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Figurel- Geographic position and distribution map of sampled points in satellite image of the studied area.

aoly |y dlold pl aS sy o (0B d> Ay Ly o0 a8LS] ue
() 48 bl as 1y 0ass col a5 b yoss o Hlio g 43l
9 2o (6935 (s Lod i & a8l (55l Jdo o i
5 (RSS) 0a0le Bl wlayje ggemme (oS (385 Jlad )3 b (ks
b9 3 Uigim cnl 08 Sl (R2) (e i pd cp i
Aol juSe (23059 9 (OK) (Jgone Sz S (g sl
03l wl Lo yusito Sl il puats oy cp> ¥ 9 ) ol L (IDW)
Arc Gl 8le s il eolawl b S1B sl pusio SIS0 Ol ypuss s o
A5 i GIS 9.3

slacSoe Sl (alagy (e o SBl g b)) sl
5 (ME) Ut S5Ls (RMSE) st ©ligo (0o a5
s Oizpan (W) 35 eslizel (MAE) s llas 135 53k
5 6rmsSojhl yalie el i syl gy (CCC) N ool
10,5 duoles (YY) o dsles 5l oalizwl b PR g Ks o 3,91

1- Concordance correlation coefficient

GByS9alsS ygail L lwodls i (992 Jloyi 51 lisalol 51 g
i 6Ly 356 s3,8 Awloea SPSS 16 158l 5 L Wnodls e
9 S Clogad SLSe Ol @ig bl lp L
(\\c) GS+ )l)_9| £ )] ol L\ PR 9 Ks (aalko dy90 L;’w
725 g 4 48 Sl (b (229 Sled i 085 ploxl
(IY) 29 0 dumle

1 N(h) ,
v(h) NG iZzll[Z(xi>—Z(xi +hy]

0)
SIThalol ;o S sladiges cas dlis N(h) O dablee 5o
o) e Z (X, + h) g ond (g pSojlnl e Z (%) (S,
ol )3 LB Z (%) 51N alols 4 a5 Laid g0 puiie 0ld (55
Ao g 53l aely (glashad (51 el )y dw jl Led yuss oy
Aol (ol L puiipnns jle .l o S5 it by ailiw]
il 3329 J) (56 Vgans 4 3455 oo (slackid 511, (120) oo
silworlal (gylayasiges (slallas e @55 50 (olai sl
Aol U5 L5 o i N il ol 50T 5 oSt



WAA Coligs )l = (28,958 A o)lod FY o SB gl wy s Vo F

§ EC T (28 PR KS (6 ppicyyess )y il 5ol
9 ($309laS s plS) s )jo SB Cush) (s )l 92 2) SAR
YL @l 09 YU adllas 550 ddlain )0 (b (5,0,8) MWD
e jload Jlosl (i pie glagsby) @ olgie 1) it
S s s yLS 5o deg )l anlyd 00 Sis i Sligu,
Olie 4 (YO) Lo 5 (oo bawgs KS (sl CV (YL polds
2Ll 2 a8 s (Lh S e FAT Glie 2 (V)
HKer g g ymol ol o 5yl 5 by db] pas adlate o)
YA L yolp Jwdyl ey walyl ;o PR sl 1, CV lads 56 (V)
2539] Cewndes oy

¥V Jgi 0 S e ysie (g (1) g (Sised ul o
KS (s jl simo 5 Lble ( Siusod 395 o0 oblio (] ol o>)9T
TP MWD T )5 o35 b KS 5o ixe g o Stansodd
3 S Gyl 5l ey il g i Liol38l el canday FWC
L duslio po coidyd A8l o (iol38l) SB 38l o310l n5e8
A olen s [ EC LKS Late (Siuwes cle (V) 23,5 o
5 e 9 el Jto LayalS oo b dulie )3 mats (VL oy
35 SAR lie (09 YU 9l cod S @lydy STy dseis jo
G 58, YU cle 4 SAR il 8l b el gabg0 (pl Lbe
I S Jsbro )3 o g el 300 4 e il
KS J3=5 corgo Lol 9 odd dgdue SB- J8Lio 5 2als aasliss
r=-) MWD L SAR (. )by ixe g (oo (Siumod 23,5 o0
anlite rizran (¥ J32) Ao 5550 (ol 3o 355 (057
o S JH pials g opalb pogatie pr (RIEIL 290
Colia (gl yue Sl 5l (YY) SB S8l JS v ialS s
Jdoas Jesle (iulsl b aS Jls )3 osd azwls” (KS) Mol ¢
Co (Simed el 04 039381 KS |50 5o MWD i34l
Jois) 58 o w1y £eb90 ol 3o (r=0.58**) OC L MWD
(Y Josz) BD L (i i (Siad V) 13,5 MWD i3l
oS Cude i 500 Ol 4 ol dn g BB Luwly cpl 40 5
ol 48,8 i (o5lwalSB als s b e i85 ]
3 SAR (S5 xSU colaa iol3 8l L 09 o odaliie yiston
col ialS prdw e id cde & MWD 11 58" iy il 38l
(¥ Jsi2)

2pc,0,

pC = 2 2 2
+o," +(uy —

Gyx tOy (1x Hy) v)

90X o 005 35905 g (6505101 pdlie o yow g (Sinrods

9 HX ko 00 3y0 9 (6550}l p3lia uilyly s ooy

Bl e e b 3505 g (s Sojul alie (il o ety

o3l polae oty oS > o lis |y (glas o yl5e CCC o)‘.oi

XS

SL sla Sy Ao g slao Lol
dyg0 dilaie S ;5 ord (6,505l (glapizo (glo] Corogs
03,51\ Jga )3 (55,5t 5 0l (231 (5 )l SSE 4 alllas
SAR 5 EC 1Sk 2 0 odaliio V Jado 4y dngi b .l 00
VNG (meq 1-1)0.5 4 +/aY dS m-1 jl o sy (Y/0 4 Y o)jlas)
2 VYA (meq 1-1)0.5 4 Y/YY dS M-1 a4 (5,0liS (50,8 5o
Ol o)l daly ) oaSUiS it & (S35 b 4 b o)l
e (LacS LS (YY) 3)Lon) (biympndd by 1 sl il
NP8 v g 550 GLacS B 09,5 13 (b (6 2)5) adlllas 55
3 ey (V1A 85,98 508 55 T (8 (5o 55,5 o
il 4 g5 o 1y ol Jds aS Wb o (VOZ) pb (6,08
Eb g (#hj iz (S S 5 g (sl sbaagS I jslis
Gl 040,85 g0 faidge cpl OB Cuws (65)5liS gyl 50
S8 3 S5 (1A mM) (55l g8 > MWD (:50ks
(LS50l codl et wlwly () Jgds) 25k (+/0V mm) Ll
P 1= YY) il pg) b LodIS (s adlllas 350 clacSs
V) 03 9 (12 V) (o () (=) (oo () £ (1= 1Y)
=P b 9 (M=) pgd (1= 4) (3 pgl 55 9 b 608 o (N=
aly cbSB byl (Y JS5) S3gr (55,5WES 5,8 53 (0= 1)
o Bydio glaials Cud )3 (518 e 4 (55)0liS )8
gl b 05 Koo 5 (b lle 2,08 53 5 € 9o 058
03y CaBlicudyd bdas il o (Jidilen Cgpuw jolaie a4y (oo
Sy J i plie Jdoan 2l 68 oSl o Jlo

it €8sy b lawgio Bdas oyl a2l
S he Sl QL sl (M) 09yd 9 Sy ganail
58 03lisl 3y50 LT (CV) @yl > polislyy S sl
S s i 33l 209 10 ySasS OV 1 () 18
bwgio (63308 puiie ML Mo yd YO 930 40 CV (ST (Yol
S oYL el s st MBSl Ao )d YO YL CV ST o)l



VoV ool 50 S (595958 Cangliio g gluidl (Solgyuud Colud (S0 Ol puodd

100

Clay
80 40

Clar (56) Clay (%)

" . 2o Silt(86)
Silty clay
Sandy clay o [/ Samiyclay -
Clayloam Siley clay loam \
7
Sandy clay loasm Sandy clay loam
®
Silt loans
Y
Silt
0 o0 . .
? = = ’ = Sana o) = » ° ° 100 ) 8 Y e 50 w© B ) 10 o
B Sand (26)
are
e $3y9LiSAgriculture

(st ol Sl Sl olulyr (555918 9 Rl S 652y 10 S by 595 - Y USW
Figure 2- Distribution of soil texture in bare and agricultural land uses according to America textural triangle.
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Table 1- Descriptive statistics of soil variables in the studied area.

Slas
e ) s Bl L o Ol e
Variable Unit Landuse  Min Mf Mean (CV, %)
ax

e R B 00002 0261  0.037 1556

A 0043 11 034 75.83

B 128 766 435 45.82

PR MPa A 125 743 346 46.83

B 839 2544 1960 18.44

FwC %ggl A 741 3314 1960 35.02

. s B 108 157 134 7.76

g A 096 147 122 10.06

. s B 243 284 263 3.05

g A 231 263 245 3.48

B 042 059 049 8.62

™ cm3 cm-3 A 039 061 050 9.35

B 003 141 051 74.82

MWD mm A 041 175 090 33.48
B 019 360 150 60.56

0,

oc % A 009 507 208 52.69
_ B 026 967 223 104.77
EC1:25  dSm-l A 032 416 093 85.76
_ B 063 6399 1478 113.05
SARL:25 (meql-1)0.5 n oo S T oy

casb,; FWC: Field water content, (¢5,5,5 cueglie; PR: Penetration resistance, glual SJg)ue coliaKs: Saturated hydraulic conductivity,

; MWD: Mean weigh S Jlss; TP: Total porosity, ids egase py»; PD; Particle density, ¢l jogase p,s; BD: Bulk density, 4c e

; SAR: Sodium <, :S1 eoluas; EC: Electrical conductivity, JT y,S; OC: Organic carbon, «liss Jls ;s owSilediameter of aggregates,
.55l A Agriculture, ,U; B: Bare, saw ods cowsadsorption ratio,
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Table 2- Pearson correlation coefficient (r) between studied variables (n=100).

e Ks PR FWwWC BD PD TP MWD  Sand Silt Clay ocC EC SAR
Variable
- ek - - *k *%k Fk - - *%k N * -
Ks 1 g9 026 052+ o5 031 0.59 0.60 0.60%* 043+ 036 0.22% () acun
PR 1, 3'2** 0.21*  0.04 -0.21* 0.3 -0.18  0.20  0.10 0.17 -0.17 0.05
FWC 1 0 3'7** 0.04 044*  0.08 001 -0.08 0.10 0.12 0.13 0.14
BD 1 0.48** o.sé** 025% 4'7** 0.40%*  0.41** 0_3'3** -0.13  0.18
PD 1 -0.02 0'5;1** 0.7'2** 0.62**  0.61** 0'5'1** 0. 46** 0.51**
TP 1 -0.01 0.15 -0.12 -014 011  022* 0.6
*k - - *k - -
MWD 1 0.60 0.54%% 0agex 098 0.56**  0.57**
Sand L ogemr ogarr 0% gaom  0p0r
Silt 1 0.46%* 46** 0.29%*  0.41**
Clay 1 0 3'3** 0.40**  0.62**
oc L ga1x o3
EC1:2.5 1 0.61**

ol 05 03)5l V Jgda 25 50 W puite wpSMe Cogi o pd B gV Jlein] prdaws )3 55 xe ol i s g
Variable symbols description is available under Table 1. *, **: Significant at P < 0.05 and P < 0.01, respectively.
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Table 3- Parameters of the models fitted to the semivariograms for soil variables.

o Jo o 50 Sy AUl sk g T W bt ol el g
Variable ~ SPatial dependence (0) &/ sill Nugget/sill suile Oy
model Range (m)  Nugget RSS R2
Log Ks 55Sus S 2443 0.02 0.13 0.154 0.00034 0.94
PR W E 488 335 0.928 3.935 0.236 1.27 0.778
FWC wos5G 555 .S 558 634  33.24 0.191 231 0.57
BD 955 lawgie c M 1042 0.0083 0.02 0.415 0.00002 0.90
PD 5G 455 ¢S 2844 0.0065 0.1 0.065 0.00002 0.98
TP WE buge M 1383 0.0016 0.0033 0.485 0.0000007 0.14

S: strong; M: moderate; Sph: Spherical; G; Gaussian; E: Exponential.
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Figure 3. Semivariograms (points) and fitted models (lines) of soil saturated hydraulic conductivity (Ks) and penetration
resistance (PR)
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Table 4. Assessment indices for estimating soil hydraulic conductivity (Ks) and penetration resistance (PR) using different
interpolation methods

e o9y b ke U e (pSle Uad Ol o (nKilw jedone @l co ps

Variable Method ME MAE RMSE CCC
Ks (cm min-1) OK -0.0002 0.131 0.192 0.417
IDW-1 -0.0005 0.133 0.195 0.411

IDW-2 -0.0007 0.134 0.196 0.417

PR (MPa) OK 0.028 1.256 1.516 0.392
IDW-1 0.053 1.327 1.600 0.256

IDW-2 0.053 1.294 1.564 0.305

ME: mean error; MAE: mean absolute error; RMSE: root mean square error; CCC: Concordance correlation coefficient; OK:
Ordinary kriging; IDW: inverse distance weighting. Variable symbols description is available under Table 1.
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Figure 5- Spatial variability maps of hydraulic conductivity (Ks) and penetration resistance (PR) in the studied area.
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Introduction: Over the last few years, due to the depletion of Lake Urmia located in the northwest of Iran,
the proportion of surrounding saline agricultural lands increased at a fast pace. Digital mapping of regional soils
affected by salt is essential when monitoring the dynamics of soil salts and planning land development and
reclamation schemes. The soil hydraulic and mechanical parameters are very important factors that affect water
and chemical transport in soil pores. In the salt-affected soils, saturated hydraulic conductivity (Ks) is very low
due to the high contents of sodium and weak aggregate stability. Penetration resistance (PR) indicates soil
mechanical strength to penetration of a cone or flat penetrometer; it is important in seedling, root growth and
tillage operations. Generally, PR values exceed 2.5 MPa, while root elongation is significantly restricted. The
analysis of spatial variability of Ks and PR is essential to implement a site-specific soil management especially in
the salt-affected lands. The objective of this study was to evaluate the influence of two different bare and
agricultural land uses on the spatial variability of Ks and PR in the salt-affected soils around Lake Urmia.

Materials and Methods: This study was conducted in the agricultural and bare lands of Shend Abad region
located at the 15 km of Shabestar city, northwest of Iran (45° 36" 34" to 45° 36’ 38" E and 38° 6' 37" to 38° 7' 42"
N). Totally, 100 geo-referenced samples were taken from 0-10 cm soil depth with 100100 m intervals (80 ha)
in agricultural (n=49) and bare (n=51) land uses. Sand, silt, clay, organic carbon (OC), mean weight diameter of
aggregates (MWD), sodium adsorption ratio (SAR) and electrical conductivity (EC), were measured in the
collected soil samples. The EC and SAR were measured in 1:2.5 (soil: distilled water) extract. Ks was measured
using constant or falling head method. Bulk density (BD) and field water content (FWC) were measured in the
undisturbed soil samples taken by steal cylinders with 5 cm diameter and height. Total porosity calculated from
BD and particle density (PD). PR was directly measured at the field using a cone penetrometer. The best fit
semivariograms model (Gaussian, spherical and exponential) was chosen by considering the minimum residual
sum of square (RSS) and maximum coefficient of determination (R?). Ordinary Kriging (OK) and inverse
distance weighting (IDW) interpolation methods were used to analyze the spatial variability of Ks and PR.
Spatial distribution maps of soil variables were provided by Arc GIS software. The accuracy of OK and IDW
methods in estimating Ks and PR was evaluated by mean error (ME), mean absolute error (MAE), root mean
square error (RMSE) and concordance correlation coefficient (CCC) criteria.The CCC indicates the degree to
which pairs of the measured and estimated parameter value fall on the 45° line through the origin.

Results and Discussion: According to coefficient of variation (CV) from the study area, the most variable
soil indicator was Ks (CV=155.6%), whereas the least variable was PD (CV= 3.05%) both in bare land use. The
Lognormal distribution was found for K data in the studied region. The Pearson correlation coefficients (r
values) indicated that there are significant correlations between Ks and OC (r=0.36), sand (r=0.60), SAR (r=-
0.35), EC (r=-0.22), BD (r=-0.52), TP (r= 0.31), silt (r=-0.60), and clay (r=-0.43). Also, significant correlations
were obtained between PR and FWC (r=-0.32), BD (r=0.21), and TP (r=-0.21). The spatial dependency classes
of soil variables were determined according to the ratio of nugget variance to sill expressed in percentages: If the
ratio was >25% and <75%, the variable was considered moderately spatially dependent; if the ratio was >75%,
variable was considered weakly spatially dependent; and if the ratio was <25%, the variable was considered
strongly spatially dependent. The strong spatial dependences with the effective ranges of 2443m were found for
Ks. The PR and PD variables had the least (335 m) and the highest (2844 m) effective range, respectively. The
range of influence indicates the limit distance at which a sample point has influence over another points, that is,
the maximum distance for correlation between two sampling point. The models of fitted semivariograms were
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spherical for K and exponential for PR. According to RMSE and CCC criteria, there was not found significant
difference between Ks estimates by OK and IDW interpolation methods. The high CCC and low RMSE values
for OK compared with IDW indicated the more precision and accuracy of OK in estimating PR in the studied
area. Generally, the spatial maps showed that from agricultural to bare land use by nearing to Lake Urmia, the
BD and PR increased and consequently TP and Ks decreased.

Conclusion: The results showed that Ks negatively related to the SAR, EC, BD, silt and clay and positively
related to the OC, sand, MWD and TP in the study area. Also, PR negatively related to the FWC and TP and
positively related to the BD and silt. The spatial dependency was found strong for Ks. The PR revealed the
smallest effective range (335 m) among the studied variables. As a suggestion, for subsequent study, soil
sampling distance could be taken as 335 m instead of 100 m in order to save time and minimize cost.

Keywords: Geostatistics, Physical properties, Saline and sodic soils, Shabestar plain



