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Physiological response of Vallisneria natans to water flow in wild river

ZHANG Songhe, YUAN Shudong, HAN Bing
(College of Environment, Hohai University, Nanjing 210098, China)

Abstract; A field experiment was conducted to investigate the response rule of the growth and physiological

parameters of Vallisneria natans to the water flow. The results show that the morphological characteristics of

Vallisneria natans can be affected by water flow of 30 ~ 40cm/s. The leaves of Vallisneria natans plants were

smaller and narrower in the flowing water than that in static water. The flowing water improved the production of

protein and soluble sugar in plant cells, and induced the concentration of active oxygen species, such as H,0,, to

increase during the plant growth and reproductive growth season, resulting in the increase of activity of antioxidant

enzymes SOD and CAT to reduce the damage of reactive oxygen. The flow velocity (30 ~40cm/s) had some effects

on the growth of Vallisneria natans, but it did not affect the application of Vallisneria natans on the river ecological

restoration.

Key words: Vallisneria natans ; water flow; relative conductivity; antioxidant enzyme; soluble protein; soluble sugar

PUKAEY K A28 RGP i AR
HA G KA [ B TR AR KR A 55 D)
BE o FEA DKM AR B9 K 38, 7K A A 2 5
W S ey, JRC U8 IR AR R AT AR B R ], K
A I B Rk 36 B 9B (Vallisneria natans) J&:
i NS I RGN ORI T K7 vk 27 & U SN e i W ¢ e N )
BT T IZ B 3E LR T, XA A R R G A5
FNTHREAEL SCEEAVE T , 1 5 Gk AR Bl 52 T A%

f) = B R

IKAE RSB R RS IR AV 22 IR i e
UNLKAB ) 53 A1 R 55 7 B KR B R A AR Y
SEMASE o RUPABERS DAY Y 520 32 2 s A )
TR R 25 B8 0 7 AR IE 2546 b DA S AR ) 6
(95 AL ST ™ RIS T UK AR 4 1 BF 52 AR
%, EWAE A T UUKRIY e A TR K RIS Y
SRR WAE T UK A 1 e

ST H : E K AR EES (51579075 #1 51379063 ) 5 119544 19 ARk L4475 75 4F 91 H ( BK20160087) )
YEZ A0 SRARB(1977—) 55, 8%, W W/ 0, BN HKAE B R DK BRI TS . E-mail : shzhang@ hhu. edu. en

.06 -



RO il S o X (I E [0} A I S
(RIFSE J2 B v T Rk MR P B I A 5
A e S A 1 A B O = (Y 4 N
Hh RO 5 77 1) £ TR 5 AT 0 7Y R
FARAK T P 0 355 B0 A5 AT T A s A T 28
ROHHAIFSE T 2 BT KAL) 1 500 LA K 50 7K R 400 e
B A R A

IR A S RGN EEREZ—, K
TR 7K A AR A0 19 T 25 LA B 4 T 20 R LA T B
w7 FEMOULA B, Besemer 251 UK K A A
B T4 37 00 R 40 i 06 BT R 2 T AR D,
U £ 499 M 04 £ K L R 2R 0 T 9 f) 38# . Batin
219 - R 2 O K A v T PR 3 THT A 4 Y JRE B L
AR BN AR A ) T A M A W
FIHT, 56 TR XTI K A 5 O RIF 58 8520 . AR
F LA 0K A 5 A g E S %) 42, 3 3 B AR
Sk , A3 HT o K o A K DL R [ AR K By
B LE PRESHRAO S . I o2 B AT K ALY
TERFAME K R BRI B, K A A 2
BG4 RS ) PR LR R

1 #RFTTE

1.1 XERE

TR UL T IR o Bl 1 X, B2
BRIROKPE o BRI N R IR TSR, KB R4, il
TTE ] JFE V- KA v 22 /8o A6 T SR L 3 i) 18
) w2255 ) Ei— BefE o S X (B 1), Fffe
o RN (] O 2016 4 6 H o AL AT 5 XA
TEPEA TR R PRI K A SRR B A — 2. 7k
56 DI P, B O A AR D SRR (1 (),
1(b))o B 1(a) MK X (HE DT 2 em/s) ,
(VAT PEE TS DA Bunl s Ab: ST i DO o
B 1(b) Ry 3ok X3 (i N 30 ~40 em/s) |, fi T
T E R
1.2 R

IRFELL BARPIFE df (97 55 R SR AR ) 3R 4R
K XSl X PSR AL, SRR T] 2016 45
8 H.10 A .12 HEAR 2017 4F1 H 24 W, B4R
BERRAEZ 30 ¢ BRGEAYI T RERD 5 BRAEARAEA
SRS S R RARERAT 5 0] S 98 % I B LS g
sty R I R X L S R R AR R i RS TR
JETEAFBAGHR VKAE ( - 65°CLRAT) , LU 5 22 HAih
RARAYIE o AR AE RUR 25 1000 mL KK,
Al (] S8 % 5 4°CARAT, FF T 24 h 58 UK BUE B
RIS

(b) FKX Ik
1 RERCEMEIERE

1.3 WEmBKRMUNETE

1.3.1 KA ARRE

TN B SR GB11894—1989 € i 14 = Mt Fiz 7
THAREAN L), TP e R H GB1183—
1989 AR EL 4y HEN L) o
1.3.2 £33 A RKIARegn e

P B A 0 A < g R R R Il K
W, A GETHAEAR A I S IR T EE ST o

B A= Py e < R AR AR R T 500 mL 2
SN, A 300 mL RS , LA 180 r/min 5235 30
min, &7 3s ZJ5, F-LL 180 t/min E{% 30 min, FF
R KT L 8 000 t/min #.0 10 min, F5 I
TH WA PR
1.3.3 ¥4 Fknz

M4 2% I E R 95% £ - TN R
WU 2R IT 665 643 nm KT G OB,
GRE a WL E b RIS S E A A K5
H

C,=12.7Ag;,, —2.69As,. (1)
C, =22.94y5,, —4. 68A,.. (2)
C = Ca + Cb (3)

K CoAMERE a it C oM RED SiE;CH
nféi%%Aé\é\% ;Amsnmﬁ‘j 645 nm /EZKT%%E ;A663 nm
663 nm A T WIEIE

.97 .



1.3.4 FEABIEFNE

AR HL S 38 RO I 5 < B /N AH Y 1) AF 4
A, T B RAK B I 28 1Rk vh st 3 W, FHIE 4R
W= 7K 43, K i B3 R R R B K A%, e
PRECEERE 3 7, 543 0. 1 g, 70 B T 10 mL L5 7
KIZIE S b, o F RS g8 E T 2R T Rk
12 h, FHHLAL(YST EC300, 3¢ ) I 7E = 32
FH(R,) ARF KB N 30 min, ¥ 24 2 %R 5 #2
A1, B E R B F % (R,), R=R/R, x
100%

N B (MDA ) SR HI TBA 2" 5 , i S Mk &
(H,0, ) RHAILL RN , A ALY B AL (SOD ) 2k
PRI E 3o A Ak Ul ( CAT) SR FH AR R i 2%
SE AT A SR FH TR L € 3 5 T YA R AR
R IO S i 1 M KA TR AR VKA
R AR ) S B SRR gk A SRR
FEGTOKMUE 3 U, I U8 ORI 2 T 7K 53
T FRE L g W R 4 129 (1 L A BRERR 22 v
L VW (phosphate buffer saline, PBS) | Fj &) 3¢ g3 I %
I . 430 dE H] MDA (H, 0, ,SOD  CAT | 7] %
PR R AL P R G A G A Bl AR . S
T2 U AT a0 & S Tt AR ) AR
WE5ERT (R E L FE A .

1.4 B

JIT A HE TSR AL B ] Excel 2013, KB
M2 AL BETE Excel 2013 58 8, H SPSS19. 0
L LT WS W2 iV

2 # R

2.1 KEREFBEEKEREZN

HRAE GB3838—2002 ( Ml 3 7K ¥4 5% it £ br 1)
AT X IR BT R V2K, HK BT AR e (%
1), TN JFfe e B 76 1.6 ~ 1. 8 mg/L 2 |d], TP
i BE R FFTE 0. 020 ~0. 035 mg/L 22 [i], 7K A4
JEREZE AR AR, 8 AT i, 1 A B iR, KR
HL5% pH DO TCH R 25 fk . H#FHKIX 587K XA
I, ZE ] —IHi5] TN (TP 5 . pH (DO 2§ /K B dg b
W EZR ., FKXKREEFL4T 0 ~2 em/s, 5
IR HR T 30 em/s o KA K AE4E T 30 ~40 cm,
A2 A, 8—10 H 2K TR 2 60 cm,2 ~
3d JEIKAL B, KA T B SRR S IEH .

TR K EES M 10 AR EEER
(P <0.05) , FE/KF A 4 BE AT, bl AR K Y
i, K EB T2 (K 2(a)) . kX
TR A L, S KX R R 10 5 12 H B
FRIAE (P <0.05) , AKX A 90% ~95% , %

.08 .

A BEAE AR 2R AT 3 25 5, K DX v R AR
Pyt sy o o PR N S T G AR I, B ]
AR, IR A6 AF T iy it 2 T R 2 2
ARFEZF(P <0.05), #K XM J i E A 5 M
HIEVIE.

oK mahK
60 - itk

50 f w%
40
30

20
0
6H 8H 108 128 1A

(a) BhH KR

K E fem

*

h

HH %
=n

I 9 B /om

) ﬂl

0

6H 8H 108 12H 1H
(b) ) vi

*%

*
, L[ ﬂl I
6H 8H 10H 12H 1H
(c) PR

R
wn

TELAEY) R (g R
=)

25

20 r
w5k

15 + *

10 +
5 -
0
61 8H 108 128 1H
(d) 5 R E A
W x FR P<0.05, BEZER, « « F/R P<0.01 B EXER,
B2 HEEKERTH
2.2 MEZERITEHS(H,0,) EE2THL
WE 3 Fros, #oK X R R i 5 0 5 &
8—10 A Ftir,10 A JEFEA%, 53K X R 74
R al s —2. WA WmE, ghK X5t
J R ER B B I T K DX Y 9 R g

TR I A (mg- )



F1 AEWMRBRETKEIERSRES T
B KR (TN)/ (TP)/ . (DO)/ R/ it L/ . -
: j%m, P / P g LR/ C pH P » . " ., IKAE/ em #iE
] RE (mg- L) (mg-L7") (mg+-L7) (uS+em™) (em-s™')
8 I Tk 1.747 £0.033 0.032 +£0.002 28.91 +0.06 7.52+0.05 8.12+0.02 622.58+2.52 1.27+0.38 32.22+2.19 710 A
#h7K 1.723 £0.025 0.035 £0.001 28.83 +0.12 7.51+0.01 8.10+0.02 624.45+3.21 37.27+2.15 38.93 +4.73 % 5 W
10 A #K 1.797 £0.067 0.027 £0.003 23.97 +0.21 7.64 +0.05 7.96 £0.05 595.33 +£3.05 1.63+0.45 42.27 +2.45 ;/L Ejm
7K 1.843 £0.121 0.024 £0.003 24.35+0.26 7.63 £0.04 7.83+0.15 597.21 £1.25 36.33 +0.40 47.87 £3.70 )J:Tiﬂi
K
12 A Tk 1.577 £0.033 0.023 £0.001 10.47 +0.75 7.87 £0.13 7.86+0.02 579.67 +4.04 0.93 +0.49 33.47 +2.37 iﬁ(_)L
7K 1.667 +£0.043 0.023 £0.002 10.83 +0.68 7.86 +0.02 7.85+0.21 579.33 £3.51 38.12+1.21 32.53 +1.80 ) 3:;1:’
1A #K 1.697 £0.133 0.025 +£0.006 1.52+0.19 7.24+0.10 10.53 +0.15 565.33 +16.20 0.75+0.12 34.97 +2.50 J(T#‘F[;
VDA
sk 1.733 £0.127 0.022 £0.002 1.97 £0.23 7.40+0.05 10.45+0.34 585.67 +1.52 38.43 +0.65 36.17 £2.63 T
25 - ok mEik o ok w3k
. * 2
N
220} . 20t .
= 3 =gl
w 15 pel o
pae) ﬁ 6 3k
B 1.0 F
£y . . K
0.5 E‘ 2 _ﬂ. 1 1 1 1 J
6J] 8J] 10/] 1271 1] 64 8J] 10H 121 1J]
(a) &z (a) AIEMEEE M
0.60 o
o o
2z 2 08| x
S 045 Kok =
g * =
= iy
= ** o 06 ¢ o
@ 030 = .
S H 04 r
£ S
0.15 L L L = 02 1 L
61 8] 10/ 12J] 1) ’ 6/ 8/ 104 127 1)1
(b) H,0, (b) ATEHERE

VE: o JR P<0.05; BERS, « « FR P<0.01 B BEXER.
E3 EFEMNEERLO0,&BTW
REREE(P<0.05,F3(a)), shKkKXprrnt it
FALE (H,0,) &t 2w T K X8 Rt J i

FALEEHZ (P <0.05,83(b)),
2.3 EEMRARAMEARTAMETL
T R AEAN R KR A5 A T T e 2 1 o B i
AL REFEARL R 50 J5 AR LT, AR AERR KX
H R B T R AT A S i e T K X
(R AR A i (P <0.01) , SR WK 3t 52 )
Y R EE B G (E 4 (a)) . & 4(b) it
N, AR JEE AR PR OK I 25 1 T B eIt i, %
P S s Y 7 A S 2 A AR IR &R o Rl 7K
TN AT A R Y B A S A K DX b R T
VPRI B i i IR T B K X rp i B el A e
#(P<0.01),
2.4 MREMBSER MDA RN ELEFETL
FEFRZK X ANB 7K DX, 385 BORE XoF H 5 538 A5 £ 34
AR, Bifi 5 e 0] A A8 Fb AR G L S R R 7 T . 8 A
10 7, gk X s 5t 5 i AR H 500 2 =
KX (P <0.01) (B 5(a)) . KEE W24,

Hox R P<0.05, BEXEF; « = Fom P<0.01, B FEER,
B4 FERAFEEARFBEETLFE

MDA )& FEZE A T, 2 12 iR, 10 A1 12
AL 8K b B i MDA & B 3505 T oK X
HE R MDA 54 (P <0.05) (B 5(b) ) o 7E[F]
—IUREIS[R], ZhoK b B Y SOD Y& M B 3 T
K B E I Y SOD &P (P < 0.01) (S
(¢))o PRS0 T A M N CAT 36 PE A2 4k
ERARGFE(P>0.05), WK A1 Fisant j
(4 CAT i P BEI TR) A B s (18 5(d) ) .
3 it i

TR AR IE N BRI E IR RRELE , 7K
KB AE , ToH] 5 Je il 70 R BN TSt S &
PRI B K 5 8K XSO Je Pk BT K Bt K I O B
T S PR — PR TR R, A S DR 3R 250 23 B K
LTS X TCAKAE Y 0520 . S FOK SR T, 3h
TREAE T AR R SEINEF 20, AR B AR A, AP
RSP EE H BRAS DAIE N K o o AR R HTI Y
MR AERK PG, XS SRR AT fiE 5K
LSTR=IDORER/ e VLR K (S DAR . & K (LN Y



0.6 - o#vk w3k
0.5 F T
bl I3
= 0.4 F
B2
203
f 02 o -
=
0 1 1 1 1
61 8H 1073 121 17
(a) AIXFHL G
16
14 % -
o012 ¢
g1t
£
= ,
T 6 ik
qil W
0 1 1 1 1
6 8A 104 12A4 1A
(b) MDA
250 ¢
~ 200
50

2 150

Szﬂlﬁlﬂl .

6/ 8H 10H 121 1A

SOD it/
S

(e) SOD

6/ 81 107 12)] 17
(d) CAT
TE: * FOK P<0.05, B2 « = FR P<0.01 M RExR,
5 HEMHRHENBSE MDA RiiEUEEWL
T TV 285 25 M0 HE AR L B 28, 7 AR B IR Y B ity
2 Zhu %2 BEST Se B AR SRR R 25
PRRAT R TR K i i oo VR o Bt I ) 284k
KPR R AR K R A S KPR E T3 R
BH K i 23 52 e i R 8 A A R (B i B K
AR, 2 th Z A R DI RE R e A B
(4 L A0 3R ) LT R B, LB E [ A B 2R
FUA G TR BE S o UK W B 2 T 2
A PR KA R R 00 E B2 R 4, TR TS e )
- 100 -

AL Ko 2 4 A2 5 7 TR B FE ZE/E . Pang
AELTUBIRY T UK AR A 2 T A ) R LI R, 25
EPIEREA UL BR A . A5, A K AEFKIX
) T o AR ) T B S LR B K X i, 3R
B K XA R FAEY B TE B HJ2, DUKAE Y i
J T B A A B A A K S AR R A A
FHS BRI 33 Y B 3 0 KRB 58 R
2017 4 1 J FoKhtE Y i B A KA BT B
TCERMAEAE T B 7K Hb 8 37 5 e e 48 50 4 T
X A] e R Sk s K X TR AR 9 7 32 AR TR R KR AY
CEEAE FH T s s e

-2 252 S WOE A AR I T B AR AR . 7EBT
FEHALRL, BRSO e R 09 & 5 R sk
SIS BRSO B R, 4 T R A
TRMSE a & 85K HE % VI OC, 2K
JETE 1 ~4 em/s Z [B) B 2% 38 1 3 £ fie g, T R 7
EF 1 em/s o & F 8 em/s BF MG R & B KD,
Madsen 25" BF5E % B, 24K PRV 18 AN 10 em/s 31
£ 86 cm/s [}, Z R UTKAE ) (R34 6 A VR R 2
PR N R TERTTR R |, A 12 H LS HE
Wyt A FENCY] DR IR I 28 1R KPR ARG, 2 A
HeABE TR ASHFSE A B S /K A 7 5
AL MRS LR AP S B o AR R PN 8 ] 1 2R
HAL & Z A B A C RS, & H T 4e s i ik
BRI AT R O DR TS R A
RN AR E SRR O, R 3l N 6 B 5% Y & 32
R —LE TR SR, BB iE 3, UG W A3
PR L AR K T R A1
FH L BEAR T 3 i e W  BAR BE T ] iR 8 A
VPR B i DAR s X AN A B3 1) N BE T

MDA J2 20 g Jirt A 5 B v 8 AN i g s R A
I AR =y, LB R R Wi 5 5 1
HISIE A Bl R R . MDA fr RS 41 R A
TEPE B PEREAG, 40 PN A T AE N, B 2
S SR R A A K AT L K
PN MDA F1AH X S R 38, Ui B AR 4 A2 2040 3
ARG KRR KR 8 5E 3y L kg
AP I B 2 R VR VD, X UTK AR - R 45 47 556
R, TR K B B E e 2 G 2 0 o DR A
Tk, AbTE Bl 7K AR B 20 6 A 45 B ™ o, o
R AT HL R T RS R RR L R ) R AR A
T RLAZ B PRE G DL S R B i in =, A
POREERC 7 S D=

TEWBE AT, A N 0 35 1 A A i
FTH, 77 Z R B, n H,0, , LR 3 — e 2
B 22 J5 2 4540 40 M DT 52 e 0 A 49 1) A . SOD



I CAT ZAEW PR R G T ) 2/, 2Pl
(LRI T, e [5] 4E R5 15 1 S 7E B A k7
ARG, B CAT F1 SOD I&PEE sh K rh 8T i,
FEUK VR R = A T3, T8 T A AR
R, o BRI SAIN 1, 0,15 S T SRR R A
Ao AT FK X FE Y BT A KON Z i, Bk
8—10 H SOD yEM4Em A &, 12 A M Ll5 2 iR E
Fp3E B G, SOD 35 1 i 2 i v
SRR PE, 5K X BT A L, ASFAE S
KRR T H T 2 5 8, X SIS
FEAR— 34, BEHTAE Y G & 38 G0 52 S0 i 2 170 % A )
ARG T BERW, AN MY RN H,0, &5
B, ERHK S T T R AR S T PR A R T
SR AR N I — Bl S0 T, o o 0 0 M ™
o B EEIR R ARV YISZ B, 505 AR )
AR AW K BAE Y MDA & &t F1 H 5 3R 4
it R 2 2 T e . SR, FE R IR L
R AHIR NI BT — XA R e AL
il e AHITE R IR TEAAE TR 7 RT3 S5
I RS ey g = e[| I RS o Sy I R B iy =
LN B R, BEARAR IR e K 7 1 40 A s o i s
TR AR 4 4 B A 3] — 5 PR 4P AE . SOD 13 Pk
BB, VAIK IS A A0 M R A T e
B, X SEEEASEOIE -8 Tz
FUKFEIE , T AR N B M A R T B T L 0%
PEEW) AT, 51 SOD B IE P TH s, Bl B
(35 M L ALk H,0, . H,0, iTLITE CAT gy /E
AR BUK R X T R ARG, B AR
Prpadi Ve R s 25 AR K B 19 e T ke G
Y, SE AR P A K A SR R . SR, DU
e, K P AR — R R (E A S K I
AR AN i H AT A B R

4 & it

30 ~40 em/s P7K L B 2352 v REAE K R B
X AR 25 R 2 I o A6 B = AR g ), ZEAR AR
KR, ShoK XA P - 1 T P B 1 R ] 3 e A
(A A PR HEVE T o KU 38 A A5 5 H, 0, 5%
TP LT, 145 SOD | CAT 554t S Ak Bl 1% 14 il 2
PR, DR TG M AU e 05 3 . AR IE, 3K
FK S ME T UUKRE P 19 25 W e 268 ) — 350, DA
4 AR R A AT — S (5 RS 5 e A
WA B E RN . %45 R T A B b
5K L Ia) AR 07 56 2, AT LA G b A AR UK A A
I8 B , 30 9 R AR KA P AR S B R LR
HK R PR B R R . T UK

PR Z  FA IR 2R R AR 45 4 P8 25 22 5 R 7K
AR R A BER 22 5, 7R S PR T 18 52 3o o v i 5
375 FEOK TR X X LERE ) A I RS . S AR Y
A BERE AR (i AL SURTEER ) A LG, A B 25
FEHR SR 2R R A0 S R SRR AR AR X
Sy o3BT, A6 S B A FP OGS R ) A P £ B B B
AEEE L,

Sk

[ 1] SACHSE R, PETZOLDT T, BLUMSTOCK M, et al.
Extending one-dimensional models for deep lakes to
simulate the impact of submerged macrophytes on water
quality[ J]. Environmental Modelling and Software 2014,
61(C) :410-423.

[ 2 ] HILT S,KOHLER J,KOZERSKI HP,et al. Abrupt regime
shifts in space and time along rivers and connected lake
systems[ J]. Oikos,2011,120(5) :766-775.

[ 31 XUBLHE, sRARTE , B/, 5. R mUAE Rl 3 FhiTLKAE )
I A T W R TR AE [T ] AR A4, 2015, 27
(1):103-112. ( LIU Kaihui, ZHANG Songhe, LYU
Xiaoyang, The characteristics of epiphytic microbes of
three submerged macrophytes in Lake Huashen [ J ].
Journal of Lake Sciences, 2015,27 (1):103-112. (in
Chinese) )

[ 4] B/ SRANTE, XUBUE, 5. 7K A M -HE W AR 2R /Y
A TIRE S EAENLRIOF TS RE [T ], KBS AR, 2015,
31(2):20-25. (LYU Xiaoyang, ZHANG Songhe, LIU
Kaihui, et al. Advances in ecological function and
interaction mechanism of aquatic macrophyte-biofilm
system[ J |. Water Resources Protection,2015,31(2) :20-
25. (in Chinese) )

[ 5] Ram, wikk, 7% KD KRS SN HE
MR E [T]. KGR 5, 2007, 23 (4) :18-22. (WU
Jiangiang, HUANG Shenfa, DING Ling. Mechanisms of
water restoration by aquatic plants and its influencing
factors[ J]. Water Resources Protection,2007,23(4) ;18-
22. (in Chinese) )

[ 6] EAFE AREIK, TG HM & 55 TUK ) 50 4R850k
DM A SEE IR R [T ] KBTI~ ,2016,32(6) « 1-
5. ( WANG Shoubing, XU Ziran, ZHANG Jie. Dynamic
changes of higher submerged macrophytes in Dianchi Lake
in recent 50 years and implication for ecological
restoration| J ]. Water Resources Protection,2016,32(6) :
1-5. (in Chinese) )

[ 7 ] F3 R, B4, 55 3 30 4R R LK AL 10 3
o o A 0 % AR AR M [0 ] K B AR 9, 2016, 32
(5):123-129. (  WANG Qi, ZHOU Xingdong, LUO
Juhua, et al. Remote sensing monitoring and analysis of
dominant species of submerged vegetation in Taihu Lake

over last 30 years[ J]. Water Resources Protection,2016,
- 101 -



32(5) :123-129. (in Chinese) )

REZ WHRIA, AR, 35 RO 5 E Rk i b A
EFRERM R B[], PR, 2011,32(9) :2569-
2575. ( SONG Yuzhi, YANG Meijiu, QIN Bogiang.

Physiological pesponse of vallisneria natans to nitrogen and

[8

[

phosphorus  contents in eutrophic waterbody [ J ].
Environmental Science, 2011, 32 (9 ) : 2569-2575. (in
Chinese) )

[ 9] CAO Te, XIE Ping, LI Zhonggiang, et al. Physiological
stress of high NH," concentration in water column on the
submersed macrophyte vallisneria natans L[ J]. Bulletin of
Environmental Contamination and Toxicology, 2009, 82
(3):296-299.

[10] WANG Chao, ZHANG Songhe, WANG Peifang, et al.
Metabolic adaptations to ammonia-induced oxidative stress
in leaves of the submerged macrophyte Vallisneria natans
(Lour. ) Hara[ J]. Aquatic Toxicology,2008,87(2) :88-
98.

[11] e, UK. RBK A AR YIE 5 6 a5 G AR AT 52
BT ] B2 5 80K, 2010, 33 (5) £ 96-102.
( WANG Qian, CHENG
phytoremediation of heavy metal polluted water by

Shuiping. Review  on

Macrophytes[ J |. Environmental Science and Technology,
2010,33(5) :96-102. (in Chinese) )

[12] wpifgoR, RN, T 3L, #5XF UK #9200 IR 1 3
FAERIBEE [T ] A5 BTG 27 B 2 4 ( A SRR i)
2014(2) :239-242. ( GAO Hairong, HUANG Zhenxu, WEI
Shiqian. The effect of Pb’* to the photosynthesis of aquatic
macrophyte potamogeton pectinatus [ J ]. Journal of
Xinyang Normal University ( Natural Science Edition),
2014(2) :239-242. (in Chinese) )

[13] A, Zofram. 37 58 IR 1A v w0 ] 25 M 1 45
LB [T ]. WA AL, 2011,23 (1) :56-60. (WANG
Yongping, QIN Bogian. A comparison on morphology and
anatomy of wallisneria natans from oligotrophic and
eutrophic lakes [ J ]. Journal of Lake Sciences, 2011, 23
(1) :56-60. (in Chinese) )

[14] GONG Lixue, ZHANG Songhe, CHEN Deqiang, et al.
Response of biofilms-leaves of two submerged macrophytes
to high ammonium[ J ]. Chemosphere ,2018 ,192:152-160.

[15] ZHANG Songhe, PANG Si, WANG Peifang, et al.
Responses  of  bacterial

community  structure and

denitrifying bacteria in biofilm to submerged macrophytes
and nitrate[ J ] . Scientific Reports,2016,6:361-378.

[16 ] PANG Si, ZHANG Songhe, LYU Xiaoyang, et al.
Characterization of bacterial community in biofilm and
sediments of wetlands dominated by aquatic macrophytes
[J]. Ecological Engineering,2016,97;242-250.

[17] ELLAWALA C, ASAEDA T, KAWAMURA K. Water
movement induced variations in growth regulation and

metabolism of freshwater macrophyte vallisneria spiralis L.

- 102 -

in early growth stages[ J]. Hydrobiologia,2013,709 (1) :
173-182.

[18] BESEMER K, SINGER G, LIMBERGER R, et al.
Biophysical controls on community succession in stream
biofilms [ J]. Applied and Environmental Microbiology,
2007,73(15) :4966-4974.

[19] BATTIN T J, KAPLAN L A, DENIS N J, et al.
Contributions of microbial biofilms to ecosystem processes
in stream mesocosms| J |. Nature,2003,426:439-442.

[20] TONG Yuxin, HE Dongxian. A photoautotrophic in vitro
system for evaluating salt tolerance of soybean ( Glycine
max L. ) plants [ J]. Journal of Tropical Agriculture,
2010,48(1/2) ;40-44.

[21] LIU Lei,LIU Yan, CUI Jie,et al. Oxidative stress induces
gastric submucosal arteriolar dysfunction in the elderly
[J]. World Journal of Gastroenterology,2013,19 (48 ) :
9439-9446.

[22] ZHANG Yong, TANG Haoru, LUO Ya. Variation in
antioxidant enzyme activities of two strawberry cultivars
with short-term low temperature stress[ J]. World Journal
of Agricultural Sciences,2008 ,4(4) :458-462.

[23] DENG Yan, WANG Wei, YU Pingfeng, et al. Comparison
of taurine, GABA, glu, and asp as scavengers of
malondialdehyde in vitro and in vivo [ J ]. Nanoscale
Research Letters,2013,8(1) :190.

[24] B4, WK, R, 7K SCRFAE XT 7K AR ) 14 5% i)
(1. BAC el Bl 4%, 2010 (7) : 13-16. ( WEI Hua,
CHENG Shuiping, WU Zhenbin. Effects of hydrological
characteristics on aquatic plants[ J]. Modern Agricultural
Sciences and Technology,2010(7) :13-16. (in Chinese) )

[25] ZHU Guorong, ZHANG Meng, CAO Te, et al. Associations
between the morphology and biomechanical properties of
submerged macrophytes: implications for its survival and
distribution in Lake Erhai [ J]. Environmental Earth
Sciences,2015,74(5) :3907-3916.

[26] DAVEY M E, OTOOLE G A. Microbial biofilms: from
ecology to molecular genetics [ J ]. Microbiology and
Molecular Biology Reviews,2000,64(4) :847-67.

[27 ] ZHANG Songhe, PANG Si, WANG Peifang, et al.
Responses  of bacterial community structure and
denitrifying bacteria in biofilm to submerged macrophytes
and nitrate[ J ] . Scientific Reports,2016,6:36178.

(28] AREZ, B, Z 158, B A= X M U Y P A 0
JKAE ) PR M 2R s [ ] 1R 2%, 2010, 22
(6) :935-940. (SONG Yuzhi, HUANG Jin, QIN Boqiang.
Effects of epiphyteon the rapid light curves of two
submerged macrophytes in Lake Taihu [ J]. Journal of
Lake Sciences,2010,22(6) :935-940. (in Chinese) )

[29] GADALLAH M A A. Effects of cadmium and kinetin on

[

chlorophyll ~ content, saccharides and dry matter

accumulation in sunflower plants[ J ]. Biologia Plantarum,



[30

[

[31]

1995,37(2) :233.

BEALYE , KRNI RS AR K T E A A T R R 4
FL TR AR AE IR B [T ] T ARV v R 5 2
R, 2014, 34 (6): 45-50. ( HUANG Yuanmei, LIU
Zhigang ,XIE Enyi, et al. The effects of water velocity on
the growth and physiological activitiesof juvenile
sporophyte of sargassum integerrimum [ J]. Journal of
Guangdong Ocean University, 2014, 34 (6) : 45-50. (in
Chinese) )

MADSEN J D,CHAMBERS P A,JAMES W F, et al. The
interaction between water movement, sediment dynamics

and submersed macrophyte[ J |. Hydrobiologia, 2001 ,444 .
71-84.

[32] WANG Jun, XU Qinsong, WEI Shuli, et al. Zinc

[33]

[34]

[35]

accumulation and its effects on physiological dynamics and

calcium  distribution  in  submerged  macrophyte,

potamogeton crispus L. [ J]. Acta Botanica Boreali-

Occidentalia Sinica,2009,29(11) :2249-2255

TRIFERD , BLIELL. G A i ia X B ok AR -2 2E AR A 4
PREfsEmI [T ] KB IEAR,2010,26 (4) :46-48. (XING
Yanan, RUAN Xiaohong. Effects of sulfide (S*”) on
physiological and biochemical indicators of potamogeton
malaianus [ J ]. Journal of Soil and Water Conservation,
2010,26(4) :46-48. (in Chinese) )

BRI PR, B, A5 ILRTOK A AR AR TR S K i 2R
FROE [T I AE AR B2, 2013,52 (17 ) :4058-4062.
(QIN Xiaoyan, LIN Ping, MA Jia, et al. Physiological
responses of 5 kinds of hydrophytes to domestic sewage
[J]. Hubei Agricultural Sciences,2013,52 (17) :4058-
4062. (in Chinese) )

WETZEL R G. Limnology : lake and river ecosystems[ J].

(L35 36 )

[25]

[26]

(27]

SRLLAR. 3T 7K B ME AR DR 5 R M ALK w10
R[], B Rl % AR, 2012 (5): 32-37. (GUO
Hongmei. Application of groundwater numerical simulation
on subway plan in Jinan[ J]. Site Investigation Science
and Technology,2012 (5) :32-37. (in Chinese) )
FM, WA, ZEit K A T R A R I e
RO B sh 2SR [T ] vh [, 2008 ,27 (1) :19-23.
( WANG Maomei,SHU Longcang, JI Yefei, et al. Causes of
spring’s of flux attenuation and simulation of spring’s
regime-a case in Jinan karst spring area[ J ]. Carsologica
Sinica,2008,27 (1) :19-23. (in Chinese) )
TERHR, 5 U B8 25 T SRR R S K i 3t
TATERITRMIELT ] A IR 272441, 2004 , 23
(6):1228-1231. ( WANG Jiaquan, WU Yifeng, QIAN
Jiazhong, et al. Schieme of groundwater exploited to keep

springs spurting and water supply in Jinan springs zone

[36]

[37]

[38]

(39]

(28]

[29]

Eos Transactions American Geophysical Union, 2001, 21
(2):19.

ML, XN B A 4, 55 /NLHOK AR IZ TR R
AT EREE AR L) ] T R E S i (A AR
fR) ,2016,44 (5) :449-453. (YAN Wenming, LIU Ling,
ZHAO Qianwei, et al.
structure of AOA in surface sediments of small shallow
lakes [ J ]. of Hohai
Sciences) ,2016,44(5) :449-453. (in Chinese) )
RS, A0, 507 AL 430000 B vk T 2 36 i ae
T ERL BRSNS [T ] AEER
i #z, 2010 (7): 106-109. ( ZHENG Shiying, SHANG
Xuefang, WANG Jingping. Determination of antioxidant

Characteristics of community

Journal University ( Natural

Enzyme activity and contents of MDA in maize seedlings
under salt stress with visible spectrophotometry [ J ].
Biotechnology Bulletin,2010(7) :106-109. (in Chinese) )
R, SO /N E. CdPT  Cu®T Zn® T (Ph? T X
A A R R B SR [T ] B S AR
#Z, 2016, 35 (9): 1001-1007. ( LI Wanlu, ZHANG
Guangsheng, CHENG Xiaoying. Stress effect and response
mechanism of Cd**, Cu®*, Zn’* and Pb** on
Potamogeton crispus L. growth[ J]. Journal of Food Science
and Biotechnology, 2016, 35 (9 ). 1001-1007. ( in
Chinese) )
R B , M, A5 AR AR A BRI X R B 3 1Y
BREREVELT ] M0 2727 4l ( A SR BLA2 R ,2016,44
(2):95-100. (LI Yi, YIN Yayuan, WANG Chao, et al.
Joint toxicity of titanium dioxide nanoparticles and copper
on daphnia magna [ J ]. Journal of Hohai University
(Natural Sciences) ,2016,44(2) :95-100. (in Chinese) )
Cckis H1:2017-12-29 Sk 5Bk )

[J]. Journal of Agro-environment science,2004,23 (6)
1228-1231. (in Chinese) )

Wk, 7 7L AEOR, A TCTOR L IX R ST S AR B
PEGMTLT ] i R 2 4l ( A AR B 7 ) , 2013, 41
(2).108-113. (YAO Cheng,ZHANG Yuxia, LI Zhijia et
al. Hydrological simulations and similarities in ungauged
basins [ J ]. Journal of Hohai
Sciences) ,2013,41(2) :108-113. (in Chinese) )

JEEIEE. A MODFLOW A58 7347 U g 17 fR R 2R
SRR [T]. P EAAR KR KR, 2008 (8):35-37.
(TENG Zhaoxia. Calculation and analysis of ecological

University ( Natural

water requirement in Jinan by using MODFLOW model
[J]. China Rural Water and Hydropower,2008 (8) ;35-
37. (in Chinese) )

(ks H41:2017-05-20 Skt 2Bk )

- 103 -



