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Effect of different water supply on morphology, growth and
physiological characteristics of Salix psammophila seedlings in
Maowusu sandland, China
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Abstract: Respanse pattern was investigated for seedlings of Salix psammophila, a3 dominant shrub in Maowusu sandland, to the simulated
precipitation change by anificially controlling water supply at four levels. The growth characters, in terms of plant height, stem diameter, total
branch number, total leaf aumber and area, total bifurcation ratio, total branch length and branch number, branch length, leaf number and leaf
area of each branch onder, and leaf, branch and root hiomass significantly increased when water supply increased. That water supply had
significant effect on biomass allocation showed different investment pattern of biomass resource of the scedlings grown under different water
supply treatments. Stomatal density of abaxial leaf surface decreased, and stomatal apparatus length and width of adaxjal and abaxial leaf
surface increased with the increase of water supply, while Stomatal density of aduxial leafl surface was not affected by water supply. Water
supply ohviously affected the diurnal changes of photosynthetic sate, and the photosynthetic rate of the scedlings showed strongly midday
depression grown under the 157.5 mm water supply, but not grown under higher water supply. Additionally the assimilation-light response
curves and fluarescence efficiency more showed that water supply improve photosyntbesis capacity . Finally, 5. psammophile seedlings stood out
by their slow growth and relatively high invesiments in reot growth in order to reduce tissue losing rate and eonsumption of water resource for
keeping water balance under water stress. The seedlings that grown under rich water supply did by their fast growth and relatively high
investments in branch and leaf growth in order to improve the power of capturing light energy for higher photosynthesis.
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Introduction

IPCC (Intergovernmental Panel on Climate Change, 1990; 1992; 1995) has noted that human activities are subsiantially
increasing the emissions of " greenhouse gascs” such as carbon dioxide {CO. ), methane, chlorofluorocarbons and nitrenus
oxide into the atmosphere. These increases will enhance the matural greenlwuse coffect and the atmosphere will be global
warmer. The atmosphere CU, concentration and temperature enhancement will greatly affect distribution pattern of the global
precipitation. And the global precipitation change will greatly affect temrestrial ecosysiem, especially arid and semi-arid one.
There have been a lot of work in the response of global change to terrestrial ecosystem in the past (Lemon, 1983; Dshlman,
1985; Bazzaz, 1990; Arp, 1991; Bunce. 1992; Rogers, 1993; Wurr, 1998; Samsh, 1998) . The work has been almost
studied on CO, concentration deuble and temperature effect, and rarely on precipitation change effect on natural plant
individual assimilation process of the terrestrial ecosystem (Dehlman, 1985, 1993; Malanson, 1993}, So it is very necessary
to investigate the effect of precipitation change on plant individuals of terrestrial ecosystem.

The Maowusu sandland of Tnner Mongplia, a semi-arid area of China, lies on middle part of Chinese north desert (Yao,
1992) . At present, desertification is becoming more serious and the landscape comprises large areas of sand-covered land
there (Zhan, 1994; Chi, 1994) . The environment is characterized by water shortage, strong evaporation, nutrient-poor soil
and frequent disturbance (Zhu, 1993; Zhang, 1994; Danin, 1996) . So the semi-arid ecosystem there possesses the most
sengitive response to global change of water-heat pattem (Zhang, 1994). The ecosystems are mainly composed of shrubs
(Dong, 1997), where Sulix psammophila, a dominant shrub, plays an important role in the ecosystem. Its growth change
will cause change of coosystem structure and function here. There was litile study on this kind of shrub species, but some
physiological provess being investigated in the field by Dong{ Dong, 1997) . And it was never studied on effect of water factor,
a important ecological factor, on the seedling growth. Therefore, we study the responses of §. psammophila scedlings,in
terms of canopy morphology, stomatal apparatus, biomass, photosynthesis, and fluorescence efficiency, tu the global
precipitation change by artificially controlling four water supply levels of 157.5 mm, 315 mm, 472.35 mm and 630 mm during
the experiment. The purpose of this study is to discover different ecological adaptation strategies of the shrub in different water
supply treatments from those responses, and offer parameters for modeling productivity of the shrub seedlings and studying
water balance among sandland-plant-atmosphere system. Finally. this study is very important for us scientifically predicting in
the change of semi-arid ecosystem and effectively preventing from desertification in Maownsu sandland . In addition, this work
can offer theoretic suggestion for cultivating the shrub seedlings.

Foundation item: The key project of the National Natural Science Foundation of China { No. 498350105 79530800) and the Knowledge
Innovation Project of the Chinese Academy of Sciences (KSCX2-1-07)
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1 Materials and methods
1.1 Study area and species

The experiment was performed at Ordos Sandland Ecological Station{ OSFS) ( 30°29.66'N, 110°11 .47"E, 1205m 4.5.
1.}, Institute of Botany, the Chinese Academy of Scicnecs. Annual average lomperature is 6.0 — 8.5% . Temperature of the
most cold month (January) is ~ 10°C, and the most hot mouth {July) is 22°C . Annual average precipilation is 358.3 mm,
300 mm of which concenwates within June to September. The area there locates in the ecotone between desert-steppe and
steppe-forest. The soil types mainly are light chestnut earth and sandified light chestnut earth. Detailed introductions of the
study area are available in Zhang {Zhang, 1994) and Chi{Chi, 1994) .

Salix psammophila is a sub-shrub that cccurs in the Inner Mongolia Autenomous Region, Xinjiang Uygur Auwtonomous
Region, Xizang Autonomous Region { Tibet}, Shamxi Province of China. Usually its height is about 2 — 4m. and its leaf is odd
and strip in shape. It is one of dominami shrub species which has the capacity of forbidding wind and fixing sand and can act
as natural defence forest in Maowusu sandland.

1.2 Experiment material and design

The experiment was carried out on one-year Salix psammophila scedlings that were from the same population in near dune
of OSES. Eighty individual seedlings of uniform appearance were randomly divided into four groups with uniform individuals,
and then they were respectively planted in four sand pools{0.67 x 1.5x 2 m') on May 3, 1999. There was a pipe in each
pool bottom just for draining enough water from the pools. All pools were constructed below great greenhouse. The top of the
greenhouse is covered with repellent when it rains {of course, every sides of the greenhouse leaks ont), and was exposed in
sunshine. The sand matrix of each pool was from near dure of OSES, and the sand matrix depth was 60cem.

Based on the condition of natural precipitation there, and consideration of future global precipitation change, we designed
four water supply levels. i.e. 157.5 mm, 315 mm, 472.5 mm and 630 mm during all experiment. The four water supply
levels simulated respectively comresponded 1o less, equal, more and much more present mean precipitation of the growing
season of this species in Macwusu sandland. The seedlings were cultivated from May 24 to September 5, 1999, To decrease
artificial effect on water supply, water was supplicd at aftemoon of the same day for all treatments, and the seedlings was
supplied water once every two days from the begining of 24 May. So tetal numbers of supply waler were 35, and waler supply
respectively was 4.5 mm, 9 mm, 13.5 mm and 18 mm once for each water supply treatment. At the same time, all sand
peols of the experiment were menaged well, and often weeded and splashed with insecticide.

1.3 Sand matrix moisture of the pools

Sand matrix moisture was measured by oven drying method. Seven sand matrix column along S in shape in each pool
were sampled from surface to bottom every fifteen days during experiment. Each sand matrix column was sampled every 15 cm
from surface 10 bottom. So twenty-eight sand matix samples were sampled each pool once for sand matrix moisture. The sand
matrix moisture percentage is shown in Fig.1. There was a significant difference among four water supply treatments in terms
of sand matrix moisture percentage after beginning of the experiment, and water supply had significantly increased the sand
matrix meisture perceniage .
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Ten seedlings with each water supply treatment were
perpetually measured every fiftcen days during the
experiment in order to determine tree height, leal number,
leaf length, branch number and branch length of every
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Fig. 1  Seasonal changes of sand matrix moisture total bifurcation ratio; Ny is the totel branch number; N,
perventage in sand pools of . psammophila seedlings is the branch number of the most order; &, is the branch
grown under four water supply treatments from May 24 to number of the first order. As leaf was regulerly stripe in
Sept. 5.1999 shape, leaf areas were calculated using linear regression

formula of leaf srea { ¥) on the product length (X ), For

this purpose, the circumferences of sets of leaf, with even representation of water supply treatments and leaf size classes, were
drawn on paper and cut out. Length and area were measured with CI-203 area meter (USA). The following formula was
found: ¥=0.46861 - 0.3181{R=0.912, N=70).
1.4.2 Physiolegical character

On July 31,1999, five seedlings of each water supply treatment were measured every one hour from six to nineteen
o” clock in order to determine photosynthetic rate ( Pr, pmol.m™ % .s”') using LCA-4 portable photosynthesis system (ADC,
UK) . Fluorescence efficiency was measured using fluorescence analyzer (PEA.UK) at midday on July 21, 1999.
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1.4,3 Assimilation-light response curve

A series of light intensities from high to low till ¢ pmol»m™ s were controlled by shading method {Guo, 1999}. The
detail method was that the standard leaves of §. psammaphile seedlings grown under four water supply treatments were
uniformly shaded with gauze on midday of August 6, 1999 (The light intensities were more then 2000 gumol. m? 5" from
ten o' clock to fifteen o’ clock this duy) . The timo for yiclding a stable photosynthetic rate was set at 40 seconds for each light
imtensily, And the stable photosynthetic rate was measured with LCA — 4. Assimilation-light Tespense curves were drawn by
formula P = P (1- e *™") (Thornley, 1976) based on the series of light intensities and pholosynthetic rates, Where P
and f are the actural photosynthesis (P = Pn + K) and light intensity, respectively; R is the dark respiration; P, is
maximum photesynthesis; a is the initial slope of the curve.
1.4.4 Stomatal apparatus character

Density, length and width of Stomatal apparatus of abaxial and adaxial leaf surfaces were measured by epidermal imprint
(Charles, 1981} placed under optical microscope. The detail method to make the epidermal imprint was as follows; five
health leaves of each water supply treatment respectively were randomly selected on August 26, 1999, and every leaf of
abaxial and adaxial surface was cleaned with absorbent cotton and gently smeared a light film of transparent nail varnish along
two sides of leaf costa, and then the nail varnish film was gently denuded with nipper when it became dry.
1.4.5 Biomass determination

Ten seedlings of each water supply ireatment were harvested on September 7. 1999. Ronts were carefully washed free
from sand using a spray gun, and the sand was recollected and checked thoroughly for living roots that had broken off. Root,
shout and leaf dry weights were determined aftcr 48 hours in an oven at 85°C , and root systems were divided coarse root (root
diameter < 1mn) and fine root (root diameter <1 mm}.
1.4.6 Data analysis

The following characters were tested with analysis of variance and Duncan multiple range test(Lu, 1997): (1) canopy
morphology characters such as tree height, stem diameter, total branch number, total leaf number and leal area, total
bifurcation ratio, total branch length, and branch number, length and leaf area of each branch order; (2) biomuass such as
leaf, branch and root biomass; (3) stomatal apparatus characters such as its density, length and width; (4} physiclogical
characters such as photosynthetic rate and fluorescence efficiency. In addition, between the data of light intensities and
photosynthetic rates, and between water supply and fluorescence were analyzed by non-linear regression analysis(Lu, 1997).

2 Results

2.1 Canopy morphology

The plant height, stem diameter, total branch number, total leaf number and area of the seedlings had clear difference
comparcd with the four water supply treatments on Sept. 5, 1999 (P < 0.01;Table 1). Those characters of the seedlings
increased with the increase of water supply . However, there were not significant difference in those characters between the 630
mm and 472.5 mm water supply treatment (Table 1} . There were & significant difference compared with four water supply in
terms of architectural characters such as total bifurcation rate, total branch length, and branch number, length, leaf number
and leaf area of each branch order on Sept. 5, 1999, except branch number of order 2 { P < (.05 ;Table 1). Water supply
increased the architectural characters of the seedlings. However, there were nul significant difference in those characters

Table 1 The morphological characters of §. psammophile seedlings under
different water supply treatments on Sept. 5, 1999

Water suppl
Architectual character il

157 . 5mm 315mm 472 Smm £30mm ANOVA
Tree height, cm 76.9x06.1° 113.015.1° 143.4+4,1° 151.2£5.6° ® %
Stem diameter, mm 4.1x0.3° 6.8+0.4" 7.5:0.3® 2.2:0.5° *® ¥
‘Total branch number T7.4x3.7° 16.6 +9,2% 23.0=4.6° 24.8£3.5% . W
Tetal leaf number 175.3 20.2° 390.2 + 41.3" 488.4 2 35.7% $34.2 £ 46.5° X%
Total leaf area, cm® 397.2+ 54 6° 895.9 £ 90.7° 1179.5 + 98,2% 1398.3 £ 159.6 "o
Total bifurcation ratio 0.4410.30° 1.61 £0.46" [.8420.22° 1.96£0.24° * *
Total branch length, em 239.6+31.9° 581.7+72.6" 635.2 4 30.7° 732.6£67.3" * %
Branch number of order | 1.5+0,69° 9.8+2 79 14,7 + 1.28%® 16.0+ 1.49° *
Branch length of order 1, em 17.2+7.2" 171.9 = 57.5° 207.0+ 16.8% 222.8+35.2* * %
Leaf number of order 1 15.2£7.4b 160.4 £43.9* 218 2+ 24.0° 226.9+ 20 4° *
Leaf area of order 1, cm’ 22.6+12.1° 279.3 + 86.2° 152,61 42.6° 390.9+35.3" * %
Branch number of order 2 5.9+1.1° 6.8+0.9% 8.3:0.6% 38.8:0.7° NS
Branch length of order 2, cm 222.4 £ 28.3° 409.7 £ 46.4° 428.2 £ 37.6" 509.8 + 81.5° *® %
Leaf number of order 2 160.1+ 19 4% 220 B+ 9% 270.2 + 38.5° 307.3+49.9° *
Leaf area of order 2, om® 374.6+54.7° 616.7 £ 32 O 326 8+ 117.8% 1007.31169.4° * *

Notes: Data of the table represent average value + standard error. Trestments with the same letters are not significantly different (P <
0.05) according to Duncan multiple range tests. NS, * and * * symbols represent significant level P > 0.05, P<0.05 P<001,
respectively
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among the 630, 472.5 and 315 mm water supply treatments, and they were obviously higher than those of the seedlings grown
under the 157.5 mm water supply.
2.2 Riomass allocation

The biomass of leaf, branch, coarse and fine root of the seedlings had obvious difference compared with four water supply
treatments{ F < 0.01; Table 2). Like the morphological characters, water supply had clearly increased the biomass of the
seedlings. Howover, there was not significant difference in biomass of the seedlings grown under the 630 mm &nd 472.5 mm
water supply (Table 2) . Rout/shoot biomass alse hed a clear differenve compared with the four waier supply treatments (P
0.01), and the rativ decreased with the increase of water supply (Table 2) .

Table 2 The day biomass of 5. psemmophila seedlings under different water sapply treatments{ g)

Water supply Leal Branch Coarse ool Fine root Total biormass Rouy/shoot
157 . 5mm 3. 1L +0.42° 3.28 £ 0.42° 2.281 0.91% 1.2520.45° 2.91+11.14" 0.58+0.05"
I5mm 6.26 £0.34" 10,81+ 1.41b 6.06+2.92 2,065 115 25092910 0.47 £ 0.03*
472, 5mm 8.34 £ 0.67° 14 0%+ 1 .86° 6.38 + 2.88° 2,43+ 11.23° 31.17+2.26° 0.42 10.06°
630mm 0. 77« 1.07° 16.44 = 1.97° 7.11 £3.34° 2.58 £ 10. 72" 35,902 3,977 0,37 x 10.01°
ANOVA % ® ® % * % H " % * *

Notes: Data of the table represent average value + standard ervor. Trestments with the same letters are not significantly different (P <0.05)

according to Duncan multiple range tests. * and * * symbols represent significant level P <0.05, P < 0.01, respectively
2.3 Stomatal apparatus

There were significant difference between adaxial and abaxial leaf surface in terms of the densities of stomatal apparatus
{Table 3} . and the densities of adaxial leaf surface were about 141 — 150/mm’ , wuch less than those of abaxial leaf surface,
280 — 480/ mm’ ; The densities of stomatal apparatus of adaxial leaf suface had not significantly difference compared with four
waler treatments, but water supply obviously decreased the densities of stomatal apparatus of adaxial leaf surface (P <0.05;
Table 3) . In addition, water supply had obviously affected the length and width of stomatal appsrass of the adaxial aml
abaxial leaf surface (P <0.01; Table 3), and they incressed with the increase of water supply .
Table 3 The characters of stoma apparatus on adaxial and abaxial leaf surface of
S . psammophila_seedlings under different water supply treatments
Adatial Adaxial

Water supply Stomatal density,  Stomatal spperatns  Stomatal apparatus  Stomatal density,  Stumatal apparatus Stomaial apparatus

M length, pm width, um mm length, jum width, pm
157.5mm 147.5+4.13 20.21 + 10.57° 17.06 = 0.28" 475.0+7.72° 13,11 £ D.144 9.09+0.11°
315mm 146.2+4.13 25.89 £ 0.28" 1911 0,19 416.7+ 5.81° 15.90 £ 0. 16° 10,09 £ 0.15°
472.5mm 141.7 = 5.81 26.21 1 0.23" 21,99 1 ¢.20° 350.0£5.98° 19.65 = 0,21% 12,95+ 0.20*
630mm 150.0+4.23 28.78 £ 0.25° 22,404 0.15° 285.0+ 4.76° 23.98 £ 0.60° 12.99 £ 0.22°
ANOVA NS # ¥ * #* ¥ % LA ® ®

Nates : Data of the table represent average value £ standard error. Treatments with the same letters are not significantly different (P <0.05)

gecording to Duncan multiple range tests, NS, % and * * symbole represent significant level P » 0.05, P < 0.05, P < 0.01,

respectively
2.4 Photosynthetic rate

An example of the typical diumal pattem of photosynthetic rate is shown in Fig. 2. There was a signiticant effect of water

supply on the diumal changes of photosynthetic rate. Water supply increased photosynthetic rate, and its curve of 157.5 mm
water supply treatment had two obvious peak values at both ten and fifieen o’ clock , and the former pesk value was higher than
that of the latter peak, 2nd a obviously low value between two peaks at twelve o' clock. The diumal changes of the 630 and
47?.5 mm water Sl..]pp]y lreat'mcnts almost were similar, and they I'S—'.;;mm ;-I.s_l'nm ;';_5 i ;;(;-mm
quickly rose from six to ten o clock, and then dropped slowly, and

dropped quickly from eighteen o cluck, ::
2.5 A-light response curves o
The A-light respunse curves under four water supply E o e
Ireatments are shown in Fig. 3. The curves simulated had very BE 2
significantly shuwed the observed values { P < 0.01), and there J‘_é:o 15
was a obviously difference compared with four water supply é ;E,_ 10
ireatments in terms of the shape of those curves {Fig. 3, Table £ 5
4). Water supply had increased the maximum photosynthesis and 0
initial slope of the curves, and they were higher at ten o’ clock than -§ b e
fifteen o clock under the same walter supply treatment seen from the 6783 1011121314151617 1819
regression formula { Table 4) . 1. o’'clack

Fig.2 Diumal changes physiological characters
of §. psammophile seedlings under different water
supply treatments on 31 July, 1999
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Table 4 Regression formulas of light response of photosynthesis of 5. Psammophile
seedlings under different water supply treatments between 10:00 and 15:00 on August 6, 1999

Water Regression formula

supply 10:00 15:00
157.5mm P=10222[1 - o 08022 ] B0 087" " P=10.179[ 1 — ¢ ~®024M0P] R -( 993" "
315mm P=21.314[1- ¢ ®"2 ] R=0.998" " P=19.673[1- ¢ "OOBISOB] R =0.0996"
472. 3 mm P=24.299[1 - ¢ ®SWH, R=0.998" " P=23.629[1- ¢ "SR ] R =0.099" "
630mm P=26791[1- ¢ OMOWEI" R _0.997" " P=25.514[1 - o ~OIBIU] T p-0.994" "

Notes: significant level: * * P <0.01

+157.5mm 2315 mm & 472.5 mm » 630 mm
2.6 Fluorescence efficiency

There was a significant difference in fluorescence efficiency
compared with the four water supply treatmcnts ( F = 58.35> F
0.01(3,16) = 5.29, P < 0.01}, and fuorescence efficiency
increased with the increase of water supply. In addition, there was
& significant relationship of rectangular . hyperbola between
fluorescence efficiency ( ¥) and water supply {X) (P < 0.01)
(Fig. 4), as follows: ¥ = 0.9131.X/(57.2256 + X), R =
0.9632, where there was an asymptote, as follows: ¥ =(0.9131.
Fluorescence efficiency increased, and its ascent slope ratio

decrcased with the increase of weter supply clearly seen from the
curve.,
3 Discussion and conclusions

The canopy development of 5. psammophila seedlings was

Photosynthetic rate, 1 mol{m®s)

very sensitive to sand moisture. The growth of shrub height. stem
diameter, branch number, leaf number and area of the seedling

grown under 157.5 mm water supply treatment was inhibited,

5 L L . L _—

largely due ter st the seedli I d th
argely o water stress to the seedling gruwth, an 0s€ o 500 1000 150 2000 2500

characters increased with increase of water supply e similar PAR, « mol photons/m’.s)

result was found by Collinson et al. (Collinson, 1999) and Hsiao ) ) )
(Hsiao, 1993). In addition, the 472.5 mm water supply had Fig.3 A-light response curves of §. psammophils seedlings

K under four water supply treatments between 10:00 and 15:00
reached enough perfect effect on the seedlings growth seen frem not

on 6 August, 1999. The points are observed values, and the
significantly different in many growth characters of the seedling lines are simulated curves
grown under the 630 and 472.5 mm water supply.

As the same morphology of the seedling, water supply significantly increased biomass production . Tn addition, what root
Jshout bivmass decreased with the increase of water supply fully discovercd the different adaptation strategies in biomass
distribution pattern under different water supply treatments. The seedlings slood out by their relatively high investrnents in root
growth in order to absorb more water and nutriment in sand for higher survival competitive capacity under water stress
environment . But seedlings that grown under high watet supply were distinguished by relatively high investments in branch and
leaf in order to get more growth spatial and capture more light energy for higher photosynthesis. There was the similar result of

the other species found by Pearsen (Pearson, 1966), EL Nadi

10+ (EL Dadi, 1969}, Hoffman et al. {Hoffman, 1971) and Hsiao

= .
% 08 r=09131 (Hamu, 1993) .
s Stemetal apparatus of many plant species was easily affected
= y=0 9131X/(57 2256+X) . _
o 06 209632 by environment change ( Madsen, 1973; Wuudward, 1988;
8 oal Penuelas, 1990; Yang, 1997). Like the species reported, the
g ' stomatal apparatus of the seedlings was also very sensitive to sand
g 02 moisture. The density of stomatal apparatus of adaxial leafl surface
B 0 ) . ) ) was much lower than that of abaxial leaf surface of the seedlings.
0 1575 315 4725 630 This reason was that light directly radiated the adaxial leaf surface .
Water supply,mm Water supply clearly increased the density of stomatal apparatus of
Fig.4 Correlation between water supply and abaxial leaf surface, but did not obviously improve the density of
fluarescence  efficiency of §. psammophila stomatal apparatus of adaxial leaf surface. However, the length and
seedlings width of stomatal apparatus of adaxial and abaxial leaf surface

significantly increased with the increase of water supply. It was
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obvious that water supply increased the open degree of stomatal apparatus for more €O, exchange. The stomatal conduclance
of the seedlings that increased with the increase of water supply was similar to the open degree of stomatal apparatus .

Water supply significantly affected the dinrnal change of photosynthetic rate of the sccdlings. Photosynthetic rate clearly
increased while water supply incrcascd, and they had obvicus midday depression under 157.5 mumn waler supply treatment,
which obviously showed there way strongly water stress to the seedlings grown under the water supply level. But the midday
depression was banish under higher water supply from 1575 mm to 630 mm. Additionally A-light Tesponse curves, which had
showed waler supply increased the maximum photosynthesis and initial slope of the curves, more offered testimony of the fact
that water supply improved the photosynthesis capacity of the seedlings .

Water supply significantly increased fluorescence efficiency, and there was o much significant relationship of rectangular
hyperbola between water supply and fluorescence efficiency . The behavior of fluorescence efficiency mechanically explained
why photosynthetic rate increased with the increase in water supply. The resson could be that flucrescence efficiency
represents the capacity of light energy transmission and transformation to biological energy in reaction center light system I
{Hao 1990), and such a mechanism was previously considered to occur in bean { Hao, 1990},

Based on those results, we clearly lind water supply has a positive effect on morphology, growth and photosynthesis of §.
psammophila seedling in the range of water supply from 1575 mm to 630 mm. In addition, the seedlings adapt different water
resource environment by the strategy of whole synergistic effect. The seedlings grown under 157.5 mm water supply decrease
stomatal opening and photosynthesis, and then depress their growth degree and have relatively high investments in root growth
in order to reduce tissue losing ratio and consumption of water resource and improve water use efficiency. However the
scedlings grown under high water supply increase their stomatal opening and photosynthesis and have relatively high
investments in branch and leaf growth in order to improve the capacity of capturing light energy for higher photosynthesis, and
increase seedling growth finally. The similar response of the other plant species to water supply arc found by Lauenroth et al.
(Lavenroth, 1978), Chapin and Shaver (Chapm, 1985}, and Bloom & of. (Bloom, 1985). In short, water supply
significantly increases the sand matrix moiswre percentage and improves water resource utilization availability, and canses the
different ecological adaptation sirategies of S . psemmophile seedlings growing under different water resource environmenis in
Maowusu sandland. Finally, this work helps to predict the ecological adaptation of §. psammophile seedlings to the future
changes in precipitation, However, any practical adaptation strategy will also be determined by the temperature enhancement
(Department of the Environment, 1996). So the future work on climate change should also include studies on the interaction
between temperature and water supply.
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