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1- Weighted additive soil quality index
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1- Random forest
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Figure 1. Location of study area and spatial variability of sampling points.
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1- Standard Scoring Function
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3- LS factor
4- Multi-resolution Valley Bottom Flatness
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1- Communality
2- Factor analysis
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Figure 2. Geomorphology map.

1- Soil Adjusted Vegetation Index (SAVI)
2- Normalized difference vegetative index
3- Brightness index
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Table 2. Statistic parameters of soil properties.

Mean Maximum Minimum Unit Characteristic
1) Ao
26.64 4436 7.60 () o2 o
Percentage (%) Clay
(1) 1o g
50.72 75.67 5.70 . .
Percentage (%) Sand
1) Ao Sl
22.62 64.16 521 (1) oo :
Percentage (%) Silt
0.57 2.60 0.06 () e Ao
Percentage (%) Organic Carbon
17.09 34.00 0 () 4202 Pl S
Percentage (%) Carbonate Calcium
1) Ao 5
0.026 0.05 0.02 () e -
Percentage (%) Nitrogen
1) do oy X
24.72 64 1.00 (1) oo .
Percentage (%) Gravel
o Ao
8.22 8.9 7.00 e
pH
0.44 1.51 0.02 F A i e el
(dSm']) Electrical Conductivity
16.80 17.43 16.57 eAAS V]’SJL” s
(mgkg ) Phosphorus
131 1.80 L1 oSl o S AL o sasa o
(grcm'B) Bulk Density
14.33 37.82 4.97 S SAS 5 b Iyl S s e b
(cmoltkg™) Cation Exchange Capacity
Ao o Ol
2.97 12.00 0.34 s T
SAR
0.60 1.01 0.19 59003 S 5 S5 e S ke 1S

(mgeoog ' soil.day™)

Microbial Respiration

LS bl 4y SulS 5 oS b 5
b sladglp desr 5l e adlas 5
5SS w4 Olge ik ol s S
Sgo g 5 Sb o 53 edS Sl S st
W Jolss aen 55 oplil b lagsl 55 I

Sy sl ol i Slllas aibee 55 1S J w0
Sk sblis 55 S Gl S5 5l ol o 2
3 g Sihogesis il #lan 5 il G
RO P FCIR IV PR INE (IR

sbgil 5 Sl L;é)ﬁﬂc]a.d aasin el

Y4



1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

5 bl Opmen L Sl Lol sl S5y in
() &S o 8 15 i slge 5 O (A
YNy ailaie s S cdS Jastls auls
Sl adlaie 355055 Rld 5 AL e
kS sarls Bleze 5 Sbt b S5 5 (sokn
Ssba ol osls 513 56 wilae s |, S
Slcansd 5o Sl S Larls Juie o5
oS S Ges 5ol o S ol adlae csVL
sble 53 58 ol Slade RF e e e odyd el
Gos 5 oS et &S gl adlale Cnimly 5 Sl

g oo odalie Col 5Ly S
ot Dla ol 2o 4w S (S ilwdae
Sor dhe Gl o s s b Sl
dol st /10 5 /A /Y S S sl
33 A palie By ol g pperes (V) Jsde)
Gilles s Qv 5 A Lo Jayntree , miry )b
bl 235 Gl sl Ko Joe s ool b
S oS perld ety osbes il
o esls ST el VS s sl e
Lol sdd @il golas Ko e gl o
i T S e N e
o3y a5 £0 4 sy lasly shls el a5l s
Jf;;_- e Loy 3550 5 (gVL s sdasOlis &S
CtS Lerls als culg s ol sl
Lo 53 ol K Jae eslisad L oSt
oo Ol Ok awls &8 42 ag ArcGIS10.3
o 6 oL Ry (8 IS2) Asl e /Y- 0
By Solspand s sl Ji.:— Ja 3l
(YA OLen 5 gl s Liles S eslinal S
ol s S cws S EIF eon 2

3 Oks S Ol Ol o ailave S 5 (53508

ALK

Gl 0 dis S aile LS S 5 pls Esl
S 58 shuaib 03y 33 53 Ol 1 Lol &S
s Lithic Xerorthents) 3J, s 5l a5 le
Typic ) 34w sl 5 (Typic Xerorthents
(Typic  Calcixerepts s Haploxerepts
Do oA S Sl ps S cwl plass
S o3g Sy ) aaly 5 Udes dlodd LSCis
et gt ol J S Sl by JIS
Ll S5 ke GG ede 5 L
S b Gl a3 5 ol cad 5l
PG S dzs el I sy gl S
Lo Wl e | bibs s ol st
Slauls Glaciis 5 b oS SN 53 &
REHPE SO ¢ BV UCH [T PRSI N g K Wk
Ol g o Cand pl 03 (Gl g ol b

55 o8l ESadS b o
by T el S cisS esls
SAL opate o (Shs A o) S
Sl s oPels ol el b b s
SLls SAR 5 o5 S o 0)) U5 oo
Jold b S5y ple 5 (S 0/00) 055 upeS
S «dalas V"“‘LS ol s S eslas pH
B S T S S =
Olsl hls Ss88 Jals b b 5 o ps BB
Olypea) Skt ol s (/08=0/00) law g
e s (o s Sl (b D3 ed Ao
S sLShs ieee 3 Al o san
Gl Shs wusb, o 2 o dmea S
S ule b s s el (Sdssde
o S5 oy C B Y ST V) s s

S cdS glaaasls g u-i’ Olgeas



Oy 9 Jow) W

Sla s 3 S T S a5l e S
O S5 5 ComnsS B3las S sladus
Lol @L:j 5 58 eslatul SWS slaesls ot ys
S sholsale st sla bl & sls 0L
i sl (NDVI jasls X 5 )oY
Wi S LE (e el s )
o (Ls ug‘)‘j)b.) v__.ul Slaesls ( wbil )
Ser S bl p e (SU1
031368 (Y) Lib o S I o S at bl o i
S S ) 4t e G (1) UL
Sl ite 5 Ol S Olid 6L ailie > Sl
e Sl sl feees slaesls  SGS
RAs S Ldwy amd pl 4 5 LS oslaul
S T S s Cer S5 sl
(el gt ey yerls NDVI 2l
SSE a0 b ooplsen ol (mhaw (gl
s Sholleg () Woy et etle 5 YL
pH 5 S il sw i S (VA 01K
OV Ol sy 5 Ol Ol e slacas s
L3S elial SaS slaesls 5 dolay K Je
JUS s wlrag, U oalbls sls Olas @L:j S
Ju 5 goss erlas LS ;356 ey Gas )
i B gogas Aol 5 by, Latli s

(70) Ws s &_i&S Sl i uifﬁ"’ Jis

Lol b &S WS eslial islas S Ju
e S L VY 5 AY Saes ol o
5 ooy (M) sl Ol St cwS el
e SladliE 038 Ja,a S (Y01 E) OLKen
S 303505 S5 05 S e b Skt LIS
i S LS el slal K Jae
(VL) sls QLA 1, 0V 5 01/0 EAC e gee (glat
zb Shesk ol e andllas 550 ailais 3 piomos
sarls () Cud SaS ls ine &S sls QLS
gl (J8) e els (JA) SAVI
gl ((NY/0) LS LSl (IT0) 6y3s,lsan
S3P o) add 5 (1) NDVI axls (1Y)
ool oty S 2 b A e ()
ool ls e shse aike s I, St S
Sope a3 & Sl 01 edasOlil s
e S AS R s gl 5 e caddlas
S miF 02 s em sl e, st
SIS ns b il Jie S CudS sl
5 S Shs ol (S Al a S R
S Wil e aikie Of S gla Sny o I8 56
Bl sl i S ciS s p Ll
o Sl alaly Sl oob slaiass,
Lo hdsbosmss a5 Glolpl sl
(V) O 5 ST el o3 S gls S

S clS asld L e 6l dde el Y Jgus
JET o S & >

Table 3. Results of models to estimate soil quality index.
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Figure 3. Results of random forest model to estimate soil quality index.
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Abstract

Background and Objectives: Soil quality is one of the most important soil properties which
investigation of its changes is essential to soil management and degradation. Quantifying soil
quality using soil quality index to improve understanding of soil ecosystems is have been
wieldy used. The soil quality index is calculated by measuring some soil characteristics which
measuring these properties is expensive and time consuming. Therefore, one of the solutions is
the use of digital soil mapping technique that can digitally predict soil properties using auxiliary
data and data mining models. The purpose of this research is using a random forest model and
auxiliary data for mapping the soil quality index.

Materials and Methods: Based on the geomorphology map, 17 soil profiles and 105 auger
samples were taken from a depth of 0-20 cm in the Ghorveh area of Kurdistan Province
(covers 6500 ha) and soil texture, organic carbon, cation exchange capacity, electrical
conductivity, pH, carbonate calcium equivalent, total nitrogen, available phosphorus, microbial
respiration rate, sodium adsorption ratio (SAR), bulk density and gravel percentage were
measured and calculated then the soil additive weighted index was calculated. Environmental
variables in this research were map geomorphology, terrain attributes and data of ETM " image.
Geomorphology map was prepared based on hierarchy method. Terrain attributes (including
10 parameters), soil adjust vegetative index (SAVI), normalized difference vegetative index
(NDVI) and brightness index (BI) were computed and extracted using SAGA and Arc GIS
software, respectively. To make a relationship between soil quality index and auxiliary data,
random forest (RF) model were applied and using cross validation method and statistic criteria
including coefficient of determination (R®), mean error (ME) and root mean square error
(RMSE) was validated.

Results: According to the communality (share of each soil indicator), bulk density, sand, cation
exchange capacity and clay had the highest weight (> 0.1) and gravel and SAR had the lowest
weight (<0.05) among the soil quality properties. To predict soil quality index, auxiliary
variables including slope, SAVI index, wetness index, MrVBF index, LS factor, elevation,
NDVI index and geomorphology map were the most important. The results of this study showed
that the random forest model with 0.65, 0.042 and 0.062 for determination of coefficient (R?),
mean error (ME) and root mean square root (RMSE) had a fairly suitable accuracy for
prediction of soil quality index. The soil quality index was ranged between 0.3-0.65 and its
mean values in geomorphologic units with low gradient and low soil depth (Mo131, Mol41
and Hi231) were the lowest and in geomorphologic units with low slope and high soil depth
(Pil11, Pi311, Pi322, Pi211 and Pi312) were the highest which these differences were
statistically significant.
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Conclusion: In this research, a randomized forest model was used to study the spatial variation
of soil quality index in Ghorveh area of Kurdistan province. The geomorphologic conditions of
the study area have affected many soil characteristics and subsequently the soil quality index in
the region. The soil quality index content was the lowest in highlands of north, northwest and
northeast with high slope and low soil depth. The slope was the most important auxiliary
variables to predict soil quality index in the region. Based on the results of statistical indices,
random forest model also had relatively accurate estimation of the soil quality index. Therefore,
it is suggested to map soil properties podometric techniques (such as randomized forest)
and auxiliary data such as geomorphologic map, terrain attributes, and satellite images were
applied.
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