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Abstract The soil microbial biomass carbon (MBC) is con-
sidered as a sensitive index of soil carbon ecosystem. The
distribution of aggregate-associated MBC determines the ca-
pacity of the soil to store soil organic carbon (SOC). We com-
pared soil aggregate-associated SOC and aggregate-
associated MBC under four halophyte communities:
Karelinia caspia (Pall.) Less. (Abbr. K. caspia), Bassia
dasyphylla (Fisch. et C. A. Mey.) Kuntze. (Abbr.
B. dasyphylla), Haloxylon ammodendron (C. A. Mey.)
Bunge. (Abbr. H. ammodendron), and Tamarix ramosissima
Lour (Abbr. T. ramosissima) on an alluvial fan in the Manasi
River Basin, Xinjiang, China. The specific objectives of the
study were to determine which aggregate size fraction was the
most important for MBC and SOC retention in these soils of
four halophyte communities. The results showed that the
0.053–0.25 mm fraction contained 47 to 75 % of the total soil
mass. The amount of soil in the 0.053–0.25 mm fraction was
significantly greater than that in the >0.25 and the <0.053 mm
fractions. The >0.25 and the <0.053 mm fractions contained
7.8 to 43.0 % of the soil mass. Aggregate-associated SOC
concentrations ranged from 1.70 to 13.68 g kg−1, and the
aggregate-associated SOC were the highest under the
H. ammodendron and T. ramosissima communities. The
aggregate-associated MBC ranged from 55.26 to
217.11 g kg−1, and the aggregate-associatedMBCwere higher
under the K. caspia and B. dasyphylla communities. The
aggregate-associated SOC concentrations were significantly

higher in the >0.25 and the <0.053 mm fractions than in the
0.053–0.25 mm fraction. The aggregate-associated MBC in
the 20–40 cm depth was consistent with its law. However, in
the 0–20 cm depth, the aggregate-associated MBC concentra-
tions were significantly higher in the >0.25 mm fraction than
the other two aggregate fractions, and there were no signifi-
cant differences in 0.25–0.053 or <0.053 mm fraction.
Correlation analyses showed that the aggregate-associated
MBC positively correlated with aggregate-associated SOC
in >0.25 mm fraction (P < 0.01). The microbial entropies
ranged from 1.12 to 4.17 %, and the microbial entropy gener-
ally was higher in >0.25 mm fraction. Overall, the
H. ammodendron community had the higher aggregate-
associated SOC and aggregate-associated MBC, but the mi-
crobial entropy was low. This suggested that among the four
halophyte communities in this study, the H. ammodendron
community could be beneficial for soil carbon storage in arid
regions.

Keywords Soil aggregate . Soil organic C . Soil microbial
biomass C . Halophyte community . Arid region

Introduction

The soil carbon (C) pool is three times larger than the atmo-
spheric C pool and 3.8 times larger than the biological C pool
(Kalambukattu et al. 2013). Therefore, the soil C pool plays an
important role in the global C cycle. Soil aggregates are spe-
cial organic–inorganic complexes and the basic unit of soil
structure (Blanco-Canqui and Lal 2004). The formation and
stabilization of soil aggregates are closely related to soil or-
ganic C (SOC) (Zinn et al. 2007). The distribution of
aggregate-associated SOC determines the capacity of the soil
to store and retain C (Mohammadi and Motaghian 2011).
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Additionally, the metabolic transformation of matter and en-
ergy is located in the soil aggregate; it significantly impacts
the soil physiochemical and biological properties (Six et al.
2004). As the most active part of the SOC pool, the soil mi-
crobial biomass carbon (MBC) only accounts for 0.3 to 9.9 %
of SOC but is the driving force as the transformation and
cycling of soil organic matter and nutrients. MBC is also con-
sidered as a sensitive index of soil carbon ecosystem (Ren and
Stefano 2000). MBC significantly and positively correlates
with SOC (Kara and Bolat 2008; Wright et al. 2005), and it
also significantly correlates with stability of aggregates
(Bidisha et al. 2010). Therefore, the distribution of
aggregate-associated SOC and aggregate-associated MBC
plays an important role in soil carbon circulation.

There are conflicting reports about the distribution of
aggregate-associated SOC andMBC. Some studies report that
aggregate-associated SOC and MBC are greater in macroag-
gregates thanmicroaggregates (Li et al. 2007; Six et al. 2000b;
Yang et al. 2009). One report indicated that in the hilly region
of the Loess Plateau, the 0.25–2 mm aggregate fraction had
the greatest aggregate-associated SOC concentration among
all the aggregate fractions in the profile (An et al. 2010). In
contrast, other studies indicated the opposite, with
microaggregates having higher SOC concentrations thanmac-
roaggregates (Beare et al. 1994; Zou et al. 2014). The
aggregate-associated MBC was mainly determined by the
clay and organic matter, because soil microorganisms were
primarily adsorbed into microaggregates (Hernández-
Hernández and López-Hernández 2002). Most research about
aggregate-associated SOC and aggregate-associated MBC is
focused on land use and agroecosystems (including tillage
(Beare et al. 1994; Zou et al. 2014) and fertilizer effects (He
et al. 2015; Yu et al. 2012)) on soil properties. However, few
studies have examined aggregate-associated MBC in saline
soils undergoing natural vegetative succession.

The Xinjiang Uyghur Autonomous Region is China’s most
arid area, and it has the widest distribution of saline soil
among all of China’s provinces. The Manasi River Basin is
the largest inland river of the Junggar Basin in Xinjiang. Soil
salt concentrations are the highest in the alluvial fan area of the
Manasi River Basin. These natural conditions have led to the
development of a variety of halophyte communities (Yi et al.
2007). Relatively few studies have examined aggregate-
associated SOC and aggregate-associated MBC under differ-
ent halophyte communities in this region. An increasing num-
ber of man-made oases are being established in the region, and
the area of these oases is increasing. Land and water resources
in the region are being used irrationally. Overall, these condi-
tions have contributed to declines in the number of halophyte
species that are growing near these oases. The ecological ben-
efit of halophytes has become an important research focus.
Meanwhile, the impacts of different communities on soil
structure and carbon sequestration are different (Abiven

et al. 2009). Therefore, the objective of this study was to know
the carbon sequestration by studying the aggregate-associated
SOC and aggregate-associated MBC under four halophyte
communities in an arid region. The aim of this study is to
provide a scientific basis for evaluating soil structure and C
fixation in saline soil. We also aim to provide a scientific basis
for the conservation and restoration of halophyte communities
in this region.

Material and methods

Study area

The study site was located on the alluvial fan in the Manasi
River Basin, which is located at the center of Eurasia (44° 64′–
44° 71′N, 86° 03′–86° 08′ E, 354m above sea level). The area
has an arid climate, which is characterized by cold winters and
hot summers, abundant sunshine, and little precipitation. The
annual average temperature is between 6 and 7 °C.
Temperatures range between 24 and 35 °C in July and be-
tween −18 and −25 °C in February. The average annual evap-
oration is 2005 mm, which is 13 times higher than the amount
of rainfall. The high evaporation rates can cause soil saliniza-
tion and, as a result, the abandonment of agricultural land. The
water table in the area is high. The soil is primarily classified
as saline sierozems. The soil saline content is high, with a
surface convergence phenomenon. The area is covered by
discontinuous shrub layers and relatively continuous herba-
ceous layers, forming a typical shrub/grass-type, dual-
structure community (Yin et al. 2010). Most of the vegetation
consists of xerophytic, super-xerophytic, and saline-resistant
species.

Research methods

Site selection and soil sampling

We identified four typical halophyte communities on saline-
alkaline wasteland that had been abandoned for more than
20 years. The plots were in a flat area of about 67,000 m2.
The sites were similar in slope, aspect, and elevation. The
primary plant species were Karelinia caspia (Pall.) Less.
(Abbr. K. caspis), Bassia dasyphylla (Fisch. et C. A. Mey.)
Kuntze. (Abbr. B. dasyphylla), Haloxylon ammodendron (C.
A. Mey.) Bunge. (Abbr. H. ammodendron), and Tamarix
ramosissima Lour (Abbr. T. ramosissma). The structural char-
acteristics and species composition of each community were
determined using standard survey methods. Three areas
(20 m × 20m) were surveyed in each community to determine
the species composition, canopy height, canopy cover,
Margalef index (M), and Shannon index (H) (Hill et al.
2003) (Table 1). Margalef index is a simple species diversity
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index emphasizing species richness developed by the Spanish
ecologist Ramon Margalef. The Margalef diversity index can
easily be calculated according to Eq. (1):

M ¼ S−1
lnN

ð1Þ

where S is the number of species and N is the total number of
individuals in the sample.

Shannon index is a popular diversity in the ecological lit-
erature. It is calculated according to Eq. (2):

H ¼ −
Xs

i¼1

pilnpi ð2Þ

where p is the proportion (n/N) of individuals of one particular
species found (n) divided by the total number of individuals
found (N), ln is the natural log, Σ is the sum of the calcula-
tions, and s is the number of species.

Soil samples were collected in mid-May in 2013. The
samples were collected by digging three pits (50 cm
wide × 100 cm length × 100 cm deep) in each treatment
area. Soil samples were taken from under the canopies of

primary plant. The pits were distributed in an S-shaped pat-
tern within each area. Undisturbed soil samples were re-
moved from the 0–10, 10–20, 20–40, and 40–60 cm depths
of the pits. The samples were placed in square plastic boxes
and then taken to the lab. These samples were used to de-
termine aggregate size distribution. Additional samples were
collected from each site for chemical analysis. Five mixed
soil samples were collected from each treatment and put into
ziplock bags. A 1 kg subsample was removed for analysis
using the Bquartering^ method. The soil clods, while moist,
were broken apart by hand into aggregates <8 mm by fol-
lowing the planes of least resistance, being careful to break
them in traction rather than in compression, and then air-
dried and stored prior to analysis for aggregate size distribu-
tion. The other soil samples were air-dried, passed sequen-
tially through 1 and 0.25 mm soil sieves, and then stored for
chemical analysis (Table 2).

Analytical methods

The air-dried soil samples were separated into three aggregate
fractions (i.e., > 0.25, 0.25–0.053, and <0.053 mm) using a
nest of sieves, shaken for 60 s at 2 mm amplitude on a Fritsch

Table 1 Description of the plant community at each site

Site number Plant species distribution Average
height (cm)

Average crown
(cm × cm)

Margalef
index (M)

Shannon
index (H)

I Karelinia caspia (Pall.) Less., Bassia dasyphylla (Fisch. et C. A. Mey.) Kuntze.,
Suaeda microphylla (C. A. Mey.) Pall., Petrosimonia sibirica (Pall.) Bunge.,
Nitraria tangutorum Bobr

32 38 × 47 0.693b 0.679b

II Bassia dasyphylla (Fisch. et C. A. Mey.) Kuntze., Kalidium foliatum (Pall.) Moq.,
Karelinia caspia (Pall. ) Less.

3 – 0.420c 0.569b

III Haloxylon ammodendron (C. A. Mey.) Bunge., Kalidium foliatum (Pall.) Moq.,
Limonium sinense (Girard) Kuntze. Aeluropus pungens (M. Bieb.),
Halocnemum strobilaceum (Pall.) Bieb.

76 150 × 110 1.090a 0.949a

IV Tamarix ramosissima Lour., Karelinia caspia (Pall.) Less., Aeluropus pungens
(M. Bieb.) C. Koch.

57 110 × 80 0.857b 0.917a

Different letters within a column indicate significant differences among the plant communities at P < 0.05

I Karelinia caspia (Pall.) Less., II Bassia dasyphylla (Fisch. et C. A. Mey.) Kuntze., III Haloxylon ammodendron (C. A. Mey.) Bunge., IV Tamarix
ramosissima Lour

Table 2 Selected physical and chemical properties of the soil (0–20 cm depth)

Site
number

Water
content
(%)

pH Bulk
density
(g cm−3)

Electrical
conductivity
(dS m−1)

Organic
matter
(g kg−1)

Total
nitrogen
(g kg−1)

Total
phosphorus
(g kg−1)

Total
potassium
(g kg−1)

Available
nitrogen
(mg kg−1)

Available
phosphorus
(mg kg−1)

Available
potassium
(mg kg−1)

I 7.67c 8.96ab 1.30a 5.14a 7.30b 0.37b 0.50a 21.6b 17.2a 6.29a 311b

II 9.37b 8.76b 1.57a 3.53b 5.90c 0.36b 0.44a 23.6a 12.1c 6.61a 454a

III 11.97a 9.08 a 1.52a 4.53b 9.79a 0.46a 0.51a 23.1a 15.4b 5.63b 405a

IV 4.40d 8.37c 1.44a 1.88c 9.21a 0.41a 0.55a 24. 0a 15.9b 5.18b 286c

Different letters within a column indicate significant differences among the plant communities at P < 0.05

I Karelinia caspia (Pall.) Less., II Bassia dasyphylla (Fisch. et C. A. Mey.) Kuntze., III Haloxylon ammodendron (C. A. Mey.) Bunge., IV Tamarix
ramosissima Lour
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Analysette 3 (Fritsch GmbH Laborgeratebau, Oberstein,
Germany) vibratory sieve shaker (Lee et al. 2009). Soil aggre-
gates are generally divided into macroaggregates (>0.25 mm
fraction) and microaggregates (<0.25 mm fraction). Soil pH
was measured using a pH meter. Soil organic C was measured
by the potassium dichromate oxidation/external heating meth-
od. Total nitrogen (N) was measured by the semimicro
Kjeldahl method. Alkali-hydrolyzable N was measured by
diffusion absorption. Total phosphorus (P) was measured by
NaOH melt, Mo-Sb colorimetry, and UV spectrophotometry.
Available P was measured by NaHCO3 extraction, Mo-Sb
colorimetry, and UV spectrophotometry. Total potassium (K)
was measured by atomic absorption spectrometry. Available
K was measured by NH4Ac extraction and atomic absorption
spectroscopy.

MBC was measured by chloroform fumigation and the
potassium extraction method, using a TOC-VCHP analyzer
(Vance et al. 1987). During experimentation, 10 g fresh soil
was fumigated with chloroform vapor in a vacuum desiccator
for 24 h. After application of repeated vacuum to remove the
remaining chloroform, samples were vigorously shaken in
50 ml of a 0.5 M K2SO4 solution for 30 min. The filtered
extracts were measured in a TOC automatic analyzer. Soil
MBC was calculated by dividing the difference between the
levels of organic carbon in the fumigated and nonfumigated
soils by the conversion factor Kc (0.38).

Statistical analysis

Statistical analysis was conducted using the statistical soft-
ware SPSS 11.5 (IBM, Armonk, NY). Data were reported as
the mean ± standard error. A least significance difference
(LSD) test for testing the equality of k population means in a
one-way layout was examined as one of the first multiple
comparisons procedures (Hayter 1986). The letter-marking
method was used in the comparison of different treatments.
Significant differences in soil aggregate content, soil
aggregate-associated SOC content, and soil aggregate-
associated MBC content among aggregate size classes within
a site were indicated using different lowercase letters
(P = 0.05). Significant differences in soil aggregate content,
soil aggregate-associated SOC content, and soil aggregate-
associated MBC content within the same aggregate size clas-
ses among the four sites were indicated using different upper-
case letters (P = 0.05).

Results

Soil aggregate distribution

The 0.25–0.053 mm fraction contains 46.7 to 74.6 % of the
total soil mass (Fig. 1); this is significantly more than other

Fig. 1 Distribution of soil aggregates as affected by the halophyte
communities. I Karelinia caspia (Pall.) Less., II Bassia dasyphylla
(Fisch. et C. A. Mey.) Kuntze., III Haloxylon ammodendron (C. A.
Mey.) Bunge., and IV Tamarix ramosissima Lour. Different lowercase

letters indicate significant differences among aggregate size classes
within a site (P < 0.05). Different uppercase letters indicate significant
differences within the same aggregate size class among the four sites
(P < 0.05)
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two fractions. >0.25 or <0.053 mm fractions accounted for
only 7.8 to 43.0 % of the total soil mass. In addition, in the
0–60 cm depth, soil mass in the <0.053 mm fraction is signif-
icantly higher under the T. ramosissima community. In the 0–
20 cm depth, soil mass in the 0.25–0.053 mm fraction is sig-
nificantly the greatest under the K. caspia community. Soil
mass in the >0.25 mm fraction is significantly higher under
the H. ammodendron community. In the 20–40 cm depth,
there are no significant differences in aggregate distribution
under K. caspia, B. dasyphylla, and H. ammodendron.

The distribution of soil aggregate distribution varied
among the plant communities. The average aggregate content
of the 0.25–0.053 mm fraction is higher under K. caspia
(69 %) than under B. dasyphylla (61 %), T. ramosissima
(56 %), and H. ammodendron (60 %). The average aggregate
content of the >0.25 mm fraction is the highest under
H. ammodendron (32 %) and the lowes t under
T. ramosissima (16 %). The average aggregate content of the
<0.053 mm fraction is the highest under T. ramosissima
(22 %).

Aggregate-associated SOC

Aggregate-associated SOC concentrations range between
1.70 and 13.68 g·kg−1 (Fig. 2). Aggregate-associated SOC
concentrations vary significantly among the three aggregate
fractions. Aggregate-associated SOC concentrations in 0.25–

0.053 mm fraction are the lowest and the highest in >0.25 or
0.25–0.053 mm fractions showing a V-shaped distribution. In
the 0–10 cm depth, aggregate-associated SOC of the three
diameters is higher in the T. ramosissima community than
the other communities. In the 10–20 cm depth, aggregate-
associated SOC of the three diameters is significantly higher
in the H. ammodendron community than the other communi-
ties. In the 20–40 cm depth, aggregate-associated SOC of
three diameters is significantly higher in the K. caspia com-
munity than the other communities. Aggregate-associated
SOC concentrations generally decrease as soil depth increased
under all four plant communities. The exceptions are that
aggregate-associated SOC concentrations reach a peak at ei-
ther the 10–20 or the 20–40 cm depths before decreasing
under K. caspia and H. ammodendron. Multivariate analysis
of variance indicates no significant difference in aggregate-
associated SOC among K. caspia, H. ammodendron, and
T. ramosissima. However, aggregate-associated SOC concen-
trations under those three communities are all significantly
higher than under B. dasyphylla.

The aggregate-associated MBC

The aggregate-associated MBC concentrations range between
55.26 and 217.11 mg kg−1 (Fig. 3), in the 0–20 cm depth. The
aggregate-associated MBC concentrations in >0.25 mm frac-
tion are significantly higher than the other fractions, and there

Fig. 2 Aggregate-associated SOC at different soil depths as affected by the halophyte community
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are no significant differences in aggregate-associated MBC
between 0.25–0.053 mm fraction and <0.053 mm fraction.
In the 20–40 cm depth, the aggregate-associated MBC con-
centrations are the lowest in 0.25–0.053 mm fraction and the
highest in >0.25 or 0.25–0.053 mm fractions, showing a
V-shaped distribution. In the 0–40 cm depth, the aggregate-
associated MBC concentrations are significantly the highest
under the K. caspia community. The aggregate-associated
MBC concentrations decrease as the soil depth increased.
Overall, the aggregate-associated MBC is higher under the
K. caspia and B. dasyphylla communities. Correlation analy-
ses based on Table 3 show that the aggregate-associated MBC
positively correlated with aggregate-associated SOC in
>0.25 mm fraction (P < 0.01), suggesting a close relationship
between MBC and SOC in macroaggregates.

The soil aggregate microbial entropy

Microbial entropy is the ratio of soil MBC to the total SOC. It
fully reflects the proportion of soil active organic carbon and
reveals the soil fertility as a microbiological perspective (Liu
et al. 2011). The microbial entropies range between 1.12 and

4.17 % (Table 4). The microbial entropies are higher in the
K. caspia and B. dasyphylla communities, with an average
content of 2.66 and 2.56 % respect ively, but in
H. ammodendron and T. ramosissima communities are lower,
with average content of 1.94 and 1.93 %, respectively. The

Fig. 3 Aggregate-associated MBC at different soil depths as affected by the halophyte community

Table 3 Correlation
coefficients of particle-
sized soil aggregates
MBC and SOC

Soil aggregate size (mm)

>0.25 0.25–0.053 <0.053

r 0.798** 0.485 0.268

** P < 0.01

Table 4 Microbial entropy in different-sized soil aggregates under dif-
ferent halophyte communities (%)

Community type Aggregate size (mm) Soil depth (cm)

0–10 10–20 20–40 40–60

I >0.25 1.92 2.64 2.11 2.96

0.25–0.053 3.13 3.84 1.77 2.43

<0.053 2.39 2.79 1.89 2.81

II <0.25 1.81 2.80 2.57 3.99

0.25–0.053 3.12 1.89 1.62 2.41

<0.053 2.50 2.07 3.39 3.70

III >0.25 1.56 1.97 1.48 3.30

0.25–0.053 1.38 1.33 1.35 2.64

<0.053 1.35 1.21 1.66 4.09

IV >0.25 1.59 1.32 2.63 2.82

0.25–0.053 1.31 1.30 1.79 4.17

<0.053 1.00 1.12 1.70 2.36

Different letters within a column indicate significant differences among
the plant communities at P < 0.05

I Karelinia caspia (Pall.) Less., II Bassia dasyphylla (Fisch. et C. A.
Mey.) Kuntze., III Haloxylon ammodendron (C. A. Mey.) Bunge., IV
Tamarix ramosissima Lour
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microbial entropy is mainly concentrated in >0.25 mm frac-
tion, suggesting a higher proportion of active organic C in
macroaggregates. The aggregate microbial entropy increased
with soil depth increased.

Discussion

Effects of different halophyte communities
on the distribution of soil aggregates

In arid and semiarid regions, the distribution of soil aggregates
is closely related to stability of soil quality. Soil erosion resis-
tance generally increases as the proportion of macroaggre-
gates increases (Wang et al. 2010). In this study, the amount
of soil in the 0.053–0.25 mm fraction is significantly greater
than that in either of the other two aggregate fractions,
accounted for 61.5 %. The amount of aggregates in
>0.25 mm fraction is only 22.8 %. These findings suggest that
soil structure and quality are poor in this region. The soil is
affected by low precipitation amounts and sparse vegetation.
Under these conditions, macroaggregates break down, and the
proportion of microaggregates increases. Total SOC,
aggregate-associated SOC, and aggregate mass in >0.25 mm
fraction were all greater under H. ammodendron than under
any other plant communities. Some studies have shown that
organic matter promotes the formation of aggregates (Golchin
and Asgari 2008; Verchot et al. 2011). Therefore, the
H. ammodendron community can increase soil C sequestra-
tion in arid areas.

Effects of different halophyte communities
on aggregate-associated SOC

Total SOC is mainly affected by plant litter, plant roots, ani-
mals, and microorganisms. Our results indicated that total
SOC and aggregate-associated SOC concentrations were the
highest under the H. ammodendron and the T. ramosissima
communities. Aggregate-associated SOC under B. dasyphylla
is significantly lower than under the other communities. Some
studies have shown that the half spherical crown of
T. ramosissima is conducive for capturing and protecting plant
litter (Ma et al. 2009). This can increase litter input to the soil,
while the soil nutrient, species richness was high, root systems
were well developed, and vegetation crowns were large in the
H. ammodendron and T. ramosissima communities. In com-
parison, the B. dasyphylla community consisted primarily of
short, annual herbs, with relatively little biomass. Therefore, C
inputs to the soil were greater under the H. ammodendron and
T. ramosissima communities than under the B. dasyphylla
community. Total SOC and aggregate-associated SOC de-
creased as soil depth increased. These results are consistent
with previous studies and can probably be attributed to the

contribution of surface litter to SOC in the upper part of the
soil profile (Jiménez et al. 2011; Maia et al. 2010). Under
K. caspia, the aggregate-associated SOC was higher in the
20–40 cm depth than in the 10–20 cm depth. One explanation
is plant roots in the K. caspia community were mainly distrib-
uted in the 20–40 cm depth. These roots and their secretions
would have altered physical, chemical, and biological proper-
ties related to the formation of soil aggregates (Bedini et al.
2009). The effect of vegetation on SOC decreased with soil
depth. Furthermore, the parent material was the same under all
four plant communities (Grimm et al. 2008). For these rea-
sons, aggregate-associated SOC concentrations were similar
in the deep soil layers, regardless of the vegetation type.

There are conflicting reports about the distribution of
aggregate-associated SOC among aggregate size fractions.
Some studies indicated that microaggregate SOC was higher,
whereas others have shown that the microaggregate SOC was
higher (44 to 88 % of the total mass) (Brodowski et al. 2006;
Saha et al. 2010; Six et al. 2000b). In this study, aggregate-
associated SOC concentrations were significantly higher in
the >0.25 mm and the <0.053 mm fractions than in the
0.053–0.25 mm fraction. The reason is that organic matter
can bind microaggregates together into macroaggregates. In
addition, the degradation by plant roots and hyphae in macro-
aggregates significantly increases organic C (Gulde et al.
2008; Razafimbelo et al. 2008). Therefore, macroaggregates
are usually associated with high organic C. Some researchers
have suggested that SOC is younger in macroaggregates than
in microaggregates (Puget et al. 2000; Six et al. 2000a). The
SOC in macroaggregates mineralizes easier, whereas the SOC
in macroaggregates primarily consists of stable humus which
is not easily be mineralized, so the SOC in microaggregates is
continuously accumulated. However, in this study, the
aggregate-associated SOC was higher in <0.053 mm fraction
than in 0.25–0.053 mm fraction. These findings may be be-
cause humic carbon is lower in 0.25–0.053 mm fraction than
in <0.053 mm fraction.

Effects of different halophyte communities
on aggregate-associated MBC

MBC is the most active ingredient in SOC. It generally ac-
counts for only 1 to 3 % of the total SOC. However, it is
commonly seen as a sensitive indicator of soil environmental
response (Wen et al. 2004). In the 0–20 cm depth, the
aggregate-associated MBC was significantly higher in
>0.25 mm fraction than the other fractions. Other studies also
have similar conclusions (Zheng et al. 2013; Franzluebbers
and Arshad 1997), suggesting that the aggregate-associated
active organic C is high in surface soil, providing more carbon
sources for microbial activity. This is mainly because the or-
gan ic C in macroaggrega tes i s s imple r than in
microaggregates and it is easier to be utilized by microbes
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(Liu et al. 2007; Deng et al. 2005). However, in the 20–40 cm
depth, the aggregate-associated MBC concentrations were
significantly higher in >0.25 mm fraction or <0.053 mm frac-
tion than in 0.25 ~ 0.053 mm fraction. Studies have shown
that mineral clay and organic matter in microaggregates can
closely combine carbon, forming a complicated structure,
which is not easily decomposed by microorganisms (Mao
et al. 2007; Liu et al. 2006; Li et al. 2006).

Overall, the aggregate-associated SOC (1.70 to
13.68 g kg−1) and the aggregate-associated MBC (55.26 to
217.11 mg kg-1) were relatively low in this area, suggesting
the soil structure and quality are both poor in this region. The
aggregate-associated SOC under the T. ramosissima commu-
nity was the higher and under the K. caspia community was
lower, but the aggregate-associated MBC under the
T. ramosissima community was lower and under the
K. caspia community was higher. Those findings indicate that
the MBC is not only affected by organic matter but also by
many other factors. Some studies show that the MBC is af-
fected by soil organic matter input as well as the activity and
mineralization of the organic matter (Wen et al. 2004). The
aggregate-associated MBC in the K. caspia community was
higher may be due to a lot of organic C being decomposed by
a microbe (Liu et al. 2011). The aggregate-associated MBC
was lower under the T. ramosissima community may be due to
the activity of organic C in aggregate-associated SOC that was
lower. At the same time, the amount of aggregates in
<0.053 mm fraction was the highest (20 %) under the
T. ramosissima community, due to the organic C in macroag-
gregates mineralizes easier, whereas the organic C in
microaggregates primarily consists of stable humus and it is
not easily mineralized (Mao et al. 2009). So those findings
suggest that the aggregate-associated SOC is high inertia and
is not easy utilized by microorganism under T. ramosissima.

Soil aggregate microbial entropy

Microbial entropy is more effective than MBC or total C in
quantifying the soil quality; this is because entropy is a ratio
that avoids some problems about comparison soils with dif-
ferent organic matters (Liu et al. 2006). Some studies have
shown that microbial entropy accurately reflects the impact
of land use and management practices and also be used as
an effective indicator of soil carbon dynamics (Franchini
et al. 2007; Marinari et al. 2006). In this study, the microbial
entropy was the highest under the K. caspia community while
under the T. ramosissima community was the lowest. It sug-
gested that although there was a lot of carbon for microorgan-
isms under the T. ramosissima community, the relatively few
SOC was utilized by microorganisms. Meanwhile, a lot of
SOC was utilized by microorganisms under the K. caspia
community. Overall, under the H. ammodendron community,
the aggregate-associated SOC and aggregate-associated MBC

were relatively higher, but its microbial entropy was low
(1.94 %), suggesting that this community was beneficial for
soil carbon fixation and accumulation. Microbial entropy is a
good index of soil evaluation, and it can reflect soil carbon
utilization combined with SOC and MBC.

Conclusion

In this study, the T. ramosissima community has higher
aggregate-associated SOC and lower aggregate-associated
MBC, indicated that it was rich in carbon sources, but rela-
tively little carbon was utilized by microorganisms. The
aggregate-associated SOC and aggregate-associated MBC
were relatively higher under the H. ammodendron communi-
ty; its microbial entropy was lower, indicated that among the
halophyte communities in this study, the H. ammodendron
community is beneficial for carbon accumulation in arid areas.

The aggregate-associated SOC concentrations in 0.25–
0.053 mm fraction are the lowest and the highest in >0.25 or
0.25–0.053 mm fractions, showing a V-shaped distribution.
The aggregate-associated MBC in the 20–40 cm depths was
consistent with this regular. However, in the 0–20 cm depth,
the aggregate-associated MBC concentrations were
significantly higher in >0.25 mm fraction than the other
fractions. It suggests that macroaggregates are beneficial for
carbon accumulation due to it has higher organic C and active
organic C.
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