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Abstract 

 
Rubber has been identified as one of the thrust area in Tripura. Tripura is the 

second largest rubber producer in the country, after Kerala. The rubber tree takes 

around six to seven years to mature and naturally production starts after that. 

Rubber plantations have two distinct stages in its economic life- the immature 

phase and the mature phase. Growing rubber trees is a high cost and long term 

investment i.e. the first phase is the age of all expenses and no return. The 

expenditures in the rubber plantations can be classified in two broad heads- 

Material Cost and Labour Cost. In this study, an attempt has been taken to 

formulate a strategic planning using the Goal Programming approach. 
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Introduction 

 

 

Mathematical programming (MP) models for proper allocation of cultivable land 

to cropping plan have been studied in Heady (1954). From the mid-1960s to 

1980s, the different linear programming (LP) approaches to agricultural planning 

problems have been surveyed by Glen (1987). Although, LP models have been 

successfully used to the farm planning problems, there is a difficulty to implement 

them for meeting the different socio-economic goals due to the limitation of 

optimizing only a single-objective associated with the LP methods developed so 

far in the farm planning context. Since, most of the cropping plan problems are 

multi-objective in nature, the goal programming (GP) (Ignizio 1976) as a robust 

tool for multi-objective decision analysis has been successfully implemented to 

different farm planning problems. 

 

    The first idea of GP techniques is initiated in 1955 by A. Charnes, W.W.Copper 

and R.O.Ferguson. The roots of GP lie in a paper by Charnes et al. (1955), which 

deals with the excecutive compensation methods. A more explicit definition is 

given by Charnes and Cooper (1961), in which the term goal programming is first 

used. GP is a powerful technique since it can handle multiple objectives. Unlike 

linear programming, the GP model does not optimize (maximize/minimize) the 

objectives directly. GP is started as an extension of LP in order to solve 

unsolvable LP problems, e.g. infeasible LP problems. GP has received sustainable 

and widespread attention since mid-1970s. In fact, it is the most widely use multi-

criteria decision making technique since then. A commonly used generalized 

model for goal programming is depicted in the paper of Kwak (1991). 

 

   Moro and Ramos (1999) presented a goal programming methodology for 

solving maintenance scheduling of thermal generating units under economic and 

reliability criteria. Mathirajan and Ramanathan (2006) in their paper addressed a 

goal programming model for scheduling the tour of a marketing executive which 

is concerned with the determination of appropriate workforce requirements, 

workforce allocation and duty assignments in an organization in order to meet its 

internal and external commitments. Narayanan S. Partangel (1999) addressed a 

goal programming data envelopment analysis technique in manufacturing plant 

performance. In his research paper, serial-manufacturing goal programming 

model was discussed. Amiri et al. (2009) studied GP model for successful 

production and marketing. Hultz et al. (1981) studied on multi-activity, multi-

facility problems and proposed an interactive solution method to compute non-

dominated solutions to compare and choose each others. In the paper of 

Fortenberry and Mitry (1986), an application of integer goal programming for 

facility location with multiple competing objectives are addressed. Krukanont and 

S. Praertsan (2003) developed mathematical model for power plant where rubber 

woods were used as raw materials. 
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    Jsh Kornbluth (1973) applied goal programming model for industrial and 

economic planning. Samouilidis (1970) has employed the goal programming 

model for flows of funds in an economy. Charnes et al. (1969) used the GP 

framework for the solution of manpower planning problems. Jones and Salkin 

(1972) used the goal programming approach to formulate models of the 

acquisition problem. Ahmed K. Rifai and Joseph O. Pecenka (1986) has employed 

goal programming models for organizational sectors.  

 

     Shim and Siegel (1980) developed Goal Programming model with sensitivity 

analysis to determine the decision variables and goal deviations. Cobb and Warner 

(1973) and Trivedi (1981) used mixed integer GP model for resource allocation in 

order to solve management related problems for quality service. Thierauf et al. 

(1975) also employed mixed integer GP model for solution of problems 

associated with production planning. 

 

     The goal programming (GP) technique in solving agro-forestry management 

problems involving multiple objectives has become a widely used approach in 

Operation Research studies (Romero, 1986). The increasing popularity of GP and 

usefulness for decision-making policies has been aimed at optimizing agricultural 

land and other natural resources. GP technique can be used to address the problem 

of determining an optimum-cropping pattern by considering several goals in 

agricultural planning and management. Wheeler and Russell (1977) used a GP 

model to analyze the plantation of a farm in the United Kingdom. Ghosh (1993, 

1995) presented a model for the allocation of land under cultivation for production 

of crops in different seasons in a year. Ghosh, Sharma and Mattison (2005) used a 

model for nutrient management for rice production. Also several studies have 

been used in natural resources planning (Romero, 1986), livestock ration 

formulation (Rehman and Romero, 1984, 1987), sugar beet fertilizer combination 

problems (Minguez, 1988). 

 

      Vivekandan et al. (2009) used goal programming for the optimization of 

cropping pattern for a particular region. In their study they concentrated mainly on 

the factors net return and proper utilization of surface and ground water in 

irrigated agriculture and different plans were formulated. Alade et al. (1998) 

developed a multi-objective model for the planning of developing countries. In 

their model, they examined industrial structure, labour force, vale added in export, 

capital efficiency, imported inputs for exports, investment planning etc. and it was 

applied for Indian economy. Jafari et al. (2008) formulated goal programming 

model for rice firm. In their study, the lexicographic goal programming model 

was considered to identify the optimal compound of agricultural product in the 

rice farm land.  

 

     The optimization model based on a single criterion does not often give 

acceptable solutions in practice especially in the case of natural resources. 

Romero and Rehman (1987) deemed that in management of natural resources, the  
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social and environmental aspects of resource allocation cannot be ignored if the 

decisions taken are to be treated as realistic. Romero and Rehman review the 

applications of GP and MOP in fisheries, agricultural land uses, forestry and water 

management. Hayashi (2000) reviews the applications of GP and MOP in 

agricultural resource management. Diaze-Balteiro and Romero (2003) developed 

a GP model that incorporates carbon sequestration, in terms of total carbon 

balance, as a complementary objective with other criteria including maximizing 

net present value, quality of harvest volume, area control in forest management. 

He addressed mainly to optimize the structure of the fishing fleet in a specific area 

and the fish processing plants. Wheeler and Russell (1977) considered a GP 

model for agricultural land management. In their paper planning of mixed farm 

was discussed. Field (1973) developed a GP model for forest planning 

management. In his paper many conflicting goals were addressed namely levels of 

profits, budget limits, timber harvesting targets. Krishna Rustagi (1973) 

considered a goal programming approach in forest management planning for 

timber production. 

 

 

Formulation of a GP Model: 
 
 To formulate a GP model, the symbols used and model components i.e. system 

constraints (non-goal), goal constraints and achievement function are explained. 

 

SYSTEM CONSTRAINTS: 

 
i) Allocation of budget: 

The total amount available for the total expenditure for each year is 

limited and which can be defined as 

���
�

���
�� � 	 

          
ii)    Availability of government funding : 

 

Though government funding is limited but it plays an important rule 

and quite helpful who are not very much economically sound. We can 

define 

 

�
���
�

���
� � 
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GOAL CONSTRAINTS: 
 

       An owner of rubber garden wants to achieve the following goals with one 

hectare of land for first seven years which is known as pre-matured period. 

 

Goal1. To attain the maximum number of survived rubber trees is a major factor 

for plantation, the goal constraint can be expressed as 

 

�� ���� � �����
�

���
�	��� �	��� � � 

 

  Goal2. To achieve the minimum of expenditure for rubber plantation for whole 

pre-mature period, the goal constraint can be expressed as 

 

���
�

���
�� �	��� �	��� � � 

 

   Goal3. To generate minimum number of paid workers, the goal constraint can 

be expressed as 

 

������
�

���
�	��� �	��� � 	�� 

               

Goal4. To generate maximum number of unpaid workers (basically they are the 

family member of the holder), the goal constraint can be expressed as 

 

�������
�

���
�	��� �	��� � 	��� 

 

 

Goal5.  To apply minimum quantity of chemical fertilizer to decrease the 

deteriorate rate of soil fertility, the goal constraint can be expressed as 

 

� !"���
�

���
�	�#� �	�#� �	$!" 

 

                      

Goal6. To apply maximum quantity of bio-fertilizer to improve the fertility 

condition of the soil, the goal constraint can be expressed as 
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� %�&���
�

���
�	��� � ��� � 	$%�& 

��, ��(, ��( ) 0 
 

                                     
Priorities of goals: 

 
  Let the owner sets the priorities as given below: 

 

                 
Goal Priority 

survived trees +� 

Expenditure +� 

Unpaid  workers +� 

Paid  workers +� 

Bio-Fertilizer use +# 

Chemical Fertilizer us +� 

 
Achievement function: 

 

Minimize Z = +���� �	+���� �	+���� �	+���� �	+#��� �	+��#� 

   
 

  EXPLANATIONS: 

�� = Number of trees survived in different years (,= 1,2,....,7) 

��  = Total budget for ‘,’ year. 

	 = Total budget available for pre-matured period (up to 7
th

 year). 


� = Total govt. funding for the year ‘,’. 
� = Total govt. funding available for pre-matured period. 

� = The desired number of rubber trees survived for the last year (7
th

 year). 

�� = Expenditure including hiring of labours, insurance cost for trees, cost for 

making of fencing and purchasing cost of fertilizer for the year ‘,’. 
� = The limit of expenditure for the said period. 

��� � Total number of paid worker engaged for the year ‘,’. 
��= Total number of paid worker engaged for the tenure. 

w./0  = Total number of unpaid worker (family member) engaged for the year ‘,’. 
���  = Total number of unpaid worker (family member) engaged for the tenure. 

 !"� = Quantity of chemical fertilizer for the year ‘,’. 
$!" = Total quantity of chemical fertilizer for the tenure. 

 %�&�   = Quantity of bio-fertilizer for the year ‘,’. 
$%�&= Total quantity of bio- fertilizer for the tenure. 
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��s = Under achievement of goal. 

��s = Over achievement of goal. 

 

The structure of the GP model will be expressed as 

 

Achievement Function : 

    Minimize Z = +���� �	+���� �	+���� �	+���� �	+#��� �	+��#� 

   
Subject to 

 System Constraints : 

 

���� � ���� � ���� � ���� � �#�# � ���� � ���� � 	 


��� � 
��� � 
��� � 
��� � 
#�# � 
��� � 
��� � � 

   
 

Goal Constraints : 

�� � ��� � ��� � � 

���� � ���� � ���� � ���� � �#�# � ���� � ���� � ��� � ��� � � 
����� ������ ������ ������ ���#�# � ����� ������ � ��� � ��� � �� 

������ ������� ������� ������� ����#�# ������� ������� � ���
� ��� � ��� 

 !"��� �  !"��� �  !"��� �  !"��� �  !"#�# �  !"��� �  !"��� � �#� � �#� � $!" 
 %�&��� �  %�&��� �  %�&��� �  %�&��� �  %�&#�# �  %�&��� �  %�&��� � ��� � ���

� $%�& 

               
��, ��(, ��( ) 0 

 

 

Solution: 
 

In this paper, we have formulated the model for the period of seven years when 

matured rubber tree will produce latex. On the basis of available previous data, 

the developed model can be tested. Solution may be achieved by manual 

calculation. But manual calculation is time consuming process and not so easy. So 

the use of software like LINGO, Excel-Solver will be more easy. 

 

 

Conclusion: 

 
Rubber plantation in Tripura has a great role to improve the socio-economic 

conditions of people. In this paper, we have tried to formulate a mathematical 

model considering factors which are essential for rubber plantation. This model 

may be applied in other related fields also. 
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