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% Mean absolute error (MAE)



11771399/ 1 o jleis / 34 > | A/ (O 5 S pote) S gla ey 4 i

gl Laesls (Gas same a5 das o 0L (2) Jsa
"Uj’..‘fgfaj'.’); ‘) LASb-

Sad S slaesls N EVSE 25 Ksolew
25 5 588 1650 i 5l S oeslizad LG
sy 5S 55 11156 jluie 51 Lacsls Js s

SWlhe aihie > SB cdigei oyl j glawYs -2 Joas

N S Sl Sl Sl e dlpdl ke e Sl 5
0/749 0/043 51/5 24 17/944 38/630 93 5 o Joyd
0/010 -0/376 22 1 8/416 16/976 38 1 ) oy
-0/642 0/276 54 37/75 13/304 44/392 80 6 o duoyd
0/978 1/236 1/612 0/722 0/736 1/197 3/695 0/067 (20)3) JTosle
ozl 5 it
21331 6/242 71156 1/650 9729 7240 5389 0/l oS )
(SB p55ks

St el U (Soecen e o i sduasolis
a5 S T ele Jlaie Gl Loy el
o 3l e Rl eslenad LB jald jlade  Slallas
b&jw)j_0/897)‘ﬁﬂbw;)&:nﬂ‘g}])l
S o ol k:....., M shls =0/715 s
Sl o s e Gl Sy sl wilai

lllas 3 30 Slo it st (Srad (g
Gl Sns O Somar sl (3) Jsix
L ‘.S}J A a.f:.m@ e e Ol andlass ) g0
San e ol S ol LUy s
jé]e)u)lv\iﬂéﬁM.wle))jiéﬁj@b
o 53 4053 B2 Tagim St eslind L6 Land ks
S sla S5 ol & Cnd oS 054, 0/01 Sols ome

axdllao 390 S Shg (e (Kwod 3o -3 Joua

o o R Jei:: | S eske ki
0/181 0/353™ -0/347" 0/523” 1 Jioole
-0/060 0/058 -0/015 1 0/523™ oslil B i

-0/715™ -0/897” 1 -0/015 -0/347" o
0/331" 1 -0/897" 0/058 0/353"™ s
1 /331" -0/715™ -0/060 0/181 "

S el eSS gl jatls bl 3,5 lanil
5 2A o 8 coid oylsale 53 a ol
o3le ot (g, Se3llslie U Jod b b Sooen
b (Soer ol dzdls Sk aslizad BB s 5
(5) 5 (4) sl dotr 55 e Sl Sl eslicad

Sl sl 55158

*

.MJJA olis L\O/Ol 6)')&# c]d.«*

~0/347 jlais b i e St la Shs 4l

6&;}“3 g S ‘_J osbe L e ui:’“‘*" sl
sle Sl e b ot sladaly Cote  Sievan |
il ailie s S el B is 5
Slls e Soemen Jllie b o3 Shs S0
oslizad LB iws 5 T esle Jldie b o sSas glaail
BB i by I el Jliie a8 Loy 5y St
S Osl b e Sl e (S s eslizd



BB 5 I oske st 3 2A fitiw 5 B ad slaof gale lasimin oUlg w, /118

5GP pped FTlles o swisvaw 3 anolCuwddy gla s Ll g ST ouwd (g5l JT o3lo jlale st (Simmmod -4 Jou
(MSI) b S 41539 5905 g (OLI) (a0

NDSI® SI° cr NDVI? IN? BI' oS (b pukio
0136 ~0/36 0130 0132 ~0/41 0037 (OLloxzs) 1 osle
0126 ~0/25 0124 025 -031 ~0/25 (MSloszes) Ji osle

odlitwl bl yhud

0/07 013 0/05 013 9 -0l Ll JE s
(OLloxize)

odlézwl b8 yhud

15 ~0/22 013 0122 -0/30 -031 Ll JE jos
(MSlouizxi)

Obs (Soeer 51 Jol> s D) Jsir 4 x5 L
33 2514 532 bl s S Sl sl S5
wrg b6 s RGB il KLl o el
o LAL Sl edel ot e ol 4w 5 Lol
st BL a3l el &b ObL lde S S Ol
G daly S oesliad LB aus 5 I esle jolis b
ol andl g b Lor Sl gl edemis 3yl S
Sl ad o Soslul gla S5 b i Ko
b oo 33 58 5l 5 S0 sladily Sovas S 3l
ol 350 dw,n 40 5 ris S JT el s
b 55 St T esle b el ple  Soas oo
Sk I esle 3yl 53w or ol Jp3 LG
Sl s Sl Gl pnsad Slhas sdimin LS
48 52 oS S0 glaadlse o g Ulye 46 55 4
Kles g Skt SN osle o i 4l
wf Gl badie e oSl J s
sz Sl el LSt T esle o in 4dE
el (K8 slaparls Ab s s s
i a8 iy ol b Lerls Lls Ll
316 54 ol tixen ois Jbo i (655 Sl 5 0l
s Stan n) 5 S Slhes iz
-0/22 o 5w S eslinad LB i ke b sl
35 54 3 slawl d(:.w molie ayls -0/21
Sbt eslizal LB and b ab tior s sesd et
el sl 3,50, =0/29 5 -0/33 F0/28 5 o«
i ags s okd alid gladile o g O 05
sz bl lav 5 sslinad Sbt LB jid o i
S0 54 3 Glauil a5l Ulsp sl Slles
oS glagarls bt g sal ek
(s plidsy bl dex 5l LUl 5l ol
e g ol Jo g LS iy sl

St e 0 2t (B) Jpdr x5 L
sk Sl sdalwsy Sl yaxli 5 JT el Ols
5 0M41 ow Sldie U ns 5l (ol s Slles
oo oarld 5 Jlesle Ol (Saan JlAis o a8
e b b il el sz Sl sdelinse
Jols sl axls opl 5 05l s 024
Glils oslsale 53,8 51 Jol= oy 5 ALS iy
osle olie b it aasly Gl 5 ey Cuie (g polie
o3l Jlie [2ll b &S ol s O w0 cpl iy I
oigy el la g ls slie ik 3 S N
s alssl 8 ey JALS
e Gl e S el LB el
sz Sl edelcse olis, Lerle L Ko
535 =021 Jlaae U cns Sl ol s Slles
sdizi 3l Jol JLdyy pald b OF (Soees
2,3 10 Togum 5 =081 U Ll ids dim sy g
o LS ity Jslis ale sl a0
33 2 0 Jeols ol Jl s (o5 DulE 5 s el
b s alaly glls Cote (60l b oy 5S e ok
om Ol Lay Sbeslizad LB iy el s
ot Jlos ot Dl jatlh (SeS gl
SEl Saan sl Sl el 55 a3l ol
03y S ok (¢, Skl eslizal LG iud s b
2 Smer 3 Jol slie (6) s s o
G L1 Sb eslizad JB ans 5 JTesle olis
ol ol enls OLES aslllen 55 90 sk 93 a s glaS

L Brightness index

Z Intensity index

* Normalized difference vegetation index
* Clay index

> Salinity index

® Normalized difference salinity index



11971399/ 1 o jleis / 34 > | A/ (O 5 S pote) S gla ey 4 i

9 (OLl) O™} )“ usu.mc)‘b).gﬁyas [ RVEOSW dlh.\.;lg 9 S aalaw! J.)G )Md 9 ‘5“ b ﬂ.ﬁlﬁ» o M :,91,.3—5 Jg.\?
(MSI) (b s 1353 2905 Dtiinn

YT 6 Wb 5 %L 4 Wb 3aiL 2 sb LA (Ko p5lio
-0/30 -0/31 -0/22 -0/41 -0/45 -0/42 (OLI oxizi) S JTo5e
-0/31 -0/33 -0/35 -0/45 -0/46 -0/43 (MSI sz SB T o5l
-0/20 -0/21 -0/17 -0/23 -0/22 -0/18 (OLI sizins) oslizul b5 yind
-0/26 -0/27 -0/29 -0/33 -0/28 -0/20 (MSI oz oslizul b5 jaus

(6) Jsd s dbae Jlsdle s 5l eslinal b Uas ilhae
s a6l el K dde sl sl &)
.@ﬁ)l}w)ﬁ;)ydle)l}ab6&1@1;)[

. - . — By oo
@3 35510 03 (B3lad o ) NI C8s () 2
S s Sy S5

seor Lo lbeddle S3s ol mls
ool i i olaeylel 5l esliad b s, e olis
S8 8le 5 b Slu oy et Sl

I S rgas (FUlos saicias 9 (MSI) (dabuia 155 pgeai o anlllan3 j9o (51 S a9 5)lel p3lie -6 Jgux
Sl K Juo 31 asolcuwsay (OLI) oy

(RZ) .- . =.. . La o .. 2. & in"lﬁ‘ 4’“‘:’.) - .
Oilry o
0758 0871 1537 0/307 0413 M oake
(MSI sxx.)
01745 0/863 29439 31946 5/963 S s
(MSI o) oslil
0736 0/858 738 0316 0/432 M odke
(OLI i)
0/561 01749 341337 5/006 7043 il BB s
(OLI ssis)

5 Bl Ji.:— ﬂ)}g‘ 3l e.,\,aTCMa;m. e o
ol (S35 Slp s ) Sol2pnsa Slhes sk
0/561 5 0/749 L i, St eslizad LB aus S
Gl Slu e Sl alyy oires D alos
L;Qw& o lww ﬁjLaJ )‘ ol L: oL wbu
St Jlesle Slaie Sy sl e S 120
L)j.:lj.:j S eslaal JJGJM)L\}.A ‘.5}3.3 )ljlqs
N pp gl sk &S ol Ol mls Ly 0/432
ol pnsa Glles edown 4 Cod Libas
))jev\:;LA) JE‘J}-‘\..)‘)UG}VJJJ )‘J}.ﬂ wﬂ)’
ol 03500 Jos et 5 (Shmser il 350 5
6“4&%‘;5’%‘@‘()&“‘&‘\9&@6
5 Sopn L3l wdllls sy S gla Sy s>

L;":LMJBJ’X.)“J eW‘\S)l) Qm@b

s sal Slles sdomn 4 i | bt slas
e.,\,i:)j‘ﬂ 6&})‘@)@1 e:;:)ﬁ\ﬁjlqsmnj
(oS s bl el slas Sl ealizad L
- S e v cans S el s ol K
CRTeR S LS ol il el zjﬂﬁ sl
b S5 o381 o5 Jais b JTesle S
S de 80 Saer o LS el LG
Q]j':.n 4.?.2.1;)1.,\.5.,‘! Lgbl: L;z.:]a.).a- )bﬁﬁfaj [R5
osbe Hldde (gl y el g o LD ‘_S:.\.wua 2
sz Sl elizad b St oeslad LG i 5 T
m.l.;awbuwzﬁg_ﬁlﬂﬁbMWASMwbu
9 L5_<:..,.\,.ma= e polie 3 (g rhe 3y gl



J.:GN}JT e:bMJJZAJ:?ﬁM}SC“M ‘_the)bALo ‘5\.&:.\::.1-.'-& ua_u‘,.'i w,ﬁ/120

e 3 e S sy S35 s 3l

odd fm e g Bl polie dmesls ‘5\5 Ly,
ol 3l edelciwsa St asdlas 540 6“;}&)
sz 35 5 2A i o)l pale b L 13 s
35S ey 8 cdd e Gl el Slhes
S0 (2) U203 Sns a6l SAS|y Jlssel mls

el 0l

Jde &8 Wl 035 o il gladlae s ((2016) Ol ,ea
5 bl Bl s e pw J:b 4 Beolas Jﬁa—
Oldal s eslizal @l (s glaesls Ol s
03 S dus i V.Ab Ly omile 6,550 Sy == (2010)
s S s 4 |y sl Jf..;— Jde 3l eslaal 5
sledey e Lgﬂ.bf...n: 5 Jb cxle (gsledi

Ll 03}4.3

sad ppufagiad 0ls M ada glaka

j\l.ﬂ . % e =
'! . .
= .
L L5 .:p.c.-:.:‘o.
E] Fop wims *
t o G il e
.
{ T .
] os £3 v
= .
oo L -
0 1 A 4
[TRLITYE P SN SgpR JF TS 1Y

[FIPYYEL Py THE Y T30 ) S i S

j 3

=

1 3% i
1‘ 20 $

= s ”

+

-:1 15 . H

- . . L] .

]. 1w et *

3 -

t § ¢ *

]

0 10 20 £ % 0 &0

ot ot gt 3! ol ) ot

25
P
-
- . ,,/
e
- * ’/
15 w s -
PRE X
. LT
1w » -~
4* ~ e
2a
- -
-
5 ::
//
o T
0 10 20 30 40 =0 &
i S g Cagha Dbz ot | i b gl e

w951 51 edliian] U S8 oaliiw! B phand g (JT o3lo yluflo ouwd gut ying 9 0wl (5505101 (gLoodIS s dbayl, -2 KW
(2A Jriw T Coww 8 Cowsd pve) Ceows) Al s

S o3kl b jaud 5 JTosle [iST| ) aik ag
Sie Sty slaacs (4) 5 (3) sbagss s
e sk by sdeloiisy S e 5 Jeske
el o ) B et 5 2A iz o jlsale 55 a
Ll osle Jltie o i 428 4 5 ol Jo gl
3 b e s pal e bl Sl eslind
bty slgarls el (S8 gla e (S
iy gusd sl 5 otd Jb s alS iy Jols
it gl 50 15 24 13 el s eslind ol

L green
% red

5ol lie (2 S8 4wy L
Ll el a.,\.slﬂ gg_). @ &i L “ &iéj’ GMWQM
5 e v.i:wu oS sg0i Nadl Oy e am s
@by S3s Gl dde g ol G5 aesls IS
Wit cpl gl w8l b o .ol i «ll (2017)
ot Sl e @l Ml ks e d
K dae ol 5 das @l S dse sl
e ple b oaolis 3 S Jl ool Jldie oo i
(2017 O, San 5 K13) 34 a S



12171399/ 1 o jleis/ 34 > | A/ (S 5 S poke) Sb (sla ey 4 i

OLen 5 Kps Jhass 3 5 (2014) Oes
L oM i 3 |y skl K Jus & (2014)
dls Cgllae oS llax doys L S s S s
ol cabllas ()
& 7S don

o by cbadie Cljx:.&‘ S sl OLES @\:.3
iy sl dSle el el L ol jen Lalil
5 by el (o parle el Jb s alS
Sl Olgea odd Jby ot ules jaxls
‘_J osle Hldds oo ;)ﬂﬁ D ot B (SaS
iy Sl el asle slaatld Ll St
(ldsy parle e e b oad Jle i sl
sdomw 34 5 3 bl oy ol el
Mo b Jod JB (Socan (b il s
o5l S ;;‘ osle LI atsls S eslad J{LS b
5 () B L L (Sams op 2t lls b (5,8
5 -0/41 5 -0M45 55 w0 polis L o Laxls
o2l el ey S b psat Slles sdoes
5 oodd Jby alS iy Sule (oL, woals
sk 3l (503) 4 5 () 3 b e oleait
~0/25 ~0/31 sl b s 5 b L s g sal
G5 ol s T esle L -0/45 5 -0/46 -0/25
aslie 5 glds, Lesls ool adls LUl edd
lkes sdimi 53 a5 ool s 4 AL 4 by e
i X s p sl sk 5 e 3l (515 2 0 s
oslizal B hud lie b Socen o 2 gl
;)ﬂﬁ BER Al ee S el (¢S ol
e 5 T esle Jlaie a3l Sb gla S35 olie
oo glas ) eslizad L Sl esliad LB i
s> gl ls u-”L‘JuK“" Jbe (ib s Jls s gat
R 4 Sl (S el 5 (Sead a5 5 oS
Ol s s ol 3l Gol2 sl Fldas odionin
Sl 5 AlS Sy ol el (SGS e sl
5 I esle e U it alaily od Jlay (5sd
33 4 bug el sty S o3l LB e s

GIUC NS CESS

ol s Lidlng St el Jliis b Sees
3500 03 e M ol 5 e a3 G e SladL &S
0o baddlpe p e Olgie 4 iyl S I esle e
Gbesls Sl eslizal U JT ool pslis Ll 255
vy boas etz 4 5% 22 clanil 518 e
ke SaS|, 2A Jme oyl sale sla s s S
oolsabe nslas 55 5 2027 G 0/41 5 Sl JT esls
55225 G0y Siy cpl s auls el
ol edalie g i Shs ol G ot 0% 0
Gleesls w4 sldag 28 & ol J s
el S S s SIS 2A i ol sals
ot slal dbwsay sldag s Sy 408
oyl S Jl el ltie anie 5 aweS 2A
Ol e iy of IS1 3 ge0 ;)ﬂﬁ 26/41 4, 1/71
st ded s (W) w2 o5 (NE) (3,2 dles
oslizal LB s 4 o &S ollsl A sdalie (NW)
osle a5 S Sl esle laie L sy bl s
sdiaS glacgsr (2019 OLKas 5 gu ) o
XS o Sl ek sl ST esle s a2 L T
Slles sk polal s &S ol J s
a Gl esle w5 waS polie (e S )15 s
5 ool Ll el i 2075 6 2/93 s s
3 ol sla S S8 @, (2019) O es
Spsds 3 IJZJ;::“AJ:.}}8)7 ot (gla oyl gale
bl eslsgl 3 acolie 5yee e Jled 31 eddan S
N3 p g3 ki ) ol slas (a0l bl
S (S 33 glls 2A Jw o)l pale il d
Sldlas 3l golaxs 43 .50 OLL 5 ETMT o 55
S s Ol e s o Glasane 5l eslind
ol w3 S5 eslials e S T el o e
5 ele Ko sbedas (2017) O Ken 5 KI5
Flosle wi5 Gaihn ln b aBn s 05 S5
3ledel s w @L".} ol e 8 S
sl gloparls ool i (25 s OF Gl
Jto o oo (097) ot s b 5 05 S
RMSE=0/662) <ol azils wluor Jot Ogun S,
@B b G ol b (ME=-0/0248 MSE=0/438
S5 (2017) O, 5 el il o Kiass e
s o Olsle (2014) o,Kaa S3 om0 03l

L \Vegetation red edge
% blue

% green

* red



J.:GJL.JJJT e;hMJJZAJI,‘&w‘gswdﬂ ‘5\.&0)“3.&\.« ‘5\.&0.\.':.5'_» u_a_mj w,ﬁ/122

3945000

3040000

2935000

3925000

716000

T4

3945000

3940000

3935000

3830000

3925000

15000 TIR0

3932000 1036080 3940000

3425060

1936000 3940000 O4H06

3902000

720000 T24000

I .41 - 090 lem=1km
00 - 108 GEMl & N
s 137 Kilometers
z W 137 60
g 160 - 225
£
715000 1000 721000 T8 T27000 730000

DR brw gl DA 1 guad [ Crom) (T lalllae 039500 45 (o y3) S I o3l Juadie gy il -3 U

005 5 G0 e (Sl bt bawgT b duk p1gaal Cuwly Coomw 9 2A it 0,ladlo  dub Wi 41340 11 guad
(8 cowsd o lgalo

715000 718000 721000 724000 727000

730000

3045008
z
» ,%
n

3935000

% AR slalal

[ R
A i B ek A
Ap A o B L) il

B 171-4.90
; 0 490-8.30 Tem=1km
= I #.29-12.07 sost 2 8 4
i —— Kilometers

B 12.07 - 16.53
16,53 - 26.41

3945000

3935000

3925000

Tis000 T1RA00 F21000 724000 T2T000

T30000

9400

3936000
38000

E

3932000
Jo3z000

A glaiaty
JEIERTAR R WA

92000
1928000

(a R0 o Pa) ulin

B 293-530 Tem=1km
B s301-852 0051 2 3 4
- 8.52.12.29 - — w—Kilomotors.
g B 12.293-16.00 ;
g W 16.00- 2075 ES
T5000 718000 TH0e0 Tr4W00 TITREN TI0000

PP e Cuow) (olalllre 03905%0 43 (0 )59hS 1 0,5 ae) S1& a3t 9B yhand Jadio g Lyl il -4 JSUS
S hlos suistiw buwgi 04w A gl Cawly Coow 9 2A Jiwiiw 019 le (ab i I3 1 3 guad biSsiws byl dawianS
(8 Cowad 0)lgplo (a0 31 (51551 prgucs

443 42 ‘5LAA)L}J‘;§:¥J¢)‘)J)J&‘}‘A: o lviw .]4.,.4}3
S iy el (RGB) sl S
)‘ 6)‘);{})«&3 ujw o lww .]a..w}j aJ.ATC»w)A.{
ol e o ot 2 L A6 it e

5 ediolsnl bl o dal, O, 055

4w ey a,\.bcljﬁg;.\dl SeS sl e
ksl b d 3 sl &S sl olis ‘;Lp‘ slaad 5
sdslcinsey alS iy Lasls 5 (RGB) slasl



12371399/ 1 o jleis/ 34 > [ A/ (S 5 S pote) S gla ey 4 i

9 a3 Jel> SaS sla e &S VLY Ol s
sbgs db Gkl Ay e ek
E) e:js C))Uﬁ )t}L_).‘ v_}'LJUa.A aales BE) ol rmg&ﬂ
T Srs b e G 53 pege B T
eyl Sbt esliad LB and Jldie 5 JTesle jlaie sla

sl s sle il aadles 5y gadee jy S=
SrS i Cl5IN GET B d sbanl il S
Syee adkis > ;S\;'-L;Te:b@?djlm@:{diﬁ):
3 a4 b gdal ‘QTﬂ O30l ails asdlas
Sl aslizad BB ed e b aslae 3,50 ek
i W mlS a g by LIl L aiy

W > P Sl gl gla sy 2Lyl 1398 .>)L<jljg S w83 e 03l B e o¥s “p (Chiex 1

10.

11.

12.

13.

14.

2 o)l 32 a5 St phe) Sbr sla a4 ,8 (S ol gdapan a2

Arshad, M.A., and S. Martin. 2002. Identifying critical limits for soil quality indicators in
agro-ecosystems. Agriculture, Ecosystems and Environment. 88: 2. 153-160.

Babaei, F., A.A. Zolfaghari, M.R. Yazdani, and A. Sadeghipour, 2018 Spatial analysis of
infiltration in agricultural lands in arid areas of Iran. Catena 170 25-35.

Ballabio, C. 2009. Spatial prediction of soil properties in temperate mountain regions
using support vector regression. Geoderma, 151, 338-350.

Boettinger, J.L., R.D. Ramsey, J.M. Bodily, N.J. Cole, S. Kienast-Brown, S.J. Nield, A.M.
Saunders, and A.K. Stum. 2008. Landsat spectral data for digital soil mapping. In:
Hartemink, A.E., A.B. McBratney, and M.L. Mendonca-Santos (Eds.), Digital Soil
Mapping with Limited Data. Springer Science, Australia, pp. 193-203.

Camera, C., Z. Zomeni, J.S. Noller, A.M. Zissimos, I.C. Christoforou, and A. Bruggeman.
2017. A high resolution map of soil types and physical properties for Cyprus: A digital
soil mapping optimization. Geoderma. 285:35-49.

Chastain, R., I. Housman, J. Goldstein, M. Finco, and K. Tenneson. 2019. Empirical cross
sensor comparison of Sentinel-2A and 2B MSI, Landsat-8 OLI, and Landsat-7 ETM+ top
of  atmosphere  spectral  characteristics over the  conterminous  United
States.RemoteSensingof Environment 221, 274-285.

Cheng, Y., P. Li, G. Xu, Z. Li, K. Yu, S. Cheng, B. Zhao, and F. Wang. 2018. Factors that
influence soil total phosphorus sources on dam fields that are part of ecological
construction programs on the Loess Plateau, China. Catena 171:107-114.

Gee, G.W., JW. Bauder, and A. Klute. 1986. Particle-size analysis. Methods of soil
analysis. Part 1. Physical and mineralogical methods. 383-411.

Goel, E., and E.R. Abhilasha. 2017. Random Forest: A Review. International Journal of
Advanced Research in Computer Science and Software Engineering. Volume.7, Issue
1.DOI: 10.23956/ijarcsse/V711/01113

Heung, B., C.E. Bulmer., and M.G. Schmidt. 2014. Predictive soil parent materialmapping
at a regional-scale: a random forest approach. Geoderma. 214:141-154.

Heung, B., H.C. Ho., J. Zhang., A. Knudby, C.E. Bulmer., and M.G. Schmidt. 2016.
Anoverview and comparison of machine-learning techniques for classification purposes in
digital soil mapping. Geoderma. 265:62-77.

Jeong, G, H. Oeverdieck, S.J. Park, B. Huwe, and M. LieR. 2017. Spatial soil nutrients
prediction using three supervised learning methods for assessment of land potentials in
complex terrain. Catena, 154: 73-84.

Kampichler, C.H., R. Wieland, S. Calmé, H. Weissenberger, and S. Arriaga-Weiss. 2010.
Classification in conservation biology: A comparison of five machine-learning methods.
Ecological Informatics, 5, 441-450.



BB 5 JToske e 53 2A fitiw 5 B sbaoy) sale (sbrokizins oUls ow, /124

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Knox, N.M., S. Grunwald, M.L. McDowell, G.L. Bruland, D.B. Myers, and W.G. Harris.
2015. Modelling soil carbon fractions with visible near-infrared (VNIR) and mid-infrared
(MIR) spectroscopy. Geoderma, 239-240:229-239.

Lagacherie, P., A.B. McBratney, and M. Voltz, 2007. Digital soil mapping: an
introductory perspective. Elsevier.

Liao, K., S. Xu, J. Wu, and Q. Zhu. 2013. Spatial estimation of surface soil texture using
remote sensing data. Soil science and plant nutrition, 59(4), 488-500.

Lombardo, L., S. Saia, C. Schillaci, P.M. Mai, and R. Huser. 2018. Modeling soil organic
carbon with Quantile Regression: Dissecting predictors' effects on carbon stocks.
Geoderma, 318: 148-159.

Mesdaghi, M. 2005. Plant Ecology, Jehad Daneshgahi of Mashhad, pp: 184 (In Persian).
Metternicht, G.I., and J.A. Zinck. 2003. Remote sensing of soil salinity: potentials and
constraints. Remote Sensing of Environment, 85: 1-20.

Minasny, B., and A.B. McBratney. 2006. A conditioned Latin hypercube method for
sampling in the presence of ancillary information. Computers and geosciences, 32 (9),
1378-1388.

Nield, S.J., J.L. Boettinger, and R.D. Ramsey. 2007. Digitally Mapping Gypsic and Natric
Soil Areas Using Landsat ETM Data, Soil Sci. Soc. Am. J. 71:245-252, doi:
10.2136/sssaj2006-0049.

Olsen, S.R., and Sommers, L.E. 1982. Phosphorus. p. 403-430. In A.L. Page et al. (ed.)
Methods of Soil Analysis, Part 2 Chemical and Biological Properties, Soil Science Society
of America, Madison, Wisconsin.

Olsen, S. R., C. V. Cole, F. S. Watanabe, and L. A. Dean. 1954. Estimation of available
phosphorus in soils by extraction with NaHCO3, USDA Cir.939. U.S. Washington.
Pahlavan Rad, M.R., N. Toomanian, F. Khormali, C.W. Brungard, C. Bayram Komaki,
and P. Bogaert. 2014. Updating soil survey maps using random forest and conditioned
Latin hypercube sampling in the loess derived soils of northern Iran. Geoderma, 232(97-
106), 232-234.

Raeesi, M., A.A. Zolfaghari, M.R. Yazdani, M. Gorji, and M. Sabetizade. 2019.
Prediction of soil organic matter using an inexpensive colour sensor in arid and semiarid
areas of Iran, Soli Research, 57(3), 276-286. https://doi.org/10.1071/SR18323.

Riala, M., A. Martinez Cortizasa, and L. Rodriguez-Ladoa. 2015. A novel approach to
map soil organic carbon content using spectroscopic and environmental data. Procedia
Environmental Sciences, 27: 49-52.

Rossel, R.A.V., J. Bouma. 2016. Soil sensing: A new paradigm for agriculture. Agric.
Syst.148, 71-74.

Rouse, J.W., R.H. Haas, D.W. Deering, and J.A. Sehell. 1974. Monitoring the vernal
advancement and retro gradation (Green wave effect) of natural vegetation. Final Rep.
RSC 1978-4, Remote Sensing Center, Texas A&M Univ., College Station.

Schillaci, C., M. Acutis, L. Lombardo, A. Lipani, M. Fantappie, M. Marker, and S. Saia.
2017a. Spatio-temporal topsoil organic carbon mapping of a semi-arid Mediterranean
region: the role of land use, soil texture, topographic indices and the influence of remote
sensing data to modelling. Sci. Total Environ. 601, 821-832.

Singh, V., H.M. Agrawal, G.C. Joshi, M. Sudershan, and A.K. Sinha. 2011. Elemental
profile of agricultural soil by the EDXRF technique and use of the Principal Component
Analysis (PCA) method to interpret the complex data. Applied Radiation and Isotopes 69:
969-974.

Taghizadeh-Mehrjardi, R., B. Minasny, F. Sarmadian, and B.P. Malone. 2014.
Digital mapping of soil salinity in Ardakan region, central Iran. Geoderma. 213:15-
28.



12571399/ 1 o jleis / 34 > | A/ (S 5 S pote) S gla ey 4 i

33.

34.

35.

36.

37.

Taghizadeh-Mehrjardi, R., K. Nabiollahi, and R. Kerry. 2016. Digital mapping of soil
organic carbon at multiple depths using different data mining techniques in Baneh region,
Iran. Geoderma, 266, 98-110.

Vaysse, K. and P. Lagacherie. 2015. Evaluating digital soil mapping approaches for
mapping Global Soil Map soil properties from legacy data in Languedoc-Roussillon
(France). Geoderma Regional, 4, 20-30.

Vitousek, P.M., S. Porder, B.Z. Houlton. and O.A. Chadwick. 2010. Terrestrial
phosphorus limitation: mechanisms, implications, and nitrogen-phosphorus interactions.
Ecol. Appl. 20, 5-15.

Walkley, A., and L.A. Black. 1934. An examination of the Degtjareff method for
determining soil organic matter, and a proposed modification of the chromic acid titration
method. Soil science. 37:29-38.

Zhang, H., P. Wu, A. Yin, X. Yang, M. Zhang, and C.H. Gao. 2017. Prediction of soil
organic carbon in an intensively managed reclamation zone of eastern China: A
comparison of multiple linear regressions and the random forest model. Science of the
total Environment, J.592: 704-713.



BB 5 I oske st 3 2A fitiw 5 B ad slaoyf gals glaoiomin oUlg gw ),/ 126

Investigating the Ability of Landsat 8 and Sentinel 2A
Satellite Images for Estimating Soil Organic Matter and Available
Phosphorus in Semnan Plain

M. Raeesi, A. A. Zolfaghari', M. R. Yazdani, and M. Sabetizade
MSc of Agrometeorology, Faculty of Desert Science, Semnan University;
E-mail: m.raeesi718@semnan.ac.ir
Associate Professor, Dep. of Arid lands management, Faculty of Desert Science; Semnan
University. E-mail: azolfaghari@semnan.ac.ir
Associate Professor, Dep. of Desertification, Faculty of Desert Science; Semnan, University;
E-mail: m_yazdani@semnan.ac.ir
Department of Soil Science and Engineering, Faculty of Agricultural Engineering and Technology,
University of Tehran; E-mail: m.sabetizade@gmail.com

Received: January,2020 and Accepted: July, 2020

Abstract

Identification of soil quality changes, including soil organic matter (SOM), is
one of the most important usages of remote sensing and geographical
information system. Awvailable phosphorus is also an important nutrient for
optimal growth of plants. The purposes of this study were to investigate the
capability of satellite images data and to compare the accuracy of SOM and
available phosphorus maps by using Landsat 8 and Sentinel 2A satellite images.
The location of sampling points was determined by using conditional Latin
hypercube sampling for 84 soil samples in agricultural lands of Semnan plain.
The SOM content, the particle size fractions including sand, clay, and silt were
measured using wet oxidation and hydrometer methods, respectively, and
available phosphorus was measured by the Olsen method. The auxiliary
variables included the bands and combination of bands. The results showed that
soil available phosphorus had the highest correlation with SOM content.
Results of Random Forest algorithm indicated that axillary variables derived
from multi-spectral instruments (Sentinel 2A satellite) evaluated the amount of
SOM and available phosphorus more accurately than the axillary variables
extracted by Landsat 8 satellite images. The random forest nonlinear method
estimated the amounts of SOM and available phosphorus with low error values
and a relatively high coefficient of determination. The root means square error
(RMSE) and coefficient of determination (R?) for prediction of SOM were
0.413 and 0.758 for the multi-spectral instrument, and 0.432 and 0.736 for the
operational land imager, respectively. Also, the RMSE and R? for prediction of
available phosphorus were 5.96 and 0.74, for the multi-spectral instrument, and
7.24 and 0.56 for the operational land imager, respectively.
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