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 To assess the available land and water resources with the objective of minimization of soil loss, maximization of net return and minimization of 
labour requirement in order to have a sustainable cropping system to meet the nutritional requirement for the year 2021 for the district South Andaman, 
one of the tropical rainfed islands of India.

The climatic data for 40 years from 1978 to 2017 of the rainfed tropical islands of South Andaman district of Andaman and Nicobar group 
of islands (India) was analyzed to find out the monthly climatic index from the calculated values of effective rainfall and evapotranspiration. Suitable 
cropping period and crop sequences based on the 70% dependable monthly climatic index and crop coefficient for the study area were proposed. The 
extent of labour requirement, net return and soil loss from agriculture were estimated for the suggested cropping patterns. A mathematical model was 
formulated for optimal allocation of area to different crop sequences with different objectives 
viz. minimization of soil loss, maximization of net return and minimization of labour 
requirement from agriculture and was solved using linear goal programming technique.

 The model suggested to take up food crops in an area of 30,041.23 ha and perennial 
grass cover in 1,000 ha with a cropping intensity of 198% resulting in a net return of ̀ 40,163.11 
lakhs with labour requirement of `19,724.60 lakhs sustaining soil loss to a tune of 1,029.15 
thousand tonnes per year. The model was found to be favourable in respect of higher net 
return of `49,438.29 per ha with lesser labour requirement of ` 37,727.99 per ha and lesser 

-1soil loss of 25.14 tons ha  than the corresponding present values. 

 To meet the nutritional requirement of the South Andaman district for the year 
2021, 13 cropping systems covering an area of 30,041.23 ha are to be adopted. The deficit 
cultivable area of 19.62 thousand ha has to be explored inside and outside of the district for 
cultivation. Runoff yield from 150.42 thousand ha of forest land is to be harvested to meet the 
water requirement for the crops. Under proposed cropping pattern, the rate of soil loss was 
decreased by 42.32%, rate of net return was increased by 58.68% and rate of labour cost was 
reduced by 36.49% as compared to the existing cropping pattern. Among cereals, pulses, oil 
seeds, vegetables and tubers, the production of maize, arhar and green gram or black gram, 
ground nut and sweet potato are preferred respectively in case of requirement of higher 
production of individual food group.

 Agricultural sustainability, Crop land, Tropical islands, Water resources
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Introduction

The pressure on land and water resources is increasing 
worldwide. In India also, it is felt in several parts of the agricultural 
areas and thus causing a perceptible threat to national food 
security embedded with sustainability concern of natural 
resources. The coastal agricultural areas are seen as the 
potential thrust areas for bridging the expected shortages in the 
national food production due to scope of improving agricultural 
productivity and adequate availability of natural resources 
(Gopalakrishnan et al., 2019). Coastal agriculture is generally 
characterized by low productivity due to uncertain weather 
conditions, traditional agricultural practices, low agricultural 
inputs and uneconomic size of the land holding. The union 
territory of Andaman and Nicobar group of islands is one of the 
coastal state of India with the coastline of 1912 km with the length 
and average width of Andaman group of islands are 467 km and 
24 km, respectively. More than 50% of the people of these islands 
depend on agriculture and allied activities for their livelihood and 
50% of the state’s economy comes from the agriculture sector. Its 
importance in these islands has a special bearing because of 
limitation on alternative livelihood possibilities and because of its 
dependence on mainland India located at an average distance of 
1300 km for almost all essential items (DSHB, 2015-16). 
Development of the poor in the area is dependent on 
development of agriculture and allied activities. Topographically 
the Andamans are undulating, characterized with hills, hillocks 
and flat bottomed vallies (Pandey et al., 2007). Agriculture in most 
of the places of the State is rainfed with low level of production and 
productivity due to insufficient availability of practical irrigation 
and is entirely dependent on climatic factors which lead to poverty 
and malnutrition. 

The Andamans are home to large varieties of tribal 
population of the country, freedom fighters who are allowed to 
settle here and settlers migrated from mainland India. The settlers 
were provided with 2 ha forested lands on the hillocks and 2 ha 
lands in the valley. Those settlers removed the forest, constructed 
houses and planted trees round the houses that met their 
maximum basic needs because markets as well as roads were 
not available at that time. This led to the development of home 
garden in the islands. Poverty of the physical environment, 
ignorance of efficient technique of exploiting natural resources 
and lack of capital for investment are the main cause of low 
income of the tribals and settlers in these areas. In spite of being 
organic in nature, agriculture in these areas has become more 
and more risky because of erratic climatic behaviour. Being fed 
up, in most cases, the farmers flee away from their native villages 
in search of alternative methods of livelihood leaving the fields 
fallow, forever. As a result the agriculture lands lead to large scale 
land degradation. Some even try to go for increase in productivity 
with the help of unsustainable farming in incapable areas (not 
suitable in terms of Land Capability Classifications) and using 

inorganic inputs with help of Government subsidies. Unless these 
areas are protected and these people are assured of their 
livelihood with minimal climatic risk the organic base of agriculture 
may be lost forever. Direct impacts of agricultural development on 
the environment arise from farming activities accompanied by 
over exploitation of land and water resources (Nagdeve, 2002). A 
comprehensive approach should therefore be taken by the 
authorities responsible for policy in different areas such as food 
security, forest and soil conservation and water resources for 
sustainable growth and development (Mythili, 2003). Agriculture 
is mainly dependent on quantity, quality and timely availability of 
water, which comes mostly from rainfall, barring limited sources 
through ground water contribution from shallow water table and 
amount of soil moisture available at the beginning of the period. 
Even though, current water resources are more than sufficient to 
meet the demand for crop growth, the main problem is its 
unpredictable availability, which is very much dependant on 
weather and climate. All the climatic factors in a broader sense 
affect the water balance of the agricultural system by way of 
determining the amount of water received through rainfall and the 
amount of water that is required. On the other hand the water that 
is lost through evapotranspiration is also dependent on climatic 
factors to a great extent. The amount of effective rain should be 
more than or at least equal to the water loss through crop 
evapotranspiration (ET ) from a crop field in a particular period of c

crop growth for optimal crop growth. Considering all these 
constraints, an integrated crop planning for agricultural 
development of the South Andaman district, a group of tropical 
islands of India was formulated which would, not only reduce the 
risk in agriculture and increase productivity, but also reduce the 
level of land degradation by way of minimal soil loss from the 
cropped fields and will be economically viable and socially 
acceptable by the people. This would also help the policy makers 
at the Government level to think of the alternatives and prioritize 
the activities to be taken up to ensure food security, economic 
growth and overall development of the study area. 

Materials and Methods

The area selected for study is the South Andaman district 
located in the Southern part of the Andaman group of islands in 
the Union territory of Andaman and Nicobar group of islands (Fig. 
1).  Among the total 37 inhabited islands in this Union Territory of 
India, 10 inhabited islands are there in South Andaman district. 
The district lies between latitude of 6° 45´ to 13° 4´ North and 
longitude of 92° 15´ to 94° East at an elevation of 13.0 m from 
mean sea level. The district has very low density of population of 

-289 persons km . The total population of the district is 2, 38, 142 as 
per the 2011 census. These Islands have a true maritime climate 
of warm and humid with mean maximum and minimum 
temperatures of 31°C and 21°C respectively and fall under agro 
climatic zone XV. The annual normal rainfall in the district is 3054 
mm distributed over 131 rainy days (Nanda et al., 2018a). The 
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reporting area for land utilization is 90% of the total geographical 
area (310.6 thousand ha) (Table 1). Net sown area and area 
under forest of the district is about 2.5% and 94% of the reporting 
area for land utilization. Gross cropped area is 7141.04 ha and 
cropping intensity is about 104%. The cultivable area at present is 
10.41 thousand ha. About 6.89 thousand ha area is under 
cultivation and the rest area of 3.52 thousand ha are under fallow 
and uncultivated (DSHB, 2015-16). 

Database : Basic relevant information of South Andaman district 
and primary data related to agriculture i.e. existing area under 
food crops (cereals, pulses, oilseeds) and vegetable crops, their 
productivity and production, the level of application of inputs like 
seeds, manures, fertilizers and labour etc. was collected from 
published reports (DSHB, 2015-16) as well as from personal 
interview with the line department officials and farmers. Climate 
data were collected from DSHB (2015-16), Division of Natural 
Resources Management, ICAR-Central Island Agricultural 
Research Institute, Port Blair (ICAR-CIARI, 2017), National 
Initiative on Climate Resilient Agriculture, Port Blair centre and 
Indian Meteorological Department, Kolkata. The data on soil type, 
texture etc. was collected from ICAR-National Bureau of Soil 
Survey and Land Use Planning, Nagpur. 

Selection of crop sequences and cropping period : The 
monthly rainfall data for 40 years from 1978 to 2017 was analyzed 
and the USDA Soil Conservation Service method was used to 
calculate monthly effective rainfall with help of “FAO CROPWAT 

8.0 for Windows” software (AICRP, 2009, Sharma et al., 2009). The 
monthly reference crop evapotranspiration was calculated from 
climatic data (1978–2017) using “FAO Penman-Monteith” method 
(Allen et al., 1998). The crop coefficient during the initial period (Kc 

), is a function of wetting interval, evaporating power of the ini

atmosphere and magnitude or importance of the wetting event 
(Allen et al., 1998). The interval between significant rains 
(calculated by dividing the number of normal rainy days by 30 
considering one event per normal rainy day) daily ET  and the o

importance of wetting event (calculated by dividing the number of 
normal rainy days to the total monthly rainfall) were used to 
estimate the value of K  as suggested by Allen et al. (1998). The c ini

range of K  at the development stage (K ), mid season stage (Kc c dev c 

) and late season stage (K ) were adopted as 0.6–0.85, 0.9–1.2 mid c end

and 0.55–1.05 respectively for food crops like maize, green gram, 
black gram, arhar, groundnut, ginger, turmeric, tapioca, mustard, 
vegetables, etc., except in case of rice for which higher K  values c dev

of 1.1–1.15 (Doorenbos and Pruitt, 1977; Allen et al., 1998). FAO 
Irrigation and Drainage paper 56 (Allen et al., 1998) have also 
suggested using these values for calculation of ET .c

The cropping period was selected depending on the 
water availability and water utilised in the crop field. The amount 
of effective rain should at least be equal to the water loss through 
crop evapotranspiration (ET ) from a crop field in a particular c

period for successful crop growth. For climatic suitability, the 
value of crop coefficient (K ) should therefore be less than the c

ratio of two climatic factors, effective rainfall and ET , at each o

Fig. 1 : Location map of study area.
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stage of crop growth. The water balance stage is characterised by 
the ratio of effective rainfall and ET , that evidently equates to K  o c

and called as “climatic index (C)” effectively representing the i

climatic factors in water balance calculations. Monthly values of C i
were grouped using 0.1 groupings (0–0.1, 0.1–0.2, 0.2–0.3, . . . 
and 0.9–1.0) and 80% dependable values of C for each month i

was calculated, by dividing the number of times the monthly value 
of C falls within a group by the number of monthly records (Savva i

and Frenken, 2002). The values of 80% dependable C were i

correlated with the K  values to suggest starting of the cropping c ini

period and with values of K , K  and K  to suggest the total c dev c mid c end

cropping period. Crops that are traditionally grown in the area are 
planned as per the local affinity and scheduled in the selected 
cropping period by comparing the values of 70% dependable C i
with the values of K , K  and K  (Allen et al., 1998) and as per c dev c mid c end

the land type. A crop calendar and a possible set of crop 
sequences were prepared to be used in the model for optimal 
allocation of areas with the enlisted objectives.

Water availability during kharif, rabi and summer season : 
Total water availability during kharif season was determined by 
analyzing weekly rainfall data for the period from 1978 to 2017 
using the different probability distribution functions. The best fit 
probability distributions were determined and applying it, 
expected week wise rainfall at different probabilities was 
estimated. Rainfall at 70% probability and its resulting effective 

th thrainfall for the period from 18  to 48  standard meteorological 
weeks were considered. The water availability was obtained by 
multiplying the estimated effective rainfall with total cultivable 
area. For rabi and summer season, runoff yield from individual 
rainfall events from 1978 to 2017 was determined using SCS-
Curve Number method (Nanda et al., 2018b). Applying the 
different probability functions, month wise runoff for the same 
period was analyzed and the best fit probability distributions was 
determined and using it, expected month wise run off at different 
probabilities was estimated. Runoff at 70% probability for the 
period from May to February was considered and it was multiplied 
with total cultivable area for determining the water availability. It 
was assessed based on the storage capacity, which was 

predicted by knowing the wetness status, i.e. antecedent 
moisture condition (AMC) and physical characteristics of the 
area. 

Food requirement : The projected population of the district for 
2021 was estimated based on the census data of 2011 at the 
decadal growth rate of 14.23% during 2001-2011 (DSHB, 2015-
16). The edible component of the four major food groups namely, 
cereals, pulses, oilseeds and vegetables including tubers 
required for a projected population in 2021 was calculated using 
the recommended dietary allowance (RDA) for reference Indian 
male and female as suggested by the National Institute of 
Nutrition (NIN, 2011). Out of the total population 31% are infants 
and 69% are adults (DSHB, 2015-16), hence food requirement is 
calculated for both infants and adults. Out of total population, 
40.08% are workers consisting of 80.1% male and 19.9% female 
(DSHB, 2015-16) and they were treated as heavy and others 
were treated as moderate diet consuming humans.

Soil loss from agricultural land : The rate of soil erosion from 
crop fields was calculated using Universal Soil Loss Equation or 
USLE (Wischmeier and Smith, 1978; Narain et al., 1994), which is 
as follows:

A = R * K * L * S * C * P                          (1)

-1Where, A is the average soil loss (tons (ha year) ); R is the rainfall 
erosivity factor; K is the soil erodibility factor; L is the slope length 
factor; S is the slope gradient factor; C is the crop management 
factor and P is the supporting conservation practice factor. 

Using the rainfall data for the period from 1978 to 2016, 
rainfall erosivity factor (R) was estimated. Kinetic energy of the 
rain storms were computed as per the equation proposed by 
Wischmeier (1959) as below:

KE = 210.3 + 89 log  I                                  (2)10

-1 -1Where,  KE is the kinetic energy of the storm; m tonnes ha  cm  
-1and I is the rainfall intensity, cm hr .

Table 1: Land use statistics of South Andaman district

Land use Area (ha)

Total geographical area 310600.00
Reporting area for land utilization 280442.46
Forest area 267294.00
Not available for cultivation 2729.48
Current fallow 342.75
Other uncultivated land excluding fallow land 1860.98
Fallow land other than current fallows 1321.06
Net area sown 6894.19
Area available for cultivation 10418.98

Source: DSHB, 2015-16
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Thereafter R values for each erosive storm were 
computed for 30 minutes rainfall intensity (Raghunath and 
Erasmus, 1971) using the following empirical equation.

R = (KE × I  ) / 100                                   (3)30

-1 -1Where, R is the erosivity factor, in m tonnes cm ha  hr , KE is the 
-1 -1kinetic energy of the storm, m tonnes ha  cm  and I  is the 30
-1maximum 30 minutes rainfall intensity, cm hr .

Regression analysis was done to establish the 
relationship between monthly R with monthly rainfall, P (Erasmus 
et al., 1970). The highly significant empirical equation developed 
between R and P was used to compute the monthly R values 
corresponding to normal monthly rainfall. These monthly R values 
were added to get the R values for the yearly normal rainfall. As 
per the prevailing cropping practice, total crop growing seasons 
(Kharif + Rabi + Summer) was taken as 9 months (June to 
February) and R values were computed accordingly. R value for 
individual crop was determined considering its cropping period. 
When the land was fallow, R value for that particular fallow period 
was taken for soil loss calculation.   

The value of soil erodibility factor (K) and slope length and 
slope gradient factor (LS) were determined as 0.26 and 1.95 as 
the area weightage value of different land masses for South 
Andaman district referring the technical report published by 
Sahoo et al. (2013). Referring published journals and reports by 
Roose (1976), the value of crop management factor (C) of 
common crops were used in this study. The value of C factor was 
considered as “1” during the period when the field was left fallow 
(Ghosh and Babu, 1977 and Shri Niwas et al., 1980). The value of 
supporting conservation practice factor (P) for the South 
Andaman district was determined referring the report published 
by Kurothe, (1997). After determining all the USLE parameters as 
above, the crop sequence wise annual soil loss was calculated 
using Eq. 1 considering the corresponding values of R, C and P 
factors for different crop sequences.

Model development : Three objective functions, one for 
minimisation of soil loss, one for maximization of net return and 
the other for minimization of labour requirement for agriculture 
were formulated with a set of constraints, as described below, to 
reach at the best possible solution in the given circumstance. 

Where, Z  is the Total soil loss from the optimum crop sequence 1

sets (tonnes); Z  is the Total return from the optimum crop 2

sequence sets `; Z is the Total labour cost for the optimum crop 3 
thsequence sets `; A is the Area of i  crop sequence set (ha); S = i i

th -1Rate of soil loss of i  crop sequence set, tonnes ha ; L is the i 
th -1Amount of labour cost of i  crop sequence set, ̀  ha ; R is the Rate i

th -1of net return of i  crop sequence set, ̀  ha .

Apart from general constraints of area, land type and 
irrigation, some additional constraints like minimal nutritional 
requirement for each food crops (in terms of affinity of the people) 
and local suitability constraints (to allow the crops that are 
suitable to local environment and are traditionally grown by the 
farming community) are considered to increase the acceptability 
of the model by the local people. All the constraints are divided 
into seven groups and are described below. 

Area constraint : The summation of areas allocated to crop 
sequences should be less than or equal to the total cultivable 
area. Mathematically,

S A £ A (i = 1, 2, 3, ........... n and n ÎN                     (7)i

Where, A is the total cultivable area in ha.

Land type constraint : A particular crop is suitable in a particular 
land in a particular season only due to change in property of soil. 
The cultivated land of South Andaman district is divided into two 
types i.e. hilly slope upland and flat terrain low land. The criteria 
for land classification are not rigid in the study area. Traditional 
knowledge of farmers received from their elders on the 
classification of land finally prevails in their practice 
(Arunachalam, 2006). The restriction of crops and crop 
sequences in a particular land type is therefore defined as a 
constraint as given below.

S A  £ A   (i  = 1, 2, 3, ........... n  and n  ÎN                (8)i1 u 1 1 1

thWhere, A and A are areas of i  crop sequence and total i  u 11

cultivable land in upland and hilly slope areas respectively in ha.

S A  £ A  (i  = 1, 2, 3, ........... n  and n  ÎN                (9)i2 l 2 2 2

thWhere, A and A are areas of i  crop sequence and total cultivable i2 l 2

land in flat terrain and low land areas respectively in ha.

Irrigated area constraint : Suitable crop sequence sets are to be 
taken up in the limited areas, where some assured irrigation is 
available. The constraint structure is defined as below.

S A  £ A  (i  = 1, 2, 3, ........... n  and n  ÎN                (10)i3 i 3 3 3

thWhere, A and A are the areas of i  crop sequence and total i3 i 3

cultivable area in assured irrigated areas respectively in ha. 

Water Requirement Constraint : As per the water availability in 
the area, suitable crops to be taken and total crop water 
requirement by crops should be less than or equal to total water 

Minimize Z  = S (A S)       (i = 1, 2, 3, ........... n)             (4)1 i i

n

i=1

Maximize Z  = S (A R)       (i = 1, 2, 3, ........... n)             (5)2 i i

n

i=1

Minimize Z  = S (A L)       (i = 1, 2, 3, ........... n)             (6)3 i i

n

i=1

n1

i =11

n2

i =12

n3

i =13
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availability. Crop water requirement of different crops is taken 
from published reports and available literatures. The constraint 
structure is defined below.

For kharif season 

S WR A  £ W   (i  = 1, 2, 3, ........... n  and n  ÎN          (11)1 i4 kh 4 4 4

thwhere, A is the Area of i  crop sequence, ha; WR is the Crop i4 4 1 
thwater requirement of i  crop sequence, m; W is the Total water 4 kh 

available in kharif.

For rabi and summer season

S WR A  £ W   (i  = 1, 2, 3, ........... n  and n  ÎN          (12)2 i5 rb 5 5 5

thWhere, A  is the Area of i  crop sequence, ha; WR  is the Crop i5 5 2
thwater requirement of i  crop sequence, m; W  is the Total water 5 rb

available in rabi and summer.

Grass cover constraint : For erosion control, there should be 
provision of having minimum grass cover in sloppy areas/upland 
areas. Under the study, perennial hybrid napier grass is 
considered for its multiple uses (erosion control, fodder and 
livelihood) and its plantation is limited to 1000 ha in upland area. 
The constraint structure is defined below.

A  £1000 ha                                         (13)g  

Where, A  = Area of crop sequence with perennial grass cover, ha.g

Nutritional and affinity constraint : Crop production should 
meet the nutrients requirement of the population as per the 
recommended dietary allowance (NIN, 2011). For this a minimum 
production of individual food crops must be ensured keeping in 
view the affinity and dietary habit of the people. The constraint 

-1structure is defined assuming productivity of rice = 3.5 t ha , 
-1 -1 -1maize =4 t ha , green gram = 1 t ha , black gram = 1 t ha , arhar = 

-1 -1 -11 t ha , ground nut = 1 t ha , mustard = 1 t ha , kharif vegetable = 
-1 -110 t ha , rabi and summer vegetable = 15 t ha , sweet potato = 15 

-1 -1t ha , tapioca = 25 t ha . The constraints are as below: 

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (14)i6 rc rc 6 6 6

thWhere, A is the Area of i  crop sequence set, where rice is taken, i6 6
-1ha; P is the Productivity of rice, tonnes ha ; R is the Requirement rc rc 

of rice, tonnes

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (15)i7 mz mz 7 7 7

thWhere, A is the Area of i  crop sequence set, where maize is i7 7
-1taken, ha; P is the Productivity of maize, tonnes ha ; R is the mz mz 

Requirement of maize, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (16)i8 mg mg 8 8 8

thWhere, A is the Area of i  crop sequence set, where green gram i8 8

-1is taken, ha; P = Productivity of green gram, tonnes ha ; R is mg mg 

the Requirement of green gram, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (17)i9 bg bg 9 9 9

thWhere, A is the Area of i  crop sequence set, where black gram i9 9
-1is taken, ha; P is the Productivity of black gram, tonnes ha ; R is bg bg 

the Requirement of black gram, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (18)i10 ar ar 10 10 10

thWhere, A is the Area of i  crop sequence set, where arhar is i10 10
-1taken, ha; P is the Productivity of arhar, tonnes ha ; R is the ar ar 

Requirement of arhar, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (19)i11 gn gn 11 11 11

thWhere, A is the Area of i  crop sequence set, where ground nut i11 11
-1is taken, ha; P is the Productivity of ground nut, tonnes ha ; R is gn gn 

the Requirement of ground nut, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (20)i12 ms ms 12 12 12

thWhere, A is the Area of i  crop sequence set, where mustard is i12 12
-1taken, ha; P is the Productivity of mustard, tonnes ha ; R is the ms ms 

Requirement of mustard, tonnes.

thWhere, A is the Area of i  crop sequence set, where vegetable i13 13
this taken in kharif, ha; A is the Area of i  crop sequence set, i14 14

thwhere vegetable is taken in rabi, ha; A is the Area of i  crop i15 15

sequence set, where vegetable is taken in summer, ha; P  is the kvg
-1Productivity of vegetable in kharif, tonnes ha ; P is the rvg 

-1Productivity of vegetable in rabi, tonnes ha ; P is the svg 
-1Productivity of vegetable in summer, tonnes ha ; R is the Total vg 

requirement of vegetables in a year, tonnes.

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (22)i16 sp sp 16 16 16

thWhere, A is the Area of i  crop sequence set, where sweet i16 16

potato is taken, ha; P is the Productivity of sweet potato, tonnes sp 
-1ha ; R is the Requirement of sweet potato, tonnes.sp 

S A P  ³ R   (i  = 1, 2, 3, ........... n  and n  ÎN          (23)i17 tp tp 17 17 17

thWhere, A is the Area of i  crop sequence set, where tapioca is i17 12
-1taken, ha; P is the Productivity of tapioca, tonnes ha ; R is the tp tp 

Requirement of tapioca, tonnes.

Local suitability constraint : Due to prevailing local conditions, 
a minimum areas is to be set for cultivation of some drought 
tolerant crops that are traditionally being cultivated since ages, 
like a minimum of 500 ha each for ginger, turmeric and tapioca.
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A  > 500                                            (24)gn

A  > 500                                            (25)rt

A  > 500                                            (26)ta

Where, A is the Area of crop sequence, where ginger is taken, gn 

ha; A is the Area of crop sequence, where turmeric is taken, ha; Art ta 

is the Area of crop sequence, where tapioca is taken, ha.

The crop sequence wise values are fed into the model 
and the model was solved using linear goal programming 
technique considering multiple goals of minimisation of soil loss 
(goal I), maximisation of net return (goal II) and minimization of 
labour cost (goal III) from agriculture using simplex method with 
the help of Windows Quantitative Systems for Business 
(WinQSB) software (Chang, 1998). Sensitivity analysis was 
conducted with increased allocation of areas for individual food 
crops, within the feasible limits, to find out their impact on the 
objectives.

Results and Discussion

The annual value of effective rainfall for the study area 
was found minimum (924.6 mm) during 1979 and maximum 
(1606.7 mm) during 2011, whereas the annual value of ET  was o

found minimum (1196.8 mm) during 1993 and maximum (1444.4 
mm) during 2014. The annual value of climatic index (C) was i

found lowest (0.71) during 1979 and highest (1.29) during 1984. 
The average values of annual effective rainfall (P ), reference e

crop evapotranspiration (ET ) and climatic index (C) over the said o i

period of 40 years were found to be 1302.3 mm, 1294.7 mm and 
1.01 respectively. The month wise values of crop coefficient at 
initial stage (K ) and 80% dependable C were calculated. The c ini i

total cropping period was determined as 246 days commencing 
from May to end of December. Crops with more water demand 
having higher K , K  and K  values were proposed from May c dev c mid c end

onwards to the end of September and crops with less water 
demand having lower K , K  and K  values were proposed c dev c mid c end

from October onwards. Basing on all the factors and with respect 
to water balance and climate suitability, a standard crop schedule 
was prepared and centering it as many as 54 possible cropping 
sequences including an option of a perennial grass cover were 
proposed for the district. 

Water availability during kharif, rabi and summer season: 
Using the different probability distribution functions, weekly 
rainfall data from 1978 to 2017 was analyzed and the best fit 
probability distributions were determined and applying it, 
expected week wise rainfall at different probabilities were 
estimated. The total rainfall and resulting effective rainfall during 
kharif at 70% probability level were estimated using USDA Soil 
Conservation Service method and using it, total water available 
during kharif was estimated to be 10,257.21 ha.m. Using SCS-
Curve Number method, the month wise surface runoff due to 

rainfall was estimated. Applying the different probability 
distribution functions, month wise run off from 1978 to 2017 was 
analyzed and the best fit probability distributions were 
determined. Using it, the total surface run off from May to 
February at 70% probability level was estimated to be 407.49 
ha.m.

Food requirement : The projected population of the district in 
2021 at the present decadal growth rate of 14.23% is 2,72,029 
comprising of 1,45,395 males and 1,26,634 females. The food 
requirement for nutritional sufficiency as per the recommended 
dietary allowance for this projected population was estimated to 
be 73,750, 16,506, 14,176 and 54,499 tons of cereals, pulses, 
oilseeds and vegetables and tubers respectively.

Soil loss estimation : The present level of soil loss from crop fields 
-1is estimated to be 103.77 thousand tonnes at the rate of 59.40 t ha  

-1 -1 -1 -1 -1yr . The highest (124.8 t ha  yr ) and the lowest (70.6 t ha  yr ) rate 
of soil loss was obtained from the cultivation of mono crop of green 
gram cultivated in kharif and ginger, respectively. Maximum soil 
loss (87.01 thousand tonnes) was found in case of vegetable 
cultivation (1317 ha) sharing 84% of total soil loss. Among the 
double cropped land, the sequence of sweet potato-vegetable-

-1 -1fallow contributes the lowest rate of soil loss (24.91 t ha  yr ), 
whereas the cropping sequence of green gram-vegetable-fallow 

-1 -1yielded the highest rate of soil loss (79.09 t ha  yr ). 

Solution of the model : Out of 54 decision variables considered 
in model formulations under the study, the model allocated non-
zero values to 13 variables suggesting for cultivation of food crops 
in an area 30,041.23 ha and perennial grass cover in 1,000 ha 
with a cropping intensity of 198% (100% in kharif, 92% in rabi and 
6% in summer) and are presented in Table 2. The deficit cultivable 
area of 19.62 thousand ha has to be explored inside and outside 
of the South Andaman district for cultivation. The water availability 
from this proposed 30,041.23 ha of cultivable land during kharif 
season will be 29,574.69 ha.m which will be more than the 
threshold value of 28,803.98 ha.m. This indicates that the crops 
grown during the kharif season will survive with available of plenty 
of water. But during rabi and summer season, the available water 
is 1,174.91 ha.m from the cultivable land of 30,041.23 ha. This 
value is less than the required value of 7,057.91 ha.m with a 
deficit value of 5,883.00 ha.m which is equivalent to the run off 
yield of 150.42 thousand ha of land. This can be met only by 
harvesting run off yield of the abundant forest land of 150.42 
thousand ha situated nearby the cultivable land.       

It was suggested that a net return of ` 40,163.11 lakhs 
can be obtained from agriculture with minimum labour cost of ` 

19,724.60 lakhs. Soil loss to the extent of 1,029.15 thousand 
tonnes was estimated from the cultivable area of 30,041.23 ha 
under different cropping patterns. Maximum soil loss of 2,60,705 t 

-1yr  was obtained from the cropping pattern rice-green gram-
-1 -1fallow at the rate of 30.97 t ha  yr  and minimum soil loss of 2,250 t 

n17

i =117
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-1yr  was obtained from the perennial grass cover (hybrid napier) at 
-1 -1the rate of 2.25 t ha  yr . Maximum and minimum net returns of ̀  

6,090 lakh and ` 48.87 lakh were obtained from the cropping 
pattern ginger-vegetable and perennial grass cover at the rate of 

-1 -1
` 12.18 lakh ha  and ` 4,887 ha , respectively. Maximum (` 

3,914.37 lakh) and minimum (` 450 lakh) cost towards labour 
wages was calculated for the cropping pattern rice-green gram-
fallow and perennial grass cover (hybrid napier) at the rate of ` 

 46,500 per ha and ` 45,000 per ha, respectively. The model 
suggested the highest area of 8,418.00 ha for the cropping 
pattern rice-green gram-fallow and lowest area of 362.87 ha for 
the cropping pattern ground nut-vegetable-vegetable among the 
proposed cropping patterns. When the suggested values by the 
linear goal programming model for the proposed cropping pattern 
were compared with existing cropping pattern status in terms of 
soil loss, net return and labour cost, it was found that the soil loss 
and labour cost were much lower side and net return was much 
higher side for the proposed cropping pattern than the existing 
cropping pattern (Table 3). Under proposed cropping pattern in 
optimized LPM, the rate of soil loss was decreased by 42.32%, 

rate of net return was increased by 58.68% and rate of labour cost 
was reduced by 36.49% as compared to the existing cropping 
pattern. It is observed that, the model is favourable in respect of 
higher rate of net return by ̀  49,438.29 per ha per year with lesser 

-1 -1rate of soil loss by 25.14 tons ha  year  and lesser rate of labour 
cost by ` 37,727.99 than the corresponding present values. The 
total cultivable area has been apportioned under multiple goal to 
run linear programming - conversely it also means linear 
programming can be used to validate multiple goal perusal with 
ceilings as well. But, increase in cultivated area at first may not be 
readily accepted by the Administrations as well as the poor 
farmers of the region. Identification of the suitable cultivable area 
from different islands inside and outside South Andaman district 
and imparting awareness and planning for subsidies may be of 
help to motivate the farmers in accepting the plan, which would 
help them (in form of increased return and reduced labour cost) 
and the nation as well (in form of reduced soil loss). Some 
alternatives are also found out by conducting sensitivity analysis 
of the model. These alternatives can be discussed with the 
farmers and field functionaries for a choice before effective 

Table 2: Allocation of area for different cropping patterns as suggested by Goal Programming

                     Cropping pattern Area, ha Goal I(Minimization Goal II (Maximization    Goal III(Minimization 
     of soil loss)     of net return)                of labour cost)

Unit cost Total Unit cost Total Unit cost Total 
-1 -1 -1 -1 -1(t ha  yr ) (t yr ) (  ha ) ( ) (  ha ) ( )

Rice Green gram Fallow 8,418.00 30.97 2,60,705 35,960 30,27,11,280 46,500 39,14,37,000
Rice Black gram Fallow 4,373.75 31.51 1,37,817 34,460 15,07,19,425 48,000 20,99,40,000
Rice Ground nut Fallow 4,600.54 30.20 1,38,936 1,19,806 55,11,72,295 67,500 31,05,36,450
Maize Black gram Fallow 3,219.25 66.66 2,14,595 1,12,928 36,35,43,464 61,500 19,79,83,875
Arhar Ground nut Fallow 558.09 38.14 21,286 2,01,758 11,25,99,122 60,000 3,34,85,400
Arhar Mustard Fallow 856.19 38.16 32,672 1,52,385 13,04,70,513 58,500 5,00,87,115
Ground nut Mustard Fallow 4,265.81 35.09 1,49,687 1,01,831 43,43,91,698 55,500 23,67,52,455
Ground nut Vegetables Vegetable 362.87 33.50 12,156 5,93,997 21,55,43,691 1,77,000 6,42,27,990
Ginger Vegetable 500.00 21.31 10,655 12,18,041 60,90,20,500 255000 12,75,00,000
Turmeric Vegetable 500.00 24.52 12,260 5,63,815 28,19,07,500 165000 8,25,00,000
Sweet potato Ground nut Fallow 886.73 23.18 20,554 5,60,137 49,66,90,282 1,50,000 13,30,09,500
Tapioca Vegetable 500.00 31.15 15,575 725308 36,26,54,000 180000 9,00,00,000
Grass cover (Perennial hybrid napier) 1,000.00 2.25 2,250 4,887 48,87,000 45,000 4,50,00,000
Total 30,041.23 10,29,148 4,01,63,10,770 1,97,24,59,785

` ` ` `

Table 3 : Comparison of the model results with the existing agricultural situation

Item Unit Present status Suggested by model Increase/ decrease (-)

Soil loss from farming land Thousand tonnes 103.77 1,029.15 925.38
Net return from agriculture ` in lakhs 1,472.62 40,163.11 38,690.49
Total labour cost involved in agriculture ` in lakhs 1,806.99 19,724.60 17,917.61
Net sown area Hectare 1,747.80 30,041.23 28,293.43
Rate of soil loss (as per cultivable area) t/ha 59.40 34.26 (-) 25.14
Rate of net return (as per net sown area) `/ha 84,255.00 1,33,693.29 49,438.29
Labour cost per ha (as per net sown area) `/ha 1,03,386.00 65,658.01 (-) 37,727.99
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implementation. The model was re-run again and again up to 
feasible limits with higher production requirement of individual 
food crops from the corresponding optimal level. The objective of 
minimisation of soil loss was found favourable with increased 
allocation under food crops of vegetables and sweet potato. The 
objective of maximum net return was favourable with increased 
coverage under arhar, ground nut, mustard and sweet potato. The 
objective of minimisation of labour requirement was found 
favourable with increase in coverage under vegetables and sweet 
potato. The crop wise result is outlined in Table 4.

With lower level of net return and higher labour 
requirement increase in production of cereals will not be 
economically beneficial to the farmers. Among the cereals, 
increase in rice production involves more increase in soil loss 
from the optimal value. More soil loss from rice fields may be due 
to keeping the land fallow for longer duration due to cultivation of 
the mono crop rice. The marginal increase in labour requirement 
and increase in net return with less soil loss in case of maize will 
be favourable to the farmers. The production of maize should, 
therefore, be increased in case of higher production requirement 
of cereals. Increase in production of arhar involves higher labour 
requirement and higher soil loss with higher net return as 
compared to black gram and green gram. Least increase in soil 
loss, net return and minimal labour requirement from the optimal 
value was observed with increase in green gram and black gram 
production. The excess requirement of pulses if necessary may, 
therefore, be met by increasing production of arhar and green 
gram or black gram in lesser extent. Increase in production of 
oilseeds involves higher net return and soil loss for both the crops. 
Increase in production of ground nut would be economically 
beneficial with more return and less soil loss in comparison to 
mustard. The excess requirement of oilseeds, if necessary, may 
therefore be met by increasing production of ground nut. Among 
vegetables and tubers, increase in production of sweet potato 
was marked with higher labour requirement, higher net return and 
marginally higher soil loss. The excess requirement of vegetables 
and tuber if required may be met from cultivation of sweet potato. 

Among other crops, ginger, turmeric and tapioca may be 
cultivated due to local preferences for an area of 500 ha each for 
all the crops.

The land-water-crop system planning to meet the 
nutritional security of these tropical islands of India utilizes the 
maximum resources and achieves the highest benefit-cost ratio. 
The study reveals that 13 cropping patterns along with one 
perennial grass cover need to be adopted in the area so that 
nutritional security in the region can be sustained. Rice-green 
gram-fallow is the major cropping system need to be adopted in 
an area of 8,418 ha. In the present crop planning, the 
conventional crops have been selected keeping in view the 
interest of the farmers. Further, the result of the study could be 
affected with the variation in the market price of the crop produce, 
cost of crop production, unit labour cost and unit fertilizer and 
plant protection cost. The study shows that the multi objective 
optimisation based management models can be used to deal with 
optimal allocation for land-water-crop system planning of a 
region.  
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Table 4 : Variation in objectives with changes in allocation of areas for different food crops

Crop Calculated optimal Increase in soil loss Increase in net return (`)  Increase in labour cost (`) 
value of production (Tonnes) per unit increase per unit increase in  per unit increase in production 
(Tonnes)  in production from the production from the from the optimal value 

optimal value optimal value

Rice 60,873 6.32 8,192 9,216
Maize 12,877 4.00 26,624 11,520
Green gram 8,418 16.94 7,680 13,312
Black gram 7,593 15.25 6,400 14,848
Arhar 495 55.50 3,14,624 72,704
Ground nut 9054 14.94 91,648 34,560
Mustard 5,122 15.63 42,240 33,024
Vegetable 33,386 0.25 17,920 5,120
Sweet potato 13,301 0.69 31,232 7,680
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