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FERTILIZER,USE AND ITS DETERMINANTS : A REVIEW WITH
 
TO 	 SEMI-ARID TROPICAL INDIASPIECIAL CEFERENC 

The semi-arid tropics covering nearly two-thirds of the country's arable 

states of Andhra Pradesh, Maharashtra, Gujarat,area, are spread over the 

Tamil Nadu and parts of Uttar Pradesh, Punjab,Karnataka, Madhya Pradesh, 

1979). While the advent of irrigationHaryana and Rajasthan (Bapna et al. 

in 	 states like Punjab, Tamil Nadu, Haryana, Uttar Pradesh and others has 

.1 
helped in transformation of the irrigated SAT areas, bulk of SAT India 

highly unstable agriculturalcontinues to be characterized by low output, 


system supporting fairly high population densities (Ryan 1974). Till
 

recently, these were looked upon more as problem areas requiring famine 

capable of making positive con­relief and protection rather than areas 

tributions to a country's agricultural growth. 

Earnest efforts are now being made to rectify the imbalance. The 

share of dryland areas in development allocations is increasingy atteapts 

to improve the technological base of agriculture in these areas have been 

never reach a vastintensified. The realization that irrigation will 

focused attention on development of high-outputmajority of SAT areas, has 

systems capable of performing well under cons­technologies and farming 

trained and uncertain moisture situations. 

t 	 Visiting Scientist, .Econom4cs Program, International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT), Patancheru Post Office, 

Andhra Pradesh 502 324, India. 

1. 	 The abbreviation SAT has been used for semi-arid tropics in this
 

text.
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Efficient'uoil feility and water management have been identified 

as the key factors in this context and fertilizer 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 fertilizers. 

Inforeation"on these aspects is lacking, economists, like everyone else, 

were too preoccupied with the exciting changes taking place in irrigated
 

As early as 1969, Desal emphasized
agricultural regions of the country. 


the importance of rainfed regions as potential sources of future growth in
 

A decade later, he had to reiterate the
fertilizer demand (Desai 1969). 


call (Desai 1978); apart from the work he followed up through these years
 

(Denai et al. 1973; Desai and Mellor 1969, Desai and Singh 1973), 

no systematic study was conducted on this problem.
 

Agrobioloqical scientists, on the other hand, have been more res­

ponsible. A large number and variety of experiments have been conducted 

under the All-India Coordinated Agronomic Experiments Scheme, the All-India 

Coordinated Research Project for Dryland Agriculture (AICRPDA), and the 

Sorghim and Millets Research Programmes of the Indian Council of Agricul­

tural Research (ICAR), agricultural universities in different states and.. 

at the International Crops Research Institute for the Semi-Arid Tropics. 

These have established that most of the crops grown under dryland conditions 

While there is need to further
do respond't fertilizers (Kanwar 1972). 

study the interactions of response with moisture (rainfall) variability,
 

methods of application and other agronomic realities of dryland agriculture,
 

successful diffusion of fertilimers =quires an understanding of the status
 

of fertilizer use, the pattern of its use and the tactors inhibiting rapid
 

growth in consumption at farmers' level.
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This paper attempts to piece together information on vtzious aspects 

A brief macro picture is firstfrom different sources. 

The growth pattern of 

of fertilizer use 

given covering consumption of fortilizers in India. 

aggregate terms. The second section
fertilizer use is then discussed in 

Finally,
deals with micro-evidence on fertilizer use practices of farmers. 

use of fertilizers have been identified.factors affecting adoption and 

GROWTH IN FERTILIZER USEI. CCNSUMPTICH LEVELS AND 

only four statestotal fertilizers was consumed in 

Table 1 provides a synoptic view of current consumption levels of lertili­

zers (total plant nutrients) in India. It shows that more than 50% of the 

(Punjab, Uttar Pradesh, 

which accounted for less than 30% of 	the
Andhra Pradesh and Tamil Nadu) 

gross cropped area of the country. The eastern states (Assam, Bihar, 

but consume only
Orissa and West Bengal) account for about 18% of the area 

This clearly indicates concentration of
10% of the fertilizers used. 


fertilizer consumption in a few btates (Desai 1978; Desai and Singh
 

1973). 

The states of Madhya Pradesh, Andhra 	Pradesh, Maharashtra, Gujarat, 

under the semi-arid tropics.2
and Tamil Nadu fall predominantlyKarnataka 

If we leave out Andhra Pradesh (where fertilizer use is concentrated in 

(where very high irrigation levels
5-6 coastal districts) and Tamil Nadu 

idea regarding fertilizer consumption in predominantly
obtain), a crude 

SAT areas can be had. Madhya Pradesh, Maharashtra, Gujarat and Karnataka 

area but their contribution.for about 36% of the country's croppedaccount 

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

Parts of Uttar Pradesh, Haryana, Rajasthan and Punjab are also inclu­
2. 

not reveal the SAT position.ded but state level data would 



Table 1. Fertilizer use in Indian agriculture 1978-79 

Share in % net Fertilizer o 
% of faxers ar Average rate ofall India irri- (N+P+K useFertilizer (N+P+K) con-

u o
suption in 1978-79 per ha of using ferti- fea applica ti -
Th and Sh - gross gatedSs-a t e ferti- N+P+i per feti­

crope areas 
 cropped lizers (kg)-tonnes- India total lized lized ha area 1976- area 
1977
 

490.2 2.0 21.4 2.4 6 5
I- As.am 8 50

3.8 6.8 34.5 17.2 42 35 
tihar 195 79121 211.4 .4.3 17.8 9.972
Orissa .89
66 50
4.6 23.3 31.9

West Bengal 243 4.8 


11.6 _ 3.8 76.6 94.5 92 76 91 
II Punjab 594 77
493.2 49.3 38.7 69 


Haryana 204 4.0 37 65
45.6 44
Uttar Pradesh 1058 20.7 _ 13.9 47.5 


31 20

2.6 10.1 17.3 7.8 55 

III Rajasthan 134 46
62 43
6.1 12.8 31.4 

Gujarat- - 321 6.3 

15 11 46
3.8 12-5. 10.7 9.2


IV Madhya Pradesh 193 

42 112
 

605 1.8. 7.1 32.4 50.9 62 

Andhra Pradesh 7719.1 42 27 

380 -7.4 11.8 8.3

Maharashtra 105
50 .335.9 13.2 36.6 
Karnataka 361 7.1 128

4.3 38.8 68.9 70 55 

493 9.6 


V Kerala 100 28
 

Tamil Nadu 


2.0 .1.8 10.0 34.1 65 73 92 
16.3 12.8 34 280.2 0.6 n..Pradesh 12 4740 28
43.0 18.8
0.3 0.6
Jaumu & Kashmir 18 

na nr100.0 100.0 14.6 na nr 
All India 5117 

na. Not applicable
 

nr. Not reported
 

:Fertiliner Statistics, k978-79. New
India.- 1979.1 thru 5; Fertilizer Asociation of
Source- For co1,Ins 

Delhi, India. Various tables.
 
For columns 6 thru 8 see NCAER 1978. 
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it is also low use l.iSAT areem in comparatively lower.that, -frtili.r. 

in Rajasthan and the eastern states. 

Figures for average fertilizer conSumption intensity also suggest 

a simi ,rp4rcn. In Pjab, Uttar Pradesh, Andhra Ptadssh and Tamil Nadu 

(all )-Aving all-developed irrigation resources), consimptior 
levels exceed
 

none of the 
%40:*gof plah-t nutrients per hectare of gross cropped area; 

four SAT states (Kadhya Pradesh, Maharashtra, Karnataka 
and Gu IratO reach
 

below the 
The average consumption per hectare of cropped area 

is 
this level. 


(West Bengal apart), the northern
 
national average in the eastern states 


hill states of Jansu and Kashmir and Himachal Pradesh 
and in Rajasthan,
 

Pradesh.14harashtra and Madhya 

The table also provides estimates on three fertilizer 
use parame­

adoption, extent of coverage and actual 
rates of fertilizer ( P)
 

ters -

It shows wide inter-state variability in all the
 application per hectare. 


In seven states more than 60% of the farmers used
 three paramtekw. 


were predominantlyAll these (with the exboption of Gujarat)
fertilizers. 

The percentage area fertilized in these
 rice and wheat growing areas. 


. -- 76 to
application was also high
states was above 40* and the rate o,


128 kg/ha. On the other extreme, five states had less than 
35%
 

adoption, relatively lover rates of application 
(Orissa being an exception)
 

So far an the four states men­
and very low percentage of fertilized area. 


tioned above are concerned, Madhya Pradesh had 
very low vales for all the
 

three parameters: Maharashtra and Karnataka had 42-50% adoption, 27-33% 

crop area fertilized and rather high 
rates of'application. Gujarat had 

relatively higher figures for adoption and percentage 
area fertilized, 

Thus, even within these states but the rate of applicatI.n was lower. 
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is not possible to draw a concrete,consi4erable variability exists and it 

inference based on state level data. 

Table 2 gives the distribution of .385, districts in India over 

different consunption level intervals. ,Only 7% of .t"e districts. had cop­

districts consumed.29%. suiption levels above 40 000 tonnes, but these 27 

over 42% distrite ad veryof the total ferti~izers. On the other extreme, 

for orly .,aboutlow consumptiom -level (less than 5 000 tonnes) and accounted 

84 of the total. This underscores the point mentioned earlier regarding 

concentration of fertilizer use on small jreas. 

The pattern in typically SAT regions is highlighted by an analysis. 

(Saolapurkar 1979) pertaining to two SAT states -- Maharashtra and Andhra 

Pradesh ,baseidon district level data on fertilizer consumption in 1977-78. 

It shows thatTable 3 .suqmarizes the essertial features of this anayps.. 

in both the states fertilizer use was concentrated in districts with high, 

appears somewhat lessirrigation inter.ities. The situationj in Maharashtra 

skewed probably because of fairly widespread use of fertilizers (at very 

low rates) on groundnut, cotton and some foodgrain crops. 

The aggregative analysis on consumption pattern reveals continued 

some extent byconcentration tendencies, led mainly 4y irrigation and to 

the area under high value (or high response) unirrigated crops (Jayaraman 

IS79). 

Growth in Fertilizer Use 

Growth of fertilizer use in Indian agriculture during the sixties was 

Dsai and Singhstudied in depth by Desai (Desai 1969; Desai 1978; 


use of ferti­1973). Historical evidence indicates that though the 

lizers ,for field crops started in the late thirties, it was only during 

http:consumed.29


of districts by consumption level of fertilizers 
Table 2. Distribution 

(total plant nutrients), 978-79 

uvumber of Percent share of
Consumption range ­

total consumptiondistricts
(thousand tonnes) 


12.3
9,.
kbove 60 

16.7.
17.41 -7 60 

64 34.-221.- 40 

19.9
68
11 - 20 

.9.163
5 -10. 

7.8
164
Below 5 


100.0
385
Total 


1979. Fertilizer Statistics
 Source: Fertilizer Association of India. 

1978-79, NewDelhi, India. 

3. Fertilizer consumption in Andhra Pradeo.h and 
Maharashtra distri cts! 

Table 
1977-78
 

consumv-Share in State otals (WPK) 
.tion.(kg/ha)No. of Cultiva- Irrig. Total fertiliex,: ofState/ 


Category .distta. ted (NPK) consuipticn cultivated area
 area area 

Andhra Pradesh­ 78 , .93 
Irrigated 11 38 75 

1625 22
Unirrigated 10 62 


Haharashtra
 58
8 26. 52irrigated. 

42 1i


Unirrigated 17 74 48 

Source: Saolapurkar 1979. 
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the First Five Year Plan that it really got a:stong push.' Consumption of 

the thrb types of .fertilizers rose from about 81 00Q tonnes in 1952-53 to 

about 300 000 tonnes in 1960-61 and 5 100 000 tonnes in 1978-79. The. 

growth, however, has not been monotonic and wide inter-year fluctuations 

were witnessed. There was a sharp deceleration in 1972-73 and 1973-74 and
 

The last four years (1975-76 to 1978-79)
a substantial decline in 1974-75. 

have been very impressive but Desai cautions that this should not be inter­

preted as a definite acceleration, it most likely implies a recovery along 

He also pointed out that the statewise
the pre-1972 trend (Desai 1978). 


base of growth in fertilizer consumption continued to be narrow and states
 

like Uttar Pradesh, Punjab, Tamil Nadu, Andhra Pradesh and Gujarat still
 

accounted for bulk of the post-1975 growth iti 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 

Singh 1973) focused attention on the concentration problem. It 

examined data on fertilizer consumption for 286 districts over the period
 

1960-61 to 1968-69 and found wide inter-district variability in fertili­

zer consumption. More than 80% of nitrogen (N), and phocphorus (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 consumption.
 

Extending the analysis to 1975-76 and 1976-77, the pattern 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
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Desai concluded that
these were important 	 in the sixties also (Desai 1978). 

broadening of the districtwise base generating growth
while there was some 

still quite narrow and dominated by the
in fertilizer consumption, it was 

or so.districts throughout 	the last 15 years
traditional growth generating 

Results obtained by Maharaja for Gujarat (Maharaja 1975) and Saolapurkar 

(Saolapurk-ar 1979),.
for Maharashtra and Karnataka (1974-75 to 1977-78) 

supported rost of these findings. However, Maharaja found evidence of a 

spatial base of fertilizer consumption over the
district widening of the 

grocth in .consumpt-on of
period 1960-61 to 1969-70. He found that the 

nitrogenous and phoshatic fertilizers was higher in distrcts which had low 

to that in districts where the ini­asinitial consumption levels compared 

tial consumption levels were higher. 

(Desai and Singh 1973) that the performance of
It was also shown 

was very goodKerala, Karnataka and Tamil Y?1du)the southern region 	 (Andhra, 

with .respect togroit&h in both nitrogen and phosphorus use while that of the.
 

central (Madhya Pradesh, Rajasthan, Uttar Pradesh) and eastern 
(Assam,
 

was The 	western region
Bihar, West Bengal, Orissa) regions very poor. 


to growth

(Gujarat, Maharashtra) performed relativelv better with respect 


in phosphorus consumption and the..northern region (Punjah, Haryana) did
 

The study also investigated the

better with respect to nitrogen growth. 


These shall be discussed later.

factors behind varying Srowth patterns. 

The SAT Regions 

Te have attempted to interpret the resiults of the stuey by Desai and Singh 

in terms of SAT regions (Desai and Singh 1973). The study gives growth 

rates. (1960-61 to 1968-69) of fertilizer ccng dmtion for distric i falling 
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-- less than 500 rm, 501-750 ,in different annual rainfall classes 

The last class is treated by the
751-1150 mm, and more than 1150 mm. 

authors as assured rainfall category. We have interpreted the districts
 

to 1150 mm class as belonging to semi-arid 
tropics.3
 

falling in 501 m 


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
 

use. of these, 3 were located in
 very high growth rates of nitroger. 


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
 

region 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
 

(22%),

and assured rainfall areas, these figures were 77 (46%) and 26 


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 even the arid 

region) performed relatively better during the sixties.
 

With respect to growth in phosphorus use, performance of the
 

Once again the assured
semi-arid arid areas was distinctly superior. 


rainfall regions were found to be lagging behind.
 

Classification by irrigation levels within each type of area pro-


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


It was
3. The limitations of*this classification are iecognized. 

some broad judgements.
attempted in :the hope that this will enable 



Table 4. Ditmibu t i of of 6it-rtcts a cco:ding 
rates of f-r-i0i"zr (nutrient) u = a 
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1 
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39 
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>500 3G 

34 

= J 

.. 
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Total 
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1 

21 

3 

2il19 
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28 

.57 
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19 

1! 
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1 
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12 

4t 

16 

96 
7 
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4 
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nil 
.3 
3 

25 

12 
t 

19 

O 
. 
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17' 
45 
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68 
36 
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in the high nitrogen growth class in arid regions had higher irrigation,
 

all tho 10 low growth districts had low irrigation. This held for the
 

26 out of the 36 high to very high growth dis­semi-arid regions also --


tricts had high irrigation, 56 out of the 77 low to very low growth dis-


In fact, growth in nitrogen consumption was
tricts had low irrigation. 


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 

similar trend was observed.respect to phosphorus use also, a 


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 class
 

had low or very low growth of nitrogen use (57% for phosphorus use).
 

In the arid and assured rainfall districts, the proportions were 100%
 

Ten percent of
and 75% respectively (90% and 78% for phosphorus use). 


(13%
the districts had high to very high growth rate of nitrogen use 


for phosphorus use) in the unirrigated semi-arid areas. The correspon­

ding figures for arid and assured rainZall areas were nil and 3%, res­

pectively (nil and 4% for phosphorus use).
 

The above analysis provides some useful insights into the relative
 

position of SAT regions vis-a-vis others. (1)The semi-arid (and also
 

the arid) regions had higher growth of fertilizer use during the 
sixties
 

to the assured rainfall regions, more distinctly so with reui­as compared 

pcet to phosphorus use; (2)Availability of irrigation seemed to bring 

much greater impact on fertilizer use in the semi-arid (and also
about a 

arid areas; (3)With low levels of irigation, growth rates fell 
substan­

tially in the semi-arid regions but they still out-performed 
the assured 
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(4) High 	nitrogen growth districts were concentrated inrainfall areas; 

use,. particularly.,n the semi­the high 	irrigation areas. For phosphorus S• r 

arid areas, the correlation was not so strong. It 	 may be noted that both 

crops to be more import-Maharaja and Jayaraman found area under comercial 

than irrigation in explaining phosphorus consumption pattern in Gujaratant 

(Maharaja 	1975y Jayaraman 1979). 

II. 	 FERTILIZER USE PATTERN ON SAT CROPS AND FARMS 

the forces which lead to the macro patterns discuss-In order to understand 

ed earlier, it is necessary to know the fertilization practices in greater 

in this section to provide infokmatic_ on
detail. An attempt has been made 

the extent of coverage,the rates of fertilizetion of different crops, 

etc. with special focus on the semi-aridcropwise allocation of fertilizers 

regions of the country. The overall picture presentod in the following 

The first (NCAER 1974)section is based on three comprehensive studies. 


as
provides estimates of fertilizer use on selected crops for th. cow.ty 

The second (NCAER 1978) gives the position statewise and the a whole. 

third (Raheja et al. 1379) focuses attention on fertilizer use for high 

yielding varieties of selected crops. 

Selected : All-India EstimatesFertilizer Use on rops 

basedTable 5 presents country-level eptimates of cropwise fertilizer use 

on a sample of over 4 000 households spread over the whole country. 4 The 

sampling design gave a higher weightage to Intensive Agricultural4. The 
and though the estimates have been adjus-Development Districts (IADP) 

feel that this has biased the estimates upwards.ted, we 



Table 5 	 Crop ise allocation, extent and rates of fertilizer application 
on selected crops in India, 1970-71 

Rate of application per 
C of total % crop area fortilized hectare,_q)_ 

C r 0 p (lFpr,) used fertilized N p 

39 8 231. 	 47Rice .. 

50 51 4 2-,19Wheat 

5 17 	 27 10 4
Sorghum 

maize 	 1., 25 54 3 1 

5 16 33 11 1
Other cereals 

25 5 11 	 5Pulses 


83 199 30 24
18Sugarcane 
38 40 	 37 7Cot-ton 

4 30 15 12 1
Oileds. : , .. 

nr nr nr 	 nr.5
Other c 
nr
nr nr
100 	 nr
Total 


Sorce.. ... ER 1974. 

nr. Not reported • 



table shoms that foodgrains accounted for nearly two-third of the total
 

This is in significant centrast to the
fertilizer used in the country. 


position till the fifties when comercial crops were the mjor claimants 

One also notes that crops like sorghun, pulses, other
(Desai 1969). 


cereals, cotton and oilseeds# which are the dominant crops of SAT 
India,
 

accounted for a. seall (23%)'share. In fact,-.bnlv three crops -- rie, 

of the total fdrtilierwheat and sugarcane, claimed wore than to-third 

consumed. The extent of fertilization, measured as the extent of crop
 

area fertilized, was also high for these three cropsi the major SAT
 

The
 crops (with the exception of cotton) fared poorly in this regard. 


One should
rate of fertilizer application also followed the save trend. 


note that these are average figiures 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-fertilizie complementArity quite 

Under unirrigated conditions, the extent of fertiiization dropped,clearly. 


only for rice, cotton and oilseeds it extended to nearly one-third of
 

the cropped area. For wheat, maize, sorghum, other cereals and pulses,
 

to 16%
the extent of unirrigated crop area fertilized ranged between 3 


only. The rate of application of nitrogen also fell drastically under
 

unirrigated condition and did not exceed 30 kg per hectare in any case.
 

we leave out rice, wheat and maize, we get a more relevant picture
If 


for SAT for crops like sorghum, cotton and groundnut, the values lay
 

between 15 to 25 kg N per fertilized hectare only. It is also interesting
 

to note that the rates for phosphorus did not fall so significantly,
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fertilized and rates 	of fertilizer application
Table 6. Extent of 	area 
for selected crops ,.nerirrigated and 

unirrigated conditions,
 

1970-71 (All India)
 

crop area ferti-

lized
C r o p 

Irrig. Unirrig. 


.65 36Rice 
69 16
Wheat 

39 13
Sorghum 
47 5Maize 

Other cereals 	 39 11 


15 3
Pulses 

83 nil
Sugarcane 

70 31
Cotton 


35 29Oilseeds 


Source: NCMaR 1974.
 

less than 0.5
n. egligible --


Rate per fertilized hectare (k) 
Irrigated Unirrigated
 

P KN P K N 

6 2.48 10 1 30 

54 3 1 28 8 5 

44 13 8 17' 9 1 

1 10 157 2 31 

50 	 4. 1 24 17 n 

4 n36 5 1 9 

199 30 24 nil nil nil
 

3 161 12 7 22 

2 10 114 19 15 
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were higher. 	 This reinforcesindeed for some crops, the 	unirrigated rates 

the conclusion drawn earlier regarding relatively smaller iopact of irri­

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 and 

traditional varieties under unirrigated conditions for rice, wheat, maize 

were
and sorqhum. 	 The irrigated crop parameters (data not presented here) 

again it was noted that phosphorus
oncesignificantly higher in all cases. 

as 
rates did not 	record as large declines under unirrigated conditions 

(HYV)'the unirrigated ohosphorus rates were
nitrogen. For some crops 

higher. 

the HYV
The table shows that even 	under unirrigated conditions, 

and at higher rates. It was also noted 
were fertilized more extensively 

higher for sorghum as compared to
that the percentage area fertilized was 


under unirri­
maize or wheat. These data demonstrate that fertilizer use 


local varieties
not an uncommon practice for HYV. The
gated conditions was 

(with the exception of paddy) were.fertilized to a very limited extent. 

State Level Estimates
 

a very larqe element of

The All-India 	estimates presented above conceal 


We have used data from the latest NCF1R Survey (NCAF.R 1978)

variability. 


more than 21 000 households to provide

conducted in 1975-76 covering a 

5 
In the tables that follow, estimates have been presented

stateoise picture. 


Punjab, Haryana, Uttar Pradesh, Rajasthan, Gujarat, Maha­
for 10 states --


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

the first year of the post-.974 reco­5. It may be noted that 1975-76 was 
Growth in fertilizer consmption in 

very in fertilizer consumption. 
subsequent years suggests 	that the estimates for this year would be 

significantlybiased downwards and that 	current estimates should be 

higher. 
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rates of fertilizer application for
.Table 7... Extent of area fertilized and 

high yielding and traditional varieties 	of.rice, wheat, 
maine and
 

.sorghum under unirrig. conditions, 1970-71 (A11-India estimates) 

Variety Rice Wheat Maize SorghumFertilizer use, variables-

HYV 94 56 39 80
% area fertilized 5 10Local 31 11 

RAte .f nitrogen pe.r fertilized * 	 HYV 4-e 43 37 26
 
Local •.26 18 31 15
 

ha (kg) 


16 nil

Rate of phosphorus per fertilized 	 .YV 6 16 

3 2 11Local 9*..ha (kg). 

Rate of potash per fertilized ha (kg) 	 HYV 2 12 nil 3 
1 6Local . .2 

Source: NCAER 1974. 



The first table (Table 8) provides information on fsome broad ferti­

the survey covered nearly
lizer use and other ineicators. As can be seen, 

On the basis of availability of
 15 000 households in these ten states. 

be grouped into three categories -- Punjab,
irrigation, the state can 

Haryana, Uttar Pradesh, Andhra Pradesh and Tamil ,adu in 
the high irriga­

in the medium and Madhya Pradesh, Maharashtra
tion, Gujarat and Rajasthan 

and Karnataka, in the low irrigation category. 

the highly irrigatedThe adontion level of fertilizer was high in 

states (Uttar Pradesh beinq an exception). In the ltcgely unirrigated
 

The same trend
 states, it was significantly lower (except in Gujarat). 


rate of fertilizerto percentage area fertilized andobtained with respect 

Karnataka had high rates of
application also. Aong unirrigated states, 

fertilizers.application particularly of phosphatic and potassic 

In the irrigated states, more than 80% of the fertilized 
area 

was irrigated; in the unirrigated states, a significant fraction of the
 

In Pajasthan, an arid state, practically
fertilized area was unirrigated. 


no fertilizer was used under rainfed conditions. In most of the other
 

At similar pattern

low-irrigation, semi-arid states this was not the case. 


was indicated when allocation of different fertilizers among 
irrigated and
 

These data suggested that in SAT states
 unirrigated crops was considered. 


signifi ;ant headway, or where agroclimaticwhere irrigation had made a 


use on drylands (as in Rajasthan),
fertilizerconditions did not favor 

In other states
 
almost the entire fertilizer was used on irrigated crops. 


Madhya Pradesh and Karnataka, fertilizer use
like Gujarat, Maharashtra, 

states too irrigated
under rainfed conditions was observed though in these 


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



ten states NCAER Fertilizer Demand 
8. Summary statistics on sample characteristics and fertilizer use in

Table 
Survey, 1975-76
 

Madhya Karna- Rajas-

Uttar Andhra Tamil--" Guja- Mahara-

P a r t i c u 1 a r s Punjab Haryana Pradesh Pradesh Nadu. rat shtra Pradesh taka than 

1. No. of sample households 
2. Average size of holdinga 

3. % area irrigatedb 
4. % households,using ferti-

821 
4.0 
87 
92 

. 

721 
4.0 

80 
60 

2587 
1.5 
71 

.44 

1796 
.2.7 
"46" 
62 

1828 
.1.3 
57 
70 

1193 
4.4 
31 

. .62 

.. 
1085 
3.3 
16 
42 

2144 
3.3 
13 
15 

1321 
2.9 

16 
50 

1268 
4.6 

34 
31 

5. 
6. 

7. 

lizers 
%crop area fertilized 
Rate per fertilized hec-

tare (kg) N 
P 
K 

Total 
% fertilized area irri-. 

76 

72 
17 

1 
90 
97 

49 

65 
10 

1 
76 
98 

37 

53 
9 
2 
64 
92 

42 55. 

82 77 
24 25 

5 26 
11V .128 
83 94 

.43 
-

34 
10 
2 

46 
-51 

27 

55 
14 

8 
77 
43 

11 

34 
12 

1 
47 
57 

33 

57 
26 
21 
104 
43 

20 

43 
12 
c 
55 
91 

gatedd 
8. % irrigated are& ferti- 83 59 49 76 90 63 67 40 87 46 

9. 
lizedd 

%unirriyated area fer- 27 4 10 13. 9 -.32 18 5 22 3 

tilizedd 
10. % of total fertilizers 

used for irrig. cropad N 
P 
K 

98 
99 
99 

98 
100 
99 

95 
99 
97 

90 
88 
86 

97 
96 
96 

74 
70 
'70 

60 
60 
65 

77 
78 
94 

77 
74 
76 

94 
100 
100 

1978. Various tables, different volumes.Source:.NCAER 

a. Cultivated area per farm-in hectares­

b. Net irrigated area as percent of,-,Iet--cultivated area 

c. Less than 0.5 

d. Derived. from Appendix tables 
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unirrigated states had significantly lower adoption levels and also lower 

extent of fertilization. 

of the states (Punjab, Tamil
The table also indicated that in most 

Nadu and Karnataka being exceptions), a significant fraction of irrigated 

This tendency prevailed even in the low irrigation
land was unfertilized. 

fully exploit
states where one would, a priori, expect a greater effort to 

the irrigation-fertilizer complementarity. -,his is imvortant findingan 

and has significant implications for growth in fertilizer consumption. It 

would he useful to investigate forces which lead to this kind of sub-optimal 

pattern. 

allocation pattern of nitrogenousIn Table 9, we have shown the 

in these ten states. For phosphorus the information
fertilizers among crops 

is given in Porendix I. The table reveals that foodgrains accounted for 

70%of the total nitrogen used in Punjab, Farvana, Uttar Pradesh,
over 

In fact, wheat and paddy together
Tamil Nadu, Madhya Pradesh and Rajasthan. 

these
accounted for more than two-third of the total nitrogen used in 

In other states too (Gujarat being an exception) food crops were 
states. 

It was also noted that in all states fertilizer use
 found to dominate. 


on wheat was almost entirely confined to the irrigated crop, 
hut in
 

Gujarat, Maarashtra and Maehya Pradesh, a significant proportion of ferti­

lizer used for paddy went to the unirr7.qated crops also. 

In Andhra Pradesh, Gujarat, Maharashtra and Karnataka, more than 

Cotton, groundnut,
40% of the nitrooen was used by the non-food crops. 


the important fertilized crops
sugarcane, tobacco and chillies were in 

also noted that in most states (except Maharashtra),
this category. It was 

to the irrigated crop. For
bulk of the nitrogen used for cotton went 
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of totalci nitrocenr a~nzo cro.ps Jr. t7nTable 9. "Oaio 

P x'jab Ha,_-,'-a~ 

qr4- I "XI % oE 1tota.rcroppdp total 1I % Gr 

area -use, *-'.lsed .es 

122 7a1.5 192,3]. 

12.2 1,.1. 	 Paddy 
. 

3,.!1.S 9.6 3.92. Maize 
, (94.0) 84.0) (79,0)-

w" nr 2.3 

(89;0) 

3. Kharif sorg'nn 

nr nbi nr nr
4. sorghu' . 

r.r 

f 
 nr 18.7 1.

5. -Pearl millezt nr 

- . (67.0) (98.0) 

r nrnr n r6. Rai 

4.6 3.011.2 2.O7. Cot tono 
 (9:.0) (100.0) (97.0) (.100.0)

. 

8. Groundnut -nr nx r.r 	 nr 

r nr
9. 	 Toba co nr nr 


nr nr 
 nr P 

la. Cz1 .& . 

"51.1 4 56. 311. "heat "42.0 	 {90• ' : " (91.o) (99.1I)(9.0 


"11,- = " 4 


12. Sb-?arcare" 	 3.0 3 -oim. 

3.319.8 7.4 24.113. Othars 
" 


R l . 

Gtt.r ?raie .n 

t 't-il 

S 

C73.3) (95.5)4.q .. 

(43.&0' O
4.0 0.3 

nr
nr 


1.6 


(36.4)
 

nr nr 


nr nx 

nr 


nr
nr 


r nr *. 

32.9 53.-
(87.2) 	 W(9.)
 

7,41A 


24.2 5.0 

'- -­

ri r D-,-an-d SUe9 

Andhra Iradesh 

'% 
.CA total N 

4..5 O7 
4. (98. 7 

nr nr 

L
12.5 nr 

3-


ai r n. 

. 

3.4 .. 

(38.0) (63.4) 

14.9 .1.3 

(10,0) (52.3) 


1. 5 1.9 
(4S.0) 163.:5 

3.1 10-2 
. 67,0) . (75 9) 

2.3 .2 


2L9 


0 


23.2 9.1 

TmlNd 

a.. 96 
% CCA total N 

' s-d 

42.5 £69.0 
-9.) 

Ir r.r 

5 1.8 

f) -. '(9o.9)
)2,0) 

51
 
39.C) (91.9) 

. n r 

5.9C 2 . 2a ., 
a -7a 

4,5 

,(59.0) (99.0) 

0) 2.3 
(26.0) *17.6) 

r
n.r . 

'­

nr nr 

.
 

2.8 9.0
 

12..I. 8.6 

Contd ,•
 



Table 9 continued 

C r o D 

Guiarat -

%gross %of 
cropped total N 

area Usea 

Maharashtra 
%of 

% CA total 

used 

madhia 
.of 

Pradesh 

t N 
used 

% 

Karat&ka 
% of 

CA tota'i 
used 

% GCA 

t 

% df 
total N 
used 

to 

4 

2 

3. 

Paddy 

anr 

Kharif sorgh , 

6.6 

(44.3) 

7.3( 8}9 

14.4 

(69.3) 

22.(3n4) 

10.5 

(36.2) 
r 

21.8(8 S 

17.9 

(57.3) 

nr 

14.032.i 

25.2 

(11.9) 

3.9 

(14.7) 

9.5(nr) 

24.1 

(4.3) 

3.4 

(80.6) 

nr 

11. 

(62.7. 

nr 

20.9C7.O} 

39.7 

(82.3) 

.89 
.9) 

7.6(38.O) 

1 

(49 .4 

(59.2 

(nr) 

2.4 

( 45.2) 

66.1) 

f 
4. abi sorghum 2.2 nr I. 

(10.)9) 

4.0 

(6 ) 

nr A.n 

(7( ) 

2.4 

(39. 

nr 

-

o ~ 

5. 

6. 

7. 

Peal millet 

Cotton 
" 

1 . 
(38.7) 

nr 

17.3
(31.1) 

9.5 
(54.4) 

r 

25.3
(83.3) 

7.5 
-,r) 

1agi 

/
(lO.) 

1.8 
', 

nr 

32.
(26.4) 

..2 
) 

nr 

nr 
_ I 

nr 

nr 

nr 

9.1(4.0) 

8.8
(7.0) 

r.r.37.2 
(15.3 

4. nr(35) 

3.. 

3 6
66.) (87.5) 

(57.1 
(53.3) 

'97.5) 

8. Grorzrdnut 

9. Wheat 

10. Sugarcane 

. 

. 

- l6.4(.19.6). 

,1-_ 

(54.4) 

7.0(26.9) 

_ 

(94.2) 

1.0 

. 4.(9.0) 

8.3 

(65.7) 

1.5(-( 9. 7' 

3.1(29.1) 

16.6 

(94.2) 

1.8.6 

rrirnr2(7.0' 

19.3 

(32.3) 

0.49... 

5-.2 

(92,4) 

A0.2Or,-f 

6.9 

;28' 

(42.0) 

013.53. 

(250) 

4.1 

(98.) 

29.8 

,22.2 

,64.2; 

0. 

n 

70.2 

(99.8) 

0.6 

1. Others 

Source: NCAER 1978. 

24.6 25.5 26.0 1. 41.5 1.R 

Fifiu~rCS in parentheses indicate biercentage devoted to 

29.5 . 6 
irkigated crop. 

25.6 7.7 

nr. Not repo-rted. 
to rabi ragi onl'y which occopies 3.4 o f the gross croppd are. 

a. 	 Fertilizer use confined 
irriated area per-tain-j to this crop, 

5. 4:-	 area under sorgh. and cotton rixtvres respect jey­
b.i chide3 5. .7% and 
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Another import­
roundnut, except in Tamil Nadu, the position was 

reverse. 


more diversified was the fact that fertilizer use was 
nt point to note 

to Punjab and Haryana where.as comared .n the southern and western states 

)nly a few crops dominated. 

are of special interest
pearl millet and groundnut cropsSorghum, 

For sorghum, information on fertilizer 
use was available for
 

tor ICRISAT. 

There is 

.tharashtra, Karnataka, Gujarat, Uttar Pradesh and Tamil Nadu. 

but 
under sorghum in Madhya Pradesh and Andhra Pradesh also, 

sizeable area 
In 

on this crop is presumably uncom-on in these states. 
fertilizer use 

was a very small proportion of nitrogen
Uttar Pradesh and Tamil Nadu, 

-- mainly to the irrigated crop. In Maharashtra 
allocated to sorghum 

34% and 29% of the.
and Karnataka, this crop occupied about 

fair amount of fertilizer was 
gross cropped area respectively, and a 

this crop. In these states and also in Gujarat, most of the 
allocated to 

fertilizer used for sorghum went to the unirrigated crop. 

Haryana and Maharashtra are important pearl
Rajasthan, Gujarat, 

In the first three states, fertilizer 
use on
 

millet producing states. 


More than 50% of the nitrogen used for this 
crop


this crop was noted. 

went to the irrigated crop in Gujarat 
and Rajasthan; in Faryana the pro­

was This was in significant
portion going to irrigated crop almost 100%. 

under unirri-Thus, fertilizer use 
to the position for sorghum.contrast 


was more common for sorghum.
gated conditions 


Pnchra Pradesh, Karnataka,

Groundnut is irportant in Gujarat, 

was ferti-Table 9 indicated that this crop
Tamil Nadu and Maharashtra. 


lized in all these states and, except 
in Taamil Nadu and Andhra Pradesh,
 

more than 70% of the nitrogen used for 
this crop went to the unirrigated
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crop. Reference to Appendix I shows that the share of this crop was 

higher for phosphatic fertilizers, particularly in Gujarat. 

Appendix I showed a similar cropwise allocation picture for phos­

useThere was also some indication that phosphorusphatic fertilizers. 

was more concentrated than nitrogen and crops like wheat, paddy, sugar­

for 72 to 97%of the total phosphaticcane, cotton and groundnut accounted 

states. This clearly implied that,fertilizers consumed in different 

crops. It wasunlike nitrogen, phosphorus use has not spread to many 

states like Andhra Pradesh, Karnataka, Gujarat and Maha­
also noted that 

rashtra were somewhat better in this respect as compared to Punjab, 

Madhya Pradesh and Rajasthan.Haryana, Uttar Pradesh, Tamil Nadu, 

findings suggested that the crop base for fertilizer con-These 

the irrigated states was narrow, particularly so for phos­
sumption in 


states the number of crops fertilized was

phorus. In the unirrigated 

wonders whether this difference between irrigated and
larger. One 


evolutionary pattern through which

unirrigated SAT areas repreoents an 


more and more irrigation

the (presently) unirrigated areas will pass as 


The results also showed that irrigation and avail­
becomes available. 


as as
ability of high response crops (commercial well HYV of cereals)
 

use scene in the Indian SAT.
have dominated the fertilizer 


on unirrigated SAT agriculture, we

In view of the special focus 

have derived some additional information on fertilizer use under irrigated 

four states -- Gujarat, Maharashtra, Karnataka and Madhya
conditions in 

the share of unirrigated crops in total ferti-
Pradesh, the states where 

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

Nadhya Pradesh
Karnataka 

% of fertili- ­% of fertili-


Rate per ferti- zer used under % unirrig.- Rate per ferti-
Co - Va.ia-. zr used under %unirrig. 

(kg)a)
lized hau(kq) unirrig. con- crop area ized
bles rp~rrig. con- crop ares 

N P K ditions fertilized N P K

ditions fertilized 
N PN - P 

58 38c 2 nil 49 50 nil nil
75c 3-3c

1. Paddy HYV 9 .10 

c a
31 11 19 348c 17c li 57
TRV .21 12 62 

nr nr r nr
nil nil nil nr nr


2. Maize HYV- nil nil nil 
19 2 nil
14 nil nil 3 1 4


TRV a nil 22 

nr nr nr nr
nr nr
5 46 23 12 83.. Kharif sorghum HYV .5 nrnr nr nr nr
18 22 11 9 nr
TRV 15 16 


nil nil -nil nilnil nil nil nil nil 
4. Pearl millet rV " nil nil nil nr nr nr nr nrTRV nil nil nil nil nil nil nr 

nil nil nil
nil nil nil
33 18 5 .55. cotton NYU 1 a nil
8 - 26 10 9 nil nil nil nil nil 
TRV 3 3 

18 8 6 nil nil nil nil nil nil
8 7 3066. Gromundnutb 

8 ni nil nil nil nil nil

22 38 20b 14
7. Kharif ragi 17 


nr nr
9 13 nr nr 
nr nr - nr nr8. Other kharif 12 9 
28 42 24 nil
7 13 
a a 48 19 5 S

9. Wheat H!V 5 16 10 a 
a 3 22 21 21 13 25

TRV a 
nil gil nil
11 nil nil nil
1 71 14 13

10. Rabi sorghum a nil nil nilnil nil nil

TRy =6-- 10 .36 10 8 6 

nr nr nr17 nr
2 5 nr nr nr nr 9 
11. Other rabi 
 100 100100 !00 


Source: NCASR 1978. Various tables.
 

nr. Not reported
 
a. Negligible
 
b. For traditional varieties
 
c. For the dominant autumn paddy crop 
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(and varietywise) allocation of total fertilizer (nitrogen and phosphorus 

unirrigated conditions, extent of fertilizer useseparately) used under 

and rates cf applicatior. There are gaps in the data and it was not 

for all the fertilizer used. Accordingly, we
possible to fully account 

6category.shown under the "other crops"
have sizeable fraction 

In Karnataka, paddy, sorghum and ragi accounted for 73 and 76%of 

the total nitrogen and phosphorus used under rainfed conditions. In 

for more than 70% of the ferti-
Madhya Pradesh also, food crops accounted 

the other hand, the shareIn Gujarat and Maharashtra, onlizer so used. 

food crops accounted for only
of non-food crops was significantly higher: 

41% and 48% respectively of the total nitrogen used in and Maha-Guj arat 

rashtra. For phosphorus, the share of the non-food crops was even higher. 

Cotton and groundnut were the major claimants in this category. It was 

16% of the total nitrogen
also found that pearl millet accounted for nearly 

the shave of sorghum
used in Gujarat. In both Maharashtra and Karnataka, 

was more than one-fourth. 

do not always claim a
The allocation data suggests that the HYV 

larger share in total fertilizer used on the crop concerned. In Karnataka 

most of the fertilizer was used by the
and Hadhya Pradesh, for example, 

but in Gujarat (pearl millet) and Maharashtra
traditional varieties-

and cotton) thcre was some evidence that the HYV figured more
(sorghum 

more clearly brought
prominently in this regard. The importance of HYV is 

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

as traditional or
6. The NCAER has classified varieties of all crops 

high yielding, the latter including both the fertilizer-responsive,
 

and other improved varieties. In Table 10, we have main­dwarf types 
sorghum,

tained this classification for rice, wheat, pearl millet, 

maize and cotton only (NCAER 1978). 
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the HYV fitd much better as
and on both thee ,sco0es (exceptions apart) 

Their share in tota 'fertilizer used 
compared to traditional varieties. 

the coverage under such varieties was poor.was low only because 

fertilizerapplication for importantScrutiny of data on. rates of 

the unirrigatedusing crops indicated that except for paddy and wheat, 

generally around 20 kg t6 40 kg per fertilized hecte forrates were 

to 15 kg per hectare for phosphorus. in Gujarat, Karna­
nit.rgen and 5 kg 

cotton and rabi sorghum had
taka and Madhya Pradesh.1 In Maharashtra, 

rates of application of nitrogen.significantly higher 

state level analysis presented above suggests that irrigationThe 

use in SAT India. One 
has been the most crucial' determinant of fertilizer 

also notes that with high irrigation intensities fertilizer use tends to 

become more and more concentrated. Th6use pattern is clearly more 

states. A disturbing feature was the
diversified in thE unirrigated SAT 

evidence that not all the irrigated land is fertilized -- in dhighly irri­

and also in low irrigation states. 
.gated and high fertilizer consumihg 

This needs careful investigation. 

receivesomeAmong unirrigated crops, in states, paddy and wheat 

greater share of fertilizers. In several others, major share is claimed 
a 

all cases, the HYV receive greater
by crops like cotton and groundnut. In 

of extent of fertilization:an& also rates of applica­
attention in 	 terms 

clear that the pattern of fertilizer use under rainfed condi­
tion. It is 

governed by Availabilitly of high-response options.
tions in SAT India is 

One also notices considerable Iter-state variation in fertilizor 

for crops like sorghum, pearl millet and groundnut. In 
use parameters 


some" states, fertilizer use on a particular crop was non-existent; in
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others it was confined to the irrigated crop only, and in yet others, 

to take c~iticallookunirrigated crop a elso fertilized. One needs a 

at regional adaptation nnd variations in response of these crops to ferti­

lizer application for a full understanding of the pattern of fertilizer 

consunption in difeerent areas. 

evidence to indicate that for the low. valueFinally, there was even 

crops like sorghum and millets, fertilizer use on traditional varieties 

are. fertilized was very low. was not uncommon, though the extent of 

Fertilizer U.ie on High Yielding Varieties_ 

Several studies indicate that high yielding varieties of major. cereals 

introdUced in the mid-sixties, played an important catalytic role in adop­

tion 'and-diffusion of fertilizer use (Desai and Singh 1973; Desai 1978). 

We have looked at the"data on::fertilizer use for HYV of sorghum, pearl 

millet, cotton and groundnut -- the most important cereal and caph-:crops 

from a survey (Raheja et 
grown on drylands in SAT India. The data come 

al. 1979) conducted by the Indian Agricultural Statistics Research Institute 

(ICAR), New Delhi in selected districts in different states and pertein 

available.7
the latest year for'which the report is 

to 1975-76 --


adoption of HYV and different fertilizer
Table 11 provides data on 

was five use parameters in different districts. Sorghum crop studied in 

districts, four in the kharif and one in the rabi season. The data show 

that the spread of HYV was highly variable. It was high in Kernataka 

led to almost full coveragedistiricts -- high rainfall and'irrigation 

7. 	 As can be seen from Table ll, most of the districts belong to the semi­
on the basis of highestarid tropics. Selection of the districts was 

of the croptargetted area (among districts in the state) under HYV 
theWhile the data do not always reveal high adoption 	inconcerned. 

does inject an element of upwarddistricts, the selection procedure 

bias in various estimates.
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groundnut and cotton in se-
Table 11. Fertilizer use on HYV of sorghum, pearl millet, 

1975-76
lected districts : IASRI, 

Av. rate
 
Rate fertili­of NPK % area fer-No. of %area 

area r ha of tilized zed'ha (kg)_ 
farmezs irri- 11YV areaHYV gated N P NState mple under ...()" P

state DistfarCt • 

Sorghum 2 

Maharashtra 
Karnataka 

M. Pradesh 

Akola 
Dharwar 
Shimoga 
Shimogaa 
Mandsaur 

253 
271 
272 
263 
189 

15 
54 
85 
94 
17 

nil 
6 
2 

100 
nil 

51 
41 
85 
149 
9 

67 
81 
98 
100 
26 

46 
60 
97 
100 
25 

51 
30 
50 
85 
19 

21 
15 
22 
36 
14 

Pearl Millet 
Gujarate M63 

VaHia 
Rajasthan 
Maharashtra 
X. Pra4ash. 
Tamil Nadu* 

Kaira 
Sabarkanta 
Mehsana 
Hissar 
Jaipur 
Aurangabad 
Morena 
Madurai 
S. Arcot 

... 

264 
278 
282 
284 
168 
146 
229 
286 
137 

95 
95 
95 
50 
14 
17 
37 
66 
4 

24 
6 

nil 
79 
7 

nil 
nil 
100 
50 

45.. 
41 
6 
9 
9 
4 

35 
23 
61 

,9, 

96 
.26 
30 
23 
18 
64... 
ri 
66.. 

. 3 47 
18 40 

4 2 ,...22 
nil 31 
8 36 
1 19 

15 49.,. 
21 35 
48 52. 

21 
26 
nil 
12 
19 
24 
13 
24 

Groundnut 
A. Pradesh 

Karnataka 

Maharashtra 
Punjab 

Tamil Nadu 

U. Pradesh 
Cottull 

Chittoor 
Karimnagar 
Kolar . 
Dharwar 
Aurangabad 
Jullunder 
•pati'a 
S. k..cot 
S. Arcota 

Noradabad 

281 
283 
-187 
272 
146. 
226 
226 
137 
235 

2d") 

100 
100 
24 
17 
57 
nr 
75 
71 
95 
50 

3 
nil 
2 

100 
nil 
32 
69 
21 
92 
48 

20 
4 
2 

33 
... 7 

4 
35 
11 

. ;74 
27 

25 
7 
4 
72 
17 
b 
21 
22 
61 
67 

48.. 17: 
8 35 
.:3 17," 

68 17 
2. 39 

18 b 
6846-. 
22 17 
60 18 

nil 40 

26 
16 
23 
23 
25 
23 
38 
17 
68 

nil 
2 

Gujarat KairaSabarkanta 
2,64
'278 

74 
94 

72 
96 

51 
58 

87 
95 

11 
30* 

56. 
50' 

20 
34 

Haryana 
Rajasthan 
Maharahstra 
Tamil Nadu 

Karnataka 

Meheana 
Hissar 
Chitorgarh 
Jalgaon 
Coimbatore 
Coimb&torea 
Dhaxware 

282 
284 
208 
i95 
281 
2 l 
253 

31 
67 
27 
23 
66 
94 
45 

93 
100 
62 
75 
97 
99 
9 

58 
18 
8 

121 
210 
116 
33 

85 
52 
18 
(8 
97 
94 
49 

17 
nil 
9 

72 
85 
46 
43 

54 
34 
29 
92 
116 
85 
35 

46 
nil 
32 
29 
49 
39 
21 

"
 Source: Raheja 1979. 

nr. Not reported
 
a. Rabi crop
 
b. Estimate not given
 

CSN-l, CSII-2, Vidishal 
Important HY') for different crops wore: 

Sorghum - M-145, 
HB-2, HB-3, HB-Si Groundnut - TKV-2, SD-iI, MG-8, M-13, 

Pearl millet ­
H-4, 320-1, C-Indore-i, MCU-5, Vralauli
 -
T-28, Spanish Isprovedi Cotton 
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in Shimvga district. In other districts, coverage under HYV was very poor. 

One also notes that almost the entiL.e area under HYV in the kharif season 

ferti­
was unirrigated. Similar inter-district variability existed in the 

an area where the HYV were
lizer use parameters. Shimoga was 	clearly 

area in both seasons received both nitro­
well-adapted and almost the entire 

rates. In other districts, both area 
gen and phosphorus at fairly high 

-- Mandsaur (Madhya
fertilized and rates of 	application were markedly lower 

Pradesh) having the lowest values. 

Similar variability existed in adoption of pearl millet hybrids 

noted in districts and in Madurai, in others 
also. High coverage was Gujarat 

It was also noted that in the Tamil Nadu
the spread of HYV was much lower. 

of the area under
districts and in Hisser 	 (Haryana), a high proportion 

Data for percent area fertilized and rates of
hybrids was irrigated. 

fertil.zor application revealed some interesting features.. 
In Mehsana,
 

wasthe extent of HYV area 	fertilized with nitrogen
Jaipur and Aurangabad, 


was even smaller. But in Sabarkanta and
 
below 26%, that for phosphorus 


also bulk of the pearl millct hybrid area was unirrigatod,

Morena where 

use was much higher mnd 	the rates of application
the spread of fertilizer 

In fact, values of fertilizer use indiCators 
were more than twice as high. 


higher than those observed in Hissar and

in these two districts were 


most of the pearl millet hybrids were grown under irrigated

Madurai where 


levels of fertilizer use were observed

conditions. Thus, high 	and low 

in both irrigated and unirrigated districts.
 

8. Note that this was the only non-SAT district in the 
sample.
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" to compare the two crops sorgh-znm and-There is not enough evidence 

note that'under unirrigatod conditions the
pearl'millet. One doesihotever, 

sorghum HYV had higher fertilizer use parameters as compared to the-pearl 

This showed up more strongly for percentage area fertilized
millet hybrids. 

and rates of phosphorus application. Ignoring extreme values, the rates of
 

appeared to rrihge
application under unirrigated conditions for these crops 

to 50 kg per ha for nitrogen and'15 kg to 24 kg per ha for
between 30 kg 

-

too far out of line with the state ldvdl eti

phosphorus. These are not 

mates presented 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 

terms of percentage groundnut area irri­
districts also vAried widely in 

gated. ;In six out of 10 districts for nitrogen and four districts for 

area was fertilized. The importance
phosphorus, less than 25% of the crop 


also evident -- the N:P

of phosphatic fertilization for this crop was 

lower than or equal to unity in almost all districts for 6ither
ratio was 

fertilized area or rate of application or both. Indeed, with respect 

to this nutrient, this crop performed better than any other crop consi­

was the only district where no phos­
dered. Moradabad (ttar Pradesh) 


phorus was used 'on this crop;
 

Cotton fared relatively better with generally high spread of HYV.
 

superior varieties was

In almost all districts, bulk. of the area under 

irrigated. In Jalgaon (Maharashtra) and Coimbatore (Tamil Hadu),
 

three Gujarat districts,very high. In thefertilizer use on this crop was 


area fertilized atImoderate (50 kg to 56 kg
 
a high percentage of crop 

per hectare) rates of nitrocen application. In the northern districts 
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(jia"Ar and Chitorgazh), fertilizer use was markedly 1ower in terms of both 

Thus, for this cron, three distinct situations werethe parameters. 


qoted -- high spread and high level of application, high spread and
 

moderate levels and low spread and low level, in different districts.
 

(a)-on an average, the HYV of
This analysis thus reveals that: 


sorghumf pearl millet and groundnut are fertilized at lower levels 
as
 

compared to cotton but for these.crops fertilizer use under unirrigated.
 

(b)between sorghum and pearl millet, the
conditions was quite commton, 


former appeared to have higher fertilizer use indicators for the rainfed
 

crop, (C)considerable inter-district variation in fertilizer use existed 

for all the crops studied; while availability of irrigation
.was an important 

determinant of this variability, it did not explain fully the observed 

pattern, particularly for the pearl millet hybrids, (d)the IASRI 
survey 

also revealed (data not reported here) that the local varieties 
of sorghum
 

and pearl millet were also fertilized in some ,dstricts. The extent 
of
 

crop a:rea fertilized was very low and the rates ranged (ignoring
 

extreme values) from 15 kg to 30 kg of nitrogen per hectare.
 

Fertilizer Use on SAT Farms 

Evidence from micro-level studies suggests (Desai 19691 Desai and 
Singh 

1973; Maharaja 1975) that farmers' fertilizer use allocations are 
based 

on the size and certainty of returns from fertilizer use for different 

Roy also found that profits from fertilization (determined by
crops. 


physical response and prices) was the main factor explaining 
inter-farm
 

differences in fertilizer use (Roy 1970). 

However, very few empirical studies arc available on fertilizer 

use on farpmers' fields under dryland conditions. In view of the fact that 
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very little fertilizer has been traditionally used in these areas, this 

dominatedlack of interest is understandable. The cropping pattern was 

crops and, apart from cotton and perhaps groundnut, hardlyby low-value 

It has been argued that farmers any other unirrigated crop was fertilized. 

used most of their fertilizers on the small parcels of wet lands where 

(Desai 1969). Anreturns from its application were relatively assured 

findings of some important studiesattempt has been made here to review the 

in this area. 

(a) 	 Bellary-Panchmahals Study 

some of the fertilizer use prac-
Krishnaswamy and Patel provide information 

tices of 240 farmers from 24 villages in Bellary (Karnataka) and Panch-

Both the districts reflect the
mahals (Gujarat) districts for 	1970-71. 


Table 12 provides
characteristics of traditional semi-arid agriculture. 


fertilizer use l.evels,

the available information on cropping pattern, etc. 

on the sample holdings in each district. 

Sorghm and pearl millet were the important cereals in Bellary and 

cash crops.. These four crops accountedthe maingroundnut and cotton were 


for about 72% of the gross cropped area on the sample farms. In Panch­

the most important cereals; wheat, sorghum

mahals, paddy and maize were 

and pearl millet were also grown by the sample cultivators. 
Groundnut
 

area under these crops was lower
and cotton were the cash crops 	but the 

as compared to Bellary. 

Fertilizer use was generally low in both the districts though the 

In Bellary, some ferti-
Panchumhals sazrple had relatively higber rates. 


lizer was used for, almost all the crops including 
inferior millet. Only
 

morefor paddy and hybrid sorghum the farmers used than 35 kg of plant 
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Levels of fertilizer applicationfon 
farms in Bellary (Karnataka) 

and
 

Table 12. 
 : 1970-71
Panchmahal (Gujarat) distriC7 

Panchmahal 
C area Fertilizer used k_ area Fertilizer used k/ha 

under. 'Totalunder N P,K TotalN P cropcrop 


15 a ,(29)
nil . 1 .539 21.9
~(53) nil
0.2 39 nil

Paddy 


107
69 .19 19,
nil 5.6
nil.: nil0.2 nil (22)
Wheat 


b nil nil
nil nil
5 13 2.1

34.0b 1 7 


Sorghum (Local) 
 (25)
 
nr
nr nr
7 35 nr 


nr 13 15 nr 

Sorghum (HYV) 
 (74)
 

.5b 18 nil nil 18
 
.2b nil 12 nil 12 4 (29)
P. Millet (Local) 4
 (16) 

1 nil 19 
12 nr. 18

12 nil
nr , nil (33)P. Millet (HYV) 
 (100) 


7 2 na11 nil na na na 
nr 2

Navane 
 (24)
 
24
16.4 20 4 a


nil nil
0.1 nil nil
Maize 


na
na 

Gram a nil 12 nil 12 nil 
 na na 


(6)
 
34


12 13.2 23 

21.0 2 8 

11 a 
(24)
Groundnut 
 (48) 


2 11. 11.1 19 B nil 27
12.5 3 6
Cotton 
 (54)

(34) 


74.8
 
72.2 


25.2'

27.8
Other crops 


41.0
 
% of farmers using fertilizers 

58.0 

20.5
 

Area fertilized as % of gross 
31.5 


cropped,area
 24.0

14.0 


Nutrients used per fertilized 
ha (kg) 


1961
 

Year when fertilizer was first 
used 1967 


Compiled from tables 5.2, 5.16, 
5.17 and
 

Source: Krishnaswamy and Patel 1973. 


5.20 of Vcl."£.
 

nr. Not reported 
na. Not applicable
 
a. Negligible 

Total of BYV and local. Figures 
in parentheses indicate percent 

area under
 

b. 
the crop for which fertilizer 

was used. 
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nutrients. For all other crops, the rate was around 10 to 13 kg per ha. 

the relatively high level of phOsphbOrus use
Another striking feature was 

100% for hybrid pearl
in this area. The spread of fertilizer use was 

53% for paddy and 48% Zor groundnut.74% for hybrid sorghum,millet, 

under other crops was fertilized.
Only a small fraction of the area 

The Panchmahals farmers generallv used higher rates 
of application.
 

The extent of area
 
nitrogen playing a dominant role in almost all cases. 

Except for wheat, the rates 
fertilized was, however, generally lower. 


less than 35 kg per ha for all crops.were 

was a recent practice on the
 This table shows that fertilizer Use 

farms, the Panchmahal farmers leading by 6 years.."One 
gets the 

sample 

impression that the Bellary farmers being relatively recent adopters of 

fertilizers, were still experimenting. They tried to use fertilizer for 

the hybrids, as they were doubtless advised by 
the extension agencies but 

They seemed to be rela­
exercised caution regarding fertilization rates. 


6
As regards other cx ps, they appeared to be
 tively sure about paddy. 


assessing the responses by applying low dosages 
to all the inportant
 

This pattern of behavior appears consistent with 
the risk and
 

crops. 


The Panchmahals farmers, having
 
poverty dominated environment of the SAT. 


some more experience, seemed to have formed their 
judgements regarding
 

profitable levels of fertilizer application and applied fairly .high
 

levels to wheat crop. The proportion of area fertilized was lower but
 

Capital rationing and risk
 more or less evenly spread over all crops. 


adjustment, both seem to operate through limiting 
fertilized area in 

to be soapplication also seemed
Panchmahals; in Bellary, the level of 


influenced.
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Firstly, crops which
 
The "ata show two more important trends. 

prp. ortion of the cropped area were generally 
ferti­

occupied a sizeable 

farmerssmall extent, perhaps because the 
lized at lower rates and to a 

Higher

did not have enough liquid resources to cover 

the entire area. 


fertilization rates were tried for 
crops which occupied smaller area.
 

Secondly, the view that cash crops 
are always fertilized at higher gates
 

In both the samples, highest 
rates were
 

does not appear to beotrue. 


observed for cereals..
 

(b) -Guarat Studies 

Two farm level studies from Gujarat 
are important. Desai used data from
 

Maharaja's study 
Surat and Kaira districts for 1964-65 (Desai 1969). 


from Surat, Baroda and
 
and the sample farmers came 

pertained to 1968-69 

Junagarh districts.
 

The first study (Desai 1969) showed 
that fertilizer use was con-


The share oftobacco and banana. 
a few crops like sugarcane,centrated on 

In
 
food crops in total fertilizer used 

was small but not insignificant. 


general, crops like sugarcane, banana, 
tobacco, paddy and wheat had a
 

(in terms of both area fertilized 
and
 

higher level of fertilizer use 


This study indi­
rates) and unirrigated crops were 

meagrely fertilized. 


cated that even in 1964-65, Gujarat 
farmers had high level of fertilizer
 

some crops
 
adoption varied from 32 to 

80% in different areas, .for 

use --

very high rates of fertilizer application 
(more than 100 kg nitrogen per 

Crops like sorghum and pearl millet 
were fertilized 

hectare) was used. 

at low levels -- the rate of application of nitrogen per fertilized 

Desai concluded that the observed 
hectare varied from 16 kg to 26 

kg. 


pattern (dovinance 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 borne out by Maharaja's analysis
 

also (Maharaja 1975). Paddy, wheat, sugarcane,' tobacco and groundnut were
 

fertilized more oxtensiveiv arid at higher rates as 'compared to 
crops like
 

The pearl millet hybrids were fertilized at
sorghum and pearl millet. 


higher levels as compared to the traditional varieties --
the rate of
 

application of nitrogen per fertilized hectare varied from 25 
kg to 28'
 

kg per ha for local varieties and from 54 kg to 142 kg per'ha 
for the
 

hybrids in different areas.
 

These two studies suggest that fertilizer use is not a recent 
intro­

ductipn in Gujarat; even before the new varieties came, farmers 
in the study
 

areas iwere using significant quantities of fertilizers. Their decisions
 

were influenced by the magnitude of additional returns obtainable 
from 

fertilizer application and this w*s .reflected in higher fertilizer 
use for
 

irrigated crops, high value.,commercial 'cropsand high 
yielding varieties.
 

(c)AICRPDA.Aro-Economl.ic Studies
 

Agro-economic studies conducted.at different locations 
under the All-India
 

Coordinated Research Project on Dryland Agriculture also provide 
some
 

Analysis of data on fertilizer from
 useful information (AICRPDA 1978). 


different locations indicated wide inter-crop and inter-regional 
variabi-


Relativcly stable dryland areas
 lity in fertilizer use on dryland crops. 


like Indore (Madhya Pradesh), reported relatively high levels of fertilizer
 

areas like Sholapur and Ahmadnagar (Maharashtra), fertilizer
 use while in 


One also found evidence of a fair amount of experimen­use was very low. 


tation by farmers who fertilized (at low rates and on small areas) a
 

fairly large number of crops including pulses. However, there ware areas
 

like Ahmadnagar where fertilizer use was practically non-existent.
 

http:Aro-Economl.ic
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All these studies suggest that farmers in 
the untrrig~ted SAT areas 

are now generally aware of the importance.o f~rtilizers and 
of the country 

have started using fertilizers on crops which 
yield significant responses. 

'While the area covered with fertilizers is generally low, rates of applica-

There is also some evidence to show that tion are often moderately high. 


farmers are trying out fertilizers for crops 
like gram, greengram, and
 

other pulses which have witnessed sharp price 
increases. This puggested
 

that if the returns were attractice enough, farmers 
would be willing to use
 

under unirrigated conditions.
fertilizers even 

It must also be pointed out that fertilizer use in SAT agriculture 

inter-farm variability.very high interregional and
is characterized by 


A much deeper probe
are poor and discontinuous.Also, adoption levels 


needed to identify t-he underlying causes.
is 

III. FACTORS AFFECTING FERTILIZER USE
 

the levels of adoption, nature and 
The evidence on wide variability in 


area
number of crops fertilized, the extent of fertilized and rates of
 

well as time (Desai and
 
fertilizer application, over farms, crops as 


the need for
the need for understanding
Bandhopadhyay 1973) underscores 

Drawing basically from microecono­
understanding the underlying reasons. 

Desai and Bandho­several workers (Desai 1969?
factor demand theory,mic 

padhyay 1973; Desai and Mellor 1969; Roy 
1970) postulate that the size and
 

is the main determinant of ferti­
returns from fertilizer usecertainty of 

as well as output) play an important
lizer dem-nd. Thus, prices (of inputs 

also the physical response from fertilizer 
application. rggrega­

role as 


the main determinant while
 
tive analysis usually considers price as 
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micro studies, eMfhatizo; apart from prices, factors which influence the 

response function and also fActon which influence the adoption and diffu­

sion of an innovation. The following sections discuss the analytical 

approaches used in and the findings of macro and micro studies on fertili­

zer dem,:nd. 

A. 	Macro.. Level AMalysis 

(i Price Factors 

Two approaches have generally been 'used'to measure the inpact 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 Sldhu 

1977, Dhillon and Sankhayan 19771 Ogunfowora and Norman i973; Pal 1974). 

Usually (Dhillon and Sidhu 1977; Pal 1974) they show highly inelastic 

demand with respect to both fertilizer,and output prices. However, in
 

view of the fact that this approach does not (usually) consider factors 

like risk and also the wide diversity in response functions across loca­

tions, varieties and other factors, its usefulness in understanding the 

impact of price changes on fertilizer demand is rather limited (Timer 

1974). 

from time seriesDitect estimation. of fertilizer demand functions 

data'on fertilizer consmutiion, prices and the prices of farim products, 

is the other approach. Bth static and Nerloviari adjustment lag mcdels 

have been used to derive aggregate fertilizer demand functions. R few
 

such studies are available for India (Dosai 1969; Parikh 1965; Parikh 

1966; PatiL 1978; Rao 1973). 
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Demai used a static regression model relating fertilizer consumption 

per hectare with real price of fertilizer (fertilizer 
pice/ifidex of output 

prices) and irrigated area for each year from 1957-58 to 1964-65 
with 12
 

states -3 observation points (Desai 1-69). Irrigated area turned bit to 

Fertilizer price had negative
be the dominant determinant of fertilizer use. 


in five out of eight years.:-Thewere 

on the data and found 

coefficients and these significant 

price elasticity was not calculated. We worked back 

the elasticities ranging from-1.84 to -3.60.
 

We also pooled Desai's data for 12 states and eight years and using 

appropriate estimation procedure, obtained the following aggregate 
demand
 

functions: 

4.46 + 0.0901 - 1.253PPt (0.01))t (0. 311) t 

where F - fertilizer (total plant nutrients) consumed in kg per ha, 

I - percentage irrigated area, 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 fraction using 

Apart from fertilizer/output pricestate level data from 1951 to 1961. 


The
 
ratio, irrigated area and trend were used as explanatory variables. 


In a

price coefficient did not turn out to be significant in any 

case. 


to 1963-64 and

sidsequent paper -(Parikh 1966)has used data. from 1956-59 


up with short rum

employed covariance analysis technique to come a 

Rao's

elasticity estimate of -1.2 and long ruh elasticity of.-2.5. 

f.:udy, howeer, revealed smaller short run elasticity estimates (Rho 1973). 

http:from-1.84
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All 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 affects 

the equilibrium demand level and also has an indirect effect through its
 

impact on the rdte of diffusion. Timmer holds­

"In arguing the role of price policy in speeding the
 
rate of growth of fertilizer demand, it is essential
 

to keep these mechanisms separate. For the direct
 
impact, there is no substitute for the price role.
 

For the indirect impact several substitutes are po­

ssible, includfong greater extension effort, fertili­
zer trials and demonstrations, an active private 

Whether they.
fertilizer marketing system, and so on. 
areObtter social investments than an incentive price 
policy is obviously an empirical issue to be resolved 

in specific contents" (Timer 1973). 

Desai pleads strongly for the second option in context of rapid
 

growth of fertilizer use in Indian agriculture and argues that (Desai
 

1978):
 

"...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 (fertilizer) 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 such
 

measures will offset the negative ipact of a price rise. The evi­

dence on the impact of irrigation lends strong support to this view.
 

Restts obtained by Maharaja for determinants of fertilizer consumption 

in Gujarat over the period 1960-61 to 1969-70 obtained by pooling cross­

section (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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the effect of price did not becometechnologicral change (post-1965), 

However, when the-effect
overt -- the technology variable swamped it. 

was netted out, the normal price effect becmeof technological change 

discernible. He argued:
 

'T...during.a particular 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" (MaharaJ4 1975).
 

(ii) Other Factors 

Some other variables which influence fertilizer ccnsumption at the 

macro level are aggregate availability of ,fertilizers (domestic as well
 

as import supplies), the efficiency and sppejad of the distribution system
 

(Desai 1978), the parameters of aggregate demand for agricultural products 

(Timor 1974), technological change in both fertilizer production ,and 

agriculture, the status of fertilizer promotion and extension activities 

and, perhaps, thh nature of distribution of productive resources in 

on comp..rehensiveagriculture. Not much empirical werk has been done 

Capital ccnstraints
 macro models onc,.passing all those variablpp. 

(usually proxied by income) and e4ucation have been used in some studies 

using static models (Colmenares 1975! Heady and Tweeten 1963P Heady and
 

were found to affect fertilizer use.
Yeh 1959) and 


The dynamic adjustment lag model assumes that variables like
 

fertilizer consumption through
capital constraint and education affect 

their impact on the rate of adjustment and some empirical testing of this 

with respect to the
proposition has been done (reported in Timer 1974), 


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

that education leads to a speeding up of the rate cf adjustment.
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The study by David on fertilizer demand of Asian 
rice farmers
 

It U5sS
 
attempts to integrate micro and macro approaches 

(David 1974). 


cross-sectional farm level data from several countries 
and specifies a
 

demand model which includes variable measuring 
differences in fertilizer
 

response functions across locations in addition 
to fertilizer/product
 

The results indicate
 
price ratio and liquidity position of the farmers. 


that differences in response functions and prices 
play an important 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 

A large number of variables -- technological, economic,
micro angle. 


socio-psychological and environental, have 
been hypothesized to influence
 

It has been postulated that the
 farmers, decisions to use fertilizers. 


whether to use fertilizers,
 
farmer has to make three related decisions 

(i) 

(ii)which crop(s) to fertilize and (iii) 
at what rates (Desai 1969!
 

Desai et al. 1973). The first is basically a function of the state of
 

awarenesp and knowledge of the farmer regarding 
fertilizer use on crops
 

The factor relevant here are the socio-psychological
he comonly grows. 


attributes influencing adoption and the level 
of extension activities.'
 

other two decisions are primarily governed 
by profitability of
 

The 

Two factors are crucial here -­
fertilizer use at the farmers' level. 


the response to fertilizer application and 
fertilizer and prices.
 

Desai's work has shown that (Desai 1969: 
Desai at al. 19731 Desai and 

Mellor 1969; Desai and Singh 1973): (i)
the returns from fertilizer use 

Must be quite substantial before farmers 
are induced to use fertilizers,
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is a function of relative
(ii) 	 the allocation of fertilizers between crops 

use and so long as capital constraints restrict
profitability of fertilizer 

(iii) the rate of fertilizer 

the siue of the fertilizer stock of the farmer, some crops and some propor­

area will be left unfertilized, andtion of the 

of the resPonse function, the dis­
application is influenced by the nature 

to buy
counting yardsticks used by 	farmers and the ability of the farmers 

fertilizers. 

The response function plays a crucial role in this process. Since 

it is affected by a large number of factors, the latter also became relevant 

This is how factors like variety (HYV
determinants of fertilizer demand. 

of organic
or local), irrigation, soil 	type and fertility status, use 

Variables which
 manures, rotation, rainfall, etc. enter the picture. 


influence the technical efficiency of fertilizer use like method of appli­

cation, time of application, choice of the fertilizer material, 
etc. also
 

assume importance in this context.
 

credit,
Factors like tenancy, farmer's asset or liquidity position, 

maxkatb etc. a&Uect farmers' decisions to use fertilizers throgh their 

to buy and use fertili­impact on profitability (tenancy) or his ability 

are usually included to explain
zers. Alongwith cropping pattern these 

Then we have vpriables influen­
inter-farm differences in fertilizer use. 

cing adoption like age, education, socioeconomic status, 
extension contacts,
 

attitude towards risk and subsistence, etc. (Jones 1964).
farmers' 

The following paragraphs indicate the hypothesized effect 
of some
 

earlier studies.
important variables and also the results obtained in 

R. Response to Fertilizer 
to fertilizer determines the rate of application and also the

Response 
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has been shown that farmers' allocation of 
crops to be fertilized. It 

or relativefertilizers among crops is determined by relative res.nonses 

1969; Desai and Mellor(Aklilu 1978; Desalprofitability of fertilizer use 

1969; Maharaja 1975). Similarly, differences in response functions have 

also been found to explain variability in fertilizer application rates 

Roy 1970). It is not always possiblo to measure differences
(David 1974; 

use factors Uhich influence response to
in response -nd several workers 

explain inter-farm or inter-crop differences in fertilizer use. For example, 

VCAER 1974; NCOER 1978) show 
a number of studies (Desai and Singh 1973; 


that both area fertilized and rates of application are higher for HYV than
 

for local. Irrigation is one of the most important factors affecting 

of shifting the response curve upwards, but 
response, not only in terms 

almost all studies show the positive
also by imparting stability. Hence 

Desai 1969; Desai et al.
influence of irrigation (Desai and Sharma 1966; 


1973; Desai and Singh 1973; Jayaram"n 1979; Maharaja 1975; NCAFR 1974;
 

NCAER 1978; Panse and Singh 19661 Shetty 1969). Several have indicated
 

irrigated lands (Desai and Singh 1973;
concentration of fertilizer use on 

Rainfall during
Grillches 1958; Maharaja 1975; WCAER 1974; NCAER 1978). 


crop also exercises a similar
the pre-sowing and growth periods of the 


and its effect is likely to be

influence (Jayaraman 1979; Maharaja 1975) 


much more important under rainfed conditions. Use of organic manures
 

Some empirical studies (Krishnaswamv

affects fertilizer use in two ways. 

and Patel 1973) have shown negative association between 
use of organic
 

manures and fertilizers as farm size increases and have infered that
 

manures for fertilizers. But others

small farmers substituted organic 

1974) have generally reported cov plementaity betwoen
(AICRPDA 1978; NCAER 
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the two. loil type and quality $sanother important variable 
affecting
 

respnse but very few studies have used it to explain 
fertilizer use
 

There is so much heterogeneity in soil
 differences between farmers. 

quality even within a small area that it is difficult 
to obtain data on' 

Dosai and Singh
plotwise soil characteristics and capture this effect. 


attempted to examine growth of fertilizer use by broad 
soil types and
 

found high growth of nitrogen.use in districts 
having deltaic alluvium
 

With respect to growth in phospho­and calcareous seitozenic soil types. 


rus use, deltaic alluvium again ranked first followed 
by black or biack
 

plus others (mixed red and black, red and yellow, 
coastal alluvium)
 

The latter are important in SAT India.
 soil types (Desai and Singh.1973). 


another quality aspect of the farmer's land,

Shetty found framentation --

The cropping history
to be an important factor influencing fertiliter use. 


and fertilization practices followed on the plot 
in the preceding seasons
 

also affects fertilizer use. It is hypothesized that crops following
 

legumuel are fertilized at lower nitrogen levels and that 
if heavy rates
 

of fertilization (particularly phosphorus) were 
used in the preceding
 

While we
 
season, fertilizer use in the following crop would be lower. 


have no evidence on the former, it has been repoted (Desai et al. 1973)
 

that crops following heavily fertilised chilli or 
tobacco crop in Guntur
 

On
 
district were either not fertilized or fertilized 

at very low rates. 


affecting technical efficiency of fertilizer use like 
time and
 

factor= 


method of application, choice of fertilizer material, 
etc. we have very
 

The Guntur study (Desai et al. 1973)
little evidence from farmer's fields. 


(as they seem to
 sliwed that farmers initially started with nitrogen use 


be ivariably doing) on groundnut crop but quickly switched over to 
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on a move towards more balanced
phosphorus. There was also clear evidence 

use of fortiliiers by farmerSain the Guntur area. This study also showed 

the- form of straight fertilizers and
that farmers used nitrogen mostly in 

phosphorus in the form of complex fertilizers. It was infered that 

complex fertilizers hive played an important role in promoting phqspho­

rus use. These changes have come about gradually. 

2. 	 Farm Characteristics 

found to be an impoi2tant factor explainingCropping patterns have been 

use (Desai 1909;
inter-fdrm and interregional differences in fertilizer 

et al. 1973; Desai and Singh 1973; Jayaraman 1979; Maharaja 
1975;


Desai 

varied directly with the proporti, ii of.irri-
NCAER 1978). Fertilizer use 

gated crops and the proportion of market crops (not ,necessarily.commec-


The NCAER study suggested that the fertilization rates on
 cial crops). 


the crop increased 
a crop declined as the' proportion of area occupied by 

as the intensity of cropping ,increased (NCAER 1974). The offect
and also 


it exerts two

of farm size on fertilizer-use is, rather ambiguous because 


Since small farmers generally cultivate

(opposing) kinds of influence. 

their holdings with greater intensity and fertilizer is a land augmenting 

they tend to use more fertilizer per unit area as
factor (Akilu 1978), 

compared to the larger farmers. This inplies a negative association 

On the other hand internal capital
betweeb .farm size and fertilizer use. 


to the credit markets for small farmers
accessrationing and also poor 

often results in a positive association. Not surprisingly therefore, 

use frm size as a factor explaining inter-farm differences
studies which 

Most of them findup with conflicting results.in fertilizer use, come 

1966; Kkiuhnaswamy and Pai 1 1973;
negative association (Dcsai and Sharma 


11AER 1978) some report positive association (Colmenares 1975; David 1974)
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and some report inconclusive 	 results for different crops (NCAER 1974). 

show that adoption of fertilizers and the 
Almost all studies, however, 

extent of area fertilized are positively correlated with farm size 

Colmenares 197'; Mukherjee
at least in the initial phases (Akilu 1978; 

1970; TICAER 19741 NCtER 1978; Panse and Sinqh 1966). 

Farmer's ability to buy fertilizers (liquidity) has been measured 

of the farmer and its effect on fertilizer
in tems of, assets or income 

use has been studied hypothesizing a positive association. The NCA R 

crops but otiers find inconclu­
study shows a positive influence for some 

(NCJER 1974', DaD6id 
sive'-results wth .respect to 	rates of application 

1974). Once again, this variable was found to have a more powerful 

-influence the acceptapce, adoption and extent of area fertilized 

19661 Shetty 1969). Credit is
(Choudhary and Maharaja 1966; 	Savale 

has been considered ii.portant. In the regression
another variable which 

this variable emerged significant for only
analysis atteapted by NCAER 

-one. crop though tabular analysis showed that this factor was quite 

study (NCAERThe more comprehensive recentimportant (NCAER 1974). 

1978) does not give a clear picture in this regard though in terms of 

to be very
-reasons on non-adoption, this was frequently indicated 

NCAER 1978). The Guntur study
important. (AIqLPDA 1978; NCPZR 1974: 

showed that capital was not a constraint in this 
(Desai at al.. 1973) 

a normative analysis for another high fertilizing area 
area. However, 

on fertilizer use,,..-Punjab, showed very significant impact of credit 

' (Cancian 1977). 



farmers apply lower rates of 
It has been hypothesized that tenant 

support this hypothOlis and 'othors
fertilizers. Some studies (NCpyR 1974) 

most of the studies
et al. 1973; Muherjee 1970).

do not (Desai 1969; Desai 

on adoption, found the 
which investigated the impact of this variable 

Some
 
hypothesized negative association (Shetty 1966; Shettv 1969). 

19661 Desai 1969; Desai et al. 1973) found no sys-; 
(Choudhary and 14aharaja 

It needs to be mentioned here that tenancy woulPd
 tonmatic association. 

and hence its adoption and use depending
of fertilizersaffect profitability 


et al. 1976). For
 
upon the terms of tenancy (Colmenares 1975t Perrin 

cost of all inputs and then has to part with 
example, if the tenant bears the 


as rent, the profitability of fertilizer use
 
some proportion of his output 


down and hence this form of tenancy will affect ferti­
for the tenant goes 


inputs and output are equally

lizer use adversely. If however, the 


for the cash inputs or if a fixed rent
 
or if the landlord paysshared, 

not alter because of tenanty. !Mone 
tenancy exists, the profitability does 


we do not get a

into this aspect and hence

of the studies have looked 

clear picture.
 

a
also been considered as factor affecting
Access to markets has 

of its imoact on transportation costs
becauseadoption and levels of use 


The study by Savale showed negative association between
of fertiliZe?5. 


from the market (Savale 1966).
 
adopticn level of fertilizer and distance 


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

3. 	 Socioloqical Factors
 

the adoption of fertilizers
 
found to influence

of the farmer wasAge 
'the HC.ER studylevel of fertilizer use,

(Shetty 1969). As regards 

in most of the cases suggesting higher conser­
found negative relationship 
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farmer exerts a positivevatism pf older .,farmers. Education level of th e 

studies which have examined its effect
influence on fertilizer use. The two 

VC1ER 1974) did not find 
on the rate of application (Desai and Sharma 1966; 

found to influence a significant association. this variableHowever, was 

adoption and diffusion of fertilizer use in. the hypothesized manner . 

(Choudhary and Maharaja 1966; Colmenares ;975; Desai et al. 1973; Shetty 

1969). 

farmer is assumed to be positivelyThe socioeconomic status of the 

associated with fertilizer use. However. its effect is also capture.4 by 

variables like farm size, assets, income, education, etc., and in a func­

has been argued that (Canciantional relationship it rarely shows up. It 

in the early stage of adoption, the relationship between
1977) 


is not a linearly
adoption and economic status (measured as asset, etc.) 

rising one. This has iuportant methodological implications in terms of 

of the adoption curve. The experience which f rmers
specifying the nature 

important in determining rateshave about fertilizers is believed to be 

The NCFER study showed that farmers who
of fertilization (Desai 1969). 

had been using fertilizers for. longer reriods generally used higher levels. 

The subsistence needs of the farmer measured usually by family 

farmers with highersize or consuption units In the family may prompt 

family consumption obligations to use vore fertilizers. The results 

obtained (NCAER 1974) are inconclusive. 

Some variables like extension or urban contact (Aklilu 1978; 

Shetty 1969) and certainty of returns (Colnenares 1975; Desai 1969; 

have also been argued to be important but not much workSavale 1966) 

has been done to test these. The latter (uncertainty and risk) has received
 



quite a bit of attention recently at the theoretical level. Thegfe.ct 

extremoly important factor under. uirrigated eon­
that this could he an 

on variability of prfits
ditions is suggested by the result obtained 

from fertilizer use on maize, sorghum and pearl millet (Kanwar et al. 1973). 

from the semi-arid areas (AICPPDA 1978)
We have collaborative evidence 

which' shows that uncertainty regarding yield and fear of heavy loss due 

to crop failure is the major reason behind non-adoption 
of fertilizers
 

It has beeh 'atgued (Cclmenares 1975;
by faritArs in dryland areas. 

Gerhart 19i4) that in restricted environments, risk aVersion 
may be an
 

(Colmenaresevidence from Colombia
important determinant of adoption. Some 

1975) suggests that farmers' attitudes towards risk 
(aversion) and per­

ception riskiness have significant impact on fertilizer 
adoptidn and use.
 

It has
 
Two methodological points need to be made in this context. 


used method of studying the characteristics of
 been shown that the commonly 

dould 
adopters and non-adopters with a view their influence,to identifying 

lead to misleading conclusions. Classification of farmers as adopters 

sense becausedoes not really make
and non-adopters at a poiat in time, 

the same farmer often moves from one category to the other (Desai et al. 
.. 

1973). 

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

(like educa­relevant for acceptance and adoptionof the factors are more 

than for levels of application.
tion, experience, extension contact, etc.) 

In other iords, the relative importance of various factors varies at 

(awareness, trial, adoption,
different: stages of the adoption process 

(Aklilu 1978)'. Viwedlin this light, the conflicting results
diffusion) 

can be explained. Except for one study
obtained by various workers 

http:Thegfe.ct
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this aspect has beQn ignored in others.(Dcal et al. 197 ), 

C,_Inlytical Approaches 

Soe woers have used parametric progranming procedures to examine the 

Siupavt Lof factors like price changes, capital constraint and irrigation 

1977; Dhillon and Sazihayan 1977;on feitilizer use (Dhillon and Sidhu 

Og9ufqWr I and Norman. 1973; Sankhayan and Sirohi 1972) and have found 

studies always pertain to somethe hypothesized effects to hold. Such 

kind of an average farm situation. A large number of factors cancel out 

during this averaging and it is not an easy task to parameterize all of 

can provide only a restricted understandingthem. Thus, this approach 

of ;armer s fertilizer use decisions. 

to offer a better alternativeMultiple regression analysis appears 


and has been attempted in several studies (Colmenares 1975; David 1974;
 

Jayaraman 1979; Maharaja 1975- NCAER 1974) with varying degrees of success. 

the vary large number of variables and highThe main prcblems here are 


them. The data requirement itself poses the
inter-correlations between 


most serious problem. Enpirical work in this area has, therefore, been
 

scanty and inadequate. 

The choice and specification of variables requires considerable
 

care, not only from multicollinearity angle but also from simultaneity
 

point of view. Tnclusion of factors like organic manures, variety, etc.
 

on which are jointly made with fertilizer use decisions) in(decisions 

inclu­the demand function creates simultaneity bias. Again some variables 

dad in the model could represent more than one effect, for exaple, farm 

size could depict economic status as well as land-fertilizer substitution. 
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is not easy to interpret the coefficient. The definition of the depen-
It 

lot in choice and specification of causaldent varipi4e itself matters a 

are used to explain differences invariables. T.11 the variables which 

asof grcss cropped area cannot be usedfertilizer use per hectare 

such when crornwise analysis is attempted. Finally, one needs to sort 

are useful
out factors which are important for admoption and factors which 

Both are influ­
for explaining differences in levels of fertilizer use. 

enced by the same set of variables,but their relative importanoe differs. 

the results are often blurred.No one has attempted. this and hence 

capital rationing and size andIrrigation, cropping pattern, 

the major determinants
certainty of returns from fertilizer use are perhaps 

As has been shown, no
of farmers' demand for fertilizers in SAT areas. 

looks at fertilizer use problems in this
empirical study exists which 

of the import-In view of the fact that fertilizers form oneenvironment. 


for dryland agriculture,

ant elements of the technologies being evolved 


on this aspect cannot be over esphasized.

the need for an intensive study 

Absence of knowledge regarding forces motivating farmers to use fertili­

forces could pose a major constraint when 
zers and the magnitude of these 


are finally offered to the farmers.
these technologies 
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