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Abstract

Due to the water crisis and the large share of agriculture sector
in water withdrawal, many studies have focused on water
efficiency improvement in agriculture emphasizing on optimal
crop pattern implementation as one solution. However, less
attention has been paid to the effect and role of crop pattern
criteria in the determination of crop pattern and efficiency of
water resources use. There are many crop pattern criteria which
can be used in determining crop pattern and crop efficiency in
a selected area. Selecting different criterion results in different
outcomes. Therefore, proper selection of criteria is pivotal to
the optimal use of water resources. In this paper crop pattern
criteria  has been evaluated relying on sustainable
development. Eleven criteria have been selected as the main
criteria and prioritized for Pistachio and Damask rose in
Kavirdaranjir Basin. To prioritize the criteria an optimization
problem, which its objective function is based on sustainable
development, has been developed. The problem has been
solved, using random and chaotic (Tent, Henon, and Logistic)
genetic algorithms. The results showed that the performance of
Tent chaotic genetic algorithms was the best compared to other
selected algorithms. In addition, the analysis of optimization
problem results showed the priority of the criteria sets as the
environmental, economic and social category.
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Table 1- Criteria classification based on sustainable

development
Ml arwgi (e B)lre (gaiuadib - ) Joua
Environmental Economical Social
Chemical fertilizer Labor Labor

Crop water requirement Profitability
Volume of consumed Cultivated
water area

Fresh crop weight per one  Crop

cubic meter of consumed  performance
water

Dry crop weight per one Crop local
cubic meter of consumed  price

water
Irrigation efficiency
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Table 2- Applying the selected algorithm on standard benchmark functions
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Geios sl sl
e 285 JE pseil 050 Sglite slalpl oy 250 pSeLS) berd 38 )L\“ (-‘” ) Bdn gl Juo F o o o8
o Slr el (Bl g (Sl (Blg wpeSl syl 35 5 s 69 o 22 o m) cuiS ) pdaw Xy ‘( LS
sl 005 djl)l A Jsb » ool Cawddy LSLZ”C“"L’ Jﬁ""m .))Sl.o.c ( » ul‘ﬁ’) L;“')')}“‘" )‘J.O.o ()LSJB
rv?Og (s 5o ‘."-‘5“’)*") oS ] )L:Jz s o P)sslzs)

Jgame 53 sl (F) soleii Ban &l o e (5lotinge Al
cSlalllas dilaio )3 adli Y gae (lsis 4 glose 5 g Aty

Dgdise J> g5 siloainte sl sl Gy 5l g (@)l

B ol ol p&l) uw) 0)49 s 9 P)f L;I}tb 9 ui 1041)“:
Sl ansly Mol o pdaw 50 5 50dS 53 jlics utsS Jaazwe oyl
sl o oad cels Y Sl Cudd 5 cuwlio cuas 0l
Ah Al pSpda Ab) Ay Mg CuiS S
LGS olsis 4 yp5e Jpamme oplply (Ghafourifard, 2015)
‘omwwdb)wjm;gbalwua&u &Y guase
O asude (gly KV IRTAW 230139 9 u_vl.»)')l Jgae Q,:l sly
CllS Gl sl Candg ) (1)gliS ar g5 3y90 slajlime Caglyl
a3y diwy gylze (3,8 Yl 4 bxiwdy ddlate ) Aty
B ced iS5 mdaw ©lS ‘_ﬁl W Jels iy 4 Al
m)l) Jya}m U)? ‘JQM Sais U)9 ‘u_e).\m ui > ‘JQM
GtleasddsS 5 ol plosily coma39m (Jsamme 5, Shas S (59,
04U ul}u)] ‘_gLQ)LM w b)‘.b‘ u.))ﬁ] Cwddy 61)4 J.M)l)u.a
S5 wi)oN (iloding Sy I plrind) 3 Ay Jgame
D9y b il mobs b edlatul ol S g olas
5 oge 5 bl (Bly el g Bolas (Bl o)
ol 0 Baa b ol Ll sad &) ¥ gl 0 Satwsd

& pS3kS) o Upaea i 2 oS8 3 wsw):») iy O
<l 4 pSeks) Jpae 5‘“9 u)9 X, 2 (rae < Gl
X119 (p55hS > glog) Jpae (J31 cuodd Xy (Syas
el > jlde Penaltyrs b e (3o)) (oylol o],
298 g0 Jlosl Ban 1l )0 baad s Loyl Ojge 0 &5 dis
4 2l Jpamme jo 5 bylas odgixe b dlus (las3
IV g Sy 3 s 355 Jona o3g05mn Jin e
e Ko e "B 51 S g @ dle S ok AT
Trmin<B<Tmax asuie 03giote ) 45 39b 43S s o

sl o ol B alaly &y 4 3058 Jlas] il o Uiy 5
B = max(Tpin, max(B, Tyax)) )
dawgd Ceows 4 |y Bud b &S il jliso dgui 0 013 4S" 465 o
@ Oy J &S olajlas g S Ojgo > W3l g b
CULS 85 o 8 e n 3 3,5 o Cailan 1l deng
oy g e g Oypo e I G sl cuul S5
wdrg g Jadl g5 plalil el oI g9y plaljdl ) 35 o0
oRels el ) oy iRl Bkl
el jlre @ a2y g (200 SRl (Spas sbauie
4 e Al slauir Sl bajlne o cpl 4 a2 b 255 0
Al A o Bun 2B B Sleds 039l Ban @b 3 oad Jloy & jgo

9o (Sloixl Hlas

S5 ) adgl Cuner (glp daad o yiag (e johate 4

Table 3- The amounts of stochastic genetic and chaotic genetic algorithm parameters
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Number of iteration Population size

Gene number

Mutation rate Crossover rate

1000 250

11

0.2 0.9
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Table 4- Optimum values of criteria for pistachio
By Jgamo (5101 I ) Lro dipps 851051 -F Jgun

Optimum value

Optimum value

Optimum value Optimum value

Criteria (chaotic GA, (chaotic GA, (chaotic GA,
(random GA) Tent) Henon) Logistic)
Chemical fertilizer (Kg/ha) 172.71 141.61 143.09 170.71
Cultivated area (Ha) 76953 74160 78423 76553.00
Labor 20 16 19 20
Profitability (Million Rial/ha) 671 661.5 688.8 671
Crop performance (Kg/ha) 2690.21 2942.18 2947.24 2690.21
Crop water requirement (m3/ha) 7000.37 6851.55 6875.6 6990.37
E’rr?e!;‘h?)e of consumed water 6027.27 6001.24 6009.6 6027.27
Fresh crop weight per one cubic 549.42 470.90 546.85 549.42
meter of consumed water (gr)
Dry crop weight per one cubic 97.06 83.20 96.61 97.06
meter of consumed water (gr)
Crop local price (Rial/kg) 320646 304430 340640 315046
Irrigation efficiency (%) 73.87 74.22 77.69 74.69
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Table 5- Relative comparison of pistachio criteria after optimization by Tent chaotic genetic algorithm
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Criteria Current value Optimum value Relative compare
Chemical fertilizer (Kg/ha) 600 141.61 0.24
Cultivated area (Ha) 80000 74160 0.93
Labor (people per day per hectar) 40 16 0.4
Profitability (Million Toman/ha) 35 66.15 1.89
Crop performance (Kg/ha) 1800 2942.18 1.63
Crop water requirement (m3/ha) 7611 6851.55 0.90
Volume of consumed water (m®/ha) 8000 6001.24 0.75
Crop local price (Toman/kg) 30000 30443 1.01
Irrigation efficiency (%) 35 74.22 2.12
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Fig. 2- Current and optimum priority of selected criteria for pistachio
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Table 6- Optimum values of criteria for Damask rose
G J5 Jguaso (5l B lare a0 310! -5 Jous

Optimum value

Optimum value Optimum value Optimum value

Criteria (random GA) (chaotic GA, Tent) (chaotic GA, Henon)  (chaotic GA, Logistic)
Chemical fertilizer (Kg/ha) 0 0 0 0
Cultivated area (Ha) 1128.97 1124 1572 1615.5
Labor 18 18 20 18
Profitability (Million Rial/ha) 141 149 150 141
Crop performance (Kg/ha) 2392 2499.6 2499.2 2358
Crop water requirement (m%ha) 1694 1691.8 1691.6 1696
Volume of consumed water (m3/ha) 4005.7 4000.4 4000 4000
Fresh crop weight per one cubic meter of 456.4 423 1624 453.9
consumed water (gr)

Dry crop weight per one cubic meter of

consumed water (gr) 124 113.8 125.2 123
Crop local price (Rial/kg) 65250 65940 69900 64850
Irrigation efficiency (%) 72.8 68.2 80 73
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Table 7- Relative compare of Damask rose criteria after optimization by Tent chaotic genetic algorithm
CS (29 S5 o9y L st 5l o seome IS sy lime (oo Ao -V 9o

Criteria Current value Optimum value Relative compare
Chemical fertilizer (Kg/ha) 0 0 1
Cultivated area (Ha) 1169 1604.75 0.96
Labor (people per day per hectar) 20 18 0.9
Profitability (Million Toman/ha) 13 14.9 1.15
Crop performance (Kg/ha) 2000 2499.59 1.25
Crop water requirement (m3/ha) 1879 1691.83 0.90
Volume of consumed water (m®/ha) 5000 4000.37 0.80
Crop local price (Toman/kg) 6000 6594 1.10
Irrigation efficiency (%) 35 68.23 1.94
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Fig. 3- Current and optimum priority of selected criteria for Damask rose
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