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Cotton is a majopapwn inane V hich is the major cotton Bettjablhe indiscriminate usgi@is inputvaasulted in
high costmbduction and deterioragommofment, soil health and economic toed@imnsSothes is a need to balance the
use oénegy inputs and to meprthe eggyoduatity ofcotton cudtiion. A study 10 famers gwing cotton in 471.1eza ar

in one V as caied out to ebslboptimum gnarput Wel and to know the giénsibaticular erggrinput el on pductity
Sensitenesspdticular emglinput onqatuctiomsassessed usigmat@fsical pduotity technique (MPP) atial pgiession
coéitient. Kopp's meaasrused tortout input uskcefiycoffamersLinear pgramming technique based opt thifonence
one functicaswised to opgnitieavious egeinput use. Study onvgnsféingy inputs onopluatity ofcottorarealed that

an additional 1 MJeaofey though diesel (in tillagecadthg) aedilizer wuld inease the yieldatfon by 0.078 kg/ha and
0.028 kg /haespeetiyvheeasan additional 1Mé&n&y though human (in timkigglieuld helin educing the losses by 0.560
kg/ha. The useabfemicals on caitmmvpessStatisticalipceasingtun to scaleepiled for cottomdpiction. itk ariation

in the techniditiefycrating dhput use indicated thatjdlegater scopeetiuce the gnieputs thugh pper management
and @tient useeariey inputdJsing existing gniepuishe yield obtton can beeasadm 752 kg/ha to 888kg/ha. On an
averagthe existingdeofyield ofotton could be obtaireshliting the ggriaputs use by 16.6 % over the agtuakener
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INTR ODUCTION basis ofbest it criteria.The egession eqti@n indudes the

) ) . ) ~ following \aridles:
Cotton is one ofthe majorkharifcrops of Punjd, which is

cultivated in d&out 9% ofthe total son ara.ZoneV is the P : production ofcotton of a paticular fim, kg
major cotton belt ofPunjd. The indiscrimirta use ofvarious E,: aea under cotton on a piatlar fm, ha
inputs hae resulted in high cost giroduction and deteriaion
of ervironmentsoil health and economic conditionthaf fmess.
Bashit reported tha the eneagy use per kg ofotton vas laver
in Punj& than est in IndiawhereasSinghet @found thacotton ~ E,4 : electrical engy,MJ
cultivation requied a higher amount ehegy (40557 MJ/ha) in Es :seed engy,MJ
Tamil Nadu as compat to Punjb. Saish, et a reported poor E
usae eficieny of fettilizer. The ineficient use ofesouces vas 6
also obseed ly Singhet d and hinted higher yield obtton. .
Sq thete is a need to balance the usemdgy inputs and to ~ Eg :madinery enegy,MJ
improve the engyy productivity of cotton cultvaion. This can Ey: canal engry,MJ

be abieved thiough optinum use ofvarious engy inputs This
paper deals with ergyr use péem for cotton cultiaion in one
V of Punj& and to wrk out optinum level of enegy inputs and
efficieny of resouce use

E, :human engry,MJ
E, :diesel engy,MJ

: fettilizer enegy,MJ
E, : chemical engy,MJ

Functional eldion in Colb-Doudas brm can be written as
o
n(F) =+ 2 B I(E )+ %
=

MATERIALS AND METHODS Wh.eePi is the total md'ucjtion ofith farmer, kg ;Eji,jth input
by ith farmer fr the cultiaion of a cop (i =1, 2,3...nandj =

Enegy use and pductvity staus of 110 &imers gowing cotton  1,2,3,...10 ),y , emor tem; and b, , regession coéitients of

in 471.1 ha ea in pneV as gien in Figue 1 vas studieddir the jth input.

year 1997-199&okb-Doudas eldion betveen poduction and

various engy inputs and aa under the op was used on the Maminal plysical psductvity (MPP) tetnique based oesponse

coeficient of inputs vas used to detaine the sensiity of a
Dr G S Manes and Dr S Singh arwith the Department of Farm Power and  patticular endgy input on poduction.The MPP ofa factor input
Machinery, Punjab Agricultural University, Ludhiana 141 004. indicdes the bang in the output with a unibang in the &ctor
This pper was eceved on Sptember 182003 Witten discussion on thisgex  iNPUt in questiorkeeping all &ctos constanttageometric mean
will be entetined till Eorualy 28,2006. level. The MPP ofvarious inputs &re computed usinggession
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coeficients K)j) of various engy inputs as gén under

_ GM(P) , _ GM{Y)
T oomE; f GM(X;)

By

where MPI?(J- is the MPP ofth input;bj , regession coétient
of jth input;GM (P), geometric mean qf)roduction;GM(Ej),
geometric mean gth input on &m level CEJ-i = in A,); GM(Y),
geometric mean oyield;and GME(J-), geometric mean ojth
input on per hectarbasis

Retum to scale @as indicted by sum ofelasticitiesﬁbj) derved
in the brm of regession coéitients in Cob-Dougdas poduction
function.The signitance ofdepatture of sum ébj) from unity
was sttisticaly tested pepplying F-test orestricted least sqaar
as bllow.

2 2
ST 2

SR

where&u? is the residual sum of square of the restricted

regession (per hectapioduction function Janda uur2 , residual
sum of squae of the unestricted egession (all aridbles
measuwed as perafm level).

Kopps® measte of tehnical eficieny based on inputas used
for computing dfcieny of input use ¥ the famers and was
worked out as:

TE; = exp((4 - Upay)/ z"abj )
wher TE; is the telanical eficieng of ith famer, u , error term
in estiméon of production ofith famer, andu,,,, , maxinum
positive eror tem.

ws==Z0Ne Boundar
-===Distt Boundy
=« Cument Locéons

Agrodimaic Regions YW
I. Sub mountain undulating region
1. Undulating plain region
1. Central plain region km 10 20 30 40 50 6km
IV. Westen plain egion Lt 1 1 1 11
V. Westen region
VI. Flood plain region

Figure 1Agroclimatic zones of Punjab
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Optimum energy use in agriculture is reflected in twianagsease

in yield with risting lgel of enegy inputs or conseing enegy
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 concey
linear programming problem was formulated as:

Maximize
da)Y; (i=1,2,3....n
Subjectto
5.8. | le £ XJ
da;=1
a3 0

where fj is weighted averaggtbnergy usg € 2to 10) and in

is the total energy useathyarmer. Farmers who fulfilled the above said
constraints and contributed to optimal solution were assigned
weightage() 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 paramgtagramming by reducing the
level of total energy input u&¢ X ; ).

RESULTS AND DISCUSSION
Energy Input and Production Relations

A number of mathematical relations were fitted on the production
of cotton (kg) as gendent aridle and total engy input (MJ)

and aea under the ap (ha) as ingendent aridbles Colb-
Doudas &hibits best nthemaical eldions betwen poduction

and total engy input as thealue ofR2 was 97.82 %The eldions
between poduction and total ergr input vere giren as

P.= exp [3.6647+0.3108 In(J& 0.7490 I,) R=97.82%

(3.92) (3.02) (6.72) t-Malues

i
whete TEy = totdl enesry input, MJ(TE; = 2 Ey)
i=

TheF-testonrestricted least square at 5% level of significance indicate
that the yield on large farm was relatively more than that of small
farms. The total energy input varied from 7220 MJ/hato 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

Allthe variablesincludedinthe regression equation have explained 98
% of the variation in the production of cotton at 1% level of significance
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as gien inTalde 1 Enegy used though dieselettilizer and human enegy. The use ofmadiinely was 2.88% inxeess in ane V.
beings played a significant role in the production of cotton. Sensitilégtical and high dose diemical useesulted in no sag of
of these energy inputs on productivity of cotton revealed thatlaemicals (cv=1.18%Jhe ecess use obverall enegy inputs
additional 1 MJ of energy through diesel (in tillage and weedinglardl6.57%The stug also ewaled thiausing the xsting
fertilizer would increase the yield of cotton by 0.078 kg and 0.028k&ddle enegy input thee eist a potential to inease the yield
respectiely, whereasan aditional 1MJ oenegy through human of cotton ty 18.1% fom 752 kg/ha to 888 kg/ha.
beings (in timely picking of cotton) would help in reducing the losses

by 0.560kg/ha. The partial regression coefficients for chemicals (-Q ? m

Regression coeficients (bj ) and mamginal physical productivity (MPP)
J f or enegy inputs for raising cotton

and machinery (-0.239), which were significant at 5% and 10% }e
respectively and were negative, indicated that these inputs were

Jsed in Operations

excess. Excess use of chemicals was due to extra precaution takento Human

protect the crop from insects and excess use of machinery m
atributed to the use dfactor and cultetor for weedingThe \ery
small variation in seed rate (cv=0.99%) resulted in its non signif
effect onthe production of cotton.

The MPP of area under the crop revealed that with an increase i
through 1 ha using the same energy inputs available at farm \
resultin inaase in mduction ly 589.4 kgrhe incease in mduction
from additional 1 ha area was less than the existing yield of ¢
(752 kg/ha). Therefore, the comparison of value of MPP of g
with its rental value in that area would lead to a conclusion whg
to increase area under the crop or not. For example, the val
additional production (at the rate of Rs 13.30 per kg for 589.
during 1997-1998) came out to be Rs 7 839.02, whereas, th
yearly rental value of 1 ha was Rs10 000, hence there isnon
increase the aa under the ap.

Return to Scale

Increasing return to scale prevailed in the zone at 5% levs
signifcance asgn inTale 1.It pointed out thewith 1% incease
in enegy inputsthe poduction ofcotton will incease1.057%.

hy be
Diesel
cant
Electricity
narea Seed
vould
Fettilizers
Dtton .
Chemicals
rea
pther Madinery
le of
kg Canal
e half
ped to Area
Intercept

2

D
bl of Retum to scale

bJ- (t-value) MPP
0.456 0.560
(3.320)
0.214 0.078
(2.630)
-0.003 -0.421
(0.520)
-0.085 -0.114
(0.470)
0.174 0.028
(1.920)
-0.317 -0.535
(2.200)
-0.239 -0.873
(1.720)
0.045 0.034
(1.200)
0.812 589.400
(3.260)
3.943
(2.530)
0.982Y
(@b;) = 1.057

NoteFigue in paentheses denotesaluesdr 1%,5% and 10% lel of signifcance an
are 2.581.96,and 1.65andYY andY indicae F-raio signifcant € 1% and 5% lel.

Hence there «isted a high scoperfincrease in mduction of

cotton with incease in engy input useln other vords fam  Table 2Technical efficiency rating (%) of farmers for use ofenemy inputs.

sizz under cotton pjad a posite ole on the prductvity of
cotton, ie the yield on Ilge farms vas moe than thtiof small
farms It might be due to pper mangement andwailaility of
inputs & proper time elarge farms

Technical Efficiency Rating

As gven inTade 2,20% fmers were opedting in the telenical

Efficiency Rating, %
390

3 80 and <90

3 70 and <80

3 60 and <70

Number of Farmers Percentage

Mean engyy input eficieny by the irmels
Mean engyy input eficieny for the one

22 20.0
56 50.9
28 255
4 3.6
110 83.4
83.5

efficieny rating dove 90% and 29.1%rMmers ae opeating belov

than 80% Sq ther is a need to gvide poper adice to the of cotton

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

farmeis for the pplicdion of various engy inputs in time and
a recommendedie No defnite tend ofinput use as obsered
between warious ctegories of famers as evisged fom no
varigion in mean engy input use éftieny by the fimers
(83.4%) and of the zone as a whole (83.5%).

Optimization of Energy Input use

The use ofdieselgelectricity andeftilizer was 14.33%094.87%
and 18.37 % inxeess than optimabhles as gn inTade 3.

Source

Human

Diesel

Electricity

Seed

Fertilizers
Chemicals
Madinery

Canal

Total enegy inputs

Use ofcanal ater for irrigation resulted in high giag in electrical

Actual

599
2261
429
539
4418
431
208
965
9850

Optimum Excess use%
547 8.68
1937 14.33
22 94.87
508 5.75
3606 18.37
431 0.00
202 2.88
965 0.00
8218 16.57
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CONCLUSION 5. On an average, the existing level of yield of cotton could be obtainec
by reducing the energy inputs use by 16.57% over the actual energ

The following conclusions may be drawn from the study: use.
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