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1. Aggregate Stability

2. Mean Weight Diameter (MWD)

3. Geometric Mean Diameter (GMD)
4. Particle Size Distribution

5. Soil Conditioners / Amendments
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Table 1. Characteristics of the studied soil
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Phosphorus Nitrogen Organic carbon  Electrical conductivity pH Totl Porosity Bulk density cab
R Soil texture
Mg/kg!) (Ao 3) (Ao ,5) (us/cm) (Ao ,5) (g/cm?)
17.6 0.31 0.53 176.6 9.2 60 1.04 A
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Fig 3. Texture grouping of soil samples on the soil texture
triangle
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Table 2. Variables of particle size distribution in consecutive time intervals in control and biochar plots (unit: micrometer)

Time intervals jbs; slaosl

O£ Y/0 ) ol (V£ Y/AYNY) g (VN /24/0A) g3 (LN /0 YN )
Fourth Third Second First
Aoy pSle oSke dos oSk 0Ske a0l oSl e oSl Sle
Sl Aegdles dals ol as aeudle; Jals Sl e 3dl; dals Sl sesdley dals Jueey

Percentage Mean of Mean of Percentage Mean of Mean of Percentage Mean of Mean of Percentage Mean of Mean of  Variable

of changes biochar control of changes biochar control of changes biochar control of changes biochar control

3.52 849.4 820.5 15.5 84245 72942 21.65 833.2  684.88 1.74 868.83  853.96 Mean ool

547 794.12 752.94 8.9 761.7 699.46  0.34 683.7 681.4 7.09 741.01  691.95 Sre S
Std. Deviation

4.14 1.43 149 1347 152 175  -16.18 1.5 178 -0.77 1.51 152 Skewness S =
-10.1 471 524 -19.99 508 634 -1432 5.7 6.66  -7.45 524 567 Kunosis 5128

-3.68 76.5 79.5 14.21 96.5 84.5 43.8 101.9 70.84 -0.39 114.81 115.25 D,

0.94 640 634.06 14.25 6394 559.6  26.75 674.2 531.9 -1.51 676.65 687.09 D

50
6.87 1862.1 17423 16.88 1783.6 1526 15.25 1662.3 144235 475 1769.86 1689.66 Dy,

10.45 24.27 21.9 2.76 18.51 18.02 -19.24 16.4 20.35 49 15.43 1471 (D /D)
7.38 1785.5 1662.8 17.04 1687.8 14414 13.77 15604 1371.5 5.12 1655.05 15744 (D /D)
1.82 6.63 6.51 -7.48 5.67 6.13 -28.4 4.9 6.84 8.83 5.01 461 (D,/D.)

3.57 924.7 892.9 9.84 875.59 79717 1725 839.7  783.08 3.83 865.57 833.66 (D,/D.,)
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Table 3. Results of the mean and standard deviation of the mean weight and geometric mean diameter of soil grains in control

and protection treatments

Time intervals sl slaejl

eoler £ L Jsl R d 5o B
Fourth Third Second First Variable Component Treatment
0.820 0.647 0.680 0.851 Mean .Sl MWD
T dals
L Control
0.142 0.056 0.049 0.042 S Sl
Std. Deviation
0.842 0.751 0.827 0.862 Mean L. _
s 3dE
e Gl .
0.072 0.050 0.027 0.064 7 Biochar
Std. Deviation
0.766 0.704 0.697 0.801 Mean Sl GMD
0.049 0.028 0.018 0.017 et el
Std. Deviation Control
0.773 0.758 0.789 0.799 Mean J~<JL~‘
L e sdEs
Lo 3l >l .
0.015 0.027 0.021 0.020 N Biochar

Std. Deviation
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Table 4. The results of variance analysis of the mean weight and geometric mean of soil grain diameter components in biochar

and control treatments in the respective time periods

# I pan o Sl e o Sle 3BT 453 psm g0 Slarjo g sams wnsly ate &
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Table 5. The results of the independent T test for the equality of means in the two variables of mean weight (MWD) and

.geometric mean (GMD) of the diameter of soil grains in time intervals
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Fig 4. The results of Duncan’s average comparison test for aggregate stability in the relevant time intervals

MWD: mean weight diameter, and GMD: geometric mean diameter
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Extended Abstract

Introduction

Protection of soil resources is necessary the maintenance of world food security and the improvement of environmental
quality. Soil structure is one of the physical and active characteristics of soil that it can be evaluated with the stability. Aggregate
stability is important in the discussion of the physical quality of the soil, and its improvement leads to improvement of
soil performance. Usage of different types of soil amendments in conditions where there is not the possiblity of biological
management, it is a useful solution to conservation and improvement of soil structure. Biochar amendment is prepared from
the various biological sources, and has been introduced as a non-structural conservation method in recent years. Therefore,
the knowledge of its behaviors, reactions, and short-term and long-term changes in the soil is very important for sustainable
management. The effect of biochar amendment on the physical characteristics of the soil under laboratory conditions has shown
the positive changes in the criteria and physical indices of the soil. This aspect of biochar applications shows the study and
its identification necessity in the natural resource fields with the focus on erosion control. Since the application of biochar
amendment obtained from the Populus nigra branches in order to the soil conservation has not been reported in the field and
in natural weather conditions, therefore, the current research has investigated the biochar effect on the soil structure in natural

conditions in abandoned rain-fed and USLE plots for two continuous years.

Material and Methods

In the present study, the effect of biochar amendment on soil structure changes in the area of Noruzlu dam, Miandoab city,
West Azarbaijan province was evaluated at the scale of six USLE plots. Biochar is prepared by the pyrolysis process from the
branches of Populus nigra species. To the experiment performance, two treatments of control and biochar were considered each
with three replications. After preparing and transferring biochar to the region, it was applied and spread on the plots with the
rate of 32.5 t ha'!. Plots sample was conducted to changes the investigation of the soil structure due to the biochar application in

four continuous times at intervals of six months after the biochar. Particle size distribution and aggregate stability were measured
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using the dry sieve series method at these time intervals. The results of dry sieving were used to the measurement of the aggregate
stability and for the determination of the particles size, and distinction of the stability level of particles were calculated from two
indicators of the mean weight diameter (MWD) and the geometric mean diameter (GMD). Then, homogeneity of variances tests
as one of the basic requirements of data analysis, the GLM test to investigate the separate and interactive effects of treatments

and time, and the independent T-test to averages comparison of the investigated components between treatments were performed.

Results and discussion

In order to investigate the aggregate stability under biochar treatment in natural weather conditions at USLE plots, the mean
weight diameter (MWD) and the geometric mean diameter (GMD) were measured for the control and biochar treatments in
four continuous times. The MWD and GMD indices in control plots have the average values of 0.85, 0.68, 0.64, and 0.81, and
0.8, 0.69, 0.7, and 0.76 mm, and in biochar plots with rates of 0.86, 0.82, 0.75, and 0.84, and 0.79, 0.78, 0.75, and 0.77 mm,

respectively. The changes trend in the variables D, D, and D, related to the distribution particle size in the second time

10°
period were the rates of 43.8, 26.7 and 15.2 percent, and in the third time period also were with the rates of 14.2, 14.2, and 16.8
percent, respectively, which showed in the mentioned time periods, the changes trend of these variables increased in biochar
treatment compared to the control treatment. Biochar amendment in combination with the soil of USLE plots had an effect on
the aggregate stability indicators so that the separate effect of biochar and time and the interactive effect of biochar and time on
the GMD index were significant at the level of 95 percent. In comparing the average of the investigated components between the
treatments in each time period, both MWD and GMD variables in the second time period showed the significant difference at the

level of five percent. Therefore, it can be said that the biochar is the useful and effective for improving soil stability after one year.

Conclusion

The findings of this study indicated the biochar amendment had the positive effect on aggregate stability indicators, which has
caused a limited increase in the weight and geometric mean of the aggregate diameter and changes of 40 percent in the particle
size components. In general, the examination of MWD and GMD indices in the control and biochar treatments in four continuous
times at six-month intervals indicated the separate effect of biochar and time for both indicators and the interactive effect of
biochar and time for the GMD index were significance at level of 95 percent. The second period had the maximum percentage
of changes in the component of particle size distribution. Also, in the second period in both indicators, there was the significant
difference between the averages of control and biochar treatment. Therefore, Therefore, based on the observed results in the
current research, it can be stated that the best biochar performance to improve the aggregate stability and soil structure was after
one year of biochar application on soil surface. According to the results of this research, the aggregate stability is affected by
the time passage and seasonal climate changes., Due to the field scale of the experiment and also the exposure of the plots to the
natural weather added to the complexities governing such processes, and in order to obtain more accurate results, it is necessary

to design detailed studies with a more appropriate time scale and smaller time intervals.
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