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Abstract— Agriculture is the backbone of Jalna district in Maharashtra, India. Approximately 80% of the population is
engaged in farming and related work. Maximizing profit from agriculture is the primary goal for a sustainable economy, but
farmers, especially in the Marathwada region of Maharashtra, still face challenges in optimizing their limited resources.
This region is predominantly agriculture-based and encounters numerous problems related to basic resources such as water,
land, and labor. This research focuses on agricultural improvement in the Marathwada region, specifically in Jalna district.
The aim of this paper is to optimize farm profit using linear programming with the simplex method. Linear programming is
an appropriate method for solving agricultural problems by considering objective and constraint functions. The objective

function is to maximize profit under land, water, and labor constraints.
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l. INTRODUCTION

Jalna is one of the districts in Maharashtra, located in the Marathwada region, where farmers face significant challenges. The
most pressing problem is low rainfall, combined with small land holdings. To increase farmers' profits, crops such as maize,

bajra, jowar, tur, cotton, and soybean are suitable as they are superior products of Jalna district.

Problem-solving related to minimizing production costs or maximizing productivity is called the optimization process.
Agriculture in Jalna is predominantly rain-fed with low irrigation coverage, causing farmers to struggle to achieve maximum
profitability. Data from agricultural records indicates that cropping patterns change due to economic and climatic factors.
Farmers must decide how to allocate limited land, water, and capital among several crops to maximize net returns.
Traditional decision-making often fails to optimize under given constraints.

There are various types of optimization problem-solving methods, including non-linear programming, linear programming,
and dynamic programming. For crop productivity where resource losses are approximately linear, linear programming is
most appropriate. One method used is the simplex method, which systematically moves from a basic feasible solution to
other feasible solutions until an optimum is reached. At each step, the objective function value improves (increases for
maximization problems). Previous studies by Firmansyah et al. concluded that the simplex method effectively solves

production system problems to maximize profits.

Linear Programming is a technique for optimizing a given scenario, providing the best possible outcome by allocating

available resources efficiently. The two most common methods for solving linear programming problems are:
e Simplex Method (for problems with many variables)
e Graphical Method (for problems with two variables)

This study applies the simplex method to maximize crop productivity with limited resources in Jalna district.
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Steps of the Simplex Method

Step | Description

1 Formulate the linear programming problem based on given constraints

2 Convert inequalities to equations by adding slack variables

3 Construct the initial simplex table with constraint equations in rows and the objective function at the bottom
4 Identify the most negative entry in the bottom row (pivot column)

Divide right-most column entries by corresponding pivot column entries (excluding bottom row) to find the pivot

5 row (least positive ratio)

6 Perform row operations to make all entries in the pivot column zero except the pivot element

7 Check for negative entries in the bottom row; if none exist, the optimal solution is reached; otherwise, repeat from
step 4

8 The final simplex table gives the optimal solution

. LITERATURE REVIEW

Bhatt et al. (2017) highlighted the significance of operations research in agriculture, noting that linear programming is the
most used technique across agricultural economic activities including production, consumption, exchange, and distribution.
The primary application is optimum utilization of land and crop selection according to climatic conditions and water
availability [1].

Singh and Tesema (2018) discussed the common interest of economists and researchers in agriculture, focusing on land,
seeds, fertilizers, irrigation, transportation, and market optimization. Operations research aids decision-making while
economics studies market structures, and collaboration between these fields can improve policy analysis and finance [2].

Alotaibi and Nadeem (2021) revealed that linear programming can increase profit using available resources. Key challenges
include selecting the best crops to grow, appropriate seasons, and resource allocation. LP tools serve as quantitative analysis
tools to optimize profit based on available resources [3].

Kaur and Gupta (2021) described the difficult condition of Indian farmers and demonstrated that linear programming helps
farmers understand which crops to plant and in what quantity to maximize profit [4].

Bhatia and Bhat (2019) developed a linear programming farm model using Excel for Jaipur district, Rajasthan, to determine
optimal crop combinations and allocation for increased production [5].

Choudhari et al. (2024) noted that Jalna district's dynamic cropping pattern reflects economic and environmental shifts that
must be factored into optimization models [6].

1. METHODOLOGY
3.1 Problem Formulation

To formulate the problem mathematically, the following notation is used:

Symbol Description

z Objective function to be maximized

Xi Decision variables (area allocated to crop i)

Ci Coefficients of the objective function Z

b Maximum limit of constraints

ajj Coefficients of functional constraint equations
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Objective Function: Maximize Z =X ¢; X;

3.2 Data Collection

TABLE 1
RESOURCE REQUIREMENTS AND PRODUCTIVITY FOR SELECTED CROPS IN JALNA DISTRICT
Sr. No Cro Water (Hec. Labor (Person- Productivity (Metric Land (Hectares
o P cm.) days) tons/hectare) available)
1 Maize 41 84 10.66 62210.5
2 Bajra 27 78 3.53 11410
3 Sugarcane 125 210 5.31 47227
4 Ground 75 135 9.74 4880.9
Nut
Total
Available 268 507 125728.4
*(Source: District Socio-Economic Report, 2022)*
3.3 Linear Programming Model
Decision Variables:
e x: = Area allocated to Maize (hectares)
e x> = Area allocated to Bajra (hectares)
e x3 = Area allocated to Sugarcane (hectares)
e x4 = Area allocated to Ground Nut (hectares)
Objective Function: Maximize Z = X1 + X2 + X3 + X4
Constraints:
1. Water Constraint: 41x: + 27x2 + 125x3 + 75x4 < 268
2. Labor Constraint: 84x; + 78x2 + 210xs + 135x4 < 507
3. Land Constraint: 62210.5x: + 11410x2 + 47227xs + 4880.9x4 < 125728 .4
4. Non-negativity: xi, X2, X3, X4 >0
34 Solution Using Excel Solver
The linear programming problem was solved using Excel Solver (which implements the simplex algorithm).
TABLE 2
EXCEL SOLVER RESULTS
Variable Crop Value (Hectares)
X1 Maize 0
X2 Bajra 6.5
X3 Sugarcane 0
X4 Ground Nut 0
Total 6.5
Constraint Verification:
Constraint LHS Value RHS Limit Status
Water 41(0) + 27(6.5) + 125(0) + 75(0) = 175.5 <268 Satisfied
Labor 84(0) + 78(6.5) + 210(0) + 135(0) = 507 <507 Binding
Land 62210.5(0) + 11410(6.5) + 47227(0) + 4880.9(0) = 74,165 <125,728.4 Satisfied
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V. RESULTS AND DISCUSSION
4.1 Optimal Solution

The linear programming solution indicates that Bajra is the most profitable crop under the given resource constraints in Jalna
district. The optimal solution recommends:

e Maize: 0 hectares

e Bajra: 6.50 hectares

e Sugarcane: 0 hectares
e Ground Nut: 0 hectares

4.2 Interpretation

Finding Implication

Bajra is the optimal crop | Requires less water (27 hec. cm) and labor (78 person-days) compared to other crops

Water constraint is not Available water (268 hec. cm) exceeds the requirement for optimal Bajra cultivation (175.5 hec.
binding cm)

Labor constraint is Labor availability (507 person-days) is exactly utilized at the optimal solution

binding

Land constraint is not Available land (125,728.4 hectares) far exceeds the optimal allocation (6.5 hectares), indicating
binding that other factors limit production

4.3 Discussion

The results demonstrate that linear programming and the simplex method can improve decision-making in agriculture.
Among the four crops considered—maize, bajra, sugarcane, and ground nut—bajra emerges as the most profitable crop for
Jalna district. This finding is significant given the region's water scarcity and labor constraints.

The model considered three critical resources:
1. Water availability (268 hec. cm)
2. Labor availability (507 person-days)
3. Land availability (125,728.4 hectares)

The binding labor constraint suggests that labor availability is the primary limiting factor in the current scenario. This
approach is particularly beneficial for regions like Jalna where resource limitations and monsoon variability significantly
influence agricultural outcomes.

V. CONCLUSION

This study demonstrates that linear programming and the simplex method can effectively optimize crop production decisions
under resource constraints in Jalna district, Maharashtra.

Key Findings:

1. Bajrais identified as the most profitable crop among maize, bajra, sugarcane, and ground nut under the given water,
labor, and land constraints

2. Labor availability is the binding constraint, limiting total cultivated area to approximately 6.5 hectares under
optimal allocation

3. Water availability is sufficient for the optimal crop combination, with surplus remaining
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Practical Implications:
e Farmers in Jalna district can use this approach to make data-driven cropping decisions

e The methodology can be extended to include additional crops and constraints (e.g., fertilizer availability, market
prices, rainfall patterns)

e Linear programming provides a systematic framework for resource allocation in agriculture
Limitations and Future Work:

e  The model assumes linear relationships between inputs and outputs

e  Future research could incorporate price fluctuations, risk factors, and multiple cropping seasons

e  Sensitivity analysis could examine how changes in resource availability affect the optimal solution
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