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creation. Water scarcity as a risk has always been a part of agriculture and farm business. Hence,
Correspondence to : management of available irrigation water assumes great importance in the field of agriculture. The
oo Colleae o present study was attempted in Namakkal district of Tamil Nadu, India, because of the availability of
Agricultural Sciences, exclusive dry farms. In Namakkal district, blocks namely Namakkal, Mohanur, Pudhuchatram,
NAMAKKAL (T.N.) INDIA Tiruchengode for each risky crop were purposively selected on the basis of area, production and
Eg‘r?': kavisiibala@gmall. | hroductivity of those crops. Linear programming model was applied to derive optimal crop plan for the

sample farms under water stress conditions. Optimization of crop portfolio for the selected farmisa
type of risk management strategy. The declinein gross cropped areain Namakkal block would imply
relatively less pressure on land that would again indicate the sign of bringing in sustainability of the
productive capacity of the land. Even though the decline trend in net income, it showed that the
resourceswhich were used in the cultivation as efficiency factor in Pudhuchatram. Theresultsindicated
that water and other resources were used efficiently to get optimum pattern in the cultivation of
different crops.
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markets and lack of financial servicesincluding limited
span and design of risk mitigation instruments such as
credit and insurance. These factors not only endanger
the farmer’s livelihood and incomes but also undermine
the viability of the agriculture sector and its potential to
become a part of the solution to endemic poverty of the
farmers. The vulnerable groups like landless labourers
and sharecroppers face a variety of risks which have a
bearing on their steady flow of incomeand their ability to
build income generating assets (IFMR-CIRM, 2008).

In the absence of availability or access to formal

INTRODUCTION :

Agriculture in India is one of the most primary
sectors in the economy. It is the single largest sector
occupation in the country and is also considered to be
theriskiest business. Risk isinherent in agriculturesince
it mostly depends on the vagaries of nature (Bhowmick
and Hazarika, 2007). Agricultural risks are exacerbated
by avariety of factors, ranging from climate variability
and change, frequent natural disasters, uncertaintiesin
yields and prices, weak rural infrastructure, imperfect
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risk management mechanismsinarura environment, the
asset poor households seek to manage risks through
variousinformal strategies. They may chooseto diversify
their crops, store grain, engage in informal savings and
credit, favour traditional techniques over modern
technology and enter into share-cropping arrangements
(Report: X1 five Year Plan, 2007-2012). To alarger extent
economizing farm will make use of advanced
mathematical model s and techniquesin theformulations
of suitable plans which can serve as the basis for
management decisions. This study is one such attempt
to help farmers with specific suggestion to reduce risk,
with emphasis on understanding the influence of farm
production risk. This study aims at improving the
efficiency of production management of farmers by
evolving an optimal production plan.

The present study stabs to determine the optimal
crop planning under water stressconditionsin Namakkal
district of Tamil Nadu which was purposively selected
for the study because it comes under the category of dry
land tract. Agricultureisconsidered to berisky asit was
carried out under stochastic nature of rainfall in the study
in Gwem by valley of Zambia (Maleka, 1993). Hence,
the selection of study area should be represent such
agroclimatic conditions and risk situations. Further the
availability of exclusivedry farmswas considered asan
important criterion while selecting the study area. And
also they were selected for the present study taking into
consideration of thefollowing criteria (1) Theoccurrence
of frequent droughts made the block ahighly risk prone
areaagriculturdly. (2) Secondly theavailability of irrigation
facilities was considered. These criteria facilitated the
selection of exclusively dry farmsin the study area. Water
was considered as the risky variable in the study area.
For this present study, four blocks were selected
purposively (Table A). In each block, one crop was
selected based onthe CV anaysisof areaand production.

In Namakkal district, blocks namely Namakkal,
M ohanur, Pudhuchatram, Tiruchengodefor each risky crop
werepurposively selected onthebasisof area, production
and productivity of those crops as presented in the Table

A. In each block, three villages were selected randomly
and one crop was selected based on CV analysis.

MATERIALSAND METHODS:

Linear programming technique is defined as a
mathematical technique, having many possible uses. In
farm management it could be used for determining; (1)
The best combination of (a) crops aone, (b) livestock
aone, or (c) crops and livestock enterprises together;
(2) The optimum of all these different enterprises and
practices considered together (Heady, 1954).

Optimization of crop portfoliofor the selected farm
is atype of risk management strategy. For the present
study, thefarm similar to averagefarm sizewas sel ected
asarepresentative farm. For each crop, onefarm similar
to averagefarm size was selected asrepresentative farm
and optimized. Inlinear programming models, theobj ective
of thetypical farmi.e., maximization of net profit or cost
minimization is achieved through optimal plan generated
fromitssolution. Hence, it isthe method of determining
the best or optimal plan to the given farm under the given
linear constraints. The objectivefunction specified, i.e.,
profit maximization or cost minimization, islinear inform
and constraints on resource restrictions are specified in
linear form. As normative tools, it always aims at
combining the efficient enterprise giving weight age to
constraintsand profit maximization.

Components of LP problem :

There are three quantitative components in LP
model. They are (1) an objective function; (2) resource
requirements; (3) resource avail ability.

Algebraically it is stated in compact form as:

Maximize p = C’X

Subject to

AXEBor AX3® B

X3 0

where,

A ism Xn-matrix of technical co-efficients

Table A : Block wise crop details

Sr. No. Name of the block Crop Area (ha) Production (Tonnes) Productivity (kg per ha)
1 Namakkal Maize 665.69 (29.73) 679 (29.78) 1020 (80.76)

2. Mohanur Banana 958.40 (58.34) 40712.83 (41.35) 41965 (98.78)

3. Pudhuchatram Tomato 109.49 (38.42) 1225.59 (43.17) 9960 (92.24)

4 Tiruchengode Groundnut 72.11 (36.81) 114 (32.06) 1581 (87.53)

Sour ce: District Agricultural Office, Namakkal
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Cisn X, - vector of pricesor other weights for the
objectivefunction.

X isn X-vector of activities(cropsand livestock to
be produced which are unknown decision variables).

B ism X -vector of resources or other constraints,
availability in physical units, such aslabour, land, etc.,
and the objectivefunction:

C'X = p,
In expanded formit iswritten as:

Maximizep =C, X, + C, X, + .......... +C X,
Subject to

a, X +a, X+ +a,X £b

a, X, +a X, ... +a, X £Db,

a, X ta,X,+........ +a,X £b,

a, X +a, X+ +a, X £b,

where,

7 = Aggregate net income from the crops (Rs.)

C = Net income per unit of the n™ crop (Rs.)

X, = Area under n" crop (Ha.)

b, = Land availablefor cultivation (Ha.)

b, = Labour availablefor cultivation (Man Days)
b = Capital availability (Rs.)

b= Water avilability (mm.)

a__=Amount of labour required for n""crop (Man

mn

days)

a = Average amount of capital required for n®
crop (Rs))

a, . =Amount of water required for n™ crop (mm.)
Selection of the typical farm :

Theaverage size of holding, utilization of irrigation
water, labour utilization, cash expenditure and net returns
of al the farmsin a particular situation was cal culated
and a farm which was very close to this average was
taken as the typical farm for that situation. Thus, four
typical farmswere sel ected for each crop namely Maize,
Banana, Tomato, Groundnut.

Input co-efficients :

For programming under actual farm situation, the
input co-efficientsincluded were the averages of all the
farms surveyed in the region. These input co-efficients
were considered for enterprise that was being adopted
currently inthe nodal farm.

Resour ce constraints :
In the area under study, the most restricting

resources identified were primarily irrigation water,
besidesland availability during the cultivating seasonsand

capital.

Land restrictions :

Land as aresource in a particular farm cannot be
increased by way of purchase or lease at least in a short
period. Hence, land was one of the most limiting factors
to be considered in the formulation of the problem. The
equality constraintswere given based on thefact for that
the area allocated to the crops.

Capital restrictions :

The capital requirement of the farmerswas met by
the credit facilities extended by the various institutions
and borrowing from neighbours apart from their own
resources. In the study area, the farmers were growing
high value cropshence, capital wasfound to bealimiting
factor.

Irrigation water restrictions :

Irrigation was identified as the crucial factor for
cultivation of cropsin the study region. Inorder to decide
the critical periods of irrigation requirements, monthly
requirementsof irrigation water for different cropswere
estimated. the assumptions underlying this constraint is
that water demand should; 1) match with water availability
and 2) be decided on the basis of relative returns from
crops using water.

Availability of resources and inputs :

Having estimated the resource requirements and
identified the restricting resources, it was essential to
assess the availability of resources. For compiling the
resource availability the resourcesthat wereavailablein
thetypical farms sel ected were estimated from the survey
data are taken into account.

RESULTSAND DATA ANALYSIS:

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

The existing and optimal crop plans:

Optimization of crop portfoliofor the selected farm
is atype of risk management strategy. For the present
study, thefarm similar to averagefarm sizewas sel ected
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asarepresentativefarm. For each crop, onefarm similar
to averagefarm size was selected asrepresentative farm
and optimized. Therelative efficiency of the optimal plans
and theexisting planisanaysedin thefollowing sections.
Karaand Singh (2000) concluded that optimization of
water allocation and cropping pattern using a linear
programming model wasincreased farm returnsby 14.96
and 30.91 per cent, respectively in Megachappar and
Mitali areas of Haryana state.

Optimal crop plan for Namakkal block :

The analysis of cropping pattern in the nodal farm
could reveal that the existing plan consisted of four crops,
viz,, maize, brinjal, tapiocaand black gram. Intheexisting
plan, maize was cultivated over 0.78 hectares of land.
Brinjal was grown in 0.54 hectares; tapioca and black
gram were cultivated in 0.48 and 0.30 hectares,
respectively. The net income was computed to be
Rs.52905.02 from the area of 2.10 hectares (Table 1).

Inoptimal plan brinjal was having the area of 1.51
hectares. Area under this crop increased from 0.54
hectares to 1.51 hectares. However, area under tapioca
declined from 0.48 hectaresto 0.39 hectares. Both maize
and black gram wasremoved fromthe optimal plan. Even
two crops were removed from the optimal plan, the net

income of farm increased from Rs. 52905.02 to Rs.
60045.66. The net income of the farm wasincreased by
Rs. 7140.64. There was small variation between land
area in existing plan and optimum plan land area was
declined by 0.20 hectares from 2.10 hectare to 1.90
hectares. The decline in gross cropped area by 0.20
hectareswould imply relatively less pressure on land that
would againindicate thesign of bringing in sustainability
of the productive capacity of the land. Finaly, the area
under optimal plan declined from 2.10 hectares to 1.90
hectareswhich accounts 9.52 per cent, but the netincome
of the farm was increased .

Optimal crop plan for Mohanur block :

Inthe canal command farm, on an average, banana,
paddy sugarcane and gram were grown in 1.32, 0.64,
0.69 hectares, respectively. The netincomerealized was
Rs. 82404 in the existing plan (Table 2).

In the optimal plan, area for banana was declined
from 1.32 hectares to 0.123 hectares. At the same time
area for sugarcane was increased to 2.03 hectares from
0.69 hectares. In this case, paddy was removed from
the optimal plan. The net income of the sample farm
increased from Rs. 82404.40 to Rs. 94356.57. Even
though the gross cropped areadeclined from 2.65 hectares

Tablel1: Optimal crop plan for Namakkal block

Existing area

Percentage to Optimal crop Percentage to

Sr. No. Particulars Season Units (ha) gross area area gross area Difference
1. Maize June-Sep. ha 0.78 37.14 0.00 0.00 -0.78
2. Brinja Oct.-Jan. ha 0.54 2571 151 79.47 +0.97
3. Tapioca Jan.-Dec. ha 0.48 22.86 0.39 20.52 -0.09
4. Blackgram Jan.-Mar. ha 0.30 14.29 0.00 0.00 -0.30
5. Net income Rs. 52905.02 60045.66 +7140.64
6. Labour Man days 220 220 0

7. Capital Rs. 29500.00 27418.65 -2081.35
8. Water mm 1500 1500 0

9. Total farm size ha 2.10 1.90 -0.20
Table2: Optimal crop plan for Mohanur block

f]r('), Particulars Season Units Bxi St(lr:,g area Pzrﬁjasltzrggo Opti g::lacrop PzrrcOa;tgrg:ato Difference
1. Banana Aug. - June ha 1.32 49.80 0.123 5.58 -1.20

2. Paddy June - Sep. ha 0.64 24.15 0.00 0.00 -0.64

3. Sugarcane Jan. - Dec. ha 0.69 26.04 2.03 94.42 +1.34

4. Net income Rs. 82404.40 94356.57 +11952.11
5. Labour Man days 300 300 0

6. Capital Rs. 11000 11000 0

7. Water mm 4500 4428.89 -71.11

8. Total farm size Ha 2.65 2.15 -0.50
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to 2.15 hectaresin the optimum plan, the net income was
marginally increased. Duringthecritical period, irrigation
water use had declined by 71.1 mm. Declinein thegross
cropped areato 2.15 hectares as against 2.65 hectares
intheexisting plan would alsoindicate margina reduction
in the pressure on land.

Optimal crop plan for Tiruchengode block :

In the existing situation, the major crops like
groundnut, sorghum, red gram weregrownin 0.85, 0.34,
0.38 hectares, respectively. Intheoptimal plan, groundnut
was removed from the plan i.e., no area alocation was
givenfor groundnut. Areaunder sorghum declined from
0.34 hectaresto 0.02 hectares. But area under red gram
increased from 0.38 hectaresto 1.23 hectares. The gross
cropped area under existing plan is reduced from 1.57
hectaresto 1.25 hectares. The net income hereincreased
marginally from Rs. 18513.92 to Rs. 23266.14. Even the
income reduction, resourceswere efficiently used to get
optimum pattern in this plan. Both water aswell ashuman
resources were used in their at most efficiency. Capital
was alsoincorporated initsfull efficiency.

Total cropped area was aso declined from 1.57

hectares to 1.25 hectares. All the resource viz., labour,
capital, water were used as applied in the existing plan.
Therewas areduction of 20.38 per cent in gross cropped
areain the optimum plan (Table 3).

Optimum crop plan for Pudhuchatram block :

Inthisexisting situation, four crops namely tomato,
sorghum, paddy, tapiocaweregrownin0.94, 0.35, 0.63,
0.58 hectares, respectively. The net incomerealized was
Rs. 51381.39 from this cropping pattern.

In the optimum plan, no area was allocated to
tomato. Area under sorghum was declined from 0.35
hectares to 0.17 hectares. In case of tapioca, it was
increased from 0.58 hectares 1.66 hectares. Area under
paddy was declined from 0.63 hectaresto 0.017 hectares.
Thenetincomewasdlightly increased from Rs. 51381.39
to Rs. 66447.15.Even though declinetrend in net income,
it showed that the resources which were used in the
cultivation as an efficiency factor (Table 4).

Conclusion :
The study area Namakkal district of Tamil Nadu
was purposively selected for the study because it comes

Table 3: Optimal crop plan for Tiruchengode block

Sr. No. Particulars Season Units Existing area (Ha) Pzrrcoe;tzrg:ato Optigzlacrop Pzrrcoelsﬁstgrggo Difference
1 Groundnut Aug.-Nov. Ha 0.85 54.14 0.00 0.00 -0.85

2. Sorghum June- Sep. H 0.34 21.66 0.02 1.60 -0.32

3. Red gram June-Oct. Ha 0.38 24.20 123 98.40 +0.85

4. Net income Rs. 18513.92 23266.14 +4752.22
5. Labour Man days 170 170 0

6. Capital Rs. 14000.00 13823.89 -176.11
7. Water mm 550 550 0

8. Total farm size Ha 157 1.25 -0.32
Table4 : Optimal crop plan for Pudhuchatram block

N Particulars Season Units Existing area (ha) Percentage to Optimal Percentage to Difference
No. gross area crop area gross area

1. Tomato Oct.-Dec. ha 0.94 37.60 0.00 0.00 -0.94
2. Sorghum May-Aug. ha 0.35 14.00 0.17 9.19 -0.18

3. Paddy Sept.-Dec. ha 0.63 25.20 0.017 0.92 -0.613
4. Tapioca Sept.-July ha 0.58 23.20 1.66 89.73 +1.08
5. Net income Rs. 51381.39 66447.15 +15065.76
6. Labour Man days 300 298.7 -1.30

7. Capital Rs. 32100.00 31847.65 -252.35
8. Water mm 2000 2000 0

9. Total farm size ha 2.50 1.85 -0.65
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under the category of dry land tract. In Namakkal district,
blocks namely Namakkal, Mohanur, Pudhuchatram,
Tiruchengode for each risky crop were purposively
selected on the basis of area, production and productivity
of those crops. Water was considered astherisky variable
in the study area. Parashuram (2007) studied that the
production | oss estimates reveal ed that the | osses dueto
droughts are more than floods and cyclones. He
suggested some short term, medium term and long term
policy measuresto bring about stability inrice production.
Inthe short term, the presently available drought tolerant
varieties should be exploited through extension agencies.
Also, government should take necessary steps to
encourage crop insurance in al areas. In the medium
and long term, government should encourage expanding
tube well irrigation in Orissa, wherever it isfeasibleto
combat the drought situation. These measures will not
only stabilizerice production but a soimprovethe poverty
situation in the state.

Optimal crop plan for Namakkal block :

In the optimal plan the crop brinjal was having the
areaof 1.5 hectares. Areaunder this crop increased from
0.54 hectares to 1.51 hectares. However, area under
tapioca declined from 0.48 hectares to 0.39 hectares.
Both maize and Black gram was removed from the
optimal plan. Even while two crops were removed from
the optimal plan, the net income of farm marginally
increased from Rs.52905.02 to Rs.60045.66.

Optimal crop plan for Mohanur block :

Intheoptimal plan, bananaareadeclined from 1.32
hectares to 0.123 hectares. For sugarcane, area
increased to 2.04 hectaresfrom 0.69 hectares. But paddy
was removed from the optimal plan. The net income
marginally increased from Rs. 82404 to Rs.94356.57.
Even though the gross cropped area declined from 2.65
hectares t02.15 hectares in the optimum plan, the net
income had marginally increased.

Optimal crop plan for Tiruchengode block :

In the existing situation, the major crops like
groundnut, sorghum, red gram weregrownin 0.85, 0.34,
0.38 hectares, respectively. Inthe optimal plan, groundnut
wasremoved from the optimum plan. Areaunder sorghum
declined from 0.34 hectares to 0.02 hectares and area
under red gram increased from 0.38 hectares to 1.23
hectares. The gross cropped area under existing plan is
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reduced from 1.57 hectares to 1.25 hectares. The net
income hereincreased from Rs. 18513.92 Rs.23266.14.

Optimum crop plan for Pudhuchatram block :

In the optimum plan, tomato wasremoved fromthe
plan. Area under sorghum was declined from 0.35
hectares to 0.17 hectares. In case of tapioca, it was
increased from 0.58 hectares 1.66 hectares. Area under
paddy was declined from 0.63 hectaresto 0.017 hectares.
The netincomewasslightly declined from Rs. 51381.39
toRs. 66447.15. Even though declinetrendin net income,
it showed that the resources which were used in the
cultivation as an efficiency factor.

Chavas (2008) studied that econometric analysis of
sate-contingent technology is possible and useful. He
revealed that under risk aversion, the role of risk
management in input choice can be important. The
analysis provided evidence that technological progress
hasreduced the cost of productionriskinU.S. agriculture
over the last few decades. Research on management
techniquesfor dry land agriculturelike soil improvement,
water conservation and water harvesting techniques need
to be geared upto guard against nature’s hazards.
Diversification of enterpriseslikefarming with dairy or
any other suitable enterpriseswould offer agreater scope
for stability in farmincome of the study region provided
it could be backed up with adequate financial support.
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