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Abstract
A greenhouse pot experiment was conducted to investigate the influence of soil moisture content on plant growth and the rhizosphere

microbial community structure of four plant species (white clover, alfalfa, sudan grass, tall fescue), grown individually or in a mixture.
The soil moisture content was adjusted to 55% or 80% water holding capacity (WHC). The results indicated that the total plant biomass
of one pot was lower at 55% WHC. At a given soil moisture, the total plant biomass of white clover and tall fescue in the mixture was
lower than that in a monoculture, indicating their poor competitiveness. For leguminous plants, the decrease in soil moisture reduced
the total microbial biomass, bacterial biomass, fungal biomass, and fungal/bacterial ratio in soil as assessed by the phospholipid fatty
acid analysis, whereas, lower soil moisture increased those parameters in the tall fescue. The microbial biomass in the soil with legumes
was higher than that in the soil with grasses and the two plant groups differed in soil microbial community composition. At high soil
moisture content, microbial communities of the plant mixture were similar to those of the legume monoculture, and the existence
of legumes in the mixture enhanced the bacterial and fungal biomass in the soil compared to the grasses grown in the monoculture,
indicating that legumes played a dominant role in the soil microbial community changes in the plant mixture.
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Introduction

Soil microorganisms play important roles in soil ecosys-
tem processes, such as, nutrient cycling, organic matter
decomposition, and bioremediation. Changes in soil mi-
crobial communities resulting from ecosystem manage-
ment can have significant impacts on ecosystem dynamics
(Bossio and Scow, 1995). The concerns about the sustain-
ability of the agricultural ecosystem have also increased
the interests in soil microbial communities and how they
and their functions are affected by environmental factors
(Bossio and Scow, 1995).

The relationship between community composition or
species richness and ecosystem function has attracted con-
siderable research interest (Jumpponen et al., 2002). Most
studies have focused on how different plant species influ-
ence soil microbial community composition. It is shown
that different plant species can influence the composition
and number of soil microorganisms due to variations in the
quantity and quality of root exudates (Curl and Truelove,
1986; Bowen and Rovira, 1991; Söderberg et al., 2002).
Bardgett et al. (1998) and Wardle et al. (1999) have re-
ported that the abundance, activity, and composition of soil
decomposer communities may vary markedly with differ-
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ent plant species, or specific functional plant groups such
as legumes. Legumes can positively affect the microbial
biomass due to high litter quality, that is, litter with a lower
C/N ratio (Spehn et al., 2000; Scherer-Lorenzen et al.,
2003; Bartelt-Ryser et al., 2005). Experiments of mixed
versus monocultured plant species have demonstrated that
plant mixtures can produce greater plant biomass (DeBell
et al., 1997; Forrester et al., 2004), and improve nutrient
cycling and soil fertility (Binkley et al., 1992, 2000;
Bauhus et al., 2000; Montagnini et al., 2000). The increase
in plant biomass in the mixture may have strong effects on
soil microbial community. In most terrestrial ecosystems
microbial biomass and growth have been shown to increase
with increasing carbon input (Smith and Paul, 1990; Van
de Geijn and van Veen, 1993; Spehn et al., 2000).

On the other hand, soil water is an important resource
for plant growth and microbial activity (Williams and Rice,
2007). Changes in soil moisture may affect the function
and structure of the soil microbial community through
its effect on osmotic potential, transport of nutrients and
energy, and cellular metabolism, as well as on the compet-
itive interactions between microbial species (Harris, 1981;
Yancey et al., 1982; Kempf and Bremer, 1998; Williams
and Rice, 2007). Different types of microorganisms are
differently affected by changing water potential (Todd et
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al., 1999; Griffiths et al., 2003; Drenovsky et al., 2004).
For example, Gram-negative bacteria are thought to be
sensitive to the changes in soil moisture, whereas, fungi
are considered more tolerant to low water availability (Har-
ris, 1981; Nesci et al., 2004; Williams and Rice, 2007).
However, in planted soil, the effects of soil moisture on
plants will also affect soil microbial community structure.
Changes in soil moisture can influence soil microbial
community structure via its effects on plant biomass and
root exudation. To date only a few studies have been con-
ducted to assess the impact of soil moisture content on soil
microbial communities, as influenced by plant community
composition (Lundquist et al., 1999; Söderberg et al.,
2002; Fierer et al., 2003; Griffiths et al., 2003), although
plant diversity is the rule in natural ecosystems rather than
the exception of cultivated grasslands.

Soil water availability is an important factor limiting
plant growth and ecosystem restoration on the Loess
Plateau in Dingxi City, Gansu Province, China. To acceler-
ate the ecological restoration, it is important to understand
the effects of soil moisture on plant growth and competi-
tiveness, and the changes in soil microbial communities.
Therefore, this study aimed to investigate soil micro-
bial communities of four different plants under different
soil moisture contents. The authors have addressed the
following hypotheses: (1) soil moisture content affects
plant growth and nutrient uptake; (2) plant growth and
community composition affect soil microbial community
structure; (3) the effects of soil moisture on soil microbial
community composition are mediated by the plant, hence
differ depending on the plant species presented.

1 Materials and methods

1.1 Soil properties

The soil was collected from the rolling hills region
of the Loess Plateau in the Dingxi County (35◦57′N,
104◦57′W), Gansu Province, China. This region is located
in the Yellow River valley and is characterized by serious
soil erosion and a dry, harsh, and continuous deteriorating
environment (Ge et al., 2001). Soil properties were deter-
mined according to methods recommended by the Chinese
Society of Soil Science (Lu, 1999). The soil texture was:
sand 19.1%, silt 78.0%, clay 2.9%. Soil pH (0.01 mol/L
CaCl2) was 7.96. The soil had the following physicochemi-
cal properties on a dry weight basis: organic matter, 0.41%;
available P (extractable with 0.5 mol/L NaHCO3), 1.21
mg/kg; and water holding capacity, 19.75%. Prior to the
experiment, the soil was fertilized with 150 mgN/kg soil
(NH4NO3), 100 mgP/kg soil (KH2PO4), and 150 mgK/kg
soil (KH2PO4 and K2SO4).

1.2 Experimental design

Four different plant species, two legumes, white clover
(Trifolium repens Linn., C), and alfalfa (Medicago sativa
L., A), and two grasses, sudan grass (Sorghum sudanense
Stapf., S) and tall fescue (Festuca arundinacea, F), were
selected as test plants representing the two major plant

groups. Those four plant species were grown separately (C,
A, S, and F, respectively) or in a mixture (1C:1A:1S:1F,
M). Pots without plants were arranged as controls (CK).
Plant seeds were pregerminated in Petri dishes at 25°C and
then sown in plastic pots containing 1.5 kg air-dry soil. The
plant seedlings were thinned to 16 seedlings per pot after
emergence for one week. The mixed treatment consisted
of four seedlings of each species. Two soil moisture
regimes, 55% or 80% water holding capacity (WHC), were
maintained by regular weighing. As a result, there were
totally 12 treatments. Three replicates were arranged for
each treatment.

The experiment was conducted in the glasshouse of
Research Center for Eco-Environmental Sciences, the Chi-
nese Academy of Sciences and the plants grew for eight
weeks under natural light conditions with no supplemen-
tary illumination. During the period of plant growth the
day temperature ranged from 20 to 30°C and the night
temperature from 10 to 20°C.

1.3 Soil and plant sampling

Two months after sowing, the plants were harvested.
The entire soil which was shaken to separate roots from
the soil, from each pot was placed in a plastic bag. The
plant roots and shoots were washed free of soil with tap
water and distilled water. The soil was homogenized by
2 mm sieve to remove visible plant roots from the soil.
The soil for phospholipid fatty acid (PLFA) analysis was
frozen immediately at –20°C and then freeze-dried (FD-1
Vacuum Freezing & Drying apparatus, China).

Shoots and roots were dried at 70°C for 48 h to
determine dry weights, and then ground into fine powder.
The grounded plant samples were digested with a mixture
of hydrogen peroxide and sulfuric acid. The total N con-
centrations were determined using the Kjeldahl method
(Bremner, 1965). The concentrations of P element were
analyzed by inductively coupled plasma-optical emission
spectroscopy (ICP-OES, Optima 2000DV, Perkin Elmer,
USA). Root C was determined using an elemental analyzer
(Vario EL III, Elementar Company, Germany).

1.4 Phospholipid fatty acid (PLFA) analysis

The PLFA extraction procedure followed that described
by Bardgett et al. (1996), which was developed from the
method of Bligh and Dyer (1959). The separated PLFAs
were subjected to a mild alkaline methanolysis at 50°C,
and the resulting fatty acid methyl esters were detected
with an Agilent 6820 gas chromatograph (GC) equipped
with a HP-5 MS capillary column (0.32 mm × 30 m,
0.25 µm film thickness) and a flame ionization detector
(FID), using a standard qualitative bacterial acid methyl
ester mixture that ranged from C11 to C20 (Matreya Inc.,
USA), as an external standard. The fatty acid nomenclature
used was described by Frostegård et al. (1993a, 1993b).
The branched, saturated PLFAs were chosen to represent
Gram-positive bacteria (O’Leary and Wilkinson, 1988;
Zelles et al., 1995). The monoenoic and cyclopropane
unsaturated fatty acids and saturated fatty acids containing
the OH group represented Gram-negative bacteria. The

http://www.jesc.ac.cn


jes
c.a

c.c
n

No. 10 Plant growth and soil microbial community structure of legumes and grasses grown in monoculture or mixture 1233

unsaturated PLFA 18:2w6, 9 was used as an indicator of
fungal biomass (Federle, 1986). The total PLFAs could
indicate total soil microbial biomass (Wardle et al., 1999).

1.5 Diversity index

Richness and evenness of the PLFAs were calculated
according to the formula developed by Begon et al. (1990).

1.6 Statistical analysis

The mole percentage of the phospholipid fatty acid
values were log10 transformed before principle component
analysis (PCA), and then the soil microbial communi-
ty structure was examined using PCA. Shoot and root
biomass, plant nutrient concentrations, shoot/root ratio,
root C/N ratio, and the biomass of soil microbes were sub-
jected to an univariate general linear model in SPSS 11.5 to
determine the significant differences between treatments.

2 Results

2.1 Plant dry weight

The decrease in soil moisture content significantly de-
creased plant dry weights (with the exception of the root
biomass of white clover in the mixture) (Table 1). The
plant biomass of white clover, alfalfa, sudan grass, and
tall fescue at 55% WHC was decreased by 30%, 26%,
27%, and 32%, respectively, compared to 80% WHC. At
a given soil moisture, the biomass of white clover and tall
fescue in the mixture was reduced compared to that in the
monoculture on a comparable basis, whereas, biomass of
alfalfa and sudan grass in the mixture was higher (Table
1), particularly at 80% WHC.

The decrease in soil moisture content also significantly
reduced the total plant dry mass per pot. At 55% WHC,
monocultured white clover and tall fescue had a lower total
dry mass than that in the mixture, whereas, alfalfa and
sudan grass had a higher total dry mass than that in the
mixture. At 80% WHC, the total dry mass of sudan grass
was higher than that in the mixture (Table 1).

2.2 Shoot to root ratio

The decrease in soil moisture content reduced the shoot
to root (S/R) ratio of white clover and alfalfa, whereas, the
opposite was true for the S/R ratio of sudan grass and tall
fescue. At a given soil moisture, compared to monoculture,
the S/R ratio of alfalfa and sudan grass in the mixture was
higher, whereas, that of white clover and tall fescue was
lower. Among different monocultured plants, white clover
and tall fescue had a higher S/R ratio than sudan grass and
alfalfa (Table 1).

2.3 Plant N and P

The decrease in soil moisture contents significantly
increased plant N concentrations (Table 2), whereas, soil
moisture had no effect on plant P concentrations. At a given
soil moisture, alfalfa had a higher N concentration than all
other plant species, whereas, sudan grass had the lowest N
and P concentrations.

Fig. 1 Principal component (PC) plot of the PLFA profiles of control
(CK), white clover (C), alfalfa (A), sudan grass (S), tall fescue (F), and
plant mixtures (M) at 55% or 80% water holding capacity. Bars indicate
standard errors (n = 3).

Table 1 Total biomass, shoot biomass, and root biomass (dry weight) of white clover (C), alfalfa (A), sudan grass (S), tall fescue (F), in monoculture
and mixtures (M) at 55% or 80% water holding capacity (WHC) after plant growth for two months

Shoot Root Total Total S/R ratio Decrease in total
Soil (mg/plant) (mg/plant) (mg/plant) (g/pot) (mg/mg) plant dw (%)
moisture 55% 80% 55% 80% 55% 80% 55% 80% 55% 80% 55% 80%

C 160 ± 7 243 ± 7 57 ± 4 69 ± 4 218 ± 11 312 ± 6 3.5 ± 0.2 5.0 ± 0.1 2.8 ± 0.1 3.6 ± 0.2 30
A 191 ± 2 308 ± 7 193 ± 3 209 ± 4 384 ± 5 517 ± 10 6.2 ± 0.1 8.3 ± 0.2 1.0 ± 0.0 1.5 ±0.0 26
S 324 ± 2 402 ± 13 197 ± 16 316 ± 16 521 ± 16 718 ± 7 8.3 ± 0.3 11.5 ± 0.1 1.7 ± 0.1 1.3 ± 0.1 27
F 211 ± 2 290 ± 18 78 ± 2 140 ± 15 290 ± 1 430 ± 32 4.6 ± 0.0 6.9 ± 0.5 2.7 ± 0.1 2.1 ± 0.1 32
Mix 5.8 ± 0.2 9.0 ± 0.6

MC 61 ± 6 92 ± 3 42 ± 5 29 ± 3 103 ± 8 122 ± 6 1.8 ± 0.2 3.1 ± 0.2 16
MA 228 ± 19 388 ± 29 156 ± 15 210 ± 19 383 ± 30 598 ± 48 1.5 ± 0.1 1.7 ± 0.1 36
MS 458 ± 58 796 ± 34 197 ± 25 475 ± 76 655 ± 84 1,271 ± 97 2.4 ± 0.0 1.7 ± 0.2 49
MF 192 ± 3 223 ± 19 88 ± 2 128 ± 11 279 ± 6 352 ± 30 1.8 ± 0.4 1.7 ± 0.0 21

Significance by analysis of variance
Water (W) P < 0.001 P < 0.001 P < 0.001 P < 0.001 NS
Plant (P) P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
W × P P < 0.01 P < 0.001 P < 0.001 P < 0.05 P < 0.001

MC: white clover in mixtures; MA: alfalfa in mixtures; MS: sudan grass in mixtures; MF: tall fescue in mixtures. NS: not significant. Data were
presented as means of three replicates ± standard errors.
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Table 2 The concentrations of N, P, and root C/N ratio of white clover (C), alfalfa (A), sudan grass (S), and tall fescue (F) in monoculture and
mixtures (M) at 55% or 80% water holding capacity after plant growth for two months

Root C/N ratio N (g/kg) P (g/kg)
Soil moisture 55% 80% 55% 80% 55% 80%

C 16.6 ± 0.6 19.0 ± 0.4 49.1 ± 1.8 33.7 ± 1.2 5.6 ± 0.1 4.9 ± 0.4
A 17.5 ± 0.2 18.6 ± 0.5 57.3 ± 2.8 51.0 ± 2.6 4.8 ± 0.1 4.2 ± 0.2
S 33.6 ± 0.4 36.4 ± 1.6 27.5 ± 1.7 22.5 ± 0.5 2.9 ± 0.1 3.2 ± 0.1
F 27.7 ± 3.0 35.1 ± 2.6 41.9 ± 4.9 34.6 ± 1.6 4.6 ± 0.2 4.9 ± 0.2
MC 18.9a 23.3a 40.4 ± 1.3 36.7 ± 1.5 4.4 ± 0.3 5.3 ± 0.2
MA 20.1 ± 1.4 19.4 ± 1.1 51.8 ± 1.3 51.6 ± 0.9 4.8 ± 0.2 4.2 ± 0.1
MS 30.5 ± 1.4 39.6 ± 1.8 27.8 ± 0.8 21.6 ± 0.8 3.7 ± 0.2 2.9 ± 0.1
MF 27.3 ± 2.4 32.5 ± 1.4 43.6 ± 1.9 31.2 ± 2.9 4.5 ± 0.1 4.9 ± 0.1
Significance by analysis of variance
Water (W) P < 0.001 P < 0.001 NS
Plant (P) P < 0.001 P < 0.001 P < 0.001
W × P NS P < 0.05 P < 0.001

MC, MA, MS, and MF are the same as that in Table 1. a Individual plant biomass of white clover in the mixture is very small, therefore, the three
replicates were pooled. NS: not significant. Data are presented as means of three replicates ± standard errors.

2.4 Root C/N ratio

Water deficit decreased the root C/N ratio (Table 2).
At a given soil moisture, the legumes (white clover and
alfalfa) had a lower root C/N ratio than the grasses (sudan
grass and tall fescue). The root C/N ratio was similar in
monoculture and plant mixture.

2.5 Principal component analysis (PCA) by PLFA pro-
files

Principal components 1 and 2 explained 31% and 23%
of the overall variance in data, respectively (Fig.1). Soil
moisture affected the microbial community structure in soil
with plants, whereas, no effect was found in soil without
plants. Under both soil moisture regimes, the microbial

community composition of the mixture was similar to that
of the unplanted soil or white clover and alfalfa monocul-
tures, but different from that of the grass monocultures. At
55% WHC, the differences in microbial community com-
position between the monocultures were less pronounced
than at 80% WHC. The difference between the microbial
community composition of the mixture compared to the
grass monocultures was more pronounced at 80% WHC.
At 80% WHC, microbial community composition of the
legumes was clearly different from those of grasses along
PC1. The microbial community composition of the two
legumes was similar, whereas, it differed between the
grasses (Fig.1).

Fig. 2 Total biomass (a), bacterial biomass (b), fungal biomass (c), and fungal/bacterial ratio (d) of the microbial communities from control (CK), white
clover (C), alfalfa (A), sudan grass (S), tall fescue (F), and plant mixtures (M) at 55% or 80% water holding capacity. Bars above the columns indicate
standard errors (n = 3).
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2.6 Microbial biomass

Soil moisture content had no effect on the total PLFAs,
bacterial PLFAs, and fungal PLFAs in the soil without
plants and planted with sudan grass. Compared to 80%
WHC, the concentrations of total PLFAs, bacterial PLFAs,
and fungal PLFAs were lower at 55% WHC in soil with
legumes, and the contrary in soil with tall fescue. Lower
soil moisture also increased the total PLFAs and bacterial
PLFAs in the mixture (Figs.2a, 2b and 2c). Total microbial
biomass and bacterial and fungal biomass differed signif-
icantly between plant species (Table 3). The total PLFAs,
bacterial PLFAs, and fungal PLFAs in soil with legumes
were higher than those in soil with tall fescue. Compared
to tall fescue in the monoculture, the mixture had a higher
total microbial biomass and bacterial and fungal biomass,
at both soil moisture regimes. However, compared to the
legumes in the monoculture, the total microbial biomass
and the bacterial and fungal biomass in the mixture were
higher only at 55% WHC.

The decrease in soil moisture content decreased the
fungal/bacterial ratio in the unplanted soil and in the soil
with alfalfa and the mixture, but enhanced the ratio in the
soil with grasses. The mixture had a higher fungal/bacterial
ratio compared to the monocultures (Fig.2d).

Table 3 Statistics from the analysis of variance for parameters of soil
microbial biomass

Total PLFAs Bacterial Fungal Fungal/bacterial
PLFAs PLFAs ratio

Water (W) NS NS NS NS
Plant (P) P < 0.01 P < 0.01 P < 0.01 P < 0.001
W×P NS NS NS P < 0.05

NS: not significant.

2.7 Diversity index

PLFA richness and evenness were not significantly
affected by soil moisture, but were higher in grasses than
those in legumes or in the mixture at 80% WHC (data not
shown).

3 Discussion

In agreement with other studies (Høgh-Jensen and
Schjoerring, 1997; Lucero et al., 1999; Steenwerth et al.,
2003), decreasing soil moisture content decreased root and
shoot growth, with the reduction in root dry weight being
less pronounced than in shoots. In monoculture plants, the
percentage decrease in total plant biomass due to lower soil
moisture was greater in white clover and tall fescue plants
than in alfalfa and sudan grass (Table 1). This indicated
that white clover and tall fescue were more sensitive to
soil moisture changes. These results were supported by
the data of the S/R ratio. At low soil moisture, the white
clover and tall fescue plants had a higher S/R ratio than
alfalfa and sudan grass, indicating a strong allocation of
biomass to shoots, which made them less tolerant to low
soil moisture. However, the percentage decrease in the

total plant biomass in the mixture was different, being less
obvious for white clover and tall fescue than for alfalfa
and sudan grass (Table 1), suggesting that tolerance to low
soil moisture of monocultures cannot be used to predict the
effects on plant growth in plant communities.

Increasing soil moisture significantly decreased plant
N concentration, which could be related to the dilution
effects. Alfalfa had a higher N concentration due to its
N-fixing ability and great root biomass. Although white
clover would also be able to fix N2, its overall poor growth
compared to the other plant species suggested that it was
poorly adapted to the test soil. Element concentrations of
the plants in the monoculture were similar to those in
the mixture (Table 2). Hence, nutrient uptake by a given
species appeared to be little affected by other species in
this experiment.

Soil moisture has no effect on microbial community
composition and microbial biomass in soil without plants,
but has significant effects on those in soil with plants
(Fig.1). Thus, the effects of soil moisture content on
microbial community and microbial biomass appear to
have been mediated by the plants, which thus strongly
support the authors’ hypothesis. The results showed that
differences in microbial community composition between
plant species are less pronounced at low soil moisture than
at high soil moisture.

Microbial community composition for legumes differed
from that of the grasses, which could be due to lower root
C/N ratio of the legumes (Table 2). Another explanation
could be the greater root exudation rate of legumes com-
pared to nonlegumes or specific root exudates of legumes
(e.g., flavonoids) (Martin, 1971; Mathesius, 2001). The mi-
crobial biomass in the mixture appeared to be more tolerant
to low soil moisture compared to monocultures. This was
demonstrated by the findings that the microbial biomass
in the mixture was not reduced at low soil moisture, where
the microbial biomass in the mixture was greater compared
to monoculture white clover, alfalfa, and tall fescue. It
could be speculated that the decreased exudation of a
given compound by one plant species was compensated by
increased exudation by another species; hence the variety
of root exudates in the soil was maintained.

In the present study, plant species had stronger effects
on the soil microbial biomass than soil moisture (Fig.2),
emphasizing the importance of plants and their rhizodepo-
sition on soil microorganisms. It was interesting to note
that although total plant biomass of white clover was
lower than that of alfalfa, both the legumes had a similar
soil microbial biomass. This suggested that white clover
released a greater percentage of assimilated carbon into
the soil, either as root exudates or slaughtered root cells.
Tall fescue supported the lowest soil microbial biomass
among all plant species although the total plant dry weight
of tall fescue was higher than that of white clover. On
the other hand, sudan grass with the greatest total plant
dry weight and the highest root C/N ratio had a similar
microbial biomass as the much smaller white clover with
a low C/N ratio. Hence, across the plant species there
is no clear relationships between plant dry mass or root
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C/N ratio and the microbial biomass. Lower soil moisture
decreased microbial biomass in the legumes, but increased
it in tall fescue (Fig.2). It could only be speculated that
lower soil moisture could have increased root exudation
in tall fescue, whereas, it was decreased in the legumes.
Another possible explanation was that a decrease in the
root C/N ratio at lower soil moisture was more pronounced
in tall fescue than in the legumes. Surprisingly, the change
in soil bacterial and fungal biomass was very similar with
decreasing soil moisture. Hence, there was no indication
that fungi were more tolerant to low soil moisture than
bacteria, which was inconsistent with the previous results
(Harris, 1981; Nesci et al., 2004; Williams and Rice,
2007).

Compared to monoculture plants, the shoot and root
biomass of sudan grass and alfalfa in the mixture were
increased, whereas, the contrary occurred in the case of
white clover and tall fescue. Sudan grass and alfalfa
had a large root biomass, which could make them more
competitive for nutrients and water when grown in the
mixture with the other two plant species (Table 1).

The microbial community composition of the plant
mixture was on the left hand side of the PCA plot, which
indicated that the microbial community of the mixture
was more similar to that of the legumes than the grasses,
particularly at 80% WHC. This showed that legumes had
a dominating effect on the microbial community compo-
sition and could be considered as the keystone species
with regard to plant-microbial interactions. The greater
microbial biomass in a soil planted with several plant
species at low soil moisture suggested that a plant mixture
would be able to maintain more favorable conditions for
soil microorganisms than a single species.

4 Conclusions

The present study indicated that low soil moisture con-
tent decreased the growth of all plant species, with alfalfa
and sudan grass in the monoculture being less affected
than white clover and tall fescue. This suggested that
alfalfa and sudan grass were more suitable for revegetation
of the degraded soils in the Chinese Loess Plateau. The
results also indicated that the mixture with several plant
species changed the tolerance of plants to drought stress.
Interestingly, the plant mixture appeared to increase the
tolerance of the two plant species that were less affected
in the monoculture. Also the total plant dry weight per
pot was greater in the mixture than in the monoculture of
the two plant species (white clover and tall fescue), sug-
gesting that revegetation could be more successful when a
plant mixture was used. The soil with legumes had more
abundant bacteria and fungi, indicating that legumes could
be important in restoring the ecological function in the
Chinese Loess Plateau. The greater microbial biomass in
the soil with the four plants compared to the monocultures
suggested that mixed plant communities provided more
favorable conditions for soil microbes, particularly those
with low soil moisture content, which could also enhance
nutrient cycling and thereby revegetation success.
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