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2- Ease of dispersion
3- Turbidimetry
4- Water stable aggregate
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3- Air capacity
4- Plant available water capacity
5- Relative water content
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1- Mean weight diameter
2- Stability index
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Table 1- Studied soil properties of Guilan moist regions (G1-G6) and Fars arid regions (F1-F6)
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1- Instability index
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Table 2- Mean values of stability indicators in studied soils

Gl G2

G4 G5 G6

MWDggs 3.63(0.06) 3.58(0.15) 2.29(0.31) 1.93(0.70)
Slggs  1.22(0.10) 1.15(0.21) 0.46(0.07)  0.40(0.15)
1.78(0.19) 1.86(0.22) 0.51(0.06) 0.79(0.33)
3.46(0.01) 3.37(0.05) 1.64(0.16)  1.99(0.44)
3.15(0.12) 3.18(0.06) 1.50(0.10)  1.82(0.43)
MWDyrew  0.73(0.05) 0.61(0.07) 0.18(0.02)  0.42(0.11)
MWDygrsw 1.02(0.03) 0.82(0.03) 0.77(0.05)  0.68(0.02)

MWD g,
MWD, g,
MWD, g,

3.97(0.08) (0.5)2.62
2.07(0.31)  0.55(0.16)
2.99(0.09)  0.93(0.17)
3.46(0.02)  1.89(0.33)
3.38(0.02)  1.99(0.34)
1.00(0.02)  0.58(0.07)
1.01(0.02)  0.84(0.03)

WASrew  70.8(4.67) 822(5.39) 37.1(4.37) 43.1(10.43) 93.4(1.47) 57.3(5.97)

WASgsw  92.7(170)  99.3(0.42) 91.1(0.88)  68.9(0.87)

97.7(0.24)  83.6(0.24)

F1 F2

F4 F5 F6

MWDqas 2.11(0.22) 2.92(0.33) 2.92(0.33) 0.82(0.17)
Slggs  0.43(0.04) 0.43(0.04) 0.66(0.14) 0.28(0.01)
0.73(0.10) 0.67(0.09) 0.53(0.07)  0.33(0.06)
3.25(0.05) 2.85(0.37) 1.60(0.17)  2.04(0.27)
0.65(0.08) 1.98(0.18) 0.71(0.03)  0.80(0.08)
MWDyrew 0.46(0.10) 0.41(0.10) 0.40(0.08)  0.38(0.12)
MWDyrsw 0.84(0.02) 0.90(0.17) 0.83(0.01)  0.76(0.04)

MWD, g;
MWD, g,
MWD, g5

0.75(00.21) 0.71(0.32)
0.26(0.03)  0.25(0.05)
0.34(0.12)  0.31(0.19)
2.00(0.04)  1.99(0.23)
0.72(0.16)  0.75(0.05)
0.32(0.21)  0.35(0.09)
0.69(0.03)  0.71(0.02)

WASrew  44.9(8.34) 37.9(9.95) 345(7.17) 39.6(11.46) 35.2(12.12) 34.9(8.18)

WAS.gsw  82.3(1.00) 83.7(0.75) 77.2(0.62) 74.4(3.21)

69.6(0.21)  71.3(0.61)

Values are presented in parentheses are standard deviation.
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Figure 1- Distribution of soils aggregate size, (a): moist region (G1-G6), (b): arid region (F1-F6) according to dLdB method



Ya¥

WAA 5 — 318,5 .F 0,leds FY als (S 5 T 4,5

ar4 @ars are

LBI1
ars

-

100 1
80 4
60 4

864 acs aGe

LBI1

2G2 863

aGl

(9,) J191eMm Ul sa)e3a.133e J[qelS
AsrirnS q < 1S ()

g soo>
g 1-0-s0°0
™ C0-1°0
dmi] S 0-C°0
[-6°0
1
¢-C
=
=
00>
S0°0>
Za: ['0-€0°0
o] 1°0-S0°0
Z0-1°0 010
$0-T0 $0°C0
1-6°0 -0
1 <l
§C ST
[ (=] [ [} (=] (=]
m =] = < (9\]
(%) 193eM Ul S9)e3a.133¢e [ qe)S

ASTIENS G <€ S ()

N
-
T T L) T T
=3 = =3 = = o
S o o + aQ

100 A

(

"
g
1
=

v
S

80 4

9,,) 13)em ul sd)e3aidse ajqe)s
Asrirns q7° < 1 ()

40 4
0
0

3E
28
4w
23
3 8
)
3¢
p
A3
<
3E
2 E
R
ER
=
~ =
3¢
.
A3
<

Y UG

.93_

~d

LB gy ol 31 &1aS K 5311

G6) ok yo (3bluo SBSK 4l

F6) i 4 (G1

(F1-
Figure 2- Distribution of aggregate size according to LB method for moist region soils (G1-G6) and arid region (F1-F6)
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Table 3- The statistics of stability indicators of moist and arid regions soils

Cob o S Suis s

B g, sl s ol _ : Moist soils : Arid soils
Methods Indices  Abbreviations ‘l\';j;r: d,:j‘ :‘lﬁp“ AgeS Al obe d,:j‘ HT'M digeS Al
% MG Min  Max Mean ¥ i Min  Max

St. Dev. Cv St. Dev. Cv

dLdB MWD MwDdLdB 3.00 0.88 29c 0.95 4.12 1.83 1.32 72b 0.15 3.67
Sl SldLdB 1.07 0.74 69 0.29 3.03 0.52 0.30 57 0.23 1.29
MWDLB1 1.47 0.87 59b 0.32 3.18 0.58 0.19 33bc 0.24 1.06
LB MWD MWDLB2 2.63 0.86 33a 1.16 3.53 2.47 0.82 33a 0.00 3.45
MWDLB3 2.50 0.79 3la 1.13 3.42 1.06 0.61 57c 0.46 247
MWD MWDKRFW 0.59 0.26 45h 0.14 1.04 0.41 0.11 26¢ 0.24 0.69
KR MWDKRSW 0.86 0.13 15b 0.61 1.07 0.83 0.06 7.2d 0.69 0.93
WSA WSAKRFW 64.03 21.27 33 33.67 95.50 39.28 9.55 24 24.00 60.17
WSAKRSW 88.76 11.40 12 54.75 99.33 79.44 6.01 7.5 67.67 88.58

il sl gy MWD 1y LEVENE 505l 33k 5| oy ol (Ko gusy it
*Homogeneity investigation of correlations variation by Levene test among MWD from different methods.
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Table 4- Spearman correlation matrix of used methods for aggregate stability assessment

MWDqas MWD, g; MWD, g, MWD, g3 MWDyrrw MWDyrsw
MWDy g 1.00 0.92" 0.85" 0.90” 0.91” 0.73”
MWD g; -0.74™ 1.00 0.89” 0.94” 0.98™ 0.63”
MWD, g, -0.74” 0.86" 1.00™ 0.90” 0.86" 0.70"
MWD g3 -0.38"™ 0.12" -0.03™ 1.00 0.93" 0.66™
MWD ygew 0.34"™ 0.10™ -0.00™ 0.07™ 1.00 0.64"
MWDygrsw 0.19™ -0.33™ -0.42" 0.33™ 0.18™ 1.00
Gl Suid sblio 4 bayyo Cusly Cuowds b Cuond )3 9 igbye sblio 4y b e YU Cuound o Cuanw jd @dlg polio
6 blins pac NS P<+/AFF P<s/en”
Located values in left above part related to moist regions and in right below part related to arid regions.
*p<0.05, **p<0.01, ns no significant.
Sid g gb o Gblio (S (gl p CudsS g ad L (12ke —0 Jgua
Table 5- Quality indicatorsmean for moist and arid regions soils
Indices Gl G2 G3 G4 G5 G6 F1 F2 F3 F4 F5 F6
S0C 4.26 2.44 0.75 2.03 291 1.61 1.06 1.04 0.94 0.96 0.81 0.65
(031)  (0.56)  (0.06)  (054)  (0.53)  (0.37)  (0.15)  (0.10)  (0.05)  (0.07)  (0.06)  (0.05)
si 15.25 7.32 2.48 497 5.94 2.98 7.79 291 2.08 2.63 2.01 2.13
(1.95) (1.67) (0.16) (1.69) (1.09) (0.63) (1.03) (0.21) (0.14) (0.20) (0.21) (0.29)
BD 1.10 1.41 1.55 1.34 1.65 1.53 1.33 1.44 151 1.46 1.12 1.23
(0.08) (0.09) (0.09) (0.05) (0.06) (0.11) (0.09) (0.11) (0.09) (0.10) (0.09) (0.11)
AC 0.16 0.12 0.08 0.05 0.04 0.05 0.17 0.07 0.09 0.05 0.05 0.06
(0.05) (0.04) (0.01) (0.02) (0.02) (0.01) (0.01) (0.03) (0.04) (0.01) (0.03) (0.03)
PAWC 0.13 0.17 0.13 0.18 0.13 0.13 0.17 0.17 0.16 0.18 0.17 0.16
(0.03) (0.08) (0.01) (0.02) (0.01) (0.02) (0.01) (0.02) (0.01) (0.01) (0.02) (0.04)
RWC 0.66 0.65 0.68 0.78 0.82 0.82 0.49 0.72 0.65 0.73 0.62 0.65
(0.07) (0.10) (0.03) (0.04) (0.05) (0.04) (0.02) (0.07) (0.07) (0.03) (0.05) (0.04)
S-Index 0.048 0.047 0.047 0.057 0.038 0.038 0.086 0.059 0.057 0.061 0.06 0.06
(0.015)  (0.01)  (0.002)  (0.005)  (0.003)  (0.005)  (0.01)  (0.009)  (0.008)  (0.003)  (0.004)  (0.005)
K 53.82 25.97 0.88 0.87 0.75 2.30 77.00 11.11 18.90 0.36 0.32 0.36
st (416.9) (16.87)  (1.62) (1.18) (349)  (117.2) (1025) (224.1) (31.31)  (9.64) (8.28)  (10.36)

Juie PAWC (MPm®) S S a5 cudls :AC (Mg M) 6 ,0lb psasie p BD () Pieri sloslo g lub (asls SI () S JI o5 :SOC
Sedgrin colin Ky DEXIEN cuinS (asls 5 Ligb, iovie cilae alais :S-INdeX (MPM®) s cosbs) cud s RWC (mPm™®) olS osliul 5 cugb,
omh™ osin 5Sils) glos

() ol s &yl 5l ) Lasls b jlaee Lol
SOC: soil organic carbon (%), Stl: pieri structure stability indicator (%), BD: bulk density (mgm™), AC: aeration capacity of total
soil (m®m®), PAWC: plant available water capacity (m®*m®), RWC: rational water capacity (m®m), S-Index: turning point of
moisture curve and Dexter quality index, K: saturation hydraulically conductivity (geometric mean cmh™).
Standard deviation for each index is presented in parentheses ().
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Figure 3- Euclidian distance of MWD and soil physical quality indicators for moist region soils (a), arid (b) and total soils (c)
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Introduction: Soil aggregates refers to groups of soil particles which attach to each other stronger than
neighbour particles. Aggregate stability shows the capability and strength of soil aggregates to tolerate breakup
when disruptive stresses and destructive forces via mechanical agricultural operation such as tillage and water or
wind erosion are applied. Wet aggregate stability shows how well a soil can withstand raindrop impact and water
erosion, while size distribution of dry aggregates can be used to predict resistance to abrasion and wind erosion.
Aggregate stability changes can act as the first indicators of recovery or degradation of soils. Aggregate stability
is an indicator of organic matter content, biological activity, and nutrient cycling in soil. Generally, in small
aggregates (< 0.25 mm), the particles are bound by older and more stable forms of organic matter. Microbial
decomposition of fresh organic matter releases products (that are less stable) that bind small aggregates into
large aggregates (> 2-5 mm). Although, there is not a unique acceptable methodology that serves and applies the
entire world up to now, aggregate stability has been introduced as a soil physical quality indicator. Difficulties
remain when comparison of aggregate stability from different methodologies are done. The objective of the
present study was to assess appropriate and satisfactory aggregate stability tests that enable to distinguish the soil
physical quality condition of both arid and moist medium textured soils.

Materials and Methods: A total of 120 soil samples which contained 60 wetland samples from Guilan
province with a very humid climate, average annual rainfall of 1285 mm, and average annual temperature of
16°C, and 60 samples from Fars province with dry climate, average rainfall of 225 mm, and the average annual
temperature of 27°C were provided. Soil sampling was performed from surface layer (0-20 cm). Each 10 soil
samples with similar texture were mixed and one soil sample for each texture was finally obtained. After air
drying and sieving, soil texture and organic carbon were determined by pipette and oxidation methods,
respectively. Also, undisturbed samples were taken using metal cylinders from surface layer of 5-15 cm for
determination of soil saturation coefficient, soil moisture curve, and soil bulk density. Also, in order to determine
the aggregate stability, Kemper and Rosenau, de Leenheer and de Boodt, as well as Le Bissonnais were used.

Results and Discussion: Among different tested methods, wet sieving using the well known fast wetting
methods of Kemper & Rosenau and of Le Bissonnais presented similar results in both climates. The mean
weight diameter value of both methods for assessing aggregate stability can be considered as a dependable
indicator of soil structure status for comparing soils. These aggregate stability tests were in correspondence with
only one out of the eight soil physical quality indicators when the entire soils were used. It was concluded that
the aggregate stability should be used judiciously and in accordance with other indicators for an overall assessing
of the soil physical quality condition. The great differences in the estimation of aggregate stability between
KRSW and LB2 with other methods confirm that aggregate stability increases with increasing soil moisture
content. This involves reducing the amount of air condensed, which results in the reduction of compressive
forces on the aggregates during rapid wetting. But the lack of similarity between the KRSW and LB2 methods in
terms of MWD suggests that the results of these two methods are not comparable to dry and wet soils. The
difference in aggregate size distribution from all three treatments of LB method was higher in dry areas than wet
areas. Only dry soils based on LB (LB1 and LB3 treatments based on MWD) (P <0.05) are comparable. In dry
soils, the LB3 method is very efficient. This method involves the use of ethanol that protects the aggregate
structure against dryness stresses. The lack of similarity between the MWD and other soil quality indicators
describes the complexity of the soil structure, which is dependent on the location. It seems that SOC can be
considered as an indicator with high correlation with the aggregate sustainability index of LB and KRFW
methods, at least in the studied medium-textured soils.
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Conclusion: Since only a soil quality index (SOC) had a similar trend to the sustainability index derived
from these two methods (LB1 and KRFW), it can be concluded that aggregate stability should be judged and
recognized correctly, along with other used soil physical indicators for a general assessment of the conditions. In
case of arid land soils, efficiency of pre-wetted methods of Kemper and Rosenau and of Le Bissonnais as well as
pre-wetted Le Bissonnais with mechanical slaking and shaking were similar. If a simple and rapid analysis of the
structure status is needed, single tests such as fast wetted Kemper and Rosenau and Le Bissonnais can be used.

Keywords: Aggregate stability, De Leenheer and de Boodt, Kemper and Rosenau, Le Bissonnais, Soil
physical quality indicators



