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Table (2) cultivated area and technical coefficients of crops in Shiraz city

3 Sdos B 355 (yljee Slew ol 3 3590 48 S I8 Wy CulSpjahw  Jypas gy
(U2 13 0 Soks) (LS o o yia) 43 0, S9kS) (e Bpan (L5 595 54) (55) (sus2) Crops
Yield (Kg/H Water requiremen - - g Labor (Person lori roplan
eld (Kg/Ha) midﬁ%;et b@% bw@ﬁf;¥§) abor (Person) Ci%% Eéf&g
Fertilizer Pesticide
(Kg/Ha) (Kg/Ha)

4185 8641 386 1/46 11/5 3500 40416 o pas
Wheat-I

2803 7358 255 0/72 14/4 3890 7691 S
Barelay-I

649 0 104 0/081 14/4 3890 1227 R
Barelay-R
9528 7811 682 3/45 21/8 860 176 &l @y
Corn

848 9547 272 0 18/7 1200 11 e
Lentil-1

214 0 129 0 10/5 1200 245 o2 e
Lentil-R

51747 18056 516 4/57 55/1 460 3572 TRV
Suger beet

30067 10528 604 5/78 83/1 120 90 s
Cucumber

53713 16245 646 5/23 98/5 400 319 ik
Onion
54206 13358 655 7176 7 180 3369 LS dagS
Tomatos

7873 19509 235 0/51 28/1 220 1824 axigy
Alfalfa
54131 13358 596 1/99 21/5 860 6354 & adole @)

Fodder corn
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Table (2) cultivated area and technical coefficients of crops in Shiraz city

3, 8dos REIBIY SBd9S (1520 S (50 34 2,90 45 98 $HE Mg Sl 2 j g Jypaowe g9
(U2 j2 0,55k5)  (HUS2 jo o po)  p2 0,59S) (Bmae e (58 59, %) (55) (Hus2) Crops
Yield (Kg/Ha) Water requirement - - 3 Labor (Person) Calories Cropland
(M¥Ha) ;s (162 53 0,%5k5) (K) Area (Ha)
Fertilizer Pesticide
(Kg/Ha) (Kg/Ha)
1733 13264 219 4/32 28/1 650 25 Ly
Bean
6000 16962 500 7146 38/1 4800 17104 Sgls
Rice
2530 7545 503 2144 15 300 638 1518
Canola
22712 20000 655 2/79 40 770 43 )
Potatos

Source: Fars Province Agricultural Jihad Organization
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Tabel (3) Optimal Cropping Pattern with Different Objectives at the Study Area

0AIS digidy 4ieS 555l 4 555 4 5o il <)
&S esds o 01 558 oS Sows  E ( L_{:ﬂ ol S
() (pese) (jese) (o) ponomic | US) dremesy
Calaries Pesticide Fertilizer Water pattern Baseline Crops
Maximizing Minimizing Minimizing Minimizing (Ha) (Ha)
(Ha) (ha) (Ha) (Ha)
40417 36050 37103 37032 40064 40416 o 5
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J | &
17423 15895 15700 15620 17665 17104 R;:;‘
i
7925 6859 7059 7046 7623 7691 ot 7
Barelay-I
1104 1241 1347 1241 1241 1227 w2
Barelay-R
i
24 22 0 0 24 11 o e
Lentil-I
368 226 80 226 226 245 2 e
Lentil-R
3102 2767 2248 2244 3075 3572 S
Suger beet
408 364 82 82 405 90 e
Cucumber
1796 1602 3350 0 1780 1824 oy
Alfalfa
0 0 0 0 0 319 e
Onion
,
637 568 0 748 631 638 #
Canola
65 58 60 60 65 25 it
Bean
M 36 30 37 40 43 SO
Potatos
3347 2985 3417 3373 3318 3369 GNP 2
Tomatos
| &l ¢y
163 0 150 224 0 176 o R e
Corn
sl dé5lc Q)S
6286 5607 5770 8280 6231 6354 Fodder
Corn
83107 74281 76398 76264 82387 83107 &
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Tabel (4) Optimal Cropping Pattern with Combined Multi Objectives at the Study

Area
=5 5 N ab 555!
i ] Y uao
(ESe) (ls) Crops
Combined pattern (Ha) Baseline (Ha)
36106 40419 ! pS
Wheat-1
15832 17104 o
Rice
6870 7601 !9
Barelay-|
1241 1227 2 #
Barelay-R
0 11 ! oo
Lentil-1
368 245 P22 O
Lentil-R
3771 3572 o
Suger beet
365 90 s
Cucumber
1604 1824 7992
Alfalfa
0 319 e
Onion
569 638 el
Canola
58 25 ey
Bean
20 43 )
Potatos
2990 3369 e
Tomatos
146 176 ol b o))
Corn
5615 6354 il sle <23
Fodder Corn
74575 83107 Eyoe
Total
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Table (5) results of the cultivation pattern on the profit and inputs consumption
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Cropland Pesticide ( 15 915 .Water margin Crop patern
area (Ha) (1000L) £ros consummtion (Miliard
Fertilizer p Rial)
(1000Kg) (mem)
83107 25329 3530714 90521 5642 b 55
Baseline
sdlasdl oS!
-0.86 +0.14 -1.07 -1.01 +0.34 Economic pattern
(Ha)
4 55N
-8.23 -8.06 -6.45 -11.74 -9.81 o oS
Water
Minimizing (Ha)
isaS 555l
-8.07 -9.90 -9.48 -7.23 -9.55 348 oS
Fertilizer
Minimizing (Ha) ey
dieS ‘_59§” Ol s
%
-10.62 -9.88 -12.26 -10.93 -9.69 o 048 Change
Pesticide
Minimizing (ha)
ity (565!
,\.Jy IXWiY
0 +0.12 -2.16 -0.45 +0.03
s
Calaries
Maximizing (Ha)
=S 5 Nl
-10.26 -10.37 -10.60 -10.75 -9.71 Combined pattern
(Ha)
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Extended Abstract

Introduction

The world is facing a shortage of water resources due to the increasing
population, global warming, climate change, and recent droughts. Providing
food for the growing population is becoming more challenging day by day,
due to the intensification of human intervention in the environment and water
cycle, the limitation of water resources, and the cultivation of water-intensive
crops for more income by farmers. Determining the optimal crop pattern
based on the potential of each region to have the highest yield and income for
the farmer with the lowest cost is among the effective solutions in the field of
agricultural planning and sustainable resource management (Mardani
Najafabadi et al., 2019). Crop pattern optimization has received a great deal
of attention from policymakers in recent years. There are mathematical
models to determine the optimal use of available resources with the aim of
maximizing net benefits under specific restrictions (Layani et al., 2023).
Studies have used single-objective planning models in order to optimize the
cultivation pattern; however, because of conflicting objectives in agricultural
activity such as economic and environmental benefits, multi-objective
planning models have also been developed (Mirzaei et al., 2019; Mardani
Najafabadi et al., 2019). Multi-objective planning methods are of particular
importance, since solving many problems in the real world such as
management of resource consumption in agriculture requires simultaneous
optimization of several goals (Abdeshahi et al., 2020). The studies mentioned
provide evidence that determining the optimal cropping pattern can play an
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effective role in resource management in the agricultural sector. this study is
an attempt to determine the optimal cultivation pattern in Shiraz City of Fars
Province of Iran, where managing crop patterns is seriously challenging due
to periodic drought.
Materials and Method
Optimization involves finding the best solution or optimal value from an
optimization problem. Optimization problems involve finding the maximum
or minimum value for one or multiple objectives. Problems with multiple
objectives are called multi-objective optimization (MOO). Multi-objective
planning is used in order to plan various activities, including agriculture, with
multiple and conflicting goals. Mathematically, the equations of the MOO
problem can be written as follows (Cristobal, 2012):

min/ maxf,(x),f,(x),..., f,(x) (1)

subject to :

X &zU
Where X is the solution, n is the number of objective functions, U is the
feasible set, fa(x) is the n-th objective function, and min/max is combined
object operations. There is a multi-dimensional space of the objective
function vector and the decision variable space of the solution vector in the
MOO. There is a point in the objective function space in every X solution in
the decision variable space. In this study, to optimize the crop pattern in
Shiraz City of Fars province, posterior preferential methods were used. The
posterior preferred methods are divided into four groups: Linear Combination
of Weights, Normal Boundary Intersection, e-Constraint Method, and
Method of Weighted Metrics (Jaimes et al., 2009). In this study, the weighted
criteria approach was used to achieve the optimal cultivation pattern.
Shiraz City in Fars Province, in the southern part of Iran, is located at 53° 37
E longitude and 29° 57 N latitude with an area of 10434 km?2. The mean
annual precipitation is 330 mm and the mean annual temperature for the study
area is about 18°C (I. R. of Iran Meteorological Org.). The geographical
location of the study region is shown in Figure 1. Among the cereal group,
the largest cultivated area is related to wheat (40419 hectares), followed by
rice (17104 hectares), irrigated barley (7691 hectares), and rain-fed barley
(1227 hectares). Canola, with an area of 638 hectares, is one of the important
crops in the current cultivation pattern of Shiraz City, and the cultivation area
has been growing in recent years.
Results and Discussion
The results of the study showed that the area under cultivation of most of the
crops of this County is reduced in the optimal pattern with the combination



of goals. Onion crop was not prioritized and the area under cultivation of
cucumber, lentils, barley, and beans is increasing. In total, this model will be
able to reduce water consumption in the agricultural sector by 10.75%. The
10.26 percent reduction in the cultivated area of Shiraz County is associated
with a 10.60 percent reduction in chemical fertilizers and a 10.37 percent
reduction in chemical toxins. However, the cost of managing the consumption
of production resources in this model will be a 9.71% reduction in the profit
of the farmers of this city. Therefore, if the policymaker tends to lean toward
environmental goals, he should consider that the main incentive for farmers
to produce is economic incentives for production. Therefore, policymakers
should find suitable solutions to make the farmers follow the proposed model.
Suggestion

Although environmental goals such as reducing water consumption may not
be considered an immediate goal of the farmer, in the long run, farmers can
be convinced to reduce water consumption. Because due to the drought
conditions of the country, it is not possible to support any future pattern that
uses more water. Also, according to the results, with reducing the
consumption of water and chemical fertilizers as environmental goals, the
goals of the farmers, including increasing the gross margin, are threatened. It
seems that in order to compensate for the loss resulting from the change of
cultivation pattern, it should be compensated through investment in off-farm
employment. If policymakers tend to lean toward environmental goals, they
should consider that the main incentive for farmers to produce is the
economic incentive of production. Therefore, policymakers should find
suitable solutions to make the farmers follow the proposed crop pattern.
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