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々 ガのり ′″物S?″α〃θS″物 (L.)Moq.is the most common ploneer plant of shifting sand dunes in

northem China.As shifting sand dunes are largely axed by Vegetation,this species is found to be

excluded from sand dunes which have already become serni‐丘xed.me purpose Ofthis study was to

compare the responses of photosynthesis and waterぃse tO drought in 24. s?″αrtSS″材,and another

desert annual,βαssどαどαックルメ′α Kuntze,which frequently occurs in semi―flxed sand dunes,and to

examine whether soll water availability is responsible for the excluslon ofム.s?″αttθs″初貯Om semi―

flxed sand dunes,Seeds of both species were collected froFn the Shapotou desert area of nonern

China in September 1990,and grown in a greenhouse.Rates of photosynthesis and transpiration

under di」もrent leaf water potendals were then ineasured in controlled en宙ronmental conditions.A

fleld survey was conducted at the seed collection sites in August 1992,to measure soll moisture in

shifting and sernittflxed sand dunes.Under the given conditions,increases in water stress led to a

decline of net photosynthesis in both species.A marked decline in net photosynthesis occured in

ム.S?″α付$S″″,aS the leaf water potendal fell to less than -0.6 MPa,whereas the photosynthetic

rate of aあ孤助"りrra decreased gradually as the leaf water potential decreased from-1.2 to一

4.8MPa.In other words,■,s?″αttθS″″appeared to be more sensitive to droughtthan B.″α朝,'ケ′筋.

In addidon,a higher water use ettciency inメ曳材α砂 切′α during inoderate water deiciency showed

t h a t  t h i s  s p e c i e s  w a s  a b l e  t o  u s e  w a t e r  m o r e  e c o n o m i c a l l y  t h a n  A . s ?″αt tθS″初 u n d e r  w a t e r  s t r e s s .

These flndings,and the evidence that water availability in serni‐axed sand dunes is lnuch lower than

in shifting sand duttes,suggest that soll water availabllity may be the key factor deterElining the

excluslon ofム.s?″α〃θs″″,from seHll―axed sand dunesin the Shapotou area.

K e y  W o r d s tれg″ルタ'ヴ′″効S?″αttθS″効,ど,s sわ″αs″り′ル,晩ポWa t e r  p o t e n u a l , P h o t o s y n t h e s i s ,

Soll moisture

1.Introduction

亀″″り′′″″ S?″αttθS″″ (ChenOpodiaceae)is

a ploneer species in shifting sand dunes of

northern China(LIu夕 ′α′.,1985).Shifting sand

dunes represent an uniquc habitat where an

extremely unstable surface and drought

conditions prevall(ZHU夕′α′.,1988).The Sub_

sequent phases of successlon do not progress

under these conditions,although A.w″αrttss″物,

an annual herb,can grow at some sites which are

relatively stable in shifLing sand dunes,and will

become the core of ecological successlon if these

conditions are relieved(NEMOTO and Lu,1992).

However,when shifting sand dunes become

largely fixed by plants,and reach a senli‐ rlxed

situation,A. s?″ α″/θs″材,Should be excluded

(SHEN,1986)。 Numerous studies have demon‐

strated that soll water avallability becomes

increasingly lirnited as shifting sand dunes are

fixed progressively by vegetation,particularly
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when the sand dunes are independent of grOund

water(Z比 州 G and XU,1985;ZHuタ テα′.,1988;CHEN,

W.,1991;CHEN,H。 ,1992;QIu夕すα′̀,1995).This

suggests that the exclusion ofッ4.s?″α%θSク物frOm

serni―nxed sand dunes rnight be due to the low

soll water avallabllity in the dunes(ZHAO, 1991).

Only linlited information supporting this

suggestion is avallable in relation to the growth of

ッ4. s?%αγ″θS″夕%in Shifting sand dunes of lnner

W質ongolia(KoBASHIゼ すα″.,1988,NEMOTO and Lu,

1992),ク.g.NEMOTO and Lu(1992)have reported

that the plant size ofム. s?クαγγOS物タタ,iS Smaller at

sites with a lower water content.However,there

is still a lack of data on photosynthetic traits to

claritt whether this species is drough←sensitive.
Indeed,there are some contradictory findings

with regard to the characteristics of ノ 4.

S?クαγ″θS夕″々: it has been reported to be a

xerophyte because of its xerotherHlic structure

(LIu,1982),but alSO a rnesophyte according to its

plant water relations(ZHAO and HuANG,1981;LIuタテ

α′.,1987),and has even been regarded as a desert

ephemeral(Lu,1980).

LARCHER(1995)has pointed out that the

responses of plant species to water deflciency are

largely reflected in their features,and that

mesophytes and xerophytes can be distinguished

precisely according to their photosynthetic

response patterns to drought. It has been

demonstrated that econornical、 vater use by

reduction of water loss may postpone the

dehydration of plants that are suffering from

water deficiency, thus helping to maintain

photosynthetic activity during rnoderate water

stress(ScHuLZE,1986).In thiS Study,therefore,we

investigated the photosynthesis and water use of

A. s?%α ダγθs″″η in response to drought in

controlled environmental conditions, and

compared the results with the performance of

another annual herb,β αssガα ttαsノタカノ〃′α.This

species is suitable for comparison because it

usually occurs in senll―fixed sand dunes and

belongs to the same family asス.s?切α〃θS″″ (LIu

タナα′., 1985).The S01l moisture of shifting and

senll‐flxed sand dunes was also measured at the

seed collection sites of the two species,The

purpose of this study was to compare the

responses of phOtosynthesis and water use to

droughtin these two desert annuals,and to clarify

their photosynthetic traits and exaFnine Whether

soil water avallability is responsible for the

exclusion ofム.s?″α″θsク物 frOm seml―flxed sand

dunes`

2.NIaterials and WIethods

1)General description of seed collection sites

The seed collection sites were situated in the

Shapotou desert area(1,250-1,500m ars.1.)in the

extreme southeastern part of the Tengger Desert

in northern China(Fig.1),ThiS area has a typical

arid continental temperate climate with a mean

annual air temperature of 9.7℃ and an annual

mean precipitation of 186■ l rll, 80% of the

precipitation falling between 4ヽay and September

(LIu夕,αJ., 1987). 4ヽoSt Of the area is covered by

huge shifting sand dunes,5-20rn high,and the

ground water level is extremely deep(more than

80Hl).The dOrninant wind direction in the area is

northwest,and the shifting sand dunes lmove

slowly southeast at a rate of O,5-2.Om a year(ZHAO,

1991)。Shifting sand dunes with sparse vegetation

are the natural landscape in this area(Fig.2;QIu

夕′α″,,1995).Only a few species appear on the

shifting dunes at some sites with a total coverage

of l-2%.These include A,s?物 αγ〆θS″″々 (herb),

Cbr,sクタγ物ク物 物θ%gθ″ご″物 Ittin(herb),如″夕物ゐガα

0     100 km
一

104°E

Ye‖ow

iver

Ｎ
合

、  Aut♀nom°us Region

Fig. 1. Location of Shapotou,the seed collection site,

with an inset rllap showing its situation in

northen■China。
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s,72αタダθびタタルα″α Krasch。 (se■11-Shrub)and

「fりSα物物SC″α″物物Fisch.et Mey。(shrub)夕姥.

in order to protect rallways in this area from

=he drifting sand,an artiflcial vegetation systenl,

古th and without irrigation,has been established

とlong the right―of‐way since 1956(Fig。 3).As a

盗 ult,the landscape has changed fronl shifting

剖 d dunes to senll―flxed and ixed sand dunes in

■500-In―wide non-lrrigated artificial vegetation

187

belt(Fig。3,Fig.4;QIuタ チα′.,1995).The present

V9getation of the serni―fixed sand dunes is

dominated by the planted seml―shrubムガタ物ガs″α

θ″冴θs″びα Kraschen.and the planted shrubs

Cα″αどα%α ttθγsんガ%s拷筋 Kom.andガ タダノSαグ物物

SCθ夕α″″物ク″,with naturally established annual

herbs such as βαssガα ttαsypれガ′α,Cθ″ψ″物″物

spp . a n d  Sαゐθ筋物協夕%ルα ll i i n , t h e  t O t a l  c o v e r a g e

reaching 30%or so(SHEN,1986;QIu夕 ″α″.,1995).

!. The natural landscape of shifting sand dunes in

the Shapotou area(outside the non‐lrrigated

artinci』vegetation belo.

The plants growing at the bottonl of sand dunes

are4Fγ びの り ′′″物 S?物α夕“θS物物.

Fig.4. The landscape of seFIli―ixed sand dunes in the

non―irrigated artificial vegetation belt in the

Shapotou area.

圃 Shifting Sand dunes

田No高面gttOn aRttdtt Veg引郷on belt

ン針aW barttes tt sand Ⅳeve問。R

囲Fen∞衝sand F,Vetton

五F_3.A sketch map of the artiflcial vegetttion system for prevendon rallways from drifting sand in the Shapotou area

tfolloWing LIu tt α″.,1984)
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As one of the native species growing on the

shifting sand dunes,ノ4. s?″α″θS物夕%WaS Selected

for sand fixation when the artificial vegetation

systena was first instituted in the Shapotou area

CHAO,1991).HoWever,A.s?物 α/匂s物物 WaS found

to be unable to grow well and produce seeds by

itself when the sand dunes were largely flxed in

the non―irrigated artincial vegetation belt(SHEN,

1986).In cOntrast,β .冴αックカメ″α,WhiCh became

naturally established in the non―irrigated artiflcial

vegetation belt, is beconling increasingly

ilnportant to the present vegetation of se■ 11-丘xed

dunes(Z比 代o,1991;QIu 2″ α′.,1995).

九.s?物α″匂s物物 Seeds were collected from sites

at the bottoIIl of shifting dunes outside the non―

irrigated artificial vegetation belt in September

1990,β . 冴αsジ,あノ冴α Seeds were gathered at the

Same tiFne frOnl senll―flxed sand dunes in the non―

irrigated artificial vegetation belt(Fig。 3).It

should be pointed out that the terIIls''shifting

sand dunes''and i'senli― fixed sand dunes'l in this

paper refer in particular to the areas in、 vhich

seeds were collected.

2)Plant lnaterial and gas exchange analysis

After legal formahties,九 .s?物α″γθs物物 and β.

冴αック'り′′α Seeds were transported from China to

」apan,SOWn in the bats f11ledヽwith river sand,and

then maintained in a greenhouse(30/20℃

day/night air temperature,60°/。relative hunlldity,

16-hour supplemental photoperiod).Each 60-day‐

old plant was transplanted into a plastic pot(15-

cm diameter and 25cm deep)filled with river

sand,and gro、vn in the same greenhouse.The

plants、vere、vatered dally,and nutrient solution

(HypOnex lo00-fold diluted)Was applled once a

Week(accOrding to the lnethod of NATORlク サα′.,

1992). Vヽhen the plants were behveen eightto ten

weeks old,and had finished their initial growth

(NA′rO RIタナα″.,1994),they Were submitted to

photosynthetic measurements in Februa呼 1992.

Before the measurements,the plants were well

watered,or exposed to drought by withholding

water froln the soll for 2 to 6 days,in order to

induce different leaf water potentials.

For measurement, each plant was set in an

open gas exchange system which、 vas enclosed in

a4,Orl12 phytOtron chamber,and normal air、 vas

passed through the assilnllation chamber(49×

49× 95cm3)at a Constant now rate(381/min).

The photosynthctic rate was calculated fronl the

change in C02 COnCentration measured、 vith an

infrared gas analyzer(ZALDE 152-1,Fuii Electric

Co,Ltd.,Japan).The plant was placed on an

electric balance which was enclosed in the

assinlllation chanlber,and the pot was sealed by

two plastic bags to prevent release of C02 and

H20 from the soll surface.All NEC computer was

used to record readings of the balance at one‐

IIlinute intervals,and the transpiration rate was

calculated frorll the、veight loss of the plant.Tlle

water use efficiency of photosynthesis wUEPh)

was expressed by the ratio of llet photosynthesis

to transpiration,as deflned by LARCHER(1995).Tlle

measurelllents were conducted under constant

irradiance(368.5″  E/1n2/sec)and relatively

constant ambient conditions(air temperature:

30℃ air C02 COnCentrationi 340±10ppm;relative

h u m i d i t y : 5 0± 1 0 % ) . I m m e d i a t e l y  a f t e r  m e a―

su r e m e n t  o f  p h o t o s y n t h e s i s , t h e  l e a f、va t e r

potential of the plant was measured with a Dew

Point A/1icrovoltmeter(HR「2雰 ,WESCOR,USッ リ.

The leaves ofthe plant were then cut,dried at 80℃

for 48hrs,and、 veighed.Because the leaves of β .

冴αS),72y′′α are succulent and needle― shaped,rates

of photosynthesis and transpiration are expressed

per leaf dry lllatter unit in this paper.

3)r72s″ ″グsoil moisture of shifting and se■ 11‐

fixed sand dunes

Soll samples were collected froHl shifting and

SCII11-flXed sand dunes at the seed collection sites

of九 .s?%α γ″θS物%'and β .冴αsypヵノ〃α On Aug。 4,

1992. Because the root system of both species is

distributed mainly at a depth of O-50cnl(LIu夕 ′α′.,

1991),the soll was sampled eve呼 5 or 10cm from

the ground surface to 60cm deep at each site

u s i n g  s o i l  c o r e  s a m p l e r s ( 1 0 0 C c ) . T l l e  w e t  w e i g h t

o f  t h e  s a m p l e s  w a s  m e a s u r e d  i m m e d i a t e l y , a n d

the samples were then dried at 104K】or 12hrs and

weighed.Soll IIloisture、vas calculated by the

f o r m u l a : r e l a t i v e  m o i s t u r e ( % ) = ( W―D) / D× 10 0°/0 ,

、vhere W is the、 vet、veight and D is the dry

、veight ofthe soll sample.

3.Results

l)Responses of phOtosynthesis and water

use to drought

ln、vell―watered plants,the leaf water potential



was-0。 57± 0.03 MPa inム .s?″α″θs″物 and~

1.68± 0.06 MPain g.協 勁 ″ノ′ル (Fig.5).Rates of

photosynthesis in both species maximized in

these wel卜watered plants,which was 29.78土

0.37mgC02/gDM/hr for A.s?″ αγ″θS″物 and

30.44±0。74mgC02/gDM/hr for β .冴αック″ノ〃α.

Fig.5 shows thatincreases in water stress led to a

decline in rates of photosynthesis and

transpiration in both species,although the

sensitivity Of their photosynthetic capacity to

、vater stress differed.A marked decline in net

photosynthesis occurred in A. s?″αγγθS″物 aS the

leaf water potential fell to below-0,6MPa,while

in β.冴αs〕Dり〃′α the photosynthetic rate gradually

decreased as the leaf water potential declined

●Photosynthesis,Ph

O Transpiration,Tr
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from -1.2 to -4.8 WIPa.When the leaf water

potential decreased to -2.OMPa,the photo―

synthetic rate of九 . s?クαγγθs″物 WaS only 10%of

maximum,whereas that of β.冴αッタ,ヶJ′α Was still
80%of maxilllum.

The relationships of photosynthesis,tran―

spiration and leaf water potential in the two

species are re-11lustrated in Fig,6,which shows

the values in Fig. 5 as percentages (see

Discusslon for the threshold and null point of

photosynthetic capacity).Fig.6 shows more

clearly that the range of leaf water potential

between 100%and near O%of photosynthetic

capacity dittered in these two species,which was

much widerin β .滋 弱少れガル (-1.3 to-4.9MPa)

than inム .s?″α″θs%物 (-0.5 to-2.4WIPa).It also

indicated that a greater reduction of water loss in

β・ 冴αSノタ乃ノ′′α than in A, s?ク α γγθS材物 during

moderate water stress,夕 .ど。 when the photo―

synthesis of both species decreased to 44%of

maxilnal,the transpiratiOn of β . 冴αsノタカノ′′α

decreased to 21%of its lnaxilnum,whereas that of

ス.s?″αttθs″物 WaS stil1 33%ofits maximum.

WUEPh of well‐ watered plants ofthe two species

was 6.OmgC02/gH20 0r SO,and both species

showed a sirnllar pattern of WUEPh response to

w a t e r  s t r e s s ,ガ.夕. a n  i n c r e a s e  i n  W U E P h  a t  t h e

●A sq」arrθsutt rPり■B Jas/pんノla rPり

OA squarrosutt rrrp □B Jasypんノra rTり

1ヽ     ‐2     ‐3     -4     ‐5

Leaf water potentia‖(M Pa)

Fig.6.Relationships of photosynthesis(%),tranSpiration

(%)and leaf water potential inムどγガθタカメ″材初

W″α//9S″初and βαssガα湧。ゅ り″α.

Arrows show the threshold ca,何■))and the null

point(Na,Nb)of photOsynthetiC capacity in A.
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滋ゆ 切わ●) W i t h  d e c r e a s i n g  l e a f  w a t e r  p o t e n t i a l

under controlled environmental conditions

(lrradiance:368.5μ E/m2/sec;air temperature:

30°C; air C02 concentrationi 340±  10ppnl:

relative hunlldity:50±10%).All equations are

highly signttcant(Pく0.001).
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F i g . 7 . R e l a t i o n s h i p  b e t w e e nヽVU E P h ( w a t e r  u s e

efficiency of photosynthesis)and leaf water

potential in刀ほガθ,れy′あ″ S?%α%θS″物 and βOss″α

肋ックリ′″α

beg i n n i n g  o f  w a t e r  d e f i c i t , a n d  t h e n  a  s h a r p

decline when severe water stress occurred(Fig。

7).During moderate water deficiency,九 .

S ? %α /ダθS″物 ShO W e d  a  l o w e r  W U E P h , r a n g i n g

between 6.7 and 9.9 mgC02/gH20,Whereas β.

冴αSノタカメ′′α exhibited a higher W【」EPh which

ranged between 7.6 and 15.6 mgC02/gH20.

2)Soil mOiSture of shifting and seHli― fixed

sand dunesど %sどす″

Figure 8 shows the soll rnolsture of shifting and

selni―flxed sand dunes at the seed collection sites,

Becausc of a 10-rnHl rainfall on the two days

before sampling,the soll molsture of the shifting

sand dune was relatively high,reaching 6%in the

layer 10-20cHl deep.The water content of the

senll―flxed dune was rnuch lowcr than that of the

shiFting one in almost all layers,especially at 4い

60cm depth.

4.E)iscusslon

fデ 京造 SPUI工 SCSじ 工 Pnuご usy.r由 止屯ミ兄き aコRFギ 否まa~

use to drought in the two desert annuals

When grown under favorable conditions and

well watered,A.s?″α γγθS″物 and β.冴αsypヵメ′′α

exhibited sirnilar rnaxilnurn photosynthetic rates

(Fig.5).A decline in net photosynthesis occurred

in both species when they were subjected to

5 ‐1 0

10-20

20‐40

40‐60

o 1 2 3 4 5 6

Soil moisture(°/c)

Fig.8,Soil moisture(幼 of Shifting and semi―flxed sand

dunes in the Shapotou area.

Aug.4,1992tthere was a lCmm ofrainfall on the

hvo days before sampling.

water stress,however,A. s?″ α″打θs″″夕,the most

corllinon ploneer plant of shifting sand dunes,

appeared to be more sensitive to water stress than

J.aas〕ぉ%ノ′〃α,Which occurs frequently on seHll―

fixed sand dunes(Figs.5,6).LARCHER(1995)

demonstrated that the curve of net photo―

synthesis vs.leaf water potential shows two

critical points,one being the threshold between

full photosynthetic capacity(100°/o of rnaxirllal)

and reduced capacity(<100%Of inaxllnal), the

other the null point for gas exchange(near O%Of

maximal),and inferred that the sensitivity of

photosynthetic capacity to drought is renected by

the position of the threshold and the null point.

Thatis,the lnore sensitive a species is to drought,

the earlier the null point is reached,夕.ど.the leaf

water potential between the two critical points

ranges between -0.5 and -2.5MPa in rlleso,

phytes,and between―
-1.6 and -7.OWIPa or so in

xerophytes(臨 cHER,1995),In thiS Study,the leaf

water potential between the two points ranged

from-0。 73 to-2.4MPain Ao s?″ αダタリs″物,and

品 r一 「, P静 ―A n W呼ち. i F』れ り匁[レu Eょ ゅ

旋 cordingly,β .冴α拶伊h拶′ル exhibited the features

of xerophytes,whereas 24. s?″ αダγθS″物 behaved

like a lnesophyte.mese results on the features of

A.s?″α「ャss″″,agree with the flndings of LIu 2,α′.

( 1 9 8 7 ) a n d  Z H A O  a n d  H u A N G ( 1 9 8 1 ) , a n d  S h O W

clearly that九.s?″α/殉s%物 iS a mesophyte rather
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than a xerophyte,according to its photosynthetic

response to drought under our experirnental

conditions(Figs.5,6).

The two species exhibited sil■ 1lar values of

WUEPh when well watered,and both showed an

increase in WUEPh at the beginning of water

dencit,f。1lowed by a sharp decline when the

water sttess becarne severe KFig。つ。HOWever,ユ

どaSノタカメ′′α exhibited a higher WUEPh during

moderate water deaciency,ガ.夕. it was able to use

water more economically thanム.s?″α″ダθs″物

under water stress(Fig.7).LARCHER(1995)

pointed out that this increase of WUEPh at the

beginning of water dericit occurs when the

s t o m a t a  a r e  p a r t i a l l y  o p e n  a n d  w h e n  t h e  e x c h a n g e

processes of both C02 and H2C)are already

stightly limited.The higher WUEPh in」 .

的 り!↓a than inム.s?″αttθS″初 duAng moderate

water stress,may be explained in part by a

greater reduction of water 10ss in tte forlner than

h the latter(Fig。6).A preliminary study on the

dumal course of transpiration in both species has

also shown that β.冴αs〕ぉh〕″α tends to reduce

transpiration to a great extent when under

drought stress(Mo tt α ′.,1994).For xerophytes

駄eユ 冴αsypゎ!!α,a greater WUEPh during water

deFiciency may contribute to its survival in

drought habitats(this Will be discussed later).

Nevertheless,the above results show clearly that

A.s?″ α″″θs″″ iS not drought‐ resistant and

behaves llkes a rnesophyte,requiring sufflcient

water for its growth,whereas a ttα卓″切 筋 tendS

to tolerate more severe water deficiency like a

xerophyte,cither through the sensitivity of its

photosynthesis to drought,Or thrOugh its water

use ettciency duhng drOught stress(Figs.6,7).

2)Soil water availability at the grOwlng sites

of the two desert annuals

The drought‐ sensitiveム . s″″αrャGs″銘,usually

occurs as a ploneer species on shifting sand

dunes,and is excluded from dunes which have

become semi‐axed,whereas the drOught‐ resistant

軒沌cies β.ガα導ぉ的 ″α iS frequent on semi‐flxed

sand dunes,The results of our field survey

hdicated that the soll water content is inuch

bwer in sernl‐nxed than in shifting sand dunes at

he seed collection sites of the two species(Fig.

働.This suggests that soll water avallability may

be the key factor responsible for the absence ofム.
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S?″αttθS″″2 0n Sernl‐axed sand dunes.

To show more clearly that the water status of

serni‐nxed sand dunes is poorer than that of

shifting dunes,we sunlrnarize the soll lnoisture

data from the Shapotou Desert Research Station

GDRS)in Fig.9(Salnples taken every 10cm from

the ground surface to 60cm deep at 15‐day

intettals).Rainfall is the only source of water

supply for plant grOwth in the Shapotou desert

area because ofthe extremely deep ground water

level(QIu夕′α′.,1995).恥 e soll mOisture depends

on the frequency and intensity of rainfall in this

area.However,even in this very dry year Of 1991

there was a relaはvely stable water content of 2‐3%

in shifting sand dunes,whereas the soil r■oisture

0

0

1 0

□  ロ  ン  剛  聾  瑠
く196  1‐296  2‐396  3‐ 496  4‐ 5琉  5‐ 696

Fig.9, S01l moisture 00 of shifting and semi‐ked sand

dunes in the Shapotou area and its relatlon to

daily rainfall.

1991 was an extremely arid ycar with annual

rainfall of only 125mm;data from the shapotou

Desert Research Station,Lanzhou lnstitute of

Desert Research,Chinese Academy of Sciences.
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content of senli―flxed sand dunes was often below

l% (Fig.9).mese results of the rleld surveys in

the Shapotou area(Figs.8,9)are consistent with

the finding that soil water availabllity becomes

increasingly lilnited as shifting sand dunes are

flxed progressively by vegetation(CHEN,W.,1991;

CHEN,H.,1992;QIuタ テα′.,1995),The same phe―

nomena occurs in the Horqin sandy land Of

eastern Mongolla when the shifting sand dunes

are flxed by plants naturally(ZHANC and Xu,1985;

ZHu夕 ′α′., 1988).CHEN,H。 (1992)has proposed

that this lower water avallability of vegetated sand

dunes may be explained by(1)greater evap‐

otranspiration because of the higher vegetation

coverage,and(2)limited rainfall replenishment

to the soll due to rapid evaporation and slow

infiltration,which results fronl the soll surface

features and relatively dense plant root systems.

It has been found that A. s?″ α″″θS″物 haS

deve10ped lateral roOts but」 8. 冴αsypヵメ〃′α has

developed vertical roots frorn the fleld sutteys in

Shapotou desert area by LIuタチα′,(1991)and QIu

夕′α′。(1995),夕.g.the lateral root length ofム .

S?″αダダθS″″ワ iS mOre than 3 times of the vertical

root depth,whlle in g.冴αsyp,り′′α iS 10Wer than l

(calculated from QIu 2すo′.,1995)。LIu夕″α′。(1991)
suggested that this developed lateral root system

ofム.s?″αfttSSク″ワmay contribute to water uptake

froHl shifting sand dunes,especially in which the

dunes are independent of ground water,Many

studies have reported that the root weight ratio

(root/total)ofム.s?″α%θS″物 iS Small but the top―

r00t tT/R)ration is iarge,and pointed outthis is a

characteristic of species growing on unstable

sand dunes(KoBASHI夕 ″ α′., 1988;NEMOTO and Lu,

1992; OHKUROタ サ α′., 1994; NATORI夕 ″ α′., 1994).

Although it is still incompletely clarified the

meaning of this characteristic fOr A. s?″αtャss″物,
OHKURO夕 すα′,(1994)suggested that the root

system of A.s?″ α/γθS″物 iS Well adapted to

shifting sand dunes,and contributes to its rapid

growth and reproduction after gerHlinatiOn.

FinaHy,it should be pointed out that psarn―

mophytes are usually regarded to be drought―

resistant because they can survive in severe

habitat of sand dunes or sandy lands where

drought and poor nutrient conditiOns prevail,and

sometimes even combine with unstable surface

c o n d i t i o n . H o w e v e r , a  p s a m m o p h y t e  l i k eム.

S?″αダダθS″夕2(LIu 2すα′., 1991),it is found to be

drought,sensitive as a rnesophyte rather than a

xerophyte,based on its photosynthetic response

to drought under our experilmental conditions

(Figs. 5,6). On the Other hand,the water

avallability of shifting sand dunes,the growing

habitat ofム.s?″αfISS″物,iS found to be relatively

higher than that of serni―flxed sand dunes where

vegetation coverage is greater(Figs,8,9),mese

flndings suggest that to clarify the characteristics

of a species,must consider carefully both plant

itself(including rnorphological features and

physlological reponses) and the habitat

conditions.

5.Conclusion

ln conclusion,A. s?″ α″″θS″初 iS the rllost

COHll■On ploneer plant of shifting sand dunes in

northern China.However,when the shifting sand

dunes are largely fEXed by vegetation,this species

becomes excluded.In this study,the clear flnding

thatス. s?″αγ/θS″初 iS mOre sensitive to drought

than」D. 冴αsypヵメ′′α,which frequently occurs on

semi―fixed sand dunes(Figs.5,6),and the

evidence that the soil water contentis lnuch lower

in se■11-flxed than in shifting dunes(Figs.8,9),

strongly suggest that the excluslon ofム .

s?″αrγ$s″物 frOHl senll―flxed dunes is lnainly due

to the low water availability there.軸e survival of

』. 冴αsyp乃ノ′′α On serlli―fixed sand dunes in the

Shapotou area is obviously due to its ability to

maintain its photosynthetic capacity and use

water econornically during drought(Figs.5,7,9).

ム. s?″α″″θs″物 iS sensitive to drought like a

mesophyte(Figs.5,6)and aS a result,is excluded

fronl senll―flxed sand dunes.However,it can grow

on shifting dunes where the soil water content is

relatively higher and stable(Inoisture content of

at least 2-3%)thrOughout the growing seasons

(Figs.8,9).

Plants differ in the ways in which they survive

drought(TuRNER, 1986)and desert plants vary

widely in their capacity to maintain photo―

synthetic activity under water stress(EHLERINGER,

1994).There are species which can escape

drought by tilning their growth and reproduction

to occur in the brief period when surlcient water

is available,LARCHER(1995)has referred tO such

plants as''drought―escaping xerophytes'i.A desert

plant like A. s?″α/″θS″切昭iS drought―sensitive
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Grigs,5,6),butit can escape drought by selecang

its growth sites,and can survive in desert reglons.

On the other hand,A. s?″ α″″θs″″ iS able to

geminate between spring and summer whenever

the conditions are suitable,and then grows

rapidly after gerHlination,all■ ost all stands

producing seeds(SHI,1991,NEMOTO and Lu,1992;

OHKUROタサα′.,1994).Overall,shifting sand dunes

still represent an uniquc habitat where the

extremely unstable surface is a common stress

for plants growing on them (NEMOTO and Lu,

1992). NATORI夕 r αJ.(1994)inferred that the

growth of A.s?″ αttθS″材,On Shifting sand dunes,

may be mainly deteHnined by other factors such

as unstable surface rather than water avallability

of sand dunes.Clearly,further studies are needed

for血 1ly understanding the survival strategies of

A`s?″ αドOS″夕,On Shifting sand dunes,espectally

seed production and dispersal,seed storage

duttng dtt seasons,seed longevity,gerHlination

and inidal grouたh on the unstable surface,
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