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This study investigated the influence of broadleaf and conifer vegetation on soil microbial communities in a distinct vertical
distribution belt in Northeast China. Soil samples were taken at 0-5, 5-10 and 10-20 cm depths from four vegetation types at
different altitudes, which were characterized by poplar (Populus davidiana) (1250-1300 m), poplar (P. davidiana) mixed with
birch (Betula platyphylla) (1370-1550 m), birch (B. platyphylla) (1550-1720 m), and larch (Larix principis-rupprechtii)
(1840-1890 m). Microbial biomass and community structure were determined using the fumigation-extraction method and
phospholipid fatty acid (PLFA) analysis, and soil fungal community level physiological profiles (CLPP) were characterized
using Biolog FF Microplates. It was found that soil properties, especially soil organic carbon and water content, contributed
significantly to the variations in soil microbes. With increasing soil depth, the soil microbial biomass, fungal biomass, and
fungal catabolic ability diminished; however, the ratio of fungi to bacteria increased. The fungal ratio was higher under larch
forests compared to that under poplar, birch, and their mixed forests, although the soil microbial biomass was lower. The direct
contribution of vegetation types to the soil microbial community variation was 12%. If the indirect contribution through soil
organic carbon was included, variations in the vegetation type had substantial influences on soil microbial composition and di-
versity.
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The microbial community mediates decomposition pro-
cesses, regulates nutrient cycling, and influences soil func-
tional diversity, and it potentially represents a mechanistic
link between plant and ecosystem functions [1,2]. Currently,
there is considerable interest in understanding the driving
forces of the relationship between the soil microbial com-
munity and plant community [3]. The effects of above-
ground plants on microbial parameters, including microbial
community structure and function, i.e., catabolic capacity,
have been studied [2,4,5]. However, the results of the stud-
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ies are insufficient. Some studies [2,6] found a significant
effect of plant diversity on soil microbial biomass and
community structure while others did not find any discerni-
ble effect of plant diversity on these microbial properties
[4,5]. Since plants have broad variations in their natural
history and physiology [7], it is likely that differences in
plant species create distinctive soil environments and biotic
communities [8]. For example, broadleaf and conifer vegeta-
tion differ in their biochemical composition. Changes in plant
species could alter the production and the composition of
organic compounds in detritus, and thus alter the composition
and function of heterotrophic microbial communities [2,9].
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Previous studies suggest that the differences in hetero-
trophic microbial community structure and function in for-
est soil are mainly linked with the quality of soil organic
matter [10-12]. The usability and biochemical composition
of litterfall from dominant species affect soil organic matter
to a large extent [13,14]. Zak et al. [15] indicated that mi-
crobial biomass and labile organic matter pools changed
predictably across broad gradients of aboveground net pri-
mary production (NPP), supporting the idea that microbial
growth in soil was constrained by C availability. Vegetation
community composition, which is influenced by environ-
mental forces, influence soil organisms in underground
communities through litterfall and exudates [16]. Further-
more, biotic and environmental forces, which drive the ac-
tivity, structure, and diversity of soil microbial communities,
are controlled by many factors including plant species [17]
and edaphic conditions [18,19]. Staddon et al. [20] studied
the differences in soil microbes along a climate gradient,
and suggested that microbial community structure [21] and
catabolic diversity [22] were related to the change in tem-
perature and moisture along the altitudinal gradient. Factors
which represent nutrition utility such as C/N ratio [19] and
available nitrogen [12], are regarded as the main determi-
nants of soil microbial community structure. White et al.
[23] maintained that pH was the most important factor im-
pacting soil microbial community function in coniferous
forests. There is a strong relationship between pH and
abundance of soil PLFAs [18,24,25]. The coherent variabil-
ity of vegetation, soil organic matter, and microbial com-
munity can be linked with pH [12,18,24-26]. The nutrient
turnover rate in broadleaf forests is faster than that in coni-
fer forests, which leads to high contents of soil nutrients in
broadleaf forests [27]. Bacteria prefer high-nutrient soil;
conversely, fungi prefer relatively infertile soil. Fungi are
the major decomposers in the boreal system, and they adapt
to infertile soil with low pH and difficult-to-decompose
substrates [28]. There are, however, no definite conclusions
on the decisive elements of variability in soil microbial
community structure and the role of fungi in the shift of
vegetation from deciduous to coniferous.

This study selected a distinct belt on Mount Han, where
the dominant tree species changed from broadleaf to conifer,
to study the influence of vegetation types on soil microbial
biomass and compositions. Poplar (Populus davidiana) (P),
birch (Betula platyphylla) (B) and larch (Larix principis-
rupprechtii) (L) are the dominant tree species in the forests
of Northeast China, the main wood production region of
China. On Mt. Han the effects of these different dominant
tree species on soil microbial community was investigated
by analyzing the differences between the broadleaf, mixed
broadleaf, and conifer soils at three depths with special fo-
cus on the fungal characteristics of each soil, such as cata-
bolic diversity. The primary questions addressed were (i) is
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the soil microbial community affected by the vegetation
type or the soil properties to a larger extent as the vegetation
varied from broadleaf forests to conifer forests? (ii) Would
the biomass and catabolic diversity of fungi response con-
sistently to the variation of vegetation types?

1 Materials and methods
1.1 Site description

The study area was on Mt. Han (1950 m), the second high-
est mountain of the SaiHanWuLa National Nature Reserve
(43°59'—44°27'N, 118°18'-118°55'E). The annual average
temperature and precipitation was 2°C and 400 mm, respec-
tively. July was the hottest month with the temperatures
reaching 29°C, and the average precipitation in summer was
~300 mm which accounts for 70%—80% of annual precipi-
tation. There was a distinct vertical distribution of vegeta-
tion types along the shady slope of Mt. Han. The lowest
elevations were dominated by poplar (Populus davidiana)
(1250-1300 m), followed by birch (Betula platyphylla) and
poplar mixed forest (BP) (1370-1550 m), then birch (B.
platyphylla) (1550-1720 m), and finally larch (Larix prin-
cipis-rupprechtii) (1840-1890 m) at the highest elevations.
Poplar usually forms patches among birch forest. Birch was
the largest forest vegetation in the nature reserve and the
main tree species apart from poplar, birch and larch were
Tilia mongolica, Quercus mongolica, Acer mono and Sor-
bus pohuashanesis Hedl. Among the shrubs on the forest
floor, Ostryopsis davidiana was the most widespread
broad-leaved species, found at the base of birch. In eleva-
tions above the Ostryopsis davidiana shrub, small areas of
Rhododendron dahuricum shrubs were distributed on the
deteriorated forest sites. Shrubby vegetation was distributed
extensively in this area, ranking second only to the tree
vegetation. The soil under the broadleaved deciduous for-
ests was typical brown soil, while grey wooded soil was
distributed under mixed broadleaf-conifer forests. Black soil
was under subalpine meadow on the top of the mountain.

1.2 Soil sampling

Soil sampling was performed in August 2010. For each
vegetation type, three replicate plots were randomly select-
ed. Each plot was ~20 mx20 m. Soil samples were collected
from three depths (0-5, 5-10 and 10-20 cm) under the
dominant tree species in each plot with a soil auger (5 cm in
diameter). The soil was sieved to 2 mm and split into three
subsamples. The sample for soil microbe measurement was
removed of all visible roots and stored at 4°C. The sample
used for phospholipid fatty acid (PLFA) measurement was
stored at —80°C and the remaining soil was used for soil
property measurement after air drying. Soil chemical and
physical properties are listed in Table 1.
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Table 1 Soil chemical and physical properties (mean valuexstandard deviation)”

Soil properties Soil depth P BP B L

0-5 117.12+12.56a 106.98+13.94a 80.23+9.82b 68.64+9.89b
TC (gkg™) 5-10 94.85+6.37a 61.25+12.51b 56.66+14.04b 55.09+6.16b
10-20 67.70+10.93a 64.95+13.68ab 48.43+6.63ab 53.37+3.44b

0-5 8.64+0.70a 8.39+0.93a 6.41+0.73b 5.97+0.81b

TN (gkg™) 5-10 7.16+0.74a 5.19+1.01b 4.73+1.01b 4.98+0.51b
10-20 5.33+0.57a 5.50+1.23a 4.25+0.50a 4.88+0.34a

0-5 0.38+0.55ab 0.38+0.03ab 0.33+0.03b 0.40+0.02a

AN (gkg™) 5-10 0.41+0.01a 0.30+0.03b 0.32+0.02b 0.32+0.04b
10-20 0.33+0.04a 0.29+0.06a 0.26+0.02a 0.30+0.04a
0-5 97.06+9.41a 99.62+8.12a 66.57+7.43b 63.77+7.14b

SOC (g kg™ 5-10 84.08+5.89a 48.63+11.54b 46.92+13.33b 42.97+7.40b
10-20 60.59+10.01a 46.43+1.16b 39.94+6.09b 43.72+0.87b

0-5 11.22+0.28ab 11.90+0.38a 10.39+0.18b 10.75+1.09b

C/IN 5-10 11.78+0.40a 9.90+4.36a 9.83+0.67a 8.76+2.13a
10-20 11.33+0.66a 8.60+1.54b 9.38+0.32b 8.98+0.68b

0-5 0.74+0.04a 0.65+0.11a 0.63+0.05a 0.62+0.06a

SwcC 5-10 0.48+0.02a 0.44+0.02bd 0.40+0.00d 0.52+0.02¢
10-20 0.40+0.01b 0.39+0.01b 0.40+0.01b 0.45+0.01a

0-5 6.29+0.13a 6.03+0.25ab 5.94+0.26ab 5.87+0.06b

pH 5-10 6.05+0.09a 5.83+0.18a 5.93+0.19a 5.84+0.01a
10-20 5.81+0.12a 5.82+0.20a 5.80+0.22a 5.78+0.05a

a) P, poplar; BP, Betula and poplar mixed forest; B, birch; L, larch; SOC, soil organic carbon; TC, total carbon; TN, total nitrogen; SWC, soil water

content; AN, available nitrogen; C/N, SOC/TN.

1.3 Soil microbial composition and catabolic diversity
analysis

Soil microbial biomass C (MBC) and microbial biomass N
(MBN) were measured using the fumigation-extraction
method [29] and estimated based on the differences in total
organic C and N between the fumigated and un-fumigated
soil samples. Total organic C was measured with a fully-
automatic UV-Persuate TOC analyzer (Tekmar-Dohrmann
Co. USA) using a Kc factor of 0.45 [30]; total organic N
was measured by K,S,0, digestion-UV spectrophotometry
(GB 11894-89) using a Ky factor of 0.54 [31].

Soil microbial community structure was determined by
analyzing PLFA composition. PLFAs were extracted and
analyzed using a procedure described by Bligh and Dyer
[32] and Frostegéard et al. [33]. The lipids were extracted
and then identified and quantified by chromatographic re-
tention time and mass spectral comparison using an Agilent
6890N GC with an Agilent 5975C mass selective detector.
The peaks were identified using a standard qualitative bac-
terial acid methyl ester mix (Sigma Aldrich, Canada) that
ranged from C11 to C20. For each sample, the abundance of
individual fatty acid methyl-esters was expressed in nmol
PLFA g dry soil. The fatty acid nomenclature used was
that described by Frostegérd et al. [34]. The sum of the fol-
lowing PLFAs was used as a measure of the bacterial bio-
mass: i14:0, i115:0, al5:0, 15:0, i115:1, 16:0, i116:0, i16:1,
16:107, 16:1w5c, i17:0, al7:0, cyl7:0, 17:0, 17:1m8c,
18:1o7c and cy19:0 [26,34,35]. The PLFAs 18:206,9 and

18:1w9 were used as a measure of fungal biomass [26,36].

Soil fungal community level physiological profiles
(CLPPs) were constructed using Biolog FF Microplates and
the Biolog full-automatic microbial identification and anal-
ysis system [37]. A mass of fresh soil equivalent to 10 g of
dry soil with its soil water content (SWC) was dissolved in
0.85% NaCl. Then, a 150 pL aliquot of each sample was
dispensed into each well of the microplates, and the micro-
plates were incubated at 25°C for 240 h; color development
was measured by absorbance at 490 nm every 12 h. Aver-
age Well Color Development (AWCD) was calculated with
absorbance data as follows:

AWCD=X(Ci—R)/95, (1)

where Ci is the absorbance data of each well except for the
control well, and R is the absorbance data of the control
well.

1.4 Statistical analysis

A one-way ANOVA test for differences in soil properties
and soil microbial community under different vegetation
types was performed by SPSS17.0 (SPSS Institute Inc.,
2002), and a LSD test was performed to carry out multiple
post hoc comparisons.

The correlation analyses for altitude, vegetation types,
soil properties and soil microbial characteristics were per-
formed with the ‘vegan’ package [38] of the R-language
environment (version 2.9, R Foundation for Statistical
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Computing, Vienna, Austria). To identify the individual
influences of soil properties, vegetation types, and altitudi-
nal variables, the unique and shared influences of the varia-
bles were disentangled using variation partitioning [39,40].
Partitioning was carried out through a series of partial re-
dundancy analyses (pRDA).

The relationships among soil properties and soil microbi-
al characteristics were analyzed by linear model redundancy
analysis (RDA) using CANOCO software (Canoco for
Windows 4.5). Data then underwent a logarithmic trans-
formation before analysis; in RDA, significant environmen-
tal variables (P<0.05) were selected using a forward selec-
tion followed by a Monte Carlo permutation test based on
999 random permutations [41]. The AWCD was analyzed
by principal components analysis (PCA) using CANOCO.

2 Results

2.1 Soil microbial community characteristics

Soil microbial biomass was established as the total content
of PLFAs in the soil microbial community (Figure 1), and it
decreased as soil depth increased under all four vegetation
types. The PLFA content under L was lower compared to
that under P or BP at 0-5, 5-10 and 10-20 cm. At 0-5 cm
and 5-10 cm, the total PLFA content under BP was the
highest. However, the total PLFA content under P was
highest at 10-20 cm.

The fungal to bacterial biomass (F/B) ratio differed sig-
nificantly (P<0.05) among the four vegetation types (Figure
2A) and it showed a significant correlation with soil depth.
At 0-5 cm, the F/B under all four vegetation types was
lowest, and it increased significantly as depth increased to
5-10 cm and 10-20 cm. This may indicate that the amount
of fungi was higher at lower depths (5-20 cm) compared to
that in the near-surface soil (0-5 cm). At 5—-10cm, the F/B
under L was discernibly higher than that under other vege-
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Figure 1 Comparison of PLFAs (total) among four vegetation types.

tation types but at 10-20 cm, the F/B was highest under B.

The MBC/MBN was also compared under the four vege-
tation types and different soil depths (Figure 2B). It was
higher at 5-10 and 10-20 cm than at 0-5 cm among all
vegetation types and was significantly higher under L than
under P, BP and B.

2.2 The soil fungal community

The soil fungal biomass (F) under the four vegetation types
is shown in Figure 3. The F was positively correlated with
soil depth (r=0.518%). At 5-10 cm and 10-20 cm, the F of
all four vegetation types was significantly higher than that
at 0-5 cm. At 0-5 cm, F was highest under L and the F un-
der L and BP was higher than that under P and B at both
0-5 and 5-10 cm.

The AWCD of the soil fungal community was compared
using the absorbance data from the 96th hour (Figure 4) and
it showed a significant negative correlation with soil depth
(r=—0.713**), It was also found that the AWCD values of
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Figure 2 Comparison of fungal/bacterial biomass (A) and microbial biomass C/microbial biomass N (B) among four vegetation types.
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broadleaf forests were significantly higher than those of
conifer forests. The metabolic activity of soil under P was
higher than that under BP or B at all three soil depths. At
0-5 cm, AWCD was lowest under L but the AWCD of BP
was lower than that of P and B at 5-10 cm and 10-20 cm.

Ninety-five kinds of C sources were sorted into six cate-
gories to show the differences in functional diversity of
fungal community among the four vegetation types by the
position of points in the PCA results (Figure 5). PC1 and
PC2 accounted for 97.4% of total variance among C sources,
thoroughly reflecting fungal community’s utilization of the
C sources. All six categories of C sources were distributed
in the first and forth quadrants of the PCA results (Figure 5).
Carbohydrates and miscellaneous, the only two sources
found in the fourth quadrant, had loading scores that were
higher on PC1 than those of amino acids, amines, carbox-
ylic acids and polymers. Carbohydrates scored highest
(0.988) in PC1, which proved that they were the most im-
portant C source for the fungal community.

Fungal community diversity produced different positions
in the PCA results under different vegetation types, which
indicated differences in the types and levels of C sources
used and differences in their catabolic diversity. The PCA
results usually differed at various depth levels, but they col-
lected for certain vegetation types at certain depths. PCA
results were different between all three soil depth levels
under L, indicating great variations in C source utilization.
Under B and BP, the fungal diversities at 0-5 and 5-10 cm
were similar, but it varied at 10-20 cm, which indicated that
the level of C source utilization changed as soil depth in-
creased. The C source utilization level of the fungal com-
munity was highest under P. Here, fungi at 0-5 and 10-20
cm utilized more polymers, carbohydrate and miscellaneous,
but fungi at 5-10 cm utilized more amino acids, carboxylic
acids and amines. The C source utilization level under B
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Figure 5 Principal components analysis (PCA) for soil fungi community diversity at four vegetation types. 1, P-5; 2, P-10; 3, P-20; 4, BP-5; 5, BP-10; 6,

BP-20; 7, B-5; 8, B-10; 9, B-20; 10, L-5; 11, L-10; 12, L-20; -5, 0-5 cm; -10, 5—

10 cm; -20, 1020 cm.
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ranked second at 0-5 and 5-10 cm; here, fungi utilized
more polymers, carboxylic acids, amines and amino acids.
The C source utilization level under L at 0-5 and 5-10 cm
was lower compared to that of the other vegetation types.

2.3 The relationships among soil microbial character-
istics and environmental factors

PC1 and PC2 explained 62.4% and 8.1% of total variance,
respectively and their correlation coefficients with envi-
ronmental factors were 0.948 and 0.737, respectively (Fig-
ure 6). The soil properties that had significant effects on soil
microbial community were total carbon (TC) (P=0.002%%*,
F=45.42), soil water content (SWC) (P=0.002%*, F=9.99),
SOC/TN (C/N) (P=0.002**, F=5.81), and TC was the most
important property among them.

Soil microbial biomass (PLFAs), baterial biomass (B)
and AWCD were significantly positively correlated (P<0.05)
with TC, SWC and C/N. While F/B, F and MBC/MBN
were significantly negatively correlated with the three fac-
tors. Although Soil Organic Carbon (SOC) was not signifi-
cantly correlated with (P=0.316, F=1.2) microbial proper-
ties, it still has a considerable effect which could be distin-
guished from the length of the arrow and the intersection
angles with microbial variables in Figure 6.

Because the study area encompassed multiple altitudinal
gradients, the effects of altitude and vegetation were ana-
lyzed in addition to soil properties on the soil microbes.
Results showed that soil properties explained 56% of mi-
crobial variance, while vegetation explained 12% and alti-
tude explained 5% of microbial variance (Figure 7). The
effects of soil properties and vegetation explained as much
as 12% of soil microbial variance. Thus, soil properties had
the greatest effect on soil microbe communities in the study.
Because the effect of altitude on soil microbial community
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was insubstantial, its correlation with soil microbial com-
munity was not tested. The data revealed a high correlation
with soil microbial community for SWC, SOC and TC,
which was inconsistent with the results in Figure 6 in terms
of SOC. The explanation of the variability of microbial
properties for SOC turned to be significantly higher
(P<0.001) when the vegetation variable was included.

3 Discussion

3.1 Responses of the soil microbial community to
aboveground vegetation

The total concentration of PLFAs in soil provides infor-
mation on the soil microbial biomass [42], and the composi-
tion of signature components provides information on the
microbial community structure [34,35]. The soil microbial
biomass under L was low compared with that under P and
BP at 0-5, 5-10 and 1020 cm. This indicated a smaller
microbial source in conifer forest than in broadleaf forests,
which was consistent with the fact that the SOC content
under conifer was lower than that under broadleaf (Figure
8). The soil microbial biomass of mixed forests was higher
than that of pure forests at the same soil depths (Figure 1).
Saetre and Baath [10] concluded that although tree species
influenced soil moisture and understory vegetation, the ef-
fect of different types of vegetation on soil microbial com-
munity composition derived largely from the effect of veg-
etation on soil organic matter quality [11,43]. The data of
soil organic matter (Figure 8) from this study supported this
conclusion. Litter of mixed forests (BP) is more diverse
than those of pure forests [44], thus requiring a larger vari-
ety of soil microbes for decomposition, which results in
richer soil organic matter (especially in the 0-5 cm layer,
Figure 8) and a higher soil microbial biomass (Figure 1).
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Figure 6 RDA analyses for soil chemical and physical properties and indexes of soil microbial community.
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Figure 8 Comparison of soil organic carbon (SOC) among four vegeta-
tion types.

Merila et al. [12] suggested that SOC could act as the link
between soil microbial community structure and vegetation
composition as deciduous forest develops into boreal forest
[10,11]. Because soil microbial biomass under other vegeta-
tion types (P, B and L) declined as SOC decreased (Figures
1 and 8), it was clear that soil organic matter quality had a
direct influence on the soil microbial community [12]. Soil
microbial biomass also declined with increasing soil depth
(Figure 1), which was consistent with the results of a study
by Kramer and Gleixner [45] on the corresponding varia-
bility of soil microbial biomass and soil organic matter
(Figure 6).

Fungi and bacteria are the two main functional microbial
components in soil [46], and F/B is generally used for rep-
resenting microbial community structure [26]. At 0-5 cm
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and 5-10 cm, the F/B under L was notably higher than that
of other vegetation types (Figure 2A). This was also clear in
the results of MBC/MBN (Figure 2B). Vegetation transfers
substrates of varying quality to microbes through litterfall.
Deciduous litterfall provides high quality and quantity sub-
strates, leading to propagation of bacteria, which favor
high-nutrient soil. Fungi, on the other hand, favor soil with
low fertility or with more phenols and difficult-to-
decompose organic matter [5S0]. Therefore, the prevalence
of fungi grows as vegetation shifts from deciduous to coni-
fer. The F/Bs under all four vegetation types were signifi-
cantly higher at 5-10 and 10-20 cm than to those at 0-5 cm.
The MBC/MBN under B and L also produced this trend,
which indicated that the fungal ratio in soil microbial com-
munity was high at 5-20 cm compared to that in the
near-surface mineral soil (0-5 cm). This was consistent with
the results of MBC/MBN under trembling aspen, paper
birch and mixed coniferous forests [47]. The MBC/MBN
was found to be more significantly correlated with TC than
with SOC, while the F/B was more obviously correlated
with SOC (Figure 6). The F/B at different soil layers also
corresponded to the variation of SOC with soil depth, espe-
cially regarding the large difference in F/B between 0-5 cm
and 5-10 cm (Figure 2A). The effect of vegetation on soil
microbial community composition derived from the effect
of vegetation on soil organic matter quality [11]. Thus, F/B
may more accurately reflect the variability of soil microbial
community structure than MBC/MBN.

3.2 The response of the fungal community catabolic
diversity to vegetation types

The AWCD represents fungal community utilization of C
sources and was AWCD highest under P, and lowest under
L (Figure 4). This inconsistency of fungal biomass and
fungal catabolic activity under L was probably because the
fungal community composition under L was relatively sim-
ilar so that there were not enough kinds of fungi to utilize
the various C sources. As Ponge [48] found that succession
of fungi happened during decomposition of pine needles,
not all fungi existed at one individual phase of decomposi-
tion. Therefore, fungal biomass was not always consistent
with fungi diversity. The results indicated that the utiliza-
tion level and diversity of C sources were higher under
broadleaf than under conifer (Figure 5). The variability of
AWCD was obviously positively correlated with SOC (Fig-
ure 6), which demonstrated that the soil metabolic diversity
was determined by SOC to a great extent. Broadleaf and
conifer vegetation had different effects on soil quality [43].
For example, the nutrient turnover rate was higher in
broadleaf forests than it was in conifer forests, resulting in
higher nutrients levels under broadleaf [27,49]. Available
nutrients in soil depleted as vegetation developed from
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broadleaf into conifer [12], and difficult-to-decompose al-
kyl-C material and phenols accumulated in soil organic
matter [50]. The AWCD under all types of vegetation de-
clined with increases in soil depth, and was particularly ev-
ident at 0—10 cm. This may also relate to the decreasing
levels of SOC as soil depth increases.

Fungal biomass significantly increased with soil depth
(Figure 3), and similar to AWCD, it was apparently corre-
lated with the variability of SWC and SOC (Figure 6). Since
the sampling occurred in the hottest month, and the variance
of soil temperature was very small (data not shown), the
effect of soil temperature on the soil microbial community
was excluded. However, the soil water condition contribut-
ed to the variances of fungal community and catabolic di-
versity.

3.3 The relationships of vegetation types, soil proper-
ties, and altitude with soil microbial characteristics

The soil microbial communities in this study were influ-
enced by soil, vegetation, and altitude. RDA analysis
showed that soil properties were the most influential of the
three factors on the soil microbial communities, followed by
vegetation type. The altitude had a very weak effect on soil
microbial communities (Figure 7).

RDA (Figure 6) indicated that SWC was the most im-
portant factor affecting soil microbial community structures.
The negative correlation between SWC and fungal biomass
was more evident at 0-5 cm than at 5-10 and 10-20 cm.
The elevation of SWC increased bacterial biomass [51]
while weakening fungal biomass [20]. Needles decompose
slowly, leading to a thicker humus layers under conifer veg-
etation than broadleaf, which may have been a barrier to
precipitation into soil and eventually lowered SWC in top-
soil under conifer [52,53].

The negative correlation of soil available nutrients and
pH with F/B may be due to different living habits of bacte-
ria and fungi (Figure 6). The negative correlation between
pH and F/B was confirmed in multiple comparison studies
that determined that soil with low pH promotes fungi and
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restrains bacteria [18,24,46,54]. Fungi prefer to live in
acidic soil with low available nutrients and high contents of
difficult-to-decompose organic matter [28], while bacteria
favor soil with abundant nutrients that are highly decom-
posable [25,55]. Some studies found a positive correlation
between C/N and F/B [12,24]. However, C/N had a negative
correlation with F/B in the present results. This was proba-
bly because more deciduous forests (P, BP and B) were
distributed in the area, which led to a higher content of soil
available C. Therefore, high C/N favored bacteria and did
not lead to a correspondingly high F/B. Because the effect
of C/N was relatively weak and the variance explained by
C/N was lower than SOC, TC and SWC (Table 2), it was
considered that C/N may be not as effective as these in pre-
senting the effects of types of vegetation on soil microbial
community.

In summary, in a study of the effects of four vegetation
types on soil microbial properties, it was found that soil
properties, especially soil organic carbon and soil water
content, contributed significantly to variations in soil mi-
crobial biomass, composition and fungal catabolic diversity.
The soil microbial biomass, fungal biomass, and fungal
catabolic ability significantly declined with soil depth.
However, the ratio of fungi to bacteria increased with soil
depth. The fungi ratio also increased as vegetation devel-
oped from broadleaf to conifer, although the soil microbial
biomass was lower under larch compared to poplar, birch
and their mixed forests. As a representation of microbial
community structure, F/B may be more sensitive to vegeta-
tion than MBC/MBN. The direct contribution of vegetation
types to soil microbial community was 12%. If the indirect
effect through soil organic carbon is considered, the varia-
tion in vegetation types could have substantial consequenc-
es for soil microbial composition and diversity. These re-
sults indicate that overarching ecological factors, such as
soil organic carbon, are important influences on the soil
microbial community in this boreal forest ecosystem, in
terms of both biomass and community composition, and
they have implications for ecosystem rehabilitation and
conservation in Northeast China.

Table 2 Results of RDA analyses for vegetation types, soil chemical and physical properties and indexes of soil microbial community characteristics

Explained variance

Dependent variable Independent variable Evngzinnceed Significance WiFhout Significance
altitude

Microbial properties Vegetation types 0.17 <0.001 0.12 <0.001
pH 0.203 <0.001 0.11435 <0.001
SOC 0.49479 <0.001 0.35423 <0.001
TC 0.4996 <0.001 0.34453 <0.001
AN 0.24808 <0.001 0.17933 <0.001
C/IN 0.15369 <0.001 0.08381 0.02
SwcC 0.4227 <0.001 0.41696 <0.001
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