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Abstract 
 
Leaf traits have long been recognized as influential factors in the acquisition and processing of resources by plants. 
However, there is less knowledge of between-species variations in seasonal changes in leaf traits and trait inter-
relationships. Therefore, we examined variations in leaf area (LA), dry biomass (DM), specific leaf area (SLA), and leaf 
gas-exchange parameters in one non-native and seven native tree species under field environmental conditions, in a karst 
area in China subjected to desertification. Measurements were taken three times during the growing season. The results 
show that the seven native trees had higher LA, DM, and water-use efficiency (WUE) than the non-native Cinnamomum 
camphora. In contrast, all the native tree species except Ligustrum lucidum had lower photosynthetic rates (PN) than the 
non-native species. In all species, the relationship between LA and DM was less variable than the relationship between 
SLA and LA. However, leaves of the non-native C. camphora and native species Sterculia lanceolata, Cleidiocarpon 
cavalerei and Cyclobalanopsis glauca were highly sensitive to seasonal conditions, leaves of Sapindus mukorossi and 
Ligustrum lucidum were less sensitive to seasonal changes, and leaves of Syzygium cumini and Cephalomappa sinensis 
were insensitive. An understanding of leaf traits will aid the selection of suitable species for land restoration. 
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Introduction  
 
The karst areas in China are characterized by exposed 
rocks, poor and superficial soil, sparse vegetation 
(coverage < 10%, forest coverage < 1%), and they are 
frequently subjected to drought and grazing disturbance, 
leading to desertification (Lv et al. 2007). Thus, the karst 
environment in China is ecologically fragile and there is 
little remnant native vegetation. Moreover, desertification 
to rock is increasing at an alarming rate (10% annually). 
The loss and degradation of native vegetation not only 
creates vast stretches of land with no economic, social 
and aesthetic value, but also poses a number of ecological 
risks that threaten the local and even global environment 
(Nath 2004). 

Rocky desertification in the karst area requires 
remediation. Agriculture may not be suitable or feasible 
at all sites, and afforestation or reforestation seem to be  
 

the only alternatives for sustainable productivity that can 
be achieved with modest effort (Nath 2004, Lv et al. 
2006). Large-scale reclamation and eco-restoration 
programs have been demonstrated to be effective in 
relieving some ecological crises, and in realizing the 
integrated development of the local economy, society, 
and environment (Nath 2004, He et al. 2004). 

Screening of suitable tree species for remediating 
these areas has attracted increasing attention. Compared 
with non-native species, endemic species have lower 
photosynthetic capacity, specific leaf area, and leaf nitro-
gen content (Gulías et al. 2003). Alcover et al. (1999) 
suggested that these leaf traits may be disadvantageous 
for native plant species in competition with non-native 
species. There have also been reports that introduced 
species can decrease litter and soil pH, and alter  
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the carbon, nutrient and water cycles, and soil bio-
diversity (Scholes and Nowicki 1998). In turn, this may 
lead to more extensive colonization and invasion of 
native ecosystems by the introduced species (Richardson 
et al. 2000). Thus, successful reforestation needs sound 
information on the ecology and growth responses of 
target plant species acclimated to relevant environmental 
factors, especially their ecological leaf traits (Zhang et al. 
2006, Zheng and Shangguan 2007). Leaves play particu-
larly important roles in carbon assimilation, water 
relations and energy balance (Ackerly et al. 2002, Vile  
et al. 2005). Leaf traits also have a functional influence 
on the survival and growth of plants, and thus the species 
richness and composition of plant communities (Thomas  
 

and Winner 2002, Gratani and Varone 2006).  
In this study, we examined the variation in plants’ leaf 

traits and trait inter-relationships during the vegetative 
season, and tested the hypothesis that leaf traits may 
differ between non-native and native tree species. We 
measured LA, DM, SLA, and leaf gas-exchange para-
meters of one non-native tree species, Cinnamomum 
camphora (Linn.) Presl, and seven native tree species that 
grow in the karst area of southwestern China: Sapindus 
mukorossi Gaertn., Syzygium cumini hainanense Chang et 
Miau, Sterculia lanceolata Caw., Cleidiocarpon 
cavalerei (Levl.) Airy Shaw, Cyclobalanopsis glauca 
(Thunb.) Derst, Ligustrum lucidum Ait. and Cephalo-
mappa sinensi (Chun et How) Kosterm.  

Materials and methods  
 
Study site: The study site is located at Longhe Village, 
Pingguo County, Guangxi province, China (107°22′40″E-
107°25′30″E, 23°22′30″N-23°24′00″N). The study area 
covers an area of about 89,000 km2. The average annual 
temperature is 19.1–22°C. Annual rainfall is 1,500 mm, 
with most of the rainfall occurring from May to 
September, accounting for 65% of the total. The dry and 
wet seasons are clearly distinct in this area, because of the 
uneven distribution of rainfall. Tree saplings were planted 
in 2003 in a nursery covering an area of 0.6 ha.  

 
Morphological and structural leaf trait measurement: 
A total of 15–20 fully expanded and intact sun leaves of 
each species were sampled on each of three occasions 
(October 2007, March 2008, and July 2008) to measure 
their LA, DM, and SLA. LA was measured with  
a LI-3000A Portable Leaf Area Meter (Li-Cor Inc., 
Lincoln, USA). After LA and fresh mass had been 
determined, they were oven-dried at 80°C to constant 
mass for DM measurement. SLA was calculated as the 
ratio of LA to DM (Vile et al. 2005). Mean values ± SE 
of these variables for each species, on each sampling 
occasion, are presented where xx is the number of trees  
 

sampled of each species on each sampling occasion. 
 

Leaf gas-exchange measurements were carried out 
using a Li-6400 portable gas-exchange system (Li-6400, 
LiCor, Lincoln, USA) on 24–25 July, 2008. Net photo-
synthetic rate (PN) and transpiration rate (E), stomatal 
conductance (gs), and intercellular CO2 concentration (Ci) 
were measured at a saturating irradiance of 1,200 µmol 
m−2 s−1 provided by a built-in red LED light source. The 
gas entry was connected via a pipe from 3 m above 
ground. The open pathway was turned on to adjust the 
airflow rate to 0.5 ml min–1, and the cuvette temperature 
was set at approximately the air temperature on each 
sampling occasion. The gas-exchange parameters were 
recorded 2 min after photosynthesis had stabilized. The 
instantaneous WUE was determined from PN/E (Peñuelas 
et al. 1998). WUEi was determined from PN/gs. The 
photosynthetic gas-exchange parameters were measured 
on fully expanded leaves of six saplings of each species. 

Measurement conditions were as follows: irradiance 
1,500 μmol m–2 s–1; CO2 concentration 400 μmol mol–1; 
air humidity, 63%, and temperature 28°C. 

Results 
 
Leaf structural traits: During the study period, the mean 
leaf size (LA) varied substantially, both within and 
among species, ranging from 10.2–18.8 cm2 for 
C. camphora to 31.5–35.9 cm2 for C. sinensis (Fig. 1A). 
LA [cm2] did not show any significant differences among 
S. mukorossi (32.9 ± 1.5), S. cumini (38.0 ± 2.9), 
C. glauca (35.9 ± 14.4), L. lucidum (36.5 ± 1.7) and 
C. sinensis (33.6 ± 2.2). However, these species had 
greater LA than C. camphora (14.4 ± 4.3), C. sinensis 
(97.2 ± 148) and C. cavalerei (57.6 ± 9.1), on average 
over the three sampling periods. Of all tested species, 
C. camphora had the lowest LA; 15% lower than that for 
S. lanceolata. Leaf DM was lowest for C. camphora 

(0.11 ± 0.04); 19% lower than that of C. cavalerei (0.56 ± 
0.02) (Fig. 1B). The SLA values were lowest for L. luci-
dum and C. sinensis (99.0 ± 10.7) (Fig. 1C), although 
these species had intermediate LA and DM values.  

 
Leaf functional traits: Leaf gas-exchange parameters for 
all the species measured in July 2008 are shown in Table 1. 
C. camphora and L. lucidum had the highest PN values 
(17.8 ± 2.8 and 16.6 ± 4.2, respectively), followed by 
C. glauca (13.5 ± 3.5), S. cumini (12.0 ± 2.7), S. lanceo-
lata (10.6 ± 1.3), S. mukorossi (9.4 ± 2.1), C. cavalerei 
(9.4 ± 2.8) and C. sinensis (7.8 ± 2.3). Values for gs, Ci,, 
E, Vpdl, WUE and WUEi all varied among the eight  
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