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Abstract

Aims  Our objective was to examine seeds of Echinochloa crusgalli, Xanthium sibiricum, Aeschynomene indica
and Polygonum hydropiper, four common annual species growing in the water-level-fluctuation zone of Three
Gorges Reservoir in China, in regard to tolerance of submergence and germination in the changing environment of
the zone.

Methods We divided the water-level-fluctuation zone into nine elevational zones according to the Wusong Ele-
vation criterion. We then observed seed submergence tolerance and the effects of submergence on seed germina-
tion in a “water impoundment-water recession” cycle after seeds of the four species were sown in the nine eleva-
tional zones. Seed germination was divided into seeds with and without sand sediment on surface.

Important findings Ripe seeds (or fruits) of the four species kept their vitality after submergence. The starting
time for seed germination after the end of submergence and seed germination duration both gradually decreased
with decreasing elevation (p < 0.01), and the starting time for seed germination was significantly reduced below
169 m (p < 0.01). Overall, within the same elevational zone, the starting time for seed germination after the end of
submergence was longest for A. indica, followed by X. sibiricum, and shortest for P. hydropiper. For E. crusgalli,
X. sibiricum and P. hydropiper, seed germination percentage first increased and then decreased with decreasing
elevation, while it decreased for A. indica. Sand sedimentation had little effect on seed germination; the effect was
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positive for X. sibiricum and negative for A. indica. We concluded that seeds (or fruits) of the four annuals can
tolerate submergence and germinate successfully in the changing environment of water-level-fluctuation zone.
Therefore, these species are useful in the revegetation and restoration of this zone of the Three Gorges Reservoir.

Key words Aeschynomene indica, Echinochloa crusgalli, Polygonum hydropiper, revegetation, seed germina-

tion, submergence, tolerance, Xanthium sibiricum
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Fig. 1 \Variation of water level and air temperature at Zhongxian County section of Three Gorges Reservoir between September

15th, 2008 and September 15th, 2009.
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Table 1 Water impoundment date, water recession date and submergence duration of different elevations in water-level-fluctuation
zone at Zhongxian County section after tentative water impoundment of Three Gorges Reservoir in 2008
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Table 2 The starting date for seed germination of Echinochloa crusgalli, Xanthium sibiricum, Aeschynomene indica and Poly-

gonum hydropiper at different elevations

W A K

Elevation  Water recession M E. crusgalli & H X. sibiricum 4Hf A indica 7KZ P, hydropiper
(m) date WT YT WT YT WT YT WT YT
>175 2008-11-06 2009-03-10  2009-03-30  2009-03-28 2009-03-25 2009-04-01 - 2008-12-29 -

172-175  2008-11-12 2009-03-03  2009-03-02  2009-03-19 2009-03-20 2009-04-11 2009-04-11 2008-12-31 2008-12-31
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166-169  2009-02-20 2009-03-11  2009-03-11  2009-03-18 2009-03-18 2009-03-24 2009-03-26 2009-03-06 2009-03-06
163-166  2009-03-01 2009-03-14  2009-03-15  2009-03-14 2009-03-14 2009-03-28 2009-04-01 2009-03-11 2009-03-11
160-163  2009-03-28 2009-04-10  2009-04-14  2009-04-06 2009-04-11 2009-04-25 2009-04-26 2009-04-04 2009-04-04
155-160  2009-05-01 2009-05-08  2009-05-07  2009-05-04 2009-05-05 2009-05-15 2009-05-15 2009-05-08 2009-05-08
150-155  2009-05-29 2009-06-08  2009-06-06  2009-06-02 2009-06-04 2009-06-09 2009-06-08 2009-06-08 2009-06-04
145-150  2009-06-06 2009-06-13  2009-06-13  2009-06-17 2009-06-16 2009-06-13 2009-06-15 2009-06-15 2009-06-13

WT, JCRVPIRFR i R 3) H I, YT, AR PR i s . -, FrFRiK.

WT, the starting date for seed germination without sand sediment on surface
sediment on surface (year-month-day). —, seeds did not germinate.
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Fig. 2 Starting time for seed germination after the end of submergence and seed germination duration (mean + SE) of Echinochloa
crusgalli (A), Xanthium sibiricum (B), Aeschynomene indica (C) and Polygonum hydropiper (D) at different elevations. WD,
seed germination duration without sand sediment on surface; WS, starting time for seed germination after the end of submergence
without sand sediment on surface; YD, seed germination duration with sand sediment on surface; Y'S, starting time for seed germina-
tion after the end of submergence with sand sediment on surface.

e RE R A AL 21140% B L 3 itip
KT W A 3 B i R 0 B A R 8L SG ETF
i R, 76163-175 mFE A7 i R R 1 AW, ML HH AKX AR =K

HiL70% (K14D). fE155-175 misf/kK G IR PRI AR FE AP AF 7 (BOR )78
U7 R 2 5 LI PR R TG SV Z)G U5 T LT i A, 5 B IX AR
B S, {E145-155 mis A DI BLIR T PRl (BOR 52 RETN 52 11 ¥ DI K M IR P4 35
R ERT TGP F 71 & 2% (p < 0.05), At

www.plant-ecology.com



FRZIAE: —WRoK P I IX 4 Bl SR B ARl I ZKHE TR B2k S KHEXT IER i AN s 243

C M E crusgalli ZZ2 158- X sibiricum B 505 A. indica W /X3 P. hydropiper

FifE Elevation >175m 172-175 m 169-172 m
200 200 200
175 | 175 | 180 |- 5
150 150 o 3 ’
, B A ]
125 125 % [ [} 120 | ’ ’
100 100 ’ ‘ ‘ 100 - ‘ /]
75 75 ’ ‘ ¢ ol T ¢ ‘
7 4 oM |l 1R [
50 50 ’ ’ ’ 20 |- ’ ’ ’ ’
s itz 1l 7 BNV 1 W 1
WS YS WD YD WS YS WD YD WS YS WD YD
© #i#2 Elevation 166-169 m 163-166 m 160-163 m
5 160 - 160 160
£ 140 140 140
5 120 120 120
g 100 100 100
E 80 80 80
g 60 60 60
= 40 40 40
= 20 20 20
& 0 0 0
= WS YS WD YD WS YS WD YD WS YS WD YD

Fi#2 Elevation 155-160 m 150-155 m 145-150 m

WS YS WD YD

Kb Treatment

B3 [F R S H L AR K R R AR A I ) R B A R BRI (8] (P BB bR R 2E) . WD, TEle Vit BUR 1
W R FFEEIN 1), WS, TUe YA 7 W AR AR IN ), YD, A Ye v it BUR 1 Wi A RREEIN 1) Y'S, A Vv A7 W1 A AR N 1) o
Fig. 3 Starting time for seed germination after the end of submergence and seed germination duration (mean £ SE) of Echinochloa
crusgalli, Xanthium sibiricum, Aeschynomene indica and Polygonum hydropiper at the same elevation. WD, seed germination
duration without sand sediment on surface; WS, starting time for seed germination after the end of submergence without sand sedi-
ment on surface; YD, seed germination duration with sand sediment on surface; YS, starting time for seed germination after the end

of submergence with sand sediment on surface.
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purshianus (1) Bl 5 4% Il K HIR, 42 & Bl i &k 2%
(Baskin et al., 1996, 2000).
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Fig. 4 Seed germination percentage (mean + SE) of Echinochloa crusgalli (A), Xanthium sibiricum (B), Aeschynomene indica

(C) and Polygonum hydropiper (D) at different elevations.
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