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Figure 1. Location of the study area and the burned sites along with the geomorphological units and the

Google-earth map.
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Table 1. Some properties of the burned sites in the study area.

Olej b ool G Colas Sl & AVl los bowgme AVl SOL v g i gl
(L) b () G o (e ) (o) (o) () U
Interval to Fire area Fire Fire Average annual Average annual Slope  Elevation Site
basis time (yr) (m?) intensity type temperature (°C)  precipitation (mm) (%) (m)
9.17 5000 ol < 12.5 826 36.62 815 A
Low Surface
8.33 8000 ol < 11.75 740 71.75 997 Ay
Low Surface
5.5 6000 ol < 13.25 938 35.07 603 As
Low Surface
oL b
2.58 50000 14 1087 23.61 356 B,
High Canopy
s slas
5.5 10000 13.75 973 47.10 542 B,
High Trunk
6.5 6000 ol < 14.75 1224 36.11 159 B;
Low Surface
oL &b
1.33 33000 15 1264 45.52 105 C
High Canopy
oL b
2.5 30000 14.5 1129 66.59 293 C,
High Canopy
s
6.33 7000 ol e 14.5 1111 23.59 320 C;
Low Trunk
oL b
5.5 20000 14.75 1215 44.64 171 D,
High Canopy
oL b
3.58 21000 15 1235 30.84 144 D,
High Canopy
oL &b
4.92 15000 15.5 1323 18.69 29 Ds
High Canopy
9.42 9500 ol < 15.5 1321 17.54 32 E,
Low Surface
6.42 7500 ol < 15.75 1325 27.28 26 E»
Low Surface
oL &b
4.17 27500 15.5 1340 13.28 8 Es
High Canopy
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Table 2. Some vegetation attributes and the area of the studied parcels.

S i Culbs o g PO JOR P+ ol il Sy oy sl ol L i
(o s5la) (4 ,3) alos] (o silas) (%) (o)) (e Parcel
Tl}}ickness of Canopoy cover Diamc;ter atbreast Height oftrees ~ Number of tree per Parcel area (m?) name

itter (cm) (%) height (cm) (m) hectare (tree)

4.6 68 20.9 14.5 402.6 3900 AO1
3.4 51 21.7 15.8 179.8 3225 AF1
4.8 71 21.4 14.3 417.9 2800 AO2
2.9 50 22.7 16.0 180.3 3050 AF2
4.8 68 20.6 14.1 388.6 3500 AO3
2.4 41 253 16.2 101.8 2555 AF3
43 63 19.2 13.1 360.3 3775 BO1
0.0 15 30.5 20.0 19.9 4025 BF1
4.5 66 20.5 13.9 379.3 2900 BO2
2.0 36 26.0 17.9 77.4 3100 BF2
4.0 62 18.5 12.7 34322 4225 BO3
2.7 42 22.0 144 112.0 3750 BF3
4.0 60 17.9 11.2 321.1 9125 Col
0.0 15 26.7 17.2 28.2 7450 CF1
4.1 62 18.5 11.5 344.6 4875 COo2
0.0 13 27.9 16.6 34.0 5300 CF2
43 63 18.9 12.8 350.5 4850 CO3
2.0 37 229 16.6 96.0 3125 CF3
3.7 58 17.4 10.8 2823 6200 DOl
1.8 34 22.8 14.3 74.7 6825 DF1
3.8 57 19.0 13.2 300.5 5025 DO2
1.0 19 283 19.0 372 4575 DF2
3.5 57 15.8 9.1 254.4 7625 DO3
1.2 26 22.6 12.0 58.6 6650 DF3
33 54 14.3 8.6 219.8 4550 EO1
3.5 51 15.0 8.8 217.5 5150 EF1
3.0 45 12.7 8.2 141.4 6225 EO2
2.6 42 14.5 8.9 109.1 4400 EF2
1.5 33 12.3 6.0 69.6 6750 EO3
1.2 23 17.2 8.3 53.7 7075 EF3
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1- General linear model
2- Repeated measures define factors
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1- Paired-samples t test
2- Stepwise method

3- Descriptive statistics
4- Crosstabs
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Table 3. Analysis of variance of aggregation indices and some properties related to the plot and watershed scales.

Sl e SSle
Mean of squares (MS) ol s ‘
il il Degree of &
- .. . LA S . e
aall (S| 5 SN oo SS b ae e oSk Ut st freedom Source
Drainage Litter Fractal balusls s lagls
density percentage dimension GMD MWD
. . . oy S
2.277" 301.117* 0.005™ 0.002™ 0.022™ 4 2 O
Between subjects
laos S |l
16.710%* 5964.300** 0.058%** 0.020%** 0.383** 1 e
Within subjects
18.987 6265.417 0.063 0.022 0.405 5 &

Total

.L.&Lv@ o/ 9 v/ 0 JLQ:?" CE—_«JA _)‘)L;'»:.A )J‘)Léd.ﬂj:.; slasOLis g,._ujA.v 9 ¢

ns

S % % are not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 4. The mean comparison of aggregation indices and some properties related to the plot and watershed scales.

el sl ) PASESEA s S s oS
(o oS o) (2 (il 00 oo babsls ) et
Drainage de;lsity Litter (%) Fractal dimension GI\/;D (mm) MV\}D (mm) Site
(km km™) (dimensionless)
6.63(0.57)* 63.00(2.08)" 2.69(0.02)* 0.83(0.01)* 1.60(0.05)" AO
8.01(0.95)° 30.00(6.11)° 2.76(0.03)* 0.79(0.03)* 1.41(0.05)° AF
7.09(0.25)* 57.00(2.31)* 2.71(0.04)* 0.81(0.03)"* 1.54(0.05)" BO
9.16(0.77)° 18.00(8.62)" 2.84(0.06)" 0.74(0.04)° 1.24(0.11)° BF
7.50(1.26)* 52.00(3.00)* 2.72(0.02)* 0.81(0.02)* 1.53(0.05)" co
9.47(1.26) 14.00(6.35)° 2.85(0.03)° 0.72(0.02)° 1.21(0.07)° CF
7.45(0.77)* 44.00(1.73)" 2.75(0.02)* 0.79(0.01)* 1.47(0.06)" DO
9.34(0.57)° 16.00(3.00)° 2.85(0.03)° 0.73(0.03) 1.24(0.07)° DF
7.09(1.13)* 30.00(11.50)°" 2.78(0.04)* 0.77(0.02)* 1.41(0.09)° EO
7.25(1.17)* 27.00(12.00)° 2.79(0.06)* 0.77(0.03)* 1.32(0.10)° EF

Sl e sl Bt Sl s slael sl e CiDistl /00 Jlazs| Cb—w 03 Sl pb By (lHls LgLa;j.:}
Properties having dissimilar letters are significantly different at 0.05 probability level. Numbers in brackets are standard

deviations.
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Table 5. Effect of type and intensity of fire on aggregate stability indices and drainage density.

S s
Fire type
Ol e oty Slagr b sty
Symmetric measures Directional measures S
o
g. . . Z. . Propert
e (Shar iy Ot g, Shond o 55 Eta petty

Spearman correlation coefficient Pearson correlation coefficient

-0.858%* -0.872%*
-0.747** -0.802%**
0.814%* 0.839%*
0.660%* 0.709%*

oGl 5 Sk

0.877
MWD
balsSl b wis . Kke
0.806 “~ A Bk
GMD
Lalis JIS 5 de
0.840 Slsbe JS 5
Fractal dimension
Il WSl s
0.711 B

Drainage density

L;))M.u..ﬂu.,\,&

Fire intensity

Ooles sl o i

Symmetric measures

S bty
Directional measures ¢
S

] St oy 5 Ot (a2

Spearman correlation coefficient Pearson correlation coefficient

Property
Eta

-0.843** -0.859%*
-0.721%** 0.754%%*
0.795%* 0.800%*
0.667** 0.716%*

s i 3 oSl

0.859
MWD
balsSl b wis . Kke
0.759 “~ B Bk
GMD
LalaS JIS 5 de
0.803 s JIS 5
Fractal dimension
Il WSl s
0.727 B

Drainage density

** significant at 0.01 probability level, respectively.
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Effect of passing of time on reversibility of aggregate stability indices and drainage density.
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Table 7. Pearson correlation coefficient among measured properties.

No He Di Ca TL PL DD MWD GMD FD
No 1
He -0.211™ 1
Di -0.380%  0.951%** 1
Ca 0.951*%*  -0.305™  -0.505** 1
TL 0.941*%*  -0.312™  -0.513**  (0.993%** 1
PL 0.994**  -0.249™ -0.426%* 0.968**  0.962%* 1
DD -0.675%*  0.579*%*%  0.682**  -0.729%*  -0.716%¥*  -0.706%* 1
MWD 0.943%*  -0.289™  -0.485**  0.968**  0.958**  0.954%*  -0.697** 1
GMD 0.891**  -0.235™ -0.437* 0.934**  0.927**  0.903**  -0.678**  0.957** 1
FD -0.912*%%  0.271™ 0.471%*  -0.947**  -0.945%*  -0.925**  0.676%*  -0.978**  -0.984** 1

a3 PL S uiN cubies TL ol ys bl 2d s zb Ca Okt 3 e plp 3 Di Okt plisyl He GlSGa s oy sluas No
Al o LSl JUS 3 dn FD 5 LSl b s S5ke GMD dawlasls 3 55 ke MWD caal 51 1515 DD oS o5

ML& o/ E) /0 JL&:}‘&—»‘); )1)&#})‘)&#} slasOlid \,.;JSM "w‘

ns

No: Number of trees per hectare; He: Height of trees, Di: Diameter at breast height of trees, Ca: Canopy cover of trees,
TL: Thickness of litter, PL: Percentage of litter, DD: Drainage density, MWD: Mean weight diameter of aggregates,
GMD: Geometric mean diameter of aggregates and FD: Fractal dimension of aggregates.
S, * ** gre not significant and significant at 0.05 and 0.01 probability level, respectively.
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Table 8. Results of multiple linear regressions by stepwise method to estimate the aggregate stability indices

and drainage density.

S e S5 dskas >yl (sl o e .
Linear regression equation Standard error R?
MWD = 0.008Ca + 1.027 0.03731 0.938 421.893%*
GMD = 0.002Ca + 0.677 0.01466 0.872 190.391%**
FD =-0.003Ca +2.931 0.02091 0.897 242.930%**
DD =-0.053Ca+10.318 0.88583 0.531 31.669%*
DD = -0.044Ca + 0.141Hi + 8.055 0.75556 0.671 27.509%*

(Al 03) LSl JIS 5 dey FD (e o) ialiSle a3 ki ke ‘GMD (o o) LailiSs a3 S35 ke MWD

Al e (o) Oty syl H 5 (A 3) Ot wlowl iy zb Ca (o askS 2 saskS) Laaal »T o1 5 DD

sl o /) 5 0/00 Jlazl e 53l e s as oS NN

MWD: Mean weight diameter of aggregates (mm), GMD: Geometric mean diameter of aggregates (mm), FD: Fractal dimension of
aggregates (dimensionless), DD: Drainage density (km km™), Ca: Canopy cover of trees (%) and Hi: Height of trees (m).

* ** are significant at 0.05 and 0.01 probability level, respectively.
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Abstract

Background and Objectives: Degradation of forest lands by fire is one of the major
bioenvironmental problems in northern Iran that significantly changes the vegetation attributes
and visible features at the soil surface and therefore, affects aggregate stability against erosive
forces. The complete information from aggregate stability at the micro scale and type of features
related to soil erosion at the plot and watershed scales leads to a perfect judgment about erosion
risk in an area. The objective of this study was to evaluate the effect of fire on aggregate
stability, surface visible features and vegetation cover at the micro, plot and watershed scales in
some parts of forest lands in west northern zone of the Guilan province.

Materials and Methods: In parcels separated in 15 fire-affected forests and 15 unburned
forests adjacent to the fire-affected forests, in five geomorphological units, aggregate stability
indices at the micro scale and microtopographic erosion features and litter percentage at the
plot scale were measured. In addition, some vegetation attributes, drainage density index and
the presence of some morphodynamics features of soil erosion were evaluated at the
watershed scale.

Results: The results of analysis of variance showed that all aggregate stability indices as well as
litter percentage and drainage density had significant differences within subjects (within burned
and unburned forests). Among studied parameters, only litter percentage showed significant
differences between subjects (geomorphological units). Results also revealed that the time
reversibility for aggregate stability indices and drainage density to condition before fire was
about four to five years. Also, increasing the fire severity from low to high and changing of fire
type from surface to canopy had the most effect on mean weight diameter of aggregates.
Assessment of microtopographical erosion features at the plot scale revealed that some of them
had variations in burned sites compared with the control sites. At the watershed scale, the rills,
gullies and landslides were more abundant in the burned sites than the unburned sites. The
correlation coefficients between measured properties related to different scales showed that
there were significant correlations between some of them at the various scales.

Conclusion: The soil aggregate stability indices are very useful to evaluate the power of
formation of many microtopographic and morphodynamics features of soil erosion at the plot
and watershed scales. The results of this study can be used for assessment of soil erosion risk in
forest lands and can be useful for management of woodlands.
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