


PER‘I‘ILIZER USE AND ITS DETERMINANTS : A REVIEW WITH
SP CIAL REFERBNCE TO SEMI-ARID TROPICAL INDIA

Dayanatha Jha'

‘The semi-arid tropice covering nearly two-thirds of the conntry s arable
" area, are spread over the states of Andhre Pradeeh, Haharaehtra, Gujarat,
' ‘xarnataka, Madhya Pradesh, Tamil Nadu end parts of Uttar Pradesh, Punjab,
Heryena and Rajasthan (Bapna et al. 1979). Wwhile the advent of irrigation
'in states like Punjab. Tamil Nadu, iiaryana, Uttar Pradesh and others has
.helped in transformation of the irrigated SA'I‘1 areas, bulk of SAT India
continues to be characterired by low output, highly unstable agricultural
system supporting fairly high population»d.en's}itiea (Ryan 1974). Till
recently, these were loolted upon nore as protaiem areas requiring famine
relief and protection rathaer than areee capable of mkinq pr)eitive con-
tributione to a country [ aqricultural growth

. Earmest efforte are now being ude to rectify the iubalance.’ ‘The
‘share of dryland areas in developaent_ailocationl is ingrenoing: attenp_ts
to improve the tecnnological base of agricultnre in tnese areas have been
inteneitied. The realization that irrigation will never reach a vast
mjority of SAT ereae. has focused attention on develop-ent of high-output
| tschnologieu and farming systeu cepable of perforling wall under cons-

trained ard uncertein moisture eituations

¥ Visiting Scientist, Economics Progrom, International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT) , Patancheru Post Office,
Andhra Pradesh 502 324, India.

1'. The ahbreviation SAT hae been ueed for eeui-arid tropics in thie
. text.



v Bffitientiioiiﬁ&eﬁi"itiiitjr‘,;and water ‘"_m&hagement have been identified
as the key factbrs-‘ ih tﬁie context and “ertilizer use plays an important
'role in the new dryland agriculture technology. This paper focuses atten-
tion on fertilizer use in SAT India in terms of consumption levels, growth,
farmers' practices and factors affecting farmers' demand for fertilizors.
Information on these zspects is lacking; .economists, like everyone else,
were too preoccupied with the ext::(iting change's taking place in irrigated
.agricultural regions of the country As early aa 1969, Desai emphasized .
the importance of rainfed regions v‘aa potential sciurces of future growth in
fertilizer demand (Desai 1869). A decade later, he had to reiterate the
call (Desai 1978); apart from the work he followed up throuqh these years
(Demai et al. 1973; Desai and Mellor 1969, Desai and Sii\gh 1973),
no sy'st’emtic study was conducted on this problem.

Agrobiological scientists, on the other ht‘md. have been more res-
ponsible. ‘A large number am.!‘ tvariety of experiments have.been cqpqtpted
under the All-India Coordinated Agronomic Emrimnts Scheme, the All-India
Coordinated Research Project for Dryland Agriculture (AICRPDA) , and the
Sorghum and MI11l6ts Research Programmes of the Indian Council of Agricul-.
tural Research (ICAR), agricnltural universities in different states and .
at the International Crops Research Institute for the Semi-Arid Tropics.
These have established that n;')st'of the crops grown' under dryland conditions
do reapbnd't'b fertilizerd (Ranwax: 1972).. While there is need to further
study the interactions of response with méisturé (rainfall) variability,
methods of application and other agronomic realities of dryland agriculture,
successful diffusion of fertilizers mquirea an mderstandinq of the status
of fertilizer use, the pattem of its use and the factora inhibiting rapid

growth in consumption at farmers' level.



This paper attempts to piece together information on ve-ious aspects
of fertilizer use from different sources. A brief macro picture io first
given covering consumption of fortilizers in India. The growth pattern of
fertilizer use is then discussed in aggregate terms. The second section
deals with micro-evidence on fertilizer use practices.of farmers. Finally,
factors affecting adoption and use of fertilizers have been identified.

T. CONSUMPTION LEVELS AND GROWTH IN FERTILIZER USE
Table 1 provides a synoptic view of current consumption levels of fertili-
zers (total plant nutrients) in India. It shows that more than 508 of the
total fertilizers was consumed in only four states (Punjab, Uttar Pradesh,
Andhra Pradesh and Tamil Nadu) which accounted for less than 308 of the
gross cropped area of the country. The eastern states (Assam, Biha;'.
Orisga and West Bengal) account for about 18% of the area but consume only
108 of the fertilizers used. This clearly indicates concentration of
fertilizer consumption in a few states (Desai 1978; Desai and Singh
1973).

The states of Madhya Pradesh, Andhra Pradesh, Maharashtra, Gujarat, '
Karnataka and Tamil Nadu fall predominantly under the semi-arid tropics.?
1f we leave out Andhra Pradesh (where fertilizer use is concentrated in
5-6 coastal districts) and Tamil Nadu (whe;e very high irrigation levels
obtain), a crude idea regarding fertilizer consumption in predominantly
SAT areas can be had. Madhya Pradesh, Maharashtra, Gujarat and Karnataka
account for about 368 of the country's cropped area but their contribation.

in total fertilizer consumption is less than one-fourth. This suggests

2. Parts of Uttar Pradesh, Haryana, Rajasthan and Punjab are also inclu-
ded but state level data would not reveal the SAT position.



Table 1. Pertilizer use in Indian agriculture : 1978-79

i

- ' .o | v Share in & net
. Fertilizer (N+P+K) con all India irri-~

- _ sumption in 1978-79

Pertilizer

(N+P+K) use § of farmers s crop Average rate of

area application of

gross gated

Lo Towms o mem il ool e PEMOF WU sei weper fermic
=T g -area 1976~ PP e liged  1lized ha (kg)
. a _ area (kg) ]
. - - 1977 -

I Asgam < 8 0.2 2.0 21.4 2.4 6 5 49
© Binar | 195 3.8 6.8 34.5 17.2 42 35 50
“orissa 72 1.4 4.3 17.8 9.9 21 S22 . 7 el
West Bengal - 243 4.8 4.6 23.3 31.9 66 50 ‘89
II Funjab 594 11.6 . _3.8 76.6 - 94.5 92 76 91
Uttar Pradesh 1058 20.7" _13.9 475 45.6 44 31 65
III Rajasthan 134 2.6 10.1 17.3 7.8 31 20 55
Gujavat.. . 321 6.3 6.1 12.8 31.4 62 a3 46
IV Madhya Pradesh ' - 193 3.8 12.5.  10.7 9.2 15 11 46
Andhra Pradesh 605 11.8 7.1 32.4 50.9 62 42 , 112
Maharashtra : 380 - 5 -7.4 i1.8 8.3 19.1 42 27 _ 77
Karnataka 361 ' 7.1 5.9 13.2 36.6 50 .33 105
rTamil Nadu 493 9.6 4.3  38.8 68.9 70 55 128
V Kerala 100 2.0 1.8 10.0 34.1 65 73 92
H. Pradesh 12 0.2 .6 16.3 12.8 34 28 - 28
Jammu & Kashmir 18 0.3 0.6 43.0 38.8 40 28 47
100.0 100.0 4.6 « na ‘na nr ‘ nr

_All India 5117

_!1&. Hot apoiicable
‘nr. Not reported
Source: " Pox columns 1 thru 5; Fertxlxzer Association of India. 1979. ‘Pertilimer Statistics, 1978-79. HNew

~ Delhi, India. various tables.
For columns 6 thru 8 see NCARER 1978.



‘that fertilizer useiin-SAT areas is cbnp&ratively lower It is also lov
in Rajasthan and the eastern states.

Figures for average fert:lu:er comuption intensity also lu\:;gent
a gimi:/r patiein. In Punjab, Uttar pradesh, Andhra pradesh and 'ra-n Nadu
(all lmving waell~-developed irrigation resources) , con.mpt:lor levels exceed
.40. kg of plant nutrients pex hactare of gross cropped area; none of the
four SAT states (Madhya Pradesh, Maharashtra, Karnataka and Gujhrat) reach
this level. The average consumption per hectare of cropped area 15 below the
nhtional average in the eastern states (West Bengal apart), the noh:ﬁem
hill states of Jamtu and Kashmir and Himachal Pradesh and in Rajasthan,
Maharashtra and -Madhya Pradesh.

The table also provides estimates on three fertilizer use parame-
‘ters -- adoption, extent of coverage and actual rates of fer(:iliut (NPIL)
appli.cation per hectare. It shows wids inter-state varisbility in a11 tho
.. three parametexs. In seven states more than 608 of the !arlstl used
fertilizers. All these (with the exteption of Gujarat) weré pradominantly
rice and wheat growing areas. The percentage area fortilized in these
states vas above 40% and the rate of application was also high -= 76 to
128 kg/ha. On the other extreme, five states had less than 35%
adoytion, relatively lower rates of appucat:l.en (Orissa being an excopt:lon)
‘and very low percentage of fertilized area. So far as the four staten men-
tioned above are concerned, Madhya pradesh had very low valucs for all tho
three parameters: Maharashtra and Karnataka had 42-50% adoption, 27-33t
crop area fertilized and rather high rates of srplication. Gujarat had‘ |
relatively higher figures for adoption and percentage area fett:ll:lzed,

but the rate of application was lower. Thus, even within theae states '



- considerable variability exists and it is not possible to draw a concrete
inference based on state level data. PR _ -

Table 2 gives the distribution of 385 districts in India over
.different consurption lev§1<1ntervals.»p0n1y 78 of the districts. had con-
surption levels above 40 000 tonnes, but these 27 districts conlﬁmadu29! -
of the total fertiiizers. On the other extreme, over 42 districts had very
low consumption levels (less than 5 000 tonnes) and accounted for only about
8% of the total. This underscores the point mentioned earlier regarding
concentration of fertilizer use on small p:eas.'

. The pattern in typically SAT regions is highlighted by an analygis .
(Saolapurkar 1979) pertaining to two SAT states -=- Maharashtra and Andhra
Pradesh, based on district level data on fertilizer consumption in 1977-78.
Tabla 3 .swmarizes the essential features of this analysis. It shows that
in both the states fertilizer use was concentrated in districts with high, -
irrigation intensities. The situation in Maharashtra appears somevhat less
skewed probably because of fairly widespread use of fertilizers (at very
low rates) on groundnut, cotton and some foodgrain crqps;

The aygregative analysis on consumption pattern reveals continued
concentration tendencies, led mainly by drrigation and to some extent by
the area under high value (or high response)’unirr;gated crops (Jayaranpn
1579).

Growth in Fertilizer Use

Growth of fertilizer use in Indian agriculture during the gixties was
studied in dopth by Desai (Desai i969; Desal 1978; Desai and Singh
1973),  Historical evidence indicates that though the use of ferti-

lizers .for field_c:ops started in the laée thirties, it was only dﬁringJ


http:consumed.29

Table 2. Distribution of districts by consumption level of fertilizers
(total plant nugrients), 1978-79 :

_ Consumption range ' - - Mumber of’ © ' percent share of
(thousand tonnes) y districts total cggsqmpt{qn .
Fbove €0 9. - 12.3
41 - 60 17 - 16.7.
21 - 40 64 . 34.2,
1 - 20 68 ©19.9
5-10 63 . 9.1
Below 5 les 7.8
Total 385 100.0

Source: FPertilizer Association of India. 1979. Fertilizer-Statistics'

Table 3. Fertilizer consumption in Andhra pPradech and Maharashtra districts:
1977-78 e

State/ " Ne of Shdre in State “otals _ " (PK) consump-
Catego aiotes, Cultiva- Trrig. Total fortilizer. ~tion.(kg/ha) of
sory ' ted area area (NPK) consumpticn cultivated area

Andhra Pradesh ' :
Irrigated 11 38 75 L 78 s 93

Unirrigated 10 62 25 22 16
. I‘."‘ ' ‘ ‘
Maharashtra ‘ ‘ : o
Irrigated 8 26 - 52 . 58 Y-

)

Unirrigated 17 74 a8 42 on
) § L Cy

Source: Saolgpurkar 1979.



the First Five Year Plan that it realiy‘got afstfong'push.‘ Consumption of
the three types of fertilizers rose from about 81 000 tonnes in 1952-53 to
about 309 000 tonnes in 1960-61 and 5 100 000 tonnes in 1978-79. The.
growth, howaver, has not been monotonic and wide inter-year fluctuations
were witnessed. There was a sharp deceleration in 1972-73 and 1973-74 and
a substantial decline in 1974-75. The last four years (1975-76 to 1978-79)
have been very impressive but Desail cautions that this should not be intex-
preted as a definite acceleration, it most likely implies a recovery along
the pre-1972 trend (Desai 1978). He also pointed out that the statewise
base of growth in fertilizer oonsumption continued to be narrow and states
like Uttar Pradesh, Punjab, Tamil Nadu, nndhra Pradesh and Gujarat still
accounted for bulk of the post-1975 growth in fertilizer consumption. This
continuing concentration raises fears about future growth in fertilizer
consumption ‘in India. - .
The districtwise study on growth in fertilizer use (Desai and '
g Singh 1973) focused attention on the concentration problem. It |
‘examined data on fertilizer consumption for 286 districts over the period
-1960-6; to 1968-69 and found wide ihter-distribt'variability‘in fertili-
zer coosumption. More than 80% of nitrogen (N), and phosphorus (P) was
consumed in less than one-third of the districts all though this period.
On the other extreme, more ‘than 50% of the districts accounted for only
. 10% of the total fertilizer corismnption.

Extending the analysis to 1975-76 and 1976-77, the pattérn'was
found to be persisting -- 87% of the growth in nitrogen consumption between

these two years was accounted for by only 81 (30%) districts, most of



léhesg wgré impprtantvin the sixties also. (Desal 1978) . Desai concluded that
while there was some broadening of the districtwise baée;geﬁerating growth
in,fertilizer,consumption, it was still guite narrow and d§minated by the
traditional growth generating districts throughout the last 15 YGarB‘Qt 8o.
}Resﬁlts obtained by Maharaja for Gujarat (Maharaja 1975) and Saolapquar
for Maharashtra and Karnataka (1974-75 to 1977-78) (Saolapurkar 1979),
supported,most of these findings. However, Maharaja found evidencg of a
district widening of the:spatial base of fertilizer consumption over the
period‘1960-61 to 1969-~70. Ee found that the growth.in.cqnsumption of '
nitrogenous and,phosphatic fertilizers was higher in districts which had low
initial consumption levels as compared to that in dtstr;ctsgwhere the ini-
tial consumption levels were higher.

. 1t was also chown (Desai and Singh 1973) that the performance of
. the southern region (Andhra, Kerala, Karnataka and Tamil Madu) was.very cood
’ with respect tQ_growth invboth.nitrogen apd rhosphorus use whilg that of the.
~ central (Madhya_Pfadeéh,4Rajasthan, Uttar Pradesh) and eastern (Assam, . -
Bihar, West Bengal, Orissa) regiéns was very poor. The western region
(Gujarat, Maharashtra) performed relatively better with respect to growth
in phosphorus consumption and thepnp;thern region (Punjek, Haryana) did
befter with respect to nitrogen'g:owth. The study.also.inves;jgated the
factors behind varving growth‘patterns. These shall bg_discussed later.

The. SAT Regions ; : ‘ : . : A

We have attempted:ta.interpret.the results of the stuév by Desai and Singh
in terms of SAT regions (Desai and Singb 1973) . The study gives growth

rates,(1960~61-to 1966-68) of fartilizer consumption for' districts falling -
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' 1n different annual rainfall classes -- less than 500 mm, 501-750 mm,
751-1150 mm, and more then 1150 mn. The last class is treated by the
authors as‘assured'rainfall category. We have interpreted the districts
falling in 501 mn to 1150 mm class as belonging to semi-arid tropics.slyu
Table 4 shows the;distribution of districts by rainfall and irrigation
classes. | - | “

The top. half of the table reveals that 46 districts had high to
" very high growth rates of nitrogen use. Of these, 3%, .were located in
the semi-arid region, the arid ‘and assured rainfall areas had 5 each.
Bulk of the medium growth districts were also located in the semi-arid
region. Considering the distribution within each category, the arid |
‘xegion showed.maximum contrast. 10 district in the low to very low and 5
districts in the high to very high growth category..‘In the semi-arid
and assured rainfal) areas, these figures were 77 (46%) and 26 (22%),
and 77 (75%) and 5 (5%), respectively. These figures clearly brought'
out the poor performance of the high :ainfall districts. These belonged
mostly to the eastern region. The semi-arid regions (and aven the arid
region) performed relatively better during the sixties..' |

With respect to growth in phosphorus use, performance of the
semi~arid arid arcas was distinctly superior. Once- again the assured
rainfall regions were found to be lagging behind.

Classification by irrigetion levels within each type of area pro-

vides a more realistic assessment. This reveals that all the districts;

'3, The limitations of- this clagsification’ are recognized. It was.
attempted in:the hope that this will enable some broad judgements. .
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in the high nitrogen growth class in arid regions had‘highez‘irrigation,
211 the 10 low growth districts had low irrigation. This held for the
gemi-arid regions alsc -- 26 out of the 36 high to very high growth dis-
tricts had high irrigation, 56 out of the 77 low to very low growth dis-
tricts had low irrigation. In fact, growth in nitrogen consumption was
high in only 10 (out of 96) low irrigation SAT districts. In the assured
rainfall areas, irrigation did not seem to have made much impact. With
respect to phosphorus use also, a similar trend was observed.

Taking an overall view, and considering low irrigation situation,
the semi-arid districts seem to have performed better than the arid and
assured rainfall districts. Only 58% of the (96) districts in this cl&ss
had low or very low growth of nitrogen use (57% for phosphorus use).

In the arid and assured rainfall districts, the proportions.were 100%
and 75% respactively (90% and 768% for phosphcrus use). Ten percent of
the districts had high to very high growth rate of nitrogen use (13%
for phosphorus use) in the unirrigated semi-arid areas. The correspon-
ding figures for arid and assured rainfall areas were nil and 3%, res-
pectively (nil and 48 for phosphorus use).

The above a#alysis provides some useful insights into the relative
positiﬁn of SAT regions vis-a-vis others. (1) The semi-arid (and also
the arid) regions had higher growth of fértilizer use during the sixties
as compafed to the assuied rainfall regions, more distinctly sc with ree-
pect to phosphorus use; (2) Availability of irrigaticn geemed to bring
about a much greater impact on fertilizer use in the semi-arid (and also
arid areas; (3) With low levels of itrigation, growth rates fell substan-

tially in the semi-arid regions but they still out-performed the assured
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rainfall areas; (4) High nitrogen gmﬁth districts were concentrated.in
the high irrigatjon areas. For phosphorus use, ,particulg:l,y,,,j,p, th9 semi~
arid areas, the corrolation was :;aot so strong. It may Bé'r&bﬁed that both
Maharaja and Jayara@ “!ound area un&ér coméfcial crops to be moxe import-
ant then irrigation in explaining phosphorﬁi-‘cénsmption pattern in Gujarat
(Maharaja 1975; Jayaraman 1979). i |

II. FERTILIZER USF PATTERN ON SAT CROPS AND FPARMS
In order to understand the forces which lead to the macro patterns g:lscun-
ed earlier, it is necessary to know the fertilization practices in greater
detail. An attempt has been made in this section to provide infdi:ﬁatic:: on
the rates of fertilivetion of different crops, the extent of coverage,
cropwise allocation of fertilizers etc. with special focus on the semi-arid
regions of the country. The ovérall picture presentod in tﬁe folitzmingm |
section is based on three comprehensive studies. The first (NCAERl 1274)
provides estimates of fertilizer use on selected crops for the country as
a whole. The second (NCAER 1978) gives the position statewise and the
third (Raheja et al. 1379) focuses attention on fertilizer use for high

yielding varieties of selected crops.

Fertilizer Use on Selected rxops : All-India Estimates

Table 5 presents country-level estimates of cropwise fertilizer use based

on a sample of over 4 000 households spread over the whole count::ry.4 The

4. The sampling design gave a higher weightage to Intensive Agricultural
Development Districts (IADP) and though the estimates have been adjus-
ted, we feel that this has biased the estimates upwards.



Table 5. c:opﬁise' allocation, extent and rates of fertilizer appncat:lon
. on selected crops in India; 1970-71

Rate of application per

Crop ‘«»35)“‘,323 ectitized ———————-————-—Lﬂl"";““" bectare
Rice . 3. Y 39 8 2
Wheat | 19 50 51 .4 2
Sorchum 5 Y 27 10 4
Maige 2 25 s4a 3 1
Other cereals 5 16 . 33 11 1
Pulses 1 s 25 5 1
Sugarcane 18 83 199 30 24
Cotton 8 20 ‘37 7 "
Oilsseds . : .. 4 30 15 1 1
Other crops 5 nr nrnr nr.
Total 100 : nr nr nr nr

Vet

Source: NCMAER 1974.
nr. Not reported .
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table shows that foodgrains accoumted for nearly two-third of the total
fortilizer used in the country. This is in significant contrast to the
position till the fifties when commercial crops were the major claimants
(Desai leééf; ‘One alsc notes that érops like sbrqhum, puisés, other
gereals, cottgn and oilsceds, which are the dominant crops of SAT India,
Accounted for Ai;ﬁall (23%) ' share. 1In fgct,zbnlv three crops -~ rice,
wheat and sugarcane, claimed more than'twoithifﬁ of the total fortilizer
consumed. The extent of fertilization, measured as the extent of crop
area fertilized, was also high for these three creops; the major SAT
crops (with the excoptién of cotton) fared pocrly in this regard. Thé =
rate of fertilizer application also followed the same trend. one should
note that these arec average figures over irrigated and unirrigated, local
and high yielding varieties. Table 6 provides the estimates for extent .
and rates of application under irrigated and unirrigated conditions.

The table shows the irrigation-fertilizer complementdrity quite
clearly. Under unirrigated conditions, the extent of fertilization dropped,
only for rice, cotton and oilseeds it extended’to nearly oné-fhird of
the cropped area. For wheat, maize, sorghum, other cereals and pulses,
the extent of unirrigated crop area fertilized ranged between 3 to 16%
only. The rate of application of nitrogen also fell drastically under
unirrigated condition and did not exceed 30 kg per hectare in any case.
If we leave out rice, wheat and maize, we get a more relevant picture
for SAT; for crops like sorghum, cotton and groundnut, the valuecs lay’
between 15 to 25 kg N per fertilized hectare only. It is also 1nterest1ngl

to note that the rates for ohosphorus did not fall so significantly,
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Table 6. Pxtent of area fertilized and rates of fettiliierfépblication'
for gelected cxops under irrigated and unirrigated conditions,
1970-71 (A1l India) '

% crop erea ferti- Rate per fertilized hectare (kq)

Crop lized Irricated ~ Unirrigated
Irxrig. Unirrig. N P K ' N P, K
Rice 65 .- 3 ° a8 10 1 30 6 2
Wheat .. 69 16 s 3 1 28 5
Sorghum 39 13 a4 13 8 177 9 1
Maize 47 5 57 2 1 31 10 1
Other cereals .39 11 50 4 1 24 17 n
Pulses o 15 3 3 5 1 9 4 n
Sugarcane 83 nil 790 30 24 nil nil nil
Cotton 70 31 61 12 7 2 3 1
Oilseeds 35 29 - 14 19 -2.°15 110 1

Source: NCAER 1974.
n. Negligible -- less than 0.5
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indeed for some cmps, the unirrigated rates wera higher. This reinforces
the conclusion drawn earlier regarding relat:lvely smaller impact of 1rr:l-
gation on phosphorus use.

Table 7 provides yet another stratification of the data in terms of
extent of area fertilized and rates of application for high yielding andv
traditional varicties under unirrigated conditions for rice , wheat, maigze
and sorghum. 'rhe :l.rr:lgated crop parameters (data not presented here) werc
significantly h:l.qher in all cascs. Once again it was noted that phoséhorus
rates did not record as large declines under unin':lqated conditions as
nit;rogen. Fof some crops (BYV) the unirriqated phosphorus rates were o
hiéher.

The table shows that even under unirrigated conditions, ﬁhe HYV
woere fertilized more extensively and at higher rai:es. It ﬁ#s also noted
that the percentage area fertilized was higher .for sorghm as compared to
maize or wheat. These data demonstratc that fertilizer use under unirri-
gated conditions was not an mc&ﬁbn f;r:actice .for HYV. Thel local irariééigs
(vith the exception of paddy) were fertilized to a very limited extent.

State Level Estimates

The Rll-India estimates pr_esented above concecal a very larqé elenent of
variability. We have used data from the latest NCAFR Survey (NCAFR 1978)
conducted in 1975-76 covering more than 21 000 households to provide a
statevise picture.s In the tables that follow, estimates have beeﬁ presented -
for 10 states -- Punjab, Haryana, Uttar Pradesh, Rajasthan, Gujarat, 'Maha—"

rashtra, Madhya Pradesh, Andhra Pradesh, Karnataka and Tamil Nadu.

5. It may be noted that 1975-76 was the first vear of the post-1974 reco-
very in fertilizer consumption. Growth in fertilizer consumption in
subsequent years suggests that the estimatcs for this year would be
biased downwards and that current estimates should he siqnificantly
higher. :



Table; 7.. Extent of area fertilized and rates of fertilizer application for
high yielding and traditional varieties of rice, wheat, maige and
,,.hso:ghum_quer gp;g;ig. conditions, 1970-71 (nrll-India estimates)

Fertilizer usesvariables- ... . .., _ Variety Rice Wheat Maize Sorghum
% area fertilized | HYV oa 56 3 80
: Local 31 11 5 10
Rate of nitrogen per fertilized . HYV AL 43 37 26
ha (kg) . ' local 26 .. 18 31 15
Réfe of phosbhorus per fertilized mv- . 6 16 . nil 16
1gf.ha (kqg). . ' Local = 9 .3 2 11
Rate of potash per fertilized ha (kg) HYV 2 12 pid 3
- 7 Local -. 1. .2 1 6

Source: NCAER 1974.
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~ The first table (Tabie 8) provideg‘information oﬁ isome broad fetti;
lizer use and other indicators. &As cén he seen, the survev covered nearly
15 000 households in these ten states. On the basis of availability of |
1rri§ation, the state can bé.grouped into three categories -- Punjﬁb,
Haryana, Uttar Pradesh; Andhra’Pradesh and ramil madu in the high irriga-
tion, Gujarat and Rajasthan in the medium and Madhya Pradesh, Haharashtra
and Karnataka, in the low irrigation cafeqory.

The adoption level of fertilizer was high in the highly irrigated
states (Uttar Pradesh being an exception). In the larcgelv unirrigated
states, it was significantly lower (except in Gujarat). The saﬁe trend
obtained with respect to percentage area fertilized and rate of fertilizer
application also. Among unirrigated states, Karnataka had hich rates of
application particularly of phosphatic and potassic fertilizers.

In thé‘irrigated states, more than 80% of the fertilized area
was irrigated; in the unirrigated states, a significant fraction of the
fertilized area was unirrigated. In Pajasthan, an arid state, practically
no fertilizer was used under rainfed conditions. In most of the other
low-irrigation, semi-arid states this was not the case. A similar pattern
was indicated when allocation of different fertilizers among irrigated and
unirrigated crops was considered. These data suggested that in SAT states
where irrigation had made a signifi;ant’headway, or where agroclimatic
conditions did@ not favor fertilizer use on drylands (as in Rajasthan),
almost the entire fertilizer was used on jrrigated crops. In other states
1ike Gujarat, Maharashtra, Madhya pradesh and Karnataka, fertilizer use
under rainfed conditions was observed though in these states too irrigated

crops claimed a dominant share. One would also like to recall that the



Table 8. Summary statistics on sample characterlstics and fertilizer use in ten states : NCAER Fertilizer Demand

. Survey, 1975-76

Uttar Andhra 'I‘am:ll:l Guja- 'Hahara— Madhya Karna- Rajas-

Particulars Punjab Harygna Pradesh Pradesh. Nadu. rat - shtra - Pradesh taka than
1. No. of sample households - 823 721 2587 1796 1828 1193 -+ 1085 2144 1321 1268
2. Average size of holding2 4.0 - 4.0 - 1.5 2.7 1.3 4.4 . 3.3 3.3 2.9 4.6
3. % area irrigatedb 87 80 71 . 46 57 31 16 13 16 34
4. % households using ferti- 92 60 - .44 - 62 70 . .62 42 15 50 31
' lizers ' ' ) : . o -
5. % crop area fertilized 76 49 37 - 42 55: 43 27 11 33 20
6. Rate per fertilized hec- ' o o SR ' '
tare (kq) . N 72 . 65 . 83 ;.. 82 77 134 55 34 . 87 43
. P 17 10 9 24 25 10 14 12 26 12
K 1 1 ' 2 - 5 .26. 2 8 1 21 c
. Total 90 76 64 111° .128 46 77 . 47 104 55
7. & fertilized area irri- . 97 98 - 92 83 - 94 51 - - 43 57 43 91
_ gatedd ' , '
8. & irrigated ares ferti— 83 59 " 49 76 90 . - 63 67 40 8?7 46
lizedd '. _ : o .
9. % unirriyated area fer- 27 4 10 13 e .32 18 .5 S22 3
tilizedd : ' _ . : . : . g -
10. & of total fertilizers , . ' B ' |
used for irrig. cropsd W 98 = 98 = .95 90 . “97. 74 60 . 717 77 94
o P 99 - 100 99 - 88 - 96 70 60 78 74 100

x 99 - 99 97 . 86 9% 70 65 94 76 100

a

Source: ~’HCA:E'R la78. Varicus tables, diffet’enﬁ volumes.'
a. Cultivated area per farm- in hectares

b. Net irrigated area as percent of -met- cultivated area
c. Less than 0.5 :

d. Derived from Appendix tables

0z
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unirrigated qtate? had significantly lower adoption levels and}alsd lower
extent of fertilization.

_ The table also indicated thgt in most of the states (Punjab, Tamil
Nadu gnd Karnataka being exceptions), a significant fraqtion of irrigated
1and was unfertilized. This tendency prevailed even in the low irrigation
states where one would, a priori, expect a greater effort to fully exploit
the irrigation-fertilizer complementarity. This is an important f£inding
and has significant implications for growth in fertilizer consumptién. It
would be useful to investigate forces which lead to this kind of sub-optimal
pattern. |

In Table 9, we have shown the allocation pattern of nitrogenous
fertilizers among crops in these ten states. For phosphorus the information
is given in Pppendix I. The table reveals that foodgrains acéounted for
over 70% of the total nitrogen used in Punjab, Farvana, Uttar Pradesh,
Tamil Nadu, Madhya Pradesh and Rajasthan. In fact, wheat and paddy together
accounted for more than two-third of the total nitrogen used in these
gtates. In other states too (Gujarat being an exception) food crops were
found to dominate. It was also noted that in all staﬁea fertilizer use
on wheat was almost entirely confined to the irrigated crop, hut in
Gujarat, Maharashtra and Madhya rradesh, a significant prdportion of ferti-
lizer used for paddy went to the unirricated crops also.
In Andhra Pradesh, Gujarat, Maharashtra and Karnataka, morxe than

~ 408 of the nitrocen was used hy the non-food crops. Cotton, groundnut,
sugarcane, tobacco and chillies were the important fertilized ctoés in
this category. It was also noted that in most states (except Hahaiashtra),

bulk of the nitrogen used for cotton went to the irrigated crop. For
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rertilizer Damand Survey: 1975=76

Nada

Punjab ' ' Harvana

3 gross % of ‘ k 5 ¢

crcpped  tetal W% GCA
d

larga  .us

&;cf
total N
‘..LS‘.‘d

2. Maize

4. Rabi sorghum

5, “Pearl mill=t

8.  Groundmut -

9. Tobacco

10. ciillies

1i. Hhea;i

~

12. Sussrcane”

13. Cthers

Kharif seorghume -

nr nx 2
nr nY nr
nr nr ig.7

nr nY nr
11.2 12.0 4.6
(3.8)  (100.0) {97.0}
ar nr. nx
- nr pr. . ur
arc nr nr-
42,0 -0 5L.1 [ 34.3
{92.6)  (99.1) ,;(98.0)
3.0 3.4 47
g) © {98,0)

(24.0) ~ (zE.
19.8 7

~

32.9  53.3 nz
(87.2)  (97.9)

7.4 19.4 2.3
(89.1)  (95.3) (38.0)

24.2 5.0 23.2

Strar Sradezh *ndhra rradssh
' © % of : cf
‘eon - betal ¥ % GCR total
: waed nsed
20,4 15.5 24.5 6327

r53.7) {¢5.4) (52;2) 198.3)
A0 1.9 nr nr
73.3) {33.5)

4.0 G.3 12.5 nr

43.8)  (LEC.D) ’
nr ny - 2.0 nr
5.3 . 1,6 Ny ‘nr

{33.4} 114.2}
nr pr - 1.6 ‘nr

nr nx 3.4 7.
' : {38.0) 632,

nr ny 14.9 S BN
(10.9) 52.

ny CoonY 1.5 1.
(48.0)  .{63.

nr RE - iz 10,
) 167.9) 255

£9.0
(98.7)

R ¥ o

< . 2.3
(87.6Y
nr
ny’

nr

© 9.4

{100.0X (100.0)
12,17 8.6

Contd...

72



jusmmoo( AGD[IDAY iseg

" Table 9 continued

Guiaxat Maharashtra sMadhva Pradesh Karualtaka rajasthan

cr oD % gross % of % of t of : % of 3 gof
- cropped totéi N % 5CA 0 total H % GCA  total N 3 GCx totair N % GCA total N

area used used used used used

1. Paddy €.86 13.4 1G6.5 17.9 25.2 24.1 11i.€E 3%.7 1.2 2.4
(44.3) ({69.3) (36.2) (37.3) {11.9} {43.3}Y {62.7} {82.3) (49,3} (35.2)

2. Maize nr nr nr nx 3.9 2.4 nr $.8C 3.0 . 4.9
{14.7) (80.8) {97.9) {59.2; {h6.13

3. ¥narif sorghun 7.3 2.1 17.8 :  14.0 9.5 rr  .20.2 7.6 3.1 nr

o (19.8) (23.4) {8, 8) €32.1) (nr) 7.0 (38.0) {nxY
4. Rabi sorghun S 2.2 nr . 15,8 4.0 nr nr £.1 2.4 nr nr
‘ ' {10.%9) (€9.9) (7 -0Y) {39.8) -

5. Peerl millet 13.2 2.5 7.5. 1.8 .2 nT o nr S37.2 7.1
7o(38.7)  (54.4) 1§35 {1ic) {nr) (15,3 (53.3)

5. Ragi ' nr nr 1.1 nr nr nT 3.1 4.6 Sy AT

’ : ' (4.61.. (13.3) :

7. Cotton . 17,3 25.3 7.3 iz.2 nr . nr 8.8 3.0 1.6 7.1
: a (31.1)  (83.3)  {16.5)  (26.4) ‘ (7.0} - {€6.1}  (87.5} . {97.5)

8. Groundnut _ . 16.4° 7.0 . 4.4 3.1 H nr 6.9 2.6 nr SR £

' . L 1e.8)  (25.9) . {5.0) (29.1) (7.0} (25.9) : ~

9. Wheat 11,2 5.2 g.35  16.8 1e.3 58.2 ;2.8 4.1 22.2 . 70.2
) o - {54.4) {94.2) (65.7) . (94.2} {32.3) i92.4} (42.0) {26.1) {84.2; {389.8)
10. Sugarcane S < I 1,0 1.5 18.6 ‘g.a. 3.5 %l 25.8 2.1 0.6
_ {10C.0) (100.9) 159, 7} ta9a.7) {59.8) (100.0) (2.0} {29.3%) {nT} {nxd

11. Gthers 24.6  25.5 26.0° 1.5 al.5  1L.8  29.5 5.6 7.7

Source: HNCAER 1878.

nr. Rol reported.

2, Tertilizer use confined to rabi ragi’
Irrigated axea pertaius to this crip.

. Inciugdes 5.7

oo Rabi maize.

e and 5.4% arsa under sorghux and cottun mixtuzes ¥

only which ocov ples 3.4% of ‘hﬁ gross vrovrad

F*QLlﬂs in parentheses 1ndicare pnrventage deveted o irtigatod CYoD..

capectively.
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roundnut, excedt in Tamil Hedu, the position was reverse. Another import~

t point to note was the fact that fertilizer use was more diversified |
.n the southern'and.western states as compared to Punjabh and Harvana where
mly a.few crops dominated. | | |

.Sorghum, pearl millet and groundnut crope are"of spéeial.intérest
for ICRISAT. For sorghum, information on fertilizer use was'auailable for
Maharashtra, ¥Karnataka, Gujarat, Uttar pradesh and Tamil ﬂadu. _There is
sizeable area under sorghum in Madhya pradesh and Andhra Pradesh also; but
fertilizer use on this orop is preoumably umcommon in these stetes. In
Uttar Pradesh and Tamil Nadu, a very small proportion of nitrogen was
allocated to sorghum —- mainly to the irrigated crop. In Maharashtra
and Karnataka, this crop occupied about 34% and 29% of the ;
gross cropped area respectively, and a fair amount of fertilizer was
allocated to this crop. In these states and also in Gujarat, most of thelv
fertilizer used for gsorghum went to the unirrigated crop.

Rajasthan, Gujarat, Haryana and Maharashtra are important pearl,
millet producing states. In the first threc states, fertilizer use on
this crop was noted. More than 50% of the nitrogen used for this crop
went to the irrigated crop in Gujarat and Rajasthan; in Harvana the'pro-
portion going to irrigated cron was almost 100%. This was in significant
contrast to the position for sorghum. - Thus. fertilirer use under unirri-
gated conditions was more common for sorghum. |

| Groundnut is important in Gujarat, Anchra pradesh, Farnataka,
Tamil Nadu and Maharashtra. Table 9 indicated that this crop was ferti-
1ized in all these states and, except in Tamil nadu and Andhra Pradesh,

more than 70% of the nitrogen used for this crop went to the unizrigated
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~ crop. Reference to Appendix I ghows that the share of this crop.was
higher for phosphatic fertilizers, particularly in Gujarat.

Appendix I showed a similar cropwise allocation picture for phos-
phatic ﬂertilizers. There was alzo some indication that phosphorus use
was‘more qoncentrated than nitrogen and crops like wheat, paddy, sugar-
cane, cuttqn and Qroundnut accounted for 72 to 97% of the total phosphatic
.fcrtilizérs consumed in different etatea., This clearly implied that,
unlike nitrogen, phosphorus use has not gpread to many crops. It was
also noted that states like Andhra Pradesh, Karnataka, Gujarat and Maha-
rashtra were somewhat better in this respect as compared to Punjab,
| Huryana, Uttar pPradesh, Tamil Nadu, Madhya Pradesh and Rajasthan.

These findings uuggested that the crop base for fertilizer con-
sumption in the irrigated states was narrov, partiqulerly so for phos=-
phorus. In the unirrigated states the number of crops fertilized was
_ larger. One wonders whether this difference between irrigated and
unirriqated SAT areas repregents an evolutionary pattern through vhich
'the (presently) unirrigated areas will pass as more and more irrigation
g hecomes available. The results also showed that irrigation and avail-

i ability of high response Crops (commercial as well as HYV of cereals)
‘ have dominated the fertilizer use scene in the Indian SAT. |

In view of the special focus on unirrigated SAT agriculture, we
'have‘derived some additional information on_fertilizer use under irrigated
60nditions in four states -~ Gujarat, Maharashtra, Karnataka and Madhya
.Pradesh, the states where the share of unirrigated crops in total ferti-

lizer consumption was significant. Table 10 provides data on cropwise
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Table 10 coqtinuéd

T ' o . Karnataka Madhya Pradesh -
T : % of fertili- - . $ of fertili- - ) g -

Cro e Varia- . zer used under % unirrig. Rate per ferti- zer used under % unirrig. Rate per ferti-

P bles - unirrig. con- crop area lized ha (kq) unirrig. con- crop area: _lized ha (kq)

S - ditions . fertilized N P K _ditions fertilized N P I 3

N - P N P Y

1. Paddy HYV 9 10 . 58 75¢ 386 33¢ . 2 nil 49 50 npil il

TRV .- 21 12 62 48¢ 17¢ 11¢ 57 31 11 - 19 3 a

2. Maize HYV - nil nil nil nil nil nil  nr nr nr nr  nr nr

TRV a nil 22 .14 nil nil 3 1l 4 19 ° 2 nil

3.. Kharif sorghum HYV 5 5 46 . 23 12 8 nr - nr nr nr nr nr

Lo . TRV . 15 16 18 22 11 ] nr nr ©ony nr nr nr

4. Pearl-millet  BYV - nil nil nil  nil nil nil  nil nil nil nil -nil nil

S : TRV nil | nil nil nil nil nil nr nr nr ne nr nr

5. Cotton HYY 1l a 33 ;18 5. 5 nil nil nil nil nil nil

i : d TRV 3 : 8 w26 10 9 nil nil nil nil nil ail

6. Groundnutb 8 : 36 .18 8 6 nil nil nil nil nil nil

7. KXharif ragi _ 17 22 - 38 20b 14 8 nil nil nil nil nil nil
8. Other kharif | 12 9 nr nr “nr nr 9 13 - nr nr nr nor

9. Wheat : HIV a a 48 - 19 S 5 7 13 28 42 24 nil

: TRV a a 3 . 2 21 21 13 25 5 16 10 a

"10. Rabi sorghum HYV a 1 71 14 13 11 nil nil nil nil il nil

TRV 6 10 . 38 10 8 6 nil nil ~  nil nil nil nil

11. Other rabi ) 2 ‘s. _ ar = nr nr nr 9 17 nr nr nr @nr

: 100 100 - " 10 100 3

Source: NCASR - 1878. Various tables.

nr. Not reported

2. Negligible

b. Por traditional varieties

c. For the dominant auwtumn paddy crop

LY
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(and varietywise) allocaticn of total fertilizer (nitrogen and phosphorus
separately) used under unirrigated conditions, extent of fertilizer use
and rates cf application.. There are gaps in the data and it was not
possible to fully account for all the fertilizer used. Accordinglf, we
have sizeable fraction shown under f:he “"other crops" category.6

In Karnataka, paddy, sorghum and ragi accounted for 73 and 768 of
the tqtal nitrogen and phosphorus used under rainfed conditions. In
Madhya Pradesh also, food crops accounted for more than 70% of the forti-
lizer so used. In Gujarat and Maharashtra, on the other hand, the share
of non-food crops was significantly higher: food crops accounted for only
418 and 488 respectively of the total nitrogen used in Gujarat and Maha-
rashtra. For phosphorus, the share of t_he non-food crops was even higher.
Cotton and qromdnuﬁ were the major claimants in this category. It was |
also found that pearl millet accounted for nearly 168 of the total nitrogen
used in Gujarat. In both Maharashtra and Karnataka, the shaxe of sorghum
was more than one-fourth.

The allocation data suggests that the HYV do not always claim a
larger share in total fertilizer used on the crop concerned. In Karnataka
and Madhya Pradesh, for example, most of the fertilizer was used by the
traditional varieties: but in Gujarat (pearl millet) and Maharashtra
(sorghum and cotton) thcre was some evidence that the HYV figured more
prominently in this regard. The importance of HYV is more clearly brought

out by the data on percentage area fertilized and rates of application .

6. The NCAER has classified varieties of 211 crops as traditional or
high yielding, the latter including both the fertilizer-responsive,
dwarf types and other improved varieties. In Table 10, we have main-
tained this classification for rice, wheat, pearl millet, sorghum,
maize and cotton only (NCAER 1978). .
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and on both these-scores (exceptions apart) the HYV ‘garad much better as
compared to traditional varieties. Their share in total fertilizer used
was low only because the coverage under such varieties was poor.

Scrutiny of data.on.rates of application for important fertilizer
using crops indicated that except for paddy and wheat, the unirrigated
rates wore generally around 20 kg té 40 kg per fertilized hactare for
nitrogen and 5 kg to 15 kg per hectare for phosphorus in Gujerat, Karna-
taka and Madhya Pradesh.. In Maharashtra, cotton and rabi sdtghm had
significantly higher rates of application of nitrogen. o

_The state level analysis presentcd above suggests that irzigation
has been the most crucialideterminant of fertilizer use in SAT India. One
also notes that with high irrigation intensities fertilizer use tends to
become more and more concentrated. Thé'use pattern is clearly more {
dive:sifietl in the unirrigated SAT states. A disturbing.féature wvas the
evidence that not all the irrigated land is fertiliged -~ in';l‘mighly,irfi-
. gated and high fertilizer consuming and also in low irrigation states.
This needs careful investigation. |

Among unirrigated crops, in some states, paddy and wheat reoeivém
a greater shﬁre of fertilizars. In several others, mjor ghare is claimed
by .crops like cotton and groundnut. In all casecs, the HYV teceiie'greai:;ar
attention in terms of extent of fertilization ‘and also rates of applica-

tion. It is clear that the pattern: ‘of fertilizer use under rainfed condi-
tions in SAT India is governed by availability of high-msponae options.

One also notices considerable inter—state variation in fertilizer
use paraneters for croos like sorglmm, pearl millet and gromdnut. In

' scne states, fertilizar uue on a particular crop was non-existent; in
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othars it was confined to the irrigated crop only, and in. yet otherxs,
unirrigated crop wus slso fortilized. One needs té; take a critical look
at regional adaptation and variations in response of .these crops to ferti~
lizer application for a full understanding of the pattern of fertiliger
consumption in difeerent areas. : S A

Finally, there was evidence to indicate that even for the low. value
crops like sorghum and millets, fertilizer use on traditional varieties
was not uncommon, though the extent .of -area fertilized was very low.

Fertiliger Gie_on High Yielding Varieties

Several studies indicate that high yielding varieties of major. cerezls
introduced in the mid-sixties, played an iﬁportant catalytic role in adop-
""::I.on ‘and. difSusion of fertilizer use (Desai and Singh 1973; .besa:l. 1973).
We have looked at the-data on: fertilizer use for HYV of- sorghum, pearl
millet, cotton and groundnut -~ the most important cereal and cash.crops
grown on drylands in SAT India. The data .come from a survey. (Raheja et
al. 1979) conducted by the Indian Agricultural Statistics Research Institute
(ICAR), New Delhi in selected districts in different states and pertain
to 1975-76 -~ the latest year for-which the report is available.7
‘pable 11 provides data on adoption of HYV and different fertilizerx
use parameters in different districts. Sorghum crop was studied in five
districts, four in the kharif and one in the rabi season. The data show
that the spread of HYV was highly 'vatiable. It was high in Karnatzka

aistricts ~- high rainfall and irrication led to almost full coverage .

7. Bs can be seen from Table 11, most of the districts belong to the semi-
. arid tropics. Selection of the districts was on the basis of highest
. targetted area (among districts in the state) under HYV of the crop
. concerned. While the data do not always reveal high adoption in the

districts, the selection procedure does inject an element of upward
bias in various estimates.
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Table 11. Fertilizer use on HYV of sorghum, pearl millet, groundnut and cotton in se-
lected districts : IASRY, 1975-76

av.

. Dhaxward

a5

S HYV rate
crop/ No. of & area of NPK A area fer- Rate fertili-
" State Dist..ct - - sample - under irri- per ha of tilized - ; zed ha (kq)
farmers HYV HYV area N N P
4 . gated (k .
] - (kg)
Soxrghum ' :
Maharashtra Akola 253 15 nil 51 67 46 51 21
Xarnataka Dharwar 271 54 6 41 8l 60 30 15
Shimoga 272 85 2 85 98 97 50 22
Shimoga?d 263 94 " 100 149 100 100 85 36
M. Pradesh Mandsaur 189 17 nil 9 26 25 19 14
pearl Millet | |
Gujarat Kaira 264 95 24 45 . . . 9% 3 4T - 63
Sabarkanta 278 95 6 41 T 94 18 40 21
Mehsana 282 95 nil 6 .26 42,22 26
Barysna Hissar 284 50 79 9 30 ‘nil 31 nil
Rajasthan . Jaipur ... 168 14 7 9 23 B8 36 12
Maharashtra Aurangabad 146 17 nil 4 18 1 19 19
M. Pradesh  Morena 229 37.. nil 35 64. . 15 49 24
Tamil Nadu Madurai 286 66 100 23 A 20 35 13
, .. 8. Arcot 137 4 50 61 66... 48 52, 24
Groundnut
A. Pradesh Chittoor 281 100 3 20 .25 48 ... X7 26
Karimnagar 283 100 nil 4 7 g8 35 16
Karnataka Xolar © 187 24 2 S 4 3 1T 23
Dharxwar 272 17 100 kK] 72 68 17 23
Maharashtra - Aurangabad - - 146. 57 nil 7 17 2. 29 - 25
Puniab Jullunder 226 nr - 32 4 b 18 b 23
' - -pativla 226 75 69 a5 21 68 - - 46~ 38
Tamil Nadu S. h.cot 137 71 21 11 22 22 17 17
S. Arcot? 235 95 92 74 61 60 18 68
U. Pradesh Moradabad 227 50 48 2 67 nil 40 nil
Cottun ' Co
Gujarat Kaira 264 74 72 51 87 11 56 20
Sabarkanta 278 94 96 '58 95 30 50 a4
. Mehsana 282 3 93 58 85 17 54 46
Haryana Hissar = 284 67 100 18 52 °  nil 34 nil
Rajasthan Chitorgaxrh 208 27 62 8 18 9 29 32
Maherahstra Jalgaon 195 23 75 121 98 72 92 29
Tamil Nadu Coimbatore 281 66 97 210 97 85 116 49
‘ Coimbatore® 251 - 94 ‘99 116 94 46 85 a9
Karnataka 253 9 33 49 43 35 21

Scurce: Raheja 1979.
nr. Not reported

a. Rsabi crop

b. Estimate not given RS Lo '
Important HYV for di ffexrent crops were: Sorghum - CSH~-1, CSH-2, Vidisha;
Pearl millet - HB-2, HB~3, HB-5; Growmndnut - TMV-2, SB-11, MG-8, M-13, M-145,
T-28, Spanish Improved; Cotton - H-4, 320-F, C-Indore-1l, ncp—s, Varalaxni
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‘ in Shimoga district.8 In other districts, coverage under HYV was very poor.
One also notes that almost the entize area under HYV in the kharif season
was unirrigated. Similar inter-district variability existed in the ferti-
lizer use parameters. Shimoga was clearly an area where the HYV were
well-adapted and almost the entire area in both seasons received both nitro-
gen and phosphorus at fairly hich rates. In other districts, bhoth area
fertilized and rates of application were markedlj iower ~- Mandsaur (Madhya
Pradesh) having the lowest values.

Similar variability existed in adoption of pearl millet hybrids
also. High coverage was noted in Gujarat districts and in Meadurai, in others
the spread of HYV was much lower. It was also hoted that in the Tamil Nadu
districts and in Hissar' (Heryana), a high proportion of the area under
hybrids was irrigated. Data for percent area fertilized and rates of
fertil .zer application revealed some interesting features.. In Mehsana,
Jaipui and Aurangabad, the extent of HYV area fertilized with nitrogen vas
below 26%, that for phosphorus was even smaller.’ éut»in Sabarkanta and
Morena where also bulk of the pearl millct hybrid area was ﬁnirrigated,
the spread of fertilizet use was much higher and thé rates of application
were more than twice as hiqh; In fact, values of £ertilizer.use indicators
in these two districts wvere highex thaﬂ those observed in Hissar and
.Madurai-where most of the pearl millet hybrids were qrown under irrigated
conditiong. Thus, high and low lcvels of fortilizer use were observed

in both irrigated and unirrigated districts.

8. Note that this was the only non-SAT district in the sample.
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- There is not enough evidence to compare the two crops == sotghtm and
pearl‘millet. One doesi'houever,'note'that'undei unirrigatod conditions the
sorghum HYV had higher fertilizer use parameters as compared to the pearl
millet hyBrids. This showed up more strongly for percentage area fertilized
and rates of phosphorus application. Ignoring extreme values, the rates of
application under unirrigated conditions for thése crops appeared to rénge
between 30 kg to 50 kg per ha for nitrogen and’'15 kg to 24 kg per ha .for
phosphorus. These are not too far out of line with the state 1cvél esti~
mates presentéd in Table 10 earlier.

The data for groundnut indicated that the improved varieties of this
crop had fairly high spread in all but the two Karnataka districts. The
districts also varied widely in terms of pércentage_grbundnut area irri-
gated. ‘In six out of 10 districts for nitrogen and four districts for
phosphorus; less than 25% of the crop area was fertilized. The iuporténce
of phosphatic fertilization for this crop was also evident -- the N:P
ratio was lower than or equal to ﬁnity in almost all districts for éither
fertilized area or rate of application or both. Indeed, with respect
to this nutrient, this crop performed better than any other crop ‘cansi-~
dered. Moradabad (Uttar Pradgsh) was the only district where no phos-
phorus was used 'on this crop.

Cotton fared‘relatively better with generally high spread of HYV.

In almost all districts, bulk of the area under superior varicties was
irrigated. In Jalgeon (Maharashtra) and Coimbatore (Tamil Madu),
fertilizer use on this crop was very high. 1In the three Gujarat distr}cts,
a high percentage of crop area fertilized at 'moderate (50 kg to 56 kg

per hectare) rates of nitrbéén application. 'In the northernh districts



(B;gngrAand Chitorgarh)..fe:tilizer use was markedly lower in terms of both
:thq;pgxameters. Thus, for this crop, three distinct situations were

noted -- high spread and high level of application, hiéh'spread and
moderate levels and low spread and low level, in different districts.

This gqglysis thus reveals that: .(a) on an avarage, the HYV of
sorghum, pearl mjillet and groundnut are fertilized at lower levels as .
compared to cotton but for these. crops fertilizer use under unirrigated.
conditions was quite common, (b) between sorghum and pearl millet, the
former appeared to have higher fertilizer use indicators for the rainfed
crop, (c) gonsiderable jnter-district variation in fertilizer use existed
for all the crops studied; while availability of_irrigation-was an important
. determinant of this variabi;ity, it did not explain fully the observed
pattern, particularly for the pearl millet hybrids, (4) the,IASRI survey
also revealed (data not reported here) that the local varieties of sorghum
and pearl millet were also fertilized in some districts. The extent of
crop area fertilized was very low and the rates ranged (ignoring
extreme values) from 15 kg to 30 kg of nitrogen per hactare.

Fertilizer Use on SAT Farms

Evidence from micro-level studies suggests (Desai 1969; Desai and Singh
1973; Maharaja 1975) that farmers' feitilizer use allocations are based
on the size and certainty of returns from fertilizer use for diffe:ent
crops. Roy also éound that profits from fertilization (determined by
physical response and pricés) was the main factor explaining inter-farm
" differences in fertilizer use (Réy 1970).

However, very few empirical studies are available on fertilizer

use on, fammers' fields under dryland conditions.  In view of the fact that
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very little fertilizer has been traditionaily'used in these areas, this
lack of interest is understandable. The cfopping pattern was dominated

by low-value crops and, apart from cotton and perhaps groundnut, hardly
any other unirrigated crop was fertilized. It has been arqued that farmers
used most of their fertilizers on the small parcels of wet lands where
returns from its application were relatively assured (Desai 1969). An
attempt has been made here to review the findings of some important studies
in this area.

(a) Bellary-Panchmahals Study

Krishnaswamy and Patcl provide some information of the fertilizer use prac-
tices of 240 farmers from 24 villages in Bellary (Karnataka) and Panch-
mahals (Gujarat) districts for 1970-71. Both the districts reflect the
characteristics of traditional semi-arid agricuiture. Table 12 provides
the available information on cropping pattern, fertilizer use evels, etc;
on the sarplce holdings in each district.

Sorghum and pearl millet were the important cer?als in Bellary &nd
groundnut and cotton were the main cash crops. These four crops accounted
for about 72% of the gross cropped area on the sample farms. . In Panch-
mahals, paddy and maize vere the most inportént cereals; wheat, sorghum
and pearl millet were also growa by.the sample cultivators. Groundnut
and cotton were the cash crops but the area undexr these crops was lower
as compared to Bellary. |

Eertiliier use was genérally low in both the districts'thouéh the
Panchmahals sample had relatively higher rates. In Bellary, some ferti-
lizer was used fgg _almost all the crops including inferior millet. Only

for paddy and hybrid sorghum the farmers used more than 35 kg of plant
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Table 12. Levels of fertilizer application. on farms in Béllary (Karnataka) and

Yenr_when fortilizer was first used

panchmahal (Gujarat) districcs ¢ 1970-71
Bellary-Sampis panchmahal Sample.
% area . % area
Crop Fertilizer uged ka/ha Fertilizer used kg/ha
under “JFT T p g Total under. g p K@ “Total
crop crop
Paddy . 0.2 39 nil nil 39 21.9 15 a nil 15
(53) | | - 1(29)
Wheat' ' ' 0.2 nil nil; .nil nil 5.6 69 .19 19, 107
{22)
Sorghum (Local) 34.0p0 1 17 5 13 2.1P pil nil nil  nil
(25)
Sorghum (HYV) nxr 13 15 7 35 nr nr nr  nr nr
' (74) _ o A
P. Millet (Local) 4.2 ni1 12 nil 12 4,50 18 ﬁil nil 18
| ' " (16) C{29)
P. Millet (HYV) ar _ nil 12 nil 12 nc . 18 3 nil 19
(100) (33)
Navane nr 2 7 2 11 nil na na. na na
(24)
Maize 0.1 nil nil nil nil 16.4 20 4 & 24
A _ . , {16)
Gram a nil 12 nil 12 nil na na na  na
(6) - : ‘
Groundnut 21.0 , s 3 12 132 23 1 a 34
: ' (48) ' ' {24)
Cotton , 12.5 3 &6 2 - 1 1.3 19 8 . nil 27
' (34) (54)
72.2 74.8
Othey crops - 27.8 25.2
. & of farmers using fertilizers , 98.0 41.9
- Area fertilized as % of gross 31.5 20.5
cropped area
Nutrients used per fertilized ha (kq) 14.0 24.0
1967 1961

Source: Krishnaswarmy and Patel 1973.

5.20 of Vel.1.
nr. , Not reported
na. Not applicable
a. Negligible

L.

Compiled fxom

tables 5.2, 5.16, 5.17 and

b. Total of BYV and local. FPigures in parentheses indicate percent area under
the crop for which fertilizexr was used.
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nutrients.'gfor all other crops, the rate was around 10 to 13 kg §er ha.
Another striking feature was the relatively high level of phosphorus use
in this area. The spread of fertilizer use was 100% for hybrid pearl
millet, 748 for hybrid sorghum, 53% for paddy and 48% for groundnut. :
Oonly e emall fraction of the area under other crops was fertilized:

| The.Penchhahels farmers generally used higher rates of application;
nitrogen playing a dominant role in almost all cases. The extent of arca
fertilized was, however, generally lower. Except for-whéat,'the rates
.nere less than 35 kg per ha for all crops. |

This tehle shows that fertilizer use was a recent practice on the
sample farms, the ﬁenchmahal farmers leading by 6 years. ' One gets the
'impression that the Bellary farmers being relatively recent adopters of
fertilizers, were still exberimenting. They tried to use fertilizer for
the h;brids, as thev vere doubtless advised by the extension agencies but
exercxsed caution regarding fertilization rates. They geemed to be rela-
tively surc about paddy. As regards other crops, they appeared to be
assessing.the.responses'hy eéplying low dosages tovall the important o
crops. Thie pattem of'behavior appears consistent with the risk and
poverty dominated environment of the SAT. The Panchmahals farmers, having
some more experience, seened to have formed their Judgemenis regarding
profitahle levels of'fertilizer‘application ‘and applied fairly high
levels to wheat crop.' The nroportion of area fertilized was lower but
more or less evenly snread over all crops. Capital rationing end'risk
adjustment, both seem to operate through limiting fertilized area in

Panchmahale; in Bellzry, the level of applioetion also seemed to be so

influenced.
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_fhe oatabshow two more important trends. Firstly, crops which
occupied a sizeable prp;Ortion_of the cropped areca were generally'fertif
iized at lower rates and to a small extent, perhaps because the farmers
»did not have enough liquid resources to cover the entire area. Higher
fertilization rates were tried for crops which occup;ea smaller area.
Secondly; the view that cash'crops are always fertilized at higher:rapes
,;does-not appear to be. true. In both the samples, highest rates were

obsarved for cereals.

(b) .Gujarat_Studies .. . .

mwo farm level studies from Gujarat are important. Desai useo deta_from
Surat and Kaira‘districts for 1964-65 (Desai 1969). Maharaja's study |
pertained to 1968-69 and the sample farners came from Surat; Beroda and |
Junagarh districts. | :

The first study (Desai 1969) showed that fertilizer ueenwas con-~
centrated on a few crops like sugarcane, tobacéo and banana. ‘The share of
} food crops in total fertilizer used was small but notlinsignificant. In
general, crops like sugarcane, bznana, tobacco, paddy and wheat hec e
higher level of fertilizer use (in terms of both area fertilizedagno
rates) . and unirrigated crops were meagrely fertilized. This‘study”indi¥~
cated that even in 1964-65, Gujarat farmers had high level of fertilizer
use -- adoption varled from 32 to 80% in different areas, .for some Crops
| vexy high rates of fertilizerx appllcatlon (more than 100 kg nitrogen per
-.hectare) was used. Crops like. sorghum and pearl millet were fertilized.,
at low levels -- the rate of application of nitrogen per fertilized
hectare varied from 16 kg to 26 kg. Desai concluded that the observed _
pattern (dominance of irrigated and commercial crops) was consistent with

relative responses (and profitabilities) of different crops to fertilizer
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~ application.

Most of'these observations were horne outvby Maharaja's énalyeis
also (ﬁaharaja 1975) . Paddy, wheat; sugarcane, tobacco and groundnut were
fertilized more cxtensivelv and at higher rates as ‘compared to crops like
sorghum and pearl millet. The pearl millet hybrids were fertilized at
higher levels as compared to the traditional varieties -- the rate of
application of nitrogen per fertilized hectare varied from 25 kg to 28’
ka per ha for local varieties and from 54 kg to 142 kg per ‘ha for the
hybrids in different areas.

These two studics suggest that.fertilizer use is_not a recent-intro-
ductign in Gujarat; even before the new varieties came, farmers in the study
areas were using significant cuantities ofoertilizers. Their decisions
weretinfluenced by the magnitude of additional returns obtainable from
fertilizer application and thisg was reflected in highér fertilizer use for
irrigated crops, high value.commercial ‘crops and high yielding varieties.

(c) AICRPDA Agro-Economic Studies

Agro-economic studies conducted at different locations under the All-India
Coordinated Research Project on Dryland Agriculture also provide some
useful information (AICRPDA 1978). Analysis of data on fertilizer from'
different locations indicated wide inter-crop and inter-regional variabi-
lity in fertilizer use on dryland crops. Relativcly stable drylané areas
1ike Indore (Madhya Pradesh), reported relatively high levels of fertilizer
use while in areas like Sholapur and Ahmadnzgar (Maharashtra), fertilizer
use was very low. Onc also found evidence of a fair amount of experimen=

" tation by farmers who fertilized. (at low rates and on small areas) a
fairly large number of crops including pulscs. However. there wcre areas

1ike Ahmadnagar where fertilizer use was practicnlly non-existent.
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| All these studies suggest that famers.in.the unirrigated SAT areas
of the country are now generally aware of the impprtance of fortilizers and
have started using fertilizers on. crops which yie1d4s;gn1ficant responses.
- While the area covered with fertilizers is generally low, rates of applica-
tion are often moderately high. - There is also some evidence to show thag
farmers are trying out fertilizers for crops like gram, greengram, and
other pulses which have witnessed sharp pxice increases. Thig guggested
that if the returns were attractice enough, farmers would be_w};ling to use
fertilizers even under unirrigated conditions.

It must also be pointed out that fertilizer use in SAT agriculture
is characterized by very high interregional and inter-farm variability.
Also, adoption levcls are poor and discontinuous. A much deeper probe
is needed to identify the nnderlying causes.

I1I. FACTORS AFFECTING FERTILIZER USE
The evidence on wide variakility in the levels of adopticn, nature and
number of crops fertilized, tﬁe cxtent of area fertilized and rates of
fertilizer application, over farms, crops as ﬁell as time (Desai and
Bandhopadhyay 1973) underscores the need for understanding the need for
understanding the underlying reasons. Drawing basically from microecono-
mic factor demand theory, several workers (Desai 1969: Desai and Bandho-~
-padhyay 1973; Desai and Mellor 1969; Roy 1970). pcstulate that the size and
éertainty of returns from fertilizer use is the main determinant of ferti-
lizer demand. Thus, prices (of inputs as well as output) play an impqrtant
role as also the physical response from fertilizer application. Aggrega-

tive analysis usually considers price as the main determinant yhile_a
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mici:o studies, emphasize; apart from prices, factors which influence the

. response function and also factors which influence the adopticn and diffu-
sion of an innovation. The following sections discuss the analytical
approaches used in and the findings of mecro and micro studies on fertili-
zer dem=nd.

A. Macro -Level lnalysis

(1) Price Factors -

Two approaches have generally becn ‘used 'to ‘measure the impact of price'
changes on fertilizer use; The ‘normative approach uses fertilizer response
| functions and optimizing behavior assumptions to obtain demand for fertili-
zers using production functions or programming tools (Dhillon and Sidhu
1977; Dhillon and Sankhayan 1977; Ogunfowora and Norman 1973; Pal 1974).
Usually (Dhillon and Sidhu 1977; Pal 1974) they show highly inelastic
demand with respect to both fert;.ilizer.and output prices. However, in
wiew of the fact that this apprnach docs not (usually) consider factors
like risk and alsc the wide diversity in response functions acrnss loca-
tions, varieties and other factors, its usefulness in understanding the
impact of price changes on fertilizer demand is rather limited (Timmer
1974).

Direct estimation. of fertilizer demand functions from time series
data'on fertilizer consuiption, prices and the prices of farm products,
is the other approach. Both static and Nerlovian adjustment lag mcdels
ixave been used to derive aggregate fertilizer demand functicns. & fow
such studies are available for India (Desai 1969; parikh 1965; Parikh

1966; Patll 1978; Rao 1973).
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Desai uged & static regression model relai:ing fertilizer consumption
_per hactare with real price of fertilizer (fertilizor price/index of output
prices) and irrigated ﬁrea for each year from 1957-58 to 1_964-65 with 12
.states ¢3 observation points (Desai 1969). Irzigated area turned out to
be the dominant determinant of fe&ilizer use. Fertilizer price had negative
coefficionts and these were significant in five out of eight years. “.The
price elasticity was not calculated. Fe worked back on the data and found
the elasticities ranging from -1.82 to -3.60.

Ve also pooled Desai's data for 12 states and eight years and using
appropriate estimation procedure, obtained the following aqgregate demand
functions: | |

F, = 4.46 + 0.030I - 1.253P
(0.017)t  (0.311)t

vheze F = fertilizer (total plant nutrients) consumed in kg per ha,
I = percentage irrigated avea, and ' '
P = price of fertilizer/price of output.

. Both the coefficients were highly significant and an elasticity -

value of -2.0 was obtained. |
parikh attempted to derive a similar static demand fuhction using

state lovel data from 1951 to 19€1. Apart from fertilizer/output price
ratio, irrigated area and trend were used as explanatory variables. The
pﬁ.ca coefficient did not turn out to be si'gnifican_t- in any case. In a
subsequent paper -(Parikh 195€) has used data from 1958-59 to 1963-64 and
employed covariance analysis technique to come up vith é sﬁott run
elasticity estimate of ~1.2 and long ruh elasticity of ~2.5. Rac's

si:udy, howaver, revealed smaller short run elasticity estimates (REo 1973).
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A1l these studies have shown the importance of irrigation as the major
determinant.

It has been argued (Timmer 1973) that the influence of prices on
fertilizer demand operates through two mechanisms -- it directly affacts
the equilibrium demand level ana also has an indirect effect through its
impact on the rate of diffusion. Timmer holds:

“In arguing the role of ~pr:l.t:e policy in speeding the

rate of growth of fertilizer demand, it is essential

to keep these mechanisms separate. For the direct

impact, therc is no substitute for the price. role.

For the indirect impact several substitutes are po-

ssible, including greater cxtension effort, fertili- -

zer trials and demonstrations, an active private

fertilizer marketing system, and so on. Whether they.

are” bétter social investments than an incentive price

policy is obviously an empirical issue to be resolved

-in specific contents” (Timmer 1973).

Desal pleads strongly for the sécond option in context of rapid

growth of fertilizer use in Indian agricixlt@x're and argues that (Desai

1978) :

n__.it is these efforts (growth in irrigated areas,

diffusion of HYV on rainfed areas and diffusion of

fertilizer use under unirrigated conditions), more

than marginal manipulations of (fgrg:ilizer) prices

which will determine the limits and pace of further

growth in cultivators' demand for fertilizers”

(Desai 1978, parentheses added). -

This obviously implies that the positive impact of sudh
measures will offset the negative impact of a price iise. The evi-
dencas on the impact of irrigation lends strong support to this view.
Results obtained by Maharaja for determinants of fertilizer consumption
in Gujarat over the period 1960-61 to 1969-70 obtained by pooling cross-
gsection (districts) and time series data, are interesting in this context

(Maharaja 1975).- ‘He found that during a period characterized by rapid
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teéh:_\plogiqal change (pp__st-1965)_, the effect of price did not become
overt -~ the technology variable swamped it. However, vhen the .effect
of technological change was netted out, the normal price effect became
discernible. He argued:

".e.during a partiqular year, though fertilizer con-

sumption may decline on account of unfavorable price

ratios, the decline in consumption may be more than

compensated to the extent to which technological

change is injected in the region" (Maharaja 1975).

(1i) other Factors

Some other variables which influéncg fe::tili;er consumption at the

macro level are aggregate availability of ;é'i;éilizers (domestic as well
as import supplies), the cfficiency and spx‘gﬁd of the distribution system
(Desai 1978), the parameters of aggregate demand for agricultural products |
(Tinnpt 1974)_,. _technoloqical change in both fertilizer prcduction .and
agrLcul_tnre, the status of fertilizer promction and extension activities
and, perhaps, tha nature of distribution of productive resources in
agriculture. Not much empirical werk has been done on comprehensive
macrc models encnmpassing all thcpe variables. Capit‘al. ccnstraihi:s
(usually proxied by income) and educaticn hb,ve been used in some studies
using static models (Colmenares 1975.= Heady.and 'Neetén 1963: Heady and
Yeh 1959) and were found to affect fertilizer use.

The dynamic adjustment lag model asaumes that variables like
capital constraint and education affect fortilizer consumption threugh
their impact on the rate of adjustment and some empirical testing of this
proposition has been done (reported in Timmer 1974) , with respect to. the

effect of education on the speed of adjustment. The results indicato

that cc}.ucation leads to a speeding wp of the rate cf adjustment.
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| The study by David on fertilizer demand of Asian rice farmers
attempts to integrate mic;ro and macro approaches (David 1974): It uses
cross-sectional farm level data from several countries and specifies a
demand model which includes variable measuring differences :I.h fertilizer
response functions across locations in addition to fertilizer/product
price ratio and liquidity position of the farmers. The results indicate
that differences in response functions and prices play an iuportani: role
in explaining fertilizer use on farms.
B. Micro-Studies on Fertilizer Demand
Most of the studies in India have looked at fertilizer use from the
micro angle. A large number of variables =- technological, ‘economic,
socio-psychological and environmental, have been hypothesized to influence
farmers' decisions to use fertilizers. It has been postulated that the
farmer has to make three related decisions (1) whether to usc fertilizexs,
(ii) which crop(s) to fertilize and (iii) at what rates ‘(Desal 1969:
Desai et al. 1973). The first is basically a function of the state of
awvarenesg and knowledge of the farmer regarding fertilizer use on crons
he commonly grows. The factor relevant here are the socio-psychological
attributes influencing adoption and the level of extension activities.’
'l'be other two decisions are primarily governed by profitability of
fertilizer use at the farmers' level. Two factors are crucizl here --
the response to fertilizer application and fertilizer and prices.
Degai's work has shown that (Desai 1969; Desai at al. 1973; Desai and
Mellor 1969; Desai and Singh 1973): (i) the returns from fertilizer use

must be quite substantial .before garmers ere induced to use fertilizers,
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_b(ii) the allocation of fertilizers between crops. is a function of relative
profitability of fertilizer use and gso long as capital conatraints restrict
the sice of the fertilizer stock of the farmer, some crops and some propor-
tion of the area will be left unfertilized. and (iii) the rate of fertilizer
application is influenced by the nature of the resnonse function. the dis-
counting yardsticks used by farmersland the ability of the farmers to buy
fertilizers.

The response function plays alcrucial role‘in this process. Since
it is affected by a 1arge numbexr of factors, the latter also became relevant
determinants of fertilizer demand. ‘This is hcw factors like variety (ryv
or local). irrigation, soil type an; fertility status, use of organic
manures. rotation, rainfall. etc. enter the picture. variables which
influence the technical efficiency of fertilizer use like method of appli-
;cation. time of aoplication. choice of the fertilizer meterial. etc. also
assume impor-ance in this context.

Factors like tenancv. farmer 8 asset or liquidity position. credit,
maik.ts etcC, alieCt farmers decisions to.use‘fertilizers through their
'impact on profitability (tenancv) or his ability to buy and use fertili-
zexrs. Alongwith cropping pattern these are usually included to explain
inter-farm differences in fertilizer use. Then we have variables influen-
cing adoption like age, education, socioeconomic status, extension contacts.
farmers' attitude towards risk and subsistence. etc. (Jones 1964).

The following paragraohs indicate the hyoothesized affect of some

inportant variables and also the results obtained in earlier studies.

1. Regponse to Fertilizer

Response to fertilizer determines the rate of application and also the
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rops to be fertilized. wIt has been shown that farmers' allocetion of
fertilizera among crcps is determined by relative resoonses or relative
profitability of fertilizer use (Aklilu 1978; Desai 1969; Desai and Mellor
1969; Maharaja 1975). Similarly, differences in respcnse functions have
also been found to explain rnriability in fertilizer application rates
(David 1974; Roy 1970). It is not alvays possible to measure differences
in response and aeverel workers use factors which influence response to
explain inter-farm or inter-crop differences in fertilizer use. For example,
a number of studies (Desai and Singh 1973; NCAEFR 1974; NCPER 1978) show
that both area fertilized and rates of anplication are higher for HYV than
for local. Irrigation is one of the most important factors affecting
response, not only in terms of shifting the response curve upwards, but
also by imparting stability. Hence almost all studies show the positive
influence of irrigation (Desai and Sharma 1966; Desai 1969; Deszi et al.
1973; Desali and Singh 1973; JayaramAn 1979; Maharaja'1975; NCAER 1974;
NCAER 1978; Panse and Singh 1966: Shetty 1969) . Several have indicated
concentration of fertilizer use on irrigated lands (Desai and.Sith 1973:
Griliches 1958; Maharaja 1975; NCAER 1974; NCALR 1978). Rainfall during
the pre-sowing and growth periods of the crop aleo exercises a similar
influence (Jayaraman 1979; Maharaja 1975) and its effect is likely to be
much more important under rainfed cohditions. Use of organic manures
affects fertilizer use in two ways. Some empirical etudies (Krishnaéwamy
and Patel 1973) have shown negative association between use of organic
manures and fertilizers as farm size increases and have infered that
small farmers substituted organic manures for fertilizers. But others

(AICRPDA 1978, NCAER 1974) have generally reported conplementarity betwecen
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the two. Soil type and quality is another‘ important variable aff'ecting'
respon:e but very few studies have used it to explain fertilizer use
differenoes between farmers. There is so much hetezoqeneity in soil
quality even within a small area that it is difficult to obtain data on
plotwise soil characteristics and capture this effect. Deaai and Sinch
attempted to examine growth of fertilizer use by broad soil types and
found high growth of nitrogen, use in diatricts having deltaic alluvium '
and calcareous seirozenic soil types. with respect to growth in phospho~
rus use, deltaic alluvium again ranked first: followed by black or black
plus others (mixed red and black, red and yellow, ooast:al alluvium)

soil types (De'sa:l and Singh 1973). The latter are important in SAT India.
.Shetty found fragnentation -~ another quality aapect of the farmer's land,
to be an important factor influehcing fertilizer usc. The cropping history
and fertilization practicee followed on the plot in the preceding seasons
also’ affects fertilizer use. It is hypothesized that cxops folloving'
lequmes are fertilized at lower nitrogen levels and that if heavy rates
of fertilization (particularly phosphorus) were ursed in the preceding
season, fertilizer use in the following erop would be lower. While we
have no evidence on the former, it has been repoited (Dasai et al. 1973)
that crops following heavily fertilized chilli or tobacco crop in Guntur
district were either not fertilized or fertilized at very low rates. On
factors affecting technical efficiency of Fertilizer use like time and
method of application, choice of fertilizer material, etc. we have very
1ittle evidence from farmer's fields. The Guntur study (Desal et al. 1873)
showed thot farmers initially starteo with nitrogen use (es'tliey geenr to

be irivariably doing) .on groundnut crop but quickly switchod over to
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phosphorus.. There was also clear evidence on a move tovwards more balanced
use of fortilizZers by farmers :in the Guntur-area. This study also showed
that farmers used nitrogen mostly. in the.form of straight fertilizers and
phosphorus in the form of complex fettiliée:s. It was infered that
complex fertilizers have played an important role in promoting phgspho-
rus use. These changes have come about gradually.

2. Farm Characteristics

Cropping patterns have been found to be an impoitant factor explaining
inter~fzm and interregional differences in fertilizer use . (Desai 1969;
Desal et .al. 1973; Desai and Singh 1973; Jayaraman 1979; Maharaja 1975;
NCAER 1978). 7Fértiliier use varied directly with the proportita of irri-
gated crops and the proportion of market crops (not-neceséarily-conunrv
cial crops). The NCAER study suggested that the fertilization rates on’
a crop declined as the proportion of area occupied by the crop increased
and also as the intensity of cropping-increased (NCAER 1974). The offect
of farm size on. fertilizer use is- rather ambiguous because it exerts two
(opposing) kinds of influence. .8ince small farmers generally cultivate
their holdings with grcater intensity and fertilizer is a land augmenting
factor (Akilu 1978), they tend to use more fertilizer ver unit area as
compared to the larger farmers. This implies a negative association
between farm size and fertilizer use. On the other hand internal capital
rationing and also poor access to the credit markets for small farmers
often results in a positive association. Wot surprisingly therefore,
studies which use farm size as a factor explaining inter-farm differences
in fertilizer use, come up with conflicting results. Most of them £ind
negative association (Dcsai and Sharma 1966; Krishnaswamy and pai :1 1973;

NCAER 1978) some report positive aggociation (Colmenares 1975; David 1974)
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4nd some report inconclusive results for differont crops (NCAER 1974).
Almost all stulies, however, show that adootion of fertiiizets and the
extent of area tertilized'are positively cclriéiated with fam sizé --
at least in the initial phases (&iln 1978; Colmenares 1975; Mukherjee
1970; NCAER 1974; NCAER 1978; Panse and Singh 1966).

.. Farmez's ability to buy fertilizers (1iquidity) has been measured
in texms of. assets or income .of the farmer and its effect on fertilizer
use: has been studied hypotheaizing a positive association. “The NCAER

tudy shows a positive influence for some crops but others £ind inconclu-
sive: results with respect to rates of application (NCBER 1974; David
1974). Once again, this variable was found to have a more powerful
4influence the acceptance, adoption and extent.of area fertilized
(Choudhary and Maharaja 1966; Savale 1966; Shetty 1969). Credit is
another variable which has been considered important. In the regressicn
analysis attempted by NCAER this variable emerged. sionificant for on'ly
- ‘one -cxop though tabular analysis showed that this factor was quite "
inportant (NCAER 1974). The more co@renenciw're recent study ' (NCAER

1978) does not give a clear pictute in this ragcrd though in ‘terms of
-reasons on non-adoption, this was fxequently indicated to be very -
important. (ATGRPDA 1978; NCI-‘.BR 1974: NCAER 1978) The Guntur study
(Desai ot al. 1973) showed that capital was not 2 constraint in this
agrer. Howewver, a nomative analysis for another high fertilizing area
1 == -punjab, showed very significant impact of credit on fertilizer use

““(cancian 1977). .
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It has been hypothesized that tenant fermers apply lower rates of

1

fertilizers. Some studies (NChFR 1974) support this hypothesis and'others
do not (Desai 1969; Desai et al. 1973 Murherjee 1970). Most of the studies
which investigated the impact of this variable on adoption, found the
hypothesized neghtive association (Shetty 1966; Shettv '1969). Some
(Choudhary and !Maharaja 1966; Desai 1969; Desai et al. 1973) found no sys-~
tematic association. It needs to be mentioned here that tenancy wonle '
affect profitability of fertilizers and hence its adcpticn and use depending
upon the terms of tenancy (Colmenares 1975: Porrin et al. 1976) . For
example, if the tenant bears the cost of all inputs and then has to part with
some proportion of his output as rent, the profitability of fertilizer usc
for the tenant goes down and hence this form of tenancy will affect ferti-
lizer use adversely. If however. the inputs and output are equally
shared, or if the landloxd pays for the cash ihputs or if a fixed rent
tenancy exists, the profitability dces not alter because of tenancy. None
of the studies have looked into this aspect and hence we do not get 2 =
clear picture.

Access to narkets has also been considered as 2 factor affecting
adoptioe ahd levels of use because of its imwact on transportation costs
of fertilirersr The study by Savale showed negative association between
adopticn level of fertilizer and distance from the market '(Savale 1966).

This variable has not been considered in most of the studies.

3. Socioloqical Factors

Age of the farmer was found to influence the adoption of fertilizers
(Shetty 1969). As regards level of fertilizer use, ‘the NCAER study

found negative relaticnship in most of the cases suggesting highex consar~
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vatism of older ,farmers. Education level of the farmer exerts a positive
influence on fertilizer use. 'i‘he twe studies which have examined_ its effeCt
on the rate of eprlication (Desai and Sharma 1966; NCRER 1974) d;d not f£ind
a significant association. Howeverx, this variable was found to influence
adoption and diffusion of fertilizer use in the hypothesized manner
(Choudhary and Maharaja 1966; Colmenares 3975; Desal et al. 1973; Shettg» i
1969) .

The socioeconomic status of the farmer is assumed to be positively
associated with fortilizer use. However. its effect is also capturgg'by
variables like farm size, assets, income, education, etc., and in a func-
tional relationship it rarely shows up. It has been argued that (Canciaq{h
1977) in the early stage of adoption, the relationship between
adoption and econcmic status (measured as assct, eﬁc.) is not a linearly
rising one. This has important methodological implicatipns in terms of
specifying the nature of the adoption curve. The experience which farmers
have about fertilizers is believed to be important in determining rates
of fertilization (Desai 1969). The NCIER study showed that farmers who
had been using fertilizers for. longer veriods generally uscd highex levels.

The subsistence needs of the farmer measured usually by family
size. or consumption units in the family may prompt farmers w;gp:higher.
family consumption obligations to use more fertilizers. The results
cbtained (NCAER 1974) are inconclusive.

Some variables like extension or urban contact (Aklilu 197@}

Shetty 1969) and certainty of returns (Colmenares 1975; Desel 1969;
Savale 1966) have also been argued to be important but not much work

has been done to test these. The latter (uncertainty and risk) has received
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quite a bit of attention recently at the theorstical level. The fact '
that this could be an extremely important factor under. unirrigated con-
ditions is ‘suggested by the result obtained on variability -of profits -
from fertilizer use on maize, sorghum and pearl millet (Kenwar et al. 1973).
We have collaborative evidence from the semi-arid areas (AICRPDA 1978)
which' shows that uncertainty regarding yield and fear of heavy loss due
to crop failure is the major reason behind non~zdoption of fertilizers
by fariters in dryland areas. It Has beeh 'atgued (Cclmenares 1975;
Gerhart 1574) that in restricted environments, risk aversion may be an
important determinant of adoption. Some =avidence from Coleombia (Colmenares
1975) suggests that farmers' attitudes towards risk (aversion) ‘and per-~
ception riskiness have significant impdct on fortilizer adoption and use.

| Two methodological points need to be made in this context. It has
been shown that the commonly uged method of studying the characteristics of
adopters ‘ané non-adopters with a view te identifying their influence, could
lead to misleading conclusions. Classification of farmers as adopters
and non-adopters at a poiat in time, does not really make sense because
the same farmer often moves from one category tr» the other (Desai et .al.
1973). o S

Secondly, it has been pointed out (Gaikwad et al. 1969) that some

of the factors are more relevant for acceptance and adopticn (1ike educa-
tion, experience, éxtension cont;act. etc.) than for levels of application.
In other words, the relative importance of various factors varies at
different ‘stages of the adoption process (awareness, -trial, -adoption,
aiffusion] (Aklilu 1978). Viwed'in this' light, the conflicting results.

obtained by various warkers can be explained. Except for one study
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(Desai et al. 1973), this aspect has been ignored in others.

c,'I-‘.neIEi.cal Npproaches . .

Some workers have used parametric programming procedures to examine the

--impact .of . factors like pr;ce changes, capital constraj:nt and 1::;19&?10;1
on fertilizer use (Dhillcn and Sidhu 1977; Dhillon andl Sankhayaﬁ 1977;.
Ogunfowora and Norman. 1973; Sankhayan and Sirohi ]‘.972)' and have found
the hypothesized effects to hold. Such studies always pertain to.gc;me
kind of an average fq;m situation. A large number of factors caméel out
during this averaging and it is not an easy task to paramoterize :.all of
, them . Thus, this z;;:proach can provide only a restricted mderstapding
ofvgamer.‘s fertilizer use decisions. |

Multiple regression analysis appears to offer a better alternative
and has been attempted in several studies .(Colmenates 1975; Dayi.d 1974;
Jayaraman 1979; Maharaja 1975; NCAER 1974) with varying degrees of success.
The main prcblems here are the very large nusber of vatiable_p and high
inte:—correlatiéns betwcen them. The data zjequiren\ent‘ itself poses “tlhe
most serious problem. Empirical work in this avea has, therefore, been
scanty and inadequcte.

The choice and specification of variables requires considérable
care, not only from multicollinearity angle but zlso from simultaneity
point of view. Tnclusion of factors like organic manures, variety, etc.
(dacisions on which are jointly made with fertilizer use dec:lsion.s) in
the demand function creates simultaneity bias. Again some var:_lables inclu-
ded in the model coulé represent more than one effact, for exgnple. farm

size could depict economic status as well as land-fertilizer substitution.
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It is not easy to interpret the coafficient. The definition of the depen-
dent variable itself matters ‘a lot in cheice and specification of causal
variables.: n11 the variahles which are used@ to cxplain differences in
fertilizer use per hoctare of gress cropped area cannot be used as o
such when cropwise analysis is attempted. Finally, one needs to sort
out factors which are important for aénption an@ factors which are useful
for explaining cifferences in levels of fertilizer use. Both are influ-
enced by the same set of variables but their relative importance differs.
No one has attempted this and hence the results are often Siurred.
Irrigation, cropping pattern,lcapital raﬁioning and size and
certainty of returns from fertilizer usc aré verhaps the majot determinﬁnts
of fammers' demand for fertilizers in SAT areas. .1As has been ghown, no
empirical study exists which looks at fertilizer use problems in this
environment. 1In view of the faét that fertilizers form one of the import-
ant elements of the technologies'bei;é evolved for dryland aoriculture,
the need for an intensiva stﬁdy on this aspect cannot be over emphasized.
Absence of knowledge regarding forces motivating farmers to use fertili-
zers and the maghitude of these forces could pose a majnr constxaint when

these technologies are finally nfferad to the farmers.
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