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Abstract

Net photosynthetic rate (Py), transpiration rate (£), stomatal conductance (g;), and leaf water potential (‘¥}) of an annual
pioneer C, grass (Agriophyllum squarrosum) were compared under different simulated precipitation events in a field of
Hunshandak Sandland, China. The increase of soil water content (SWC) had significant effect on these physiological
traits (p<0.001). In the vegetative stage, the values of Py, E, and g, went up sharply when SWC increased at the begin-
ning, while they went down with continuous increase of SWC. Py, E, and g; increased 1.4, 1.7, and 1.7 fold, respec-
tively, with SWC range from 6.7 to 11.6 %. In the reproductive stage, similar trends were found, except for the climate
with a higher SWC. This indicated that A. squarrosum was very sensitive to the small increment of SWC which might
have a large photosynthetic potential. 'V, increased by about 8 % as the SWC changed from 6.7 to 8.8 %, and then main-
tained a steady level when the SWC was higher than 8.8 %, while the values of Py, E, and g kept increasing even after
this SWC. This might indicate that the adjustment of ¥, response to the changes of SWC lagged that of the photosyn-

thetic parameters.
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Although there have been some investigations on the
photosynthetic response to soil water availability of des-
ert plants in arid area around the world (Terwilliger and
Zeroni 1994, Singh et al. 1996, Szente et al. 1996, Deng
et al. 2002), the response of sand-fixation pioneer plants
in sand lands was seldom reported. Hunshandak Sandland
is one of the five large sandlands in China (Han et al.
2002). It was once the best grassland before 1960’s, but
now most of it has degraded severely, with the shifting
sand dunes amounting to 70 % of total area (Ma et al.
1998). It is very urgent to regenerate the degraded grass-
land in this area, the key being fixation of shifting sand
dunes. Therefore, the pioneer plant species in the shifting
sand dunes should be firstly taken into account.
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Agriophyllum squarrosum, a therophyte of sandy soils
(see Wang 2002), is one of the pioneer annual C, grasses
in shifting sand dunes in Hunshandak Sandland. Its seeds
germinate quickly with only a little rainfall in the begin-
ning of June (Chen 1986), its vegetative stage lasts to the
end of July, and it begins to bloom and go to seed in the
middle of August. Its roots grow very fast. The main root
is 3.5 cm long when the cotyledon comes up the soil,
while it is 7.8 cm long one week later. After maturing, the
rooting depth is about 70 cm and the horizontal scope is
about 100 cm. The frond is 30 cm high (Chen 1986).
A. squarrosum can dominate most of the shifting sand
dunes which were fenced, with the highest coverage of
about 60 % in the first year. In the second year, other
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species such as Corispermum heptapotamicum can join
in. By this way, shifting sand dunes can be fixed gradu-
ally. So, A. squarrosum is considered as the best indicator
of the beginning of community succession in shifting
sand dunes. Therefore we compared Py, E, g, and ¥ of
A. squarrosum under different simulating precipitation
events. The experiment should help full understanding of
the eco-physiological reactions of such pioneer species
under different precipitation and explore the relationship
between gas exchange and soil water contents.

The experiment was conducted at Hunshandak Sand-
land  Ecosystem Research Station (43°56'47"N,
116°08°15"E) of the Chinese Academy of Sciences, based
in Xilingel league of Inner Mongolia Autonomous Re-
gion of China. The prevailing climate is of the temperate
arid and semi-arid type. The average annual temperature
is about 1.7 °C, annual precipitation is about 250-350
mm, with uneven distribution throughout the year. The
annual transpiration is 2 000-2 700 mm. The annual total
radiation time is 3 000-3 200 h. Photosynthetic photon
flux density (PPFD) at 10:00 ranged from 1 625-1 716
umol m? s™' during our experiments (Fig. 14); the leaf
temperature (T|) changed from 33.4 to 35.6 °C (Fig. 1B).
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Fig. 1. Average incident photosynthetic flux density (PPFD) (4)
and leaf temperature (T)) (B) of 4. squarrosum on the measuring
days in vegetative stage (8 July: e; 9 July: o) and reproductive
stage (17 August: A; 18 August: A) of 2002 at Hunshandak
Sandland, China.

The field experimental plots were circular with a ra-
dius 0.5 m aluminium frame (height was 10 cm) con-
taining only 4. squarrosum, without other plants. The up-
edge of frames was 3 cm above the sand surface. The
sizes of target plants were similar and the distances be-
tween two plots were at least 1 m. Each experiment in-
cluded five water events. On 7 July and 16 August, all
plots were watered with 10, 15, 20, 25, and 30 mm of
water, respectively. Water was applied to the entire plot
area with a handheld sprinkler as uniformly as possible.
The application rate was as slow as possible to minimise
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runoff. In each treatment, three individuals of A. squar-
rosum were chosen. There were three additional plants
for the control experiment. Py, E, g, and V|, were meas-
ured during 2 d (8-9 July and 17-18 August 2002) after
watering, at about 10:00, ie at the peak of
photosynthesis.
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Fig. 2. Net photosynthetic rate (4, B), transpiration rate (C, D),
stomatal conductance (E, F), and leaf water potential (G, H) of
A. squarrosum in response to different soil water content in
vegetative stage (4, C, E, G: 8 July: e; 9 July: o) and reproduc-
tive stage of 2002 (B, D, F, H: 17 August: e; 18 August: 0) in
Hunshandak Sandland, China. Means + SE.

All experiment days were clear. Prior to both experi-
ments, about 10 d were without rainfall in the area. Three
replicate samples of current foliage from each treated
plant were measured using a LCA4 Portable Photosyn-
thetic System (ADC, Hoddesdon, UK). After gas ex-
change measurements, ¥, was measured with a WP4
Dewpoint Potential Meter (Decagon Devices, Pullman,
WA, USA). Three replications were made for each treat-
ment. Soil moisture contents at 18 experiment plots were
investigated with a Delta-T Moisture Meter (Profile
Probe, type PR1/6, UK) by means of one probe buried in
soil. The HH? moisture meter was connected to the
equipment to show readings. The test depth was 10, 20,
30, and 40 cm.

The large data set was entered into an EXCEL spread-
sheet. Analysis of variance (ANOVA) was used to test for
statistic evaluation of the impact of amount of precipita-
tion on physiological characteristics (SPSS 10.0 for
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Windows, Chicago, USA).

Simulated precipitation significantly affected Py of
A. squarrosum (p<0.001). At the vegetative stage, Py in-
creased with SWC from 6.7 to 11.6 % and then decreased
gradually as SWC continuously increased. At SWC of
11.6 %, Py was 1.4 fold that in control plants (SWC of
6.7 %) (Fig. 24), while in the reproductive period, the
highest Py was noted at SWC of 15.3 % (Fig. 2B). When
SWC decreased in the second experiment day, Py of all
treated plants decreased to the normal levels (Fig. 24, B).

E and g, were significantly affected by SWC changes
(»<0.001). E went up quickly and was highest at SWC of
11.6 % in the vegetative stage (Fig. 2C), while it
increased slowly and was highest at 15.3 % in the repro-
ductive stage (Fig. 2D). Similar trends of g5 were found
in both growth periods (Fig. 2E,F). ¥, increased by about
8.0 % quickly when SWC varied from 6.7 to 8.8 %, and
then was stable with SWC increasing continuously in
both growth periods (Fig. 2G,H). The control plants had
the lowest W). There was no significant difference in ¥,
among the treatments. ¥, only decreased slightly when
SWC decreased on the second experiment day
(Fig. 2G,H).

Photosynthesis is mainly limited by stomata closure
that is affected by external environmental factors such as
irradiance, temperature (Kaiser 1987), air humidity, and
wind speed (Cornic and Briantais 1991, Quick et al.
1992). We found that Py of A. squarrosum quickly re-
sponded to change of SWC, especially during the vegeta-
tive stage (Fig. 24). This is consistent with the results of
Tenhunen et al. (1990) and Zunzunegui ef al. (1999) who
found that Py in seedlings of some desert plants was
higher in the wet environment than in the drought one.
This might indicate that 4. squarrosum is very sensitive
to precipitation in the vegetative stage and has a high
photosynthetic potential. In fact, the high Py was more
meaningful for annual grasses in the vegetative stage than
in the reproductive stage. From the aspects of energy
storage, it must accumulate enough nutrients to produce
a large number of seeds in relatively short growth period
(from 10 June to 30 August). In our experiment, small
increment of SWC led to great increment of Py. This
reflects that xerophytes can start-up the photosynthetic
apparatus responding to the increase of SWC more
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