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Abstract: Great attentions have been paid on submersed macrophytes restoration in recent years. This paper summarized
the current research advance in submersed macrophytes restoration and systematically analyzed the environmental factors
affecting the growth of submersed macrophytes. Light intensity was recognized as the restricting factor in the growth of
submersed macrophytes. Factors including nutrient contents, deposited sediments, water current, suspended sediments and
temperature had a distinct effect on submersed macrophytes growth. A optimal value range of each factor was existed to meet
the best growing state of submersed macrophytes, which changed with the types and growth periods of the macrophytes. The
impacts of inserted algae, heavy metals and pH on the growth were little than that of the above factors. The problems existed
in present researches were as follows: (a) Dynamic and quantificational studies of the impacts of some environmental

factors on submersed macrophytes growth were insufficient; (b) There was lack of integrated investigations considering
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several factors which were of complex relationships; (c¢) Fewer field experiments were conducted and the laboratory

experiment results couldn’t give a efficient guide for submersed macrophytes restoration.

Key Words: submersed macrophyte; growth; influencing; factor; progress
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( Vallisneria gigantean L. ) \JH B ( Potamogeton crispus L. ) Jt B2 % ( Hydrilla verticillata( L. F. ) Royle )5 FpIT/KAE
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BAAKEERER 1.5 5, SOt KGR E AN REDLE 1% ARKE, JEMERE TR TUKEYRREEK
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JEAMER B SR A A THE B A T UK B IR R S5k, (B BRI TR A e — 2R R, £
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F£2.4.8 mg-L™'fl 16mg-L™" 4 B SRR E T , IR UK IR AT B A &, BB BRI A Al T
VAR YRR, X BEBATE X 2 AP IR E T IR E b, Bl i) BRI A ST E MBI R = A3l 46
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Dawson 5 Robinson ™ W EFSMRMAET , TR ZRIHIE R R AN T ARFA:
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A, F KRR IEER 51 (N) 5 v KRR (m-s™") s B R EHITKEYEYBSE (k) 5,
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k,m,n HEHEHE S, AMERMRHEYEELL T A K, ARE KRE AR T EKEEE FEK
EHFEUSIX BB EF M, FIU, Dawson 5 Robinson ™’ DB JTK AR Y R )5 KR s, iR T U0
AAB YA K T R B STRIR AR I, AR R AR E BIREA G T (4 0.3 m-s™") , 431
TKAE AR Il B 3K 40 ~T70°m}, VR A HAREE 07 0. Sm ARE) Wy B 303 B A K AT IR 50% o

(2) K FXH TR SRS B FRERRIR R, KRR EI—FEIm T CO, ERWIIHS 535
AHTIKMEYER, 55— E T HEBER, 2w T IUKEY RS REGE R, =4 T A0,
Westlake'™ , Bilby'™’ LA J Koch"™* 223 M A 2 i % BFST A5 : ZEARMRAY SR FE BT P9 (0 ~0. 01m s ™), IiT
KAEYE AR R SRR R IE HHIDE R (B 24 W38 X — 16 B i sk kb THBDR S, TUKE YRS
PR X ZE W BIE . Madsen™ YT 8 MUK Y, Badseds CO, .0, ¥ B & Hopth B T B9 — Btk , DR T
AR KA A K B, 5 R 2K PR A 0. 01m -s ™' A0 0. 086m -5 ™" i , X LLYT/K A
VIRt A E AR ERBE T RS R, A8 E €AY B 22 B IR HREK R SIE , W 3
I XEARMFC AR R AW

(3) 7K AT A BB o Butcher'™ | Biggs'™ B 5722 B : 7K M I8 9 ik 28 S UK A2 40 2 4 A
B AEIE A AR U B R, BRI KRR & A R B PRI — I PUK YR AR K BB T o
Chambers %' 3 3 % i € K P RAE AT RB AR LI, KRR IR 1 m-s ™ IR TUKEPI A D B E
LU TG, E—BEFERNREA M, SUKEY B R, FN,Bd X B3 FERAT (0.17,
0.45.0.73m-s™") B HR TR A K WA 9 th % B B ok A 386 0 , 8 5 BR 1 SR 0 BB AR 22 A U
BAKBELBEWL'™ , Madsen 5 Biggs Bk Xt KPR BB AHELT T HEFE, Wk 15

£l KiEFREIERPTAED BRI
Table 1 Analysis of the impacts of flow condition the growth of submersed macrophytes

Wi TG B (42 H#]) Range of velocity VLKA Y4 KA E Submersed macrophytes growth characters
KW & Low velocity (»<0.1 m-s™!) EYEEE ; YW £HEF E High biomass and rich species diversities
FIi 8 Moderate velocity(0.1 m-s~! <»<0.9 m-s~!) EYBBR ; Wb £ E3 /) Low biomass and poor species diversities

VUKAE 9 32 38 K AE B B . B 8% 2 485 4 3 I Decrease of submersed

macrophytes and increase of mosses

B3 High velocity(»>0.9 m-s~1)

IKMAFX TR E R RAE EESEERNZ T TEEMN, X — 3B SR RS, BiERELTT
BT —EeM SRR (BRES 1 BRI — e B BUR B E WA o VUK Y SMR R SR, W75 fE K
AIRERRE R, B RAE SRR B, N B0 JG BT R — N E BT
1.6 BE

TUKAE Y FrAb K SR 52 IR AR AL LU AL S T8 , TR BE XL My R0 ) LUt AR AR ) 557 , (B X ULK AL
SV AERNEBEN S, 2K BT T IRE X B RIR IR , & BUKIRTE 22 ~25CHY , Btk ik
FRHIZY 50 d; RE( >30°C) MRIR( <13°C) 43 HIE TR MGEEIIRIR ST, B SOE'™ DI B R0 KPR 3
FRUUACE Y 61, BT T KIRX HA T8RRI, G5 RR W K EX 7 3R RA — EBRMAIER,3 fik
B R Z BRI 20°C I BOK, T 85 & AR Ny 28C >20°C > 10°C, B A R 5 K2 REKH BIKRA A
[, BEOB IR, A FERR IR, B R R, (B T AR M REEBL, FBEFR TR, X—4B5 Van
BHURR B o R @M B R AR AP R AR LB R, 48 0.5 g BEEAYIZE 2 h Py FT =4
BN Z AR (UM RR) ,EE0H T KRRMEEAT RN, 45RRW K\ 0. 7Cht, HE M EY
0. 08 ; FEE /KRNI, M (HZE I, R XD 21Cl, HEAE A BIREE 0. 43; Z/KEE M 35C5
40CH , i FIPREER, M ERERAE, X~ SR SRR PR R GEA M,

A RTUK RIS , i T HAE A St 2 B RS A AHE A FTX 5. Barko &5 Smant'®
PR : AR E DR A KERBAREE, BEE 2CH WINBERTHB RN ER RN, £75
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BT HEJBER.&AEKKKRE S iKY, iR TIREX OB ME R Em, SR E0 .2 —
FREETEEP (4°C <T<30°C) ,5 FFUTKAA Y AME S 35 0 1R B 7+ = 3, H b 78 S0 3018 B 1 LA A FNR
BEAMET , & R 0 bR A5 O B 1o 5 T 20 AT 8 F O D A I T B AR R BE Bl X5 Titws'®”
Madsen '™ 4 \ FOBFST 455 2 — 30, BIPNB 3 K & M B A IR I 48 14 T30 B B B ks s T B Y
MRS S8 ERPIRT A AE—REG T, UK BREE KRS BN ERE —AERETLE, W
AR BT B AR A A KRR = A — A AR A 5 A [R) 5B BT K AR R B P b DL R BT 22 5o
1.7 HMER

BT k6 BHEF KEFELREL . BELESE pH HFERUSWNIUKEIHEK IR =4 —E
A

(1) BAEK

EHERE S ENAEEA R EE—RARIUKEYERNESE, ANTEmEEEEK, XFER
FEEERH T : —2F LM YR R BRI , R T 18 R UK Y89 7 R, AT RS T HAE
KR, — BE AL R A XE E e —E R B, R e en T TR RERRN
HOUKEYER, EF A EERBERBFAN, AN BEEETIUKMEWER, BT AE AR E
i,

2)ELRE

JUKEYESBEAEAT KT ESBHITER, EXSNELE S B UAXTUKEY 4T EE
Jflo Dushenko %' ZERF ST B 15 1B T3E AR K BN T 2 3R, B B BRI (S TAEL IR e 3R O LM T
X E AT BB B TR X Cu.Cd.Zn 3 HELBHT 24, S REW 3 HELBXBEY
BFE BB Va4 B8 0.5 ~1.0 mg-L™" 1.0 ~2.0 mg-L™'.5.0 ~6.0 mg-L™",

(3)pH {H

pH {8 3= 58 i B 28 7Kk o %5 #% TG HLBKk ( dissolved inorganic carbon, DIC) R[FEER,( B B CO,.H,CO,,
HCO; & CO;™ ) Z IR M FAPIRAS , ST SR P R R IR 2 2 UTACHE IR L A B 2 A B AR
&, %+ pH B ma R dA X 5. #lin, &E%E pHEN T 5.8 ~6.2 i, WA EREER; MIKBERE R
gk b (pHT. 5 ~ 8. 8) X3¢ HCO; BBk IR = BLH AR R RV R A H ™ . ZERE ST P , 3
F7K & pH {ELA R UTKAE YR 25 T8 A 1) pH (BT BA F T2 S UK E Y RS 2R
2 HitERE

HEFEWII R TIUKHES A KB E TN EERRER, AL REER THEREF AL ERZJIK
MY KA RN IR AR, DUKEYERKSZMHFRERTF(ERVERRJRE BRY.BES)
YRR, X N T R R 5 E 20, I T TUKE YRR EEAERE, R, 7RV A KSR
WX SR B F R IR R RS, B ST, B R R TR AE K E F RIS =25 FE R
HETF . BEEmE TR —BEmE T, 1% 2,

R2 PAEWEREREFIS
Table 2 Division of the influencing factors involved in the growth of submersed macrophytes
A T2 3 Factor types VLK Y &K R A F Influencing factors on the growth of submersed macrophytes

FE R T Main restricting factor FEHBIR B Light intensity
HTFEHRE JRE . B FY . KB E Nutrients. deposited sediment . suspended sediment ., water

current . temperature

B B W Distinet influencing factor

— B &0 [A-F Normal influencing factor EHEPEHK E4E  pH Inserted algae heavy metals,pH

—E Bt IR R VUK YT IE B OC S E AN ERATER, REAFRRRTUKE YR a R E iz
5, X IREORA AR (B8 IR R RSl & S BT YR TE T, BT LARDR 't I8 B A ST Y A K
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H BRI T B8R R B RY KR A B XN UK KRNSO 8, BE—REHT,
EKERTHEUASERTUVKEY BT 58, EIVKEYARSRET, X 5 SR FNAE—NE
HAR, AIRIEEASIUUKEY AR E BE AR, WEEEHFFERE -, MR — T HEXE, A
FIRR TP L) RAE A FA K B B, X S R T i B WA Bl . HARR EER pH FETTK
YR BT E—E R, B HAE R AN ERE T BAR, Skl 2 A —Bena B . 7SR A Y SR
RSB NS B UUKIEY) B Briet, S8 8 IR KA1 T =R BT, 7 Bes IR R TR AITRISE Ao

124 A 1L, RTFTUKE YA KR E T RFRE BE TERE P ER , BAVETERE L2 R AR Bk —P
AL, EEBE T 3A5E : (1) MR ERRNIUKE Y E KPP M & ERA R &5, B,
HBIR T OAMER BN RS REA R A E B E, A FRE B TUKEY bR A BT XA, [ —JiKm
PIEEA A K B BSPE TR G ETA ] SEAMERE DR — A S BREVJRR . BEY K B E S
BERA AT XU AR, G A A YR 5 A K B B, R LK 93 & 20 B - 1 EAE
BRE-SERME, (2)FBBAZMHETHAERRSHEEEN, FTBRNSESHEMRERD, AERED
UK YA K RN EFIHRARIGL A 7ER), RO T B S HAE TR R HERIZ, Flink
OB SR SRS LB BB EER R, K 3h 5238 082 vk B, R K R E A, A
THISK TR, SRR T, MREE BRI LERN TR IUKEY RIS EIER, 4 BEER R BT E
PAERKSESHERRZANHEELRLR, SELERRRRETHR, MBS EMANER T, (3)
FEREREE, FIMERED, WP L RA RS FE AN LB MRS A R . BT RILK Y 4
KETREYLE SRR RTEE N AR T BB, A PRI B St t R 7E R E B AL BB AR 1F T 217
i, SR SE R S EEF SR TR M)A I SE 5 38 RS AR IR X o] B8 T4 , SEFAMRSEAE 2R, il
TR A Lk v] LIS 2 BT & LR B ST R

UUKAEY) o BB /KA S R AR KRB F T, XN T A 7= ) AR Y Bk L= A R BB, 4L
WLTTK YA R R T BT ST EE R , 7 LB MUK R E BB IEZ B EHMRE. £SFETK
HYRE TR T, MR AL ARG B0 0 R ER AR T B, BIGHEIE 5B ME &, LR
R UKW EF S MR R IR, D B R B KRS R R, W B K 5 R B4R AR
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