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Abstract.  We investigated the variations in specific leaf area (SLA) and leaf dry matter content (LDMC) of 20
species (10 annuals and 10 perennials) that have different distributional patterns in the Kerqin Sandy Land in north-
ern China. The main purpose of our study was to determine if SLA and/or LDMC could be used as indicators of
plant resource-use strategy in sand dune environments. The selected species were mainly distributed in three types
of sand dunes: mobile sand dune, semi-fixed sand dune, and fixed sand dune. The three differed in their soil nutrient
content and vegetation productivity. Both SLA and LDMC varied substantially among species in the different dunes.
Maximum SLA (28.2 m2 kg-1) was observed in the annual grass Setaria viridis in a fixed sand dune, and the lowest
SLA (8.6 m2 kg-1) was found in the perennial grass Pennisetum centrasiatum in a semi-fixed sand dune. LDMC varied
from 0.10 g g-1 for the annual forb Chenopodium glaucum in a fixed sand dune to 0.41 g g-1 for the perennial grass
Phragmitis australis in a fixed sand dune. For species common to two or three sites, their SLA and LDMC were
significantly different between sites (P<0.05), except for two species for SLA and six species for LDMC. SLA and
LDMC were negatively correlated both in the three types of sand dunes and for each functional type (annual versus
perennial species). However, SLA and LDMC were significantly correlated only for the species in fixed sand dune,
perennial species as well as all species. The results of our study showed that the SLA of annual plant species was
generally higher than that of perennial species and that LDMC was significantly different between annual compared
to perennial plants (P<0.05).
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Introduction

Specific leaf area (SLA, leaf area per unit dry mass) and
leaf dry matter content (LDMC, the ratio of leaf dry mass
to fresh mass) are important traits in plant ecology because
they are associated with many critical aspects of plant
growth and survival (Garnier et al., 2001b; Shipley and Vu,
2002). Recent studies in controlled environments have
demonstrated the important roles that these two traits play
in explaining variation in potential relative growth rate
(Poorter and Van der Werf, 1998) and ecological behavior
in plants (Garnier et al., 2001a). According to a recent re-
view (Poorter and de Jong, 1999), both SLA and LDMC
are involved in the trade-off between rapid biomass pro-
duction (high SLA, low LDMC species) and efficient con-
servation of nutrients (low SLA, high LDMC species).
Because SLA and LDMC are indicator traits of resource-
use strategies, it is important to evaluate these traits for
different plant species in various environments (Westoby,
1998; Weiher et al., 1999).

Many studies have evaluated SLA and LDMC under
both controlled and natural conditions involving various
nutrient and water gradients (Cunningham et al., 1999;

Garnier et al., 2001a), vegetation types (Poorter and de
Jong, 1999), plant functional types (Garnier et al., 1997),
and leaf types (Vendramini et al., 2002). However, to our
knowledge, few studies concerning these traits have been
conducted on plants growing in sand dunes. Plants grow-
ing in sand dunes exhibit various morphological and eco-
physiological characteristics (Liu et al., 1996). In the
Kerqin Sandy Land of northern China, sand dunes can be
classified into mobile sand dune, semi-fixed sand dune, and
fixed sand dune according to the criteria proposed by Zhu
et al. (1989). These sand dunes are widely distributed and
alternate with gently undulating interdune lowlands to pro-
duce distinct differences in spatial heterogeneity of soil
resources, which in turn leads to differences in species
distribution, plant growth, and biomass production (Su and
Zhao, 2003). These processes further amplify the differ-
ences among different types of sand dunes.

The main objective of the present study was to deter-
mine if SLA and LDMC differ in three types of sand dunes
that occur in Kerqin Sandy Land of northern China, and
evaluate whether SLA and/or LDMC could be used as in-
dicators of plant resource-use strategy in these
environments. In addition, we hoped to determine if an-
nual and perennial plants differed in SLA and LDMC in the
three types of sand dunes.
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Materials and Methods

Study Area
The study was conducted at the Naiman Desertification

Research Station (N 42°58’ and E 120°43’, 345 m above
mean sea level) of the Chinese Ecosystem Research Net-
work (CERN) in eastern Inner Mongolia, China, which is
located in the southwest portion of the Kerqin Sandy Land.
This region has a continental, semi-arid monsoon climate.
The landscape in this area is characterized by sand dunes
that alternate with gently undulating interdunal lowlands
that form farming lands and grasslands. Dunes in this re-
gion can be classified into mobile sand dunes, semi-fixed
sand dunes and fixed sand dunes, according to the crite-
ria of Zhu et al. (1989). Plant species common to mobile
sand dunes include: Agriophyllum squarrosum, Artemisia
halodendron, Setaria viridis, Cynanchum thesioides and
Salix gordejevii, among which A. squarrosum is the domi-
nant species. Species richness increases in semi-fixed sand
dunes and fixed sand dunes, and species include:
Caragana microphylla, Salsola collona, Eragrostis pilosa
and Artemisia scoparia with A. halodendron a dominant
species in both semi-fixed and fixed sand dunes.

The meteorological characteristics of the study area
were summarized by Liu et al. (1996). Mean annual air tem-
perature is 6.4°C, and the coldest and warmest monthly
mean temperatures are 13.1°C recorded in January and 23.7
°C in July, respectively. Mean annual accumulated air tem-
perature above 10°C ranges from 3000 to 3400°C, and the
frost-free period is 137 to 150 days per year. Mean annual
precipitation is 362 mm, nearly 70% of which falls from June
through August. Mean annual pan evaporation is 2,000
mm. Prevailing wind directions are northwest in winter and
spring, and southwest to south in summer and autumn with
mean annual wind speed ranging from 3.4 to 4.1 m s-1.

Sample Plots and Species Selection
Three sites were selected for our study including mo-

bile sand dunes, semi-fixed sand dunes, and fixed sand
dunes. At each site, three plots were established at three
different locations with each plot covering an area of 1500-
2500 m2. Prior to plant sampling, a vegetation survey and
soil analyses were performed in each plot. Five randomly
selected soil samples were collected to a 15-cm depth from
each plot using a soil auger and pooled to obtain a com-
posite soil sample. These composite samples were air-dried
and passed through a 2-mm sieve. Soil pH and electrical
conductivity (EC) were measured in a soil-water suspen-
sion (1:1 and 1:5 soil to water ratio, respectively) (Multiline
F/SET-3, Germany). Part of the air-dried and sieved samples
was ground and passed through a 0.25-mm sieve for C and
N analysis. Organic C was determined by the dichromate
oxidation procedure of Walkley-Black (Nelson and
Sommers, 1982), and total N was measured by the Kjeldahl
procedure (UDK140 Automatic Steam Distilling Unit, Au-
tomatic Titroline 96, Italy). Five randomly sampled loca-
tions in each of the three plots were selected to measure
aboveground vegetation biomass and cover using a 1-m2

quadrat in each plot, giving a total of 15 sampling points
for each site.

A total of 20 plant species (10 perennials and 10 annuals)
were selected to study their SLA and LDMC. Five of the
studied species were common to all three types of dunes,
seven species were common to both semi-fixed sand dunes
and fixed sand dunes, and eight species were found in only
one of the three dune types. For selected species in each
type of dune, a total of 15 individuals were selected, which
included five individuals in each of three different plots.

SLA and LDMC Measurements
In August 2002, three fully expanded leaves with at-

tached stems were collected from robust, well-established
plants in unshaded habitats. Senescent or damaged leaves
were avoided. Collected leaf-stem segments were immedi-
ately placed between wet papers, sealed in a plastic bag,
and placed in a dark container with ice. After being trans-
ported to the lab (usually within 1 h after collection), leaf
samples were placed in water in the dark at 5°C for 12 h
after the stem or petiole was removed under water (Garnier
et al., 2001b). This procedure ensured full leaf rehydration.
Leaves were then dried with tissue paper to remove sur-
face water and immediately weighed to determine their satu-
rated fresh weight. Leaf area was then measured with an
area meter (CI-400 Image Analysis Systems, USA). For spe-
cies with very narrow or cylindrical leaves (e.g., A.
halodendron), leaf length and leaf width were determined
in the middle of the leaf with a digital vernier caliper. Leaf
blade area was then calculated as half the total intercepted
area, following the procedure of Chen and Black (1992).
Samples were then oven-dried at 60°C for at least two
days, and their dry weights were determined. Values of
LDMC were calculated as the ratio between leaf dry mass
and saturated fresh mass (g g-1), and SLA was expressed
as the ratio of leaf area to leaf dry mass (cm2 g-1).

Data Analysis
Differences in soil characteristics and vegetation

productivities among the three types of sand dunes were
tested with one-way ANOVA and LSD. To meet ANOVA
assumptions, SLA and LDMC were transformed to their
natural logarithms before analysis. Analyses were per-
formed to test differences among sites, among species, and
between annual and perennial species. Pearson’s correla-
tion analysis was used to test the relationship between
SLA and LDMC in annual, perennial, all species, and dif-
ferent sand dune types. Hierarchical ANOVAs were per-
formed with Minitab 13 for Windows, and other statistical
analyses were conducted with SPSS 11.0 for Windows.

Results

Site Characteristics
Soil chemical properties and vegetation productivity

were used to characterize differences among the three
types of sand dunes. Results from ANOVA showed that
mean organic C, total N, EC, and C: N increased significantly
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Among five species common to three sites (A.
halodendron, C. thesioides, I. chinensis, S. viridis and S.
gordjevii), SLA was highest in fixed sand dunes (17.2 ±
7.4 m2 kg-1) and lowest in mobile sand dunes (14.7 ± 5.8 m2

kg-1) with an intermediate value (15.4 ± 6.2 m2 kg-1) in semi-
fixed sand dunes. The mean LDMC of these five species
showed a slight decrease from mobile sand dunes (0.27 ±
0.05 g g-1) to semi-fixed sand dunes (0.26 ± 0.06 g g-1) to
fixed sand dunes (0.25 ± 0.08 g g-1). For species that occur
on two sites, a higher SLA was observed in fixed sand
dunes (16.4 ± 4.4 m2 kg-1) than semi-fixed sand dunes (14.7
± 4.1 m2 kg-1), but LDMC varied little between the two sites
with 0.20 ± 0.08 g g-1 for semi-fixed sand dunes and 0.20 ±
0.07 g g-1 for fixed sand dunes.

Comparisons of SLA and LDMC between Annu-
als and Perennials

Because SLA and LDMC are sensitive to environmental
change (Wilson et al., 1999), SLA and LDMC of all species
(nine annual species and ten perennial species) were
compared in fixed sand dunes using a General linear model
for unbalanced data with Minitab 13 for Windows. Results
showed significant differences between perennial and
annual plants for both SLA (F=5.896, P=0.027) and LDMC
(F=9.182, P=0.008).  Mean SLA for perennial plants was
13.3 ± 3.9 m2 kg-1, significantly lower than for annual
plants (17.9 ± 4.0 m2 kg-1). Values of LDMC for perennial
and annual plants were 0.31 ± 0.08 g g-1 and 0.20 ± 0.06 g
g-1, respectively.

Table 1.  Soil characteristics (0-15 cm depth) and vegetation productivity in three types of sand dunes (means ± SD)*.

        
 Factor

Type of sand dune
F P

Mobile sand dune Semi-fixed sand dune Fixed sand dune

Soil characteristics (n=3)
Organic C (g kg-1) 0.32±0.05a 0.92±0.09b 2.80±0.06c 57.26 <0.001
Total N (g kg-1) 0.046±0.005a 0.106±0.01b 0.281±0.008c 55.94 <0.001
C/N ratio 7.03±0.39a 8.68±0.23b 9.96±0.47c 56.98 <0.001
pH (H

2
O) 7.70±0.06 7.55±0.13 7.58±0.12 0.57 n.s

EC (µ s cm-1) 17±1.53a 34±2.16b 50±2.08c 58.06 <0.001

Vegetation productivity (n=15)
Biomass (kg m-2) 0.11±0.08a 0.22±0.06b 0.37±0.09c 21.91 <0.001
Cover (%) 10±2.04a 52±4.28b 72±5.26c 26.63 <0.001

*Values in rows followed by a different letter indicate significant differences at P<0.05.

Table 2.  Results of hierarchical ANOVAs for specific leaf area
(SLA) and leaf dry matter content (LDMC). Results are the per-

centage of the total variance accounted for at each level.

Trait Species Site Functional type* Replications

SLA 65 10 22 3

LDMC 60  6 30 4

*Functional type refers to annual versus perennial species.

(P<0.001) from mobile sand dune to semi-fixed sand dune
to fixed sand dune (Table 1). This same pattern was ob-
served for above-ground biomass and vegetational cover.
Soil pH did not vary among sand dune types.

Overview of SLA and LDMC for Plant Species in
Dunes

Results of hierarchical ANOVA for SLA and LDMC are
shown in Table 2.  Mean SLA and LDMC differed substan-
tially among species in different types of sand dunes
(Tables 3 and 4). Maximum SLA was observed in the an-
nual grass S. viridis (28.2 m2 kg-1) in a fixed sand dune,
and the lowest SLA was exhibited in the perennial grass
P. centrasiatum (8.6 m2 kg-1) in a semi-fixed sand dune.
LDMC varied from 0.10 g g-1 for the annual forb C.
glaucum in fixed sand dune to 0.41 g g-1 for the perennial
grass P. australis on a fixed sand dune. The largest
amount of variance for both SLA and LDMC was explained
by the species factor, which explained more than 60% of
the variance (Table 2). Functional type (annual versus
perennial) explained more than 22% of the variance in SLA
and LDMC with annual species having higher SLA (17.4 ±
5.2 m2 kg-1) and lower LDMC (0.21 ± 0.07 g g-1) than peren-
nial species (12.7 ± 4.1 m2 kg-1 and 0.29 ± 0.08 g g-1,
respectively). Sites accounted for less of the variance than
species and functional type, and their contributions were
slightly higher for SLA than LDMC. Between-replicate vari-
ance was similar for both SLA and LDMC.

Variations of SLA and LDMC for Species Com-
mon to Three Sites

For species common to two or three sites, SLA and
LDMC were compared to evaluate differences among types
of sand dunes. SLA of most species common to two or
three sites was significantly different among sites, except
for S. collona and S. gordejevii (Table 3). In contrast, only
six species common to more than two sites (C. elongatum,
C. thesioides, E. esula, I. chinensis, A. halodendron and
P. centrasiatum) showed significant differences in LDMC
among sites (Table 4).
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Table 3.  Specific leaf area (m2 kg-1) of species in three types of sand dunes (means ± SD)*.

Species Family
Type of sand dune**

F P
MSD SSD FSD

Annuals
Agriophyllum squarrosum Chenopodiaceae 17.8±1.0 – – – –
Chenopodium acuminatum Chenopodiaceae – 17.2±1.0a 18.4±1.0b 10.9 0.003
Corisperum macrocarpum Chenopodiaceae – 13.6±0.8a 15.4±1.0b 25.5 <0.001
Cynanchum thesioides Asclepiadaceae 17.9±0.8a 18.1±1.1a 21.0±1.1b 38.5 <0.001
Euphorbia esula Euphorbiaceae – 13.7±0.9a 15.5±0.7b 28.7 <0.001
Euphorbia humifusa Euphorbiaceae – 18.5±0.9 21.6±0.9 24.1 <0.001
Ixeris chinensis Compositae 10.0±1.0a 12.2±0.8b 13.2±0.8c 43.3 <0.001
Salsola collona Chenopodiaceae – 10.6±0.9 10.4±1.1   0.32 0.579
Setaria viridis Gramineae 24.4±1.3a 25.9±1.3b 28.2±1.2c 25.42 <0.001
Tribulus terrestris Zygopgyllaceae – – 20.5±1.2 – –
Means±SD 17.5±5.9 16.2±4.8 18.2±5.3

Perennials
Aneurolepidium dasystach Gramineae – – 11.5±0.8 – –
Astragalus adsurgens Leguminosae – 20.6±1.3a 22.3±1.1b 16.3 <0.001
Artemisia halodendron Compositae 9.7±0.9a 9.9±0.7a 11.6±1.2b 30.7 <0.001
Lespedeza davurica Leguminosae – – 12.0±1.1 – –
Melissetus ruthencus Leguminosae – – 13.1±0.6 – –
Messerschmidia rosmarinifolia Boraginaceae – – 19.3±1.2 – –
Pennisetum centrasiatum Gramineae – 8.6±0.9a 10.6±0.8b 25.16 <0.001
Phragmitis australis Gramineae – – 10.4 ±0.9 – –
Potentilla chinensis Rosaceae – – 10.4±1.0 – –
Salix gordejevii Salicaceae 11.1±0.8 10.5±1.0 10.9±1.1   2.06 0.14
Means±SD 10.4±1.0 12.4±5.5 13.2±4.1

*Values in rows followed by a different letter indicate significant differences at P<0.05.
**MSD, SSD and FSD refer to mobile sand dune, semi-fixed sand dune and fixed sand dune, respectively.

Table 4.  Leaf dry matter content (g g-1) of species in three types of sand dunes (means ± SD)*.

Species Family
Type of sand dune**

F P
MSD SSD FSD

Annuals
Agriophyllum squarrosum Chenopodiaceae 0.19±0.02 – – – –
Chenopodium acuminatum Chenopodiaceae 0.11±0.005 0.10±0.001 0.15 0.697
Corisperum elongatum Chenopodiaceae 0.14±0.001a 0.11±0.0007b 29.1 <0.001
Cynanchum thesioides Asclepiadaceae 0.27±0.018a 0.24±0.015b 0.22±0.013c 35.5 <0.001
Euphorbia esula Euphorbiaceae 0.35±0.017a 0.32±0.016b 15.6 <0.001
Euphorbia humifusa Euphorbiaceae 0.22±0.018 0.25±0.018 0.116 0.735
Ixeris chinensis Compositae 0.27±0.019a 0.25±0.015b 0.22±0.01c 31.1 <0.001
Salsola collona Chenopodiaceae 0.15±0.011a 0.16±0.021b 0.027 0.871
Setaria viridis Gramineae 0.23±0.013 0.25±0.016 0.23±0.016 0.15 0.862
Tribulus terrestris Zygopgyllaceae – – 0.19±0.012 – –
Means±SD 0.24±0.038 0.21±0.077 0.20±0.069

Perennials
Aneurolepidium dasystach Gramineae – – 0.34±0.021 – –
Astragalus adsurgens Leguminosae – 0.24±0.006 0.24±0.01 0.47 0.499
Artemisia halodendron Compositae 0.23±0.011a 0.21±0.009b 0.19±0.013c 17.8 <0.001
Lespedeza davurica Leguminosae – – 0.38±0.015 – –
Melissetus ruthencus Leguminosae – – 0.34±0.011 – –
Messerschmidia rosmarinifolia Boraginaceae – – 0.21±0.014 – –
Pennisetum centrasiatum Gramineae – 0.22±0.019a 0.20±0.017b 6.97 0.013
Phragmitis australis Gramineae – – 0.41±0.009 – –
Potentilla chinensis Rosaceae – – 0.36±0.017 – –
Salix gordejevii Salicaceae 0.37±0.012 0.38±0.018 0.38±0.014 0.61 0.548
Means±SD 0.30±0.099 0.26±0.079 0.31±0.085

*Values followed by a different letter in rows are significantly different at 0.05 levels.
**MSD, SSD and FSD refer to mobile sand dune, semi-fixed sand dune and fixed sand dune, respectively.
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Relationship between SLA and LDMC
Relationships between SLA and LDMC were plotted

separately for species found at each site (mobile sand
dunes, semi-fixed sand dunes, and fixed sand dunes) and
functional types (annuals, perennials, and all species)
(Figure 1). Increased SLA was associated with decreased
LDMC. Table 5 shows Pearson’s correlation coefficients
for SLA and LDMC for the three types of sand dunes and
functional types. When the three sites were analyzed
separately, significant negative associations were found
between SLA and LDMC only in the fixed sand dunes
(Table 5). When different functional types were consid-
ered separately, significant negative associations were
found only for perennial species and all species combined.
Although SLA and LDMC were negatively correlated for
species in mobile sand dunes and semi-fixed sand dunes

as well as annual species, these correlations were not sta-
tistically significant (P>0.05).

Discussion

Values of SLA in this study were in the low to middle
range compared to those found in plants growing in other
field and laboratory conditions (Garnier et al., 1997; Poorter
and de Jong, 1999; Meziane and Shipley, 1999; Shipley and
Vu, 2002; Ackerly et al., 2002; Shipley, 2002). It has been
shown that SLA reflects previously captured resources
and indicates that species with high SLA exhibit high pro-
ductivity (Poorter and Van der Werf, 1998; Van der Werf et
al., 1998; Wilson et al., 1999). Therefore, species with high
SLA do better in resource-rich environments while species
with low SLA do better in resource-poor environments

Table 5. Correlations between specific leaf area (SLA) and leaf dry matter content (LDMC) within different types of sand dunes
and functional types.

Sample number Pearson’s coefficients Significance level (P)

Type of sand dune
Mobile sand dune 18 -0.076 0.660
Semi-fixed sand dune 36 -0.360 0.142
Fixed sand dune 57 -0.436 0.001

Functional type
Annual species 63 -0.085 0.357
Perennial species 48 -0.451 0.040
All species 37 -0.286 0.002

Figure 1. Relationship between specific leaf area (SLA) and leaf dry matter content (LDMC) for three types of sand dunes and
functional types (A, Mobile sand dune; B, Semi-fixed sand dune; C, Fixed sand dune; D, Annual species; E, Perennial species; F, All
species).
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where retention of captured resources is a higher priority.
As a result, most sand dune plants appear to exhibit low
or middle SLA due to their adaptation to resource-poor
environments. Negative correlations were observed be-
tween LDMC and SLA in our study (Figure 1).

Species that have a wide distribution typically exhibit
broad adaptation to various environments (Migahid and
Elhaak, 2001). In particular, leaf traits of plant species in
nutrient-poor habitats differ significantly from those in nu-
trient-rich habitats. In the present study, SLA of all spe-
cies common to more than two sites (species distributed
in two or three sites) was significantly different between
sites (Table 3 and 4). For species common to more than
two sites, SLA from plants in fixed dunes (which have a
relatively higher nutrient content than plants found in other
dune types) were significantly higher than those in semi-
fixed sand dunes or mobile sand dunes. The mean LDMC
of all species common to more than two sites, however,
did not differ among sites (Table 4). Differences in SLA
suggested that soil fertility was highest in fixed sand
dunes, intermediate in semi-fixed sand dunes, and lowest
in mobile sand dunes, agreeing with data in Table 1. This
trend was also supported by the results of the analysis of
SLA between sites for a given species. The SLA of most
species common to two or three sites was relatively higher
than that from semi-fixed sand dunes or mobile sand dunes,
except for S. collona and S. gordejevii. For LDMC, only
six species (C. elongatum, C. thesioides, E. esula, I.
chinensis, A. halodendron and P. centrasiatum) common
to two or three sites showed significant differences among
sites. SLA is usually higher (Cunningham et al., 1999;
Poorter and de Jong, 1999) and LDMC lower (Cunningham
et al., 1999) in fertile than infertile sites. Our results sug-
gested that SLA is more sensitive than LDMC to varia-
tions in soil resources. A similar conclusion was reached
by Ryser (1996), who found that interspecific ranking of
LDMC was apparently unaffected by nutrient supply or
competition. However, Wilson et al. (1999) compared SLA
and LDMC in 769 species from central England and con-
cluded that LDMC was a more preferred descriptor of plant
resource use than SLA.

Plants may exhibit different phenotypes under different
environments due to genotypic variation and/or pheno-
typic plasticity of genotypes. However, separating phe-
notypic from genotypic differences can be difficult. In the
present study, the selected species were mainly distrib-
uted on several adjacent sand dunes. Furthermore, Zhao
and Bai (2000) pointed out that species sources in differ-
ent types of sand dunes in the study area were from
interdune lowlands between sand dunes. As a result,
plants sampled in the relatively small area used in our
study are probably from the same population source.
Therefore, most variation in SLA and LDMC is probably
attributable to phenotypic plasticity.

In our study, the SLA of selected annual plant species
was significantly higher than that of selected perennial
species. This finding is consistent with results from labo-
ratory experiments (Muller and Garnier, 1990; Garnier, 1992;
Roumet et al., 1996) and a field study (Garnier et al., 1997).

LDMC also differed significantly between annual and pe-
rennial plants in our study. What is behind this difference
in SLA and LDMC between annual and perennial species?
Several studies suggested that SLA may depend on leaf
thickness and/or leaf tissue density (Witkowski and
Lamont, 1991; Westoby, 1998; Wilson et al., 1999). Garnier
and Laurent (1994) reported that differences in SLA be-
tween life-forms were related to differences in leaf density,
but not leaf thickness under laboratory conditions. They
also suggested that differences in anatomical features may
contribute to differences in leaf density between annual
and perennial species. Their main conclusions were that
the higher leaf density in perennial species was related to
a higher proportion of sclerenchyma and vascular tissues
in the leaf. Differences in SLA and LDMC between annual
and perennial species may also be related to other leaf traits
such as leaf size (Shipley, 1995). Additional experiments
are required to determine which factor plays the most im-
portant role in causing differences in SLA and LDMC be-
tween annual and perennial species.

A number of studies have been conducted to determine
the relationship between SLA and LDMC (Wilson et al.,
1999; Garnier et al., 2001b; Shipley and Vu, 2002). In
general, increased SLA is associated with decreased
LDMC. In a field study reported by Garnier et al. (2001b),
the correlation between SLA and LDMC was -0.96. Our re-
sults were in general agreement with theirs although the
correlation between SLA and LDMC was not significant
for the mobile sand dunes, semi-fixed sand dunes, or an-
nual species (Table 5). The relationship between SLA and
LDMC in our study was inconsistent among sites where
soil nutrient stress was a major limiting factor. This incon-
sistency may be due to plant plasticity in response to soil
nutrients. However, when all species from the three types
of sand dune sites were considered together, SLA and
LDMC were significantly correlated. Garnier et al. (2001b)
suggested that low SLA values are relatively independent
of changes in LDMC, except when SLA values were higher
than 10-15 m2 kg-1. In contrast, we found that SLA and
LDMC of perennial species were significantly correlated
when SLA values were significantly lower than that of an-
nual species (Table 5).

In summary, variation in SLA and LDMC of plants
among our three study sites suggested that LDMC is less
sensitive to variations of soil resources in the three types
of sand dunes. As a result, SLA appears to be a better in-
dicator of plant resource-use strategy in sand dune
environments. Nevertheless LDMC is still important in
evaluating plant resource-use strategy in dune environ-
ments because it is easier to measure than SLA, especially
for dune plants that have small, narrow leaves. Responses
of SLA to variations in dune environments imply that en-
vironmental constraints have a direct effect on plant
growth.
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