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1- Revised universal soil loss equation (RUSLE)
2- Universal soil loss equation (USLE)

3- Cover-management (C) factor

4- Slope length and steepness (LS) factor
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1- Normalized difference vegetation index (NDVI)
2- Red
3-NIR
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1- Udic

2- Mesic

3- Carpinus betulus L.

4- Diospyros lotus L.

5- Parrotia persica (DC.) C.A. Mey.
6- Pinus taeda L.

7- Alnus subcordata C.A. Mey.

8- Fagus orientalis Lipsky

9- Acer velutinum Boiss.
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Figure 1. Location of the study area with separated sub land units along with the fire-affected sites.
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1- Digital elevation model (DEM)
2- Flow direction

3- Flow accumulation

4- ArcGIS version 9.2
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3- Stepwise method
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1- General linear model
2- Repeated measures define factors
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Table 1. Analysis of variance of some plant attributes.

Sl e o SSle
Mean of squares (MS) 3
&5l a0 .
Cles g2 CL? ks Ol s sl &=
SV ds s i U Degree of Source
Sy ol e ol el BV freedom
Percentage Heioht
of litter Thickness Canopy Diameter at g Number of trees
of litter cover breast height per hectare
. s oy S o
301.117* 2.059™ 311.550™ 73.046%* 52.934%%* 17450.806* 4
Between subjects
laey S J=ls
5964.300** 33.075%* 5122.133%%  203.841** 76.800%* 340459.227** 1
Within subjects
6265.417 35.134 5433.683 276.887 129.734 357910.033 5 Jsl
Tota

.L.&Lv@ o/ 9 v/ 0 JLQ:?" CE—-/JA -“buf."" )J‘)L;JJJ::; slasOLEs g,._ujA.v 9 T

#* ns

S % *% gre not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 2. Analysis of variance of some soil properties.

Sl e (1 Sle .
Mean of squares (MS) bl e
T B - Degree of
sl J& PIRT o o freedom Source
Bulk density Organic carbon Sand Clay
LAb S N
0.01™ 0.643™ 126.057%* 124.241%* 4 25
Between subjects
laos S |l
0.123** 11.995%* 11.078** 6.22%% 1 e
Within subjects
0.133 12.638 137.135 130.461 5 &
Total

.L.&Lv@ o/ 9v/0 Jlez| CE../JA -“buf."" )J‘)L;JJJ::; okasOlis [Evepre 9 T

* ns

S % % gre not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 3. Analysis of variance of some soil moisture characteristics.

Sl e SSle
Mean of squares (MS) &Il 4 -
_ Degree of Source
ol (So 05 Zasb Sy o b b, gl Sasb sl ogb) freedom
Permanent wilting point Field capacity Saturated water  Initial moisture
LAb S N
12.494™ 48.752™ 31.700™ 68.469™ 4 27 ud
Between subjects
laos S |1
231.185%* 750.400%* 431.681%* 263.203** 1 25 g
Within subjects
243.679 799.152 463.381 331.672 5 &

Total

J""‘:’L'Lg" v/ 9v/0 JW‘&MJ))‘)&)J‘)W? okasOlis [Evepre )‘

ns

S % % gre not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 4. Analysis of variance of some soil erosion parameters.

Sl e (1 Sle
Mean of squares (MS) )
@33l 4o .
L L &
o o Jole Copde Jole Sl Degreeof Source
i < S Rl e s o
Estlm.a ted Vlsgal K-factor Estimated C-factor Actual C-factor
erosion erosion
. . oy S
385.253™ 296.138™ 9.592x107#* 0.005™ 0.005™ 4 2 O
Between subjects
laos S |l
1882.426%*  1659.12%** 0.001** 0.084** 0.084** 1 e
Within subjects
2267.679 1955.258 1.096x107 0.089 0.089 5 &
Total

.L.-T:Ly@ o/ K v/v 0 JW‘&MJ))‘)&)J‘)W? slasOLEs g,._ujA.v ) ¢

# ns

S % ** gre not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 5. The mean comparison of some plant attributes.

e P S e PO U5 53 ol sl
(o) S (sl (405) (o s5e) () ¢l (o) Joss O
Litter (%) Thickness of Canopy cover Diameter at breast Height (m) Number of tree per Site

litter (cm) (%) height (cm) hectare (tree)
62.67(2.08)" 4.73(0.12)° 69.00(1.73)° 20.97(0.40)° 14.30(0.20)° 403.03(14.65)" AO
29.67(6.11)° 2.90(0.50)° 47.33(5.51)° 23.23(1.86)" 16.00(0.20)° 153.97(45.18)° AF
56.67(2.31)* 4.26(0.25)° 63.67(2.08)" 19.40(1.01)* 13.23(0.61)° 360.93(18.06)* BO
18.33(8.62)" 1.57(1.40)" 31.00(14.18)" 26.17(4.25)° 17.43(2.83)° 69.77(46.52)° BF
52.00(3.00)* 4.13(0.15)° 61.67(1.53)" 18.43(0.50)° 11.83(0.85)° 338.73(15.55) co
13.67(6.35)° 0.67(1.15)° 21.67(13.32)° 25.83(2.61)° 16.80(0.35)° 52.73(37.58)° CF
44.00(1.73)" 3.67(0.15)* 57.33(0.58)" 17.40(1.60)° 11.03(2.06)° 279.07(23.22)* DO
16.00(3.00)° 1.33(0.42)° 26.33(7.51)° 24.57(3.23)° 15.10(3.57)° 56.83(18.81)° DF
30.33(11.50)°" 2.60(0.96)* 44.00(10.54)* 13.10(1.06)° 7.60(1.40)* 143.60(75.12)* EO
27.00(12.00)° 2.43(1.16)" 38.67(14.29)" 15.57(1.44) 8.67(0.32)* 126.77(83.32)* EF

AL e lme Bl il 1 s sldel L ls Sl e M +/0 0 Jlezs] éa.« 23S i b Sy syl s S
Properties having dissimilar letters are significantly different at 0.05 probability level. Numbers in brackets are

standard deviations.
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Table 6. The mean comparison of some soil properties.

(e Bl 5 25) 526 J&s (o2 T 5 (de)3) (4o 32) o (4e2) o s
Bulk density (gr cm™) Organic carbon (%) Sand (%) Silt (%) Clay (%) Site
1.07(0.03)" 3.98(0.07)* 42.57(0.76)" 38.77(2.34)" 18.66(1.80)° AO
1.18(0.04)° 2.67(0.33) 42.57(0.94)" 39.26(2.04) 18.17(1.90)° AF
1.11(0.03)" 3.76(0.05)* 39.97(1.51)° 38.07(2.64)° 21.96(1.43)" BO
1.29(0.07)° 1.99(0.42) 41.67(1.54)" 37.192.27)" 21.14(0.91) BF
1.12(0.03)" 3.55(0.18)" 37.05(0.61)° 40.72(2.63)" 22.23(2.07)° co
1.31(0.06)" 1.81(0.31)° 38.96(1.64)° 40.03(1.74)" 21.01(1.00)* CF
1.16(0.03)" 3.27(0.14)* 32.83(2.62)° 43.47(2.79)" 23.70(0.80)° DO
1.28(0.04)° 1.88(0.18)° 34.04(2.43)° 44.21(2.70)* 21.75(0.56)" DF
1.21(0.06)" 2.58(0.58)" 31.34(2.84)° 38.03(1.93)" 30.64(1.20)° EO
1.24(0.06)° 2.46(0.59)° 32.60(2.46)" 36.84(2.11)° 30.56(0.54)" EF

Al e lme Bl il 31 s sldel L 1s Sl e M +/0 0 Jlezs] éa.« 23S i b Sy syl s S5
Properties having dissimilar letters are significantly different at 0.05 probability level. Numbers in brackets are

standard deviations.
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Table 7. The mean comparison of some soil moisture characteristics.

(Ao5) oils (53505 oz (he3) £l cd b cosh, (Ao 53) Lol s, (o33) adsl b, olKe
Permanent wilting point (%) Field capacity (%) Saturated water (%) Initial moisture (%) Site
21.68(0.86° 43.852.11)° 49.09(1.80)° 37.84(3.32)° AO
16.27(1.66)° 35.37(2.94)° 42.19(2.10)° 32.38(3.49) AF
19.84(2.19) 41.01(4.27) 46.40(2.08)" 30.07(5.57)" BO
12.63(1.49)° 28.51(3.04)° 35.99(3.36)° 26.35(4.20) BF
20.09(2.07)" 40.70(4.48)" 46.19(2.14)" 32.43(4.30)" co
12.07(1.00)" 26.33(1.90)° 34.99(2.90)° 23.39(2.88)° CF
17.97(1.83) 37.78(3.50)° 43.772.04)° 3159(8.61)° DO
12.87(0.91)° 27.03(2.11)° 36.50(1.87)° 21.09(2.62) DF
16.61(2.25)° 35.34(4.29)° 41.45(3.05)" 29.83(3.72)" EO
14.59(1.80)° 31.43(3.30)° 39.40(2.98)° 28.94(3.14)* EF

AL e lre Bl il 1 s el L 1s Sl e M +/0 0 Jlezs] éa.« 23S i b Sy sl s S
Properties having dissimilar letters are significantly different at 0.05 probability level. Numbers in brackets are

standard deviations.
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Table 8. The mean comparison of some soil erosion parameters.

e Rl b Shelie b Sk nd b bl Sy e Jole Sy e Jole
T B B B e D o N PO
Estimated erosion Observed erosion K-factor Estimated Actual Site
(tha' yr) (tha'yr'") (thMJI"' mm™) C-factor C-factor
5.11(1.55)a 3.02(0.94)a 0.024(0.002)a 0.09(0.00)a 0.05(0.00)a AO
13.17(6.43)a 10.53(5.67)a 0.032(0.002)b 0.16(0.03)b 0.13(0.03)b AF
6.52(0.41)a 4.02(0.23)a 0.026(0.001)a 0.10(0.01)a 0.06(0.01)a BO
24.80(11.7)a 21.45(11.3)a 0.040(0.004)b 0.25(0.08)a 0.22(0.08)a BF
11.73(7.32)a 8.36(5.43)a 0.028(0.001)a 0.11(0.00)a 0.08(0.01)a Cco
45.78(32.03)a 40.18(28.62)a 0.042(0.001)b 0.28(0.06)b 0.24(0.06)b CF
9.63(3.48)a 6.90(2.33)a 0.031(0.001)a 0.13(0.01)a 0.09(0.01)a DO
27.67(15.46)a 23.75(13.76)a 0.045(0.003)b 0.25(0.03)b 0.22(0.03)b DF
9.24(6.71)a 7.43(5.30)a 0.030(0.002)a 0.18(0.04)a 0.14(0.04)a EO
10.01(7.36)a 8.2(6.15)a 0.030(0.002)a 0.20(0.06)a 0.16(0.06)a EF

AL e lre Bl il 1 s el L 1s Sl e M 0700 Jlezs] éa.« 23S i b Sy syl s S
Properties having dissimilar letters are significantly different at 0.05 probability level. Numbers in brackets are

standard deviations.
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Figure 3. Relation between actual C-factor (Cr) and (A) NDVI and (B) estimated C-factor (Ce).
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Table 10. Results of multiple linear regressions by stepwise method to estimate the actual C-factor (Cr).

o S S5 sl et F
Linear regression equation R?
Cr=-0.050TL + 0.281 0.980 1392.000**
Cr=-0.027TL - 0.002Ca +0.305 0.983 798.224**
Cr=-0.024TL - 0.002Ca + 0.001D + 0.281 0.986 629.340**
Cr=-0.014SP +0.717 0.921 325.932%*
Cr=-0.024SP + 0.015PWP + 0.903 0.936 198.020**

(o 3) Ol ys alenl J2ig gt Ca e il) i cubs TL (axly 050) 5 A by Cupte lale Cr
Al e (Ao 53) ol So e dai Cusby, PWP 5 (1s,3) gl Cugby SP (e Sle) Ol ys w1 s D
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Cr: Actual C-factor (dimensionless), TL: Thickness of litter (cm), Ca: canopy (%), D: Diameter at breast height (cm),
SP: Saturated water (%), PWP: Permanent wilting point (%).
*, ** are significant at 0.05 and 0.01 probability level, respectively.
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Abstract

Background and Objectives: The correct estimation of cover-management (C) factor for
accurate evaluating of soil loss is essential. Because of spatial variations in soil erosion
parameters and vegetation attributes in large areas, the possibility of applying the available
tables and regression equations to estimate the C-factor to other regions is limited. Up to this
time, no studies have been done to estimate the C-factor in the forests of northern Iran. The
main objective of this study was to develop new equations to estimate the C-factor in some parts
of forest lands of the Guilan province using remote sensing methods and field works.

Materials and Methods: In parcels separated in 15 fire-affected sites and 15 original forests
beside the burned (unburned) sites, in five sub land units, some vegetation attributes, soil
properties and erosion rate were measured. The soil erosion was also estimated for all 30 studied
parcels using the Revised Universal Soil Loss Equation (RUSLE) model. The actual C-factor
were extracted for all the studied parcels (burned and unburned sites) using the measured
(observed) erosion and other factors used in the RUSLE model. A split-plot in space design was
performed to determine whether the differences between five sub land units (between subjects)
and also within burned and control (unburned) sites (within subjects) were significant.

Results: The results showed that the average of the actual C-factor in unburned and burned sites
in five sub land units depending on plant density and disturbance of forest lands by fire severity
and human and animal activity were between 0.05 to 0.14 and 0.13 to 0.24, respectively. In
general, the estimated C-factor was more than the actual C-factor in all the studied sites.
Moreover, the results of analysis of variance showed that damaging of trees by fire had
significant effect on the estimated C-factor, actual C-factor, estimated erosion, measured erosion
and soil erodibility factor. To develop new equations for estimating the C-factor, the
correlations between the actual C-factor and some vegetation attributes and soil moisture
characteristics were investigated. First of all, the relationship between the actual C-factor and
the Normalized Difference Vegetation Index was derived as a new equation to estimate the
C-factor in the study area. Then, the results of Multiple Linear Regression by stepwise method
showed that among all the variables related to vegetation and soil moisture, the thickness of
surface litter, canopy cover, diameter of trees at breast height, saturated water and Permanent
Wilting Point were the best variables to estimate the C-factor in the study area.

Conclusion: The soil erosion assessment using available models to estimate the C-factor had no
adequate accuracy and caused errors in soil loss estimation. The models derived in this paper
can be used for accurate estimation of the C-factor in other areas having similar crop attributes.

Keywords: Canopy cover, Forest lands, Soil erosion, Soil moisture, Thickness of litter
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