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ABSTRACT

The irrigation water requirement of major crops and total water available in the Natuwadi dam
located in Konkan region of Maharashtra was estimated. A linear programming model was
formulated to suggest optimal cropping pattern giving the maximum return at different water
availability levels. The abjective function of the model was subject to following constraints: total
water available and land during Rabi season, minimum area under rice and sugarcane for local
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Correspondence to: food requirement and preference to grow particular crop in aspecific area. Thismodel hasgiven
B.L. AYARE the optimal cropping pattern for acommand areaof 2050 haat water availability levelsof 100, 90,
Department of Agronomy 80 and 70 per cent and net returns of 120,109.50, 99.10 and 88.64 million rupees, respectively. Itis
(Water Management Scheme) found that, the water availablein the command areamay support optimally 36.50, 1018, 50, 273, 45,
Dr. B.S. Konkan Krishi 98 and 127 haof rice, banana, sugarcane groundnut, chilli, brinjal and maizefor fodder, respectively,
Vidyapeeth, Dapoli, to get maximum returns of 120 million rupeesat 100% water availability levels. Bananaappearsto
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provide the most consistent profit in the command area.
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fficient management of irrigation systemisbecoming

key issue for agricultural development. There will
be increasing need for more extensive water supply
systemsto meet ever-increasing agriculture, domestic and
industrial demand due to population pressure. Water is
not found when and where it is needed and also it may
not be of good quality. Optimum devel opment and efficient
utilization of water resources, therefore, assumes great
significance in the country. Important aspect of water
management includes optimal allocation of water for
irrigation purposes over anirrigation season and selection
of cropping pattern for a given land area and water
availability. Thisisusudly achieved throughthe application
of optimization techniques. Linear programming (LP) has
been one of the widely used technique for solving water
resources problems (Yeh, 1985; Benedini, 1988).
Bahauddin and Hussain (1995) evolved a methodol ogy
for optimal surface irrigation practices, which aimed at
maximizing the benefits of crop production per unit water
applied to a case study of Sri Ram Sagar project. Linear
programming techni que was empl oyed to evolve optimal
allocation of water to crops. Singh (1996) developed a
linear programming model to obtain optimum crop
combination for maximum net benefit with availableland
and water in Bijnor district. She concluded that by optimum
utilization of land and water resourcesit would be possible
toincreasetheagricultural income of the district by amost

80 per cent. Cheng Yun (2008) proposed a linear
programming model to study the consumptive use of
surface water and groundwater for optimum water
alocationin Taiwan.

METHODOLOGY

In the present study, aL P model wasformulated for
arriving at an optimal cropping pattern for Natuwadi
Project in Konkan region, Maharashtra. The model was
solved for different availability levelsof inflowsviz., 100,
90, 80 and 70 per cent, to obtain various possible cropping
patterns under coastal conditions.

Sudy area:

Natuwadi project isthe state sector mediumirrigation
project on Choriti river, situated in southern K onkan region
of Ratnagiri district of Maharashtra, Indiabetween the
latitude 17°50° N and 73°24’ E. The location map of
Natuwadi medium irrigation project is shown in Fig. 1.
The salient features of Natuwadi Project are presented
inthe Table 1.

Inflow data:

Thedaily inflow datafor 20 yearsi.e. from 1988 to
2007 for Choriti river at Natuwadi dam sitewere collected
fromthe office of thelrrigation Department. Theaverage
monthly inflow discharges were obtained by adding up
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Table 1 : Salient features of Natuwadi Medium Irrigation

Project
Sr. Particulars Vaue
No.
1. Location Village —Natuwadi,
N.H. 17, Ta-Khed,
Dist-Ratnagiri,
Maharashtra, India
2. Type of dam Earthen dam  with
masonry gated spillway
on left bank.
3. SOI Toposheet No. 47/G-5and 6
4. Latitude 17°50 N
Longitude 73°24'N
5. Catchments area 16.32 5q. km.
6. i) Mean annual rainfall 3632 mm
ii) Average annua 49.98 M cum.
runoff
iii) 75 % dependable 36.3 M cum.
runoff
7. Dam and Reservoir
i) Gross capacity of 28.08 M cum.
reservoir
ii) Capacity of dead 0.85 M cum.
storage
iii) Capacity of live 27.23 M cum.
storage
iv) Evaporation losses 2.21' M cum.
V) Area under 2172 ha
submergence at FRL
vi) Max. height of dam 4527 m
vii) Total length of dam 900 m
viii) Type of spillway Masonry gated ogee
type spillway on left
gate
8. Canals
i) Length of canal Left bank canal, 12 km.
Right bank cana, 24
km.
ii) Discharge at head Left bank cana, 0.88
cu.m./sec
Right bank canal, 5.66
cu.m./sec
9. Commanded area
i) Gross commanded 2343 ha.
area
ii) Cultivable area 2006 ha.
iii) Irrigable area 2050 ha.
iv) Cropped area 4621 ha.
10. Intensity of irrigation to 76.17 %
gross commanded area
13.  Cost per ha of irrigable Rs. 1.6 lakh/ha
area
14. Benefit cost ratio 1.74:1
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Fig. 1: The location map of Natuwadi medium irrigation
project

daily inflowsand used for model building. Thetota annual
inflow was then cal culated from the collected data. The
water year was considered from Juneto May, with June,
July, August, September and October as wet season and
November to May as dry season.

The statistics of the monthly inflow are presented in
Table2. FromtheTable 2, it can be observed that 95 per
cent of annual inflow occurred during the months Juneto
Octaober. There was no major variation in the standard
deviation. There was no major variation in skewness
and kurtosis coefficients. Therefore, the distribution of
inflow in each month may be assumed same.

The climate of the area is characterized by humid
sub-tropical monsoon with three-district season i.e.
summer (March to May), rainy (Juneto October), winter
(November to February). On an average annual
precipitation of 2800 to 3500 mm isreceived, of which
about 95 % of therainfall occursduring Juneto October.
During rainy season, the humidity is as high as 90 to 98
per cent. The mean daily maximum and minimum
temperatured varies between 30°C to 23°C, respectively.
The soils of the study areawerelateritic moderately fine
textured and well drained. The soilswere having acidic
reaction (pH=4.75 to 6.50). The CEC ranges between
8.1 to 23.55-me/100 g of soil. The lateritic soils are
dominant in theregion having field capacity of 28 % and
wilting point of 17.4%. Thebasicinfiltrationrateis4.4
to 7.7 cm/hr having soil depth of 30 to 100 cm
(Anonymous, 1990).

The main crops grown in the command area are
Rabi rice (Jan. toApril), banana (Oct. to June), sugarcane
(Oct. to June), groundnut (Nov. to April), watermelon
(Nov. to March) and chilly (Nov. to March). Monthly
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Table2: The statistics of the monthly inflows ‘

Month Mean X de\S/? ;ﬂgﬁg M  Vaiances Coefficient of - Coefficient of Kurtosis Ligr?g(:ttsigllwal
M cum. cum. Varidioncv.  SkewnessC coefficient ry
June 541 343 11.76 0.63 1.86 2.88 0.136
July 15.39 3.62 13.12 0.23 -1.058 0.154 0.184
Aug. 23.07 1.73 3.0 0.075 -0.82 0.41 0.571
Sept. 27.05 2.10 4.39 0.077 -3.57 13.95 0.917
October 27.28 174 3.03 0.064 -3.24 11.34 0.945
Annual 98.20 6.61 43.68 0.067 0.44 1.87 0.196

water requirementsfor cropsgrown inthe command area
were worked out considering 75 per cent dependable
rainfall for effective rainfall computation, based on the
guidelines given by the Water Management Division
(1971) and arelisted in Table 3. The computations of net

‘Table3 : Monthly crop water requirement (mm)

benefit in rupees per hectare for each crop was worked
out based on datacollected fromthe siteand are givenin
Table 4. Storage at different availability levels was
calculated and reported in Table 5.

Brief details about linear programming and its

Month  Rabirice Banana Sugarcane Groundnut Watermelon CC;rr“eﬁllw Brinjad Cucumber Tomato '?;’ggg Totd
Jan. 294 49 39 100 95 84 109 114 122 78 1084
Feb. 327 58 56 99 105 116 161 140 140 132 1334
March 335 81 185 130 32 138 175 166 168 190 1600
April 156 119 188 116 - - - - 176 - 755
May - 155 191 - - - - - - - 346
June - 48 47 - - - - - - - 95
July - - - - - - - - - - -

Aug. - - - - - - - - - - -

Oct. - 113 121 - - - - - - - 234
Nov. - 106 102 14 14 24 - - - - 260
Dec. 343 47 78 45 52 68 75 80 64 - 852
Total 1455 776 1007 504 298 430 520 500 670 400 6560

ﬁré. Crops Yieldglha Suppgrst/(g) e vaI’\L/II(fr ést/ha cultivitci)ztnogis./ha Neé:/er?:f !
1 Rabi rice
1.Paddy 40 580 23200 18808 8392/-
2.By produce 40 100 4000
2, Banana 300 600 180,000 99069 80931/-
3. Sugarcane main produce 1000 100 10,0000 42137 62863/-
By produce
4. Groundnut main produce 20 1600 32000 19269 15931/-
By produce 40 80 3200
5. Watermelon 150 500 75000 44068 30932/-
6. Green chilli 100 1500 150000/- 35131/- 1,14,869/-
7. Brinja 200 600 12000/- 37627/- 82373/-
8. Cucumber 200 800 16000/- 35406/- 1,24,594
9. Tomato 100 100 100000/- 64063 35937/-
10. Maize for fodder 420 100 42000 29357 12643/-
[Internat. J. agric. Engg., 3 (1) April, 2010] ®HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®
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application (mathematical modelling ) to the present case
are discussed below.

Linear programming (LP) :

Linear Programming (LP) deals with that class of
programming problemsfor which the constraintsaswell
asthefunction to be optimized arelinear relationsamong
the variables. When the resources are scarce, thereis a
need for allocation of limited resources to priorities or
activities. This technique is used either to maximize or
mi nimize a given objective function. The solution to the
linear programming (L P) mode wasobtained using smplex
method with a TORA computer software.

In amore convenient matrix notation, atypical LP
problem (Mgji and Heady, 1980) can be written as,

In a more convenient matrix notation, atypical LP
problem (Mgji and Heady, 1980) can be written as,

Max/(Min) Z =CTx (D)
Subject to the constraints

Ax > B ...(2)
andx >0 ... (3)

where, Cisa(nxl) vector known constant,
x isa(nx1) vector of decision variables,
A isa(mxn) matrix of known constant and
B isa(mxn) vector of constants.
The problem is to find asset of X, the decision
variables, that maximize (or minimize) the objective
function Z (EqQ. 1) and satisfies the equation 2 and 3.

Assumptions :

The following assumptions were considered in
devel oping themodel.

— The relationship between the variables in the
objective function and the constraintsarelinear.

— All parts of the land under consideration are put
to the same management practices.

— Soil of the project areais homogenous.

— Time and period of crop sown is samein every
year.

— Crop yield considered is same throughout the
command area inspite of variation in management
practices.

The model has been developed considering the
stochastic nature of the inflows to the dam. The model
was solved for different storage water availability levels
of inflowsviz.,70%, 80%, 90% and 100% to obtain various
cropping pattern.

Objective function:
— The objective function has been formulated to
alocate land resource for the existing crops, so as to

[Internat. J. agric. Engg., 3 (1) April, 2010]

maximize the net benefit and is given by:
12
MaxZ = 2. BjA, (4
j=
where,
(Rs))
B, = Net benefits from j* crop (Rs/ha)
A = The area under j*" crop in the command (ha)

Z = Net benefitsfrom the command area

Constraints:
The objective function is subjected to thefollowing
constraints:

Capacity constraints:

The storage in the dam at any month should not
exceed the maximum storage, S, and storage should be
greater than dead storage, S, for all months.

S <SS t=12........12
S>S,,t=12,............ 12

where, S, represents storage in the dam at time t
(ha-cm).

Water requirement constraints:
Thereleasein each month should be greater than or
egual to the amount of water needed in that month.

R-% 3 CWRj A;; 20,  t=12,...12 .(5)

= i
i=1j=1
where, R represents release from the dam during
month t (ha-cm) and CWR,, represents crop water
requirement for the crop j during the month t.

Continuity constraints:
The continuity equation can bewritten asfollows:
S,,=S+!-R-E-PL t=12.12 . (6)

where, S = Storageinthe dam at timet

S., = Storageinthedamat timet +1

[, = Inflow into the dam at time interval At.

R, = Release from the dam at time interval At.

E, = Evaporation fromthe dam at timeinterval At.

PL, = Percolation losses from the dam at time
interval At.

In the above equation the combined evaporation and
percolation | osses were assumed to be 15 per cent of the
average storage for the period At as suggested by L oucks
et al. (1981).Thetime period At was taken asamonth in
thismodel.

E,+PL,=0.15[(S+S,,)/2] .(7)

Land availability constraints:
The sum of areaunder each crop should not exceed
the total available land. This can be represented by the
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following equations.

n

A <A
j=1

where, A, represents total available land in the
command of i"" canal (ha).

i=1, ..., m €)

RESULTS AND DISCUSSION

Optimization of objective function was performed
withalinear programming (L P) modd . Storage at different
availability levelsisshownin Table 5. Areaall ocated to
different cropsand net benefits from the planning model
formed the command area of Natuwadi Project isshown
in Table 6, so as to maximize the net returns.

Availability levels (%)
storage 70 80 90 100

1,18,700 83,090 94,960 1,06,830 1,18,700

The maximum total area of 1834 ha was allocated
at 100 % water availability level, which decreased as 1583,
1453, 1323 haat 90, 80 and 70 per cent water availability
levels, respectively.

As regards the area allocated to individual crops,
maximum area was allocated to banana crop, as it was
most profitable crop. Rice crop was allocated the
restricted area of 36.5 ha, as it was not profitable and
needs more water. However, due to sustainability
constraint rice has taken the minimum area, which was
necessary to meet the staple food requirement of the
existing population. Sugarcanetook moreareathanrice,
asthisisannua crop. Though thereturnsfrom sugarcane
aremore, but dueto the non-avail ability of sugar factories
inthe nearby locality, area under sugarcane hasnot gone

up much.

Groundnut crops are how gaining popularity in
Konkan region. Hence, this crop was introduced for
meeting the oil requirement of existing popul ation.

As regards to humber of bullocks and buffalos, it
was necessary to have 2100 bullocks for performing
variousfarming operations and 800 buffal os, which gave
additional returnsof Rs.4 millionsfrommilk and FY.M.
productioninthearea. For meeting the feed requirement
the fodder maize was introduced in the command.

The other vegetable crops like water melon, chilli,
brinjal, cucumber and tomato have been introduced not
only for meeting the nutritional requirement of the
population but also due to the vicinity of Mumbai-Goa
highway to the command population and this provided a
good market avenue for receipt generation.

It is aso observed from Table 6 that the maximum
net benefits of 120 million rupees were obtained in 100
% water availability level indicating the importance of
water availability from the point of view of receipt
generation. The maximum net benefits decreased as
109.5, 99.1, 88.64 million rupees, at 90, 80 and 70 per
cent water availability, respectively inthe command area.

Conclusion:

Based on the analysis of the results following
conclusionsaredrawn,

— Irrigation plan for 100 % availability level with
maximum net benefits of 120 million rupees can be
implemented in the command area.

— Net benefit at100% water availability level is35
% more than 70% availability level.

— Banana crop appears to provide the most
consistent profit in the command area.

— Comparison of results indicates that, the

Table6: Area allotted to the different crops and net benefit from the planning model at different water availability levels

S No. Crop . Solution for maximization of net benefit at availability levels
Unit 100% 90% 80% 70%
1 Rabi rice ha 36.50 36.50 36.50 36.50
2. Banana ha 1018.60 823.00 627.35 431.70
3. Sugarcane ha 50.00 50.00 50.00 50.00
4. Groundnut ha 273.50 273.50 273.50 273.50
5. Watermelon ha 10.00 10.00 10.00 10.00
6. Chilli ha 45.00 45.00 45.00 45.00
7. Brinjal ha 98.10 163.30 228.50 293.70
8. Cucumber ha 50.00 50.00 50.00 50.00
9. Tomato ha 5.00 5.00 5.00 5.00
10. Maize for fodder ha 127.60 127.60 127.60 127.60
Net benefit (million rupees) 120.00 109.50 99.10 88.64
Total area ha 1834.30 1583.90 1453.45 1323.00

[Internat. J. agric. Engg., 3 (1) April, 2010] @HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®



10 B.L.AYARE, M.S. MANE, ARUN SHARMA anp J.H. DEKHALE

methodol ogiesare quite versatile and can be used in other
similar situationswith suitable modifications.
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