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ABSTRACT 

Polyculture is the production of two or more fish species within a particular aquaculture environment. 

This system is the most widely used system by small-scale fish farmers.The modeling considers the 

problem of planning a fish farming system with three types of the dominant fishes namely Catla, Rohu, 

and Mrigal in a small area. The main basis of the combination of fish species in the pond is the zonation. 

The uncertainty comes from the reliability of financial risk for small-scale farmers. The broad objective 

of this model is to maximize production profit, stocking density and to minimize seed costs. This study 

deals with multi-objective linear programming (MOLP) modelfor fish farming situations, which includes 

conflicting objectives of profit and other goals.  The MOLP model is an efficient tool to assist the 

decision-making process through solving a series of linear programs and to find compromisingsolution 

based on the relative significance of every objective. The proposed model was solved using software for 

easy accessibility. 
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Pond management, polyculture, natural feed, fish farmer,multi-objective linear programming(MOLP), 
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1. INTRODUTION 

In India one of the very important factors for economic development is fresh water fisheries.Aquaculture 

has the same objective as agriculture: to increase the production of food above the level which would be 

produced naturally. It is known for its multi functionalities of providing employment, food, nutritional 

and ecological securities. It has become the world’s fastest growing food-producing sector, with a growth 

rate of 10%  annually since 1984. With its strongly increasing production, relatively lower initial 

investment and relatively limited labor cost, fresh water fish is expected to become an increasingly 

important as a type of fish and as a source of animal protein, particularly a great income for small-scale 

farmers. 

 For achieving rapid progress in rural area, government strategy must focus on conserving natural 

resources, enhancing efficient of resource use, increasing productivity and profitability and improving 
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quality and competitiveness through reduced unit cost of production. Due to increased population growth 

and problems such as environmental degradation, land and water scarcity, the polyculture has been 

advocated in order to increase production in fisheries (Barg et al.,2000) 

According to Grezlutz (2003), Polyculture is not just only more production, it is also often about more 

profits and greatest benefit in extensive or moderately intensive fish production. Various researches have 

been carried out on productivity analysis using MOLP. Olalere et.al (2014) states that, improvement of 

productivity connotes an increasing productivity index, while developing the same amount of materials, 

machine time, land, labor and technology. This research works extends the work for farmers beyond the 

traditional way of just minimizing the cost to its impact on the total productivity as a whole so that 

obviously a farmer will get more profit. 

Land, water and climatic conditions are probably the most important natural factors which need to be 

assessed. There are some very important factors a prospective fish farmer should consider before 

embarking on a fish farming venture: finance, site, fish stock, harvesting. Proper selection of a site is 

probably the most important factor in the success of a fish farm. For fish culture site should be selected 

where the water is available through a regular source like spring, river,channel,etc. or even waterlogged 

land may be reclaimed for this purpose.The main physical constraints on a farm are the particular climate 

and the soil characteristics (Annett J.E et al., 2002).A well-built pond is a good investment that can be 

used for many years. 

When selecting fish species suitable for farming various biological and economic factors are important to 

pay attention to market price and demand, growth rate, ability to reproduce in captivity, match between 

available fish feeds and the food preference of the selected fish species. Indian major carps (Catla, Rohu, 

Mrigal)are the dominant cultured species and70% of the total aquaculture production is contributed by 

these carpsin India(FAO, 1997).Harvesting of fishes is usually done after a culture period of 8 months to 

one year.  

Models and decision-making processes are being developed to support farmers in a multi-objective 

framework. Ideally, such models would include quantitative relationships for each of species, with the 

outcomes under each objective is determined by the relationship and the farmer scenario modeled. In 

practice, however, this is not always possible. With this knowledge, mathematical model for MOLP is 

constructed. The aim of this paper is to outline the different objectives that have been used in modeling 

MOLP which is defined as an aid for decision-making problems with multiple, possibly conflicting goals. 

Typically, MOLP attempts to minimize a weighted sum of deviations from goals. We solve this problem 

by using Lingo software. 

This paper is organized as follows: Following the introduction, Section 2 gives an overview of pond 

construction and management. In Section 3, we discuss about feedstuffs given for fishes and its zonation 

level. Section 4, gives the investment needed for farming. With this knowledge the MOLP model is 

constructed and solved using LINDO software for easy accessibility and data was analyzed in Section 

5.Finally Section 6, discusses the result in detail .The conclusion is included in Section 7. 
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2. FISH POND CONSTRUCTION & MANAGEMENT 

The area of nursery farms varies considerably from country to country. For pond construction one has to 

consider the following factors: soil type, quality and quantity of the water available and the requirements 

for filling and drainage of the pond. A constant water supply is needed, not only to fill the pond, but also 

to make up for the losses caused by seepage and evaporation. Water suitable for aquaculture should have 

certain degree of acidity indicator by the water pH –value which should preferably be in between 6.7 to 

8.6. If there is a heavy rain, then the pond water gets more acid and thus pH- value decreases.Assiah van 

Eer. et al., (2004) states that ,in order to increase the pH-value of the water again to natural (about 7.0) is 

to add lime to the pond. These strictly fresh water carps species cannot withstand low water temperature 

and have optimum growth rate at about 25𝑜𝐶.Initiallyfor one acre land, for blooming 200kg of fresh cow 

dung and 25kg ground nut cake must be diluted in the water. 

3. FISH FEED STUFFS AND FEEDING ZONE 

Fish need protein in order to grow and reproduce. This means they can become competitors for products 

which could otherwise be used directly for human consumption. Natural fish feed include ground nut 

cake powder and rice bran, additionally Agrimin Forte powder is added to produce high quality 

supplement of minerals with vitamins. This increase growth rate and fertility. For every two months of 

period, feed consumption ratio will gets double according to growth.  

Common Name Scientific Name Feeder Level 

Catla  Catla catla  Surface  

Rohu Labeo rohita Column  

Mrigal Cirrhina mrigala Bottom 

Table 1 : Indian carp Species Feeding zone 

4.  DESIGN OF SUSTAINABLE FARM MANGEMENT  

To determine the optimum solution by using MOLP in polyculture fish farming, with respect to 

various factors viz. The primary data used in this study was observed from in and around 

Nagapattinam District, Tamil Nadu. In addition to primary data, secondary data and costs used in this 

formulation were obtained from Tamil Nadu Fisheries University and local market survey 

respectively. 

 

Item 

 

Unit 

Farmers pond 

(per acre) 

Qty/No. Rate 

(Rs.) 

Amount 

(Rs.) 

Pond preparation & 

labor cost 

- - - 2000/- 

Lime Kg. 200 2 400/- 
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Blooming 

Cow dung Qtl. 200 10 2000+1250  

=3750/- 
Groundnut 

cake 

Qtl. 25 50 

 

Fish seed with 

Transport 

Catla 

 

No. 500 

 

0.30  

825+1000  

=1825/- 

 

 

Rohu 

 

No. 500 0.75 

Mrigal No. 500 0.60 

Fish feed(upto 8 months) Kg. - - 5400 +10800+21600 

=37800/- 

(1-2)    (2-4)    (4-8) 

Harvesting(Man power) No. 5 200 1000 

Transport charge Per 

Trip 

6 1200 7200 /- 

Miscellaneous - - - 10000/- 

Total input cost 63975/- 

(Note:Pond preparation, cow dung, and Man power cost can be deduced because fish farmer’s family can do by their own.) 

Table 2:  Farm management system (one acre) 

 

5. FORMULATION OF MOLP MODEL  

The linear goal programming problem formulation considered for 𝑛variables, 𝑚constraints and 𝑡 pre-

emptive priority levels is defined as  

𝑚𝑖𝑛 𝑍 = 𝑚𝑖𝑛 𝑃𝑘   𝑤𝑖𝑘
−𝜂𝑖 + 𝑤𝑖𝑘

+𝜌𝑖 
𝑚
𝑖=1

𝑡
𝑘=1   

s.t. 𝑐𝑞𝑗 𝑥𝑗 = 𝑟𝑞 , 𝑞 = 1,2, … , 𝑙𝑛
𝑗=1   

 𝑎𝑖𝑗𝑥𝑗 + 𝜂𝑖 − 𝜌𝑖 = 𝑏𝑖
𝑛
𝑗=1 , 𝑖 = 1,2, … , 𝑚,  

where 𝑥𝑗 ≥ 0, 𝑏𝑖 ≥ 0.  

Here,  

𝜂𝑖= under achievement for goal 𝑖, 𝜂𝑖 ≥ 0 

𝜌𝑖= over achievement for goal 𝑖, 𝜌𝑖 ≥ 0 

𝑃𝑘= 𝑘𝑡ℎ  ordinal factor; 𝑃𝑘 ≫ 𝑃𝑘+1 (Preference of goal over the others) 

𝑤𝑖𝑘
−= weight assigned to 𝜂𝑖  at priority 𝑃𝑘  

𝑤𝑖𝑘
+ = weight assigned to 𝜌𝑖  at priority 𝑃𝑘  
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𝑐𝑞𝑗 = coefficient of 𝑥𝑗  in 𝑞𝑡ℎ  real constraint 

𝑟𝑞= required level for the 𝑞𝑡ℎ  real constraint 

𝑎𝑖𝑗 = coefficient of 𝑥𝑗  in 𝑖𝑡ℎ  goal constraint 

𝑏𝑖= the target level for goal 𝑖. 

5.1 MOLP MODEL APPLICATION 

The fish farm considered in the study has one acre of land that is meant for polyculture of Indian carp      

(Catla, Rohu, Mrigal). The minimum profit for selling one kilogram of each these fishes are Rs.150, 

Rs.170, Rs.140(in hundreds), and the stocking density for one unit of each type of fishes are 

90%, 80%, 60%. The seed cost per piece is 0.30,0.75,0.60 paise respectively. 

The goals of the farmer are (i).Achieving a profit of at least Rs.1,500(in hundreds )from these 

products;(ii).Maximize stoking densityat least 850; (iii). Holding the seed costat most Rs. 650; (iv). Meet 

minimum requirement (demand) is 10(in hundreds);  

Let 𝑥1 = average yield ofcatlain 8 months; 

𝑥2 =average yield of rohuin 8 months; 

𝑥3 = average yield ofmrigalin 8 months; 

The goal constraints are  

150𝑥1 + 170𝑥2 + 140𝑥3 ≥ 1500 (Profit goal in hundreds) 

10𝑥1 + 20𝑥2 + 40𝑥3 ≥ 850 (Stocking density) 

0.30𝑥1 + 0.75𝑥2 + 0.60𝑥3 ≤ 650 (Seed cost) 

𝑥1 + 𝑥2 + 𝑥3 ≤ 10 (Demand in hundreds) 

Now, we write the standard form of the above linear goal programming problem as 

  𝑚𝑖𝑛 𝑍 =  𝑃1 𝜂1 + 𝑃2𝜌2 + 𝑃3𝜌3+ 𝑃4𝜌4 

s.t.150𝑥1 + 170𝑥2 + 140𝑥3 + 𝜂1 − 𝜌1 = 2500           𝑃1 

10𝑥1 + 20𝑥2 + 40𝑥3 + 𝜂2 − 𝜌2 = 850                            𝑃2 

  0.30𝑥1 + 0.75𝑥2 + 0.60𝑥3 + 𝜂3 − 𝜌3 = 650                𝑃3 

  𝑥1 + 𝑥2 + 𝑥3 + 𝜂4 − 𝜌4 = 10                                            𝑃4 

  𝑥𝑖 , 𝜂𝑗 , 𝜌𝑗 ≥ 0, 𝑖 = 1,2,3; 𝑗 = 1,2,3 
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where𝑃1, 𝑃2,𝑃3,𝑃4are the priorities assignedto profit, stocking density, seed cost and demand respectively 

such that𝑃1 ≫ 𝑃2 ≫ 𝑃3 ≫ 𝑃4. 

5.2 MODEL SOLVING 

Using LINGOsoftware, the goal programming methodology of this problem is solved and the solution 

obtained is given below  
Global optimal solution found. 

  Objective value:                              0.000000 

  Infeasibilities:                              0.000000 

  Total solver iterations:                             4 

  Elapsed runtime seconds:                          0.03 

 

  Model Class:        LP 

 

  Total variables:                     11 

  Nonlinear variables:                  0 

  Integer variables:                    0 

 

  Total constraints:                   16 

  Nonlinear constraints:                0 

 

  Total nonzeros:                      35 

  Nonlinear nonzeros:                   0 

 

                                Variable           Value        Reduced Cost 

                                      N1        0.000000            1.000000 

                                      D2        0.000000            1.000000 

                                      D3        0.000000            1.000000 

                     D4        0.000000            0.000000 

                                      X1        0.000000            0.000000 

                                      X2        3.333333            0.000000 

                                      X3        6.666667            0.000000 

                                      D1        0.000000            0.000000 

                                      N2        516.6667            0.000000 

                                      N3        0.000000            0.000000 

                                      N4        643.5000            0.000000 

 

                                     Row    Slack or Surplus      Dual Price 

                                       1        0.000000           -1.000000 

                                       2        0.000000            0.000000 

                                       3        0.000000            0.000000 

                                       4        0.000000            0.000000 

                                       5        0.000000            0.000000 

                                       6        0.000000            0.000000 

                                       7        516.6667            0.000000 

                                       8        0.000000            0.000000 

                                       9        643.5000            0.000000 

                                      10        0.000000            0.000000 

                                      11        0.000000            0.000000 

                                      12        0.000000            0.000000 

                                      13        0.000000            0.000000 

                                      14        0.000000            0.000000 

                                      15        3.333333            0.000000 

16       6.666667            0.000000 
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6. RESULTS AND DISCUSSION 

We begin by asking LINDO to minimize the deviation from the highest-priority (Profit) goal by solving 

the 𝑚𝑖𝑛 𝑍 = 𝜂1, here goal 1 can be met, so LINDO reports an optimal 𝑍-value of 0.We now want to 

come as close as possible to meet goal 2(Stocking density) while ensuring that the deviation from goal 1 

remains at its current level(0). Using an objective function of 𝜌2(to minimize goal 2) we add the 

constraint 𝜂1 = 0(to ensure that goal 1 is still met) and ask LINDO to solve min 𝜌2because goals 1 and 2 

can be simultaneously met, this LP will also yield an optimal 𝑍-value of 0.  

We now come as close as possible to meeting goal 3(Seed cost) while keeping the deviations from goals1 

and 2 at their current levels. This requires LINDO to solve 𝑚𝑖𝑛 = 𝜌3. By modifying our objective to 

minimize deviation we add a constraint 𝜂1 + 𝜌2=0 and ask LINDO to solve. Now we reached to our last 

goal 4 while keeping the deviations from goals 1,2 𝑎𝑛𝑑 3 at their current levels. And finallythe optimal 

solution is reached. The optimal solution to this MOLP formulation is  

𝑍 = 0, 𝑥1 = 0, 𝑥2 = 3.333333,  𝑥3 = 6.66667,  

𝜂1 = 0, 𝜌1 = 0,  𝜂2 = 516.6667 ,   𝜌2 = 0,  𝜂3 = 0,  𝜌3 = 0,  𝜂4 = 643.5000  ,  𝜌4 = 0.  

This agrees the solution obtained by multiple objective goal programming method. Thus, for this set of 

priorities, the average yield of rohuand mrigalis 3.33 and 6.66 respectively.The𝑍-value indicates that 

goals 1, 2, 3 and 4 are completely satisfied.This will help the decision-maker to select the suitable fishes 

for farming that will give more profit. This model is applicable to any situation where the developer has 

clear idea in their mind about the requirements, constraints and the priorities of these requirements. 

 

7. CONCLUSION 

Polyculture fish farming demonstration indicate that there is significant opportunity for the poor farmers 

in Tamil Nadu to minimize investment and improve economic efficiency using MOLP approach. It is 

also hoped that the discussions will help provide to farmers in their adoption of technologies for 

increasing fish productivity and profitability. MOLP methoddeveloped a strategy which is necessary to 

run farm business, and to be successful in a competitive market environment that satisfies consumer 

demand.  
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