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ABSTRACT

所αゎsracたメsc弱ヮFca(CheDOpodiaceaの たa httOph}.6c shrub corllmo討メfound in sa―

line arαtt of the、十eStern desertsin China that PrOduces small―sized seeds(007m3)

Errccts or tempCmture,light,NaCl,and Polドcthylcnc ttlycol‐600D On seed geIIli―

nation‖′crc invesLigated by incubating sccds in Pcth dishcs in cOntrollcd cnviron‐

mcns,Seed Be「 ninabon、'as PrOmoted by both light and tcmPcrature altematlon,

Seed domancy ヽ ras not detected TemPemture depcndence oF seed gerFnination

indicatcd that″.casPJca sccds arc ablc to gcminatc at an】Lime bet、、ecn sprlng

狐d autumn in their habitaほin Chilla Seed gernination、as almost completeぃ=

、アittthcld、hen seeds■crc moisicncd with 500 mmol kg」NaCl,butsceds rcmancd

viable arlcr moistenan3‖'ith 3000 mmol kすl NaCir。「41 d OPPo「tunities ror seed

gc「nination、'ere exPcCted tO bc、′e恥,linited in the flcld bccause ror Photoblastic

翔そcaspttca seeds to 8erminatei the seeds need to be alinost e■POSed to the soil sur―
Facc,私ヤhere they are likcly to surfcr se、re「e、、ater dcnciency and lu gh salinit)It、as

su.・gcstcd that gcrmination or F工o2】Pた。Seeds in thc neld is raciliぬtcd by a supply

o「al‐Be amoun`o「、,ater From melting sno、r in early spttng

【ビ)'wθrrt「i crllna,dcscrに,h卦と,Salinit),shrub,lcmpcraturc altcmahon

INTRODUCTION

乃物′θsracカメs ca→βiCα(MB)CA Mcy(ChenOPOtta―

CCaC)iS a deciduous halophytic shrub distibuted in thc

westem deserts of China The distibution of this spe,

cies is rcstrictcd to HgLly saLnlzcd iocations where

the ground、vater tablc is locatcd about O.5 m bclo、v the

soil surface The maturc plants of this species produce

a largc numbcr of small―sizcd sccds(007 mg)caCh

ycari Omasa ct al,(199〕 repOrted that thc saPlings of

ユ o本p,cα grew favorably on addltlon of CH690 mM
NaCI soluticlll(lmやIミ l mmol kg~う to the rOor mc‐

dium;ihe most favorablc conccntration for grow〔h was

密O mM NaC]Thls rcsult indicatcd that ri caッ ガcα

saplings can adapt to e■vironments with high NaCl

COIICelltrations Howcvcr・ there is little iIIfoHnation rc―

3arding thc sccd gcrmination icsPoEISeS Of ths sPccics

to salinlty and other cnvironmelltal factors

Sccd gcrlnlnatlon charactcrlstics Can bc an lmpottnt

factor that dctcrttincs thc adaPtatiOn of sPccics to salinc

envirolllnents(UngaL 199〕  MOSt Seeds are located
near the soll surface■,herc salt accumulates in salittzed

locations,The salt concentation at the surfacc of sali―

述zcd soil changes ovcr til■ei continuous evaporation

of groulldwater gradually deposits sal〔oII the soil sur

facc,but rainfa1l or lnclting snow can rapidly lcach sal[

fro■a the surfacc and supply water to the seeds Thus,

gcrminatiOn rcsPOnses of sccds tO the cnvironlncBts are
CXPCCtCd tO bc crucial for thc succcssf』 cstablishment

of plants in saline environrnents.

The presen〔smdy was ulldertakcn to understand the

sccd gcnllnation charactc占stlcs of″ casPrc‐α ln ths

smdy we invcsdgatcd thc intcractivc efrcc〔s of tcm―

キAutho「tO、、hom co「resPondencc shOuld be add「csscd

E―malli tobeCnies gojP
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PCrattl「C and light on sccd eerE■r4ation,thc intcractive

clrfects of tcmpera[ure and NaCl on sccd germinarion,

and〔hc cffccts of ttgh NaCi conccntlation on sccd vi―

ability Additionally,in ordcrto invcstiga〔c thc action of

NaCl oa thc gcrlnlnation Ofthe seeds ofths spccics,we

compared the gcmlillation lcsPottSe tO NaCi、vith that to

iso[olllc P。lyethylene ttlyCOl(PEC)-6000,which cannot

pcmcate plallt ccll Vヽalis and acts solcly as an osmoti―

cttn on sceds(HardCgrcc and Emmc五 ch,1990)SinCe

NaCl ls the most abundant saltin many salinlzed ioca―

dons h dcscrts in China(■/ang ct al,1993),wc uSCd it

to exa「une thc cffects of salinity oll sccd gcrlnination

やIATERIALS AND PttTHODS

Seeds

Secds of″cα→pFcα(mean seed weigh,0.070m自)Were

collccicd nclm plants growing on salinc soil in Fよang.

Chna(44° 18′N,87°55′E),soon aFtcr sccd maturaton

in Novcmber l"6 Attuttl preCIPi〔ahon and amual

mean tclnPcraturc in Fukang are 172 m and 6 1 °C,

reSPCCtiVely(means from 1958 to 1980)Thc mOnthiy

mean〔 emPeraturc is<0° C from November to WIarch,

1←26°C from May to ScptcmbcL and about 10° C in

ApⅢ l and Octobcr Thc diumal tcmpcratlrc dFcrcnce

is l(卜20°C PreciPitahon froIII Novembcr to March is

a b o u t  3 6回m ( I I I C a n s  f r o m  1 9 5 8  t o  1 9 8 0 1  3 1 % o f  a l l n u a l

PreCiPitatiOn)and usllally faus as snow, wttch covers
the gound durlng ,vintcr and mclts h carly sPrln3

Bctween APil and Octobei the h=hest mollthly prc―

ciPitttion was observed in June(28口In)and the lowest

was observcd h August(1l mm)(meanS frOm 1958 to

1980)Whcn〔 he total solublc salt con【ent at a soil depth

rangc of C-10 cm in a呼ぶcal habitat of〃cぃ″たα lll

Fukang was mcasurcd illlatc lvla>lateAugust,and mid一

〇ctober in 1992,it ranged bet,veen 16 and 54 g Per kg

dtt SOil(XiaOming b,unPubliShed resulis)

Thc collcctcd sccds wcrc initially stoTcd at r∞m

tcmpcraturc until bcing transportcd to Japall iII March

1997,whcre they wcrc storcd at ca-18° Ct howeve■

somc sccds were storcd in a rcfdgcrator(ca4 0°C)Or■n

all atr―condiSoned「oonl(ca.23°C)to rCSt thci『longcv‐

ity at thcsc tcmPcraturcs Thc gcrIIlination cxPeiIIlcnts

w e r e  c a m e d  o u t  f r o m  M a y  1 9 9 7  t o  A u g u s t  i男' 8 . A d―

ditiorlall】l gerIIllDablll〔y Of seeds stored in dil‐rerent

temperamre condiSons,vas occasionally checked undl

May 2004

METHODS

I n  a l l  t h c  e x p c t t m c n t s , 2 5  s c e d s  w c r e  s o W n  o n  t肘●●l a y‐

ers of niter PapCr(Toyo,No l)in a 50-HIrn giass Pc[五

dish The niter paper was moistened with about 5 mL

of dciOttzcd water or a solution of NaCi Or PEG―(Ю00

The Pcttt dishes、vere covered H′i〔h glass lids and PlaCed

in an incubatol or an cnwironIIlcnt―contl olled c4RbinCt in

which tcmperature and light conditions、/ere controllcd

ln au thc trcatmentsi thc secds were observcd daily

through a mag述fying giass;a seed was considercd to

have germinated、vhen the radicle protrudcd, and ger―

m i n a h n g  s c c d s  w c r e  d i s c a r d c d  A b o u t  h vぃ〔問記s  o f t h c

voltlrllc ofthc iuid in each Pcth dish was replaced daily

灯 ter each expehment.the nIIal percentage gerIIIlnatioll

(CF)WaS dCtCnluncd ttchこ rcatmcnt was rcplicatcd

four Or ivc limcs

Expettment l:Effects oftemperature,light,and

NaCl on seed germination

Seeds in Petn dishes ulere malntalDed at a cOnstant o「

diurm」y altemadュ3 temperamrc rcgilnc trl coniinuolls
da」(orin 12-h ligh7 12-h dark in an incubatO■▼Vhcn thc

にmPィaturc was altcrnated in lighVdark trcatmcnt,thc

sccds wcrc cxposcd〔o a lowcr tcmpcraこurc for 12 L in

the dark and to a ttghertcmpcraturc for 12 h in thc Hght

ln the lighヒthc sceds wcre illuFllnatcdvヽith nuoresccnt

laIIIPs(phOtOll duX dCnsity at wavclcngths年 700■lll

at thc surfacc of thc sccds(PFD):5い 90 μmol mtt s■;

photon density lrradiated to the seeds Per day(PD/d):
2.2-39 mol m~2d'1)Dunng ne exposure to hght,the

tCmttramrc ofthe add in the Pc〔d dishcs was ca 2°C

hgher than that ill thc incubatott For contillじous dark

treatments, thc Pctri dishes 、vere put h a ught―proOf
meぬ l box and maintained at a different temperardre

regilnc illthe incubator For c9ntlluous dark treatmen〔s,

dAly sced obscwation was Pcrfomcd undcr dim light

(PFDfca。2 ttmolln-2s、)i dunng cach dayjs Obscrvarion.

sccds、vere usually JluIIllnated for l-2 mlll For cither

treatment,CFH′aS dere航 ned after 15 d ofincubation

ln ordcl to cXamille the effccts of tcmPcramre and

light on sccd gcHImatiOn, sceds were incubated with

dcionlzcd watcrr and thcir gcminaLion Was cxa■ llncd

under 14 dtterent● oIIstant or alternating temperatllre

にgimes For cach tcmpcraRLre rCgimct cxamination was
carncd out underligttydark or dark.

h ordcr to exaIIImc the effects of temperature alld

NaCi On sccd gerIIlinatiOn,sccds in Pctj dishcs wcrc

的aintained at any of the 12 dtterent constant or alter―

nathg tempera[urc reginles in ti=ht/dark and lnoistcrlcd

wi[h a NaCl solucion(0, 100,200,300,如 0,or釣 0

mmol kgJ NaCl).

E粗〕eriment 2:Effects Of moistening sceds with a

higb‐●oncentation NaCI on seed viability

Secds h′ere illcubatcd、vith 3000 111nOl k=-l NaCis。lu、

tion(49%saruration at 20° C)in Pet五 dishes at 20°C

in the dark in an incubatOr for 41 di subsequently.the

る沼`′yθ″r"α′q/Pね河r SCFc77(セSjイ  20θb



sceds wcrc五nscd scvcral tlmcs with dciodzed ulatcL

transferrcd to other Pcttt dishcs, and incubated 、vith

dciottzcd water at 12 h 10°C(dark)/12h30° C(light)

in an incubato■as descttbed ill Expcttncnt i

Experincllt 3:ComParison oFthc cffccts of

NaCl and PEG of known water Potential on secd

ger,lination

Sceds ln Petn dishes wcrc maintalDCd in an envlron―

ment―con〔rolled cabillet at a constant temperature ば

20°C,moistcncd with dciollizcd watcr or a soludon of

NaCl or PEG-60tXl of known watcr Potcntial(Ψw),and
continuously lllurninatcd with nuOIcslcnt lamps(PFI):

270 300 μmolll12s l;PD/d:勢-26 mol m-2d■_PD/d

in tits cxPc五ment was 7-1l times iarger than that in

ExPehment l),Since a preliminatt expettIIlent showed

that duttng light cxPosurc thc tcmPCrattlrc of thc auid in

thc Pctri dshcs was ca 2°C ttghcrthan thatin[hc cabi―

nct,thc tCmpcraturc in thc cabinct was sct at 18°C in

ordcr to IIlaintain thc tcIIIpcraturc of thc sccds at 20°C.

Thc NaCisolutiOns of known Ψ N(from Ot0 4.2ヽ 在Pa)

wcrc prcpared accotthg to Lan3(1967),and thC PEG‐

6000 solutions Of knOwa Ψ 、す(frOm o tOイ 3 1vIIPa)

were preparcd accordittg to a calibratiOn cuPc that

was deterlmlled froIIl isoPiestic PsychrOmeter measu把―

ments(Boyer and mPling,1965)at 20° C using NaCl

solu〔iolls of hown Чアw as standards T、vclltt dayS aftc「

illcllbation with cach solution,CF WaS dCtcrIIllllcd

Statistical analysis

Student'sr_test was used to statistically test the diIFer―

cncc bcいvccn thc m/O Incan valucs Tukey's tcst fol―

lowing onc―way ANOヽろ代was used for comparlson of

mldtiple means Percentage values were arcsine trans―

fomed PHor tO Statistlcal analysis

Day

Fig. l Changcs over time in Percentagc g。 「mination or

ncぬ pFca secds in tigh」dar【(PD/d:22-3 9 mol rn-ld-1)
、hen the seeds、、ere moistened、iith deionized、'aterin a tem‐

perature regime oF 20°C(cOns mnめ (●), 10°C/15°C(日 ),
20°C/25° C(▲ ),30 °C/35 °C(◆ ).5° C/20° C (O),Or

25°C/勺 °C(□ )Each Point represents the mean of rour

rcplicationsi error bars indicahng SE arc sholl'n onl)、、he「e

SE、 as iarger than Point size

REStlLTS

Sced longe■■ty,seed dOrmanc〕 与and effects of

temPerature alld light 9n sced germination

For seeds stored in ei[her of thlee dlfferent temperamre

condidons,we did DOt detect sced dorIIlancy duhng the

storagc pchod of 7 2 ycars For sccds storcd at ca O° C

or ca.23° C For 7 2 ycars(7 7 ycars aftcr maturation),

the ge― nation PerCentages were 96と 2磁 and 86主

35%(mean i SE;″ =4),respecdvely(when exam、

ined by incubating seeds with water for 10 d in 10° C

(dark)海0°C(light))

Figurc l and Table i show thc cfrects of telnperaalic

andlighi ollseed gemhation Seeds began to ge面 natc

2-7 d after incubatioB(ng。  1)seed geHnination was
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Table l

品na Pcrccnぬ ge BeminJlon(年 )oF,cα wを a sccdsin consは 耐 峰mpcmturc「 c」mcs(A)ふ d』 にmadn3に mpcramに reJmes

(B)in lighL/dark(PD/d:22-3 9 molm id-1)Or cOntllluous dark.Data are the means of fou「lePticaHons Values、ドith the sarne

s u P c i s c A p t  l c tにr a r C  n o t  t t gれnc a n t y  d i r r e r c n t  f r o m  c a c h  O t h c r  ψく010 5 i  T u【●】
's t c H )

A ConstanttcmPcraturc

Temperamre

しighげdark

Continu◇us dar【

B Altemating temperatu「e

Tcmperamrc

Lightldark

Continuous darに

10°C

Clh

伊

15°C

llモ

い

20°C

47・

1｀

25°C

56性

lh

30°C     35° C    40° C

42・d        17・「       い

0     0h    げ

10°C/15°C 20° C/25°C 30° C/_R5°C  5°C/20°C  25°C40°C10° C/30°C5°C85°C

76b         1003         983         9身          95・        98°       勢

0        1h       2夢        4rob       2b      204●      194●
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Fi営 2 Changes over time in percentage ger「nination or

あL cα,7す(a sCCdS at 10°C80° C in tighyda「k(PD/di 22-

3  9  m o i  m ' d 」) W h c n  t h c  s c c d s 、v c r c  m o i s t c n c d 、、i t h  d c i o n ト

ized、ater(●).Or a SOlurion o「100(口 ),200(A)1303(● ),

400(0),Or S00(□)mlnd kgJ NaCIャEach Point「ep「esents

the mcan of rour replicatlonsi elTor ba「s indicaling SE are

sho、'n onl)′、hcrc SE、、as largcr tharl Poini sizc

rcttrded more ill all the comstant teIIlpcramrc rcgimes

alld thc altcmating tcmPcramrc rcgimc of 10° C/15° C

than in other altcmating tempcraturc regimes ln all

tcmpcraturc rcgimcs, sccd _hCcrIIllnation was markcdly

supprcsscd in thc coIILinuOus dark ill comPaisOn to lhat

in lighydark(Table l)6F｀ raS hlghcr in thc altcmat―

ing tcmpcrattre rcOmmcs co口 Parcd to those at coIIStant
iempera巡 、 regimes(Table l).WhCn dc dttrcrcコ ce

beB″eell the hlgher and iower temperatures was iarge

(〔CnpCramrc dlfrcrcncc1 20° C and 30° C)in altcmadng

tcmperaは rc regimcs(10° C/30° C and 5° C735° C),CF

in thc cond■uous dark was最 ボrly hghcr(TablC l)。

Effects oftemperature and NaCI on seed

gerIIlination

Sccd gcnnillation was lctardcd more as thc NaCl

conccntration incrcascd(Fi3 2). CF WaS gencrally dc―

creased with increasing NaCi conccIItratiolli ho、vever,

at constanr tempcramrc regimcs of 15° C and 20° C,CF

was highest ar 200 mmol kg」 NaCl(Fig 3)GF WaS al―

Inost zero at卸O mmolkg-l NaCl in all thc tcmPcraturc

re」meS・Atiower NaCi cOnccntratioDs(0,100,and 200
m m o l k g・) , d i u n l a l  a l t c m a d o n  O f t c I P _ P c r a t u r c  m a r k c d l y

incrcased CP wheleas at llLigher NaCi concent】adons

(400 and 50Э nimol kg l), no cOnsPicucus cfrccts of

diurml altcmation of tcmPcramrc on CF WCre Cvidcnt,

AtZ的O mmolkg-l NaCl,CF WaS ttgher in treatments in

which the tcmPcramre in the light was 20°C(20°C and

5°C/20°C)than in thc olhcr ttcatmcnts

EfFects oF rncistening seedsぃ'ith high concentration

NaCI on sced viability

While moistcれ ntt sccds with 3CK10 111mol k3-l NaCi

solution Sor 41 dt no sccd gcHllination Ⅲ′as obsepred

Vヽhcn the sccds were transferred to detottzed water,

なァacF乃夕r77α′ヴPね打′比た″c否 ン  2θ θ6

NaC co船,8問hag。口(mmofkg~1)

Fig 3 Final Pcrccntasc gCrnination(CF)°f丹'CaずPrC・α Seeds

hヽen the sceds、、′ere nolstened 'ヽlLh NaCi sOlutions or direr_

ent NaCi concentrahons at dif「erenc tempemtu「e regimes in

ligh」dark口D/d:2_2-3 9 mol m~=d~1)A:consunttemperamre

rettmcs,O:15°C,□ :20°C,△ i25°C,◇ :30°C,●:35°C

B:diu!na11)alternahng temperature regines,0:10°C/15°C,

□:20°C/25°C,△ :30°C傷5°Ci O:5° C/20°C,● :25°C/

仲0°C,日 ;10。c80° C,A:5° C/35°C Each PDint「oPresen[S

the meall of Four rephcationsi erro】bars indicating SE are

sho、vr1 0ntド、hcrc SE、as iargcr than Point size

the sccds bceall tO gCrIIlinatc 3 d aftcr the traIIsfcr,alld

gcrIIuBadoII PcrCClltagc 4 d aftcr tbc transfcr was 99=

08%(mean i SE;ヵ =5),indiCating〔 hat″ ごαwiごα

sccds cxposed to ldgh conccnrations of NaCi rcmaincd

ungcnllinatcd,but、'iable and Bondottnallt

ComParisOn ofthe cffects of NaCl and PEG oIIseed

germillation

At IItlost VN valucs, no consPicuous diffcrcncc was

found in CF benVeen the isotonic NaCl and PEG treat―

ments(Flg.4).For both NaCi and PEC treatments,

CF at-1〔o-2 MPa was hghcrthan that at O MPai for

cxample,CFat O MPa was sigお acantiy lower than that

at-15 MPa NaClo,<0∞ 1)and signincandy iowcr
than tLat at-14N4Pa PEG ψ <Oα )1)・CF at hghcr
NaCi concentrations i■ths expe五IIBent was consider―
ably h」gher than that h the 20°C light/dark treatment

in thc abOvc cxpcAIncnt(Fig 3):ror cxaElpic,in thc

abovc cxPoimcnt,at 20° C,CFat 400 alld 500 mmol

k自
~l NaCl was 35%and 6%,respectivel卜

Whereas in

this cxPcrimcnt,CFat-2 1 MPa NaCl(布 9 1111nol kgJ

NaCl)and-3 0 NIPa NaCI(667 Eltl101 kg」 NaCl)waS

85%and 24%,rcsPcctivcly This was intcrPrctCd tO bC
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Waler Potent引(MPa】

ns.4 Flnal percentage germination(GF)°r工i cαttβ'Ca seeds

、vhcn thc sccds、、erc moistc■ed、、lth a PEC(□ )o「NaCl(O)

solution ofもlo、′n、、ater Poiential at 20°C in conhnuous lighi

(PD/d:23-26 mol n4 d■ )Each Point「 cPresentS the me価

。r「。ur「cplicationsi crror b」s indi∽tlng SE are sho、in oni卜'

、he「c SE、 十aS iar=e「 11)an pOiP41 SiZ●

the result of a ttgher PD/d illtHs experimentthan in the

expe五mcntabove,and itindicated that,Vhcn seeds ivere

uTadiated 、vith a largcr llumbcr of Photons, the seeds

gcrlninatcd atiowcr Wド

DISCUSSION

Sccd gcrFmnarion Of rr cα現ヮ,ごa.,2s promotcd by both

light and dluコェJ tempelattlrc altematiOn ヽVとile diur―

nal tc■lpcrature aliemation iDCrCaScd CF at hlghcr ly将

(Fig 3), an hCrease in light iDterlsity increased CF a〔

iowcr IIIw(Fig 3 vs Fig 4)SccdS Can bc cnablcd to

gcrlninatc by multiPlc ProccSSCS that allcviatc gcmina―
tion―泣せibitott cffccts FOr cxalnplc,ccll wau looscdn自

ofthc cmbり o(SchoPfCr and Plach卜 1993),soienlng of

cmdosperm cells constrailung exterlsion gro、vth of the

embryo(de Wnguel and sとnchez,1992),and an iIBcrease

in solutc cOncentradon in the cytosol of thc embtto

( 4ヽc Donougと, 197う とavc bccn includcd iII thc pro一

cesses thatinuuate seed eCIIIllBalioD Our resultsuggests

that light and diumal tcnlperamre al[emation facilitatc

sccd gcHninatioo by diffcrcnt modcs of acrions

At a cOnstant tcmpcraturc of 20°C,6FWaS由 目hcr for

seeds trcated with NaC1 0r PE6 solutions ofintemedl_

atc W、 than for sccds trcatcd with solutioIIs of lllghcr
lyT(Flg 4)HighCr sccd gcrlninadon percentages in

illterIIlcdiatc cOncentrations of NaCi than in water have

bccn rcPortCd in some haloPLytcs(Fuvcrs and wcbcL

1971,Okusanya, 1977)One hypothesis that could ex、

plain our resuit wo口ld be as fOnowsi(1)light rclcascd

onc gerlllillatioEX‐iFよよbito「y cffcct,but another gerllldna―
tiorinhibitoT cttecを ヽヽねs ,Ot released becaLlse Of thc

abscncc of tcmpcraturc altcmationi(2)sccdS rcatcd

with solunons with駈自her Ψドrapidly ilnbibed water。

bllt bccausc thcy werc withhcld to scHIllnatC,some of

thcn dicd due to excessive imbibttion(HcgarⅢl 1978);

(3)secdS treatcd with soluitOns wi〔h interIIlediatt ty干

1 0 1

imbibed llrater morc sio、vly and staycd alive for iongcr

periodsi(4)thc sCCOnd gerIIljnation―inhibitory cffect

vヽas siowly rclcascd cvcllin thc absence of tcmPcramrc

altcmatiOnt howevcr,sincc Lighcr pcrcellta.Ces of sccds

had dicd in treatmcllts With hghcr ty、duc to cxcessivc

i m b i b i t i o n  w h c n  i t  w a s  r e l e a s e d , c F°f  S C C d s  t r c a t e d  w i〔h

interrllcdtate Ww、lras h11:1lcr than that of seeds treated

with ttgller Ψv As far as″ごαずノた。ls conccrnct the

heher CFatintemcdiate tyN would not bc of ccological

sigmacance since it is unli(ely that the tcmperature of

sccds lrradiatcd with light、vould bc rllaintatncd consiant

undcr icld conditlons

Thc silnllar rcsponscs of CF°f Fr cαずβ,ca sccds to
R7、

r Obtaincd in NaCl and PEC trcatDCntS(Fig 4)sug―

gest that thc effect of NaCl oII H cαざク,ca seeds 、vas

mai対〉osmotic NaCl would not P● HIleate tllrough the

testa of Fイ c2ヮ′Ca sceds arld would not cause eithcrtox_

ic cfrccts on thc cmbryos,or favOrablc cfrccts on sccd

watcr uptakc Sillurar rcsPOrlSCS Of sCcd gcrlnination

havc bccn rcPoncd for some other spccics(Clutr ct al,

1983;Myers and Molgan, 1989; NaidoO and NaickeL

1992)The maintcnancc of viability。「,cttβ ica SCCdS

moistcncd with a ttgh conccntration of NaCI would

havc rcsulted becausc thc cmbryOs wcrc proにctcd from

cntrance ofextemaI NaCI The W、 Of the NaCI solution

[hat P「●VCnted gcFninaSon of Frr calβ】ca sCCdS Was not

VC,dLfFcrcnt from thosc that prcvcl■tCd gcttllation ill

othcr ha10pbytcs(MackC and un3ar,lS〃1;V11liams and

U n g a r , 1 9 7■熙l a n  a l l d  U n g a■1 9 9 6 ; U n g a L  1 9 9 6 1

As iong as lモ ht and temperatttre altemation 、vere

provided,ri cαギβ,ca seeds ttenttEElated favorably under

a widc rangc of rcDIPCrattrc rc」mcs_ MOrcovcr, sccd

dorlnancy was llot found in,casP,ca,Tl,se indicate

that ri cApFcα sccdS are able to gerlninate at any time

bet、′een sp五ng and autumn in their habittts in Cruna,

although they 、vill ncvcr geminatc duttng thc cold

、vinter

PromotiOIl of sccd gcrlninatioll by light or tcmpcra―

ture altemation has been detected in many species[hat

produce small―sizcd sccds and it ‖′as rcporcd to bc

cffectivc in avoiding fu[1lc gemunatiOn in deep soil or

under the vegelative cover of mature PlantS(PrObe■ ,
1 992i FcnIIcr,1995)ComParcd tO sOmc Photoscnsitivc

seeds(Kollcr et al,1964:Dittt and AmtttPhale,1996),

rr cα_RPica Secds appearcd to rcquireねirly hlgh nぃ

cncc of light SOr thcir gcrlninatiOn bccausc daily shoH―

高mc lllumination with dim light fOr Obscttation in thc

continuous dark treatment dia not result in apprcciable

sced gerlnination This indicates that for gernination of

Fr cttpFca sccds,thc sccas nccd to bc almost cxposcd

to thc sOil sun‐ace

Ho,vever, in saline and 、vatcr―dencient environ―

1■en〔s,where there is severe■′ater evaPOration and salt

ろうτ cr ar /挽泌gビ刀7F"a,θ′】OFrr rlalopra)ィビ
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accumulation on thc soil surfacc,thc opPortun」tics for

seed gcrmination、vili bc limited indecd,monthly mea―

sllrcmcnt of salt colltcntS in soil oF satittzcd iocations in

dcsctt reglons(Blank et al.19941 Pttol Ct al,2000)in―

dlcatcd that the salt contcntin soll ls usually hlgher than

thc concentration that eBables seed genllination of sPe_

cies dlsittbuted in those areas NIo「eoveL in desert cn―

virorlrncnts,scCd BCrmillatiOn at thc soil stirface occuis

odyポ ter thc suPPly Of a largc anotl■t of water(MOtt,

1972, 1974)Neverthetess,″  ごαwた o scedS remained

viablc cvcll aftCr thcy wcrc cxposcd to vcry hgh sallII―

ity,and thc longevity of its sccds appcarcd to bc fai「ly

good as comparcd icl soIIIC OthCr dCscrt plallts(Xlgel,

19951 Tobc ct al.2005)In ths rc_HCard.″ ごαttβたr7sCCdS

La、fe〔be advantage of exP101ting rarc oppOrturllties for

seed gernlination iII the harsh environlnent

MoIIthly prcciPitatiOn froIII APril tO OCtObcr in

Fukang(sccや IatcHals and Mcthods)apPcars to bc

gCDerally insufacicnt to causc lcachlng oF sali from thc

soil stlracc and sccd gcEIlination OEl thC Oしhcr hand、

water supPly from met〔 ing snow in early sping aPPcars

to bc morc promising to rcsult in sccd gc航 Iladon

bccausc it rclcascs a largcr amount of watcr in a short

Pc占od、Although sccd gcttatiOII may be rctardcd at

loweriemperatures,low[cmperatures tB the early spttng

‖′ould also rcduce evapOra[ion and salt accum』 arion a〔

thc sOti surfacc,and thus,would favor sccd gc「 IIInation

ofア7.ca、β,ca Supply of a largcr aIIlount of watcr from

mel(ing snovv in a short period will resutt in geater

amounts of runoff,卸 d unevenness oF soll suracc will

cause sPatlal hCtcrogeIIeity ill the dlsmbutiOn of‖′ater

l NIott,1,▼2,19741i hence,watcr nows and accumulatcs

in dcprssions IVhcた sttittty wili bc substtndally rc―

duCCd and the sulface wni be tept mdsにned for a rda―
tively longcI PeriOd,thus facili〔ating the tterllinatiOn of

sccds Since mamrc plants Of Fr ca品 り,ca producc aEld

dlspcrsc a largc nllIIlbCr Of sccds cveEy ycai sccding cs―

tablishnlcnt from a vcly low proportioD Of SeCds,vould

sufice to enable the recruitment of ttts species
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