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Introduction

Drought stress is one of the major environmental stresses affecting more than 60% of Iran's area. The use of
drought-resistant plants, especially Almonds (Amygdalus communis L.) that grow in hilly areas with calcareous and
stony soils is of great importance. Iran is recognized as the fifth largest almond producer in the world. Almond
cultivation not only has high nutritional value but can also contribute to ecosystem improvement, increase farmers'
income, and create job opportunities. Fars province is one of the suitable regions for almond cultivation, ranking
first in terms of the cultivation of dry almonds and sixth in terms of under cultivation of irrigated almonds.
However, almond performance in this province is unsatisfactory and is positioned lower. It appears that the province
has not fully utilized its potential, and almond cultivation in many suitable lands has been neglected. Therefore, this
study focuses on analyzing land suitability for almond cultivation in Fars province by integrating the Analytic
Hierarchy Process (AHP) and fuzzy algorithm with the Geographic Information System (GIS).

Materials and Methods

In order to estimate the extent of suitable areas for dry almond cultivation in Fars province, four criteria
(including climatic, topographic, environmental adaptation, and socio-economic) and 14 sub-criteria were used.
These sub-criteria include elevation, land slope, slope aspects, land use, soil texture, seedling growth temperature,
the minimum temperature during the flowering stage, relative humidity flowering stage, growth cycle temperature,
fruit formation and ripening stage temperature, mean annual precipitation, distance from the road, distance from
water levels and distance from population centers. The weights of criteria and sub-criteria in the study were
calculated using the Analytic Hierarchy Process (AHP) process and Expert Choice software. After fuzzy mapping
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and combining fuzzy scores with the weights obtained from the AHP analysis, the Fuzzy overlay algorithm was
used to overlay different thematic layers (climatic, topographic, socio-economic, and environmental adaptation).
Finally, the map estimating the extent of suitable areas for almond cultivation was classified into five classes.

Results and Discussion

In this research, suitable areas for almond cultivation have been identified using the Analytic Hierarchy Process
(AHP) and GIS. These areas were selected based on 14 different sub-criteria. The findings identified mean annual
precipitation as the most critical sub-criterion for almond tree cultivation, followed by elevation, mean seedling
growth temperature, and relative humidity during the flowering stage. After fuzzifying the maps and combining the
fuzzy scores with the assigned weights, thematic maps were generated for each criterion. Analysis of these maps
revealed that the most limiting factors for almond cultivation in Fars Province are climatic conditions (including
precipitation, mean minimum temperature during the flowering stage and temperatures during the fruit formation
and ripening stages) and topography (slope percentage and elevation). Despite these limitations, the study found that
Fars Province has significant potential for dry almond cultivation. Specifically, the study determined that highly
suitable, suitable, and moderately suitable lands for almond cultivation account for 9.02%, 16.46%, and 21.63% of
the province's area, respectively. The highly suitable zones, covering approximately 9.02% of the province, are
particularly favourable for almond cultivation. Additionally, suitable and moderately suitable zones make up
16.46% and 21.63% of the region's area, respectively, further supporting the potential for almond farming in the
province. However, the suitability of about 17.09% of the region for almond cultivation is low, and 5.01% of the
province area is unsuitable for almond cultivation. Additionally, around 30.79% of the total province area is not
recommended for almond cultivation due to land use types. In general, the northwestern, western, and southwestern
areas of Fars province have suitable capability, and the southeastern region of Fars province has unsuitable
capability for dry almond tree cultivation. Based on the analysis and results obtained, the importance of proper
planning for agricultural crop cultivation and appropriate land suitability analysis for optimal land resource
utilization for sustainable agricultural development is evident.

Conclusion

Based on the findings, Fars province holds significant potential for dry almond cultivation development, yet it
has not fully utilized all of its capabilities to date. Consequently, it is recommended that the expansion of almond
tree cultivation in this province be prioritized. Proper planning and optimal utilization of suitable areas in Fars
province, considering environmental conditions and defined criteria, will enhance the performance of almond
cultivation and facilitate sustainable agricultural development in this region. The results of this study can be
valuable to all individuals and organizations active in the field of agricultural development and land resource
management (including farmers and horticulturists in Fars province, officials and policymakers related to agriculture
and rural development, researchers, and academics in geology, agriculture, and sustainable natural resource
development in Fars province) and assist them in decision making regarding almond cultivation development.
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Fig. 1- The importance of criteria affecting rainfed almond using Expert Choice software and Analytic Hierarchy Process
method
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Mean growth cycle temperatune
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Fig. 2- Final weight of sub-criteria affecting the dry almond cultivation extracted from Expert Choice software
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Table 2- Sub-criteria weights of the study area in each criterion using the Analytic Hierarchy Process method
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Criteria Criteria Sub-criteria o Inconsistency
weights Sub-grltena rate
weights
L 0.45
Precipitation (mm)
Wlg> wd) slod (1Slo 019
Mean seedling growth temperature (C) '
T Relative humidity flowering stage (%)
- 0.50 235 Al o Lod Jolus 555ke 0.04
Climatic ; ST 0.11
Mean Tmin during flowering stage (°C)
A5y ad 2 glod (ke 0.05
Mean growth cycle temperature (°C)
Oty Al yo 5 0500 LS5 (glod (Lo
Mean fruit formation and ripening stage 0.07
temperature (°C)
. 0.55
Elevation (m)
i 0.31 el e 0.24 0.02
Topography Slope aspect
s o)) 0.21
Slops percent
Sk el 0.39
S Soil texture
o )55 T wolo b alold
Environmental 0.13 Lo 0.17 0.02
. Distance from water levels
adaptation )
L;“pl)l &5)'.’)[; 0.44
Land use
e STy b alols 0.33
obatdl - elot 006 Distance from population centers 0.0
Socio-economic ' (20) o3l> b alols 0.67 :

Distance from the road (meters)
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Table 3- Phenological stages of almonds at the studied stations
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Stage

ailgay Wy
Seedling growth

2O A o
Flowering stage

Growth cycle

41>,.o 9 0940 JeSis
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Table 4- Coordinate information for entry into GIS

ok o> ke
Slod (ke e Jola " 9% by eSle 9 0980 oSl
O baw e lga oy 7 RRJPEGE Oy dls yo ool
County X Y Mean seedling 2 S5 Mean growth Mean fl_’UIt Precipitation
growth Mean Tmin ~ Mean RH. cycle formation (mm)
temperature during flowering  temperature and ripening
flowering stage stage
stage temperature
A;;Z'eh 5262 31.20 9.89 4.05 34.63 20.45 21.62 139.7
Ol
oo 5328 2994 13.24 7.96 39.08 24.93 26.25 230.5
rsanj
E:t:ﬁ;;n 5405 29.14 15.38 7.09 39.72 25.08 26.27 2605
FL“” 53.72  28.90 14.34 7.17 48.68 25,62 26.89 287.2
asa
P";‘i‘““;p;‘f 5289 20.92 13.94 5.55 47.18 25 50 26.81 282.9
S IS
Dg’”é)’an 5247 30.18 13.27 5.96 45.64 24,66 25.95 445.9
rudz
Zﬁ’b”' 52.70 29.78 13.89 4.84 48.50 25.34 26.63 298.6
argan
S)tlf;;\z 52,60 29.54 13.86 6.54 40.57 23.78 25.81 315.6
Saf):; LP?aohr 53.16 30.59 9.26 0.26 39.87 20.39 21.63 206.2
Nﬁ“f' 5435 29.19 15.60 9.47 35.81 26.65 27.89 195.6
eyriz
5"““: 51.56  30.70 9.55 3.96 48.99 20.13 21.31 790.1
asuj
B"“"*t 5361 30.48 14.47 7.36 32.18 23.34 24.24 2121
avana
e
cqig 5263 3090 12.56 6.77 36.86 21.22 22.10 311.1
|
I“;‘(’;ﬁ;s't 5213 3153 13.76 6.60 34.99 23.19 24.15 151.7
Z
Sd'fz*” 5201 30.23 13.23 8.23 44.79 23.58 24.63 631.8
epidan
o 5155 3142 8.71 5.50 41.39 20.22 21.57 502.0
emirom
gl:’a“; 55.66 29.47 11.46 7.54 39.08 22.04 23.50 1355
irj
Ja"h’:gm 5353 28.48 12.12 5.96 51.55 26.72 28.32 264.2
K:'s:'r‘fn 51.65 29.60 13.05 8.4 55.53 28.06 29.74 360.1
Zeru
Y 5320 2736 16.68 10.29 51.52 31.29 32.90 2173
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B o
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Dasht
Y
Lar

5437 27.67 13.24 8.62 51.49 27.63 29.22 213.0

olee! 51.71 3252 12.49 8.31 35.36 23.73 25.46 123.8
Isfahan

b A0
Bandar 50.16 30.05 15.95 11.88 58.47 29.76 31.27 239
Deylam

Rebg: 50.82 28.96 16.81 13.65 63.72 26.14 29.23 248
Bushehr

<

: 5436 27.21 18.29 11.50 53.78 29.82 32.68 262.8
Bastak

JZ:W 52.36 27.82 15.20 10.04 51.29 29.32 30.88 344
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Fig. 3- From left to right: A) map of annual precipitation distribution (mm) in Fars province, B) map of distribution of mean
seedling growth temperature in Fars province, C) map of distribution of mean temperature during flowering stage in Fars
province; D) map of distribution of mean RH. flowering stage in Fars province, E) map of distribution of mean growth cycle
temperature (in degrees celsius) in Fars province and F) map of distribution of mean fruit formation and ripening stage
temperature in Fars province
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Table 5- Status of zoning by climate sub-criteria for almond cultivation in Fars province

&35 Cubld Cpogi Coluno Coluwo doyd
Alternative Capability description Area (km?) Percentage of area
>500 sl e 719.54 0.59
Highly suitable
400-500 WLA 9190.99 7.52
Suitable
L i 300-400 relie L 23554.78 19.26
Annual precipitation (mm) Moderately suitable
250-300 S el 46277.05 37.85
Marginally suitable
<250 sl 42529.63 34.78
unsuitable
12-16 el e 98732.11 80.75
Highly suitable
Wl 28) o> olen 16-19 and 10-12 treelis 22068.78 18.05
Mean seedling growth temperature Suitable
7-10 and 19-22 . 1471.11 1.20
Moderately suitable
) o 30-40 el b 16200.91 13.25
5 Al e slos il 1 SSle Moderately suitable
Mean Tmin during flowering stage 40-60 _pf wb 106071.09 86.75
Marginally suitable
_ 10-15 and 27-29 _“'““’h‘ ’L“‘” 36559.08 29.90
25 Al o s Cugh, Highly suitable
Mean RH. flowering stage 0-10 and 29-32 relis 85712.92 70.10
Suitable
17-25 . ol )L“J 39694.86 32.46
Highly suitable
) 25.27 and 14-17 e 42653.61 34.88
A5y 45y glad Sibe Suitable
Mean growth cycle temperature 27-29 and 12-14 reolio bl 28794.44 2355
Moderately suitable
oS Gels
10-12 and 29-35 . . 11129.09 9.10
Marginally suitable
22-24 . ol )L“ 3428.48 2.80
Highly suitable
sy Ao g o0 LS55 s> pSle 20-22and 24-25 S%;L;’Ie 20023.55 16.38
» o Sl ui
Mean fruit formation and ripening stage R
temperature 17-20 and 25-30 i o 66134.94 54.09
Moderately suitable
S cwls
15-17 and 30-35 32685.04 26.73

Marginally suitable
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Table 6- Classification of average climate criteria in Fars province

Q9> Cubild Cpogi Coluws Colue 2oy
Row Capability description Area (km?) Percentage of area
Lol
1 ) 24808.99 20.29
Unsuitable
l-:..
2 5 ol 37207.37 30.43
Marginally suitable
o b
3 T 20774.01 16.99
Moderately suitable
Lo
4 - 33331.35 27.26
Suitable
Loyl
5 [T e 6150.28 5.03
Highly suitable
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Fig. 4- From left to right:A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the
topographic criteria, B) map estimating suitable almond cultivation areas in the study area based on the topographic criteria
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Table 7- Classification of topographic criteria in Fars province

&35 Cubld Guogi Colno [P WKW
Alternative Capability description  Area (km?) Percentage of area
ot Jad 5 Jlod el o 2704857 22.12
North and Western North Highly suitable
s 5 B Jad elis 30093.99 24,61
s Slp North-east and West Suitable
Slope aspects E CE g Gy coolio L 34036.45 9784
East and Southwestern Moderately suitable ' '
5 o5 5 g 5 el 31093.00 25.43
South & Southeast Marginally suitable
s O el Sl 482655 3.95
Highly suitable
o3 Y- - 6830.75 5.5
Suitable
el 2 oy Vem)0 reolie b 14070.89 11,51
Slops percent Moderately suitable
o3 VO - S ks 2564194 2097
Marginally suitable
) Caunlials
Lo Ve 5l il i 70901.87 57.98
Unsuitable
1-650 . e ’Lw 12405.52 10.14
Highly suitable
650-1050 WLA 24612.66 20.13
Suitable
ew) 1050-1450 trewlie bl 1825417 14.93
Elevation (m) Moderately suitable
1450-1700 5 el 18094.51 14.80
Marginally suitable
>1700 S 48905.15 40.00
Unsuitable

0B bl p3 (315195 (gaatb A Jgao
Table 8- Classification of topographic in Fars province

93, ClilB Gpogs Colwe LT WKW
Row Capability description  Area (km?) Percentage of area
eslie s 20069.32 16.41
Highly suitable
2 reelic 27960.59 22.87
Suitable
3 treelio s 25570.72 20.91
Moderately suitable
S el 26884.05 21.99
Marginally suitable
Cawliols
5 j 21787.32 17.82

Unsuitable
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Fig. 5- From left to right: A) slope aspect map; B) slope percentage layer and C) elevation layer in Fars province
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Fig.6- From left to right: A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the
topographic criteria, B) map estimating suitable almond cultivation areas of the study area based on the topographic criteria
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Table 9- Classification of environmental adaptation criteria in Fars province

&35 Cubld uogs ol Columo duo >
Alternative Capability description  Area (km?) Percentage of area
0-1000 el o 11583.27 9.47
Highly suitable
1000-2200 WLA 13522.12 11.06
Suitable
ool 2200-3400 o s 5982.61 4.90
Distance from water levels Moderately suitable
3400-4600 _”5 WL’ 13098.64 10.71
Marginally suitable
4600 relial 78085.35 63.86
Unsuitable
P? reelie e 79295.05 64.85
Loam Highly suitable
, T ) e reolie 2652.44 217
SB sl Silty-Clay and Sandy-Clay Smta_ble
Soil texture PP treolie bsud 38421.01 31.42
Clay loam Moderately suitable
%4 N 1903.50 1.56
Salt Unsuitable
&y 5 o)l reelie e 70689.51 57.87
Drylands and rangelands Highly suitable
g relis 366.24 0.31
Garden Suitable
SirglsS o2l trewlie bl 8355.42 6.82
ol e Agricultural lands Moderately suitable
Land use SR g ol 2l _f"f “‘“’L’ 4082.25 26.56
Fallow land and forest Marginally suitable
Bare lands, watercourse Unsuitable '
2 5 [B)l35ad (s Gl el o 7568.13 5.84

Residental areas, salt marsh and etc Highly unsuitable

P SR R PX

Table 10- Environmental adaptation

olb oy Coaluno
Classes Percent  Area (km?)
. eole )'““’ 44.48 54392.48
Highly suitable
“"_‘”l“’ 22.89 27983.12
Suitable
bis Lo 2048 2504321
Moderately suitable
oS wels 5.34 6531.75
Marginally suitable
bl 6.81 8321.44

Unsuitable
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Fig.7- From left to right:A) zoning map distance from water levels, B) soil texture; C) land use for almond cultivation in Fars
province
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Fig. 8- From left to right: A) AHP fuzzy map estimating suitable almond cultivation areas in Fars province based on the

environmental adaptation criteria, B) map estimating suitable almond cultivation areas in the study area based on the
environmental adaptation criteria
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Table 11- Classification of socio-economy criteria in Fars province

sbroj &35 by Coluws Colue 2oy
Sub criteria Alternative Suitability Area (km?) Percentage of area
0-2000 . oo ’L““’ 18433.59 15.08
Highly suitable
2000-4000 "'_““t" 30689.44 25.10
Suitable
. ol Jl el 4000-8000 el L“““’ 36460.32 29.82
Distance from the road Moderately suitable
8000-12000 _"’5 W’L’ 20364.14 16.65
Marginally suitable
>12000 sl 16324.52 13.35
Unsuitable
0-2500 . eole )L““ 29084.99 23.79
Highly suitable
2500-5500 relis 35123.11 28.72
Suitable
e ek e 5500-10000 rewlie b 33144.40 27.11
Distance from population centers Moderately suitable
10000-15000 5l 17445.28 14.27
Marginally suitable
Caunlials
>15000 T 7474.22 6.11
Unsuitable
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Fig. 9- From left to right: A) map estimating distance from the road, B) distance from population centers for almond
cultivation in Fars province
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Table 12- Zoning map suitable almond cultivation based on the socio-economy criteria
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Fig. 10- left to right: A) Fuzzy zoning map estimating suitable almond cultivation areas in Fars province based on the socio-
economy criteria, B) zoning map suitable almond cultivation areas based on the socio-economy criteria
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Table 13- Final zoning map
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Fig. 11- From left to right: A) fuzzy model map of suitable almond cultivation development areas in Fars province, B) the
final map of locating suitable almond cultivation development areas in Fars province
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Table 14- Suitable almond cultivation development areas in Fars province
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Fig. 12- A) land use map for Fars province, B) fin location map for estimating suitable almond cultivation areas in Fars
province
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