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1 - Wet Sieve

2 - Roughness Coefficient

3 - Particle Size Distribution

4 - Porosity

5 - Soil Resistance

6 - Amendment

7 - Soil and Water Conservation
9 - Rainfall Erosivity
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Figure 1- view of the pasture land use in Kojur city and the collection area of soil samples.
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Table 1- chemical characteristics of used bentonite (percentage).

S102 A1203 FeZO3 CaO Clzo MgO NaZO Kzo T102

(%) (%) (%) (%) (%) (%) (%) (%) (%)
Chemical properties

57.56 22.05 2.83 8.49 1.13 237 1.91 2.84 0.12

oubodliiul Coighy (9508 SS9 -T Jgux
Table 2- Physical characteristics of used bentonite.

Soil organic matter

o Inflation capacity Density
0, .
%) Mental limit (%) pH %) Granulometery (mm) (gr/em’) Physw‘al'
characteristics
1.48 410 7.4 8.27 1to2 1

() gty glaplesd jo s

B &aw g9, o.i 0P U oIl 0 31,5 g (Cawly) subosliiw! Cadgiss 31 (ol -F JS&
Figure 2- A view of the used bentonite (right) and the application of its different levels on the
soil surface in the splash cups (left).
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Figure 3- Soil aggregates granulometry using wet sieve (right) and the collected
samples separately for each sieve (left).
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Table 3- Sediment mass (g) with different diameters in the control and bentonite treatments.

Aggregate diameter (micrometer)

Replication Treatment
<38 38-53 53-100 100-125 125250 250-500 >500
2055 479 102 3.47 727 2.06 0.86 1
20.53 45 8.97 34 6.47 1.71 0.72 2 Control
2001 4.56 9.43 3.4 6.73 1.87 0.88 3
2036 4.62 9.53 337 6.82 1.88 0.82 Mean
031 0.15 0.62 0.12 0.41 0.18 0.09 SD
0.02 0.03 0.06 0.03 0.06 0.09 0.11 cv
17.49 49 8.58 472 8.02 2.73 1.29 1
1839 3.99 11.07 4.85 8.35 255 1.05 2 (]?giz‘s)l‘l‘rlgci"?jg;f;ge;
17.18 3.16 1278 3.8 8.13 26 1.14 3
17.68 4.02 10.81 446 8.17 2.63 1.16 Mean
0.63 0.87 211 0.57 0.17 0.1 0.12 SD
0.04 0.22 02 0.13 0.02 0.04 0.11 cv
-13.15 -13.04 13.37 3228 19.66 39.64 41.85 Conservation efficiency
16.94 26 11.78 4.11 7.09 2.05 0.72 1
19.75 4.24 9.05 4.58 8.57 2.74 0.98 2 (3]3;“;‘1’1‘;;;:2‘;3:;22:;
15.46 3.54 1227 426 8.14 247 0.82 3
17.38 3.46 11.03 432 7.93 242 0.84 Mean
2.18 0.82 1.73 0.24 0.76 0.35 0.13 SD
0.13 0.24 0.16 0.06 0.1 0.14 0.16 cv
-14.62 -25.13 15.73 282 16.27 28.63 2.36 Conservation efficiency
17.8 341 10.45 39 7.06 1.98 0.71 1
18.65 3.82 8.71 297 6.25 1.9 0.85 2 (fseor/l:‘;ﬁffzse"g‘;:;’:;)
21.49 33 10.89 372 7.54 2.01 0.86 3
19.31 3.51 10.01 3.53 6.95 1.96 0.81 Mean
1.94 0.28 1.16 0.49 0.65 0.06 0.08 SD
0.1 0.08 0.12 0.14 0.09 0.03 0.1 cv
-5.15 -23.99 5.05 4.8 1.84 4.49 -1.02 Conservation efficiency
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Table 4- Results of GRADISTAT software for aggregates granulometery in control and bentonite treatments.

Changes Average  Variable Treatment Changes Average  Variable Treatment
(%) (%)
2.73 23.86 Dy - 23.22 Dy
28.43 62.06 Ds - 48.33 Ds
8.00 219.29 Dy - 203.04 Dy
5.16 9.19 Dyy/ Dy - 8.74 Dyy/ Dy
8.69 19543 Doy - Dio Bentonite conditioner B 179.82 Dgy - Dig
Control
5.47 389 Dys/Dys (30 %surfacecoverage) | 3.6 Dys/Dss
14.86 89.68 D5 - Das - 78.07 D75 - Dys
2.83 2.61 Sorting - 2.54 Sorting
22.12 -0.96 Skewness - -0.79 Skewness
-0.30 6.86 Kurtosis - 6.88 Kurtosis
0.41 23.32 Dy 3.34 24.00 Dy
10.53 53.42 Ds 34.15 64.83 Ds
2.56 208.24 Dy 11.73 226.86 Dy
2.15 8.93 Dyy/ Dy 8.13 9.45 Dyy/ Dy
284 18492 Doo-Di  Beneonite conditioner 12.82 20287 Doo-Dio pengonite conditioner
288 3.79 Dss / Dys (45 % surface coverage) 5.44 3.89 Dis / Dys (15% surface coverage)
5.03 82.00 D5 - Das 16.65 91.07 D75 - Dys
1.24 2.57 Sorting 7.64 2.73 Sorting
6.21 -0.84 Skewness 49.37 -1.18 Skewness
-1.34 6.78 Kurtosis 4.93 7.22 Kurtosis
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Table 5- Statistical results of the effect of Bentonite conditioner on the granulometery of the soil surface aggregates.

Sig. F A\;forzsf F Sum of squares Dependent variable Source of change

0.016 6.48 0.37 3 1.10 D10

0.005 9.46 137.37 3 412.12 D50

0.003 11.48 368.69 3 1106.08 D90

0.022 5.72 0.35 3 1.06 D90/D10

0.003 10.87 347.09 3 1041.26 D90-D10

Bentonite

0.088 3.12 0.04 3 0.13 D75/D25

0.001 14.93 130.48 3 391.42 D75-D25

0.019 6.02 0.03 3 0.08 Sorting

0.001 14.87 0.07 3 0.21 Skewness

0.676 0.53 0.03 3 0.08 Kurtosis

SB s bl gusdls o,fl.i,f o3Il b Cadgicy 85,5 Ol 51 glp o SSle Q,.n}i -7 Jgua
Table 6- Results of Duncan test for the effects of the Bentonite application in various sizes on the granulometery of the
soil surface aggregates.

Subgroup 3 Subgroup 2 Subgroup 1 Variable
--- 30%, 15% (23.85, 23.88) control, 45% (23.22, 23.32) D10
--- 15%, 30% (61.99, 62.06) control, 45% (48.33, 53.41) D 50
- 30%, 15% (219.29, 227.74) control, 45% (203.04, 208.24) D90
--- 30%, 15% (9.19, 9.53) control, 45%, 30% (8.74, 8.93, 9.19) D90/D10
30%, 15% (195.43, 203.85) 45%, 35% (184.92, 195.43) control, 45% (179.81, 184.92) D90-D10
- 45%, 30%, 15% (3.79, 3.89, 3.96) control, 45%, 30% (3.68, 3.79, 3.89) D75/D25
--- 30%, 15% (89.67, 92.25) control, 45% (78.07, 82.00) D75-D25
- 15% (2.76) control, 45%, 30% (2.54,2.57, 2.61) Sorting
45%, control (-0.83, -0.78) 30%, 45% (-0.96, -0.83) 15% (-1.13) Skewness
- - control, 45%, 30, 15% (6.78, 6.85, 6.87, 7.00) Kurtosis
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Introduction and Goal

Soil is the basis of biological resources and life on the earth. Soil stability is one of the key
indicators thatitused to performance evaluation of soil structure against soil erosion. In fact, the aggregates
stability indicates the resistance of the soil structure against external forces such as the raindrops
impact and splash erosion. The raindrops energy is one of the main factors in the disintegration of soil
aggregates in water erosion. The usage of different conditioners on the surface or inside soil is closely
related to various processes such as surface sealing, infiltration, runoff, evaporation and finally soil
erosion. Considering the importance of the aggregates stability soil erosion control, increasing the
particles diameter on the soil surface can be one of the ways to prevent their movement and by erosive
factors. The literatures review showed that the bentonite conditioner as a mineral conditioner can play
the effective role in stability changes of aggregates, especially in degraded soils. Therefore, the purpose
of present research is to the usage of bentonite conditioner on the changes of soil surface aggregates.
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Materials and Methods

In the present research, the conditioner of bentonite mineral used in amounts of 30, 15 and 45% of soil
surface coverage and in three replications. At the first, collected soil from rangeland land to depth of
20 cm transferred to laboratory and was exposed to air-dry and passed through sieve of 4-mm. Then
the soil was poured into the splash cups and placed under rainfall simulator with a rainfall intensity
of 90 mm h-1 and a duration of 10 min. Surface soil before and after application of rainfall simulator
was collected with depth of 2-mm with amount of about 50 g of the surface of splash cups and the
aggregates stability was calculated using the method of wet sieve. In the method of wet sieve, the
remaining soil on each sieve was drained into marked containers using washing method and then
and was put to rest for 24 h. After draining the excess water of samples, the remaining sediment was
transferred the appropriate containers with specific weight. Finally dried for 24 h at oven with
temperature of 105°C. Finally, the application effect of the bentonite conditioner on the variables of
aggregation and aggregates stability was calculated using SPSS software.

Results and Discussion

According to the conservation function and the average diameter of the soil aggregates using bentonite
conditioner in three values of 15, 30 and 45 percent and based on diameter classes >500, 250-500,
125-250, 100-125, 100- 53, 38-53 and <38 micrometer, the results showed that the average diameter
of soil aggregates significantly changed under the effect of bentonite conditioner. The average mass of
the aggregates in the control treatment was with rates of 0.82, 1.88, 6.82, 3.37, 9.53, 4.62 and 20.36
g respectively, in the mentioned diameters, and with bentonite conditioner in the amount of 15% was
with rates of 1.16, 2.63, 8.17, 4.46, 10.81, 4.02 and 17.68 g, respectively. Also, in the conditioner
with the amount of 30%, this variable was the rates of 0.84, 2.42, 93. 7,4.32, 11.03,3.46 and 17.38 g
and in the amount of 45% was the amounts of 0.81, 1.96, 6.95, 3.53, 10.01, 3.51 and 31 It was 19 g,
respectively. The results of GLM test showed that the effect of bentonite conditioner on the variables
D10, D10/ D90 and sorting was significant in level of 95% and on the variables D50, D90, D90- D10,
D75- D25 and skewness was significant in level of 99%. But the bentonite effect was not significant
on the variable D75/ D25 and kurtosis. Also, the results of Duncan test showed that the bentonite
conditioner with rates of 15 and 30% had the better effects on the stability of soil aggregates and
increasing the average aggregates diameter.

Conclusion and Suggestions

The obtained results from this research showed that bentonite conditioner can act as a protector against
the raindrops and reducing soil erosion with creating adhesion on the soil surface. According to the
results of the present research, it is suggested that the first, the more researches be conducted due to the
soil conditions and natural rainfall and then the optimal values of bentonite be determined by erosion
management and runoff.

Keywords: Aggregate diameter, inorganic conditioner, soil and water conservation, soil structure, wet

sieve



