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RESEARCH NOTES
GROWTH OF INDIAN AGRICULTURE: A REAPPRAISAL

The questions as to how Indian agricultvre has been doing over time and
how different rcgions have responded to the changing economic conditions of
the country in the last few decades, have been the centre of the debate among
various cconomists. Difterent scholars, by analysing the same set of data,
have obtained different trend rates of growth of agricultural production
depending on the goodness of fit of different mathematical curves such as
lincar, exponential and occasionally Gompertz.!  But the crux of the problem
is that two different fitted curves could be more or less the same from the view-
point of goodness of fit while implying completely different nature of the trend
rate of growth. We, however, intend to examine the growth rate controversy
in a somewhat different manner which can be explained as follows.

We felt the need to introduce the Logistic curve, ' = a + hc¢t (where y

is the estimated value aof the dependent variable), to check whether the trend
growth rates as obtained {from the Gompertz fit remained largely valid even
after the introduction of Logistic curve.  The Logistic resembles the Gompertz
and in that sensc these two are competing curves.  Morcover, in so far as the
goodness of fit is concerned, we have introduced 4 measure known as ‘C’ test,?

; 2y ~ . 23 oy P " - ~ .
which can be defined as G = 1 where Pois the number of pairs of

adjacent residuals of same sign and Q is the number of pairs of adjacent re-
siduals of opposite sign.  Obviously P+ Q = n—-1 and this C s an indicator
of first order auto-corrclation cocfficient of the residuals.  This coefficient,
C, helps us te identify the best fitted cvrve where the different fitted trend
curves give more or less the same D value®  Thus, out of two alternative
forms ol curves with more or less the same D value, one must choose that form
which bears the lower value of €, indicating thercby the little fluctuations
in the observed pattern of the variable to be explained.  We may now turn
to the results of our analysis.

1. Mention may be mede of the works done by Mitra (1968}, Minhas and Srinivasan (1968)
Rudra {1970, 1982}, Dey (1975), Vaidyanathan and Srinivasan (1977), Srinivasan ( 1979}, Dandekar
{1980), Chaudhuri (1981}, Ray (1983) and Sau (1983).

2. Inanideal good fit. itis expected that the observed points should lie on both sides of the fitted
cwve evenly, In the extreme case we are likely to get fluctuations around the trend curve in every
period and Q in that case equals (n—1) where P is zero. In such a case G= —I1. On the other
extreme a high value of C implies = high value of P relative to Qand litile fluctuations wround the
trend curve. Therefore, —1 < B =< L Sec for details, Bhattacharya and Maitra (1970;.

3. With usual notations D is defined as
~ e
E(ve—ve)

D = o
S(yi—v)®
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GROWTH OF AGRICULTURE, 1950-51 To 1982-83

We have taken up for analysis three groups of crops, viz., foodgrains, non-
foodgrains and all crops as a whole. For each group we have considered
.allIndia Index Numbers of three time variables-—the acreage under that
crop, the production and the yield rates and have fitted four different curves
to the data on cach variable over the period 1950-51 to 1982-83. The four
curves fitted are (7) semi-logarithmic, (i) straight line, (iiz) Gompertz, and
(w) Logistic. These results arc presented in Table I.

We observe from Table I that according to both the criteria of lowest D
value and the lowest G value in the case of either acreage or the yield rate of
three groups of crops, both Gompertz and Logistic curves give the best fits.
However, in the case of production, semi-logarithmic curve yields the lowest
D value for any of the three groups of crops. But even in thesc cases D values
from the Gompertz {it scems to be reasonably close to those values of the
exponential fit and there is no reason to accept semi-logarithmic fit as against
the Gompertz fit. Rather if we go by the C value criterion, except in the case
of non-foodgrains production, Gompertz fit always scems to be better than
the semi-logarithmic fit.

‘Thus, we may now conclude that in so far as the goodness of fit is concerned,
Gompertz curve provides the best fit for most of the variables considered here
and for most of the crops so far under study. It may be noted in this context
that the variation of growth rate measured from the fitted Logistic curve is
almost the same as the variation of growth rate in the corresponding Gompertz
curve and their growth implications do not differ much over time.

The implied trend rate of growth of each variable from the Gompertz
1sshown in Table II.  Note that in cach case the rate of growth is positive.

TasLe II. Truxp Resvrnrs FrRouM BEest Frrrep Gomperrz Curve

Variable/Group of crops Foodgrains Non-foodgrains All crops

d) ) @) )

Acreage - b==0-77, ¢==0-93 b=0-63, ¢=0-93 b=0-77, ¢=0-94
declining vate of growth declining rate of growth  declining rate of growth

Production .. b=20-1, c=1-0073 bh=0-10, c=0-9860 b=9-0, c=1-0004
increasing rate of growth declining rate of growth increasing rate of growth

Yield rate s b=1-29, ¢=1-0336 h=1-13, c=1-04 b=1-24,¢=1-03
inereasing rate of growth increasing rate of growth  fucreasing rate of growih

QOur observation suggests that a sharp increase in the growth of agri-
cultural production had not been possible during the period 1950-51 to 1982-83
mainly because of the diminishing rate of growth of cropped area. Although
the rate of growth of productivity of land in the agricultural sector is found to
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be rising, the rate of growth of agricultural output remaincd more or less
constant in view of the fact that semi-logarithmic curve gave the best fit.  Pre-
sumably this may be duc to the fact that the rate of growth of cropped arca
has been declining over time.

GROWTH OF AGRICULTURE: BEFORE AND AFTER
ADOPTION OF NEW TECHNOLOGY

Presented in Table 1IT are the forms of the best fitted trend curves sepa-
ratcly for the two periods, namcely, the pre-green revolution period (1950-51 to
1964-65) and post-green revolution period (1965-66 onwards).

Tasiz I11. Best Frrrep Trenp Curves Doring Pre-GREEN RevoLurion
AND Post-Greex RevoruTion Prriops

1950-51 to 1964-65 1965-66 to 1982-83
Variables Food- Non-food All crops Food- Non-food Al crops
grains grains grains grains
1 &y 3 (1 (5 ©: a7,
Acreage Gompertz Straight line  Straight line  Straightline  Semi-log Straight line
(declining; (declining:  (declining) (declining: (corsteut:  {declining:
Production  {Straight line  Semi-log Straight line  Suaightline  Straight lice Straight line
(declining; {constant (dechining’; {declining: (dechning (declining;
Yield rate  Straight line  Semi-log Straight line Stredght line  Scmi-log Semi-log
(declining; (constant) (declining (declining) {constant:  {constant}

Table IIT shows that the trends in growth of acreage, output and vield
for food crops during 1950-51 to 1964-65 arc consistent with the retardation
hypothesis. In the case of acrcage under food crops the Gompertz with I <C 1
and ¢ << 1 provides the best fit whereas in the case of both production and yield
rate of food crops the straight line provides the best fit.  Similar observation
can be drawn in the case cf acreage; output and yicld for all crops as a whole.

Growth trends of non-food crops, however, give somewhat different picture,
In the case of cither output or yield rate for non-food crops, semi-logarithmic
curve gives the best fit, while for acreage, straight line gives the best fit.  These
indicate that the growth rates of output and yield for non-food crops remained
constant whereas that of acrcage declined during the pre-green revolution
period.

Coming now to the post-green revolution period, we find from the same
table that the samc retardation hypothesisregarding the growth of agricultural
output can be accepted unambiguously for the current decades also.  As a
matter of fact, in the green revolution period straight linc provides the best
fit for cach of the three groups of crops. However, ornc interesting finding is
that koth acreage and production for each of the three groups of crops imply
a diminishing rate of growth, while yield rate for each group remains more or
less unchangcd.
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Itis clear from the above discussion that one cannot discover any tendency
of shifting ol trend curves with the introduction of new technology in Indian
agriculture.  No break could be located in most of the cases and, thercfore,
smooth trends scem to fit the data of the entire period for most of the crops.
Thus, the results of our trend analysis bear very close resemblance to the trend
results analysed by Rudra (1982) up to the year 1976-77.

Although the growth of agriculture for some major groups of crops reveals
a smooth trend so as to rule out any change in the production conditions, a
crop specific analysis might have te give some what different picture.  The
following scction attempts to examinc this.

CROP SPECIFIC TREND RESULTS

Crop specific exercises enable us to verily some commonly prevailed
popular idcas. Somc of these arc noted below.

(@) After the introduction of high-yielding varicty (HYV}) technelogy
in the mid-sixties, the importance of cash crops had increased in the agricultural
sector as a whole, while the relative importance of inferior cereals and pulscs
had declined.

(b) Acccleration in the yield rate was morc pronounced in the casc of
rabi crops, particularly in the casc of wheat, compared to that of the kharif
crops.

Our crop specific trend results presented in Table IV indicate that there
has neither been an increasing rate of growth nor any break in the trends of
any of the variables for any of the crops under study for the entire period,
1950-51 to 1982-83.

Tasre IV. Estiates of Best Frrrep TreND EQuatioN For Dirrerunt CroOPS
1950-51 To 1982-83

Estimated
Variables Parameters Rice Wheat Bajra Pulses Potato  Sugarcanc
(M @) 3) @) ®) (6) ) ®)
3 (2 (L &) (2) )
a Il'ig»-%)‘t 60-)22 88-21-1 960-)01 45-78 67-40
Acreage .. b 0-6924 1-0280  0-2240 156-98 1-0404 1-8812
c 0-9445 — — 0-7245 —_ —
1 @ (3 ) 2) 0
a 5(7-)70 31 -)91 109-)59 96-13 3&-94— 47-49
Production .. b 2-2252 1-0608  0-4112 0-0756 1-0597  2-2887
c — —_ 0-8916 — — —
1 (2 (1) (1 (2) 1)
a 7%-)27 53')14- 69-14 94-)12 76-58 7;-37
Yield .. £ 3 b 1-4270 1-0320 1-7771 0-0624 1-0148 1-0462
c — - — — == -

Note:— Figures in brackets indicate the form of the best fitted trend curves against codes:
(1) streight line, (2) semi-logarithmic, (3) Gompertz with b < 1and ¢ <1, (4) Gompertz with
b > 1and ¢ > 1 and (5) Logistic.
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Analysis of data by dividing the whole period into two sub-periods give
some intcresting results. Following obscrvations can be drawn on the basis
ol the results presented in Tablc V.

Tapre V. VArIATION oF GrROWTH FrROM BrsT Iirrip Trunp Curve FOr VARIOUS
Croprs DURING PrE- aND Post-GreryN Revoruriox Periobs

Pre-green revolution period Post-grecn revolution period
Crops (1950-51 to 1964-65) (1965-66 to 1982-83)
Acreage  Production Yield Acreage  Production Yield
(1) (2) 3) (4 ) (6) 7
Rice .. 1-42 4-87-2-90 2-62-1-92 0-68-0-61  3-25-2-09 1-94-1-99
2 0 ey M 6 4
Wheat .. 3-10-2-16 5+ 14-2-99 I-l(S(J G~‘1~8T1' 11 13-30-4-08 4-94-2-68
I (1 2 @) (1 h
Jowar .. 0-92-0-82  2-99-2-11 1-87-1-48 —0-91 1-99 2-89
( H (1 2 (2) (2)
Bajra .. 4-17-0-01  2:96-2-09  0-48-4-27 —0-7210--0-83 0-62-0-36 2-10-0-34
@) @ S {j ) @)
Pulses .. 2-16-1:66 11:32-0-01 —0-26 to -—0-27 0-33-0-31 0-62-0-56  0-61-0-55
(1 I (1 (L (1 (1
Potato .. 440 417 —0-19t0--0-20 3-73 6-80 3-02
, (2) & (1 ) (2 (1
Sugarcanc 3-09 451 1-42 1-65 2-99 1-33-1-08
2) (2) (2 (2) (2 2]
Khearif foodgraing — — —_ 0-21-0-20  2:49-1-75 2-23-1-61
&) (4 (1
Rabi foodgrains - — — 1-54-0-53 6-27-3-03 4-44-2-53
3 n (1

Note:—TFigures in brackets indicate the form of best fitted trend curves asin the previous table.

(a) The rates of growth of acreage, output and vield rate of wheat in
particular seem to have declined both in the pre- and post-green revolution
periods. 'The rates, as such, however, scem to be higher in the latter period
than the former.

(b) Average growth rates of acreage and production of some inferior food
crops like jowar and bajra and that of pulses are much less in the post-green
1evolut10n period compared to the previous period.

~ (¢) Some of the crops which are generally regarded as cash crops or com-
mercial crops like potato, sugarcane, etc., seemed to have maintained a stcady
rate of growth during the two phases of agrxcultuml development.

(d) Classification of crops in terms of kkarif and rabi seasons shows that
the linear trend gives the best fit for output and yield of kkarif crops as well-as
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rabi crops for the post-green revolution period.  Similar trend (either linear or
Gompertz with b << Tand ¢ < 1) is obtained in the case of yield rate of these
two types of crops for the same period. Comparable data are not available
for the pre-green revolution period.  Trend results for post-green: revolution
period, however, suggest that the effects of HYV technology on rabi crops are
far from satisfactory.

All these evidences thus suggest that the commonly prevailed popular
belief regarding the wheat revolution and that of the breakthroughs in rab:
crops in the new technology period is far from correct. The much talked
gieen revolution in agriculture might at best be a localised phenomenon and
did bear very little impact on the cconomy as a whole.

In order to examine this proposition a little more, analysis of data by
choosing at least two heartlands of green revolution and carrying out of similar
exercises would be uscful.

STATE SPECIFIC TREND RESULTS

Trend analysis on acrcage and output of various crops for West Bengal
and Punjab reveal some striking differences.  The results obtained for these
two States often do not conform with the all-India trends. A close look at
the results presented in Table VI is necessary in this context.

Tanty VI. Compararivi PrcTure oF CoNSTANT AVERAGE ANNUAL GROWTH Raris
OpTaINeD ¥or Wist Bexcar, Punjas axp Aun-INpia

Average growth rate (per cent)

West Bengal Punjab All-Tnxdia
Ttem -
Pre-green  Post-green  Pre-green Post-green  Pre-grecn Post-green
revolution  revolution  revolution  revolution revolution  revolution
(L (2; (3 (4 (3) (6 (7)
I. Growth of
acreage
Rice . 1-03 042 G-80 10-40 1-42 0-65
Wheat ve 1-10 3:38 260 3-30 266 3-23
All foodgrains 1-09 0-36 1-61 2-36 0-51* 0-47
1I. Growth of
production
Rice Y5 156 115 8-10 16-90 3-70 2-64
Wheat .. —0-33 7-09 4+40 6-30 3-90 6-91
All foodgiains 112 0-98 3-22 594 2-54* 2-97

*Results obiained for the period 1956-57 to 1982-83.
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A time-serics analysis of acrcage and output data of West Bengal for the
years 1952-53 to 1981-82 reveals that except in the case of wheat, the effect
of new technology for other crops is almost negligible. Smooth linear trends
give the best fitin the production data of the State. In the case of wheat, a break
in trend is located in both production and acreage data, around 1967-68.
Average rates of growth of production and acreage beforc and after this break
are presented in Table VI.  The table shows a moderately high rate of growth
of both acreage and output of wheat during the post-green revolution period.
The rates of growth during the pre-green revolution period show a negative
rate. This indicates that the new technology had a clear positive effect on
the growth of output of wheat in West Bengal.

Coming to the data on Punjab, we observe that while the growth ratcs of
production of rice and wheat increased at a decreasing rate (linear fit) during
1951-52 to 1967-68, the exponential curve seems to fit best with an average
annual growth rate of 16.90 per cent in the case of rice and 6.30 per cent in
the casc of wheat during the period 1968-69 onwards. Thus, a sharp
rise in the growth of rice production compared to the wheat producton is
observed in Punjab during the post-green rcvolution period. Again among
the kharif crops while the acreage under cultivation of rice had increased at a
high rate, the acreage under bajra had declined at an average rate of 1.30
per cent per annum. The area under cultivation of pulses (which are mostly
rabi crops) had also declined at an average annual rate of 4.29 per cent. This
suggests that some sort of crop substitution might have taken place in Punjab
in terms of shifting cereals from inferior to superior ones.

The results presented in Table VI also suggest that the sharprise in the
production levels of rice and wheat in Punjab was always associated with
similar increase in the acreage under cultivation of the same crops in the same
period. In West Bengal, on the other hand, the acreage under cultivation
of various crops did not increase except in the casc of wheat during the post-
green revolution period. Thus, in spite of being a rice growing region, West
Bengal can hardly be compared with Punjab in terms of the intensity of
cropping and cropping pattern.

From the above observations it is clear that the data for the two regions
of India give two distinct pictures of the growth of farm output. In the
case of West Bengal, new agricultural technology has a positive impact on the
growth of wheat output; in the case of Punjab, its effect is towards the growth
of rice output. One thing that we may now conclude is that the effects of
new technology on agricultural output of different varieties of crops vary from
onc region to another, and it will be misguiding to treat specific effects as if
they are the same everywhere.

CONCLUDING REMARKS
Our analysis, based on fitting of four trend curves—linear, semi-logarith-

mic, Gompertz, and Logistic—and then judging the goodness of fit on the
basis of D value and C value, yiclds some interesting results. First, the results
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of the fitted curves allow us rcject the hypothesis that the rate of growth of
agriculture for the country as a whole has increased over time. This has not
been possible mainly because of the diminishing rate of growth of cropped
area. Secondly, the growth of agriculture reveals a smooth trend so as to rule
out any country-wide sharp changes in the growth of agricultural output due to
the introduction of new agricultural technology. Thirdly, cropwise trend
analysis suggests that except for some commercial crops like potato, sugarcane,
the new technology in agriculture had no impact on inferior cereals and had
little impact on superior food crops. Fourthly, the commonly prevailed
popular belief that the green revelution had succeeded only in the case of rabi
crops in general and wheat in particular is far from true. In the regions where
new technology bas disseminated, its effects are no less pronounced in the case
of superior kharif cereals, e.g., rice. Finally, some kind of regional disparities
arc observed in the growth of output of various crops in the so-called green
revolution areas.

On the basis of the foregoing discussions, following conclusions emerge:
Breakthroughs in production conditions through the evolution of HYV tech-
nology around 1965 have taken place in such a scattered and fragmentary
way that they have little impact on the country as a whole. The new agri-
cultural technology has not heen in any case more effective for rabi crops in
gencral, and for wheat in particular.

Manabendu Chattopadhyay and Gautam Bhattacharya*
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