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Abstract

This study introduces a linear programming model aimed at
minimizing the costs associated with cultivating the GW-
513 wheat variety in Gujarat. The regions differ in soil
types, irrigation availability, and topography, influencing
wheat production costs. The study proposes a fuzzy linear

accounting for uncertain parameters such as land
availability, crop yield, and population growth rate. The
results demonstrate the model's effectiveness in balancing
wheat production with population demand, ensuring food
security while minimizing waste.

programming model to optimize wheat GW-513 production,

Keywords: Wheat GW-513, Trapezoidal Fuzzy Number, Linear Membership Function, LINGO Solver

1. Introduction

Wheat is one of the most important staple crops in India. Gujarat, with its diverse agroclimatic conditions, is a significant
wheat-producing state. While Gujarat is not among the top wheat-producing states, it still contributes significantly to India's
total wheat production.

The suitability of land for cultivating GW-513 in Gujarat depends on soil characteristics, water availability, and climate. Fertile
black and silty soils with good drainage are ideal for GW-513 cultivation. In regions with low fertility or acidic soils,
improvements can be made through soil management, irrigation, and fertilizers. This research aims to use linear programming
(LP) to optimize the cultivation costs for GW-513 by considering essential inputs—seed, fertilizer, labour, irrigation, and
pesticides—that affect the overall cost of production.

2. Literature Review

Agricultural production systems often involve uncertainty and vagueness, which influence decision-making processes. Kruse
and Meyer [l examined agricultural crop planning in 1987 by employing a stochastic linear programming approach to address
variability in crop values. Later, in 1997, Hulsurkar et al. ?! applied a fuzzy programming technique to optimize crop planning
within multi-objective stochastic linear programming frameworks. Similarly, Lodwick et al. (2000) ! compared fuzzy,
stochastic, and deterministic methods for crop planning.

Kaur, Jagdeep, and Amit Kumar [ (2016) utilized a possibility measure in crop planning to manage uncertainty, treating profit
coefficients as discrete random variables. Toyonaga et al. °! (2005) focused on crop planning by incorporating fuzzy random
variables for profit coefficients. In 2018, Zhang et al. ! applied a fuzzy mathematical programming approach to agricultural
land cultivation, demonstrating its flexibility and ability to yield optimal solutions.

Most recently, BaniHabib ez al. (2019) ! developed a fuzzy multi-objective model for optimizing water allocation under
uncertainty, showing that optimal policies outperform deterministic models. Wang (2020) ! studied a fuzzy linear
programming model under elastic constraints, obtaining optimal solutions. In 2023, Liu et al. P! analysed crop cultivation in
regions with highly variable soil properties, determining that appropriate crop allocation maximizes profits.

3. Linear Programming Model for Computing Optimum Agricultural Cost (LPMCOAC) of the GW —513:
Meeting the demand for GW-513 wheat is a challenging problem studied for years with high effectiveness. This study uses
fuzzy numbers to model uncertain factors affecting cultivation. The model outlines its parameters, decision variables, objective
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function, and constraints as detailed below:
*ij = different regions for cultivation of crop to fulfilled the
demand,

< =cost of cultivation of crop GW-513 i region to i™
demand, and k is fuzzy number,
@; = the region available for growing crop GW-513,

b - the demand required for each region,

R; = available region for cultivation of the crop GW-513.
The total cost of assigning wheat GW-513 is the objective
function, as shown in Model 1.1. Constraints include
balancing demand and availability across regions, and the
solution is obtained using trapezoidal fuzzy numbers.

Model 1.1:
Minimize Z;, = [f; (x), £ Gc)ooon, fy (], (1)

flxd=E2 EL eixpk=12,...,nand r = 12,....m. 2)

Subject to the constraints

Yieixy=a;,i=123,..,m. 3)
Yitix;=bj.j=123,..,n. (4)

i=1@; = Xj=; bj(Balance Condition) 5)
%;; = 0 for all i and j (Positivity Condition) (6)

Using the ranking method of trapezoidal fuzzy number
A =(a.b.c.d) based on centroid G of 4. The co-ordinates of

G are x(A) = Zatbrerzd

6 O]

4. Fuzzy programming technique-based Solution
approach to solve LPMCOAC of the GW - 513:

To solve the model using a fuzzy programming technique,
the process begins by solving the model for each individual
objective function. For each objective, the positive ideal
solution (PIS) and negative ideal solution (NIS) are
identified. Next, a membership function, u(Z;), is defined
for the k™ objective function based on the PIS and NIS
values. Exponential membership functions are then applied
to determine an efficient solution for this multi-objective
land allocation problem. Using this membership function,
the initial model is reformulated as follows:

Model 1.2:
Maximum A,
Subject to the constraints:

A=splZ k=12 n (8)

equation (3) to equation (6).
Utilize Linear membership function

1. if flx) =
- =i lx) . ey e o .
iz = ﬁ.lf Iy < fi(x) < uy where k= 1.2.....,n.(9)
0, if f(x) = ug

Then model structure is as follows:
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Model 1.3:
Maximum 4,
Subject to the constraints:

‘iMwhere,k= 1,2,3..m (10)

b p— I
equation (3) to equation (6).

5. Steps for Linear Programming Model for Computing
Optimum Agricultural Cost (LPMCOAC) of the GW -
513:

In this section, the cost optimization of GW-513 (wheat) is
performed using fuzzy numbers, which may take triangular,
trapezoidal, or mixed forms, depending on the problem. The
optimal solution for the problem with fuzzy numbers is then
derived in a crisp form. The step wise description of the
proposed model with the following aspects of decision
making is as follows:

Step-1: Read all the parameters related to formulate the
LPMCOAC of the GW-513.

Step-2: Transform the proposed model into a crisp form.
Step-3: Determine the positive and negative ideal solutions
for each objective function.

Step-4: Convert the crisp multi-objective optimization
problem into a single-objective optimization problem.
Step-5: Solve the single-objective problem obtained in Step
4 using a linear membership function.

Step-6: If the solution meets the criteria, accept it and
conclude.

6. Algorithm for Linear Programming Model for
Computing Optimum Agricultural Cost (LPMCOAC) of
the GW - 513:
Input: Parameters: (&,.84..... 5. 71)
Output: To find the solution of Proposed Model
Solve Proposed Model (Z;, 1. X T)
begin
read: problem
while problem = Proposed Model do
for k=1 ton do
entre objectivesZy,

end

-| the positive ideal solution and negative ideal
solution for each objective.

for k=1 ton do

zP% = min(Z,),
zZIE = min(Z8), zf% = min(28), [ =
min(Z£),zf® = min(Z8)

Subject to the constraint (3) to (6)

end
for k=1 to n do

25 = max(Z,),
2 = max(Z28), 2/ = max (20). 215 =

max(ZE), 2 = max (Z§€).
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Subject to the constraint (3) to (6)
end

-Define linear membership function for each objective
For k=1 ton do

1, if flx) <l

ul(zZy) = tj—i{_'_ﬂ.mke:ﬁ{x] < Up,
0, if fi(x) = ug,

end

-find single objective optimization models under given
constraints from multi-objective optimization models
For k=1 to n do

max d,d = %

Subject to constraints (3) to (6)

end
|- find the solution SOPs using Lingo software.

7. Analysis of Linear Programming Model for
Computing Optimum Agricultural Cost (LPMCOAC) of
the GW - 513:

In year 2023 the total agriculture cost for the wheat GW-513
was approximate Rs. 15 thousand to Rs 140 thousand per
hectare. Consider a fuzzy problem where rows represent the
different agricultural areas within a specific region, and
columns indicate the types of crops cultivated in these areas.
Fuzzy numbers for the growing of wheat GW-513 in lakhs
hectares are (8, 10, 11, 13), (12, 14, 15, 17), (7, 9, 10, 12),
and (13, 15, 16, 18), and the demand for the population in
lakhs hectares from the regions are (24, 26, 27, 29), (9, 11,
12, 14), (5, 7, 8, 10), and (2, 4, 5, 7) respectively. Applying
the equation (7) the grow of wheat GW-513 for the regions
Ry, Ry, Rs, and R4 are 10.5, 14.5, 9.5, and 15.5 the demand
of wheat for the regions R, Ra, R3, and R4 are 26.5, 11.5,
7.5, and 4.5.

Table 1: Fuzzy Agricultural Production Table with Trapezoidal

Fuzzy Numbers
Cost of Grow
crop Ci C Cs Cs (In thousand
Region hectares)
R Very | oy | A pan 10.5
' High Low & )
Extremel| Fairly [Extremely
R> y Low High Low High 14.5
. [Extremely| Very [Extremely
R3 Medium High | Low | Low 9.5
. Very
R4 Low |Very Low| High High 15.5
Demand
(In thousand | 26.5 11.5 7.5 4.5 50
hectares)

As per the available data of the four fields of four regions
£, Rz, Ra and s are replaced by linguistic variable as shown
in the Table 1. We have following fuzzy agriculture
production Table 2.
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Table 2: Linguistic variables and fuzzy numbers are used to
represent the cost of cultivation.

Linguistic Variables Trapezoidal Fuzzy numbers

Extremely Low (15, 20, 30, 40)

Very Low (20, 30, 40, 50)

Low (30, 50, 60, 80)

Fairy Low (40, 50, 70, 90)
Medium (50, 70, 80, 100)
Fairly High (60, 80, 90, 110)

High (70, 80, 100, 120)

Very High (80, 100, 110, 130)

Extremely High (100, 110, 120, 140)

The linguistic variables are substituted with trapezoidal
fuzzy numbers as shown in Table 3.

Table 3: Fuzzy Agricultural Production Table with Trapezoidal

Fuzzy Numbers
Cost of Grow
cropp Ci C2 Cs Cs  (In thousand
Region hectares)
R, (80,100,1{(30,50,60,| (40,50 |(70,80,100 105
10, 130) 80) 70,90) | ,120) )
R> (15,20,30, (60, 80, [(30,50,6|(100,110,1 145
40) 90,110) | 0,80) | 20, 140) )
R (50,70,80, (100,110, {(20,30,4|(15,20,30, 9.5
100) | 120, 140)| 0,50) 40) )
R4 (30,50,60,/(20,30,40, |(70,80,1 (80,100,11 155
80) 50) 00, 120)| 0, 130) )
Demand
(In thousand  26.5 11.5 7.5 4.5 50
hectares)

From Table 3 the LPMCOAC of the GW-513 model
objective funtion and constraints are as follow:
Objective function:

max A,

Ag(w); {=1,2,3 and 4.

(11)
Fori=1
(3245 — (80xy1 + 30x1; + 40x33 + 70x14 + 15x51 + 60x3;
+30x33 + 100x54 + 50x3; + 100x3; + 20x33
1< +15x34 + 30x,; + 20x,, + 70x,5 4+ 80x,,)
n 3245 — 1155
(12)
Fori = 2
4025 — (100xy; + 50x;5 + 50x73 + 80x14 + 20x5; + 80xy,
+30x,3 + 100x,4 + 70x3; + 110x3, + 30x33 +
1< 20x34 + 50x4; + 30x,; + 80x,3 + 100x,,)
- 4025 — 1760
(13)
Fori =3
(110xy1 + 60x15 + 70x15 + 100x14 + 30x5; + 90z,
4645 — +60x33 + 120x54 + 80x3; + 120x35 + 40x33
i< +30x34 + 60x,; + 40x45 + 100x43 + 110x44)
B 4645 — 2285
(14)
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Fori =14
5645 — (130x;; + 80x15 + 90x13 + 120x14 + 40251 + 110x5;

+80255 + 1400x,4 + 100x3; + 140x5; + 50x55
+40x3, + 80x4; + 50x,5 + 120045 + 130x,4)

A= 5645 — 3010

(15)

Subject to the constraints:

X117 T Xpp + X3+ %4 <1055 (16)
Xp1 T Xy t X3 T Xpu =145, (17)
X33t X33 + X33 + X34 9.5 (18)
Xgq T Xgp T Xy3 T Xgq < 15.5; (19)
X1p + Xpp T X3y T Xy 226.5; (20)
X1p T Xpp T X35 + X4 = 11.5; @1
X13 F Xp3 + X33 T X453 27.5; (22)
Xqa T Xou + X34 + X4y =4.5; (23)

and positivity conditionx;; = 0 wherei = 1,2 .. 4and j = 1,2 ... 4; (24)

Using the LINGO software we have the following Table 4.
The value of Z obtained Rs.4127.50 (in thousand) using
Lingo 17.0. The output of the above model is shown in
below table.

Table 4: Total Cost of Cultivation of crop GW-513

Allocated Cell f f f JA
Xz 30 x 8=240 |50 x 8=400| 60 x 8=480 |80 x 8=640
_ 50x _ 90 x
Xy 40 x 2.5=100 25-125 70 x 2.5=175 552275
. 15x 20 x 30x 40 x
=L 14.5=217.5 | 14.5=290 | 14.5=435 14.5=580
Xgg 20 x 5=100 {30 x5=150| 40 x5=200 | 50 x5=250
15x 20 x _ 40 x
Faa 45-675 | 45=00 P0X*37I35 45 150
_ 50 x _ 80 x
X1 30 x 12=360 122600 60 x 12=720 12=960
~ 30 B 50
Xgn 20 x 3.5=70 352105 40 x3.5=140 352175
Total cost of
cultivation 1155 1760 2285 3010
(thousand)

8. Result and Discussion

As shown in Table 4, the most suitable region for the
growing crop GW-513 to meet then demand is ¥ 1z, ¥13, *z1,
X3z %azs ¥a1 and ¥az. Here the farmer can select the cost
from the range 323,000 to ¥61,000 per hectare approximate
for the region *1iz. Similarly for the region *13, farmer can
select cost of cultivation from range 3100 thousand to 3225
thousand. For the region *zt farmer can select cost of
cultivation from range 3217.5 thousand to ¥580 thousand
and for the *zz the range per hectare will be 310526 to
%26315.7, for *z4 the range per hectare will be ¥7105 to

%14210.5, for ¥4t the range per hectare will be ¥23225.8 to
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%46451.6 for ¥z the range per hectare will be I4516.1 to
%9333.15. This all-allocated cell suggests that cultivation of
crop GW-513 will meet the demand requirement.

9. Conclusion

GW-513 represents a significant breakthrough in modern
agriculture by addressing global challenges such as food
insecurity, promoting sustainable farming practices, and
improving crop resilience. The fuzzy linear programming
model optimizes the cost of cultivating GW-513, resulting in
an estimated cost of X 4127.50 per hectare. This model
provides valuable insights for farmers to optimize their costs
for GW-513 as per the region cost varies. It can also applied
to other crops as well.

10. Future Work
Future research can apply exponential membership
functions to generate multiple solutions for optimizing the
cost of cultivating GW-513 or other crops by adjusting
shape parameters.
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