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A b s t r a c t. The impact of different tillage systems on the 
structural stability of the soil as quantified by high energy moisture 
characteristics has not been studied to date in the semi-arid region 
of northeastern Iran. Therefore, in this research, the effects of con-
ventional, reduced, and no-tillage treatments under wheat-corn 
crop rotation on the organic carbon content, soil organic carbon 
stocks and microbial biomass carbon and also the aggregate sta-
bility of a clay loam soil (Aridisol, in USDA soil classification) 
were evaluated in northeastern Iran. Measurements were made at 
two depths (0-15 and 15-30 cm) three years after the establish-
ment of experiment. Aggregate stability was determined using the 
high energy moisture characteristics, mean weight diameter and 
the percentage of water-stable aggregates. The high energy mois-
ture characteristics stability indices (i.e. structural index, volume 
of drainable pores, and slope at the inflection point of high energy 
moisture characteristics) were higher for the slow (on average 
0.053 hPa–1, 0.4 g g–1, and 0.022 hPa–1 for structural index, volume 
of drainable pores and slope at the inflection point, respectively) 
than the fast wetting rate (on average 0.014 hPa–1, 0.2 g g–1, and 
0.012 hPa–1 for structural index, volume of drainable pores and 
slope at the inflection point, respectively). The modal suction was 
higher for the fast (18.61 hPa in average) than for the slow wetting 
rate (7.63 hPa in average). Organic carbon, soil organic carbon 
stocks and microbial biomass carbon were higher for no-tillage 
as compared with the reduced and conventional treatments, due 
to the use of a cover crop (clover) and because crop residues were 
retained in this system. The treatments contained greater organic 
carbon, soil organic carbon stocks and microbial biomass car-
bon (no-tillage at both depths and reduced at a depth of 0-15 cm) 
showed mainly high stability ratios and indices, regardless of 

the wetting rate. The values of modal suction were lower in the 
treatments which contained greater organic carbon, soil organic 
carbon stocks, and microbial biomass carbon, which results in 
a stable soil structure. The no-tillage system, which produced the 
maximum organic carbon and soil organic carbon stock among 
the tillage systems, showed the highest amounts of mean weight 
diameter (0.15 mm), and water-stable aggregates (92%). Our find-
ings revealed that the high energy moisture characteristics method 
was highly sensitive to macroaggregate stability in water.

K e y w o r d s: aggregate slaking, microbial activity, soil man-
agement, structural stability, Aridisols

INTRODUCTION

Conservation agriculture including no-tillage or 
reduced tillage with stubble retention, is promoted as a set 
of agricultural practices that have the potential to increase 
the soil organic carbon (SOC) pool and have a positive 
effect on aggregate stability. Conservation tillage, especial-
ly the no-tillage system creates macroaggregates, prevents 
organic carbon decomposition by microbes and extends 
organic carbon storage in aggregates. Hence, investigating 
the effects of different land use and management systems, 
in particular, tillage and crop residue retention, may lead 
to a better understanding of soil function and properties 
(Wu et al., 2019). For example, Wu et al. (2019) found that 
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the percentages of the macroaggregate fractions under the 
no-till system with crop residue retention, were increased 
significantly in the semi-arid region of northwestern China.

No-tillage systems have a tendency to conserve terrestrial 
organic carbon storage and increase the sequestration of car-
bon from the atmosphere into carbon stocks. Organic carbon 
encourages microbial activity and produces polysaccharides 
and carbohydrates, which stabilize soil aggregates and cre-
ate macropores (Caravaca et al., 2002). The effects of tillage 
systems on soil organic carbon stocks may be related to the 
movement of soil organic carbon to deeper layers due to 
tillage practices, which may promote organic carbon stabiliza-
tion (Wertebach et al., 2017). More aggregate stability in NT 
systems as compared with CT may be attributed to the higher 
organic matter content in the NT soils and the development of 
inter- and intra-aggregate cohesion forces due to the absence 
of tillage, which is known to stabilize aggregates (Mamedov 
et al., 2020). SOC management through optimized agricul-
tural practices is an important strategy for improving soil 
ecosystem processes. Increasing the SOC storage level not 
only affects the atmospheric carbon content but it also ame-
liorates the soil physical, chemical, and biological functions 
and properties. While low amounts of SOC causes degrada-
tion in the soil structure and decreases the water infiltration 
rate and aggregate stability, especially in arid and semi-arid 
regions of the world, which also increases soil erosion and 
soil loss (Blanco-Canqui et al., 2013). The application of 
the no-tillage system increased the soil aggregate stability 
under wheat-corn and wheat-legume rotations in a semi-arid 
Mediterranean region of Turkey (Celik et al., 2012). Reduced 
tillage increases the accumulation of SOC, and could create 
greater values of MWD, and WSA, (Abdollahi et al., 2014).

Structural stability is usually determined by the aggre-
gates in the soil (Singer and Munns, 2002), which in turn are 
held together by stabilizing agents. Therefore, the impor-
tant binding role of the soil organic matter content has been 
extensively investigated (Duiker, 2006). Soil microbial 
biomass and respiration are affected by soil management, 
different land use regimes and management techniques can 
modify organic carbon contents because of soil microorgan-
ism interactions. The microbial community may include 
a wide range of individual species, which are capable of 
responding heterogeneously to environmental changes. Soil 
microorganisms may lose their potency due to ecosystem 
disturbances and become unable to perform nutrient cycling 
and soil structure maintenance (Kara and Baykara, 2014).

Different methods have been developed to investigate the 
stability of soil aggregates through their capability to remain 
intact when exposed to stresses such as water forces (rain-
fall or irrigation), and the mechanical forces of traffic and 
cultivation (Blanco-Canqui and Lal, 2006). The high energy 
moisture characteristic (HEMC) is also usually applied to 
evaluate the stability of the soil structure, along with well-
known methods of aggregate stability estimation (Mamedov 
and Levy, 2013). The HEMC method was studied to assess 

the stability of the soil structure in arid/semi-arid regions 
(Mamedov et al., 2020). The HEMC method was first sug-
gested by Childs (1940), but some other researchers modified 
and standardized it to quantify the experimental and mode-
ling methods; this group includes Collis-George and Figueroa 
(1984), Pierson and Mulla (1989), and Levy and Mamedov 
(2002). Based on the modified approach, soil aggregates are 
wetted in two sets (one slowly and quickly), then their water 
characteristic curves are determined at a low range of mat-
ric suction, i.e. 0 to 50 hPa high energies, HEMCs. Finally, 
an index of aggregate stability is obtained by evaluating the 
differences in HEMCs between the slow and fast sets of wet-
ted aggregates. Moreover, a comparison of the stability of 
the aggregates is made by using the fast structural index or 
the fast to slow structural index ratio, i.e. stability ratio (SR) 
(Levy and Mamedov, 2002; Mamedov and Levy, 2013).

Iran is located in an arid and semi-arid region of the world 
with low soil organic carbon content (less than 1% in 61.6% of 
the agricultural soils (Moshiri et al., 2017). Since soil organic 
carbon promotes microbial activity, conservation tillage prac-
tices could be used to influence the microbial community 
which controls the process of the stabilization of aggregates. 
Therefore, the relationships between soil aggregate stability 
and organic carbon content and stocks may play an essential 
role in soil functional capacity under different tillage systems 
in the arid and semi-arid region of Iran. The objective of 
this study was to investigate the effects of conventional and 
conservation tillage systems which are associated with the 
effects of different organic carbon and microbial biomass on 
the stability indices of the soil structure of an agricultural soil 
in the arid/semi-arid region of northeastern Iran, based on the 
HEMC method, and water stable aggregates.

MATERIALS AND METHODS

Experimental plots of tillage practices and wheat-corn 
rotations were established in 2017 at the Agricultural and 
Natural Resources Research Centre in Khorasan Razavi 
province, northeastern Iran (36º13ʹ24ʺN latitude, 59º38ʹ19ʺE 
longitude, and 1003 m altitude above sea level). The mean 
annual temperature and precipitation in the study area during 
the experiment were 17.5°C, and 230 mm, respectively. The 
soil was classified as a typical Haplocambid soil according 
to the USDA classification system (Soil Survey Staff, 2014).

Three tillage systems were included in the study; CT 
(conventional tillage), RT (reduced tillage), and NT (no-till-
age) were arranged in a randomized complete block design 
with three replications. The width and length of each plot 
were 3 m (equal to the width of the cultivation machines) 
and 25 m, respectively; i.e. the plot size was 75 m2. A drip 
tape irrigation system was applied in the field.

Cultivation and crop rotation factors from the beginning 
of the experiment (2017) until our sampling time (2020) 
included the following:
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1. Wheat was cultivated and harvested in Nov 2017 and 
June 2018, respectively.

2. After wheat harvesting, clover was sown as a cover 
crop using a Wintersteiger seeder in no tillage treatment 
plots in July 2018, and the fallow treatment was applied to 
the CT and RT plots. The clover was harvested (with 5 cm 
stubs on the soil surface) using a mower in May 2019.

3. Corn was sown and harvested in June and October 
2019, respectively.

4. Thereafter, the wheat was cultivated and harvested in 
November 2019 and June 2020, respectively.

NT treatment consisted of the complete elimination 
of any ploughing, crop residues were also left behind and 
mixed with the soil surface to a minimum extent. The seeds 
in NT were sown using a direct drill planter and ordinary 
row planter for wheat and corn, respectively. RT consists of 
using a double-disc harrow and then a drill planter, hence 
crop residues were retained in the plots and mixed with the 
soil by harrow disc during field preparation for the next 
planting. CT treatment was applied using a mouldboard 
plough and harrow disc, and the stubs remained in the plots.

In the CT and RT systems, pneumatic precision sowing 
machines and row planters were used for the cultivation 
of corn and wheat, respectively. The seeds in the NT were 
sown using a direct drill and ordinary row planters for 
wheat and corn, respectively. The wheat and corn were har-
vested using a combine and a chopper, respectively.

Phosphorous (P) and potassium (K) fertilizers (super-
phosphate triple, 200 kg ha–1, and potassium sulphate 
200 kg ha–1 for wheat and superphosphate triple 150 kg ha–1, 
and potassium sulphate 150 kg ha–1 for corn) were applied 
based on soil testing and fertilizer recommendation. In the 
CT system, after mouldboard ploughing and tandem disking, 
the P and K fertilizers were applied manually to the plots, 
and mixed with soil during the second disking. In the RT 
system, after one pass of the offset harrow disk, the P and K 
fertilizers were spread by hand on the plots, and then mixed 
with soil during the second disking. In the NT system, the 
planter was equipped with fertilizer kits, which insert P and 
K fertilizers under and beside the seeds. Nitrogen fertilizer 
(urea 400 and 350 kg ha–1 for wheat and corn, respectively) 
were applied manually in two doses: the first 75-100 kg ha–1 

of urea was added before the second irrigation, and the rest 

of the urea was applied at the tillering and stem extension 
stages for wheat, and also at the 4-8 leaves stage for corn. 
A complete set of micronutrients (Extra Mix fertilizer), were 
also added with foliar spray (1.5 kg ha–1) at the tillering stage 
for wheat and at the 6-8 leaves stage for corn.

The inherent soil properties of the untreated soil (i.e. the 
original soil) were determined before the establishment of 
the plots at a depth of 0-30 cm, in September 2017. Some 
characteristics of the soil are shown in Table 1. The soil 
texture was measured using the pipette method (Gee and 
Bauder, 1986), and the levels of calcium carbonate were 
determined using reverse titration (Sparks et al., 1992). 
Organic carbon and total nitrogen were measured using 
wet oxidation (Walkley and Black, 1934), and Kjeldahl 
(Bremner and Mulvaney, 1982) methods, respectively. 
Electrical conductivity (EC) and pH were estimated using 
the saturated paste extraction method. Ca and Mg concen-
trations were then determined using titration by EDTA, and 
Na concentration was determined using a flame photometer 
apparatus (Richards, 1954).

Ta b l e  1. Selected physical and chemical properties of the origi-
nal soil

Clay Silt Sand CaCO3

(%)
OC TN ECe

(dS m–1) pHs
Na Ca Mg

(%) (mg kg–1) (meq l–1)

35.92 29.28 34.80 11.03 3600 300 1.27 7.39 8.95 5.25 3.12

OC – organic carbon, TN – total nitrogen, ECe – electrical con-
ductivity of the saturated extract, pHs – pH of the saturated paste.

In addition, undisturbed soil core samples, and soil aggre-
gates were collected from two depths (0-15 and 15-30 cm) of 
the tillage treatments in July 2020. Then, the soil chemical 
properties were measured, this included organic carbon (OC) 
(Walkley and Black, 1934), total nitrogen (TN) (Bremner 
and Mulvaney, 1982), C:N ratio, pH, and EC (in a soil:water 
ratio of 1:2) (Richards, 1954) (Table 2). The soil organic car-
bon stock (SOC stock) was determined using the following 
formula (Wertebach et al., 2017):

SOC stock (t C ha−1) = OC BD depth interval, (1)
where: OC is the organic carbon content in the soils 
(g C kg–1), BD is the soil bulk density (kg ha–1), and the 
depth interval is 0.15 m.

Ta b l e  2. Mean comparison of the chemical (EC, pH, OC, SOC stock, TN, C:N) and biological (MBC) soil properties of the treatments

Treatments EC pH OC MBC TN C:N SOC stock
(tC ha–1)

BD
(g cm–3)(dS  m–1) (mg kg–1)

CT0-15 0.348b 8.08ab 4615bc 2780b 324.3ab 14.515b 10.73b 1.56a

CT15-30 0.370ab 8.19a 2015d 1551c 310.3ab 6.495c 4.45c 1.47a

RT0-15 0.407ab 7.89bc 6630b 4118ab 329.0ab 20.145ab 15.72ab 1.60a

RT15-30 0.376ab 8.00b 3575c 2120b 234.5c 15.529b 8.48bc 1.55a

NT0-15 0.461a 7.75c 6890ab 4308ab 371.0a 18.865ab 16.58ab 1.60a

NT15-30 0.397ab 7.88bc 8778a 4898a 294.0b 29.712a 21.37a 1.62a

CT – conventional tillage, RT – reduced tillage, NT – no-tillage, MBC – microbial biomass carbon, C:N – OC to TN ratio, SOC stock 
– soil organic carbon stock, BD – bulk density. Means in a column followed by the same letter are not significantly different (p<0.05). 
Other explanations as in Table 1.
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The gravimetric water contents were also measured at 
a depth of 0-30 cm, with a 5 cm interval, during the sam-
pling period.

In order to achieve 0.5-1.0 mm aggregates, the soil sam-
ples were air-dried and gently sieved. After that, about 15 g 
of the aggregates were set in PVC cores with a diameter of 
35 mm and a height of 40 mm to establish a 25 mm thick 
layer in an aggregates bed. In order to evaluate the high 
energy moisture characteristic (HEMC) data, the aggregates 
were arranged in two sets of wetting rates, fast and slow, 
with three replicates. In the fast wetting set, each core was 
abruptly saturated with distilled water and was left flooded 
for 24 h (Poch and Antunez, 2010). In the slow wetting set, 
a slow saturation procedure was performed by applying mat-
ric suction values of 25, 20, 15, 10, 5, and 0 hPa (60 min 
equilibration time for each matric suction value) to the cores 
which were placed in a sandbox apparatus (Bearden, 2001). 
Then, the moisture characteristic curves of both fast and slow 
wetted cores were evaluated at a low matric suction range of 
0 to 50 hPa (0, 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 hPa), 
using a sandbox. The core samples were placed in a sandbox 
and exposed to 11 matric suction values from 0 to 50 hPa at 
5 hPa intervals. The cores were weighed after equilibration 
for each matric suction value, then all of them were oven-
dried and weighed to obtain the values of the gravimetric 
water contents corresponding to the matric suction values.

The structural stability indices of the soils were deter-
mined by fitting the modified van Genuchten model 
(Eq. (2)) to the measured HEMC (θ vs. h) data (Mamedov 
and Levy, 2013) using the non-linear method of the Solver 
Tool (Wraith and Or, 1998) in Microsoft Excel:
θ(h) = θr + (θs − θr) [1 + (αh)n](

1

n
−1) + Ah2 +Bh+ C, (2)

where θr and θs are the residual and saturated water contents 
(g g−1), α (hPa−1) and n (–) are the empirical parameters, and 
A (hPa−2), B (hPa−1), and C (g g−1) are the quadratic coef-
ficients (Pierson and Mulla, 1989) for the better-fitting 
of the model to the data. The residual water content (θr) 
in the HEMC method is not the real θr, in other words, it 
is the pseudo θr, and therefore, the trend of θr may not be 
predictable.

The specific water capacity function (C(θ) = |dθ/dh|, 
hPa−1) was calculated with the 1st derivative of Eq. (2) 
using Eq. (3):

C(θ) = (θs − θr) [1 + (αh)n](
1

n
−1)

(

1

n
− 1

)

(αh)n
(

n

[h {1 + (αh)n}]

)

+ 2Ah2 + B.

(3)

The modal suction (hmodal, hPa) corresponds to matric 
suction value at the peak of C(θ), it was estimated using 
Eq. (4) (Hosseini et al., 2015):

hmodal ≈
1

α

(

n− 1

n

)
1

n

. (4)

The volume of drainable pores (VDP) is the integral of 
the area under the specific water capacity curve. The VDP 
was obtained using Eq. (3) by determining the area bound 
by the pore shrinkage line (i.e. 2 Ah + B) and the specific 
water capacity curve. The structural index (SI, hPa−1) was 
described in terms of the ratio of VDP to hmodal at fast and 
slow wetting rates. Moreover, the ratio of fast to slow SI 
values (defined as the stability ratio (SR)) was used to com-
pare the aggregate stability of the treatments. A greater SR, 
close to 1, shows the higher structural stability of the soil 
(Collis-George and Figueroa, 1984):

SI =
V DP

hmodal

, (5)

SR =
SIFast

SISlow
. (6)

Similarly, the ratio of fast to slow VDP values (VDPR) 
was calculated using Eq.(7) to determine the aggregate sta-
bility (Levy and Mamedov, 2002):

V DPR =
V DPFast

V DPSlow

. (7)

The absolute value of the slope at the inflection point (Si, 
hPa−1) of HEMC was also evaluated using Eq.8 (Hosseini 
et al., 2015):

Si = |dθ/dh|
i
= (θs − θr)nα

(

n− 1

2n− 1

)( 2n−1

n
)

. (8)

The structural stability ratio (SiR) which is similar to the 
SR, was also calculated:

SiR =
Si−Fast

Si−Slow

. (9)

The percentage of water-stable aggregates was obtained 
using the wet sieving method (Kemper and Rosenau, 1986):

WSA =
A− S

W − S
100 , (10)

where A is the mass of stable aggregates (g), S is the sand 
mass (g) on the sieve and W is the sum of aggregate and 
sand mass (g).

The mean weight diameter (MWD, mm) was measured 
using the wet sieving method with nested sieves included 
in the set of 4, 2, 1, 0.5, 0.25 and 0.125 mm sieves used, 
as a measure of aggregate stability, which was determined 
using the following equation (van Bavel, 1950):

MWD =
n

∑

i=1

XiWi , (11)

where Xi (mm) is the mean diameter of two adjacent frac-
tions and Wi is the ratio of the mass of the aggregate fraction 
to the total mass of the soil.

Soil sampling for microbial biomass carbon (MBC) 
measurement was performed using moist soils, at the water 
content close to field capacity, in July 2020 after wheat 
harvest. Moist soil samples were used for the MBC measure-
ment and a particular aggregate size was not considered. The 
MBC was measured using the fumigation incubation method 
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of Jenkinson and Powlson (1976). In general, the method 
involves the chloroform (CHCl3) fumigation of moist soil 
samples for 0-20 days at 25°C and the determination of the 
CO2-C emitted in fumigated versus unfumigated soil.

The data were analysed using a general linear model 
(GLM) based on a randomized complete block design com-
bined with a factorial experiment, with three replications 
per treatment. Analyses were made using the SPSS 24 soft-
ware. ANOVA (simple effects and multiple comparisons) 
were made using the Duncan test at a significance level 
of p<0.05. The relationship between aggregate stability 
indices (i.e. SR, VDPR, SiR, SI-Fast, SI-Slow, VDPFast, VDPSlow, 
Si-Fast, and Si-Slow, hmodal-Fast and hmodal-Slow) and chemical, bio-
logical and physical properties including OC, C:N ratio, 
MBC, MWD, and WSA% were determined using Pearson 
pair-wise correlations.

RESULTS AND DISCUSSION

The organic carbon (OC) content of the original soil 
was 0.36% (Table 1), which is low but normal in the arid/
semi-arid regions of Iran because 61.6% of agricultural soils 
contain less than one percent OC (Moshiri et al., 2017). 
A mean comparison between some of the chemical and 
biological soil properties of the treatments are presented in 
Table 2. The amounts of OC and soil organic carbon (SOC) 
stocks varied to a substantial extent between the treatments. 
Regardless of soil depth, NT showed a 56.7 and 150% 
increase in SOC stocks in comparison with the RT and CT 
treatments, respectively. RT also had 59% more SOC stocks 
than CT. SOC stocks were not calculated using the original 
soil, because the BD and soil depth intervals data were not 
accessible, therefore only the variation in SOC stocks among 
the treatments was discussed. The mean comparisons of BD 
showed that they were not statistically significant.

The increase in OC in the NT as compared to the origi-
nal soil, were up to 92 and 144% (from 0.36 to 0.69 and 
0.88%) at depths of 0-15 and 15-30 cm, respectively (Tables 
1 and 2). Also, an OC accumulation of 83% (from 0.36 to 
0.66%) as compared to the original soil occurred in RT at 
a depth of 0-15 cm. Gwenzi et al. (2009) reported that the 
OC value at 0-15 cm under no-till and minimum tillage sys-
tems was higher than that of conventional tillage, therefore 
no-till and minimum tillage improved the structural stability 
of the soil and also carbon sequestration in the semi-arid 
region of Zimbabwe. Wertebach et al. (2017) demonstrated 
that SOC concentrations and stocks increased in abandoned 
croplands due to the lack of tillage operations, while till-
age practices led to the depletion of topsoil SOC stock of 
different soil types. The OC in RT at a subsurface depth (15-
30 cm) did not change in comparison with the original soil, 
presumably this is due to the inappropriate addition of crop 
residues in the soil at the subsurface layer of this treatment. 
An increase in OC of up to 28% (from 0.36 to 0.46%) as 
compared to the original soil in the surface of CT (0-15 cm) 

may be attributed to the presence of crop root residues in the 
soil. However, in the subsurface of CT (15-30 cm) a 44% 
decrease in OC as compared with the original soil was found 
(from 0.36 to 0.20%), probably because of a lack of crop 
residue addition and decomposition of organic matter due to 
tillage practices (Celik et al., 2012).

An increment of the OC and SOC stocks in no-till and 
RT systems was related to crop residues retention and the 
mixture with soil in these treatments as compared with CT, 
in which crop residues were removed after harvest in the 
CT treatment and only the stubs were retained. Also, the 
OC content and SOC stocks in NT were higher than in RT, 
because the cover crop was cultivated and crop residues 
were minimally mixed with soil in NT, therefore microbial 
decomposition was limited, and the organic matter supply 
was increased.

Wheat-corn crop rotation was applied in this research, 
which had high C:N ratios of residues (80:1 and 57:1, for 
wheat and corn residues, respectively (e.g. Wortman et al., 
2006)). Therefore, the amounts of OC and C:N of the soils 
increased in the NT and RT treatments due to the remaining 
plant residues (Table 2). The accumulation of organic mat-
ter in soils is normally due to crop residue retention in the 
field, which increases both the soil organic carbon and the 
C:N ratio (Yamakura and Sahunalu, 1990).

In semi-arid areas soils usually have a low organic mat-
ter content, the clay content was found to have more of 
an effect on soil structure, and clay particles can generate 
organic-mineral complexes, which results in the accumula-
tion of organic matter increases (Levy and Mamedov, 2002). 
The clay content was also high in the studied soil (Table 1), 
which has the potential to contribute to an increase in organ-
ic matter accumulation in the treatments including crop 
residue retention in comparison with the original soil.

The fitting of the modified van Genuchten model (Eq. (2)) 
to the HEMC data was outstanding with R2 values of 0.96 to 
0.99. The mean values of the fitting parameters for the treat-
ments for fast and slow wetting rates have been presented 
in Table 3. In the HEMC method, water retention is meas-
ured within macropores in a certain size range (pF = 0-1.6) 
and thus the HEMC model parameters may differ from the 
entire water retention model parameters (pF = 0-7), result-
ing mainly in micropores and mesopores. The saturated 
water content (θs) predicted by the modified van Genuchten 
model significantly increased with increases in the OC and 
SOC stocks for the treatments (Table 2) involving both fast 
and slow wetting rates, and a maximum value of θs (mean 
of the fast and slow wetting = 0.779 g g–1) was attributed to 
the no-tillage treatment at a 15-30 cm depth (NT15-30) which 
contained the highest amount of OC and SOC stocks among 
the treatments studied (≈0.88% of OC and ≈21.4 t C ha–1 
of SOC stocks). A decrease in θs with the reduction in OC 
confirmed that soil porosity decreased due to the destruction 
of soil structure and pores. Organic agents play the role of 
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a cement between the soil particles and therefore stabilize 
soil aggregates and structure, as a consequence macropores 
have a greater tendency to form (Wertebach et al., 2017).

Amounts of θs for the slow wetting rate treatments 
were higher than those for the fast wetting rate treatments 
in all treatments studied, due to the slaking of the aggre-
gates in the fast wetting procedure. However, the θr value 
in the fast wetting rate treatment was greater than that of 
the slow wetting rate treatment in all treatments studied, 
because most of the macropores were broken down during 
the fast wetting procedure. The highest θr value belonged 
to the CT system at a depth of 0-15 cm in the slow wetting 
treatment, also the θr value was not statistically different 
between the treatments for the fast wetting rate, however, 
CT had a greater θr value than RT and NT, regardless of the 
soil depth sampled. CT included micropores for the most 
part and hence microaggregates, presumably because of the 
maximum tillage practices as compared to RT and NT.

The parameter α represents the water released near the 
saturated suction or air entry value; a decrement in the α 
value means that the desaturation process starts at higher 
matric suction values. In fast wetting, regardless of the 
depth, NT had higher α values than RT and CT. The maxi-
mum α value was attributed to NT15-30 with an 0.88% of OC 
and 21.4 t C ha–1 of SOC stocks, and the lower α values were 
assigned to the CT treatment with the lowest OC and SOC 
stocks (Tables 2 and 3). For entire water retention, with 
predominant micro-and mesopores, Emami and Astaraei 
(2012) reported that the air-entry value increased with an 
increase in the concentration of micropores. Also, NT0-15 

and RT0-15 showed great α values after NT15-30, because they 
also contained high OC contents and SOC stocks, and in 
turn, stable soil structures. Mamedov et al. (2020) reported 
that changing the management practices from conventional 
tillage (CT) to no-tillage (NT) increased parameter α and 
aggregate stability due to an increase in the organic matter 
content of NT as opposed to CT, in a semi-arid region of 
Turkey. In slow wetting, the difference in α values among 
the treatments was not statistically significant. The param-
eter n governs the shape of the water retention curve in the 
desaturation zone. An increase in n with the increase in OC 
demonstrates that the slope of the desaturation zone would 
be boosted by a slow wetting rate due to the stabilizing role 

of OC on soil aggregates. This reflects the properties of the 
most stable aggregates (i.e. assigned to NT15-30 with 0.88% 
of OC and 21.4 t C ha–1 of SOC stocks) which are desatu-
rated in the lower range of matric suction as compared to 
the other treatments. Also, in the fast wetting treatment, the 
maximum n value was found in NT15-30. Emami and Astaraei 
(2012) also demonstrated that changing the pore-size dis-
tribution due to soil amendments affected water retention, 
thereby changing the retention curve shape parameter (n).

The water retention curves of the fitting model to HEMC 
data at a depth of 0-15 and 15-30 cm for the various treat-
ments studied are presented in Figs 1a and 1c, respectively. 
The results showed that the wetting rate has notable effects 
on the shape and steepness of HEMCs and model parameters 
in all of the treatments (Fig. 1 and Table 3). The differenc-
es in the fast and slow wetting curves can be assigned to 
aggregate slaking in the fast wetting procedure, because of 
the hydration of clay particles, entrapped air impact, and 
irregular swelling ( Mamedov et al., 2017). It is important 
to emphasize that the wetting speed of the aggregates is 
slower. In other words, for the slow wetting rate, the lower 
impacts are generated by water occupation in the spaces of 
the aggregates rather than air. Therefore, the pressure within 
the aggregates and the clay expansion rate is lower, aggre-
gate slaking is also decreased (Silva et al., 2014).

Evaluation of the water retention curves shows that the 
degradation of the soil’s physical condition often changes 
the shape of these curves especially with regard to decreas-
es in the saturated and inflection points (Dexter, 2004). The 
shape of the water retention curves altered as a result of dif-
ferent soil tillage systems (Fig. 1). This phenomenon is due 
to the variation in the organic carbon content found in the 
different management systems, which changes the shape 
parameters of the water retention curves and, as a conse-
quence, the pore-size distribution (Silva et al., 2014). Based 
on Mamedov et al. (2010), the HEMC may be divided into 
three categories: (1) matric suction of 3 to 12 hPa (relative 
to 1000-250 μm pores), (2) matric suction of 12 to 24 hPa 
(relative to 250-125 μm pores), and (3) matric suction of 
24 to 50 hPa (relative to 125-60 μm pores). The qualita-
tive interpretation of the HEMC indicated that the aggregate 
stability changed in various ranges of matric potential, cor-
responding to macro- and microporosity within the studied 

Ta b l e  3. Mean comparison of the fitting parameters of HEMCs data modelling of the water retention curve of the treatment plots

Treatments
θr (g g–1) θS (g g–1) n (–) α (hPa–1) A (hPa–2) B (hPa–1) C (g g–1)

fast slow fast slow fast slow fast slow fast slow fast slow fast slow
CT0-15 0.241a 0.118a 0.399c 0.469c 2.648a 1.911b 0.0328c 0.0899ab 9 10–6 ab 44 10–6 a –79 10–5 b –0.0043b 0.0225b 0.0821a

CT15-30 0.234a 0.012c 0.415c 0.464c 2.208a 1.867b 0.0310c 0.1061a 3 10–6 ab 6 10–6 c 21 10–7 ab –9 10–7 a 14 10–6 b 0.0286b

RT0-15 0.185a 0.107a 0.551b 0.714b 2.188a 1.886b 0.0603ab 0.0873ab 0.0b 13 10–6 c 42 10–6 ab 4 10–5a 0.0815a 0.0001b

RT15-30 0.097a 0.086b 0.407c 0.464c 2.039a 1.883b 0.0291c 0.0982ab 4 10–6 ab 29 10–6b 19 10–7 ab –0.0029b 0.0178b 0.0629a

NT0-15 0.166a 0.103ab 0.543b 0.711b 2.101a 1.947b 0.0563b 0.0820b 1 10–5 a 15 10–6 bc 16 10–5 ab 6 10–7 a 0.0815a 0.0001b

NT15-30 0.248a 0.043bc 0.737a 0.822a 3.059a 2.291a 0.0683a 0.0897ab 4 10–6 ab 5 10–6 c 79 10–5 a –3 10–7 a 1 10–5 b 0.0136b

θS – saturated water content, θr – residual water content, n – empirical parameters which control the position of the water retention curve, 
α – empirical parameters which control the steepness of the water retention curve, A, B, and C – quadratic coefficients to improve model 
fitting. Means in a column followed by the same letter are not significantly different (p<0.05). Other explanations as in Tables 1 and 2.
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macropore range (Amézketa,1999; Mamedov and Levy, 
2013), thereby allowing for a better understanding of the 
mechanisms responsible for aggregate disintegration such 
as; the entrapped air effect, slaking, etc.

Based on Figs 1a and 1c, for the slow wetting treatment, 
regardless of depth, the highest water contents at satura-
tion and low matric suction values of HEMC (0-24 hPa) 
were attributed to NT as compared to RT and CT, and the 
water contents sharply decreased with increasing mat-
ric suction (24-50 hPa). In the NT system, organic matter 
decomposition was limited and the amount of OC and 
SOC stocks increased as compared to the RT and CT treat-
ments (Table 2). Enhanced soil aeration due to ploughing 

operations increases organic matter decomposition in the 
soil (Wertebach et al., 2017). This implies that the NT 
treatment included more structural pores, macropores of 
>250 μm and mesopores of 250-125 μm, created by high 
OC and SOC stocks. Also, the lowest water contents at 
saturated and low matric suction (<24 hPa) were found in 
the CT treatment, and water contents during the matric suc-
tion increment (24-50 hPa) gradually decreased. In the CT 
system, macropores were not created, and weak structure 
and mostly micropores (125-60 μm) occur because of the 
low values of OC and SOC stocks as compared with RT and 
NT. At a depth of 0-15 cm (Fig. 1a), RT also showed high 
water contents at saturated and low matric suction values of 

Fig. 1. High energy moisture characteristic (HEMC) curves, and specific water capacity functions at depths of 0-15 cm (a), and (b), 
and 15-30 cm (c), and (d) for the treatments subjected to both slow and fast wetting; the mean of both depths of the HEMC curves (e), 
and specific water capacity functions (f) of CT, RT and NT. The continuous curves in (a), (c), and (e) are the fittings of the modified 
van Genuchten model; grey lines and no-fill markers – fast wetting; black lines and filled markers – slow wetting. CT – conventional 
tillage, RT – reduced tillage, NT – no-tillage, Error bars indicate ±1 standard error.
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HEMC (0-24 hPa), this was similar to NT, because it had 
a high amount of OC and SOC stocks, and in turn contained 
more structural pores, (macropores of >250 μm).

In the case of fast wetting; an almost similar trend was 
observed and NT (at both depths), and RT0-15 had higher 
water contents than the other treatments, and the slope of 
the curves was more gradual than the slow wetting treat-
ment, this was probably due to the destruction of the soil 
structure in the fast wetting procedure. In addition, RT15-30, 
CT (at both depths) had a very mild slope of water reten-
tion curves for the fast wetting in particular, which could 
be related to low OC and SOC stocks in these treatments, 
therefore, unstable soil structures had more structural col-
lapses during fast wetting. In conventional tillage with no 
crop residues (i.e. only the stubs), organic matter was not 
added to the soil, therefore there was no continuous supply 
of OC to the soil, which is the reason for the lower stabil-
ity of aggregates in this treatment. Wu et al. (2017) and 
Amjadi et al. (2021) demonstrated that organic matter can 
increase aggregate stability.

Management systems that lead to aggregate disintegra-
tion in fast wetting rates, usually cause the release of fine 
sand and silt particles, which are related to the clogging 
of soil pores, resulting in a reduction in soil permeability. 
Farahani et al. (2020) found that the migration of fine parti-
cles into the soil pores led to pore clogging, the destruction 
of aggregates, and also to a reduction in pore size. However, 
if the aggregate stability of the soil increases under a fast 
wetting rate, they are presumably resistant to heavy rain 
and are less susceptible to slaking (Silva et al., 2014).

Fig. 1b and 1d showed the specific water capacity 
functions (C(θ) = |dθ/dh|, hPa−1) of fast and slow wetting 
conditions at depths of 0-15 and 15-30 cm, respectively. 
The maximum specific water capacities for slow and fast 
wetting were also attributed to NT (at both depths) this is 
inconsistent with the results of the water retention curves, 
and RT0-15 which contain the highest OC and SOC stocks. 
This reflects less slaking and entrapped air in the most sta-
bilized aggregates of the treatments that contained high OC 
and SOC stocks. Analysis of C(θ) shows that when there 
are no stabilizing agents, the wetting rate had an important 
effect on the curve shape, and then on the stability indices 
and model parameters of RT15-30, and CT (at both depths).

In this research, we focused on the soil microbial com-
munity, i.e. microbial biomass carbon (MBC), as well as 
OC present in the treatments. The land-use type influences 
the composition of the microbial communities and their 
contribution to aggregate stabilization (Umer and Rajab, 
2012). Since the fresh plant residues produce cohesive 
compounds, increase microbial activity, and are a source of 
organic carbon (Poch and Antunez, 2010), the crop residues 
in the NT and RT treatments probably contributed to an 
increase in microbial activity. The addition of organic mat-
ter to soils promotes the formation of microbial biomass 
to a greater extent than the conventional management of 

soils (Six et al., 2006), which may be a possible reason for 
increasing MBC in NT and RT treatments as compared to 
CT. As a consequence, NT treatment at both depths (NT0-15, 

NT15-30), and RT0-15 produced the most macropores because 
of the role of MBC in stabilizing the aggregates, and hence 
the HEMC stability indices and WSA% (Figs 2 and 3).

Plant production may increase the soil microbial bio-
mass, which in turn increases the tendency for microbial 
sequestration of organic matter into the soil organic carbon 
pool (Wertebach et al., 2017). The soil carbon pool related 
to the microbial community determines the process of the 
stabilization of aggregates, and the resistance to fast wet-
ting as the major mechanism of aggregate stability is driven 
by microorganisms (Guidi et al., 2013). Similarly, Hosseini 
et al. (2015) reported that the infection of soil by fungal 
endophytes enhances the stability of soil pores, due to the 
formation of more stable aggregates, better water repellency, 
and the fine physical quality of the soil. The soil microbial 
community dynamics were influenced by the tillage system, 
and the arbuscular mycorrhizal fungi density and composi-
tion were modified by tillage practices, which may increase 
the stability of the soil aggregate (Duchicela et al., 2013). 
Cessation of tillage practices in no-tillage systems allows 
the soil to recover from some of the negative effects of dis-
turbance. Research into no-tillage systems shows that the 
recovery of soil properties negatively influenced by tillage 
practices seems to be slow, and that the response time may 
differ according to the particular chronosequence and with 
the specific soil property (Duchicela et al., 2013).

The mean values of the structural stability indices of 
HEMC are shown in Table 4. A reduction in volume draina-
ble pores (VDP) was obtained for fast wetting as compared 
to slow wetting because of the slaking of the fast-wetted 
aggregates and the entrapped air effect. Alternating con-
ventional tillage (CT) to no-tillage (NT) increased VDP in 
fast and slow wetting rates (Fig. 1, and Table 4). Thus, fast 
wetting changes the size of aggregates to smaller sizes and 
these changes followed the trend of CT>RT>NT, regard-
less of depth. The VDP decreases as the extent of aggregate 
breakdown increases, and the smallest pore size occurred 
in the fast wetting treatment using organic farm aggre-
gates (Pierson and Mulla, 1989). The mean diameter of the 
aggregates after fast wetting at a suction range from 0 to 
50 hPa in NT was higher than the corresponding value for 
the RT and CT treatments which reflects the greater aggre-
gate stability in no-tillage systems.

When the content of organic matter increases, the number 
of macroaggregates, and consequently VDP increases, as 
opposed to soils that have a low organic carbon content the 
aggregates may be destroyed as a result of entrapped air within 
the aggregates. Entrapped air within the aggregates leads to 
slaking and the destruction of coarse aggregates during the 
fast wetting process, which is an important mechanism for 
decreasing the structural stability of the soil (Amezketa, 1999). 
Changes in soil structure after the breakdown of aggregates, 



ORGANIC CARBON AND TILLAGE SYSTEMS IMPACTS ON STRUCTURAL STABILITY 21

usually results in the rearrangement of small particles. In turn, 
this causes pore-size distribution to progress toward a greater 
number of smaller pores (from macro to micropores), and 
thus decreases VDP and increases the value of modal suction 
(hmodal) (Mamedow and Levy, 2013; Gholoubi et al., 2019).

The structural stability index (SI) value represents 
a narrow range of pore sizes which is related to the extent 
of aggregate porosity (Mamedov et al., 2020). The slope 
of HEMC at the inflection point (Si) was considered to be 
an index of structural stability, which is similar to Dexter's 
S-theory. Greater values of SI, Si, and VDP, and a low value 
of hmodal were found in the NT15-30 treatment for the slow wet-
ting rate, due to the higher values of θs and α for the slow 
wetting curves, respectively (Table 3). This finding dem-
onstrated the role that organic matter plays as a cementing 
agent versus the destructive forces caused by wetting and 
may create stable macropores, also fewer aggregates break 

Fig. 2. Values of the stability ratio (SR), (a) the stability ratio similar to SR as the ratio of Si in fast and slow wetting (SiR), (b) the ratio 
of fast to slow VDP values (VDPR), (c) and the mean of both depths of the ratios (d), (e), and (f) of CT, RT and NT of HEMC in the 
treatments. Means in a column followed by the same letter are not significantly different (p<0.05). Other explanations as in Fig. 1.

Fig. 3. Water-stable aggregates (WSA%) in different treatments at 
two depths (0-15 and 15-30 cm). Means in a column followed by 
the same letter are not significantly different (p<0.05). Other expla-
nations as in Fig. 1.
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down in the NT15-30 treatment. Mamedov et al. (2017) found 
a positive exponential relationship between SI and parameter 
α for aggregates of three sizes (0.25-0.5, 0.5-1, and 1-2 mm) 
from four semi-arid soils treated with polyacrylamide. They 
emphasized that an increase in α implies an increase in 
aggregate stability and resistance to slaking by wetting.

Si-Fast significantly decreased from 0.035 in NT15-30 to 
0.003 in CT at both depths, this indicated that the slaking of 
aggregates occurred during fast wetting. A fast wetting rate 
increases hmodal and decreases VDP by reducing pore sizes 
and results in decreases in SI. Water penetrates and weak-
ens the outer aggregate surfaces in the fast wetting process, 
while the entrapped air pressure increases at the same time. 
When this pressure exceeds a certain threshold, the cohe-
sive strength of the weakened layers is reduced, and the air 
escapes, this results in aggregate breakdown.

Lower Si-Fast values revealed that aggregates break down 
and small pores formed during fast wetting, and greater val-
ues of Si correspond to improved aggregate stability. The 
results showed that Si-Fast values and SR in RT15-30, CT0-15, and 
CT15-30 were significantly decreased compared to NT at both 
depths and RT0-15, this is probably due to low OC and SOC 
stocks. Organic compounds are important agents in stabilizing 
aggregates, they are adsorbed on the surface of soil particles 
and bond them together (Alami et al., 2000). It seems likely 
that organic compounds encouraged fungal activity which 
improved the stability of aggregate in fast wetting due to 
the water repellency of soil aggregates as a result of fungal 
hydrophobic substances (Chenu and Cosentino, 2011).

Moreover, the stability ratio of Si in fast and slow wet-
ting (SiR) and the ratio of fast to slow VDP (VDPR) values 
as additional structural stability indices/ratios of HEMC are 
presented in Fig. 2. It may be stated that although the maxi-
mum aggregate stability (SR) value is equal to 1, in our 
research, the SR values were less than 0.50, this is probably 
because the management practices were only continued for 
3 years. The significant positive correlation of SR with SiR 
(r=0.93, p< 0.01, Table 5) confirms that SiR could be used 
as an alternative index of structural stability. The highest 
values of SR, SiR, and VDPR were attributed to NT at both 
depths, and to the RT0-15 treatment with more OC and SOC 
stocks, as mentioned previously. Higher values of SR sug-
gest the greater stability of soil aggregates (Mamedov et al., 
2020). The SR values for fast and slow wetted aggregates 

(Fig. 2a) indicate that the susceptibility of the aggregate 
to slaking depends closely on the tillage system used as 
well as the OC and SOC stocks and that the effects of fast 
wetting on the slaking of aggregate in NT at both depths, 
and also for the RT0-15 treatment was minimal and the dis-
tribution of macropores for the slow and fast wetting rates 
were similar. This finding was due to the higher OC and 
SOC stocks and MBC for the NT treatment at both depths, 
and also for the RT0-15 treatment which probably formed 
a hydrophobic coating film around the aggregates which 
slowed down aggregate soaking, therefore decreasing the 
sensitivity to slaking in fast wetting rate. By contrast, for 
other treatments with lower OC and SOC stocks and MBC, 
slaking significantly reduced drainable pores and SR.

In this way, the CT system may affect the soil aggregate 
stability by decreasing the organic matter (binding agent) 
content, and the microbial activity, i.e. MBC, which results 
in greater amounts of dispersed clay due to mechanical 
disruption (Amezketa, 1999). A close positive correlation 
between SR and SI-Fast (r = 0.91, p < 0.01, Table 5) indicated 
that SR is mainly determined by SI-Fast rather than SI-Slow. For 
the NT treatment at both depths, and the RT0-15 treatment, 
the organic carbon contents significantly increased the SR 
(Fig. 2a), due to increases in SI-Fast. Also, as an index for 
aggregate stability, VDPR was significantly influenced by 
the OC and SOC stocks. The significant linear correlation 
between VDPR and VDPFast (r=0.9, p<0.01, Table 5) sug-
gests that the organic matter content has a more substantial 
impact on VDPFast than VDPSlow and therefore increases the 
degree of structural stability. The presence of organic car-
bon encourages microbial activity and produces compounds 
of polysaccharides and carbohydrates which stabilize soil 
aggregates (Caravaca et al., 2002). The significant correla-
tions of SR, VDPR, and SiR with OC, MBC, and the C:N 
ratio (Table 5) support this finding.

The percentage of water-stable aggregates (WSA%), and 
the mean weight diameter (MWD) were also determined in the 
treatments as they are common methods used to assess soil 
structural stability (Figs 3 and 4), this is due to the fact that 
soil pore size and its distribution is associated with aggregate 
size (Mamedov et al., 2017). The results of WSA% and MWD 
confirmed the results of the HEMC method, it was determined 
that the highest value of WSA% and MWD were produced by 
the NT15-30 treatment which had the highest OC content and 

Ta b l e  4. Mean comparison of structural stability indices of HEMC method

Treatments hmodal (hPa) SI (hPa–1) Si (hPa–1) VDP (g g–1)
fast slow fast slow fast slow fast slow

CT0-15 24.90a 7.54ab 0.0035c 0.0348c 0.0043cd 0.0146b 0.085c 0.263c

CT15-30 24.47a 6.25b 0.0032c 0.0580ab 0.0037d 0.0204b 0.079c 0.362b

RT0-15 12.38b 7.67ab 0.0211b 0.0564ab 0.022b 0.0218b 0.261b 0.433b

RT15-30 24.37a 6.84ab 0.0042c 0.0432bc 0.0047c 0.0166b 0.102c 0.291c

NT0-15 13.03b 8.46ab 0.0192b 0.0518b 0.011bc 0.0215b 0.250b 0.435b

NT15-30 12.52b 9.02a 0.0348a 0.0745a 0.026a 0.0365a 0.433a 0.632a

hmodal – modal suction, SI – structural index, Si – slope at the inflection point of HEMC, VDP – volume of drainable pores. Means in a 
column followed by the same letter are not significantly different (p<0.05). Other explanations as in Tables 1 and 2.
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SOC stocks (Figs 3, 4 and Table 2). Both the RT0-15 and NT0-15 
treatments showed high WSA% (Fig. 3), and they also had 
high contents of OC and SOC stocks (Table 2), which may be 
a potential reason to create a high degree of aggregate stabil-
ity. The pH value may also be effective on soil structure, for 
example at lower pH values, the activity of H+ causes aggre-
gation of clays, and binding between soil organic matter and 
clay surfaces encourages flocculation (Gholoubi et al., 2019). 
According to Table 2, the lower pH values for the NT treat-
ment (at both depths), and also for the RT0-15 treatment tended 
to produce more stable aggregates than the other treatments 
with higher pH values. A high amount of WSA% may lead 
to the formation of large soil pores between the stable aggre-
gates (Mamedov et al., 2017; Farahani et al., 2018), which 
is consistent with the results of the water retention curves of 
HEMC. Moreover, the RT15-30 and CT15-30 treatments produced 
the lowest MWD (Fig. 4), which contained minimum OC and 
SOC stocks (Table 2). Wu et al (2019) studied four tillage sys-
tems which included conventional tillage and no-tillage with 
and without straw retention in the semi-arid western Loess 
Plateau, northwestern China and found that conventional till-
age treatment without straw retention produced the lowest 
soil organic carbon and MWD results.

The accumulation of organic matter in soils is normally 
due to crop residue retention in the field, which increases 
soil organic carbon levels and the C:N ratio (Yamakura 
ad Sahunalu, 1990). Significant correlation coefficients 
(P<0.01) were found between WSA% and MWD and most 
of the HEMC indices (Table 5). The high positive correla-
tion for OC and C:N with most of the structural stability 
indices (i.e. SR, VDPR, SiR, SI, VDP, Si, hmodal) indicated 
that the HEMC indices and also WSA% and MWD increase 
by increasing OC and C:N. The significant positive cor-
relation found between MBC and the structural stability 
ratios (i.e. SR, VDPR, SiR) and also WSA% and MWD in 
our study is supported by the findings of Guidi et al. (2013) 
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Fig. 4. Mean weight diameter (MWD) in different treatments at 
two depths (0-15 and 15-30 cm). Means in a column followed by 
the same letter are not significantly different (p<0.05). Other expla-
nations as in Fig. 1.
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and Hosseini et al. (2015), which indicates that a positive 
increment in MBC could induce the stabilization of the 
aggregates. Tisdall and Oades (1982) have shown that the 
stability of macroaggregates can be improved by the applica-
tion of decomposable organic material.

CONCLUSIONS

1. Studying the effect of soil management practices on 
aggregate stability is essential in semi-arid regions that have 
low organic carbon contents and soil organic carbon stocks. 
Therefore, this research assessed the effects of three different 
tillage practices (conventional tillage, reduced tillage, and 
no-tillage) on soil aggregate (structure) stability through the 
high energy moisture characteristics method, and the per-
centage of water-stable aggregates and microbial biomass 
carbon in an agricultural soil. Our findings demonstrated 
that most changes in soil structural stability were related to 
organic carbon content and soil organic carbon stocks. The 
change from conventional to reduced and no-tillage systems 
led to an increase in organic carbon accumulation, i.e. soil 
organic carbon stocks, which is important in the agricultural 
soils of Iran (arid and semi-arid regions with a low organic 
matter content). In addition, the highest organic carbon con-
tent and microbial activity in the no-tillage system created 
the most stable aggregates.

2. In general, the results indicated that the high energy 
moisture characteristics indices (structural index, stability 
ratio, structural stability ratio, and volume of drainable pores 
values) had a positive correlation with organic carbon and 
microbial activity. Therefore, a lack of organic carbon and 
a suboptimal microbial community especially in arid regions 
decreases soil aggregate stability. These findings may be 
associated with the size of the predominant macroaggregates 
and the range of the pressure head in the high energy mois-
ture characteristics method, which only takes into account 
soil structural pores (0 to 50 hPa matric suction values, i.e. 
macropores). Future studies may include a more prolonged 
experiment and the minimum amount of residue material 
required to support organic carbon and soil structural stability.

Conflict of interests: The authors declare that no con-
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