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The Chinese endemic and endangered Shaniodendron subaequale (Hamamelidaceae) 
is restricted to a narrow distribution area, where drought frequently occurs. In order 
to find out soil water demand of the species, we studied its photosynthesis and other 
ecophysiological traits in response to soil water availability. The results showed that, 
when relative water content was 60%, S. subaequale had the maximal photosynthetic 
rate and highest light saturation point. Below 60% of soil water holding capacity, mean 
photosynthesis rate, mean transpiration rates, mean water use efficiency and mean sto-
matal conductance remarkably decreased with decreasing soil water content. Signifi-
cant reduction of S. subaequale leaf area followed that of soil water content, but at the 
same time the chlorophyll content increased. The study indicated that relatively wet 
soil was more favourable for S. subaequale. Separation of its actual water niche from 
an optimal water niche can partly account for its endangered status.
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Introduction

Shaniodendron subaequale (Hamamelidaceae) 
is endemic to eastern China, and is one of 
the critically endangered species in the coun-
try (Wei et al. 1994). It was listed in Directory 
of State Key protected Wild plants in 1999. 
Shaniodendron subaequale was first found in 
the south of Jiangsu Province in 1935. However, 
it was not until the 1990s that this species was 
re-found in Yixing in Jiangsu province, Anji 
and Linan in Zhejiang Province, and Shucheng, 
Jixi and Jinzhai in Anhui Province. At present, 

seedlings of S. subaequale are extremely rare, 
and the maximal population only consists of 
about 100 individuals (Hao et al. 2000). In the 
field, this species is mainly restricted to gravelly 
areas in valleys and barren areas near mountain 
ridges, where drought frequently occurs (Hao et 
al. 2000), although some individuals also grow 
beside mountain rivulets.

In recent years there were many reports in 
the literature about plant response to soil water 
status (Abril et al. 1998, Tsuji et al. 2003, 
Gindaba et al. 2004). Drought causes changes 
in biomass accumulation, growth rate and many 
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other physiological or structural traits (Arora 
et al. 2001, Chaitanya et al. 2003), which are 
important as they can contribute to the capabil-
ity of competition, ecological distribution (Bell 
1999) and thus existence of plants (Garg et al. 
2001). Photosynthesis is known to be very sen-
sitive to environmental stress. When soil water 
availability is limited, photosynthetic rate often 
limits plant growth (Huang et al. 2000).

Studies of S. subaequale have been focused 
on its taxonomy and anatomy (Deng et al. 1992, 
Fang et al. 1996, 1997, Hao et al. 1996, Li et 
al. 1997), but little has been known about its 
ecophysiological characteristics. In order to find 
out the soil water demand of this species, we 
studied its photosynthesis rate and other related 
ecophysiological characteristics in a greenhouse. 
Based on the experimental results, actual water 
niche and optimal water niche of this species 
was analyzed, and the relationship between 
water niche and the endangered status is dis-
cussed. This study can increase the understand-
ing of endangering mechanisms and assist in the 
development of approaches to conserving this 
endangered species.

Material and methods

Plant material

The study site is located in the experiment 
base of Zhejiang Forestry Academy (120°12´E, 
30°16´N; 50 m above sea level). In December 
2003, 16 five-year-old seedlings of S. subaequale 
of uniform size were selected from the nursery in 
Longwangshan Natural Protection Zone. They 
were randomly transplanted into pots (height 
30 cm, upper diameter 25 cm, one plant per pot) 
filled with the same forest soil. The pots were 
placed outside a greenhouse.

Experimental design

In early April 2004, when S. subaequale began 
sprouting, all seedlings were randomly assigned 
into four groups, and each group was subjected 
in the greenhouse to one of four treatments, 

expressed in terms of relative soil water content 
(RWC), which is a percentage of soil water hold-
ing capacity: (1) W80, water was withheld until 
the RWC dropped to 80% and then water was 
added thoroughly to saturation; (2) W60, water 
was withheld until the RWC dropped to 60% 
and then water was added thoroughly to satura-
tion; (3) W40, water was withheld until the RWC 
dropped to 40% and then water was added thor-
oughly to saturation; (4) W20, water was withheld 
until the RWC dropped to 20% and then water 
was added thoroughly to saturation. Watering 
was performed after sunset.

After three months of treatments, incident 
photosynthetic photon flux density (PPFD), air 
temperature (Ta), net photosynthetic rate (PN), 
transpiration rate (E ), and stomatal conduct-
ance (gs) were determined with a portable gas 
exchange system (LCA-4, Analytical Develop-
ment Company, Hoddesdon, England) on three 
consecutive clear days. The diurnal course of gas 
exchange was monitored at 1-h intervals. Water 
use efficiency (WUE) was calculated as PN/E. PN 
was recorded after steady data was reached, there 
being four replications. The response of PN to 
step changes in PPFD was examined. A series of 
PPFD ranging from 0 to 1700 µmol m–2 s–1 was 
produced by gradually altering the light intensity 
of an attached light source. There were four rep-
lications for each PPFD. Light saturation point 
and light compensation point were estimated by 
fitting the data to a model function expressed as 
a quadratic equation (Prioul & Chartier 1977). 
Immediately after photosynthesis measure was 
finished, chlorophyll content was determined by 
the method described by Ping and Liu (1992). 
Leaf area was measured using a leaf area meter 
(Li-cor 3000) and leaves were dried at 80 °C for 
at least 72 h and weighed to calculate the specific 
leaf area (SLA, leaf area/leaf mass).

Data analysis

Statistical analysis was conducted using Micro-
soft Excel 2000 and SPSS 8.0 for Windows. All 
data were tested for significant effects of the 
treatments using a one-way ANOVA with mean 
values.
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Results

Response of photosynthesis to PPFD

Soil water status greatly affected response 
of photosynthesis to PPFD in S. subaequale 
(Table 1). The difference in Pmax was significant 
among all treatments, of which W60 had the high-
est Pmax, slightly greater than W80. When RWC 
was smaller than 60%, Pmax decreased signifi-
cantly following a decrease in soil water content, 
and the Pmax in W60 was 2.6 times that of Pmax 
in W20. There was also a significant difference 
in light saturation point among the treatments, 
of which that in W60 was highest. When RWC 
was below 60%, light saturation point greatly 
decreased with decreasing soil water content. 
However, the difference in light compensation 
point among the treatments was small, ranging 
from 15 µmol m–2 s–1 to 25 µmol m–2 s–1. These 
results indicate that W60 was optimal for photo-
synthesis of S. subaequale.

Diurnal course of photosynthesis

A typical diurnal course of photosynthesis for 
one day with uninterrupted sunshine and tem-
peratures being stable around 36° between 10:00 
and 16:00 is presented in Fig. 1. All treatments 
displayed a diurnal pattern for net photosynthesis 
that was typical for a tree with a peak early in 
the day followed by a later decline. PN differed 
among treatments with W80 and W60 being similar 
and always more than double the rates for W40 
and W20. E and gs showed very similar patterns 
to PN. Mean transpiration rates were 2.26 and 
2.23 mmol m–2 s–1 for W80 and W60, respectively, 

and about 60% of these values for W40 and W20. 
When RWC was below 60%, gs greatly decreased 
following the decrease in soil water content. The 
similar patterns for PN and E are shown clearly in 
the WUE, which combines these, and which was 
remarkably similar for all treatments and also 
constant for most of the day. These results show 
the plant has excellent stomatal control.

Leaf area and chlorophyll content

There was a highly significant difference in leaf 
area and SLA among the treatments (Table 2). 
Leaf area significantly decreased with decreasing 
soil water content. The value in W80 was almost 
3 times that in W20. SLA increased with decreas-
ing soil water content. Significant differences in 
chlorophyll content between different treatments 
were observed. Decreased soil water content 
resulted in an increase in chlorophyll content. 
Chlorophyll a content had little response to 
soil water content, but chlorophyll b greatly 
increased with decreasing soil water content, 
resulting in a significant decrease in chlorophyll 
a/chlorophyll b ratio.

Discussion

In the field S. subaequale mainly grows in 
gravelly areas of valleys and barren areas near 
mountain ridges, where the soil water content 
is low and drought is frequent. However, our 
results show that the plant is clearly not in a 
preferred water niche. When RWC was below 
60%, mean photosynthesis rate, mean transpira-
tion rate, mean water use efficiency and mean 

Table 1. Maximal photosynthetic rate, light compensation point and saturation point of Shaniodendron subaequale 
under different soil water treatments. Values are means ± SE.

Water treatments Maximal net Light compensation Light saturation point
 photosynthetic point (µmol m–2 s–1) (µmol m–2 s–1)
 rate (µmol m–2 s–1)

W80 11.00 ± 0.98 23 ± 2 0796 ± 37
W60 11.78 ± 0.64 18 ± 4 1135 ± 110
W40 7.79 ± 0.93 19 ± 3 0697 ± 76
W20 4.48 ± 0.67 16 ± 4 0590 ± 32
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stomatal conductance markedly decreased with 
decreasing soil water content, indicating that W60 
appears to be optimal for the species.

There are many reports on the relationship 
between soil water content and photosynthesis, 
but effect of soil water on light saturation point 
has seldom been investigated. Recently, studies 
on the endangered species Woonyoungia sep-
tentrionalis found that its light saturation point 

decreased following the decrease in soil water 
content (Zeng et al. 2004). In the present study, 
light saturation point decreased with decreasing 
soil water content when RWC was below 60%, 
indicating that soil water content can affect the 
light adaptation range of a plant.

With the decrease of soil water content, chlo-
rophyll content of S. subaequale increased, but 
net photosynthetic rate decreased, which perhaps 
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Fig. 1. Diurnal changes of photosynthetic photon flux density (PPFD) and air temperature (Ta), net photosynthetic 
rate (PN), transpiration (E ), water use efficiency (WUE), and stomatal conductance (gs) of Shaniodendron subae-
quale in different soil water status.

Table 2. Leaf area, SLA and chlorophyll content of Shaniodendron subaequale under different soil water 
treatments. Values are means ± SE. Different letters express significant (at p < 0.05, Student-Newman-Keuls test) 
difference between water treatments.

Water treatment W80 W60 W40 W20 P (ANOVA)

Leaf area (cm2) 12.45 ± 2.24a 9.44 ± 2.69ab 7.35 ± 0.41b 4.76 ± 0.94c 0.0051
SLA (dm2 g–1) 1.547 ± 0.178a 1.414 ± 0.067a 1.652 ± 0.077ab 2.020 ± 0.268b 0.0106
Chlorophyll (mg g–1) 2.111 ± 0.017a 2.241 ± 0.047b 2.437 ± 0.041c 2.504 ± 0.030c < 0.001
Chlorophyll a (mg g–1) 1.344 ± 0.010a 1.346 ± 0.011a 1.354 ± 0.005a 1.351 ± 0.013a 0.6303
Chlorophyll b (mg g–1) 0.766 ± 0.012a 0.894 ± 0.053b 1.083 ± 0.036c 1.153 ± 0.028c < 0.001
a/b 1.755 ± 0.027a 1.509 ± 0.094b 1.252 ± 0.038c 1.172 ± 0.031d < 0.001
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contributed to the stomatal restriction induced 
by decreased leaf water content. The increased 
chlorophyll content improved plant’s survival 
during drought. Leaf area plasticity is important 
for maintaining control of water use. In Sor-
ghum, leaf area was significantly reduced under 
water stress, as reported by Blum (1996). In the 
present study, a reduction in leaf area of S. sub-
aequale was also observed. Pereira and Chaves 
(1993) viewed stomatal closure as a short-term, 
and leaf area reduction as a long-term acclima-
tion mechanism in response to soil water deficit.

Regarding photosynthesis, the optimal habi-
tat for S. subaequale is where soil water and light 
are abundant. In fact, it is seldom distributed in 
such habitats, which may account for its weak 
competition ability. Shaniodendron subaequale 
is a heliophilic tree species as shown by its light 
saturation point and light compensation point, 
but its young seedlings grow much too slowly 
because of its dense timber, so it fails in compet-
ing with other tree species in a habitat where soil 
water and light are abundant. Thus the species is 
restricted to more adverse habitats. Its survival 
strategy should be regarded as competition-
avoidance type. The clear difference between its 
existing water niche and optimal water niche can 
partly account for its endangered status.
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