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IMPACT OF CROPPING PATTERN ON AGRICULTURAL PRUCUCTION

C.G. Ranade

I. Introduction

Knowledge about the. sources of growth of agricultural
productien and their relative importance in differsnt reqions
characterized by different agreclimatic factors is dusirabié for
effective agricultural planning at regional level., With this
motivatinn this paper examines the effect of crepping patte;n aling

with fertilizer and irrigation upon agricultural production.

There have been a few attempts in the past to examine
the "Cropping pattern shift effect! uﬁon growth in agricultural
productien over time. The decompasition of growth af aéeicultural
output was attempted ®y 8.S. Minhas and Vaidyanathan (1965) for
period 1951-54 te 1958-61. They analysed the data on 28 majaf
crops in 14 staﬁes and alse the data on the sdme crops for
268 diatricts’belnnging to 13 states. The contribution of
area,.yield, crapping pattern and the interactimn ef the latter
two factors to the increase in wutput was assessed by using

an additive scheme of decomposit{nn. Dharm Narain's (1976)

# This paper is prepared for ths Seminar on "Data Base
and Methodology for the Study ef Growth Rates in
Agriculture", (Organised by the Indian School of
Pelitical Economy, Lonhavala.
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work is an extension of the study of Minhas and Vaidyanathan,
He decomposed the growth of Productivity in agriculture into
three factors, namely, changes in cropping pattern, locational
shifts of area under individual crops and pure yield effect.
His study econcluded that the growth of productivity during the
fifties was mainly due te the first two factors, that is,
cropping pattern effect and locational shift effect. During
the sixties the major factor influencing growth of productivity
was pure yield effect, which was a result of technrlogical

change.

The above studies, however, do not examine the effect of
cropping pattern, fertiliser and irrigatiaon simultaneously upen
agricultural producticn., This paper attempts to do seo., The
approach of this paper is te examine the effect of these facters
upen agricu%tural output per hectare across 54 agroclimatic
regions covering 16 major states for a pre—=green revolution
period from 1962 to 1965 and then for a post-green revolution

period from 1970 to 1973,

The paper is divided into three gections. SGeestion II
describes the data and methodology used in this study. 1In

Section I1II results and their implications are discussed.



II. Data and Methodology

In order to compute the agricultural output per hectare in
different agro~climatic regions, the data onh area and yield for
different crops in all districts belonging to 16 major states arse
taken from the JNU-PPD study (1976). The crops and states covered

in this paper are as follows :1/

Cropes : Rice, Wheat, Jowar, Bajra, Maize, Ragi, Barley,
Gram, Tur, Groundnut, Rapeseed and Mustard,
Sesamum, Linseed, Castor Seed, Jute, Mesta,
Cotton, Sugarcane and Tobacco,

States: Andhra Pradesh, Assam, Bihar, Gujarat, Haryana,
Himachal Pradesh, Karnataka, Kerala, Maharashtra,
Madhya Pradesh, Orissa, Punjab, Rajasthan, Tamil
Nadu, Uttar Pradesh and West Bengal.

The districtwise data are aggregated into the value of
agricultyral output per hectare in S& agro~climatic regions by
first adding the value of output of different crops in all
districts in & region and then by dividing it by the total
gross cropped area (the sum of area under different Crops) in
that region. The districts are aggregated by using the classifica-
tion given in the Twenty Sixth Round of the National Sample Survey
oh Land thdings (1972).  The value of agriecultural output is

computed at the constant average all-Indiz 1970-73 prices,

v Even though the data for Jammu and Kashmir ere available in
the JINU~PPRD Study, it was not possible to figure out to
which agro-climatic regions Jammu and Kashmir belong and
hence that state is omitted,



These prices are taken from the JNU-PPD S5tudy.

The cropping pattern index is computed by using the following

formula 3
i=1 (alj Yy pl) 1=1 (Ai)
T °1j o AP
i=1 i=1
where
aij = area under the ith crop in the jth region,
Yi = all-India average yield of the ith erop,
Pi = all=India price of the ith crop,
Ai = all-India a2rea under the ith crop, and
CIj = Cropping pattern index for the jth region.

This index is similar to the "Pure cropping pattern shift effaect"
defined in Dharm Nafain's study. 1In his study Dharm Narain
considers the base year yield and prices of different crops while
in the above index all-India average yields and prices of

different crops are used.

The fertilizer variable used in the baper is im terms of
the sum of the kilograms of N, P and K per hectare. These
data for 1962-65 are taken from the Ministry of Agriculture and
Iirigation, and for 1970-73 are takeﬁ from the fertilizer statistics

published by the Fertilizer Assoeiation of India,
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Irrigation variable used in the paper is in.terms sf the
percentage of gross irrigated area in total grdss cropped area,.
These data for different districts for 1971 are taken from the
statewise reports of the Agriculturel Census while for 1962-63
they are taken from the Indian Agriculture.Statistics. fFor
1962~63 these data however are not available for Assam, Kerala

and Orissa.

The methodology in this paper can be divided into two
parts. First the effect of cropping pattern, fertilizer and
irrigation upon £he agricultural output per hectare is examined
by way of visual comparison. Second the linear and double log
functional forms are fitted for the pre~ and post=green revolution
periods separately byiusing the Ordinary Least Squares method and
then significance of different variables is assessed. The
regression anelysis in the paper is illustrative in nature. It can
be further modified by incorporating rainfall, size distribution

of owned land etc. which affect agricultural productiuityﬁ%/

2/ In the FAO-IIMA study the agricultural production per
hemtare across 57 agro-climatic region is examined by
considering size distribution of ownership of land
alongwith fertilizer and irrigation. For the results
of this analysis, see V.S, Vyas (1978).



III. Results

Tables 1 and 2 present regionwise agricultural preduction,
fertilizer use, irrigated land and cropping pattern index for
1962~65 and 1970~73. Comparison between Northern Punjab and
Cozstal Northern Tamil Nadu for 1970-73 shows that even though
the percent irrigated land was higher in the former region
(73.62 percent) than in the latter region (61.66 percent), still‘
the yield was higher in the latter region (Rs. 2030) than the
former (Rs. 1067). At the sametime, however, the cropping pattern
index was higher in Coastal Northern Tamil Nadu (126.4) than that
in Nerthern Punjab (119.5). Ffor the same regions although the
fertilizer input is not positively correlated with vyields, the
cropping pattern index is positively correlated with yislds.

The fertilizer use was less .n Crastal Northern Tamil Nadu than
that in Northern Punjab, Thus the allocation of area is morg
towards high value crops in Coastal Northern Tamil Nadu which
also has the highest agricultural output per hectare among

a1l the regions.y

The above finding, however, does not imply that the cropping
pattern index and yields always move in the same direction. This
will be evident after comparing all regions in Orissa with all

regions in Punjab for both periods. In Orissa, although the

—/ See Table § for the value per hectare of different crops
in 1962-65 and 1970=73.
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cropping pattern index is higher than thet in Punjab, the yields

are much low and so are the fertilizer use and irrigation too.

The above discussion implies that in order %o examine the
effect of fertilizer, irrigation and cropping pattern separately,

it is necessary to do ceteris paribus analysis. Hence we propose

to do the regression analysis., Here one might argue that cropping
pattern depends upon irrigation and fertilizer, and hence it might
create multi-collineanity ameng the independent variables,

This, however, is not the case because the correlation coefficient
between the cropping pattern index, and fertilizer and irrigation
was never higher than 0.4 in twe periods (Table 4). Thus the
regions growing high value crops do not necessarily have high

fertilizer use and mors irrigation compared with other regions,

The coefficients of thu estimated linear and double log
functional forms are presentsd in Tapble 3. The estimated coefficients
of all variables for both periocds are pesitive and highly significant,
and also R2 is very high. Thus sven though the visual inspection
of Table 2 indicates that certain conflicting cases exist with
respeﬁt to changes in yield and the cropping pattern effect,
the regression results show that higher the cropping pattern

index, the higher will be yields ceteris paribus.




This result is important in deciding heow far high yielding
foodgrain technology, along with Fertilizer and irrigation, needs
to be pushed in comparison with growing more of high value brops
in order to increase agricultural productivity in different
regions. It appears that marginal manipulations in the cropping
pattern in a region can increase agricultural productivity
significantly even if fertilizer and irrigation use remain

unchanged.

Tabie 5 shows that during 1970-73 sugarcans, tobacco, jute,
mesta, rice and groundnut were top six high value crops. Although
these crops, whersver they can be grown, heve a comparative advantags
over other crops, farmers in a region might be growing foodgrains
for home consumption purpose. In such cases policies can be
formulated for encouraging these farmers to grow high value crops.é/
A policy in this respect could be of providing adeguate end
assured supply of foodgrains for home consumption when those
farmers shift to high value crops. The extension machinery can
play a big role in tapping the comparative advantage of differsnt

regions.

[N . . e o
similar suggestion for growing trees is given by
Tirath R. Gupta (1979) for Western Rajasthan when he
shows that the farmers in that region have 2 comparative
advantage in growing tree- as against continuing
cropg husbandry.
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Tahle 1 : Regionwise Agricultural Production for 1962-65 and 1970-=73
Yield is Rs. per Hectare
State/Region 7
1962-65 1970=-73
(1 (2) (3)
1a Andhra Pradesh
Coastal 1380.2 1475.9
Inland Nerthern 744,5 652.8
Inland Southsrn 1028.7 1192.2
2 Assam
Plains 1152.5 1214.0
Hills 1199,0 1503.1
3. Bihar
Southern 882.2 BB5.6
Northern 006.4 8950.,.5
Central 0983.1 1135.5
4, Gujarat
Eastern 1004 .4 987.7
Plains, Northern BS1.4 1175.1
Plains, Southern 96,8 1098.4
Dry Areas 414.5 553.2
Saurashtra T60.1 911.,9
5. Haryana
Eastern 905,0 1372 «8
Western 706.2 513.7
B Himachal Pradesh
745.9 931.1
Te Karnataka
Coastal and Ghats 1515.8 1665,.8
Inland Eastern 1257.1 1582.3
Inland Southern 1018.6 141243
Inland Northern 539 .1 T19.5




Table = 1 (.. Contd ..)
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(1 (2) (3)

8. Kerala

Northern 16312 1751.9

Southern 1601.0 1800,0
9. Madhya Pradesh

Eastern 618.1 897.4

Inland Eastern 519.3 582.5

Inland Western 570.7 617.7

iestern 621.6 62C.2

Northern 626.6 674.3
16 . Maharashtra

Coastal 1370.3 1345.5

Inland llestern 109, 4 632.3

Inland Northern 655.2 497.2

Inland Central 475,77 293.8

Inland Eastern 511.2 399.,7

Eastern 706.1 657.6
1. Orissa

Coastal 1169.0 1067,.5

Southern 1065.8 975,3

pNorthern 1067.9 1011.9
124 Punjab

Northern 1194,2 1793.7

Southern 1124.1 1738.8
13. Rajasthan

Western 159.2 225.7

North Eastern 484.2 20,5

Southern T46.7 7751

South Eastern 537.9 T05.3




Table = 1 (.. Contd ..)

(1) (2) (3)

14, Tamil Nadu

Coastal Northern 1588.4 2030.2

Coastal Southern 1488.4 1821.5

Inland 13683.1 1564.0
15. Uttar Pradesh

Himalayan 880,2 1034.7

Western 1115.5 1344.5

Central B97,.,2 1014,9

Eastern 858.7 928.3

Southern 596.9 T21.9
164 West Bengal

Himalayan . 1264.9 1320.8

fastern Plains 1231.8 1371.0

Central Plains 1932,.5 160B8.3

West Plains 1314,.2 1433,0




12

Table 2 3+ Regionwise Fertilizer Use, Irrigated Land and Cropping

pattern Index for 1962-65 and 1970~73.

1962 =~ 65 1970 - 73
state/Region Ferti- percent Cropping Ferti- Percent Croapping
lizer Irrigated Pattern lizer Irrigated Paltern
(Kg./ha.) Land Index (Kg./ha.) Land Index
(1) (2) (3) (4) (5) (6) ("

1. Andhra Pradesh

Coastal 13.52 38.05 130.4 24.92  43.00 126.8

Inland Nertherh 4.78 21.08 85.9 13.711 20.49 75.8

Inland Southern 3,78 24,29 103.6 12.03  24.19 99.2
2. Assam

Hills 0.91 N.A 146.4 1.46  24.61 149 ,4
3. Bihar

Southern 1.34 8.12 126.,0 2.90 6.64 121.7

Northern 177 T .04 131.6 10.73 14.17 127.1

Central 4,15 19.7 120.2 13.66 55.29 121,9
4, [Gujarat

Eastern 3.70 3,70 99.7 18.03 .26 RIS S

Plains, Northern 3.80 11.56 95.8 19,24 15.64 86,3

Dry Areas 0.29 5.58 £3.9 4.04 B.77 5842

Saurashtra 3.97 7.26 100 .1 23.81 14.51 89.2
5. Haryaha

Fastern 2.37 28.32 96.5 20.50 42.31 108.5

Western 1.28 30,71 673 12.67 51.85 7445

Himachal Pradesh 3.43 15.42 86.5 6,70 15.78 88.1

6.
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Table = 2 (... COntd oo}
(1) (2) (3) (4) (5) (6) (7

7. Karnataka

Coastal & Ghats 2.19 22 .96 144 .2 36,80 27.00 138.1

Inland Eastern Z.84 28.50 111.8 29,52 38.34 106.2

inland Southern 9.12 16,56 86,0 25.40 19.64 94,2

Inland Northern 1.93 4432 79,0 9,60 6.86 “T7.1
g. Kerala

Noerthern B.93 NoRo 138.3 27«27 14 .46 132.6

Southern 15.086 N.A, 145 .8 54,30 18.22 137.3
g, Madhya Pradesh

Fastern 1.20 9,23 125.3 6,95 10.29 122.5

Tnland Eastern 0,31 1.44 95,2 ?.38 284 100.2

Inland Western 0.39 2425 T7e2 3,30 3.62 80.5

Yestern D.88 4.04 B1a3 TeT7 5.87 17.8

Northern 041 10.35 717 £6.91 16.72 81.4
10, Maharashtra

Coastal 3.39 2e82 125.0 23.85 1.66 1201

Inland Western 3.19 11.10 The2 144,79 12.82 0.3

inland Northern 4,01 5.75 75.6 13.45 10.81 7248

Inland Central 0.57 4,09 T4e7 677 2.91 66,5

Inland Fastern 2417 1.65 79,0 10.27 2405 Thdelt

Fastern 134 19.19 7B.B 9,94 19.57 05,2
11. Orissa

Coastal 2.05 N.A, 140.7 9,90 33,30 13243

Southetrn 1.00 N.Aa 135.8 1.05 2.36 124.5

Northern 0,85 Nafo 137.8 731 15.56 131.0
12. Punjab

Northern 3.52 25,03 10845 £3.16 T3.62 118.5

Southern 4,74 58,73 871 39.15 79.25 103,5
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Table - 2 (o. Contd oo)

(1) (2) (3) (4) (5) (6) (7)

33. Rajasthan

Western .04 2.21 3447 2.64 2,37 38.5
Northern Eastern 0.98 23.59 65.2 5,32 2'7.57 69.5
Southern 0.53 19.21 'B85.1 3.15 21.46 85.1
South Eastern .80 14.63 72471 12.51 23.12 7745

14, Tamil Nady

Coastal Northern 10.85 55.22 131.3 47 .68 61.66 126.4
Coastal Southern 10.97 55,82 122.2 43,53 55,25 117.9
inland .18 33.17 1021 41.06 33.11 97.0

15. Uttar Pradesh

Himalayan 1432 11.52 113.4 16,43 21.68 118.2
Western 4,20 33,75 136.9 26.97 51417 140.4
Central 2.53 18.41  118.8 15,36 27.86 121.6
Fastern 3.42 29,12  123.1 22,03 32,97 127.0
Southern 0.78 17.16 73,0 4,49 20,58 81409

16, West Bengal

Himal ayan 1.24 13.92 152.8 1.73 B8.29 14041
Fastern Plains 1.73 16.45 1407 11.79 40.56 131.2
Central Plains 9.77 28.43 145.9 38.18 4,03 135,41
west Plains 2.70 30.14 140.7 14,90 4.28 133.3

Percent irrigated land is equal to the percentage of gross irrigated
area in total gress crdbped area,



Table 3 3

vield Regressions for All Indi'a’1
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funttional

Explanatory Variable

" Form Fertilizer2 Irrigation3 grcpplngt Eenatant R F-value
. Pattern
Index
1962--65"
*
Linear 30.05, 5,51 0.87 -120,12 0,87 91.8
' (3.73) (3.28) {10,38) (1.58) - -

’ *
Double log 0013* 0.08 0.92 0.29 0,90 134 .46
(4.86) (3“18) (10.0%) (0.49)

1919-73

) *
Line{ih 15-39* 3016 % 0091 % ‘-1?5-78 0.84 89.52
(7.26) {1.98) (8,76) (1.72)
) "
Doubla log D.1d* g.10 1614 - 5T n 0.81 £9.94
(4.02) (2.86) (10.34) (2.13)

Figures in paranthesis are t-Values.

Fertilizer is in Kilogram per hectare.

Irrigation is the perczntage irrigated gross cropped area in
tctal gross cropped areas

Totel number of ohservations for 1962-65 and 1976~-73 are
respectively 47 and 54.

Means significant at 1 per cent.

Means significant at 5 per cent.



Table 4

16

Correlation Coefficient Totalwise

Cropping

Fertilizer Irrigation pattern Yield
1962-65
Fertilizer 1.00 D.63 0.40 0.68
Irrigation - 1.00 0.33 0.62
Crepping Pattern - - 1.00 0.83
Yield - - - 1.00
1970-73
fertilizer 1.00 0459 0.32 0.76
Irrigation - 1.00 D.25 0.57
Cropping Pattern - - 1.00 0.72
Yield - - - 1.00
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Table 5 3 Value of Different Crops

. 1962~65 1970-73
§1.No, Crop Price : :
{(Rs. per Yield value Yield value
Kg.) (Kge/has) (Rs.) (Kg./ha.) (Rs.)
1 Rice 1.159 1015 1176.39 1106 1281.85
2 Wheat 0.813 811 659 . 34 1322 1074.79
3 Jowar 0.781 522 407.68 452 3583.79
4 Bajra 0.682 365 248.93 472 321.90
5 Maize 0,649 996 646440 1085 704,17
6 Ragi 0.717 803 575.75 B6S 620.21
7 Barley 0.665 824 547,96 1033 686,95
B8 Gram 0,583 569 559.33 645 634,04
9 Tur 1.194 643 T67.74 712 B5C,.13
10 Groundhut 1.508 765 1143.80 734 1104.67
11 Rapeseed %
Musturd 1.846 418 T71.03 507 935,92
12 Sesamum 2.340 187 437458 212 496,08
13 Linseed 1.679 227 381413 260 436,54
14 Castor Seed 1.666 224 373.18 332 553.11
%5 Bunarcane 1.034 4563 4718.14 4973 5142.08
16 Cotton 6.900 119 821.10 129 830,13
17 Jute - 1.400 1237 1731.80 1227 1717.80
18 Mesta 1.500 731 1426,90 687 1305430

118 Tobatco 5.153 845 4354.29 852 4390.36
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