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Abstract
The growth and instability in area, production and yield of cotton in 
Maharashtra was assessed  before and after introduction of Bt cotton 
varieties. The study aims to know the growth behavior of cotton production 
over the years. The contribution of area and productivity towards cotton 
production was measured by decomposing the cotton production series. 
The method proposed by Minhas and Vidhyanathan and reframed by 
Sharma was employed. The compound growth rate was estimated on the 
basis of fit using non-linear model i.e. exponential.  The fitted equation was 
estimated using marquardt algorithms. Cuddy-Della Valle instability index 
was employed to estimate the instability in area, production and yield of 
cotton. The analysis was carried out using SAS macro available on IASRI 
web site with the help of SAS 9.3 software. Results revealed that, area, 
production and productivity of cotton were increased significantly after the 
introduction of Bt hybrids technology. The enhancement in productivity of 
cotton after the adoption of Bt hybrids technology by farmers was associated 
with the moderate instability. The productivity of cotton was moderately 
fluctuating from one year to another year.  These fluctuations were also seen 
in cotton production. Bt cotton hybrids improved the yield and production and 
in some extent were also responsible for area expansion but the yield and 
production performance of cotton after the introduction of Bt was  not stable. 
Enhancement in yield was the major factor responsible for improvement in 
cotton production in Maharashtra state compared to area.
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Introduction
Cotton (Gossypium sp.) belongs to Malvaceae 
family is oldest of the all fibers used by human 

beings. It is known as a “King of Fibre” crop due 
to its global importance in agriculture as well as 
industrial economy. It contributes significantly to both 
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agriculture and industry in terms of farm income, 
employment and export earnings. It is grown in 
more than 100 countries and it is estimated that, the 
crop is cultivated on about 2.5 per cent of the world 
cultivable land.1 Cotton cultivation has traditionally 
concentrated in a few countries viz: China, United 
States, India, Pakistan, Brazil, Uzbekistan, Turkey 
and Australia. Together these countries account 
for more than three quarter of global production. 
At global level, cotton area is projected to grow by 
9 per cent and yield are only projected to increase 
6 per cent. 

It is commonly known as “White Gold” in farming 
community. It is a multipurpose crop that supplies 
5 basic products viz; lint, oil, seed meal, hulls and 
linters. Due to its multipurpose nature and use, it has 
huge demand from industry side, which makes this 
crop popular among the farming community.

Historically, India has been an exporter of raw cotton 
to the world, Due to outbreak of Second World War, 
India's cotton exports was affected adversely. The 
second setback came from partition of the country 
in 1947. A region covering 40 per cent of irrigated 
fertile land of Punjab and Sindh which were used to 
produce medium and long staple cotton was lost to 
Pakistan while over 98 per cent of the textile mills 
remained in India. Eventually the country was hard 
pressed to meet its domestic cotton requirements, 
leave alone exports. This single event converted 
India into a net importer of cotton overnight.2

The situation is not good for textile industry for 
its survival in competitive world market. Hence 
government has taken appropriate policy decisions 
to reduce the import dependency of Indian textile 
industry for raw their raw materials by increasing 
cotton production. This goal was achieved by 
enhancing the productivity of cotton with adoption 
of improved variety, hybrids, Bt Hybrids, production 
technology and expanding area of cotton cultivation. 
Farmer has expanded area of cotton cultivation as 
this crop becomes comparatively profitable. For this 
purpose government launched campaigns “Grow 
More Cotton” and “Cotton Extension Scheme”. To 
enhance the productivity, government has set up 
research programme /scheme / institute viz; All 
India Coordinated Cotton Improvement Scheme 
in 1967, Central Institute for Cotton research in 

1976 , Intensive Cotton Development Programme 
in 1971-71. 

Because of these efforts, the production of cotton 
was increased from 3.04 million tonnes to 35.90 
million tonnes at National level. This growth in cotton 
production can visualize because of area expansion 
and yield improvement. 

In Cotton production, Maharashtra is foremost state 
in India. It covers around 36 per cent cotton area of 
the country and contributes around 22 per cent of 
its production. Hence performance of cotton was 
analyzed on important parameters at state level.
 
Material and Methods
Data 
The time series secondary data on area, production 
and productivity of cotton at state level was collected 
for the period from 1988 to 2017-18. The data period 
was divided in to two sub groups viz; group- I: 1988 
to 2002 and group-II: 2003 to 2018. The groups were 
divided on the basis on basis of introduction of Bt 
hybrids. The data was collected from official website 
of Commissionerate of Agriculture, Department of 
Agriculture, Government of Maharashtra.( www.
agri.mah.nic.in.)

Analytical Tools
The data was compiled, scrutinized subjected to 
tabular and functional analysis to get meaningful 
inferences. Compound growth rate, Cuddy-Della 
Instability Index, and Minhas and Vidhyanathan 
decomposition model was employed. For analytical 
details see More, S.S. et al., 2015 and More et al., 
2017.3,4

Growth Rate
Compound growth rate is a key indicator to measure 
agricultural growth and usally used for forecasting 
area/ production/productivity etc. of various 
commodities. It plays a vital role in agricultural policy 
making, therefore, estimated value of growth rate 
needs to be very precise, so the suitable policies 
can be adopted accordingly. Accuracy of estimated 
value of growth rate is  largely depends on proper 
statistical procedures followed to estimate it. 

Compound growth rate is simply a compounding 
of annual growth rates over period. It can be easily 
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computed using two data points with constant 
returns as in case of fixed deposits. However, in 
case of annual growth rates which are not constant, 
but for monotonically increasing or decreasing 
functions, the compound growth rate is computed 
based on its fit using non-linear models, especially, 
the exponential model. The exponential model 

is more commonly used in economic analysis. 
Conventionally, the compound growth rates were 
estimated after converting the growth model to 
semi-log form and estimated through Ordinary Least 
Square (OLS) technique assuming multiplicative 
error term. 

Fig. 01 : Map of the study area

Yt = b0 * b1
t * et      	 ...(1)

ln (Yt) = b0+t * ln b1 +et 	 ...(2)

Where,

ln (Yt) is the natural logarithm of time series data for 
area / production / yield for year t, 
b0 is the constant term,
t is the time trends for years of interest,
et is the error term and 
b1 is growth rate for the period under consideration 
(i.e. slope coefficient). 

Then, Compound growth rate was calculated using 
following equation 

Compound Growth Rate = [(Antilog b1)-1]*100  ---
	 ...(3)

However, there are several problems associated with 
this methodology including the difficulty in estimating 
standard error of estimates of original parameters 
(Prajneshu & Chandran, 2005)5. Hence, a non-linear 
estimation technique for solving exponential model 
assuming additive error terms were used to estimate 
the compound growth rates.

Yt = constant *(1+CGR)t +et  	 ...(4)

Where,
Yt is the time series data for area / production / yield 
for year t, 
t is the time trends for years of interest,
et is the error term and 
CGR is compound growth rate for the period under 
consideration 
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The data were smoothened with the help of three 
year central moving average techniques to remove 
bias from the data if any induced by the outliers   
( Sawant, 1983; Sawant and Achuthan,1995; Singh 
et al.,1997)6,7,8. The Marquardt algorithm was used 
to estimate the parameters of equation [4]. The 
significance of regression coefficient ‘b’ (slope 
coefficient) was tested by applying standard ‘t’ test 
procedure (Gujarati and Sangeetha, 2007)9. 

Intsbaility
The measure that may use to estimate instability 
in a variable over time should satisfy two minimum 
conditions. First, it should not include deviations in 
the data series that arise due to secular trend or 
growth. Second, it should be comparable across 
the data sets having different means (Mehra, 1981; 
Hazell, 1982)10,11. Simple coefficient of variation 
(CV) overestimates the level of instability in time 
series data, characterised by the long-term trends. 
To avoide the problem of overestimation, Mehra 
(1981)10 and Hazell (1982)11  has developed two 
independent methods of estimation of instability 
in the time series data. Both the methods involve 
detrending of the data series. However, both 
methods have been criticized  for measuring 
instability around arbitrarily assumed trend line, 
which greatly influences inference regarding 
changes in instability (Ray, 1983)12.

Ray (1983)12 has developed a very simple measure 
of using standard deviation in annual growth 
rates. This method satisfies all the ideal properties 
like instability based on de-trended data and 
comparability. Moreover, the methodology does not 
involve actual estimation of the trend, computation 
of residuals and de-trending, but all these are taken 
care in the standard deviation of annual growth rates. 
This method does not suffer from the limitations of 
arbitrary choice of assumed trend line which was 
present in the methods developed by Mehra, 198110 
and Hazell, 198211. 

But, in recent year at international level, Cuddy-Della 
Valle Index was used as a measure of variability in 
time series data analysis (Weber and Sievers, 1985; 
Singh and Byerlee, 1990; Deb et al.,2004)13,14,&15. 
Singh and Byerlee (1990)14 found identical results of 
instability, when they estimated instability by  Cuddy-
Della Valle Index and Coefficient of Variation around 
trend as the standard error of regression divided by 

mean. Since both methods provides similar results 
and possess all desirable properties, hence we have 
estimated instability in area, production and yield of 
major crop groups using the Cuddy-Della Valle Index 
for the present investigation.

This index is a modification of coefficient of variation 
[CV] to accommodate trend, which is commonly 
present in time series economic data. It is superior 
over other scale dependent measures such as 
Standard Deviation or Root Mean Square of the 
residuals (RMSE) obtained from the fitted trend 
lines of the raw data, and hence suitable for cross 
comparisons (Cuddy and Della Valle, 1978)16 (Della 
Valle, 1979)17.

The Cuddy-Della Valle Index (Ix) was calculated 
as follows: 

 
Where,    	
Ix   = Instability index
SEE  =  Standard error of the trend line estimates
y   = Average value of the time series data

Alternatively, Ix could be measured as:

 
Where, 
Coefficient of Variation= SD/Mean*100
Standard Deviation(SD)= √(|x- x|2 / n)
R2   = Adjusted coefficient of multiple determination

Where ever trend in the time series data was non-
significant, instability of that particular series was 
analysed with the help of conventional statistical tool 
of instability i.e. coefficient of variation.

The SAS macros for econometric analysis-I  
available on web adrees of Indian Agricultural 
Statistical Research Institute, New Delhi (http :// 
www. iasri. res. In / sscnars / ecoanlysis.aspx)18 was 
used to analyse the data with the help of Statistical 
Analysis System (SAS) software, Version 9.3 
available at Department. 

Results and Discussion
The performance of cotton was adjudicated on two 
important considerations i.e. growth and instability 
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in area, production and productivity of cotton at 
Maharashtra. Sources of production were also 
identified by decomposing the cotton production 
series and contribution of area and yield was 
estimated and results were presented in table 01 
to 04. 

The average area, production and productivity 
of cotton was calculated for two sub periods viz; 
period-I (1988 to 2002) and period –II (2003 to 
2018) as well as for overall period (1988 to 2018) 
and results were presented in table 01. A perusal 
of table 01, it is revealed that, the average area, 
production and yield of cotton in Maharashtra was 
improved during period-II over period-I.

The average area of cotton in Maharashtra during 
period –I and period-II was 28880 and 34977 
hundred hectares, respectively. At overall period, it 
was 31929 hundred hectares. In regards with cotton 
production, it was 22415 and 50487 hundred MT, 
respectively. During overall period it was 36451 
hundred MT. The average productivity of cotton in 
Maharashtra was amplified after the adoption of 
Bt Hybrids cotton by farmers. The average yield of 
cotton in Maharashtra during period –I was 131 kg 
per hectares, it was raised to 242 kg per hectares 
during period-II. During overall period of the study, 
the yield of cotton was 187 kg per hectares.  More, 
et al., 2017 reported that, the yield of cotton was 
significantly increased during recent period.4

Table 01: Average area, production and yield 
of cotton in Maharashtra

Parameters	 Period-I	 Period-II	 Overall Period

Area	 28880	 34977	 31929
Production	 22415	 50487	 36451
Yield	 131	 242	 187

Source : Author’s own estimate
Note: Area in ‘00’ ha; Production in ‘00’ MT; Yield in kg/ha.

The compound growth rate was calculated using 
best fit non-linear exponential model.  The equation 
was estimated using marquardt algorithms5. The 
analysis was carried out using SAS macro available 
on IASRI web site with the help of SAS 9.3 software. 
The estimate of compound growth rate for two sub 
periods and overall period was presented in table 
02 and figure 01. 

The compound growth rate (CGR) of area in cotton 
during period-I was 1.93 per cent per year and it 
was 4.05 per cent per year during period-II. In both 
the sub-periods CGR was significant. During overall 
period, CGR of area in cotton was 1.76 per cent per 
year. The CGR was increased sub substantially 
during the second sub period.  The increase in CGR 
of cotton area is an indication that, farmers of the 
state have given preference to this crop over other 
competitive crop in their cropping pattern due to its 
profitability.

The CGR of production and yield of cotton was also 
improved during second sub period of the study. The 
CGR of cotton production during period-I was 4.17 
per cent per year and it was 6.72 per cent per year 
during second sub period. During overall sub period, 
the production of cotton was increased at an annual 
growth rate of 6.32. The increase in production 
growth can visualize due to expansion in area and 
improvement in yield of cotton. Decomposition 
analysis was carried out to see the sources of 
production growth.

The productivity of cotton was raised to 3.41 per cent 
per year during second sub period from 2.34 per 
cent per year of first sub period. During overall study 
period the CGR of productivity of cotton was 4.22 
per cent per year. The CGR in all the sub periods 
and overall period was significant at one per cent 
level of significance. 
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Table 02: Estimates of compound growth rate of area, production 
and yield of cotton in Maharashtra

Parameters	 Period-I		  Period-II		  Overall Period

	 CGR	 ‘t’ value	 CGR	 ‘t’ value	 CGR	 ‘t’ value

Area	 1.93	 6.63	 4.05	 13.31	 1.76	 8.62
Production	 4.17	 4.57	 6.72	 4.92	 6.32	 11.47
Yield	 2.34	 2.55	 3.41	 2.85	 4.22	 8.87

Source : Author’s own estimate

Fig. 01: Compound growth rate of area, 
production and yield of cotton

Fig. 02: Instability index of area, production 
and yield of cotton

Table 03: Estimates of instability index of area, production 
and yield of cotton in Maharashtra

Parameters	 Period-I	 Period-II	 Overall Period

Area	 5.79	 5.40	 9.73
Production	 24.79	 35.08	 36.13
Yield	 24.44	 31.27	 31.78

Source : Author’s own estimate

Cuddy-Della Valle instability index which is a revision 
of coefficient of variation to accommodate for drift 
was employed to estimate the instability in area, 
production and productivity of cotton in Maharashtra 
state.16,17 The results were presented in table 03 
and figure 03.

A perusal of table 03, it is revealed that, instability in 
production and productivity of cotton was increased 
during second sub period of study related to first sub 
period. It was increased to 35.08 per cent from 24.79 
per cent per annum in production. In regards with 

yield, instability was increased from 24.44 to 31.27 
per cent per annum.  Instability in area was stable in 
both the period and it was around six per cent. During 
overall study period, instability in area, production 
and productivity of cotton was 9.73, 36.13 and 31.78 
per cent per annum, respectively. The instability 
in production was seen maximum compared to 
yield and area. This is obvious, as production is an 
interaction of area and yield so instability in yield and 
area was reflected in the production series. Narala 
and Reddy (2015) reported that, area of cotton was 
steady than production and productivity.19 
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The contribution of area and yield towards cotton 
production was measured by decomposing the cotton 
production series. The method proposed by Minhas 
and Vidhyanathan (1965) and reframed by Sharma 
(1977) was employed.20,21 The decomposition results 
give the per cent contribution of area, productivity 
and its interactions for boosting cotton production in 
the state.  The results of the decomposition analysis 
were reported in table 04.

The result shows that, during first period of the 
research, the contribution of area and productivity 

was 5.47 per cent and 97.32 per cent. Similar 
trend was observed during second sub period and 
overall period of research, where contribution of 
area and yield was 8.60 per cent and 91.67 per 
cent, respectively in second sub period and 8.67 
and 91.63 per cent in overall study period. The 
results undoubtedly indicate that, the contribution of 
productivity was more dominant in cotton production 
compared to area. Chahal et al., 2003 reported 
that, productivity of cotton was significant factor for 
boosting cotton production in India.22 

Table 04: Results of decomposition analysis

Parameters	 Area Effect	 Yield Effect	 Interaction Effect

Period-I	 5.47	 97.32	 -2.79
Period-II	 8.60	 91.67	 -0.27
Overall Period	 8.67	 91.63	 -0.23

Source : Author’s own estimate

Conclusion
The area, production and Productivity of cotton 
were increased significantly after the adoption of 
Bt hybrids technology by farmers in large scale. 
The enhancement in productivity of cotton after 
the adoption of Bt hybrids technology by farmers 
was associated with the moderate instability. The 
productivity of cotton was moderately fluctuating 
from one year to another year.  These fluctuations 
were also seen in cotton production. Bt cotton 
hybrids improved the yield and production and 
in some extent were also responsible for area 
expansion but the yield and production performance 
of cotton after the introduction of Bt was  not 
stable. Enhancement in yield was the major factor 

responsible for improvement in cotton production in 
Maharashtra state compared to area.
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