Pre prints.org

Article Not peer-reviewed version

Grazing Decreases Soill
Aggregation and Has Different
Effect on Organic Carbon Storage
Across Different Grassland Types
in the Northern Xinjiang, China

Lianlian Liang, Yuan Ye Liang, Jiefei Mao , Xiaofeng Li , Guangyu Wang , Xuexi Ma , Yao Ming_LlI .

Posted Date: 26 June 2023
doi: 10.20944/preprints202306.1816.v1

Keywords: grazing; grassland type; soil aggregates; aggregates stability; nutrients

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2848690
https://sciprofiles.com/profile/2913610
https://sciprofiles.com/profile/2878252
https://sciprofiles.com/profile/1456395
https://sciprofiles.com/profile/787520

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 June 2023 doi:10.20944/preprints202306.1816.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Grazing decreases soil aggregation and has different
effect on organic carbon storage across different
grassland types in the Northern Xinjiang, China

Lianlian Fan 23, Yuanye Liang!3, Xiaofeng Li4, Jiefei Mao'23, Guangyu Wang 13, Xuexi Ma 1235,
Yaoming Li 123"

1 State Key Laboratory of Desert and Oasis Ecology, Key Laboratory of Ecological Safety and Sustainable
Development in Arid Lands, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
Urumgi 830011, China

2 Research Center for Ecology and Environment of Central Asia, Chinese Academy of Sciences, Urumgqi
830011, China

3 University of Chinese Academy of Sciences, Beijing 100049, China

* Forestry and Grassland Work Station of Barkol County in Xinjiang, Barkol 839200, China

5 College of Grassland Science, Xinjiang Agricultural University, Urumgi 830052, China

* Correspondence: lym@ms.xjb.ac.cn; Tel.: +86-0991-7827357

Abstract: Soil aggregates, as the basic component of soil, make great contributions to the stability of
soil structure and soil carbon (C) sequestration. Recently, grassland is experiencing continuous graz-
ing, which greatly affects soil aggregation and soil C storage. However, how soil aggregates and soil
C in different grassland respond to grazing remain unclear. In this study, three national fenced
grassland monitoring field stations which represented mountain meadow (MM), temperate steppe
(TS), temperate steppe desert (TSD) were selected, soil samples at 0-10 cm depth of inside and out-
side the fence were collected to explore the effect of grazing and grassland type on composition,
stability and nutrients of soil aggregates. The results showed that the bulk soil organic carbon (SOC),
total nitrogen (TN), total phosphorus (TP), available nitrogen (AN) and available phosphorus (AP)
varied greatly among the three grassland types, with the highest values in MM. Soil aggregates
composition showed significantly response to both grassland type and grazing, especially the pro-
portion of soil aggregates >2 mm, which significantly decreased 51.68% on average in grazing plots
compared with fenced plots, whereas sharply decreased in MM and TSD. A significant decrease (on
average 25.08%) of the mean weight diameter (MWD) of soil aggregates under grazing was detected
across all grassland types. The effect of grazing on nutrients in macroaggregates (>0.25 mm) was
greater than that in microaggregates (<0.25 mm). Aggregate-associated SOC concentration de-
creased under grazing in MM and TSD, however, SOC density showed different response to grazing
across all grassland types, with minor effect on MM, decreasing SOC density in TS and increasing
on TSD, respectively. The magnitude of grazing effect size on aggregate-associated SOC varied in
different soil particle size, with greater response in aggregates > 2 mm and the biggest value in TDS.
In addition, correlation analysis showed that MWD of soil aggregates had significant negative cor-
relation with soil bulk density, but significant positive correlation with SOC, TN and TP concentra-
tion. Results of RDA showed that BD, soil nutrients were the main influence factors of the compo-
sition and stability of aggregates. Overall, grazing had significant influence on soil aggregation, sta-
bility and SOC, played a crucial role in grassland soil stability and the accumulation of SOC.

Keywords: grazing; grassland type; soil aggregates; aggregates stability; nutrients

1. Introduction

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Grassland is one of the major ecosystem, covering up to 30%—40% of the terrestrial surface of
earth and storing 28%-37% of the carbon in terrestrial ecosystem, which plays an indispensable role
in the global carbon cycle [1-3]. However, global change, excessive utilization of grassland (especially
overgrazing) had led to the continuous degradation, accompanied by decreased soil quality [3].

Grassland soil dominates the function and dynamics of grassland ecosystem [4]. Soil aggregates
are formed by soil particles under the action of organic and inorganic cementing materials, which are
the basic unit of soil structure and the carrier of soil nutrients [5]. On the one hand, distribution char-
acteristics of soil aggregates affect soil porosity, permeability, water retention, and material circula-
tion and energy flow in soil [5]. On the other hand, soil aggregates dominate the changes of soil nu-
trients and affect soil nutrient retention capacity [6]. Soil aggregates provide physical protection for
SOC, where SOC can act as a cementing material to promote the formation and stabilization of soil
aggregates [7]. The stability of soil aggregates represents the carbon sequestration ability and anti-
erosion ability of the soil, determines the stability of the soil, can be used as a basis to evaluate the
soil quality in grasslands of arid area [8]. Therefore, the response of soil aggregates to grazing pro-
foundly affects the physical and chemical properties of grassland soil.

Grazing is one of the main utilizations for grassland, significantly affecting the physical and
chemical properties of soil [9]. Studies have shown that grazing affected the function and dynamics
of ecosystems by altering the storage and flow of matter and energy in soil through feeding, tram-
pling, and excretion of livestock [10]. Therefore, research on grassland degradation should focus on
the changes in soil properties and their responses to grazing[11]. Published studies on the effects of
grazing on formation and stabilization of grassland soil aggregates have shown obtained results.
Several studies have shown that grazing, especially overgrazing, can destroy soil water—stable aggre-
gates, reduce the stability of aggregates and soil organic carbon (SOC) concentration, and damage
the erosion resistance of soil [4, 12-13]. While some researchers have reported the opposite results
that grazing can result in an increase in percentage of large aggregates and SOC concentration [14—
15]. In addition, some researchers have noted that grazing has no effect on soil aggregates and SOC
concentration [16-17]. Thus, there is inconclusive evidence to explain how grazing affects grassland
soil aggregates.

Northern Xinjiang, a part of the arid region of Central Asian, is one of the key pastoral areas in
Xinjiang. An alternating distribution of mountains and basins is the basic geomorphic feature of this
area [18]. Grassland is the main type of vegetation, with obvious vertical zonality as the altitude in-
creases [19]. There are 10 grassland types distributed in this region, with significant differences in
climatic factors (including temperature and precipitation), plant communities and their growth con-
ditions , soil microbial biomass and soil microbial activities [19]. These differences may cause the
grain size composition and nutrient distribution of grassland soil to occur in space[20]. For example,
studies have shown that differences in biomass lead to differences in the composition and stability of
soil aggregates [21-22]. Soil depth may also cause the different distribution of aggregates [21]. In
addition, different grassland types may have different responses to grazing. However, most studies
of grassland ecosystems in China have only assessed the characteristics of soil aggregates for specific
grassland types respectively [12, 14, 23-24]. In addition, most of those studies concerned the grass-
land in Loess Plateau, Inner Mongolia Steppe, and Qinghai-Tibet Plateau [4, 13, 24-26]. Studies on
soil aggregates in northern Xinjiang are rarely documented, especially considering combined effects
of grassland type and grazing.

In order to understand the influence of grassland type and grazing on grassland soil quality in
Northern Xinjiang, three national fixed grassland monitoring field stations (represented mountain
meadow, temperate steppe, temperate steppe desert) were selected according to vertical zonality,
inside and outside of the fence soil samples were collected to explore the effects of grazing on com-
position, stability and nutrients of soil aggregates. We hypothesized that: (1) grazing can affect the
distribution, stability and nutrient changes of soil aggregates; (2) soil aggregate properties response
to grazing may differ among grassland types.
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2. Materials and Methods

2.1. Study area

The study area is situated at the north of Xinjiang Uygur Autonomous Region, China (34° 34'-
40° 47" N, 110° 14'-116° 34" E), bordered by Mongolia, Russia, and Kazakhstan. The study region is
characterized by continental cold temperate climate, with an average annual temperature of 4°C and
an average annual precipitation of 200 mm. The dominate soil types in the study area are brown
calcium soil, chernozem soil and chestnut soil. Grassland is the main type of vegetation in the study
region, where it covers more than 70% of the area. In addition, owing to the impacts of the geograph-
ical conditions, grassland types change with obvious vertical zonality as the altitude increases [27].

In this area, distribution of mountain meadow (MM), temperate steppe (TS), and temperate
steppe deserts (TSD) descended as the altitude decreased. MM mainly distributed on the mid-moun-
tain belt from 1700 to 2900 m a.s.l., with humid climate and high rainfall. MM had the highest layer
height and vegetation coverage than other two grassland type. Climate condition in TSD was harsher
among these three grasslands. Furthermore, owing to the impacts of the geographical conditions and
climate changes, the area of TSD has gradually increased in the study area [28].

2.2. Experimental design and soil sampling

In this study, three fenced sites selected were national fixed monitoring field stations without
grazing for 8-10 years, inside (NG, no—grazing treatment) and outside (G, grazing treatment) of the
fence soil samples were collected to compare the effect of grazing on grasslands soil aggregates. These
three sites represent mountain meadow (representing summer pasture), temperate steppe (represent-
ing spring/autumn pasture), temperate steppe deserts (representing winter pasture). The details of
the sampling plots were shown in Table 1.

From May to July 2021, an experimental plot (10 m x 10 m) was set up in each site. For each plot,
we randomly selected three quadrats (1 m x 1 m) using the diagonal method to collect soil samples.
After removing the aboveground part of plant and litter entirely in the quadrats, three soil samples
(0-10 cm) were collected by a soil auger with a diameter of 10 cm and a length of 10 cm, and three
soil samples were mixed into one soil sample. A total of 18 mixed soil samples inside and outside the
fence were collected in four grassland types. Then, soil samples were dried naturally in the laboratory
for the further determination of soil nutrients and soil aggregates.

Table 1. Details of the sampling plots.

Item MM TS TSD
Lon (°) 85.71 89.75 86.21
Lat (°) 47.22 46.98 47.29
Alt (m) 2045 1450 1127
MAP (mm) 397.2 276.5 256.2
MAT (°C) -12 4.6 7.5
Zonal soil Mountain meadow soil Chestnut soil Brown calcic soil
Dominate Carex buekii; ) Seriphidium gracilescens;
. - Festuca ovina ) .
species Polygonum viviparum Stipa capillata

Note: Lon, longitude; Lat, latitude; Alt, altitude; MAP, mean annual precipitation; MAT, mean annual tempera-
ture; MM, mountain meadow; TS, temperate steppe; TSD, temperate steppe desert.

2.3. Soil aggregate size distribution and analysis

The wet sieving method was used to quantify water-stable aggregates (WSA) [29]. The air-ried
soil samples (50 g) were evenly spread on the top of three different sieves (2 mm, 0.25 and 0.053 mm)
and then submerged in a bucket of distilled water for 10 min. The sieving was shaken vertically for
15 min at a frequency of 30 times min~ and an amplitude of 5 cm to achieve the grading of aggregate
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size. Then the water stable aggregates retained on each sieve were transferred into the containers and
weighed after drying at 60 °C until no change in weight. The amounts of true aggregates were calcu-
lated by subtracting the weight of plant residues and stones from the total weight. Soil that passed
through the 0.053mm sieve (silt and clay) was not collected. Finally, a total of three aggregate catego-
ries with different diameters were clarified, including: >2 mm, 0.25-2 mm and 0.053-0.25 mm, mean-
while, >0.25 mm particles were named as macroaggregates and < 0.25 mm particles were named as
microaggregates.

The mean weight diameter (MWD) of the soil aggregates was used to evaluate the water stability
of soil aggregates, using Eq. (1) [5]:

=X W)
MWD = —/——— (1)
i1 Wi

Where Xi is the mean diameter of the aggregate fraction 7, and Wi is the mass proportion of the

aggregate fraction i.

2.4. Measurement of soil physico-chemical properties

Soil organic carbon (SOC) concentration was determined by the potassium dichromate oxidation
method; soil total nitrogen (TN) concentration was determined by the Kjeldahl method; and soil total
phosphorus (IP) was determined by the ammonium molybdate colorimetric method. Available ni-
trogen (AN) was determined by using the method of alkaline hydrolysis diffusion; soil available
phosphorus (AP) was determined by sodium bicarbonate extraction and the molybdenum antimony
colorimetric method. Soil bulk density was determined using a cutting ring (volume 60 cm?, inner
diameter 5 cm) [30].

2.5. Calculation of SOC density of bulk soil and the grazing effect size on aggregate-associated SOC

Soil organic carbon density (SOCD) (kg m2) of the bulk soil was calculated as Eq. (2) [31]:
SOCD = C x D x E/100 (2)
Where C is the organic carbon concentration (g kg) in the soil layer of 0-10 cm, D is the soil bulk
density (g cm?) in the soil layer of 0-10 cm, and E is the soil depth (cm).

The grazing effect size on aggregate-associated SOC was calculated as Eq. (3):

Crngi X Wigi
Effect size = ———— 3)
Coi X W,

Where Cnai is aggregate-associated SOC of fraction 7 in NG treatment, Wi is the proportion of
the aggregate fraction i in NG treatment, and Cci is aggregate-associated SOC of fraction i in G treat-
ment, Wi is the proportion of the aggregate fraction i in G treatment.

2.6. Statistical analysis

Two-way analysis of variation (ANOVA) and multiple comparisons were used to evaluate the
effects of grazing and grassland type on bulk soil and aggregates. Least significant difference (LSD)
test following one-way analysis of variance was used to compare the differences of mean values at p
< 0.05. Pearson correlation analysis was used to explore relationship between soil nutrients and soil
MWD. Redundancy analysis (RDA) for relationship between the characteristics of soil aggregates
and properties of bulk soil. RDA was performed using Canoco 5. Origin Pro 2023 was used to prepare
all figures.

3. Results

3.1. Soil properties

The soil bulk density showed significant difference among grassland types (p<0.05, Table S1), espe-
cially under grazing treatment, where the soil bulk density in TSD exhibited obviously higher value
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than other two grassland types (p<0.05, Figure 1a). SOC, TN, TP, AN and AP concentration of bulk
soil varied significantly among different grassland types, with the highest values in MM (p <0.05, Fig-
ure 1b—f, Table S1). Grazing significantly decreased SOC concentration in MM and TS, however it
had no significant effect on TN, TP and AN  concentration of three grassland type (Figure 1b-e, Ta-
ble S1). Compared to the NG treatment, grazing increased AP concentration in TS and TSD, but it
was not statistically significant (Figure 1f). Grassland type and grazing had significant interactive
effects on soil bulk density, SOC and AP concentration (p<0.05, Table S1).
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Figure 1. Response of soil physical and chemical properties to grazing in different grassland types.
Note: NG, no-razing treatment; G, grazing treatment; MM, mountain meadow; TS, temperate steppe;
TSD, temperate steppe desert. Different lowercase letters indicate significant differences (p<0.05) be-
tween different grassland types, and different uppercase letters indicate significant differences
(p<0.05) between grazing and no-razing treatments.

3.2. Aggregate particle distribution and stability

Grazing significantly affected soil aggregate distribution and MWD in different grassland types
(p<0.05, Figure 2, Table S2). Grazing significantly decreased the proportion of aggregates >2 mm of
MM, TS, and TSD by 51.53%, 31.61% and 71.90% and also reduced the MWD value. On the contrary,
grazing significantly increased the proportion of aggregates 0.25-2 mm in MM and TSD and the pro-
portion of aggregates 0.053-0.25 mm in TS (Figure 2a, d) (p<0.05, Figure 2b-c). Grassland types had
significant effects on aggregate distribution and MWD(p<0.05) (Figure 2, Table S2). The proportion
of aggregates >2 mm and MWD decreased in the order of MM, TS, TSD (p<0.05, Figure 2a, d). In
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addition, grassland type and grazing had significant interactive effects on the proportion of aggre-
gates >2 mm (p<0.05, Table S2).
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Figure 2. Responses of the composition and stability of soil aggregates to grazing. Note: NG, no-graz-
ing treatment; G, grazing treatment; MM, mountain meadow; TS, temperate steppe; TSD, temperate
steppe desert. Different lowercase letters indicate significant differences (p<0.05) between different
grassland types, and different uppercase letters indicate significant differences (p<0.05) between graz-
ing and no-grazing treatments.

3.3. Characteristics of nutrients in soil aggregates

Grazing significantly affected nutrient concentration in soil aggregates under three grassland
types (p<0.05, Figure 3, Table S3). As MM was concerned, grazing significantly reduced SOC, TN,
TP, AN and AP concentration in aggregates >2 mm from 127.77 to 71.43 g kg, 8.22 to 5.31 g kg™, 0.81
to 0.52 g kg, 623.11 to 233.25 mg kg, 11.85 to 8.89 mg kg, respectively (p<0.05, Figure 3). Grazing
significantly decreased the SOC and AN concentration in aggregates of TS (p<0.05, Figure 3a, 3d). In
general, grazing had no significant effect on aggregate-associated nutrients of TSD (Figure 3a). Graz-
ing decreased AN concentration of three size of aggregates in TS and TSD but increased AP concen-
tration to some extent (Figure 3d, 3e). According to the results of two-way analysis of variance, the
main influence of grazing on aggregate nutrients was in the size of >2 mm (Table S3). Aggregate-
associated nutrients showed significant differences among three grassland types (p<0.05, Figure 3,
Table S3). MM grassland had higher SOC, TN, TP, AN and AP values in aggregates compared with
the other two grassland types (p<0.05). For example, SOC concentration of MM was 5-15 times that
of other grassland types, TN concentration was 3-6 times, and TP concentration was 1-3 times. TP
concentration of each aggregate size in TS was significantly higher than that of TSD (p<0.05, Figure
3c). Grassland type and grazing had significant interactive effect on aggregate nutrients, which was
also mainly reflected in aggregates >2 mm (p<0.05, Table S3).

Compared to the NG treatment, grazing significantly reduced SOCD of bulk soil in TS, but in-
creased it in TSD (p<0.05, Figure 4a). However, grazing had no significant effect on SOC density of
MM (Figure 4a). The grazing effect size on aggregate-associated SOC was significantly different
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among three grassland types in aggregates >2 mm. The effect size was TSD, MM, TS in descending
order (p<0.05, Figure 4b).
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Figure 3. Responses of soil nutrients in aggregates to grazing. Note: NG, no-grazing; G, grazing; MM,

mountain meadow; TS, temperate desert steppe; TSD, temperate steppe desert. Different lowercase

letters indicate significant differences (p<0.05) between different grassland types, and different upper-

case letters indicate significant differences (p<0.05) between grazing and no-grazing treatments.
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Figure 4. Organic carbon density in the soil layer of 0-10 cm (a) and the grazing effect size on aggre-
gate-associated SOC varied in different sizes of soil aggregates (b). Note: NG, no-grazing; G, grazing;
MM, mountain meadow; TS, temperate steppe; TSD, temperate steppe desert. Different lowercase
letters indicate significant differences (p<0.05) between different grassland types.

3.4. Influence of environmental variables on soil aggregates

Through RDA analysis and Pearson correlation coefficient, the relationship between aggregate
characteristics and soil properties was analyzed. The RDA analysis showed that the environmental
properties of axes 1 and 2 represented 64.11% and 17.53% of the total variance, respectively (Figure
6). The BD, SOC and AN were significantly correlated with soil aggregate composition and stability,
with BD being the primary environmental factor, followed by SOC (Figure 6, Table 2). MWD and the
proportion of aggregates >2 mm was positively regulated by soil nutrients and negatively regulated
by BD. MWD was significantly positive correlated with the concentration of soil SOC, TN, TP, AN,
AP while negative correlated with soil bulk density (p<0.05, Figure 5). There were significant positive
correlations between soil nutrients, however, soil nutrients negative correlated with soil bulk density
(Figure 5).
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The correlation analysis of aggregate MWD and
soil properties.

Figure 5. Correlation analysis of aggregates MWD and soil properties. Note: SOC, soil organic carbon;
TN, soil total nitrogen; TP, soil total phosphorus; AN, soil available nitrogen; AP, soil available phos-

phorus; BD, soil bulk density. *, ** and *** indicate significant difference at p<0.05, p<0.01 and p<0.001,
respectively.
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Figure 6. Redundancy analysis (RDA) for relationship between the characteristics of soil aggregates
and properties of bulk soil. BD, soil bulk density; SOC, soil organic carbon; TN, soil total nitrogen; TP,
soil total phosphorus; AN, soil available nitrogen; AP, soil available phosphorus; MWD, mean weight
diameter; WAS, water-stable aggregates.

Table 2. The goodness-of-fit (R?), explained fitted variation(contribution), F and p-value of BD, SOC,
TN, TP, AN and AP for RDA (Conditional effect).

E"f::i‘;;tl‘:y R? Adjusted R C°“t:f,/1:)““°“ F p-value
BD 0.460 0.410 56.400 13.700 0.002
SOC 0.150 0.130 18.100 8.100 0.004
AN 0.140 0.120 16.700 5.100 0.014
AP 0.040 0.030 4.700 2.300 0.128
TN 0.020 0.020 2.200 1.100 0.354
TP 0.020 0.020 2.000 1.000 0.432
First Axis 19.700 0.002
All Axis 0.820 0.720 8.200 0.002

Note: BD, soil bulk density; SOC, soil organic carbon; TN, soil total nitrogen; TP, soil total phosphorus;
AN, soil available nitrogen; AP, soil available phosphorus.

4. Discussion

4.1. Effects of grazing and grassland types on soil aggregate size distribution and stability

As the physical structure of soil, the composition of aggregates with different particle sizes was
sensitive responding to external influences [5]. In this study, under grazing, aggregates >2 mm of
MM, TS and TSD changed to aggregates <2 mm, accompanied by a decrease in aggregate MWD (Fig-
ure 2). SOC is an important binding agent of aggregates, and AN is closely related to biomass accu-
mulation [32]. Since grazing reduced SOC and AN concentration in all size of aggregates of MM and
TS significantly (Figure 3), we speculated that the reduce of quality and quantity of binding agent of
soil aggregates was the reason for the changes of aggregates in MM and TSD [4, 33]. Grazing also
resulted in macroaggregates change to microaggregates in TSD. However, different from MM and
TS, grazing had no significant effect on SOC concentration of TSD aggregates, but significantly in-
creased soil bulk density (Figure 1, 3 ). This indicated that continued trampling by livestock com-
pacted the soil, increased the soil bulk density, which was the main reason for the decrease of aggre-
gates >2 mm in TSD [25]. Results of RDA showed that BD and soil nutrients were the main influence
factors of the composition and stability of aggregates (Figure 6, table 1). It was concluded that grazing
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mainly affected the composition and stability of aggregates of MM and TSD by reducing the nutrient
input of plants, and affected TSD by increasing the soil bulk density. Further, the deterioration of soil
quality would also exacerbate the degradation of plants, form a vicious circle [34]. Ultimately, over-
grazing lead to degradation of grassland ecosystems, especially in vulnerable arid regions [4, 35-36].

Our study found significant differences in the composition of soil aggregates with different par-
ticle sizes and soil stability among grassland types. The proportion of aggregates >2 mm and MWD
value in MM, with the highest precipitation, were significantly higher than those of the other two
grassland types (Figure 2). Previous studies have shown that at the soil layer of 0-20 cm, MMD of
meadow steppe were significantly greater than those of typical and desert steppes, which indicated
that high precipitation was conducive to the formation and stability of aggregates [20]. In this study,
the soil of MM with high precipitation was wetter compared with TS and TSD, causing the rich spe-
cies diversity, high vegetation coverage and a developing root system, which was more conducive to
the accumulation of binding agent of soil aggregates and resulted in a good soil stability [20]. Mean-
while, the high mean annual temperature of TS and TSD led to high evaporation, which was not
conducive to the maintain the soil moisture retention and plant growth, and resulted in a low value
in aggregate stability [19-20].

In addition, from the aggregate composition among the three grassland types, we found that
different grassland types displayed different response intensities to grazing. The response of propor-
tion of aggregates >2 mm to grazing in TSD was the strongest, followed by MM. This might be be-
cause lower vegetation coverage and root biomass of TSD resulted in a weak supporting effect on
soil, which lead to a greater impact of livestock trampling on soil bulk density [4]. In general, results
from our study showed that both grazing and climatic condition affected the composition of aggre-
gates with different particle sizes and stability of soil aggregates, determined the soil structure and
quality of different types of grassland.

4.2. Effects of grazing and grassland types on soil aggregation nutrients

Soil aggregates physically protect the nutrients and any factor that causes the change of the com-
position and stability of aggregates will directly lead to nutrient changec in them [5, 25, 37]. In our
study, grazing had the greatest impact on nutrient concentration of aggregates >2 mm (Figure 3, 4b).
We found that the nutrient concentration in aggregates >2 mm was higher than that of other particle
size aggregates (especially in MM), and result of RDA also showed a stronger correlation between
soil nutrient concentration and the proportion of aggregates >2 mm (Figure 6). This indicated that a
large proportion of nutrients were stored in aggregates >2 mm, however, grazing significantly de-
creased that part nutrients, especially SOC, which exhibited noticeable response to grazing in all
sizes of aggregates (Table S3). In general, aggregates of different particle sizes play different perfor-
mance in maintaining soil nutrient availability, macroaggregates (>0.25 mm) contain more labile nu-
trients than microaggregates and those nutrients are more likely to lost when is subjected to disturb-
ance (Table S3) [37]. Similar with previous research, our results also showed that grazing significantly
decreased SOC concentration in macroaggregates in MM and TS [4, 38]. This was because: (1) live-
stock reduced the input of organics from the aboveground parts of plants into the soil through graz-
ing, consequently, resulting in SOC losses [34]; (2) continuous grazing which directly or indirectly
affected the physical and chemical properties of soil through trampling, for example, the constant
trampling of grazing livestock compacted the soil and increased its bulk density which in turn worsen
the soil physical properties [4, 12, 39]. However, SOCD showed different response to grazing, with
minor effect on MM, decreasing SOC density in TS and increasing on TSD, respectively(Figure 4a).
This was because: although grazing significantly reduced the SOC concentration of MM, but in-
creased the soil bulk density to a certain extent, finally resulting in a minor change in SOCD of MM.
Conversely, in TDS, a significant increase of soil bulk density led to a significant increase of SOCD
under grazing. However, the increase of SOCD of TSD due to the increase of soil bulk density could
not indicate the improvement of soil quality, on the contrary, it further proved the damage of soil
structure caused by repeated trampling.
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Vegetation difference among grassland types determines the local litter mass addition, microbial
activities and nutrient cycles in the soil, which will strongly affect the soil structures and properties,
result in more obvious spatial heterogeneity [40]. This study found that, regardless of grazing or not,
nutrients concentration in soil aggregates in MM was notable higher than that of other two grassland
types, which may relate to the vegetation, soil type and climatic conditions (including air temperature
and precipitation, Table 1). Mean annual precipitation showed a trend of MM >TS > TSD, while mean
annual temperature showed opposite trend, correspondingly, the nutrient concentration of all aggre-
gate sizes in MM was the highest. Considering the climate condition, more precipitation would result
in higher aboveground biomass accumulation and developed root system thus higher litter input,
which promoted the formation and stabilization of microaggregates that were more conducive to
nutrient fixation [19, 41]. However, macroaggregates can hold more nutrients, but that parts are par-
ticularly vulnerable to environmental change due to their strong activity and become easier to de-
compose [37]. As our results concerned, both grazing and grassland type had significant effect on
nutrients in aggregates, especially the interaction effect occurred more in aggregates >2mm (Figure3,
table S3). This result was similar to previous studies [42], further illustrating the instability of nutri-
ents in large aggregates to environmental disturbance.

From the nutrients change in aggregates among the three grassland types, we found that differ-
ent grassland types displayed differential response intensities to grazing, with stronger in aggregates
of MM. Affected by the grassland type itself, soil of MM contained larger percentage of macroaggre-
gates which were responsible for substances with high activity, so the damage to those parts by graz-
ing were more serious. Therefore, continuous grazing pressure caused obviously decrease in the pro-
portion of macroaggregates, and the concentration of various nutrients in MM [4]. As other grassland
types concerned, aggregate-associated nutrients of TS and TSD did not exhibit as conspicuous re-
sponse as MM by grazing. This may be because the nutrient concentration in TS and TSD were lower,
and there was no room for reduction even faced with interference [19].

5. Conclusions

In this study, we evaluated the composition, stability and nutrient distribution of soil aggregates
at the 0-10 cm soil layer under grazing and fenced plots among three grassland types in northern
Xinjiang. The results indicated that the proportion of aggregates >2 mm and MWD of MM with high
precipitation were the highest. Grazing decreased the proportion of aggregates >2 mm (on average
51.68%) and aggregate stability (on average 25.08%) in the three grassland types, with MM and TS
mainly due to the reduction of binding agent of soil aggregates and TSD due to the increase of soil
bulk density. The aggregate-associated nutrients of MM were significantly higher than that of TS and
TSD. A large proportion of nutrients were stored in aggregates >2 mm, which had the strongest re-
sponse to grazing disturbance. The SOC concentration of aggregates of MM and TS was significantly
reduced by grazing, but SOCD of TSD was significantly increased because the soil bulk density was
significantly increased by grazing. Collectively, this study provides detailed insights into the compo-
sition, stability and nutrient distribution of soil aggregates changes in different grassland types under
grazing.
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