Journal of Water and Soil
https://jsw.um.ac.ir R

Research Article
= Vol. 37, No. 2, May-June 2023, p. 187-202

Determining the Optimal Cropping Pattern Based on the Multiple Objectives of
Water, Energy, Food and Economic Profit Indices (Case Study: Markazi
Province - Farahan Plain)

M. Goodarzi'®'*, J. Ghadbeiklou?, A. Ghadiri®, M.A. Khodshenas*

Received: 06-12-2022 How to cite this article:

Revised: 10-01-2023 Goodarzi, M., Ghadbeiklou, J., Ghadiri, A., & Khodshenas, M.A.
Accepted: 17-01-2023 (2023). Determining the optimal cropping pattern based on the
Available Online: 17-01-2023 multiple objectives of water, energy, food and economic profit indices

(Case study: Markazi province- Farahan plain). Journal of Water and
Soil, 37(2), 187-202. (In Persian with English abstract).
http://doi.org/10.22067/jsw.2023.79946.1233

Introduction

Water is one of the most important factors of development in human societies, water scarcity, specially fresh
water which is one of the main limitation for agricultural, economic and social development in most developing
countries. Providing and implementing an optimal cropping pattern, in addition to better management of water and
soil resources, can lead to reducing production risk, increasing the ability to deal with crises, improving
employment, better management of providing services to farmers, and providing the possibility of expandingagro-
based industries. In many regions of the world, including in Iran, many studies have been done to improve the
cropping pattern in different regions. Despite the existing problems in designing and implementing the appropriate
cropping pattern in the plains, modifying the cropping pattern based on scientific principles and emphasizing the
reduction of water consumption while reducing water consumption provides the possibility of sustainable
agriculture and in terms of economic and social aspects. Implementing an optimized cropping pattern in the
Farahan Plain is an undeniable necessity to preserve national resources. This study was conducted with the
objective of optimizing the cropping pattern in the area, taking into account multiple criteria.

Methodology

In this research, considering the importance of determining the cropping pattern based on the multiple
objectives of the decision makers, it was tried to determine the optimal cropping pattern by using mathematical
programming and fuzzy logic by establishing a compromise between the objectives of the cropping pattern. The
model considered for this study was in the framework of the goal of the maximum ideal distance (Fuzzy Composite
Distance). Also, in order to use water resources sustainably, scenarios of cropping patternsare presented based on
different conditions of water resources uses. Based on the basin's water resource stability, an optimal cropping
pattern was developed to address the conditions of normal water resource exploitation, as well as sustainable and
unsustainable scenarios. Each scenario corresponds to a specific period. To achieve this, a multi-objective planning
approach was utilized, integrating water, food, energy, and economic profit indicators. The resulting optimal
cropping pattern considers stable water resource utilization during normal, drought, and wet periods, ensuring
sustainable conditions.
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Results and Discussion

The results showed that the amount of water consumed by the optimal cropping pattern compared to the
existing cropping pattern under normal, drought and wet conditions is reduced by 23.2, 29.2 and 18.1%,
respectively. On the other hand, compared to the existing cropping pattern, the amount of calories produced by the
optimal cropping pattern under normal, drought and wet conditions increases by 51.7, 61.9 and 45.2%, the average
energy efficiency increases by 40.9, 42.8 and 35.8% and the net profit productivity increases by 43.3, 30.9 and
44.2 %, respectively. Based on the obtained results, it can be seen that in the optimal cropping pattern in drought
conditions, the cultivated area of crops such as potatoes, onions, tomatoes, grain corn, sugar beets, beans, alfalfa
and watermelons should reach to the zero or be at the lowest possible level. In normal and drought conditions, the
cultivated area of these crops should be minimal. On the other hand, the area under cultivation of crops such as
fodder sorghum, fodder corn, saffron, cumin, camellia and medicinal plants should be increased and the cultivation
of these crops should be promoted at the region. Also, regarding horticultural products, the cultivated area of
walnut, apple, peach, apricot and almond orchards should be minimized and replaced with plants such as grapes,
oleaster, jujube, barberry, rose, and figs.

Conclusion

Based on the obtained results, it was found that the use of the optimal cropping pattern derived from the
indicators of water, food, energy and economic profit is completely superior and preferred over the existing
cropping pattern and single purpose optimal cropping pattern. In order to achieve sustainable water resource
management, it is recommended to modify the cropping pattern during drought, normal, and wet periods based on
the suggested optimal cropping pattern. The existing cropping pattern currently falls short in terms of achieving
the four objectives of water, food, energy, and economic profit. Therefore, it is crucial to develop main plans and
strategies in the Farahan Plain that align with the implementation of the proposed optimal cropping pattern. By
doing so, it will be possible to optimize the allocation of water resources and achieve improved outcomes in terms
of water availability, food production, energy efficiency, and economic profitability.
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Table 1- Energy equivalent of inputs in the production of agricultural products
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Sl 102 S i
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Table 2- Input and output energy flow per hectare for wheat
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Energy Efficiency

S 68l D290 @9 (e (o g CudS Srabip udS
lcodgizme o 35 e 0l Syglaenr ledbl bl
Syl e e 3)50 dilaie Lulyd oluly (sjlodige
cazS 55 (silainge Baled 5 (siloaiuge 415 o lanl & gy pn
adum x> Jod (65,00 5l ealatwl b odud sy (699 liw du (sl
Glual 3855 sl EXCEL g MATLAB (Lingo el l58lp 5 5
s ppizman g (53959 SleMbl (YL > 4 d255 b adlllas )
& 2 9 00y Aol S plul wiejl b pusio g Yl L
53 ol odd o3l L ¥ S 3 a5l s cpl S sled oS el
Jolis Cilisen clacudgame ¢ 3688 pib cov Ban wlyy Jao o)
B ddts s & o5 bt 5 lal dlasl (5 258
e ) Slallas ins Sl IS gl bl 1 195 39 13,5 o

2,5

S35 Olee dplons 5 55 Wodlag (gl 05 48,5 s )3 5] o
Jle lgic a0l oo s 4 bl 5l asly o adgs (ol os B pae
Ll JoiBe YYIA J3955 i) o (sl o 43S jlas )3 5l oo
J(Kitani, 1999 ¢ Zamani et al., 2014¢Heydari et al., 2012)
S5 Jolas )3 Jgazme 2 (sl 03latl )90 (sl yialyly S s
33,5 (0 (S (2955 9 53909 3P M 9 00b 035 ol (B e
P @9 9 809 $iFl phr Slwbre pbslops ¥ Jouo
ol 0us &l)] diges Jlgie 4 paiS Jpamo (sl S
; STt
&5l gl = ——— (\A)
$3909 3!
Jolis adlllas (ol ) S 565U (gjloatage Sl B oIS y5bo



VY i — 35,5 ¥ oylacs Y il (S g O 4,05

Va7

- e
/ g ~ “
! A
’
I ogmge adg med Bl (S5 SleMbl
|
- 1 _—_—
[| [y ,_555-" I g g:!‘ )L_-l
\ Current K Study Area
\\ Cropping Patern Informations
A 7 /
~ - - . 7’
>
> i S [ SO B oo
- ~
e AY
R . Lo
!I > Lm...g‘.:g..\a.o § DD Cyuekd I
- 551 las e Lt . !
T esbiazsl e T T ge ailiie bylpd bl |
\ Energy Food | 1
; Benefits : : axllas 1
E - l I Constraints Determination :
1 Indices ! M -
e TS ~
e ~
/’ A —
' S jlwddate Y
1 \
: - gl R Lo gyl
\ Cropping " Scenarios
\\ Patern ’
’
. ’
~ - - _ ”

dibiio g 3 CulS (5901 (g 5lwdinge Wil 3 5 (glowl - U
Figure 2- Overview of the process of optimizing the cropping pattern at the region
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Figure 3- The water consumption of cultivated crops in the Farahan Plain in the optimal cropping pattern under normal
conditions
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Figure 4- The water consumption of cultivated crops in the Farahan Plain in the optimal cropping pattern under drought
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Figure 5- The water consumption of cultivated crops in the Farahan Plain in the optimal cropping pattern under wet
conditions
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Table 2- Distribution of crops in the current state and optimal conditions of management scenarios (hectares)
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Current Cultivated Area  Wet Cultivated Area  Drought Cultivated Area  Normal Cultivated Area
9. 2207 515 165 201
Alfalfa
o,SL! 10 20 0 0
Sunflower
555l 745 1200 795 1200
Grape
pb 485 150 0 0
Almond
ey 20 10 0 10
Onion
> 4868 4670 5725 4541
Baely
s 20 20 0 50
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Gl &5 10 110 0 40
Corn
ledsle )3 209 420 530 450
Forage Corn
N 455 315 100 230
Potato
e 1 50 70 74
Lentils
il 3000 2836 2585 3353
Wheat
bl 359 75 0 20
Bean
“lgsin 100 50 0 20
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295 37 95 10 12
Pea
el 10 65 85 50
Safflower
le 46 120 140 180
Canola
@ 2 10 0 0
Tomato
s 5 98 20 103
Sesame
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Table 2 Continued - Distribution of crops in the current state and optimal conditions of management scenarios (hectares)
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Crop S Bl > Sl Balpad > JSid gl > Jlos byl 3
Current Cultivated Area  Wet Cultivated Area  Drought Cultivated Area  Normal Cultivated Area

Jypaze

Millet
ole; 14 300
Saffron
Soe S 75 235
Rose
D)5 0 125
Barberry
o5 0 100
Cumin
“fh‘ 0 135
Jujube
o 75 140
Oleaster
» 0 70
Fig
e 49 10
Apple
slo 48 10
Peach
9 45 40
Apriot
el 243 0
Walnut
dl‘u}k’ P?s)?“’ 1 465
Forage Sorghum
belols 1 30
Camelina
L)L’)5L§J§ 1 90
Echium
gl 1 95
Chamomile
0“53959]“"‘1 1 200
Lavender
o] 1 100
Thyme
By 1 70
Hyssop

20 10
335 320
300 250
178 150
130 120
165 150
185 150
70 70
0 0

0 0

0 0

0 0

595 520
205 185
85 100
105 50
250 220
130 110
96 80
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Table 3- Amounts of water, calories, energy efficiency and net profit in different scenarios of cropping pattern optimization
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SCENARIO Net Benefit (Toman)  Energy Efficiency  Produced Calories (C)  Water Consumption (m®)

55 S S 1.07626x101 2.37 2.18694 101 1148
Current Cropping Pattern

Jlo bl 53 dizge &S (5550 1.54283x104 3.34 3.31824x104 88.1
Normal Cropping Pattern

st Ll 3 diage i (555 1.40955x 104 3.39 3.54099x 101 813
Drought Cropping Pattern

o bl 3 dizge i (555 1.55216x104 3.22 3.17577x104 94

Wet Cropping Pattern
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Table 4- Suggested alternative crops in Farahan Plain based on the proposed optimal cropping pattern
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Current Cultivated Crops Alternative Crops
(gl gl5) g 2955 s
Legumes (Beans) lentils, chickpeas

(153) asle 032 olS g el &3 slabgle o5 5
Forage (Alfalfa) Fodder Sorghum, Fodder Corn, Barley, Camellia, Millet
(@ pas) oMe S5 5 58 dlols” woiS” () o
Cereals (Wheat, Corn) Barley, Millet, Sesame, Camelina, Canola, Safflower
b oY paxe ol LS (sleme S5 (S olis o Sl

Horticultural Products

(455 (ojon iy lguin) (bro g (5o
Vegetables and Summer Crops

Grapes, Oleaster, Jujube, Barberry, Rose, Medicinal Plants

614.3[5:)5 S
Greenhouse Cultivation
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