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THITA KRG B 9 AT T N TARLER A MR 87 ALK SEA T TF ALY A DL AN L, I3 FHIFAE H R T 7658
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Abstract: Sapindus mukorossi Gaertn. is a traditional and important virescent tree species in southern China with peel and
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Administration of China. To investigate the flowering phenology and characteristics of this multipurpose tree species, we
observed and compared 9-yr-old plantations of S. mukorossi at population, individual, inflorescence, and single-flower
levels in Zhejiang Province, Tiantai County, from 2012 to 2013, based on the first flowering date, relative flowering
intensity, flowering synchrony, and so on. The results showed that the flower color of S. mukorossi was yellowish white and
the flowers were either male or bisexual. The male flower (5.09 mm in diameter) was larger than the bisexual flower (3.72
mm in diameter) . There were usually eight stamens in the male flower; however, a few flowers had seven, nine, or ten. The
pistil of the male flower was degenerated and only a slight, light-green protuberance was preserved. The calyx of the bisexual
flower folded together lightly and the anthers were under the perianthes. There were generally eight stamens in the bisexual
flower, but some also had seven or nine. The chapiter was higher than the anther and was outside the bud. Generally, the
ovary had three chambers, but had two or four in rare cases. S. mukorossi flowered earlier in 2012 than in 2013, and the
flowering period of the test populations was from the middle of May to late June. The development of the single flower was
8—9 d long from the flower bud to wilting stages. In 2012 and 2013, the florescences of the population, individuals, and
inflorescences were approximately 30, 20, and 11 d, and 28, 19, and 13 d, respectively. The flowering amplitude of
individuals and inflorescences showed a single peak, sharing a high similarity from year to year. The temporal patterns of
flowering of S. mukorossi were very similar at the population level, with a well-defined peak and marked synchrony. The
index of synchronicity was about 0.868. The relative flowering intensity was distributed over a wide range, but was
concentrated between 30% and 40%. The flowering intensity showed an extremely significant (P = 0.01) correlation
annually and over different years. The range of variation of flowering synchrony was 0.81—0.97 and 0.70—0.98 in 2012 and
2013, respectively. The flowering synchrony correlation was extremely significant (P=0.01) annually, but not in different
years. This suggested that there were temporal and spatial differences in the allocation of S. mukorossi reproductive
resources, with longer flowering periods and higher flowering synchronization. Long flowering periods can alleviate the
interference of illegal pollen and maintain population gene diversity. Heredity is the main factor affecting flowering phenology
in S. mukorossi populations. The effects of ecological and environmental factors on flowering phenology need to be researched

further.

Key Words: Sapindus mukorossi Gaertn.; inflorescence growth; flowering phenology; relative flowering intensity;

flowering synchrony
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AR | A2 VL P 1 DX A S AR AR o 3 A T 2R 0 22 1 S 221 [ 5K, o [ O3 A T Z8 0 —— ) LA g AR 1L e B
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RIS FHITLE KA H,28°57'02"N  120°41'24"E | i3k 55—95 m, Zik IRk N R H Y C i 1%
BEFD T B 0 PRI 9 AEAY TSR AR, THARZY 100 hm? , BRATHE 4 mx4 m, MRATEBEA BE 29 J9 75% , 14 &
Y1k 4.82 m, JA2 24K 8.67 em, FEMUAE TSR 16.8 °C B 1320 mm, 1 A G A1 7 H 4y 218 5 4331
5.1 CH128.5 C AETCRRINT-I4 232 d, MIEIRFK 22 S AN K 3B T30 BRG3 S7 L SR A B A— B0, Mk & 2
PELL ¥, 1 )2 R B 20—70 em, pH 29 6.0, MK N LA & M1 (llex cornuta ) | % 41 ( Trachelospermum
jasminoides) /N8 ( Rosa cymosa) ERTEF ( Dicranopteris linearis) | 111785 ( Rubus corchorifolius ) S5 FH#% . MR 4%
KEBRGWRCHE AR 2012 45 H 1 H—2012 46 A 30 HAI2013 455 H 1 H—2013 46 H 30 HF
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it B R HL T S BB UL A6 AR A T S RRAE  IE SR AEAR K (FD, mm) B2 (AL, mm) fE2Y 580 (AW,
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Fig.1 The type of flower of S. mukoross

B2 EEFRERPESHMOCEREZR

Fig.2 The different number of stamen and chamber of bisexual flower of S. mukorossi
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Table 1 The quantitative characteristic of flower structure of S. mukorossi

25 a2 Pl i KR EE E2RE HkmE T/
Flower type Value type FD/mm ST/H# AL/mm AW/mm FL/mm SH/mm co
Wit 4L Bisexual flower 5PN 3.94 9 0.83 0.51 1.83 6.017 3
/M 3.44 7 0.65 0.37 1.57 4322 2
B 3.72 8 0.72 0.44 1.69 5.024 3
HEAE Male flower IS oN[E] 5.37 10 0.94 0.51 4.52 — —
/M 4.42 7 0.81 0.42 3.78 — —
¥iE 5.09 8 0.87 0.45 3.91 — —

FD: 642K flower diameter; AL: fEZ5 1< anther length ; AW . /£25 55 B anther width; FL: /622 filamen length ; SH: #1:3k 1< & stigma height
ST HEFEHUE: stamen number; CO; T 5 Z 4 chamber of an ovary ; SN ; 2 F- 4 sepal number

22 LR THRAELRE LS ZL

TR AE— B AL rP i S, SR 1 TR UL, A8 M AERE I R BN AL A3 — B 8—9 d,
PAEY ARG R BAL R 3 5 AN, B AR BRI 00T Tl AR (3R 2) .

TESFAE I RE TR AL 22 MIAEAE AR A I (B AR KR AN R] , 25 (817 B e A s A58 Ak, IX 67 B A 728 A0 2 Bl
A R T I (P 3) o AEREARI] BRI a8, 5 S AE R MIAE 22 YR 8t AE L, FEAE i fE 22
B M PR AFEE 2 d AEAERTIY, R BlORkOT Sk s Rt AE 22 FIAERE IR TP AT IR g R 45
Zi 1 d, FERITHY, ER SKOT AR O IR IR 1 AR SR A HH AR, FE Sk IR B 10, s v TAE2Y , 8 MUBRESE i)
2—3 MUGM M AEEL, FF B AEAE , G AR AE 1 d NAEIR., 7 TH], ARS8 2 5KOT  HESk g e i, S B
AT RS T N ER  1—2 MAEZ I B 1E 22 M R 252 2 d, U2, 5 i, AE 25 JL-T- i i v A
SRIRE, WA B, T IR TP AR AR, RO 1 0 HE Bt , 72 KU R, H B S AERR
R

0.5mm Imm
-—

0.5mm

B3 ETEFRIEREFRMRRIRE

Fig.3 The development and it’s phenotypic characteristic of single flower of S. mukorossi
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Table 2 The single flowering process and phenotypic diversity of S. mukorossi

Mk 5 18R Mk 51625
ingeE] FREEmY i) R PRI AR R O FRIAFX O HESk B
Stages Duration Sepal status Relative position Relative position Stigma color

of stigma and bud  of stigma and anther

JEFE I Flower bud stage 16T 2d il ST AEE RSk b2 o RERAG,
AEIWIFT Pre-flowering stage FEHT 1d I FESk HES - FAE 2 #{
HIFF On-flowering stage FAEYM K EERNEEY S RS i FE 4L FESk g o T AEZY R
2:FF Full blooming stage 15 2d AT — p L AR = S Sl HR A,
JHZEW Wilting stage FAESFZ) 5d Jhiv& — L ER AT L% B

2.3 TR AMRRTET KLY 5

TR AEER S AR TRZE 6 H FA), MR 3 al%l, 78 2012 45 F1 2013 45, JC B FEREAR SRRk
BT 3 NAKE AR5 51 30 d F128 4,20 d 119 d,11 d #1113 d, Hih,2012 45708 FEREAR KR Skkk
SERAE T AKCE A IR A AL SRR [R] A e i H I AZAE 505 1k 2013 4F R 4 d 6 d.5d,2d 1 d.2 d,3
d.5d.4dM3d.S5d.6d, 2012 FHIFEYEEERRR T 2013 45, 3% 5 2012 4R 1 TH4 2013 R AL, FF
H 3 A KR AEIRF LR ] 1) R AR 2012 4E 11 2013 4R E/NT 3 A /KEAERRAEI JFAE R g H AL
W21, X RUTC R TR Z IR R . 78 3 ASKEr, Jo i F 2012 4R AL IR IR 347N T 2013
AR (3R 3) AR T AL e th S BAT AR [ A e 34 1 S g il 4, BB 3R 2 b T 28 R0 SR )5 218 T I,
e Al H BRAE FFAE S 056 8 KFNER 6 K (K1 4)

R3 REBTFEE BRMEFKFHFEWE (2012 471 2013 4F)
Table 3 Phenology of S. mukorossi the level of the population, individual and inflorescence (2012 and 2013)

- RHEAT AT AT
W Population level Individual level Inflorescence level
Observation items

2012 2013 2012 2013 2012 2013
IR AEH] First flowering stage 05-22 05-26 05-18 05-24 05-16 05-21
AEWIFFEE AT ] Duration/d 29 31 20 21 13 15
FrAL ;U6 H B Peak flowering date 06-03 06-06 05-23 05-28 05-20 05-24
FFAEPRIE Flowering amplitude 85 94 79 86 62 67
FFAETE S (A1) $8%L Flowering synchrony index 0.829 0.818 0.874 0.862 0.905 0.928
ZAEH] Last flowering date 06-20 06-23 06-07 06-12 05-27 06-03

24 TLERFIFEYIESEERE

WG 4 FE 5 AT LU AN [F] SRR A4 AR T AL 5 32 748 593 BT 7E 2012 4 A1 2013 4E 43 51 K 14.71%—
88.86% Fll 12.38%—95.09% , ¢ Farilll i LR 5] PR RE X S AR5 B 7 AF B PN RIAE B 1] 34 28 B R A 8 35 25 S ( P<
0.001) . AL [F 45 BO7E WG A5 A9 738 S5 90 el 20 1) 02 0.81—0.97 F1 0.70—0.98 , {5 Bk i) 46 1 [7] 45 A AR AE BRI
HAW R EZS (P<0.01) , EFPRA 227 NR B2 (P=0.483>0.05) , 2012 4E 1 2013 4, Jo B F-F 34 461 [
HAEECHK 0.868, KB —Fh K B MFFERFE, B 6 Won, ToB T HpRFF A3 BEFE 2012 451 2013 4E 11
FEI TSR 309%—40% , Ho A3 A RE R AHR 551 1.75 F11.72,

3 Fit5itie

AT RGO TR AL R R R AT AR | B EA T AR ) A 3 S WS R i , LR TR A T AR
7 FUH BB FAEAR S RSEAE 2, TR T 2R T IR L0 R X, W T R TR T F AR A X 2
— T N TR T AR R X 2 — | SRRV s X AR SR AR E LR E BB T AT
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Table 4 The relative flowering intensities and flowering synchrony indices of S. mukorossi (2012 and 2013)

Y1524 Indexes of phenology T df sig.

RFI 2012 10.340 29 0.000
RFI 2013 9.673 29 0.000
SI 2012 101.965 29 0.000
SI 2013 63.115 29 0.000
RFI 2012-RFI 2013 0.331 29 0.000
SI 2012-SI 2013 0.793 29 0.483

RFI; AHX}FFAEGRE relative flowering intensity ; SI; FIFAE R 488 synchrony index

FY SR B SRR — N RERTT ALY, AN TR AE 35 ¢

VI AERF St (R AN [R) 2 HE BE ( Castanea henryi) T o 2012
EFFAEN 4—s A, AR W 1012 d, BEIRZE R
2326 A(JCHEAEN 13—15 4)', BB FRES 2 o

o TEBR T RUEY AL T O 22 Sk AR — MEAE/ T = % wl

HAE— AL, o R IR ( Dimocarpus longan ) N T AE 1 féé

Jo3 ATFHIE]S A LA BEARIEIIZ N 50 4 30E R R Y st

(Xanthoceras sorbifolia) N T MALHIZ) 24 d,5 AW AR § ol

11,5 A A EEAE 5 A TR IFIER AR L =

W RIS AT b A PR AR D A 22 5, b st 5t

B ) S8 8 L T X R A M A A
BT 2 MRt e 3 1 v %) TR MR P A, ) AR A T 0 2 4 6 8 31:1123@}12 4 16 18 20
T IEIR BT 15 d 22472 ARWFSE R AL T Days of flowering/d

EXEENERTATRIRMIERAN 50 d E4 TR TAIFIEIRIRELE (2012 F12013 4F)

A R AP A i Z 22 A, — A Fig.4 Flowering amplitudes curves of S. mukorossi individual
Wednis 2 W Rh R B R “ R ITAERE AT MRS plane (2012 and 2013)
R —ABINA A P2 A R AE s 7 — i P B
BRI IR, B AR R A R AR 1 R s LAY 2P A D B AR T FE 2012 4R
2013 AEFELL AR AR ST o, JC AR TN KCOE R ALY i AR (AR AR 1 22 ) SR I HR A8 s A AR DL | 40 2 B e
2=l MAAAE— DI e ), HA R S T AL R 20 645 0.868 , L L A h e =, X A AE A X ZEAR
AR PERAEAE N TR O A, SR T R AR U TO R T XT R L IX 5—6 A Z W Z K
AR Ul 2 A3 5 TR 28 X L I Ay A1 3 R0 I 5 ), 2 1 HIORY R 1) — i A B 3 7

FRRT FF AL 50 B SR A ) A 0% U2 () 43 A (8 — AN AR 4 B T RE 23 52 i B RS A6 A 1032 sh X gt &
BB Y EA SR B AR HF AL R BE 2 T0 R T A B Y R X T AR R B, A AR A TR AR 30%—
40% Z [8] ; 75 2012 4EF1 2013 4 AMATTAETR B AR 7050 o 1.75 A1 1,72, AR IT AL 58 BETEAF Br Y FIAFE
] 1) RN k25 2 S U B T AR - AR R AR A2 AR st A A ER B S [R] e | i A6 300 (W] 28 48 B AR BRI B
AW 25 5 FEARBRIA] 22 S AN (i 2, R W 8t 4% TR 3R S B 5 DR 38 0T 0 JB - A6 30 [R) 20 PR 9 52 i O 3 55 0 it
=38 XoF 43 A TE W VAR LU 3 DX ) I 2 ( Camellia oleifera) N TR 25 4 X“J‘&)’T{Iﬁ‘z\ﬂéﬁf@%m&ﬂﬁ( Carya
illinoensis K. Koch) N TARIGTFIEYMEM G S5 R —20, ToEB T 10T IE 58 I AHR g & T Herrera ¥ #f 5% 26 Fif
FEAS R TF AL B Y m AR (1.59) o JCRR T SRR IF AL 30 B 55 A Ak 7™ 5, R BH 7R 98 (A b LA AR X
FEACTREE = kR . TCRR T IRAE B S A BRAR L G 48 H B 1 bk HAA S A AR i T AR 0 Rk LU T
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Fig.5 The relative flowering intensities and flowering synchrony indices of S. mukorossi (2012 and 2013)

EBUL I Bk B TR AR, X 54208 45 AW 35 ¢
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R4 S AMEME TS 45 B | R T S R 45 SR X Al B AR

FHBEMAL “ TA—R MEWERRHZ—, |
HO AT AL R R T 5 |
VS 1 (B TF A0 A 4F BE D B E 53 SRR BRI 5
SHEEMEAY , REREESERHTHN 2012 & 1]
A 2013 6 R MFK RIS AR, 12013 ERAEHR £ |,
B 5 ARG 5L -1 3 34 B AR T 2012 4R A 9K
Vo, TRLREE A R R R R B X ’
AR R R A R T B R R AR 2 0

10 20 30 40 50 60 70 80 90 100

T URIAN L2355 B AL FIAE 7 7K S 1 A R A1k 7= A IR e

ﬁ ?ﬁ ﬂﬂ , ﬁﬁﬁﬁléi%%ﬁ "['Fﬂ/l\ﬁi E‘J}F%iﬁﬁg 3 ’fﬁ%;‘% Relative flowering intensity/%
AT AL ARAE AT P a] 5 R85 ol AR 22 1) 5 E6 TEFEGAFLBEST

AL FHTLZENBAER B4 5 S B K F ML Fig.6 Frequency distributions of relative flowering intensity in S.
TWH? ?‘E 5 mukorossi individual plants
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