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Figure 1. Different classes of aggregate size in clay loam.

wy



Ol)Sen g asly Lo, e

o s sy slesl glaanis b owslul
2 sk b syl b ol 5l 585
Jsb slinly 53 S e il St iy s
ToA 52 S8 sl s S S
4 Sk sty L S O gel w5 Sl0l,
e 3 lesl (M) s any e sl Yo gL
©oossl I8 Gos S esliad L1y (s S ol 2 50)
Oy 5 M0l JEl dy 5 el e S
5 odd el (o3 (M) A5 and LOT 3 (g slmer
008 Y e S sl e a3
A ol OF Ol aSay 6l e ol 0 Ges @
LS @ atle 10 Gas b bl slad sl

(Y U8 AS iz

Skl o sl el GO S ]
Gl S Sl 4 5L wlisls o3l s il b
osbinal b i 35 90 oad sk (nl 2 ol
303 pd a3 OB S AL
S oslaer O ALS GLley 5 5 glacile
e pd Slbes (21 I s (e
Golwoslal 3 (FR) LS 033 SKws i g o
(LISl o3l Sl gl ST an) & S VY (e
e V0ol by e VY s a s WY Jb
Sleand oK sbal 5 Gate slal cpl LA sl
5 b sbml Ol OF 5l Goaa 5 a3 OILL
b Sobdom ol s 5 DS maw o
N S S gl s 5 s Bk sy Sub

S baliSE il il o8 5l Y S

Figure 2. View of erosion plot filled with the soil aggregates.
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Figure 3. View of rainfall simulator used to the erosion experiments (a) and its rainfall plate (b).
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Table 1. Physicochemical properties of the soil aggregate sizes and their anaylsis variance.

(n o) €11 63100
T Aggregate size (mm)

Mean Squares

8-11 4-8 2-4 <2

Sk gl S5
Soil properties

191.52"™ 2594 2404 2452 4282

26.02" 31.84 2970  31.01 2429
88.17" 4220 4625 4444 3290

175.14™ 16.10 12.89 437 0
0.03"" 123 128 1.30 1.49
0.32"" 250 238 2.28 1.53
027" 078  0.84 0.42 0.22

2684.55™" 275 1001  43.07  67.06

11.64™ 534 330 2.29 0.62

29185.09™" 1839 4030 216.08 178.77

3627 10.2 52 32 2.5

201732.52"" 3573 6132 326.53  735.30

ok

0.01 812 819  8.17 8.33
0317 251 244 233 1.65
0.01" 0.16 020 0.28 0.20
4521 17.50 1839  17.50  26.25

(1) oy
Sand (%)
() chws
Silt (%)
()
Clay (%)
(1) o5 3 Sos
Gravel (%)
(e n S 0.9) 52l JIS
Bulk density (gr.cm™)
(Cole e ple) gLl (8T oy o
Saturated hydraulic conductivity (cm.h™)
o) 5 Sl 53 wlusls s 55 oSl

Aggregate stability against water force (mm)

(05 52 foishe) WS o bl 5l s Glasls s 5 S0Le
MWD of water-stable aggregates per aggregates mass (mm.g™")

Grahe) Sz Sl o il b 55 Kb
Aggregate stability against mechanical impact (mm)

(5 2 k) Gl o2 (sl i Sl s Sl I 5 ke
MWD of dry-stable aggregates per aggregates mass (mm.g")

Sl ol s alasb glul
Aggregate stability against water drop
Sl o (sl o ol ) s wlasls sl
Aggregate stability against per aggregate mass
oSl
pH
(ot oriaisms) S ol
EC (dS.m™)

() Jeske
Organic matter (%)

(1) s oS iy S

Calcium carbonate equivalent (%)
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Figure 4. Mean comparison of the effect aggregate size classes on soil loss caused by interrill erosion.
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Table 2. The correlation matrix of soil loss and aggregate stability indices in the aggregate size classes.

Variable' Aggregate size  MWDgy  MWDgy-m MWDyt  MWDyerm WDT WDT,, Soil loss
Aggregate size 1
MWDgry 0.99** 1
MWDjry.m -0.88" -0.83" 1
MWDyet 0.89" 0.88" -0.89" 1
MWDyetm -0.95" -0.96" 0.88" -0.98" 1
WDT 0.93* 0.92* -0.79* 0.72* -0.817 1
WDT,, -0.88" -0.88" 0.81% -0.93" 0.94" -0.68" 1
Soil loss 0.79* 0.82" -0.64" 0.74™ -0.80" 0.82" -0.65% 1
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Abstract

Background and Objectives: Soil aggregate stability is an important physical indicator of the
soil’s susceptibility to erosion. Aggregate stability can vary, depending on the aggregate
size. Some methods including the dry-sieving, wet-sieving and water-drop test have been
commonly used worldwide to evaluate the stability of aggregates. Mean weight diameter of
stable aggregates was used for the dry-sieving and wet-siewing method. In the water-drop test,
aggregate stability is evaluated using the number of water drops needed for disrupting the
aggregates. These indices are only used to evaluate the soil structural stability in aggregate
samples of the same size. So, application of these indices may cause some errors in evaluating
the soil’s susceptibility to water erosion processes. Therefore, this study was conducted to
develop a proper aggregate stability for different aggregate sizes in view point of interrill
erosion in a semi-arid soil sample.

Materials and Methods: Four aggregate size classes including < 2, 2-4, 4-8, 8-11 mm were
collected from an agricultural soil with texture of clay loam in western Zanjan, north west of
Iran. A-600 kg aggregate sample was taken from 0-30 cm surface soil with about 10 m’ in
volume for each aggregate sizes by sieving the aggregates in the field. The aggregate samples
were packed to the erosion plots with 120 cm x 130 ¢m in dimensions installed in a 9% uniform
slope. A total of twelve plots were investigated using the randomized complete block design for
four aggregate size classes with three replications. The plots were exposed to seven simulated
rainfalls with 70 mm h™ in intensity for 30-min with 7-day interval. Soil loss resulted by interrill
erosion from each aggregate size was determined during each rainfall simulation. The stability
of each aggregate size against mechanical impact (MWDdry), wetting force (MWDwet) and
rainderop impact (WDT) was determined using the dry-sieving, wet-sieving and water-drop test
methods for each aggregate size class, respectively. Additionally, the aggregate stability per
aggregate mass were computed and defined as MWDwet-m, MWDdry-m and WDTm,
respectively. Beside this, other physicochemical properties including particle size distribution,
gravel, bulk density, saturated hydraulic conductivity, organic carbon and calcium carbonate
were determined using the conventional methods in the lab.

Results: Based on the results, significant positive correlations were found between the
aggregate size and the stability of aggregates determined using the methods of dry-sieving
(r=0.99), wet-sieving (r=0.89) and water-drop-test (r=0.93). The aggregate stability determined
using all methods increased with an increase in the aggregate size. Newetheless, evaluating the
aggregate stability per aggregate mass indicated that negative correlations existe between the
aggregate size and MWDwet-m (r= -0.95), MWDdry-m, (r= -0.88) and WDTm (r= -0.88).
Although the coarse aggregates rather than smaller aggregates are resitant against external
stresses such as mechanical impacts, wetting force and rainderop impact but their stability per
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their mass is small. Contrary to our expectation, soil loss by interrill erosion of each aggregate
size classes increased with increasing the aggregate stability determined using the dry-sieving,
wet-sieving and water-drop-test methods whereas decreased with increasing the aggregate
stability on the basis of the aggregate mass.

Conclusion: This study revealed that MWDwet, MWDdry and WDT are not the proper indices
to evaluate the stability of aggregate size against interrill erosion. The aggregate stability per
aggregate mas determined in these methods is a new approch to evaluate the susceptibility of
various aggregate sizes of a soil to interrill erosion. Among these indices, MWDwet-m is the
best indicator in this field.

Keywords: Aggregate stability per mass, Water-drop test method, Wet sieving method,
Dry-sieving method, Zanjan
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