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Introduction

Constraints such as the limited availability of key resources particularly water and energy, have driven the
adoption of approaches aimed at improving the productivity of these inputs. Because agricultural inputs are
inherently finite, farmers and planners in the agricultural sector have long sought ways to increase production
while using fewer resources, especially those that are scarce. As a result, achieving efficient and sustainable
management of water and energy has emerged as a major global challenge in recent decades. Dehloran region, as
an agricultural hub and the largest agricultural sector of llam province, is located in the south of this province. The
decrease in rainfall in recent years and climate change have also affected the agricultural sector of the Dehloran
region. Given that the Dehloran region is located in the path of permanent and seasonal rivers, and also due to its
proximity to Khuzestan Province and the benefit of water from the Karkheh Dam, unfortunately, due to the lack
of sufficient infrastructure, irrigation channels, and sufficient dams, these water resources are not used optimally.
Therefore, it seems necessary to pay attention to the sustainability of agriculture in this region through the
improvement and proper management of water and energy resources and the promotion of their productivity.
Therefore, in the present study, an attempt was made to consider economic and environmental goals in the form
of a multi-objective planning model with an emphasis on the management of water and energy resource
consumption. Therefore, considering the necessity of the subject, the effect of determining the optimal cultivation
pattern on water and energy productivity in the production of crops was investigated.

Materials and Methods

In the present study, a multi-objective nonlinear mathematical programming model has been used to
simultaneously achieve multiple goals that are subject to a certain set of constraints. In the present study,
considering the regional conditions and the importance of the issue, four goals were used, including maximizing
gross profit, maximizing production, minimizing energy consumption, and minimizing water consumption.
Considering the aforementioned goals, considering several different goals leads to a model in the form of a multi-
objective programming. Considering the objective functions and regional conditions, constraints were defined,
including water, labor, poison, fertilizer, machinery, land, and maximum and minimum production of agricultural
products. Physical and economic productivity indices of water and energy were also used to calculate productivity.
GAMS software was also used to run the model.
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Results and Discussion

In Dehloran region, there are five important agricultural sectors including Anaran, Dasht-e Abbas, Musian,
Zarinabad and Meimeh. If the multi-objective optimal model is implemented in the aforementioned sectors, an
increase of 7.31, 0.74, 2.57, 6.62 and 29.78% of the cultivated area is observed, respectively. In the autumn group
of crops, this increase is for irrigated wheat, rainfed and grain corn, and in summer crops, it includes profitable
crops such as watermelon, melon, onion, potato, cucumber and cotton. The results of the research also showed that
by considering the multi-objective optimal model, important variables such as total cultivated area, total production
and gross profit show an increase of 3.85, 8.48 and 4.70 respectively. Also, the implementation of the optimal
cultivation pattern improved the physical and economic productivity of water and energy by 22.09, 17.84, 10.16
and 6.33. This improvement was able to save 11.14 and 1.52 percent in water and energy consumption. In terms
of energy consumption, chemical fertilizer input accounted for the highest share of total energy resources with a
share of about 0.44 percent. Fuel and electricity input energy is in second priority with a share of about 0.33
percent. This is while the use of fuel and electricity input in the optimal model is about 88.5 percent less than the
current one. Also, the lowest share of total energy consumption is related to the energy source of animal manure
and labor. Implementing an optimal cultivation pattern based on multi-objective planning models in the Dehloran
region by reducing water and energy consumption and increasing the productivity of these inputs while increasing
total production and gross profit in the region can be an important step in advancing the goals of the region. Also,
the results of implementing water inventory reduction scenarios also indicate that a 30% reduction in water
inventory reduces total production, total gross profit, and energy and water consumption by about 0.6, 1.5, 2 and
21%, respectively. However, water and energy productivity increases in the scenarios under study. Therefore, it
can be said that by implementing the optimal cultivation pattern in the Dehloran region, while reducing water and
energy consumption, it has also achieved an increase in productivity. Which can be an important step in advancing
the goals of the region.

Conclusion

Given the primary objective of the study—to examine the impact of determining an optimal cultivation pattern
on water and energy productivity in crop production—the results are noteworthy. The application of a multi-
objective mathematical programming model led to improvements in both physical and economic productivity of
water and energy, while simultaneously reducing their overall consumption. These findings suggest that, with
proper implementation and management, the model can deliver meaningful savings in water use and enhance
resource efficiency in agricultural systems. Using multi-objective optimal models in the region can, in addition to
increasing gross profit in the region, reduce water and energy consumption and increase physical and economic
productivity in the region. Accordingly, it is suggested that the optimal cultivation pattern obtained in the region
be used to increase farmer's profit, reduce water and energy consumption, and increase regional productivity.
Similarly, holding extension classes to raise awareness in determining the optimal consumption of inputs and
changing the cultivation pattern under the supervision of agricultural Jihad experts can be an effective step in
advancing the appropriate goal of implementing an optimal cultivation pattern that matches the conditions of the
desired region.
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Table 1- List of all symbols used in the model to define sets as well as variables and parameters
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TFerp 395 JS o 5o Sl 3 o5l cadllan 3,90 (5 (slo b
tost Total amount of fertilizer (kg) Crop seasons
Thesp SiSedl S e =5 adllas 3,90 bl
zest Total amount of pesticide (liter) Study areas
TA dog0 £lyi oo ylade i=9 ol olatwl (slaoslys
' Amount of available farmland Inputs used
GM,, i . e=2 Water divided into surface and
Gross profit amount (Rial) underground
curprofit S o 7=3 e Ely! _
r Current profit (Rial) Types of poison
U"):‘"“'J » )L< (53)“" J§ )L\.&o 395 flﬁ’l
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(persons per day) yp
oorwd ol S e s - i
. 25° Jgazme Cunsd
AW Pees Total amount of water available PP Price of the desired product (Rial)
(cubic meters per hectare)
IE .. oAb Bpae (55l O‘}t“ TP P s 290 J?“""’ 5 Sdos
et Amount of energy consumed (M/J) oo Desired product yield (kg)
eff P el ol TC P . My sladja
- Irrigation efficiency (percentage) oo Production costs (Rial)
Mg jlxe Gljee 51> ;
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Minimum allowed amount of
products (kg)
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Gross profit amount (Rial)

Crop area (hectare)
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TW_V, . Amount of water used (cubic meters
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W P Net water requirement (cubic meters
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Table 2- Energy equivalent of inputs in crop production

odlys asly Jaleo g5 59! o3l&u] 3590 Ziio
Input Unit Equivalent energy (m/j per unit) Source used
o ied 08 Ozkan et al., 2004
Cucumber seed kg
PS5 Sdad 15.7 Canakei et al., 2005
Wheat seed kg
2ok Sdad 147 Singh et al., 2006
Barley seed kg
slals @3 54 pSoks 15.9 Canakci et al., 2005;
Corn kernel kg ' Rathke et al., 2007
138" ,a 5 -
ol PE&S 36 kitani et al., 1999
Rape seed kg
hbsle )3 3 PE&S 15.9 Canakci et al., 2005
Foragecorn seed kg
S PI&S 25 Singh et al., 2006
Sesame seed kg
Slgan s 2dad 1 Azizpanah et al., 2019
Watermelon seed kg
Ceak PI&S 1 Azizpanah et al., 2019
Melon seed kg
i) e P 36 Kitani, 1999
Potato seeds kg
DR Zdad 18 Ozkan et al., 2004
Cotton seed kg
i PSS 1.6 Ozkan et al., 2004
Onion kg
T ol CaSa s .
skl mSeste 1.02 Singh et al., 2006
Irrigation water
el ‘?”‘Dl" el 62.7 Akcaoz et al., 2009
Machinery hr
S 95 el 1.96 Akcaoz et al., 2009
Labor hr
e PS5k 111 Ozkan et al., 2004;
Phosphoru kg ' Akcaoz et al., 2009
Oirs £ ok 60.6 Ozkan et al., 2004;
Nitrogen kg ' Akcaoz et al., 2009
oty pSskS 6.7 Ozkan et al., 2004;
Potassium kg ’ Akcaoz et al., 2009
s PSS 03 kizilaslan, 2009
Animal manure kg
S dile ) 85 Tzilivakis et al., 2005;
Herbicide lit Rathke et al., 2007
oS ek PSS 115 Tzilivakis et al., 2005;
Fungicide kg Rathke et al., 2007
OES o pis . Tzilivakis et al., 2005;
Insecticide gdad 229 Rathke et al., 2007
gk
‘“““"’Q : el 12 Kaltsas et al., 2007
Electricity
Kw/hr
Jes8 ) 478 Hydrocarbon balance
Diesel Lit ' sheet of Country, 2008
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Table 3- Data used in the research

Y guasmo Mo gbas 0w B juaro (55531 3 ,Sdos
Crops Production costs Energy consumed Yield
(million rial/hectare) (million megajoules/hectare) (tons/hectare)
ol pas 240.05 39.82 35
Water wheat
w23 puS 68.88 11.73 1
Rainfed wheat
S 186.105 30.79 3.4
Water barley
JURRS 54.18 10.88 0.8
Rainfed barley
1518 284.18 43.19 1.7
Rape
sl @ 326.16 48.31 0.7
Corn kernel
sladgle ) 258.54 47.58 45
Forage corn
oS 149.06 32.50 0.9
Sesame
Slgdin 562.96 40.72 45
Watermelon
o 351.96 39.61 45
Melon
RS RO 1149.89 75.05 45
Potato
JiRS 423.9 38.06 27
Cucumber
b 649.04 37.26 42
Onion
Ay 436.31 44,52 2
Cotton

Voo Jlo pM1 sl (gl ddlais o Sy g (65y9UiS dles ol sxiie
Source: Agricultural Jihad Organization and Regional Water Company of Ilam Province, 1400
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Table 4- Area under cultivation of crops in different sectors in the current and multi-objective model (hectares)

OV guaswo (EYL]] W pisw Qo>
Crops Patterns Sections Total
ol,ul ovle culs Olwwgo SUl 0w y; dono
Anaran Dashteabas Mosian Zarinabad Mymeh
o pS 4l 6420 17000 13525 - - 36945
Water wheat Base
ool 8346 13977 15360 - - 37683
Mop
o2 pS 4l 12000 15743 2000 3500 330 33573
Rainfed wheat Base
ool 12210 20465 2600 4550 429 40255
Mop
oo &b 160 120 450 - - 730
Water barley Base
ooleiiy 91 78 293 - - 462
Mop
PURPES al 300 50 450 2000 2200 5000
Rainfed barley Base
oot 53 9 54 1334 2860 4307
Mop
I5ls° &b 500 3063 670 - _ 4233
Rape Base
ooleii 425 2967 657 - - 4049
Mop
sl @il @) al 160 2110 2230 - - 4500
Corn kernel Base
ool 208 2743 1424 - - 4375
Mop
&l ddgle @) al - 330 - - - 330
Forage corn Base
ol _ 429 - - - 429
Mop
Rto a4l - 108 - - - 108
Sesame Base
d.)LG(a.MuJ - 65 - - - 65
Mop
wlgain &b - 600 31 - - 631
Watermelon Base
oleiity - 780 41 - - 820
Mop
oR b - 354 - - - 354
Melon Base
ooy - 460 - - - 460
Mop
e al - 330 60 - - 390
Potato Base
ool - 429 78 - - 507
Mop
s al - 215 - - 5 220
Cucumber Base
ool - 280 - - 6/5 286
Mop
e al - 74 42 - - 116
Onion Base

ol . 96.2 54.6 . . 150.8
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Mop
4 al - 600
Cotton Base
ool - 780
Mop
P95 9 al 15 -
Sorghum Base
oolgiiy 195 _
Mop
03 b 8 -
Millet Base
ol 1.18 _
Mop
oile ab
Mung beans Base

Mop
e 4l - -
Lentils Base
@l - -
Mop
2959 ab - -
Peas Base
oy - -
Mop
f2Y ab - -
Rice Base
oy - -
Mop
4ol 4l - -
Okra Base
@l - -
Mop
SR 4l - -
Tomato Base
@l - -
Mop
S5 b - -
Safflower Base
@y - -
Mop
o> 4l 19571 40697
Total Base
ool 21000 41000

Mop

- - - 600
- - - 780
- 8 - 23
- 10.4 - 29.9
- - - 8
- - - 1.18
- - - 8
- - - 1
- 50 15 65
- 65 19.5 84.5
- 15 15 30
- 19.5 19.5 39
- 4 58 62
- 5.2 75.4 80.6
- 5 5 10
- 1.64 1 2.64
- 5 5 10
- 6.5 6.5 13
40 40 - 80
10 8.15 - 18.15
19498 5627 2633 88026
20000 6000 3417 91417

a5 (glaaidly :auie
Source: Research findings
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Table 5- Results of the desired variables in the current and multi-objective models

I Comluws oo
o Pattern Sensitivity analysis
Variable ab oo ol gy Y g1bke0 gove IRV ¥ 5t Jeve RN
Percentage . Percentage . Percentage
Base Mop change Senariol change Senario2 change
"K_ 5 ) g 88026 91417.23 3.85 91417.23 3.85 91417.23 3.85
Total cultivated area (hectare)
J_f KW 292 602 317420 8.48 311.132 6.3 290.778 -0.6
Total production (thousand ton)
[EN§ 12827944 12994471.6 1.29 12827944.1 15
waltbdp 13 134318744 470 ' : ' +
Gross profit (million rial)
3yl Spae 2415322 2418.9361 -2.27 2425.2436 -2.02
Energy consumption (million 9 2437.4593 -1.52 ' ’ ‘ :
megajoule)
i 196.058 -18.03 188.888 -21.03
Water consumption (million cubic 239.194 212.525 -11.14
meter)

§05 (gl sae
Source: Research findings
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