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FERTILIZER USE IN SEMI-ARID TROPICAL INDIA: THE CASE
OF HIGH YILLDING VARIETIES OF
SORGHUM AND PEARL MILLET

D. Jha*, S.K. Raheja**, R. Sanin* and P.C. Mehnotra

Sorghum and pearl millet dre the two most important cereals grown on dry-
lands in semi-arid tropical (SAT) areas of India. These have traditionally
formed part of a highly unstable, low-cost, low-output farming system and
are evaluated in the market as relatively inferior foodgrains (Jodha 1973).
Unremunerative response (Kanwar et al., 1973) and high level of weather
induced instability in yields (Bapna et al. 1979) have been hypothesized

as the two main factors responsible for poor performance of these crops

in regard to use of modern inputs like fertilizers which, in these areas,
has been confined to (a) relatively higher valued, irrigated cereals like
rice and wheat where the responses are higher and more stable, and (b)un-
irrigated commercial crops like cotton, chillies, tobacco, groundnut, etc.
where the high value of output provides the needed incentives to take risks
(Desai et al. 1973, Desai and Singh 1973), On both these scores the millets

compare unfavorably with these crops.
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Thieg traditiconal pattern appears to be changing in the wake of
introduction of high yielding varieties (HYV) and, despite the rather
tardy performance of the HYV of sorghum and millets, farmers do seem to
have started uzing fertilizers 'on these cropz also (NCAER 1974, 1978).
This is a trend which needs careful monitoring not only because of its
impact on the yield levels of these crops but also because this may mark
the beginninag of intensive fertilizer use under dryland conditions -- a
phenomenon of crucial importance in terms of potential growth in produc-
tivity and in fertilizer demand in India (Desai 1978).

The present investigation is an attempt in this direction. It
provides information on levels of fertilizer use on HYV of sorghum and
pearl millet in diflerent areas, the pattern of fertilizer adoption and
diffusion and, finally, on factors influencing fertilizer use on these
crops. These issucs are important for designing appropriate technological
and development strategies. For example, evidence on extent of fertilizer
use has a bearing on the 'less preferred crop' hypothesis referred to
above (Jodha 19373) and for deciding on fertility levels relevant for
bfeeding and inprovement work on these crops. Information on trend in
fertilizer use over time would be helpful in understanding the nature
of the diffusion process in an environment where the gains from adoption
are unstable. Similarly, analysis of important determinants of fertili-
zer use would help identify forces which can be manipulated to promote
its productive usie. Thus, the specific objectives of this paper are:

. to determine the extent and level of fertilizer
use on HYV of sorghum and pearl millet in dif-
ferent areas,

. to compare fertilizer use on these crops with
that on ‘superior' irrigated cereals (rice or
wheat) in the same areas,

. to examine the trend in fertilizer use and its
diffusion over time,

. to identify and evaluate the impact of factors
affecting fertilizer use decisions of farmers.

Details of data sources and procedures used are provided in the
following section which also contains a brief description of the selected

districts. The results pertaining to the first three objectives are



presented and discussed in the third section. Analysis of determinants
of fertilizer use is contained in the next secticn and the fifth summari-

zes the main findings and conclusions.

II. DATA SOURCES AND METHODOLOGY

The data used for this study have been taken from the results of the
project entitled "Sample Surveys for Assessment of High Yielding Varie-
ties Programme" undertaken by the Indian Agricultural Statistics Research
Institute (IASRI), New Delhi in 88 districts spread over 15 states during
the period 1969-70 to 1973-74. Five major cereals -- rice, wheat, maize,
sorghumn and pearl millet, were covered in the Survey. 1In each state, the
top-ranking districts with respect to the targeted area of HYV of the
crops studied were selected.

Two types of enquiries were conducted under the Survey -- one, known
as the Agronomic and Agro-economic Enquiry (AAE), for estimating the area
under HYV of the crop studied and the extent of adoption of improved prac~
tices on selected farmers' holdings, and the other, known as the Yield
Estimation Survey (YES), for estimating the yicld rates of high yielding
and indigenous varieties of selected crops. Under the latter (YES), crop
cutting technique was adopted for estimating yields of important varie-
ties, For this purpose, B0 crop cutting experiments were conducted on
HYV ahd an egual number on local varieties for each crop in a district.
The design adopted for selection of fields under YV was stratified multi
-stage random sampling while the fields under the local varieties were
selected in the neighborhood of the corresponding HYV fields and under
similar conditions of soil and management to the extent possible. Infor-
mation on important inputs used and costs were collected for each field.
For the Agronomic and Agro-economic Enquiry (AAE), a sample of 320 culti-
vator households growing the crops studied in the districts were selected
by stratified multi-stage random sampling design.l

Beginning 1974-75, the coverage was reduced to 38 districts spread
over the same 15 states. Two more crops namely cotton and groundnut

were added to the five cereals already mentioned. Annual reports giving

1. If two crops were studied in the same season, 160 cultivators were
selected for each crop.



the results of the projects have been published by the IASRI for the
vears 1970-71 to 1975-76.

Data on fertilizer use on sorghum, pearl millet and other crops
(rice or wheat) in the selected districts were taken from the Annual
Report of the project (Raheja et al. 1976) for the year 1973-74.2
Sorghum crop was studied in 20 districts in the kharif and one district
in the rabi season. For pearl millet, the corresponding number of dis-
tricts were 21 and 5, respectively (Raheja et al. 1976). Almost all
these districts fall in the semi-arid tropical regions of the country.

For analyzing trend in fertilizer use over time, we have used
data for only those districts which were covered continuously for 6-7
years, up to 1976-77. There were four such districts for both sorghum
and pearl millet.

The analysis of determinants of fertilizer use was attempted at
two levels.3 in the first, plot level data on fertilizer use and other
variables from the Yield Estimation Survey (YES) for 1973-74 were used
with a view to explaining inter-plot differences in fertilizer use (in
each district) in terms of factors such as soil, drainage, sowing time,
rainfall, previous crop grown on the plot, fertilizer prices paid by the
farmer, et¢. This cxercise was intended to show the effect of farm- and
plot-specific characters on fertilizer use decisions. This was followed
by an aggregative, regression-based analysis in which district-level
estimates of fertilizer use for 1973-74 from the AAE survey were used as
dependent variables and factors such as expected and actual seasonal
conditions, soil type, irrigation, yield risk, credit, etc. were used as
explanatory variables. This analysis focused attention on interdistrict
variations in fertilizer use.

Description of selected districts and spread of HYV of
sorghum and pearl millet

The survey on high yielding varieties of sorghum covered more than 3 900
cultivator households spread over 21 districts in four states. As can be

seen from Appendix I, there was a high concentration in Maharashtra and

2. The coverage was substantially reduced from 1974-75 onwards which also
happened to be the year when fertilizer prices rose sharply. These con-
giderations prompted the selection of this particular year for our study.

3. The models are described in detail in Section IV.



Karnatdka -=- the major- sorghum producing states. In alimost all’ €he dis-
tricts selected (with the exception of Nanded, Wardha and SHimoga),
sorghum was an important crop. The sample for pearl millet was more dif-
fused and covered about 4 700 cultivators in 26 districts spre&d’ cver
eiéﬁt'states. Pearl millet was not a very important crop in 13 out of
the 26 selected districts of Andhra Pradesh, Tamil Nadu (except Tiru-
nelveli) and some districts of Maharashtra. This has to be borne in
mind while interpreting the results. : ' i

Appendix I also shows that the selected districts covered a wide
range of soil-rainfall conditions. Most of the sorghum districts had
black or red soils and, with the exception of Shimoga, had less than
1200 mm annual (normal) rainfall. Interdistrict variation in rainfall
and soil type was higher in the pearl millet districts. The normal
rainfall ranged from 219 mm in Rohtak to 1211 mm in Chingleput and
almost all major soil types were represented.

An overall idea regarding spread of the IIYV in these districts
is provided by Table 1 which shows the distribution of districts
according to extent of coverage under HYV and also according to the

extent of HYV area irrigated (Appendix I).

Table 1. Distribution of districts according to spread of HYV and
extent of HYV area irrigated, 1973-74

Sorghum Pear]l Millet '
Class interval Crop area HYV area Crop area HYV area
(¢ area) covered irrigated covered irrigated
by HYV 9 by HYy  +THie

Number of districts in different classes

> 60 3 1 8(3)2 16 (4)"
41 - 60 4 5 5(3) So2(2)
21 - 40 4 5 8(6) 2(2)
11 - 20 : 7 3 1(0) 0(0)

< 10 3 g 4(1) " ‘6(5y
© Total 21

21 - '26(13) j" 26(13)

a. Figures in parentheses indicate distribution gf the imporgant
pearl millet growing districts.
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Table 1. Digitaria collection fiun: southern Africa. 1971

Collecded in Collreded ax
Specics Culti- Veyes
: Wild vated Seed tative Lotat

D. adscendens (HBK..) Henr, 1 1 |
D, chevalieri Stapi 1 1 |
n debilis (Deal’) Willd. i - 1 |
D. decumbens Stent. 1 1 |

D. didactyla Willd. 1 1 |
D, eriantha Steud. K 1 1 b
D). friesii Pilger | ! 1
D. gazensis Rendle 1 I 1
D. longifiora (Retz.) Pers. 2 2 2
D. macroglossa Henr. A 5 5
D, milangiana (Rendle) Stapt 20 28 24
D. milanjiana subsp. ()Ic.\mnn Henr, 2 1 1 2
D). natalensis Stent, 5 2 3 i
D). natalensis subsp. stentiana Henr. 7 4 3 7
D, pentzii Stent. 16 39 8 17 5
D. pentzii var. stolonifera (Stapf) Henr, 12 3 9 12
D, polevansit Stent, 2 3 1 4 h
D. sealarum (Schweinfl) Chiov. 1 1 1
D. smuisis Stent, 2 G5 el 13 67
D. ternata (Hochst, ex A. Rich,) Stapl’ | 1 |
D. valida Stent. i i 6 #1 W
Digitaria spy. It} 8 9 13 22
79 232 95 216 “3n

didactyla Willd., D. friesii Pilger, and D, nalalensis Stent,, not included in the
1964 collection. "I'wo of these species, D. adscendens and 1. didactyla, belong
in the Sanguinales section, an addition to the 1964 collection. The extent
of variation in the collection is governed largely by the location and range
of specics. Some species in the collection may be of direet use in agriculture
after completion of adaptation and evaluation studics. Certain species were
sought for use in plant improvement programmes.  Other species Laving
little or no_known agronomic value were collected in an effort to satisfy
the requests of individuals engaged in eytotaxonomic rescarch.  Duplicate
herbarium specimens were collected for the National Herbarium, Pretoria,
South Africa and the National Herbarium, Smithsonian Institution, Wash-
ington, D.C.  Field collection numbers permit cross-indexing for future
reference. ‘The specimens on dcpmil in the National Herbarvium in Washing-
ton have been assigned U.S.D.A. plant introduction (P.1.) numbers.

The incidence of species in the arca of collection and their cconomic
importance resulted in the collection containing a preponderance of species
belonging in the section Erianthac.  “The variable, tulted, rhizomatous
perennial, 1. eriantha Steud., is widely distributed in southern Africa where
it is adapted to a wide range of soils and vainfall. Teis an excellent species
for the control of erosion and is a pnumml souree of droughteresi-iant
germ plasm.

The robust, rhizomatous, tufted species, D. macroglossa Henr., is inost
common in the sandy coastal soils of Mozambique and Natal. Tts growth
habit and tolerance of saline soils and salt spray contribute to the value of
this species as a sand-binding and crosion-control plant. "T'he stolonifcrous

Trop. Agric. (Prinidad) Vol. 50, No, 4, Octoher 1979
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The table clearly shows that the pearl millet hybrids had higher
coverage as compared to the sorghum KYV., In eight districts, more than
608 of the crop area was covered by hybrids (against 3 in sorghum) and
in only five diastricts (against 10 in sorghum) the spread was less than
208. Even if we exclude the 13 districts where the crop was unimportant,
this superiority holds.

Another important feature brought out by the table was that in
nearly half the districts studied the sorghum HYV were grown primarily
under unirrigated (less than 20% area irrigated) conditions; on the othér
hand, in 16 out of 26 districts more than 60% of the area under pearl
millet hybrids was irrigated. It was interesting to note that in 12
(out of 13) non-traditional districts spread over the southern states the
pearl millet hybrids were grown predominantly under irrigated conditions.
The remaining 13 traditional pearl millet producing districts (in Gujarat
Haryana, Rajasthan, Madhya Pradesh and Maharashtra) presented an interes-
ting contrast -- in four districts more than 60% of the hybrid area was
irrigated, in five the hybrids were grown primarily under rainfed condi-
tions and both the categories of ‘districts were spread over a wide range
of soil-climatic conditions. Thus, while there was an indication that
irrigation was more important for pearl millet hybrids than for sorghum,
the evidence from the traditional producing areas was not as overwhelming
as the overall distribution in Table 1 indicated.

In general, coverage under HYV of sorghum was lower; but these were
grown to a larger extent under rainfed conditions. The performance of th
pearl millet hybrids was more diverse in this regard though there were
indications that availability of irrigation was more important for this
crop (Bapna and Murty 1976).

III. STATUS OF FERTILIZER USE ON HYV OF SORGHUM AND PEARL MILLET

Observed patterns of fertilizer use on a particular crop arise from three
related decisions: (1) whether to use fertilizer or not, (2) what rate of
application to use, and (3) how much area to cover. These decisions are
influenced by a host of technological, socioceconomic and psychological
variables. We shall examine these influences in Section IV. Here we
present observed estimates of these parameters in order to provide an



1dea regarding the status of fertilizer use on HYV of sorghum and pearl
millet. The average estimates have been taken from the published

report of the High Yielding Varieties Survey (Raheja et al. 1976) for
1973-74; details regarding'fertllizer use under irrigated and unirrigated
conditions have been taken from unpublished tabulated results of the
Survey.

1, Adoption of fertilizers

Table 2 shows the level of adoption of fertilizers for HYV of sorghum and
pearl millet in different dlstrxcts.4 Considerable interdistrict varia-
bility an the percentage of farmers using fertilizers was noted even though,
in general, adoption levels appeared to be fairly high -- in 7 (out of 21)
and 9 (out of 22) districts for sorghum and pearl millet respectively, more
than 80% of the farmers growing IIYV used fertilizers. Correlations were
worked out between adoption of fertilizers and variables like spread of HYV
and rainfall. A positive and significant correlation (+0.45) was obtained
between adoption and rainfall for sorghum; for pearl millet none of these
variables were found to be significantly associated.

Data on proportion of fertilizer users resorting to fertilization of
the unirrigated (HYV) crop are interesting., The table showed that fertila-
zer use under unirrigated conditions was a common and extensive practice,
particularly for HYV of sorghum. In 16 out of 21 districts, more than 80%
of the fertilizer adopters applied fertilizer to the unirrigated HYV crop
of sorghum. For pearl millet hybrids, this was true only for 5 out of 22
districts; in as many as 12 diastracts, less than 10% of the fertilizer
users resorted to this practice. It was also noted that most of the latter
were unaimportant pearl millet producing districts where, as we have stated
earlier, the HYV were almost invariably grown under irrigation. The corre-
lation between adoption under unirrigated condition and percentage area
under the crop (pearl millet) was +0.44 and this also indicated that in
the major producing districts, fertilizer use on the unirrigated crops was

common .

4. These were obtained from the distrabution of irrigated and unirrigated
plots for each district in the Yield Estimation Survey. Because the data
sources are different, one observes some inconsistencies while comparing
fertilizer use under unirrigated conditions (Table 2) and percentage HYV
area irrigated (Appendix I). The differences, however, are minor.



Tabie 2.

districts (1973-74)

Adoption of fertilizers for HYV of sorghum and pearl millet in selected

Sorghum districts

Pearl Millet districts

g:ogzgq % users g:o:zzs % users
District (State) using feytl;l21ng District (State) using fe?ti}lzlng
ferti- unirrigated forti- unirrigated
lizers YV crop lizers YV crop
Jalgaon (Mah) 97 98 GujaratP NA NA
Ahmadnagar (Mah) 72 45 HigsarC (Har) 69 5
Sangli (Mah) 72 81 Rohtak (Har) 43 44
Aurangabad (Mah) 24 88 Jaipur® (Raj) 50 75
Parbhani (Mah) 70 96 Jalgaon® (Mah) 90 100
Bhir (Mah) 14 100 Ahmadnagar® (Mah) 17 72
Satara (Mah) 81 85 Sangli (Mah) 18 0
Osmanabad (Mah) 28 100 Aurangabad® (Mah) 21 100
Buldhana (Mah) 74 98 Parbhani (Mah) 74 100
Akola (Mah) 73 98 BhirC (Mah) 12 88
Amravati (Mah) B0 100 Sholapur (Mah) 47 40
Nanded (Mah) 35 100 Morenac (MP) 94 100
Wardha (Mah) B3 100 Guntur (AP) 41 2
Nadpur (Mah) 94 100 Chittoor (AP) 84 1
Mandsaur (MP) 47 100 Nellore (AP) 93 0
Belgaum (Kar) 88 77 Coimbatore (TN) 88 1
Bellary (Kar) 78 90 Madurai (TN) 46 30
Shimoga (Kar) 96 96 TirunelveliC (TN) 94 0
Mysore (Kar) 54 76 Chingleput (TN) 81 7
Anantapur (AP) 76 12 Coimbatore (TN) 81 2
Shimoga2 (Kar) 100 1 Madurai@ (TN) 50 0
chingleput2 (TN) 50 6
Bellary2 (Kar) 100 2

Source: Yield Estimation Survey data.
irrigated HYV reported in Appendix I.
a. Post-rainy season crop.

There is a minor difference with data on

b. This information was not available for Banaskanta, Kaira and Rajkot districts
in Gujarat, and Tirunelveli (post-rainy season) in Tamil Nadu.

c. Traditionally important pearl millet producing districts.,

NA - not available.



Information on adoption of fertilizer thus revealed that fertilizer
use on HYV of these two crops was a common practice. It also emerged that
a relatively high proportion of farmers used fertilizer on the unirrigated
crop.

2. Levels of fertilizer use

Two parameters ~- rate of application and extent of crop area fertilized,
determine the average level of fertilizer use measured as the rate of
plant nutrients used per hectare of crop area. 1In Tables 3 and 4, data
are provided on average rate and its two determinants for HYV of sorghum
and pearl millet, respectively.

The level of total plant nutrients (N+P05+K0) used per hectare of
crop area provides an idea regarding the average intensity of fertilizer
use and figures reported in Tables 3 and 4 revealed wide interdistrict
variability in this parameter. The average level was found to be less
than 20 kg per hectare of crop area in 4 and 7 districts respectively for
HYV of sorghum and pearl millet; in 6 and 9 districts for these two crops
respectively, the levels excgeded 60 kg per hectare. In general, dis-
tricts with higher adoption of fertilizers for sorghum also had higher
average level of fertilizer use (r = +0.56) as had districts with higher
rainfall (r = +0.49). Percentage area under HYV and HYV area irrigated
were positively correlated with average level of fertilizer use but these
were not statistically significant. The average rate of application for
pearl millet hybrids was also significantly associated with adoption
(r = +0.61) and extent of HYV arca irrigated (r = +0.45). With other
variables -- coverage under HYV and rainfall, the correlations were not
significant. These results suggested the importance of rainfall (sorghum)
and irrigation (pearl millet) as determinants of fertilizer use on these
crops.

The tables also reveal that the local varieties of these crops were
generally not fertilized or were fertilized at very low rates. 1In 15
districts for sorghum and 19 for pearl millet, the average rate was either
zero or nominal (less than 5 kg N, P05, K30 per hectare) .

We now look at the determinants of average level of fertilizer use ~-

the actual rates of application per fertilized hectare and the extent of



Table 3.

Average rate of fertilizer consumption, rate of application per fer-

tilized hectare and extent of area fertilized for HYV of sorghum in
selected districts (1973-74)

Average rate (N+P,05+ Rate per fertilized Percentage area

o K,0) per hectare hectare (HYV) fertilized (HYV)
District (State) v Tocal N P05 K0 NP0 K0
kg/ha kg/ha kg/ha kg/ha kg/ha % \ %
Jalgaon (Mah) 50 19 40 27 12 78 63 18
Ahmadnagar (Mah) 45 0 72 29 Nil S3 24 Nil
Sangli (Mah) 30 0 60 25 15 39 19 15
Aurangabad (Mah) 14 0 55 27 12 24 15 7
Parbhani (Mah) 29 0 47 19 18 43 25 25
Bhir (Mah) 18 0 23 19 21 24 41 25
Satara (Mah) 48 0 59 27 13 64 26 22
Osmanabad (Mah) 23 2 29 21 16 38 32 32
Buldhana (Mah) 68 9 33 33 18 88 88 56
RAkola (Mah) 40 0 48 27 17 52 42 21
Amravati (Mah) 71 5 42 29 22 90 72 56
Nanded (Mah) 19 0 31 15 4 47 28 14
wardha (Mah) 39 1 44 18 15 60 43 34
Nagpur (Mah) 59 2 35 27 16 81 79 58
Mandsaur (MP) 84 22 63 24 29 81 71 54
Belgaum (Kar) 117 19 94 27 24 93 60 56
Bellary (Kar) 28 8 13 11 11 72 72 70
Shimoga (Kar) 75 21 38 24 23 90 89 85
Mysore (Kar) 27 0 49 36 32 31 17 17
Anantapur (AP) 11 0 47 Nil Nil 24 Nil Nil
Shimoga? (Kar) 113 o 57 35 33 97 95 74
Distribution of districts in different classes
€ 10 0 17 0 1 3 0 1 3
11 - 20 4 2 1 5 11 0 3 4
21 - 30 5 2 2 12 5 3 4 4
31 - 40 2 0 5 3 2 3 1 2
41 - 60 4 0 10 0 0 5 4 5
61 - 80 3 0 2 0 0 3 5 2
> 80 3 0 1 0 0 7 3 1

Source: Raheja et al. 1976.

a. Post-rainy season crop.

Various tables.
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Table 4. Average rate of fertilizer consumption, rate of application per fer-
tilized hectare and extent of area fertilized for HYV of pearl millet
in selected districts (1973-74) '

Average rate (N+P,05+ Rate per fertilized Percentage area

. K20) per hectare hectare (HYV) fertilized (HYV)
District (State) HYV Local N P205 K50 N P20g K20
kg/ha kg/ha kg/ha kg/ha kg/ha % s .
Banaskanta2® (Guj) 11 2 50 0 0o 23 0 0
Kairad (Guj) 32 16 36 42 0o 75 12 0
Rajkot® (Guj) 39 16 30 32 o 77 51 0
Hissar? (Har) 32 5 46 61 0 65 3 0
Rohtak® (Har) 39 17 46 0 0 84 0 0
Jaipur@ (Raj) 28 4 36 17 o 70 18 0
Jalgaon2 (Mah) 37 14 32 21 8 74 54 20
Ahmadnagar@ (Mah) 66 5 64 37 28 84 28 8
Sangli (Mah) 28 1 60 0 0 47 0 0
Aurangabad? (Mah) 19 2 29 19 18 36 29 16
Parbhani (Mah) 12 0 27 12 12 29 16 16
BhirP (Mah) 12 0o 24 18 16 22 21 21
Sholapur (Mah) 8 0 28 0 o 27 0 0
Morena® (MP) 81 11 53 38 0 95 8l 0
Guntur (AP) 55 1 56 28 16 62 48 45
Chittoor (AP) 107 0 75 34 33 98 54 46
Nellore (AP) 59 0 41 22 18 91 67 41
Coimbatore (TN) 141 5 99 42 33 90 74 66
Madurai (TN) 46 2 35 18 18 74 57 57
Tirunelvelid (TN) 82 8 74 28 28 80 40 40
Chingleput (TN) 82 0 44 31 27 91 75 71
Coimbatoreb (TN) 79 20 52 31 30 86 56 56
Maduraib (TN) 19 1 18 6 6 78 42 42
Tirunelvelid/b (T§) 10 1 26 0 0 40 0 0
ChingleputP (TN) 71 0 48 26 24 86 63 57
BellaryP (Kar) 108 0 64 30 26 98 83 79
Distribution of districts in different classes
< 10 2 20 0 6 12 0 6 11
11 - 20 5 6 1 5 6 0 3 3
21 - 30 2 0 6 6 6 4 3 1
31 - 40 5 0 4 6 2 2 1 1
4l - 60 3 0 10 2 0 1 7 7
61 - 80 3 0 4 1 0 9 4 3
' > 80 6 0 1 0 0 10 2 0

Source: Raheja et al. 1976. Various tables.
a, Traditionally important pearl millet producing districts.

b. Post-rainy season crop.
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crop area fertllized.s The last six columns of Tables 3 and 4 provide
these data. Table 3 reveals that the modal classes for nitrogen, phos-
phorus and potash application were 41 kg to 60 kg, 21 kg to 30 kg and
11 kg to 20 kg per fertilized hectare respectively. It may be noted
that the rate for nitrogen was less than 30 kg per fertilized hectare in
only 3 districts (Bhir, Osmanabad and Bellary). In 10, 8 and 3 dis~
tricts respectively, the percentage areas fertilized with nitrogen,
phosphatic and potassic fertilizers exceeded 60% of the area under HYV.

The modal classes for nitrogen, phosphorus and potash application.
to HYV of pearl millet were 41 kg to 60 kg, 21 kg to 40 kg and less
than 10 kg per fertilized hectare respectively. No phosphatic fertili-
zer was applied in five districts and potash was not used in ten. It
was noted that in # out of 13 major producing districtg, no potassic
fertilizer was used on this crop. 1In 19, 6 and 3 districts respectively,
the percentage areas fertilized with nitrogenous, phosphatic and potassic
fertilizers respectively, exceeded 60%. Thus, this crop had relatively
lower indicator values for potash use, but the number and proportion of
districts falling in the above modal classes for N rate as well as
percent area fertilized with nitrogen was higher for pearl millet as
compared to sorghum.

In Table 5 below, some correlations have been shown. These provide
the following indications:

(a) Rates of fertilizer application (both N and Pp0s5) for
sorghum were not associated with spread of HYV, HYV area
irrigated, adoption of fertilizer or rainfall., For
pearl millet, irrigated HYV area was positively associated
with N rates and adoption with P,0g rates.

(b

-~

The percentage sorghum areas fertilized with N and P205

were significantly correlated with adoption and rainfall.
For pearl millet, spread of HYV, HYV area irrigated (with
N), adoption of fertilizer and rainfall (with P,0g) were
correlated positively with the area fertilized variables.

(c) The nitrogen and phosphorus rates were not correlated for
sorghum but the area fertilized with these nutrients were
positively correlated. For pearl millet, both rates and
areas fertilized with nitrogen and phosphorus were corre-
lated and the rate and area fertilized with the same nu-
trient was also positively correlated.

5. The district estimates presented in Tables 3 and 4 generally had high
precision. The percentage standard errors for nitrogen rate estimates
were below 20 in 19 districts for sorghum and 21 districts for pearl
millet.
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These indicated that higher spread of HYV does not imply higher
rates of fertilizer application. There was some indication that ferti-
lized area was higher in districts with higher HYV area. Secondly,
higher level of fertilizer adoption was more strongly associated with
extent of area fertilized. Thirdly, rainfall was significantly associa-
ted with area fertilized. All these pointed towards area fertilized
being more variable than rate of application. Finally, significant
association between areas fertilized with nitrogen and phosphorus
suggested efforts towards more balanced use of fertilizers., This was
more strongly indicated for pearl millet for which both rates of appli-
cation and areas fertilized with N and P,0g5 tended to move together.

Pursuing our results further, district estimates presented in
Tables 3 and 4 did not reveal any trend with respect to broad soil types
(Appendix I). With respect to varietal differences in fertiliigr use,
the hybrid pearl millet districts showed some interesting results.6
Varieties HB 1, HB 3 and HB 4 were dominant in 5, 15 and 6 districts
respectively (Appendix I). The HB 1 and HB 4 districts showed some
differences. In none of the 5 districts where HB 1 was the dominant
variety7 did fertilizer adoption exceed 50%, nor did the rates of
application of nitrogen and potash exceed 60 kg and 30 kg respectively.
On the other hand, the adoption level was above 80% in all the 6 dis-
tricts where HB 4 was the dominant variety.e In three of these the rate
of application of nitrogen exceeded 60 kg and that for potash exceeded
30 kg per hectare. 1In terms of percentage area fertilized also the HB 4
districts showed superiority, area fertilized with nitrogen exceeding
80% in all (only one HB 1 district belonged to this category). Thus,
even the aggregate district level data revealed relatively higher ferti-
lizer use parameters for HB 4. Interestingly, this ranking agrees with
experimental evidence on the response of pearl millet hybrids to fertilizer
application (Bapna and Murty 1976). This lends support to the hypothesis

6. Variety CSH 1 was dominant in 19 out of 21 districts studied (Appendix
I). Therefore, no variety-based analysis was possible for sorghum.

7. These districts were Jaipur, Chingleput (post-rainy season), Guntur,
sangli and Bhir.

8. These were Nellore, Coimbatore, Chittoor, Chinglepqt, Morena and
Bellary (post-rainy season).
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that farmers are aware of the relative responses of different varieties

and that this does affect their fertilizer use decisions.

Fertilizer use under irrigated and rainfed conditions

Appendix I shows that in several areas, the HYV are grown under irrigated
conditions. From the point of view of SAT agriculture in general, there
is greater interest in monitoring the situation for the primarily unirri-
gated crop which is quantitatively so important.

Tables 6 and 7 give estimates of actual rates of application and
percent area fertilized with each nutrient under irrigated and unirrigated
conditions. The data have been summarized in the form of frequency distri-
butions and these have been shown in Figure 1.

Considering sorghum first, the modal classes for N, P05 and K20
application were found to be 41-60 kg, 31-40 kg and 11-20 kg per fertili-
zed hectare respectively under irrigated condition. Under unirrigated
conditions, these were 21-40 kg, 21-30 kg and 11-20 kg, respectively. The
differences between irrigated and unirrigated distributions (Fig 1) were
not so sharp with respect to.N rates and more than half the number of dis~
tricts fell in the above modal classes. The areas fertilized with N,

P05 and KpOwere clearly lower under unirrigated conditions though with
respect to this parameter also, the case of nitrogenous fertilizers was
not so sharply defined and a significant number of districts had more
than 80% coverage under nitrogenous fertilizers even under unirrigated
conditions.

For pearl millet (Table 7) the modal classes for N, P05 and K;0
application were 41-60 kg, 21-30 kg, and less than 10 kg per fertilized
hectare under irrigated conditions and 21-40 kg, less than 20 kg and
less than 10 kg per fertilized hectare respectively under rainfed condi-
tions. It was also noted that a significant number of districts belonged
to the above modal classes for N and P0g application rates. With
respect to area fertilized, the unirrigated distributions clearly indi-
cated relatively lower values.

The conclusions are summarized in Table 8. Figure 1 and Table 8
cleariy indicate higher fertilizer use parameters for unirrigated sorghum
as compared to pearl millet. Under irrigated conditions, though the
modal values for the two crops presented in Table 8 are similar, the



Table 6. Fertilizer use on HYV of sorghum under _irrigated and unirrigated conditions in different
districts (1973-74)

Rate of application per fertilized

Percent area fertilized with different

. hectare (kg) nutrients

District (State) Irrigated crop Unirrigated crop Irrigated crop Unirrigated crop

N P,05 K0 N P,05 K0 N  P,05 K0 N Py05  K,0
Jalgaon (Mah) 25 16 0 50 30 13 86 72 0 74 56 22
Ahmadnagar (Mah) 77 33 b 64 22 0 67 47 b 42 13 0
Sangli (Mah) 65 24 15 63 27 12 69 34 32 16 8 2
Aurangabad (Mah) b b b 56 30 15 b b b 25 15 7
Parbhani (Mah) NA NA NA 47 19 18 NA NA NA 43 25 25
Bhir (Mah) 0 0 o] 24 20 22 o] 0 0 25 44 25
Satara (Mah) 56 26 15 61 27 12 100 37 37 57 24 19
Osmanabad (Mah) 40 18 14 26 21 16 43 34 34 37 31 - 31
Buldhana (Mah) 40 40 b 33 33 18 100 100 b 88 88 57
Akola (Mah) NA NA NA 48 27 17 NA NA NA 52 42 21
Amravati (Mah) 42 31 21 42 27 23 97 79 74 84 66 44
Nanded (Mah) 0 o] o} 30 15 4 0 (o] 0 50 30 15
Wardha (Mah) 35 17 15 45 18 15 58 58 48 60 43 33
Nagpur (Mah) NA NA NA 35 27 16 NA NA NA 83 81 60
Mandsaur (MP) NA NA NA 63 24 29 NA NA NA 81 71 54
Belgaum (Kar) 100 35 29 89 18 17 100 81 77 86 36 30
Bellary (Kar) 20 14 14 12 11 11 85 82 82 69 70 68
Shimoga (Kar) 44 25 25 38 25 23 78 75 65 92 92 88
Shimogad (Kar) 57 35 33 NA NA NA 97 95 74 NA NA NA
Mysore (Kar) 60 38 32 36 30 31 91 86 80 19 4 5
Anantapur (AP) 50 b 0 b 0 [o} 41 b 0 b 0 (o}

Source: Unpublished tabulated results of IASRI assessment survey 1973-74

a. Post-rainy season crop.

b. Estimate not reported, based on very few observations.

NA - not applicable.

97



Table 7. Fertilizer use on HYV of pearl millet under irrigated and unirrigated conditions in dif-

ferent districts (1973-74)

Rate of application per fertilized Percent area fertilized with different

. hectare (kg) nutrients

District (State) Irrigated crop Unirrigated crop 1Irrigated crop Unirrigated crop

N P05 K20 N Py05 K0 N P205 K30 N P05 K20
Banaskanta? (Guj) NA NA NA 49 [¢] 0O NA NA NA 23 0 0
Kaira2 (Guj) 37 45 [ 35 38 0o 69 19 s} 80 8 o]
Rajkot2 (Guj) 38 42 0 22 23 o 87 53 [¢] 73 50 [¢]
Hissar2 (Har) 46 61 c c [} 0o 67 3 c c [ i 4
Rohtak?@ (Har) 47 0 [¢] 23 0 o 92 o] o] 21 0 o
Jaipur2 (Raj) 37 o] o] 34 16 o 72 [¢] 0 70 60 0
Aurangabada (Mah) c c c 30 19 18 c c c 35 28 16
Parbhani (Mah) NA NA NA 27 12 12 NA NA NA 29 16 16
Bhir@ (Mah) c c c 25 17 16 c c c 20 18 18
Jalgaon2 (Mah) c c c 32 21 8 c c c 77 56 21
Ahmadnagar@ (Mah) 67 40 17 57 27 49 93 35 10 66 15 4
Sangli (Mah) 60 c c NA NA NA 47 c c NA NA NA
Sholapur (Mah) 28 c c c o o] 31 c c c 0 (o]
Morena? (MP) 71 25 4] 48 38 0 100 100 0 91 76 o]
Guntur (AP) 65 28 16 c 4] 0 64 64 45 c 4} 5]
Chittoor (AP) 76 34 32 NA NA NA 99 54 46 NA NA NA
Nellore (AP) 41 22 18 NA NA NA 91 67 41 NA NA NA
Coimbatore (TN) 99 42 33 NA NA NA 91 74 66 NA NA NA
Coimbatoreb (TN) 49 26 21 NA NA NA 94 67 67 NA NA NA
Madurai (TN) 35 19 19 c c c 81 62 62 c c c
Maduraib (TN) 18 6 [ 0 4] 0 91 so 50 0 [¢] (o]
Tirunelvelia (TN) 77 30 30 20 13 13 87 38 38 48 48 48
Tirunelveli2'P (TN) 32 0 0 28 c c 13 0 0 54 c c
Chingleput (TN) 44 31 27 NA NA NA 94 77 74 NA NA NA
Chingleput} (TN) 49 26 21 c c c 94 67 67 c c -
BellaryP (Kar) 64 30 26 NA NA NA 98 83 79 NA NA NA

Source: Unpublished tabulated results of IASRI assessment survey 1973-74.
a. Traditionally'important pearl millet producing districts.

b. Post-rainy season crop.

c. Estimate not reported, based on very few observations.

NA - not applicable.

Lt



18

FIGURE 1.
DISTRIBUTION OF DISTRICTS ACCORDING TO RATE OF FERTILIZER APPLICA-
TION AND PERCENTAGE AREA FERTILIZED UNDER IRRIGATED AND UNIRRI-
GATED CONDITIONS FOR HYV OF SORGHUM AND PEARL MILLET

(1973-74)
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overall distribution shown in Fig 1 indicated somewhat higher level of
nitrogen use for pearl millet hybrids. Comparison of fertilized areas
under irrigated and unirrigated conditions revealed that the areas fer-
tilized with P,0g5 and K20 recorded sharper declines as compared to the
area fertilized with N. This follows from the fact that there is an ele-
ment of flexibility for nitrogen application (it can be applied during
post-sowing stages also) but for the other two nutrients it is not so.

Table 8. Modal classes for rate of fertilizer application and percent-
age area fertilized: HYV of sorghum and pearl millet, 1973-74

Modal classes for rate Modal classes for
Crop Ferti- of application (kg per percentage HYV area
lizer fertilized hectare) fertilized (8)
Irrigated Unirrigated Irrigated Unirrigated
Sorghum N 41 - 60 21 - 40 > 80 > 60
P05 31 - 40 21 - 30 > BO < 40
K20 11 - 20 11 - 20 61 - 80 < 40
Pearl Millet N 41 - 60 21 - 40 > 80 61 - 80
P30s5 21 = 30 < 20 61 - 80 <10
K20 < 10 < 10 41 - 80 < 10

The modal rates presented in Table 8 compared favorably with those
reported for different states by the National Council of Applied Economic
Research (NCAER 1978) for 1975-76. The 1969-71 estimates for sorghum
(All-India) also belonged to the modal classes obtained in this study
(NCAER 1974). While this improves our confidence in these estimates,
this comparison also suggests that rates of fertilizer application to
these crops did not record any significant gains over 1969-70 to 1975-76.
We shall come back to this later.

Stratification of these data by major soil types revealed that
geneially :he rates of fertilizer application to unirrigated sorghum were
higher on black soils as compared to red and lateritic soil groups --
medium black soils faring better than shallow black soils. For pearl
millet, the unirrigated rates were'higher on alluvial, grey-brown and
black soils as compared to mixed red and black, red and red and lateritic
soils. These trends are in line with the moisture holding capacities of

different soils,
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Summing up, the analysis of adoption levels and application rates
revealed the following: (a) A substantial proportion of farmers growing
HYV of sorghum and pearl millet used fertilizers on these crops. What is
more important, they used fertilizers for the rainfed crops also.
(b) There was evidence to show that in some districts at least, local
varieties of these crops were also fertilized. (c) High spread of the
HYV did not always lead to higher rates of fertilizer application but
spread of HYV and extent of crop area fertilized were positively correlated.
This implied that decisions to use fertilizers and superior varieties were
related but decisions regarding rates of application were probably taken
with other considerations in view. (d) The status of soil moisture
appeared to he important in fertilizer use decisions. Accordingly, rain-
fall and irrigation both appeared to influence fertilizer use. (e) There
was some evidence to suggest that farmers considered the relative responses
of different varieties in making their fertilizer use decisions. (f) The
rate of application as well as the area fertilized with different nutrients
was lower under unirrigated conditions respectively for both these crops.
The modal rates of application of nitrogen were 40-60 kg and 21-40 kg per
fertilized hectare under irrigated and unirrigated conditions. The unirri-
gated rates were somewhat higher for sorghum while the irrigated rates were
higher for pearl millet. Application of phosphorus and potash was more
widespread for sorghum. Under unirrigated conditions, however, the extent
of area fertilized with these nutrients was substantially lower, particu-
larly in pearl millet districts. (g) Wide interdistrict variability was
noticed in the fertilizer use parameters for both these crops, under-
scoring the need to study the determinants of this variability and also
the adaptability and response behavior of different HYV in greater detail.

In the following chart, districts have been classified into 9 cate-
gories representing combinations of high, medium and low rate and area
fertilized variables (for nitrogen only). Four of these are of special
interest from a diagnostic point of view. We helieve that this classifi-
cation arises from the interaction of technological and institutional
factors. Availability of regionally adapted, fertilizer-responsive
varieties determines rates of fertilizer application and adequacy of
institutional infrastructure (credit, fertilizer retail trade, etc.)

influences the extent of crop area receiving fertilizers. Based on this
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