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ABSTRACT. Glycyrrhiza uralensis is an endangered and nationally-protected medicinal plant species in
China with great market demand. It is mainly distributed in arid and semi-arid regions and its habitats have
rapidly degraded over the last 40 years. Conservation of this species and its communities has become urgent.
We aimed to reveal the relationships between G. uralensis and environmental variables along an east to west
precipitation gradient in northern China. Floristic and environmental data from 100 5 m x 5 m quadrats were
analyzed using TWINSPAN, DCA, CCA and species diversity indices. TWINSPAN recognized twelve veg-
etation communities, which were the communities most dominated by G. uralensis in China. DCA and CCA
results showed that the vegetation patterns were significantly correlated with both soil and climatic variables.
Soil N, P, K, organic matter, annual mean temperature, relative humidity, annual mean precipitation, annual
mean highest temperature and annual mean lowest temperature were significant to these communities, and pre-
cipitation was the most important factor explaining the spatial patterns of vegetation. Species richness, diver-
sity and evenness varied obviously among communities and were significantly correlated with environmental

gradients. Further measures for conservation of G. uralensis and its communities are discussed.

Keywords: Biodiversity; Ecological restoration; Licorice; Medicinal resources; Semi-arid and arid region.

INTRODUCTION

Medicinal plants are valuable natural resources that are
essential to urban and rural populations in many countries
and regions, such as China, India, Japan, Korea, Taiwan
and so on (Hussain and Hore, 2007; Nautiyal et al., 2009).
Millions of people rely on, or choose to use, medicinal
plants for all or part of their healthcare needs, making
their usage the most likely common use of biodiversity by
humans (WHO, 2002; Larsen and Olsen, 2007). The an-
nual world market for botanical medicines is estimated at
over US$ 35 billion, with an annual growth rate of 15%
(Kate and Laird, 1999). Most medicinal plant species are
harvested in the wild and the extent of their use has led to
species endangerment and extinction. Thus, the conserva-
tion of these species has become urgent (Schippmann et
al., 2002; Larsen and Olsen, 2007). Medicinal plant con-
servation is an important aspect of biodiversity conserva-
tion and is a high priority in the environmental policies of
many countries and regions (Kate and Laird, 1999; Ji et
al., 2004).

*Corresponding author: E-mail: Zhangjt@bnu.edu.cn; Tel:
86-10-58807647; Fax: 86-10-58807721.

Licorice (Glycyrrhiza spp.) is one of the most use-
ful Chinese herbal medicines and an important resource
plant, widely used in medicine, food, tobacco, chemical
industries and for ecological protection in arid and semi-
arid areas of China (Zhou, 2006; Zhang and Chen, 2007).
Licorice medicine consists of the dried roots and rhizomes
of plant species in the Glycyrrhiza genus of the Legume
family. Licorice contains many biologically active chemi-
cals such as glycyrrhizin, flavonoids, coumarins, polysac-
charides, alkaloids, amino acids and so on, which have
pharmacological effects against pain, cough, inflamma-
tion, allergy, toxicity, HIV and so on (Hu and Shen, 1995;
Shen et al., 2003; Ji et al., 2004). Although three species,
Glycyrrhiza uralensis, G. inflata and G. glabra, are used
medicinally in China, Ural licorice (G. uralensis) is the
most important (Zhao et al., 2006). The annual produc-
tion of herbal medicine from this species in China is over
60,000 tons. Glycyrrhiza uralensis is widely distributed
from east to west in northern China. However, its habitats
are severely disturbed and many of them are degraded or
undergoing desertification (Zhang, 2005). The wild re-
sources of this medicinal plant have diminished rapidly
since the 1970s and it is now a nationally-protected plant.
The medicinal market for licorice now mainly depends on
its extensive cultivation (Zhou, 2003; 2006). The conser-
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vation and restoration of this species and its habitats are
imperative and urgent (Pan and Zhang, 2002; Zhang et al.,
2006). A general understanding of the ecology of this spe-
cies and its community is crucial for its conservation and
restoration. This study is about the ecological characteris-
tics of G. uralensis and its communities. Although recent
research has been conducted on the taxonomy, biochem-
istry, pharmacology and genetics of this species (Hu and
Shen, 1995; Zhang et al., 2001), only limited research has
been conducted concerning its ecology.

Our study mainly focuses on G. uralensis ecology with
the objectives of: (1) identifying the communities of G.
uralensis and analyzing their composition and structure;
(2) elucidating the relationships between vegetation and
environmental variables to find the most important ones
between endangered species and their communities; and
finally, (3) discussing some measures of conservation
management for this species and its communities.

MATERIALS AND METHODS
Sampling

Based on a general survey of G. uralensis and its com-
munities, a sampling transect across its main distribution
area was established from east to west in northern China
(Figure 1). Five study sites, Chifeng (in inner Mongolia
Autonomous Region), Hengjingi (in inner Mongolia Au-
tonomous Region), Minqin (in Ganshu Province), Aletai
(in Xinjing Autonomous Region) and Kashi (in Xinjing
Autonomous Region), were selected as sampling sites
(Figure 1). The area of each sampling site was about 40 ha.
Twenty quadrats of 5 m x 5 m were established randomly
at each site and their respective cover, height, abundance
of shrubs and herbs were measured. Plant cover was visu-
ally estimated, and heights were measured using a ruler.
Altogether, 191 plant species were recorded in 100 quad-
rats. Elevation, slope and aspect for each quadrat were also
measured and recorded. Elevation was measured by GPS,

Figure 1. Sampling transect line and sampling sites for Glycyr-
rhiza uralensis communities along a precipitation gradient in
Northern China.
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slope and aspect were measured by compass meter. From
each quadrat, five soil samples of 30 cm in depth were
taken using a small spade. These were thoroughly mixed,
then one quarter was collected and taken to a laboratory
for chemical analysis. In the laboratory, soil samples were
air-dried and soil pH, organic matter, available N, avail-
able P and available K were measured as soil variables.
These variables were selected because they are most im-
portant nutrient elements, particularly in arid and semi-arid
areas. A 1:2.5 ratio of soil to distilled water suspension
was used to measure pH with a Whatman pH sensor meter.
Nitrogen content was estimated using Kjeldahl extraction,
and the phosphorus content was measured via the HCLO,-
H,SO, Colorimetric method (Molybdovanadate method).
Potassium content was measured using an Atomic Absorp-
tion Spectrophotometer and the content of organic matter
was measured using the K,Cr,0, - Capacitance method.
Climatic data from the nearest weather stations were used.

Data analysis

The Importance Value of each species was used as data
in community analysis and diversity indices calculation.
The importance value was calculated by the formulas
(Zhang et al., 2006b):

IVgnws = (Relative density +Relative cover + Relative
height)/3
IViens = (Relative cover + Relative height)/2

The relative density refers to the percentage of one spe-
cies density over the sum of all species density in a quad-
rat, relative cover to the percentage of one species cover
over the sum of all species cover in a quadrat, and relative
height to the percentage of one species mean height over
the sum of all species mean height in a quadrat. The spe-
cies data matrix is consisted of importance values for 191
species in 100 quadrats.

The environmental data matrix consisted of values for
ten variables, five soil factors plus five climatic variables,
annual mean temperature, relative humidity, annual mean
precipitation, annual mean highest temperature and annual
mean lowest temperature, in 100 quadrats. Elevation, slope
and aspect were not analyzed because their differences
were not significant.

Two-way Indicator Species Analysis (TWINSPAN)
(Hill, 1979) was used for classification, Detrended Corre-
spondence Analysis (DCA) and Canonical Correspondence
Analysis (CCA) (Ter Braak and Smilauer, 2001) were used
for ordination to analyze the variation of communities and
their relationships with environmental variables. TWIN-
SPAN, DCA and CCA calculations were carried out using
TWINSPAN (Hill, 1979) and CANOCO (Ter Braak and
Smilauer, 2001) computer programs.

Three separate species diversity indices, for species
richness, diversity, and evenness, were used to calculate
species diversity in G. uralensis communities. They were:

Species number (as a richness index):

D=S
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Shannon-Wiener diversity index:
H’=-YPlnP;
Pielou evenness index:
E = (->.PInP)/InS
Where P; is the relative importance value of species i, N,
the importance value of species i, P; = N, /N, N the sum of
importance values for all species in a quadrat, S the spe-

cies number present in a quadrat (Pielou, 1975; Zhang,
2004).

RESULTS

Community classification

TWINSPAN classified 100 quadrats into 12 groups,
representing 12 G. uralensis plant communities (Figure 2).
The name and main species composition of each commu-
nity are listed in Table 1.

Ordination analysis

The first DCA axis represents a comprehensive gradient
of water and heat, i.e. the precipitation and temperature
gradient. The precipitation and annual temperature are
decreasing from left to right in the ordination diagram
(Figure 3). The second DCA axis represents a comprehen-
sive gradient of soil nutrients and pH. The soil nutrients
are increasing and the soil pH values decreasing from bot-
tom to top in the diagram (Figure 3). The distribution of

Figure 2. Classification dendrogram yielded by TWINSPAN
analysis of 100 quadrats and 191 species for Glycyrrhiza ura-
lensis communities along a precipitation gradient in Northern
China. 1, 2, ..., 100 representing quadrat number; I, IL, ..., XII
representing communities: 1. G. uralensis + Stipa bungeana,
1. G. uralensis + Aneurolepidium chinense, 111. G. uralensis +
Potentilla anserine, IV. G. uralensis + Artemisia ordosica, V. G.
uralensis + Carex duriuscul + Aneurolepidium chinense, V1. G.
uralensis + Polygonum bistorta, VII. G. uralensis + Ephedra
przewalskii+ Cancrinia discoidea, V1. G. uralensis + Artemi-
sia frigida, 1X. G. uralensis + Carex pediformis +Stipa sarep-
tana, X. G. uralensis + Astragalinae triloa + Stipa sareptana,
XI. G. uralensis + Aneurolepidium chinense +Stipa sareptana,
XII. G. uralensis + Festuca logae + Stipa sareptana.

5

Figure 3. Two-dimensional DCA ordination diagram of 100
quadrats and 191 species for Glycyrrhiza uralensis communities
along a precipitation gradient in Northern China. 1, 2, ..., 100
representing quadrat number; I, II, ..., XII representing com-
munities recognized by TWINSPAN. Community names see
Figure 2.

vegetation communities is correlated to these gradients.
The partitioning of the 100 quadrats in the DCA ordination
space is closely related to their grouping by TWINSPAN.
The communities preferring moisture and a warm climate,
such as communities I-VII, distributed in the left area of
the diagram, and communities preferring dry and cold
climates, such as communities X, XI and XII, occurred in
the right area of the diagram (Zhang, 2004). Communities
IL, I, VI and VII, with comparatively rich soil nutrients,
occurred in the top area of the ordination diagram, and
Communities IV and V, with poor soil, in the bottom area
(Wu, 1980).

In the CCA ordination, the Monte Carlo permutation
test indicated that the eigenvalues for the first canonical
axis, and for all canonical axes examined, were significant
(P <0.001) (Ter Braak, 1986). The eigenvalues for the first
three axes were 0.648, 0.563 and 0.442, and species-en-
vironment correlations for the first three axes were 0.980,
0.984 and 0.972, respectively (Figure 4). The canonical
eigenvalues indicated separation along the measured envi-
ronmental gradients. The distribution of species and com-
munity of G. uralensis were significantly correlated with
all ten environmental variables (Figure 4, Table 2). The
most significant variable correlated with the first CCA axis
was annual precipitation, with a correlation coefficient of
0.908, and the first CCA axis, in fact, is a comprehensive
gradient dominated by precipitation. Besides precipita-
tion, soil P and pH were very significantly correlated to
the first CCA axis, and other variables such as soil N, K,
annual mean temperature, lowest temperature, highest
temperature and relative humidity were also significant to
the first CCA axis (Figure 4, Table 2). The most important
variables correlating with the second CCA axis were soil
K, organic matter, pH, N, relative humidity, lowest tem-
perature and soil P (Figure 4, Table 2).
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Both soil and climatic variables were significant in af-
fecting the spatial variation of vegetation and species in G.
uralensis communities, due to their interactions and influ-
ences on each other (Glaser et al., 2000; Zhang, 2002). All
other variables were significantly correlated with precipi-
tation (Table 3). Soil nutrients, such as N, P, K and organic
matter were significantly correlated with each other as
were climatic variables, such as annual mean temperature,
lowest temperature, highest temperature and relative hu-
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Figure 4. Biplot of 100 quadrats and 10 environmental variables
in CCA ordination of Glycyrrhiza uralensis communities along
a precipitation gradient in Northern China. Biplot vectors shown
represent the major explanatory environmental variables. AT-
annual mean temperature, RH-relative humidity, AP-annual
mean precipitation, AHT-annual mean highest temperature and
ALT-annual mean lowest temperature, pH-Soil pH, OM-soil
organic matter, N-soil available N, P-soil available P and K-soil
available K.

midity (Table 3). Soil pH was significantly correlated with
all climatic variables and with soil P, but showed no sig-
nificant relation to soil N, K and organic matter content.

Species diversity analysis

The species richness varied from 8 to 10 species per
G. uralensis community and was comparatively low due
to the arid and semi-arid study areas in China. Changes in
species diversity and evenness in the twelve communities
were obvious but change in species richness was not sig-
nificant (Figure 5). Changes in the pattern of species diver-
sity and evenness were similar, i.e. species diversity and
evenness decreased from east to west (Figure 5), which
was consistent with the precipitation gradient. These
relationships were confirmed by the regression analysis
between species diversity and the first DCA axis (a com-
prehensive gradient dominated by precipitation) (Figure
6). The quadratic curve relationships of species richness,
diversity and evenness with the first DCA axis were statis-
tically significant (P<0.01).

DISCUSSION

Glycyrrhiza uralensis-dominated communities varied in
composition and structure. The twelve communities rec-
ognized by TWINSPAN represent the general vegetation
of G. uralensis in northern China (Wu, 1980; Zhang et
al., 2006a). These communities distribute from temperate
grassland to temperate desert regions and are significant
not only for medicinal plant resource conservation but also
for arid and semi-arid ecological zone protection in China
(Pan and Zhang, 2002). The classification scheme of these
communities is reasonable according to the Chinese veg-
etation classification system (Wu, 1980). The indicator
species in the TWINSPAN divisions such as Stipa sare-
ptana, Carex duriuscula, Cancrinia discoidea, Artemisia
ordosica, Aneurolepidium chinense, Astragalinae triloa,
Polygonum bistorta, Stipa caucasica and Carex pediformis
were dominant species in communities because their cover

Table 2. Correlation coefficients between environmental variables and CCA axes of Glycyrrhiza uralensis communities along a pre-

cipitation gradient in Northern China.

Environmental variables Axis 1 Axis 2 Axis 3 Axis 4
Annual mean temperature -0.393™ -0.383"" -0.270 -0.745™
Relative humidity -0.287" -0.453™" 0.158 0.784"™
Annual mean precipitation 0.908"" -0.033 0.335™ 0.144
Annual mean highest temperature -0.299™ -0.259" -0.324™ -0.813"
Annual mean lowest temperature -0.3717 -0.480"" -0.223" -0.717"
Soil N 02717 0.513™ -0.760"" 0.190
Soil P -0.605™" 0.378™" -0.666"" 0.044
Soil K -0.334™ 0.677"" -0.586™" 0.204"
Soil organic matter -0.223" 0.610™" -0.704™ 0.189
Soil pH 0.655"™ 0.679"" 0.269" -0.028

Note: *P<0.05; **P<0.01; ***P<0.001.
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Figure 6. Variation of species richness, diversity and evenness
along the first DCA axis of Glycyrrhiza uralensis communities
in Northern China. The first DCA axis is a comprehensive gradi-
ent dominated by precipitation.

played important secondary roles to the dominant species
in at least one community (Wu, 1980).

TWINSPAN results were validated by DCA analysis.
Each community had its own distribution area and clear
boundary in the DCA space, and their ordination was re-
lated to environmental gradients. This suggests that there
are some advantages in combining TWINSPAN and DCA
analyses for ecological studies (Ter Braak and Smilauer,
2001; Zhang, 2004). The first DCA axis represents a com-
prehensive gradient of precipitation and temperature and
the second DCA axis represents a comprehensive gradient
of soil nutrients and pH. This showed that precipitation,
temperature and soil nutrients are important factors to
G. uralensis communities in arid and semi-arid regions,
which were identical to the CCA results (Oyonarte et al.,
2008).

CCA analysis indicated that both climatic and soil vari-
ables were important to G. uralensis communities (Ter
Braak, 1986; Zhang, 2005). All the ten variables were
significantly correlated with the distribution of species
and communities, among which precipitation and annual

temperature were dominant factors. This is due to the large
east-west distribution area of G. uralensis and its commu-
nities, where temperature and precipitation vary greatly.
Precipitation and annual temperature had obvious effects
on the structure, composition and community environ-
ment. These results are consistent with those of many oth-
er vegetation ecology studies (Paschke et al., 2003; Zhang
and Chen, 2007; Saeki, 2007). Besides precipitation and
mean temperature, the mean lowest temperature, relative
humidity, and the mean highest temperature contributed
significantly to the vegetation. Soil nutrients are key fac-
tors in plant growth and vegetation development and their
importance in a community or region depends on their
quantity and distribution (Brunner et al., 1999; Saarsalmi
et al., 2001; Oyonarte et al., 2008). The measured soil ele-
ments, soil K, P, organic matter and N, were greatly cor-
related with community distribution and variation, which
suggest that soil nutrients were more important in these
arid and semi-arid regions where soil was usually coarse
and poor (Zhang, 2002; Fosaa, 2004). Soil pH was also
significant to G. uralensis communities due to its varied
values (Pan and Zhang, 2002; Schippmann et al., 2002).

All ecological factors coexist and act on plants and
vegetation simultaneously in communities and ecosystems
(Molles, 2002; Zhang et al., 2006a). These factors, includ-
ing climatic and soil variables, interact with each other,
and this interaction is very complex. In our study, all other
variables were significantly correlated to precipitation,
which suggests that precipitation is a key factor affecting
G. uralensis communities (Larsen and Olsen, 2007). This
conclusion was verified many times in ecological studies
conducted in arid and semi-arid areas (Kate and Laird,
1999). The most important soil nutrients, soil N, P, K and
organic matter were significantly correlated with each
other, and the climatic variables, annual mean temperature,
lowest temperature, highest temperature and relative hu-
midity were also significantly interrelated (Pan and Zhang,
2002; Schippmann et al., 2002). The interactions between
these environmental factors must be emphasized in the
management of G. uralensis communities (Zhang and
Zhang, 2007; Nautiyal et al., 2009).

Species richness was comparatively low in a commu-
nity of G. uralensis, as in other studies conducted in arid
and semi-arid areas in China (Pan and Zhang, 2002; Ji et
al., 2004). Because of this, the structure, composition and
function of these communities were simple and easily dis-
turbed. The changes in species diversity and evenness in
the twelve communities were apparent, which was related
to the different environmental variables (Hu and Shen,
1995; Zhang et al., 2006a; Zhao, 2006). The change pat-
tern of species diversity and evenness was similar along
the precipitation gradient, i.e. species diversity and even-
ness were decreasing from east to west in northern China.
These relationships were consistent with the regression
analysis between species diversity and the comprehensive
gradient dominated by precipitation (the first DCA axis)
(Zhang, 2004; Hussain and Hore, 2007). The species rich-
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ness along this gradient decreased and then increased, in
contrast to species diversity and evenness, which increased
and then decreased. These suggest that environmental vari-
ables significantly impact species diversity in G. uralensis
communities. These results are identical to those of other
ecological studies conducted in arid and semi-arid regions
in China (Pan and Zhang, 2002; Zhao et al., 2003; Zhang
and Chen, 2007).

The diversity described above provides the basis for
the conservation of wild G. uralensis and its communities,
but their conservation is comparatively difficult due to the
great market demand for this species and its disturbed and
continually degrading habitats (Wu, 1980; Pan and Zhang,
2002; Kathe, 2006; Hussain and Hore, 2007). Some mea-
sures must be considered: First, more large-scale cultiva-
tion bases for medicinal purposes should be set up and
developed in different areas of northern China. Second,
the management of wild G. uralensis and its communities
must be legal and effective, e.g. digging must be strictly
controlled (Zhou, 2003; 2006; Nautiyal et al., 2009) and
grazing should be limited to keep its ecosystem composi-
tion, structure and function intact (Shen and Yang, 2003;
Larsen and Olsen, 2007). Third, soil fertilization and ir-
rigation, should be used to improve G. uralensis habitat
conditions (Zhou, 2006).
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