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Abstract: Seedlings of Vallisneria asiatica (SVA) were planted in the waters with turbidity of 30NTU, 60NTU, 90NTU or
120NTU. The turbidity of the water was controlled by sand particles smaller than 100um in diameter, and the effect of water
turbidity on the growth of SVA was examined. The photosynthetic fluorescence characteristics of the leaves attached on silts
was determined in situ by a developed, submersible, pulse-amplitude modulated ( PAM) fluorometer, diving-PAM in
actinic irradiance. The activities of superoxide and peroxide of the leaves were also determined. The experimental results
indicated that the stains number and leaf numbers, and leaf width of SVA decreased significantly as the turbidity of water
increased after exposing the seedlings in turbid water for 60 days. However, the leafs grew faster in the water with turbidity
of 30NTU than that in the control water. With the extension of experimental time, the plants gradually died in turbid water
with high silts content (turbidity = 60 NTU). In contrast, seedlings can grow and develop normally in the turbid water
with a turbidity of 30 NTU. The silts amount attached on leaves increased gradually with bloom of the plants in autumn. The

effective quantum yield of photosystem II, photochemical quenching and electron transport rate of leaves attached on silts
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determined in the turbid water of 30NTU were higher than those measured in the control water. However, the activities of
superoxide and peroxide of the leafs did not show a significant difference by comparison with the control syetem. It was
shown that silt attachment could avoid damage from high irradiance in autumn to photosynthetic system II of the leaves at low
turbidity of water, consequently maintain photosynthetic capacity of the leaves. Therefore, seedlings of V. asiatica might be
adapted to low turbid shallow water of silts (turbidity < 30 NTU) , and normally grow and develop, and breed. It is also

suggested that the best seedlings were germinated from winter buds or rhizome of V. Asiatica. .

Key Words: silts; Vallisneria asiatica ; seedlings; growth and development; photosynthetic physiological characteristics
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HFREAR  BAKEESRARE BRI EPE RN EYZ— HERKEFNERHIBF R
FR RS .pH B FREE B AR B A BRENE R TR, N HR FBE P EYR S E B
TR B IR AUKAR TP MR E ST, X T HAE MR V7K ik MR E T RAR D o ASOR S B4 B A T
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HESE R FOK AR VD B R FIRR X 3 B A K R B M R oG & 9B R 2 , s BEAE T M KA K &
AR BMRSE
1 SLWHE
1.1 SE5bk

EE(V. asiatica) ZFHREHKEN(2.9+0.4) em, FHERH(0.75 £0.15) cm, FH&EE 7 (0.95 +
0.28) g, W EALZEFMM T /N EH, 45 8em, HAE 15em, 2558 1, £+ TN.TP( LA PO, %) 45 K
0.194.0.514 mg/g,Cu.Zn . Pb Cr F1 Cd 4354 22. 062 .55. 917 .12. 034 .34. 892 ug/g 1 2. 808 ng/g. HRN
TR 2 DA YRR 11 ~ 1B3em, BEESE 6 ¥RA T 72 AR MAEMRIE L IR, ZBRHERM
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1.2 EmmEDKIERH &

EEPRT>R B KILEILEL (119.4513E, 32.2324 N) , FifL42 100pum G RI/K S g #E 100pm DL E 7R,
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1.3 BFRPEENIE

b BETHI B K AR YR YDV B R — T Z AR 5 v BE [ ik B R R R YD, SR R TR e B iR e v &
B, 2% Bk BRI R R MR R Y = —0.0017X% +1. 8305X (R* =0.982,n =18) , AR #E & B Wl
HI7K Ak BE T SRR IR D B, AR b BE R PC SR R VD MR B
1.4 SEIfARIEE

SEHAR R KR AN (0. 5m x0.8m x0.5m) FEY)LH RGE (D 0.52m x 0. Tm) M HEAH K, #AKKE
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F, SREAAER 1 53 SHAMEI NS F, F', 11554335 F,/F, gN.qP .ETR F1 AF' /F', " B
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TEPERAL . R Kochba 277 ik Il it AL PG (POD) FVE P , LA A SR IOR (B8 fim 0. 1 1 — A BE
PR
2 %R
2.1 FEWMPKEFEEGERERET

LA AEAG - fi 3R 1 AT, KA I o A e TR BT R B O AR . SRS 15
KH,30.60 90NTU HI 120NTU et 3 20 w7 55 40 v 3494 5 (R AL A 8, LB AR B8 203 S ot R g 45. 0% (50. 0%
71.7% F155.0% , 57 8% (P <0.01),

F1 ZBHAEHREOEL
Table 1 varies of the stains number during the experiment
£ I REAR B The average stains number of each group

] Time(d)
% Bt The control 30NTU 60NTU 90NTU 120NTU
0 6 6 6 6 6
15 12.0£1.0 8.7+0.6 9.0+0.0 10.3 £0.6 9.3+0.6
30 12.0£1.0 8.7+0.6 9.0+0.0 10.3 £0.6 9.3+0.6
60 17.0£1.0 14.0£1.0 8.3+0.6 9.7+0.6 8.7+0.6

55 30 KT, 2% 1 BE 20 3 TR AR ARTE B (B BII5E 60 KRBT, ZEXT BEFN 30NTU 7K R v XA K& MFivk A B,
TAE =60NTU 7K A4 i F 7K A bt BE SRR () e , 8 70 & R AR FE TS o

R M BN AR BER 2 AL ZEFF AR Y 15d P9, ZE R LB ( =90NTU ) K AR HAE MR B B0 3
ZEBENIEH . Z5 30 KA 60 K, Xt AR S M F 800 B LS 15 RN T 60.9% .98.2% , B
30NTU 4b, Hoa 4 B AERR M B4 2 2 el ;s B REE SC I R B in, S 7 0B 2 R

TEFFIR I 15d P, FEEIR R VDK AR B R BT B TR 2 B T 4 3 ; 30NTU .60NTU \90NTU #i1 120NTU
WhEEHAERMFT R B2 TR, B, ST R TR R B T B A, B 30NTU i B 24 S AH Mk
HI 506 BTG At , oA & i B2 3 B 2 /0 5 5F 60 R, 5 60 Ry EE =60NTU (14 4 Fr B 3 T i
AR JE IS ,60NTU 90NTU F1 120NTU b BE A ZAEMEFT i - 805 5 L 36 15 RS> T T 75. 8% .89.
7% #1100.0% , 53 =R EBE(P<0.01),

TEFFUR I 15d PN, P BE AT RR M TR R 32 31 T 835 i 9 1 530 .60 (9ONTU F1 120NTU 3t i 28 A bk
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I 5053 B Rt B 81.8% ,96. 8% \55.9% F140.9% . Pl SE 36 KM fin, B 30NTU it EF 4150, A
FU BRI AR B R ES SRR EREE (P <0.01),

®2 LBHEEKRMFBHEL

Table 2 varies of leaf number of the stain during the experiment

S [R] ,
Experimental T2 ok 30NTU 60NTU 90NTU 120NTU
X Leaf number Control
time(d)
i 4 B
0 HAU P BRI Average leaf number 29.0£1.0 36.0£2.0 31.7+1.2 26.7+1.5 30.0£1.7
of each group
4 =41}
15 FHALPRIEL Average of total leaf 71.3 £2.9 76.7 £1.5 80.7 £2.9 61.3+1.5 66.0+1.7
number of each group
BB PRI Average of total mew leaf ) o ¢ 55 7106 27.7:12 23221 27.0+2.6
number of old stains
4
PO PRI Average of total leaf mumber ) 1 0 100017 21315 12.3%1.5  9.01.0
of new stains
2 4 -
30 HAFH B Average total leaf mumber 1) 0 ) 1 gr 305 617432 43.323.5  38.3+4.0
of each group
i Jst
ERBIT PRI Average of total mew leaf o) 5 ) o 5315 17,0220 7.3:1.2  1.00.0
number of old stains
4
BRI B Average of total leaf mumber 0\ o ) 000 13.022.0 9.322.1  7.3:1.2
of new stains
2 4 -
60 HALFH B Average total leaf number 141.3 £3.2 96.3 £2.3 41.7£2.1 28.7+3.8 26.0£1.7
of each group
i
ERBIT P BB Average of total mew leaf ) 0 ) o 4y 5,58 6.7+1.5 2.3:0.6 0
number of old stains
3 s
Bk P B Average of total leaf mumber o ) 2 50000 5.0%1.0 3.7+0.6* 3.3:0.6

of new stains

TR KBRS 3R 3 TR, K At BE g 30NTU B ) T A8 Ak i F < B8 B 3g i, T 7K 4
MEE =60NTU B ZAEMRE I B A K B Z 2§ ;56 15 REF,30NTU ,60NTU 9ONTU F1 120NTU 4 B 41 48
PRI 38 K AB 251 g %of B Y 129. 8% (63.2% .56. 1% F159.6% , 22 7 B3 (P <0.01) , Bl B (8] A 384 A,
FER BRI MK AR AR B AR AR RS K AR . B HRRT 30NTU ZH AR AR i< 2 5 2 i 388 s
FBh , A2 BE AR AR K 2 B3 M R Y SEI R B, KRR .3 (P <0.01) .

B3 3 IR R] A, G B[] Y B AR AR BT T I AR A2 B T R 5 58 15 KA, 30,60 90NTU F1 120NTU 3 B 4H %
FEMRT I F 9 BE 43 B R Xt BB ) 148. 5% (119, 1% (111.8% F1 108. 8% , % % B3 (P <0.01) , {HFEE KK
RIS, bR 30NTU JhBEAAAMEMMBIM AR ZE B ENMH , M KERENREBE, SXNEEREE
(P<0.01),

55 15 KA, B 30NTU ok BELAERRAL , FLAR B 3t B AR AR MR I - AR A K s R XF B 5 B ol BE 186 0, %9kt
BELUHTARIN R4 BE 2 31| R %ot HR Y 82. 1% (103. 0% 101. 5% F1 104. 5% , {HZEE 30 KA}, 30NTU st BE 24 Hi bk
AR R, I Rt BB 1) 205. 2% ; i BE =60NTU [& A Eitkm B A K 28 B2, 2R B ER
AR, REGEK PR BE .

EELH TR B 4 T FETFIR I 15d PUEAEMRE T M SESE IR B2 . BEE KRB, &5k
B AR T8 B Z B, bR 30NTU £ M- 5532 2 M i /5 FRB /NI E , AR 45 BE L 5 3976 30d JE 58 4
P, Sx R ZEREE (P <0.01),

FEFFUR A 15d P9 30 ~9ONTU et B 28 AR MR BT - Ay P 3 e 7K A ok JBE PR 85 fim 2 1 %%, T 120NTU e B 2
B8 B A, Xt BRI 80.0% (P <0.01) . BEZESCI R BRI N, 400 BF 41 B HE MR M3 SE X 2 3 T3
il s FEBIRTE 60 ~ 120NTU 7K f& b 30d J&5 5 i i 58 58 2 g il
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®3 BRHEERMKEEY
Table 3 varies of the leaf length during the experiment
i8] Time(d) MK Leaf length it B Control 30NTU 60NTU 90NTU 120NTU
0 XK Average of leaf length 13.2+0.4 13.8 +0.3 11.7 £0.5 11.6 0.4 12.2 0.2
ERREMFHK Average leaf length of

15 i 18.9 0.5 21.2 0.4 15.3£0.4 14.8£0.3  15.6 0.3
old leaves of old stains
AR Average leaf length of 6.8+0.5 10.1£0.5 8.1+0.7 7.6 £0.6 7.4£0.8
new leaves of old stains
n 17
BARF AT Average leaf length 6.7+0.6 5.50.5 6.90.7 6.8+0.5 7.0 £0.5
of new stains
i} i}
30 AREITFHIT I Average leaf length 23.6+1.2  31.62.1 14.2£1.5 11.3£1.1  11.9x1.7
of old leaves of old stains
I I
ARBIFHIT I Average leaf length 10.3 1.1 13.0 +0.8 6.6+0.6 4.5:0.7  3.60.8
of new leaves of old stains
n |7,
%%qzﬂ,ﬂ‘ Average leaf length 12.5+0.9 17.4£1.3 7.2 £0.8 3.9£0.6 3.6 £0.7
of new stains
60 AL FHIT K Average leaf length 25.2+1.8  32.1%2.0 12.3+1.6 9.8+0.9 9.5+1.3
of old leaves of old stains
I
ARBTIHFA Average leaf length 12.7+1.2 15.5+1.0 4.10.7 3.1:0.8 0
of new leaves of old stains
n |7,
BRI Average leaf length 12.7 0.9 17.5£1.2 3.9:0.6 3.60.7 3.1:0.6

of new stains

HIZR 4 B ATH, ZETT AR B 15d P9, BR 30NTU ik )3 25 A1 oA 4% 3t BE 2 vk it 98 8. 38 B ], 2 30d i
SEEBANH o

x4 ZHRHEERMEHEN
Table 4 varies of the leaf width during the experiment
i [B] Time(d)  M5% Leaf width it B Control 30NTU 60NTU 90NTU 120NTU

0 SEHnt 5% Average of leaf width 0.39 £0.03 0.42 +0.04 0.36 +0.02 0.4 +0.03 0.39 +£0.03
FhkF M) 55 Average leaf width of

15 : 0.420.03  0.42£0.03  0.38+0.02  0.41 £0.03 0.4£0.03
old leaves of old stains
It It i
EPRBI LG IE Average leaf width 0.35+0.05 0.36+0.06 0.37+0.06  0.39+0.05  0.28 +0.04
of new leaves of old stains
BT GE Average leaf width 0.3+0.03  0.3320.03  0.28+0.02  0.21£0.02  0.19 £0.03
of new stains
I It i
30 EHRENT I TE Average leaf width 0.52+0.04  0.46+0.04  0.41+0.03  0.43+0.04  0.4+0.03
of old leaves of old stains
I I 1
EBRBIT AN G Average leaf width 0.38+0.04  0.38+0.05  0.4£0.05  0.4+0.05  0.28 +0.04
of new leaves of old stains
%%qz,ﬂ"*ﬁ Average leaf width of 0.4+0.04  0.36+0.03  0.28+0.02  0.21+0.03  0.19 +0.03
new stains
I I 1
60 BRI PG Average leaf width of 0.7+0.06  0.66+0.07  0.41£0.03  0.43 +0.04 0.4 £0.04

old leaves of old stains

R 8 Average leaf width of

new leaves of old stains

BRI 5% Average leaf width of

new stains

0.46 +0.04 0.43 +0.05 0.4 +£0.05 0.4 +0.06 0

0.47 £0.05 0.41 +£0.03 0.28 +0.03 0.21 +0.03 0.19 £0.05

2.2 PEUMEEXEE I RObE A B R R
MR LIRS IR B AL 1L SER Rl M R IR B INR 5 B, BEE LR B3,
MR BRIV SR 2, 25 15 R, i LRI UDHE BB TRE.
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x5 BHMEMALEWERDOTE
Table 5 dry weight of attached silts of leaves during the experiment
fisf 8] Time(d) 0 5 10 15 20
TRV B

Tilts amount attached on leaves(g/cm?)

0.2523 +0.0543 0.5287 £0.0760 1.0121 +0.0869 1.5385 +0.2389  1.5473 +0.2823

RUMEX &R F,/F, {520 jE 1A, 09 ¢

20d J5 X} HE AR U Bt & M R FL/F, (B 35 A8 B AR 08 o
Wb A Rt B F ) FL/F (B RIS T 5. 6% 07 F ] R
(P<0.05)Ff111.4% (P <0.01) ,[t&EM K F/F 8O0 [0
<y L
Xt IR BRI I IR A A R Tl s et <
H BT T 7RI |
Ve VD B X5 B | OE S B A eV Mt & = 02 |
B R 7R RBE A T LR R B EE T o1 b
M, w2 s, RIS 20d 5, 7EE bt &4
i 20dxf H 20dpf 2
THEH AF' /F' 4 5 X BRE 9. 7% (P <0.05) F The initiation Control onthe  The attachemnt on
20th day the 20th days
36.1% (P <0.01),
TVDHEE AR 5 B 1 R B Tt BI1 ®EF/F,
M, 7Em OB AT MEE M R B ETR 4351 EL X Fig.1 F,/F, of V. asiatica

HEE5 10.4% (P <0.01) 1 35.5% (P <0.01) , JEUHt
B 1 oP EEE S TR BB FE 6K T & M R 1 qP 1643 5 L B 35.3% (P <
0.01)F115.4% (P <0.01) , ZHMFEM R PST IR F0HAMSS CO,HEMBEFREERT
POy

H B 2 SR AT, ZEOEA B AR T EE M R AATE AR M B & B2 (IK T X BR, g N EUXT RIS 34. 3%
(P <0.01) ,RITHIDCREE Z S 5 T 06N, & R Z W66 7 s TAE R OB E A4 T MEE M #ERL
PR Z T IR, gN HOXHRE 9.3% (P <0.05) , 7] DLt FIGEEXDOGE 454 PS 1T MthE

TRV M i BB AL B T 1 - Y VDT E B B Bt SRS R T A L (S X I ZE R A
B, HE 3 AIA,20d 5 BRAEEE R POD Hil SOD BEE XA Bril i, POD BEVE L A3 T 1.6%
13.5% , 17 SOD FE A5 N T 2.3% F15. 1% ;{HFft & i # POD 1 SOD {59443 H1| ELxf B4R 0. 7%
M1.6% ,ZRADE, RFRDHEXTEEN FHE/EERZADE,
3 itig

T L MO B RSN R K R R, 8 FAEMGE A 98 A R B g, LA SIE SR
1 e AR R SE B O & AR AR A FDEIRAY KA BB B ORISR AGT B EE
PRI I FE R 80FE 15d N 978 AL RGBT AR B4 A AR B H X Sk R SR 55 (35 0 SR . 1 5, ZEVE ML TR P
KA, BAREAEAR BRI 32 B — @ BB PP, (B AR F i SR U, BRI R AR B S B T 3K, AR
FHABFASEA R G RKAEHITOEEIER . 58 15 Ko, 763 =60NTU) f 7K (A Faknt H F & AR5
A K I BT X R, R BAZEIROG IR A TR Al s MK (B2 RIERBE, X 5HIF T4 1
PR EERA o FLIR AN T e TR B AR B, RS N T B AR 3B AR T iR 3K, DAV 3
PR G E AR R AR 3F BLBTAR T BT BB AR 32 Bl — e R BE ) , ot R i A K22 8 TR, LR T
HFBEREOERAM. 6=, SWEFEHRNTE BUESR 2 5 B3 M0, 18 H A it 2 AE AR b 8k 1 5 1
H—FFE. BIT TS BIR A, AT TA SR 0B BRI R, B EEMEE EE R A i
THEMBEZE, AT LI FARA T8 B RO S, SRR3R 0 W B Tk A B 22 T8
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R SN | B SN | PR (SURER | IR S50hN |
*§H& The control [ft# The attachment *FH8 The control fff#5 The attachment
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Fig.2 AF',/F', .qN.qP and ETR of V. asiatica on the 20th day
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5 120 |k 2
g e 2 180 -
= R
1s L R
175
116
114 e 1 1 L | 170 L | | S |
Y XH#20d Ff#20d e hh *$H820d FH20d
The initiation The ontrol on The attachment on The initiation The ontrol on The attachment on
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Fig.3 Varies of superoxide and peroxide's activitie of the control and attached leaves
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