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Introduction

The existence of spatial variability in soil properties entails site-specific management for
balanced plant nutrition towards achieving sustainable crop production which is the epitome
of precision agriculture. In this respect, the application of geostatistical techniques is
becoming standard for input-based crop production. spatial variability mappinggis,an
efficient geospatial tool and technique for the diagnosis of nutrient-related limitations,and
their management. The aim of this study was to evaluate the spatial Viariability and
frequency distribution of some soil nutrient elements, including organic casbon, soil-
available phosphorus, potassium, zinc, copper, manganese, and iron.\

Methods

The study was conducted on 84 soil samples, in agricultural lands of Chadegan (Isfahan
province). The spatial correlation of each variable with a'specific semi=variable and the best
fitting model for each variable were selected using,GS#yversion 9 software. Interpolation
was done using normal Kriging and Inverse Distance Weighting with powers of 1 to 3
methods. The accuracy afithe distribution,maps of these variables was evaluated by the
Mean bias error (MBE) the standard root méan square error (NRMSE), and the coefficient
of determination (R2). \

Results and Discussion

The results of the geostatistical analysis showed that all studied properties including organic
carbon, soil-available phosphorus, potassium, zinc, copper, manganese and iron had moderate
spatial dependence. The moderate spatial dependence could result from variation in
environmental faetors such as<flood water, irrigation, fertilizers addition, high water table
level or agticulture practices, and different agricultural managements. The exponential model
was the most,accurate to predict organic carbon, phosphorus, potassium and zink variables
while iron, copper,and manganese were best fitted with an spherical model. Also, among the
studiedrcharacteristics, organic carbon, phosphorus, and potassium had the smallest effective
rapge respectively. For phosphorus, iron, and copper variables, the Inverse Distance
Weighting with the power of 1 (IDW-1) and for organic carbon, potassium, zinc, and
manganese normal kriging methods were recognized as the best interpolation methods.
Spatial distribution maps according to the most accurate techniques showed that the greatest
soil nutrient elements were measured in the west and the north parts. This means that the soil
fertility condition was better in the southern and western parts of the study area, and the
amount of nutrients in the soil decreased towards the central and eastern areas. In addition to
management factors such as fertilization and irrigation, this is due to the climate and more
rainfall in these areas, as well as the higher quality of irrigation water in these areas. In general,
according to the obtained results, it was found that geostatistical modeling can show
continuous changes in soil parameters with acceptable accuracy. Therefore , these results
could help to adopt methods for crop improvement including proper crop choice and site-
specific fertilizer recommendations to optimize the management of inputs and sustainable
production.




OV 8y 5 ds) saiwg s 2L [ S ) pie —allia ) e

Y

aaillac) 5 sboTimo ) Slagig s 1 ool b S (1 yolis (3 g Sl O pmdl (U3 !

(Uleto! Ll By b o 359 90

S

Alio OleWb]

L iagh cnl sl 335 (65)gliS lp (oo Sl Bl SB e cla Shy siuaing 9 S g5 b))
9y R ety yind (Il odle Jold ST )3 ol oalisl JB olie polic Sy S Sy ) Bia
(Staan 5 ploxl (ool plil) Gl b o ilises 3blie (LS I S wiges AY (59, 2 jihe g (e
b abiig) slaghy) b dndesite p (sl oad 02l (2]lp Jie cp e 5 pasuie L pmiies b pite o Sl
AL B3 e 905 pll T 6) (slaglyi b aliold oS m3559 sy 3 (Jgoms S S (Sl 5 oslicud
O G b g 2yllinl gllad Slapo (1:Ske dddyy g las Gl ool (.S0Le d)Lo] b jlzo b Lo yuxio @l (i3S
gl )3 (ausgio (e (Stusan ey 3,90 Slo it don & 31 (L5 (g )lel (05 155 NS Bolove
ool B puiia Cpl (695 32 o 9 6yl o3 23368 Aile oy Jalge p5l 8BRS i 45 St JBJgS ), dilato
5 oo ol lopito sl g 2led J4o 05) g ks d (T polo (SWpte gy SSIPEELL Juo e
Sly gV olp b alol uSe (m30jy B9y e g 59y hed SR Sl s JHBIS: 29 598 5
loadd olol p Gad aBld ob 090 clo Ghgy ek s 4 Bgene FB0 S () Wajeiie ple
Il olge 5355 s 3)ls0 s )3 g 039 CliS o 1 3i5ie g o ol Jolie a5l adlato ¢ suivainy

ool 5350 S 5ol il sl

sy 53l Sl e £ o5

ojlguls
dlod s (oS Ol puss
GS™ J531p 5« puidols




PR VP

Ol e Shy 2 Gloj 5 S Sl b)) g ol piline phuwsST Hlul Co e
SE b Shy » e Sl sy e STl gl jllnk g s )00 slateds
Sidebn Car 5jygliS (LB 3 equgTa Slynss () CLS Ll fcanl Jgone Sl (el
b Sh » e g5 3959 (Hashemi et al. 2016) cusl (5)908 (5ol oy By, 58
@ obiwd coa olS Jolaio A gl dsjie old Copie 0 plill sbu! CelpSs iz,
Sl 1 iae Bans S (o Shy e Cupte clig) ool il JpaRe ¥
Copde by opl 5l Ban (Reza et al., 2018) coul (o)l paiges Bl 03130550 (¢ lol yae;
Sl SB gl dor jl ilise (T (Shy ladhate oiing Shdlate Sy
|y (e 5 ol 098 Ao calisen (clnoslys) lasdgys Wb o gloil ¢ ej QBB labad oS (claisSay
SasS labie | Slej g S Syl ls S S 530S il o il bl b
-39 5 S s pobe slga 5l e (slayial s Al 5 SlalFs 5l o o wizan S b
Mulder etal., ) 3,5 o )3 £l ool o oSl 2 ie llas wile B, oo
(2016

(sl 9 0395 3 Sl (613145985 S LIS I glae gooee (bl o dey50 Co e (s
oo 5 4355 sl 5l 6,55 3 s 555F Lo el ] atsgy I 5 Wodls oyl
i g0 e s g (oS Mol ldham (655,574 Ul oS (o )lol g by B3
b leisy 059l Wl (5y9 00 BT, Waodly (oldlir (s CusBye 4 bgype LML 4
(55,318 sb Loy SR (cla S5 SIS 5 b)) sl (slod S oo (6 el e
cldlas (LiuBgalh; 2016) 5,5 o )5 odlizulsyse ooh) ()8 jige Cupte jsbateTey
Wl 5o IB SK 3 d9390 olie yolie S mje (ohi digg &5 dmd o L cilisee
Sharmagt al., ) cul ol copte 3 SB crlols b i clbcodgione jasis ¢y
(2021

rolis S mjg (SsSe 9y » Linnik et al. (2022) Ly 435 ploxl oy

bugio (Sl (Sunly (hl> p9)S 9 e 5 (lie &5 3 (L @ls SB > (nSw

53 558 (e Sty s> 59y (S (atls 5 (103 ALY oy il & asbad )
(o> YV B oy ailial 4 dalad s )



P cudils la (Sho (WAY) )Ken g 500 Bl by oad plosl o)y

93 4 5 bawgin S  Stger s ST s 5 oy deoys S 2Ty ¢ T o3lo ¢ igsls
039 P9y «oigi ol ) g (98 Se (Siwgm bl (b g (oIl colan coll (S
(N odke ¢ 59l ol cud b cla Sy 0 Jgene Siuzw S b dunlio > alols juSe oo
OJs U9y 93 O 8L SN ((B)b g (g8 llas g pin €85 (S i 5 ana]
odbliie (pb g (wy ¢ Su Sl Colan Cubld sla S5g 50 Jsere Kiou S g dlols e 20

A
Siodols g She S sbasSl cuanl )y olaea,  Najafian et al. (2012)

@ olpl S0 g3 caddgye (Bl 3 (65ygliS Saclled dnug slp o el nluly S
aald iy lawgie e (SKmer S 50 39390 puwly g 59 iy dlie o5 Wdsh aes oy
Fo XY G0y lp g po YA+ il g jlade gyt (o Sl jaud (ol SSe s Lo
2 IS oRly Glybol gy ,bS 0d Carwg bigldilate ) Qil‘et al. (2011) Liagh zols g
9 CSleSy Cupde dgmgl Wil lis wusly 1) SMe %\1919 CuiS amlw gl & sl
g JB Ol odloie ol (b ik Sgiigolaw (S 9p95 Llodjl adlaie (139 plase
Qold picren Dy pxio p)S 10 59,00 OF UNY jladhis o S j0ud polie diged (gl il
Gglite yaud (lp o Voo b 0590 slp po VOA Slicilicie sl Shg sl (S0 (Staen
Jym b,,fJA.c Sy ¥ Sk’ u;l...o...w Qluow )JL u)b))l )9]a.uo¢b Jaiver et a|(2011) Dy
S iy e 6l (Yol lagls 3 (5ol § b pse ladog gliuly > @)
20203155 aallla > gmplinelS )0 iSNhglaElaie (5 1) jaud g by (590 Alen il SB Hlond
59 SR i ol By oo, awg b piie oyl adlllas 1 osel Cowddy ol Juloo g 4550
ekl LoPRSE (1Sly (sl yate (sl Jdo (it lind G0 SB sl Shy S
o gdﬁ‘u&;ﬂl ol cublB gl yusio gl 5 (plod Jdo o Joare iz )S o9, b pumoly
u.»)iof b S Sy &5 0l (asie cpicred Wb sl (69,5 Jde cyaud g 59 ()
IWF ab b Sl Sinly cp s sl (sl colin g 520 VY alab b Gl Siudly
g pligg lawgs a8 )3 sl ing} (Bijanzadeh et al., 2014) kg adlllas )50 ddlaio )> yio
S 9 Jolee Glu)S mundS () (sl Jgeme Siom S'68 hgy &8 2l (s (WA (), Ken
Siom S Ghey 5 SB (Sdgyid Culin el g s (ol alols LugSae (230359 (B9 <l



\ (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

D) 538> (laymess g 391 Jculio ) S, cla S, pbo b anolie > (b gl Jgone
$59taS slaiBl ) 135,50 (blie alex 5l el Glisl )2 53 @ly (bl b jed 1
YO (5:Sike) YL ol i g dilaie cpl )3 Juime lon g O g2yl (ool ol
Caz ) logrg (ol lalyd (e dhe VW) plediol pliwl JS° o)l 60ke ) (5o e
$509ktS 3l olise sl o)) dgrg @ dilate ul > o 5 @23 (65yltS o )leb dng
GSa YFree i & el OV gamme culS ;5 maw & cwl HESa i Yl el
ol 5K VWYFe g ol odds 3y9ly S AVESL il Lol g S Yoo 2L &Y guae
) OV game (ypiare Nigh e CulS @ Oygod HSe AT g gl Ojpod )
ol 5 ©Vpame W5 (lie g Cosl Clodle 5 Sl (o a5 Jold i
ol D)5 coli 90,5 cpbl Jolid yliw od (L Y o, 'y yiago w0 o WYY @ Sl
oS slen ol JB)ss) sl o5 110+ aililes O Bl &Y pams 155 e 5 0381 o g
SisSa 55 5 S5 5 ol edlil L5 By slie olime a1 (VY (o Ssly b
2 (o et g 0392 (§)98 ) WY (S3F Log plml sl polie ol S mjg
Wby Codgie el gl &S Ll Jolaiel GBpsa®jl g 3,5 23368 Copde g S (¢ puidiols
dge ar g 25l anlss Jaear 635 goldsd o Cony bazme (S5 b 5 olS S talS
2 9250 olS S d)gaalie yolie By Sl JS1n (poyp psliie 4 Sl (Aagh (38
oy, b S Wgalol wao o padli | (S plyie 4 SB S i 5o 5 SE
Sl 3> o 5 B 59S xte GbLe Sl Sy glsis 0y Gt 3 )bl

N A5 bl (o]

b sigy golgo
axllac 8 490 dilain

Jobo dd83 QY g a0 0+ b adda VY g a5 )0 0+ Slaibw 4 glodgize ;o B0l jluo yod

Ol y2es 35 g0 fCuwlonds @dly Jlad jo,0 4880 OA 5 4 D YY B azdo VY g a0 YV ¢ (3
b gloped ol cunlonsd S @ly plodol plinl 350 )5 (gtoglS WO ()8 alols
b SlwngS Jaine clgn g ol cl)ls @y ook VIVD Conluna g by pdaw I yo VFo o glis)|
$509uS (o3l 3l A AY Sl yiggy ol plsl (gl il 10T (Lo YVO &bl (S5l bawgie
w3 2l L) IS 45 038 e ygots bl ol el Jasds (53l pdiges (0l i b



A
ol 015 Laeia ) S 13 il Cilizee gblia 13 005 (o o ptiges ciliske Llis .S

20000 20000 440000 450000 450000 aro0 480000 420000 SO Sa o s p—
f| i lN\
k
' ‘ \
° ’ .
8 1060000 Ls
g : g & H
H ° 3
b " 2
..... g g
L ° ° el
& P ) cale He & ;
2 eoe L N 2 g-1.000 500 0 1,000 Kilometers|.o
5 ° %0 L H
N & | °0® T T T T T
co0 o | 1000000 500000 ) 500000 1000000
£ @ - 1 00000 300000 100000 @ 200000
H < g g M) L ! L ! L L !
8 = 8 N
. A
o -
3 ° g = o=
g g g |
o - H
e $ ; ]
g 0o 5 10 20 30 40 Ls
§ - Kilometers §
24 2 | Ls
g M g
3 S H
1, i3 3 S H
300 150 0 300 Kilometers
27 g
nnnnnnnnnnnn 440000 450000 460000 470000 480000 190000 -200000 300000 200000

Ol oyl Fllllae dilaio ,3 (15 pdiges bl Cyrdge - JSud
Pk T b

0303 jgue 6 yiodleo L SUI 1 L MBglcCis Tgn Ll oiislojl 4 Js! 51w SB cladiges
s lJ> bl e (Walkley and Black, 1934) SM JSlg igy & JI op)S 50
wsly  Olselyan@Sommer, 1982) A0 Joleo (2iSTs 53 pades ©lyyS o b (6,5 0 ks
Rage et JJas vuls olKiwd b il 3 g pasgel linl b (cpSo)lac 3,b 5l olS exlil |l
ol oS ) oolil s b gySolas gy jl (shiejyy yols o ( al., 1992

LA g ,505lul (Page et al., 1992)

STy 9.5 kT b Julxd g 4y

! DTPA



q (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

Sla s ] M 1 laoSls 4 rcans 5 laodls i SisS oyt e &
Bl 5 oilly Syt o (S8 Sy sl Jolb poss csloo ol cilio
0903l 9 @35 (mpp slp b Al VA 450 SPSS I8l 5 ) oalitisl b yuie yo (sl e
15 odlitwl "o el — 39,5 9alS yge5l 5l o) A el paw jd odld g Jloy
Jelos g ajon 5l olas jdle g bl guuis 9 )y lp (Bogunovic et al., 2017)
o5 ool (el 5l 31 S dhad s 05 00lits] & s GSH 138l 5 51 Vpl Sl b Lad e
4> &S ol (650p ueS Lod i ] W yuiie Sl (Siunly lime oo ol gl el
b g abais 93 i sl xrpe o o |y 00 (650300l bl oy canld 5 Ko Stned
Ol 3 e Gl ol )3 polae psboay (S S ST amo oo (i el alols 5 cax 4 a2y
L Ty it ()5 (6 23y b (s11ALold CHPST oled it > (L5 Lad a5 L lsise
.(Zheng et al. 2008) 12> .

ailil ¥ liaials I gladad 51 _olBlpyie WY Lol Bn il penis? (sl Lo s
Jolgh > s 5Bl b yiolosl (sllaNosind s (sladsd 51 (Utset et al, 2000) .l
ol £65 S5k g byt ol ST 00085 i bl ] (6151 diges Alold | 5 Ss oS
a0 Loy 5 4205 5By SN e B o o oS o (gl ST (o el
e e S Saly a0 g i ol (Rizwan et al., 2016) aw) o b Hlads
il 58 Codiigyl SISl cams 4 ksl do b S uibly 0 slaakad 31 il lg mands
T gto B Sicly 10> VO b YD iy cciomd it 1S Sty ks 1oy Y
S Wiy Ppicon (HU €L al., 2008) sl (555 yuiia 1S Sty 15l 1oy VO §) 5L
@ S 3lled yuutd oo o a1 L 9 00,5 do 3 Vee il b She 0590 0 (Niuued Cond
Fuo (SHe Sl (S wb Cond ST 909l Sl (Stunly 286 dbgiye (S 23l jae
(Vieira and Gonzalez A, 2003) cul SIS (Siuly 53 (Siwgn S (Slo 24

I'. Kolmogorov—Smirnov test
2, variogram

* . Nugget effect
*. Range of influence
> Sill



il dwbre B8 ) alasly b bod puusipus dloleo
N(R)

)
y(n) = LZ[Z(XL') —z(xi + h)]"2

2N(h)

SesS N ol gy o (Ll e IS 3145 N(W) (28 o pusiiss () O o 3
Cawl Xi g XIHN bl 37 pxio 0a odmlice ydlie s yp & Z(XI) g Z(Xi+h) 4 lEm8,5 )38
g olasdl Slayyo ggemme (pyieS ghyls a7 Juo GS+ 381mp 5 5l eoliiw] bvgw,» @8Iy
1 PS5l o 9 s 5 (ousS (ol 58 s Mol 09 s e Bt
25U cov WlgT e SB Gl Sy opd s (Sharma et alii2002) ws oslsf 35,
WL il aeS il Lipte sloygslh 3 K LS clayed ale 13 dla, g5l
ol 3l 3 chnd S gl Sty 5 (SRS slagnl 30N )5 (598 e (Saly
(Zhang et al., 2008&,:, @ Jols (o) ()15

230559 ey il ol (6l paiged bl > SIS d“)nsﬁ 323le 3515y yolate &y anlllas oyl
S yxio uSilee ol s (¥ dlasly) Sz, ey W3S ool T Simmy S g 'alols uSe
(shon) Wlgd uilyly i o sl o lb s Siess cpyine |y ol Gl 5 0090 (S5

(VYAD

7(X0) = Z Aox Z (i) ™
i=1

P L s & oxb 03> s ikl X0dlais ()5 Z oa 0357 50 jlade Z(X0) dlasly oyl jo
) 3 ol (Soluen bla sl N g Xi dlais

- 0359 Ol &S Cunl ()bl o (3 S bgy 3l 03 (S (IDW) alols yogSiae 1315 (59
ookalBly diges 1 S0P & yide (23159 Cal (1e5S dali b alold pSe poluly (2
Bl > e jlade Uh9) Of.l 2 las S 1E iy dlols (&S cul s 4 ):QSO”

Solas pl b dgus 0 035 (peesd (Y’) aayly jloolatwl b i yglome blas g9y 5l oduis (5,0 diges

!, Inverse distance weighting
2, kriging



AR (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

g gt g Jgreme ab 4 Cud polno dlali jo Alols 4y i L oS iy o) ol 2 48
Pl 039 PSP BB & il (s Mg o S (53055 290 dla Jp blES (S, 090
(Isaaks and Srivastava, 1989) s o0 03> [olaid] (¢ yi6S i )90 bla & 4

D" ™)

n -1
i=1 D;

7\i=

N g aold 230959 lgh T ¢ pmosd 3y50 dlads U o odnliie alads ")ﬁ.o\i alols Di dla, ol y
ol Syl bl slss
B gy b))

)
)
ANy *)
_E;(z (Xi) — Z(X))
RMSE
NRMSE = 5 )

Mas g XT alals )3 Z yusie (ooBlg 5 008 035 (3055 pdlie 5 &y (Z(XT 9 ZX(XT (Latlg, el 5
Voo cusl S g5 Sy > 0035 50 il yusite ylie (3:Sikio X pizmod ol Clialin JS
oy lad Sliol (1 Ske Jlade 5 yioS bt laye ady) iy e Gy Hlde 42 o

Nourzadeh et al., 2010) cusl yuiw [hgy b il xSoo 35

S5 Ao g o



—X

—

5 Ssz Sl 5 1o polio (Dlyds o ¢ uilly (nSlee Jold (5 Lol iogs

Joiz > GWlke adaie | oad cudhy gladiges 1> SB olardsosd b Shy (SwiS
5190 93 035 (55503151 (slmodld cchgig pausl — 1,5 galeS 39051 ks olusl 2 sl 05 ) (1)
s mosls ol (gileloy sl g 08 Jloyi @i 5l 59 5 ool i (T 0]

axlllao 3 90 alllaio 43 w3590 SB Sluoguas u.é.ﬁmgﬁ')l.oi— Y Jogse

Slez SoiS ey Sl bl sShe e oSk Eb S
VY Al e WY AYVEY  aviy ¥F S vy mg kgt youd
YA/ Y/oa o¥/a -loY AN Y/A Al Ay I S os
-/0 -I8Y YV WY/E WAFe vAs avRs v mg kgt OV
VY A OA/A Y WYY EEYVA VA viva  mgkg? ol
VISY Y/o SAIY ¥AQ /N TV /B -/ 022 mg kg &9
NG —/f5 /0 o/fs  YURY  Y/ve MVY- vy mg kgt e
<JAD AIA VIV J5e Ivr NG 1o Vg - e

oy Lmd aials 5 adlllas 8 )50 S o 0ud (oIl slo Sy cuwl Lasine a5 jsblen
O e o YA L <Y 0 SB 0 ealg,Sojlail W )8 s s oS GlaFa taisg o5
G /Y g9, TVA B ANA ol YAFIEVOY/AP o el S 2 S6lS 5 05 Lo OVIT L T/ F
@ axg b oy e S p,56lS B a8 L0 YIAFT </OY o e 5 YHIV U VY 3280 N/FY
3 lge dor 10 dslllas 9,50 laSls a5 ol fasein (Y Jsuz) S 0 olde jole clale aigy 950>
sprty <o 85 iy S M o 6 05nS o o iy iy g Sl slosgane o
S SE S8 mglaie 20385 Cu e o9 5 (S e Ll pd 5l 3l Baes el ol aS Wloads o0 s

\ | 099, axdllao Sy

OYAF @R 5 (To5Uo) £L g £y; GBS 45 Jlid polis Clae aipgs dgus —Y Joua

‘ = T . . 1

o P S35 oo pely i IS
S SskS oS e o)

\ A \ ). Yo=Y~ Y-\- >y

mOWES Ve Sglune b pieS Sl o pb ol gund (60 piS Gl s 1 (6ylime DS o o

) Sl Vb ppdyyues Voo B0 (g g bawgio (p0dgpeil e 00 BYY (05 (60 o
SB oyiwd P8 pulty lise addllas 3550 sla Shg o 5o (Karimi Nezhad et al. 2015



Y (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

Ol 28y 3 35,30 Jelge £9:5 0103023 3bj lpesds oy bl |y Sy o8 (208
s g 0l g9y e Lo 2o Sy @l ol sl (e Slles 56 Cod g it
Spas dile (ope Jolge (S5 S5 (B0 Slg5 oo a5 2339 113095 2 (6 5V s cul 2 5l
Condg 9 (BL 2ad Olpedd gty g (g 38le (S Joloe g (o)) 5l gliste lacs )8 9 398

[(Foroughifar et al., 2011) wil adllas 550 ddlaio  iSa;

Lol ykd o Julons g 4 3205
Jo> 55 addllas 3590 (clnodls & o 03> yijly (slaJie g b puite Sl  Stunrons U gl

“59) 9 uﬂ odle 4WL¢ ‘)iu....é L;l.a.»).:.;.‘;.o d‘).g @K‘" )L’.’;S-L» LJ..\.a e Gl 0445 0213 UL.....» Y
(Y Jgi) cosl o y8glila e 9 53550 coonl sl g (oles Jao

andllae 5,90 (S S 39 (220 (Slod yund w0 (Wil (S0 Clasulio -T Jgua

Lt e pomme oy Mooy oo By & ibads  alal gk 5 o

OISy T AR Lo A TYVY- \vY <IADA N v

BIVYxY ¥ -0 Doz B+ /A FEY.. -IV¥ -I\YY wles oalty
ooy <[5 Logio sol- AR ARTEEERYRYN o ofeYY b I enss
-1-9% AN o Y/ MYee L[5 AT &9 ool
-[-¥Y /K0 Lauwgio ¥a/a OYYee VWY -Iy o8 wles $9)
ofexY - [AA Lawgio \ATA! MY-e  FR/FY Y-IAS S5 Fe
o[\ -IA Lo gie YEIA \CZ LY 2 5 AL &9 oo

Qs e U 1) o)y 3550 o Shg sl Ak e (slod S o Yged ¥ SIS
Zulfikar Khan et al. (2021) 4 Sharma et al.(2021) iags ;| Jeols s b ool cuwd
DB 8 ) pte opl (e (Susers WS g S jaud 055 (Glad pusS poddd 03l b5l

D95



«/1FA

et i _///L‘."
1 R e
3 */AF E AL
E
o/oFY T
ofoe I .
AFIY/YY TAAYF/OF YAYOV/A ¥YFPA/.Y AFIY/YT  IAATE/AF  TATAVA  PYRRALLY
(o) bl st ) alold ()bl s alol
o/ : . 89 +/fayY
. [] " /
4 A — - . T
v 3 1A
'/W"’v "-“ 3
USRI IAATRISE YAYAV A EVERUY oo SWIVTY WAAPE/AF TATOVA  PYSSALY
(e bl iis1 ol () bl i hetd
o rY/F . PR
o/8FA ‘ T
YA/
il ;
T 1 WY
A 3
e Ve
SPWTY MATESE TAYOVA YRSy STV WAATR/AE YATOVA TYRYY
(o) ol 231 5 bl (e) ol st abold
\ a
9 e -
" T STws
|} oYY
. 1 :
:!i [ ] []
3 /I¥A .

+[+¥¥

o

FIV/rY TAAFF/AF  YAYAV/A YYFFa/oY
(o) B 21 bl

S 50 andllan 0y90 o S g Al dod (Glod ki pud H10g0d —F TS

3



\O (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

Jxe (Y+VY) .Dalchiavon et al 4 (Y+)+) Weindorf and Zhu 35 sl pais 3y50 5o
(Y+\Y) Bogunovic et al  yuised il cuslio puwlts S Ol ypuss oy lp 1y ol
Ot 9 SB > edlil BB ol g b polie pji (S8 cnogi slp 1) oled Lo
Sl cobl claTodls (gl 1) (wsS Jao g S STy (sl 995 S oSBT elo
3908 (8135 cuslio (Sg)an

25 b osel Cond 4 ol Ndg 40,08 5 bwgie Se (Suly il ol o 4 b pusie den
d>g o Linnik et al. (2022) 5,l>  slsswen Wang et al. (2009) sl jingh I Juols
(Suly 3929 (e (Ao Olllas 3905 (SIS 1) 595 9 e polic Sl bawgio (Stuaven
; Vasu ¢ ( Tagore et al. 2014 ¢l oads &) SBRgiodols b ol o)y lawgio (SIS0
ST (She s pdiymd )0 ol ciS el o IS jsbebal. 2017 Sharmaet al., 2021).
2057 oy dilaio yo > Sl Ggpe o @BLSE Glai]d 56 4 ol Jpame 5 SB
G5 cpl 50 g oM 50 b 3 el 1 C0 Cud 4 (S Swed K03 sow
oo 1 1S5S cloMgolitio ;5 sl (Foe 333 augio JUSo (Siuly &5 a7 S
(Foroughifar etal., 201d). 2> Sl 557568 Ko (Siusly aid) I8 &

JRae o - /A2 ) By cemadkd S g iy 5o gy 3)90 S ke (2 > B)b
o s L ¢ 5 051051 83 51 Voo 45 ol 33l ol s simd L5 (gl aabad i)
B L oS polie T o s 4 ditad Gasds BB (¢ ST diged 0dgd5e ) 45
9 55 I8l slallad (g)lo T dge Juolgh I yiSaS g yobe LIS (e (e (Stwgy Sl
A eg YU OYRY (en 5 55 L) cosl (2Tt BBy Sl S0 5 2Ll
o) OL..";S d‘“‘é\;‘aﬁ )J] ])a) s Lg).:f_‘d.}}o.} J.obs OO awliols )l d)l:’-” é§|9 Pl LS‘ dalad
)SKad g 39 2B1) 3,15 3939 (615 A9 Juolgd 5l a8 (sl Alold 3 &S cl SlKe @l pois
L (yray

oS ol () g0 alold g dulllas 3y90 ubide 5| ol (S T Shg w5l ameld
ol adlae dyge ddlaie > o] o SeRenl g e sdadT ol 86 Al o
e yieS yhud (3.5 Cpl 0 dalllas 390 s Sy o 5l (FOroughifar etal., 2011)



Cd)S LB e FYYe e 50 atald b el ol 5 am g (e VYV L) iy |y 156 asels 7
Bpaoy olie polie (ly 150 awl 3o (Y-YY).Sharma et al lwg 43,5 plodl )y 5o
ol g 5 g e gyy onl Bpas oS liE jolie Sl a8 l qupely 5 jhud
A5 Gg pelis cpl o5l (b (Sba3gS 49,71 (0 Bpae | el cpl B> (ST
2 g cdze (Qlie polie ) Jols ()55 o 1 4y e & Widged Gl SB (pge)l @l 85
ol 035 S g kBN

aslllan 3yg0 S 559 il 50 ool g0 b gy amdlio

dr5 L ol 00 &) it 2 )00 Car S 0055 L icalio 4 boigls ¥ g
ey (Slyr g Jgeme Siom S hg) 5550 5 Gy s sloisiatgslp Jouo Cnl B @
5 a3l olig)d slasiy o olse 48 ol b ABBBILSE (200 g, oo 5

. } N L - .
B30j9 2Buby) 2Lyl g asyie Ve S 0Nl 9fans (oS ol b )] Siag
ooyl Candds Car sllae oliys)d sy Bl Bl eess dge & 13 o o o
g Canle (58,5 5a 1 b s by Grwlie 5,18 g o)l diges Bblie ;> SK sla Sy
039 09) 485y ) o odlanwl NGE Fp > B hg) (5 gy 2l (Siaw by ool yolos
Gotway et al. (1996).(Kravchenka @and Bullock, 1999)cuwl Siuow S 5 dols WS
Sl olge g S5 aiBias jolaiaglBlol e 20 ojg 5 Sz S b by €8y b))
LﬁLﬁ;9)‘> 059) uL’x.ul 4 s ul.u.\) P Lj d,&?u C.’L.: .,\3.)/5 W)y 1) Lb.)}f )...:u.,o ool LS‘)?

o] u_u.uL.o 0139)90.)9.:.3 u,oLu.o- ul).u.:u w)ao LSYL‘ );.)Lmoc\:&m)f L)"9) L;lm
\

o3 03wl il b wigy bawgi alllas 3y50 Oluogad (pmodd Jiliie (b5, @ lo -F Jous

R2 NRMSE MBE R> NRMSE MBE R? NRMSE MBE Lbogsd Ud)




YV (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

Adi ang glp ) oS 9 dhold (S (B3 19 s, 9> Wollenhaupt et al. (1994)

Seizgs (o) (s RIS ol (L g oy )3 adlllas 3590 ds)fe 93 53 mawlly g iud
Cygs ) dpcal BlBTSS iz laginghy p3 g Aol S (23 Gg by I yide
g cadlls 3,g8MElate IS )5 ladiges SISy STy 5 canlio (gl pdig05 b, 5l o3litl
Jianbingefal., ) .:s 5,50 Jsd B B3 L1y oy 390 slaSg 551 Wlgice Sim S
(Piri sahragard and Chahouki, 2015 <Chahouki et al.,2010; 2008
- oo 03l b S Sluogad SlSe Olpuss oy & o Jlead 43 Xing-Yi et al. (2007)
YU 8 ) o it atdlys (g3rel Codbge ooy Sizm S oy o (Lt gl izl Lol
s el s T oole jlaie (2S5, 1 cslanlllas 1> WU et @l.(2008) 1S b sy
cd ], SB Jodle Sl 555 lgi o Jgane Shzm S hyy & Lidged b iz 3
aols LuSe (w3059 Ghg) ITAY) GlSan 5 s 28] by 43,5 & j50 dalllas )3 .08 51,
285 s s 5 45 00] (T o3l (39815 ol by (sl Sizg 5 i b duglio

-/£0) Iy —[¥deIVE -[fa¥ AL ¥Aan! -/yay —V¥/AD S S

it IyVY IR - BRI N - /¥AD < JVEY /o /YN a/a¥ IDW-1

- /Y0 <YM —o[o¥N /¥R Niral -Jovy /Yy -IYVF i IDW-2
NARYN /Y'Y —o[sXY G ¥YY -J¥VY -J¥YY DAL -/yYY YIVEY IDW-3

M oS e o $9)

R2 NRMSE MBE R? NRMSE MBE R? NRMSE MBE R? NRMSE MBE

IYEA PNy —[ey IRV /YA —+J¥AY  lovy < IYAY —¥FN Nital A S S
IYe¥ -Jovs Voo oEY¥ <IYAY —</¥YY - /on) JAENA VAN - [o¥Y ofesA IDW-1
Niust Niant N ARY Y iy i Mgt —/0-Y galfa- <J¥¥Y NEY VY -JovE —/-.y  |DW-2
NAAL NIk VARLEEERYA LT /¥ - /%88, - /5fY < I¥V4 VAN AT NI --/ya  |IDW-3

¥



Aol pSe (23 (g ey 90 O @b SIS (B 5l gy g8 slbad g iy

Al edaldie pb 5wy o SoSIl Colia ClblE sl e 0 Sizu S

JS calllas 3,90 sl Sy 3,0 sl (Abign slabey oy oMb paTele 4 g L
5 593 ooty o )8 Jolis gl oaioyglys olie plys 5 00b 5 Sojll (glo pite olio
.os/.

Onmed 9 ) olgs b alols uSe a30js sy 4 bl 5 e phed 5 Siom S S

(Patriche et al., 2023&
-

R? = 0.3635 !
el

60 j 800
30 2 600
a, S
20 ‘._-.'k' 400
oy ',:'I 200
a B
3 4 O
a 0 20 40 60 80
= 0 200 4 600 “Sm
sl (5 5 oIl alie o 6 8 a3l palda
- yF___ % —
R® =0.4302
[CLF] .
¥ RZ = 0.551
3
7.
o
=
-
3 o 05 1 15 2 25 o 5 10 15 20
2l g o8 ajlasl Laalda oS g % a3l alia
S s - RE=04141

A o R? = 0.4606

[*4]

(=]

ol 5 o8 a3ladl alda




4 (3905 058 Aaiis duw b 399 V3o o5T) dllio s

U090 ise g Wi, U il ouauid ol yr o dlie pl s 53 000 6 380 51031 (gl ey 3o Y JSWS
IDW-1 (339, 4 (o § (T phansd 9 Sy ) (g 4 33800 5 (S3 oy

Lol (lg® U39y e ol adlllas 390 sla Sy sanaigg 9 (ST 4l ¥ S
5 ) ol b alol uSe 255 (he) 4 el 5 (Egind slo e Jold 4 amd e L |,
5 b ¥ US04 dag b s oo L5 ) St ST08) 4 3550 5 (5 el sl it
S o Jin |y oialS Kg) 5 g 55 po Camns B 0oy ol S S 3 o0l LB o] g sl
390 ddlaio 5y SE oslitl L SHls ooy 5 jaud olie 058 T USS 4 a2 L
95 2 ol S5y) SBEEAS 2 p)5 o W B 0391000 1 jind (4l o L5 omlito aalllas
O g o 39 0lss KB 3gjaed S Bpae 4 5l (g nl el 5 il )8 (ki
9 0MSgRS o}l polie JHEE L gl Cglite CuiS 3)90 0lS o g Jpazme g 4 Al
2> ety Ol (¥ JS8) (anaiag 4l 35 g el Gl Gl o Al 4 0aB 0L (195
Ly s 5 sopheice S pSolS 15 5,5 o FYY B YA s allas 590 dibaio bl yziy
o s )5 S 2SS 5 5 e OV B R it gtz )3 (S5 o
Cowl adiiay 5 SB p)SolS 1 p)S Lo Yer B YD Do &S SB 0 el coles
oAb iy oS d &y do g5 L0l 3929 adlate )3 (ol sa2gS Brae 4 (gils (Vga2)
o il 4y bgryo 4l 59y 0 4 blE s (¥ g «SB p SolS  p S Lo V1) ol (ol
lodgaze )3 &S 039 ol ds )0 (addllas D90 ddlaie oy )) Mitud jo,8 g 20)L Ky
g Bras 4 5l Bblie plo 3 gl 4B)S )18 £ SolS )8 (oo WIZ BNV
GO b sl o 4 dsjie Copde 5 Jpame g5 4 a5 Cusl ool gl
g0 o S)luldgS b g al



3.642E406

o 3631E406

3.631E+06
3621E+06 — l 3.621E+406
3.610E+06 — 3.610E+06 -

3 BODE+06 -

453000. 483500. 432000. 442500. 453000. 463500.

442500.

3.642E+06 3.642E406
iy

3.631E+06 -| F&e  3631E406

3.621E+06 l 2.621E406

3.610E+06 T |ast0Es0s

3.600E+06 | 3.600E+06 -

432000 442500.  453000.  463500.  474000. 432000 442500, 453000, 463500,  474000.

~——

3.642E+06 [ . e | 36.420E+005

631 1 a

GE31ER00 Gy, 3BI4EH005

3.621E+06 36.208E+005

3.610E+06 36.102E+005 -

3.600E+06 : & —r 35.996E+005
432000. 442500  453000. 463500,  474000. 432000 442500 453000 463500 474000




Yy (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

36.420E+005

36.314E+005
= 36.208E+005 -
36.102E+005

35.996E+005 - 1
432000 442500 453000 463500 474000

oo ol phad el (b 9,0 by, : 2 addladd 90 S (S iy STy A —F JSWS
#5989 <l 820 g‘ OlF b Aol wSe (237159 (g, 4

dJu).C)l 15..\43) .)3>5L»&51>0)M|&l§w.))94))
@ Gl (SB pSolS 2 p)S e V) paie ]

(S pSokS 2 p)5 o A) i s 5l 5V o 3blie ol )5 o (S
Oz 03 o 53 038 S o3lul 59y Gliwe D9 yite SBp)SokS e )S e VOO L
0390 S paie cpl ColiS do 5l Sl & d9r e SBp)S kS 25 (eo <[00 B /FF
P SE Josle e 2l 3935 ddlain ) Gl & jaie pl ol sl Gas 4 5l
Cromd g (VS (JT )8 4 0 se $5) el 03gr do)d S B +/F i bdes adlaie
oo 4 cplplty ol 3l b3l 1oy VY b T oole lsee dilaie o g ogin | SsS
b ol dogs b S (giodols (talidl sl ol slodgS 05 4 N (sladgS b e JS
Gr9ps S > it sladgS Bpas S 329290 (iost g 00 o iy 4 a2
dibaio 0y Ly g 0xf (Pl 2 SB Gilols Cundg dw e Hla 4 @l el ol
ol iy anlllas 390



—X
—X

55

BT sl 38> (65,588 we Sl Ly S Gl sla Sy sanaing 9 S £55 b))
i LB (SaS S15 45 ol aslitl b5 lie polie saiiny 5 Sl (Stasly 5L ;|
sl o alS aS 0y lis iagh cpl jl Jols gls g daled S50 065 Ay Bpas O
Stuads | S oalitil 5 (0] g 3K (g) o ¢yhud ool (T o3lo ol iy 350
3 Sape Jolos yida 136 023 L5 ol cul &S K390 )l3y95 1 adhaie aw 5> hawsie SIS
o it ool S5 )3 o S5 el s g5 )8 5 ot s o 230 o
50 5 o 2l gl g led 0o 99 5 sliy i o ool (slgze (ol SSoPl L
balols e (m3059 b9y ol 5 (e phd slopite el S eloly 0185 Jao
b b 09 lapby) e Olged (Jgeas i S b dBsie plo (sly 9 ) Oy
Condy o830 ol iy slaesd gl )0 WlalS g Sl S5y
G & Sop0t b g 0351 it adlllas 3,90 el gl 95> slaciond 3 SL (Lol
h polie Jl jladlaio (JS 53 5,8 g (el SK o138 polie Glie 358 5 65530 (Al
Ol el N dlse g 298 Branalse ylo 5 glade ColiS do ) jSie g e el
Candy (35 Glp Ol Giogh ol @ I ggeoe )3 sl (gy900 SB il
29838 ulio Cypie slinly ;3 Alae1 00 dilaie )3 CuilS CoS lagme) > GiSlol

Dy 0 3)Sles 9o 4o

&l

S .

YAV Lle aame ¢ jliage g s (gl £ opmone 0)lg fdl Cuods ¢ Dy 30l cygn (B
Slegheadd (sl Jl3Ils 1> SB (58 g olowd Sluogasd jl (S e (gl poss oL
V=0 (FIVY o0 ool (s lS slo yagiy 4y ol e 5l o3l |

835 oy o ITAA) . Jaillayl (gy0ly g sasmo cliles fan] oinl odlsulepde ¢ Sy epligy

169590 dalllan) Lol (yno} (slocg, jl odlitl b S5 pbowd 5 (S5 sl Shy il (S S
YOV=YEY @ (V) el (wdines g o oo aloea (lanlj a0 bl} yuwe



Yy (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

https://chadegan.agri-  Bsls s g5lisolks gl JUys
es.ir/Default.aspx?tabid=7687

2h lbilegs ol colj ol e ¢ ops (gdrnlS ol ol e ol ae fhols ¢ )8 £4,8
=05 p0 (oraw SB olewd 9 (S5 b Sho (S e Ol (WWAL) ol (gl o
VY (I INNY SB g Ol il pts Ly cudd dilisee ol cla

XOF Lo o Shy s (S0 Hlol) g ymog (WAD) L pSiles ghoxo

References

Aghaeipour, N., Zavareh, Nk, Pirdashti, H., Asad}H. & Bahmanyar, M.A. (2017). Evaluation of spatial
variability of some soiljchemical and physical“properties in Foumanat Plain paddies using
geostatistical methods. Applied Research in Field Crops. 31(4), 50-71(in Persian).

Behnam, V., Gholamalizadeh Ahangar, A., Rahmanian, M. & Bameri A. (2019). Spatial distribution of
some physical and chemical, properties offsoil using geostatistic methods (Case study: Zabol to
Zahedamy route). Journal® of. Environental Water Enginiering, 5(3), 251-263. DOI:
10.22034/jewe.2019,200821.1330. (in Persian).

Bijanzadeh, E., M@karram; M-"& Naderi, R. (2014). Applying Spatial Geostatistical Analysis Models for
Evaluating Variabmty of Soil Properties in Eastern Shiraz, Iran. Iran Agricultural Research, 33(2):
35-46;

Bogunovic, 'yPaul@ Pereira, P. & Brevik, C. (2017). Spatial distribution of soil chemical properties in
an organic farm in Croatia. Science of the Total Environment, 584-58, 535-545.

Chahouki, M.Ay, Ernani, M., Zare Chahouki, A. & Khalasi Ahvazi, L. (2010). Application of spatial
statistical methods in predictive models of plant species habitat. Journal of Arid Biom Scientific
and Research, 1(1), 13-23.

Dalchiavon, F£C., Carvalho, M. P., Andreotti, M. & Montanari, R. (2012). Spatial variability of the
fertility attributes of dystropheric red latosol under a no-tillage system. Journal of Revista Ciencia
Agronomice. 43, 453-461.

Désavathu, R.P., Nadipena, A.R. & Peddada, J.R. (2017). Assessment of soil fertility status in Paderu
Mandal, Visakhapatnam district of Andhra Pradesh through geospatial techniques. Egyptian
Journal of Remote Sensing and Space Science, 21. doi:10.1016/j.ejrs.2017.01.006.

Cambardella, C.A., Moorman, T.B., Novak, J.M., Parkin, T.B., Karlen, D.L., Turco, R.F. & Konopka,
A.E. (1994). Field scale variability of soil properties in Central lowa soils. Soil Science Society of
America Journal, 58, 1501-1511.



AR

Foroughifar, H., Jafarzadah, A. A., Torabi Gelsefidi, H., Aliasgharzadah, N., Toomanian, N. &
Davatgar, N. (2011). Spatial Variations of Surface Soil Physical and Chemical Properties on
Different Landforms of Tabriz Plain. Soil and water science, 21 (3), 1-21. (In persion).

Gotway, C. A., Ferguson, R. B., Herget, G. W. & Peterson, T. A. (1996). Comparison of kriging and
Inverse- Distance methods for mapping soil parameters. Soil Science Society of America Journal,
60, 1237-1247.

Hashemi, M.., Gholamalizadeh Ahangar, A., Bameri, A., Sarani, F. & Hejazizadeh, A. (2016). Survey.
and zoning of soil physical and chemical properties using Geostatistical methods in GIS (Case
study: Miankangi region in Sistan. Water Soil, 30(2), 443-458.

Hu, K., Zhang, F., Li H., Huang, F. & Li, B. G. (2006). Spatial patterns of soil heavy metals inUrban-
rural transition zone of Beijing. Pedosphere, 16, 690-698.

Isaaks, E.H. & Srivastava, R.M. (1989). An introduction to applied geostatistics. Oxford Uﬂiversity
Press. NewYork. P. 561.

Jaiver, D., Sanchez, T., Gustavo, A., Ligarreto, M. & Fabio, R. L. (2011)Spatial variability |of soil
chemical properties and its effect on crop yield. A case study in maize (zea'mays L.) on the Bogota
plateau. Journal of Agronomia colombiana. 29, 265- 274.

Jianbing, W., Boucher, A. & Zhang, T. (2008). A SGeMS code for pattern Simulation of continuous and
categorical variables: FILTERSIM. Computers & Geosciences, 4(12), 1863-1876.

Karimi Nezhad, M. T., Tabatabaii, S. M. & Gholami,"A. (2015). Geochemical assessment of steel
smelter-impacted urban soils, Ahvaz, Iranian‘Journak of Geochﬂical Exploration, 152, 91-109.

Kravchenko, A. & Bullock, D.G. 1999. A comparative study of interp@lation methods for mapping soil
properties. Agronomy Journal, 91, 393-400. \

Linnik, V., Tatiana, G., Bauer, V., Tatiana, M., Saglara;'Si& Mazarji, M. (2022). Spatial distribution of
heavy metals in soils of the flood plain of the Sewersky Donets River (Russia) based on
geostatistical methods. Environ Geochem Health , 44,1319-333. https://doi.org/10.1007/s10653-
020-00688-y

Liu, R., Xu, F., Yu, W., Shi, J., Zhang, P.\& Shen, Z. (2016)¢ Analysis of field-scale spatial correlations
and variations of soil nutrients usingdgeostatistics® Journal of Environmental Monitoring and
Assessment. 188 (2):1-10.

Malakouti, M. j., Moshiri, F., Ghaibi, M.N. & Molavi, s. (2005). Optimum levels of some nutrients in
soils and some agronomic andyhorticultural. Part2:Horticultural crops. Ministry of Jihad-e-
Agriculture, Soil and"Wiater Institute:406. 21p. (In Persian).

Mohammadi,@a(2006). Pedometrics (spatial statistics). Pelk Publication. Tehran, 453p (In Persian).

Mulder, V.L., Lacoste, MygfRicher-de-Forxges, A.C. & Arrouays, D. (2016). Global Soil Map.France:
high resolution spatial modelling the soils of France up to two meter depth Advances in Soil
Science, 578,(19,1352-1369.

Najafian, AwDayani, M., Motaghian, H. & Nadian, H. (2012). Geostatistical assessment of the spatial
distribution,of some chemical properties in calcareous soils. Journal of Integrative Agriculture, 11,
1729-1737.

Nourzadeh,”M., Mahdian, M. H. & Malakouti, M. J. (2010). Investigation and prediction spatial
variability in chemical of agricultural soil using geostatistics. Archives of Agronomy and Soil
Science, 1-15.

Olsen, S. R. & Sommers, L.E. (1982). Phosphorus. PP. 403-430. In: A. L. Page (Ed.), Methods of Soil
Analysis, Agron. No. 9, Part 2, Chemical and microbiological properties, 2nd ed., American Society
of Agronomy, Soil Science Society of America, Madison, 403-430.



Yo (35 0U'sS abdi dw b ogy Ysb 51) dlio y/pic

Page, A.L., R. H. Miller and and M. Keeney. 1992. Methods of Soil Analysis. Part 2, Chemical and
Microbiological Properties. American Society of Agronomy. In Soil Science Society of America,
Vol. 1159.

Patriche, C.V., Rosca, B., Pi'mau, R.G. & Vasiliniuc, 1. (2023) Spatial modelling of topsoil properties
in Romania using geostatistical methods and machine learning. PLoS ONE, 18(8).

https://doi.org/10.1371/journal.pone.0289286

Piri sahragard, H. & Zare Chahouki, M.A. (2015). An evaluation of predictive habitat models
performance of plant species in Hoze soltan rangelands of Qom province. Ecological Modelling,
309,310: 64-71.

Portal of Jihad-e-Agriculture organization of Chadegan city. https://chadegan.agri-
es.ir/Default.aspx?tabid=7687 (In Persian).

Qiu, W,, Curtin, D. & Beare, M. (2011). Spatial variability of available nutrients and soil carbon under
arable cropping in Canterbury. The New Zealand Institute for plant and food research limited. 7 pp.

Reza, S.K., Ray, S.K., Nayak, D.C & Singh, S.K. (2018), Geostatistical and multivariate analysis of
heavy metal pollution of coal-mine affected agricultdral’seils of North-eastern India. Journal of the
Indian Society of Soil Science, 66(1), 20-27. doi:10.5958/0974-0228.2018.00003.8.

Rezazadehshamkhal, S., Gholamalizadeh Ahandam,A., Gazmeh, S, Froghifar, H. and Bameri, A. 2016.
Evaluation of Different Interpolation Methods h,Spatial Estimation of Soil Properties in Sistan
Plain. Water and soil science, 26 (2), 151162«

Rizwan, M., Siddique, MN\I., Ahmed, H., Igbal, My & Ziad T. (2016). Spatial variability of selected
physico-chemical propetties and macronutrients iR the shale and sandstone derived soils. Soil
Environment, 35(1), 12-21%

Sharma, B. D., Aggarwal, V. K., Mukhopadhayay, S. S. & Arora, H. 2002. Micronutrient distribution
and their association whit soil properties indgentisol of Punjab, India. Journal of Agricultural, 7, 315-
322

Sharma, RgP., ChattarajyS.,Afasu, D., Karthikeyan, K., Tiwary, P., Naitam, R. K. & Nimkar, A. M.

(2021 Spatial variability assessment of soil fertility in black soils of central India using geostatistical
madeling. Archivgof Agronomy and Soil Science, 67, 7, 876-888.

Tagore, G.S;, Bairagi, G.D., Sharma, R. & Verma, P.K. (2014). Spatial variability of soil nutrients
using geospa&l techniques: A case study in soils of Sanwer Tehsil of Indore district of Madhya
Pradeshy, Remote Sensing and Spatial Information Sciences, 8,1353-1363.
doi:10.5194/isprsarchives-XL-8-1353-2014.

Utset, A., Lopez, T. & Diaz, M. (2000). A comparison of soil maps, kriging and a combined method for
spatially prediction bulk density and field capacity of Ferralsols in the Havana-Matanaz Plain.
Geoderma, 96, 199-213.

Vasu, D., Singh, S.K., Sahu, N., Tiwary, P., Chandran, P., Duraisami, V.P., Ramamurthy, V., Lalitha,
M. & Kalaiselvi, B. (2017). Assessment of spatial variability of soil properties using geospatial
techniques for farm level nutrient management. Soil Tillage Researches. 169, 25-34.
doi:10.1016/j.still.2017.01.006.

Vieira, S.R. & Gonzalez, A. (2003). Analysis of the spatial variability of crop yield and soil properties
in small agricultural plots. Bragantia, 62,127-138.

Wang, Y., Zhang, X. and Huang, C. (2009). Spatial variability of soil total nitrogen and soil total
phosphorus under different land uses in a small watershed on the Loess Plateau, China. Geoderma,
150, 141-149


https://chadegan.agri-es.ir/Default.aspx?tabid=7687
https://chadegan.agri-es.ir/Default.aspx?tabid=7687

V]

\R4

Weindorf, D. C. & Zhu, Y. (2010). Spatial Variability of Soil Properties at Capulin Volcano,
New Mexico. USA. Journal of Soil Science Society of China, 20, 185-197.

Wollenhaupt, N. C., Wolkowski, R. P. & Clayton, M. K. (1994). Mapping soil test phosphorus and
potassium for variable rate fertilizer application. Journal of Production Agriculture, 7, 441-448.

Wu, W., Xiu, D. T. & Liu, H. B. (2008). Spatial variability of soil heavy metals in the three gorges area,
Multivariate and Geostatistical analysi. Journal of Environmental Mointoring Assessment, 157, 63-
71.

Xing-Yi, Z., Yue-YU', S., Xu Dong, Z., Kai, M. & Herbert, S.J. (2007). Spatial Variability of Nutrient
Properties in Black Soil of Northeast China. Pedosphere, 17(1), 19-29. 2

Zhang, X., Lin, F., Jiang, Y., Wang, K. & Feng, X. L. (2008). Variability of total and availab
concentrations in relation to land use and soil properties in Yangtz river deltabof Chi
Environmental Monitoring and Assessment ,

Zheng, J., He, M., Li, X., Chen, Y., Li, X. & Liu, L. (2008). Effect of Sa
the micro scale heterogeneity of soil in a mountain grassland, China J
72, 150-161.

Zulfikar Khan, M., Rafikul Islam, M., Abdus Salam, B. & Ray, TY. (2021
Geostatistical Analysis of Soil Properties in the Diversified Cropping
Using Geographic Information System Techniques. lied an
19. https://doi.org/10.1155/2021/6639180.



https://www.hindawi.com/journals/aess/

