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Research Note

Changes in thc moisturc and gcΠηination of rccalcitrant ffr,f,〃 fJ

仍 o〃jssjJPBC seCds (DiptCrocarpaceac) in differcnt dcsicc肛 ion

regⅡηcs
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Kcy L'abor11k)ry o{ ΓI opic111I氵 orcs1Ecok)gy Xishutulgbanna l′ r()Pical13otanic111()11rdcn Thc(Γ hincsc Act1dcnly

ol Scicnccs MCngla.Yunn11n 666303 China(E-nlail∶ wcnb【cl)Xtbg(丬 g cn)
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sun1mary

Thi`p11pcI stucIicd1hc ch1u、 gcs in m()istuI c11nd gcnllin11ti()ll ol Wholc sccds ol〃 ‘,`,‘ '‘ ′″′‘′′″ssf```‘

`using gIa(lcd

1cnlpcr11tuIcs t"1d Ick1tivc llunlid"y 1()IlliI、 1ic changcs ill thc!11icI()cⅡ nlatc in Ia"、 Ik)Icst lragnlcn1s f` ″
`r,/`氵

、、″″‘
`

sccds wcrc highly scnsitivc“ )high1clllPCr1、 turcs and dchytll111i("1,w"hs1or1tgc a(1cn1pcr111ulcs Σ3(y(′ ()I rcl111ivc

humid"y兰 6()%signi"c灬 n11y dcclc灬 sing1hc gcrmint11k)n pcIccntagc Λll inclcasc in1hC suIlounding1cnlpcratuIc

alld dccrcasc in lclativc hunlidity prcvcn1cd '/ ″〃9``氵 、、″″‘
` sccds lIOnl gcrnl"11、

ting 廴k"ing stor11gc, 11cCClCl11tcd

n、〈)is1ulc t1nd gc"llina1i()nl()`s and sht,l1cncd sccd hIc· sPan Thc rcsul1s11IC diSCus`cd in Icl11ti("l to1hC p()1cn1i111

I`)1 1hc lragnlcnta1ion1uld c"stuI b11ncc ol nativc ll11b"111s Icsu"iI1g in c"l{icu"ic`ill sccd gclⅡ
llhl∶11ion1uld sccd"ng

Cst11bⅡ shnlcnt {`)I 111is spccics in1ropical raiIllt)I csts

ExperiIuentaI and discussion

J-f/〃 ,t,‘

``″
‘9′

``v‘

、∫″冫‘
`(DiptCrocarpaccac).natIvc to Chh1a.is listcd as a1ˉ

t11· C tu1d cndangc1ˉ ed

spccics A pI· cvi()us study (、 VCn cr ‘
``^ 2009) has lk)und t11at d1is spccics produccs

rCCt、 lcitrant sccds (RobClts、  1973)~ 〃ρ/9〃〃 `″ c’ ″′‘vs″″‘
` glt)ws o111y in thc D″

,rc`·‘x‘″
7冫
″、

r‘ ,``攵

```〃
`氵

s氵 、and f/t,`,〃 ‘′′′7亻 9′′′sv氵
```‘

r1orcst,its l1t1tivc ht1bitt1tin S()uth Yunnt1n.ChinL1South

China is Iocatcd()I1 thc boundary of thC tI· opics w11crc E〉 iptc1ˉocarp 1orcsts L11C rcstIˉ ictcd

t() thc nloist va"cys Thcsc {k)I· csts arC no、v bc"lg scriously fl^t1gnlcntcd and disturbcd

This papcr tcstcd thc hypothcsis that changcs "1 thc cnv"ˉ oIl n1cnt I11ight il1flucl1cc sCCd

gcrnl"1ation and sccd"ng cstabⅡ shn1ent and hlvcstigatcd thc changcs "1 nloisturc and

gcrn1"lation of 〃 `″‘,```‘ v、 f`″‘
` sccds ul1dcr diffcrcnt tcn1pcraturc and rclativc hunlidity

rcg"11cs

Maturc nˉ u"s。 f″‘″,c‘

`′
′’″〃

's‘

、

``7扌

‘
`CY 

、Vu wCrc sh11kel1 o"′ trccs groWing in

Xishuangbanna Tropical Gardcn(Ior c"n1atc scc Liu t,r‘ ``,2004) According to a prcvi()us
rcpo11(Sasaki, 1980),tI1e、v"1g cok)ur of Diptcrocarp{iuits is a good indicator of n1aturity∶

n1tlturc I′ IˉLlits havc wings dricd do、 vn to thc"ˉ basc wiu1 distinct dark stah1 dcnlarca"on
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冫召曰

|on

I)I9§ I(CΛ Iκ )N RI∶ sPONSⅡ  IN`〃″″j、 n〃 ″
``、

、
`n`、

sI∶ rDs

A⒒ cr co"cctiOn, 1、·uits wcrc sclectcd, dcwingcd (thCrca竹 cr dcwingcd 〃q,〃〃 rruits arc
rcfcnˉ cd to as sccds throughou1 this papcr). and kcpt in polycthylcnc bags at 15° C until
used OI11yl11aturc1′ 1· uits、vcrc uscd in the foⅡ owing expcrhncl1ts and aⅡ  cxperh11cnts Ⅵ/erc
set11p、vithh1 3da11er sccd co"cction

To "lvcstigatc thc h1flucnce or ten1pcraturc on secd n1oisturc and gcHllination,

incubato1ˉ s、vc1· e11scd to p1· ovidc vallous drying1ˉ cgh11cs,as1Iscd by PI· itchard〃 r‘

`/ (1995)Secds storcd in slη all cloth bags、 vcrc plttccd in h1cubators sct t1tt1I· angc()f tcn1pcraturcs
bet、vcen l()-4()° Ct1nd san1pIcd R)1ˉ n1oisturc and gernlination detcrn1"1atiOn cvcry sccOnd

day at each tenη pcraturc Thc I· clativc huIllidity 1ˉ ccoIˉdCd in thcsc incubators1ˉ tu1gcd ⒒飞)11η

56%to78%
The influcncc()f rclativc hun1id"y(RH)on Iη oisturc t1nd gcH11ination wtts exan1incd

by plach1g sceds11t ll%.30%,58%,79%L1I1d 100%RH^rcgulatcd by satu1ˉ t1tcd solutions

of LiCl,Ct1CI2,BaBr亠 NH4Cl and disti"cd watcI· rcspectivcly,in dcsiccatols at2()° C in
a tclη pc1ˉ t1turc-contro"cd 1ˉ oon1 Sccds wcrc Iaid in a1110nolaycr in thcsc dcsiccatoI· st1I1d
saIη pled1=or I11oisturc and gcrn1ination dctcrn1i11ation()11cc a、 vcck

MoistLII· e contcnts,cxprcssed on a hˉcsh、vcight basis,、 vcrc dctcrn1incd gravhη ct1· iCaⅡ y
oI1fi ve1ˉ cpⅡ catcs of s"lglc sccds bc1k)I· e and aftcr drying for 17±  l h in a vcntilatcd ovcn

at l03± 2° C^according to thc I· ecOIη lη cndations R)1ˉ oⅡ y sccds(II1tCn1ational Sced Tcsting

Association,2()()6)

For gcrll1ination assessn1cnt, sceds 、verc sowIl on 1.饬  disti"ed 、vatcr agar in Pct1· i

dishcs and placcd at25° C"1teIη pcraturc-cont1ˉ o"ed incubators,、 vith 14h Iight(20un1ol/
n12· s)/l()h dark per day providcd by、 vhitc fluoresccnt tubcs Fivc PctI1dishcs col1ta"l"1g

l() secds cach 、vcrc used 1t)I·  cach tIˉ catI11cnt T11cy 、vcrc n1onitorcd cvcry sccond day
and secds 、vith at Icast 5 n1n1 1ong radiclc p1飞 )tI△Ision Wcrc considcrcd as gcrn1inatcd
According to a previous cxpc1· inη cnt(、Vcn c,r‘

``i 2009), no I11orc sccds gc"11h1atcd ancrlO d foⅡ o、v"1g so、ving undcr this condition, so aⅡ  gern1"1ation "ˉials continucd to thc
15th day at Icast. On thc tcrnη ination of thc gern1intltion tcst, shoot t111d Iˉ oot Icngth of
sccd"ngs 、vcrc n1casured and thc ungcrIninatcd sccds wcre carcfuⅡ y cut open to chcck
if the clnbry()s、 vcrc heaIthy Sccd gcrl11ination pcrccntagc t1nd G· s valuc(a lη casurc oI∶

vigour)、 verC calculated

G· S vaIuc=gcrn1"lation pc1· centagc× (root lcngth+shoot length)

Sccd Moisturc Loss Rate Indcx dcfined by San1arah c,r‘
``.(2009)、

vas11scd to quantity
the drying ratc1Indcr diffc1· ent I· cghη cs.Mcan、 vh"c days to50%gcrlη ination(T50)、vCre
caIculated by p1ˉ obit analysis

The sccds 1Iscd h1 this study had a I11oisturc contcnt of4】  4o± ()97%, a l()()O-sced

、veight of 1.52269 ± 33.75 g and an initial gcH11"lation Icvel of96 ± 1 7%, whⅡ c a
Iuoisture content of40.22± o8896 and a 1000-h1dividual wcight of l,73431 ±42 12g
、Vcrc1·ecordcd for intact IlI· uits Thc cotylcdon is green and thc cn1bryonic axes pink inside

viablc secds

Telnpcraturc inHucnced sccd Iη oisturc and gernη ination loss significandy Gencra"y,
thc highcr thc suH·ounding tcIη pcraturc, the n1ore rapidIy the sccds lost lη oisturc and
gcrn1ination (figure I) Secds at l()° C rctained the highest 111oisturc and gern1h1ation for

thc longcst duration al110ng all tcn1peratures investigated Seeds at 20° C and 25° C lost
Iη oisturc and gcrn1ination n1orc quickIy than thosc at 1o° C and 15° C. 、vhⅡ st at 30° c
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and35° C sceds gcn11h1ation 1℃ Ⅱ n1arkedly to(20%) 1111cr5d st()Iˉ agc High tcn1pcratu1c

of4()° C Ⅵ/as lcthal and〃  ″,r,``∫ 、sf`″‘
` sccds lost half thcir gcrn1iI1ation abⅡ

ity 、vith"1 3d

and gc"11ination 1℃ ll to0~冶  Ⅵ/ithiI1 6d Thc dry"1g ratc providcd pal^tial cxplanation 1or

variation in sccd l"℃ span1"1dcr t"f1℃ rcnt tcn1pcraturcs.as shoⅥ /I1by T50co-plottcd11ga"1st

Sccd N/loisturc Loss Ratc Index(hgurc lc)

Thc rclationship bctⅥ /ccn sccd n1oisturc al1d gcrn1iI1ation varicd at d"=1c1ˉ ent

tcl11pcraturcs (riguI· c ld) Frolη  thc co-plot bct、 vccn n1oistuI· c contCnt and gc"uh1ation

pcrccntagc,thc sccds at high tcn1pcraturcs l()st I110st gc1111"1ation sharply as Illoisturc feⅡ

fIˉon14()~冶 to30%,Ⅵ /ith thc curve having a convex slopc h1col1t1· L1st at lo、 v tcnlperaturcs

sceds rcta"1ed gcrnlination at a higher lcvel t"1til the n1oisturc I℃
" bcloⅥ

/ 30%l t111d thc

curvc had a Concavc slopc

b
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「igurc l  Mois1urc and gcrnlin11tion k)ss o{ Ffr`P〃 〃 `″ r,″

`、

、氵
`″

‘
` sCcds t11 d"∶

Ik· Icn1 tcn1I)cra1ulcs lll 1cnlpcr∶ 111"c-

contIollcd il1cub111ors Moisturc c()n1cn1s Wcrc cXprcsscd on lrcsh b11sis as n1calls± SD of nvc rcplica1cs ol singlc

sccd gcrnlint11ioll pcrccnt11gcs11nd G sv111ucs wcIc mcans± sD oΓ ⒒vc Icplict11cs ol tCn sccds Thc insct gI:1ph

(c)dCn1onstr1t1cs T50(x-axis)co pIottcd ag1“ nst sccd Nlois1urc l'oss R111c Indcx(y11xis)

Rclativc hul11idity also significandy influcnced sced n1oisturc and gcrl11ination loss

Thc highcr thc1ˉ elative hul11idity,thc Inorc slo、 vly thc sccds lost n1oisturc and gc"11h1ation

Sccds hcld at79qh and I00%RH、vcrc sh11"aI· 、but bck)、v79qh cvery reduction in rclativc

hun1idity frOIη 799oto l1。/r RH acccleratcd111oisturc loss,dcprcsscd secdⅡ ng vigour(G

S vaIuc) and curta"cd thc sccd l"℃ span (figurc2) 、Vhcn 1· Clativc hun1idity fcⅡ  bclo、v

60%.Iη ost seeds lost thcir germination within2-3 wk.At 100%) RH, sccds gcrI11inated

duri11g storage, 、vith precocious gernl"1a"on aftcr2、 3^4and5 、vccks bcing24%,45%、

75% and 84%. respcctivcly At this point、  not cnough sccds 1ˉ cn1aincd to continuc the
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"·

ials LlIldCr this llunlid"y rcgh11c Sccds that did I1ot gc"11inatc duI·
ing stolagc at 100%.RH

showcd I1o csscntial changc in Illoisturc contCnt,but lost gcrn1"lation gradua"y in spitc o{

thch^high n1oisturc lcvcls T11c tIIˉ yiI1g1· t1tc xh/as1111 in1poI· tant causc ‘k)iˉ val^iation "1 sccd

l"℃ span L"1dcr d"∶ I`)1ˉcl1t l^Clativc I1unlidity (figurc2c)

A varyiI1g rclationsh"9 、vas also It)und bctkkccn n1oisturc al1d gcrnl"1ation under

d"rcrcnt rclativc hun1idity(rigurc2d) As thc cO-pk)t()f luoisturc contcnt t1I1d gcHllh1t1tiol1

pcrccntagc sho、vs. sccds 11t k)Ⅵ / lclative hunlidity lost thc"ˉ  I11ost gern1"1ation sharply at

highcr lnoisturc contcnt∶  、vhⅡ C thosc 11t high rclativc hul11idity rcta"1cd thch· gcrnη h1ation

to lo、vcr Ilnoisturc contcnt L1I1d thcn lost sharply,xk/ith thc curvc havh1ga、
vidc shouldcr

Thc prcvious study(、Vcn〃 /‘〃^2009)rcpoI· tCd that incubation o1、 〃 ″
`‘

,```ss氵

`″

(`sccds

at tcn1pcraturcs ) 30° C clcarly dcprcsscd gcrn1"lation and scCd"l1g vigour ttld1ough this

tenlpcraturc rcg"11c is vcry con1111ol1 0utsIdc lorests "l thC t1ˉ
opics Thc prcscnt study

illdicatcd u1at st()1ˉ t1gc t1t tcnlpc1ˉ 11turcs ≥ 30° C or lcltltivc hunlidity 兰 60%) significandy

accclcratcd loss of sCcd n1oisturc and gcrnl"1ation If thc sccds fa" to gcrnlh1atc a⒒
er

shcdd"lg, u1cy can rctah1 a rck1tivcly k)I1gcr "rcspan 。nly undcr cool and hunlid

col1ditk)lls Tllis i111p"cs that 〃 `″‘,′

`f、

、″″rl scCds rcqu"ˉ c nloist and cool cond"i()Ils to

rcta"1 gcrn1h1atioI1 and vigour 〃 `″‘9′ /`‘ v‘、″″‘
` dispcrscs its sccds durh1g u1c dry sc11son、

、vhcn 1k)g dr") is an in1portant sourcc of111oisturc hl t1飞 )pical rainforcsts t、I1d rCprcscnts.

on avcragc、  up to49 and 33%I oΓ thc total 1ˉ tti n⒒、ll in d1c cool-dry and hot冖 dry scason,
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rcspcctivcly (Liu 〃/‘

``, 2(X)4) Thcsc t1utI10rs l′
t"1hcr rcportcd "1at wtltcr lion1 1t)g 、vatcr

drippil1g il1thc sh1111owcIˉ soil holl'ol1s wt1st11so an inlporttmt sourcc1k)r sccdhng gκ )wth

tI1II1l1g "1c dry scason、  cspccia"y at thc pcak of thc dry scason、  lk)1ˉ  L11ˉ ound 23-599钅  oΓ

thc 、vatcr tlscd by sccd"ng canη c {氵 I^oIll Ik)g 、vatcr (Liu 〃/ ‘〃, 2010) Sccds "l t1ˉopical

lt1in{k)rcsts111ay:11so usc ft)g drip to collll)lCtc thchˉ gcHll"lation t1s this study dcnη onst1ˉ t1tcd

that ul)to84%)()f〃  ″
`‘

,″

`、

、

````‘
`sccds undcr IO()%l RH gcrnlinatcd during cxpcrimcnt

pcIˉ iod(figurc2) Ho、 vcvCl^、 thesc1k)1csts havc bccn bc"1g1Iˉ agn1cntcd1uld t"sturbcd s"1cc

1960· s Ma(`r‘
`` (1998) rcpo11cd that in thcsc Iˉ

t1in{k)lcst ll^agn1Cnts thc bu1′ 1℃ rc1{Vcts to

c"n1atc changc havc dccrcascd, Ⅵ/h"c u1c s()~callCd cdgc cf1℃ c1s rcsulting ll· oIll hunlan

disturbancc and dc{k)Iˉ cstation havc "1crcascd This has rcduccd thc variation bctⅥ /ccn

o1ItsidC and "lsidc 1△1in1k)1ˉ csts、  11Ild nη adc u1c hlncr Ik)rcst cnviIˉ o11nlcnt dricr 1111d hottc∴

Thc scnsitivity oI) ri `″ ‘,``∴
`vf`″

‘
` scCds to high tcnlpcraturcs and dchydration suggcsts

that thcy L11ˉ c highly dcpcndcnt()11thC prcscncc ol an intact1ˉ t1in‘ k)rcst 1k)r survival t1I1d thc

incrcascd tcn1pcraturcs t111d dCCrcascd I· Clativc hun1id"y、vould11I1avoidably causc s"· Css10

thc"ˉ l"℃ spal11u1d gcrnlh1ation in I′ icld
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