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Cotton, a multiple picking crop, is grown in nine states in India. The existing procedure of estimation 
of average yield of cotton is based on crop cutting experiment approach, which utilizes data on all 
pickings, is cumbersome and cost prohibitive. The double sampling approach can be gainfully employed 
in this case by collecting data on picking which has highest correlation with the total picking yield on 
a larger sample and the total picking yield data on a smaller sample. Accordingly, a stratified two-
stage two phase sampling design has been proposed for selection of representative sample and an 
appropriate estimation procedure, based on double sampling regression estimator, has been developed 
for estimation of average yield of cotton at district level. Utilizing the data of survey conducted in the 
Aurangabad and Amravati district of Maharashtra State and Adilabad and Guntur district of Andhra 
Pradesh wherein third picking data is collected on a larger sample and total picking yield data on a 
smaller sample,expression for optimum number of villages for larger and smaller sample have been 
obtained by minimizing cost subject to fixed percentage standard error of the estimates. The results 
show that the average yield of cotton can be estimated with at most 5% standard error, if 137 preliminary 
sample villages are selected for third picking and 48 sub-sample villages are selected for the remaining 
pickings from each selected district while the corresponding sample size for an estimator which make 
use of entire picking data is 51 villages. Recommendations have been made with regard to which picking 
data can be used as auxiliary variable, in the double sampling regression estimator, for 9 cotton growing 
states in India.

Cotton is an important fibre yielding crop of global importance. It is also known as the “White Gold” or the 
“King of Fibres”. It is grown, world over, in tropical and subtropical regions of more than 80 countries. 
It is an internationally sensitive commodity. Occupying an area of around 35.72 million ha, cotton is 
cultivated mainly in U.S.A. (11%), China (15%) and India (34%). Current estimates of world production are 
about 27.25 million tonnes annually, accounting for around 2.5% of the world’s arable land. China is the 
world’s largest producer of cotton, but most of this is used domestically. India occupies highest area 
under cotton (12.18mha) and is the second largest country, after China, as far as production is concerned 
(35.20 mt). In India, the States of Gujarat (34.09%) Maharashtra (20.45 %), and Andhra Pradesh (13.92%) 
are the leading cotton producing states having a predominantly tropical wet and dry climate. 

The yield estimation of cotton in India is carried out using crop cutting experiment technique. A limitation 
of the crop cutting experiment technique is that it requires observation on yield data of all the pickings 
of sampled fields. In case, data of one or two pickings of some of the selected fields are not available, 
not only precision of the yield estimate will suffer but estimate of average yield will be biased. Moreover, 
it is very difficult to capture data for all the pickings (up to 8 pickings in some states) creating practical 
difficulties in implementation of the procedure. Practical feasibility of crop cutting experiment technique 
for multiple picking crops like cotton is a matter of concern in India. Another important consideration 
is cost aspect of crop yield estimation survey. The cost on conduct of crop cutting experiment involving 
multiple picking crops increases manifold when data are to be collected on all the pickings. Therefore, 
there is a need to develop an alternative technique which is easier to implement as well as capable of 
providing unbiased estimates of average yield of cotton with desired precision.  

2. Existing procedure for estimation of average yield of Cotton

The existing estimation procedure followed, under the General Crop Estimation Surveys (GCES), for 
estimation of average yield of Cotton is as under: 

At the stratum level, the average yield of the crop is obtained as a simple arithmetic mean of plot yields 
(net) within a stratum.  
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B07 Let 

Yhij= The plot yield (net) in gms/plot of the jth plot in the ith village in the hth stratum

nhi= Number of experiments conducted in the ith village of  hthstratum

mh= Number of villages in which experiments are conducted in the hthstratum

nh= Number of experiments conducted in the hthstratum

L    = Number of strata in a district 

ah= The area (net) under the crop in the hthstratum

d = The driage ratio

f = The conversion factor for converting the green yield per plot into the yield of dry marketable

produce per hectare

The average green yield for the hth stratum is obtained as
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3. Sampling design used for selection of sample

Stratified multistage random sampling design is generally adopted for carrying out General Crop 
Estimation Survey (GCES) with taluks/revenue inspector circles as strata, revenue villages within a 
stratum as a first stage unit of sampling, survey number/field within each selected village as a sampling 
unit at the second stage and experimental plot of a specified shape and size as the ultimate unit of 
sampling.

    Sampling design for GCES

             Strata – Taluk

	 	 	 	 	 â

   First stage sampling unit – Revenue Village

	 	 	 	 	 â

         Second stage sampling unit – Survey Number/Field

     â

            Ultimate unit of sampling – Experimental Plot

    (Specified shape and size)

Total numbers of experiments at district level are finalized as per following norms: (i) 130 to 150 
experiments are planned at district level (65 to 75 villages having two experiments per village) if area 
under experimental crop in a district is above 80,000 hectares.

(ii) 100 to 120 experiments are planned at district level (50 to 60 villages having 2 experiments per village) 
if area under experimental crop in a district is between 20,000 to 80,000 hectares.

(iii) 40 to 80 experiments are planned at district level (20 to 40 villages having two experiments per 
village) if area under experimental crop in a district is below 20,000 hectares.

The number of villages allotted to a district is distributed among the strata, within a district, roughly in 
proportion to the area under the crop in stratum. Generally, Crop insurance scheme is implemented 
at taluk/circle level in India. To determine compensation to be paid to the farmer in the event of crop 
loss, average yields are calculated on 18/12 crop cutting experiments at taluk/circle level respectively. 
The number of villages is increased up to 9/6, if the distributed villages to the strata within a district are 
less than 9/6 at taluk/circle level respectively. Hence, due to implementation of crop insurance scheme, 
number of crop-cutting experiments planned at district level increased up to 700.

In each taluk/circle, in Maharashtra, a number of villages are selected every year for crop cutting 
experiments as per above norms at the time of district level-training programs conducted every year 
in Kharif, Rabi and Summer season. The list containing the names of the selected villages are made 
available by State Statistical Authority, Department of Agriculture, Maharashtra State, Pune to the 
concerned officers.

In each selected village, two fields growing the particular crop are selected according to the random 
sampling method. For the above purpose, two survey numbers are first selected out of all survey 
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B07 numbers for experimental crop in the village according to the said method.

In each selected survey number, where there are more than one field sown with the crop, one such field 
nearest to the South-West corner of the selected survey number should be selected. In each field thus 
selected, one plot of specified size is to be located at random.

4. Proposed procedure of estimation of crop yield of cotton

A detailed examination of the data pertaining to five districts of Andhra Pradesh (A.P.) and five districts 
of Maharashtra showed that the yield of cotton at different pickings were highly correlated with the 
total yield. Hence, it may not be statistically efficient to collect data in respect of all the pickings from 
the same sample of fields since the additional information gained would be only marginal. Therefore, it 
would be desirable to examine the possibility of using other sampling design such as double sampling 
which may not only be more efficient but also operationally more convenient resulting in more reliable 
data for estimation of crop yield of multiple picking crop like cotton.

Table 3.1 - Picking-wise correlation with total yield in Maharashtra for the year 2006-07

Table 3.2 - Picking-wise correlation with total yield in Andhra Pradesh (A.P.) for the year 2005-06

Results of both the tables reveal that 3rd and 2nd pickings in A.P. and 4th, 3rd, 5th and 6th pickings in 
Maharashtra have high correlation with total yield. It is, therefore, desirable to use the yield of picking 
having highest correlation with total yield as auxiliary variable. Thus, there is an opportunity to use 
double sampling approach in this situation.
Estimation procedure using double sampling approach under stratified two stage samplingdesign 
framework The estimation procedure for estimation of average yield of cotton using double sampling 
approach under stratified two stage sampling design framework is as under:
Let
L = number of strata (mandals/taluks) in a district
Nh = total no. of fsu’s (villages) in h-th stratum (h=1,2,…,L)
nh’ = no. of fsu’s selected randomly in h-th stratum for observing yield for the p-th picking (p=1,2,…,P)
nh = size of sub-sample selected randomly in h-th stratum for observing yield for the remaining pickings
m’ = no. of ssu’s (fields) selected for observing yield for the p-th picking in i-th village of h-th stratum 
(i=1,2,…, nh’)
m = size of sub-sample for observing yield for remaining pickings of these m’ ssu’s
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B07 Validation of proposed methodology for estimation of average yield of cotton

For the validation of proposed methodology, surveys were planned for data collection in Amravati and 
Aurangabad districts of Maharashtra State while in Andhra Pradesh (A.P.) State planning was done in 
Adilabad and Guntur districts. In Maharashtra State, two additional fields were selected in 114 villages 
selected for CCE in Aurangabad district and 118 villages selected for CCE in Amravati district while in 
A.P., two additional fields were selected in 77 villages selected for CCE in Warangal district and 75 
villages selected for CCE in Guntur district.
In addition to CCE data for the third picking from two additional fields from the selected CCE village of 
the selected districts of both the states, the regular CCE data of selected districts of both the states 
was also required for validation of the proposed double sampling procedure under stratified two stage 
sampling design framework.
The estimate of average yield of cotton along with % S.E. for the year 2012-13was obtained using proposed 
double sampling approach under stratified two stage sampling design framework. In order to compare 
the results, the estimate along with % S.E. was also obtained using existing GCES procedure.
For implementation purpose the selected CCE villages in the district have been treated as preliminary 
sample villages (n’) for the third picking yield and a sub-sample of 40% and 30% CCE villages (n) were 
selected by SRSWOR from the preliminary sample villages for the remaining pickings and out of the 
four fields (m’) for the third picking, in each of these sub-sample villages, two fields (m) were selected 
for observing yield pertaining to the remaining pickings from CCE plot. The estimate of average yield of 
cotton along with % S.E. was obtained for both the districts of Maharashtra State and both the districts 
of A.P. State. The results of the district wise analysis are presented in the Tables 4.1 to 4.4.

Table 4.1 - Estimates of average yield of cotton (Kg/ha) along with % S.E. using different approaches for 
Aurangabad district of Maharashtra State for the year 2012-13

A close perusal of the above table reveal that under the Double sampling regression procedure involving 
stratified two stage sampling design framework,the estimates of average yield of cotton was obtained 
with less than 3% standard error for Aurangabad district which is fairly reliable.
The estimate is almost at par with the estimate obtained using existing procedure. Further, as the 
sample size decreases i.e. from 40% to 30%, percentage standard error increases for both the proposed 
procedures. The alternative procedure is operationally more convenient than the existing GCES 
procedure and is expected to reduce the workload of the field staff significantly which in turn will lead to 
good quality CCE data from these limited number of plots. 
It may be seen from the above table that in case of the proposed alternative procedure the estimate 
of average yield of cotton is obtained with less than 3% standard error for Amravati district which is 
fairly reliable. Further, as the sample size decreases i.e. from 40% to 30%, percentage standard error 
increases.
The analysis of data in respect of Guntur district reveals a similar trend as earlier i.e. the proposed 
estimator scores over the estimator currently used in terms of the criterion of percentage standard 
error. It may be observed from the Table that the estimate of average yield of cotton in case of existing 
GCES procedure is obtained based on data on 65 villages. But double sampling regression procedure 
under stratified two stage sampling design framework requires CCE villages data for all the mandals in 
the district. In most of the mandals only two villages data was available and at least two villages data is 
necessary for the analysis. Hence, there was not much scope for sub-sampling and accordingly, the 40% 
and 30% sub-sampling of villages could not be done. The results are presented based on the maximum 
possible reduced number of villages i.e. 52 villages. The improved performance of double sampling 
approach based estimator is evident.
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B07 Table 4.2 - Estimates of average yield of cotton (Kg/ha) along with % S.E. using different approaches for Amravati 
district of Maharashtra State for the year 2012-13

Table 4.3 - Estimates of average yield of cotton (Kg/ha) along with % S.E. using different approaches for Guntur 
district of A.P. State for the year 2012-13

Table 4.4 - Estimates of average yield of cotton (Kg/ha) along with % S.E. using different approaches for Warangal 
district of A.P. State for the year 2012-13

The results of analysis of data in Warrangal district are bit different than earlier i.e. although the 
percentage standard errors are within permissible limits, the existing estimator scores over the proposed 
estimator in terms of the criterion of percentage standard error of the estimator. This highlights the need 
to compare the proposed estimator over the existing estimator using optimum sample sizes determined 
by minimizing expected cost for a fixed value of percentage standard error of the estimator.
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B07 5. Estimation of sample size (no. of villages to be selected in a district for the survey)

The guiding principle in the determination of optimum sample size is either to fix variance of the 
estimator and minimize cost or to fix cost and minimize variance of the estimator. We, in this paper, 
aimed at minimizing the cost by fixing the variance of the estimator. The optimum number of villages to 
be sampled in a district was determined by fixing the percentage standard to 5 and 7.
In order to estimate sample size in case of double sampling regression procedure, a simple
cost function given by

The proposed regression estimator, involving auxiliary information, was accordingly compared with 
the estimator which does not make use of auxiliary information on the basis of optimum sample sizes 
determined by minimizing the cost function subject to a fixed value of the percentage standard error (the 
optimum sample sizes were determined by fixing the percentage standard error to 5 and 7).
The estimated sample size and desired percentage standard error of the district level estimates of 
average yield of cotton for Maharashtra and A.P. states are presented in theTable.

Table 5.1 - Sample size (no. of villages per district) for district level estimates of average yield of cotton for 5% 
standard error

The optimum sample size is maximum of the estimated sample size used for estimation of average yield 
of cotton in both the States.
A close perusal of Table 5.1 reveal that the district level average yield of cotton can be estimated with less 
than or equal to 5% standard error, if 137 preliminary sample villages are selected for third picking and 
48 sub-sample villages are selected for the remaining pickings from each selected district. Therefore, 
the recommended sample size i.e. no. of preliminary sample villages and sub-sample villages to be 
selected from a district are 137 (one hundred thirty seven) and 48 (forty eight) respectively. Further, the 
percentage standard error of the double sampling regression estimator is directly related to “r” i.e. 
greater the “r” value smaller the percentage standard error of the estimator.
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B07 Table 5.2 - Sample size (no. of villages per district) for district level estimates of average yield of cotton for 7% 
standard error

The results of analysis of Table 5.2 reveals that at district level, the average yield of cotton can be estimated 
with less than or equal to 7% standard error, if 71 preliminary sample villages are selected for third 
picking and 25 sub-sample villages are selected for the remaining pickings from each selected district. 
Therefore, the recommended sample size i.e. no. of preliminary sample villages and sub-sample villages 
to be selected from a district are 71 (eighty one) and 25 (twenty five) respectively with minimum two sub-
sample villages per mandal/taluka of the district as per requirement of the proposed alternative sampling 
methodology. As earlier, greater the r value, smaller the percentage standard error of the estimator.
The optimum values of sample size in the context of simple linear estimator (existing estimator) are 
given below

Table 5.3 - Sample size (no. of villages per district) for district level simple estimates (GCES estimates) of 
average yield of cotton for 5% standard error

Table 5.4 - Sample size (no. of villages per district) for district level simple estimates (GCES estimates) of 
averageyield of cotton for 7% standard error



336PROCEEDINGS  ICAS VII  Seventh International Conference on Agricultural Statistics I Rome 24-26 October 2016                                       

B07 Using the optimum values of sample sizes the percentage reduction in cost by using the double sampling 
regression estimator over an estimator which does not use auxiliary information are given in Table 5.5 and 
5.6 by fixing the percentage standard error values to 5 and 7 percent respectively. Keeping in view the Indian 
scenario i.e. the manpower available, costs etc., the values of m and m’ are fixed at 2 and 4 respectively.

Table 5.5 - Percentage reduction in cost using different approaches based on optimum sample size of villages 
required per district for obtaining district level estimates of average yield of cotton for Maharashtra and A.P. 
states for 5% standard error

Table 5.6 - Percentage reduction in cost using different approaches based on optimum sample size of villages 
required per district for obtaining district level estimates of average yield of cotton for Maharashtra and A.P. 
states for 7% standard error

The results of analysis of Table 5.5 and 5.6 reveal that there is considerable reduction in cost using the 
double sampling procedure as compared to an estimator which does not make use of information on 
auxiliary variable. More and less the entire cotton area in the country has now been covered under Bt. 
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B07 Cotton that requires only 2-3 pickings for the Crop Cutting Experiments. Therefore, in order to determine 
which picking should be used as an auxiliary variable, the CCE data of cotton pertaining to two major 
cotton growing districts namely,
Mansa and Muktsar Sahib of Punjab State and two districts namely, Hisar and Sirsa of Haryana State 
for the year 2012-13 was acquired. The data from both the states was available for four (4) pickings only. 
Picking-wise correlation with the total yield for the CCE data for all the four selected districts, two each 
Punjab and Haryana states, was obtained and are presented in the Tables 5.7 to 5.8. 

Table 5.7 - Picking-wise correlation with total yield for plots in the selected districts of Punjab Statefor Desi and 
American Cotton (Combined) for the year 2012-13

Table 5.8 - Picking-wise correlation with total yield for plots in the selected districts of Haryana Statefor the 
year 2012-13

It can be inferred from the above two tables that 3rd picking has the highest correlation with total yield 
in both the districts of Punjab State while in Haryana State, 2nd picking has the highest correlation with 
total yield in both the districts. Thus, 3rd picking data is recommended for use as auxiliary variablein 
Punjab State while 2nd picking data is recommended for use in Haryana State for estimation of 
average yield of cotton using double sampling regression estimator.
The CCE data of other cotton growing states was analysed to determine the picking having highest 
correlation with total yield. Accordingly, CCE data on cotton pertaining to two districts of each of the five 
states namely, Gujarat, Karnataka, Madhya Pradesh, Rajasthan and Tamil Nadu for the year 2012-13 was 
acquired. Picking-wise correlation with the total yield for the irrigated and unirrigated plots (combined) 
was obtained and results are presented in the Table 5.9.

Table 5.9 - Picking-wise correlation with total yield for irrigated and unirrigated plots (combined) in the selected 
districts of five States for the year 2012-13
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B07 The analysis reveals that 2nd picking has the highest correlation with total yield in both the districts of 
Gujarat and Karnataka States while in Madhya Pradesh State, 3rd picking has the highest correlation 
with total yield in both the districts. Further, in Rajasthan State, 2nd picking has the highest correlation 
with total yield in Ganganagar district and 1st picking has the highest correlation with total yield in 
Hanumangarh district followed by 2nd picking. Since the correlation coefficient for 2nd picking is 
significant in Hanumangarh district, therefore, 2nd picking is recommended to be used as auxiliary 
variablein Rajasthan State for the sake of uniformity.
Similarly, in Tamil Nadu State, the correlation coefficient for 3rd picking is significant. Therefore, 3rd 
picking should be treated as auxiliary variablein Tamil Nadu State. The recommended picking, to be 
taken as auxiliary variable, in the nine states is given in Table 5.10.

Table 5.10 - Recommended picking to be used as auxiliary variable for analysis of cotton data usingdeveloped 
methodology in nine major cotton growing states of India

Conclusions
The present study has revealed very encouraging results as shown from the results of analysis and 
demonstrated the feasibility of estimating cotton production with limited number of pickings using the 
double sampling approach based regression estimator. In view of the above, it is recommended that 
the alternative sampling methodology using double sampling regression procedure under stratified 
two stage sampling design framework may be adopted in all the cotton growing states of the country 
for estimation of average yield of cotton which will not only provide reliable estimate of average yield of 
cotton but will significantly reduce cost of the survey and will also be operationally more convenient than 
the GCES procedure. Further, the workload of the field staff will be significantly reduced which in turn 
will lead to good quality CCE data from limited number of plots.
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