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Abstract: The study of soil microbial populations and diversity is an important way to understanding the
soil energy process. In this study we analyzed the characteristics of soil microbial populations of the Tarim
Desert Highway shelter-forest, by identifying microbial fatty acids and using methods of conventional cul-
tivation. The results illustrated that the amount of soil microbial activity and the diversity of soil microbial
fatty acid increased significantly with the plantation age of the shelter-forest; the soil microbial population
was dominated by bacteria. The fatty acids of C14 : 0, C15:0, C16: 0, C17: 0, C18 : 1w9, C18 : 0,
C18 : 2w6 and C21 : 0 were found to be dominant soil microbial fatty acids in the shelter-forest soil. Prin-
cipal analysis and regression analysis showed that (1) concentrations of fatty acids of C14 : 0, C16 : 0 and
C18 : 0 could be used as indicators of total soil microbial population; (2) soil bacteria and actinomycetes
populations were closely correlated with the amount of fatty acids of C15 : 0 and C17 : 0; and (3) soil fungi

were closely correlated with the amount of fatty acids of C18 : 1w9 and C18 : 2w6.
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1 Introduction

The Tarim Desert Highway, located in the Tarim Basin
of China, is important to exploration of oil and gas
resources in Tarim Basin, the economy and social de-
velopments in Southern Xinjiang, and in the stability
of the border areas. In order to ensure the uninter-
rupted flow of traffic along the highway, an ecological
shelterbelt project was established along the highway
to reduce the effects of shifting sand. However, ad-
verse natural conditions, mainly due to the mobile
sand, have frequently threatened the shelterbelt (Zhou
et al., 2006). Therefore, the ecological stability of the
shelterbelt along the Tarim Desert Highway is impor-
tant. The forest shelterbelt has caused soil environ-
mental changes, especially in soil microbial popula-
tions (Shan et al., 2001; Gu et al., 2002).

As an important component of soil ecosystems, soil
microbes participate in soil bioactivity, such as energy
fluxion, nutrient cycling and organism transportation.
Recently, many studies on soil microbial community

structure have been reported, which focus on identify-
ing and predicting environmental changes by using
variations in microbial structure as indicators. Identi-
fication of fatty acids, conventional cultivation of mi-
crobes and methods of molecular biology were used in
such research to isolate the soil microbes involved
(Salomo 2009; Mitchell et al., 2010; Moore et al.,
2010).

Forestland soil microorganisms, involved in soil
energy cycling processes, play an important role in
producing available nutrients for the forest trees (Mo-
scatelli et al., 2001). Soil microbial diversity influ-
ences soil functional diversity and microbial commu-
nity variation, and is closely related to soil quality and
health. So it is possible to diagnose soil nutrient status
by identifying and quantifying soil microorganisms
(Zhang et al., 2002). Phospholipids fatty acid (PLFA)
is used widely to indicate soil microbial diversity.
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Being a vital component of living biological cell mem-
branes, phospholipids are one of the components of
fatty acids with structural diversity and biologic
specificity. Thus, the existence and richness of one
microbial PLFA can indicate the presence of particular
microbial populations. The degree of degradation of
phospholipids, which occurs shortly after cell death,
can be used to indicate living microbial population
(Zelles, 1999). As a result, identifying and quantifying
PLFA help us to understand the living cell biomass of
soil microbes and microbial population changes (Xue
et al., 2008).

However, previous research on soil microorganisms
in the Tarim Desert Highway forest land under ex-
treme environmental conditions and drip-irrigation
with saline water were limited to simply cultivating
the soil microbe and counting the amount of bacteria,
actinomycetes and fungi. Culturable soil microorgan-
isms only accounted for 1%—-3% of the total. So tradi-
tional methods could not comprehensively reveal the
soil microbial populations, and, until this study, mod-
ern soil microbial ecology methods had not been used
to study soil microorganisms in the Tarim Desert
Highway forest land. In this study, a combination of
cultivation counting methods, and analysis of phos-
pholipids fatty acid methyl esters (being a biomarker
method for soil microorganisms), was used to reveal
the variations in structure and biomass of soil micro-
bial populations in the Tarim Desert Highway shelter
forest land, to provide theoretical support for the sus-
tainable management and extension of the Tarim De-
sert Highway shelter forest.

2 Materials and methods

2.1 Natural environment characteristics

Sampling sites were located around the Tazhong oil

Table 1 Locations of different shelter forest lands

field in the southeast of the Taklimakan Desert in
China (Table 1). Natural environmental conditions
along the desert highway can be characterized as an
extreme arid climate, scarce surface water resources,
highly saline groundwater, strong winds, shifting sand
and infertile soils. According to the monitoring data,
along the desert highway, the annual precipitation is
less than 50 mm; the potential annual evaporation
reaches 3,800 mm; the highest temperature is 43.2°C;
the lowest temperature is —19.3°C; the maximal wind
speed is 24 m/s, and the time of total annual
sand-moving wind with a speed higher than 6.0 m/s is
from 550 h to 800 h. The dune morphology in the
sampling area is complex and diverse; there are not
only longitudinal composite dunes higher than 50 m,
but also barchan dunes lower than 1 m high. The cov-
erage rate of secondary dunes is over 60%, and the
annual distance that small dunes move among big
composite dunes is more than 15 m. The soil along the
desert highway is mainly made up of aeolian sand
with weak stability. Natural plants are rare, and the
vegetation coverage is very low (Zhou et al., 2002; Li
et al., 2004).

2.2 Plantation pattern of the shelter-forest

The three shrub species of Calligonium sp., Tamarix
sp. and Haloxylon sp., all with high drought- and sa-
linity-tolerance, were selected as the planting species
for the shelter forest along the Tarim Desert Highway.
The plantation pattern is characterized by mixed inter
rows with a 1 m x 1 m planting space in the 72-78 m
wide shelter forest. The forestland is watered by drip
irrigation with underground saline water (salinity =
4.04 g/L; pH = 8.13). The drip irrigation emitters are
spaced 1.5 m apart, and the irrigation frequency is 10
days with 450 m’/hm’ irrigation quota. Fertilizer ap-
plication is mainly in the form of soluble fertilizers

No. of sampling sites Year of forestland establishment

Sites Geographic coordinate

1 Control site (drifting sand) Around T-shape Road Junction in Tazhong 39°08'N, 83°42'E
2 2006 Around planting base of secondary phase Cistanche salsa 39°08'N, 83°44'E
3 2005 Irrigated with No. 69 water well 38°53'N, 83°13'E
4 2004 Around planting base of first phase Cistanche salsa 39°08'N, 83°43'E
5 2003 Around Tazhong Botanical Garden 39°07'N, 83°42'E
6 2001 At southern T-shaped Road Junction 39°07'N, 83°41'E
7 1999 2 km away from T-shaped Road Junction 39°08'N, 83°40'E
8 1995 At Zhongsandian in Tazhong 39°08'N, 83°39'E
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(e.g. urea) applied to the soil in the irrigation water,
Once a month through June, July and August, the
equivalent of 10-15 g of fertilizer per plant is applied.

2.3 Sampling

Sampling locations were chosen based on similar con-
ditions (site condition, age of plants, surrounding plant
species, distance from irrigation emitter, space
between plants), and seven forestland sites with dif-
ferent establishment dates and one control site in
drifting sand land were selected in July 2006 (Table 1).
Five sampling sites with little human disturbance and
herbaceous vegetation were chosen in the middle of
the shelter forest at each sampling location. Soil sam-
ples at 0—10 cm, 10-20 cm, and 20-35 cm were col-
lected with a steel soil auger and the plant residues
were discarded. Soil samples from the same layer at
each sampling location were fully mixed, immediately
put into new sample bags, recorded and then stored in
a refrigerator at 4°C for microbial population analysis
and counting.

2.4 Experimental analysis

The number of soil microorganism were determined
by the dilution-plate method (Foster et al., 1975; Bag-
ley et al., 1978), and the bacteria, actinomycetes and
fungi were cultivated on Beef extract-peptone medium,
Gause 1 medium and Potato dextrose agar medium
respectively, replicated three times.

Soil microbial populations were analyzed by the
FAMEs method (Nancy et al., 2000; Robert et al.,
2006). This involves adding a mixture of 15 ml
methanol solution and 0.2 mol/L KOH with 3 g fresh
soil to a 50 ml centrifuge tube, which is incubated for
I h at 37°C while shaking the sample once every 10
min to cause release of fatty acids and ester. Then 3 ml
of 1.0 mol/L acetic acid solution is added to neutralize
the pH; followed by adding and mixing 10 ml
n-Hexane to make FAMESs into n-Hexane phase. This
is centrifuged at 480 g for 10 min. After centrifuging,
the n-Hexane phase is transferred into a clean test-tube,
and the solvent is evaporated under nitrogen gas flow.
Finally, the extracted FAMEs (fatty acid methyl esters)
are added to 0.5 ml methyl-tertbutyl (1:1 v/v) ether
solution for GC (gas chromatography) analysis. GC
analysis was performed with DB-1 (30 m x 0.25 mm
x 0.25 pwm) chromatographic column (Hewlett-

Packard Co., Palo Alto, Calif.), the range of column
temperature was 100—270°C, raising 5°C for a minute.
The column was cleaned at 270°C for 2 min between
samples.

The microbial fatty acids were identified with a
standard substance including 37 kinds of fatty acids
(FAs) (SIGMA Company). The FAs’ content was
determined by quantifying the FAs’ peak area using
C16 : 0 as an internal standard. Different kind of
microorganisms have special marker FAs. FAs of
Cl18 I 1m9, C18 : 2w6, C18 : 3w6 are viewed as the
markers of fungi; bacteria and actinomycetes are in-
dicated by FAs of C15:0, Cl16 : 109, C16 : 1w7,
C17 1 0,C18 : 107 and C10Mel8 : 0 (Zhang, 2006).

2.5 Data analysis

Original data were statistically analyzed by Microsoft
Excel 2000 and Statistica 6.0 (Hong, 2002); multiple
comparisons were undertaken by Least Significance
Difference (LSD). Origin 7.5 and SPSS 12.0 were
used to draw the figures (Fang et al., 2006). In all the
tables and figures, 1, 2, 3, 4, 6, 8, 12 express soils
from the forestlands planted in 2006, 2005, 2004,
2003, 2001, 1999 and 1995 respectively, and 0 a
represents control site, drifting sand land.

The content of single FAs were calculated from the
ratio of their peak areas to that of the internal standard
substance C16 : 0 (Kalo et al., 2003; Jesui et al.,
2005). Eleven kinds of FAs were identified in all
the tested soil samples, including C13 : 0, C14 : 0,
Cl5:0, Cl6 1 0, C16 : 1, C17 : 0, C18 © 109,
C18 : 0, C18 ! 2w6, CI8 : 3w3, C21 : 0. Principal
component analysis (PCA) and regression analysis
were performed to the values for their contents. The
indexes of soil microbial FAs’ diversity, richness and
evenness were calculated by the following equations
(Zak et al., 1994; Schutter et al., 2001):

H=->Rinp,. (1)

i=1
Ep=H/Hmax=H/InS . 2)

H expresses soil FAs’ diversity index; P;j represents
percentage content of special FA in total FAs; Ey
shows the distribution evenness of FAs; and S
(equivalent to the richness of FAs) notes total number
of FAs present.
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3 Results

3.1 Changes of soil microbial amount

Improvement in soil microbial amount implies soil
fertility enhancement (Robin et al., 1995). The con-
struction of the Tarim Desert Highway shelter-forest
has caused a remarkable increase in the amount of soil
microbial activity. The amounts of bacteria, actino-
mycetes and fungi had significant differences among
the different forest land soils (F>Fg ), with a peak in
the 12 year old forest land (established in 1995),
which had over 3 times more microbial activity than
that found in the drifting sand land (Fig. 1).

The amounts of bacteria, actinomycetes and fungi
at the different soil layers showed obvious variation
(Fig. 2). The differences between bacteria and actin-
omycete amounts at different soil depths were signifi-
cant at 0.01 levels, while those of fungi were signifi-
cant at 0.05 level. Furthermore, the amounts of bacte-
ria and actinomycetes were significantly different be-
tween the soil layers at 20-35 cm and those at 0—10
cm and 10-20 cm, which showed that the bacterial
amount of the soil surface layer was more than those
of the lower soil layers. Nevertheless, the actinomy-
cetes and fungi amounts of the soil surface layer were
smaller than those of the lower soil layers, which may
relate to the demands of different microbial develop-
ments to soil environmental conditions.

3.2 Soil microbial fatty acid diversity

We can see from Table 2 that the soil microbial FAs’
Shannon diversity (H), richness (S) and evenness (Ep)
among the different forest lands are obviously differ-
ent, especially for the indexes of Shannon diversity
and evenness, which reached extremely significant
levels. The results of multiple comparisons showed
that the soil microbial FAs’ diversity was enhanced as
the age of the forest plantation increased. Compared
with the drifting sand land, the soil FAs’ diversity in-
creases steadily in the forest land after the year of
planting. The trend in the soil microbial FA richness
was similar to the diversity, but the evenness did not
increase, but decreased slightly with increasing forest
age. These results illustrate that planting vegetation on
drifting sand land can promote soil microbial devel-
opment and survival, but the population distribution of
the different microorganisms is uneven. The increase
in the diversity of soil microbial FA’s is mainly con-
tributed by increasing richness in the soil microbial
FA’s.

We found significant differences in diversity values
between the soil layers of 0—10 cm, 10-20 cm and
20-35 cm through analyzing the results of the soil
microbial FA’s diversity (Table 3). The diversity val-
ues for the 10-20 cm and 20-35 cm were greater than
that of the 0—10 cm. However, the soil microbial FA’s
richness and evenness do not vary significantly among
the different soil layers.
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Fig. 1 Soil microbial amounts of the different forest lands. The different capital and lower letters between two forest soils for the same
kind of microbe show respectively obvious differences at 0.05 and 0.01 significance levels; the notable F test values for bacteria, actin-
omycetes and fungi, are respectively 21.08, 81.98 and 37.31. Vertical bars are S.E. of the mean.
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Fig. 2 Soil microbial amounts at the different soil layers. The
different capital and lower letters between soil layers for the same
kind of microbe show respectively obvious differences at 0.05
and 0.01 significance levels. Vertical bars are S.E. of the mean.

3.3 Principal component analysis (PCA) of soil
microbial FAs

We selected 11 kinds of the more common FAs that
were present in all tested soil samples as the data for
PCA (Table 4, Fig. 3). The eigenvalues of the first
three Principle Components (PCs) were 5.90, 1.69 and
1.43, respectively. The cumulative contribution of
their variances accounted for 88.37% (>80%) of the
information of the primary variables. This was suffi-
cient to allow us to concentrate our analysis on the
first three PCs. Among these PCs, the first one in-
cluded C16 : 0, C18:0 and C14:0 (with the greatest
contribution ratios) and accounted for 53.66% of the
information of the total variables. Factor loadings at
varimax rotation were 0.94, 0.92 and 0.86, respec-

Table 2 Diversity, richness, evenness indexes for the soil FAs in the different forest lands

Forest age (a) Shannon diversity (H) Richness (S) Evenness (En)
0 1.92+0.05¢ 13.33+0.58d 0.81+0.06abc
1 2.27+0.23de 19.33+1.08cd 0.84+0.03ab
2 2.34+0.24cde 27.67+1.43bcd 0.85+0.06a
3 2.38+0.21cde 27.67+1.22bcd 0.78+0.05abc
4 2.58+0.44bcd 29.00+1.86abed 0.77+0.03bc
6 3.074+0.37abc 36.33+3.04abc 0.77+0.03bc
8 3.12+0.23ab 45.67+3.33ab 0.74+0.03¢
12 3.84+0.42a 47.00+5.39a 0.67+0.02d

These are mean values + S.E. Values with the same letters are not significantly different at 0.05 levels

Table 3 Diversity, richness, evenness indexes for the soil FAs at the different soil layers

Soil layer (cm) Shannon diversity (H)

Richness (S) Evenness (Ep)

0-10 2.54+0.64a

10-20 2.79+0.44b

20-35 2.76+0.37b
Analysis of variance, F-values 3.81°

31.38+2.44a 0.77+0.09a

30.75+2.10a 0.79+0.06a

30.13+1.34a 0.78+0.05a
1.97M 1.84%8

These are mean values + S.E. Values with the same letters are not significantly different at 0.05 levels. Significant difference at “P<0.05 is indicated; ™ indi-

cates no significant differences. F-values are shown.

Table 4 Extracted principal components and their eigenvalues

Principal component Eigenvalue Total variance (%) Cumulative eigenvalue Cumulative (%)
1 5.90 53.66 5.90 53.66
2 1.69 15.39 7.60 69.05
3 1.43 12.97 9.02 82.03
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Fig. 3 Principal component loading plots of soil microbial FAs.
FA1-9 denotes C16 : 1, C16: 0, C18 : 1w9, C17 : 1, C15: 1,
C18 : 3w3,C18 : 0, C18 : 2w6 and C21 : 0, respectively. The FA
nomenclature follows an express form of A ! BwC based on
standard w-nomenclature (Zelles, 1999), where ‘A’ indicates the
total number of carbon atoms, ‘B’ the number of unsaturated
bonds and ‘wC’ shows the number of C atoms between the ali-
phatic end of the molecule and the first unsaturated bond.

tively. The second PC included C15: 0 and C17 : 0
(which were the FAs that made the biggest contribu-
tion) and accounted for 15.39% of the information of
the total variables; their factor loadings were respec-
tively 0.96 and 0.89 (>0.80). The third PC included
C18 : 206 and C18 : 3w3 and accounted for 12.97%
of total variables information (which had maximal
contribution ratios), and their factor loadings were
0.93 and 0.88 (>0.80).

C14 :0,C16 : 0 and C18 : 0 are widely accepted
as the indicators of total soil microbial biomass (Silvie
et al., 2003), and found in most soil microbial phos-
pholipids tested in the study. In the first PC, the three
kinds of FAs are dominant ones, so the first PC could
be viewed as indicative of total soil microbial biomass
in the Tarim Desert Highway forest land. C15: 0
and C17 © 0 have always been used to estimate bacte-
rial biomass (Sven et al., 2007), and they have the
maximal eigenvectors in the second PC, thus the second
PC may be regarded as indicative of the soil bacteria.
Soil fungi is always marked with C18 © 206 and 18 :
lo9 (Frotegard et al., 1993), they make the greatest
contribution of FAs to the third PC, and the third PC is

viewed as indicative of the soil fungi.

3.4 Relationships of soil microbial FA’s contents
and microbial amount

3.4.1 Regression analysis of the total soil microbial FA

The different soil microbial FAs were identified ac-
cording to the peak emergence time of the standard
substance in the GC analysis. Compared with the in-
ternal standard (C16 : 0), the contents of other FAs
were determined by quantifying their peak emergence.
We found that the soil microbial FAs’ components and
contents were obviously different among the different
forest lands. In order to screen the FAs for their con-
tributions to the total content of FAs, and to predict the
total content of FAs, we defined the different kinds of
FAs’ contents as independent variables (X), the total
FAs’ content as dependent variable (y), and chose a
Step Regression method to obtain an optimal regres-
sion equation shown below:

y=154.143.1x10"*x+3. 5x107*%+5.4x10x3.  (3)

(R?=0.83, p=0.003; X1, X2, X3 denote C14 : 0, C16 :
0, and C18 : 0, respectively)

Equation 3 indicates positive relationships between
the total content of FAs in the soil and the soil con-
tents of C14 : 0, C16 : 0 and C18 : 0, and a relation-
ship of C16 : 0>C14 : 0>C18 : 0, obtained from the
step regression coefficients in the equation. Partial
correlation analysis of the contents of major FAs (Ta-
ble 5) showed that a partial correlation coefficient
between the C16 : 0 content (X;) and total FA content
(y) reached an extremely high level by T-test, but par-
tial correlation relationships of C14 : 0 (X;) and C18 :
0 (x3) with total FA content (y) are not obvious. There-
fore, it appears that C16 : 0 made the greatest contri-
bution to the total soil FA content; the next is C14 : 0;
the least is C18 : 0. Therefore, all the results reflect
that components C14 : 0, C16 : 0 and C18 : 0 are dif-
ferent in microbial phospholipids in the tested soil
samples.

3.4.2 Using the analyses of FAs as markers for the
soil microbes

Although PLFA exists in all microbial cell membranes,

PLFA composition patterns are different in different

microbial cell membranes. Previous research indicated

that C18 : 206, C18 : 3w3 and CI8 : 109 are the

indicative FAs for fungi (eucaryotic microorganism),
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Table 5 Significance test of FAs with the larger contents

Variable Partial correlation coefficient T-test value Significance level
Xi—~Y 0.170 0.774 0.4482
XY 0.771 5418 0.0003
X3—~Y 0.060 0.268 0.7914

while C15 © 0, C16 : 109, C16 : 107, C17 : 0,
C18 : 107 and C10Mel8 : 0 are frequently used as
the indicators of bacteria and actinomycetes (prokary-
otic microorgan isms) (Zhang, 2006). Among these
indicative FAs, only C18  2w6, C18 : 303, C15: 0
and C17 * 0 were identified in all the soil samples that
we tested. In order to ensure reliability of the above
analysis results, trend-surface analysis (based on least
squares theory, as a nonlinear regression analysis
method with 2-dimensional high order), was selected
to achieve equation 4 (Hong, 2002). Here C18 : 206
(x1) and C18 : 3w3 (Xp) are independent variables, and
the quantity of fungi (y1) is the dependent variable.
Similarly, in equation 5, C15 : 0 (x3) and C17 * 0 (X4)
are independent variables and the sum of the amounts
of bacteria and actinomycetes (Y,) is the dependent
variable. Finally, the observed data of the amounts of
soil microbial activity are precisely fitted and ex-
plained in the following equations:
Fitted equation for the amount of fungi:
Y1=—4.57+2.05% 10 %;+5.90x 10 *%,—2.76x 10 x>+

3.13% 107 xpxp-2.61x107 X%, (4)
(P=0.002, fitting degree=99.44%; X1, X, respectively
denote C18 : 303 and C18 : 2w6)

Fitted equation for the amount of bacteria and ac-

tinomycetes:
Yo=—21.32+1.96x10X5+1.04x 10 X4—6.72x10"*x5°
+1.36x107 X3xX4—9.69% 10 x4, (5)

(P=0.001, fitting degree=99.39%; X3, X4 denote re-
spectively C15 © 0 and C17 : 0)

From equation 4, the amount of fungi (y;) mainly
depends on one power term of each of C18 : 3w3 and
C18 © 2w6, and has close positive relations with them
(C18 : 2w6>C18 : 3w3); but the quadratic terms of
the two FAs have weak negative relationships with y;.
By F-test, this function has a good degree of fit at
99.44%.

Similarly, equation 5 indicates that the one power
term of both C15 © 0 and C17 : 0 makes the greatest
contribution to the amount of bacterial and actinomy-

cetes (Y»), and the former FA is greater than the latter.
Nevertheless, these two FAs’ quadratic terms bear a
very small negative relationship to the amount of bac-
teria and actinomycetes (Y,). By F-test, this function
also demonstrates a very good degree of fit at 99.39%.

4 Discussion and conclusion

In this study, we analyzed soil microbial amounts and
their FA contents from the Tarim Desert Highway
shelter forest land, and obtained some understanding
of the populations of soil microbes and their variations
under the effect of the shelter forest.

4.1 Response of soil microbe to the shelter forest

Constructing Tarim Desert Highway shelter forest
promoted the fixation of the drifting sand land, the
formation of the soil physical structure and the accu-
mulation of the soil nutrient, which may have pro-
duced better soil environmental conditions for the soil
microbial survival and propagation. We found that the
soil microbial activity in the forest land soil clearly
increased with increasing forest age, enhancing the
soil biological activity, which in turn accelerated the
development of a blown sand soil. So, we consider
that the soil microorganisms in the forest land re-
sponded sensitively to the soil formation process of
the shelter-forest land. Such soil formation may have
been brought about by accumulations of atmospheric
dust fall and litter, which triggered increased soil bio-
logical activity, including the propagation of bacteria,
actinomycetes and fungi. In this way, the planting of
vegetation could generate a complex multifunctional
biological system (Pang et al., 2004).

4.2 Population characteristics of the soil microbes
in the shelter forest soil

The results of conventional microbial cultivation
showed that the soil microbial populations in the
Tarim Desert Highway shelter forest soil and the
drifting sand land were dominated by bacteria (>80%
of the total microbial amount). Analyzing the diversity
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of the soil microbial FAs indicated that construction of
the Tarim Desert Highway shelter forest caused en-
hancement of the diversity in soil microbial FAs, and
made the microbe population structure more complex,
but had little effect on the evenness of distribution of
the soil microbial population. The soil microbial FAs
in the Tarim Desert Highway shelter forest land
mainly consisted of C14 : 0, C15: 0,C16 : 0, C17 :
0, C18 : 1m9, C18 : 0, C18 : 206 and C21 : 0. The
characteristics of this microbial community have been
brought about mainly by differences in suitable grow-
ing and living environmental conditions for different
types of microbial species; bacteria survive in warm
and wet environments while fungal growth is easily
restrained under poor environmental conditions such
as deficient oxygen. The sandy soil conditions of the
Tarim Desert Highway shelter forest has high porosity
for enhancing drought resistance and heat exchange,
which is suitable for bacterial development. So the
dominant microbe in the community structure is bac-
teria (Wall et al., 1999).

4.3 Signal function of soil microbial PLFA of the
shelter forest land

Analyses of the amount of soil microbial activity and
the contents of FAs in soils of the Tarim Desert High-
way shelter forest land illustrated that the total soil
microbial amount was closely related to the soil con-
tents of C14 : 0, C16 : 0 and C18 : 0. This agrees
with other research and the fact that these PLFAs have
frequently been viewed as good biological markers for
the amount of soil microbes (Silvie et al., 2003). The
soil contents of C15 : 0 and C17 : 0 have been
closely correlated with the total amount of soil bacte-
ria, and should be regarded as biological markers for
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