Seuenalal f’li 1"’

J Soil Plant Sci, 2025, 35(3): 95-110. Sl and Pt Seiene S

Tanaviibie: v
IR
T ) n

https://doi.org/10.22034/sps.2025.69189.1021 —

Journal of Soil and Plant Science

et

B AW

B34 Ui E-ISSN: 3092-6106 -

https://sps.tabrizu.ac.ir =
Research Article

Evaluating the Spatial Variability of Soil Quality in a Corn Field in Ravansar,
Kermanshah Province

Amir Rezaeil', Aliashraf Amirinejad®>

1-Department of Soil Science, Faculty of Agriculture, Razi University, Kermanshah, Iran.
E-mail: amirrkh57@gmail.com
2-Corresponding Author, Department of Soil Science, Faculty of Agriculture, Razi University, Kermanshah, Iran.
E-mail: aliamirinejad@gmail.com

Received: August 16, 2025 Revised: October 23, 2025
Accepted: October 23, 2025 Published: October 28, 2025
Extended Abstract

Background and Objectives

The spatial variability of soil properties in agricultural fields, in addition to pedological and geological
factors, is influenced by various management practices. Awareness of these changes is important for
sustainable soil and crop management. To evaluate sustainable management in agricultural lands,
understanding soil quality is particularly important. In other words, soil quality classification systems play
a crucial role in assessing agricultural production on farms. Over the last few decades, the spatial variability
of soil properties has been investigated using geographic information systems (GIS) and geostatistical
methods to interpolate soil properties. Zoning the main soil physical parameters is essential for identifying
areas with physical problems and carrying out corrective measures at minimal cost to increase crop
production. Although research has been conducted on zoning soil characteristics or evaluating soil spatial
variability in wheat, rapeseed, and rice farms, no comprehensive studies have been carried out on the
physical quality of soil in corn fields. Therefore, this study was conducted to investigate the relationship
between soil physical quality and the biological yield of corn in a 45-hectare farm.

Materials and Methods

To investigate soil quality, a large corn field with an area of 45 hectares was selected in Rwansar,
Kermanshah province, Iran. Using geostatistical techniques and ArcGIS-9.2 software, the spatial variability
of five soil parameters affecting crop yield including bulk density (BD), non-capillary porosity (NCP),
saturated hydraulic conductivity (Ks), available water capacity (AWC), and organic carbon (OC), was
evaluated on a regular grid (100 m x 100 m). The kriging method was employed to investigate the spatial
variations of soil properties. The appropriate interpolation model was selected based on the root mean
square error (RMSE) and the coefficient of determination (r2). Due to the flatness of the land and the
considerable depth of the underground water, the values of the five aforementioned parameters were used
to calculate the physical rating index (PR1). The PRI at each sampling point was determined by multiplying
the values of these parameters. Subsequently, the relationship between this index and the biological yield
of corn was investigated. SPSS-18 software was used for statistical analysis of the data. Data normalization
was performed using square root and logarithmic transformations, along with the Kolmogorov-Smirnov
test.

Results

The results revealed that major ranges of semivariogram for Ks and AWC varied between 137-145 m and
for BD, OC and NCP they were relatively long (161- 205 m). The range of all the investigated soil
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characteristics was greater than the sampling distance, indicating that the considered distances were
sufficient to represent the spatial variations of the characteristics. The best spatial structure model with the
highest accuracy was exponential model for Ks, NCP, and OC, and spherical model for BD and biological
yield of corn. Examining the zoning maps showed that the values of Ks, OC, BD, NCP, and AWC varied
from 0.006 to 3 cm/h, 0.2 to 1.32%, 1.35 to 1.8 g/cm®, 3.5 to 17.3%, and 4.24 to 16.63%, respectively. The
results also revealed that the spatial structure of non-capillary porosity and clay was medium, while the
others were weak. Because the semivariogram exhibited similar spatial continuity in all directions, all the
variables were isotropic and not affected by external factors. According to the bulk density zoning map,
approximately 60% of the soils are dense, with a density of more than 1.6 g/cm®. In other words, the density
of the subsurface layer limits the development of plant roots in the soil, resulting in reduced crop production.
Areas with a Ks value of less than 0.1 cm/h cover approximately 40% of the northern part of the region.
Additionally, only about 10% of the farm has good soil available water, while around 45% of the area faces
severe to very severe moisture problems. Finally, the correlation between PRI and the biological yield of
corn was strong (r = 0.8832**)

Conclusion

By examining the correlation between the PRI and crop yield, useful information can be obtained to identify
areas with inappropriate soil physical quality in a corn field. In other words, using geostatistical methods is
an important step toward investigating the spatial variability of soil characteristics and improving soil
physical quality. Therefore, it can be stated that the PRI is an important parameter for assessing soil quality
to enhance physical conditions and increase crop yield. In general, by preparing zoning maps of the PRI
index and biological yield with the help of geostatistics, the soil physical quality in any part of the farm can
be identified and improved.
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Author Contributions

Conceptualization, Aliashraf Amirinejad; methodology, Amir Rezaei and Aliashraf Amirinejad; software,
Amir Rezaei; writing-original draft preparation, Amir Rezaei, writing-review and editing Aliashraf
Amirinejad; project administration, Aliashraf Amirinejad. All authors have read and agreed to the published
version of the manuscript.

Acknowledgements

The authors would like to thank all participants of the present study.

Data Availability Statement

Data is available on reasonable request from the authors.

Conflict of interest

The authors declare no conflict of interest.

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Cite this article: Rezaei, A. & Amirinejad, A. (2025). Evaluating the spatial variability of soil quality ina
corn field in Ravansar, Kermanshah province. Journal of Soil and Plant Science, 35(3), 95-110.
https://doi.org/10.22034/sps.2025.69189.1021

This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License.

Copyright © 2025 The Authors.

@ ® @ Publisher: The University of Tabriz



https://doi.org/10.22034/sps.2025.69189.1021
https://creativecommons.org/licenses/by/4.0/

Qe 27T
R AR
ot e e PP el e A0 sbamio oF ol (F'D Al olS g S ails 4 e

https://doi.org/10.22034/sps.2025.69189.1021

E-ISSN: 3092-6106 Ri
= o ks
e https://sps.tabrizu.ac.ir

gy e

oliilo 35 (Lt ity y dilaio 48 & 33 45 ) 30 K9 3O TS CulS (S50 O gk (v y

BY 3155 0! o pil s (' Loy o

amirrkh57@gmail.com :aalbl, .oyl olials S g3l sl&iils (g5, 5laS suliily (S putige 5 asle 85,5

't‘)‘)"..‘ ‘éLai\:iLA‘)S ‘6:)‘) bm‘.} ‘LS:)JJL":Z‘S a;&i&b (LSB @_HA:\.@_A K] ‘3\9.‘.5 QJ; ‘d 9.\4.5\&; S cus .“9:!—\’
aliamirinejad@gmail.com :4.GLI,

VEF/ AN 1 S350 gyl VEF/ /YO bl ya gy
VECF/ A L ey VECE/ AN byl eyl

09 oslaS oY pans w85 (BT (b age mie (ol O e ol e L9 (S CudS unadld glaclle
Zea ) =53 Sy o0 Ko S el 5 sl 0l sladay cneal ($555LS LBl Sl cnsaae g gol5e
Wy 70 5 slelome) ale 31 sulitol b wd Sl slasle S e ey, dibis 5o ,USa ¥0 calue 4 (Mays L.
Salooua culaa (S go e JAIAS (5ol o siade asa Jold Jmns w5 50 S50 (adld iy SIS ol puis
Glales bans 5o paye sle Voo Ve slanl 4 aliie 4Ss S o S (T 00 S 5 olS olS Caa 5 O (halaiS pla]
LU o (Sidad gundd; pedld Sk pedls w2y (35, codlala bad ol (GIS) olilas oledls!
S5 il oS oy i @l b s 253 Si3slen wSlae b padln ful LU Gupe 5 oad 55l 5
S VPO BATY g ol€ Laa bl OF Ghalai€ 5 plat) (Sl g ouas cnlaa slagadli (sl (18 20l o) Lad saailass
s (53 Y0 BAAY) wil cand 4 (S gt JAAS 5 T S el o sads asa slagedls ¢l
TS el o Ja Bla Y B /08 o pladl (Sulgouna culan Huulie € uls Ol gubdig slada® )
Y/0 m Shmsent JAIAS (aSe Sie Bl 53 a S VA BV/TO Gu (58l (o geadis oo o s VWYY B -/Y o
oaald o (Shiuiaa (Cpined W0 g pile des o VAFY BF/YY G ol€ ol Caa B 0T Linla€ 5 s 0 VWY G
weald gaudigy sladd® 4 b IS 5 gbas (I = JAAYY™) ugs Goa (LA 50 S5 o s o Slae 5 (So5a8 (gaidd
o aeoie 5l abeli 5 S (b e Gl Olelime) ple S @ S34lom 0 Slae 5 S (S50 gubds,
s sl 5 olalin

SE i (S5 slsm 0Slae ()3 (b st Oleline) 1sudS slaojly

el g dilate 8 33 4 K e S S S a3 s (VFEF) e w3 osel 5 alis ) iddle Gl ds ol
A0V + (V)0 ol 5 SIE L et alitile S il

https://doi.org/10.22034/sps.2025.69189.1021



https://doi.org/10.22034/sps.2025.69189.1021
https://portal.issn.org/resource/ISSN/3092-6106
https://sps.tabrizu.ac.ir/
n-najafi@tabrizu.ac.ir
mailto:%20aliamirinejad@gmail.com
https://doi.org/10.22034/sps.2025.69189.1021
https://orcid.org/0009-0008-0522-849x
https://orcid.org/0000-0001-6552-599X

cee 338 48 5 30 WSV 30 S Col S0 Ol gkl gy 1P ol 9 O A

EPRY-I
i€ ol Sl 50l Sl Hu panbs age e Gl Ol pania ol e w3Y (S 2ui ) AT
il il 518 ulie sugune Ho Lagadld Gl 1o sd oo Gl age slagadld paas 5 Seplul b S
S (5035 i (Castellini et al., 2019) wbs oo (ual 50 S (oA § sau )y Hlaie JiSlaa 4 J seans o Slac
Jolse oy 580 ciad ol Kae walidiine) 5 S5 sloy dolse mesdle (sl glhe 5o Sa sla S5
Sy e Ll 5o olsuas ol 51 AKT (Aruna et al., 2016) s s alas! (aey adds wile s yae 5 Slos!
S S calis (53,58 dll ol o (2b5,) o SSeseslieds ol canaal Pla Jseans 5 S
aSlae g gl S g o8 Sl S cudS (g5, 5L o (Amiringjad et al., 2010) o ks (slo s s caeal
G lagadls pdaa (s b S (S50 ol 6 sgde 05500 ol Gae) Sanae gl Ho 5 sa s Jsene
sLagails G fiage 51 A sDosliS GLSIE 5o a8 a1 S S pha Gl Bsal 5o oS o) gem
S Sl 5 (55l o siads asa (JAAS (SIA (gl a el olS solital BB OT cudpk Jols (S5 cdS
23E Slge 5 1sa T Cpels 58 nad Lo SIA LU Lpeala cpl wites S g lul pedla Lol gglial JT

(Gulser et al., 2016) wias co L 1y Jsumas (s 500

2lihaa sl tlolo 3l soliienl b SIa sla S35 S8 (550 maadS ey f 95 50 «ud] 4a0 ain
ol Gl (gle3ay ceal (S (sla S5y 380 (2e33 5 bl sl Sleline) slagi s, 9508 55 5 (GIS)
conlie IS8l 3 eledlbl S b ol (SIa e SIS (sladad 3l 5 5 5Sie Glolis 5SS L
o Gulser et al. (2016) .(Zulfikar Khan et al., 2021) 5 < 3la51 S w55 cublE 5 (S65a8 ool yu o gags < 5o
5 ol g SIS it 56K 4 wo S adel el el K S (S sla Sy SIS ol uds e
sl SIA gla S5y slda SIS HEa Ll (inas was Yo Silies (Solieds 5 oo oldliia cga ol G
sleiuitan a5 0 GBI ol suss (558 (Susely dalh 5 Mepde bl gl Haalie 5 (Sl goas culaa
S saliil g 908 Jae S SIa pis s 3550 sl S3as

Ooaad (Sosad lagedls aaas bl eol@inl L1, S S05s8 el (oA li Amirinejad et al. (2010)
el ol o oS w0 S adlel 5 aalllas S T sole 5 (s ralls (o semdio asa e o plad) (Silgs0ia colaa
38 ceadles pealis aad o WS IS BT il spm s orn B (Sewsan 2 5 iy 0 Shae 5 S
oo Lastellini et al. (2019) sude & ool el oY pmns Sluly Wl G Guw, @l a8 S
po¥ 5 ahe (e cusade sl (1 (5550LES oY sumns iS5 ol e S (S5 sla S5y SIS ol puis
s5as esn B bhugie Shines S (65,55laS oY pans o Slae 5 SIB (Si5a8 sla S5y o b Gl 5 ol
il sl

Oles S350 5 age e Gao g misn 9 aniS 3 a5 GlieniS 6,5 ) LSS ALK (Zeamays L) o3
S so Buulids Olhae ol (LIS G L s 9 5 B (o e 5 G LS as e (3 ol s B HLE e =53 ol
O S alanle S ) ol sud (3,1 im0 VB0 o (aiign olise 5 wus o VF B OY oLE ol €ls o
S5 51 s Ol sa bl Bl ans a0 48, o @S ) e blad 31 48 cul gl @53 @iS age slag bl
(Mondani et al., 2021) 5,5 5158 5,528 Js) 455 5o placs aaly 5o 9 Slac

5 oS Ot g1l 3hlie plalidh gl e i S (S ol slagedls audiyy 45 G
ol sl slols macs aaly 5o oY sane wil 3 Glae SRl 8l Gkl Ho dada JBlaa b sl sllusl sl

'_Isotropic



1FeF 3l oV o o YO W olS g T G310 @ gid 1P ol g L0 4

Bl 5ol g8 loee (SuSly 558 Gl e dibie S oo 2l ¥ pane o Slae (gubdigy 428 03 b (Oaiges
@ 9 paS e S (S5 medln SIS lhuais Lol s ety duse 53 S (@bl e, e Al
LS (S nds L, ayee oo aels aleds) L ((Amiringjad et al., 2010) el sas alas) SEEa3
S S (S08 0l Sl alhanas pbosh Baa b Gaassy ol (sl s Gusias 59 203 pole s Slae
L oaliie a2 S 5o S (sla (S5 saisdigy o aladl slisle S bl Huidl gy ks o @50 (LS YO 4e )50

it ST ATCGIS-9.2 158l a s 31 sl b s leTome (slakus 51 sulitl

gy g olge
L;.fL.‘.‘;‘Ji? QL‘.AZ.;.AL::JL&‘LO mm@buﬁm;bm“)dﬂ‘d‘)wd L;a.‘.:“)“}“fj@w‘.in—a JJJA&]@.}A
(ab S LI =il g (Inceptisols) J s sl dilaie S oo, () JS2) 952 47°42'14"E 435°27'19" N

a9 (Clay loam) ey a !

dadllos oy g0 Ll L of yoa dadlas vy go dilaie LSS yaa Cusnd go -\ JSud

ailaie 5o ool b ol ool wlalllas o s gad G 5] sane aliie SMSud (55l et gad B, S LT )

0 ol ia olaiie 5 alagl jia Veox Voo ol b aliie ad S o 1S 555 48 ) euliienl b cdalllas 3 5
5953 & s 0 S (gt sad calllas 3 5o b3S 5a Lo el ciwads GPS 3l suliial b Slaalie i
olitylodl s ad alad) (Slo Bl YO-0) (ki) 5 (SlaBilu +=Y0) abiw 4¥ 50 58 5l sa)sd0e
OBoo @ soalls o made o sa (Gee & Bauder, 1986) i s aua i, 4 S cil Jold age (S50 sla S5
oo b S T o S (Jacob & Clarke, 2002) (sie giiles /0 pli ) 5 sie Bl 0 lals 5l alal ) 4l sicl
Jacob ) euls 5L i, b S plasl (S5 uua culaa 5 (Walkley & Black, 1943) avliy olo s S 50 b piules)
WIlcoX, ) a8 (55 b (OsaT) gl cdla 5o S sy Hlie 586 30w b siad a3 (& Clarke, 2002
09) oldd ladis olSia b (Bpwe) asls (Sase3y dbli cusby o (OFc) laes s cadsls cush; salie 5 (1951



er 9345530 SV )0 TB CuleS (S0 Ol gk (i S5m0l g O, Voo

ol swlaxX 5 (NCP) Kiss 5o e Jala5 (Richards & Fireman, 1943) (kPa v0- + 5 ¥Y i 5 S ke Jaewilsy
Sse dilhie SIA sla S35 Auo s LLT 55 ) Jyua il Guad 53 bl g, 51 soliied b (AWC) Yol Lia bl
waas oo lis ) aalllas

Noncapillary porosity (NCP) (%) = 0sat (Yov/IV) —0rc oVIV)
Available water capacity (AWC) (%) = Orc Qov/v) — Bpwe (%0VIV)

adllas 390 e S sla S35 o 5 slel =) Jgua

Ks BD AWC ocC NCP Clay Silt Sand .
(cm/h) (a/cm?) (cm/m) () A
YRRy 4 VYO Y/Y¥ A Y/0 Y Y- YY/0 Jslas

/- VA \PIEY \/YY \V/Y \as ¥y ¥y SSlaa

-/Y4 \/¥- \Y/AN \/-Y \Y/A0 YA YF/LA Ya/.v Sk

Y Y Y/-4 NAY N Y/v5 ARG Y/ Sl Jilal
\ilda /Y \TAYs V- /¥4 AL+0 #l-Y Y/A¥ ¥/0A () @ mads o s

il oo S pladl (Sl poaan cuolaa 5 (S go e

Dt g ablae 5 Aoy Hley Sl gy slaslSH0 LG s a3, (ZeA MAYS L) gy )3 calS slilee
Sose (2l slan S ad alasl dle y S OlagaSos HaTHl8 G saed Lyl LS Slpal b o)l eis
5 (OBSa s a S8 V) U5 olid yy s (LKA 3 0 SAS Y-+ ) o)) Jols SK il B w aa s b 5l
ol ad saliil 4o, 50 mh 5o eyl Jead sl oo b a5 Gl (GUSa 5 2 SISV ) anlly ol s
Blolis 5 suliinl b ey 3e (solul o alail SIA (5550 il gy Fae Lo HUSA 53 & K SLE YO ol3ae 4 @53 LA
Sose 4hB 58 50 K3slen o Slae LB Lo Jsmne cubls ol b Juad GbL s s aladl SLL ssl]
b nlae JUSa S SLS Coam s aladl pe e Llen calis b slas S Lo dallles
T ebole ulie (B, QLB ad suliiel TSiuan S i) OV S sla S5y (soadesmdS s oo
5 L Shs uudie LS (urw b o) (%) "o s 5 (RMSE) 2lhad cla ye (nSike 4 sl
STl wd s ATCGIS-9.2 155 a5 31 salital 5 LeTome lasiSs b (PRD VS (S5 (s, pmils
Gupta, ) Gy sS aal gl asls gulial 53 PRD SIA (58 gauasd; adld dawlas 6l a0 lagadla fila
Wdipr Joans wl s OBl G g SIa (58 Lyl ol S S Juol Gl 4 a5 Lo alasl (1986
s S5y 5 Jsmns 9 Slae slasaly o dasl;y usse oo olBEa3 Glus 5 S (S5 slagaals guies,
A aals /N G5, S RS b 5 S B0, oS G i b (S5a o 0 Bl (ol Ho ad aladl S (S5
oo ls 59 Gl 313 s 0l (e o Bae 5 im0 K 51 SRS (e o cdalllas o e dilaie o S 3T )

ool (o sadie asa (S5 el ol Jsmas 6o (PRI) (0508 uisass; padlds 5o 5 438 S sanali

!-Noncapillary porosity
2-Available water capacity
3-Kriging

“-Interpolation

5-Root mean square error
8-Coefficient of determination
7-Physical rating index



1FeF b oV o ot (YO WS> oS g S il a g AN g ol g S0, '+

RS Slade 5 (AWC) ol i il T (alaiS (KS) plasl (S goams culaa (NCP) (S se e J2133 (BD)
ol sad Bl Y Jgan Hu @l ol glp S Sosd slagedld gabdd; wad i K s ,u S (OC) JT
Joas Gallas GT 3500 S5y oo (sad s Se5hl) (a3ly Hlule 4 da g3 b (Slaaline) (5500 s B 58 50
Ay A.\‘JSU.A xg_.\.u.vt\-h 83 940 By L)A.‘}L—Z)AJ‘JE—A J‘).;l“\gi_f.&] Jslaa QJLL‘QL;L\.M).\‘tSBBTJ‘ .\:'J;QﬁaSY

%J;up‘;&\)du&mﬁuﬁ\)‘)‘ PRI UAAL.ZU&ASG‘)J‘AJ;JJJTU&Q‘JJW JJSlACJ
Physical rating index (PRI) = Wap x Wicp X Wks X Wawc X Woc

<(5‘).AUo uaJJ.A.LA P> (SLAuA.}LIlI L):‘JJ‘ ‘)il‘:u .,,;fI‘):M Woc S Wawe WKS MWnep Wep ‘dﬁf‘J Q:J BE) «<
ailbe ST 6 S olaie 5 ol Caa bl O (alai€ plastd (Sulgoaia cuolas (S s 02 JAIAS

03 Jgrans 13 S (S50 SlaS 5 G SUEH I -Y Jgua

oC AWC Ks NCP BD
(%) (cm/m) (cm/h) (%) (9/cm?)
iols 8] dals 58] ialy 8] 4ol 8] ialy 8]
>\ /Y \ >\0 <140 >\ \ >\0 -/4 V/YO-V/¥0 \
</a=\]Y /20 \Y/0-\0 \ \=+/0 /20 \Y/0-\0 \ \/¥0-V/0 /a0
VISR A V--\Y/0 A <Jo--/Y -/a Ve—\Y/0 -/a \/0-1/00 -/a
-[¥0--/F /A V/o-\ - - /A NASHYA /A V/o-\- /A \/00-\/F 1A
NACTYAL /A 0-V/a /A SARRIAY /A o-V/o IV \VigaYid") < JA
SARTYAY AL <o </Vo o[ d= /N AL <o /50 \/FO-\IV AL
<o/ IV \/V=\/VO -V
\/VO-\/A <150

Laouls (s kel Jalas
&l Bsspranl (B S gal < uJ—AJ.“ 5w S solsin) SPSS-18 ‘)l‘).é“sf 5 Lasals (5‘)L4T slayas el.sa‘ &l
S pos du) gladsas 5l Jleyine slasals p5 s sobwdlo s (sl o suliinl Lasals ) 65 G Jloss (aad
Al éJL’QL.u‘ ‘53:3‘)@

oy g s

S glaSig Slse Ol yuadd b))
o9 Gl ol ol K g sls dalas b Lasols o 5o SIS SBALL ssay s csobelime) sladalas Hu a8 Gl )
3l ] San Sl 5 ol Ssasly SBALL & (0l (Swas 5 (Sloa) bsals md 55 Gug Jlesisd oope
5 e i sla S has S lasals Hludbe 5 sl s sdla dalllas Hu Bl cpl o (Gulser et al., 2016) o g oo
S s 13,8 anl Lasals s Jless e s pmanad Gas S el s (5 sa5T 31 ol b Gunen s it suliioal 3,1
Slas e (Sl Hia slagadls Hsaliinl b S gla S50 51 Ko 58 6l (2023 laled il a5 5 dlas

!-Liebig’s Law of the Minimum



e 338 48 530 S 9O I Col S0 Ol gkl gy I P g aol 9 O V.Y

calaa SIS ©luis a5 s combosl Gal o w0 8 O G s st 5 w50l sl (S
oli (b 5a0l8e (g8l o padie asa sl b e 3 (T e S 5 (S ge e JAAS plusl (Sl uea
(Ydsas) o soliid Hole effect Jus 51 ol Qi o8 O Gialai€ sl 5 530S Jao 3 (Si3slsm o Slae 5 uy
LSE IS 5 6eS Jao b oy s o sla S3s5 S wiols oLis usa olallas o 3 Gulser et al. (2016)

A8l (55 sl ple Jas

S S0 538 6la (S g sled padtans Jalad malis ¥ Jgua

Ks BD AWC oC NCP Clay Silt Sand .
cm/h) (g/lcmd) (cm/m) ) JRae
LS s S Hole effect sl o ss S ssS s9S Jae
ey ey R RN Yy /50 LYY e shaks 3l

(Co)
YRR AT VAY V/+04 \VAY LJAPY V-4 AIYV Slal s>
(C+Co)
\YV/EY \YAV/a! YO/ VAY/VY Y¥/0N YYV/FF VAY/YY YPY/AVY o505 als
(R)
ERALY <IYY-V <[+ A¥A RN <IYAD < [FAFY ARRYA AR Co/(C+Co)

NI - /3 N NN -jof - JAY -[P¥ - IVA r2

RAY4 VAN Y/O¥ YANS Y/-¥ Y/-Y Y/Y V/AY RMSE

Jsan) 558 5o VWVIFY plotl (Sl goman culan 5 5 VAV/FY sralls (o sndis o sa 550 diols sl aalllas 5o
S aas e GLES paadge ol g Ll s dhals B Jid sual cuusts L8l gladiels Sl € aa s L (Y
adbis slaSIA o1, L S5 ol Se olmis cul Guils oeads sad €8 S Gl 5o (g5l ud sl Jusl 58
<els Amirinejad et al. (2010) 5 0 0- -+ 1) Al (o gndo o 550 dels 50 Igbal et al. (2005) .aas oLis
dals 5 aallle Lulde Lo ol 8l dels Ho WAL cle wusad GBLIK Sie YVO/O 1, udie ol L3l
o seads a9 (Salpodad culas sl mue s 5l S gla S5 ) s SSha colieds ol (ol s
(Saglam et al., 2011) wio 53 (5005040 g3 Gubile 4 diawly SIS ol yuas g1l g all
olie ags o /oY S plal (Sulgomua culaa s 50/ 0 Y (65alh (o siadis a e (sos lakd I late
59 S ghalial ol it Sl il S 4 Su3s lule Gl da 58 Ay cl s Jlesl bl b o shaks 3l
Jalods (glaalas 31 Hlade 038, YU Koo lieas (Castellini et al.,, 2019) cowl Hl5 55 500 (S35 ©lomis 0y,
5 ol olhmas b Glaledl slad (ol ol S 35S Jual 88 50 s Ssoe dadidie ol il
oY 1y ol o pads ana (S5 s slalss 31 Amirinejad et al. (2010) .o g oo olas) JouS LG a2
Lo sie SIA JAAS (gl Mabd 31 lute onal S yusla (a g5 5o sael crwsts @l 4 4S wogad (B1S
el JARS SIS GES] s e oo Sobal ol 5uss o s b sie w e 4 u s (+/T4)
(Bl aa) IS Guibnly @ @hakd J3 Guboly cuws S gl Shy Sl Sluds s o
SUALL < /VO B /Y0 (s 8 HlALL Sl +/VO 31 i Hlalis .l SIS HBALL al&atiul siasg Las (Col(C+Co))
oAl (s Gk 5 (Cambardella et al., 1994) sas o lis 1y s SIS JBALL - /Y0 5 1S 5 b sie

omite K1 sl et ol sty s € 5 (/YA 5 JPA (a3 bamsie s 5 (S st JALAS SIS



1FeF 3l Vo lo (YO W ol5 g S uild wgid S el g O, \.¥

GALS 0 ,Slaes aal olélhhs cga 5 Jiiwe o olynias K1 o 0 Slueal (sl o glite S ol juis )l
Lad 5o g aldls Sl SIS (S g said an 3 slaled uaSan Sl 4 a5 L (Reyes et al, 2019) oy o
wladla 18 ol JA‘JLJ;ECA:&GSJL.ALQJGJ&J;:\M Lo jazie daa JA (b0 g wlde olga

G yd Cudils (gl 0 S sla SHa g LYY
walllas )50 dlaie SIa gla S35 (aisdigy 43l bole Gug slagadls (Bl 5 clie Jao AT ) Guy
99 08 sl SK slagails suidig a8 wlie Juo (a0 5l Gy dasuls Jo i o8 e b ws S o
L SL goalls (osade aon (gaudig Wi ad arw i (Joare S S () @ (aba ) 5 sl oY
s 00! p s e G315 b (Y JS2) wo S g (S, b (65 dli g 5 (5508 Ladsmilad Jue ) suldil
Slaiel Hliie ings sugune (ol 51 Blall b 88 3la3 adl dug ol wd) oS losgune & (Shay s sl
oo semie poa crnlio sugane 13l wgs pagl (A B ) (o) dlie SIA il oS ST 512l (ol m it
S Blas 5 a SV/FO-V/0 sugune (51 5 (501 5 aSe Jia Tilew 53 0 SAVF-V/FO @8 2 (gl s 5alls
(Gupta, 1986) wa S Gaas « /0 (a5,) waSe Sl Tl 53 2 S V/VO-V/AD sugame (slhs 5 /A0 ()0} xS
Golbe ol (ualS Y Joaa Gollae abogaye 4535 b GBOL) «soall (o seads asa Glul38) il 4 (Sho o) liets
S VE ) i 5l o semie asa 5115 5 suse aS] it ailie SU abu ) @Y dmju Fe dpaa ¥ K
S o ) s 5 2d) @ wad cosgane S ab ) oY SIS (Sokeds s oo Sia il 5

.CAM‘MMJJ‘PMJJ&:AJJJHM&A&AA:\JJSJ

(g/cm?3) diely

1.35-1.45

1.45-1.50

1.50-1.55

Annn:

1.55-1.60

1.60-1.65

1.65-1.70

1.70-1.75

1.75-1.80

Scale: 1:375,000,000

33 (B) sho il 0+ G YD g (A) yis iils YO 1 jhus Bas ju S (5,8l (10 geads oy (Sisdigy ks Y JSib
dsdllas ) g6 dilaie

_Anisotropic



cer D9 45 5 30 SV 30 T Cul (0 Of gk (w9 S5m0l g (IO, \-f

soliial b by 5 abas Y 50 58 sl plad) (Silgsana culas guldigy A8 VL claws 5 Gillae

o a0, b el 5o Sie Bl V=Y 053 @S gl padld fpl dugs s0 gaae (Y JS2) il g (ol Jas )

WS Wa g /A G55l glols el s ie Bl /Y 5SS (Sulgaa colaa U 3kl (Gupta, 1986) wd (s
oly i gy dBlaie Jlad o 1y abacys) 0¥ ws o ¥ LusE

daala
(cm/h)
1.0-3.0

0.5-1.0

0.2-0.5

0.1-0.2

[[E

0.05-0.1

0.01-0.05

Scale: 1:375,000,000

dlais ja (B) yie il O+ LY §(A) yio Al YO U s das jo S Salgyuan Culaad gadadigs 4l . ¥ S

Ol Slowss (¥ US8) wo K ave 3 Hole effect Juo 51 sl b 50 ol€ Gia bl O (e gundigy a8
Ol L g e wa u VA B Y G (5ol (o semdis asa g oy oaolie b culile dilaie slaSIa o padls
slas¥ (o538 5 o<1 Koo o olieds bl GRalS cn gl Gol e u sl (RAK L 5 (o8l o uadis a e
s el oY sans o Slae 5 ud,; GhalS S aud S b, Gl 5 JAAS (2alS sels S ab )
D 3 ieS Luolie 5 o3 bS5l dings 80 sume lsieds wem,d VY/0-10 Gy dials ks Jlis 1, @ alea
el glls il wmyu Ve saa SSs e lieds (GUpta, 1986) wis s (+/£0) Liio) cesieS sl e a0
o 5wt LA B s S ol e wem s Y0 LusB 5 sus oslS Can s O (lai€ i 31 i
[+V 15 o1 Jlais Zhang et al. (2013) 5 V/0 1, s kel ol Llaie Kavianpoor et al. (2012) .asia SIA e b,
S aaas 51 Sy cadilsjs glakad i1 Glhae suoalie 51 555 cad acEA! cpl Jadods « Saoeslie 4o wiles S 3,18

(Aruna etal., 2016) cuals juaie Solad 5 Slaiow



1FeF b Vo ol PO W (olS g S Gilo agid 1 Pg ol g Lo \+d

N

A A"
rl&B daaly

s

el 00 YD g (A) yis il YO U s 3as ju S o oliS Gia il of (EalaiS guiadigy adds -¥ b

(cm/cm)

>15

12.5-15

10.0-12.5

IIIE

7.5-10.0

5.00-7.50

<5.00

Scale: 1:375,000,000

JAA3 (0 USd) W S a3 (oled Jae 5 (Jsane Sias S (555 b (NCP) (S g0 a2 JAIAS guisdigy 428
@38 3l G i, T @ g w53 ol w58 el Il (Sl wie 50 VY/0-10 diels b (S go st
S ge e JAAT B 51 S (508 bl b cudlS Glaie ol GRalS L il b« 35keds (Gupta, 1986)
9 iS5 0b) (B o) cnagane b adais sl ¥ wiep0 00 51 Gl (0 JS3) @l Gollae sl oo RalS
Aot 3blie) SIa abis ) slaw¥ (SIS 5 ool (o gade asa Glal38l b ((Solets 5 o050 @00 oy,
ol il (gololae (ualS o0 ol i (dadllas o) 5o 4Blaie



e 3348530 S )0 TB LS (S0 Ol gk (w9 WPl 9 SO \of

diala

(cm.cm®)

>15

12.5-15

10.0-12.5

L[[E

7.5-10.0

5.00-7.50

<5.00

Scale: 1:375,000,000

dilais yu (B) yio il 0 B YO g (A) yie il YO U jiuos Fas jo SIS (Siasgo yaé JAIAT (guiadigy il -0 JSub
.4.1JU=.44J3.A

3098 e 5 5 (538 Jo ol soliied L aallias 550 4lie 5o 4 9 5n SA T S siivtigs 438
3035 (o (a))) s 5 JTowl bl olsie a0 (T S aim 50 VY O Gl olie o Jgan bl s (7 JS2)
ST oS sandig w25 . (Gupta, 1986) wh o (2alS o0 ol wit ) gl SK i 5 (350 s ool 5l GalS L
Alls 5550 iyl 5o 38 Y wmso )+ ssun b5 4 aase oL (F JS8) S b ) 5 pakee slacsy
SRS I S sl (adane 55 Y Lo dibie calise ol (Jalie 5o 5 005 (T oS Ll 5l g Il s sl
SEAS i pa 55 g (ks oY 53 65 50) (AT sule w5aeS SIS 51 S Ll dade iteis wm o /Y
o S s iy da s 5wl s sane 5 S JAIAS 5 oledlSl



1FeF 3l ¥ o lod (WO W (olS g S ilo i 3155 0l 9 SO, \.¥

dasly
(%)
>1.20

)

0.90-1.20

[

0.60-0.90

0.45-0.60

0.30-0.45

0.20-0.30

Scale: 1:375,000,000

3,90 dilie 43 (B) jieLiilu O LY 9 (A) yis il YO U fus Bas ju S T (S (suindigy adids -7 JSub
dadlas

S (oS58 ualaa, padld
-drala Sl saliil b (PRI) (o508 (saisass; (adlid i sals s 55 Laghis 9 olse (a0 S50k «S ) shilas
J33 5 T 5o S ol (o peads asa ol G BB OF Glalas plusl (Silgoua colia sl S5y o
o2 0iO0) et (oS3l alie 4 da 3 L ol bl 58 Hs s Soleds wa S Gaad (K se e
Shoaliinl 5 Jyare Sunn S (a5, b AT 5oad wulas PRI padls dag] Copadiala bany 5 Gaas (S5
(V JS) wao K a5 oadanu o) 5 (oadas Y 50 58 SIa (58 (uid) 4385 (595 (sledpualad Jus

o3 adiy 6l sl b (o5 S0 () (53850 5 (e slagias o din s dala S Gl
(ks s25 LAY 5o 65254) (i cudS gl oo Joldi 1) (I T0 sua S (Jlad (al 5 o Lol ol 52
JaIas (Al (T s 4y S ool o gads aoa 5 aSIE Gl cleds (Koo cobeds o culie
s [V Ol S 0 S (S5 pedl (T sole (lae (3aIS rais (o sty BB el 85085 5 (S ge st
$500laS Bl 5o (il b ol 4e 550 Bllie fol s @8 Jseae Gub al s G5 Sl Qs Gl ol
WS dass S S cupae Jeol 4 ol (sene (ol 2Bl Gl S w3 cnlbls Gl b
3 08505 b SeBles YO 5l Gl Bae 5o ((pads Vi) asd S Cida W15 00 ey Gl 59 Lol 0 5iage
sole yloae (Bl g 5o (S 4 olS LS il S b eS| Slsas slausS Sl soliil (T Jliads
il S (ki 5 JAAS 0 g 5 @Ol IS slilee 5o sl sk s (T

-Plow pan



cer 90 45 5 30 S 30 S Cul (IS0 Ol gk (wiy 9 S5m0l 9 IO, \+A

& B S5y S8 gedld

0.65

0.70

0.75

0.80

0.85

0.90

0.95

Scale: 1:375,000,000

dilaio 3 (B) yissiil 04 B YO g (A) yia il YO B jis Bac yu S (a8 (adld (saiadigy il -V JSib
.MJLBAJJ}G

o8 @53 (Si5slam s Shae b Sla (548 Gadls (K =0.883277) Lsa la Siives Sily ml® o shivas

S eal@il LPRI el fuas b 5o Amirinejad et al. (2010) il ol wlie (A JSii) s aadllas o 5o 4Blais

Siesan Co e «SIA plasl (Sl goaas culas 5 JARS (T G008 s B T (ol o sumds 5a olis
lea S GEOIS a5 oo s i S 0 1) e g pa€ o Slae 5 SIA (b padld o

14000 -
(4]
)
S 12000 A .
\X/ o
= 10000 - *
(D)
=
T 8000 1 y = 7953.7x + 4492
;.; 6000 A r=0.8832**
o
S 4000 A
c
8 2000 -
0 T T T T T T T 1
06 0.65 07 0.75 08 0.85 0.9 0.95 1

Soil physical index
dadlas oy g0 dilais jo cayd (Sa5ed g o ySlas 9 SIA (Sa3a8 adld Gus dlasly —A JSib



1FeF 3l Vo lod (WO W (ol g S ilo g gid 3155 0l 9 SO, 1.4

I 5 A

Cao)y 53 sasde oledbl ()53 g0 (255 oY gumns o Slae § SIA ([Su508 abuad; padld Gy (Shuwas i b
slagt ) 5 suliinl (Sou colieds syl csts (el oo K o cliol (Kb cudS L bl olubus
Ol isn Ol s ol SA (K508 € Galdl 5 Lo S50 (SIS limds (a0 el Hu pge (oIS HLeT a0
ool 32 5 O € e LB ol SB 0l s 6l e 0o ls S (S0 gunds) pedls € o
gy JA1 o S alaBl J semns Grol ) o SIA (58 Laol s 0 sags g 59 (S0 sla (S5 andig slacass
Gt Lddd G e b ol Jsoae wdlS (gl ad 5 culls (58 5 Hlaly (555LaS Bl Ho u s
OV JWats 5 0Kaind b akand 4Y 5o (pad a¥ed) add GS Bla die) o S S5 gla S
e alail LA € sl bl il s b i a5 (S gm (slaa S 51 sulial

Yy 990 @L&

References

Arunal, L., Vijayavalli, G., Vivinraj, R., Vineetha, K., & Vigneshwaran, P. (2016). Study on spatial
variability of soils using GIS. Journal of Engineering Research and Application, 6 (12), 16-22.
https://doi.org/10.9734/ijecc/2022/v12i121488

Amirinejad, A.A., Kamble K., Aggarwal P., Chakraborty D., Pradhan S., & Mittal R.B. (2010). Assessment
and mapping of spatial variation of soil physical health in a farm. Geoderma, 160, 292-303.
https://doi.org/10.1016/j.geoderma.2010.09.021

Cambardella, C.A., Moorman, T.B., Parkin, T.B., Karlen, D.L., Novak, J.M., Turco, R.F., & Konopka, A.E.
(1994). Field-scale variability of soil properties in central lowa soils. Soil Science Society America
Journal, 58, 1501-1511. https://doi.org/10.2136/sssaj1994.03615995005800050033x%

Castellini, M., Maria Stellacci, A., Tomaiuolo, M., & Barca, E. (2019). Spatial variability of soil physical
and hydraulic properties in a durum wheat field: An assessment by the BEST-procedure. Water, 11(10),
2185. https://doi.org/10.3390/w11071434

Gee, G.W. & Bauder J.W. (1986). Particle size analysis, In: Methods of Soil Analysis: Part 1. Physical and
Mineralogical Methods, 5.1, Second Edition, SSSA Book Series 9, Madison, Wisconsin, USA.
https://doi.org/10.2136/sssabookser5.1.2ed.c15

Gulser, C., Ekberli, I., & Candemir, F. (2016). Spatial variability of soil physical properties in a cultivated
field. Eurasian Journal of Soil Science, 5(3), 192. https://doi.org/10.18393/ejss.2016.3. 192-200

Gupta, R P. (1986). Criteria for physical rating index for soils in relation to crop production. Pp. 69-71. In:
XIII International Soil Science Society Congress, 4-6 November, 1986, Hemburg, Germany.

Igbal, J., Thomasson J.A. Jenkins J.N. Owens P.R. & Whisler F.D. (2005). Spatial variability analysis of soil
physical properties of alluvial soils. Soil Science Society of America Journal, 69, 1338—1350.
https://doi.org/10.2136/sssaj2004.0154

Jacob, H., & Clarke Topp, G. (2002). Methods of soil analysis, Part 4: Physical Methods, First Edition, Soil
Science Society of America Book Series, Madison, Wisconsin, USA. DOI:
https://doi.org/10.2136/sssabookser5.4

Kavianpoor, H., Esmali Ouri A. Jafarian Z. & Kavian A. (2012). Spatial variability of some soil chemical
and physical soil properties in Neosho mountainous rangelands. American Journal of Environmental
Engineering, 2, 34-44. https://doi.org/10.5923/].ajee.20120201.06

Mondani, F., Karami, P., & Ghobadi, R. (2021). Simulation of moisture regimes effect on maize (Zea mays
L.) growth and yield in Kermanshah region by CERES-Maize model. Journal of Crop Science Research
in Arid Regions, 3(1), 39-56. (In Persian with English abstract)
https://doi.org/10.22034/CSRAR.2021.280069.1091

Reyes, J., Wendroth, O., Matocha, C., & Zhu, J. (2019). Delineating site-specifc management zones and
evaluating soil water temporal dynamics in a farmer’s feld in Kentucky. Vadose Zone Journal, 18(1), 1-
19. https://doi.org/10.2136/vzj2018.07.0143



https://doi.org/10.9734/ijecc/2022/v12i121488
https://doi.org/10.1016/j.geoderma.2010.09.021
https://doi.org/10.2136/sssaj1994.03615995005800050033x
https://doi.org/10.3390/w11071434
https://doi.org/10.2136/sssabookser5.1.2ed.c15
https://doi.org/10.18393/ejss.2016.3.%20192-200
https://doi.org/10.2136/sssaj2004.0154
https://doi.org/10.2136/sssabookser5.4
https://doi.org/10.5923/j.ajee.20120201.06
https://doi.org/10.2136/vzj2018.07.0143

e ©30 45530 S SO ST Cul (S0 Ol ki (qw g SN s ol g LD .

Richards, L.A., & Fireman, M. (1943). Pressure-plate apparatus for measuring moisture sorption and
transmission by soils. Soil Science, 56(6), 395-406. https://doi.org/10.1097/00010694-194312000-00001

Wilcox, L.V., 1951. A method for calculating the saturation percentage from the weight of a known volume
of saturated soil paste. Soil Science, 72, 233-238

Saglam, M., Oztiirk H.S. Ersahin S. & "I6zkan A. (2011). Spatial variation of soil physical properties in
adjacent alluvial and colluvial soils under Ustic moisture regime. Hydrology and Earth System Sciences
Discussions, 8, 4261-4280. https://doi.org/10.5194/hessd-8-4261-2011

Walkley, A. & Black I.A. (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.

Wilcox, L.V. (1951). A method for calculating the saturation percentage from the weight of a known volume
of saturated soil paste. Soil Science, 72, 233-238.

Zhang, S.W., Shen C.Y. Chen X.Y. Ye H.C. Huang Y.F. & Lai S. (2013). Spatial interpolation of soil
properties using compositional kriging and regression kriging with consideration of the characteristics of
compositional data and environment variables. Journal of Integrative Agriculture, 1, 1673-1683.
https://doi.org/10.1016/S2095-3119(13)60395-0

Zulfikar Khan, M., Rafikul Islam, M., Bin Abdus Salam, A., Ray, T. (2021). Spatial variability and
geostatistical analysis of soil properties in the diversified cropping regions of Bangladesh using
geographic information system techniques. Applied and Environmental Soil Science, (7),1-19.
https://doi.org/10.1155/2021/6639180



https://doi.org/10.1097/00010694-194312000-00001
https://doi.org/10.5194/hessd-8-4261-2011
https://doi.org/10.1016/S2095-3119(13)60395-0
https://doi.org/10.1155/2021/6639180

