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Abstract: Quantitative methods help farmers plan and make decisions. An apt example of these methods is the linear
programming (LP) model. These methods acknowledge the importance of economizing on available resources among
them being water supply, labor, and fertilizers. It is through this economizing that farmers maximize their profit. The
significance of linear programming is to provide a solution to the existing real-world problems through the evaluation of
existing resources and the provision of relevant solutions. This research studies various LP applications including feed
mix, crop pattern and rotation plan, irrigation water, and product transformation; that have the main role to enhance
various facets of the agriculture sector. The paper will be a review that will probe into the applications of the LP model
and it will also highlight the various tools that are central to analyzing LP model results. The review will culminate in a
discussion on the different approaches that help optimize agricultural solutions.

Index Terms: Linear programming, productivity, optimum, plan, crops pattern, land allocation, optimization.

1. Introduction

The agricultural sector is at the heart of contemporary societies as well as civilizations. The sector broadly
encompasses livestock and the cultivation of plants. The agricultural sector makes an imperative role in meeting the
growing food consumption demand across the world amidst the ever-increasing population. However, the increase in
agricultural activities demands agricultural productivity and improved overall efficiency. Today the agriculture sector
moves from agriculturel.0 to 4.0 [1], as shown in Figurel. The Figure explains how the agriculture sector was changed
in a different era. In the first era, traditionally, the farmer used simple tools such as sickles, axes, pickaxes, shovels, etc.
Agriculture productions depend on the workforce and animals to do agricultural activities. In this period, the production
was very low because the people get tired and they cannot stand the hard work. Today, agriculture is transforming into
Agriculture 4.0, which is called "Smart Farms." The emergence of many technologies like Big data, Artificial
Intelligence, Remote Sensing, and Cloud Computing continue to improve agricultural efficiency. The efficiency
manifests through a reduction in the water quantity used in irrigation, resource utilization, and overall environmental
effects.
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Fig.1. Agricultural era from 1.0 to 4.0 [1]
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Agriculture 4.0 is deemed as the next agricultural revolution due to a greater focus on precision agriculture and the
Internet of Things (1oT) [2,3]. It is also an area where the farmer needs guidance about agricultural operations such as
scheduling equipment for agricultural use, optimal allocation of economic, social, and developmental resources,
optimizing the planting pattern, and agricultural land, etc. to maximize the incomes. For optimum agricultural
production, the proper use of land, crop, soil, and water resources is necessary. Unfortunately, due to the intricacy of the
agricultural sector, farmers have faced challenges in making the right decision regarding what to grow, which season,
within available resources. The critical challenge is selecting the best among several activities. Subsequently, deciding
for optimum selection of activities is a key issue.

Quantitative methods such as LP have a profound impact in addressing most problems faced by farmers in this era
of agriculture 4.0. In this regard, Linear Programming was designed to help farmers in planning and making decisions
about attaining and maximizing efficiency in production planning and resource allocation. The farmer needs to manage
the available resources on the farm, such as labors, fertilizers, seeds, energy, etc. to maximize the profit. The previous
researchers using LP in different aims, for example [4] helped farmers maximize profits based on proper chose the best
crop at the right time and optimize land and water distributions for each of these crops. Also, [5] attempted to analyze
the possibilities of increasing farm profitability by determining the optimum crop mix for crop cultivation under the
following constraints: total area, intercropped area, and investment amount. Therefore, production maximization does
not guarantee profit maximization. Therefore, it is apparent that linear programming methods have a significant role in
optimizing the production planning of crops under a set of constraints set by farmers.

However, due to the lack of survey paper on LP's applications in agriculture's topics, this review will investigate
the applications of the LP model in the agriculture sector in different areas. Below, we summarize our major objectives:

e We outline the various available tools that are central to analyzing the LP model’s results and get useful
insight that helps in making the right decisions.

e We demonstrate the six of the most common applications that have used LP to improve production, optimize
resource allocations, and increase profits.

e We not only investigate the set of previous work but also present a summary of the insights behind each LP
application and the model that was used to solve a certain problem.

e  We particularly focus in this review on optimizing planting patterns, agricultural land, and resource allocation
among others.

2. Research Methods

Researchers have been using LP to solve the main problems related to production, and resource allocations in the
different applications as shown in figure 3. This paper aims to show the main objectives that discuss before through the
following various sections. The first section will shed more light on the concept of linear programming and the
subsequent section will expound on the different tools that make up the LP model. The next section will cover the
applications of the linear programming model and this will be followed by a discussion on the main findings. The last
section will be a conclusion that sums up the main points.

3. Linear Programming Model

The Linear Programming model is a technique that studies the maximum or minimum linear objective function
under several restrictions to get optimum solutions. Initially, LP was applied to solve problems relating to the military
and industrial sectors. Today, the model is widely applied to extensive financial, marketing, manufacturing and
agricultural problems. In Finance, LP was used to identify capital budget, asset allocation, financial planning, etc. While
marketing sector used LP to solve the problem related to marketing research and media selection. Also, LP was used to
solve a problem related to the manufacturing sector for product mix problem, production, and scheduling. Similarly, the
model was applied in the agricultural sector to optimize crop patterns as well as resource allocations (water, land,
fertilizers, etc.).

LP is not a new concept because it was prevalent decades ago. It was developed before World War 1l by a Soviet
mathematician A. N. Kolmogorov [6]. In 1945, Stigler developed the first application of LP in the field known today as
"diet problems" [6]. With the significant advancement in this field, Waugh [7] introduced LP to determine the cheapest
feeding and livestock rations combinations. In 1947, George D. Dantzig was the LP creator, released his first research
works after World War 11, just four years before Waugh's publication [8]. He worked on planning strategies after the
World War for the US Air Force and formulated linear programming with inequalities to solve manufacturing and
economic problems[6]. The problem he encountered was a large number of feasible solutions were presented because
Dantzig formulated LP without adding an objective function[6]. Then he adds it to the structure of LP and then
developed the simplex method to solve the problems.
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Before the linear programming model, farmers had to rely on traditional methods that involved trial and error and
past experiments to solve any problem they faced, such as committing resources on available lands. Today, computing
changes traditional methods by modeling the most real-world problems as linear programming problems and finding
optimal solutions. Thus, farmers can use the LP model quickly and easily way to make the right decisions rather than
traditional methods. For example,[9] used an LP model for allocating agriculture resources. They made a comparison
between LP solutions and traditional solutions. They got a higher solution when they utilized the LP model. On the
other hand, linear programming does not always guarantee optimal solutions, but there are feasible solutions. For
example, [10] evolved an optimum land allocation plan to improve farm productivity under different winter crops using
the simplex method of linear programming. He observed that the existing solution was the least profitable. Eventually,
he got a different solution where he obtained Rs. 103340.82, which is 1.785 times greater than the previous net profit if
the total land is 8.25 ha and lentils crop is planted there. The production's the planning of crops not only one application
of LP, but there are various real-world problems related to different applications the can be formulated as LP such as
feed mix problem, crop rotation plan, water, and land allocation, agriculture product transformation, and amount of
fertilizers and so. These problems can be resolved through the LP model and this is why the model is crucial.

A. Uses of LP model

The model is applicable in identifying the optimal solution for selecting or combining agricultural projects to
maximize income or reduce costs within available resources. It's an alternative method to the traditional way, which is
"trial and error” that farmers were suffering from using it [11]. There are three main reasons for using the LP model to
solve most problems that happen in the farms and these are:

1. Increasing profitability of small farmers' crop production and help them fulfill production requirements for
food crops, and encourage them to use environmental resources[12].

2. Used to optimize profit, to examine whether or not profit increased after implementing the model [5], [10].

3. Many researchers [13]-[15] have been using the LP model's types, such as the fuzzy goal programming, to
solve their problems in the farm field, where ambiguity and vagueness affect decision-making.

B. Formulating LP model

This study is premised on optimization by applying the LP model, which is a mathematical method of solving
problems involving the quantity to be optimized (maximized or minimized) when certain constraints are added to that
quantity. This section discusses the overview of the LP method. It is considered to be the most popular technique in
operational research for models with objectives and constraints that are all linear functions. It consists of three basic
components: decision variables that will determine the objective (goal) function, maximization or minimization, and
constraints that the solution must satisfy. The objective function is a mathematical expression that combines the
decision variables and their coefficients to achieve the optimum solution. The result of an LP problem represent by
maximum or minimum value in the linear equation f :

f=caxi+ -+ cpx, (1)

The constraints represent limits in the model related to available resources. Note that it is possible to express the
constraints as equations (=) or inequalities (> or <), but there are ambiguous problems when using strict inequalities
such as">" or "< "[16].

In addition, the nonnegativity restrictions X; > 0, X, > 0 will add it with the constraints because the negative values
of physical quantities are unattainable. The nonnegativity restrictions mean that we are always working in the first (or
northeast) quadrant of a graph, as shown in Figure 2. The solution must be identified for linear inequalities (that is, find
the values of variables x; that fulfill all the constraints simultaneously). Then substitute the values of these variables in
the objective function f to find a corner point that presents as an intersect of two lines. All corner points are related to
the solution space. Solution space is a shaded area that satisfies all constraints and indicates that all points in this area
are a candidate to be an optimal solution, as shown in figure 2. For example, in figure 2, the feasible solution set is
represented by x; (blue lines). In contrast, the yellow line represents the objective function, which results in K's
maximum value that satisfies all constraints at the corner of the solution space. All points in the dark yellow line are
proposed to be optimal solutions because they give the highest cost for the problem.
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Fig.2. Calculating Optimal Solution of Linear Programming

During World War 11, George D. Dantzig came up with an approach for solving linear programming. This was part
of his research where he developed the simplex algorithm to solve problems in the real world. The simplex algorithm is
the classical approach to solving linear programming optimization problems. It's an algorithm for finding a maximal or
minimal value of function within a set of constraints. The challenge in achieving the initial feasible solution is
challenging for LP models with > or = type constraints because they lack original viability. In some cases, there is a
need to combine LP with another approach for optimizing agriculture problems; for example, multi-goal programming
(MGP), goal programming (GP), multi-objective programming (MOP), or weighted goal programming (WGP) can be
working with LP to solve problems that have more than one goal. Also, the Fuzzy goal programming (FGP) approach
can handle data with fuzzy objectives and constraints.

4. Linear Programming Tools

The LP model is made up of different tools that are essential in the optimization of linear programming models.
These include software like LINDO, LINGO, and TORA can be mentioned. Below are some popular software used to
optimize solutions in LP problems.

Excel Solver

Microsoft Excel has powerful functions as a quantitative analysis tool. It can provide a simple Solver function for
identified feasible and optimum solutions. [6] explained the steps of how adding the Add-Ins solver function in MS
Excel with a detailed description. The Solver is often referred to as the what-if analysis method [17]. Many researchers
used MS-Excel to solve most optimization problems easily and quickly. For example, [17] provided a model for
controlling uncertainty in agriculture income by Fuzzy Multi-objective Linear Programming (FMOLP) model that
solves it very simply using the Solver tool in MS-Excel.

AMPL

AMPL (A Mathematical Programming Language) is used to solve mathematical models to optimize the model
efficiently. It can solve models with many variables and constraints [18]. Other research[19] used AMPL to solve the
vegetables' delivery problem to the point of sale within a short period. Also, [20] solved the problem of production and
distribution of agricultural products by using AMPL with MINOS[20].

Other Tools

There are other tools used to solve the LP problem. For example,[21] used Python 2.7 and PyCharm as a code
editor for creating an analytical program to maximize the revenue of the farm depending on the farmers' decisions
during the plantation season. Other researchers [20, 21] evaluated their solutions by using LINGO software. The major
benefit of LINGO is its ability to formulate and analyzes big problems[18].

We can say that all previous tools can solve problems quickly and efficiently on formulating equations and solve
problems. With linear programming models, these tools are essential in the optimization problems, and identify the
optimal solutions helps to get valuable insight that enhances the decision-making process.
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5. Solving Agricultural Problems by Applying Linear Programming

In most agriculture planning problems, LP was used in different subjects, such as allocation of limited resources,
including acreage of the land, availability of the water and labor, granted capital, etc. that aims to maximize the net
income [24]. It evaluates the existing resources and then gives appropriate solutions based on quantitative analysis. In
general, there are a wide variety of applications of LP in agriculture. Figure 3 illustrates most of the use of linear
programming in agriculture. The following subsections describe the applications of LP in detail.
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Fig.3. Applications of Linear Programming in Agriculture

A. Feed Mix Problem

The feed is one of the important variables in assessing the efficient production of livestock. The feed mix problem
aims to identify the content of the feed mix by mixing in particular proportions of raw material with different contents
[25]. The required quality properties and minimum costs should be determined to get the ideal feed mix. The LP model
is the most common approach to solve the feed mix problem. Generally, the feed mix was used to increase the nutrient
amount and weight gain, and livestock yield [26]. LP model formulates feed mixes to have a minimum cost to satisfy
energy and nutritional requirements needs. The objective function of LP often focuses on minimizing the overall price
of livestock feed, according to the limits of feed sources in each area or season. Many researchers used LP to optimize
the feed mix cost based on livestock requirements[23, 24]. They suggested using other methods besides LP, such as GP,
MOP, or MGP, to solve feed mix problems with more than one goal that should be optimized. The mixed-integer linear
programming (MILP) model is another approach to help farmers decide the additional raw materials that were added to
the mixture and achieve minimum costs among the mix’s various components [25]. The worst standard deviation
between all results of this model reached 0.294. So, this method can give a consistent optimum result.

Diet-mixing of nutritional needs is also another area in which the model depends on multiple feed mixes to achieve
an optimum feed mixture, taking into account the animals' nutritional requirements. [26] added the organic factor into
the feed mix problem with two additional constraints: the availability of organic materials and organic food in the feed.
These two constraints were added to solve on feed mix problem. The findings show that the ideal feed is selected to
meet nutrient requirements and the organic ratio of feed and reduce total cost and organic raw material [27] build a
model for minimizing costs and water content and seeking the optimum values for the best minimum water content
values at various livestock levels to optimize the ration shelf life.

B. Optimizing Crops Pattern

Today due to an increasing population, land, and water resources become limited. But when providing irrigation
facilities, the crop pattern in any agricultural region will increase. LP can help in determining the optimal crop pattern
and production-planning pattern for food crops. This result will maximize the profits of the farmers’ companies. [22]
used the LP tool to represent the crop combinations' optimal value based on the proposed two approaches. The first
approach is the land used for peas and wheat and livestock [22]. The second one is for mustard, grams, wheat, and pigs
[22]. The results showed a 68 percent in farm 1; and 16.5 percent in farm 2; this means using LP affects returns that are
rising in the farm. They concluded that livestock decreases production costs by providing natural fertilizers and
improving soil fertility. [28] used the LP method, which is one way of optimizing the farms' productivity and providing
a model for determining the appropriate crop combination to optimize benefit under a fixed limitation. The problem has
benefited the farmer of 15,6499 Rs when plant peas instead of a mix of wheat, grape, and mustard.

The authors in [29] used LP to identify the optimum cropping pattern to give the region a maximum sales volume.
The model is subject to various limitations, including water supply and the self-sufficiency of the crops, and land area

Volume 13 (2021), Issue 2 15



A Review of Applications of Linear Programming to Optimize Agricultural Solutions

restrictions for multiple crops during the different seasons of the year. The optimal outcome was compared with the
existing one and resulted that the total net return after optimization reached 39,683 while it was 37,374 before the
optimization. Crop mix is one of the planting schemes involving the simultaneous cultivation of more than one crop at
the same time or season[30]. It is one of the problems that farmers can face who always ask themselves: which crops to
plant when planted, and how much to plants. [30] proposed an LP-based model to maximize total revenue based on
some restrictions such as cultivated land, available resources, and fixed budget.

C. Crop Rotation Plan

Crop rotation is a pattern where plants are planted on the same land [31]. Many constraints can affect the cropping
plan, such as the weather and market. These constraints impact the planting during the seasons in a year and then affect
the farm's productivity. LP identifies the appropriate plan to identify crop rotation patterns to achieve the optimum goal.
In addition, LP is used to increase the volume of productivity, incomes, and effective use of existing resources. For
example, [32] used LP to achieve the highest volume of productivity for the Al- Rasheed-Hamorabi farm in Baghdad by
following the correct existing capital strategy use of available resources, including implementation of agricultural
rotation to sustain soil fertility. He compared the income produced by the actual agricultural plan based on the previous
information collected from 2015 to 2016 and derived the plan with LP's help. He found that net income was 4837145
thousand dinars in the actual plan, and increased to be 7930167.2 thousand dinars. The analysis is done on the same
farm and seasons, and the farm gets a much higher income increased by 3093023 thousand dinars with fewer resources
than the actual plan. The best plans, therefore, gave him higher revenue with limited resources.

In some cases, especially when the farm has more than one goal, the LP not enough alone to get a higher income,
so a mix of LP with weighted goal programming (WGP) gives better results. Several researchers developed a model
based on a mix of LP with weighted goal programming (WGP) to generate higher average income and lower costs per
crop rotation and solve some problems [31, 32]. They mentioned the main issues that the model can handle, which are:
crop strategy that is used need for extra resources such as labor, machines, fertilizer, etc., crop quantity, and fertilizer
savings for crop rotation. This combination was tested and gave reliable results. The conclusion was that the
combination of LP with weighted goal programming can optimize the crop rotation and enable the growth of farmers'
income. Crop rotation is an essential application in farming, especially in organics one because it helps to preserve soil
without using chemical fertilizers or even pesticides. [35] developed a model by using MILP to make a schedule for
four-year crop rotation based on some restrictions such as irrigation pattern, crop vyield, etc. to specify the market
demand. The farm managers were satisfied with this model because the rotation can fulfill the business demand, and no
one planting rules had been violated during the period.

D. Land Allocation and Optimization

Land allocation is the division of land between different types of crops to increase the total profit of the firm. In
addition, it shows which product is more beneficial than others and how acreage will allocate to increase the profits. LP
was used to determine land distribution to optimize different kinds of crops. Different methods can be used to identify
the best allocation of the land, [24], used a Simplex method to determine land distribution to optimize different kinds of
crops, which are Wheat, Rice, Pulses, Maize, and other crops. In the first period, 2409 acres of the land were used; after
that, they used the simplex method to increase the profits when increasing the total area allocated to be 2752.56 acres.
The work in [36] used the LP model for optimal allocation of the study area's 10 main crops. Simplex algorithms and
Push-Pull algorithms provided the solution. They compared the results based on the number of iterations that the two
algorithms take to make the right decision. They found that the second algorithm reached 20 iterations, while the first
one was 11 iterations to get the right solution. The percentage of land distribution scheme for significant crops to
increase the benefit in this study as follow: 21.49% for cotton, 13.47% for pulses, 5.45% for black gram, 14.8%
for Jowar, 18.08% for Soya beans, 0.8 % for sunflower, 6.7 % for safflower, 39.5 for Gram, 15.97% for Green-gram,
and no percent for wheat's land. With this distribution scheme, the total profit is Rs. 905217869, and the overall
expenses of the seeds are Rs. 250481524,

The authors in [23] provided a comparison of using an LP model and integer linear programming models (ILP) to
determine the appropriate land area for planting different kinds of Maple, Ash, Elm, Oak, and Bald cypress. The land
area for planting has been determined using an LP model, whereas two integer linear programming models provide
suitable species. The results indicated that the maple and bald cypresses were just two types that commercially available
for agriculture production in the area, 151.3 and 355.3 ha, respectively. In most agriculture planning problems, there are
unknown parameters that cannot be defined correctly in the constraints. To solve this issue, a fuzzy concept can be used.
[14] used the FGP to identify the best allocation of cultivated land. They used the goal programming approach because
several goals cannot be developed with the traditional method of linear programming, such as net income and water and
labor supply. Furthermore, all these requirements are shaped as fuzzy. The result showed that crop production, net
income, labor, and water requirements were fully met with most of the allocations' satisfaction. They conclude that the
usefulness of the approach for land allocation for different crops.
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E. Irrigation Water

Irrigation water systems focus on scheduling the irrigation water among different farms from the cannel irrigation
based on a specific time. It’s essential to use methods and strategies for allocating water resources to sustain it and
increase revenue—this application emerged later due to increased demand for water in the farms. A linear programming
model is one method used to manage crop water every month. To get real income, the information related to the
objective and constraints equations should be collected carefully by distributing questionnaires to be answered by the
water carriers, irrigation supervisors, and farmers in the region. LP focuses on this area to find the optimum and correct
utilization of water for irrigation in the agriculture sector. Besides, LP lead to an increase in the water productivity and
net income of the farm. Various researchers work in this area and proved different results. For example,[37] made the
scheduling for delivering water to multiple farm outlets with a minimum loss of water at a specific time that given to
each farmer. The scheduling for water irrigation was based on the MILP model with two approaches: single period, and
multi-period models. The single-period model sets a goal starting time, which will discharge once at the start of the
irrigation period at the head of the channel. The multi-period model gave the user priority to schedule their actual start
times for the corresponding irrigation period with target start times. These two schedules can help decide on the
irrigation pattern to minimize the demand at the channel's head.

A study by [38] presented a plan for irrigation water distribution and an optimum planting pattern to optimize the
net income and increase water productivity (WP). They showed that linear optimization with maximum benefit results
gives the lowest water productivity. They used modeling to generate alternatives (MGA) technique to improve WP.
MGA was used for enhancing the result of linear programming. They compared using the genetic algorithm and linear
and integer programming. They found that the best water productivity was reached at a water deficit average of 30—35%
and 10% deviation when using MGA.

Another mathematical programming tool used to assess water resources is multi-objective fractional goal
programming (MOFGP) and Fuzzy goal programming (FGP) methods. [39] used the multi-objective linear
programming tool with fractional programming (FP) models to evolute the sustainability of the water resources based
on two metrics which are “net income/water usage” and “labor/ water usage” to optimize the water usage and crop
pattern in the rural farming. The findings indicate that FP models evaluated the sustainability metrics more than LP
models. [15] used Fuzzy goal programming (FGP) to efficiently irrigate water management in various seasons in the
planning year. They confirmed that FGP contributes to solving farm problems with an uncertain decision environment.

F. Agriculture Product Transformation

It's necessary to get the right decision in agriculture's product transportation. It should be optimizing the routing of
agriculture products from source to destination centers to minimize total shipping costs or distances[40]. LP solves the
production site's delivery problem to the distribution site with a short period and minimum fee. This particular case of
LP, which is called a transportation problem. The transportation problem aims to deliver products to the distribution
center with minimum distance or delivery cost based on supply and demand constraints. [19] using dynamic
programming in the Dijkstra algorithm to deliver vegetables to the distribution center. By determining the shortest path
from each supplier to the point of sale within a short period and decreasing vegetable compensation fees. They use
AMPL software to model vegetable transportation with reasonable constraint optimization. The results were analyzed,
and they found that 35 local vegetable distribution is appropriate for vegetable delivery. There is not much research that
applies the classic LP model to solve this type of problem because it often relies on a particular kind of LP called the
transportation models.

6. Discussion

From the qualitative data, it is apparent that the linear programming model is prevalent in operations research. It
was first used by Waugh (1995) to optimize feed ration and determine the cheapest feeding and livestock rations.
Usually, LP solved problems have one goal that aims to maximize or minimize a specific goal, usually costs, revenues,
or net income. The simplex algorithm has been used to solve many real-world problems. It's the classical approach to
solving linear programming optimization problems for finding a maximal or minimal value of function within a set of
constraints. Several researchers found that LP with a Simplex method helps to get an optimum land allocation plan [10],
[24], [36]. They found that it improved farm productivity and increased the profit when the total allocated area was
increased.

Mixed-Integer Linear Programming model also another approach was used in the feed mix, crop rotation plan, and
planning and scheduling the irrigation water[25], [35], [37]. This method can give a consistent optimum result, and the
farm managers were satisfied with this model. On the other hand, Integer linear programming models can determine the
optimum land area for growing different crops. A comparison was made between LP and ILP that give insight into
which crop will grow in the proper land area [23].

In some cases, in the agriculture sector, the problems are defined with multi goals. So LP has a shortcoming in
optimizing solutions with multi goals problem[34]. Other mathematical programming approaches that are utilized for
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optimizing agriculture problems with LP include GP, MGP, WGP, or MOP to solve problems with more than one goal.
These approaches were used besides LP to get valuable results[23, 24, 25]. For example; The benefits of combining LP
with WGP are that LP can help in minimizing or maximizing the objectives, while WGP simultaneously meets all LP
sub-model objectives [34]. This combination was tested and gave reliable results [31, 32]. Also, the Fuzzy goal
programming (FGP) tool can handle data with fuzzy objectives and constraints. FGP methods can contribute to solving
farm problems with an uncertain decision environment. GP is also used to optimize crop production plan, feed mix, and
irrigation schedule and planning.

All applications of LP were discussed to solve the problems in specific regions and identify the optimum feasible
solution under several restrictions. Table 1 below summarizes these applications in a different area and show how LP
contributed to solving the problem in different studies. In addition, Table 2 shows the objectives of using the LP model
based on the previous researches and the software were used to achieve their goals.

Table 1. Overview of 20 studies with different applications of LP

Study Application Problem targeted Model Contribution Outcome
areas

[8,22,34] | Land allocation | No optimal land | Simplex Evolved an optimum land | Increase the profits when the total
and distribution to improve | method allocation plan to improve farm | allocated area is increase.
optimization cropping of LP productivity under different

Crops.
[27] Feed Mix | There are an increase in | LP Optimize costs in feed mix | Increasing the nutrient amount,
problem the expense and water problems based on livestock | weight gain, and livestock yield.
content for ruminant requirements. They suggested using other methods
ration formulation besides LP such as GP, MGP, or
MOP .

[26] Feed Mix | The organic raw | LP Add organic factor into the feed | Meeting nutrient requirements and

problem materials are high cost mix  problem  with  two | the organic ratio of feed and reduce
additional constraints to reduce | total cost and organic raw material.
the costs.

[20, 26, | Optimizing The farmers faced the | LP Optimize crop patterns by | The net returns on the farm were rise

27, 28] Crop Pattern problem of determining: maximizing crop yield. | after optimization.
what to plant? how to Appropriate crop combinations | Livestock decreased production costs
plant? and when? to get are also determined. by providing natural fertilizers and
maximum profitability. improving soil fertility.

[32] Crop rotation | How to  effectively | LP Increasing the productivity of | It provides a higher revenue with

plan utilize available the farm and income through | limited resources.
resources and increase implementing crop rotation. Agricultural rotation can help to
the income of the sustain soil fertility.
Hamorabi ~ Farm in
Baghdad.
[31, 32] Crop rotation | How to minimize | LP and | Optimizing the crop rotation | Generate higher average income and
plan multiple costs of | WGP and enable the growth of the | lower costs per crop rotation.
production on farms. income of farmers.
This combination of models was
tested and gave reliable results.

[25] Feed Mix | What materials are to be | MILP Minimizing the costs of the | The number of optimal solutions
problem used in the mixture and mixture in the feed mix | decreased when increasing the

how much percent? problem. number of additional resources in the
mixture.
0.294. the worst standard deviation
was reached. So, this model can give
a consistent optimum result

[35] Crop  rotation | How farmers can | MILP Making a schedule for four- | Crop rotation can fulfill the business

plan determine a crop rotation year crop rotation based on | demand, and no one planting rules
schedule  based on some restrictions. had been violated during the period.
several requirements. Farm managers were satisfied with

this model.

[37] Irrigation water | Hard to manage the | MILP Formulating a model for | Decide on the irrigation pattern and
work  between farms delivering water to multiple | make a schedule to minimize the
especially at the start of farm outlets with a minimum | demand at the head of the channel.
irrigation periods. loss of water at a specific time

that is given to each farmer.

[23] Land allocation | There are not many | ILP Determining the appropriate | The comparison made between LP
and studies relating to the land area for planting different | and ILP gives insight into which
optimization economics  of  forest kinds of crops, and which crop | crop will plant in the appropriate

plantation. more profitable for plantation. land area.
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[11, 21, | Crops Pattern, | How to handle many | FGP Optimum allocation of | All goals have different effects on
13] Irrigation water, | factors affect the cultivated land. the performance of the cropping
and Land | planting? Efficient  irrigation  water | pattern on the farm.
allocation and management. These methods can handle fuzzy
optimization Make a different effect on the | objectives and constraints with
performance of the cropping | multiple goals that can’t be
pattern. developed with the traditional LP's
approach.
[39] Irrigation water | There are  complex | MOFGP Evolute the sustainability of | Optimize the water usage and crop
criteria when planning water resources based on | pattern in farming.
cropping patterns related different metrics. The findings indicate that FP models
to social and economic evaluated the sustainability metrics
factors. more than the LP model.

Table 2. Objectives formulated in the LP model of 20 studies [ 1 Maximization, | Minimization]

Categories Objectives Software Used Authors
Optimum land utilization of | 1: Agriculture production, | LINGO software [12, 21, 22, 34]
food crops Net Profit, Net Present
Value (NPV)
Optimal feed formulation |: Cost of mixing the feeds. CPLEX Studio IDE, TORA | [23, 24, 25]
software
Optimal crop combination 1. Profit, Revenue, Net | LINGO, MS  Office | [11, 20, 26, 27, 27]
returns. Excel, LINDO software
Optimal crop rotation 1: Total net income MS Office Excel, Xpress | [30, 31, 33]
|: Costs per crop rotation optimizer software
Economic distribution of | 1: Net profit, Water | LINDO software [13, 35, 36, 37]
crop water per month. productivity.
|: Minimize the demand at
the head of the channel.

7. Conclusion and Future work

The paper has comprehensively covered the main objectives of this research related to LP and how it can be
particularly useful in optimizing problems in the agriculture sector. LP is often applicable whenever the main goal is
attaining efficiency. This is helpful for farmers because it helps farmers in resource allocation and decision making
instead of using trial and error. Due to the lack of survey paper on LP's applications in agriculture's topics, this review
investigated the applications of the LP model in the agriculture sector in different areas. Based on previous studies,
there are three main reasons for using the LP model to solve most farms' problems. One of them is to increase the
profitability of small farmers' crop production, help them fulfill production requirements for food crops, and encourage
them to use environmental resources. Most studies proved the usefulness of using LP in solving real-world problems
and provided reliable results. LP models can optimize the farm's net incomes and productivity under the available
resources such as cultivated acreage, labor, fertilizers, seeds, water supply, energy, etc. One of the techniques used to
analyze linear programming problems is a Simplex algorithm to locate a maximal or minimal value within a variety of
restrictions. However, LP has a shortcoming in optimizing solutions with multi goals problem. Thus, other
mathematical programming approaches utilized for optimizing agriculture problems with LP include GP, WGP, MGP,
or MOP to solve problems with more than one goal. Due to the agriculture sector's complexity, farmers have faced
challenges in making the right decision regarding what to grow, which season, within available resources. The critical
challenge is selecting the best among several activities. LP tools have powerful functions as a quantitative analysis tool
that can quickly solve LP to optimize the profit depending on available resources. This review investigates the
applications of the LP model in the agriculture sector in different areas. It describes the results of using different
approaches to resolve common efficiency issues in the realm of agriculture.

In future work, a deep analysis of other applications of LP and make a comparison between different models, and
then identify the advantages and disadvantages of each model was used.
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