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Influence of water depth on growth and
reproduction of Potamogeton octandrus
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Abstract: Water depth is an important limiting factor affecting the growth and distribution of wetland plants. In this

study, Potamogeton octandrus with typical heterophylly was selected as the research object. To investigate the adaptive
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mechanism and phenotypic plasticity of P. octandrus under different water depth conditions, the seedling growth, bio-
mass, and reproduction strategies under the four water depth gradients of shallow water treatments ( 10 cm and 30 cm)
and deep water treatments (50 cm and 70 cm) were studied. The results showed that heterophyllous leaves appeared
after the plants transferred from underwater to aerial condition, and the relative growth rate decreased significantly,
which was also positively correlated with the water depth gradient. The shoot height showed an explosive growth with
the increase of water depth, and the stem length in 10 ¢m water depth was significantly lower than those in other water
depth treatments. The water depth also had a significant effect on the number of internodes, among which the number
of internodes was the most in the 30 c¢m treatment, while the internode length and biomass in the deep water treatments
were significantly higher than those in the shallow water treatments. The number of branch showed significant diffe-
rences among the four treatments, and showed a significant decrease with the increase of water depth. While the bio-
mass and aboveground biomass allocation increased significantly with the increase of water depth. Water depth treat-
ment had a significant effect on sexual reproduction indexes, and the increase of water depth inhibited the sexual re-
production. No inflorescence was formed under 10 ¢m treatment. The pollen production, P/O ratio and the number of
inflorescence in 50 cm water depth were significantly higher than those in other treatments, moreover, the seed number
and seed set of the deep water treatments were significantly higher than those of the 30 cm group. Comprehensive stu-
dies indicate that P. octandrus can be adapted to the water depth by adjusting the morphological plasticity and biomass
allocation to adopt different reproduction strategies, and the optimum water depth range is about 50 cm.

Key words: Potamogeton octandrus, phenotypic plasticity, water depth, heterophylly, reproduction strategy,

wetland ecology

[7i] — 5 PRI 7R A AN [R) PR 458 T T 7™ A AN ) 38 7R Y
MG RN M ] $A M 2 AR WA LR X PR 5% AR Ak Y
—h3d 7 ( Bradshaw, 1965) , 7K ¥ 2 5 Wi 7K AE 18
Wy A AR o3 A — A R IR K R A
TG RR FE T KA IS B S R R R R K A A 1Y
A TG A N E K B Y S Y
it 3 TR S 1 A Sk 3 N K TR 1 AR Ak, AT U
2 38 4 FH BT 4 2K 19 45 % ( Clevering & Hund-
scheid, 1998 ; % SCIA % 2007 ) . KR K/ AR i
2R A BEEIOR S R 1) 43 Ak 55 S5 R R AR AR R
AL AT IRYE, B0 P B ZE B 7K R 4 3 i T 4E
K A 1A B Th e 2K T 8 B <4l
ZLLL D S Y BR ) (o] 5 55, 2009 5 BRI 55 5%
2011) . ZEHE AR b 32 BEAL R SO TR A8 )7 K
K BFE AR B BB I i PR FE AR 25 4 B
B K R R T b S ek D SE A IR AL B AR T T
HIFAE H W, H 3% 0 467 %% ( Wang et al.,2014)
R A 7K R 6 U /0 AR 2 28 BRORN BB S B A )
Tt 7E T 57K IR B B 5 15 i e R A 1 5 AR
DAIE B T 5 30 (2R 5 ,2015) o Bl K DR 1 1

IR AR Y 23 0 T B 22 1Y AR ) e B B AR A
AT 0 P R A KA PR B 5, AR
X K GRS F W) 07 ML T AL B e B R
IERE BRI, A H) T AE ) v IR S T 1 B 45 0
R BIR B 8 AT A R A DL DR AR b 1 1 2 0 1k A
FR2VE (Philbrick & Les, 1996 ; (A &4, 2011)
DUKTEY R — K 5K E R BV A 2
AE, MR A EAL D s AR T SRR LA SR BRI G
Z AW 5T B BRI (XS, 2017 ) o fE— L8
TUKAE ) T A7 A8 S B i 33K ook 4 1) 3 280 T 9 4k |
JEH AL T AR K G2 34 9 AN R) Y 24 ( Minor-
sky,2003) . J4E H Fi A K B B S5 A T K AR
ML 2558 B R 2 B2 50 T HAT L 7Y 5
B PTKAE Y0 B B S A e TRt A T 5T i
QN S T 1 TV s B < [ i i3
( Potamogeton octandrus) fE R BFFERT G2, WR 3B}
MR 7~ s 1) B TR 13 02 — A —4F AR DK AE Y
AT ST VA R, B M B A R L AR
MR B R 2B R R SR R A
WM, JEAEIE 4 A KBRS BE X Bl IR 3
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2.3 KRMEHMER 5 EHI M

AR KRB E T A n A8 4k (R 2) " LA
il RS IR TR A Y B A KR TS
M 2 3 K (Kruskal Wallis X* = 42. 948, P <
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TE: A BBRTUKCRES T IR RTOK M B. w3 K T AR K K, AR L TR ATE K, FRR =1 em.

Note: A. Plant bearing submerged leaves under submerged conditions; B. Plant bearing both submerged and

floating leaves under the condition of transferring from underwater to aerial condition. Bar=1 cm.
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Fig. 2 Effects of water depth gradients on shoot height

of Potamogeton octandrus individual (xs,)
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Morphological features of Potamogeton octandrus
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PR (Wald X* =143 ,P<0.001,% 3) ,50 cm &b
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ANARERA BRSNS T K I Ak BE X AL P Y 45 S8
Gl S R M 3 PR R I (45 SE AL Wald X° =
32.362, P<0.001; 48 57 . Kruskal Wallis X? =
19.975,P<0.001) , TR 7K Ab BRAH Y 4% SRR 25 S 3%
YR EET 30 em 4, HX W4 R B EHEE5,

3 itk

3.1 KERIFEERFEERKMNI M

TR 2 5 M 15 b AT ) 2 A R0 A ) — A
FA R il B, DA TG PR BEAE O 3 B oK A A ) aE ik
AWy B ROE 2 AT 88 M, DLl N K IR 1 AR AL
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Table 1

Comparison of morphological growth indexes of Potamogeton octandrus

individual in different water depths (xts,)

- . A LIRS REIEIEEYE

KR HQIEJ‘ B A [a] 45 Sy BERR Length per Biomass per
Water depth Shoot height Total stem length . . q
(em) (em) (em) Node No. Branch No. internode internode
(em) (gx107)

10 43.42+1.08a 271.36+22.43a 121.93+4.60a 12.57+1.09¢ 2.28+0.09a 3.84+0.43a

30 66.35+1.27b 422.55+26.00b 157.80+8.69h 12.87+0.77d 2.93+0.15b 5.66+0.44b

50 78.49+1.68c 432.76+33.73h 119.47+5.86a 10.97+0.72b 3.85+0.17¢ 7.99+1.12bc

70 91.19+1.97d 488.69+31.81b 124.23+5.16a 10.83+0.68a 4.18+0.17¢ 9.40+0.59¢

T SRR PR R B 225 (P<0.05) . T,

Note ; Different letters in the same column indicate significant difference (P<0.05). The same below.

x2 KRBEXNHERFREVES TR
Table 2 Effects of water depth gradients on biomass

allocation of Potamogeton octandrus (x+s_)

K bR Ho bWy T AW
. Above ground Below ground
Water depth Biomass . .
(cem) (g) biomass biomass
(%) (%)
10 0.45+0.05a 90.11+0.14a 9.89+0.14¢
30 0.85+0.06b 91.34+0.09b 8.66+0.09b
50 0.88+0.10b 93.24+0.09¢ 6.75+0.09a
70 1.11+0.05¢ 93.58+0.07¢ 6.41+0.07a

£33 FAEKRLETHERFRHYEEEREER
Table 3 Comparison of sexual reproduction indexes of
Potamogeton octandrus in different

water depths (x+s,)

3 oy Wom BEE
Water e Kt P/0 It TR Seed See.d-
denth Pollen P/0 Inflorescence oduc.  Setting
p production No. pro rate
(em) tion (%)
30 29 506.67+ 7376.67+  3.16x 4.53+  24.78%

1 793.53b 448.38a 0.07ab 0.88a 3.70a

50 37 384.67+ 9 346.17+ 3.90+ 9.97+  53.35%
2 631.93¢ 658.03b 0.12b 0.75b 4.79b

70 24 151.00+ 6 037.75+ 2.40+ 9.07+  50.48+
2 079.62a 519.91a 0.14a 0.62b 4.86b

Hundscheid, 1998 ; =5 5E 1 2017) , AW LI,
Fli o MR 7SR AEAS [) R 458 v 3 ad P ol 1) 8 2 25 mT

IAPE A ) 3 TC SR BOAS (] 1% S5 58 SR, LA 36 3]
Xof Jr BB R ) B LRI I, £ ZK TR B X A AR AR
K AWy AVEEAE 52 0 R L R R TR A
IR AE ARG FEIFE 50 em 2247, KGR A0 3G Jom D) 41 o) HL
AT,

AR BAREE 1 B Be R bR 1Y AR T
AR R R TER 2 B B, AR R B35 K TS AH X
A AR ARG, 10 WY AE W 25 T 98 ) A R
F—E HBFE] ( Edwards et al.,2003) , 31 DL it i B
IR RBOCTEIR . H A~ By BN A AR 2R 3
B 57K GRAL B TEAH G, IFAE 70 em JKBRALHE T 1k
B, H1MBGAR 1.74 em - d' B2 MEBER
F 0.4 cm - d7 [HE 4 4UKIRAS BEERJEAESS 44 K
M1 BBtk A SR 2 [ B, PR IR AR i iy 7K TR B 3
- RE A% 15 IV PR 455 B 3 2 — A A0, BRI K T 3
SR U I () ERE R, 58 1 B BBl IR R AL T
KT HAE TR 2 BrBc sk K T AK =R
KT, FF7E 25 v A PR K i 3 ) — R AR A
[F) - 2 R0 S A8 o BT Ry 2 ) 3 A [ K
IREE ) — Fp A AT 9 (Wells & Pigliucei, 2000)
A Kk AL IR 32 J& 1 5 U it v P K it e 3T
KB A T AR B A B £ ) I 4 & ( Chritensen &
Jensen,1995) , 23S, Hh 7K T4 56 A VE - SR 2 DT
KB 10 A%, THAE KT, UK M6 A VR 80
P A K I e G VR AR PO A . B LA
[F) (1 i U 2% AR A B b 3R B R R O A Rk
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R HL TR X e AR B G i 7 7 Y AR B

Wit 7K R (%) 1500 i A TR 5 Y bk e R 2R
KARRN G, TEA TR RS BE T, Bl IR 7 32 00 Bk &
BB LG AR A XK TR i, — Mt 20 ~ 40 em, B
M AR S Rb S 2R KGN T OB A HA
o], B 2E 1 S Sk e WS [ B el 25 e 4 2K
TET BRI 8 O 37 7K I B8R AR P 4T K T, DA ARIE A
PELEFH I BT . TEVRKAE O, BE IR 73 19 2
BER o 2R KB, B A K TR A B AR el 2R T
TEASGE A, BE RO /D T 25 A BE 1S i, X A A
P25 0 PR AR R I AT RE A A R %) 3 Ak R A
i K AR K 515 1 ( Grace, 1989 ; Kende et al.
1998 ; Vretare & Weisner,2000) , BURERT & BLTE A
[ KGR AEAE T, Bl IR 7 =52 109 75 18] BORN -1 12775 1)
KA 25,30 em 207 (A1 500 22, IR 7K 4H 75 18] 5L
FRX /D | HL B A 7K R 9 1S, 25 v 38 1 77 8] < B2
e, ERULET L FE K SR IE LT BlE IR
S O A 1 ) JRE T AN 2 1 0 R A A A ) R
IKFRBERY o V5 22 7K AE A ) A0 LA 3 5t 38 fin =y e)
JE >F 3 107 8 7K B N AL [F] RR AR ( Voesenek & Blom,
1989) , MWy 2H 2 £ M vk B i AR 2 A 2 1 40 B 1Y)
A0 73 2¢ (Slater, 1999) , BIRZER AT LIF
HE B IR R0 K TR A JBE ) oy PR AR B, HL A ]
B APEA T C ARG AR KT 1 B SUFDGRE
3.2 JKiRER EXTEY A Y EFNEIEAI T

TR 1) 78 A 23 52 Wil K AE A 1 1 A= ) o R AR
( Mony et al.,2010) , Tfi 4= ¥ & 1) 43 Fie /B M AL 9 T
TSR 25 SR W 118 DG B, B W A ) A K i R v B A
S3BCHYRF A (Hills et al., 1994) . A BFFE S5 R &
W, B2 K R0 B (0 35 A ) S bk S B & |
A L b A3 E LT S L A R SR AR TR
IK AT HOGE ) B i R 2 H i A B AE W)
FHE-Y 1

B HR S M A= 4 i A S5 5T LU Bl A
TR GRAH BE %) 165 him 1 2 B T B e 10 B K Ab
PR AR ON AR 2R A BT R O B A s, X TR OK
AR FRE G R SR R | B IR S o 3G i b R
AR &K, DORICE Z2 1058 %, Bk Ak 3
B B R S S AR A5 0T 2 O R A R n B &2
(R RE I 53 TIC 3 M b 40 my 2R A TR I3 I 5 s X

442 fik T L AR 7 2D 1 T 40 AR B9 4 LA
DIE W FE (138 R 4F,2013) o 10 em 4143 BEAL
i 2 T A 2 T A SR U R R 3 5 e B A
PRAVA PR SEAHBE ) o R B R BR BT A A
A A, B WK Y JC M s B AR AT TR AR K
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