average
rate of 78 Kilograms of nutrients per fertil-
izcd hectare in 197576 and 76 kilograms in
197677 These estimates imply higher than
actual Tevels of total consumption. Thus,
values must have been lower than those in
the table, and much lower in 197576 than
1976777 For instance, if it is assumed
that 250,000 tons (7 percent) of the total
actual consumption ot 3.4 million tons in
197677 were used on plantations, the esti-
mdate of 29 pereent of total cropped ared
being fertilized would require an average
rate of about 66 kilograms per fertilized
hectare, instead of 76 kilograms. At 76
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Table 25— Shares of crops in estimated total fertilizer consumption and in totai
sown area, 1975/76 and 1976/77

Share of Crop in
Total Sown Area
Under All Crops

Share of
Entire Crop Area
in Total Consumption”

Share of
Covered Crop Area
in Total Consumption®

Crop 1975/76 1976/77 1975/76 1976/77 1975/76 1976/77
{percent)
Foodgrains
Rice 36.53 36.76 36.79 37.09 231 23.0
Wheat 22.76 2283 2292 22.99 12.0 12,5
Jowar 2.80 2.88 4.18 4.24 94 9.4
Bajra 0.97 0.85 1.47 1.28 6.8 6.4
Maize 1.85 2.17 2.26 2.61 3.5 3.0
Ragi 0.87 0.85 1.43 1.45 1.5 1.3
Barley 0.38 0.14 0.53 0.19 1.6 1.3
Total 66.16 66 .18 69.58 69.85 579 57.7
Nongrain food
sugarcane 713 7.72 7.37 7.98 1.6 1.7
Potatoes 0.72 0.99 2.74 3.68 04 0.4
Tapioca 0.13 0.11 0.16 0.13 0.2 0.2
Chillies 0.62 0.55 3.04 3.14 0.4 0.5
Total 8.60 9.37 13.31 14.93 2.6 28
Nonfood
Cotton 6.49 6.18 7.16 6.83 4.2 4.1
Jute 0.21 0.22 0.28 0.29 0.3 0.4
Groundnuts 1.82 2.349 2.30 3.01 4.2 4.2
Tohacco 0.36 0.58 0.85 1.33 0.2 03
fotal 8.89 9.37 10.59 11.46 8.9 9.0
Above crops #3.64 15.22 93.48 96.24 69.4 69.5
Remaining crops 16.30" 14.78! 652 3.76 30.6 30.5
All crops 100.00 100.00 100.6G0 100.00 100.0 100.0

Sources: These tigures are derved trom Tables 22 and 2730 The avea statistics are from Inda, Minustry of Agriculture
and Trrgation, Directorate of Econamucs atd Statisties, Fsimates of Area and Production of Prnapal Crops in
Indu (New Delhir Controller of Publications, 1980,

*These shares in total fertihizer consumption are denved from Tables 22 and 23, Thus they relate o the parts of crop

area explicithy covered by the suvey Table 21 shows the persentages ot crop ared thus covered

" hese eshimates relate to the entire avea sownowith the crop m the country, They are arrived at by assuming that the

parts of Crop area exchided trom expliot coverage by the sunvey were testilized to the same extent and at the same

vates as the parts exphath covered by the suivey

Cncludes consumption on nouplantation crops other than the ones mentioned in the table. Also includes

consumption onthe parts of area sownwitt crops mentioned i the table that were excluded trom explicit coverage

i the survey

kilograms per fertilized hectare, about 25 jowar, hdajrd, harley, and remaining crops.
percent of the total cropped area would be However, among the remaining crops, vege-
fertilized, instead of 29 percept, tables and fruits such as bandanas would be

Because the survey overestimates total
fertilizer consumption less in 1976 .77, the
following discussion is based on the estimates
for that year even though estimates for most
crops differ httle in the two vears,

For the 15 crops covered by the table,
the crop area fernhized is more than 50
percent for wheat, sugarcane, potdtoes,
chillies, and tobacco, 20-50 percent Ton
rice, maize, vagio taptoca, cotton, jute, and
gronndnuts; and Jess than 20 percent tor

KR

more than 50 percent whereas most of the
others would be less than 20 percent,
Averdage rates of application were more
than 100 kilograms per hectare on fertilized
area sown with potatoes, chitlies, sugarcane,
and tohdcco, which are more commonly
fertilized than other crops, though ecach
accounts for less than 2 percent of the
country’s total cropped ared. Next were
cotton, rice, wheat, and ragi with average
1ates of 70-BoKilograms per hectare, Average
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Table 26— Percentage of area fertilized and average rates of application by crop,

1975/76 and 1976/77

Crop Ared Fertilized

Average Rate of Fertilizer
Application an Fertilized Area

Crop 1975/76 1976/77 1975/76 1976/77
{pereent) {kilograms fertilized hectare)
Foodgrains
Rice 44.91 $192 a1 78
Wheat 55.85 55.09 78 73
Jowar 19.38 17.32 52 57
Bajra 16 35 1146 31 39
Maize 33.21 36.51 49 43
Ragi 3w.01 30.10 53 71
Batley 32.62 19.11 23 17
Nongrain food
Sugarcane 65.14 69.70 159 146
Potatoes 560.85 73.32 302 294
Tapioca 28.00 38.20 49 33
Chillies 69,39 87.94 227 169
Nonfood
Cotton 4446 42.39 85 85
hite 39.56 38.55 50 40
Groundmuts 3410 3848 7 40
Tohaceao 94.43 96.80 92 17
Above crops 41.33 40.85 77 75
Remamung crops 1140 9.97 02 H2
All crops 29.39 28.68 78 76

Source These figmres were dernved from data i Natonal € ounel of Applied Leonotie Resemch, “Fertiliser
Demand Study, Survey Data on Pattern of Fertiliser Use on Selected Craps. 1975 76 and 197677, Now

Dethe, October 1978 (N\meopraphed )

Note  Theavernagerates of apphcanion on ternhized area ae for the peicentages of total crop ared lesllized given in

Table 21

rates varied between 33 and 43 kilograms {or
the other seven crops except for jowar (57
Kilograms) and barley (17 kilograms).

In both strvey years wheat area was
fertilized to a greater extent than rice areq,
but the average vate onrice was higher, The
pattern for rice seems surprising, this sug-
pests the possibility that vates on fertilized
ared and tertdizey consumption under vice
were overestimated i the survey

Fertilizer Use by
Categories of Crop Area

The NCAFR sturvevs provide findings on
percentages of area tertilized and average
rates on fertthzed imea under selected erops
tor four categones nngated area somn with
higheyieldmg and improved varieties (de-
noted e Tables 27 30 a5 1A HY& V), e

gated area sown with traditional varieties
(IA-TV), unirrigated area sown with high-
yielding and improved varieties (UA- HY& V)
and unirrigated area sown with traditional
varieties (UA-TV).

Oflicial statistics on crop area sown in
the four categories are not available, Con-
sequently, NCALR survey findings are used
with the ofticial statistics ontotal ared sown
with eiphit CTOpS Lo estimale ared sown in
each of the four categories by state. These
estimates are subject to the limitations of
the survey findings. 1Cis important 1o note
this hecause the survey was not designed to
estinate the distribution of crop ared under
the above catepories. The estimates of 1otal
ared sown with each crop in the four cate-
portes by state e then used with the sur-
vey findings by state on the percentage of
crap area fertitized and average rates in
cach category to construct a fertilizer con-
sunption profite by category for the country
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Table 27— Distribution of total area sown, according to irrigation availability and

type of variety, selected crops, 1975/76 and 1976/77

1A UA-
Crop Yedr HY&IV ATV HY&IV UA-TV 1A UA HY&1IV TV
(percent)

Rice 1975 76 208 25.6 21 31.5 464 53.6 22.9 77.1
1976 77 218 252 19 5101 47.0 53.0 23.7 76.3
Wheat 1975 76 170 237 26 261 713 28.7 50.2 49.8
197677 4h 6 260 34 22.0 746 254 52.0 48.0
Jowar 1975 76 30 107 7.4 745 13.7 863 10.8 9.2
1976 77 36 1004 8.4 77.1 14.5 85.5 12.0 88.0
Bajra 1975 76 99 21 7.8 612 31.0 069.0 17.7 823
1976 77 1003 230 6.3 0604 33.3 066.7 16.6 834
Maize 197576 12 378 19 17.1 8.0 52.0 151 84.9
197677 1049 397 53 RN 50.6 494 16.2 83.8
Sugarcane 197576 43 b 51 9.5 89.3 10.7 434 56 6
1976 77 442 Ho 3 5.9 844 11.2 49.5 50.5
cotton 1975 76 217 110 159 514 32.7 673 37.6 6H2.4
1976 77 217 13 143 52.7 33.0 67.0 36.0 64.0
Gronndnuts 1975 76 2.0 128 30 82.2 14.8 85.2 5.0 95.0
197677 04 16} 17 81.0 173 82.7 26 97.4
All crops 1977 70 225 228 4.5 ho 2 4553 547 27.0 73.0
dbove 76 77 236 235 B RIS 47.2 52.8 240 72.0

Sotrces: Denived from data i Nanonal Connal of Applied I conomic Research, “Fertiliser Demand Study, Survey

Datd on Pattern of Fertiliser Use on selected Crops 1975 76 and 1976°77.7 New Delhi, October 1978
timeographed), and Jidia, Mimsty of Agnenlture and - Tragahon, Directorate of keonomics and
Statistics, Fstmates of Area and Producuon of Puncpal Crops m Inda (New Delhic Controller ol Publications,

1980)

Notes 1A imgated darea, UA
vanenes

unnrigated aiea, HY& TV

lph-vietding and improved vaneties; TV traditional

Off1cial statistics ot the area sown waith ditferent crops i the four categories are not available
Conscquently, NCAER sunvey tindings on distnbunon ot ciop ared ainong the tour categories in ditferent
tates dre used with the otfrcal crop ared statistics by state to estimate the all-udia distribution of total

aredd sown with each crop by the four categones

as 4 whole, The eight crops are rice, wheat,
jowar, bajra, mdize, sugaicane, cotton, and
groundnuts. They accounted for about 65
percent of the country's total cropped area
and more than 80 percent of the estimated
tertilizer consumption. Tables 27 - 30 show
the results of the caleulations,

Neither the distribution of total crop
ared among the four categories nor the
percentages of crop area fertilized in cach
category differ muchin the twoyears covered
by the surveys. But the average rates on
fertilized area in virtually all important
situations were lower in 1976,77 than in
1975,76. Theretore, the larger discrepancy
hetween the estimated and actual total fer-
tilizer constmption in 1975:76 was probably
ductaoverestimation of rates of application

This could be the main reason why the
survey findings donotretlect growthin total
fertilizer consumption from 1975/76 to
1976/77.

The percentages of crop ared irrigated in
Table 27 are consistently higher than those
shown in the ofticial statistics. This could
be due to the difference in definition. The
Mficial statistics relate 1o area actually
arigated, whereas the NCAER surveys define
irvigated areas as “area which a farmey
expects (o drrigate during the year with
reasonable assurance from a known source,
but which might differ from the area he
actually irrigates.”?! On the other hand, the
ofticial statistics of area covered only by
high-yielding varieties are consistently higher
than the survey estimates of area covered by

2 N anonal Counal of Apphed Foononne Researchy Ferndtser Demand Study. Final Report vol T{New Dethi NCAERR

1978), p 123
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Table 28— Percentage of area fertilized, according to irrigation availability and type
of variety, selected crops, 1975/76 and 1976/77
IA- UA-
Crop Year  HY&IV ATV HY&IV UA-TV 1A UA  HY&IV TV All
(percent)

Rice 1975/76 857 58.1 716 207 705 228 845 330 449
1976/77 849 616 631 190 724 206 83 33.1 449

Wheat 1975/76 830 568 (9.4 88 743 97 798 317 55.8
1976/77  BL4 494 19.4 9.1 70.2 s 773 309 550

Jowar 1975/76 829 368 621 103 469 150 679 135 19.4
1976/77 714 332 018 76 427 130 645 108 17.3

Bajra 1975/76 4.1 05 35.3 1z 216 140 408 1. 16.4
1976/77 302 136 205 6.4 18.7 73 269 77 1S

Maize 1975/76 775 496 455 102 545 136 637 278 332
197677 86.1 459 615 128 546 180 78, 285 365

Sugdrcane 1975/76 #2.3 60.6 345 16.4 69.9 25.0 76.7 56.3 65.1
1976/77 82.4 65.9 52.0 18.8 74.1 34.5 79.1 60.4 69.7

Cotton 197576 887 523 66.0 174 764 284 79 235 445
197677 852 511 76.9 135 736 270  BLY 200 424

Groundnuts 1975/76  78.2 541 51.7 293 57.4 30.1 623 327 34.1
197677 52.8 5731 68 .4 347 53.0 395.4 63.0 37.8 38.06

All crops 1975.76 827 524 540 168 674 199 779 279

abme 1976/77 812 519 53.3 15.7 66.6 18.8 768 27.6

Source. Derved from Table 27 and data in National Council of Applied Feonomic Research, “Fertiliser Demand
Stady, Survey Daton Pattern ot Fertiiser Use on selected Crops 197576 and 1976 77, New Delli, October
1978, (Muncographied )

Notes: 1A drrigated area; U unimigated area; YRV hugh yielding and improved varieties; TV traditional

Vdrieties,

he estimates of total area sown with each crop in the tour categories by state made for Table 27 are
used with NCAER survey findimgs by state on the percentage of crop area tertilized in each category to
estimate the percentage of total area sown with each crop that was fertilized in the four categories,

hoth high-yielding and improved varieties.
This is true for both survey years and for
each cereal shown inthe tables. Forinstance,
according to the official statistics, 31-35
percent of area under rice was covered by
high-yiclding varieties alone, hut the survey
shows that only 23-24 percent of the area
was under high-yielding and improved vari-
eties. This suggests that the impact of the
possible overestimation of irrigated area in
the surveys on the estimate of fertilizer
consumption was offset by the under-
estimation of the area covered by high-
yielding and improved varieties,

Table 28 generally confirms what one
would expect. The highest percentage of
crop area fertilized was in the category [A-
HY& IV and the Towestin UA-TV. Similarly, o
much higher pereentage of crop area was
fertilized in irrigated arvea (irrespective of
varieties) than in unirrigated area. For cach
of the eight cvops in both ycars, the percent-
age fertilized was higher in area under high-

yielding and improved varieties than in arca
under traditional varieties, whether or not
the area was irrigated. Finally, innone of the
categories for any crop was the entire area
fertitized. In fact, even by 1976/77 less than
one fourth of the irrigated area under any of
the eight crops was fertilized, and less than
one third of the irrigated ared under all eight
crops was fertilized.

The average rates of application on fer-
tilized area in the categories are also as
expected (Table 29). For all crops except
sugarcane, the highest rate was in the
category IA-HY&IV and the lowest in UA-
TV. On most of the crops, the rates on
irrigated area were 50-100 percent higher
than on unirrigated area it the varietal
classification is disregarded. The differences
hetween the two categories of varieties on
irrigated area were smaller. For example,
rates for rice, wheat, and cotton on 1A-
HY&IV were 35-66 percent higher than on
IA-TV. On o jowar they were only 20-25
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Table 29— Average rates of application on fertilized area, according to irrigation
availability and type of variety, selected crops, 1975/76 and 1976/77

1A- UA-
Crop Year HY&IV  IA-TV  HY&IV  UA-TV 1A UA HY&IV ™ All
(kilograms of nutrients/fertilized hectare)

Rice 1975/76 110 74 72 B2 99 47 107 6] 81
1976/77 101 75 56 43 89 45 98 03 78

Wheat 1975/76 88 58 51 32 81 36 88 54 78
1976/77 81 54 47 28 74 33 80 51 73

Jowar 1975/76 8] 67 57 31 73 41 66 43 52
197677 80 64 64 37 71 50 69 47 57

Bajra 1975/76 42 28 32 24 38 27 38 25 31
1976/77 40 48 33 32 44 32 38 39 39

Maize 197576 50 48 31 30 49 30 46 44 45
1976/77 4 50 30 29 48 30 40 45 43

Sugdarcdne 1975/76 152 174 63 95 163 74 148 171 159
1976/77 142 164 47 67 152 53 135 160 146

Cotton 197570 1t 67 79 49 (1321 65 100 56 85
197677 99 71 87 56 92 75 95 63 85

Groundnuts 1975:76 80 53 4 29 58 30 61 34 37
197677 163 59 53 32 64 32 85 38 40

All crops 1975.76 99 73 63 38 H9 44 95 59 77
above 197677 92 73 64 39 84 45 89 60 75

Source Denved from Table 27 and data m Satonal Council of Applied Economic Research, “Fertiliser Demand
Surdy, Survey Data on Pattemn ot Tertihser Gse on Selected Crops. 197576 and 1976:77.7 New Delhi,

octoher 1978 (Ahmeographed )

Notes  TA amgated aea, UA
vanenes

untrngated area, HYRIV

mgh-yielding and improved vatenes, TV - traditional

The estimates of toral died som it cach crop mthe four categories by state made tor Table 27 are used
with NCATR stmvey bndings by state on the percentage of crop area fertilized and average rates in cach
category to derive the all-india average rates of application on lerilized area in cach category

percent higher. And on bajra and maize in
1976/77 the rates on 1A- TV were marginally
higher than on IA-HY&IV.

Finally, Table 30 shows that for the eight
crops, ahout 57 percent of total consumption
was on TA-HY& IV, This category accounted
for ahout 23 percent of the total area sown
with the cight crops. Next in unportance
wds TA-TV with about 28 percent of total
fertilicer consumption and 23 percent of
total area. The two categories had about 85
percent of total cansumption and about 46
percent of totat crop area under the eight
crops. The wemamder (UA) accounted to
only about £4 percent of total consumption
Of this, about one third of consumptionwas
on UA-TIV& IV, whichvaccounted “or aboutd
percent of total crop ared. Thus, the sharein
fertilizer consumption ol about halt of the
Ccrop ared inthe BTV categorny wds onh 10
percent. Table 28 shows that this was pn-
marily due to much lower diftusion of fernl
izer use in s category (about 1518 percent)
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compared to more than 50 percent for the
other three categories,

Among individual crops, Table 30 shows
that the share of IA-HY&IV was as high as 80
percent for wheat alone. About half of rotal
fertilizer consumption for rice, cotton, and
stugdarcane was in this category. The share of
the remaining four crops was much less. For
all crops except wheat and cotton, more
than 40 percent of consumption was on
traditional varieties. On the other hand, the
distribution of total fertilizer consumption
(mv.u'h(‘mplwl\\w'nimgdlv(ldn(lux\iﬂi;:dlﬁ(l
ared was overwhelmingly in favor of the
former. This is primarily due to the low
relative share of unirrigated areda in total fer-
tilizer consumption on rice and wheat.
Aore than halt of the rice area and about
one fourth of the whedt area were unirrigated,
but their shares intotal tertilizer consumption
were only about 15 percent and 2 pereent
respectively.

Tables 28 and 29 show that this is mainly
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Table 30— Distribution of total fertilizer consumption, according to irrigation
availability and type of variety, selected crops, 1975/76 and 1976/77

Estimated

IA- UA- Total
Crop Year  HY&IV O TA-TV HY&IV UA-TV 1A UA  HY&IV [aY Consumption
(percent) (1,000 tons
of nutrients)
Rice 1975/76  54.1 30.1 29 12.9 842 15.8 57.0 43.0 1,424
1976,77 53.0 332 1.9 11.9 86.2 13.8 54.9 45.1 1,338
Whean 1975/76 799 17.8 0.6 1.7 97.4 2.3 80.5 19.5 887
197677 80.3 17.5 0.4 () 97.8 2.2 I 18.9 837
Jowar 1975/76 20.3 264 279 254 40.7 533 8.2 51.8 109
197677 210 23.4 33.6 22.0 R 55.6 54.6 45.4 105
Bajra 197576 37.1 12.4 17.7 32.8 49.5 0.5 5408 45.2 38
1976/77 28.2 337 100 28.1 1.9 3.1 38.2 618 31
Maice 197576 25.2 604 4.6 9.8 85.6 14.4 294 70.2 72
197677 262 57.2 6.2 10.4 83.4 16.6 32.4 67.6 79
Sugdarcane 1975,76 46 2 1.9 1.1 0oy 981 1.9 47.3 52.7 278
197677 50.7 473 13 07 98 0 2.0 52.0 48.0 281
Cotton 1975.76 96 0 103 217 11.5 60 8 33.2 4.2 214 253
1976.77 508 11 205 13 622 378 773 227 225
Groundnuts 197576 105 294 5.0 55 0 39.44 60.6 15.0 85.0 71
197677 5.0 33.5 39 57.6 4.5 61.5 49 al .l 87
All crops
above 1975 76 57.8 273 48 10.1 85.1 149 626 374 3,132
197677 50.8 288 4.8 96 85.6 1434 61.6 3.4 2,983

Sotrces Denved frome Fables 2729 a0 Hindia, Aimstry of Apnculoare and Iivigation, Divectorate ot Economics and
Statisties, Fstumates of Area and Production of Prnapal Crops i (ndi (New Dethic Controller of Publications,

Note

1980)

A mgited area, Uy

varehies

unnngated area, HYSIV

high-vielding and unproved vanenes, Ty

traditional

hecause of ditferences in the diffusion of
fertilizer use on irvigated and unirvigated
areas rather than because of differences in
the rates of application. It is signiticant that
ditfusion of fertilizer use was substantially
higher on UA-HIY&IV than on UA-TV for
cdachof the eight crops. The complementarity
between irrigation and tertilizer as well as
nrigation, fertilizer, and high-yielding var-

icties has long heen recognized. However,
the above pattern points to fertilizer use on
high-yielding varicties grown on unirrigated
areas. The significance of this cannot he
overemphasized since unirrigated areas will
continue 1o account for more than half of
India’s total cultivated land for many years
o come,
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CHANGES IN FERTILIZER CONSUMPTION PROFILES

Although fertilizer consumption profiles
for different years cannot be compared with
statistical precision, certain broad conclu-
sions are inescapable. The estimates used in
the following discussion are meant as orders
of magnitude.

Shares of Crops in
Growth of Fertilizer Use

Until the mid-1940s, fertilizer use was
confined to plantation crops, rice, and
sugarcane. By the mid-1950s, however, vir-
tually all crops had some share in total fer-
tilizer consumption. Since then, food crops
such as foodgrains, sugarcane, condiments
and spices, vegetables, and fruits have
dominated consumption. Their shdre rose
from about 70 percent in 1955/56 to more
than 80 percent by 1976/77 and accounted
for more than four fifths of the growth in the
total from about 100,000 tons 10 3.4 million
tons.

Among food crops, in 1955,56 the share
of foadgrains in total fertilizer consumption
was about 45 percent and that of other food
crops about 25 percent, By 1976/77 the
share of the former rose 10 about 70 percent
and that of the latter fell to about 12 percent.
Foodgrains held a relatively low share in
1955/56 because fertilizer use on foodgrains
other than rice had only recently hegun
Their share in total consumption was less
than 10 percent, although more than halt of
the country’s area was sown with them.
Throughout the period 1955756 -1976,/77,
about 85 percent of the tertilizer consump-
tion on foodgrains was on rice and wheat,
though they accounted for less than half of
the total area sown with foodgrains.

Rice had the highest share of total fertil-
izer consumption among crops throughott
the period (37 percent in 1955:56, 31 percent
in 197071, and 35 percent in 1976:77).
About one third of the increment in total
fertilizer consumption between 195556 and
1976.:77 was due to increased use on rice,
On the other hand, wheat consumed only 3
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percent of fertilizer in the mid-1950s. This
increased to about 17 percent by 1970/71
and to 22 percent by 1976/77. By 1970/71
wheat ranked next to rice in fertilizer con-
sumption. Between 1955/56 and 1976/77 it
contributed about 22 percent to the increment
in India’s total use. Thus about 55 percent of
the growth in total fertilizer consumption
was dueto increased use onrice and wheat.

More arca was sown with other foodgrains
than with rice and wheat but other food-
grains received less than 5 percent of the
total fertilizer in 1955/56. Their share rose
to about 10 percent by 1976/77 but was still
less than one fifth the combined share of
rice and wheat. Thus, even though fertilizer
use on these crops had begun by the early
1950s, and they accounted for about 40
percent of India’s gross sown drea, they
contributed only about 10 percent of the
prowth in total consumption between 1955/
56 and 1976/77.

Since the early 1950s the time series of
fertilizer consumption on all foodgrains
taken together has risen more rapidly than
that of total fertilizer consumption. Con-
sumption on wheat rose far more rapidly
than consumption on all foodgrains, and
consumption on rice increased at about the
same rate as the total, This implies that to
estimate fertilizer's contribution to the growth
in India’s foodgrain production, itis crucial
to distinguish between foodgrains, and to
avoid the conventional assumption that the
proportion of total fertilizer heing used on
foodgrains is fixed.

Fertilizer use in India began on the plan-
tations but their share in total consumption
dropped from about 25 percent in the carly
19505 10 ahout 6 percent in the mid-1970s.
Thus they contributed only about s percent
of the increment in total consumption. This
is not surprising hecause these crops ac-
count for less than 1 percent of total culti-
vated arcd.

The share of  ongrain food crops (for
example, sugarcane, potatoes, chillies) in
total fertilizer consumption was about 25
percent in 1955/56 despite a share of less
than 5 percent in total sown area. This was



due to carly fertilizer use on sugarcane in
the 1930s, high responses of these crops to
fertilizer application, and their being cash
crops. By 1976777 the share of these crops
also declined to about 1 2 percent. Thus they
contributed about 11 percent to the incre-
ment in total fertilizer consumption hetween
1955/56 and 1976/77.

Among the nonfood crops, cotton, jute,
oilseeds, and tobacco had about a 12 percent
share in total sown area, more than twice
that of the nongrdin food crops. Their share
in total consumption in 1955/56 was less
than 5 percent, but it increased to 1
percent by 1976/77. Most of the increase
was due to growth in fertilizer consumption
on cotton and groundnuts, particularly after
the late 19605,

The pattern of changes in tentilizer con-
sumption by crops was due mainly 1o changes
in the proportions of arca fertilized, and
rates of application on fertilized area. Changes
in area sown were less important,

Diffusion of Fertilizer
Use by Crop

The fertilized proportion of total arca
sown with cereals inereased from s percent
in 195354 10 26 percent by 197071 and to
37 percent by 1976.77.

Fertilizer use onnce began in the 1930s
and in 1953754 about 8 pereent of the ared
was fertilized, highest among the cereals.
Onuly 3 percent of wheat ared wae, fertilized
in 1953754, By 1970.71 fertilizer use had
spread to about 37 pevcent of arcd sown
with hoth these cereals. Inthe nest sivyears
the diffusion of fertilizer use was faster on
wheat than on rice. By 1976 77 about 55
percent of wheat area was tertilized com-
pared to about 45 pereent tor rice,

Changes in the percentages of area fer
tilized for foodgrains can he grouped as
follows: e 1953 54 vice and maize, 7-8
percent: wheat, harley, ragi, jowar, and
bapra, 2- 4 percent, and other cereals, millets,
and pulses, lessthan 1 pereent; in 1970 71,
rice and wheat, 3738 percent, maize, raga,
and barley, 1519 pevcent; jowar and hajrd,
5-7 pereent, other cereals, millets, and
pulses, less than 2 percent, and in 1976 77,
rice and wheat, 4555 percent, maze and
ragi, 30-37 percent: jomar and barley, 17-19

percent; bajra, 12 percent; and other cereals,
millets, and pulses, less than 5 percent.

For the country as awhale, no figures on
the fertilized proportion of the area sown
with nonfoodgrain crops dare available for
the early period. However, the share of
these crops in total fertilizer consumption
and microstudies indicate that during the
19505, fertilizer use on crops such as sugar-
cane, potatoes, chillies, and tof R
more common than on rice, but it w..- o
more common on cotton, jute, groundnuts,
and other oilseeds than on foodgrains other
than rice. By 1976/77 more than 70 percent
ol the area sown with sugdrcane, potatoes,
chillies, and tobacco and about 40 percent
of the arca sown with cotton, jute, and
groundnuts was fertilized. The spread of
tertilizer use on oilseeds other than ground-
nuts was considerably smaller.

From these findings it is clear that for
virtually all crops the percentage of area
receiving fertilizer application  increased
over time, but the rate of incredase among
crops varied greatly.

Average Rates on
Fertilized Area by Crop

Average rates of application on fertilized
area were quite low for all crops in the mid-
1950s. They were only about 15 kilograms of
nutrients (about 75 Kilograms of fertilizer
materials) per hectare on rice and 2-4 kilo-
grams of nutvients per hectare on the other
foodgrains. The rates on sugarcane and
potatoes were about 40 kilograms of nutrients
it one assumes that about one fifth ot the
ared was fertilized.

By 1970.71 there was o considerable
increase in the rates on all crops. Among
foadgrains, average rates per lertilized hec-
Lave ranged from 34 Kilograms of nutrients
on jowar, hartey, and ragi to <42 on rice and
52 on wheat. Rates on sugdreane, tobaceo,
and condiments and spices were 80-100
Nilograms. For other nonfoodgrain crops,
the range was 35-55 Kilograms. Variation by
crop in the average vates on fertilized area
was much less than in the percentages of
area fertilized.

Between 1970 71 and 1976 77, the average
rates on tertihzed area sown with rice,
wheat, jowar, vagi, sugarcane, and cotton
imereased by 40-50 percent. They reached
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about 75 kitograms of nutrients per hectare
on rice and wheat, about 85 Kilograms on
cotton, and about 146 Kilograms on sugdr-
cane. On the other hand, they declined by
50 percent on barley and by 20 percent on
proundnuts, Rates also de lined on maize
and baira, but marginadly

By 1970 71 diftusion of fertilizer nse on
crops like jowar, hajpra, cotton, and ground-
nuts had proceeded stowly; but the vates of
application on tertilized ar 1had increased
markedly. Similaly, between 197071 and
1976 77 percentages of fertilized areda sown
with bajra, maize, harley, and groundnuts
inereased, but the average rates on fertilized
ared declined. These tindings suggest that
diffusion and rates of fertilizer use for the
country as a wholewere governed by different
tactors,

Fertilizer Consumption on
Irrigated and Unirrigated Areas

The percentage of India's gross cultivated
ared irrigated rose from about 17 percentin
the carly 19508 10 23 percent by 1970°71,
and 1o 25 percent by 1976 77, This area
accounted tor 70 percent or more ol total
fertilizer consumption,

For cach crop the share of rvigated area
in total fertilizer consumption was higher
than the percent ot crop area irrigated, For
example, 80-90 percent ol total fertilizer
consumption on rice and wheat in 197071
was on irrigated areas, although only 39
percent of rice area and 53 percent ot wheat
areawere irigated. Torcotton, 61 percent of
total fertilizer consumption was on rigated
ared, eaich accounted foy only 17 pereent
of the totl cotton area. About 20-25 pereent
of tertilizer consumption onjowar and bajra
wds on irigated ared that was less than s
percent of the totdal meq

Both dittusion andratesof consumption
were higher oncirigated areas than on unir
vigated areas, bt for evers crop, the ditfer-
ence i diftusion was greater than in vates
In general, dittosion on vigated area was
four to five times higher than on uninigated
g bt rates ononmigated area were Jess
than two times higher than on anirrigaeted
ared

Despite greater diffusion, anly abow
two thirds of total inrigated areawas tertlized
by 1976 77,0 This estinite, hased on the

definition of irrigated area in the NCAER
survey, seems consistent with the estimate
of 51 percent for 1970:71 hased on the 26th
round of the NSS. Evenin the case of exten-
sively fertilized crops such as sugarcane,
wheat, and rice. 25-30 percent of irrigated
aredas under them were not fertilized by
1976 77 For many crops thiswas more than
40 pereent,

Aore than three fourths of India’s gross
cultivated area was not irrigated from the
early 19505 to the mid-1970: The share of
unirrigated darea in total fertilizer consump-
tion was less than 30 percent throughout the
period. The share seems to have declined
from about 28 percent in 1970/71 o 18
percent in 1976:77. Lack of data for the
19505 and 1960s makes it difficult to say
whether the share of unimrigdated areda was
constant or declining during this period.

In 197071 ahout 10 percent of India’s
unirrigated darea was fertilized at an average
rate of about 38 Kilograms of nutrients per
hectare. By 197677, the proportion of unir-
rigated area that was fertilized increased to
about 18 percent and the average rate o
about 45 kilograms per hectare,

Ditfusion of fertilizer use by crop had
virtudlly the same pattern under irrigated
and unirrigated conditions. Crops more com-
monly fertilized under irrigated conditions
were also more commonly fertilized under
unirrigated conditions. Fertilizer use on
cotton, groundnuts, and jowar under unirri-
gated conditions accelerated sharply after
1970:71.

Fertilizer Use on High-Yielding
and Traditional Varieties

Findings on fertilizer use on high-yielding
and traditional varicties are available only
from the NCAER surveys, Therefore, itis not
possible to study changes over tme How-
ever, the eftects of varietal change on tertil:
zer consumption profiles is clearly evident
from ace eleration in the diffusion of fertilizer
wse and inerease i the rates of application,
particularly on wheat, vice, jowar, madize,
and cotton. Itis also evident from a compar-
ison of the higher diffusion and rates on
virtually all crops sown with high-yielding
and improved varieties to the diftusion and
rates on traditional varieties under either
nrgated or unirigated conditions,
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At the same time, nearly 40 percent of

total fertilizer consumption in the mid-
19705 was on arcas sown with traditional
varieties, Of this, three fourths of the con-
sumption was on irrigated areds and one
fourth on unirrigated areas. A substantial
proportion ol total fertilizer consumption

on many individual crops {(including rice,
jowdar, and maize) was also on areas sown
with traditional varieties. Two major excep-
tions ta this pattern were wheat and cotton,
where about 80 percent of the total con-
stmpion was on areas sown with high-
yielding and improved varicties.
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6

CONCLUSIONS AND QUESTIONS

“In conclusion it is maintained that water and manure constitute the
cultivator's chiel wants, and that supply of manure must go hand in
hand with the water, and must. like the later, be taken up by
government, otherwise the soil will 1 tbe able to provide for the

increasing millions of people.”

John Augustus Voelcker

Report on the Improvement of Indan Agniculture
(London: Eyre and Spottiswoode, 1893}

This study suggests certain conclusions
and questions about the forces behind the
growth in India's fertilizer consumption
from the carly 1950s to the mid-1970s. It
also indicates major changes in policies
necessdry 1o sustain rapid growth during the
19805 and areas of further research,

Composition of Total
Fertilizer Demand

The pace of growth in fertilizer consump-
tion varied greatly among crops and also on
the same crop under irrigated and unirrigated
conditions. This implies that the relative
importance of the response function-cum-
price environment for different crops w.is
different in determining total fertihzer de-
mand at various times. Foronstance, the
environment for wheat must have exerted
increasing influence on total fertilizer de-
mand from the early 19505 onward. Tt must
also have exerted considerably greater in-
Nuence after the md-1960s than belore,
Similarly, the response tunction-cum-prce
environment for crops like cotton and jowar
st have played g greater role ininfluenc-

ing total fertilizer consumption during the
19705 than during the preceding two decades.

Although changes in the crop composi-
tion of total fertilizer demand dre obviously
important to understanding the forces hehind
the time series of fertilizer consumption,
they are often ignored.?? Instead, factors
hehind growth in total fertilizer consumption
are identified by estimating one aggregate
fertilizer demand tunction with such ex-
planatory variables as index numbers of
prices for all crops and fertilizers, total
irrigated area, and area sown with high-
yielding varieties.

An aggregate fertilizer demand function
implies that the changes in total fertilizer
consumption were"caused”™ by the changes
in the explanatory variables. This study
indicates that it is erroneous to attribute all
of the changes intotal fertilizer consumption
10 changes in the explandtory variables,
particularly irrigaton and prices. Even by
the mid-1970s only about as much prigated
area was fertilized as total irrigated ared in
the mid- 1950523 Notonly that, diffusion of
{ertilizer use, even on ivigated area under
such crops as sugarcane, rice, and wheat,
was not complete. Fertilizer use under unir-
rigated conditions also grew, even after

2 phis s nont antgue to dndia Por evidence on other countries see Desa Understanding Growth 7 Formstance,

Between 1927 28 and 1978 79 the shate ol cotn i total U s tehzer consumption ncreased froan 22 1010 peicent
and that of soy heans trom 0 4 10 7 5 percent, but the share of cotton dechned from 25 103 percent Siolarly, g
pnher of Western Futapean conntries. the share ot ay aned pastures i total rertilizer corstption steadihy
wereased i the post- World Wan T penod, teaching more than 40 percent Iy the 19705 Fven among the developing
comttties, seanty evidendce Cearly shows the composition of otal ferilizer consumption changing oved tiae

2 getween the mid 19505 and the mad- 19705 pross magated area mcreased from 2 1o 443 mithon hectares the
estunate of trngated area terthzed based on tee XSS 2orhoround findings for 1970 7 s T mlhon hectares ated the
pne based on the NCALR sunsevs for 1976 77 s ahont 29 aullion hectares Undoulitedly part ol the growthom
terniizer consumption hetween the md 19505 and the mad 19705 must have occured on the additional area
tronght ander ungation darmg this perniod 8ot this is quate ditterent ionesaving that e chanee momngated aredawas
pecessary for groswth m batilze consumption on ngated ated, winchoas what the speaiheation iphes
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1973 - 7-hwhenyelative priceswere less Lavor
able to tamers than i the previous five 1o
eight years "t Al this, ogether with the
estunates of the potential ot tertilizer use
made by several researchers, demanstiates
that aggregate tertthzer consumption he
nween the early 19505 and the nad 19704
was nowhere near the potental indicated iy
the prevathng tesponse tanctions-cutme- pice
emvnonment 2 Thos, it wonld be both
Hogical and msleading toaelare the changes
intotal terithzer consumpnion to the changes
m mgaton and prces and o take the e
giesston coctinrents as estimates of then
mftuence on farmers” demand for fertilize
Thes cannot he overemphasized hecanse
such equations give results that e statisd-
cally sipniticant and apparently convincing,
as shown in the Appendin

i tndia actmal total fetiizer consump-
tion has heens substantiallv dess than the
cconomic potenteat for at and ferabize
prices have heenadmmistativ el controlled
Under these crcumstances, 1t would he
mconecttoanterpret the tine servies of 1otal
fevtilizer consumption withim a framew ok
ol demand analvers only, aelating o to the
dagrocconomic varables bhelund farmers
demand for tevnhizey i order toidentfy the
forces poverning it The pace of gronwth in
total tertthizer consumption would also he
poverned by the processes that convert the
potential into actual tarmers” demand. This
would mclude development of an adequate
and efficient distribution system, efforts 1o
pramote fertlizer use on different crops,

and increased availahility of ferilizer through
domestic production and noports #® Thus
viewed, incomplete diffusion of fertilizer
use on all land where its nse s potentially
profitable shonld not be considered as
resulting only from time lags in farmers’
demand, caused by changes i agrocconomic
variables s equally important 1o deter-
mine whether the tune series of total fertilizer
consumption was intluenced by theways in
which iertlizer distitbution, promction, and
supplv systems were developing One gets
mare meaningtul insights by pusuing this
line of mquiy than by focusing only on
dgrocconomic varidbles

Fhe above discussion is not meant to
downplay the importance ot agroeconomic
variahles in the proswth of fertilizer consump-
ties Thevariables hehuind tertilizer-response
sunctions such as crops, varieties,  and
nagation have exerted far greater influence
than prices on past growth in fertilizer
consumption. Thisis indicated by persistent
vartation in the prowth ol fertilizer use
among crops despite comparable trends in
prices S fact, hetween the early 19505
and mid- 19705 prices of several crops less
commonly fertinzed (cereals other thanrice
and wheat, pulses, groundnuts) often rose
faster than those more conumonly fertilized
(rice andwheat). The importance of response
functons is also revedled by much slower
diffusion of fertilizer use under unirvigated
conditions.

The impact of varietal change on fertilizer
consumption is also clearly cvident. Between

rr

S ano of the andes nombeers of prces ol teatlizers and agncaltiral conmodities (hase 1961 6H2) was hhIn
P75 rose o TH i 19T and ta 9% 1905 76 then o Lell i 81 i 1976 77 and 69 m 1977 79 Between
T965 06 and 1972 3 the vatio ranged Gomeh 2 1o 70 See el Ministy of Agnculte and lrogation, Bulletn on Food
stanste s Ovew Delln Contioller of Publicanioans. vanions y edrs)

O hormstance under the terlizen Tesponse fin Botes cume pnees envnonment prevathing i the early 1960s, Panse
eatiated thatitwas possible g the technoes onomie sense) tonse 3 57 mihon tons of trogenan India, Nitragen
cotesnmption methe vatlv 19608 was abont one tenth ot this see VoG Panse, Techmcal and Fronomie Possththities of

Vifrogen

" The

Soelaborated an Desar, tederranding the Proeess

Y There are two bainds of trime lags i taners optial demand for terilizers The fst relates to tarmers who alreadly
e terhhzer on allaops s nc et potentally protisabile, e not enotgh b then case, redue ed denand ¢ oule
bedne to tack of bnowdedie ahant response tancnons and optinial terilzer practces uncertamiies associaled with
proces andbweather and capital constramts the sesand kand s doe to Litmers not bemg avware of terttizer, delays i
adopmtion o Lack ofconvicton abont net retarns and imetal fertihzer nse on only some crops Fudence shows the
widespread prevalens e of the second & pe ncthe prowth of ledia's fermilizer consnmption More often than not, time
L were o tated wiih Lactors suchoas crops, cropovaneties, and tnngation, rather than tanners” charactenistios
O as LI ST OWHe s enant, <aze of Lata) or pces, This explams why tetnlizer use spread more rapdly
aieeertan crapes and ander ogated condimons e also esplams why tarther didfusion of fertihzer vee has not
stopped everswith nadavorable changes o the prace envnonment atter 19773 74

B date on prices see Tnd Amastiy of Apncsdtare and Digaton, Budlets on T ood Statisis India, Ministry of
\grrcndtre anod togrations Sencdtural Suuaton i bndig and Fernliser Assooiaton of India Fertdvier Statisties, 1979 80
(New Dielhe AL 1as0)
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196768 and 197677, total tenilizer con-
sumption increased trom 154 1o 3,41 million
tons in terms of nutrients. 1t is not possible
to estimdate how much of this was on the
high-yielding varieties. However, the NCAFR
surveys and nany microstudies clearly show
that the spredad of the fertihizer-responsive
varieties accelerated dittusion of fertilizes
use and raised application rates on a number
of crops. The impactwas greatest onirigated
areds hut not confined to them. One could
also argue that growth in tertilizer supphy
and expansion of distribution in the wahe of
the rapid spread of high-vielding varieties
accelerated dittusion of fertlizer use even
on traditional varietios

Although tae overall tmpact of response
functions on the pattern of tertilizer cone
sumptionwas gredter, prices have playvedan
important role, particularh i certaim periods
Aatlable evidence suggests that the 9 per
cent dechine i total tertilizer consumption
dommg 1974 75, despite anvinerease ob aboid
.5 mitlion hectares inirmgated area and 1.3
miliion hectares in high-vielding vaneties
of coreals, could be largely attributed 1o
sudden 80 percent mmcrease in tertilizer
prices MU Similarly, ovop prices could have
dadversely aftected the vate of growthoin ter
tilizer conswmption during the 19505, par-
ticulartly on wheat. Bat it is also clear that
hetween 1967 68 and 1971 72 when fertilizer
consnmption incredased from 154 o 2.66
million tons, there was little change inerop
prices. On the other hand, in the nest two
vears. fertilizer consumption grew from 2 64
to only 2.84 million tens despite higher crop
prices. More sipmificantly stll in the five
years after 19734 75, when fertlizer con-
sumption doubled, the reldative prices ol
crops and fertilizerwereronghly the same as
in the carly to mid- 1960s,

1t may be virtaally impossible to sort out
with statistical precision the influence of
price and nonprice factors onthe growth in
fertilizer consumption fortworeasons. First,
the past growth represents movement toward
aviable economic potential that was changing
due to mcereases inirrigation, the spread ol
fertilizer-responsive varieties, and changes

29,

inrelative prices. Second, the pace of growth
in total fertilizer conswmption was influenced
by developments inthe fertilizer distribution
and supply systems,

A Question About Past Growth

This study conlirms what many micro-
studies have repeatedly shown about the
dominant influence of certain crops, irigated
areas, and fertilizer-responsive varieties on
the pace and pattern of growth of fertilizer
consumption. This is ohviously explained
by the Larger size and greater certainty of
returns in situations where fertilizer usewas
more common. But itwould he erroneous to
conclude that fertilizer use was not profitable
in the situations where itwas less conuon
ortotally ahsent. A question arises as towhy
fertilizer use did not expand faster than it
actually did.

There was sulticient scope in India for a
faster growth in fertilizer use than actually
occurred. This is indicated by substantially
less than complete diffusion of tertilizer use
on all crops, even on irrigated areas by the
mid-1970s. Similarly, slow but steady growth
in fertilizer use under unirrigated conditions,
even on traditional varieties, clearly suggests
a viable potential and farmers” willingness
1o use it, Thus, it is just as necessary 1o ask
why the past growth n fertilizer was not
faster as to emphasize the importance of
irrigation and  high-yielding varieties in
governing the past growth

To answer the above question, it would
he necessary to distinguish between such
agroeconomic variables as crops, crop vari-
eties, irrigation, and prices, which determine
ecconomic vidbility of fertilizer use, and
hehavioral factors and institutional arrange-
ments that convert the potential into farmers’
demand for tertilizer, affect development
and operation of the fertilizer distribution
systeny, and enlarge availability of fertilizer,
Clearly, within the limits set by the agroeco-
nomic variables, these three processes and
the interplay between them determine the

Forareview of the cvolunon and growth of fernhzer distibnnon and supphy systems i indig up to the mad - 19705

see Desat Ferdeser i India, aned bertiliser Assocation ot Indva, Development of Lertaiser i India FALSdver Julalee

Comprernorative Volume tNew Lielha VAL a8y

W - .
See v anious papers suhnatted to the 1976 Anneei Conference of the Tndian Society of Apncaltural Foononies in
“Hmpactof Increase i Input Pices on Protitalalie, and Prodecion.” Indws Journal of Agneudiural Feonomies 21 (nly -

September 1976) 675 106
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growth and pattern of fertilizer consumption.

Among the factors that slowed past
growth intndia’s fertilizer consumption, the
following deserve particalar mention: in-
adequate efforts 1o promote use, slow ex-
pansion of and inefficiencies in the distibu
tion system, repeated shortfalls in domestic
fertilizer production, and wide vear-to-yem
fluctuations incimports

Fertilizer promotion was particulaly in-
adequate Tor toodgrains other than nee and
wheat and for oilseeds. Fyven the massive
tertihzer promotion program developed by
the Fertiliser Corporation of India around
1970 did not include any foodgrain except
rice in Madhya Pradesh. similarly, it did not
include  bajra in Gujarat,  Mahavashirg,
Mysove, Andbhra Pradesh, or Tamil Nadu,
which amounts 1o much of the mea sown
with bajra, nor trad tional varieties of joway
inany state except Andbiva Pradesh, My sore,
and Gujmat. Pualses were not inchuded in
any state, Among the nonfoodgrain crops,
important omissions were cotton in Mysore
and Tamil Nado and orlseeds other than
groundnuts i all states

The limit tions of the distribution system
are apparent in the lack of outlets in some
areas, Forinstance, in 1974 75 the numbe
of villages per outlet varied from 3 or lewer
in kerala, Tanmil Nadu, Andhra Pradesh,
Punjab, Haryana, and Gujarat to more than
1O 1 a4 majority of the states. In Assam, it
was as high as 85 Even these figures are
only indicative because distribution outlets
within states also varied widely; outlets
were concentrated at railheads inoa few
districts. 32

Other shortcomings of the distribution
system include: inadequacy and delays in

supply at distribution points; insufficient
credit both tor farmers and distribution
agencies; procedural delays inmaking even
the limited credit available; tansport hottle-
necks and high transportation costs; in-
adequate storage facilities; and  dilatory
licensing procedures and other restrictions,
such as o compulsory requirement to stock
phosphatic and patassic tertilizers with ni-
trogenous fertilizers,

Fertilizer production shorttalls are evi-
denttrom a comparison of the targets of fer-
tilizer capacity proposed in diffevent five-
yedr plans and the actuat fevels achieved. In
all plans except the first anly 50-60 percent
of the target for capacity was achieved. The
performance in meeting production targets
was still worse

In the 26 years between 195152 and
197677, imports accounted for 27-70 per-
cent of total availability (domestic produc-
tion plus imports) ol tertilizer. In 12 years, it
was 50 percent or more. Thus a substantial
proportion of total availability was hased on
imports. In absolute terms, the volume of
Huports increasca fron less thane 50,000
tons of nutrients in the early 19505 to more
than 1 million tons by the mid-1970s.
Growth, however, fluctuated widely through-
out the period. For instance, imports in-
creased by more than 50 percent in 6 years
and declined 20-36 percent in 5 years. ™

The experiences of the Late 1960s and
the mid- 19705 clearly suggest that efforts to
promaote fertilizer use and to develop an
efficient distribution syst nwere influenced
by the ways inwhich tovd lertilizer supply
grew. Between 196566 and 1967/68 total
fertilizer production increased from 357,000
tans 1o 610,000 tons, During the same

S tndia, st of Food and Agcnlune, Femidises Distibution intenm Report of the Natwnal Contmission on
Agrerdire{New Delln contoller of Publications 1971 pp 1823 Sustained efforts to promote fershzer use under
ngated conditions were also absent See Indig Munany ol Food and Apncntiuge, Report of the Commuttee on
Ferttisers thelhn Manager ot Pubiications, 19675 hapters ™ and 8, tor the recopntion of the problem and measures
considered necessany o stepoap tertdizer promotion activiies Ao see papers oncfenilize promonon e Ferti]-
iser Assactation ot bndva Strategy for Stoudating L ertdeser Consamption. Proceedigs of FADFAO Senanar(Sew Delhr FAL
FO770 1o aiticles onc thus subpect duning the wd 1970«

Yosee Desa Fernlizer i i Bhag bsrantand 1 kapoor “Problems e frospects of Expanding Retail Network™
e Strategy for Stmudating Fertleser Consumpiion Procecdings of TALTAO Sed nar tNew Delln FAL 1977)

Wb or detarls wee the documents on the Bive year phans and teralises o octanion of india, A Study on Fertihser
Demarsd and Marketng Fertileser Disnibutzon and Marhetng Fertdesery (New Delhi AL 1973 andd Desar, Terihiser in
Indha " chapter 20 p 394

Hokertihser Assocation of I ferndier Sttt 1970 80 e

O han constnomts ansitgt trom aggegate avadabiiy of ferihzer could have adversely alfected effors to generate
vad prowthan terhzer consumption dunng the Jate 1940 the Tate 19505 and the early 1960+ s also nulicated Iy
Tarlok Simghe Planmng bor Npcaltane” s Aenaulier [ Development of fdie Poley and Problems od ¢ $1 Shah
(Bombay Ovent bongman b ed 19700 aned bndia, Aty ol Food and Spaenlonge, Reportof the Feriser Distnbution
Frgquiry Commuttee (hetht AL noger ot Publicanons, Jaso}
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period, fertihzer imports increased hom
13000 10ns to 15 nallion tons Substantial
inventories wesulting trom tus sudden in-
credse in availabihty ol ferndizers created
pressures (o expand distribution networks
anddevelop potennal markets These eltorts
lasted tor only about three vears because
imports wereacduced by more than 500,000
tons between 1967 o8 amed 1970 71 even
though domestic production incoreased by
halt that amount s aresult of the dranatic
spread of highevieldmg varieties (particularly
wheat), tertilizer consumption increased at
anaccelevated pace This led to tight supphes
of fertilizers in the carly 19705 when there
wereworldwide shortapes of teatdizer, cans-
ing the government 1o imvoke iis powers o
regulate ternlizer destmbunon ander the
Essential Commoditres Aot The pevtod atte
19748 75 was just the oppostte. Asaesnalt of
sustamned growthi in domestic production
and an inerease e nnpoits frone 629,000
tons mo 1970 71 to Lo midhon tons 1o
197475 and again e 1975 T, pressure
from the supph wide developed s Ted
once again to accelerated eftonts 1o expand
the fertilizer disthution sy stem anid promote
fertilizer use, allustrated by the Intensne
Fevtiliser Promotion Coampargn L hed Ty
the government e collaboration with the
fertilizev imdusty and the emphasis onopeo
motion by tertibizer factories

Lo answer why the past prowth o tertil-
207 consumption was not faster, empirical
research is requived on the reasons for
deficiencies in tevtilizer pramotion, distribu-
tion and supply systems aned on how inter-
dctions between them affected growth in
farmers” demand for tertilizer, Such integra-
tiveresearch on the total process would also
help identity imajor policy instrmunents ve-
quired to sustain rapid growthein fertilizer
consumption during the 1980s by giving o
sense o proportion about the relative in-
portance ob different issues and avonding
needless controversies,

Sustaining Rapid Growth

Although it could have been taster, the
growth of India’s tertilizer consumption has
heen impressive. By the Late 19705, Indid
ratthed tourth after the United states, the
LS S R and China in total tertilizer con-
sumption and production, Ot course, all of
these conntries are Llarge. But the United
States and the USSR ranked second andd
fourth even betore World War ', whereas
Chira and India were noteven i the top 15
countries until the 19605 India’s consump-
tion per unat of land is considerably less
than that ot these three and many other
countries, But such a comparison is often
misleading, One cannot judge o country’s
performance in raising its level of tevtilizer
wse inthes way simply because fertilizey
consumption did not begin at the saime time
indll countires: Growth in india’s fertilizer
consumption perounmt ol land since the
1950s compares tavorably with a number of
developed and developing countries when
based on the time taken to raise the average
level of fertilizer consumption per unit of
land from, say, fess than T Kilogram to 30
Kilograms per hectare 30

Ihe Sinth Five- Year Plan, 1980-85, aims
A1 raising otal fertilizer conswption from
7.3 million tons of nutrients in 1979 80 10
9.7 million tons i 1984 853 This implies
an annudal growth rate of about 13 percent,
whuch India has repeatedly attamed, But in
absolute terms itimplies an annual increment
of nearly 900,000 tons. Thus far, the arnudl
increment has exceeded 500,000 tons only
i 197677, 197778, and 1978779, «nd the
Jargest was 875,000 tons in 197778, Farther-
more, tertilizer consumption increased hy
only 138,000 tons in 1979/80 and 260,000
tons in 198081, Achieving the Siath Plan’s
dgriculiural production targets depends on
dttaining the fertilizer consumption target.
That, in turn, depends onthe policies adopted

B must also e red ognized that comparsons between countites hased on the data avalable an FACYS Ferilizer
Stanstics onamonnt of terabizer cansamption per hectae onarable land exagperates the ditterences hetween India
and many other conntries. notably those where asabstantal proportion of total fertthzer consmnption s on pastuse
Landd as i some Draropean conntries, Austrabin, and New Zeatand and those with g hugh degiee of muluple cropping
assome Asn countuies ancludmge Chma therers hoardly any feinhzeruse onhay and pastires mindia The data
for Itz an the FAO stanstics relate o gross cropped aveaswhich micludes multuple cropped area, whereas those tor
many other conntnes selate 1o arable Tand, whirc b exclndes maltple cropped area

Yoindi, PLinmng Commsston, Sidh Jove Year Plan 1980 85 (New Delhin Contioller of Pablwations, TOR1), p. 105
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incertamn key areas based onvalid premises
Thus, for instance, relative prces will be
relevant, butit also must hevecognized that
the vequned growth cannot he achieved by
price manipulation alone There shonld be
no doubt about thrs

[uttne possthilities 1oy expansion of
fertalizer vse depend on past developients
Phis study shows that tanihizer use had!
spread 1o about two thads ot total nugated
dred by 1970 77 Gronthnm consumption ol
ahout 2 mnthion tons bn 1979 80 and the past
COTSEITNPEL B SUpRests that by 1979 80 ahout
5 percent ol Inds totab ngated g was
fertthized Thos there s mnchiless scope ton
prowth theonph funther spread ononterthized
nugdated areas  Only aboue 8 onalhion of
India=52 6 mdhion hectares nder meation
are not ey tertithized A substantal pro
povtion ot this e probablv altected by water
lopging and aebated problems whio hom
drcates that Tietde noagated Taovd e avarabie
ton fonther diffusior of rertihizenr nse

siantiarhy, the sast pattern soppests that
the averagerate ol terthizer apphoation on
nrgated doeas under Al ops conld have
reached about 50 bilopiame pey hectine by
1979 80 At this ate, atal ternhzer con
sumption on tertdized nogated areas wonld
be about 4 million tons of nanrents, about
76 percent of the totdl Consequently, furthe
prowth i consutnption on ared now nrigated
through moreases i rates may not bhe as
rapidinthe shortvnas tethe past, particn
Iy since most of the migated areas with
poodwater control prohably were sownwith
fugh vieldimg savieties by 1979 8058 Ap
merease meagncultinal prodaction from
yarsing rates on tertilized imipated areas
further would not be Targe. Theretore de-
pendence on this strategy to genevate rapid
growthan fertilizer demand would enhance

pressures for higher crap prices or fertilizer
subsidies,

Fhis underscores the importance of the
nrigdation development ppograms of vhe Siv th
Plan. which anm gt raising total irigated
dred brom 52 6 nnttion hectares m 1979 80
to 662 nullion m 1984 653 Given the
complementaitieos among nigation, highe
vieldmg vanicties, and ferthzer, the impor-
tance ol achieving the Sisth Plan's target of
nngation cannot be overemphasized.

AL an average vate of 100 Kilograms per
hectare on the entne 662 nulhon hectares
ol mrigated area m 1984 85, tatal fertihizer
consumption on migated areas would he
6 O nullion tons of nutrients. (At the rate of
1o KMlograms it would still he 7.3 million
tans ) Thas the targer ol raising total tertilizer
consamphon 1o 9.65 mithon tons i 198485
dned 1o substantially hupher levels i the
years bevond crinicatly depends on aceeler-
anng growthin tertibzer use under uninigated
conditians

Datt generated throngh thousands of
fertthizer trials nulicate a viable economic
potential for rapd growth in fertilizer use
under unirmgated conditions, The national
surveys and many mnoostudies also show
that ternlizer use an virtually all crops
under unirnigated conditions has been grow-
ing. Thus, a sustained vigorous effort is
required ta accelerate such growth

That these eftforts should include tertilizer
promntion activines 1o convince farmers
about et from fertilizer use and to
expand fernlizer distmbution systems in
districts with little imigation,  needs no
emphasis. s also clear that the available
high-yielding varteties have harety hegun to
spread under unirigated conditions, Con-
cetted etforts are required to aecelerate this
process now that their ditfusion on the

BV 10 B0 b vieldimg caneties, Dl spread to about 35 mathon hectares sosn with vce wheat, josan, hajra, aned
cortaccordimp to the antal teport ot the Anisty of Apnootioe for 1580 11 Assuaung that 75 percent ol the total
rttted area e 1979 BO s sown sath these cropes total mogated ea uneder e wondd e about 39 milhion
hectares See o Moty ol Apncaltone and Bogation, Report 7040 87 05ew Delln Controller of Public ations,
1981

M rhe amgadien acstetmed el ne e enrpated areas of 27 gullion hectares, aate an ey ed o ondy o tew
vedrs i the pecent pst

Yot rnunigated e bndi une fos e aneetonoanball T facs mrngtated net sonn area s eqintahly

Astobured ey dugele mediam and ow oot epons See dndi, Aty of Agnonltne and hapation, Indian
Lertculture i Bnef 1980 vew Delhi Contraller ot Pubilncations 19801 pp 22 0% Thie the pnoblein ol rasig tertihize
corsumnption muler annngated condiiions shautd not e viewed as occanmg only with Tow casntall Inbact, astudy
Based an the tertihzer prowth pertarnnance ot disticts dunmg the 1960 dearly showed that distie ts with Jow
nngation bocated e baghe vl bovesoness partenlaly e easteans Indi pme luding, parts of Alacdhyva Pradesh),
pritormed the worstamong alb dismerowath itde nopgation: see Desarand Siple Growth of Frertdiser Use hapten 4
Seratiny ob the trends s the 19705 aedicates o anulbar patten

59


http:good4.84
http:844'l.il

presentirrigated areas is near completion. It
is necessan torecogpnize that the extent and
vigor ot ail these ettorts witl eritically depenid
on the availability ot fertitizer: Unless the
growth in total supply stays alicad of growth
in the market tor fertilizer under ingated
conditions, there would be httle motivation
to develop markets i unirrigated  aeas,
This s clearly tevealed by past ey e
ence. Theretere hasty reductons of tertilizer
imports, either because of increased capacity
of the domestc mdustry or to clear imven-
tories, must be stopped. Fertdlizer import
policy should be hased onanunderstanding
ot the role of supply inopening up potential
markes through pressures on lertilizer pro-
motion and distribution systems. This re-
quires a redlistic view of anticipated po-
duction from the domestic tertihzer imdusin,
SIVen s mdrasiruc e constraints which
lower capacity ntilization: 1 also calls tor g
jndicious assessme nt of the size and location
ol fertilizer stocks required 1o sustain rapid

growthin fertilizer consumption in a country
of India’s size

Achieving anvthing like the Sixth Five-
Year Plan's target of fertilizer consumption
would, theretore, require decisive pohicies
andd their vigorous implementation in four
major directions: achieving the Sivih Plan's
inipdation target; sustaining massive efforts
1o accelerate growth in fertilizer use under
uninigdted conditions, both by increasing
its use on traditiondl varieties and hy spread-
ing high-yvielding varieties capidly; enlarging
agpregate supplies of tertilizer by increasing
domestic production and als by increasing
imports; and removing various deficiencies
in the tertilizer distribuiion system: Efforts
i these directions, together with continuous
agricultural research to improve fertilizer
response an bothintigated and unirrigated
areas and improvements in agricultural ex-
tension systems, wi'l help to sustain rapid
growthin fertilizer consumption beyond the
Sinth Plan period,

3 There are two more reasons. First, even the planned growth i the domestic fertilizer industry is less than the
requirements implied by the targets of consumpnion (India, Manning Commission, Sveh Five Year Plan 1980-85,
P 460 Attaming tertlizer consumption ot 9 6 aulhon tons thus implies aggregate avatlabilty of atleast [E million
tons, becanse it wonld he unrealistic to assume that i any year 4o tual consumpnion could he more than 85 percent
of availability 10 fact past trends suggest i years of tght sapply, the gap between total ay dilability and
canstamption was less than 18 percent Second. the lacation ot tertihizer sipluses i the world market appeat to be
changing due to the changes i the cconomaes of the teandizer indastiy atter 19773 74
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APPENDIX:
EQUATIONS BASED ON MACRO TIME-SERIES DATA

The cquations presented below are intended to illustrate the arguments on specification
error presented in Chapter 50 Total (ertilizer consumption is considered a function of
irrigation, high-yielding varieties, and prices. Available macro data on these variables for the
period 1961.62-1976 77 are used to estimate the equations.

Ihe tellowing vaviables are used:

TEC
GiIA
AHTEC
Pl
AGPI
DEPI

DAGP]

REAGP]
TIME

total fertilizer consumption (in 1,000 tons of nutrients),

gross imigated area (inomitlion hectares),

area under high-yielding varieties of five major cereals (in million hectares),
index number ol wholesale prices of fertilizers (1961/62 100),

index number of wholesale prices of agricultural commaodities (1961/62 < 100),
index number of deflated FPL deflated by the index number of wholesale prices of
all commodities 1196102 100),

index number of deflated AGPL deflated by the index number of wholesale prices
of all commodities (1961.62  100),

index number of the ratio of FPHo AGPLH{1961/62 -+ 100), and

time (1961762 - 1, 1962/63 - 2, ... 1976;77 - 16).

Whenthe variables are used after logarithmic transformation, they are expressed with the
letter 1. before them,

Results

Table 31 presents the correlation matrix. The correlation coefficients between variables
in log form are shown in parentheses.

The following six equations were estimated. Figures in parentheses helow the regression
coefficients are (-statistics:

TEC - -4074.5 + 174.7 GIA + 34.0 AHFC - 5.5 FPI + 0.02 AGPI,
(-3.71)  (4.68) (2.28) { 3.88) {0.01)

’:0.98, DW: 2.013; (1)
TFC = -839.3 + 134.4 GIA + 22.0 AHFC 183 DFPI - 9.4 DAGPI;
(--0.48) (2.27) (0.91) ( 3.33) (~0.73)
R 0.97, DW: 1.305; (2)
TFC = -904.7 + 88.5 GIA + 41.4 AHFC - 13.2 RFAPCy;
(- 0.48) (1.62) (1.89) (-3.03)
R 0.97, DW: 1.91; (3)

LTFC = ~5.400 + 3.580 LGIA + 0.142 LAHFC - 1.055 LFPI + 0,926 LAGPI;

(-1.368) (2.460) (1.427) (-5.153) (2.912)
K1 0.97, DW: 1.402; (4)
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LTFC 3439 ¢+ 3.090 LGIA + 0.157 LAHEC 1,078 LDEPL + 0.880 LAGPL
[ 0.522) (3.087) (1.584) { 3.280) (1.074)

R 0.97, DW: 1.365; (5)

LTEC 0236+ 3135 LGIA » 001573 LAHFC 1,029 LREAGPL
(0.074) (3.372) (1.652) { 5.492)

K098, DW: 1.362. (6)

Fach of the above equiations explains 97-98 percent of the variation in total fertilizer
consumption. Al partial regression coefficients except the one for DAGPI in equation (2})
have expected signs and most of them are statistically significantat 5 percent. One could also
virtually eliminate multicollinearity.: by estimating equations (4) or (6) hy dropping the
explanatory variable on high-yielding varicties. And yet, as argued in Chapter 5, it would be
incorrect 1o take the results of equations such as these as providing insights into the causal
factors behind the growth in total tertilizer consumption hetween 196162 and 1976/77. 1t is
also clear from the high correlation coetlicients between TIMIE, on the one hand, and TFC as
well as ditferent explanatory varables, onthe other hand, thathigh statistical signiticance in
the above cquations also drses hecause GIA AHFC FPL and AGPL pick up the influence of
the processes behind tertilizer demand, distribution, and supply systems-—processes that
also developed over time: This is not to argue that changes in the explanatory variables of the
above equations had no causal intluence on the changes in THC Bul that is quite different
from saying that virtually all growth i India’s fertilizer consumption was hecause of growth
in detmand for £ tilizer resulting trom changes in the explanatory variables and that the
regression coetficients of these equations are unbiased estimates of their influence on the
growth in total tertilizer consumption.

Table 31— Correlation muatrix

Variables e GIA AHIC FPl DFPI AGP] DAGPI RFAGPI Time
e !
GIA 298 1o
(16}
AHLFC U6 0us 1.0
{0.96) {097}
(Bl 076 083 088 1.0
{0.76) {0 59) (0.84)
DEPE .38 0.27 016 0.18 1.0
Lo 03 (030 (0.09)
AGPT 089 095 19y 0.92 0.19 1.0
093 {0 90) (0973 91y (033)
DAGPI 015 012 003 015 0.hh 0.16 1.0
(035 0.17) 022 (008 {069 {0.27)
REAGH 0.35 025 012 0.18 0.97 0.20 0.82 1.0
{ 050 O (01 {0.00) (097) (03 { 08l)
lime 0.98 099 047 084 0.33 0.95 0.15 0.3 10

(0 98y 9t {0 90) 075  { 052) {0.9%) 0.37) (052

Notes: The values of R+ 050403 are significant at 5 pereent. The figures in paventheses represent o correlation
tatriy of vanables i log form
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