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4- Soil erosion
5- Tolerable soil erosion
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Figure 1- Location of Doroudzan watershed in Fars province and Iran and locations of profiles in the studied area
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Figure 2- Drilling of soil profiles using mechanical excavator and measurement of soil profiles depth
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1- Calibration

2- Validation

3- Variance Inflation Factor

4- Coefficient of Determination
5- Forward Stepwise Regression
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2- Root Mean Square Error
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. Calibration data
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Figure 3- Particles size distribution of soil samples in Doroudzan watershed in Fars province
Hallow circles are calibration data and solid circles are validation data.
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Table 1- Summary statistic of physical and chemical properties of Doroudzan watershed soils in Fars province
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o (Clay) % 237 56.8 38.5° 6.30 18.9 428 37.32 7.50
Cdaus (SilE) % 322 54.6 4542 3.80 40.1 51.4 46.1° 350
o (Sand) % 13.3 441 18.3 7.50 12.2 35.4 2112 7.20
. I A ERVEE!
‘(‘S’ _f""""aﬁt‘f tha hmhrf]_l MJ 0.029 0.044 0.030° 0.002 0.027 0.046 0.031°  0.003
o1l erodipllity,
(S‘s_lrdé"t‘h ) m 0.40 1.80 1.04 0.350 0.45 1.75 1.10 0.038
oil dep
Jooii BB s
S cdy,un ton ha! year? 0.29 2.25 1.14° 0.52 0.35 1.95 1.03° 0.43

(Soil loss tolerance)

SIS S s O 355 ety nlaSE b g 3slis oleo anedS @l S gl o las S il culan cullé (i ias OM 4 BD PE MWD CCE EC

Sizwn SB ok g ¢ ynlls

EC, CCE, MWD, PE, BD and OM are electrical conductivity, calcium carbonate equivalent, mean weight diameter, water
infiltration rate, bulk density and organic matter, respectively.
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Table 2- Summary statistic of Skidmore model parameters in estimation of soil loss tolerance limit in Doroudzan watershed

in Fars province

sl s KYS P oNlbe Jlas Sl lee Bl
Parameter Unit Mean Min. Max. SD
(SE o 5c) 2 m 100 040  1.80 0.41
Z (soil profile depth)
Z1 (the lowest soil proper depth for sustainable growth of crops)
Z> (the most soil proper depth for sustainable growth of crops)
(Tour S <8550 Jooid JIB 2> ol 22) Tt mm 020 020 020 0.00
Ti (the low limit of soil loss tolerance limit, T(xy.)
(T SE cdypin Joodi LB 22 VL 2] T2 mm 185 110  2.00 0.26
T2 (the upper limit of soil loss tolerance limit, Txy.)
(S& cy0 Joos JB ) T mm year. 014 0029 0225 0.05

T (soil loss tolerance limit)
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Table 3- Correlation coefficient of physical and chemical properties of Doroudzan watershed soils in Fars province
ok ol e - oly,s
P . e gl yd adld oslo
Al Sl o SRl g ule osate el

owaiR s (K- . P
LalSE  (Sand) (Silfy (Cray) (PE) PH) Sy gl SrN Jalee
(MWD) (EC) (BD)

(dg) factor) (CCE) (om)

0.14 -0.48"

029 088" 000
O XY 021 007  -0.20

0.34" -0.06 0.20 -0.04 0.12

0.11 0.12 -0.18 -0.04 -0.09 047"

} 0.17 -0.22 -0.11 031" 0.03 0.01 0.15

sl

(BD)

oSke

ki -0.26 0.94" -0.317 -0.89" 0.23 -0.03 0.07 -0.29
(dg)

-l
Sl
(K-

factor)

ol
-
Joles
(CCE)
Sole
(M)
RS
Jezs
ik
Sk (T)

031" 0.48" 0.04 052" -0.65" 0.00 0.10 -0.05 0.22

-0.17 041" -0.22 -0.35" -0.12 -0.17 0.08 -0.22 034" -0.32"

041" -0.17 -0.06 0.22 -0.12 0.33" 0.32" 0.04 -0.15 0.24 -0.08

053" 022  -010  -019 021  -026 -016 013 017 031" 035 077

ke el IS5 celsl o)las (S S i ol (SB > O 398 sy dnaliS b s o 5ike wuia T 9 OM CCE K-factor dg BD EC . PE MWD

(o3 0 o ;> 5l gixe ) Mitad S Gioloy Jood Bl s g T odle ¢ Joles puandS il )S o« SB (o syl d il Jlad  otin
1WD, PE, EC, BD, dg, K-factor, CCE, OM, and T are mean weight diameter, permeability, electrical conductivity of saturated extract, bulk density,
geometric mean weight diameter, soil erodibility, calcium carbonate equivalent, organic matter, and soil loss tolerance limit, respectively (*.
Significant at the probability level of 0.05).
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Table 4- Details of forward stepwise regression method in estimation of soil erosion tolerance limit using soil easy-
measured properties Doroudzan watershed in Fars province

2l 3, luibiw! i LXWILY KY] -400) FEP PO
Jae Not standardized Standardized 5 il 5 a L
coefficient coefficient BB oW PP 0>
Model 5 o gls TAR: Significance Variance inflation index
SE Beta index
N 6.50 16.25 0.00
Constant
o odle -4.58 0.59 -0.64 0.00 2.12
oM
«ub
Ghss -3.08 1.44 -0.19 0.03 1.16
MWD
o 958 -2.44 0.61 -0.33 0.00 3.35
PE
Sle
-4.75 2.06 -0.19 0.03 2.25

pH.
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Figure 4- Tree diagram of soil loss tolerance limit estimation in Doroudzan watershed in Fars province (T: mean of soil loss

tolerance limit (ton ha year); OM: organic matter (%0); MWD: aggregates mean weight diameter (mm); EC: electrical
conductivity in soil saturation extract (dS m); BD: bulk density (g cm™)



VAR S8 50 9 b o Sy b il solisuw! b S ey Joos JolB o 91

9 (Zowly (sLaodld A caomo 93 y & 3 el oa b ol L
auglio ) gyt Jhu 2 (50 om)S) gy (P luis]
AV bolad Joo blE JiiSTp) o)y AlBuis (ygm0)5) g, b

(ol BB L (g0 )5 ) G 3l 5nS (B0 gaw Sy b9y

10

N

o O OSMLR
0.5 o 4ee & O

Predicted T (ton ha' year')

ORT

(JL..J )J )L'.‘Ss& )d QJ) T LR W) \J)")._; ﬁ_oLE.n

0.0 05 1.0 15 20
(Jlw yo S 3o o3) T oad (g 5ol polio
Observed T (ton ha'! year)

D98 9 hod (g S ) (A il 55 (e yluie]
Jood JolB as o (g 803kl polie Y 4 ) Hbges & S
b odd 350 ol Jlio 5 (V0) jgedSal g, 4 S )00
(SMLR) pLS & 5 a5 i (ad (oo Sy (slaisbg) I osli]
b Jsi &S A plon s e L 1) (RT) (3553 (ygme S

)
n

3 (®)
2
) s °
g X 20 ®96e0
2 o 5
- (o] O o
2 9 o o
o 2 |15 o o o
L M o . o]
) o Oéo
g 9 10 oo 2
E ® °
s 2 o5 8 . OSMLR
o 3« ORT
2 00 a
0.0 05 1.0 15 2.0 215

(Jlw yo S 4o o3) T oads (g S0l polio
Observed T (ton ha! year?)

09w sS 5 B gy I 03wl b oawd 5,91 oo Julke ;5 (T) S Cd )0 Joodi B ao ouwd (5803100 jalie Y g Y Hlag0 —0 JSS

(B) (sorinw,luisl g (A) (2xiwsly 2315 0955 93 (5133 (RT) (5533 955 9 (SMLR) oI5 &y o5 4l iy Jas
Figure 5- 1 to 1 plot of measured soil loss tolerance values (T) versus estimated values using forward stepwise multiple linear
regression (SMLR) and tree regression (RT) methods for two calibration (A) and validation (B) data sets
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Table 5- Evaluation statistics® of forward stepwise multiple linear regression (SMLR) and tree regression (RT) methods for
estimating soil loss tolerance limit in two calibration and validation data sets

R? RMSE ME
) (t hat year?) (t hat year?)
L)) Sls!
Methods L Y S L) . wly Fowylisl el
Validation Calibration ‘?w Calibration Validation Calibration
Validation

SMLR 0.67 0.81 0.27 0.28 -0.086 0.00

RT 0.78 0.96 0.26 0.125 -0.055 0.00

dloe s Sile g S Slayo (5S0ke 4y i ME 5 RMSE :
+: RMSE and ME are root mean square error and mean error respectively.
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Introduction: Soil erosion is one of the most important and serious threats to food security and as a

consequence of human life. In order to perform soil protection activities against soil erosion, knowledge about
the amount of soil loss tolerable is very important. In fact, the soil loss tolerable is the potential for soil erosion,
loss of productivity and lost production, and the final criterion for controlling soil erosion and degradation of
land. Soil thickness methods, particularly Skidmore equation, based on their ability to estimate the tolerable
amount of soil loss have been widely used. In the mathematical function developed by Skidmore based on soil
thickness, the soil loss tolerable is calculated based on the soil's current depth, the lowest and maximum soil
depth for sustained growth of crops, and the upper limit of tolerable erosion in accordance with the environment.
Since the determination of soil loss tolerance by soil thickness method and the Skidmore equation requires time,
cost and energy, the researchers have tried to estimate the soil tolerance is supported by regression methods
using pedotransfer functions and easily available soil properties. Therefore, the present study was carried out
with the aims of determining the tolerable tolerance of soil loss by thickness method and the development of
regression pedotransfer functions for estimating this property in the upstream of the dam.

Materials and Methods: The study is place on Kamfiruz Watershed with an area of 422 km?, an average
annual precipitation of 443 mm and an average annual temperature of 14 °C. It is closed to the Dorudzan Dam
sub-basins and is considered as one of the five parts of Marvdasht plain in Fars province. For this work, 60 soil
profiles were excavated by excavating machine. In addition to measuring the depth of soil, some physico-
chemical soil properties were measured from the surface layer (0-30 cm) including; soil texture, organic matter,
salinity, percentage calcium carbonate, mean weight diameter in the laboratory and filed. In order to develop
regression models for estimating the tolerable soil loss, information from 60 soil profiles was divided into two
data-sets. One set of the data with 42 samples (7-% of whole samples) was used for developing the models and

another set of the data with 18 soil samples (30% of whole samples) was used for validation. Multiple linear
regression was used to develop the linear models. The same soil properties used in the multiple regression
method were considered as inputs in the tree regression method to estimate the tolerable amount of loss.

Results and Discussion: The results showed that the minimum and maximum Z; parameters (the lowest soil
depth for stable growth of crops in the study area) were considered as 0.25 and 0.51 m based on the current depth
of soil. Organic matter of the soils with the highest standardized coefficient (Beta = 0.44) and the highest
correlation (-0.77) with soil loss tolerance was the most important soil properties for estimating the soil loss
tolerance. In the regression model, only the coefficients of four characteristics of permeability, soil aggregate
stability, pH and organic matter appeared among the soil grazing characteristics and entered into the model.
Based on the evaluation statistic, tree regression method with the highest determination coefficient in both
calibration data sets (R? = 0.96) and validation (R? = 0.78) and the lowest error value in the validation data
(RMSE= 0.29 ton ha!year?) and validation (RMSE = 0.125 ton ha’ year?) were more efficient than the
multiple regression method in estimating the tolerable soil loss.

Conclusion: Soil loss tolerance was estimated using regression methods (multiple linear regression and
regression tree) in Doroudzan Watershed, Fars province. The soil loss tolerable determined using Skidmore
method, was 1.04 tons per hectare per year ranging from 0.29 to 2.25 ton ha! year?. The soils of this area are
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slightly deep and their depth varies from 0.4 m in the marginal areas in the upstream parts of the catchment area
of the dam and the slope of mountain up to 2 meters in the center of the plain with agricultural lands uses. In
general, the tree regression method had a better performance than linear regression method for estimating the soil
loss tolerance based on the statistical indices.

Keywords: Calcareous soils, Erosion, Multiple regression, Skidmore method, Soil erodibility, Transfer
functions, Tree regression



