VWWAP 50l oF o lod (pao3ly 0,98 ¢ Jarme pyle anliliad

VAY-Y-.Y
Jelod 5 o3l ) Subiddog an b Sy S L CodeS (2
i (Ll 3 (yngli atlaio (53 )90 aigai (5510 Bhaie — ol yodluwdus
Ao L jines 9% )1 )31
B
WEINIY 2oy )b IO F bl ) g b

diges (531 laie - o5l e alids oo jloolaul b Sisdas 4l S slbS coaS oL, Y48 .)éwxo.).ch‘@lg.)Lé
NAV-Y Y (N0 . daors pole dalilad . liows bl 1o (yugli adlaie (60,90

b (55,9LeS” Blaal bl 10 098 co gmma b Cun sl 9 (65,3LiS moe Glaasls 5| (SO S CuaS i dus g alilw
nsgST o3gus ;0 3 Shoe glp Sl (pols g5 Cad by a8 (o0 i85 job (il ], SB CodS Cajlane Cdl L
ol 3 Bae € Sy 5 sl cdls 3l Coloz 5 dggol oS (1331 L Lai (il 5 ol (590 00 Lk gl oo b ol
5 S olend (S5 Sleogad Gulal p S ShS Dbyl sln 636 Glate alebs 5 (oSl yealids ol ool godos

el Qoo sl gl ablate (o gz g €] i) SlS s slacS s

sk sy sl oads &8ly 09,0l 0l (Byb Jlods 5 esk S AD o LS FYYE Loy 4y (qusy 2 9550 dilaio U Gy g Olg0
@ azg b phogh opl )00l i gl gailate 0 &) ST g o diied TS50 51 a5 4 ddlate ol S Sl g
Sl dilare (ST 055 5 SI alioed ((Sopd CuebeS Glaaslh oly; psle § S pole Glulin )5 Ik 5 olS (590 42 Lad
bl e 18,5518 bl obole slp IDW) alols (Se (20055 2bogye o9, 5l ookl b b ozl GlSe a5g8 oo
s Sl (538 Sloaii agd sl sl AlE e 0D agd 358 Loyl 51 SG 2 (sl gy mhaw S sl g 0alis )l paiged

A (P05 (ol pealedis Lo 018 g jlealiinl b oad S8 slaasll g ad a8 5 S 550 asls

(LS Y- 29/AY) 0o 10 FAOY cars (Jos aind (0 ao )0 ¥/ ) S coaS Bl 5lams so )lid Gudon () gl iéexy g gl
CotS lasd § 18 G aws j0 (LS YYV/Q+) aspo ¥V ¢ g Jawgie aws jo (LS YAYYIYY) wo o FRIVY cas aiws jo
Ngb oo patie (S laatls plgieas VL 055 Ll g pae Pl wiz dden Ll e a2 Lo ples 5l eslizal L S
s 35555 slo s 5 T S s oo sl oS Gas ot (S5 ol 5l 31 (o o o
30 S coalS s sl (5B Blaie Sl pealide Jdod 5l esliinl a5 05l o (el Culply s 6 YL (59 sl o
Sl bangie S CoaS a5 Sleosgase 1o aas so lis dahaie Jlage sloaysilcwl Jlo,95 5 085 Cono 3l o) 0 90 dilaine
Gl (oYL prolie g1l sl g (JT )8 oo a8 515 Cgs s ;o0 S i a5 ladlate 1o .l @50 5 S o] 58

* Corresponding Author. E-mail Address: azarfariabi@gmail.com



e ooliiul b S ans 4ol 4 sl cudss b))

b s aws j0 S e s oS Lablie jo bl .cwsl YU Sl3é polie Qi il ogame ol ;0 a5 5)ls |18 7Y aels ;o pH 4

ol Qo )3 Yo 5l iy dilaie slacad g Sl 22Ul o8 T op S e wasl (hns LS
Blod 5l 5303 (g 9590 ilaie S oSy 1) s 9 53l 5t ST T 0087 a5 8l (s ol gl 106 S dm
5638 2t by, 3l eolaiul a0 )5l les oo cpl by oyle 13 S coaS (aas w0 ddlaie Cawg iy S CoaS
Gomdib Calisie (gloog S LB [0 oS &g dilaie o] S CaaS Curdg dilg o o olidlre Sledbl ailolu lae o AHP
Olsrsa (630 Blaie 9,805, (S Hsbar cudls LSl po ool oGl lgiea | Hlulid )5 DB (i oo (6518 STl ooliiul oS

Sly 00laid 5 L5 )0 (5995 byl 4y oS dilaie SIS 005 g oliend (058 CokeS (gilu e sl grwlbio jlons
g oo dlaeld ol

SECehS walend 5 (S (eSS (Bl S g (el (53l Sl iganlS slaejl
EVRTH

S 5 5l ez oyl ailaie o Ying et al. (2007) el Il G s ol Glal S
bl i S s g ol jealides Lo a8 oS 55| el gs S 5l aS ol oy e ol
oolitel Lo 53951 CuisS oS5 il sl el o0 (53 15 gt Suta s 13 Wl S 5
sl rolis slacys 5l S e (@ixd Gl o s Ngi (LBl B A e g oad S CuaS Lade
U3\ P TV IR | JUPTIN WY W SRR JE RIS S oS a5 bl (Alesheikh etal., 2008)
Lietal. .ob e (1Bl b))l s asls 5 laasls o) 2y o Olprear G syl 6l S Sy eudb
Jelos ol s SuSS (o900 ddbie 4o (2005) cotS (Doran et al., 1996) cowl o lae o
35 LAl ey 6B Jae g (ol ealiles basd 0,8 6 S ol peiiins jobas Hl5 oi |, S
ol b s as S 5 4 e slapies €5 wede dply el aiz gxSol
sl plodzely g (o p dibie ;2 XL doflod ooy Slaal g elde 4 wosliiul 3590 slagasll
5 S580eST ¢ seloixl goladl vgu ST 4y o, S Sk wilgn a5 gluogas Sl ol S
Thapa and Murayama .o oy byeimawsST Eo paw el 1o 95 1 YU Caenl 5l ol S

L e 55,5lS sl (o2l (b3l 4 (2008) sl a8l pladae on e 5 (o 638 Jae
5 olpalads anly LSS Jdow 5l solail Joe ol sl a8 )3 )18 oolal o) g0 laasds glgil ags
aols y eile ddlhie o SLélss Sledbl i G axg b opizmen g aily (6,568 oyl b 4 LS
AHP - 551 Jow ausla. 4y Mosadeghi et al. (2015) ards s glp oYL cdo jlanie 5 S8y jo Glals
Silwdas sl S5 0 laediz (6, pponai ;0 AHP slaasLs 4> 31 .(Kremenova, 2004) ol |l e 5
S 855 oler 5 95318y (B3 lS 5 b S50k 5 ey Jel 42 Bl (e 03,2 s S kS
Gl AHP— 36 Jae g e sdgame o s,5kae Sy gl S oS Bds byl S S

Abrishamchi et al. .aas o Clg> yige (65 paonad Ll sl eolatwl ol Llgds (55,0liS aile el
sl Jolos &y a3 5 alB3g; 9o 3 0592 5 50 (2015) 5 S8 Gl Gl gaer Giay b ke

O9y 5 eslaiwl b o)lol Lo sl ol o8 .(Pechea et al., 2016) el S coaS 5 aily] S adlg

VWA 5ol Foylad eaojil 0,90 amea pole aolilad
YAA



Ao Lo jares o S, N

W g 9 dlge

Colus @ dihaie opl iowyy 990 adkio
39,0LE 10t 3,5 Jladh (g yioskS AD o LS FYYS
)‘| 639d5%0 G’L&‘s‘)"" Slaizes () Ji....:) | o..\&é.'é‘j
B YV s ok 007FNY | 55934'7
oL’ 14
5 sheby o), el Jd oy rvem
Alwd Suje 9 Sy ey @ i S é)‘)’

.(Banaei, 1998)

Pl Gy 9 S (5o paiges
(V J55) ol sashate jo 7, by o
loialy obul 1 wodd i (clag ;S ales s i
b Gl g a5 Lo ;0 bS5, paiged 5 o p25
Bod ganaib S oLSG el saues, oS
5 Sops slaislesl (Soil Survey Staff, 2010)
() 9 S (2B 0o )3 S ol 5l 9590 (aloed
olac oSl colae glisl ws s (S STy
SE Se5l Jobs cod b ol S S ol el

Al oo JTosle s yo

aslllans ygo diliio Curdge ) S5

g wl, GIS a4l 5 b ojlasai> oLl
9 s, sl o)laediz (6 S el SlSLISS
Aoy S8 ) cals Jdo gl opme 5 R0Ax)
3,90, ik o Peche and Rodriguez (2012)
3B Bhate ol p (are kS Gla et Ll dnwg
b Sl &8 Sl ggitie g, Sy cpl 45 W0 S Gl
abadzo jo ;0 CudsS b3 $lp |y P slaasls
@ s alie gloolFays 5l - S dea ol —lae
IS (o0 mol 2 alh 53 39290 sla g
S (S et e 3 Glgl 8 DS S92 b
5 S olerd 5 (o5 CodS slaatls (S
0SB lnl g Ol gl 0 S (s Jol> kS
sy Bl ol S CodS s ln s2eok
skee Liis il o & SB glecd 5 (Sojd
e 555355 Slogas b olyom g oLS (5 00
il Joo gy ST CleS (e sl SB- S
ol Guizd 5l Bas .l 48,55 & 00 AHP — (5518
Sy il Gl abls g ol pedlade Jdoo 5l oslail
@bt (Kb Sleogas pulal » SBCudS L))

ol ddlaie S Seg5 sld The s S

v

Fig. 1. Location of the study area
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Table 1. distribution of the topographic index of the study area

Lo el ew,l s S
Index slope Elevation Aspect
olad (LSe) coluws oy olad (LSe) colus Qo olid (iSe) coluw oy
Classes Area (ha) Percent Classes Area (ha) Percent  Classes Area (ha) Percent
0-2 0.04 0.001 1300-1600 650.29 15.34 N 3232 7.63
2-5 48.84 15 1600-1900 1467.54 3462 NW,NE 781.4 18.43
5-8 8.40 0.20 1900-2200 1712.36 40.40 S,SW,SE 2427 57.25
8-12 41.98 0.99 2200-2500 374.88 8.84 W.E 707.4 16.69
12-20 382.22 9.02 2500> 33.89 0.80
20-30 498.46 11.76
30-60 2862.39 67.53
60> 396.62 9.36
W lals __‘\L
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Fig. 2. Topographic maps used in the study: a) Elevation map b) Aspect map c) Slope map
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Table 2. Classification based on expert knowledge for pair-
wise comparison

i 3ol
(Classification) (Score)
) ls 0
(Absolutely Preferred)
GP kF Comx)| 7
(Very strongly Preferred)
G Lozl 5
(Strongly Preferred)
oS o) 3
(Weakly Preferred)
OleSs Coz )| 1
(Equal Preferred)

(Between These intervals Preferred)

(El-saatty, 1980) gelw Solai jasli -V Jous
Table 3. Saaty random index
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Table 4. Descriptive statistics characteristics of soil in the study area (after normalization)

Copogass Sl it oile oS g saas ks
(Character) (Maximum) (Minimum) (Average) (standard (Skewness)  (kurtosis)  (5i9)*
deviation)
e 160 10 76.61 70.959 0.238 -2.044 0
(Depth)
EC 0.214
(@ m-1) 1.75 0.58 7.36 0.351 0.719 -0. 0.054
pH 7.89 6.7 7.44 0.219 2.393 $I55A 0
o 6.2 0.01 1.79 1.88 1.321 0.925 0.22
Organic carbon (%)
o 54 23 30.92 9.135 -0.066 1186 0.166
(Sand)
e 52 31 40.97 6.201 0.075 11267 0534
(Silt)
o 33 12 16.83 5521 2.186 3.810 0.31
(Clay)
2ig S Slye 386 35 2321 11.46 -0.340 1212 043
Neutralizing Value (%)
&gl
s ’ 0.56 0.04 0.1949 0.155 1.009 0.144 0.14
Total N (7)
e dfeely 344 14 12.83 11.25 0.873 -0.622 0316
Available Potassium (ppm)
i o 680 138 394.25 139.84 0.197 0.358 0.172
Auvailable Phosphorus (ppm)
gl xo o 70.4 33 4434 14.22 0.273 1.08 0.29

(Saturation Percent)

*The amount of significant Kolmogorov—-Smirnov test
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Table 5- Pair-wise comparison matrix for physical indicators of soil

pole e o S Gos o 039
(Ingredients) (Silt) (Sand) (Soil depth) (Clay) (Weight)
(Silt) edews 1 5 2 4 0.4942
(Sand) .y 0.2 1 0.25 0.25 0.0666
Soil depth)) S 3ec 0.5 4 1 2 0.2713
(Clay) s, 0.25 4 0.5 1 0.1679

o9 2Sla> lade Max. eigenvalue (Amax) = 4/1311
slass N =4
4,5 ;Lsb aLs Consistency index (CI) = (Amax-n)/(n - 1) =0/0437
olas 3L Random index (RI) =0/8991
&, ;L s Consistency ratio (CR) = CI/RI =0.0486

aibio (Sl S qe5 b asllh (o295 Glwlio g jlo-F Jgua
Table 6- Pair-wise comparison matrix for topography indicators of the area

polis eus,l o o S 039
(Ingredients) (Elevation) (Slope) (Aspect) (Weight)
(Elevation) ¢l | 1 0.2 0.5 0.1283
(Slope) e 5 1 2 0.5954
(Aspect) cois co> 2 0.5 1 0.2764

oy pSla> laie Max. eigenvalue (Amax) = 3/0055, slaxsn =3
&, 5Ll asLs Consistency index (CI) = (Amax-n)/(n - 1) =0/00275
olas a3l Random index (RI) =0/518
&85l cs Consistency ratio (CR) = CI/RI =0/0053

SE obewd s pslh (295 Gluslio s Flo- ¥ Jgur
Table 7- Pair-wise comparison matrix for chemical indicators of soil

yolis EC i 6 owigd el wixdB  pH TotalN 039
(Ingredients) @SmY Available K Neutralizing ~ O.C Available P ) (Weight)
(ppm) Value (%) (%) (ppm)
EC(ds/m) 1 0.5 4 0.2 0.5 0.5 0.5 0.0759
@iz b6 ey
Available Potassium 2 1 2 0.5 0.5 0.5 0.5 0.0957
(ppm)
awsusw olya
Neutralizing Value 0.25 05 1 02 0.25 025 025 0.038
(%)
Jons 5 2 5 1 2 5 2 0.3361
Organic carbon (%)
dr b6 jand
Available 2 2 4 05 1 05 05 0.1271
Phosphorus (ppm)
pH 2 2 4 0.2 2 1 2 0.1729
&)
S 2 2 4 0.5 2 0.5 1 0.1542
Total N(/)

n =7 slassMax. eigenvalue (Amax) = 7/5097, o34 iSlas lode
Consistency index (CI) = (Amax-n)/(n - 1) =0/08495 ¢ |5 5Ll asLs
Random index (RI) =1/31 _solas asls
Consistency ratio (CR) = CI/RI =0/0644 5 ,5";Lub <o
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Introduction: Soil quality is considered to be one of the important indicators of agricultural and the
environmental sustainability. Based on sustainable agricultural goals and environmental protection, soil quality
is defined as “the capacity of a specific kind of soil for sustaining plant and animal productivity, maintaining
or enhancing water and air quality and supporting human health and habitation”(Doran et al., 1996). The main
objective of this study is to integrate the AHP and fuzzy logic systems to assess soil quality based on physical,
chemical soil properties and their topographical characteristics.

Materials and methods: The study was carried out in the Telobin area located in northeastern Shahrood
County, Iran. The thermal regime of the study area is Mesic and its moisture regime is Xeric. Soil was sampled
at 36 locations across the study area, describing all soil variability. Soil samples were analyzed for their
physical and chemical soil properties and incorporated into topographical characteristics for further analysis.
A map of each soil parameter and topographic index was created using the Inverse Distance Weighting Model.
Thereafter, a map of soil quality regarding physical, chemical and topographical indicators was created using
integrated fuzzy and AHP approaches. The AHP Technique was used for weighting all the aforementioned
indicators.

Results and discussion: In terms of soil quality, the results show that, 3.01% was classified as high quality,
49.57% (2099.87 ha) as poor quality, 44.33% (1877.33 ha) as average quality and 3.5% (50/131 hectares) as
good quality. Soil quality was determined by using all indicators, but there are always a few important
indicators with a higher weight as key indicators. In this study soil depth index (from physical indicators),
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organic carbon index (from the chemical index) and slope index (from topographic indicators) have a higher
weight. Therefore, it was found that using a hierarchical analysis-fuzzy logic method for the soil in studied
area to determine the quality is well-established. Field observations of the region show that in areas with
moderate soil quality, its use is forest and pastureland. In areas with good soil quality, the amount of organic
carbon and potassium is high and PH is in the range of 7-6, and the absorption of nutrients is high in these
areas but, in areas where the soil quality is poor or very poor, the amount of organic carbon is low or negligible
and the slopes of the area are more than 30%.

Conclusion: The results of this study show that the organic carbon has the highest impact on the quality of soil
in the studied area and, about the term of soil quality, most of the area has poor quality. Therefore, it can be
argue that the use of the combination of fuzzy and AHP methods in GIS can categorize the status of soil quality
to the quantitative levels in different groups. Using the fuzzy technique and the opinion of experts can allow
us to create a database. In general, the fuzzy logic approach is considered as a very suitable tool for modelling
the physical, chemical, and topographic quality of the area that are considered as input parameters.

Keywords: Fuzzy logic, Analytic hierarchy process, Soil quality, Physical index, Chemical index, Topography
Index
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