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Figure 1. Location of the study area in country (a), province (b), three dimensional view (d) and sample

profiles on DEM (e).
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1- Pachic
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Table 1. Morphological characteristics of representative profiles along with their classification up to family.

o Conlia X,
5 é Q) E‘ 3 é Consistence Ny 3 E Color g ~ E
Le 3243 52 A T
2 wE NF af Jg 20 00E Jg g =
e )y = YR = VA
Fine, mixed, superactive, thermic Pachic Calcixerolls : P-7
ev vp Vs fi vh 3f 3vi/f 2 m sbk 10YR3/3  10YR4/3 0-10 Ap
ev vp Vs fi eh 3f+2m 3vi/f 3 m sbk 10YR3/3  10RY4/3 10-25 A
ev vp Vs fi eh 3m 3vf/f  2cabk+sbk  10YR3/3  10RY4/3 25-55 Bw
ev vp \ fi eh 3c 2f 2 mpr 10YR4/4  10YR4/4 55-90 Bkl
ev vp \ fi eh Im 2f 2 mpr 10YR4/4  10YR4/4 90-120 Bk2
ev vp Vs fr eh 2 mpr 10YR4/4  10YR4/4 120-150 Btk1
Loamy-skeletal, mixed, active, calcareous, thermic Lithic Xerorthents : P-13
ev p s fr mh 2vi/f 2vi/f 2mgr 10YR5/4  10YR6/3 0-17 A
ev p s fr mh 2vf 1vf 2 m sbk 10YR5/4  10YR6/3 17-30 AC
Fine-loamy, mixed, active, thermic Typic Calcixerepts : P-35
es p s fi vh 2vf/m 2vi/f 2fgr 10YR4/4  10YR6/4 0-20 AP
es p s fi vh 2f/m 2vf 2mgr/sbk  10YR5/4  10YR6/4 20-35 Bw
ev P s fr vh 2vf 1vf 2 m sbk 10YRS5/6  10YR6/4 35-60 Bkl
ev P s fr vh 10YR6/4  10YR7/4 60-90 Bk2/C
Fine, mixed, active, thermic Calcic Haploxeralfs : P-80
ne vp Vs fi eh 2c/vi/f 3vf 2 m sbk 10YR4/4 10YR4/4 0-15 A
ne vp \ fi eh 2vEIE 2vi/f 2 m sbk 10YR4/4  10YRS5/4 15-35 Bw
es vp \ fi eh 2vf 2vi/f 2 m sbk 10YR4/4  10YRS5/6 35-57 Btl1
ev P s fr ha 2vi/f 2vf m 10YR7/4 10YR7/4 57-90 Bkl
ev p s fr vh 2vi/f m 10YR6/4  10YR7/3 90-120 Bk2
1- Orthents
2- Xeralfs
3- Xerepts
4- Xerolls

AL
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Table 2. Physical and chemical properties of representative profiles along with their classification up to family level.

A
el H Lo
. v, g 3 \»l o voow L E A B
- ) ) ? KR : ? 2° s . B
Loy I - 1 1 Y 1 w 403 4 I8 § 2.
T 2 2% b 3 o5 o8 w0 s 4 oz he WEE
é @ O Q 2 5 Z &2 g 3 SN} ) 'S 4w S
Y
) ) & & 2 o K 4, =
)
% % meq/1
Fine, mixed, superactive, thermic Pachic Calcixerolls : P-7
14 38 48 263 7.5 2.65 96 37 81 9.6 2.1 4.6 0.6 8.19 0.77 1.6 Ap
14 38 48 444 1.6 375 5.1 69 1.2 99 3.1 11 0.6 8.14 1.07 1.43 A
12 38 50 1.3 4.8 3.72 1 89 19 52 11 2.1 8.1 0 7.77 1.15 1.71 Bw
12 34 54 74 311 6.64 9.1 72 9 9.1 36 1 5 0 8.07 0.7 1.28 Bkl
12 34 54 39 412 2.67 8 83 6 9.1 35 21 1.3 0 7.96 0.71 1.38 Bk2
18 32 50 35 15 9.63 9.2 57 6 8.1 4 2.1 3 0 8.18 0.54 1.58  Btkl
Loamy-skeletal, mixed, active, calcareous, thermic Lithic Xerorthents : P-13
42 38 20 43.1 6.3 744 7.4 59 12 1.2 66 6.1 7.6 0 8.03 0.75 1.36 A
38 41 21 18.1 6.6 943 4.6 55 8 1.2 25 4.1 4.5 0 8.25 0.65 AC
Fine-loamy, mixed, active, thermic Typic Calcixerepts : P-35
39 37 24 28.1 9.1 5.46 10 42 27 2 2.1 45 506 04 8.08 1.12 1.47 AP
39 36 25 1.1 4.7 547 422 42 7 22 95 14 703 02 793 0.75 1.6 Bw
37 39 24 54 6.15 442 6.1 46 4 82 22 42 3 0 8.1 0.47 1.5 Bkl
40 38 22 3 9.18 339 46 58 6 2 9.1 3.1 702 0 8.2 0.38 1.51  BkC
Fine, mixed, active, thermic Calcic Haploxeralfs : P-80
26 38 36 272 7 8.59 6 36 21 43 2.1 5.1 2.3 0 7.6 1.24 1.76 A
28 34 38 54 7 7.46 1.1 54 5 6.1 55 86 7.1 0 7.65 0.81 1.78 Bw
26 32 42 49 1.2 1.52 1.3 55 7 52 216 116 4 04 793 1.49 1.75 Btl
22 35 43 42 6.39 2.54 7 37 5 9 14 43 6.2 0 7.47 0.52 1.94 Bkl
24 33 43 3 9.32  7.54 1.3 38 5 7 72 6.1 8.2 0 7.28 0.34 1.65 Bk2
.55‘.4}&ﬂu.bﬁfﬁa‘ﬂq@)éaﬂdbuduéu&u—\"gbk
Table 3. Soil families identified in the area along with the code for each soil.
s Juols s Juels
Code Family Code Family
Loamy-skeletal, mixed, superactive, calcareous, thermic . . . . . .
1 Lithic Xerorthents 14 ine-loamy, mixed, active, thermic Typic Calcixerepts
2 Loamy-skeletal, mixed, active, nonasid, thermic Lithic Xerorthents 15 Fine, mixed, active, thermic Typic Calcixerepts
3 Loamy, mixed, subactive, calcareous, thermic Lithic Xerorthents 16 Loamy, mixed, active, thermic Lithic Haploxerolls
Loamy, mixed, active, nonacid, thermic Lithic Xerorthents 17 Clayey, mixed, active, thermic Lithic Haploxerolls
5 Clayey, mixed, active, calcareous, thermic Lithic Xerorthents 18 Fine-loamy, mixed, active, thermic Typic Haploxerolls
6 Loamy, mixed, superactive, thermic Lithic Haploxerepts 19 Loamy, mixed, superactive, thermic Lithic Calcixerolls
7 Fine-loamy, mixed, superactive, thermic Lithic Haploxerepts 20 Fine-loamy, mixed, superactive, thermic Typic Calcixerolls
8 Clayey, mixed, active, thermic Lithic Haploxerepts 21 Fine, mixed, active, thermic Typic Calcixerolls
9 Fine-loamy, mixed, superactive, thermic Typic Haploxerepts 22 Fine, mixed, superactive, thermic Pachic Calcixerolls
10 Coarse-loamy, mixed, superactive, thermic Humic Haploxerepts 23 Fine, mixed, superactive, thermic Typic Argixerolls
11 Fine-loamy, mixed, superactive, thermic Humic Haploxerepts 24 Fine-loamy, mixed, active, thermic Typic Haploxeralfs
12 Loamy-skeletal, mixed, semiactive, thermic Typic Calcixerepts 25 Loamy-skeletal, mixed, superactive, thermic Mollic Haploxeralfs
13 Coarse-loamy, mixed, superactive, thermic Typic Calcixerepts 26 Fine, mixed, active, thermic Calcic Haploxeralfs
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Table 4. Fitted models and parameters related to the experimental variograms of the studied variables.
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Figure 4. Fitted variograms for selective features (a: soil thickness, b: mollic horizon thickness, c: upper
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114



VEo o (1) o)l dTA) Als S g f clis gla yidg}s s puls

oolie L S o slas e e 5 A3 ool baais
5wy cpl 5 Ll 3L Sl S ol Cili

A eslinal 5 Larls KK S

Ll o sk S04 Sy G
ol b (A ol LS o yeie 1y (55 ,e

_ s b
& 62
E' I | i I,
$§ 366 ! . = I -
¢ 5
& 238 | L | 1 |
i i o s
014 ] | 1 1 H _1;‘.013 <I" Lo ¥ 1§ ] ] |
s oom 038 063 o 136 160 018 110 238 366 T 622 750
’ Ve woad gpefoglan  Measured 102 7 ¢ Ve ™ ot g8 ojlat Measured, 10-1
N -
e ! . 2
ﬁm LRl
g 267 1 313 |
° -
4 2 4 4 1 4 : ] 2 1
a R L | jEm———y I} |
.1"‘”L————~—+—'-"‘:‘ZF'_'_!_—_‘_' o] £ 061 Il ! | | o
2) . ! . . e
3087 | I : QY 1_1ﬁ__r__’/’.‘
0 1 1 1 1 H 1’ ot ol . 1 L i L
70 067 13 200 , 267 N w0 3 03 061 100 ™ 187 200
- Vet g S oyt Measured, 1017, f Ve ™) ot g 5a8 ol Measured. 10-1
e 102 A
&y 18 3 1
& g6 g oss | ! | | L
] 8 068 | : ! ! !
‘é 53 1 £ !
] 4 K 1:051 ! ! Jd | | i
- [} )
& 267 | 1;034
$m 017
1’ 0 1 1 & Tig . 0 H 1 1 1 1
2 133 267 400 533 667 800 0 017 034 051 068 085 102

1o

Ve ™ sat g5 olt Measured, 10-1

sad g S 0jlail Measured

3 U 5,0 (Sl Gl Cubs b (S cubrs @) Gl b Shy ol KK S Jae Jolise v lasl -0 IS

(el U g (105 10V (b g O3 M) Aol b i s of (S 351 3658 5 10 0 Sk ;T 331 5B 58 5 50 2 (KeeS

Figure 5. Cross-validation of the Kriging model for selective features (a: soil thickness, b: mollic horizon
thickness, ¢: upper cambic horizon boundary, d: upper argillic horizon boundary, e: upper calcic horizon
boundary, f: effervescence with acid (ne: no effervescent, ev: extremely effervescent).
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Figure 7. Soil family map obtained by combining different thematic maps. The profile code indicates the soil
family code (Table 3), which indicates the type of dominant soil in each map unit.
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Abstract

Background and Objectives: Detailed soil maps are an essential tool for achieving sustainable
management. Despite advances in digital soil mapping and efforts to produce accurate maps,
insufficient reliability of soil maps on many scales remains. Recent studies have focused primarily
on remote sensing, which takes into account the characteristics of the subsurface of the soil. This
study used a new interpolation method between subsurface characteristics and soil diagnostic
properties to increase the accuracy of the prepared maps. In this study, the production of soil maps
with two approaches including use of geomorphic surfaces as well as the interpolation of subsurface
characteristics of the soil in the Chalous region were examined.

Materials and Methods: The study area with an area of 100 hectares in Bandar village is one of the
functions of Kelardasht section of Chalous city in Mazandaran province. The thickness or depth of
the upper / lower boundary of characteristic horizons or characteristic soil characteristics was used as
a criterion for distinguishing soil map units. According to the Comprehensive American Soil
Classification System, there are six influential characteristics in the division of regional soils at the
family level (Upper Combine horizon boundary, argillic horizon upper boundary, calcic horizon
upper boundary, Malic horizon thickness, limestone or limestone thickness or the numerical
interpolation of these features was used to generate thematic maps. The final soil map of the region
was obtained by combining these six thematic maps. After mapping each of the soil properties
separately, all the prepared maps were crossed and a map of homogeneous units was obtained. In
order to study and describe the spatial structure of the variables, a semivariogram was used. The
existence of data trend and heterogeneity was also examined. After preparing the change curves, the
selection of the best models was done using cross-validation method and RMSS index.

Results: In order to prepare the soil map using the geomorphic surface method, out of 20 soil units
identified, 12 soil units were of the same type and 8 units were of the community type. However, all 20
map units obtained by interpolation of subsurface features were of the same type. This method had
high accuracy in drawing the boundary between soil units. The main differences between this method
and traditional methods are in the production of detailed soil maps, the use of supervised automatic
interpolation instead of manual interpolation, and the use of a set of quantitative indicators.

Conclusion: One of the major advantages of this method is the use of internal characteristics of the
soil as an auxiliary variable along with other climatic factors, topography, living organisms, parent
material and time. This study underscored the importance of the role of factor s in the SCORPAN
model and showed that the internal properties of the soil, which are directly involved in soil
classification, can be effectively used to separate soil units.
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