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Effects of water level and competition pattern on ecological stoichiometry characteristics
of a typical wetland plant Polygonum hydropiper in Lake Dongting

LI Xu', YU Jie’, LI Feng', HU Cong', ZENG Jing', HOU Zhiyong', XIE Yonghong'* & CHEN Xinsheng'
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Station for Wetland Ecosystem Observation and Research, Chinese Academy of Sciences, Changsha 410125, P.R.China)
(2. Agriculture and Animal Husbandry Bureau of Kundulun District, Baotou 014010, P.R.China)

Abstract. Taking Polygonum hydropiper as the target plant and Carex brevicuspis as the adjacent plant, the changes of growth and
ecological stoichiometry characteristics of P. hydropiper under different water levels(30 ¢cm, 0 cm and =30 cm) and competition pat-
terns (no competition, full competition, above-ground competition and below-ground competition) were studied through outdoor
control experiments. The results showed that: the biomass accumulation of P. hydropiper was significantly affected by water level
under different competition patterns, and which decreased significantly with the increase of water level. The maximum biomass was
10.84£1.52 g in the no competition pattern with the =30 cm water level. Under 30 cm and O cm water levels, the biomass accumu-
lation of P. hydropiper had insignificant difference under different competition patterns. However, at =30 cm water level, the bio-
mass accumulation of P. hydropiper under the below-ground competition pattern was significantly higher than that under the full
competition pattern and the above-ground competition pattern, which indicated that the competition between P. hydropiper and C.
brevicuspis was dominated by the above-ground competition under the non-stress condition. The nitrogen and phosphorus contents in
leaves, stems and roots of P. hydropiper were significantly affected by water level. The nitrogen and phosphorus contents of leaves
were significantly higher at 30 ¢cm water level than those at other water levels. At =30 cm water level, the ratio of C:N and C:P was
significantly higher than those at other water levels, which was 48.08+3.85 and 590.3 +43.4 | respectively. Compared with the con-

trol treatment, competition decreased the total nitrogen content of P. hydropiper, while the C:N ratio increased and the N :P ratio

« [EK BRBIAEL AT H (31570431,41601106) | o 5 RL24 B & 5 3% T H (KFZD-SW-318) | v [E B} 2% 5t 75 47 818
fEdE2sT0 H (2014337) FIIIRE & H SR R# 3410 H (2018])3580) B & W Bh. 2019-07-15 Wk ; 2019-09-11 Y&
O, ZE(1985 ~) , 5, TR ; E-mail; 1ibi05008@ 139.com.

wx MAEVEFH ; E-mail; xyh@ isa.ac.cn.



1652 J. Lake Sci.(#38#3) ,2019,31(6)

decreased, which may be due to that the competition reduced the nitrogen absorption of P. hydropiper.
Keywords: Above-ground competition; ecological stoichiometry; growth rate hypothesis; environmental stress; Polygonum hy-

dropiper; Carex brevicuspis
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Fig.2 Experimental scheme, showing two plant species ( P. hydropiper and C. brevicuspis)

growing at three water levels (=30 ¢cm, O cm, 30 cm), four competition patterns (no competition,

full competition, below-ground competition, above-ground competition) conditions
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Fig.3 Biomass accumulation of P. hydropiper( means + S.E.)under different water-levels and competition patterns

( Different letters indicate significant differences among treatment at the 0.05 significance level)

2.2 MR MESRLFITEHE

FH & 4 AT b Rl B i AR A AR BRI T R E 25 R (P> 0.05) | FH{E R 391.5+5.5 mg/g. 7K Kb X B2
A AR B A R 2 (P<0.05) ,30 em KA R, LB 0 T AR R B = (P<0.05) . 7E
=30 em KA R, B A C:N FIC:P 3 2 T H ALK R A ELE (P<0.05) . 30 em 10 em KA, To3e S8t
B R C:NFIC:P B TA 4 it i (P<0.05). 0 em KA R, M NP g R F AR KA A9 Lo
(P<0.05) ,% 10.0£0.17,30 ecm F1-30 cm KA 43514 11.8+0.54 FI 12.5+0.47.
2.3 EMEDTLFITEHME

FHIE 5 AT 20, KA BT BREE 25 im0 AL B S i B 3 (P<0.05) . 7F 30 em KA T, 2505 & 35K
FHAAKAL T B & i (P<0.05) 576 30 em /KA T, 255 & i 3% = T H ALK A T A9 & 5 (P<0.05) 50 em 7K
DT, 258 o 2 = T H A KA T )& i (P<0.05) . 7E 30 em /KA T, 25 C:N BB HALKAL T Y E
fH(P<0.05) ;30 em KA T ,25 C:P @3 & F HAKA T 1 HAE (P<0.05) 525 N:P K/RYITF 4730 em 7K
£37>-30 em K(7>0 em KA, HAE A F1H 7.62+£0.59 16.23£0.42 F14.17+0.12. —30 cm KA FITEE P48 T Y
25 P Em AL, [ C P NP k.
2.4 RMEBLFITEHE

FH &1 6 WA, 7K A A 3G BEEAR (e L o & S I B (P<0.05) . #E 30 em KA T ARBR S i B IR
FHAh KA T B (P<0.05) 578 30 em /KA T, MR i 3 % e (P<0.05) , Hik A 0 em /K437, —30 cm



F AR AR AR SRR A B AR A A ST F IR e 1655

(xss Bensd [Qnrss Prerss

600 -
60
i 5]
Hh b
400 | . FEI . = = N -I—
SRRIONE e N B N
& : - i 3 : :
g : ; S E R S
S S R s 301 Rl e
200 | (R s 3) ] E
NE N N \i
: il ] :
Sk N SE :
O - 1 L 1 - 0 1 1 -
30 0 -30 0 -30
JKA /em JKAE/em
20
h 600 |- £ .
— % ) = <£:
20 B g b . :
2 or | N _ s 2 N NE :
z : N N = soof [N N N
Sk 3 : 3 . :
k| - f: I :} :\: :
: [ i i : Bt
: 1: 1: :1 : :
0 B . L 0 ) =B ) Bt
30 0 -30 30 0 -30
JKAi/em JKAi/em
20
45+
- Ea
% 30 g {-
) S :
£ g 10r N/E
= = = \:
150 $ z S
£ RiE
O 1 o " 1 0 1 \ .
0 -30
JKAi/em JKA/em

Bl 4 BTG C N Pk B i
Fig.4 C, N and P contents and their ratios of P. hydropiper leaf

KA 30 em ZKAET OB 25 T - 30 em KA T Y& i (P<0.05) . £E 30 em KA T MR C:N BFALT I
KA T B HEAE (P<0.05) , =30 em /KA PR C:N frfm, N 0 em KA ;=30 em KA R AR C:P B35 H T
FAt KA B EEAEL(P<0.05) 330 em KA R, AR NP R 2500 T HAMK A2 T /9 35 & (P<0.05) , HAE J 8.81+
0.47. 30 em KA FTCTE AT UM N & ik de iy, [ IE N <P fek.

3 iTtit

3.1 KUMTEHEANFKEEMENM
MO AE I 1 A A B RV 0 A S RS2 K SR R A 1 2. 38 RS ) KL v R T AL R 52 B Y T K



1656

J. Lake Sci.(#a#F3),2019,31(6)

(hns Bensd [urns Perss

600 -

- = P = FEIr=
%400- 3; - :
Sl N

\\E/ e \‘5:
© \ o
oy f = o
200 | - R f o
] |+ o
: R g
Q: Qf: i
0 : - | B
30 0 =30
JKA3i/em
10~
%
£ st
z
Sk
N
0 :
3
JKAE/em
3.0F
=
on
)
>
1

JKA/em

300

C:N/(mol/mol)

1

1

C:P/(mol/mol)

N:P/(mol/mol)

3

(=3

(=]
T

J—
(=3
(=]

800 |-

200 -

600

20

—_
(=]
T

N BEN\#
N |
\E :
| SE
S
S{E z

i N
0 -30
JKAi /em

h

=30
JKA/em

W

3

s

[

[l [

30 -30

JKA/em

5 AREZER C N P &8 KA AT R T
Fig.5 C, N and P contents and their ratios of P. hydropiper stem

A2 5 RIS R A AN TR A W5 e T 3 b AR ) A e 1) 7 S X A R A A B 25
WO MR T 3RAS B A AR AL sk IS0 B0 58 1 3R 1 A B 2 Ay AR AR D R A A o
(AN, AT A2 DA A - S IS T e AR 2R DA D 0 TR AR 2 % 30 A Wi e e 1 1
ATV R 3R A N L KSR A R I AR R RO A 1 L S B0 e R K 2%
12 R FEA LI P SR M BB (B 3 R, X Chen OS5 SR — 80 S5 1R ATl I
PR X B SR AOE R A S, T R LR AR R KT, 30 em KL, JESe AL Y AR LA 5
LA  FEAT RE Y I DR AR ) 18] B9 5 A 2 A0 O (2 BEAE . S AR 2 A P B ML A T BE 2 £h



F AR AR AR SRR A B AR A A ST F IR e 1657

[(Joesse B exs by s

300 -
600 -
’—0\200-
400} o E
oh | E 3>
£ N[ £
o o Z
:: 5100
200 : ° P
S i
\:: H ol
0 1 1 i 0 i 1 - 1
-30 30 0
JKA/em JKAE/em
10~
1800 |
& £ Elzoo- £
g st E
z . =
N g R
N : &
\i g i
0 1 : 1 . 0 -I 1
0 -3 30
JKA/em
20 -
3.0F
3
= £
é" g 10 F
= <
I = Z
: Hgﬁl
: o |
: o |
Il . Il _. 0 Il
-3

0 0 30 0
KAii/em JKAi/em
P 6 BB C NP &g S HAE S AT L
Fig.6 C, N and P contents and their ratios of P. hydropiper root

TH R IR S B R Tk B R 2 S LR R T AL SR A R g, 1T LA 1) - 4 oh R 4R
A KA T DL S R B L 7 30 em L O em AKAEBEEE R, AR 35 R R B A 4 i ]
B2 5 VLI AN FERBE S 01 AR 0 () 4 52 5 F S B S WAL 4 5 R A L DG R T PR TR
TS 78 A AR 90 B4 5 4V S S WAL 1 A K A3
3.2 AT X ERE A AL ST BEAEH M

TENE A 25 G0 r T At R 0 T LS e e PSR A 3 IO PV 1 LR 3 /K PR 88 1 2 A R
KIS TR 9 35 A S B A 5 S, TR MR 2 S A R A R 2R R R, 2 K



1658 J. Lake Sci.(#38#3) ,2019,31(6)

R YR BATBUR A C 2P A NP, S PR AR AN TR 4 o ) 9 0 3R 85 A LU AR ] (EU B 45 A
TR (I, AT A 1 RO 5 e 05 2, Gl 5 e 4 3o 3 K TR B 5k S
FEF) rRNA B TR HGANA 56 AT rh R M B E BB B R & 3 o T A S O
AR B S i XA S Cronin and Lodge HYARML, HIA i iYL I BE T B0 7 20 & B ALk, X ]
A DRI g i 1 T R P i, R 1 A RO ™ 53 A DR T S e e i 4 78 7K fE2 (8 e i o
SR I A (5 4 B HRE 1A K EREE ™ IR C 2N I C:P (B R 3R 37 40 R AR BV WA
FRICE M FLBRARE 11 ARFFE AR, -30 em KA A FRBRBEN: - LR C:N Al C:P (HR T H
b BEAY AR, BETIZ A AT BRI I5 23 BRI GRS . 25 BT, 30 em JK A A5 0F N B 3 1l it Ay o
HAVABRR A -5 IE 1) A2 BRI RE , AR IBCEL i 9 A A I8 G K 43 B 30 A, R T HC T BER ) 5
PEAE RSN 5 -30 em AR AL A% T B ZE AR &5 B B B0 , 2 W1 BE0 3 oS ZERIAR B 14 20 B, i s B 0 e
I RS A A B
3.3 BHERAMBRELETNFIT BRI

SLA) EEIE KRB0 A AR AR A Z 18] XT3 1 (O ) At R B0 OR 7> BT8R ) 19425, 1R
BT AMASRAT IR A BE S IFEE PR MR IR A BE ). A SEER T, =30 em ARG 4HEAL T, R 52
T A W B AR R A T U b SE AU B 0 2, BT AR M0 26 0 R, B 5 )
(930 4 EEARI N M A T3 43X 5 Keddy BORFSE25 A — 207 (R A Hoft K 7 451 F
Yila) i L TE 4 R T2 R A T e A ) B AR SR AT B, S AT T B AT AR ) 8 B0 AR LA A SRR
B8 s PS5 i R P 2 R P RRL P ) AR EL P 7 AR SE B0 R WTAR L T e s e A, S AR T 19
ST SRR A R A R, T C 2N (R, N <P HFRA 3% 5 Broadbent S5 [y 5 45 AR — 8 ™. 3]
AE PR N T 4V S O EU s/ AT C N RS, N =P {ELREAR. 55 A7 WFFE R W Fh [R5 4 X A4 41
YN E 37T F 0 U IR AR LI RN TR A FROC R AR B . i R i A S
SRR E IR IU AR A R A S U6 1) T e R AR SR B 22 1 8 FR o0 K. R AR AR 75 19 e 4 id
TS A A A T R B IR AL A 75 20— P DI

4 &g

1) 7R AL A PR 35 S N [ 5 A SR A 2R e LR B A W kB K A5 389 0 8 25 G5 78 30 em A1 O
em KA EET , AR5 4R A9 LR Wi a) D0 W 5 22 57, DR A1 S BRIk 3 150/ R 0 ) R A B o
SRS R EAEHIDC R 30 em KL, JCoa 4 4L A= W LUAT S LA R W /D, G mT RE B i A
JEAEPII] B TE AV B et A fie HEAE .

2) ARALAL BEXTBREL I - ZEFIRR A0 B & BN 1 35 30 em JRALF AR R U0 & 5 0 % = T AL
KA T B, B S 1] R R SR R, G LR B A LR, AR IR R A AR R R I B K o)
FR AR, 22 A L AT RE R 58 4P 2L KSR 5 76 =30 em /KA R, M €N il C o Pt 3 8 T HAt K 2 1Y
VAR, LR ZERIAR 55 ek 50 , 35 WD 80 T e 89 oo 25 IR Btk 149 23 TRC, i 55 7 40 R 13 DB AN AR g A G
L.

3) ML TICTE A, S AT AR SRS A, 10 C N {E g0, N <P {EFEAR. X ] RE DKy 38 41
FH S EOREU0 A WD BT, T 1) 5 4 X AR L 2N B SR T0 3R LU B4 5028 SR/ NIRRT ) R R M
FILHEAL.

5 S 3k

[ 1] Zeng DH, Chen GS. Ecological stoichiometry; A science to explore the complexity of living systems. Chinese Journal of
Plant Ecology, 2005, 29(6) : 1007-1019. [ 88, BR)™ k. LA AT 2 I i RO RAL IR M35
24k, 2010, 29(6) : 1007-1019. ]

[ 2] ElserJJ, Sterner RW, Gorokhova E et al. Biological stoichiometry from genes to ecosystems. Ecology Letters, 2000, 3.
540-550.

[3] Wang SQ, Yu GR. Ecological stoichiometry characteristics of ecosystem carbon, nitrogen and phosphorus elements. Acta



F AR AR AR SRR A B AR A A ST F IR e 1659

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ecologica Sinica, 2008, 28(8) : 3937-3947. [ E&4{5i, T 0tHi. LB REMAMICR WA ST P FRE. A3
42, 2008, 28(8) : 3937-3947. ]

Bradshaw C, Kautsky U, Kumblad L. Ecological stoichiometry and multi-element transfer in a coastal ecosystem. Ecosys-
tems, 2012, 15 591-603.

Luo WP, Xie YH, Song FB. Survival strategies of wetland plants in flooding environments. Chinese Journal of Ecology,
2007, 26 (9) : 1478-1485. [ % 3CIH, HIKE, RROK. B ST M i i AR 77w A= 2E2%ak, 2007, 26
(9): 1478-1485.]

Yang J, Li EH, Cai XB et al. Research progress in response of plants in wetlands to water level change. Wetland Science,
2014, 12(6) : 807-813. [#5l, Dyl AR, SR AE. 10 AR W %o K A2 728 A fy w02 AF 5 30k Joe. SR st B2, 2014, 12
(6): 807-813.]

Voesenek L, Rijnders J, Peeters AJ et al. Plant hormones regulate fast shoot elongation under water: From genes to com-
munities. Ecology, 2004, 85. 16-27.

Lowe BJ, Watts RJ, Roberts J et al. The effect of experimental inundation and sediment deposition on the survival and
growth of two herbaceous riverbank plant species. Plant Ecology, 2010, 209 57-69.

Saaltink RM, Dekker SC, Griffioen ] et al. Vegetation growth and sediment dynamics in a created freshwater wetland. Eco-
logical Engineering, 2018, 111 11-21.

Sardans J, Rivas-Ubach A, Pefiuelas J. The elemental stoichiometry of aquatic and terrestrial ecosystems and its relation-
ships with organismic lifestyle and ecosystem structure and function: A review and perspectives. Biogeochemistry, 2012,
111 1-39.

Guillaume R, Margret S. Ethylene biosynthesis and signaling in rice. Plant Science, 2008, 175 32-42.

Visser EJ, Bogemann GM, Steeg HM et al. Flooding tolerance of Carex species in relation to field distribution and aeren-
chyma formation. New Phytologist, 2010, 148 93-103.

Luo WP, Xie YH. Growth and morphological responses to water level and nutrient supply in three emergent macrophyte
species. Hydrobiologia, 2009, 624: 151-160.

Mommer L, Visser EJ. Underwater photosynthesis in flooded terrestrial plants: A matter of leaf plasticity. Annals of Bota-
ny, 2005, 96 581-589.

Chen XS, Li YF, Cai YH et al. Differential strategies to tolerate flooding in polygonum hydropiper plants originating from
low- and high-elevation habitats. Frontiers in Plant Science, 2019, 9. 1-9.

Gibbs J, Greenway H. Mechanisms of anoxia tolerance in plants. I. Growth, survival and anaerobic catabolism. Functional
Plant Biology, 2003, 30 1-47.

Panda D, Sharma SG, Sarkar RK. Chlorophyll fluorescence parameters, CO, photosynthetic rate and regeneration capacity
as a result of complete submergence and subsequent re-emergence in rice ( Oryza sativa L.). Aquatic Botany, 2008, 88.
127-133.

He Y, Zhang YH, Yu JY et al. Effect of waterlogging on the contents of C,N and tannins of Kandelia candel seedlings:a
test of the carbon-nutrient balance hypothesis. Acta Ecologica Sinica, 2008, 28(10) ; 4725-4731. [{a]%k, sKEWE, TR
A KA X R A B CON R BT R R I ——— D G T KB IR B i S . R AR,
2008, 28(10) : 4725-4731.]

Xiao Q, Zheng HL, Chen Y et al. Effects of salinity on the growth and proline, soluble sugar and protein contents of Spar-
tina alterniflora. Chinese Journal of Ecology, 2005, 24(4) ; 373-376. [ ¥ 5, RS, MERESE. ShEX G AEKE A K
KSR | ATV PR AN SR B S R AR SRk, 2005, 24(4) : 373-376. ]

Wang T, Wei H, Ma W et al. Response of Taxodium distichum to winter submergence in the water-level-fluctuating zone of

the Three Gorges Reservoir region. Journal of Freshwater Ecology, 2019, 34. 1-17.

Hacker SD, Gaines SD. Some implications of direct positive interactions for community species diversity. Ecology, 1997,
78: 1990-2003.

Brooker RW, Maestre FT, Callaway RM et al. Facilitation in plant communities: the past, the present, and the future.
Journal of Ecology, 2008, 96: 18-34.

Le Bagousse-Pinguet Y, Xiao S, Brooker RW et al. Facilitation displaces hotspots of diversity and allows communities to

persist in heavily stressed and disturbed environments. Journal of Vegetation Science, 2014, 25. 66-76.



1660

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[40]

[41]

[42]

[43]

[44]

J. Lake Sci.(#a#F3),2019,31(6)

Li F, Yang N, Zhu LL et al. Competition and facilitation of two wetland macrophytes under different water levels and nutri-
ent-heterogeneous conditions. Freshwater Science, 2018, 37 296-306.

McPhee CS, Aarssen LW. The separation of above- and below-ground competition in plants a review and critique of meth-
odology. Plant Ecology, 2001, 152(2) . 119-136.

James F, Cahill J. Fertilization effects on interactions between above- and belowground competition in an old field. Ecolo-
gy, 1999, 80(2) : 466-480.

Wilson SD, Tilman D. Competitive responses of eight old-field plant species in four environments. Ecology, 1995, 76(4) .
1169-1180.

Francisco IP, Maria TL. Changes in plant interactions along a gradient of environmental stress. Oikos, 2001, 93( 1)
42-49.

Lamb EG, Kembel SW, Cahill JF. Shoot, but not root, competition reduces community diversity in experimental meso-
cosms. Journal of Ecology, 2009, 97 155-163.

Matos CC, Costa MD, Silva IR et al. Competitive capacity and rhizosphere mineralization of organic matter during weed-
soil microbiota interactions. Planta Daninha, 2019, 37.

Christiano CM, Rafael ST, Ivo Ribeiro da S et al. Interspecific competition changes nutrient ; nutrient ratios of weeds and
maize. Journal of Plant Nutrition and Soil Science, 2019, 182 286-295.

Li X, Li F, Xie YH et al. Vegetation dynamics of Triarrhena sacchariflora and Carex sp. community ecotone and determi-
ning factors in Lake Dongting: A case study in the Beizhouzi lake-shore. J Lake Sci, 2015, 27(6) : 1020-1026. DOI: 10.
18307/2015.0605. [ 2=, 220, K 45, R 8 W) 3K-# R I 74 S S AL 30 285 B s ey PR ——RLAL 9 7 9 e hy
. WIaEkeE, 2015, 27(6) : 1020-1026. ]

Li F, Qin XY, Xie YH et al. Physiological mechanisms for plant distribution pattern; responses to flooding and drought in
three wetland plants from Lake Dongting, China. Limnology, 2012, 14 71-76.

Li F, Xie YH, Yang GS et al. Interactive influence of water level, sediment heterogeneity, and plant density on the growth
performance and root characteristics of Carex brevicuspis. Limnologica, 2017, 62 111-117.

Chen J, Miao FJ, Yang WZ et al. A preliminary study on impacts of the elevation on plants’ distribution patterns in season-
al wetland of Lake Napahai. J Lake Sci, 2015, 27(3) : 392-400. DOI; 10.18307/2015.0304. [ f5&l, ZAE#, #5308
RO A T P M R 6 5 SRR, WRATRRE, 2015, 27(3) 5 392400 ]

He L, Chen XX Li W et al. Leaf carbon, nitrogen and phosphorus stoichiometric characteristics and photosynthetic pig-
ments composition of four submerged macrophytes in response to various water depth in Lake Erhai. J Lake Sci, 2018, 30
(5): 1413-1419. DOI:10.18307/2018.0522. [ fif 5%, Wi, ZEmiAE. 10 4 FUUKAHI M A6 E B R4
C NP L2 R AE XS K BRI . H1IEALE, 2018, 30(5) : 1413-1419.]

Cao T, Ni L, Xie P et al. Effects of moderate ammonium enrichment on three submersed macrophytes under contrasting
light availability. Freshwater Biology, 2011, 56 1620-1629.

Miao SL, Zou CB. Effects of inundation on growth and nutrient allocation of six major macrophytes in the Florida Ever-
glades. Ecological Engineering, 2012, 42, 10-18.

Yuan GX, Cao T, Fu H et al. Linking carbon and nitrogen metabolism to depth distribution of submersed macrophytes u-
sing high ammonium dosing tests and a lake survey. Freshwater Biology, 2013, 58. 2532-2540.

Mcphee CS, Aarssen LW. The separation of above- and below-ground competition in plants: A review and critique of meth-
odology. Plant Ecology, 2001, 152. 119-136.

Wright SD, Mcconnaughay KD. Interpreting phenotypic plasticity; the importance of ontogeny. Plant Species Biology,
2010, 17 119-131.

Su HJ, Wu Y, Xie P et al. Effects of taxonomy, sediment, and water column on C:N:P stoichiometry of submerged mac-
rophytes in Yangtze floodplain shallow lakes, China. Environmental Science and Pollution Research, 2016, 23:
22577-22585.

Voesenek LA, Colmer TD, Pierik R et al. How plants cope with complete submergence. New Phytologist, 2010, 170
213-226.

Jackson MB, Ram PC. Physiological and molecular basis of susceptibility and tolerance of rice plants to complete submer-

gence. Annals of Botany, 2003, 91, 227-241.



F AR AR AR SRR A B AR A A ST F IR e 1661

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Chen XS, Li YF, Cai YH et al. Differential strategies to tolerate flooding in Polygonum hydropiper plants originating from
lowand high-elevation habitats. Frontiers in Plant Science, 2019, 9:1970.

Qin XY, Xie YH, Chen XS. Competition and facilitation among wetland plants: A review. Chinese Journal of Ecology,
2010, 29(1) : 117-123. [ Z25EF8, Bk, BRo B S i s 4 g 2k AR p B ST k. A= 35 %243k, 2010,
29(1): 117-123.]

He Q, Bertness MD, Altieri AH. Global shifts towards positive species interactions with increasing environmental stress. E-
cology Letter, 2013, 16: 695-706.

Elser JJ, O’Brien W], Dobberfuhl DR et al. The evolution of ecosystem processes: growth rate and elemental stoichiometry
of a key herbivore in temperate and arctic habitats. Journal of Evolutionary Biology, 2000, 13. 845-853.

Karl DM, Bjérkman KM, Dore JE et al. Ecological nitrogen-to-phosphorus stoichiometry at station ALOHA. Deep-Sea Re-
search Part 1T, 2001, 48 1529-1566.

Giisewell S. N: P ratios in terrestrial plants; variation and functional significance. New Phytologist, 2004, 164 243-266.
Acharya K, Kyle M, Elser JJ. Biological stoichiometry of Daphnia growth: An ecophysiological test of the growth rate hy-
pothesis. Limnology and Oceanography, 2004, 49. 656-665.

Cronin G, Lodge DM. Effects of light and nutrient availability on the growth, allocation, carbon/nitrogen balance, phenol-
ic chemistry, and resistance to herbivory of two freshwater macrophytes. Oecologia, 2003, 137 32-41.

Li YC, Chen SL, Yue YD et al. Effect of continuous flooding stress on nutrient element distribution patterns in Phyl-
lostachys rivalis modules. Acta Ecologica Sinica, 2017, 37(10) ; 3482-3493. [ ZEiIAR, MEAIUMK, i s, f540i K%
TPTE B IR ICR AR R I m. A5 4, 2017, 37(10) ; 3482-3493. ]

Herbert DA, Williams M, Rastetter EB. A model analysis of N and P limitation on carbon accumulation in Amazonian sec-
ondary forest after alternate land-use abandonment. Biogeochemistry, 2003, 65 121-150.

You C, Mo X, Zhang S et al. The stoichiometric characteristics of different plant communities in the Duliujian River estu-
ary. Chinese Journal of Applied and Environment Biology, 2019, 25(3) ; 617-625. [ jiF i, %, sKARSE. Kb i
ST R R 60 25 0253 | RS E . LT S 3R 924, 2019, 25(3) ; 617-625.]

Huang D, Wang DM, Ren Y. Using leaf nutrient stoichiometry as an indicator of flood tolerance and eutrophication in the
riparian zone of the Lijang River. Ecological Indicators, 2019, 98. 821-829.

Keddy TS. Above- and belowground competition intensity in two contrasting wetland plant communities. Ecology, 1996, 77
(1):259-270.

Broadbent A, Stevens CJ, Peltzer DA et al. Belowground competition drives invasive plant impact on native species regard-

less of nitrogen availability. Oecologia, 2018, 186 577-587.





