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The flowering phenology and reproductive features of the endangered plant

Disanthus cercidifolius var. longipes H. T. Chang (Hamamelidaceae)

XIAO Yi-An'?, HE Pingl‘ *, LI XiaD—HDng (1. School of Life Science, Southwest China Normal University, Chongging
400715,Chinas 2. Department of Life Science.Jinggangshan Normal College, Ji'an, Jiangxi 343009,China). Acta Ecologica Sinica,2004.24
(1):14—21.

Abstract ; The flowering phenology of a plant population is the sum of the individual phenologies. These individual phenologies
can be subdivided into variables such as the starting date of flowering. the date of the flowering peak, and flowering duration.
Various characteristics of phenology may have an important effect on reproductive success, including the starting date of
flowering and flowering synchrony. However, different [lowering indices may affect different aspects of phenology. and may be
constrained by other plant characteristics. Disanthus cercidifolius var. longipes H. T. Chang, a plant species that only occurs tn
a few counties in Hunan, Jiangxi Province and Zhejiang Province and with relatively small numbers of individuals. is recorded
as a 2™ Class endangered species for conservation in China.

The variations in morphological traits, flowering phenology and reproductive success of this species were studied. The
study sites were located at Mt. Jinggang, Jiangxi Province. 50 individuals with more or less the same heights and crown
diameters, in the wild population in Caijiatian, were marked and observed from 1999 1o 2002. Another 50 individuals in the

artificial population of Ciping, planted in 1990, and originating from Mt. Guanshan in Jiangxi Province. were also marked and

observed in 2002,
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The flowering course of each individual was observed and the data on flowering onset, duration, mean flowering amplitude
(flowers/plant/day) and end of flowering were registered. Then the relative flowering intensity and synchrony indices were
calculated. The relationships between onset, duration, flower and fruit set, the correlation matrix between starting date and
duration, flowering and duration. the phenology index, and fruit set in the wild population were analyzed. The results are as
follows .

In Disanthus cercidifolius var. longipes H. T. Chang. two axillary inflorescences are often placed opposite each other at the
same node. Each inflorescence has two opposite bisexual flowers without pedicels. Each flower is ca. 15 mm in diameter and
fasts 6 10 7 days. On the day of anthesis, the styles are longer than the filaments, The flowering span of the individuals is
about 49 ~ 55 days. As regards flower morphology and dehiscence, the typical flowering process for a flower can be divided
into 4 periods. i.e., “Pre-dehiscence” in which two filaments stretch out but without dehiscence,“Initial dehiscence” in which
one or two anthers are dehisced after two days of flowering, “Full dehiscence” in which from the third to fifth day of flowering
three 10 five anthers are dehisced and the color of the stigma changes to yellow, and the “Withering” in which all anthers are
dehisced with some anthers withering and the color of some stigma changing to brown or black yellow from the sixth to seventh
days.

In the Caijiatian population, the time courses of flowering were similar over {our years. In 1999 and 2000 the proportion of
open flowers increased gradually to a peak, and then declined rapidly over the subsequent weeks. In 2001 and 2002 the
proportion of open flowers increased rapidly to a peak, and then declined gradually. In the Ciping population the curve was
bell-shaped. In the Ciping population flowering started on September 12" in 2002, while in the Caijiatian population flowering
started between September 17" to 22nd. The duration of flowering in a population lasted §3~71 days. The flowering continued
significantly longer in the Ciping population than in the Caijiatian population.

The relative flowering intensity shows two major peaks: one from 20% to 40% ., and the other from 70% to 90%. Though
this phenomenon is not consistent with some other studies, it has some evolutionary significance for the studied species.

The correlation analysis among onset, duration, flower and fruit set shows marked relations. There are significant
negative correlations between onset and flowers, and duration and fruit set, and significant positive correlations between
flowers and duration. The population with an early starting date shows a longer duration than the population with later starting
date. The population with more flowers shows a longer duration than that with less flowers. There is higher fruit set in the
population with an early starting date and longer duration than in the population with a later starting date and short duration.
The analysis of phonological data between the two populations show that, there are significant differences of synchrony, onset.
end data and median data, but inapparent differences of duration and flowering amplitude between the two populations.

The differentiations between the two populations and similarity within the same population in terms of the flowering
phenology suggests that the timing of an individual’s flowering may largely be determined by relatively fixed characteristics of
its microhabitat and (or) by genetic factors. This also reflects genetic differentiation between populations and genetic similarity
within the same population. As an endangered species. Disanthus cercidifolius var. longipes exhibits a so-called * Mass-
flowering” pattern, which may be regarded as an adaptive strategy to ensure its reproductive success.

Key words:flowering phenology; {lowering synchrony; relative flowering intensity; fruit set ratio; Disanthus cercidifolius var.

longipes H. T, Chang
AR E.1000-0933(2004)01-0014-08 P HKE.Q14,Q948 ITWEFIAMN A

— I MRBNFEDRERBAD T EORABR  RENERYTFIEYGEXTLUGB A ZHER, LMK IER TR B H M
F i femat @ AR EFENADOERR A REY R ARGEERC S MAFERSES S ATHBIENERIT
B AMIEIRE R, KA REEARE . Ry ARBRRNEETRERI EYHRER (LM LT E, B 424 a9 M
BRI A (7RG 95 A0 F A R T R R, SN AR RN T,

BXHMP TR EAANCETERE. BEMEASXAYFEDENFRERRTE 4D HE (DPREKXE
BREE ARG &Y (2) 1 FE M (Coexisting species)) PR HLFR P LA BRI HREEBR GERE
REAEAFHAERZPHERPARS L UROMABANYRERAR ). BANEERPTRESERERZER
SGOEBTRLOBFEABR L PR IFIER B v 7w R D, X T Y8 B & 7l 2 f R v 07 R aF e, LR



16 %

7,

¥ 24 %

RAEXPWAMYERZ T ENHRE, BNREED.

¥ 45 X K (Disanthus cercidifolius var. longipes H. T.Chang) (X B E 4 A TV L AMNMBIHRENELEH . HH6EXR
B.HMEHR® LS BRICLATFHERE I AEAXR _RESRPIBEOH. I TEAHRENEERLE EE5%
MHBEERERARSAREFHXRSFEH#T THLHREDS, BA ORI HETISE AR BN L, iR g 50
METHITKBEREAHBEBEREFE.XEFTANMREHRLBE. SR ERBRAZYM TS B PEEERNTIL.
FrIE D& B3 A TR 2 B I T
1 HARBABRAARER

BRR2IMARER - BRFRRTLASHFRHLATKANERSGTERN, LR TFYHLURKPER HENERF R
VR I R B R 3 5 T R B K AR KA MR B U A A B L s I O 8 R R R XUZE K L BB M B AT (Indlocamus latifolius) | B 5% BR
(Hydrangea davidii )% , KW RERMN FHRERE . HEHIGIE 00m . K ME . 1 REBHAHFER. HFEHKB 15.1C.1 H#RF
BRB3IIC.7TAFHKB23.7C . HBWMBEE—13.4C . BMBMmE35.-2C., FREKE 1 872mm. XM 247~263d. SR A
FORAE.ZEE.SEKAXSHTER TAEG LSS HHAR SEANC-S ATHBRTHNUEBRRARREIK
Fob 5 BF KPR PN L M 4R 810m AE IR 14. 2 C L AEPEK B 1 856mm, L RE M 245d Ay 3K G S S 1] . RN BE O 1990 4 Bl . fh 38 71
EEEFLARFRFRASGHEENE,
2 BMIRAE
2.1 AR EL

1999 ££~ 2002 F KW REARTTIEA , FESRICA I BN DB/ (BE R EE APk 50 #k. 7 2002 F£RI#}
EHMURARZARBIRIANPOA LB DRICE 0B MR, WEHAARICHKREICRATEHRE.

SEFIA 1 BESXUECR 1 KX . HANAERRENNE, UMD FEMEETERR EXLTFR ERGR. LGN
F LR EANERFHERANFENNEARELZER KN BEEAENSHS EL5EHHME,
2.2 FEDE

W B B X T T 3% B (Relative flowering intensity) , it W T E N . XK AR TZEREFER%
AFEEMENSZHBEPARERTEREH LR RRRCERZ W, JFIE5R B2 AL 537 88 B A0 0 b (7t 80 ) — Fh 3k
R,

BEFEBRMTAFEYBESE HAEFHBE RS A ZER Onset), KA YKL H LB (End set), F £ 8 6 H ¥ (KM
B 50 % BUTE T ET B B 38D B X H ZER (Day date), K (BP0 88D 876 M K 5 01 F 23 2 B K (Duration) , W 3% 7F 76 Ik % (Mean
flowering amplitude , B[R] FFIE 3, FAZE K - #k7) - d713RR), MIXT R 1B 3R 8 #1 JF 1L [l 28 #F (Synchrony) (R %) . Lik#
b BRSO HABEHD T ENBBERDSKE LETHRER. MK FEFROYERZBURIRICHSBMEREBHEITR.
HAPRBEBBRAE 1 AT AT H B 5 BT 0 251 . 5 0 e MR ITFIERT B R 76 . 50 00 B9 K 3k B FF 76 Wy e 1
R EBEFIER VD OS K MRS R Sy MR E G .

R 345 3K (Synchrony index, S, ) 8y 3 FF 76 (8] 25 ¥4 85 (K, Ak 7 sk AR 4R SO LD R e R

S, = ni 1( T}‘") ;"’#*
Hhe, RN M EPEREEW, S RAETEK FEPEEE (D . BRERTMELE.S WERBEEN 0~1,
“OPRAMBATMMEPREER IHERELES.
BAENBMNREHFE UOATEIEIRGIAD.9OA2HEAB 2 RGEN 2) KW AE.
At 2002 SR FFROEHAT TR REHNAIT VR EMBN S RAEFRFTEROEW SRLPE T E 2003 55 1 A BB &
RE=FREK/BIEFE BELREE. & -S40 - BENBSENKE . EESEMRKEZRNHEX R LRBEY, AL
PIRENSEREZENHEERRER SRR, BATMHERA —EMRE, LU RN EMEEHT 7R, FERES

¥ 23 SPSS & B ifE4T .
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AHE S ERMRER —H.BEREL . ERAHAMBREHBESRREI KSR R, HEFEAGE—PHRE,

B ELBERmTEANUR. EHEENBEAHB MELWAFESKRB 2 XTHPEK BTG F LB
.M. s 2P - RAAZEMKAR FROEHEAMHER, KRHE 1~2d, BEMKHLESHMBFIEAT 2%
5 4Bt B . 08 AT #8 (Pre-dehiscence) — F S X FE LA A B . ESHA R . UBEARSBB.2ELTHHEK: B M
HEB2~3 R ERTLMB .2 UM KEKEELFLEI~2/NMEGHN: BB EH (Ful
5 3~5XK.3~5 NEH TRk k85 48 8% 3%, M (Withering period) — 48 6~7 KIEFH 285 T Hal &5
HEPEBESEHBHE ERFHTE HLTRUAENR EEZBTEFNE.

3.1.2 FiEDE

(INHEHE AEFOMHHE.FUECEABREFERIERHELGEI.E D RPE 1999 F.2000 FHFE LA B ESH
AZERMRARSREM TR, WA 2001 48 2002 FRHHFAR L EFHOTEN . FEA B, 80 FFE AR E LA ZERE
M REES TR AEXFHATLHRED  FHEMZNBERABRG"EHE SIEAMBERFEDHEERVNEETRE S KB
BRX ABHE—-ELHR.

KHWXXEREERIOALPA~1L AP TA HANMAABRBEALEDBERRLELE . BEXHRNBSERGE LD HHEEAH
BAYIFEHERE  FIA IS5 H, 2002 FERRB, NOA 198 . AKX EMAE 2001 ER/RB.HN 11 A 25 H;2000 4R . H
11 B 19 H. SKFREEMTTF 2001 SEHp8RT ERK N 71d;2000 R4 R 63d. BREFRERHFABE (»>>0.05),

W1 ACWTUTE AR A~ 40 PR K K B 1E W R
Table 1 Phenology at the plant and population levels in Disanthus cercidifolius var. longipes

( Initial dehiscence )

dehiscence )

R b A KK H Caijiatian % H Ciping
liems of observation 1999 2000 2001 2002 2002
4K Plants
AL ¥ Individual number n=>50 n=>50 n=50 n=>50 n=50
Weatm R X B N A M Date 15/9 18/9 16/9 19/9 7/9
Onset and flowers ¥ )1 1E ¥ Flower number 36 60 53 75 82
2% 5 #5 W Variation 23~51 41~76 50~69 6589 75~101
Rkt B) Duration ¥ % B4 8] Duration(d) 53d 53d 55d 54d 49d
BB Variation(d) 43~57 45~56 49~62 45~~56 41~51
F 1t B ¥ W Median date H M Date 15/10 19/10 21/10 17/10 5/10
it ¥ Flower number 235 216 237 269 212
2 R #. M Variation 167~271  175~232  198~270  203~290 183~215
Mean flowering amplitude
ﬁlfwfr:plant/day) = > >3 61 >l >9
¥ 1t W B #5 ¥ Synchrony ; Mean W& 1K ¥ Mean synchrony 0. 69 0. 63 0. 60 0. 65 0. 78
AR ¥ W Variation 0.55~0.76 0.57~0.79 0.57~0.73 0.60~0.77 {.69~0.82
M B Population
E AR ¥-#573E ¥ Mean flower number 29 51 49 63 70
Onset, population H ® Date 17/9 19/9 20/9 22/9 12/9
1E 39 ¥y 2 n 8] Duration F¥ &8¢ fA] Duration(d) 70d 63d 71d 64d 70d
¥ it % 5 W Median date H ¥ Date 17/10 21/10 25/10 21/10 15/10
7t ¥ Flower number 261 219 256 280 229
Mean flowering amplitude
ilfwfrgplam/day) o o8 o7 7 ol >
X HEEYEEK End date H %4 Date 23/11 15/11 25/11 21/11 15/11
1t ¥ Flower number 2 5 i 7 3

(OFRSHBEERNFERE REIPOEBAEVMER Y XERR (2002 ), KX EBRSIEH B 0. 78, MBI N
2001 SEROBERX AR, FRHEMFE L BN N 0. 60, R HM A 1999 4F 2000 £ 2002 4£ 09 ¥ 5 1€ Wi 7] 25 18 W 43 91
0.69.0.63 #1 0. 65, ¥ B EETRIFME (p<<0.0D). MMEMMBHE B W KLE B X FFE 8wk B 3 50 1 B 6] 75 #8226 77
EBEFER <0 00D . EEMKE FERBSEMBZMERABE (p>0.05),

KW A T EETHFEBREERALE 2, SFREA . ZYHNIMEAEBRERF A TR HMEEHE B — 1 HI
FEREH BN 204 ~40% 2 [0 FH—P K 70%~90 % Z[H] .,
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FAEMGBIEAMGRENED EHEE KB . BR1E
ZHIBHEG W ER(FBOER. SHRERBFEEEFMX X
R HPBREAYSHAEEB . ERREENKEZRBAFE
ERHEX . FEBESERKBEZRN AR EEHAXER. Y
HBAENBRAMBELGENERNERERK  FEKEBZHM
BHAAEKALHEHER, BERWLBERH . EPHEH T
EWEMERER.

FHBESEREK(y=0.445+0.003r,n=50) . F ¥ H
SEMEF (y=3240.024x,n=50)2 A B R BELHIEH L
XE:mBENRESEMKE (vy=282. 607—2.691xr.n=>50) 2 [A]
MEANEAEAMEEXLLERE. REHAFTBRITERBHSERES
B TE AR ELS R, R ERAFRE XS R RIER & W
Wk BAX—ERDRATEN.

4 Wi
4.1 FEYRNER

B HAERERASMRADEREZR 2B — T
O R RN ESEAN, ZHAY AR BRI
RS ERE I KW NEANFERESARES L
RERFA—FHMAE D . REHR BEFEMAERENTREE.
EHEAIXHIRAMZPHPEARECLELNEX. KBARELRN
—MEENFRAEY.EHABNLKNNRE. BRITERAE
MXFHHGAEREASRRARITBRHTARNEREAR
HEASRIEMWER., SKEBHRYHT AR MET KA EARM
B A AR B A B R X JF 6 8 B KR by 1L K A
FUEBEHNMEHJATE XINMEXARTFERRIELDHE
BE S ATMF THERBI.

KW ARBEA T R AR EERZE R K
R R, 88 RA — NI 76 0 e 0 A K [ B W T JER) 4
$ . Herrera 7E5% 26 MHMHETHRR P L UED 7 Kb H 25
MEYREXRTFHERT, IR B IFERA"
(Mass-flowering pattern)!!, X E WM A "D M KL F LR "
(Cornucopia-flowering pattern)!?, I B R EAFHADHA
BRI, KRR R — MY, Bt B X
bR ATERERENEEE T TERB
HAGEREN—-FHEMT . AR BGad B~ R0E
HAMT RS EHOERHER R,

SHUEFEHRENER B L EAMANERE
FLCBERNHAD T REGEERNRAERHEN MHEARA R
HERAED MBI ET P REMEHRERE2).

KWBEAFEDBERAEEFEEBLEARER BEE
MEASNMERRAESHAFHEENTEDRAR. 2 —FR
FHEROAET A GERERABE LR SHMAXME
REOMEBSENCGEDhAERERFREN., MAEDREAE
EEREGANER TBER TEERNIBERGERG
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Fig.1 Flowering phenology curves for Disanthus cercidifolius var,

longipes

a~d PN 1999 F~2002 FRHEKXMAFHE"a~d”is Caijiatian
population in 1999~ 2002,e J7 2002 SE W X FE M B “e”is Ciping

population in 2002
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KWBEAFEDRENBZRAHBREER. KIFH B2 KANEARAPMEFENRE . ERNE RN ERERNKE2E
BROGENAASETERAMR MBAKNFEREHRE OEXSH
BHERE . EEMBEAN IR ERRE A MIERXH Table 2 Correlation analyses among flower number. fruit number
FEANAREEYNERBEENERSB L. BEEH.BBAN and flowering duration of Disanthus cercidifolius var. longipes
B A A 161 T A L 6 6 HA 3% 14, R Bk A DL 0 9F 26 40 48 1 U ww mEE mmEn e
TR E 5 — B Flowers Fruit set  Duration flower numbers
4.2 HEWESERAEECE B betore flowering

WY R A S ERARR RS, ERR o,
XMERIEENEKEFEHOMETFHPIIEDERR S WK
REMBMERTURIERTRI HBAELOGABE  Duation 02 BT
MBREH . SEREBHSRS) URHRACGIHEERSENH  BIERE
M. SBREERRANR, REHTFHAEERN T 20
MEYREERERN. FUREDERTESEIRKRE L * % > 200001, % % % p<<0.001. x x p<C0. 01, » p<<0. 05
PRV ES OFEEY T RERARY MY ENMKEHREER  AYRBESE AESREDENAYRERE RIS,
MEFEDR . GRAFTFRZELDMERDERZEIMXER DRI X R S A2 2R KF A LB R W w9 R
LEEES.

FHEBROEAIRE—TBEENESEE T (Fitness factor), AHEFHESHET T . O REEHEBHENEE N IKRSE
MIBCEREREARMEEEL MENTREENAATE E, EARS-X“HYIHAM " MEs BB FFLER
AN EBIEE RN ESRRERERKEY P AR SR ERY &8 H 0SSRt T <& &2 3
PR PR A . B4 B [F) 2 ¥ (Reproductive synchrony) , @ F R BUIERRHADERRIVEEAR . d
WA N EHEYEREE T RAFEMIER ., AT AENENEEERERAENEREFSEEAYHHRASS, §
HRANFEPRSESHZRAAEDHHEES  BEASHARRSER, EFARNERNYRGEI T RAEE
KRR ZEBGFEER. RTNHNEA T EEIRERMNEETANKESENEW.

ARRERAEEZEH - FAENEBEFHTEEZREFN ARNMETFVLRREGABE D, MRENF STENM TR
REBEAHEXRE2);ENERRK EBKNAENEENAFRNTREERE, XARERITUHUEBRKX AEER/HT
B BEERfERE EMKENESA TRRAEREARGERHEER.

AREFREVHEMBESRAD TEE ANTZREENERKS BEMNBEMEEORRAHY A BB IR T R
M &GS, MEWREARNHTFENFHGEN I~ AR KFLESWRBEE 10 Adba. KE RIS & TR, B 5 KR
FEMBEYEEMER(C. oeifera Abel DB, XEHAPRANEPBRIALER. SKANEXRBITNE WRXIEEEED XD
EREBERBEREVRMNEHBRTFEANEATEREN  BEHAEXHNARKEREAZT KBERNEAERT XR . £+
FRMAETHFERIFESERENHRE,. BRI BELHERE ATEALHED . FANXRESFLTRERBZY AL

m—1TEX.

—0.780"*" —0.357" —0.914*" — 0. 680"
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