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Abstract

The most crucial problem in resolving the challenges of water operations is usually
maintaining the equilibrium between supply and demand for water especially in arid
and semi-arid regions like most parts of Iran. In this research, to achieve the optimal
cropping pattern, firstly, the study area was classified into six classes and just 2100
hectares of farming area in the top class that had the best agricultural conditions were
analyzed. The water assigned to the described land was about 6 MCM [million cubic
meters]. Seventeen essential farming product of the area were used for this modeling.
In order to maximize the final worth of farming with regard to the quantity of acres of
each crop, the optimization model has been applied. The explained model solved by
linear programming and also evolutionary algorithms in MS Excel. The results
demonstrated full conformity of these two techniques. Nitrogen, Phosphate and
Potassium fertilizer have the most consumption for all the products. Also, due to high
demand the maximum amount of fertilizer belongs to wheat, barley and rice and the
lowest amount of required fertilizer belongs to cotton with the value of 3.8 tons.
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INTRODUCTION

Over the centuries, surface and groundwater have been
the important resources for agriculture, industry and
urban areas. Water resources in each country is a source
of income and water has been regarded as an
economical resource (Rogers et al., 2002; Othman et al.,
2012). Water shortages directly and indirectly effect on
sectors such as water resources management, planning,
water supply and especially in cropping pattern
(Heydari, et al., 2013). Due to The resource constraints
and increasing demand for water in different areas such
as drinking, agriculture, industry and environmental
issues, led to the decision makers seriously think about
sustainable development, optimal use of resources and

analysis on it (Othman et al., 2012; Othman, et al.
2014).

During the last decades, optimization models
have been used widely in water resources systems
planning and management. The main focus of studies
was on developing tools to help decision making in
water resources planning and development (Othman et
al., 2012). The optimal answer for a programming
problem is a plan that shows the maximum or minimum
amount of the objective while satisfying all constraint
(Othman et al., 2012). Note that maximization problem
can convert to the minimization problem by multiplying
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the objective function in the minus one and vice versa
(Heydari, et al., 2015).

Aside from the optimum cropping pattern, the
policy makers, employers and managers in the
agricultural sector are very interested to be informed
about the amount of agricultural inputs (such as
fertilizers) before the agricultural activities commence.
This knowledge helps them to know the funding
requirements as well as storing, maintaining and
managing the agricultural process.

Most of the resources, restrictions, aims and
sensitivities of these kinds of matter that can be
compiled with developing models based on linear
programming are considered and determined as an
optimal cropping pattern. Here are examples of some
studies that have been conducted on determining an
optimal cropping pattern especially with the help of
computer software and programming models. Omoregie
and Thomson (2001) have studied the competition in
oilseeds production method using linear programming in
Nigeria. The results of this study are concerned that
transportation costs as the main factor in reducing the
profitability of oilseed production. Singh et al. (2001)
have used linear programming to optimize cropping
pattern in Pakistan.

Maximizing the net income was the objective
function. Total available water and land during different
seasons, the minimum area under wheat and rice for
local food requirements, farmers’ socCio-economic
conditions and preference to grow a particular crop in a
specific area were constraints. Based on the results, the
cultivation of wheat was the most profitable crops.
Doppler et al. (2002) have provided the optimal pattern
of water and cultivation together for the Jordan valley
using the approach of MOTAD risky planning. Based on
the results, it was found that even if the risky
considerations are included in the model, the share of
cereals will be increased due to the lack of cereals’ price
fluctuations in the risky pattern. Francisco and Ali,
(2006) have analyzed the interaction and dynamic
effects between various production technologies,
activities and constraints among vegetable growers in
Manila Taiwan. In this study, the minimum variance
pattern was used for incorporating the risk.

In recent years, other researchers (Fasakhodi et
al., 2010; Montazar et al., 2010; Zeng et al., 2010,
Regulwar and Gurav, 2011; Singh and Panda, 2012)
have been used linear programming to determine the
cropping pattern. The important issue for agricultural
managers is to estimate the costs of economic evaluation
of projects. They tend to know the implementation cost
of the project with almost a good accuracy before
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starting the project. The main objectives of this study
are to achieve the optimum cropping pattern and
estimate the cost of the fertilizer in Khuzestan region.

The objectives of this study are:

1. To obtain the optimum cropping pattern that
supplies the maximum final value of agricultural
products with regard to the constraints.

2. To estimate the cost and required quantities of the
fertilizer according to the calculated optimum
cropping pattern.

2 MATERIAL AND METHODS

2.1  Study Area

Khuzestan State is one of the 31 provinces of Iran
(Figure 1). The capital of Khuzestan is Ahvaz and it also
covers an area of 63,238 km®. Khuzestan has excellent
potentials for farming expansion. The abundance of
water and fertile soil has caused the area to become
suitable land for cultivation such as Wheat, Barley,
Husks, Corn, Pea, Lentil, Sunflower, Cotton, Sugar
Beet, Watermelon, Cucumber, Potato, Onions,
Tomatoes, Canola, Beans, Soya Bean and Rice. The
weather of Khuzestan is usually hot (summertime
temperatures regularly exceed 40°C) and sometimes
humid. While winters are much more cold (sometimes
temperature drops below 0°C) and dry.

In 2016, only four crops (Wheat, Barley, Sugar
Beet and Soybeans) were cultivated in very low levels in
the study area.

2.2 Methodology

The methodology is shown in the flowchart (Figure 2).
Design cultivated and processes are influenced by many
factors that study about that force the designer pattern to
collect a wealth of data and information. It is crucial to
pay particular attention to the projects’ effective
operation to obtain the utmost benefits and satisfaction
from all the goals set earlier (Heydari et al., 2015).

The first requirement in the study of water
resources projects in an area is knowledge of water
resources and ability to estimate it in the region
(Salarian et al., 2013). So the topography, agricultural
land, drainage and soil properties of study area were
considered and classified into 6 classes. Only 2100 acres
of the best farming land (Class 1) was studied (Table 1).
The volume of assigned water to the described land was
about 6 million cubic meters (MCM). 17 agricultural
products of the region, including Wheat, Barley, Husks,
Corn, Pea, Lentil, Sunflower, Cotton, Sugar Beet,
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Table 1. Soil classes

Total
Classes | | 1 v \Y VI Reported
Karun 11l 2100 10600 13400 440 21300 20960 68800
downstream (ha)
Total (ha)
(Khuzestan) h h h - - N 931256
Area (%) 0.23 114 1.44 0.05 2.29 225  17.93
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Figure 1. Study area: Khuzestan province (Iran)

Watermelon, Cucumber, Potato, Onions, Tomatoes,
Canola, Beans, Soya bean and Rice were used for this
modeling.

2.2.1 Pre Modeling

The required data for modeling were prepared in the
form of constants, the upper and lower limits values and
computational values in the pre modeling phase. Table 2
shows the mentioned data, (Vi = 1,2,3, ...,17):

Minimum land required for production ; = (Minimum
tonnage ;)/(Average production per hectare ;) Q)

Minimum water required to provide the desired
capacity; = (Min land required); * (Minimum required
water) 2
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Value per hectare; = (The product value per ton) ; *
(Average production per hectare) ;

@)
2.2.2 Optimization Modeling

The optimization problem had been modeled with the
purpose of maximizing the final value of farming and
subject to minimum water required, the optimal farming
land and the supplying the minimum demand of any
agricultural product (equation 4 to 8).
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Figure 2. Methodology

Objective Function:

Maximum Z = X(Optimal area of agricultural land for
production * Value per hectare),
vi=123,..,17 (4)

Constraints:

Minimum water required to provide the desired
capacity; < the total allocated water Vi =1,2,3,...,17

®)

The optimal area of agricultural land; < Maximum
available agricultural land ; Vi =1,2,3,...,17 (6)

The optimal area of agricultural land ; = Minimum land

required for production; Vi =1,2,3,...,17 ©)
The minimum tonnage; = Average production per
hectare; Vi=1,2,3,..,17 (8)
2.2.3 Implementation

The explained model solved through Linear

Programming in MS Excel (Solver). Excel includes an
effective tool called Solver for optimization problems.
The solver can solve the vast majority of optimization
problems like linear programming, nonlinear
programming and integer programming.
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2.2.4 The cost estimation:

The predicted expenses of the fertilizer of farming,
including phosphate fertilizer, nitrogenous fertilizer, and
potash fertilizer were the last phase. Considering that the
objective function determined the best cropping pattern
in terms of the number of acres of every crop, we are
able to estimate and forecast the cost of the each
fertilizer. For this specific purpose, we need to multiply
the obtained result of cultivation pattern in hector to cost
breakdown values in tables obtained from ministry of
agriculture of Iran (Table 3).

3 RESULTS AND DISCUSSIONS

The estimated costs of the quantities of the fertilizer
were the final stage. Given that the objective function
determined the optimum cropping pattern in terms of the
number of acres of each crop, we can estimate and
predict the cost of the fertilizer. For this purpose, we
must multiply the obtained results of cultivation pattern
in hectare to cost breakdown values in tables taken from
ministry of agriculture.

The optimization problem was solved using linear
programming method and evolutionary algorithm in
Excel Solver. The results of both methods were
completely coincided. Table 4 shows the optimal
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dedicated amount of land to the cultivation pattern of the
mentioned seventeen agricultural products in the
possession of six MCM water.

As shown in Table 5, in total, about 208.5 tons of
phosphate fertilizer, 288.7 tons of nitrogen fertilizer and
271 tons of potassium fertilizer need for these products.
Nitrogen, phosphate and potassium have the most

M. Heydari et al.

consumption for all the products. Due to high demand
the maximum amount of fertilizer belongs to wheat,
barley and rice, respectively. The lowest amount of the
required fertilizer belongs to cotton with the value of 3.8
tons (Table 5). The cost is estimated for fertilizer used in
an optimal crop pattern (Table 6).

Table 2. Inputs™

c
- [} (@2}
. , g © 3 2 £
Agricultural Products  Units - - w c @ E E o 2 £ s » &
3 2 X c = 8 8 & 3 £ 5 s 3 = 2
g ¥ 8 £ ¢« £ 8 o8 8 & £ E g § > 8
2 a8 £ &8 38 33 208 6 £ 8 o Ji
.. o
The minimum S 8 8 83 §83 3 3 8 8RR 8 &8 8 & 8
. m3/ha 1) ~N d © o © 4 ~ ® ©® o W v o o o ©
required water S ® ¥ Om ® F o 8 Z ® N F T 0 ¥ ™ ©
£  Average N @ © M © O
% production ton/ha 88 l‘:| g ?g 8 N (,‘\‘) S © < Q = © 8 B § g
@ o o < o 4 7 a4 9 T 2 5 » o 4 o <
5 er hectare
s P
O
The product 1000 g 8 g ° § § § S ¥ 88 8 8 § § '% §
value pertone  Toman — ~ «© © 4 J N o o o NN g J 4N
Maximum
available O 9 o o 9 9 9 6 o o o o o © 9 o o
1% L ha o o o © o < =) —
£ agricultural S & ¥ ¥ 88«0« @ FFSF 5T a9 8 @ H
£ land
o
@
&  The minimum <
©  land required  ha ¥ J o 5B 0 ®mam oo o Y F g8
for production
7o) N
Value per 1000 X 4 8 B 83 & QIR I HE S 5 T
hectare Toman a o © o a 6B B F§ W LB ~ N & o o g
(3]}
>
€ The minimum « v
S land required  ha E 09 J o 5 B ® o oo o ow 8 B8 3
.2 for production
[
2  Minimum
g .
S  Waterrequired 0 I N m e 2N g 9o N 0 o 2N 0o
O to provide th N ¥ & o 8 I 8 2 5 2s v 2w v o9
0 provide the 3 ® N o ~ 9 ¥ o o K~ T
© (o2} o ~ — i —
desired m - © N D
capacity

* The data is assumed only for the case study and annual distribution is considered.
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Table 3. The average consumed and cost of fertilizer

M. Heydari et al.

Phosphate Nitrogen Potash other total
2 g2 g2 2 2

Wheat 78 152 66 232 61 18 126 8 72 410

Barley 75 152 60 180 64 9 120 9 68 350

Husks 109 249 43 398 92 22 349 11 65 680

Corn 83 144 73 331 77 19 286 7 81 502

Pea 79 48 62 50 54 179 0 69 104

Lentil 80 89 74 98 54 1500 O 77 188
Sunflower 81 162 73 215 60 26 133 5 76 408

Cotton 80 191 65 244 63 14 612 2 74 452

Sugar beet 94 246 73 275 66 45 128 23 83 589
Watermelon 91 187 75 194 81 16 184 46 90 443
Cucumber 92 254 79 411 82 56 205 70 90 791

Potato 89 269 81 361 69 70 316 12 90 713

Onions 99 233 94 333 67 28 185 29 98 623
Tomatoes 102 238 94 379 81 16 232 33 102 687

Canola 83 183 66 225 67 19 341 5 78 433

Beans 93 148 78 162 79 10 157 5 86 325

Soya bean 62 107 46 157 67 45 1582 3 67 311

Rice 136 162 102 219 71 27 189 3 114 412

Currency unit in TOMAN

Table 4. The optimal area for different cops
5
o c g ?E) g o % g © téo
= @ T o a 9 o a = o & o L2 8 @ 3 &
(F;]ZE)’I Value 377 185 40 20 571 586 84 30 40 40 40 40 40 722 60 60 110

4 OPTIMIZATION MODELLING

Production at least twice the four mentioned products
(wheat, barley, sugar and soybean sugar) was worth
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1,318,456,112 Toman of profit than the previous one.
This number should be added to the total of 13 other
crops that were previously not cultivated which is totally

equivalent 5,820,787,814 Toman.
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Table 5. The amount of consumed fertilizer for optimized cropping pattern

Phosphate Nitrate Potash

Crops Fertilizer fertilizer  fertilizer 8(?/?&1) ;I'k%t/ahla)
(kg/ha) (kg/ha) (kg/ha)
Wheat 57072 87381 6886 3043 154381
Barley 28107 33213 1705 1603 64629
Husks 9948 15906 898 458 27210
Corn 2882 6628 383 139 10032
Pea 2727 2851 323 22 5924
Lentil 5240 5768 331 1 11024
Cotton 1614 2059 120 21 3813
Sugar beet 7374 8250 1361 697 17682
Watermelon 7471 7769 636 1833 17708
Cucumber 10170 16443 2234 2796 31642
Potato 10778 14455 2808 478 28518
Onions 9325 13311 1132 1142 24910
Tomatoes 9531 15177 636 1339 27492
Canola 13239 16248 1374 369 31230
Beans 8879 9676 588 311 19453
Soya bean 6401 9390 2676 171 18639
Rice 17766 24142 2994 369 45272
Sum 208522 288667 27088 14791 539560

Table 6. Estimated cost of consumed fertilizer for optimized cropping pattern

Phosphate Nitrate Potash

Fertilizer fertilizer  fertilizer Other
Wheat 29379 24859 22976 47458
Barley 13838 11070 11808 22140
Husks 4360 1720 3680 13960
Corn 1660 1460 1540 5720
Pea 4514 3543 3086 10228
Lentil 4686 4335 3163 87870
Cotton 675 549 532 5165
Sugar beet 2820 2190 1980 3840
Watermelon 3640 3000 3240 7360
Cucumber 3680 3160 3280 8200
Potato 3560 3240 2760 12640
Onions 3960 3760 2680 7400
Tomatoes 4080 3760 3240 9280
Canola 5988 4762 4834 24603
Beans 5569 4671 4731 9401
Soya bean 3720 2760 4020 94920
Rice 14960 11220 7810 20790
Sum 111089 90058 85359 390976

Currency unit: TOMAN
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5 CONCLUSION

1. In this research, we have tried to implement the
best comprehensive cultivar with all restrictions.
In non-optimal conditions, only 4 crops are
planted. Therefore, water, agricultural land,
fertilizer, etc. are not used optimally. After
modeling the problem, we saw a significant
increase in the efficiency of the modeling, both in
terms of production and in terms of increasing
profit (equivalent 5,820,787,814 Toman).

2. Performing  appropriate  cropping  pattern
guarantees food security, production stability,
reduces the adverse effects of drought and also it
is necessary for protecting natural resources and
increasing efficiency production factors.

3. Design and adjust the cropping pattern to
determine the amount of cultivated area and the
right combination of products, is utmost
important and should be done in such way that in
addition to the optimal use of existing capacities
and access, considered regional and national
needs.
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