


Abstract

Jha, D., and Sarin, R. 1984. Fertilizer use in semi-arid
tropical India. Research Bulletin no.9. Patancheru, A.P.
502 324, India: International Crops Research Institute for
the Semi-Arid Tropics.

Research over the last decade has shown that fertilizer
can increase productivity of most dryland crops in India's
semi-arid tropics (SAT). District and farm data were
employed to analyze levels and determinants of fertilizer
use within and across regions in this area.

Profitability of fertilizer application and assurance of
response were the major forces motivating fertilizer use in
the Indian SAT. Average fertilizer consumption was 57
kg/ha in the irrigated and 18 kg/ha in the nonirrigated SAT
districts. Farmers owning irrigated and dryland plots
accorded priority to higher-response crops in allocating
their scarce irrigation and cash resources. A majority of
farmers used fertilizer on nonirrigated cereal high-
yielding varieties, and more than 80% of them growing
sorghum and pearl millet hybrids under dryland condi-
tions in the major producing districts applied fertilizer to
these crops. This suggests that it is unresponsiveness of
traditional crop varieties to fertilizer application—not
their low value—that inhibits fertilizer adoption.

Knowledge, represented by farmers' experience with
fertilizer and education, was the most significant determi-
nant in explaining the variation in fertilizer use among
farmers within the same region. Relatively few farmers
knew about specific fertilizer recommendations for dry-
land crops. Research and extension efforts are crucial for
generating and diffusing more and better-quality infor-
mation on fertilizer use on dryland crops in India's SAT.

Résumé

Jha, D. et Sarin, R. 1984, (Ulilisation des engrais dans fes
zones tropicafes semi-arides an Inde). Fertilizer use in
semi-arid tropical India. Research Bulletin no.8. Patan-
cheru, AP. 502 324, india: international Crops Rasearch
Institute for the Semi-Arid Tropics.

Les recherches effectuées au cours de la derniére décen-
nie ont révéié que l'utilisation des angrais pourrait sensi-
blement augmenter la productivité de la plupant des
cultures séches des zones tropicales semi-arides en Inde.
Les donndes recusillies & l'échelle des districts ainsi que
dans les champs paysans ont permis d'analyser les taux et
les facteurs déterminants de Futilisation des engrais entre
les zones et 4 l'intérieur méme de celles-ci,

Dans les zones tropicales semi-arides indiennses, c'est
essentiellement la rentabilité de I'emploi d'engrais et la
réponse assurés des cultures qui ontincité les paysans &
utiliser des engrais. La consommation moyenne en
engrais a até de 57 kg/ha dans les zones semi-arides
irriguées et de 18 kg/ha dans |es zones pluviales. Les
paysans disposant de parcelles irriguées et pluviales ont
accordé la praférence 4 des cultures a réponse plus
élevéa an ce qui concerne ['allocation deleurs ressources
maigres pécuniaires et en irrigation. La plupart des pay-
sans ont utilisé des engrais sur des variétés ceréalidres
pluviales & haut rendement; ainsi, plus de 80% d’entre eux
suivant la culture des hybrides dans les conditions séches
dans les régions principales du sergho et du mil, onteu
recours & Fapplication des eangrais.

Ceci donne 2 croire que, contrairemeant & leur faible
valeur, c'sst le mangue de réponses & l'emploi des engrais
dos variétés traditionnelles qui constitue ['obstacle princi-
pal & 'adoption des engrais.

Les connaissances, représentées par I'éducation des
paysans ainsi que leur expérience avec des engrais, ont
constitué le facteur déterminant le plus important expli-
quant la variation de I'utilisation d’engrais parmi les pay-
sans d'une méme région. Relativement peu de paysans
ont été sensibles aux préconisations particuliéres d'em-
plot des sngrais pour les cultures séches. Les travaux de
recherche et de vulgarisation sont primordiaux dans
I'élaboration et la diffusion de davantage d'informations
de qualité supérieure sur Fempioi des engrals sur les
cultures séches dans les zones tropicales semi-arides en
Inde.
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Introduction

Fertilizer use in Indian agriculture is relatively recent. Prior to the 1940s,
it was negligible and confined to commercial crops. The imperative need to
increase food production rapidly, first realized in the Grow More Pood Campaign
days (1942) and persisting through the following years, led to active state
intervention and gave a boost to programs for extension of fertilizer wuse on
food «crops. However, in 1965-66, despite nearly two decades' effort, the
average level of fertilizer (total plant nutrients) use stood well below 5 kg/ha
of cropped area.

The "new strategy for agricultural development," initiated in the
mid-1960s, had high-yielding varieties (HYV)* and fertilizers as its key
components. It envisaged massive imports as well as expansion of domestic
fertilizer-production capacity. In the years that followed, despite a spell of

stagnation in the early 1970s and the price hike in 1974, the average
consumption of fertilizers (NPK) per hectare of cropped area rose substantially,
and currently (1978-79) stands at about 30 kg/ha. Moreover, food crops now
claim a significant share of total fertilizers used in the country.

The green revolution and its equalizing impact focused attention on the
spatial and crop base of fertilizer use in the country. An analysis covering
286 districts (Desai and Singh 1973) showed that more than 80% of nitrogen and
phosphorus was consumed in less than one-third of those districts in 1968-69,
most of which had well-developed irrigation resources. At the other extreme,
over 50% of the districts consumed only 10% of the total fertilizer used.

A number of studies (Desai and Singh 1973, Desai et al. 1973, Desai 1969,
and NCAER 1974) showed that irrigated crops overwhelmingly dominated fertilizer
consumption. There was also evidence that, among nonirrigated crops, only some
commercial crops such as cotton, tobacco, chillies, and groundnut receive some
fertilizer. The recent NCAER (National Council of Applied Economic Research)
survey (NCAER 1978) revealed that among nonirrigated food crops, only the HYV of
sorghum and millets—in areas where they have adapted well—are fertilized, but
the major fraction of rainfed food-crop area goes largely unfertilized.

These facts and other evidence on growing disparities between irrigated and
nonirrigated areas highlighted the wurgent need to direct developmental and
research efforts to dry areas and nonirrigated cropping systems. Accordingly,
the early 1970s witnessed a substantial strengthening of research on dryland
agriculture, initiation of special programs for drought-prone areas, and larger
allocation of developmental resources for such areas.

Nearly two-thirds of India's cropped land falls in the semi-arid zone, of
which less than one-third has well-developed irrigation resources.’ The latter,
spread over the northern Indo-Gangetic plains and the coastal areas of Tamil
Nadu and Andhra Pradesh, form the heartland of the green revolution, with high
intensities of fertilizer use (Desai and Singh 1973). The nonirrigated
semi-arid tropics (SAT) cover nearly 42% of India's cropped area and 65% of that
in the Indian SAT. These are spread mainly over Madhya Pradesh, Maharashtra,
Gujarat, eastern Rajasthan, central Andhra Pradesh, and Karnataka. This vast
region, characterized by low output and highly unstable agricultural systems

supporting fairly high population densities (Bapna et al. 1979), poses the
*This widely-accepted term and its abbreviation are used in this bulletin to
include both hybrids and varieties of self- and cross-pollinated crops,

developed as improved cultivars for farmers' use in the semi-arid tropics.
1. See Chapter |I.



greatest challenge. Until recently, these were looked wupon as problem areas
requiring relief and protection rather than as areas capable of making a
positive contribution to India's agricultural growth.

Research over the last decade has revealed that the productivity of most
dryland crops could be raised significantly through improved soil and water
management, appropriate fertilization and agronomic adjustments, and superior
varieties.? Efficient soil fertility and moisture management, coupled with
appropriate varietal choice have been identified as the key factors. Successful
transfer of these improved technologies requires a clear understanding of
existing dryland farming systems, farmers' response to innovations, and
technological and socioeconomic factors inhibiting the adoption and diffusion
process.

This monograph reports the results of a project on fertilizer wuse in

semi-arid tropical India. As indicated above, fertilizer constitutes an
important component of the prospective technologies for development of SAT
agriculture. Most past studies on fertilizer use have focused on irrigated

areas and crops perhaps because, traditionally, fertilizers have been used very
little for nonirrigated crops. There is some evidence to show that this pattern
is changing and that some fertilizers are being used for nonirrigated crops
(other than high-value commercial <crops). It is important to evaluate these
changes to assess the technological possibilities in semi-arid agriculture. We
also need to understand what factors determine SAT farmers' decisions on
fertilizer use. These issues are investigated in this report.

Attention is also focused on the wuse of fertilizers for high-yielding
varieties of sorghum and pearl millet—the major cereals grown on drylands in

SAT India. High-yielding varieties form the most important component of the
strategy to improve food production in these areas. The spread of these
varieties has been low and selective because of several technological and
socioeconomic factors. However, these are outside the scope of this enquiry

which seeks to provide information on the extent and level of fertilizer use
observed on farmers' fields. This information is valuable in sorghum and pearl
millet crop improvement and management research.

Two basic hypotheses run through the report: first, that farmers’
decisions on fertilizer allocation are based mainly on the size and certainty of
returns from fertilizer use, indicated in the historical emphasis on irrigated
and high-value commercial crops; second, that SAT farmers are not traditionally
averse to adoption of fertilizers. The pattern of low fertilizer use is seen to
be related more to the returns expected than to agroclimatic, technological, or
other constraints.

This report focuses specifically on the following issues:

1. How much fertilizer is currently consumed in irrigated and nonirrigated SAT
regions of the country.

2. What has been the growth pattern in consumption of fertilizers in these
areas.

3. How SAT farmers allocate fertilizers between crops.

4. What are the fertilization practices of farmers in terms of rate of
application, extent of area fertilized, use of organic manures, timing of

application, use of different nutrients, awareness, etc.

2. ICRISAT 1981.



5. What are the major determinants of fertilizer use in SAT agriculture.

Chapter | provides an overview of fertilizer consumption in SAT India,

based on analysis of district-level data. Chapter II—the main part of this
report—focuses on fertilizer-use patterns on farms in three agroclimatic zones
in peninsular India; it is based on data collected from six villages under the

Village-Level Studies being conducted by ICRISAT since 1975. Chapter 111
presents an analysis of data on fertilizer use for high-yielding varieties of
sorghum and pearl millet. This is based on farm-level data from 47 selected
districts collected by the Indian Agricultural Statistics Research Institute,
New Delhi. Chapter IV presents the results of regression-based models on
determinants of fertilizer use based on those two data sets. The main
implications for agricultural research, extension, and development programs
arising from these analyses are discussed in the final chapter.

1. Fertilizer Consumption in Semi-Arid Tropical India: District-Level Analysis

This chapter provides an overview of fertilizer consumption in  semi-arid
tropical (SAT) India, with specific emphasis on:

1. How much fertilizer is actually used in the irrigated and nonirrigated
areas of SAT India.

2. Whether fertilizer use is uniformly spread over the entire SAT region.

3. What has been the pattern of growth in fertilizer consumption over the last

decade: 1969-70 to 1978-79.

4. Whether the data for the 1970s indicate any slackening of demand for
fertilizers in the irrigated SAT areas.

Data and Methodology

This analysis is based on district-level data. The Indian SAT is spread over 10

states: Madhya Pradesh, Maharashtra, Karnataka, Andhra Pradesh, Tamil Nadu,
Uttar Pradesh, Punjab, Haryana, Rajasthan, and Gujarat. Based on normal annual
rainfall, 192 districts belonging to these 10 states have been classified as SAT

districts.® Of these, 78 have well-developed irrigation and the rest are
primarily nonirrigated.

Data on fertilizer consumption in these districts were taken from
Fertilizer Statistics 1978-79, an annual publication of the Fertilizer
Association of India, New Delhi. Current fertilizer consumption estimates were
worked out by taking the average consumption of nitrogen (N), phosphorus (P,0s5),
and potash (K;O) per hectare of cropped area in each of these districts during
1977-78 and 1978-79.* The estimates are given in kilograms. For the analysis of

3. See Bapna et al. 1979 for details of this classification.

4. The use of oxide units was preferred because districtwise consumption data
were available consistently in these units. The term "fertilizer" has been
used in its nutrient connotation.



growth in fertilizer use, consumption levels in the initial period (average of
1969-70 and 1970-71) and the current period (average of 1977-78 and 1978-79)
were compared, and the increment (or change) expressed in annual terms as the
linear growth rate.

Fertilizer Consumption

Table 1 shows the average level of fertilizer (nutrient) consumption in kg/ha of
gross cropped area in the SAT as a whole, and in irrigated and nonirrigated
zones. The average fertilizer-consumption levels in the SAT districts are a
little higher than the corresponding national averages, but the figures for the
irrigated and nonirrigated zones reveal the wide variation in fertilizer
consumption within the SAT. The average level of consumption of N+P,05+K,0 in
the irrigated SAT districts is over three times as high as in the .nonirrigated
districts. Among individual nutrients, the gap is more pronounced in nitrogen
consumption. As Table 1 shows, the average consumption ratio of N, P,0s5 ,and
KO is less heavily biased towards nitrogen in the nonirrigated SAT districts.

Table 1. Average level of fertilizer consumption in kg/ha of gross cropped area

(1977-79).
Irrigated SAT Nonirrigated SAT Total SAT

Fertilizer (78 dists) (114 dists) (192 dists) All-India

Nitrogen (N) 40.0 11.6 21.5 18.9
(6.8) (4.8)

Phosphorus (P,05) 11.6 4.5 7.0 5.9
(2.0) (1.9)

Potash (K.0) 5.9 2.4 3.6 3.2
(1.0) (1.0)

(N+P205+K20) 57.5 18.5 321 28.0

Figures in parentheses indicate consumption ratio of N and P,0s in relation to

K20.

The table also shows that irrigated districts are major consumers of
chemical fertilizers in SAT India. The pattern is more clearly brought out in
Table 2 which shows the proportion of aggregate fertilizer consumption accounted
for by irrigated and nonirrigated SAT zones over two different periods—1969-70
to 1970-71, and 1977-78 to 1978-79.

The irrigated SAT districts cover only 23% of the national and about 35% of
the SAT gross cropped area, but they have a 45% share in the national fertilizer
consumption and 62% in the SAT. The nonirrigated districts, spread across 42%
of the national and 65% of the SAT cropped area, account for a mere 27% of the
national and 38% of the SAT fertilizer consumption.

Corresponding figures for 1969-71 show that the share of the irrigated
areas in total SAT consumption of the three nutrients was even higher. This
implies that fertilizer consumption in the nonirrigated SAT areas has improved
over the decade. Both the tables show that fertilizer consumption in



nonirrigated SAT areas is poor. This trend is related to the extremely low
fertilization observed in most nonirrigated crops (NCAER 1978). The tables
establish that irrigated areas dominate fertilizer consumption. This is why SAT
regions lead in aggregate fertilizer consumption in the country, as shown in the
last column of Table 2.

Table 2. Contribution of irrigated and nonirrigated SAT zones to aggregate
fertilizer consumption (1977-79 and 1969-71)

Irrigated Nonirrigated Total

Particulars Period SAT SAT SAT
1. Number of districts 78 114 192
2. % of all-India cropped area 23 42 65
% of SAT cropped area 35 65 -
3. % of all-India consumption:
Nitrogen (N) 1977-79 47 26 73
1969-71 51 24 75
Phosphorus (P205) 1977-79 43 32 75
1969-71 47 31 78
Potash (K;0) 1977-79 40 30 70
1969-71 43 26 69
Total fertilizer (N+P,05+K;0) 1977-79 45 27 72
1969-71 49 26 75
4. % of total SAT consumption:
Nitrogen (N) 1977-79 65 35 na
1969-71 68 32
Phosphorus (P,0s5) 1977-79 58 42 na
1969-71 61 39
Potash (K;0) 1977-79 57 43 na
1969-71 62 38
Total fertilizer (N+P,05+K;0) 1977-79 62 38 na
1969-71 66 34
na = not applicable.

The pattern of concentration in fertilizer consumption in SAT districts is

presented in Table 3. Section A of this table shows the distribution of
districts in terms of level of consumption of total plant nutrients per hectare
of gross cropped area. The wide variation in fertilizer consumption across

districts is obvious: nearly 42% of the total fertilizers consumed in the 192
districts is accounted for by 35 districts in the "above 60 kg" class. At the
other extreme, 49 districts consume less than 10 kg/ha, and their share in the
total fertilizer consumption is only 4.7%. Figures for irrigated and
nonirrigated districts bring out this disparity more clearly. In 32 out of the
78 districts in the irrigated category, the average consumption level exceeds 60
kg/ha, and these districts account for 38.6% of the total fertilizer consumed in
the SAT; in only one district is fertilizer consumption less than 10 kg/ha. On





