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Abstract; It’s important to study the response of wetland plants to submergence and its recovery growth status for lacustrine wetland
restoration. In this study, we revealed the varieties of relative chlorophyll content (rChlc) , malondi-aldehyde content (MDA) and
chlorophyll fluorescence characteristics of Phragmites communis in submergence every 5 d during one month in two types of sedi-
ment (one from Lake Chaohu (LS) , and the other from farmland ( AS) ), and its recovery status in 10 d, 20 d and 30 d after sub-
mergence. Results showed that, compared to AS, P. communis growing in LS had higher rChlc and chlorophyll fluorescence char-
acteristics during the rejuvenate period. rChlc decreased after submergence and obviously after 20 d, and further decreased by
40.82% and 39.49% in 30 d in LS and AS, respectively. However, MDA increased, and it was higher in AS than in LS. Chlo-

rophyll fluorescence parameters Fv/Fm and Y both decreased, with significant correlation with rChlc varieties as a whole. The rap-
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id light curves (RLCs) of P. communis growing in LS decreased slowly in 25 d, comparing to an obvious decrease in 15 d in AS.
After submergence, rChlc and chlorophyll fluorescence characteristics of P. communis in two sediments all increased, with a grea-
ter range of the plant in AS than that in LS; however, they were both higher in LS than those in AS, and MDA had a same decrea-
sing trend. It took longer time for P. communis to recover to the normal growth status with the extension of submergence, the leaves
withered after 30 d submergence and sprouted new leaves and plant. At the same time, the recovery time was shorter of the plant
grown in LS than that in AS. Consequently, submergence inhibits the growth of P. communis, and the inhibited effect is greater
with the extension of submergence. It takes a short time for plant to recover to the normal growth status when in short submergence,
and it needs to sprout new leaves and plants to adapt when in long submergence. Simultaneously, it’s meaningful for P. communis
to increase its submergence tolerance and recover growth after submergence when growing in sediment with relative better nutritional
status.
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Tab. 1 Primary properties of sediment and water in this experiment

JR R AT/ (g/cm’) BIRARS %o pede it/ % B/ (mg/kg) B/ (mg/kg)
LS 1.524 £0.324 45.80 =4.96 7.56 £0.82 1451.5+97.3 383.1£23.4
AS 1.903 +0.473 28.97 £3.47 3.54£0.54 453.4 +67.2 130.3+19.3
pH CODy;,/ (mg/L) HA/ (mg/L) BR/ (mg/L) KM/ (mg/L)
I 8.350.18 10.23 £1.95 0.371 £0.072 1.048 0. 103 0.034 0. 006
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Fig. 1 Varieties of rChle (a) and MDA (b) of P. communis

in two types of sediment during submergence
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Tab. 2 Correlation analysis of relative chlorophyll content and chlorophyll fluorescence parameters

KR A10 A20 A30
i3
Fv/Fm Y Fv/Fm Y Fv/Fm Y Fv/Fm Y
LS 0.800 " 0.715 0.777* 0.958 ** 0.357 0.103 0.927 0.901
AS 0.880 " 0.854" 0.775* 0.712 0.661 0.844 0.968 0.949

1) A10,A20 0 A30 735123 7K 10,20 130 d J5 ARAIRDL s KT A0 A10 Hion =7 ,A20 W1 n=5,A30 1 n =3 R
FRP >0.05, « Fn P<0.05, =+ Fsn P<0.01.
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Fig. 2 Varieties of chlorophyll fluorescence characteristics (the maximal quantum yield of
PSI (Fv/Fm), actual quantum yield (Y) and rapid light curves) during submergence
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Fig. 3 Varieties of rChle after different extension of submergence in recovery period
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Fig. 4 Varieties of MDA of P. communis after different extension of submergence in recovery period
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Fig. 5 Varieties of chlorophyll fluorescence parameters after different extension of submergence
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Fig. 6 Varieties of RLCs after different extension of submergence

PR LG R A AR B BRIRA A B K 3, R I 22 5, BAIR 22 15 516 1 D 0 % A
KA iEae S kb CO, S B R AN F 2 i BRI CO, HE AT HIK T e & s AT
VI - AR B L 57 R AU P A A P B R B S S TR R RS R W, e S R g b i
PS 1 e 45l 5 2555 (0 sl U o) A5 6 kot PS TS RE S i R 58t A7 T i 2% 4 206
R LG AR IS SR 61 32 510405 5 (0 g 3 15 PS TS A | DR LA -4 0O
RS A I 396 55 S AL B S SE B AR B T T2 B TR R OB ROR  Fo/Fm R Y S35 T PSR
57 P A DG AR R s R R PS T KOG REFE AR A PS IR AL 6 A5 3840 S IR LT B0 S B 5L
FCRERI SRR, S5 F A SEBO & MR I AE . AR T SE 45 2 W], W5 /K 0 1% 25 0 A fy PS T 38 il — 5 19 5%
Wi, Fo/ Fm A1 Y Y075 5 K R 1] 9 2E 1 T T . AR DGR Tt W1, Fo/ Fm AR 52 R 800 W Rl B S0, 76 9
M0 SN TS E AN, (5 2R 52 3 BRI A5 P T30 A 00 25 535 T ™ — M e A B Fo/ Fm Ay
F0.70 ~0.85 Z[i], 2% A 0. 837 K T I (L i58 WIAR ) 52 31396 B85 BR 458 (9 W3t 7E AW ST eh, W5k S o I, 1R
SRIRNJE ST L B2 35 M Fo/Fm A5 BT R (HLE KT AS BIIELEZE 0.70 DIF AR K F LS A% 15 d
JEAWEZE 0.70 LU, BRI A K T AS _E A2 25065 7K kit S8 S S0l Y ) JEA L IR) 6472 fhta 32, B 7K U
FHIRE B F A 25 i Y 29 03 e, T K AR 1725 25 A 3R R i 17 i 2 ( RLCs ) S T M A )
A P T i 7 Py 26 T B, 8 /K 6 T K I ] 0 2, IR 5 7% 25 0 1 ) B K rETR LB
%, 5 Fo/Fm B0 EAH T, A KT LS LR35 I K rETR T 52,25 d 5B TR, A KT
AS FBIITE 15 d 5 BB R, L 25 d 5 U — B T R B AT O JFE R A bR 0 T 2 7 4



M OAEE . EKIRE T FE Y s @A R 6 A e R E Rk K 569

T K b0 K W K 30 A R B e VR PRS2 D ThT LAY B SR, AR T AS B SRR RLAF A LS REAS (L
FHABR AU K BE ST, AN A BGR B S T RE T AR WEFE AR AR IR 58 WK B9 260 T B4 7Y, 48
I RE I SRRk B L SRS R A BRI I R A R 20 5 1 A
BRI G AR IE ] i 22 5, 3 — 77 T T BB S5 K5 K T G RSRS8O oL G e I FREA
K3 73— I W B HA R IB GRS, U 7E 1M K (9 25 1F T REAS CRUEHL T 38 20 (1) 1E 4 A= 4 % 3.
3.2 Bk ERMEMHIREEK

AR P K A PRI R 0 B 23 PN 5y 55 DI R BRI A A SO v SRR IR Ella S5 X KR i HH /K AT
FEFRW, MR OB S HUTESR G T T RE 227 A B KT I TS HE S (AOS) ™, INTRTA 49 32 B Bk () SRk 15
F, FEOCA YRS, YDA R, ™ E R S B IE T WK W MRS  RIAR 77 15 5
PARRFLE LS RERTE M K SAF T 8 TR 08 38 A RE B B A AT OC. WK Z60F S A '8 5 4 T S2 B0 A8
Yo et A A AR B AR B CA 3 A ALY, X TR i U /K e AR 19 8 9 A o A 2, SRR AU
BEAS S (IE, 2 ] S BORIBRAE T Bl W/ TR] (K, DM VAR P 10785 S5 D AR IR 785 55 i 4 AT, A

B WA RFE T /IR AR TG 256 1 MOCHI ST 3 W AR AE T8 /K 45 TR I R A2 2 K BB ) 5 % PR A /K 3R

Berh i A AR A TG 25 AR O, — SE RS AR L M A T K A A K I R AR W R A T 10 A i B AN [ 1 2
PaH I 0] BES AR AE PR AN R PRIE T H A Wy A8 A A7 35 A [R] 4 A B2 SR Al A 0%, O H— L1 o 4 7o )
P52 B 1 5 FUHE K i IR A9 I S B B BRI R . AR ST Y B e K B T PR A I, R B b 75 S5 vk
BHTEARIE S I R BUEY R0 TR SCIREE AN, MK 30 d BRI BT S R B W VR RS 1R K
S AR 274 T A LT A2 R RGBT AR R , DRI I A ] ) 3 7K B 6% 1) 585 2 1 AR K, (RLR K D BB 5
B B BT RR DRE M 35 1 ERE. [ P RRES T _E S AR K 10 d R Y rChle RIS R O
SRR AR R TEAR G, R BIH i v 4 3R B 0 J2 HOB SR T Y 222 BRI K 3R, i itk — 2 R W iy
LS AU B Z BIIR. HHE7K 20 d 5 rChle FIM-2R RIS EBA BE N, RV 20y ML AL
F AT REAE—E TR E 152 B K B 5200 , i -2 3R 5 BRI BE 5 2 45 BE 0 B9 e 25 4R T

AT UL WK AL T Al B A A I, B rh i S R D B i A A AR T s,
R PS I ADEAEREARBCR A AR LA B SE PR 5 MR 1R B, L3R 5 il /D 5 5O 2800 T e ) Bk
S S E Y IEASC O AR IR G AV A 7 v 13 v e adf B 0 0T s 016 ) it 32 6 0t A s XA K
T AS BRI R E R T AR T LS B, X AE— e R R W R 0 8 SRR B0 T DU ™ 54t
TEZK I RE ). 7EME7K 20 d PNARERIRG , 2500 LGaE i it A& S RE YIRS L I, T 7K 5 30 d i,
S A A R DUV 3 e RUET AR AR A4 . PR, 2 BT — 5 I 2K RE 1, (B2 W /NORE SE 2 7 25
FEARIE B, DA T SEE 22 180 955 360 3t ) DK SR 8. SR T, A BIE S DA B 7 TR X348 7K I3 H 7 =45 4y X A o J )
Wi 57 48 7K ol SRR B3R S BRSO AT T RS, (EL R 5 T I A B P 7 245 4y i T i %) i 2 R 7 Jf 3 e
B3R PR A AR DL IR 25 AR FR b, LR B SR PR 0T IR TR 7 0 =5 Fof e T L e () ) . JE A 45
TV K PR A 5 T I A Ry T — 2D .

4 57 ik

(1] Tlgee, BRECSE, A k. KA B B of 0 b A ) 2R K S0 R A ) et o T )2 ). L) 2R 25 2 41, 1999,23(3)
269-274.

[2] #RGE. T A, EE . EIRY LKA T AR Y r . A2 35272k ,2006,25(1) :87-92.

[3] XImWg, Z8U0, £ F5E. KIEX T G5 RO R e 1 G RS2 . Y241 ,2010,45(4) :426-434.

(4] Zsci]. TR WRBUAR 5K A SR B3 M PERIT IS . AR, 1996 ,8 (H4T)) :30-36.

[ 5] Brix H. Functions of macrophytes in constructed wetlands. Water Science and Technology, 1994, 29(4) . 71-78.

[6] Trmde, H ik, %5 R EAE 15 Jek k. BT 55441 ,2008,19(2) :407412.

(71 P BIDYSERBIA DI L —W BB IR S B, AU AT Bhar bttt , 2009,

(81 [, EOUE. SRR IR TS Rl BT . PR, 1998 ,18(3) :263-267.

(9] BARA, KU SR EFRHFTE IR, IR ,2003,15(4) :377-384.

[10]

(=)

O BRIFT B REAE. BB TAISE NSNS AR TR L AR R 28 . AR A4 443K ,2011,30(3) :464-470.



570

[11]
[12]

[13]

[14]
[15]

[25]
[26]

[27]

[28]

J. Lake Sci. (#i84+3),2012,24(4)

WARIR WA, Y U AR I R R U A e R , 2007

Franklin P, Dunbar M, Whitehead P. Flow controls on lowland river macrophytes: A review. Science of the Total Environ-
ment , 2008, 400 ; 369-378.

Sand-Jensen K. Environmental variables and their effect on photosynthesis of aquatic plant communities. Aquatic Botany,
1989, 34(1/2/3) : 5-15.

WHEE, P HZR. ABA TAA X SRR R RS ALA ISR el R4 ,2003,36 (2 ) :1450-1455.

Pezeshki SR, Anderson PA. Responses of three bottom land woody species with different flood-tolerance capabilities to va-
rious flooding regimes. Wetland Ecology and Management, 1997, 4. 245-256.

Mommer L, de Kroon H, Pierik R et al. A functional comparison of acclimation to shade and submergence in two terrestri-
al plant species. New Phytologist, 2005, 167 ; 197-206.

RS L bR NG, T SN LA K 2 57 T S 0 . AR 252741 ,2006,26 (2) :586-593.

S5O S AR R SR AL AR 24 ,2010,19(4) (147151,

Jiang CD, Jiang GM, Wang XZ et al. Increased photosynthetic activities and thermostability of photosystem II with leaf de-
velopment of elm seedlings ( Ulmus pumila) probed by the fast fluorescence rise OJIP. Environmental and Experimental
Botany, 2006, 58(1/2/3) : 261-268.

BT, SRR, R SE. NaCl Bh3a 0 ST AL R ST & 8 52 ). A9 W 41,2007 ,24 :154-160.
ZEUETR, FRTTAR , XU IE A5 K M0 Yo SESR 40 v A= K S AR AR P S ). A4~ 4k, 2010 ,45(1) .73-78.
Fernandez MD. Changes in photosynthesis and fluorescence in response to flooding in emerged and submerged leaves of
Pouteria orinocoensis. Photosynthetica, 2006, 44(1) . 32-38.

AR BT o A DL K AU A0 B R SRS 38 I S R DRI K S5 5 . L) A 25 2 4l , 2006,
30:960-968.

Havaux M, Florence T. Temperature-dependent adjustment of thermal stability of photosystem Il in vivo: possible involve-
ment of xanthophylls-cycle pigments. Planta, 1996, 198 . 324-333.

EHPEF B E LA . B G E LB S AR, JE T B4 AL, 2003.

Demmig B, Bjorkman O. Comparison of the effect of excessive light on chlorophyll fluorescence (77K) and photon yield of
0, evolution in leaves of higher plants. Planta, 1987, 171 171-184.

Li M, Yang D, Li W. Leaf gas exchange characteristics and chlorophyll fluorescence of three wetland plants in response to
long-term soil flooding. Photosynthetica, 2007, 45(2) : 222-228.

Ella ES, Kawano N, Tto O. Importance of active oxygen-scavenging system in the recovery of rice seedlings after submer-
gence. Plant Science, 2003, 165 85-93.

Figs 8 W, E WS KWISERAKIEXT 4 Fh =000 e DR AR AR IR SRS A K 0 B2 ). A A 25 2# 41, 2008
32(5) :977-984.

Rawyler A, Arpagaus S, Braendle R. Impact of oxygen stress and energy availability on membrane stability of plant cells.
Annals of Botany, 2002, 90 . 499-507.

Vartapetian BB, Jackson MB. Plant adaptations to anaerobic stress. Annals of Botany, 1997, 79 (Suppl. A): 3-20.
Crawford RMM, Braendle R. Oxygen deprivation stress in a changing environment. Journal of Experimental Botany,
1996, 47(2) . 145-159.

van Eck WHJM, van de Steeg HM, Blom CWPM et al. Is tolerance to summer flooding correlated with distribution patterns
in river floodplains? A comparative study of 20 terrestrial grassland species. OIKOS, 2004, 107 ; 393405.



