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ABSTRACT

In Indian economy sugarcane has great contribution to GDP. A large population of India depends on the
agriculture sector for livelihood. At, the same time, due to expanding population , diminishing arable land and
rising service industry, there is need to increase the production by utilizing the available agriculture resources.
This paper represents a linear goal programming model for sugarcane to help farmers to allocate different
resources available for sugarcane production in optimum manner.
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1. INTRODUCTION

A griculture planning problemscannot dedl witha

singlegoal of maximizing output or profits. These
problemsinvolveanumber of god ssuchasmaximizing
total crop production and overall profit, minimizing
expenditure on labour, water requirementsand other
cost related elements. Thesegoa sareconflictingin
neture. Itisdifficult tasksto maximizeoreminimizeal
goassimultaneoudly. Certain goalsout of these can
only beachieved at the expense of others, making it
difficult for the decision maker to comeup with an
optimum plan. God programming (GP) isan effective
and useful tool for dealing with problems having
multiple and conflicting goalsand for obtaining an
optimum sol utionwhich comes closest to meeting the
stated god sgiventhe congraintsof the problem. Goa
programming is capable of handling effectively the
problem involving multiplegoals. It was devel oped
by Charnesand Cooper (1961) hasbeen refined and
extended by Leeissenenties. |jri (1965) hasa sodone

alot of work inthisarea. Ignizio (1985) discussed
theroleof linear god programminginsolvingmultiple
objective problems. In typical decision making
situations, the goal s set by adecision maker can be
achieve aonly at the expense of other goals. Itis
necessary to makeahierarchy of importanceamong
these goals so that lower priority goalsaretackled
only after higher priority ones are achieved. The
application of Goal programming in the solution of
problemsaffecting production management hasbeen
studied by different researchers. Habeed (1991)
deve oped multi-criteriaplanning mode for economy.
Sdliani (1996) discussed cultivation patterndesignin
water resources development. Sarker et al. (1995)
developed alinear programming modd to determine
the areasto beallotted to different cropsto maximize
thetotal contributionsfrom agricultureactivitiesin
Bangladesh. Sumpsi et al. (1996) created, applied
and evaluated amulti objective model that aims at
thesmultaneousmaximization of farmer'swe fareand
the minimization of the consequent environmental
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burden. Romero (2000) developed a risk
programming model for agriculture resources
alocation. Zander (2005) used multi objectivemodel
for the land use for sustainable development.
L atinopoul os and Mylopoul os (2005) made use of
goa sprogramming for optimal alocation of landand
water resourcesinirrigated agriculture. Sharmaet a
(2007) used fuzzy goa programming for agriculture
land alocation problems. Nooripoor (2008) applied
criteriadecisonmaking for horticulturesugtainability.
Njaand Udofia(2009) formulated Goa programming
model for flour producing companies based on
production time of three different products.
Vivekanand et a (2009) used goal programming for
the optimization of cropping pattern for aparticular
region, concentrating mainly onthefactorslike net
return and proper utilization of surface and ground
water in irrigated agriculture, Jafari et a (2008)
formulated goa programming mode for ricefarm. In
their sudy, thelexicographic god programming mode
was cons dered toidentify the optimal compound of
agriculture product inthericefarmland of avillage of
Bebol country. Mohamad (2011) developed a
mathematical programming model for crop mix
problem.

The paper presented heredeal swith developing a
linear goal programming model for areasof northern
region of Indiainvolvedintheproduction of sugarcane
with the help of meansof irrigation like canalsand
borewdl|setc., not depending onrainfall.

2. DEVELOPMENT OF MODEL
Sugarcaneisgeneraly growninMain season
o Early: Dec-Jan
0 Mid: Feb- March
o Late April—May
Sugarcaneisasunshineloving plant. Highhumidity
(80-85%0) favorsrapid cane e ongation during grand
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growth period. A moderate val ue of 45-65% coupled
with limited water supply is favorable during the
ripening phase. Above 40% humidity coupled with
warm weather favorsvegetative growth of cane. As
thenorthern planeisfertileand hasproper irrigation
facilities; it hasall thefavorable conditionsrequired
for Sugarcane.

3.ASSUMPTION OF THE MODEL

1. Thetotd arableland availablefor cultivationisnot
being used for Sugarcane crop only.

2. Some portion of arable land is being used for
growing veggiesetc. for personal use.

3. Thefertility of theland under study issame.

4. Someother cropsaregrown aongwith Sugarcane
to saveit from pestsand diseases.

5. A number of verities of Sugarcane are grown
smultaneoudy.

6. Thecropisnot depending onrainfall for water,
meansof irrigation like borewellsand canasare
being used.

7. Thebudget available, water for irrigation, supply
of labour and land arefixed.

Symbolsand Notationsto beused in M odel
Formulation

P. Expected net Profitfromall cropsinRs.

N:  Tota number of cropscultivated.

E  Totd areaof landfor cultivationin hectares.

l:  Expected total ground water available for
irrigation (ccubiccm)

SC. Different varieties Sugar cane and SC

=1,2,3...S.

d Different other cropsto be grown along with
Sugarcaneandd=1,2,3,...D

A_ Theareaof land cultivation for Sugarcanein
hectares.

L, Landrequiresfor other cropsdin hectares.

R_ Average production per unit area of
Sugarcane(qtl/ha)

T_. Tota productiontarget of Sugarcane (qtl).
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L abour requirement per unit areafor Sugarcane

(man-day/ha)

EL Expectedavailability of labour (man-day)

B. Averageinvestment per unit areafor Sugarcang(
Rs/halseason)

B  Tota investmentavailableinRs.

M.. Annua machine-hour per unit area for

Sugarcaneinhrsg/ha.

Expected total machine-hoursavailableinhrs.

P.. Netprofitfor Sugarcane (Rs/qtl)

I Amount of water required

Sugarcane(cubiccm/ha)

4. FORMULATION OF DIFFERENT GOALS

Thegodsfor theLGP problem may bedefined as
folows

for

4.1 Production Related Goals

The primary goals of farmers will be to get
maximum output of Sugarcane. They will try to
maximize expected sugarcane production, whichis
the product of the areaunder sugarcane cultivation
with the average production per unit area in that
season. Thesum of theproductionsfor dl thevarieties
should be greater or equal to the total expected
production target for that year. The corresponding
god equationis

2ReA> )T

S S
or, D ReAc+d —d = D T
<=1 -1

4.2 Net Profit Goal

Thefarmerswill expect aspecific amount of profit
by producing the sugarcane crop. The goal
corresponding to net profit ontotal production can
be expressed as

ZS: P.A.>P
sc=1

S
o, 2 PeAc+d;-d; =P
1

4.3 Availability of Labour

Production of sugarcane involves anumber of
process like tilling of land, planting, fertilizing,
ploughing, irrigation etc. The peopleareinvolvedin
the process of developing, growing, transporting,
millingsand processing sugarcane. Thefarmer hasto
hireanumber of agricultural laborersto accomplish
all these processes. The corresponding goal equation
is

S
D Oy Ay > EL
SC=1

S
o, ZOSCASC +d; —d; =EL

=1
4.4 Availability of Water for Irrigation

For sugarcanecultivationit isnecessary to ensure
adequatesupply of water. A totd rainfall between 1100
and 1500 mmisadequate provided thedistributionis
being abundant in the months of vegetative growth
followed by adry periodfor ripening. Itisalsogrown
in the areawhere rainfall islow around 500 mm.
Above 1500 mmrainfal would causelodging of cane.
Foodirrigationwith canal sand ground water through
borewellsare main source of water. A minimum of
threeto four irrigations is necessary for optimum
productivity. Thewater required for irrigation should
not exceed the total amount available.The
corresponding god to availability of water is

| A > |

Mgl

S

o, 2 leAc+d;—d; =1

SC=1
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4.5 Availability of Machines

During sugarcanecultivation variousprocesseslike
tilling of land, fertilizing, irrigation, harvesting and
transporting to sugar millsetc. requireavailability of
machine hours. The machine-hours required for
sugarcane cultivation should not exceed themachine-
hoursavailable. Thegod equation for machine-hour
is

S
> Mg Ag = HM
=1

S
o, ZMSCASC +d; —d; =HM
C=1

4.6 Availability of Land for Sugarcane Crop

The portion of land under sugarcane cultivation
should exceed thetota land availablefor agriculture.
Thegod equationfor cultivationlandisgiven by

Ag > E

o

S
o, 2, Ac+ds—di=E
=1
4.7 Availability of Land for Food Crops and
other Related Crops

Assugarcaneisvery high demanding cropit has
to be grown inrotation by mixing with other crops.
Thetotal availability of land for sugarcane must not
exceadtotd cultivationland avallable. Sncesugarcane
cropisyearly crop sothat thefarmer will not usethe
wholelandforit. Astherotationa crop such aswhest,
rice, maize seeds, mustard seeds can begrown. Some
portion of cultivableland will be used for growing
cropsfor persond consumption. Thisland areashould
be lessthan the total land available for sugarcane
production. Thegoa equation for land availablefor
other cropscan bewritten as
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D
or, O Ly+d; —d; =E
d=1

4.8 Availability of Capital

A fix budget isrequired for arrangefor fertilizers,
seeds, machinery, maintenances and insectariesetc.
Theamount spent on these requirements should not
exceed thebudget dl ocated for sugarcane cultivation.
Thegoal corresponding to working capital isgiven
by

i Be 2B

=1

S

or, Z BSC +d§—dér =B

=1

4.9 Objective Function

~ C=PRd; +Rd; +Rd; +Pd; +
MINMIZE pa; 4 Rdg + P + Rd;

Whered,” and d;" are non negative deviational
variables denoting under achievement and over

achievement of goalsand al A, >0. Moreover
R,R,R, P, R, R, P, and Barethepriority factors
and R>P,>P,>F, >R >F,>P >h,.

The model developed in this paper can be
validated with the dataavail ablefrom the sugarcane
producing areas of Uttar Pradesh, Punjab, Bihar, and
Haryana. Moreover the manual calculation for the
solution tothemode will becumbersometask sothe
softwarelike MS Excel, Lingo, and MATLAB etc
will bequitehdpful.

5. CONCLUSION

Themodel derived inthe current research here
hastaken consideration the environment conditions
prevailing in north India. These priorities can be
different depending on the objectives decided by
different persons as per the resources available to
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them. A moreimproved solution of the problem can
beobtained by including thecongraintsinvolving other
related crops.
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