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Cotton is a major crop grown in zone V which is the major cotton belt of Punjab. The indiscriminate use of various inputs have resulted in
high cost of production and deterioration of environment, soil health and economic condition of the farmers. So, there is a need to balance the
use of energy inputs and to improve the energy productivity of cotton cultivation. A study of 110 farmers growing cotton in 471.1 ha area
in zone V was carried out to establish optimum energy input level and to know the sensitivity of particular energy input level on productivity.
Sensitiveness of particular energy input on production was assessed using marginal physical productivity technique (MPP) and partial regression
coefficient. Kopp's measure was used to workout input use efficiency of farmers. Linear programming technique based on the concept of one-
one function was used to optimize the various energy input use. Study on sensitivity of energy inputs on productivity of cotton revealed that
an additional 1 MJ of energy through diesel (in tillage and weeding) and fertilizer would increase the yield of cotton by 0.078 kg/ha and
0.028 kg /ha, respectively, whereas, an additional 1MJ of energy through human (in timely picking) would help in reducing the losses by 0.560
kg/ha. The use of chemicals on cotton was in excess. Statistically, increasing return to scale prevailed for cotton production. Wide variation
in the technical efficiency rating of input use indicated that, there is a greater scope to reduce the energy inputs through proper management
and efficient use of energy inputs. Using existing energy inputs, the yield of cotton can be increased from 752 kg/ha to 888kg/ha. On an
average, the existing level of yield of cotton could be obtained by reducing the energy inputs use by 16.6 % over the actual energy use.
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INTR ODUCTION

Cotton is one of the major kharif crops of Punjab, which is
cultivated in about 9% of the total sown area. Zone V is the
major cotton belt of Punjab. The indiscriminate use of various
inputs have resulted in high cost of production and deterioration
of  environment, soil health and economic condition of the farmers.
Bashir1 reported that the energy use per kg of cotton was lower
in Punjab than rest in India, whereas, Singh, et al2 found that cotton
cultivation required a higher amount of energy (40557 MJ/ha) in
Tamil Nadu as compared to Punjab. Satish, et al3 reported poor
usage efficiency of fertilizer. The inefficient use of resources was
also observed by Singh, et al4 and hinted higher yield of cotton.
So, there is a need to balance the use of energy inputs and to
improve the energy productivity of cotton cultivation. This can
be achieved through optimum use of various energy inputs. This
paper deals with energy use pattern for cotton cultivation in zone
V of  Punjab and to work out optimum level of energy inputs and
efficiency of resource use.

MATERIALS AND METHODS

Energy use and productivity status of 110 farmers growing cotton
in 471.1 ha area in zone V as given in Figure 1 was studied for the
year 1997-1998. Cobb-Douglas relation between production and
various energy inputs and area under the crop was used on the

basis of best fit criteria. The regression equation includes the
following variables:

P : production of cotton of a particular farm, kg

E1 : area under cotton on a particular farm, ha

E2  : human energy, MJ

E3  : diesel energy, MJ

E4  : electrical energy, MJ

E5  : seed energy, MJ

E6 : fertilizer energy, MJ

E7  : chemical energy, MJ

E8  : machinery energy, MJ

E9 : canal energy, MJ

Functional relation in Cobb-Douglas form can be written as

where Pi  is the total production of ith  farmer, kg ; Eji , jth input
by ith farmer for the cultivation of a crop ( i =1, 2, 3…n and j =
1,2, 3,…10 );  ui , error term; and  bj , regression coefficients of
jth  input.

Marginal physical productivity (MPP) technique based on response
coefficient of inputs was used to determine the sensitivity of a
particular energy input on production. The MPP of a factor input
indicates the change in the output with a unit change in the factor
input in question, keeping all factors constant at geometric mean
level. The MPP of various inputs were computed using regression
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coefficients (bj) of various energy inputs as given under:

     

where MPPxj is the MPP of jth input; bj , regression coefficient
of  jth input; GM (P), geometric mean of production; GM(E j) ,
geometric mean of jth  input on farm level (Eji = X ji A i ); GM(Y),
geometric mean of yield; and GM(X j), geometric mean of jth
input on per hectare basis.

Return to scale was indicated by sum of elasticities (åb j ) derived
in the form of regression coefficients in Cobb-Douglas production
function. The significance of departure of sum (åb j ) from unity
was statistically tested by applying F-test on restricted least squares5

as follow.

where å ur
2 is the residual sum of square of the restricted

regression (per hectare production function ); and åuur
2 , residual

sum of square of the unrestricted regression (all variables
measured as per farm level).

Kopp’s6 measure of technical efficiency based on input was used
for computing efficiency of input use by the farmers and was
worked out as:

TEi = exp((ui - umax )/ åb j )

where TEi is the technical efficiency of ith farmer; ui , error term
in estimation of production of ith farmer; and umax , maximum
positive error term.

Optimum energy use in agriculture is reflected in two ways, ie, increase
in yield with existing level of energy inputs or conserving energy
without effecting the yield. Linear programming based on the concept
of one-one function was used to optimize the energy inputs
(assuming no change in area under the crop). Based on this concept,
linear programming problem was formulated as:

Maximize

åa iYi   ( i =  1, 2, 3….., n)

Subject to

åa i X ji £ j

åa i = 1

åa i(å X ji) £ å � j

X ji ³  0

a i ³  0

where j  is weighted average of jth energy use (  j = 2 to 10) and å X ji
is the total energy use by ith farmer. Farmers who fulfilled the above said
constraints and contributed to optimal solution were assigned
weightage (a) according to the effectiveness of energy input use. The
optimum level of energy inputs used to get the existing yield level of
cotton were computed using parametric programming by reducing the
level of total energy input use (å i ).

RESULTS AND DISCUSSION

Energy Input and Production Relations

A number of mathematical relations were fitted on the production
of  cotton (kg) as dependent variable and total energy input (MJ)
and area under the crop (ha) as independent variables. Cobb-
Douglas exhibits best mathematical relations between production
and total energy input as the value of R2 was 97.82 %. The relations
between production and total energy input were given as

Pi = exp [3.6647+ 0.3108 ln(TEi) + 0.7490 ln(E1)     R
2= 97.82%

               (3.92)         (3.02)                  (6.72)    …….. t-values

The F-test on restricted least square at 5% level of significance indicated
that the yield on large farm was relatively more than that of small
farms. The total energy input varied from 7220 MJ/ha to 12264 MJ/
ha, whereas, the yield of cotton varied from 391 kg/ha to 971 kg/ha
in the study sample.

Sensitiveness of Energy Inputs on the Production

All the variables included in the regression equation have explained 98.2
% of the variation in the production of cotton at 1% level of significance
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as given in Table 1. Energy used through diesel, fertilizer and human
beings played a significant role in the production of cotton. Sensitivity
of these energy inputs on productivity of cotton revealed that an
additional 1 MJ of energy through diesel (in tillage and weeding) and
fertilizer would increase the yield of cotton by 0.078 kg and 0.028 kg,
respectively, whereas, an additional 1MJ of energy through human
beings (in timely picking of cotton) would help in reducing the losses
by 0.560 kg/ha. The partial regression coefficients for chemicals (-0.317)
and machinery (-0.239), which were significant at 5% and 10% level,
respectively and were negative, indicated that these inputs were used in
excess. Excess use of chemicals was due to extra precaution taken to
protect the crop from insects and excess use of machinery may be
attributed to the use of tractor and cultivator for weeding. The very
small variation in seed rate (cv=0.99%) resulted in its non significant
effect on the production of cotton.

The MPP of area under the crop revealed that with an increase in area
through 1 ha using the same energy inputs available at farm would
result in increase in production by 589.4 kg. The increase in production
from additional 1 ha area was less than the existing yield of cotton
(752 kg/ha). Therefore, the comparison of value of MPP of area
with its rental value in that area would lead to a conclusion whether
to increase area under the crop or not. For example, the value of
additional production (at the rate of Rs 13.30 per kg for 589.4 kg
during 1997-1998) came out to be Rs 7 839.02, whereas, the half
yearly rental value of 1 ha was Rs10 000, hence there is no need to
increase the area under the crop.

Return to Scale

Increasing return to scale prevailed in the zone at 5% level of
significance as given in Table 1. It pointed out that with 1% increase
in energy inputs, the production of cotton will increase by 1.057%.
Hence, there existed a high scope for increase in production of
cotton with increase in energy input use. In other words, farm
size under cotton played a positive role on the productivity of
cotton, ie, the yield on large farms was more than that of  small
farms. It might be due to proper management and availability of
inputs at proper time at large farms.

Technical Efficiency Rating

As given in Table 2, 20% farmers were operating in the technical
efficiency rating above 90% and 29.1% farmers are operating below
than 80% . So, there is a need to provide proper advice to the
farmers for the application of various energy inputs in time and
at recommended rate. No definite trend of input use was observed
between various categories of farmers as envisaged from no
variation in mean energy input use efficiency by the farmers
(83.4%) and of the zone as a whole (83.5%).

Optimization of  Energy Input use

The use of diesel, electricity and fertilizer was 14.33%, 94.87%
and 18.37 % in excess than optimal values as given in Table 3.
Use of canal water for irrigation resulted in high saving in electrical

energy. The use of machinery was 2.88% in excess in zone V.
Identical and high dose of chemical use resulted in no saving of
chemicals (cv=1.18%). The excess use of overall energy inputs
was 16.57%. The study also revealed that using the existing
available energy input there exist a potential to increase the yield
of  cotton by 18.1% from 752 kg/ha to 888 kg/ha.

Table 2 Technical efficiency rating (%) of  farmers for use of energy inputs.

Ef ficiency Rating, % Number of  Farmers Percentage

³  90 22 20.0

³  80 and < 90 56 50.9

³  70 and <80 28 25.5

³  60 and <70 4 3.6

Mean energy input efficiency by the farmers 110 83.4

Mean energy input efficiency for the zone - 83.5

Table 3 Actual and optimum use of energy inputs (MJ/ha) in the production
of cotton

Source Actual Optimum Excess use, %

Human 599 547 8.68

Diesel 2261 1937 14.33

Electricity 429 22 94.87

Seed 539 508 5.75

Fertilizers 4418 3606 18.37

Chemicals 431 431 0.00

Machinery 208 202 2.88

Canal 965 965 0.00

Total energy inputs 9850 8218 16.57

Table 1 Regression coefficients (bbbbbj ) and marginal physical productivity (MPP)

in kg/MJ f or energy inputs for raising cotton

Operations bbbbbj (t-value) MPP

Human 0.456 0.560

(3.320)

Diesel 0.214 0.078

(2.630)

Electricity -0.003 -0.421

(0.520)

Seed -0.085 -0.114

(0.470)

Fertilizers 0.174 0.028

(1.920)

Chemicals -0.317 -0.535

(2.200)

Machinery -0.239 -0.873

(1.720)

Canal 0.045 0.034

(1.200)

Area 0.812 589.400

(3.260)

Intercept 3.943 -

(2.530)

R2 0.982YY

Return to scale (åb j ) = 1.057Y

Note: Figure in parentheses denotes t-values for 1%, 5% and 10% level of significance and

are 2.58, 1.96, and 1.65; and YY  and Y  indicate F-ratio significant at 1% and 5% level.
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CONCLUSION

The following conclusions may be drawn from the study:

1. An additional 1 MJ of energy through diesel (in tillage and weeding)
and fertilizer would increase the yield of cotton by 0.078 kg and 0.028
kg, respectively, whereas, an additional 1MJ of energy through human
beings (in timely picking of cotton) would help in reducing the losses
by 0.560 kg/ha. The use of chemicals on cotton was in excess.

2. Statistically, increasing return to scale prevailed for cotton production
in the zone.

3. Wide variation in the technical efficiency rating of input use indicated
that, there is a greater scope to reduce the energy inputs through
proper management and efficient use of energy inputs.

4. Using existing energy inputs the yield of cotton can be increased
from 752 kg/ha to 888 kg/ha.

5. On an average, the existing level of yield of cotton could be obtained
by reducing the energy inputs use by 16.57% over the actual energy
use.
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