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FENHEBHREN, FHEREYE DR CFHRK a8 EHE
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11 RHSIRERFAR
I £ b 3 T 5 BT R L A T
(30°52"17"N ~ 30° 52" 30" N, 121° 51" 38" E ~
121°51'42"E) #£47,2014 £ 1 H 4 A7 A 12 A
SR, BT — A TIF i 9036 T
S P LK R T K — K i, 3 K
0.5 km,55 15 ~ 20 m,#E 1.2 ~ 2.0 m, HRIFEMW
5 TEWIT B AR B, A UK A T 6
AT (P 1) ,6 /MBI T30 3 1 T
B4 B MR RE 25 (4 A AP RE
PRI B K 10 S L) L 8 A8 45
KV, SN MBI LR 1, S0 54 45,
Hr TS RO LR B RO , SR B T
A AR IR (LA 20 x 30 om) BT 3E
FER ORI, F— ORI RS 2 ~3 W, 3¢
R LRI EEHA 10 B A HBRE
12 SWHRES
SR 1 T 6 8 7 0 B
YT, 993 A AR, B A R
e, 3 1% FEERREIAHORHL 10 min 484

L 7K AR W 3 T

RIEA FAEYI SR TR B Ik o 57k B ]
HLRTe, KERIRIE 2 BOEA 16 B (L2
251 mm) i 45 13 BRI 8 5 S 96 A K BB B3 A
18, LA 0.45 wm B BRET 4E I8 B Hh U8 /5 45
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Fig.1 Sampling point distribution
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Fig.2 The sketch map of sampling section
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Tab.1 The values of water parameters after nutrients adding mg/L
KBS BAPLA(TN) BBE(TP) IR (NO;-N)  WASREEA(NO,-N)  ZA(NH, *-N)
e 2.23 +0.03 0.17 £0.01 1.05 +0.01 0.084 +0.003 0.73 £0.01

1.3 Ii&it
W IO D R 0, DB 25 T RIAR R, B S
BRI (10 1) em JBEE (1.2 + 0.2) g ffi
FRAEARFR AN T 2 000 mL Bapf e , RIRINE TR 1M
TAI7K 2 000 mL, JHCAJEHRIE B 10,20.,40.60
80 pmol/(m’ - s) KL IR R4 P, B IR iR
FEBCE 3 A PAT IREEN 25 CO6RE 12 L
12 D, 52 E#IH 25 d.
1.4 TEEERKIERFKEHUNE
IS5 G 2R FE WL AR 2 vk T £ 3 9 o B
HIE YR, T B R HE Ve T 9 R R H A AE Y
Y, T oK 45 B B AT 5 43 BE S0 &
BEEETHEUS 5 W H R T T A K e 4
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TRCT B TR R )2 A o' R B B, T B ]
i R4 12:00 ~ 13 :00 B A B i BRESE, FE4
TRBETE B AE 10 YO8 P MH.

WA EEFRICTAE ) = % RAERE 5y
FISEH K BEAT S0 b7 o 2R F 3 B0 R 0 91 e 5 b
Grtot B (GB 11894—89) e TN, 44 [ i
Eb vk (GB 7479—87) JllE NH, " -N, X & EHIF
BEftk-25 & — &5 te Bk (GB 7493—87) &
NO,-N, B TR/ YOt i ( GB 7480—87 ) i
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NO,-N, $HER %k 43 6% BE ¥ (GB 11892—89) il &
TP, ALK fnisk I 2 S VR A ALk ™
1.5 TNEREERKEGREEESHEERMEH
NE

TWMEE GG A Z R A Clark B H
#% (Hansatech Ltd. , U. K. ) W&E™ . WEHT,
MR BTECEE 2 3568 3 7 it i, BRI T
FIFBIAL 1 mm x 2 mm 7245 R, JEAE i BCEE
MADEHE T & M 30 min DL b, 2R 5B RE S A
0.1 mol/L fJ NaHCO, ¥ , ITIHOLIR, B A
ZEHATIE . B S R E W & FEEOLE
TR £ o

RIRIERE e g € =R X3 M w g g

P=R-V-60/m (1)
K P AEE TR R DL AL &
BV R R ZE AR ym B BUT N 5 B B &

1.6 Sitsrar

AB TR 7B A E R 22 1 (5 Excel 2R
HATAEHE
2 2

2.1 BEneEBEAEH

FIR 2 WA, $3R E Hh RK R B R B AR v
T, By TN TP 45 F#h % K 1 5K AR
HE, KRB BE S 80 ~ 100 em; B K Y 347 F 5
EXHE R % 20 ~30 em .30 ~ 60 ¢cm. 60 ~ 90
em 90 ~ 120 cm 150 em 5 MG EHE , Bk 5
KN, T 9] A0 JEE TR SR AE 12 ~ 20 umol/
(m? « s) ZJH]; R BA VRS BEKEZRER
K,1 A4 A7 AF 11 AZKEIETREE VLK
GBI 17.37 ~27.4 g/kg 20.23 ~26.91 g/
kg.20.09 ~25.94 g/kg.16.19 ~25.60 g/'kg.

=2 BETLEZSHE KR EEXREBERKESGINHREE
Tab.2 Transparency,water quality and light intensity of Litang River all year

L 4 H 7H 11 A 1A
B/ om 80 ~ 100 80 ~90 80 ~ 100 80 ~ 100
K EAEHT ™ 0.89 +0.03 0.70 £0.07 0.72 £0.05 1.06 +0.03
/(mg/L) TP 0.17 £0.05 0.11 £0.02 0.13 £0.01 0.22 0. 03
20 ~30 em 465.0 £15.0 566.0 £20.0 422.0 £13.0 410.0 £14.0
o 30 ~60 cm 316.0 +13.0 429.0 £11.0 233.0 £8.0 243.0 £9.0
pﬁ%ﬁ%s) 60 ~90 cm 139.0 7.0 168.0 8.0 118.0 £5.0 157.0 5.0
90 ~120 em 46.0£0.5 70.0 £2.0 45.0£1.0 55.0£4.0
150 om () 12.0 £0.2 20.0 0.5 17.0 +0.4 20.0 0.1
20 ~30 cm 17.37 0. 03 21.56 £0.01 20.09 £0.05 16.19 £0.05
. 30 ~60 cm 21.30 £0.02 20.23 £0.02 20.17 £0.03 20.39 £0.03
ff@fﬁ 60 ~90 cm 19.88 £0. 07 22.32 £0.04 21.19 £0.01 21.58 £0.01
90 ~120 cm 20.13 £0.03 25.31 £0.06 24.19 £0.05 23.19 £0.03
150 cm 27.40 £0.01 26.91 £0.03 25.94 £0.01 25.60 +0.07

2.2 BEEALFETHEESRER

MRS KB, B3 AT K AE ) R LA Y 9
HNE, AL EBAEIEBE (Myriophyllum
spicatum L. ) | 4 4 P& ( Ceratophyllum demersum
L.) % M2 3% ( Hydrilla verticillata) , & 3 R
YR 4 AR R K TRVE B A B B AR B P
B OEREREF I, HE 3a AT, EEA
Yy A K AE KT 20 ~30 em 30 ~ 60 cm 60 ~
90 cm 90 ~120 cm 4 NEETHE, BEZK R3S
S KGN, Horp 60 ~ 90 em 7K I BA A7 TH AR
HEEYRERE K, N 1.96 kg/m” 90 ~ 120 cm 7K

RN E A R A B/, N 0.77 kg/m”, f
& 3b.c.d AT, BB T A K GG KD,
Bk# 870 #/m? , B/ 120 #f/m?, EEHK
BEE KIREIHE RIS K, FHRK Y 44. 11 em,
L 14.77 em, BRI H BLEJE - 20055
BEZK TR AT 2,20 ~ 30 em K ERALIGIRI K,
25k 464.20 pmol/ (m* - s),90 ~ 120 cm 7K ZR4L
Nk E/NA 17.20 wmol/ (m? + s)
REWEHTBORT 120 em KIEX ) HeHE
SR BETE T EOEAME S LB EE P A A
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Fig.3 The biomass , density, average leaf length, light intensity of Vallisneria natans

in each depth range of Litang River all year

2.3 AREBEBEMNTHEEERKKESERHNN
V2

El 4 A FDE SR XS WY i A &
SR BRI IR K RO G R
B 4 AP, LG FFIRET , E R B AR E L 1.2
g, K2y 10 em, LI G P FHREY B 2
BRSSPI AR K 257 Bl 5 ' FR 5 B I T IR, 3
HAEYERK3. 1 g 5&/N0.91 g, FEHERZE
7.9 4 /N0 8 A, ER KR K 11.3 em FF5E
4.38 cm, fEfKIB[10 |J,mol/(m2 «s) | SLIHHR
EHEERDBE, HAEY R LA AMGK, WHDER
SRERRE IR s E AR E ZERA, —
HYEHGRBEMRT 10 pmol/ (m” - o) B, WY 5
BRI, SRS G M K B A G IR R
REARSEHE K W/, L IR B K 40 wmol/ (m® -
s) KK, &LImAKEPEMNEEXE
R R BB R E RN E B P T R, 25

d J&, 46 R EE 10,20 pmol/(m® + s) i, I
MR T E RN 80 wmol/ (m® + s) LI

) 22.79% \29. 18% , W YN 77 B A= 1) & 1 4R H 3R
3K B G R % 10. 52 pmol/ (g -
h) , RIEREIRIREE[ 10,20 pmol/(m* - s) 13F
Bl R A K Z BB KM (K 4e) . Giit
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SR BRI BEGER BEXT 0 3 B A i P
M T BERL P B AR K ROt & R R R R
(P <0.01),

LAY AN BEROR R R KA KR ALY
BEPESEAR R HCR AR A R B T 3 F AR
ROL, BB, H &5 R A, 63RO 10 pmol/
(m® « ) BHE SRR v BLAE K IR BEFE A HC

3 g

3.1 RAFHNTEMEREERRAEGERNY
U]
5 (Vallisneria gigantean L. ) YeRME S 16
RS RR 9.4 |J,mol/(m2 +s).200 p,mol/(m2
- s) P ARSI R ORI R B 10 ~
80 pmol/ ( m’ - s), ENHME S ET/NTF 0.5
FEEAR AR, X Y v ROk R TROB & . A
WHRAe ), T TEK A R SR R e R AR R v,
FEHTET X 22 2 AR O AR B AR 23 8 A0 W A 2R 45 3
T AR R BT TG i AR K B A K E
HIEHE , X F] BB R AE W B A OE SR I A KR
Wg ', KORSCHGEN 4F BT # i, i 3
RARR S 3 ok 2 4% 2F 85 8 R K /N 5 Wi 3 N 7 T
( Vallisneria americana) B34 FEF, 7EAE Y 4
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KAPBIRERZ 14 d LR, L B EY RS
WA BPAMREE IR P S A R SR,
G HR AR B R A ] T SO A A
PRIFBELL RAR B , ZOEIRIRBEMR T 10 wmol/
(m® - o) W FFF 4R IR AL, FFRRAR T & 1E
HR EHARRG R EERRETH
Ko (HREFHMAE M L L Xt B, TP
R R I K B IR R B A R AR —, FEHR
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~ 3.0f 2 Wl
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BAEPI R NE R, B EIE—E REE)E (90 ~
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Fig.4 Effect of different light intensity on the Vallisneria natans biomass, average leaf length,

tillers, average root length and photosynthesis oxygen evolution rate
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i 0, W&, REEOLEE R RIS, 1A
3R PN BE A O R AR, BB R E R T
W o SEeh  MROBAC I AN T Y R
Rt E R, RE LGRS RS, LR

5% BEXT Rubisco 161 B A {2 #F/EH , T3S K
Rubisco ¥ 1k I tE AL A& # R EEHOLE T
Rubisco ${ BB TERAREIR T & 7", o8 B i ek
/D45 Rubisco # [ TR ALEE 7 ) T AE S ALEG )7
], Ak e 25 b T FE X B ER P AR

http: //www. shhydxxb. com



902

E® B ¥ K ¥

|

23 %

B BAE R A HE TR, THRMA

FW] o
3.2 THEEERETSHEXREFHXER

KEBFEHE KR TUKAE Y A K 4
FEZK TR TR LRI AR
RIRBESh R R A KR E SRR RE U RS H
oA 75 4 25 B R M2 %) ph 2 PN S A B A
VAT AT, R B R R ) SV Y o A B YRR K
AR R R, B 5 A R EE KA
Xof I HR 58 B 194 T Uk fofF S0 Y 75 AR 7K 1) 4y
S, N B L R/ NE B
MEEE ML, AP EE—REL ~3m K
IR AT Rl B R N
20 m') BEFEHE KISk IR TSR X Y
M S BT A B 2 1 B SO K 1 19 [ BE
DAFRASBE 22, DT 5 B50RE o P il 7K R B 384 o
AN o R R VR YR PRSI B h B A
TEBEREJ7 , B I v b AR ORE B 24 R AR P B A
At AR P R K B K TR T
I, EEAE 20 ~ 60 em KRG HE 7T L B T 7
e g KRR ) AR K, B T A7 Y AR R R B, T
FE 90 ~ 120 om 7K PR I 38 5 ok 2 o e B % 1)
B AR B A R K TR A e B B T
JEREARERE Sy, H 3N T B AR A AE Y

=N
Ho

B2k

[1] BEKLIOGLU M,MOSS B. Existence of a macrophyte-dominated
clear water state over a very wide range of nutrient
concentrations in a small shallow lake[ J]. Hydrobiologia,
1996, 337(1/3) : 93 -106.

(2] BEROG, BRAEGA, AR AN, 55, DURPTTAKR Y i) 58 B0,
[J]. WiaBkaE, 2005,17(1) : 75 -80.

[3] NURMINEN L,HORPPILA J. Life form dependent impacts
of macrophyte vegetation on the ratio of resuspended nutrients
[J]. Water Research,2009, 43(13) : 3217 -3226.

[4] IRFANULLAH H M, MOSS B. Factors influencing the retum of
submerged plants to a clear-water, shallow temperate lake
[J]. Aquatic Botany,2004, 80(3): 177 —191.

[5] HAVENS K E, SHARFSTEIN B, BRADY M A, et al.
Recovery of submerged plants from high water stress in a
large subtropical lake in Florida, USA[J]. Aquatic Botany,
2004,78(1): 67 —82.

(6] EA&, &5, X, %, JUKMEYA KB W E 7k
JRLI]. H4:25%Ht, 2008,28(8) : 3958 —3968.

[7] MELZER A. Aquatic macrophytes as tools for lake management

http: //www. shhydxxb. com

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[J]. Hydrobiologia, 1999,395; 181 -190.
EEH,ZIER. @RKAESRERBRAER- M,
BARBALI]. WhERlEE, 2001, 13(3) : 193 -203.
ERD. PR 8 BIM]. Juat: B AL,
1992:176 —180.

s, FALAF  FER MR, 2 B PRIl 380 FRy 7K A A 9 B LA
BIOCE[J]. WHEEE R ,1983(1) ; 52 -58.

GRISE D, TITUS J E, WANGER D J. Environmental pH
influences growth and tissue chemistry of the submersed
macrophyte Vallisneria americana[J]. Canadian Journal of
Botany,1986,64(2) : 306 —310.

KIRK J T O. Light and photosynthesis in aquatic ecosystems
[M]. United Kingdom ;Cambridge University Press,1994.
SCHUBERT H, SAGERT S, FORSTER R M. Evaluation of
the different levels of variability in the underwater light field
of a shallow estuary[ J]. Helgoland Marine Research,2001,
55(1): 12 -22.

GOLDSBOROUGH W J,KEMP W M. Light responses of a
submersed macrophyte: implications for survival in turbid
tidal waters[ J]. Ecology, 1988,69(6): 1775 —1786.
BARKO J W, SMART R M. Comparative influences of light
and temperature on the growth and metabolism of selected
submersed freshwater macrophytes [ J ].  Ecological
Monographs, 1981 : 219 -235.

WANG W, WANG G, LI Q, et al. Influence of suspended
substance on growth of the seedlings of Vallisneria asiatica
Miki L[J]. Acta Hydrobiologica Sinica,2007, 31(4) : 466.
FEICO, EEFE, 250, 5. BRI W A AR
KETHHMLI]. KAELEYZHR, 2007, 31(4) : 460 -
466.

ke, WEH, EWW, 5. RREKZCHIRBEX 4 Fh
PUKMEP A K R[], 53 586, 2011,33
(10): 29 -32.

Fok, EEFE. KEJRY XS FAE KR EM e L
ek 1], A A% ,2009,29(6) : 2852 —2860.
SARAD, EHBE. WIH BB EAMEM]. Jba pE
IR R AL ,1990:219 -229.

BIER AL, 52 HAR. 3 RO s K R R YA L &
B LERLT]. R 4a 53554 ,2010,10(5) :102 ~ 106.
SHI D J. Energy Metabolism and Structure of the Immobilized
Cyanobacterium Anabaena Azollae [ D ]. London: King’ s
Colledge London,1987.

FHICHE, B, KB, 5. 5 FUUKHY M6 A R AE
[J]. JKAAEH%47,2004, 28(4) : 391 -395.

BARKO J W,SMART R M,MCFARLAND D G. Interactive
effects of environmental conditions on the growth of submersed
aquatic macrophytes [ J]. Journal of Freshwater Ecology,
1991, 6(2) : 199 -207.

MABERLY S C. Morphological and photosynthetic characteristics
of Potamogeton obtusifolius from different depths[ J]. Journal
of Aquatic Plant Management, 1993, 31 34 -34.
ASSMANN S M. Effects of light quantity and quality during



6 BSR4 - BRI Y B A R BB IR TR 903

development on the morphology and stomatal physiology of [33] Zeflar, ek, XIIESC. MEsHRKENA4E SRS K H:

Commelina communis[ J]. Oecologia, 1992, 92(2): 188 — EEFREm[]]. 2R, 2008, 36(9) : 3679
195. -3681.

[27] KORSCHGEN C E, GREEN W L, KENOW K P. Effects of [34] WMk, Zia, XIFE3, % HEEMHNE K
irradiance on growth and winter bud production by Vallisneria ( Vallisneria natans) K MESFEREw[T]. £
americana and consequences to its abundance and distribution BRLEER, 2007, 26(4) : 1269 —1272.

[J]. Aquatic Botany,1997, 58(1): 1 -9. [35] REDUEE, BRI, XUHIES. REIEFRRIST o 5 A 2

(28] &, £/, 0. YL M]. 6 JR. Jbat: & RELI]. Aol R4, 2009(4) « 442 -445.

HE R, 2008 :95 - 99. [36] M, BRooe, W, 4. BUEFRKIRS 3 FUUKAEY

[29] PORTIS J R A R. Regulation of ribulose 1, 5-bisphosphate MR TE G RIEACR (1], BHERSE2A 4 ARBE
carboxylase/oxygenase activity[ J]. Annual Review of Plant i, 2009, 31(2): 192 —196.

Biology, 1992, 43(1) : 415 -437. [37] HREF4r, 246, REFFE)E (Vallisneria L. ) #YINAESS

[30] SUKENIK A, BENNETT J, FALKOWSKI P. Light-saturated HWFFRLT]. RIUEYIESE, 2000, 18(6) : 500 —508.
photosynthesis—limitation by electron transport or carbon [38] XIAO K, YU D, WANG J. Habitat selection in spatially
fixation [ J ]. Biochimica et Biophysica Acta ( BBA )- heterogeneous environments: a test of foraging behaviour in
Bioenergetics, 1987, 891(3) : 205 -215. the clonal submerged macrophyte Vallisneria spiralis [ J].

[31] FROST-CHRISTENSEN H, SAND-JENSEN K. The quantum Freshwater Biology, 2006, 51(8) : 1552 -1559.
efficiency of photosynthesis in macroalgae and submerged [39] GRIME J P. Evidence for the existence of three primary
angiosperms[ J]. Oecologia, 1992, 91(3) ; 377 -384. strategies in plants and its relevance to ecological and

[32] RREIR, HRE. FUFSEEXT UK Y B A K M H evolutionary theory[ J]. American Naturalist, 1977 1169 —
YERLI]. ARk, 2007, 19(2) ; 111 -117. 1194.

Distribution properties and effects of light intensity on Vallisneria natans in
Litang River

WEN Wen-ke'>, SHAO Liu"*, WU Jian-yong'*, YU Ke-feng'*, HU Zhong-jun'*, HE Pei-min'?
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center for Water Environment Ecology in Shanghai, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Water quality and distribution of Vallisneria natans in the Litang River in Shanghai were
investigated in 2012. We also studied the effects of different light intensity on the growth and photosynthetic
oxygen evolution rate of V. natans. Results showed that the transparency of Litang River was 80 — 100 cm, and
when the water depth increases, the V. natans biomass firstly increased and then decreased, and the turning
point is at the depth of 60 — 90 cm in the four experiment groups, which showed the largest biomass. The
density of V. natans was negatively correlated with the depth of water while the average leaf length of V. natans
was positively correlated. Investigation showed that plenty of V. natans was found in offshore area of the river,
but no V. natans was found in the center of the river. Experiment in lab circumstances showed that plant
biomass, tiller number, average root length and photosynthetic oxygen evolution rate of V. natans were all
reduced with the decrease of the light intensity (P <0.01). The critical light intensity of V. natans was 10
pmol/ ( m’ - s) ,and at that point, the photosynthetic oxygen evolution rate was 10. 52 pmol/ (g + h) ,and the
V. natans biomass started to decrease. This study showed that the V. natans distribution at different depth in
Litang River was consistent with transparency. This study further revealed the reason why V. natans
communities were difficult to reproduce and spread in low light conditions.

Key words: Vallisneria natans ; light intensity ; photosynthesis oxygen evolution rate; degeneration
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