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The effects of winter water submergence on flowering phenology and
reproductive allocation of Salix variegata Franch. In Three Gorges

reservoir region
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Abstract; Flowering phenology and reproductive allocation are considered as important fitness factors. To evaluate the
adaptation of Salix variegata Franch. to winter submergence, a complete winter submergence (top of plants 2m below water
surface) and five submergence durations which included 30days, 60days, 90days, 120days and 150days were set in the
experiment, and the flowering phenology and reproductive allocation were analyzed. It was found in the experiment that:
(1) S. wvariegata had long flowering duration, even after winter submergence, which spanned from July to November. And
flowering amplitudes of S. wvariegata were unimodal curves. (2) Winter submergence had significant effects on flowering
phenology of S. wvariegata both on individual and population levels; With the increase in duration of submergence, the
initiation time of flowering was delayed, the termination time of flowering was advanced, the flowering duration was
shortened, but the flowering amplitudes and the culmination time of flowering were not changed obviously. (3) Long-term
winter submergence had significantly decreased the reproductive allocation, the biomass of whole plant, and the
inflorescence number of per plant, but the difference of single inflorescence biomass was not significant. (4) The Pearson
correlation analysis between the flowering phenology and reproductive allocation indicated that; Individuals with later

initiation time of flowering had shorter flowering duration, which also had less inflorescences and lower reproductive
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allocation. In short S. wvariegata adapted to winter submergence by allocated resources reasonably, which was essential for

the survival and reproduction.

Key Words: flowering phenology; reproductive allocation; Salix variegata Franch. ; Three Gorges Reservoir Region;

winter submergence
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KA (KBRS ) 2B =K BRI % X AR AR Al R BRI A R Z —. ZoKEER)E, HTE
KBTI (5—6 A ) B R AL, S ER I FHEERRIET o A # 4 Mk (Salix variegata
Franch. ) {4 = i fiE [X JH V& DX AR RAG B A A5 S 4, ZE K B 1] 7K W8 T AR BEAEYE , HL /K JG R H 58 i
KN, ERENTEZ T KINATKE)E , G675 T 16 0 B A 78 42 775 B0 2 18] 4 B A PR IR %
VR LATE DLAFIEREE , oK WS . X BRI TR R R, 2T U4 RR, B ERER,
I, A SCHE R AR SRR, R [ B i) 4 B A 28K TR Rk AW ) T AL 15 I BB o B BB AT 5T, X T
TEIBEAR S48 B 5 B Ay e Z B A S AT 24T , AR : (1) I Z2 /K s X Bk S M0 B4 TR A6 400 1 B 3
YLK BN . (2) BKEEMITE B E XA Z/K I REBUBREEB RN . (3) FFIEWRk S B 4l Z 8 1)
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1 R E
1.1 SZ5miet

FKAEMI ( Salix variegata Franch. ) SR UIEAEY) , HEAR , MERE S AR, i 98 BRARBEEHTE SR BE BT , 9 SR B0
KA, ERE. WL, H 1SRRI LS5, 78 7 A VI RIATIZR aik, AR K , —#
fE7 AAE 11 A RAREIE, AER S E A 1. 5—2m, HAEZRERKITEE ZRILERERN
R, B PSR R, X X K AR R AR e A EE YRR

2006 4F 5 A A TRILHS iz B TLRETKEN | FE 4524 1 (15—20em) K AR —BRBINE
25cm, 5 15em MFEA Y, FHRESH LRI 1 (3% 1:4 WWBNRS)) MR AR R, N L2 EELN 12em WA
PREAR B T PG R K2 e e XA IR B AR S S I = IR 00 B b 9 5 5%, B DR A AL AR AL T4 TRD A 6 B
RS BARIEAG T FF TR K EH B,

1.2 SEEk

2006 4E 11 A 13 HFEHLEE 180 AR /NEEA —3K (15 40—-50cm ) K AEMIFEATSEINAL I . 1 Send HokfT
s, SR FEHLEEE 30 BRVE A X HRAL, 44 7% MR 2R, T HAR 150 #k B Tk ith A 047 58 2K i (FERR B T K
Hhrp, TREREE /K 1 2m) KbFE  ZbFE AN 2007 4E 11 A 13 HFFL4R, 12007 44 A 13 HE W, 2HI7EERESK
¥ 30,60,90,120d #1 150d J& , /K ¥ Hh H BEHLHIER 30 #k 42 1L X HOK A, B FTARAE T A THAE
B, FFIE
1.3 FriEpE

SRR AW T AL M5 MBI AT AN KO B E T, DA SRR IR Ty i, WHERR P45 1 B TTAE
Frbh , AR A AER I IE T B ARG 5 TRt (B AN A B R, Z 05 LAJE R 354, B4 7d St 45 Ab #AE
BRIGFFAEABOLHAAT 1 IRMEEIE T . HBI ST ARG TRITIE, AMEIRIC R, 8 TR 7 hads, 78785 Bk
JG B BT R , e A G E, HEATHI BRI .
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PR (F R K HE AL IR 53) 7K LA 25% AR TF AR B AEIA , 50% MR FFIEA R BE AR T 76 i 18 A, 95% (1)
FEMRFFIELE RN B R L TEI . MK LLSE — B P FEA K L B FF BB [ A R ZR A6 30, MMATFF IR BUR T
50% B IR A AR R 0 B , TR 7 F B A A AR B . LI MR B R TR EE B 4ttt B AR 9 X T 1R
PR

1.4 5B

WUREMAET BART 80 C I ZEE , RE R B RAIREN A MILTE,

FEFT A MAEMRAEIAZE G |, KRk AN ah_E 3 T 384 3P YicER , 80 C Mt R AE H , AR 4 R Hb_b st T #8431
AW RAA SR ADRME K Z B R/INEE A —3, B DL AR + T AR R + B B ERE
MMRAERE ., SMEESRRA TR - EEAI = 7 AR/ 2RAEYE (B EAYE + #h T 4E
W + 7 REYE)

1.5 JFFEMEIE S S B IR R

R T REFE AR SR B A T S EE AT Z B E R , A Pearson A5 73 Hr X 2 FR Rk A AR MR
HIRR AL AEHIRE S [B] ARTE T B (PRS0 B B R S B AT 4047 o

FH SPSS13. 0 Geit#R 44T 8RS 115347 , R F R R 5 22 73 A1 (one-way ANOVA) 43 H R [A] & 22K W Ak
XS K AW T ALY R 48 B 5 7 FL B2 0, F Duncan £ 8 % ( Duncan’ s multiple range test ) 6 % 4~ [7]
K2R g B E] AL 3R ] ) 25 57 B . FH Microsoft Excel F1 Origin7. 0 3R {447 IR HI1E o
2 SR
2.1 FFiEwE
2.1.1 BEKF

S ERAE MR T BRI AR R R R A AR, T 2007 42 7 A 18 HIFZE, FHs 18 HidhEE 1 A, Us B M
TESRAKIIE NS 2.3 4 J1, ERICR B 26 JH AR IR 4

Bl 7KV B B P RE A , BRI BE AR I G TR B AR R 3, LA A W B2 AT, A6 A B W 45 4, T JF 16 50 W 44
ZHAHE (R,

HEREXT B T56 1 A Ltk ARAESA , A TE 056 24 Ja) AEAFRSE 23 Ji . 5 ok W AL 3 i 1 TE B0 R
FHRR , 7E55 2—3 JAZIA]  AAEIAERFESE 23—25 JAZIal ., HA 7K 150d AFE 8 056 19 J&, 1e%ese 16 [, B
BT X R R I UR K AL . X R B 5 Rk A 7ESE 10—11 JiZ A ATFAEm et o AR X R A
B ARAEIAN S 3 J8 e RS 22 JA . /K 60d 5 4 JRIE AL TEHA ,30.90d 1 120d 7E55 6—8 JA ik Athik
Hlo XTRRJ 5 FhK AL IR A ALIAITESS 25—26 F Z (8], /K 150d tafE AR 58 O JA, e AFRe4E 16 A,
B FHE KA, X R 5 K AR ISAE 10—11 J&#E AT e e .

2.1.2 AMEKF

Kl 7K e E] P RE S, B AR MR R IR AR A SR E 2R (R 1) . HEMOKHE 60.90d 5 Xf HEAH HL 22
SREZE (P =0.078, Duncan’s multiple range test) ,30.,120d 1 150d & Z M F X BB (P <0.05) , MEREKHE
30.60d F190d 5x FBZ B AEZE (P =0.185),120.150d B FXF (P <0.05)

Kl 7K S E] P RE S , BK AR MR R 2 A A SR L 2R AT H . MK 150d ZAFERA5 60.90d At
ZRAEE(P=0.05), M EERTX 304 1 120d(P <0.05) , MEHR/KEE 150d FA LR B2 BT X i
30.60.90d F1120d(P <0.05) .

Bt 7K 8 B ] P E S, Bk RN AR A FE A R S e () AR b B4R S ke %, HERRZK T 60.90.,120d 5% R
MHEZHNAEE (P =0.093) /K 150d 3% T 5 8 .30.,60.,90,120d (P <0.05) , MEFK/K# 30.60.90d 5
Xof B FE AR SRR (] 22 AN B3 (P =0.278) , 7K 120.,150d B & % TXF R (P <0.05) . JoibMERERR , %F 8 &
B AL IR A T AL R IR B EEF (Py =0.191,Py =0.300) ,
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F1 FEZFKEEELSEGRENBEE A FEFEDIE 2007 £ (= FRAER)
Table 1 Flowering phenology of Salix variegata at the population and individual level following winter submergence of different durations in
2007 ( £SE)

ST 7J<?§Bffl‘ﬁl/d ﬁﬁﬁ.&.%%%ﬁ(.%@/%ﬁ) %%ﬁﬁﬁﬂ‘flﬁl f@%@%(%)ﬁ) .
Subjects for analysis Duration of Imtlatlon./ Terrmfmtlon time Flowering duration Culmmatlorll time of flowering
submergence of flowering / (i-th week) /weeks / (i-th week)
HEREREAA Male population Xif B 1/24 23 10
30 3/23 20 10
60 2/24 22 11
90 3/23 20 10
120 3/25 22 10
150 3/19 16 10
AR LK Female population i iR 3/25 22 10
30 8/25 17 11
60 4/26 22 11
90 7/25 18 11
120 6/25 19 11
150 9/25 16 10
HERRMA Male individual pagil 3+0.5/19 +0.8 16 1.1 10£0.2
30 5+1.1/17 +0.6 12£1.6 10 £0.1
60 4+0.8/19 +0.8 15+1.2 11 0.5
90 5+0.9/17 +0.6 12+1.1 10+0.3
120 5+1.0/19 £0.7 14+1.4 10 0.5
150 8+1.3/17 1.5 9+1.9 10 0.2
WEREMA Femaleindividual X B 6+1.0/18 +0.9 12+1.4 10 +0.4
30 8+0.6/17 +0.8 9=+1.1 11 £0.2
60 7+1.0/18 £0.9 11+1.5 11 0.5
90 7+0.8/17 £1.1 10+1.4 11 £0.6
120 8+0.7/16 +1.2 8x1.5 11 0.2
150 10 £0.6/15 +0.7 5+1.0 10+0.3

WEREARFFE AR (FFAEIRIE ) ZEXT HR 2% /K s b 38 22 B BE A A [R] 3y 2 e ph 46 (18 1) . FRAE L BIZE T 1R
TREERR AR R B, BIA T f5 SR TR, TR—EREG &M TR, &5 %18 TR,
2.2 EHAT
2.2.1 R
Bl 7K BT TR B R4S, BB o0 PiC AR 28N (1B 2a) o HERR/KHE 150d B 58 73 Bic B2 /N TR R (P
<0.05) 1 5 FUKEAL I Z M 2ZFABE (P =0.124) . MEMR/KHE 150d 9 B5E 43 Bc B2 /N T X3 BRI 30d (P
<0.05) , HAt /KA 5xF R Z B Z RA B (P =0.121),
2.2.2 SWAEYE
Wil 7KV B ] P RE A, B AR Ak A P & SR B 2/ (B 2b) o HERR 5 FRK TR ) 2R AE Y &
BE/NFX(P<0.05) , /K 150d f2tkA Y& B2 /NF /K 60d(P <0.05) , HAth /K dAb 3 2 8] 22 7 A
B2 (P =0.401) . MERRKE 150d 4 kkA & B2 /N T3t B8 7K 30.60.60.90d (P <0.05),150d 5 120d
ZRAEBE(P=0.128),
2.2.3 HREFHB AN BT EYE
Bif 7K VS B ] R S , BEARAE P BCRA L 2 s (B 3) N EF A ERA BEER . MRS #
KA RBRAE P BB E /DT X B (P <0.05) , /K 150d BHRIEFERE/NT 60d(P <0.05) . MEMRK
150d F)BRRRAE P4 B & /N T X R 7K ¥ 30.60.90,120d (P <0.05) , ToitsMEREAE A , XF B e 7K ME AL 2 (8]
RN EF A REA BEZER (Py =0.076,Py =0.056) ,
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Kl /d
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B 1 FEEFKFER R E B AN A i FF e HRI0E #h 2% (2007 )
Fig. 1 Flowering amplitudes curves of Salix variegata male and female individual following winter submergence of different durations
in 2007
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Fig. 2 The reproductive allocation and the biomass of whole plant of Salix variegata following winter submergence of different durations
( £SE)

X EF T PR A i A R R R AR B A B 2 2 R (B E MK P =0.05)

2.2.4  JFHEYMBEISECS EHH S RO R A

FREEAIN ) B AE 0] TR RARF R (8] | BRAR AL P 505 58 43 i (8] ) Pearson #H M4BT R - ih 7R 81 5 163 5%
S [H] ARIE P RO B I BCEAAAER B3 AR IR R o TABI R EE T (8] 5 BRAR AL 7 B A 0 Fe AP EE R
BENEMRXER, BRIET RS EHE AT WAAER BEMIEAHRXXR(F2) . XEXREKH . IHTE R
M)A, PR . T BRI B AL P B0, B 4 P B/
3 itig

FREEAIN ) A 5 R HAIIE DL AE FE IR I A5 R o SEI P RKAEMD I AE AR 82K 3K 4—5 N ZEARF BT
] () 2 22K WS AL T, MK ST (14 F P8 46 1 R (IR AR 4 i ith £ ) 2 B L0 50 v A0 R AL, 7 2 0 0t 28
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Fig. 3 The male and female average inflorescence number of Salix variegata following winter submergence of different durations ( + SE)

(B 1), RV HAE Y r T SO A A A R R R K B G H . ANERRSREFEZRT E
FEAE K EBUK BRI E & 58 R T — M EA B, AR 7 B8 XAATE 78 13 DASRBEBK T . 7ESM A
FIEERIER T AR & My ERE Carex ruburm'™ , TR R Rumex palustris 25— LAY,
ZE AT DA SO A A ER R A AN R, A0 T R S (6] 0 45 S B ] 2k BB T K B B 9P . KRITHRISE ER
BRI m Bt B — M AE 7 H—9 Aty , ARG B 15 17 1 R 43 Bk AR 9 /K W B2, TRIRK AR A0 P T A =5 D 1A
KETEI AREF10 A9, 8 FF T UK &R, ol WA S ZERHMEY REL X R . 7350, FE R E)
R R A R AEAE 22 57, R — oS00 1e) Bkt O 3 3, 3 FT BE R AK AR M AR S K AR A, B A B
FIFFAE 7 G N BT IR . T AE = W 5 & — B il 3l Al e HE I bR T8 , 34 78 s LR 1)
— A AR

F2 FBRENANEK TR ERR LR A TR Rk B 5 BRI X 5 47 (2007)
Table 2 Pearson correlation coefficients of the initiation time of flowering, flowering duration, inflorescence number and reproductive

allocation of Salix variegata at an individual level in 2007

YL TR S A BRRAE 5K
T H Ttem Initiation time of flowering Flowering duration Inflorescence number
#E Male Mt Female J#E Male #fE Female J#E Male M Female
A AL Initiation time of flowering - -
A HrSEItA] Flowering duration -0.881** -0.769 ** - -
BRRIE B Inflorescence number -0.437**  -0.515** 0.509 ** 0.694 ** - -
Z54 /1 Hic Reproductive allocation -0.378**  -0.613** 0.371** 0.726 ** 0.482** 0.752**

# AR E OURKR) 5 + « AR EE CUEKRE)

KW EER BN , A TR & 1 KPR FE TR JERIFF St M 4R (3R 1) , RHITIEYIRAE —E R
BE LRI, S SAMAETINERR o MHIFEHARERRIF LRI RELTKEA (A1,
R 1), YEIEYMER T EM AR KRR LR AR IERRREN™ . FEWRELTKETHNES, T
RESAE IR E TR 87K A R B o A DR FSUESEAK AR AR A PO B K AL 0 B 1 28 7K P S B 7K e B 1] 19
FER TR o 430053 T RIREAOSEIE , BIK WA IEDRR K , PRI R AR B BB (181 2b) o A 7E KW )R
FFHa AT A KRR AR I BROK AL A 1K B 40924 3R 2 1078 3 b4 7T LARROK (R S AE AR T B ik 2 2
K, R, ke RV K AR AR B FRROK AL & K B, KT MO0 i IR AR B ), AR A 1
EFRBBRF — K TEA R A BTN o 45 1T AN, K94 K M GRS MBR K 1L & 4 i 457K OF
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TR IR IR A KB, BE A SRR B A R, T R B HER o

AZKHE TRV BT 2 BRI AR AR 77 5 B 2 (A B B FE SR I R e BER MBS AN
AMRLER BT IRA I ERA — R BRI, BT AE LR A B3 4 A h B (B AE K (4EFF Bl M BEAH) 2
I PEAT e, BV AR A S Z RAEAEB AT ™ o SR AEG 7 S T A STl B R R 537
SRAER Y TIREAR T MBI TR AE R RE T L X BE 1 X SARFE AR A T M AR 77 3 0™ o TRl K
W AR AR F— A P AT U B, A T S SRR T k X SR M TR R A O A AT
PRI, BRAEMIE A 6 ] & 2K W 1 LR B IR0 K P R I DL T, BR B ™ A b B 525 AR, UBRIESR AN
MIFETE  FELUR M R BT ARSE BRI MRS M VR 22 () FH A7, P B AN B & TR, X S R 4
RAATEE (B 2a) o LB ARLZK N KR A BT A Y BEA BEER, T REH KR [
FRSEA BAARAIE PR Z B (18] 3) , R BATK RN B 5E 70 i A AR 2 o 7B 7 B i, A B BB 7 A
PR FEE B o R, JFIEY RGBS BE58 0 BL RO AE SR 0 A B « R 18] & K , Rk A il A3 HE
B FEHFF ST (] 4658, 2 1 BAARAE P Buml L, BB M CRER (R 2) o

BRI, KIIAZKME G KA E I T AEYMR i e , (5 5558 73 e EL 1A B I W, K 38 22 B B2 U 20 T
AP R R T AKIEMIEA RERSE 0 IR A& BT, R R A F KM PR S5 i — g L, 2 HL A
LR T = oK e T 9 X LA I BB TS 2t — 2 ST BT R SR 2R 1 o (HA KM R R AR AL 7 IO B
RGO R B — B HITH o
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