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Article Info ABSTRACT
Article type: Background and Objectives: Soil stability refers to the resistance of the
Research Full Paper soil structure against external forces such as the impact of raindrops and

splash erosion. Some human factors, such as fire, not only cause the

. . vegetation reduction, the bare becomes soil surface and its vulnerable, but
Article history:

Received: 10.12.2024 also have the destructive effects on the aggregates stability of surface Fire
Revised: 01.06.2025 causes the soil to be susceptible to erosion by reducing organic matter,
Accepted: 01.17.2025 reducing the aggregates stability and reducing soil quality. Considering that

the vegetation establishment in the affected areas by fire requires a lot of
time and money, the application of soil conditioners in order to vegetation
Keywords: restoration and increasing the aggregates stability in affected areas by fire

gggtregites’ di is an important step in restoration of these areas. Landuse has the
ntoni naitioner. . . . ey eqe .
Psst-%iree conditioner, significant effects on changes of soil erodibility factor, and the studies have

Rainfall simulator, shown that the forest landuse has the lowest amount of soil erodibility

Soil splash factor compared to pasture and cropland landuses. The present study was
conducted with the investigation aim of aggregates stability before and
after fire using bentonite conditioner with different levels in forest, pasture
and agricultural landuses.

Materials and Methods: At first, the collected soil from each landuse was
placed in plots and compacted to specific weight to natural conditions and
subjected under mean-fire conditions. Then, the remaining ash was
collected from the surface of the fire plots and rainfall simulation with
rainfall intensity of 90 mm h™ and duration of 10 min was performed in the
control treatments (soil without conditioner, burned and un-burned soil),
fired and unfired soil containing different levels of bentonite with rates of
15, 30 and 45 percent in three replications. The used rainfall simulator in
this study is placed on a metal structure in the form of A, with the ability
to adjust the height from 2 to 2.7 m. To stability measurment of the
aaggregates stability, surface soil was collected to depth of two mm with an
amount of about 50 g from the surface of the splash cups, and the
aggregates stability was calculated using the sieve method. Excel and SPSS
software were used to performance of all statistical analyses. In order to
extraction of the grading components, including the mean, standard
deviation, skewness, and kurtosis and as well as all variables, Do, D5, Doy,
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Dgo/ D1g, D75/ Dys, D75-Dys was used from GRADISTAT macro in different
treatments under Excel software.

Results: The conditioner effect of bentonite on forest landuse showed that
the bentonite with level of 15 percent compared to the other two levels
increased the aggregates stability in finer particles and levels of 30 and 45
percent increased the stability in coarser aggregates. In rangeland landuse,
bentonite conditioner, all three levels of conditioner increased the average
diameter of coarser aggreagets. In agricultural landuse, bentonite conditioner,
in level of 15 and 30 percent showed that the more effect on aggregated
stability on finer aggregates stability. The landuses effect on the stability of
soil aggregates showed that this parameter had the significant effect on the
variables Dyg, Dsg, Dgg, Dgo/ D19, D75/ Dss, D7s-Dos, sorting, skewness and
kurtosis at the level of 99 percent. The fire treatment was also significant
on the variables Dgg, Dgo/ D1g, Dgo- D1 SoOrting and kurtosis at the level of
99 percent, D7s-Dys at the level of 95 percent. The conditioner effect of
bentonite at before and after fire on the stability of soil aggregates also
showed that it was significant on the variables D1g, Dsg, Do, Dgo/ D19, Doo-
D10, D75-Dasand skewness at the level of 99 percent. The interaction effect
of landuses and fire on variables Dgy, Dgo/ Dig, Dgo- Dio, SoOrting and
kurtosis of soil aggregates were significant at the level of 99 percent. Also,
the intraction effect of landuses and bentonite conditioner on variables of
D10, Dso, Dgo, Dgo/ D1g, D75-Das, and skewness was at the level of 99
percent and also on skewness and kurtosis significant at the level 95
percent.

Conclusion: The results showed that conditioner can act as a soil
amendment and by creating adhesion on the soil surface, it can stable the
soil aggregates against raindrop impact and reduce soil erosion. According
to the results of the present research, it can be stated that the usage of
bentonite clay was beneficial in managing and reducing erosion and
making executive decisions, although the final conclusions depend on
conducting more extensive research in natural fields.
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Figure 1. View of the soil before fire (right), during the fire (center), ash remaining on the soil surface (left).
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Table 2. Chemical and Physical characteristics of used bentonite.
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Table 3. Aggregate mass (g) in treatment of control and bentonite with rate 15% in before and after fire.

Non-fire olis (g s 51

Seive Number Ul o, lass laad e Lok Sl
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13.56 092 1.65 0.95 427 7.04 261 Mean L als
0.80 0.21 0.21 0.09 0.47 0.60 1.32 S.D. Jles Sl il Control
= 5y slis
110 119 242 1.10 533 7.90 6.78 Mean Sk e
- s, Agriculture
3.42 0.33 0.28 0.09 0.25 0.43 1.78 S.D. Jlre il T
Beotonite
-18.16 2847 4676 1675 2469 1235 160.28 Change Percentage ol ks Ao
12.68 041 1.94 0.97 3.59 4.67 4.10 Mean L 1als
228 0.05 0.17 0.09 0.40 0.80 2.20 S.D. Jlxe il Control
11.04 135 272 1.30 5.23 6.43 4.79 Mean L Jr=
. Forest
1.04 0.20 0.54 0.24 0.87 0.23 1.54 S.D. Jlxe il T
Beotonite
21298 23350 40.63 3451 4583  37.82  16.88 Change Percentage ol k5 Ao
1493 279 6.81 451 7.18 5.21 347 Mean L als
2.76 0.31 0.59 0.94 0.28 0.73 0.86 S.D. Jlre il Control
2229  2.66 9.29 345 6.79 3.15 1.80 Mean L c’; ‘
s Rangelan
2.90 0.52 3.14 1.46 2.12 0.46 0.79 S.D. Jlre il T
Beotonite
4927 479 3638  -23.64 544 3954 4823 Change Percentage ol 55 A s
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Table 4. Aggregate mass (g) in treatment of control and bentonite with rate 30% in before and after fire.

Non-fire s 053 sw 551

Seive Number Jl o Lo aed e Lol ©28
Parameters Treatment Landuse
<38 38 53 100 125 250 500
1328 1.02 2.11 1.03 485 8.99 423 Mean Sl 1Al
136 0.16 0.11 0.03 0.53 0.64 135 SD. e bl il Control Y E
14.32 1.13 197 1.00 452 8.09 525 Mean S3Ls 3 gﬂ
- V)
249 0.15 040 018 059 039 1.96 SD. s Sl o <
Beotonite

7.84 11.04 -6.63 -3.26 -6.73 10.01 24.16 Change Percentage <l a5 do 53

14.06 0.61 179 099 4.64 2.30 248 Mean ,Siles als
3.64 0.05 0.13 0.28 123 1.63 0.23 SD. e bl il Control
9.72 1.19 249 125 475 743 5.78 Mean oL Q; g
0.85 0.40 062 029 0.62 0.68 137 SD. Jixe Sl ol N
Beotonite

-30.88 94.58 3949 2619 242 40.20 133.49 Change Percentage <l a5 Ao 53

20.36 462 9.53 337 6.82 1.88 0.82 Mean Sk 1Al
0.31 0.15 0.62 0.12 041 0.19 0.09 SD. e bl il Control -
g
17.38 3.46 1103 432 793 242 0.84 Mean 5L }) S
2.18 0.82 1.73 0.24 0.76 0.35 0.13 SD. e Gl il = 5
Beotonite
1462 2513 1573 2820 1627 2863 236 Change Percentage <&l i Ao
Fire ol (g3 sw 51
13.56 0.92 1.65 0.95 427 7.04 2.61 Mean Sl 1Al
0.80 0.21 0.21 0.09 0.47 0.60 132 S.D. Jime bl 2l Control 4 5
13.44 091 1.73 0.87 4.17 6.65 6.99 Mean Sl 3 ?ﬂ
P V)
1.93 0.29 0.35 0.14 1.13 1.40 0.36 SD. e bl il T <
Beotonite

-0.86 -1.95 4.90 -8.00 -2.40 -5.51 168.06 Change Percentage <l a5 Ao 53

12.68 041 1.94 0.97 3.59 4.67 4.10 Mean Sl 1Al
228 0.05 0.17 0.09 0.40 0.80 220 SD. e bl il Control
8.57 122 2.04 112 5.10 6.13 4.60 Mean Sl Q} g
283 033 0.58 0.19 041 0.24 1.06 SD. e bl il e
Beotonite

23244 20131 535 15.88 5225 31.32 12.19 Change Percentage <l a5 Ao 53

1493 279 6.81 451 7.18 521 347 Mean 0L 1als

2.76 0.31 0.59 0.94 0.28 0.73 0.86 S.D. Jime ol 2l Control -

2300 281 743 3.83 5.46 4.08 1.88 Mean S3Ls ) Ti

2.52 0.17 1.09 1.68 225 1.00 0.74 SD. Jixe Sl ol N 5
Beotonite

54.07 0.92 9.07 -15.18 2396 -21.72 45091 Change Percentage <l a5 Ao 53
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Table 5. Aggregate mass (g) in treatment of control and bentonite with rate of 45% in before and after fire.

Non-fire olis (g s 51

Seive Number Ul ol laad e bl Sl
Parameters Treatment  Landuse
<38 38 53 100 125 250 500

1328 1.02 2.11 1.03 485 8.99 423 Mean Sl b
136 0.16 0.11 0.06 0.53 0.64 135 SD. jlxs Gl Control 4 ©
M 2
8.20 0.55 1.36 0.69 3.44 759 1553 Mean Sl 3B
L Owes R
0.78 0.16 0.14 0.12 0.59 1.04 1.02 S.D. s Ll T <

Beotonite

3830 4633 3530  -33.37  -29.06 -15.55 26722  Change Percentage <l ;i5 Ao

14.06 0.61 1.79 0.99 4.64 5.30 2.48 Mean . Sle L
3.64 0.05 0.13 0.28 1.23 1.63 0.23 S.D. jlrs Gl il Control
11.80 1.24 2.56 1.27 5.17 6.28 5.30 Mean b \Q} ;g
2.06 0.19 0.57 0.32 1.33 0.79 1.84 S.D. jlrs Gl il S
Beotonite

-16.07  103.50  43.07 27.80 11.62 1837 11395  Change Percentage = x5 Ao )3

2036 4.62 9.53 3.37 6.82 1.88 0.82 Mean .SLe L

0.31 0.15 0.62 0.12 0.41 0.18 0.09 SD. Jas Sl Control .

1931 3.1 10.01 3.53 6.95 1.96 0.81 Mean .SLe }) To:n

1.94 0.28 1.16 0.49 0.65 0.06 0.08 S.D. Jlre Sl il S &
Beotonite

-5.15 -23.99 5.05 4.80 1.84 4.49 -1.02 Change Percentage < . ds 5>

Fire o (g3 g 551

13.56 0.92 1.65 0.95 427 7.04 261 Mean Sl b
0.80 0.21 0.21 0.09 0.47 0.60 1.32 SD. jlrs Gl ol Control Y ®
N 2
9.49 1.02 2.23 1.13 5.14 8.51 8.78 Mean Sl 3B
L i 55 D &
3.57 0.03 0.55 0.24 1.05 1.67 1.93 S.D. Jlre il T <
Beotonite
-30.01  10.10 35.55 19.7 2032 2091 237.02  Change Percentage = .55 Ao
12.68 0.41 1.94 0.97 3.59 4.67 4.10 Mean L als
228 0.05 0.17 0.09 0.40 0.80 2.20 S.D. Jlas Sl il Control
733 1.05 3.16 1.52 5.86 6.46 5.61 Mean Sl Q} 5
.-t e LI-«
1.57 0.05 0.37 0.28 0.65 0.98 0.07 S.D. Jlre Il B
Beotonite

4224 15821 63.22 56.31 63.41 38.36 36.89 Change Percentage < . Ao 5>

1493  28.90 6.81 451 7.18 5.21 3.47 Mean -, Sl 1l

2.76 0.31 0.59 0.94 0.28 0.73 0.86 S.D. Jles Sl il Control 9

17.40 295 8.65 4.12 8.00 472 2.59 Mean Sl }) E:n

475 1.26 337 2.41 247 0.75 0.99 SD. jlxs Gl o &
Beotonite

16.53 5.70 27.06 -8.69 11.53 935 2526  Change Percentage = x5 Ao )3
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Table 6. Results of GLM test of the studied treatments in forest, agriculture and rangeland.

Golsgmn o F o)l Sl :SSkee o 85 Dlayn g game laad 3o b Lo
Sig. F Average squares Sum of squares Parameters Treatment
0.001 8.33 5.46 10.91 D)+, Dy
0.000 53.19 60521.83 121043.66 Do, Dso
0.000 161.67 5240084.84 10480169.67 DA+, Dy
0.000 124.43 7711.12 15422.25 D4+/D\+, Dgy Dig
0.000 161.56 5231497.21 10462994.42 DA4+-D\+, Dgo. Dyo
0.000 102.43 315.33 630.66 DVo/DYe, Dss Ds Lol
Landuses
0.000 217.83 459250.92 918501.83 DV6-DY0, Dys. Das
0.000 28.17 1237.71 11.86 Mean L
0.000 140.70 105.77 4.14 Sorting S, s
0.000 33.74 0.742 6.94 Skewness S
0.000 338.58 86.99 26.49 Kurtosis  S..25
0.118 2.53 1.66 1.66 D)+, Dy
0.912 0.01 13.94 13.94 Do+, Dso
0.000 19.26 624086.54 624086.54 DA+, Dy
0.001 13.03 807.28 807.28 DA4+/D\+, Doy Dig
0.000 19.34 626119.67 626119.67 D4:-D)+, Dyo. Dyg
0.161 2.03 6.25 6.25 DVo/DYe, Dss Ds 6’: o
0.049 4.07 8571.33 8517.33 DV6-DY0, Dys. Das N
0.103 2.76 121.34 121.342 Mean L
0.010 721 5.42 5.42 Sorting S, s>
0.019 5.90 0.13 0.13 Skewness S s
0.000 2825 726 726 Kurtosis _S..25
0.000 14.26 9.34 27.99 DY+, Dy
0.000 20.94 23824.51 71473.53 Do, Dso
0.000 81.79 2651050.51 7953151.53 DA+, Dy
0.000 54.93 3403.77 10211.31 D4+/D\+, Dgy Dig
0.000 81.57 2641404.23 7924212.70 D4:-D)+, Dyo. Dyg
S s H2 958!
0261 138 424 12.71 DVo/DYo, D75 Das Bentonite
0.000 41538 32417.50 97252.50 DVe-DYo, Dys. Das conditioner
0.000 7.95 349.34 1048.03 Mean L
0.000 19.42 14.60 43.79 Sorting S,
0.003 5.46 0.12 0.36 Skewness S
0.000 10.46 2.69 8.06 Kurtosis  S..25
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Continue Table 6.
Golsgmn o F o)l Sl Skee @3l ez pam g Dlase g sazes Laad 3o bsles
Sig. F Average squares df Sum of squares Parameters Treatment
0.327 1.14 0.75 1.50 DY+, Dyo
0.211 1.61 1830.66 3661.32 Do+, Dso
0.000 45.69 1480841.58 2961683.17 DA+, Dyg
0.000 32.63 2021.89 4043.78 DA4+/D)\+, Doos D1o
0.000 45.73 1480653.79 2961307.57 D4+-D\+, Dyy. Dip
# g )l
0.363 1.03 3.18 2 6.36 Dvo/DYe, D75/ Das @yuﬁ]
0.462 0.79 1655.44 3310.87 DVo-DYs, Dys. Dos Landuse*fire
0.653 0.43 18.90 37.79 Mean w{ﬂ»‘
0.347 1.08 0.81 1.63 Sorting S,
0.170 1.84 0.04 0.08 Skewness L;Jy
0.001 8.71 2.239 4.48 Kurtosis .28
0.000 6.77 4.43 26.59 DY+, Dio
0.000 14.96 17021.27 102127.60 Do+, Dso
0.000 75.15 2435849.19 14615095.14 DA+, Dyg
0.000 52.34 3243.63 19461.75 DA4+/D)\+, Dogs D1o
0.000 75.07 2430720.87 14584325.21 D4+-D\+, Dgy. Dip # g )l
0.170 1.59 4.90 6 29.41 DVo/DYe, D5 Das O
0.000 931 19634.61 117807.66 Dve-DYo, Dss. Dos ‘gj;‘fo“;i:
0.000 7.17 315.06 1890.38 Mean w{ﬂ»‘
0.000 11.31 8.50 50.99 Sorting S,
0.000 5.98 0.13 0.79 Skewness L;Jy
0.000 5.44 1.40 8.39 Kurtosis  S4.28
0.363 1.09 0.71 2.14 DY+, Dyo
0.048 2.84 3225.75 9677.25 Do+, Dso
0.000 57.55 1865276.54 640.56 » Dgod+D
0.000 43.29 2682.77 311.8048 » Doos D19} +/D4+D
0.000 57.65 1866827.06 193.56 » Dgo. Do) +-D4+D # 6)‘%\_;15]
0.570 0.68 2.08 3 262.60 , D75/ DasYo/DVeD ]
0.073 248 5223.18 533.16 , Dys. DysYo-DvoD beflit?r:te
0.005 1.39 0.06 0.19 Mean \r{JLﬁ
0.106 1.57 0.01 0.04 Sorting S,
0.001 5.14 0.04 0.13 Skewness L;Jy
0.253 3.94 0.17 0.51 Kurtosis .28

YAA



Oy Ko 9 (St (55152 iz [ wee (Sl 45 Cupigity 31 03\akunl orian ) SSa

1000
e P a

Sorting  Falyge

26 b
255
25
245
24
235
23
25
2
215

waly

10 zedaw
Level 15

o
Level 30

£0 xlaw

Control Level 45

1600 b
1400
1200

800

10 g
Level 45

Vo gedaw
Level 15

oot

Control Level 30

18 ab b b

10 b
Level 15

anly

o
Level 30

10 o

Control Level 45

200 b
150 b
a
51
a 00
50
0
el 1o pdaw v b £0 pdaw
Control Level 15 Level 30 Level 45
4 c bc b
35 a
3 3
W4, 25
5 2
o 15
= 1
05
0
anls Vo g o™ £0 pxdaw
Control Level 15 Level 30 Level 45
aals 1o e o £0 glaw
Control Level 15 Level 30 Level 45
0
-0.1
¥ -0.2
‘:? -0.3 c
]
E -0.4
7 05 b
-0.6
-0.7
225
22
E; 2.15
o 21
=
S
= 2.05
x
2
1.95
aly
Control

10 g

Level 15

£0 pdaw
Level 45

Lo
Level 30

iz ol b cud gy (G258 5,8 AUeos Gl slajleg gizeg S 5l ges ¥ Jse

Figure 3. Grouping diagram of different treatments under the application of bentonite conditioner with
different amounts.
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