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1. In tro d u ctio n

Th e  states of eastern India (viz. Assam, Bihar, Orissa and 
W e st  Bengal )  are considered by and large the poverty-ridden 
regions of India. A b o u t  30 per cent of the total rural poor live in 
these four states. Am o n g  these four states, the incidence of rural 
poor is high in Bihar (14.9 pet cent) and tow In Assam (2 0 per 
c ent ) .  It may be noted in this connection that the introduction of 
n e w  agricultural technology in different parts of India since the 
mid-sixties have improved the production conditions and conseq
uently  the income and employment and yet the states of eastern 

India fall behind the overall national proformance. For example, 
these states have experienced drastic falls in per capita production 
and yield per hectare during the current decades. These states 
have recorded drastic decline in gross cropped area per person, but 
have an impressive increase in the number of workers per hectare. 
T h e  state-wise  annual growth rates in the food grain production 
between 1971 - 85  fell behind the rate of growth of population in all 

these states. Ho we ve r , these states with relatively lower level of 
net irrigated area have relatively higher cropping  intensities.

W it h  this background of production conditions in Eastern 
India this paper attenriDts to examine empirically whether the 
pattern of growth in crop production in some states of eastern 
India (viz.  Bihar, Orissa and West Bangal )  has recorded any



significant change during the period 1950 to 1988. In the ran  

growth, how does one explain the year to year flutuation resul 
thereby in instability in agricultural production ? This is a sub, 
which has received wider  attention in the country in the reo 

years in the context of agricultural development strategy across t 
technologically lagging regions in particular.

T h «  study is divided into three sections. In Section I, w  
examine the growth rates in production of foodgrains, its consti 

tuents and other main cash crop (jute) between different periods 
along with the corresponding rates of growth in area and produc
tivity. Section II deals with the measure of instability and the 
trends in instability for the period 195 0 -8 8 .  In Section III, we 
discuss the relationship between growth and instability for the 

regions under study and mske some concluding observations.

I

2. G r o w t h  of Ag r i c u l tu r e

2.1 M ethodology

For the purpose of analysis of secular trend to the statistical 
series of agricultural production, yield and acreage for the period 
1950-51 to 1987-88, we have fitted three different curves : namely 
the straight line of the form fx ( t )  a -f- b t where 'a' positive and 'b' 

implies a diminishing rate of growth ; the semi-log curve of the

form f j ( t)  =  a (I +  0* implying a constant rate of growth r ; the

t
Gompertz curve of the form f3 ( t )  =  ebc which allows for both a 
diminishing rate of growth when b <  1 and c <  1 and an increasing 
rate of growth when b >  1 and c >  1. The goodness of fit of a 

curve has been measured by the statistic D, where D represents 

the ratio of the Residua! Sum of Squares (i.e. the sum of squares 
of deviations of the observed values from the trend va lu e s ) to 
the Total Sum of Squares of deviations of the 
observed values from the trend values to the Total Sum of Square-



2 ( y t - y t*) 2
of the observed values, i.e., D — ------------------------- , y t =  observed

2  ( y t -  y ) 2

value, y t* trend vafue, and y  =  mean value of the y's. Thus, 
out of three alternative forms of curves, one must choose that form 
which bears the lowest value of D, indicating thereby the good
ness of fit on the fitting of trend curves1.

2 2 Secular  T r e n d  1950-51 to 1987-88

Presented in Table  1 are the estimates of the best fitted trend 
equations for some major c o p s  obtained separately for Bihar, 
Orissa, West Bengal and India as a whole over the period 1950-51 
to 1987-88.

We observe from Table 1 that as far as the criterion of 
lowest D value is concerned,  trends in the growth of acreage, out
put and yie ld  for focd crops as a whole in the three states of 
eastern India give tw o distinct patterns for period 1950-51 to 
1987-88.  Thus,  in the cases of Bihar and Orissa, linear curve 
qives  the bast fit for all the variables (except yield) under study 
which is consistent with the retardation hypothesis. On the other 
hand, semi-logarithmic curve provides the best fit for all the vari-’ 
ab les in tha case of West Bengal wh'ch  confirms that the growth 
of acreage, output and yield of food crops remained unchsnge dur
ing the entire period of 38 years. Interestingly the results Gbtained 
for West Bengal conform with the all - India trends in the growth 
of output and yield in particular.

Above observations thus suggest a stagnation in the growth 
of foodgrains output in India mainly because of the diminishing

1. This m ethodology was adopted b y  Rudra (1970, 1982) 
based on earlier data of agricultural production and was strengthened 
by us through some fresh results ( Chattopadhyay and Bhattacharya 
1987)■ To the best o f our knowledge, nobody has till now  challenged 
the test based on the use of ‘O ' statistic.



rate of growth of cropped area. Although West Bengal gives the 

similar picture as in the case of India, the other two states of 

Eastern India (viz. Bihar and Orissa) strongly differ from the all- 
India trend. The performance of agriculture in these two states is 

not satisfactory in terms of acreage, output and yield of food crops 
in general. To take a view in this matter a little more, an analysis 

of data on acreage, output and yield separately for each major 
crop seems to be very important.

It is found from the same table (Table 1) that in the case of 
rice which is the main crop in the states of eastern India, linear 

trend (which implicity assumes a declining rate of growth)  gives 
the best fit for all the variables and semi log trend (which impl i 
citly assumes a constant rate of arowth)  gives the best fit for 
Orissa and West Bengal for all the variables except acreage in the 
case of West Bengal. Growih of acreage in the case of rice for 

West Bengal seems to be declining as the Gompertz curve of the 
type b <  1 and c <  1 gives the best fit. It may be noted that the 
all-India results for rice are fully consistent with the trends of 
West Bengal and partly of Orissa but not of Bihar Al l -  
India trend results relating to rice show that the growth of acreage 
has been declining and the growth of production and yield remain
ing unchanged during 1950-51 to 1987-88

Coming now to the next most important crop wheat, wa 
find from the same table that while the growth of acreage and ou t 
put for whe^t in Bihar and Orissa remained unchanged, the growth 
of yield rate registered a defin ing  trend. The reverse ie true in 
the case of West Bengal. All -India results, however, largely differ 
from the results obtained for the states of eastern India. It is seen 
that at all-India level, growth of wheat production and yield 
remained constant and the growth of acreage of wheat declined 
during this period.

An important commercial crop cultivated in eastern India is 
jute. Declining rate of growth of yield for jute is a phenomenon 
rot only for the states of eastern India but for.the country as a whole 
(Table 1). As a result, although the growth of acreage for jute



remained unchanged over time, the growth of output for jute did 

not register any upward change due to the diminishing rate of 
gro wth of yield rate.

Above analysis relating to the growth of agriculture for some 
major crops in India in general and eastern India in particular rule 
out any transformation in the production conditions. W e  do not 
find any striking result for any crop or for any region under study 
whic h provides sufficient ground for supporting breakthroughs in 
agricultural production.  This amounts to the rejection of the pro
position that there has at all been any green revolution over the 
country.  In order to examine this proposition a little more, 
analysis of data separately for the two periods- namely, the pre
green revolution period (1950-51 to 1966 -67 )  and post-green 
revolution period ( 1 9 6 7 - 6 8  onwards)  would  be useful.3

2.3 G r o w t h  of  A g r i c u l t u r e  B e fo re  and A f t e r  
A d o p t i o n  of  N e w  T e c h n o l o g y

Trend results for the first period (1950 -51  to 1966-67),  pre
sented in Table 2, s h o w  that the trends in the growth of acreage, 

output and yield for food crops as a who le  are more or less con
sistent with the trends for the entire period (i.e., 1950-51 to 
1 9 8 7 - 8 8 )  for ali the states under study.  Thus,  for food crops the 
growth of output and yield declined during the pre-green revolution 
period in the cases of Bihar and Orissa whereas the growth of 

acreage remained constant for these tw o  states. Al l - India trend 
results are. however,  consistent with the hypothesis of constant 
rate of growth of agricultural output,  yield and acreage during the

2. We have devided the period into tw o  sub-periods in terms 
of an overall notion of spread o f n e w  agricultural tech
nology. In  fact, this division m ay n o t be applicable for 
all crops and for a ll the regions o f India. We get such an 
impression w hile we attempt to examine the instability 
questions of the variables w hich have been discussed in 
the fo llow in g section.



pre-green revolution period and the West Bengal results bear very 
close resemblance to the all India results.

Coming now to the results for the green revolution period 
(i.e., between 1968-69 and 1987-88),  we find that the same 
retardation hypothesis recording the growth of output and yield 
for food crops can be accepted unambiguously not only for Bihar 
and Orissa but for West Bengal as well. As a matter of fact, in the 
green revolution period, straight line provides the best fit in most 
of the cases of growth of acreage, output and yield for food crops 
for all the three states of eastern India. For all-India, no difference 
can be made between the pre-a nd post-green revolution periods 

in terms of growth of acreage, output and yield for fond crops

Thus it is clear from the above analysis that there is no 
major changes in terms of growth pattern with the introduction of 
new agricultural technology for India in particular and also in the 
cases of Bihar and Orissa. The break however could be located in 
the case of West Bengal but onlv in the case of production and 
vield of food crops. But this break does not register any upward 
chanae of arowth of output and vield of food crops All these 
amount to acceptinq the proposition that with the introduction of 
new technoloay in agriculture, there has not been any structural 
chana* in the composition of foodgrains production in eastern India 
as in India as a whole. B^caus^. with new technology either the 
trend fitted over the entire period would show an increasing rate of 
growth or there would have been a break in the trend calling for 
two separate trend curves to be fitted to the two periods.3 None 
of these possibilities were supported bv the fitted trend' curves for 
eastern India as well as India as a whole.

Although the growth of agriculture for food crops reveals a 
smooth trend so as to rule out any transformation in the p ro duc 
tion conditions, a crop-specific analysis might have to be a some
what different picture. Our crop-specific trend results, presented 
in the same tables (Tables 2 and 3), once again rule out any

"• '
3. For an extensive discussion of this point see, Rudra (1 98 2).



transformation towards the incraesing rate of growth of agriculture. 
In fact, some breaks in the time trends could be located in the 
cases of wheat and jute for West Bengal,  rice for Orissa and wheat 
for Bihar. But in no cases, the breaks indicate the positive struc

tural transformation in terms of increasing rate of growth. Similar 
conclusion can be drawn regarding the crop-specific trend results 
for India as a whole.

T o  sum up, agricultural growth in the three states of Eastern 
India and India as a whole,  specially foodgrains, has been either 
stagnant or very  marginal over the period 1950-51 to 1987-88. 
This  is clearly due to the fact that the rate of growth of cropped 

rre?  has been decl ining over time. Between the three states, 
West  Bengal shows relatively higher overall rates of growth in 38 
years in food-grains production (1 .78 per cent per annum).. 
Orissa shows relatively poorest rate of growth (0.55 per cent per 

a nnum)  Som ewhat  different picture is observed in the case of 
rice production in these three states. Thus,  West Bengal registers 
highest rate of growth (1.77 per cent per annum) whereas Bihar 
registers lowest rate of growth (0.67  per cent per annum) in rice 
production in 38 vears. So far as non-food-grains crop jute is 
concerned,  this sh ows  a sustained decrease in the rate of growth 
in area and yield in respect of all the states. On the whole, it is 
clear from the analysis that the n e w  technology had hardly any 
impact in the aqrarian sector of eastern India. This is mainly due 
to the lack of assured irrigation throughout the year in these rainfed 
a n d  d r o u g h t  prone states. In fact, this growth of agriculture in 
these states is suspected to have been accompanied by ari increase 
in the instability in agricultural production which has been 

brought about by the uncertain natural conditions particularly in 
v i e w  o f  the absence of widespread use of new agricultural 
technology.

In the light of the problem of agriculture in eastern India 
discussed above, in the fol lowing section, we attempt to measure 
the extent of instability in crop production jn these states.



I I

3. Instability in A gricultural Production

3.1 M ethodology

A good number of studies have been made on the time trends 
in the growth of Indian agriculture and on inter-regional variations 
in the growth of crop production by numerous researchers. H o w 
ever, not much work has been done so far to analyse the growth of 
agriculture along with the fluctuations of production, area and 
yield of different crops at the regional level. Some of the recent 
studies which are notable in this area are Mehra (1981) .  Hazell 
(1982).  Ray (1987),  Dhawan (1987) and Boyce (1987) .  Most of 
these studies are at the all-India level and suffer from some 
serious methodological problems.

The measure which most of the researchers used in analy
sing instability in crop production was the coefficient of variations 
(cv )  which is defined as the standard deviation of output from its 
trend divided by the mean level of output (Mehra 1981).  The 
standard errors of the simple (discontinuous) growth rates were 
sometimes used as a measure of instability. An  alternative 
methodology of assessing changes in instability over time suggested 

by S.R. Sen (1967)  is the 'trough' and 'peak' method.

A  crucial drawback of meansuring instability by "estimating 
the variance or coefficient of variation of the variable around the 

time trend for two separate periods is that it fails to capture the 

large and frequent fluctuations of the variable concerned. Again,  

this measure shows only the extent of instability of the variable, 
and does not give any impression about the trend of instability 

That means, the question as to whether the fluctuations are stabil i 

sing over the period or the system becoming^ more unstable, can 

not be revealed from this kind of measure.
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As to the measure of comparison of two standard errors of 
the growth rates for two separate periods, it is argued that the 
standard error estimated for the two periods may be strongly 

affected by instability throughout the time series and hence cannot 
be used for inter-temporal  comparisons (Boyce 1987).

T he  method suggested by Sen (1967)  is to estimate separate 
trend for 'peak' and ' trough'  years and to assess the instability or 

stability of the variable in terms of the nature of divergence or 
convergence of the trend values. T h e  objection against this 
method is regarding the definition of 'peak' and 'trough' years. It 
is argued that a small difference in the values of the variable can 
cause certain year to be excluded or included and any modification 
of this criteria seems to be a matter of subjective judgement.

Yet another method suggested by Boyce (1987)  of testing 
the changes in instability over time is similar to Glejser's test for 
heterosc a dasticity and has some very distinctive advantages over 
the earlier methods discussed above. According to this msthod, 
let us define a statistic

A  A  
Z, =  ( Q t -  Qt )/Qt

A
where Q t =  observed value at time t and Q t =  estimated trend 
value at time t.

N o w  either the absolute value of Z t or if one wishes to put 
greater weight to larger deviations the square term of the statistic 
is regressed against time. If the estimated time trend is signifi
cantly positive the instability seems to be increasing and if it is 
found to be negative the instability seems to be decreasing over 
time. The statistical significance is tested by the corresponding 
t' values.

Th e  advantage of this method is that one can use the full set 
of data for the entire tipie-period without considering any a priori 
break to measure the changes in instability of the variable. Again,



this method can be applied to any functional specification of the 
growth process. However,  the practical problem of this method is 
that the form of the relationship between I Z t I and time is not 
known and that depends on the nature of the scatter diagrams of
I Zt I derived from the fitted relation between Q t and time. N a tu 
rally, an arbitrary specification of the model in finding out the 
trend value of I Z t I may ba misleading while interpre ing the trend 
values. Since there are no a priori ground to take any specific 
form one may test different models to obtain the best fitted model. 
Alternatively, on the basis of a scatter diagram of Z ; the form of 
the regression has to be decided.

Following the later approach we have, by and large used the 
measure (1 Z, 1 and Z2t) suggested by Boyce to study the 
instability of agriculture in eastern India during 1950-51 to 
1987-88. The results are presented below.

3.2 Results

In this analysis we  did not attempt to break the entire period 
in two sub-periods as has been done in studying the growth rates 
presented in Section I of this article. Instead, we have used the 
entire time-series data without any subjective division of time 
periods for the reasons described above. As  and when a struc
tural breek is suspected we  have introduced dummy variables to 
have a better result. In this analysis, we  have considered only 
two types of functional forms viz. linear and semi-log.  We have 
ignored the Gompertz type of relation as it has been found in our 
earlier results that this functional form does not hold gdod in most 
of the cases of growth analysis.

Now, regarding the form of the relationship of I Z t I and Z ta 

with time, the nature of the scatter diagrams vindicate for the 
linear specification to find out the trend value of the test statis
tics. In some cases we introduced dummy variables (both for 
intercept and slope) in the linear model and obtained better results. 
Presented in Table 4 are the results (significant trends only)  of our 
analysis.



It is evident from the figures in Table 4 that instability in 
area, production and yield of rice and total foodgrains in most of 
ihc oases are increasing over time. In West Bengal trend of insta
bility in acreage of rice is negative but the intercept dummy shows 
a significant upward shift of the magnitude of fluctuations during 
the post break period. Acreage of total food cultivation in West 
Bengal become more unstable (in most of the cases) during the 
later phase of the time series while in the first part of the break 
the trend is negative but not very significant. Yield instability of 

both rice and toial foodgrain is found to be true for the entire time 
period resulting thereby in the instability in rice and foodgrains pro
duction in the states of eastern India. Instability in area, produc
tion and yield of rice and total food crops are much pronounced in 
Orissa than the other states as in most cases the trend value of the 
variables are positive and significantly high. When the dummy 
variables are introduced, the acreage of rice in Orissa shows a 

decl ining trend in the post-break period with a significant jump in 
the magnitude of fluctuations. ( This  is also true in the case of 
foodgrains output and yield )

As to the results of analysis for wheat crop, the post-green 
revolution enterprise- most of the regions under study show a 
decl ining ttend of instability of production and yield which con
firms on e’s expectation. Although instability in acreage of wheat 
crop in Orissa shows a declining trend, the yield instability seems 
to be rising in the pre-break period while it is significantly nega
tive in the post-break period.

T o  sum up, the results of our analysis clearly show the 
increasing instability in the growth of area, production andyieldof 
food crops and rice in particular in the states of eastern India dur
ing the last 38 years. This exercise also confirms the proposition 
that there has been no break in the production of foodgrains during 
1950-51 to 1987-88.  ( The exception is noticed in the case of 
Or issa) .  In Orissa major agricultural break-through in rice and 

foodgrains production is noticed during the late fifties, much before 
the introduction of n e w  seed-fertilizer-irrigation technology in



different parts of India. This break, however, could not help to 
reduce the fluctuations of agricultural production during the post
break period. The picture of wheat cultivation is almost some in 
regard to instability in all the states of eastern India barring West 
Bengal and India in general.

I I I

4. Sum m ary and Conclusion

The basic thing which we intend to establish here is that it is 
not enough to study the agricultural growth without considering 
the variability of the variables associated with the growth rates. It 
is sometimes observed that the growth of output of a region or of 

a country increased at an increasing rate, but this increase has 
brought in its wake considerable instability in output. This 

obviously affects the income and employment stability of the 
country. Thus from the v iew point of policy implications the 
growth of agriculture should be viewed in terms of an integrated 
framework of growth with stability.

With such considerations in mind we have attempted here 
to study the growth of agriculture in eastern India along with an 
analysis of fluctuations in foodgrains output and in the output of 
other major crops. T o  explain the relationship between growth 
and instability of agricultural production, an attempt has also been 

made to study the growth and instability of acreage and yield of 
the major crops grown in this region.

The results of our analysis provide some interesting insights 
into the problem. Our foregoing observations suggest that a 
sharp increase in the growth of agricultural production had not 
been possible during the period 1950*51 to 1987-88 in eastern 

India mainly because of the diminishing/constant rate of growth 
of cropped area of the major crops cultivated in this region. 

Although the rate of growth of productivity of land in rice seemed
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to be rising over the years in West Bengal and Orissa, the p r o d u c 
tion growth rates of foodgrains and rice remained more or less 
constant due to the declining rate of growth in area under the 
food crops. It is further seen that the area under rice and wheat 
also behaved most erratically in some time-points and in some 
states (e.g., Bihar and Orissa).  As a result a very marginal rate of 
growth in production of foodgrains and rice in particular is noticed 
in eastern India during the period of 38 years.

The introduction of new agricultural technology during the 
late sixties in this region has not helped much to change the 
growth and instability scenario of eastern India. In fact, in some 
cases (e.g., Orissa),  the growth of foodgrains production seems to 
have declined during the post-green revolution years and instability 
is seen to be of much higher magnitude for rice during this period. 
Again, magnitude of instability seems to be much higher for wheat 
in most of the states in eastern India during the post-green revolu
tion period. All these evidences amount to this : the new tech
nology in agriculture has not been effective for any major crops 
(including the commercial crop of this region jute) and for wheat 
in particular in the states of eastern India.

The poor performance of agriculture in eastern India can be 
explained in two ways : (i)  demographic, and (ii)  agrarian back
wardness. According to the first factor, the migrations of people 
from outside India have increased the population pressure in this 
region resulting thereby in the decrease in the size of viable 
peasant holdings and a swell in the ranks of the landless popula
tion. On the other hand the agrarian backwardness accompanied 
by the large dependence on rainfall irrigation and the pre-capitalist 
relations of production particularly in Bihar and Orisso have facili
tated the process of pauperisation among the peasantry, in the 
sense that the rates of accumulation and investment in agriculture 
have appeared to be very low and hence productivity of land has 

gone down.
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