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The responses of growth and vegetative reproduction of wetland plants in Poyang

Lake to duration of submergence
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Abstract ; Flooding strongly determines the distribution and abundance of wetland plants, such as like the zonation along a
wetland shoreline. However, the mechanism of flooding affecting the distribution of wetland plants is not full understand. In
this study, an outdoor experiment was conducted to examine the responses of growth and vegetative reproduction of three
dominant species ( Carex cinerascens, Miscanthus lutarioriparius and Phalaris arundinacea) in Lake Poyang to duration of
submergence, with a goal to link their strategies to submergence to their distribution along the elevation of Poyang Lake. The
results showed that 1) after 120 days submergence, the survival rate of M. lutarioriparius began to decrease and all the
individuals died after 180 days submergence, whereas all C. cinerascens and P. arundinacea could re-grow after 180 days
submergence, 2) Submergence significantly reduced the total biomass of C. cinerascens by the end of the experiment,
whereas a short duration of submergence did not significantly affect total biomass of P. arundinacea. 3) After removing the

submergence, C. cinerascens tended to allocate more biomass to leaves at the beginning of the re-grow phase, whereas P.
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arundinacea did not change the allocation among the treatments. Our results could help us understand and predict the
population and community changes of wetland plants in Poyang Lake in response to the changing hydrological conditions

changing caused by climate change or dams construction.
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Table 1 The survival of C.cinerascens ,T.lutarioriparia and P.arundinacea in different submerged TIME(N=5)

YyFh JKHEIFIE Day of water submergence /d
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i3k T.lutarioriparia 100 100 100 100 40 0
RS P.arundinacea 100 100 100 100 100 100

222 KU 3 RIS K 15T

R KR 3 RS B0 B P2 A T
SR ARV 1Y TR A28 R A ) B T
WK S5 T B R 0, 3 FLBE 25 7K s K 1, IR
ALAEBE SR Wy S T R WO R T 87 7
HEIHCINT 120 d M2 0E T | K xRS R v A
FeA R . I HRE AR KR 120 d 5, A aik
#4515 (3.80+0.56 ) (& 2) .

Xt 3 PR S E W AT ek B2 RRARMKT, ZMERmH s e m BT LR
AR R T A R (A B R R R A Fig.2 The total biomass of three dominant species in different
EEOKE T 60 d I M E AR S S R e e
SERTREK IF AR K 180 d 2 PE R M L2
F H (i B (1 3) 5 PRV R 90 d FiF M 2k W 0 o5 1 L (S i R R A K o i 150
A JEASBEMR A K (1 3) 3 MR U K 120 d B, 124 W0 3B 4T o5 1) EL s SR 5 . (e Ak
KB FE KT 1 1 iR A B H (AT B8 2575 k. (P >0.05) (I 3) .

30 a m RALER

MM The total of biomass

JKFERTE Water time

TRALEETL C. cinerascens HiFk M. lutarioriparius
9r a

a
ab =

b

90 150 180

JKHERT ] Time/d

/B L The ratio of distribution

O #F/&
b/

90 120 150
KA ] Time/d

3 FEKERKT, =MABWHENESBEERL

Fig.3 The distribution ratio of three dominant species in different submerged time

3 i FAAE Yk o 1) B DR 2R 7 22 73 A AR < T ) 7K ('T<90 o) X AR A 2 e (A o v B0 A 77 A S 35 114 52 T
(P >0.05) . JFHAE/KHE 90 d BBy ik #l 5 (39.24£0.68 em) o Bl /K B RZHTE N, PR AR K

http ; //www.ecologica.cn



22 11

ZESL A RIS T DA R e A0 A R R B BRSPS 2

5

120 d FI7K ¥ 150 d BRETA 225 (P >0.05) , 7K 180 d W}, JKAL Z FIRR E A o] LIRS — & 1 =
(K 4), —ENKRKEAF TR AR, FEKHEE 90 d I, B3k ARk B A iR K (78.98+12.29 e¢m) . %
IR 3 I, Bk e B RAAG . ZE KV AR 3 180 d B, BE R NBEMR E A (1K 4) . [RIRE , J %87 (1 7K e V%

A RS R R R A Y
i S EAREIR A (K 4) o

#kE Plant Height/cm

100

o
(=]

(o))
[=}

N
=)

[}
(=}

(=]

50 RACEERL C.cinerascens
Baf 2 a a
=
b
5 30 b
juni
g 20
" c
iE 10
. i
0
0 60 90 120 150 180
Bk M. lutarioriparius 13 [ . a BEEL P. arundinacea
a L
sEE a
ab 30 +
b 25 | b
20 |
c
15 +
¢ 10 d
Moo i []
0
60 90 120 150 180 0 60 90 120 150 180
5t ] Time/d

B4 ARKEHKT, ZMHABEMRSHTLERL

Fig.4 The plant height of three dominant species in different submerged time

Figk M. lutarioriparius

RALEEL C. cinerascens

5 Z=MILBEMFHIYE
Fig.5 The picture of three dominant plant of buds

2.2.3 KM =R LA S5 1 R

KA T A B BRI B BH ) =R LS 0 S0 R R IR R SR 2 . Bk R RAE

http ; //www.ecologica.cn

Wi (P >0.05) o LR K 8 I 3G 0, PR e 22 A, ZKHE I Tk 31 180 d



6 V4SRN

Eild 38 &

FIEAFAEANE S PR . mdk i 2E 3R R, K 3T
PKFN 10 em; I EEFRRAL AR R0 ZE K 8 A 2—3 em,
FEEARF RINEES . (EER 3 Fh2F &K B BT & P . S
FRURAL 2R 2R K W K T RItk (B 6) , gl
FLE ) FrK i ] LA E 87%

X IR ZE A A | e R 1 20 R R A e
R 7 22007, &5 3 R - A ) 7K s X IR A 22 7 i
TN JEH A 77 R (P >0.05) (#17) o, FEAKAE
K90 d Je , A HREIGE B e 8.4+1.94, {H/KHERTHE
—H T 90 d, m Ak o BEEGR G RE L, 27K 180 d
Jo  FEARANRER S A (I 7). [AlRE, BE B AE /K8 90 d

FEkE

bud of water content

09 r
0.8
0.7 ¢
0.6
05 r
0.4
03 r
02}
0.1

HHo

HH®

HHo

iR L TR EEF

M.lutarioriparius P.arundinacea C.cinerascens

6 =MABEMFNSKE

Fig.6 The bud water content of three dominant plant

& O REGE B i 5.6+1.29 (H/KHE 120 d FI/K# 90 d WA A EZEHI(P >0.05) (KBl 7).

10

8 F

6

4 L

43 Mk%k Ramet number

IRALEHL C. cinerascens

0

b
b
b b
b
2 - ﬁ Ii
0
60 90 120 150

180

12 ¢ i3k M. lutarioriparius AL P. arundinacea
a 8 -
g 10 7 a
5 ab
g 8¢ 6 b a a
= s | a
& b 4
B o4 be 3 b
= 2
) | ’_}‘ : : ’_x-‘ :
o c2 I o [
0 60 90 120 150 180 0 60 90 120 150 180
I5f ] Time/d

E7 AREKERKT=ZfMEEYHIEREHTNL
Fig.7 The ramets number of three dominant species in different submerged time

FEAR P R B AR DR s A ) 5 Bl K i [0] 22 5 k3%

3 Wit

ABEFE KB, BAARAE KM L 120 d I 7735 A TT 6T B 5 KA 22 5 MRS R /e /K 180d i, K= AR AE
BRI A . X SRR A A5 R R, Bk MR 2 150 d iR JLP- 30 70 A . ko —Fh e
KAL), T A FREEAG AR S 38 R ER — BRI IS, B A 16 T IR TR R T K A2 1 B 2
FREEH, AN REHRARN K I 5] B4 K, 7 A Y PR ¥ B8 TE N Veervuren 55 A 3R B [ 7 B2 AL O K B0, 7
SERIKHEIIRZE T ] e AR OV A0 25 S AR A 3 A 1) o AP AE 35 (ARG /K M SR s b, 43 A 114

R AR SRR A S RIS R L A I FEAR RIS S i FREE b A AR A 2 2R AT
{1 A= 40y 4 T SR A IO X S N R F K ARSI IR R R B AR e (S A AR 3, K
90 d i, Bk S A Yt SRS D . Bk RN R — R HE KA ) 3 R A KA M) T R Ak A B (HK G —

http ; //www.ecologica.cn



22 4 ZESL A RIS T DA R e A0 A R R B BRSPS 2 7

HIEA, A RIFIRZ B0 . B3R FH Rk 1% A SRR K i, 52 KM )5, 8 1 3R 2 DR, 259
R R TR 1 R K 30— e XU 9 S BT AR K IR F 150 d i, B RGR KR AR
REPEATIRAZ A I . DA R RNRE e R 2 SR TR 52 A M IR AEN K W, (ELAS [ K IR X P S AR i ) S iy A
BEAR, KSR ZE RGP 2T R, 5T BB I 34 0, IR A 225 Yy i B AR, —
IKEERHC T, B AE YA AR AL RS 120 d B S AR Wy et il /K VA B )39 iy & 220, R Ak
SR AR HRARIKIIRZE, — BYOKEE, 0 TP FERY RE R, b R B iR 2= 2R
e S P R 4 A R TR AR R T A2 R R B K R R AR 2R i HEERFER S, O T
KR RE AT RE , I R IR R Y L ZEEP AN A & B, 3R KR B R K 2 AR BT A TN, SR
SR A OCIEAY2 , TEAN R KR I T IR 42 B RS B AR ) 8 19 70 TE SR A7 7 2 35 DO . R AL 22 BK S 60
d Ji, i LR3I ok A B A TR K A R R e A Y 0 B A 7 A A, KR K A A
B AR A TR R Y, i ER A R BR A A Wy IR B LI 3t T B BOMRARZE T S 1) el 7k, LA
PR — UK, KR HERE R A JCVE B0, 280 — @ K B /K BB i) 0 R 32 0 . AT DP 503k RS
RO PG A R R A R T DGHGE AR SR A ek 147 A SR £ 7R BH AR 48 = AR O S
X AAHE B 52 BE 7 B oA e o IR FH B (4 SRt 2L BB RS 52 5 P ) PR 7 , T LA 70 A 7 v AR A v )
DR, XFREFCN S, FEKHE /N T 150d BYZRAETR A X RE B S A= Wi BoA 7 EA RIS, DU IS 2
TE KGR K G | REFEAR AT LASE e )3 I 5 R e A A /K TR 0 RSP A B i) e 45 R AR Bt 3X — A5, 77K
W 150 d B R L R R AT ) i JRE 9 A A YLk Bl g

R EE F T R SRR ST T 2 F) SRS AN 7K, (LA A B4 X 7K S Y i I8 BN ], AR 3%
B, ANTR] A I IR EE Frbe i AR R AS S35, R R A /K HE I /N T 90 d, RISRBOKHE B2 835 22 531, T
REHAEKHE 90 d Ji , R e B /K HE I I3 Iz i e 1K . /KHE A I A 8 et G A W R AT, (R bR v A B
BERA, VEWHRIKS KA i A K AR TR il 170, KA AL R KRR A IR R RARZE T 32 K W, o T
SRR RO AR AR b R0 AT OGP A A 2 A O RERE . XK AL 225 i) 0 BR AT 58 A B, 1A [
I BZKEE T, 7 BREOA 7= A 5 2200, U KA 2 AR 22 DI TR K HE =, 1052 AR A T2 208 1) T b B3
IrA I, REFERR R AR B K RSN, (B —E A TR S AR i B R A A, UL
BAJR, B E A A K TR B IR0, X RS AR B I T Rl I 13— i, — RE RO T S
FA MR EIOR T30 UK IERE R PR o 00X RS e AR i 20 B A8 20 R B, AR K I T, i e b A
TV A KA A, BEATEZ KIS  RES N T RPIKAE (5 U SR AR A S ) B AR o3
W ER O R AT AR A SRR AR T RE A S A AR A A AN K O HRE R R SRR RIS A B
REHZFA TP AR T a1 50 LSRRI G 25 1w A, (ERE R 28 S KR AR R MK SR B A AR R 2R A
I HAEEFAMA A B, 8K AT, AR R R (0 3t 2 2 835 1o T A AR i R A RSB R A

LA, B BH A SCIE S AL A2 B4 2 G TE . RERIM 25 I, 7K IR 9 22 A 2 i S e A
PRI R PIR 2 RERH) 2 N e L 53 A 2 2R ZRERRLY) , AR F BN K Y T 52 R )
FE T HAM TR RRE KRR I BB, A7 15 AOZ I AARR , BIr L3 A e e ) v R L 5 AR AE e i
IB FARARZE FT AR 32 1 [ A A T, i DA 0 A1 T 5RO ) K s PP RIS s ) B P RE 7, BT A8 B
T YHME A Y BN T IRAC BB FEAR SO S AT 5, 380 B 0 =R SR 0 0 A s e L T8 AR A2
P — A RIE R R . AR SCIFTEAN R ZK A IR =l I SR ) A R BB ) S D, S T L 3 A B T
AEK.

5% 3Lk ( References) :

[ 1] Voesenek L A CJ, Rijnders ] H G M Peeteers A J M, van de Steeg H M, de Kroon H. Plant Hormones Regulate Fast Shoot Elongation under
Water: From Genes to Communities. Ecology, 2004 85(1) :16-27.
[ 2] Striker G G, Colmer T D. Flooding tolerance of forage legumes. Journal of Experimental Botany, 2017, 68(8) :1851-1872.

http ; //www.ecologica.cn



8 ZSO O ¢ 38 &

[ 3] Wright A J, de Kroon H, Visser E ] W, Buchmann T, Ebeling A, Eisenhauer N, Fischer C, Hildebrandt A, Ravenek J, Roscher C, Weigelt A,
Weisser W, Voesenek L A C J, Mommer L. Plants are less negatively affected by flooding when growing in species - rich plant communities. New
Phytologist, 2017, 213(2) : 645-656.

[ 4] Yamauchi T, Yoshioka M, Fukazawa A, Mori H, Nishizawa N K, Tsutsumi N, Yoshioka H, Nakazono M. An NADPH oxidase RBOH functions in
rice roots during lysigenous aerenchyma formation under oxygen-deficient conditions. The Plant Cell, 2017, 29(4) . 775-790.

[ 5] Yamauchi T, Watanabe K, Fukazawa A, Mori H, Abe F, Kawaguchi K, Oyanagi A, Nakazono M. Ethylene and reactive oxygen species are
involved in root aerenchyma formation and adaptation of wheat seedlings to oxygen-deficient conditions. Journal of Experimental Botany, 2014, 65
(1):261-273.

[ 6] frade, WM, ZHEJE. AKGEXNRHAEY) A M S R BTFE ik . {MAl24, 2016, 14(5) :725-732.

[ 7] Parolin P. Submergence tolerance vs. escape from submergence: two strategies of seedling establishment in Amazonian floodplains. Environmental
and Experimental Botany, 2002, 48(2) :177-186.

[ 8] s, BRoRAR, £, WHik, Wopris. 5T A4 2500 R p KV MoK A 38 R ae i S Re it gl 7r fr. 8244k, 2016, 36(15) .
4907-4918.

[9] XiaSX, LiuY, Chen B, Jia Y F, Zhang H, Liu G H, Yu X B. Effect of water level fluctuations on wintering goose abundance in Poyang Lake
wetlands of China. Chinese Geographical Science, 2017, 27(2) . 248-258.

[10] X%, BoEE, 20, sk30t, R, TR SC50R i FFREE A J e+ R 7 RS B AR R R, AR 2244, 2016, 36(8) :
2217-2222.

(1] R, K&, BB, WHEI, LM, FRH W0 ORI T R R A R SR, 2016, 14(4) :506-515.

[12] WIYRMG, SSM0, XUBOPR. 35 BH IR R R Al St I A7 BT R TT R B IR S 3R, 2015, 24(3) :381-386.

[13] Zhou Q. A Guide to QTL Mapping with R/qtl. Journal of Statistical Software, 2010, 66(32) :658-659.

[14] w54, BWA, MET, SME. IhsEm =5 s s E 1. Rl , 2015,13(5) :582-586.

[15] 2B, Rikvk, 2=0&, W&, G5, WK Z:, B, XPIER. TR AN [ /K A7 5 2 T B9 2k ( Triarthena lutarioriparia) IS5 4% Jmy S A=
K2 AR, 2016, 28(05) ; 1039- 1046.

[16] Vervuren P J A, Blom C W P M, De Kroon H. Extreme flooding events on the Rhine and the survival and distribution of riparian plant species.
Journal of Ecology, 2003, 91(1) :135-146.

[17] Mcconnaughay, K. D. M., & Coleman, J. S. (1999). Biomass allocation in plants: ontogeny or optimality? a test along three resource gradients.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Ecology, 1999 80(8), 2581-2593.

Wright S D, Mcconnaughay K D M. Interpreting phenotypic plasticity: the importance of ontogeny. Plant Species Biology, 2008, 17 (2-3):
119-131.

Wang Q L, Chen J R, Liu F, Li W. Morphological changes and resource allocation of Zizania latifolia ( Griseb.) Stapf in response to different
submergence depth and duration. Flora, 2014, 209(5/6) ; 279-284.

Sakagami J I, Joho Y, Sone C. Complete submergence escape with shoot elongation ability by underwater photosynthesis in African rice, Oryza
glaberrima, Steud. Field Crops Research, 2013, 152(10) :17-26.

Voesenek L A C J, Colmer T D, Pierik R, Millenaar F F, Peeters A ] M. How Plants Cope with Complete Submergence. New Phytologist, 2006,
170(2) : 213-226.

Gao H, Tan H Z, Xie Y H, Zhou M X, Li F, Zhu L L. Morphological responses to different flooding regimes in Carex brevicuspis. Nordic Journal
of Botany, 2016, 34(4) . 435-441.

FERbR, BREES, BPAE. WA R A E RO K I AR SRR, K AR SRS, 2017, 38(1) : 24-29.

FAR. ABBH I R R R AR ASTE N SE (D] M B AR, 2012,

PO, 28, E405, FHR. SC@Er s biE not SRR, FHbAE, 2007, 15(4) : 381-385.

Chen X S, Deng Z M, Xie Y H, Li F, Hou Z Y, Li X. Belowground bud banks of four dominant macrophytes along a small-scale elevational
gradient in Dongting Lake wetlands, China. Aquatic Botany, 2015, 122; 9-14.

Liu B, Jiang M, Tong S Z, Zhang W G, Wu H'T, Liu Y, Lu X G. Differential Flooding Impacts on Echinochloa caudata and Scirpus planiculmis ;
Implications for Weed Control in Wetlands. Wetlands, 2016, 36(5) : 979-984.

Cuda J, Rumlerova Z, Brina J, Skalova H, Pysek P. Floods affect the abundance of invasive Impatiens glandulifera and its spread from river

corridors. Diversity and Distributions, 2017, 23(4) . 342-354.

http ; //www.ecologica.cn



