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Table 1. Information on Observed Cropping Pattern in Shahdad County in

2016-17
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Selected Crops in the Observed Cropping pattern Slasin
axig gros &l pass S Specifications
Alfalfa Garlic Irrigated Wheat Irrigated Barley
1124 617 408 509 (lS0) ol 5 gl
Areas under cultivation
25770 17324 3985 3114 OS2 52 0555 2,Slos el
Average yield (Kg / Ha)
13104 11970 4032 3528 GBS 55 o i) Jpame B pas o]
Consuming water (m? / Ha)
11770 7610 1530 1280 OESe 53 a o) Jpazme ol Sl
Water requirement (m? / Ha)
2026 2052 312 304 (Sl ;) )5 595
Labor (Man-Hour)
658 1907 567 540 (S 5 p,55LS) wdg slaJule 0o
Other inputs (Kg / ha)
8000 11000 13000 12000 (L) o
Price (Rials)

NETWAT I3 655 5 olagd (o 5,5laS sl 5550 calidins s

Source: Questionnaire, Shahdad County Agricultural Jahad Center and NETWAT Software.
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Table 2. Parameters Used in Algorithm Ant Colony Optimization

. 8 ax g0 olows S5 ol
0 P Number of ants Number of repetitions
1 0/05 0/1 1 60 400
Source: Research Findings i slaasdl ae
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Table 3. Results of Algorithm Ant Colony Optimization Based on Binary
Knapsack Problem

Crops o
axss oo R Specifications
Alfalfa Garlic Irrigated Irrigated
Wheat Barley
1124 617 408 509 (L52) 00d osalive ol (555Ul 0 2S5 o
Areas under cultivation in the observed cropping pattern
651 998 588 421 (ESe) diy S (5501 o 2S5 o
Areas under cultivation in the optimized cropping pattern
Source: Research Findings §uiod gloasl aio
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Figure (1) Comparison of observed cropping pattern and optimized cropping
pattern
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Table 4.Crops Net Return in the Observed Cropping Pattern and Optimized
Cropping Pattern

AL 033l slacs s et by sl (J,152) sossosmlive alls 033l
(4o y) (6]“’;. If: ) m;’ie;; ; Observed net return 1o Jsae
Iimiz u i
Net return changes ?Thousand Rials) (Thousand Rials) Crops
(Percent)
-32/80 6515059/2 969436371 ol
Irrigated Barley
1 pass
81/01 18152967/6 10568179/2 ¢ s
Irrigated Wheat
144/93 181338795/6 74037778/8 -
Garlic
-58/16 46464669/3 111048952 sy
Alfalfa
23/42 252471491/7 205349273/1 2;::

Source: Research Findings Geiod slaaidl snie
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Table 5. Gross Profit in the Observed Cropping Pattern and Optimized
Cropping Pattern

s5ms 6ls by oS A eS8 AL sgm oadodplice S 585 allEl sgu
(a0 ) AL (Jb,)l2) (L,
. Gross profit of optimized cropping Gross profit of observed cropping

Gross profit changes

(Percent) pattern pattern
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Table 6.Consuming Water in the Observed Cropping Pattern and Optimized
Cropping Pattern
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Figure (2) Comparison of water consumption of crops with observed cropping
pattern and optimized cropping pattern

oleiuin g (5 p5 4t

S ol I (dme Glime Bran g (n i S Bua b dige St Gl (e
Slotinge Coonl ol £rhae (65)3LaS o e 059> 0 &5 Ll olapreal (p St
Slles )0 19885 (i ol 5l gy 0 Bpan a5 09 oo ST Ll S (555l
Gl rge ssie s 2l slaoshe o (b 5 ol slapl e bl 038l ks psleS
S 55N a0, Nyl 52 el ity ol o 55 5L o s
Gk 3l 1 ol5ysleS iume Cumdg wol Gran (2alS g5l wlagd dihie jo aig
Nl as oo lis ol gudod gl vl e 0 aisy g (AL dgu iol53l
9740 p 098l Soleida o8l sls (L (5iludinge gl WAL oo e (S5 S
1y o5,5LaS LAl g ol o coxSo e Cyglen VYT Jolas a5 0T G5 pme 45 g0, O
S Hlejed cgolpaiin Nl ciS g oo plpl e o ialdl sy YAY/AS lieay

39bisn STl S o (Bone | f3,9L8S Catiane grlans 39 5 o] B yae alS m
g el Bpmn 1ol 93l b xS i soloiinn 658 Sl dilate cotS (555
b Gl g adlate (3 )5leS” alBL



Vol drolo i 99501 O b5

&lw

Afshar, A., Emami Skardi, M. and Jeirani, F. (2015). Pond Designing Optimization
Using Multi-Objective Ant Colony Algorithm and SWAT Model, Jornal of
Environmental Science and Technology. 1: 133-148. (In Farsi)

Bakhtiari, A.A., Navid, H., Mehri, J. and Bochtis, D.D. (2011). Optimal route
planning of agricultural field operations using ant colony optimization,
Agricultural Engineering International : The CIGR e-journal. 9:1-16.

Dehghani, A. (2018). Effects of Pricing and Non-Price Policies of Irrigation Water
on Croping Pattern and Gross Profit of Farmers in Shahdad County (Kerman
City), Master's thesis in Agricultural Economics Shahid Bahonar University of
Kerman. (In Fatsi)

Di Falco, S., Chavas, J. P. and Smale, M. (2007). Farmer Management of Production
Risk on Degraded Lands: The Role of Wheat Variaty Diversity In The Tigray
Region, Ethiopia, Agriculyural Economics. 36: 147-156.

Dorigo, M., Birattari, M. and Stiitzle, T. (2006). Ant Colony Optimization, IEEE
Computational Intelligence Magazine. 15: 28-39.

Dorigo, M., Maniezzo, V. and Colorni, A. (1996). The Ant System: Optimization by
a Colony of Cooperating Agents. IEEE Transactions on Systems, Man, and
Cybernetics-Part B. 26: 29-41.

Howitt, R.E., Medellin-Azuara, J., MacEwan, D. and Lund, R. (2012). Calibrating
disaggregate economic models of agricultural production and water management,
Science of the Environmental Modeling and Software. 38: 244-258.

Jafari, S.A. (2007). The Value and Cost of Water: A Case Study of Alavian, Iran-
Water Resources Research. 2.3:1-12. (In Farsi)

Mansour, I.B. and Alaya, 1. (2015). Indicator Based Ant Colony Optimization for
Multi-Objective Knapsack Problem, Procedia Computer Science. 60:448-457.
Mirzaie, Sh., Zakerinia, M., Sharifan, H. and Shahabifar, M. (2015). The
Determination of Optimal Crop Pattern with Max-min Ant System method (Case
Study: Golestan Dam Irrigation and Drainage network), Iranian Journal of

Irrigation and Drainage. 1: 66-74. (In Farsi)

Nguzen, D.C.H., Dandy, G.C., Maier, H.R. and Ascough, J.C. (2016). Improved Ant
Colony Optimization for Optimal Crop and Irrigation Water Allocation by
Incorporating Domain Knowledge, Journal of Water Resources Planning and
Management. 10:1-37.

SaeedSabaee, M., SalmanMabhiny, R., Shahraeini, S.M., Mirkarimi, S.H. and Dabiri,
N. (2016). Application of a Hybrid Linear Programming and Ant Colony
Metaheuristic with Aid of GIS to Land Use Allocation, Journal of Remote
Sending & GIS. 1:109-126. (In Farsi)

Shahraki, J., SardarShahraki, A. and Nouri, S. (2019). Application of Met heuristic
Algorithm of Ant Colony Optimization in Optimal Allocation of Water


http://gisj.sbu.ac.ir/article/view/14552
http://gisj.sbu.ac.ir/article/view/14552

VFAA/F o lad/ 1T Mo/ (6 559Las”™ SLaxidl § - ¥

Resources of Chah-Nime of Sistan under Managerial Scenarios, Journal of
Ecohydrology. 4:1063-1078. (In Farsi)

Tarafdar, M., Askari, M.M. and Grigoorian, K. (2016). Productivity Promotion in
Agricultural Sector of Iran via Increasing in Irrigation Water Price (Case Study
of Kashan Region), Quarterly Journal of Economic Growth and Development
Research. 23:73-88. (In Farsi)

Zhang, Y., Li, M., Zheng, L., Qin, Q. and Lee, W.S. (2019). Spectral features
extraction for estimation of soil total nitrogen content based on modified ant
colony optimization algorithm, journal Geoderma. 333:23-34.



Agricultural Economics/Volume 13/Issue 4/1398

Application of Ant Colony Algorithm for Cropping Pattern

Optimization (Shahdad, Kerman City)
Ali Dehghani, Somayeh Amirtaimoori, Mohammad Reza Zare Mehrjerdi!

Received: 3 Nov.2019 Accepted:19 Jan.2020
Extended Abstract

Introduction

The optimized cropping pattern can not only sustainably preserve water
resources but bring more income as well. Therefore, since no research has
been done on optimizing cropping pattern in the Shahdad county, this study
identifies the optimized cropping pattern in this region with the goal of both
xxx mnrzgggaaeee *’’ oodff ffff ffaee ee eeecannig aa rrr cnmmmmmm
Materials and Method

Since more than 90 percent of the current cropping pattern in Shahdad is
cultivated with the four following crops: irrigated barley and wheat, garlic,
and Alfalfa, the needed data were collected during 2016-17 crop year, from
450 farmers who cultivate these four crops simultaneously. 106 farmers were
selected for face-to-face interview by using questionnaire and based on
simple random sampling. The ant colony meta-heuristic model based on
binary knapsack problem to achieve the optimized cropping pattern was used.
Results and Discussion

The ACO algorithm showed that the cultivated area of irrigated barley, irrigated
wheat, garlic, and Alfalfa changed from 509, 408, 617, and 1124 Ha in the
observed cropping pattern to 421, 588, 998 and 651 Ha in the optimized
cropping pattern, respectively. Therefore, the gross profit, by 282.96%, has
increased from 201.59 billion Rials in the observed cropping pattern to 772
billion Rials in the optimal cropping pattern.

Suggestion

Results showed that optimized cropping pattern in addition to saving 5% of
water consumption, will increase gross profit to 282.96%. Therefore, it is
suggested to change cropping pattern based on results of this study.
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