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Abstract: Artemisia sacrorum communities with different growth years were selected to analyse soil nutrient characteristics,
the variation in soil microbial properties, and their relationships in the loess hilly region. The results showed that with an
increase in the number of growth years, soil microbial biomass carbon and nitrogen contents as well as soil phosphatase and
urease activities initially decreased and then increased in the 4. sacrorum communities. The soil organic carbon, organic
nitrogen, and total nitrogen contents as well as soil respiration rate showed an increasing trend and reached a maximum at age
(a) 37. The soil available phosphorus content first decreased and then increased, with the lowest level observed at 18 a. By
contrast, soil available potassium initially increased and then decreased. Soil microbial biomass carbon had a significant
positive correlation with soil organic carbon, total nitrogen and organic nitrogen, while soil respiration had a significant positive
correlation with organic nitrogen, soil phosphatase and organic carbon. Soil respiration had a highly significant positive
correlation with organic carbon and total nitrogen, while soil phosphatase had a highly significant positive correlation with total
nitrogen and organic nitrogen. In the A. sacrorum communities, the soil organic carbon and total nitrogen contents were
mainly affected by soil respiration, soil available potassium content was mainly affected by soil urease activity, and soil organic
nitrogen content was mainly affected by soil phosphatase activity. These findings indicate that soil basal respiration, urease
activity and phosphatase activity were the major microbial factors affecting the characteristics of the soil nutrients in the 4.

sacrorum communities.
activity and improve soil quality.

In conclusion, the natural restoration process of 4. sacrorum communities can enhance soil microbial
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1 Introduction

Soil is the basis of vegetation survival.
various nutrients for the growth and reproduction of vegetation,
Being an

It provides water and

affecting the rate and process of vegetation restoration.
important component of the soil ecosystem, microbes participate in
the transformation and cycling of soil nutrients, influence
vegetation nutrition and soil fertility, and have become an
important indicator for evaluating soil quality!). Soil microbial
properties are important indicators used in the evaluation of soil
fertility and are sensitivity parameters for soil health status. The
soil microbial biomass is a storage pool of soil active nutrients, and

it can directly reflect the actual content of microbes and the
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transformation of nutrients in the soil®®],
sensitive to variations in soil conditions and can provide an early
indication of the variation in ecosystem structure and function.
Thus, the amount of soil microbial biomass and its variation are
commonly regarded as important indicators for soil quality’®). The
study of soil microbial biomass is of great significance to
understand soil fertility, the availability of soil nutrients, and their
transformation and cycling processes!”. The intensity of soil
basal respiration (SBR), an important activity indicator of soil
microbes, can also be used to evaluate soil fertility!. The SBR
intensity represents the amount and activity of microbial biomass,
indicating the trends in soil quality and the maturity of soil
Soil enzyme activity characterizes the direction and
11 In the process of vegetation

Soil microbes are highly

ecosystems.
intensity of biochemical reactions
restoration, soil microbial biomass and soil nutrient status had more
consistent improvement; soil microbe metabolic activity
significantly effects soil chemistry; and soil microbes became more
sensitive to the evolution of soil fertility. As biological indicators
for evaluating soil quality, soil microbial biomass carbon (MBC),
(MBN) and phosphorus show feasibility and
cooperativityl”.  In recent years, relevant studies have been
conducted mainly with respect to grazing intensity, vegetation type,
and altitude®™'”).  Little research investigated the variation in the
relationship between community microbial properties and soil

nitrogen

nutrients with growth years.
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Artemisia sacrorum is a relatively stable zonal vegetation in
the hilly-gully region of the Loess Plateau and has become the most
important community in the study of vegetation restoration'.
Existing studies of 4. sacrorum communities have mainly focused
on the variation in soil nutrients, vegetation characteristics and their
relationships!'?. In the present study, we selected A. sacrorum
communities in the loess hilly region of northern Shaanxi in China
to analyse the variation in soil nutrient characteristics and their
relationships with soil microbial properties. The objectives of the
study were to clarify the variation in the soil microbial properties of
the A. sacrorum communities with growth years and to explore the
major microbial factors that affect the soil nutrient characteristics
This study provides basic data
for understanding the soil system in the study area and presents

in the A. sacrorum communities.

scientific evidence for better construction of A. sacrorum
communities during land improvement, soil ecological restoration
and vegetation restoration in this region.

2 Materials and methods

2.1 Description of the study site

The study site is located in Ansai County (108°5'44"-
109°26'18"E, 36°30'45"-37°19'31"N), China. This region has a
temperate semi-arid continental monsoon climate. The average
annual precipitation is 513 mm, annual evaporation is 1490 mm,

and the average frost-free period lasts 157 d.  The vegetation zone

belongs to forest steppe that changes from warm temperate
deciduous broad-leaved forest to arid steppe.
of grassland are Artemisia scoparia, Artemisia sacrorum,

The major species

Lespedeza davurica, Bothriochloa ischaemum and Stipa bungeana.
2.2 Experimental design and soil sampling

Through the visits to local residents and field surveys,
combined with different geographical factors and other factors, we
selected natural A. sacrorum communities with no human
disturbance and growth years of 5 a, 10 a, 15 a, 18 a,29 aand 37 a
as experimental sites (Figure 1). These sites had similar slop
gradients, slope aspects and elevation. Three 20 mx20 m plots
were established at each site. The plot environmental status was
measured and recorded using a global positioning system (GPS;
Table 1). During July 10-20, 2016, five 1 mx1 m quadrats were
set up in each plot. Soil samples were collected using a soil auger
at depths of 0-5 cm, 5-10 cm, 10-20 cm and 20-40 cm. Five
replicates were set up in an S-shaped pattern in each plot. The
five replicate soil samples from the same plot were mixed for a
particular soil layer to form one sample. The samples were
transported to the laboratory and divided into two portions. One
part of the fresh sample was filtrated by a 2 mm sieve after removal
of plant residues and soil animals in order to measure MBC, MBN
and SBR intensity, and the other part was air-dried, reduced to the
required soil volume by quartering for the analysis of soil nutrients
and enzymes.
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Figure 1 Location of the Loess Plateau and the study site

Table 1 General information of the sample plots

Latitude and

Age/a Aspect Slope gradient/(°)  Altitude/m Jongitude
soswsm s NERR
10 Shady slope 34 1269 A,
15 Shady slope 29 1230 530%31%386070
18 Shady slope k) 1256 paee
29 Shady slope 29 1247 ;3069003191%(2‘;
37 Shady slope 42 1257 N36°39.565'

E109°11.765'

Note: For the aspect and slope gradient, due north is defined as 0°, and a
clockwise circle is defined as 360°.

2.3 Sample analysis

Soil total nitrogen (TN) was determined using the semi-micro
Kjeldahl method (K,SO4,-CuSO4-Se distillation  method).
Available nitrogen (AN) was analysed using the alkaline hydrolysis
diffusion method. Available phosphorus (AP) was determined
using the 0.5 ug/L NaHCOj; method. Available potassium (AK)
was extracted with NH4OAc and determined using flame
photometry. Organic carbon (OC) was determined using the
potassium dichromate volumetric-external heating method!".
MBC and MBN were analysed using the chloroform-fumigation
extraction method'¥. SBR was determined using the alkali
absorption method!".  Soil urease was analysed using the
phenol-sodium hypochlorite colorimetric method, and soil alkaline
phosphatase was analysed using the disodium phenyl phosphate
colorimetric method!'®!.
2.4 Data analysis

Data were statistically analysed using Excel 2007 and SPSS
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18.0. Plots were drawn using Origin 9.0. Significant differences
in the soil nutrient characteristics and microbial properties of the A.
sacrorum communities with different growth years were evaluated
using one-way ANOVA and Duncan’s multiple comparisons test.
The correlation between various indicators was tested using
Pearson’s correlation coefficient. The major microbial factors
that influenced the soil nutrient characteristics of the 4. sacrorum
communities were determined using stepwise regression analysis.

3 Results

3.1 Variation in the soil microbial properties of 4. sacrorum
communities
3.1.1 Variation in the soil microbial biomass and SBR of A.
sacrorum communities

Soil microbial biomass and SBR was affected by the
continuous growth of A. sacrorum. Table 2 showed that with
increasing growth years of A. sacrorum communities, both MBC
and MBN initially decreased and recovered later, whereas SBR
generally showed an increasing trend in the 0-5 cm and 5-10 cm
soil layers. Soil MBC in the A. sacrorum communities with
different growth years showed the following descending trend: 29 a,

37a,18 a, 15a,5 a, 10 a in 0-5 cm soil layer and 37 a, 18 a, 29 a,
15 a, 5 a, 10 a in the 5-10 cm soil layer. Soil MBN exhibited the
following descending trend: 37 a, 29 a, 18 a, 15 a, 5 a, 10 a in the
0-5 cm soil layer and 29 a, 37 a, 5 a, 18 a, 15 a, 10 a in the 5-10 cm
soil layer. SBR decreased as follows: 37 a, 29 a, 10 a, 18 a, 5 a,
15 a in the 5-10 cm soil layer and 37 2,29 a, 18 a, 15a,5a, 10 ain
the 5-10 cm soil layer. MBC, MBN, and SBR were higher in the
surface layer than in the bottom layer.

In the 0-5 cm soil layer, MBC did not differ significantly
between the 18 a and 37 a communities, whereas significant
In the
5-10 cm soil layers, there were significant differences between the
MBN showed
significant differences in both the 0-5 cm and 5-10 cm soil layers

differences were found between the other growth years.
A. sacrorum communities of each growth years.
between the A. sacrorum communities. The 29 a 4. sacrorum
community exhibited significantly higher SBR in the 0-5 cm soil
layer than the 5 a, 10 a, 15 a and 18 a communities but exhibited
significantly lower SBR compared with the 37 a community. The
5 a and 10 a 4. sacrorum communities showed no significant

difference in SBR in the 5-10 cm soil layers, but they differed
significantly compared with the other growth years.

Table 2 Soil microbial biomass and soil respiration in Artemisia sacrorum communities with different growth years

Microbial biomass carbon/mg-kg’’

Microbial biomass nitrogen/mg-kg’’

Soil basal respiration/mg'(kg-d)'l

Age/a
0-5cm 5-10 cm 0-5cm 5-10 cm 0-5cm 5-10 cm
5 189.02+1.02d 50.79+0.81¢ 13.96+0.07¢ 12.05+0.05¢ 134.29+2.02d 102.58+1.69¢
10 127.11£0.45¢ 48.25+0.71F 9.52+0.18f 5.43+0.02f 139.91+1.85¢ 99.25+2.62¢
15 202.26+0.45¢ 65.15+0.24d 16.72+0.08d 9.31+0.01¢ 134.02+3.19d 112.21£1.37d
18 235.36+1.42b 88.39+0.39b 20.95+1.03¢ 10.13£0.01d 137.214£2.12¢d 129.89+2.10¢
29 249.48+1.11a 87.11£0.41¢ 22.124+0.07b 18.114+0.01a 215.70+4.81b 156.46+2.64b
37 235.95+4.07b 113.77+0.68a 30.31+0.75a 17.77+0.03b 250.09+1.73a 184.46+2.00a

Note: Different lowercase letters within a column indicate significant differences in A. sacrorum communities with different growth years (p<0.05). The same applies

to the following tables.

3.1.2 Variation in the soil enzyme activities of the 4. sacrorum
communities

Soil phosphatase and urease activity initially decreased and
then recovered with increasing growth years of the 4. sacrorum
communities in all of the 0-10 cm, 10-20 c¢cm, and 20-30 cm soil
layers; the highest value appeared at 37 a (Table 3). The lowest
phosphatase activity appeared at 15a in both the 0-10 cm and 20-
40 cm soil layers, compared with 10 a in the 10-20 cm soil layer.
Soil urease activity ranked the lowest at 15 a in both the 0-10 cm
and 10-20 cm soil layers, while the lowest value was observed at
10 a in the 20-40 cm soil layer.

In the vertical direction, both soil phosphatase and urease
activities decreased gradually with increasing soil depth. In the
0-10 cm soil layer, soil phosphatase activity did not significantly
differ between the 5 a, 10 a and 15 a communities, while the
difference between other communities was significant. The 37 a
community showed significantly different soil
phosphatase activity in the 10-20 cm soil layer and soil urease
activity in the 20-40 cm soil layer compared with the other growth
years. Soil phosphatase activity in the 20-40 cm soil layer and
soil urease activity in the 10-20 cm soil layer differed significantly
among the 4. sacrorum communities.

A.sacrorum

Table 3 Soil enzyme activities in Artemisia sacrorum communities with different growth years

Phosphatase activity (mg-g”, 37°C, 24 h)

Urease activity (mg'g"', 37°C, 24 h)

Agela
0-10 cm 10-20 cm 20-40 cm 0-10 cm 10-20 cm 20-40 cm
5 0.062+0.003d 0.019+0.001¢ 0.009+0.001¢ 0.09840.007a 0.042+0.003b 0.019+0.0008b
10 0.06+0.002d 0.018+0.001¢ 0.0088+0.002d 0.08+0.003b 0.02+0.002¢ 0.006+0.0006d
15 0.057+0.003d 0.022+0.002b 0.0031+0.001f 0.067+0.006¢ 0.0160.001f 0.007+0.0008d
18 0.069+0.003¢ 0.024+0.002b 0.0038+0.002¢ 0.075+0.004bc 0.027+0.0004d 0.013+0.0006¢
29 0.078+0.004b 0.025+0.001b 0.0114+0.004b 0.075+0.003bc 0.035+0.0003¢ 0.02+0.001b
37 0.1+0.008a 0.031+0.001a 0.0125+0.005a 0.103+0.004a 0.048+0.001a 0.023+0.002a

3.1.3 Dynamic analysis of the variation in the soil microbial
properties of 4. sacrorum communities

As growth year increased, the soil microbial properties varied
in the 4. sacrorum communities (Figure 2). Soil MBC, MBN,
and SBR showed an increasing trend as growth year increased.

However, the soil phosphatase and urease activities initially
decreased and then recovered with growth year, and a maximum
was reached at 37 a. The fitted equations are shown in Figure 2.
The equation curves of soil MBC, MBN, and SBR, as well as
phosphatase and urease activities, were well fitted.
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Figure 2 Variationin the soil microbial properties of the 4. sacrorum communities with different growth years

3.2 Relationship between the soil microbial properties and
soil nutrients in A. sacrorum communities
3.2.1 Variationin the soil nutrient characteristics of 4. sacrorum
communities

As the growth year of the 4. sacrorum communities increased,
the belowground soil nutrient contents changed correspondently.
As Figure 3 shows, OC, ON, and TN increased along with the
growth year. Soil AP initially decreased before increasing in the
0-5 cm and 5-10 cm layers, whereas no significant change occurred
in the 1-20 cm layer. The opposite trend was found in the soil AK
content, which showed an increasing trend and followed by a

decline. Among the A4. sacrorum communities with different

growth years, the variation in the soil OC, ON, and TN contents in
the 0-5 cm, 5-10 cm and 10-20 cm soil layers was ranked as the
following descending order: 37 a, 29 a, 18 a, 15a, 10a, Sa. The
variation in soil AP followed the descending order: (5 a = 37 a),
10 a, 15 a, 29 a, 18 a in the 0-5 cm and 5-10 cm soil layers and 10 a,
(5 a=37a), 18 a, 15 a, 29 a in the 10-20 cm soil layer. The
variation in soil AK was ranked as the following descending order:
15a,18 a,29 a, 10 a, 5 a, 37 a in the 0-5 cm soil layer; 18 a, 15 a,
10 a, 5 a, 29 a, 37 a in the 5-10 cm soil layer; and 18 a, 15 a, 10 a,
29 a, 37 a, 5 a in the 10-20 cm soil layer. The variation in soil
nutrients between different soil layers followed a decreasing trend
with increasing soil depth.
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communities with different growth years

In the 0-5 cm layer, the soil OC content did not differ
significantly between 18 a and 29 a, while significant differences
were found among the other 4. sacrorum communities. In the
5-10 cm layer, the 5 a and 37 a communities showed significant
differences in the soil OC content compared with the other
communities, while no significant differences were found among
the other communities. In the 10-20 cm soil layer, there was no
significant difference in the soil OC content between 10 a and 15 a,
while these two communities differed significantly from the other
communities. With regard to the ON content in the 0-5 cm soil
layer, there was no significant difference between 15a and 18a;
however, significant differences were found when compared with
the other communities. In the 5-10 cm soil layer, there was no
significant difference in the ON content between 5 a and 10 a or
between 15 a, 18 a and 29 a; the 37 a community differed
significantly from the other communities. In the 10-20 cm soil
layer, the ON content differed significantly between the 37 a and
other communities; the 29 a community did not differ significantly
from the 18 a community but did differ significantly from the other
communities. With respect to the soil TN content in the 0-5 cm
soil layer, there was no significant difference between 5 a and 10 a,
15 a and 18 a, but a significant difference was found when
compared with the other communities. In the 5-10 c¢m soil layer,
the soil TN content did not differ significantly between 15 a and
18 a, but a significant difference was observed when compared
with the other growth years. In the 10-20 cm soil layer, there
were no significant differences between 5 a and 18 a or between
10 a and 15 a; the difference was significant when compared with
the other growth years. Soil AP in the 0-5 cm soil layer did not
differ significantly between 5 a and 37 a or among 15 a, 18 a, and
29 a, but a significant difference was found between 10 a and the
other growth years. In the 5-10 cm soil layer, soil AP did not
differ significantly between 5 a and 37 a, but a significant
difference was detected when compared with the other growth
years. In the 10-20 cm soil layer, a significant difference was
observed in soil AP between the 10 a and other growth years.
Soil AK in the 0-5 cm soil layer did not differ significantly among
5 a, 10 a and 37 a; however, a significant difference was detected
when compared with the other growth years. In the 5-10 cm soil
layer, soil AK did not differ significantly between 5 a and 29 a or
between 10 a and 15 a; however, a significant difference was
detected when compared with the other growth years. In the
10-20 cm soil layer, there was no significant difference between 5 a
and 37 a or between 10 a and 29 a; however, a significant
difference was detected when comparing the other growth years.
3.2.2 Correlation analysis of the soil nutrient characteristics and
microbial properties of A. sacrorum communities

The correlation analysis results are shown in Table 4. Soil
OC was positively, but not significantly, correlated with MBC.
OC had a significant positive correlation with MBN (p<0.05) and a
highly significant positive correlation with TN and ON (p<0.01).
AK was significantly negatively correlated with AP. TN showed
a significant positive correlation with MBN and a highly significant
positive correlation with ON. MBC was positively correlated
with soil nutrient indicators except for AK. MBN was
significantly positively correlated with OC, TN, and ON and highly
significantly positively correlated with MBC. SBR was positively
correlated with soil nutrient indicators (except for AK), as well as
MBC and MBN. Specifically, SBR had a significant positive
correlation with ON and a highly significant positive correlation
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with OC, TN, and MBN. Both phosphatase and urease activities
were positively correlated with the soil indicators except for AK.
In particular, phosphatase activity had a significant positive
correlation with OC and MBN and a significant positive correlation
with TN, ON, and SBR. These results indicate that as the growth

year of the A. sacrorum communities increased, the soil microbial
properties and nutrient conditions were improved and later reached
consistent levels.
effects on the soil nutrients, and the soil microbes were sensitive to
the evolution of soil fertility.

The soil microbial properties had significant

Table 4 Correlation coefficients between the soil nutrients and microbial properties of A. sacrorum communities with different

growth years

oC AK TN AP ON MBC MBN SBR JXLSM NM
oC 1
AK -0.247 1
TN 0.967** -0.441 1
AP -0.035 -0.872* 0.122 1
ON 0.925%* -0.501 0.958%* 0.304 1
MBC 0.739 0.073 0.748 -0.389 0.640 1
MBN 0.836* -0.282 0.905* -0.072 0.818* 0.929%* 1
SBR 0.923%* -0.465 0.980%* 0.078 0.892* 0.768 0.924%** 1
JXLSM 0.899* -0.559 0.972%* 0.234 0.938%* 0.723 0.899* 0.974%* 1
NM 0.366 -0.812* 0.578 0.635 0.622 0.395 0.633 0.609 0.717 1

Note: OC: Organic carbon; AK: Available potassium; TN: Total nitrogen; AP: Available phosphorus; ON: Organic nitrogen; MBC: Microbial biomass carbon; MBN:
Microbial biomass nitrogen; SBR: Soil basal respiration; JXLSM: Phosphatase; NM: Urease. *p<0.05; **p<0.01.

323 Effects of soil microbial factors on soil nutrient
characteristics of 4. sacrorum communities

Multiple stepwise regression analysis was conducted on the
major indicators of the soil nutrients and soil microbial properties
of the A. sacrorum communities with different growth ages. The
optimal multiple regression equation was established and subjected
to a significance test. Based on the F test, the P value in ANOVA
was always lower than 0.05, indicating that the regression was
highly significant (Table 5). The major factor affecting the soil
OC and TN contents in the 4. sacrorum communities was SBR.
The major factor affecting the soil AK content in the 4. sacrorum
communities was soil urease activity, and that affecting the soil ON
content was soil phosphatase activity. Among the four equations,
SBR was selected in two of them, soil urease was selected in one of
them, and soil phosphatase was selected in one of them. These
results indicate that SBR was a decisive indicator of the soil
nutrient characteristics of the A. sacrorum communities. Soil
urease and phosphatase were also two major factors that influenced
the soil nutrient characteristics of the A. sacrorum communities.

Table 5 Stepwise multiple regression of soil nutrient
characteristics and microbial factors in Artemisia sacrorum
communities with different growth years

Standardized

Stepwise multiple regression R regression cocfficients F P
OC =3.427+0.23 SBR 0.923 SBR 23.108 0.009
AK =221.301-482.357 NM 0.812 NM 7.732 0.050
TN =0.043+0.004 SBR 0.980 SBR 96.482 0.001
ON =-54.650+1476.124 JXLSM 0.936 JXLSM 28.264 0.006

Note: OC: Organic carbon; AK: Available potassium; TN: Total nitrogen; ON:
Organic nitrogen; SBR: Soil basal respiration; JXLSM: Phosphatase; NM:
Urease.

4 Discussion

Owing to their sensitivity to the environment, soil biological
indicators are used as early warning biological indicators of soil
changes. In particular, they have shown great superiority with
respect to soil changes caused by soil management measures,
different planting patterns and vegetation types!'”. Together with

the emphasis on soil quality monitoring and evaluation, soil
biological indicators have been used as sensitive, universal
comprehensive indicators to evaluate soil quality. A high quality
soil should possess good biological activity and stable microbial
population composition!'®!.  Generally, microbial biomass and
SBR are regarded as the conventional soil quality indicators that
are most sensitive to soil quality changes!'.

Soil nutrients are the main source of plant nutrition. The
growth and development, as well as the nutrition and metabolism
of plants, is closely related to the supply status of soil nutrients™"’,
The initial stage of afforestation is characterized by individual
species, sparse undergrowth vegetation, and a lack of biodiversity,
with sparse litter and shallow roots. In addition, the microbial
decomposition of the litter and roots is slow, and there is little
replenishment of organic matter®. With the increase of the
growth year of 4. Sacrorum communities, plant species and species
diversity increased in the community. The lush foliage and
relatively developed photosynthetic organs®? enhance the
enrichment of the soil nutrients. The thickness and annual
accumulation of surface litter also gradually increase. After
falling, decay and decomposition, all dry branches and leaf litter, as
well as roots and deep debris, are released into the soil, promoting
the storage and accumulation of soil OC?*.  The litter enters the
soil and is decomposed by nitrogen-fixing bacteria and other
microorganisms in the rhizosphere, thereby increasing the soil
organic matter content. Vegetation mainly affects the soil OC
content through the storage, composition and stability of OC by
altering the quantity and quality of litter and its environmental
conditions™,  The accumulation and depletion level of soil
nitrogen depends on the accumulation and decomposition of soil
OC™, Soil TN is closely related to the organic matter content;
thus, variations in soil ON, TN, and OC show consistent trends.
Due to the low soil OC content at the initial stage, the available
substrates for soil microbes are limited, resulting in low soil
microbial biomass®®. However, with the development of a forest
stand, the soil organic matter content increases; this adds to the
available nutrients for soil microbes?®”and significantly increases
the soil microbial biomass. Thus, both MBC and MBN showed
an initial decrease followed by an increase as the growth year of the
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A. sacrorum communities increased. The SBR rate depends on
soil microbial biomass and substrate use efficiency®®. Litter
shows an increasing trend with an increase in growth year, which
provides an increasing amount of substrates for microbes and
results in an increasing trend in SBR”’\.  Soil enzyme activities
are closely associated with soil fertility, whereas soil MBC and
MBN are the active parts of the soil organic matter pool and
organic nitrogen pool, respectively®”. Therefore, variations in
soil enzyme activities and microbial biomass show similar trends.
This suggests that the level of soil microbial biomass to some
extent reflects the activity status of soil enzymes®'. However, the
variations in the soil AK and AP contents in the A. sacrorum
communities showed inconsistent trends with OC, ON, and TN.
This is because the variation in soil AK and AP contents is a highly
complex issue. Potassium that is not directly available for uptake
in the soil constitutes the majority of the soil total potassium
content. Slowly released potassium constitutes the reserve of AK
(mainly exchangeable potassium, also including water-soluble
potassium). There is a slow reversible equilibrium between
slowly released potassium and exchangeable potassium, in contrast
to a rapid reversible equilibrium between exchangeable potassium
and water-soluble potassium™. Phosphorus is mainly present in
both organic and inorganic forms in the soil. Soil TP is an
indicator that measures the sum of all forms of P in the soil,
whereas AP indicates the phosphorus supply level in the soil.
There exists a dynamic balance between these two forms.  Soil AP
is mainly affected by soil parent material, and it is less affected by
phosphorus supply in the other forms®*. The soil type in the
study area is complex, mainly loess soil. In some areas, dark
loessial(or Heilu) soil and grey cinnamon soil occur. The AP
content is also affected by the climate, degree of weathering,

(27 which result in a

leaching, TP content, and other factors
complex variation in the soil AP content.

The soil surface layer has a high content of organic matter and
nutrients (e.g., nitrogen), with good air water permeability,
concentrated distribution of fine roots, and input of soil microbial
metabolic substrates through litter™. These factors are
conductive to soil microbial growth and reproduction, so that soil
MBC and MBN contents, SBR, and soil enzyme activities decline
with increasing soil depth. Moreover, the soil surface layer has
superior natural factors and environmental conditions. Together
with the loose structure and strong air permeability in the soil
surface, soil microorganisms and soil hydrolases are mainly
concentrated in this area, with intense activities. In the lower soil
layer, the physical and chemical properties as well as the biological
effects are relatively stable; the microbial decomposition is slow!!!l.
Thus, the soil nutrient content in the surface layer was higher than
that in the lower soil layers of the 4. sacrorum communities.

Soil microbial properties and soil nutrients are closely related
and mutually affect each other. Microorganisms play a leading
role in the decomposition and transformation of organic matter,
which affect the energy flow and material transformation process in
the ecosystem. The soil microbial biomass to a certain extent
indicates the activity status of soil enzymes?®”. Urease and
phosphatase are enzymes involved in nitrogen cycling, and both of
them play a positive role in the synthesis of soil organic matter and
1361 Soil carbon, nitrogen, and phosphorus are the material
basis for soil fertility and the main nutrient source needed for

humus

microbial growth; these elements can trigger soil enzyme activities
and contribute to the decomposition of belowground dead roots and
litter®”.  When the soil nutrient content increases, soil enzymes

actively participate in their transformation and decomposition
process and accelerate the accumulation of MBC and MBNEP®. Tt
is well-known that soil biological (microbial and enzymatic)
activities are involved in the metabolism of organic matter and are
highly correlated with soil physicochemical properties, thus
affecting the availability, accumulation and mineralization of soil
nutrients®. In the case of good organic nutrient conditions, soil
enzyme activities are relatively high; a higher intensity of
mineralization of soil nutrient elements is more conducive to the
cycling of nutrient materials within the system!*”. Previous
studies have shown that the activities of ALP and URE had
significant positive correlation with soil properties, particularly
with soil OC and TN™!.  Both soil microbial biomass and soil
enzyme activities are related to the above process to varying
degrees. Thus, soil nutrient contents were significantly correlated
with soil microbial properties in the 4. sacrorum communities.
The SBR rate depends on soil microbial biomass and substrate
utilization efficiency®™. Thus, SBR was significantly positively
correlated with OC, while it had a highly significant positive
correlation with OC, TN, and MBN. This suggests that SBR can
indicate the trends of soil quality change and the maturity of the
soil ecosystem in A. sacrorum communities.

5 Conclusions

As growth year increased, soil microbial biomass and enzyme
activities initially decreased and then increased in the 4. sacrorum
communities; SBR increased gradually, indicating that the total
activity of soil microorganisms tended to increase during the
natural restoration of the A. sacrorum communities. Changes in
the soil microbial properties would inevitably lead to corresponding
changes in soil carbon and nitrogen cycles. Except for soil AP
and AK, the soil nutrient contents in the A. sacrorum communities
increased as the growth year increased and reached a maximum at
37 a, with significantly improved soil quality. The cycling of soil
nutrients to a large extent relies on the activity of soil
microorganisms and the substrate transformation and synthesis by
soil enzymes. The soil microbial properties were significantly
correlated with the soil nutrient contents; thus, the soil microbial
properties had a major influence on the improvement of soil quality.
The stepwise regression analysis revealed that both the soil OC and
TN contents were affected by SBR in the A. sacrorum communities.
In addition, the soil AK content was affected by urease, and soil
ON was affected by phosphatase. These findings indicate that
SBR, urease activity and phosphatase activity were the major
microbial factors affecting the characteristics of the soil nutrients in
the A. sacrorum communities. In summary, the natural
restoration of A. sacrorum communities plays a significant role in
improving the soil quality in the loess hilly region of northern
Shaanxi. Soil nutrient contents and microbial properties mutually
affect and facilitate each other to gradually improve soil quality.
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