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This study was carried out to investigate the effects of long-term cultivation and
landscape position on organic carbon content and soil aggregation. Sampling sites
were determined based upon land use at the end of 50 years soil use and manage-
ment, cultivated/annual wheat cropping and grazed pasture, and landscape position
in Chaharmahal-va-Bakhtiary province, southwest Iran. Soil samples were collected
Sfrom the 05 cm and 5—15 cm depths in two adjacent fields that have the same slope
and aspect. The soil was silty clay at the summit and footslope positions, and was a
silty clay loam at the backslope. Wet-sieving analysis and aggregate-size fraction-
ation methods were used to separate the samples into three aggregate fractions
(ie., 2-4.75, 0.25-2, and 0.053-0.25 mm). The treatments were arranged in a fac-
torial design. Land use significantly affected the water-stable aggregate fractions, so
that the wet soil stability of the macroaggregates (i.e., 2—4.75 mm) was higher in the
pasture, whereas it was greater for the meso-aggregates (i.e., 0.25-2 mm) in the cul-
tivated soils. Cultivation decreased both the wet-aggregate stability and percent of
macroaggregates whereas long-term pasture enhanced aggregation. Soil organic
carbon (SOC) content within aggregates and primary particles was also signifi-
cantly influenced by landscape position, land use, and the depth of sampling. The
SOC content was higher in clay than those in silt and sand contents. The SOC con-
tent decreased as depth increased in all fractions. In general, the highest and lowest
wet-stable aggregates were observed on the footslope and backslope positions,
respectively.
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Introduction

Soil organic matter (SOM), was significantly affected by land use in both quality and
quantity (Ayoubi and Karchegani, 2012). Changes in land use, such as the cultivation
of pasture soils for field crops, reduces SOM content, causes soil bulk density (BD) to
increase, and causes aggregate stability and saturated hydraulic conductivity to decrease
(Skidmore, Carstenson, and Banbury, 1975; Scott, Rutledge, and Miley, 1983; Puget and
Lal, 2005). Several parameters including soil structure, texture, and soil management are
important determinates in soils associated with rate and quality of C sequestration (Hao
et al., 2002; Mishra, Ussiri, and Lal, 2010). Bauer and Black (1981) reported a rapid
decrease of SOM and total nitrogen content during the initial ten years of cultivation
and cropping of a pasture land, where a decline of SOM continued approaching a steady
state level after a long-term of cultivation. Tillage impacts soil structure by reducing
SOM and altering the distribution and aggregates’ stability (Angers, Pesant, and
Vigneux, 1992; Six et al., 1998). The beneficial effect of no-tillage management on soil
aggregation and aggregate stability, due to minimum soil mixing and disturbance that
results in SOM accumulation, was reported by several studies (Blevins and Frye, 1993;
Mahboubi, Lal, and Faussey, 1993; Six, Elliott, and Paustion, 1999).

Land use change and different management practices partition SOM into different
aggregate-size fractions and into different primary particle-associated fractions
(Bronick and Lal, 2005; Hoyos and Comerford, 2005). When a soil is subjected to agri-
cultural practices the macroaggregates are broken down, resulting in the SOM being
more vulnerable to mineralization (Cambardella and Elliott, 1993; Six, Elliott, and
Paustion, 2000). The soil organic carbon (SOC) and aggregates reciprocally conserve
each other in the sense that SOC is protected from degradation by its association with
soil primary particles and/or by being contained within aggregates, whereas aggregate
stabilization is enhanced by the SOC that is physically-protected (Six, Elliott, and Paus-
tion, 1999; Six et al., 2002). The soils in the foothills of the Zagros mountains of western
Iran are consistently under risk of degradation due to the severe slope and the high fre-
quency of heavy rains. Livestock overgrazing and changes in the natural forests and
grasslands to dryland farms (with unsuitable management systems), has resulted in
destruction of the soils’ structure, which has led to erosion in these regions.

Unfortunately, information on the effects of cropping in terms of landscape pos-
ition and the effect of this system to SOC storage is lacking. The objective of this study
is to determine: (1) how wet-aggregate stability and distribution of aggregate-size frac-
tions are altered by long-term changes in land use; (2) how land use and landscape pos-
ition impact the particle size fractions and the associated SOC content; and (3) how
cultivation affects the partitioning of SOC content in different aggregate fractions.
The hypothesis is that changes in land use and landscape position will affect the soils’
physical quality, which is demonstrated by soil organic carbon content and aggregate
stability. Changes in the soil properties that are associated with these factors can be use-
ful the development of sustainable land management practices and to determine the
potential of these hilly regions for carbon sequestration.

Material and Methods
Site Description and Soil Sampling

This study was conducted on the dry land farming region located 45km south of
Borojen, Charmahal-va-Bakhtiari Province, Iran (32°31’ N, 51°1’ E), at an elevation
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of 2240 m. The region is characterized as having a semi-arid climate, with long-term
average annual precipitation of 450 mm. Mean monthly temperatures range from
30°C in July to —26°C in January, as reported by Charmahal-va-Bakhtiari Meteoro-
logical Administration. The soil was fine mixed, mesic, typic calsixerepts (Soil Survey
Staff, 2006). Soil pH was approximately 8.5 and EC was about 0.16 dS/m in 0-5cm
and about 0.13 dS/m in 5-15cm layer. The EC value of rain water was about 0.021
dS/m. The percentage of CaCOj; in pasture soils was 35.7 whereas cultivated soils
were 31.1 (except in footslope where cultivated soil was higher than pasture). Also,
the percentage of CaCO; was lower with depth. The experimental field included two
adjacent plots having the same slope and aspect (about 5-10 degree slope at the sum-
mit, 30-35-degree slope at the backslope and 3-6-degree slope at the footslope).
Treatments consisted of land use (wheat cropping and pasture), landscape positions
(summit, backslope, and footslope) and soil sampling depths. The free-grazing pas-
ture (the pasture without grazing management) that had not received any external
fertilizer had been covered with leguminous species (Astragalus cyclophyllus) and
gramineous species (Agropyron spp. and Aegilops spp.) since about 100 years ago,
as reported by Agricultural and Natural Resources Research Center of
Charmahal-va-Bakhtiari. The average pasture dry matter yields were approximately
571kg ha~'. The rainfed wheat (Triticum aestvum L.) cultivation with average crop
yield of 1.48t ha~! was farmed using conventional tillage (moldboard plowing) in a
depth of 10 cm without a special rotation program since approximately 50 years ago.
The mineral fertilizer of 92.1kg ha~' of N, 32kg ha~! of P and 79kg ha~! of K was
applied to the soil according to soil analysis recommended by Agricultural and
Natural Resources Research Center of Charmahal-va-Bakhtiari.

Three composite sub-samples (a, b, ¢ in Figure 1) were taken from 0-5 and
5-15cm soil depths of the adjacent pasture and cultivated with minimal destruction
of aggregates. The systematic sampling was used to collect the soil samples (Figure 1).
Soils were taken at regularly spaced intervals in all directions. The samples of each
position and plot (about 20 ha from summit to footslope) were mixed and four repli-
cates were used for experiments. The 24 samples were used for wet-aggregate stab-
ility measurements and the determination of SOC content within aggregate-size
fractions and/or associated with primary particles.

Core samples were (5cm diameter and 5cm height) taken from each plot,
landscape position, and soil depth, with four replicates for bulk density (BD)
measurements.

summit

Figure 1. Schematic diagram of sampling site. a, b, and ¢ are three composite subsamples.
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Aggregate Size Fractionation

A 100 g soil sample, containing intact aggregates that had passed through a 4.75 mm
sieve was capillary-wetted to a matric suction of 30 kPa. This approach was used to
minimize the breaking of aggregates that result from entrapped air and rough swell-
ing. The wet-sieving analysis with three sieves of 2, 0.25 and 0.053 mm were done on
the wetted samples (Cambardella and Elliott, 1994). The aggregates were separated
into three sizes (i.e., 4.75-2, 2-0.25, and 0.25-0.053mm). The aggregates were
wet-sieved in a container of tap water for 30 min with a vertical stroke of 1.3cm
and speed of 30 strokes per min.

Aggregate fractions were recovered after each wet-sieving treatment, oven-dried
(at 105°C) and weighed. Corresponding sieves were used to determine the percentage
of sand and gravel. The percent of water-stable aggregates (Y%oWSA), (Hoyos and
Comerford, 2005), mean weight diameter (MWD), Van Bavel (1950), and geometric
mean diameter (GMD), Mazurak (1950) of aggregates were calculated as follows:

0 . i(a+s) — I(Y
%WSA = (Z W= ST W, ) x 100, (1)

in which Wj. is the weight of particles on sieve i, W, is the weight of sand or
gravel on sieve i (determined by dispersing the particles on sieve i, washing the
material through sieve i, oven-dry the sand or gravels left on sieve i and weight),
W, is the weight of soil (i.e., 100 g), and n is the aggregate fractions (i.e., 3). It is
notable that the <0.053 mm fraction was not taken into account because the focus
was on the meso- and macroaggregate stability.

MWD = " w. X, (2)

where X; is arithmetic mean of aggregates size on sieve i, and w; is the fraction of
stable aggregates on sieve i, determined as follows:

I/Vi(aJrs) - I/VI(S)
- : (3)
! Z?:] I/Vi(aJrs) - Z?:l VVI'@')
JogX;
GMD = exp {leog} @)
Ez lW’

Fraction of Particle Size

A 50 g of air-dried sample from fine earth (<2 mm) was transferred into a flask con-
taining 125 ml of de-ionized water plus 50 shots (5 mm iron beads) and was subjected
to dispersion in a reciprocal shaker (250 strokes per min, for 8 hr) (Puget, Chenu,
and Balesdent, 1995). The complete dispersion of aggregates <0.053 mm was carried
out by ultrasonic treatment (1500J/g) for 15min. The sand fraction and particulate
organic matter (POM) fraction were recovered by passing the sonified suspension
using a 0.053 mm sieve.
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The weight of sand fraction was determined after overnight oven-drying (50°C).
The silt- and clay-sized organo-mineral particles were separated using the method of
Bronick and Lal (2005).

Organic Carbon Measurement

The SOC content was measured by wet-oxidation (Walkley and Black, 1934) in the
clay, silt, and sand-sized particles (which were dispersed using ultrasound) and in the
aggregate fractions.

Statistical Analysis

Completely randomized block design was used for the statistical analysis. The frac-
tional arrangement was: two treatments of land use and three landscape position and
two depths. The data were analyzed using ANOVA in the SAS statistical program
(SAS Institute Inc., 1995). Mean comparison was performed by using the Duncan’s
multiple range method.

Result and Discussion

The analyses of variance for measured properties are shown in Tables 1 and 2. All
treatments had significant effects on measured properties with the exception of land
use on silt and depth on the aggregate size of 0.25-2mm. Neither of the variables
were significantly affected by interaction between three treatments and some of them
were affected by interaction of two treatments (Tables 1 and 2).

The effects of landscape position and land use on the bulk density (BD) and
organic carbon of the two soil layers (i.e., 0-5 and 5-15 centimeters) are shown in
Table 3. Soil bulk density was increased by cultivation and annual cropping. This
effect may be due to the disturbance of soil structure and aggregate disruption caus-
ing porosity reduction. Khormali et al. (2009) showed that forested land included
highly porous crumb microstructure unlike the soil in deforested and cultivated soils.
Soil BD increased with depth (Table 3), showing the compaction of sub-surface soil
due to cultivation and machinery traffic. Lower BD was observed in the 0—5 cm layer

Table 1. The F ratio of analysis of variance for soil organic carbon (SOC) content,
bulk density (BD), sand, silt, and clay under slope position (S), land use (LU), depth
(D), and their interactions

Source of variance  df SOC BD Sand Silt Clay
S 2 5.17* 727.26*  190.84**  204.45**  84.56**
LU 1 19.93**  1507.21**  105.79** 0.55 68.1**
D 1 4.65* 247.83**  114.63**  259.37**  74.59**
SxD 2 0.34 65.52** 22.94** 0.10 1.30
Sx LU 2 1.05 215.19** 1.24 19.48** 3.36*
LUXxD 1 0.76 6.86" 3.73* 43.24**  17.61**
SxDx LU 2 0.63 121.32 2.90 3.33 0.12

* and ** mean significant effects at 0.05 and 0.01 levels for probability, respectively.
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Table 2. The F ratio of analysis of variance for water stable aggregate (WSA), mean
weight diameter (MWD), geometric mean diameter (GMD), and aggregate size (2—
4.74, 0.25-2, and 0.052-0.25 millimeters) under slope position (S), land use (LU),
depth (D), and their interactions

Source of 0.052—
variance df  WSA MWD GMD 2-4.74 0.25-2 0.25

S 2 11.30** 56.08** 66.30"* 52.06** 9.75%* 76.4**
LU 1 8.32**  607.12** 765.46** 884.38** 131.05**  653.25**
D 1 3.46 32.77** 41.04** 42.64** 1.99 21.87**
SxD 2 0.12 1.67 2.96 2.34 0.13 5.92%*
Sx LU 2 0.26 0.48 0.65* 3.17* 24.69** 14.18**
LUxD 1 0.87 10.47* 13.68** 25.84** 33.01** 4.3
SxDxLU 2 0.23 0.17 0.35 0.12 0.3 2.73

* and ** mean significant effects at 0.05 and 0.01 levels for probability, respectively.

of pasture land compared to the cultivated land. In agreement with Six et al. (1998)
higher values of BD were found for the sub-surface layer. Landscape positions had
fewer differences in BD, in that the lower and higher BD values were observed in the
footslope and backslope respectively, for both land uses and soil layers. Greater clay
and organic matter contents and consequently enhanced aggregation might be the
cause of this difference. Extensive rooting was observed in this position, which might
also increase the soil pore space and decrease the BD. These results are in agreement
with those reported by Grandy and Robertson (2006).

The percentages of clay, silt, and sand were significantly affected by the
long-term cultivation and landscape position, so that in the backslope and footslope
positions of the cultivated soil the soil texture was changed (Table 4).

Long-term soil erosion and sever sediment transport processes on the surface of
backslope following tillage may have caused the formation of coarser textures of cul-
tivated soil in the 0-5cm layer. Consequently, erosional deposition of the finer
material at the footslope position may have caused the formation of finer soil texture
(i.e., clay) in the 5-15cm layer.

Aggregate Stability

Aggregate stability indexes (e.g., water stable aggregate, mean weight diameter and
geometric mean diameter) can be employed as indicators of soil structural quality
and can exhibit the impact of soil management practices (Six, Elliott, and Paustion,
2000). The soil under cultivation (continuous mono-cropping of wheat) resulted in
significantly lower WSA, MWD, and GMD in all of the landscape positions
(Table 5). The lower structural stability of the cultivated soil may be attributable
to cultivation effects on SOC content rapid decomposition (Six, Elliott, and
Paustion, 2000). The pasture soils showed higher aggregate stability, which may
be due to the extensive rooting of grasses, higher SOC content, permanent plant
coverage, higher soil conservation, and soil nondisturbance (Bronick and Lal,
2005). Balabane and Plante (2004) reported that the greater MWD and stable macro-
aggregates in the pasture soils may be due to the higher amount of microbial
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biomass, plants residue, plants root, polysaccharides, and humic materials in the
macroaggregates of these soils. Gol (2009) reported significantly larger water stable
aggregates, SOC content, and total nitrogen in forest and pasture soils than in cul-
tivated soils. Lal, Mahboubi, and Fausey (1994) observed that reduced and
no-tillage systems had higher soil aggregate stability when compared to conventional
tillage practices on two Ohio soils.

Aggregate stability decreased with soil depth. This reduction was not significant
in all of the landscape positions of cultivated soils, which are linked to the mixing the
soil by tillage practices (Table 5). Our finding is in agreement with those of Ayoubi
et al. (2012). Only in the backslope position of cultivated soils was the aggregate
stability in 0-5cm layer less than 5-15cm layer, which may be the result of low
amounts of clay and SOC, and the higher impact of erosional processes in surface
soils. The backslope shows qualitative field erosion symptoms (nonuniform veg-
etation cover and surface crusting due to greater erosion potential in the slope, as
a result of formation of a soil crust, decreased infiltration, and increased velocity
of water causing a greater degree of carrying capacity), a decrease in aggregate stab-
ility, and higher amounts of clay. In general, the highest and lowest values of aggre-
gate stability in both treatments and soil layers are observed in the footslope and
backslope, respectively.

Aggregate stability differences between the summit and footslope were not sig-
nificant (Table 5). This could be attributed to the similar degree of slope gradient.
However, Hoyos and Comerford (2005) reported the higher and lower aggregate
stability in the summit and footslope, respectively. They also showed a significant
impact of land use (pasture vs. coffee cultivation) on the aggregate stability in these
two positions. De Gryze et al. (2004) reported that the MWD in the 0—7 cm layer of a
cultivated soil was almost one-third of that in a natural ecosystem.

Primary Particle Size Fractions and Associated Soil Organic Carbon

The pasture soils had higher clay content than the cultivated soils, while the percent-
age of sand in the cultivated soils was greater than the pasture soils (Table 4). Cul-
tivation affected the soil structure by destroying soil aggregates, leading to greater
dispersible clay content (Pulleman et al., 2003; Bronick and Lal, 2005).

The amount of clay tended to increase with soil depth, although it was not sig-
nificant in the cultivated soil due to soil mixing by tillage practices. The high root
density and permanent plant coverage resulted in the higher aggregation and lower
clay removal in the pasture soil. Naturally, vegetation and residue cover can slow the
movement of water while increase water infiltration by covering the soil and improv-
ing soil structure, which tends to decrease the soils’ erodibility (Tang et al., 2010;
Quintero and Comerford, 2013).

The silt percentage in the 0—5cm layer was higher in the cultivated treatment;
however, there was no significant difference in the 5-15cm layer between the two
land uses. Primary particles were significantly influenced by the landscape position,
especially in the 0-5cm layer. The clay percentages of both sampling layers were
highest and lowest in the footslope and backslope, respectively. Therefore, the back-
slope was the most erosive location and the clay removal was the highest there in the
cultivated soil. Generally, tillage and cropping practices resulted in poor soil struc-
ture, decreases in soil organic matter, and compaction of the soil, which all contrib-
ute to increases in soil erodibility (Rezaei, Roozitalab, and Ramezanpour, 2012).
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The SOC content associated with the primary particles was significantly
(P <0.01) influenced by the land use, landscape position, and the soil depth. The
SOC associated with the clay content was higher than those with the sand and silt
(Figure 2). The role of clay in sequestering carbon by protecting it from decompo-
sition is an interesting phenomenon. Low aeration in micropores formed by the clay
particles may be important in this process (Balabane and Plante, 2004) and may be
important to the greater specific area of this fraction by promoting higher organic
carbon adsorption. The adsorption of microbial enzymes (which renders them inac-
tive) by clay particles may be another cause of this protection (Balabane and Plante,
2004). It is interesting (as shown in Figure 2) that although the sequestration of SOC
content was greater in the clay fraction than in sand and silt, the following culti-
vation of SOC content in clay fraction has decreased more than sand and silt frac-
tions. However, despite SOC content diminution in the clay fraction due to
cultivation, the content of SOC was greater in clay in both treatments. Similar results
were reported by Bronick and Lal (2005).

Landscape position significantly affected the SOC content associated with the
clay, silt and sand particles. The differences between the SOC content associated
with the primary particles at the backslope and the two positions was very high,
whereas little difference was found between the summit and footslope. Gregorich
et al. (1998) and Guzman and Al-Kaisi (2011) also reported the greatest SOC con-
tents in the toe-slope that was followed by summits and midslopes. They attributed
their finding to distribution of SOC content and losses due to soil erosion and depo-
sition effects by slope position. Tsui, Chen, and Hsieh (2004) reported the higher
amount of SOC content, available N and K, extractable Fe and exchangeable Na
in the summit than in the backslope and footslope.

The SOC contents of the 0-5 cm layer were consistently higher than those of the
5-15cm layer in all of the land use and landscape combinations, while the effect of
depth on the SOC content associated with the primary particles of the backslope
were not significant. Tillage affected the SOC content in all of the particles fractions
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Figure 2. Land use and landscape effects on the soil organic carbon (SOC) content associated
with the primary particles (sand, silt, and clay) in 0-5cm (a) and 5-15cm (b) layers. Values
associated with the same letter within each particle size fractions are statistically similar
(P <0.05).
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considerably. Tillage and rotation combination influence on SOC content was stud-
ied by Bronick and Lal (2005). They reported that the primary particle percentages
and the clay-sized particles were highly enriched in SOC content when compared to
the silt and sand-sized particles. In agreement with our findings, they also found that
the SOC content associated with all fractions of primary particles (sand, silt, and
clay) was higher in no-tilled soils than in cultivated soils. Lorenz, Lal, and Shiptalo
(2008) also reported a decreasing amount of SOC pool by conversion of forest to cul-
tivated land.

In general, the highest SOC content (i.e., 1.95%) was associated with the clay
fraction of pasture soil in the 0-5cm layer of the footslope while the lowest (i.e.,
0.08%) was related to the sand fraction of cultivated soil in the 5-15cm layer at
the backslope position. These results are consistent with results by Karchegani
et al. (2012) in the hilly region western Iran, which reported higher SOC content
in clay fraction than silt fraction in cultivated soils in respect to forest soils indicating
the potential of clay-sized minerals to sequestrate organic carbon in disturbed eco-
systems.

Aggregate Size Fractions and Associated Soil Organic Carbon

Aggregate sizes and associated SOC contents were reduced considerably more in the
cultivated soil than in the pasture soil. It has been reported that many long-term
cropping systems result in reduction of aggregation and stability of macroaggregates
(e.g., Gupta and Germida, 1988; Jastrow, Miller, and Boutton, 1996; Grandy,
Porter, and Erich, 2002; Mikha and Rice, 2004).

The highest percentages of the two larger groups of aggregates (i.e., 2.00-4.75
and 0.25-2.00 mm) were found in the footslope and summit positions (Table 6). In
general, the impact of landscape position on the aggregates size of pasture soils
was much less than that of cultivated soils (Table 6). The highest percentages of
macroaggregates (i.e., 2.00-4.75 mm) were observed in the 0-5cm layer of pasture
soil at the footslope position (i.e., 61.5%), while the lowest was noted in the same
layer of cultivated soil (12%), at the backslope position. Cultivation accelerated ero-
sion factors, resulting in destruction of macroaggregates, especially at the backslope
position and at the soil surface.

The highest percentage of macroaggregates (i.e., 2.00-4.75 mm) that was calcu-
lated for the pasture soil and that of meso-aggregates (i.e., 0.25-2.00 mm) was
observed in the cultivated soil. Ayoubi et al. (2012) studying the effect of land use
changes on aggregate size distribution in different slope gradients western Iran,
found that the highest percent of two groups of large aggregates (i.e., 2.00-4.75
and 0.25-2.00 mm) were in the lower slope and natural forest soil and the highest
percent of microaggregates (0.053—-0.25 mm) were in the cultivated and disturbed for-
est soils. The results of Mikha and Rice (2004) showed that the aggregates larger
than 2.00 mm and those of 0.25-2.00 mm were higher in the no-tillage system than
in the conventional tillage system. However, the smaller aggregates (i.e.,
0.053-0.25 and 0.02-0.053mm) had the highest percentages in the conventional
tillage.

As soil depth increased, the percentages of large aggregates (i.e., 2.00-4.75 and
0.25-2.00mm) were reduced. At the backslope, the microaggregate fraction (i.e.,
0.053-0.25 mm) was more frequent than the two other positions in both treatments
and soil layers. Reduction of large aggregates in the cultivated soil may be attributed
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to the physical soil disturbance and lower stability of the macroaggregates. The bind-
ing agents stabilizing large aggregates are temporary and unstable, including fungal
hyphae and plant roots. Wright and Hons (2005) showed that in the no-tillage crop
production, the percent of aggregates >2mm and of those 0.25-2.00mm were
greater than in the conventional tillage in the 0-5cm and 5-15cm layers, respect-
ively. The impact of a ten year tillage management on soil aggregation was studied
by Grandy and Robertson (2006); they reported that tillage significantly reduced the
large aggregates (i.e., 2-8 mm) and increased small aggregates (i.e., <0.25 mm) in the
0-7 cm layer.

The effects of land use and landscape position on the SOC contents of aggregate
fractions are illustrated in Figure 3. Aggregate-associated SOC content was signifi-
cantly affected by the land use, landscape position, and soil layer. The percentage
of aggregate SOC content in the pasture soil was higher than that in the cultivated
soil. These results are in agreement with Golchin et al. (1994). High SOC content
would result in the stability of macroaggregates of pasture soil compared to the cul-
tivated soil. According to Dick and Durkalski (1998), cultivation reduces SOC con-
tent resulting in instability of aggregates. Rodionov et al. (2000) concluded that
tillage enhances decomposition of SOC content by mixing and disrupting soil aggre-
gates and exposing physically-protected organic material to the microorganisms.

Kong et al. (2005) observed an increase in SOC content with addition of manure
and consequently the formation of water-stable macroaggregates. They concluded
that the carbon pools were occluded within the small aggregates, and that these small
aggregates were encapsulated within the large aggregates. Six, Elliott, and Paustion
(2000) reported an increase of SOC content in the large aggregate-size fractions with
no-tillage and decrease of that in small-size fractions under conventional tillage.
Much more SOC content located inside aggregates was reported in virgin soils com-
pared to a cultivated soil (Bronick and Lal, 2005).

In this study we found that with increasing soil depth, the SOC content of the
aggregates decreased. This was most pronounced in the pasture soil, since tillage
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Figure 3. Land use and landscape effects on the soil organic carbon (SOC) content of the
aggregates (2-4.75, 0.25-2, and 0.053-0.25mm) in the 0-5cm (a) and 5-15cm (b) layers.
Values associated with the same letter within each particle size fractions are statistically similar
(P <0.05).
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and cultivation practices in the cultivated soil turn over the soil, thereby distributing
aggregates to deeper depths. In the 0-5 cm of layer, the differences among SOC con-
tents of the aggregates at landscape positions were higher than in the 5-15cm layer
(see Figure 3). Higher SOC content was observed in the pasture because of frequent
large aggregates, while in the cultivated soil most of SOC content accumulated in the
aggregates of 0.25-2.00 mm. This finding indicates that high soil aggregation and
stability of macroaggregates (in which SOC content accumulated and were pro-
tected) are observed in the pasture soil. Although large aggregates stored greater
SOC content, following cultivation they lost more SOC content when compared with
microaggregate fraction (Figure 3). This can be attributed to the nature of the
organic matter acting as a binding agent in aggregates; young and relatively unstable
organic matter was in large aggregates whereas old and more stable organic matter
was in small aggregates. This finding is in agreement with the results reported by
Bronick and Lal (2005) and Wright and Hons (2005).

The SOC contents of the aggregates were significantly lower in the backslope
when compared to those in the two other positions for both land use treatments
and soil layers, with the exception of 0.053-0.25 mm aggregates. This result suggests
that soil erosion processes and tillage may have reduced the organic matter and
inhibited the formation of large and stable aggregate fractions, especially in soils
at the backslope position. The highest SOC content (i.e., 2.26%) was observed for
aggregates of 2.00—4.75 mm in the 0-5 cm layer at the footslope of the pasture land,
while its lowest value (i.e., 0.78%) was found for the aggregates of 0.053 — 0.25 mm in
the 5-15 cm layer, at the footslope position of the cultivated soil. The SOC content of
aggregates in the summit was lower than those in the backslope and footslope
(Figure 3).

Conclusions

One of the main components of agricultural soils is soil organic matter, which affects
soil physical, chemical, and biological properties and also plant growth. The poten-
tial effects of long-term land use and landscape position on soil aggregate stability,
aggregate size fractions, and soil organic carbon (SOC) content were investigated.
Pasture management may have incorporated more SOC content into the aggregates
than cultivation as the SOC content inside the macroaggregates may have been bet-
ter preserved in the pasture soil. The high water-stable aggregates and
aggregate-associated SOC content in the pasture soil, showed the central role of land
management on the carbon sequestration. It was observed that over 30% of SOC
content was maintained under the pasture management. This demonstrated the pro-
nounced SOC content sequestration potential and environmental sustainability of
this type of land use. Overall, the results suggest that no-tilled pasture land improves
soil aggregation, structural stability, and soil carbon storage, and reduces the carbon
emission to the atmosphere, especially in the mountainous regions with similar cli-
mate as in southwest Iran. However a combination of land use and landscape pos-
ition on soil physical quality indicators is a complex process that correlated to
climate, soil type, and landscape morphology.
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