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DEsICCATI0N TOLERANCE AND CRΥ 0pRESERV【TI0N0F ARC``r,Ⅳ Tr,尸 〃r,刀ⅣrX A乃刀XAⅣDRA刀 EXCIsED EMBRYOs

D召 s氵cc夕 r氵 o″

Thc sccds of 174 E)AF 、vcre buried in activatcd si1ica gcl in a scrics of airtight g1ass

dcsiccators at ambicnt tcmpcraturc(15-24° C at night and24-35° C in thc day)for diffcrcnt

tirncs(0h,6h,I2h,24h,36h,48h,72h and96h) ThC vo1umc proportion of sccds and

sihca gcl was Onc to tcn Thc sⅡ ica gel was replaced、
^/hen thc gcl’

s colour changcd Thc

cmbryos wcrc cxtractcd from dricd sceds and Ⅵ/ere used for、 vatcr contcnt dctcr∏ 1ination

Thc cmbryos of different developmental stagcs wcrc cxciscd fron1 thc frcsh sccds

、vhich had bccn disinfected with75% alcohol for3-5 Π1inutcs Aftcr xvashing in ascptic

、vatcr thrcc timcs, thc embryos were exciscd using shcars and nippcrs Thc cxciscd

cmbryos 、vcrC transfcrrcd to an uncovered sterilc Pctri-dish and dchydratcd rapidly by

using ascptic air currcnt lncthod(Fu召 r召J., 1993)for diffcrcnt tiIncs(0h,05h, 1h,2h,

4h,6h, 12h and 15h)

Wrlr召厂 C0刀 rC刀 r〃召rC,r″饣氵″夕莎

`o,lWatcr contcnt of all samples was deterΠ 1ined by thc Ovcn mcthod at103± 2° C for17± 1h

Prcscntcd Ⅴalucs rcprcscnt the mean of three seeds or tcn cmbryos, and Ⅴ
`crc cxprcsscd

onag H2O pcr g dry m扯tcr(gH20gJ DW,gg· )and on a pcrccnt【△gc f1· csh mass basis

(%)ind允 atcd in parcnthcscs

R召 Frrr氵 v召 召J召 crro/l rc`召 〃乃夕g召 Jll召 〃,s〃 r召 阴 召刀rs

Fivc rcplicatcs of cxciscd cmbryos in batches of5 each 、vcrc soakcd in 20Π11 doublc-

distillcd、 vatcr in a tubc and conductivity Ⅵ/as mcasurcd using a DDS-307 conductiⅤ ity

mctcr Lcakagc was mcasurcd荻 the start(a1)and ag碰 n aftcr120min whcn conductivi”

of thc bathing so1utions of thc various treatluents reached a p1atcau (a2) ThCrcaftcr,

thc tubcs 、vcrc transfcrrcd into a pot and boiled for 120Π 1in to inducc tota1 mcmbranc

brcakdown and aftcr coohng thc conductivity was again mcasurcd.(a3) LCakagc data arc

cⅩprcsscd as a rc1ativc clcctrolytc lcakagc((a2ˉ a)/a3× 100%)

C召 r泖 J″夕rJ@刀 r召 srf″g臼刀〃 C,△ of,r召 s召 rv四 r氵ε″日厂s召召汐‘日厂f/^/Ι》⒋F
Four rcplicatcs of sccds in batches of25each Ⅵ/ith diffcrcnt watcr contcnt wcrc cu1turcd

in Pctri-dishcs、 vith1丐尼agar in an incubator at constant30°C with altcrnating photopcriod

with 14h light and 10h dark Thc dried seeds 、vith various watcr contcnts、 vcrc put in

cryo-tubcs and plungcd dircctly into liquid nitrogen.Aftcr24h,thc sccds、 vcrc takcn out

and thawcd at thc ambicnt tcmpcrature, They xNjerc thcn culturcd in Pctri-dishcs on 1%

agar

s〃 ,n Jv夕

`,r乃

召gJc,wr乃 ⒎t7r召 犭 s召 F’ c/′氵刀g rr/ld c`∵vr’f9r召 s召 rv夕 rJo刀 r,f cjrcfsc,rr召 阴D冫:r@s

Thc dricd cmbryos with diffcrcnt、vater Contents of diffcrcnt dcvc1opmcnta1stagcs wcrc

diⅤidcd into t、 vo groups Somc of the embryos 、/erc transfcrrcd tO stcri1izcd, 20¨ Π11

capacity cryovials and p1ungcd dirccdy into liquid nitrogcn;othcrs wcrc disinfcctcd、 vith

01丐%HgC12for5s and rinscd in ascptiC distiⅡ ed、vater thrce timcs and incubatcd on MS

(MuraShigc and Skoog,1962)mC山 um supplemented witl102mg刀L IAA,01mg/L BA,
30酊L sucrOsc and8g/L agar with the pH adlusted to58as con“ o1 Thc dⅡ cd cmbryos

wcrc storcd in liquid nitrogcn for 24h The cryo-tubcs Ⅵ
`crc thcn rapidly thawcd in a
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water bt△th at37° C The dricd embryos wcrc disinlˉ cctcd(as abovc)and incubcltcd on thc
same MS mcdium The embryos、 verc groⅥ/n undcr a 10h∶ 14h hght∶ dark photoperiod at
25°C SurviⅤ al of tcn embryos pcr trcatInent was assesscd, and cmbryos wcrc scorcd as

surviving within 1 month Embryo viabⅡ ity 、vas asscssCd as∶  organizcd groⅥ
`th, 

、vhich
was comparable with normal gcrΠ 1ination;individual embryo tissue cxtcnsion∶ and caⅡus

produc伍 on iom thc radiclc(i c unorganized growth)(Pritchard召 r曰

`,1995) Thc growthrate of seedling and shoot Iength 、vas asscsscd aftcr 3 months Thc secdling grown
includcd radiclc elongation(“ root” ),shoot clongation and plantlct recovcry(both radiclc
and shoot dcvclopmcnt)(Gonz犭 lCZ-Bcnito c9r夕/,2oo2),

s勿 r氵 s∫ Jc河 夕″夕/ls氵 s

SPsS 11,5was uscd Somc propcrtics of sccds and fruits during diffcrcnt dcⅤ clopmcntal
s切gcs(tablC l)wcrC an狃 yscd by onc-Way ANOVA(andysis of variancc)and thc cfects

of dcsiccation on survival and scedⅡ ng gro、vth ratc of cⅩ ciscd elnbryos (table 2) and
on shoot length什 om con“ ol←LN)and cryoprescrvcd(十 LN)cXcised cmbryos(tablC4)
、verc analyzcd by Indcpcndent-Samplcs T Tcsts to dctcrn1inatc if signi凸 cant (P(o05)
differcnces Occurrcd

Tablc 1 Changcs in sol11C physical propcrtics of sccds and fruits during dcvcIopmcnt

Day altcr     Colour of      sccd      FW/1o00sccds     、Ⅴc°f sccds      D、 Ⅴ pcr sccd
tlowcring(d)     fl tllts       tcxturc         (g)            (%)            (mg)

I46

153

160

167

174

181

light grccn

grccn

light rcd

rcd

dccp rcd

dccp rcd

solt

soft

Ilard

hard

hard

hard

44680±5 13d

43720± 148b

44010± 199⒒ h

43080±361b

5I903±285c

51640± 3 Ilc

484± 094a

484± 088u

38 I±021b

380±051b

386± 000卜

369±001b

2400± 00u

2300± 100J

2800± 50b

2700± 10()”

3100± 1001

3100± 100c

FW,llcsh wclght;DW,dry wcight;、 ⅤC,wcttcr contcnt Vducs"1c之 rh row with thc sε 1mc lcttcⅡ on right cornσ
arc not signiflcandy diffcrcnt,LSI)tcst,P=005

Tablc2 Effccts of dcsiccation on survival and sccdling gro、 vth ratc。 f cxciscd cn1bryos of matcriaI 174DAF

Dchydration timc

(h)

、Vatcr contcn1

(gg)
Survival

(%i)

Sccdling gro、 vth1atc

(%)

0

05

1

2

4

6

12

15

352±011

223±008

135±010

078±005

036±003

025±003

014±004

009±002

1000±0a

1000± Oa

1000±0a

1000± 0j

978± 222"

97I± 286a

820±467"

577±443a

744± 495h

765± 627卜

614± 716h

540± 821b

515± 650h

530± 517b

543± 7I9h

215±64Ib
alucs in cach ro、 v with thc samc lcttcrs on right corncr arc not signi

tcst,P=005
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TablC3 ElfCcts of dcsiccation on、
va1Cr con1cnt and gCrmination PCrccntagc of sCcds and Cll1bryos of matcrial

174DAF

Dchydratlon tlnlc

(b)

、ⅤC of sCCds

(gg)

WC of Cmbryos
(gg)

Gcrn1ination

(%j)

0
6
⒓

Ⅱ

“

娲

ν

%

t
h
c
ˉ a

t
¨

a
s
i
c
h
ˉ

u
s
v
t
l
l
m
c
l
c

064±002

050± 001

043± 001

034± 001

027±001

()22±000

018± 0()0

o14±000

441±065

253±040

128± 019

()70±003

058±006

044±014

() 16±002

007±000

800±231

835±267

81 3± 046

574±663

270± 191

120±432

0±000

0±0001tal

Cts

1nd

4)

)5)

dcd llclln dcsl∝ 扯 d讪 dC炽 水

TabIC 4 EffCct °f dchydratl。 n on thc shoot lCngth froln contlol
←LN)and cryoprcscrvcd(+LN)Cxciscd

clnbryos

Day aftCr

Jowcring(d)

Dchydratlon tIlnlC

(h)

WatCr contcnt

(gg)

Shoot lCngth(cm)

+LN

6
 

⒓
 
 
6
 

⒓
 
 
6
 

⒓

~
c
c
d
 
~
α

ο
秒
α
ο
ο
石

()27±005

015±003

025±004

013±003

025±003

o14±004

026± 003

014± 001

190± 024a

098± 026"

173± 023a

222± 054"

096± 013a

100± 023u

291± ()38a

143± 058a

125± 014h

050± 017d

1 88± 026a

230± 020a

069± O19·

135± 015a

190± 020b

214± 039a
6

12

⒒g⒒ c。 rn∝ arC ⅡΓⅠⅠgllflcaⅠ tlsl山 rtcrcllt,Ind叩 ∞dcˉ llt Mll△ lnlCS

F Valucs in cach ro、 v `vith thC samc lcttCrs on

tcst,P=005

ResuIts

so″氵纟I,/Iys氵
ccl`‘∶/l夕 rccrc,r氵 ‘sr氵 cs°fs(

Thc iu】ts turned廾 om⒒ght grccn

of sceds changcd froΠ 1soft to har
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Without al1 imposed drying trcatIlDcnt, cxciscd cmbryos of146~I74E、
⒋F sh。Ⅵ
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ü
t
h
c
h
c
o
s

∷⒈、
[\\谁 \      艹倒DAF

吣小过导千Ⅰ

0[~
139

l澄:il揲:t:1渥殁】∶足1π砦刂FI施
C and Sur“ dd叭 0scd Clllbryos of dillclk。 lll

-+-146DAF

一卜 153DAF

ˉ —160DAF

-— 167DAF
~← 174DAF

146    153    160    167    174    181    1::

Days after fI0wering(d)

5L
0

~L— —

12345
6

Water c°ntent(ggl)

l〗∶s∶ tF:萎 :∶∶t七\叫刂浅r∶:I以刂11∶l;苕
J叭°s刨 ⑾bry“ d dltlCrc· llt&doplllClltm咖 gcs m

/       _i~survˇ a|

/

~  J⊥__

⒛

∞

硐

⒛

⌒
`
°
分
ˇ
Φ
0
雨
y
雨

Φ
一
Φ
~
卜
一°
ˇ
~
°

Φ
一Φ

Φ
>
△

Φ
一
Φ
∝

⌒菸
ˇ
雨
>
一

之

彐
∞

dcvcloplucntal

}
d
s
n
g
∷

h
c
c
n
Ⅴ

c
引

o
n
Ⅳ

日抑 crs犭 叼 召s氵cc‘ J莎氵ε
`ir,″

ll〃 rCr C0刀 rc″ Fc刀 d gcr″ 7J″‘
`r氵

@刀 l,召
厂C召 ″r‘ 8召 r,F scc〃 sc`⒎d召″7沙 rTρ s

监瞥t∶苫t:殛呈珲n。 n de“ c颐m scc“ dm“ 3⒒dl"D胛 讹s0,C●●gg丬 C39㈨ md

that of Cmbry0s Cxtracted fron1dCsiccatCd sC

、vater contCnt of thc isolatcd cmbryos Was cc

1al xvater contcnt of sCcds and embryos was

∶hc lcthal xxiater contCnt of sccds and cmbryos

1blc3)
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f/ f̄c,cr‘ ⒌q厂 cIvc,/’〃 s召 JI’ 〃r`o″ ρ″ ‘s〃 ″ 氵【,rf`q'助臼r″ rc s召 召夕、

No gern1ination was obtaincd 、vith dcsiccatcd and cryoprcscrvcd sceds of 174 DAF,
、vhateⅤ cr thc desiccation pcriod tcstcd(data not shown),

日〃0crs日厂‘
`,@`'a9召

rl`〃 r`o″ r,/∷9〃″沁〃厶 r乃

`gvllr乃 `〃
r'四Fs召 cr//Jrl&s〃 /lt′ s乃 oor/c,刀 gr乃 q/

σ c氵s刃 ″
`7Dov‘

s犭‘

`|/≠

i?`·召″r洳 V召

`r,f,/l9r9/lrr//sr召

g召 s

混J∶「耀牒 v羰1s罂i脶兑⒒￡冱罂拒F黯潆引勰」w
igh Ⅵ/atcr contcnt, but at1ˉ clativcIy lo、v xv atcr

Contcnt thcy survivcd thc n^cczing and thawIng proccss Exciscd cmbryos of I60, 167,

174, I81 D'`F dcsiccatcd to025gg 1uoisturc lcvcls could bc succcssfully cryoprcscrvcd

、vith a surⅤ ival of569∷ 63cc,98%and46q3respectivcIy Thc corrcsponding gr0、
vth ratc

of sccdlings was339%, 33,3%, 7o6%and266%respcctivcly Aftcr furthcr desiccation

to(〕 13gg ,thc survival of16o-181 DAF dccrcascd to2I 3%,22%, 833%and244%、
and corresponding sccdhng ratc was 6%, 6%, 544% and 275% survival of cxciscd

cmbryos of 174E、 气F xvith a water contcnt of025 g gl shoxx/cd thc n1axi1nun1 survival
pc℃ cntcagc(98%)after LN cxposu∞  It th∝ clˉo℃ appc盯 s th械 mat∝ial taken flom174
D/`F、 vas thc bcst dcvclopIη cntal stagc and o,25g gl 、vas thc suitable watcr content for
cryoprcscrⅤ ation(flgurc4)

嘁拙Ⅺ社l滞跚萎察撼轼桔嬲撂mJw榻
icvcIopnlcnt whcrcas othcr cn1bryos had root

gr0、vth but no shoot dcvclopmcnt The ratc of plandct rccovcry (both root and shoot

dcvclopmcnt)dccrcascd cspcciaⅡ y aftcr considcrable desiccation or cryoprcservation 6o~
80%cmbryos did not dcvclop roots but dcvclopcd normal shoots Thc sccdhng rccovcry

aRcr订cezing was sirnilar to thc con汀 oI whcn cxciscd cIη bryos of I67~181 DAF wcre
desiccated to 025 g g  (ngurc 5) Thc shoot Icngth afˉ

tcr cryoprcscrvation we1ˉ c not
signijcantIy diffcrcnt frotll the contro1(6h of160, I81 D/`F is exceptiⅤ

c)(table4)

Discusslon

刀抑 cr‘y犭 洳 sfc‘ 夕rfε″ r,/lr/l召 s″厂l′JV夕

`,s召

召‘

`″

″g阳 r召 犭 σ c氵 sc,d召 /9l3`yos
Thc dcsiccation tolcrancc of rccalcitrant sccds of other spccics is diffcrcnt at diffcrcnt

dcvclopmcntal stagcs(Chandcl召
r‘〃,1995) Thc dccrcasc in watcr content towards thc cnd

of dcⅤclopmcntis accompanicd by an incrcasc in dcsiccation to1crancc in most recalcitrant

sccds(Pammcntcr and Bc巧 ak,I999) The semilcthd w扯 cr content of A 夕/c丌夕″〃阳 召
cxcised embryos of146~174DAF dccrcascd g1cadually,but incrcascd at181 DAF(⒒

gure

拊恽j芒莨糨憾凇榀菇品抖糨湍糕嚣驷背
high dcsiccation tolerancc could increase

suIˉvival of cryoprescrvation It was cvident froΠ l cxciscd cmbryos ofthc I74DAF InatcriaIs

妆甘

Ch瑁

耦 箔 al;s客 :∶ |∶∶∶

1抚

廷:∶∶∶

’

贞

r∶

槁 :F:器 ;∵l∶∶∶|∶∶∶f镙
c丨

:l∶∶∶∶

n忠
器 r∶ll∶丨:

in A召 ‘9clr`r`s/lJ/,PoC夕 s〃
`″

zr`″ and C`〃 lrs'″ 〃

`夕

″sflf,l,sccds(Tompsctt and Plltchard, 1993;
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Figurc4 Changcs in surviVal and thC growth ratc of SCedhngs dCvClopcd from cxciscd cmbryos of diffcrcnt

dcvclopmcntal stagcs aftcr liquid nitrogcn storage

Fu召 r@J,, 1994) Wa⒒ers(2000)suggcsted that dry mattcr accumu1a“ on is an important

featurc in conferring tolcrance and most of thC to1erancc in devc1oping cmbryos appears

to be acquired during dry mattcr accumu1ation. Similar1y thc acquisition of dcsiccation

tolcrance by oil palΠ1 immaturc embryos 、vas associatcd with an accumulation of dry

mtatter(AbCdCnc-BertOssi召 r曰r,2oo3).HowCⅤ er,it appcars that not a11reca℃ i“ant secds

react in thc samc manncr Oncc thCy haVc bCcomc gcrminable,thc desiccation tolcrance

of seeds of Avjcc’ ,l/a氵四 /9F‘ 7厂氵/lrl did not change during furthcr dcvclopmcnt (Farrant 召r

曰
`, 1993) In our study, a dccrease in surviva1a1so appcarcd among the seeds aged byde1aying harvc吼 aftcr physiological m扯 ur肫ion(181DAF,丘 gulc1)A simⅡ ar rcsponsc

has bccn demonstratcd in C`夕况s召竹c JfJ9as氵 Jl″1and L氵 rc/t氵 c/l氵 /I召刀sJs sceds The desiccation

to1crance of C′ olJs召 ,lε J⒍刀s氵 lr,9l and LJrc九 氵c/t`9l召 ″sjs sCCds、vas greatcst at67and84days

aftcr anthcsis respectivcly,but dccrcased in furthcr dcvelopment(Fu召
rc`, 1994)

Thc groWth rate of scedhngs was1ower than thc Survival percentagc(tab1C2)·
A great

dcal of inⅤ estigation has suggcstcd that dehydration treat1ncnt influcnccd the devc1opmcnt

糕⒒,叮 ;l;:I∴ :丨;n椽f叩【;∶:ss器:T恩扩l{{l∶旱
a∶

∶∶器d‰【哏a瞿扛
influcnccd the devclopmcnt proccss from cmbryo to secdling

C乃臼刀g召s加 召佗cr阳 Fl,″ 佗夕七cg召 口/召犭c氵 s纟dc,,lDγ @s犭 d顶纟r召″rd纟 v召 Jo/,Jll召 ″rrlJ srzlg召 s

Rclativc e1cc“ olyte1eakagc of Cxcised embryos incrcascd with dcsiccation(lˉ
lgure2)

PaΠ1Incntcr召 r cr, (1991, 1993)suggCstCd that in recalci“ ant secds,increased e1cctrolyte
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Figurc5 Rcsponsc of cxciscd clnbryos to dcsiccation for diFfcrcnt timcs and cooling in liquid nitrogcn

leakagc from cclls is dircctly hnkcd to plasma mcmbrane abnormalitics, and is a good

indicator of viabihty. In our studies relativc clcctrolytc leakagc was uscd to evaluatc thc

extcnt of drying damagc to plasma mcmbrancs The iInmaturc cmbryos had a highcr

reIativc cIcctrolyte lcakage than thc partially maturc Or ful1y maturc cmbryos, this 
、vas

perhaps duc to thc factthcy had not dcvc1opcd complctely and had lo、
v ccllular mcmbranc

156

359(Oh)

o13(LN)

345(Oh)

270(0h)



DESICCATK)NT0LERΛ NCE AND CRYoPREsERVATI0N0FA火 C〃 llⅣ Tl,卩 〃/lLⅣJX^乙￡XAΛ D/’/t‘ EXCIsED EMBRYOs

integrity sO that thc cmbryos lcakcd elcctrolytcs morc casⅡ y than the morc maturc
ones (Yang 召r cJ., 2oo4). The prcscnt results support thc conclusions of Pukacka and

、V句 kiCwicZ(2002)concCrning changes of pcrccntage gcrmindtion and clectro1ytc leakagc

of Norway mapIe sccds during dcvclopment Thc incrcasc of relativc clcctrolytc lcakagc

was assOciatcd with a concomitant dccreasc in survival pcrcentagc(Π gure I,2,3),An
increasc of relativc c1cctrolyte lcakagc and dccrcase of surⅤ ival pcrccntage alsO appearcd

among thc sccds agcd by delayed harⅤ cst aRcr physiologica1Inaturation(181 DAF,Π gurc
1,2), In sOuthcrn Yunnan Provincc of China,A rl`召 艿rl刀 r/r四 〃f1·uits and sceds ripcn in an

cnvironmcnt of high hu∏ 1idity and tcmperaturc Some rcscarchers havc pointcd out that

high humidity and tcmpcrature cnⅤ ironments may readily cause sccds to agc and to losc

vigor molc Or less(弧
`ltCs,2000)

CγOr,〃 s纟 rl rfr汩 ″日厂s纟召凼 四″〃召xczs召d召 ,,r莎 /△,εs t,fW骺 r召″rd召 l/c`r,f,J9z召″r夕

`sr/lg纟

s

No gerΠ1ination was obtained 、vith dcsiccatcd and cryoprcscrved sccds, 、vhatcⅤ cr thc

dcsiccation pcriod tcstcd But exciscd cmbryos of 160-181 I〉 AF could surⅤ ivc after

proper dchydration trcat1ncnt and frcczing, This indicatcd that exciscd embryos are an

appropriatc propaguIc for long-tcrΠ 1storage thc gcrmplasm of A,夕

`召

xrJ″ drε召sccds This
responsc could havc bccn duc to higher、 vatcr content in the embryo of/⒋  rr`ejr夕 ,l〃r夕召

than in thc rcst of thc sccd.Evcn if、 vater contcnt of secd has reduccd to lo、 v lcⅤ cl,that of

tlle embryo rem缸 ns high(tablC3) Thereft,rc in sceds with a diffcrcntim in wc.tcr contcnt

across tissucs,lethal ltˉ c crystals wⅡ l form in thc embryo(high w【·ltcr Contcnt)when thc
、vhole sccd is frozen in liquid nitrogcn. SiΠ 1ilar1y dcsiccatcd conical cxplants(containing

the axcs)of0〃 召亻〃s/czg氵″召曰faⅡcd to survivc cryoprescrⅤ ation despitc low watcr contcnt

due to similar reason(Gonzdcz Bcnlto召 r〃

`,I992),A simⅡ
ar dif℃ rcnce in watcr contcnt

betwccn whole sccd and axes,whcn dⅡ ed within thc廾 u⒒ ,has bccn rcportcd in g″ 召rc〃 s

`幼
莎

`夕

(Prichard, 1991).

At thc lethal point of secds of174D/`F,thc、 vatcr contcnt of cmbryos cxtracted from

desiccatcd seeds was016gg· (table3) But the cxciscd embryos(cxcisCd±lom secds
beforc dcsiccation)of same dcvclopment stagc couId surⅤ ivc at lowcr water contcnt Thc

survival rcm加 ncd83%at0,13g gI and58%cⅤ cn at009gg1(IguⅡ 1).ThiS mcans that
thc watcr contcnt of cxcised cmbryos can bc rcduccd to much lo、 vcr1cvel than that of thc

who1c sccd thcrcby meeting thc conditions rcquired for cryoprcscrvation Somc typical

recalci“ ant spccics cxpress similar charactcristics to those demonstrated in thc prcscnt

study The exciscd cmbryonic axcs of wampcc seeds on rapid drying surviⅤ cd 100% at
0,13g gJ,and thc scn1i-lethal watcr contcnt Ⅵ/as0,09gg (Wuc,r cJ`,2o01) ThC exciscd
embryonic axes of rnango secds can tolerant rapid dcsiccation to 11896,and thc surⅤ ival

stⅡ l rcmained around 80q3 (Fu 召r夕/, I99o) StiH 召r rl` (1994) rCportcd thc survival of

、vⅡ dricc at watcF contents as loxv as007ggl

As rnendoncd by IDumct召 r cJ` (1997),⒒ sCems rcasOnable tO suppose that thcre luight

bc an optimaI dcvclopmenta1stage that xvould fac"itatc successful cryoprcscrⅤ ation, and

that tllls is likcly to be at⒒ Ⅱ1m荻u"〃 M扯盯e Cm"yo血 c of L〃 〃切/F,/lz〃 虍F汝氵扌wctc
morc tolerant of cryoprescrⅤ 扯ion than immaturc axcs(Vαtucci召r夕

`.,1991) Similarob∞lvatIOns wclc Ⅱported、rtllcα yoplcscⅣ tltonofCocoaandjackitlltemblyonicaxcs
(ChandCl召 rσ

',1995) From thc present study,exciscd cmbryos of146-153DAF could not
157
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surVive、 vhatcver thc、 vatcr contcnt was,but exciscd embryos。
f160~181 D'⒋ F dcsiccatcd

E粼F甓:l;辗器:I1∶

°
以⒊浅1:/】∶拄笺i茛:f营Id"仔

°gm br24h otllclxx/l汜

帮镙 lI;∶P摁⒊丨甭貂⒊f‰P执娄段⒉强帛乩嚣:dec点
:昙l遐r呈茗氵e;丨:∶

咖 山 “gh扯 “咖 md∝ ⒛ ∞ Ⅱh⒃ d hgh幽 M涮 棣 i骘 磊1跏 1蕊l苜
卩
as° b"° us tlltlt Πn曲ng thc dcvclopmentd哽age with h熄 h desiccrltion tolerance could

丨跏
′
{∶丨∴i|∶{丨}孓髭滩更漱锚程菇垆辟菇严腽扛:橇 :里l、vater content range in Ⅵ/hich thc secds do not frcezc and surⅤ

ivc Iiquid nitrogen But thcsafc w哎 cr contcnt of rccdci“ ant sccds was usual】 y highcrthan HhIFL Chin(1988)sttlted

茹 蚺薮素豫谗猫嬲懈1nd thc survival、vas25%or5o(
into1iquid nitrogen rcspcctive1y(Fu召

r rr`, I993).Tea emi

:;%增飕诺;J翟湍;d挠游矿肀IhiⅣ::r胃⒉∶ed咖山am岫 d pα∞碰η￡
1XCs 、Vith 14% watcr contcntcodd bc αyop鲰rved咖山3o%su岫d σhan汨 ″饯
|嚣:I△抵男、漯乡识邑

、vas the suitabIe water contcnt for cryoprcscrvation, and s1

contcnt was highcr or lo、 ver than0,25ggI ItⅥ /as thercforc obvi。 us that optirnuΠ1、vatcrcontcnt、
^/as necessary to cnsure the succcssful cryoprcscrvat10n.

Thc growtl,ratc of sccdlings dcvelopcd fron1cxciscd embryos with proper dchydration

treatlncnt 、vas high after cryoprcservation, but cxhibitcd higher proportion abnormal

嬲扌:t堤Ⅳt⒎;;渭嚅F⒉∶准;:∶I紧I:%f∶∶I嘿m md⒛ n山de d⑾咖叽
)ngation. AbnormaI pIant1ets

拼臌 嘏 搬
糊 扌%r糊h嬲忍陬r提赀1糨℃
I牒絮捃找 ⒊搭rⅠ咒J点f驽苈男岩

to dcsiccation of root and sh。
(

With roots being mo∞ scnsitivc山 ⒕ 乃zf,poc〃 s///″ ″,99and shootsin A g`夕 D貂 and C‘srlr丿 v夕

:泔廴ri∶‰∶r∶∶;∶∶,ε:;∶∶∶∶虍冼 J;:;;∶ 湾丬装。窝:∶Il;∶ tlI∶∶:i谩骤诨c:∶∴∶∶。茗scnsitivc to desiccatlon than root rneⅡ
stcms(Pr“ ch盯d and Prcndcrgast, 1986;PⅡ

tchard,1991;Poulsen, 1992) It is not known if thcrc is an inherent physioIogical diE弋

erence inthe tolcrancc of these tissues to drying or freczing, if the ro。
t and sh。 ot gcrΠ1inate at山岷 ℃

"mtcs,。
rf meⅡ“u⒊

|∴ i!|∶丨:IdⅢ
C扯 d跪rent叫 cs,αprcs咖g山饨 ℃

"Ⅱ
spt,n scsaftcr desiccation for thc samc

护kt thc optiInunn water contcnt, for exalllple, excised embryos of 160~I81 I)AF
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