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Figure 1. Geographical location of the study area in Golestan province.

"1



Olyod g Az lide o) po

e b Je Oap das K S 0l e O
(VY

ot S G slra ST spmbn s
CJ“‘AS’}‘;'@U:’W‘J’E“JM“‘QLS‘J‘W
3,8 5 e oyl a5l isucals,

DL L;:LA‘)T 9 d)wﬂ Jb- éﬁ‘)ubj JJ.A
Sl S oo 5 e b S ey
(8)
2 el Sl e el Sla it iy e ()
Y games CUS 3 ck.« Xij Jols agsn o
Il 5 (K S ISl (gl yle
Al $ 5535 5 OB Ol gl 53 4 sy e
Jde s iddhe gacys gdows cpmens (Y
3 s e Sedsdeee Jold et (g ael
Sy gl aws 5> ol uil,aj Srotel
Sl lacas gt 5 ot (65540l 5 Jsane
Dl Bl be s sdes ol b o Sle )]
Slllas adaia js 1 8ly) ey Cudgdone (A
Wl ey Orer SV game sdoe LS O
Q{‘ﬁt{ E)ﬂ: Jﬁ)‘\iby\ QyWﬁo)y\.&
BB IR e R T B I S IGNEPRE

:k;v-ﬂ‘ PR e M’ 25

i X;; <TX;; For j=1,2 o)

X1z + X1z + Xq4 + X5 + X1 + Xq9

—X11 — X110 + X112 =0 ™)

Xop + Xo3 + Koy + Xos + Xp6 + Xo7 — X

vy

sl ld Slissse SO Siagy el o
03 SV pame b Cad A5 anse (S 5
sl dedly Wl s g 5 TN L
e slaolsle Sl s s ke sl
Ol gladlae T 5 01l Sl S0 (s3sL8
NETWAT i5le 5 5l eslinal b s 4 OkdS
A 5551 andllans ) se adlate sl (S5l Ll L
Slekily (T18) LS 5 ol il ol
Goll e s a8 o LT s b L]
Sl VA g jsbe Wl e ades o
A) Gl ol amed il I Y pas
33 Slisyse slaesls 4 S DI el Ay,
Sl aaal 5 Golaze o 5l i)
o3lizulsy g0 Of G me 2AS 5 3w il g
3SR
G SG sl e 5 yael it e 655400 5
sps Sl b Bl wl S cl 4l
Losobrle bl b by s bobew
55 el OF 03 8 g JLs 4 oS ol G S
A Gl Sl e gl goleds
3 B L sy Doy go 55 45 3,8 el 3
B s ek 5 apde 03,00 Sda al s Lao]
S s S e sl L Loyt s
S plulan! ple 3,03 55y ot (54l o
SR Cossdee p Bda S S| o ol Jue
3y Al e S O Sl ess O 5,8
(VY

Solesy Bl Sl pam s 8l (s uael
o 90 cJM&Jﬁ)Q@'}\AQ{J}M vAL«zJ

SaS a4 oS Cl (3555 5 ek (g5pal



fae sl Jho ol 3 il odd s il
3okl oyl die w0555 Do dilie DS
adlie b Luld > O Gime g s ol
35 JS 53 pae uT Sldae Ll el dcwlee
S ol 2 5 xS e O geen YOA ol Dl g
il e by soldes OVY e s N a5y 8
Ol adlae Lol 4wy L ilaOleyl s (8
s kS Ll lp L sl okl
5 Olpds by Lgee Lol ) & o35
el R
Sopam alas &b 5l ol tass s Ol
s ol s Kledd a S b s Olawsas b
53 0lyl 53 ol aS ol i S 513 aide olegl gs
O8RSl s pde 5 35 Ll o
A4S 13 e 25

Sl sla paze gl gu_}tej slaos i

05,5 Pl (Oua oS doea O- e 5 O+ St
Sl sl L(VA) ol JLas 5 50 OloyT 51 Ul sl ]
Sl S e 3580 Sloting Jdo b s Lol |
5l cate bl asl 5 35w Ole)T 31 e Sl sl &S

L e amaS Ol Gz Ol
15 g ol 31 Ol T (AN

Ol G pae S2alS 0L, (o

2 WUXU + d2_ - d2+ = GW1 (V)

2 WUXU +d3_ — d3+ = GWZ \)

gi aales BE) r‘j d}.\m S g GMU QLAQT DL ny

VA

—X29 — X310 — X211 — X212 =0 )

A2l o

";.J @L’M C;J‘.J‘,-W (b.J

2, WiiX;j <TW forj=1.2 (4)

BE f‘j Jsams okl Salt 5l Wij O s &S
5 ke O eily gyorms Jlis TW 5 ol ols
Al e ol ailate 3 (CaSla 2o O gekes) e
O i Jsemepsba gllas ailis o
(3054 5 ,80) ol Jlo gl aale s 53 5L3s 5 5a
b Nyame Ll 5L 03 oS 4 g L
& Jdl o33 anbe i 5 5 e slacd
bsas 5 ioins ST bus oo 6 355 3)
238 o el ol G b |
160908 SN gz g Lk Cussdee (2
e Ll lgin i8S S Sl 4 ar s L
Ol L 03 5 LB 5 a2 Ol Jolas 035 o8y
Sl oY s (5lS DV pame Cad
S eaph ol abge dde ay Lo pl 3 g
iS5 i 5S0ls Sl eslinal b ey s
LT o sty Sladlas ailas Jlu 0

(0)

ol ba)ﬂ sty 9 Prwly dde s (¥
b omils Joe taidain 352 g0 Jaalp5 55 s e

Serse bl b gl e goael 5 eslindd



Olyod g Az lide o) po

Gras doys 8V 5 81 el 5 Ol el s
$525 5 WES Ohwgd s e o
Ol,T Olgeas ((amly de) ed Lol 2 4 oo

Alods ab § Lo s

Ol bolel g Gas a5l e sl

JPC P NG PR PN SOV PR S TR SR
ssbOlen Ll o 2ol Jde 4 Cuspdons Ol
0 Ssw lidl sd e sdalin Vo Jyds s &S

03 (mly dde) Jed Lol 5w ol g o

(el s Jhe) ailaio 590 g0 Ll 55 odd Ao s @ Olil b s g0 slaObe,T ldie =\ Jgd

Table 1. Intanded goals amount with considering o present changes in existing zone conditions.
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Table 2. Gorgan crops acreage in current and linear programming conditions.
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Table 3. Kordkuy crops acreage in current and linear programming conditions.
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Table 4. Gorgan crops acreage in current and goal programming conditions.
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Table 5. Kordkuy crops acreage in current and goal programming conditions.
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Table 6. Percentage of changes in the crop pattern with using goal and linear programming in current

conditions in Gorgan city.
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Table 6. Percentage of changes in the crop pattern with using goal and linear programming in current

conditions in Kordkuy city.
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Figure 2. Comparing of crop pattern in current optimum situation in Gorgan.
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Figure 3. Comparing of crop pattern in current optimum situation in Kordkuy.
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Abstract

Background and Objectives: Considering the growing demand for water in different sectors in one
hand and reducing precipitation and its spatial and temporal imbalances, on the other hand, the water
scarcity is one of the main problems of farmers in different regions. Excessive harvesting of
groundwater resources also significantly reduces the groundwater level in aquifers. Planning for
optimal utilization of existing water resources by introducing suitable cropping pattern with
maximum benefit and minimum water consumption is necessary. Therefore, in this study, along with
comparing two methods of conventional linear programming and goal programming, optimal
cropping pattern and optimum harvesting rate of groundwater resources in Gorgan and Kordkoy
cities in Golestan province (most of them located in the Gharehsou-Sou basin) is presented.

Materials and Methods: The Ghareh-Sou watershed in Golestan province is considered a study
area because it has an important part of province’s agricultural land and it is an agricultural hub.
After providing information about the area of cultivation, the cost of production and the price of
sales of major agricultural products were estimated. Also, net irrigation demand was calculated
considering irrigation efficiency using NETWAT software. Using information on the potential of
groundwater harvesting, the optimal cropping pattern and groundwater harvesting rate, considering
market constraints and the goals of increasing profits and reducing water use, is determined in both
linear and goal programming and then the results were compared.

Results: The results showed that considering the optimal pattern resulted in conventional linear
programming, water consumption in Gorgan and Kordkuy could be reduced by 19.6 and 8.8 percent,
respectively and the profit from agricultural production in Gorgan and Kordkuy cities will experience
increase an equal to 12.6 and 10.4 percent. The conventional linear planning suggests the products such
as wheat, rice, potatoes and forage corn in Gorgan city and wheat, rice, rainfed spring soybean and
summer cotton in Kordkuy while the goal programming suggests the optimized cropping pattern with
an increase of 5 percent in profit and with a 45 percent reduction in water consumption. The results of
goal programming showed that the most cropping in Gorgan city should be wheat, rice, tomato, and
rapeseed while it should be wheat, rice, and rainfed spring soybean in Kordkuy.

Conclusion: The outcomes of conventional linear and goal programming for determination of
optimal cropping pattern in Gorgan and Kordkuy cities showed there is no optimal cropping pattern
in the current condition. Using the results of the study can reduce water consumption in two cities of
Gorgan and Kordkuy and this decrease in water consumption will not only decrease profits but also
increase profits in both cities.

Keywords: Agricultural profits, Agricultural water management, Cultivation area, Irrigation
requirement, LINGO software
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