\f"uw)‘f o)Lo.a.':J‘ﬂAJ.? Jl}ddf)lsg_;bb.m e

ALES a0l y 3l 0oluiw! b oguo yLis y0 31 By ColiS ool gl ot

oSl e 555 s IS skt T ggmigo i 50

OYRANNNO s pdy ) VWA 0N sl s )

ouS
oS Sl glaikilyg S 4ol S (ALES) 053 L] (sl aslebs ool (£l (5550 00 sloged slasls sladsar
Jodllygiw s @ sl b pol)l glaasly o, col)l (So5d cawls (laazie (uils olw! 5 oo wojlal )5 4
sl cas Gl o8k adlaie o c iS5 Co oyl und (sl ALES aoli 3 0,5 (i cpl 5l Ban ams plxil o516
@l glasly wals # S \Y @miuj 5 99900 slrosls jslaie oy ad L oo ol 5 o oKl (5590 0
VO U yao Gas glp bools G55 (Sl (o 250,535 wloa s SIS (658090935 g, (bl a5 3]
Sl (6,90 50 o A o (gl adlaie aS ol la a8l Lb5 )zl ol ALES aeliy o)ly 5 et (5 e sl
0,8 as 3l cwlio GlaadS'y S Loyl 1 5l (61055 o doay sla oD 095 ail> >l b il g0 culis Sals
Sl 0 i) saiiSagazme sl Sy (it Olored S8k g S Slo S 55 (S ki og s e e
as olo 5Las ALES L GIS Loz (0 00l appd S Cuglyl sbdai a5 . aiog daxlllas 550 ddlaie o ol (590 40
sl Gglﬁ)’)l &l wilgs ALES 4ol aS R S S (L I g W u>_.,L;‘)')l ol 5 o 4651 O g0y dilaio 4o &L
awte by 65,0laS sladilelw 35S dlge 8 (gl “Séj_ai:QL?.!.g.Lg);)T asle Stz dend Bblin )0 0gue iz 0 2l

sl

Ol ool)l ezl (g8 g, ¢ ulids IS iils o ol )] ol s oS saelg

@3 lS Slagizs  ALES acliyy 5l oslins Tl ogee (15 5l (5 oot Casll i Vo0 g 500 e (55 5l (o s p g9 5
AV-Y¥ @ amans F ojled 4 al> . S>

gsl‘»‘f‘))l $ae Kisls « S (swIHo g P?‘l‘c 03; A.’.‘:)‘ s.dl.;.:)lf bywuﬁ‘bf\
k_é.lﬁgéj (Bie oKisls « S (W g (agls 05; )lioll,a‘ -y

gl olSils colgailin (5,5 o Jle (55900 55 50 sLokiwl =Y

ol olRails (S pwaige g psle 09,5 (5,555 (semiile-F
abbasia@uma.ac.ir :ig Sl cony™

\A1


mailto:abbasia@uma.ac.ir

b ogee (LS50 5l (B iS Cuglsl (s

ks plmil gt (5y90 5 b Sl 1y (2] cenls
YU cenlss gl s dilate wel8l LIS S oy oles @b
(o 3l e e Old (Bl S se s sle 5 054 (S1)
sloels oves 5l CdllE 5 gy50 5 S Ges
Jafarzadeh ) (g ;L g 0ol yarm auil co 00iS S guxe
L1, Ligo aibiie 5l sl (& Shahbazi, 2010
5 el sle 5y505 o sl ST Jate 51 onlaal
ol £L bl gl ooyl 5 LS YAYY oS wssls (158
slecwnd 551 o Lol Cosgase g el caslin
s Beand )3 g 00y S il 5 LS dilaie
Ssbige aibie cul o sl g il 5l gl s
b, b (Widiamaka et al., 2016) ol )Sen g Slboy g
VN oyignl ot 4o lslr dibie 3,8 ol conls
conlin ghy8lsS 5 Sl Slosl gl 1, Lol so e
STy el cdalaie o8l ol ey liol aisls jasens
lo T35 2538 3t 1, SeslS Jobs byl 5 ST>
9 S Noged 5,55 EL sl ol adlaie cnls o
3 st sl syl b (Kim & Shim, 2018) gl
b oo o500 o8 Sln 253 oS ,eiS (52l
a5 85,5 )55 (AHP) ol pe aludes ulows 51 oslic
15 0oy FF 581 LS e Slllas 3l ao s YF
ol eSS lp el g wiad ganail Sp WIS
5 JbesSiely bwg s sladlas aiis Jpame
slr 2l 039wl b5l sln (V22 7) ol e
sl S golazsl LUly elul ;s pll S
4o ddlaie Cad (po) Gt g e 5l oolaiwl lal !
S8l oond Cugb,y (> Az ool Ol wis gl
Olye &0 S lgime 5 (A8 PH (Goe S
ObL 5ol QLl oSl olS wly jo Fge slaysiS
5 252y PH o Jold oS sguze Jalge (n foes
isg oSl di Ay 50 o IS wle e 0 i
s Spaas cwls b, el slaailols ax 31
3,90 alitre slrds o j0 a0 Ll 5 i Wl 5l Jel>
Jolaz 0925 pae JSis ,LS™ o Lol il )5 1,3 oolazul
P9y bawgs cels (b)) sl (S kS ST sl sls
Sy o)yl Gl pac (yzmen ola gl (gl
slapd) £95 g (dome Lulpd Lol 3b s ;8 (o) 2
Bz Jolpe 5o 5 Jloel &558 5590 00 s Se
b bed )l vy (£l Y gamme L2 el (ob;)

Yo

doddo
sjls @ azg b (£log ol Jpame o 0l L
ol Lol bl jo 095 S g Leip) o conddl
sbewly o O¥gamme S oL 1A o)ls 5y
Mg a4 phcws Gloogys bl e sl
59y o)) el o)) a5 el CuaS b g iSTas
(Tadesse & Negese, 2020) cul wgeo o2l sl (51
(FAO, 1976) sl _is,a o) cwls b
2 e &5 03 pgas (nl )3 90y, (n S yene
bzl —golal slaylil 5 (Ssedsn sloyul)l
oladse (Ayoubi & Jalalian, 2015) ail oo ool
bS5 bl Ghsy cnl 5l ok 9 Olnlye ok
slesls sle Jgax 2929 pac 5 wilos,S colaiwl ool
SISl #l gbls 25T bty 5 mldl (S
O b ool a6 e 50 oelel Sl
S lr sz sezg Sype y0 Woged Glare alele
Sysetal,) )2 5 ulo GLS o £L Jpams
5 ol 00td 0,5 ol eiS Lyl gl (1993
5595 Ol Oreimad ol &Kt el T glasliad
o B Ll Sldllae o 5l (wlis )5 Sl
cwls b, (Servati, 2014; Halder, 2013) »,.5
#55 Sgpama b alio 5 (2l N gamo sl 3
L1 s F & g0 ilises slaailolus b Sgamme & g0y
e 2Ll cels b)) S92 g0 slasgeeS 4 axgs
Comtl ) o] S Cuglyl e 5 £l Y pao
(Mazahreh, etal., 2019) ool o )l5 )55 15 sloslal 399
<L)l (Ayoubi & Shahrokh, 2011) sl 5 #,0ls
o slaces sln ) pledel a5 ke 5 Bn)) 4]
o35 g wsls bl GRS LS g ol pasS (555
9105w Jole 09 YU Jdods laslxlS Ls 4 wio S
30 o9 J S Cow cdedy o8l YL el g allBL
5 D Wl G el sl AlE slas
ol stz Sbj 1L (Shalaby et al., 2006) 1, S
o B DYgame sl yas ;505 oy Jlad o ladhie
3 G FlaS wsls (LaS (g 9 (S50 o)
cslie ;A1 595 Y guamee CutS (gl (6 pus A dilaie
9 o5 oy b cud ey adlate )0 CiS Cuglgl 5 0o
Rahimi ) o) Ken g S sonm ) 0l 0 (£5 50 00,5
S b5, ol o Lo, ailaie s (lak etal., 2009


https://www.sciencedirect.com/science/article/pii/S2214317318300878#!
https://www.sciencedirect.com/science/article/pii/S2214317318300878#!

VEe e e o o)let A al>

S g0 0,5 Sladss

it 5 oo ceslie Lns 5l SYgane
o (85 Jo (55 i) 9 S oy gacme
Bl so7tar ailoo Gridol> Gla Shy s S
3 oslatwl 4 wes so lis Gy 050 Eao5e b daiye
Syge joS (b Vgame sy ongar ALES asliy
&) Boa b Giod (nl o cplply Sl 485 )8 4z
o)l el oLl s slaailels 5l o ol wilse
cels (b)) )3 ALES asly ol cw)n 55 9
e o3 gy slaadgazs azgi b (L DY game
EL Slasl Sz oge LS50 5l (B sl S Syl
Obsl o @¥ly olle pld 2l ) sise 5
Sladss glacdad 5 (o plyear &5 (Bra0bmb)d]
28,5 LB ey wnlee jleday bl £

gy 9 Slgo

4&!% O)’.DM

GMW)L»S.QYIA“ o5é>w5l44.&ll.ho¢)5ﬁw
Sl )3 bl o e oyl o 2l )
[ SR O ddhate pl L8l s Sl il asl e
Yo NN AY" B YYe AT YA g B,n ek FRo 0 Y.
ewlbeilge Sledbl 5l 7 S (V Jgox) ddlaie oo il
B Yy o Jlw o oKle 55)glendS oK s
az 0 VO Lo asYl s &)l > 4y .S0ke Y404
4z 0 wSlhs 4 4> 95 L (IRIMO, 2015) o_ib oo
A gk 4250 S 0500 a8l g g AVl &)l >
ol | p 3 S (Shsb) o) o bior Soe 5 adlaie
s ,; (Newhall & Berdanier,1996) J» ¢ 3810 3

23,5 35500

\id

095 de DM 18, sla b, 5l (S lei oo Sl
o ) sl by e bl 1 eoliu
Gl 1L, anli s Ky ailols sl il o S gl
Slp GrSpreds &350 S el ol )5 4 a5
A o |y (FAO, 1976) g8 o \l> o o0l oLl
b el Sz 0¥ Cozulr Geizres ailels )
5 S sl Sy bolp ) o o5
sas ol ailele 535 Gyb 5l ke e wal solail
03gdote 0diiS Camogs 00ls oL obul Cux osz >
o pald isd Qb3 (Gl &5 (LAl il slo
Slaasly (o5 el aul 3ok 5l Ealys 0]
Saglgl 5 cmlio 550000 o Wl oe o Sl) Bl
(Rossiter & Van Wambeke, 1997) wles &3l,11, s
cwls S oL, (Baninemeh, 2009) aoss o
57 o0 9 2l PS5 sl Ol Sedo s e 2|
sl ALES aaliyy 58l 5 5l ool U 1y o 5, s
aS ol las Lol cenls oS sanaib mls ol
b (el SV guamen sl (g 9590 (2]
Dg>ge Cgdgise 4 axgi L Jy 00 culis
S2 BN ;| calisre slaazly 1o la WS &l s asals
b, (Etedali & Givi, 2014) (5.5 5 Jloel il o
I @l ly 0,5 e adlaie o5l onls golail
s ol Whe bl wosls sl el)) ppee DY gaze
shls adhin o 3 VY o Lol ks (oIS &S el
5 9> SYgamo g1y St WIS de o YY [0 9SS
g paS SYgaze glp &S b o Bboe (e
o Ly il a St cenlis LIS (61l dilats dan &3
cwls b, b (Yithbarek et al., 2013) ,Sen 4
gazme slp ol 925 08 0 Gladlaie LS
o)l3S ALES aaliy sl eolainl bz g LS «o)d
ol o CiS Gl a8l Gl 5l ddlais a5 Woged

1. Automated Land Evaluation System (ALES)
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Figure 1. Location of the study area in the country and province along with land units.
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Table 1. Meteorological statistics of Malekan Climatology Station between 2010 and 2019

Months Minimum Maximum Average Average rainfall
temperature (°C) temperature (°C) temperature(°C) (mm)
January -4.5 51 0.9 28.6
February -1 7.4 4.5 34.7
March 35 135 9.6 27.2
April 8.9 19.4 14.7 39.8
May 9.1 21.4 20.3 26.7
June 18.8 30.1 26.1 2.6
July 24.2 37.4 30.2 1.4
August 21 31.6 21.7 15
September 20.8 35.5 28.5 8.4
October 12.1 21.7 16.9 39.7
November 1.9 9.9 6.6 454
December -3.2 6.4 2.7 29.3
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Table 2. Different land qualities with related characteristics to assess land suitability

Soil characteristics Soil qualities
Annual temperature Temperature regime
Slope, Depth of soil Risk of erosion
Flooding, Drainage Risk of waterlogging

Texture, Particles larger than sand, Average annual . .
: Moisture regime

rainfall, Number of dry months per year

Cation exchange capacity Nutrient storage capacity

Nitrogen, Phosphorus, Potassium Availability of soil elements

Materials affecting soil quality and plant

Electrical conductivity, Lime, Gypsum growth

pH Soil reaction
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Figure 2. View of the ALES model execution algorithm
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Table 3. Taxonomy of control soil profiles

Land Units

Taxonomy

O© 00 ~N O O b WNBP-

el el
w N Rk O

Calcic Haploxeralfs
Typic Haploxerepts
Typic Haploxerepts
Typic Haploxeralfs
Typic Calcixerepts
Typic Haploxerepts
Typic Calcixerepts
Typic Haploxeralfs
Typic Calcixerepts
Calcic Haploxeralfs
Typic Calcixerepts
Typic Haploxerepts
Typic Calcixerepts
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Table 4. Statistical parameters of soil samples

Soil properties Minimum Maximum Average Variance
Clay (%) 12 37 25 1.2
Silt (%) 17 41 27 1.7
Sand (%) 10 61 48 1.6
pH 7.11 8.21 7.51 0.9
CaCOs (%) 3.8 314 18.7 0.7
CaS04.2H,0 (%) 0 45 1.1 0.3
CEC (Cmol; Kg?) 12.5 40.9 26.3 0.9
Gravel (%) 35 45.9 12 13
ESP (%) 3.4 11.2 8.6 1.7
Organic Carbon (%) 0.7 13 0.88 0.4
EC (dS m) 0.8 12.7 3.3 0.8
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Table 5. Weight average of soil characteristics of control soil profiles up to a depth of 150 cm

Class
Land unit Clay Silt Sand Lime Plaster ESP Texture Particles EC CEC pHe
% - >2mm dS mt Cmol+kg-1 -
1 348 262 39 105 1.2 6.4 CL 7.1 1.3 29.1 7.5
2 269 203 58 217 21 88 SCL 218 44 188 7.3
3 212 268 45 22 31 107 SCL 208 49 178 7.2
4 315 326 359 141 4.2 79 CL 6.8 2.4 28.4 7.4
5 334 363 303 278 1.7 9 CL 19.7 4.5 24.2 7.1
6 393 356 251 168 1.6 59 CL 8.9 4.1 33.7 7.2
7 348 305 347 258 1.2 78 CL 27.9 4.5 21.1 7.2
8 291 329 38 157 16 6.6 CL 6.9 35 33.1 7.9
9 383 328 289 261 25 111 CL 20.1 4.7 24.8 7.3
10 15.7 17.1 67.2 9 14 6.2 SL 45.9 2.1 15.7 7.4
11 24.9 40.7 34.4 26.2 0.8 114 L 17.8 11.5 19.2 7.8
12 429 319 252 214 15 104 C 35 6.8 27 8.2
13 353 325 322 276 13 10.7 CL 17.4 4.1 24.3 7.9
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Table 6. Land characteristics in the different units of the study area
Land unit Slope percentage Flooding Drainage Depth of soil (cm)
1 0 F1 Average >200
2 2 FO Good >200
3 3 FO Good >200
4 2 FO Good >200
5 2 F1 Average >200
6 2 FO Good >200
7 2 FO Good >200
8 3 FO Good >200
9 3 FO Good >200
10 3 F1 Fast >200
11 3 FO Good >200
12 2 FO Weak 147
13 2 FO Good >200
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Table 7. Land suitability classes for the selected productivity types

Land unit Grape Apple Peach
1 S: Sait S,td
2 S.c S,c Ssc
3 S.c S,c Ssc
4 S Soty Soty
5 S.c S,c Sscd
6 S: Sait St

7 S)c Socg Sscg
8 S1 Sot Sotp
9 SaC SaC Ssc
10 S20 SsC N

11 S,cs Sss N
12 Sot Sstd N
13 S,C S,C Sacp
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Table 8. Statistical parameter for ALES Model Validation

Land use RMSE (%) GEMR R?

Grape 2.7 0.93 0.93
Apple 3.2 0.91 0.84
Peach 4.5 0.86 0.77
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Figure 3. Land suitability maps of Grape, apple, peach in study area
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Determination of Cultivation Priority of Some Fruit Trees by ALES
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Abstract

Land suitability evaluation Based on FAO's Framework is the most widely used assessment method.
One of the failures of this method is a lack of crop requirements attribute for fruit trees. The
Automated Land Evaluation System (ALES), is a microcomputer program that allows to the users to
build their own knowledge-based systems which they can evaluate the physical suitability of land
units, based on the FAO's Framework. The main destination of this research was to apply ALES
program for land use suitability determination of grape, apple and peach in Malekan region (East
Azerbaijan province). For this purpose, soil morphological and analytical data were carried out for
13 lands unites based on geopedological methods. The control section data between 0 and 150 cm
were calculated by “soil layer generator” to apply and run the ALES program. Climate evaluation
showed that the study area is completely suitable for each three land uses. The main recognized soil
limitation factors were calcium carbonate and texture in the total of study area for selected land uses.
Application of ALES program revealed that 100% of study region is suitable (S1 and S2) for grape,
70% for apple and 28% for peach. Also, land use could be arranged according to their land suitability
classes as follows: peach < apple < grape. This arrangement reflects the priority for agricultural uses.
Finally, ALES program appears to be useful in semi-arid regions, such as East Azarbaijan, for fruits
trees land suitability evaluation, and formulate sustaining agro-ecological systems.
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