(55791 @ilio 3 pale) S g O @ i
Vor-VIY .o AFee 60— 13T olois YO b

Journal of Water and Soil

Vol. 35, No. 5, Dec.-Jan. 2021, p. 703-717 FGErRT

Ol 53 Ay CulS Anie bl LUK gl $U (345515 ST s (5,5,

s Olml 3]

.o

F ol sage T slede L T g0 O oIS - 1 5 jhl
VB a0/ Y il 55 fu b

\?"/'V/"‘ 'U;‘J'-‘-“.\J- .ca_')‘:

daS

@l S dame (b Gl (o Bl 0 oS Canl (0 g5 b cuslite slas )lST panasS g 05l Gl e BB (S3glsST5)ST S
P9 b g S dtas Gblio Dl polato 4y Gimgly ol 25l d925 ()Ml (6Bl g et glalary sl slac b 5 Lags ) LS
laodh e85 o (bl yin SleMbl i bzms 53 Jpams ool (S35515,5T slajls (85 Jai )3 b g (AHP) (e abuds Ll
5 i) Stpginns (slnolSian) 5] Ao Yo oS jia (gl 0yg0 Jgbo b yould] (slaodls g S cpmn; & Logspe ledMbl ol o3lizal 3590
(b Jelos (gl b 0,83 gl 2 Sl bl lao 3 a8y (slaaY S0 4 (31l Sl g 9 glen SN]SOl B )5 ol
s ) 4 Oy 4 2o @Y Coleg 3 5 plowl Ml 3l g lanjluno (6,35 555 s aBsS 5 3)ly gy ST I3Blp 5 4 LM
atoye 3 Lod (:Slae o (g (e85 S 6050 9 Jlo olo (520 B> (gled iSibie 0 nd 2 o 2 )line 25 (g e
bod oS 3 Jgae cpl CulS (gl o8 Codgiome b il daw 5l ao pd MO L mope ioglS YAAY 0l lis guls (b )8 sl Jlidles S
et canlts oS 5 by 51 (> VWI) cayo yiagle $¥0+ nl il o 63,58 by 2 3ate Btee o3l gl 350 )5 caslio
2 g ol 5yd 50 Ay CdlS dxiuns (S]] iy dilo Cubd gLzl 4 W)l> H18 Canliol WS (> LSl (o0 YY) moge jieglS YOSFY 4
slacadgisme )y )8 cowlial 5 (Slin cunls Gl M8 53 Jpame cpl cdlS sl glinl bl (SUWIL5)1 )18 aneg)l a2l)> andl>
ol (L) 392 s 9 S (559 ¢ SLilod ) als po )3 Vb (s Cugo) (2lod Glacudgioe diny cutS dl bl (] pa3La

S5955155T Jao et €83 o2l el (ol o s oo (3503 sl (5008 (5031

.3)5] 539 4 (b (Bl 5 Ldlate lalaly lusl laculs FURt
ol wlio byl 4 136 Coglyl a0 5YL Wb (5)9uiS yo . _
Ll el . ol ] 5 (I, 5°9’°Jl'~’ u‘s’u»”)‘ Sl u)L_c Ls’l"u&"l"u"ls‘ d)l‘“”?ﬂl
2 oo sl Fse lalnl 1Y) )l Bolaxe g e ] . ) 3
4 Sl gy 9 ejpe Ol b culite slag S anass

Oue & el polatly 2l sl SSBE L s Lo S el S dhae b (ol s Ay
. D L. _ . 9 [E3.5) ) J' P
Olejlw adb o "gle (SH3eleS ST Jde <590 00 (5 y9l39w 9

Ol e 3 odlatel (gilwaige sl VAVA Jlo > eyl
Wyl (55y9LiS (39981951 sanding) AEZ plgie covi |y J
dogs bysiS 4lS 1) o Glolyp Slislel § liiss 5l e
5 oS a5 SO (SjgdsSTl ST ganaig (1Y) 2903

5- FAO Agro-Ecological Zoning

elie 5 $5y9liS Sliios 150 Ol g Sb liios iy Jingh (2ye =)
295 S wlis i (5555 il sl (b plml)dl o
Ol olKutsly ¢ 655LiS oSl ( plis S5
(Email: farajnial966@yahoo.com (s o g — )
0L oSl ¢(g5aliS 0uSisly ( wlis S 09,5 hLokiwl =Y 4 ¥
35 B ol il wlislgn JS olsl el —¥

DOI: 10.22067/JSW.2021.71439.1066



mailto:farajnia1966@yahoo.com
http://dx.doi.org/10.22067/JSW.2021.71439.1066

1Fer 60— 53T b oylods YO wlor (S gl au,is V¥

o b sl 3 1 sl e Sy ol (6lyls ol ol
sbagby) | col p3Y jolaio (pany 9 asule lajlae (s
iz o) ety 55 oslizel (MCDA) Yo s sz Jlos
ool o Ljlne (205 stel (65135 )] sy Joiidiio 0)Line
o (230dy L bl 03 sl sl (6 S el )3 Ll
ol s o gy 4 305 392y dlisee (gl g, Lajlne
Jie ol el o)l dia (6 S mnenal bl 5l (S (AHP)
el sl g bl (2> Coge al) bojlse (g slranalie
o Jold (269> duglie b9y 3y (0 5 )3 (295 Clyie &)
55 5 0 dnolirs ool dluds 1L slol Lo als o
cgr AHP 4 GIS (laceLls jl oot sl (¥T) Col ol
o35 sizcagy) 5 Juuilly ils ol Jusé 5 laosls oy
9 3 Cawldid )5 Cyao (godmte Gladss (D ol Ko cildllas jo
0P Lo 1) (65yglisS Mo Gblio 45 5 (sloygr il 5> Jluog]

G35 g adlls (e Ak Jlod Jue 5 56 (s5glsST5)S]
[ 5 cmwlio Mol 0394 0y (Sl Loy VO &S Wdges
Sy cawliol g Sl canls (godgame 3 Ll o )3 AD g cawlio
s 65518 aden Sl casls olSan g cloyS (A) aizb )3
Misged iS5 o) a8 aelan Ly 5 52 oS 3 (sl
Gl 5 calio MlS gn 5 puiS cilS el o)) oy V g5 &S
ey el il gl o 3 (10) Sl casbio T Lug)
i | oolaiol L e ja o (sdalaie jd (S cudS jglaiey
oS bl S5, 55518 Ve LAHP 5 Lilis cled
ot B a5 ) alolb wols 1 alolh wud S Gos
2y oby s ol ad eolaiwl dl sl § Mo Jlas ¢ ol )3
Y slio s doyd VY ccwbio jlaw oMS 3 L5l as
8 cwliol (S o sl o A g (Slpy cwls as
ailate ol L)) el hSan 5 oo lae (14) wib S
Uelss ybaie 3y ainges odlizl g8 by, 5l ain SUIST e
oS e 1S s ced ¢Lstaluo b e Sl il Cilisea
39 =i ¥ gmame (i rej e lassly )3 S 4
A Sl @bl Cledbl puge | (pizmen 285515 2L
el @yl gl LSan g (o (V) w3905 o3litul 4
55 (Sepds51e,51 oy 3 AHP Jia 5 KGY (s j9S 1)
Loyd YV aS ol L guls a5oges oalatwl (gl> cuiS gl y
W/ s Mol oS o UA) sl 03y jd 51,
L Ll calio (NS )3 VA 5 sl s (oIS ) dop

1- Multi-Criteria Decision Making
2- Analytical Hierarchy Process
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Table 1- Land use of East Azerbaijan Province (km?)

Ebg ol o)) w2 22, & I S5
Irragated farmingand Gardens Dry land Rangeland Urban Others  Total
5145.7 12823.6 24734.4 268.4 1264 45800

11 28 54 1 3 100

Ministry of Jihad Agriculture, 2004 :z..
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Table 2- Pistachio crop calendar in the west and southeast of East Azarbaijan Province

Cuils WLailga dudy £g i X R0y g Cuild e olog
Cultivation  Buds begin to grow Flowering Fruit filling Date of harvest
. 285, Lol Caiges,l Jsl 5 Lyl
958 02998 B =% J.j e o e Jgl aes
. The first decade The Third ols o 39l b .
April - . . The third decade of September
of April decade of April  The first half of August

Farajnia, 2018: .
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1- Digital elevation model
2- Inverse distance weight
3- Expert Choice

4- weighted-overlay
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Jsl bae = 0.245+ 1+ 0.137 « 2 4 0.134 + 3

+ 0,133 » 4 + 0.067 = 5 + 0.064

+ 6+ 0.06 «7 4+ 0.054 « 8 + 0.052
+* 9+ 0.028 » 10 + 0.026 = 11

= 4.058

pad e = 0245+ 1/2 4+ 0137« 1+ 0.134 = 2

+ 0.133 + 3 + 0.067 « 4 + 0.064
*5+0.06 =6+ 0.054 « 7 + 0.052
+*8 4 0.028 + 9 4 0.026 + 10

= 3.1805
8549 HI0 0 dnwlono - Joua
Table 3- Calculation of eigen vector
s & 0j9 Iy
Criterion Final weight
ot 0.245 0.245=0.99%4.058
Slop
ole gy lod llas Jila> (50 0.127 0.44 -0.137x3.1805
Min T. Coldest month
SE s 0.134 0.33=0.134x2.453
Soil salinity
2SS dlsye ) s Cagb) oy 0.133 0.25=0.133%1.859
Mean RH. flowering period (%)
(S5 b)) Soil texture 0.067 0.09 =0.067%1.395
Pl el Sl Sy 0.064 0.07 =0.064x1.029
Calcium carbonate equivalent (%)
29 0399 o2 (s 0.06 0.04 -0.06%0.7382
Mean T. Growth period
S e 0.054 0.03 =0.054%0.5132
Soil pH
e 0.052 0.02 =0.052x0.348
Land use
et S 0.028 0.007 =0.028x0.2348
Steep directions
(il 03,5 o yo 13 o3 oSk 0.026 0.004 =0.026%0.1585

Min T. Pollination period

Dengiz & Usul, 2018 :x.0

Amax  0.99 Cl
= =009 N

Cl =

0.09 0.06
1.51
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Table 4- Pistachio crop requirements

Class Suitable Moderat suitable Critical suitable Non suitable
(°C) 14, 099 (glod (3ike 20-30 18-20 15-18 15>
Mean T. Growth period(C°) 30-35 35-37 >37
(°C) ladl o33 > yo (slod (Sl 25-30 10<
. L 14-25 .
Min T. Pollination period (°C) 10-14 30>
o » S 5| . e o (. _ (-
(°C) J_L*’ lo (3o JBli> (slod (5:Siko (-5) - (-2) (-5) - (-17) (-17) - (-25) 225>
Min T. Coldest month (°C) 2-4 4-6
(£) 25 oy > o g 18-35 40-65 65-75 75>
Mean RH. flowering period (%) 15<
(7) s 0-5 5-10 10-15 15>
Slope (%)
(4?,)5) w Sl 112.5-247.5 67.5-112.5 247.5-292.5 22.5-292.5
Steep directions (degree)
sotans 3olio ol o3 5 &l oS5 Sl Claye clisg
w3hl el b g s5psliS o 2l “‘i‘}f fd“f"’)’ &l oo gblio o
Land use Agriculture Wasteland, Tr;%sltanogsiia Rivers, swamps
and garden dry land Y and rocky areas
scattered trees
(e [ i) SE 598 <75 7.5-15 15-22 >22
Soil Salinity (dS/m)
SBan sl 6.5-7.8 7.8-8.3
oil pH P 65 8.3-8.9 >8.9
) Sal
(,/) s 0-25 25-40 40-65 <65
Lime (%)
S cél L, CL, SC, SiC, LS, "
Soil texture SCL, SiCL SiL, SL 60%> C Cm',<60%

Zeinaldin et al, 2019 :xc»

b 435 (029390 dmlio (5 (Folw (oS o bl -5 Jo>
Table 5- Saaty multi- quantitative scale for binary comparison criteria

Cuod! 4500
Level importance

Carod] sl
Intensity of the importance

Sobue Comeyl g Cuenl b

1
With equal impotence and preference
3 Yy (05 S| g Cusenl b
With slighthly impotence and preference
5 S Cunl g Coze )l
With strong impotence and preference
With very strong impotence and preference
9 Coly (o came )l b
With extreme impotence and preference
.LA & l
g8and 6 <4 2 oo
Middele value

oSes oliie sla 35
Reverse scale values

lilel agl 5 5
Bilateral effects of concessions

Saaty, 1987:x.»

(RI) o392 (Bobas (5 Iy pad s —F Jga
Table 6- Random consistency indices

n 2 3 4 5 6 7 8 9 10 11 12

13

058 09 112 124 132 141 145 149 151 148

1.56

Bown, 1993 :x..

0356 (ol g g0y 203 e 5l G b (o) 8L
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Table 7- Land suitability classes based on sub criteria (km?)

e p; Conlio Yols ol L o s cawliol
Sub criteria Suitable Moderat suitable  Critical suitable  Non suitable
(°C) 1) 0199 slos ke 2648 22210 10371 211
Ave T. Growth period (°C)
(°C) (glidl 03,5 sl e 3 L ke 26480 19560 - -
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Table 8- Classification of pistachio capability based on AHP model in East Azarbijan Province
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Figure 5- Pistachio zoning map planting in East Azerbaijan Province
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Introduction: FAO agro-ecological model determines the production capacity, creating a logical relationship
between the natural potential of the environment, the needs of communities, human activities, and sustainable
adaptation. With the development of plant growth simulation models, researchers have begun a large-scale effort
to agroecological zoning of various crops on a regional scale. In this method, an area was divided into
homogeneous units with maximum similarity in terms of climate and land characteristics. Then, the potential
yield map predicted by a simulation model is used for zoning. Pistachio is a subtropical plant that has long been
cultivated in the central areas of Iran. With the occurrence of drought in the last two decades, farmers cultivated
Pistachio in East Azerbaijan province without considering this crop requirement. This study aimed to use the
AHP model to evaluate the suitability of East Azerbaijan lands for cultivating pistachio.

Methods and Materials: East Azerbaijan province is located in the northwest of Iran, between the latitudes
of 36° and 45' to 39° and 26" N and the longitudes of 45° and 5' to 48° and 22' E based on the geographic
coordinate system. The area of the province is 45800 square kilometers. The climate is generally cold and semi-
arid, but it has different climates due to its diverse and extensive topography. The area of agricultural lands is
estimated to be 18,000 square kilometers, which is about 39% of the total area. In this research, climatic data
were collected for 30 years from Tabriz, Jolfa, Mianeh, Sarab, Maraghe, and Malekan synoptic stations, and
from four neighboring stations of Orumieh, Khoy, Miandoab, and Parsabad. Three criteria (i.e. climate, land, and
soil) and 11 sub-criteria were studied. The sub-climatic criteria included the average temperature of the growing
season, average temperature in the pollination stage, absolute minimum temperature in the coldest month of the
year, and average percentage of relative humidity in the flowering stage. Land criteria were land use sub-criteria,
land slope, and slope directions, and soil criteria were salinity (electrical conductivity of saturated extract), pH,
soil texture, and soil lime content (CaCOs). The results of the analysis of about 9000 soil samples were prepared
for zoning of soil factors from East Azerbaijan Agricultural and Natural Resources Research Center. Land
characteristics of slope map and aspects were prepared from the digital elevation map of the study area and land
use map was obtained base on the map provided by the Forests and Rangelands Research Institute of Iran. The
parameters were then weighted upon AHP by the parameter importance for each region. Data were transferred to
Expert Choice software and clustered, rated, integrated for producing the final layer.

Results and Discussion: According to the AHP model, there are no entirely suitable class areas for pistachio
cultivation in East Azerbaijan province. Because one or more factors or sub-criteria created low restrictions for
the cultivation of this crop. The results showed that 3887 square kilometers or 8.5% of the area was classified as
a relatively suitable class. Although this area has low restrictions for pistachio planting, the profitability of this
complex has increased the area of pistachio orchards rapidly. The suitable lands are mainly located by the
agricultural lands and if water requirement could be met, they can be allocated for planting. The low water
requirement and tolerance to salinity compared to other crops can be considered as the advantages of cultivating
pistachio. Since 1998, droughts have occurred in different areas of the province. It caused a decrease in
agricultural products by up to 35%. The declining water level of Lake Urmia is one of the consequences of the
recent droughts, deteriorating the groundwater quantity and quality. The 6250 square kilometers (13.6%) of the
province's lands was classified as the critically suitable class. Some of the sub-criteria studied in these lands such
as the average temperature of pollination period, the average temperature of the growth period, amount and
direction of slope, and soil texture were in the critical classes. The 35663 square kilometers (77.9%) of the
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studied lands were found to be unsuitable (N). The main reason for the unsuitability was the very high salinity of
lands, as seen in the soil salinity map. Although it is a modifiable factor, the lack of quality for leaching, heavy
soil texture, and the impossibility of draining drainage due to flatness, render the reclamation of these lands
impossible. Under the current situation, East Azerbaijan province is much more capable of planting this crop.
However, it is necessary to conduct more detailed studies to avoid pistachio cultivation in marginal suitable
lands.
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