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Abstract: The abundance of the Vallisneria species has declined in many freshwater bodies in China, as their habitats were dis-
turbed and polluted by human activities. The restorations of these species, however, have had limited success. This review aims to
determine which factors and how these factors regulate the seed germination, tuber sprout and plant growth of the Vallisneria spe-
cies, thus providing insights for the protection and restoration of the Vallisneria species in China. The factors which affect the seed
germination, tuber sprout and plant growth of the Vallisneria species were summarized and the quantitative relationships between
some key environmental factors and seed germination, tuber sprout and plant growth of the Vallisneria species were re-analyzed
based on the data from the literature. The results showed that: (1) studies for V. natans ( Lour.) Hara were much more than those

of V. spinulosa Yan and V. denseserrulata Makino in literatures; (2) seed germination of the Vallisneria species was affected by fac-
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tors including temperature, light availability, water depth, burial depth, growth medium and store conditions; (3) the growth of
the Vallisneria species was affected by factors including light availability, water depth, water nutrient, sediment nutrient, sediment
organic matter and herbivory; (4) seed germination rate of V. natans and V. spinulosa was high (>50% in average) at 20-30%C ;
(5) seed germination rate of V. natans rapidly decreased with burying depth; (6) the relative growth rate of V. natans increased
with light availability and decreased with water depth; (7) the growth of V. natans decreased with ammonia nitrogen concentration
and (8) the negative effect of high total nitrogen and total phosphorus in water column or sediment on Vallisneria species was from
shading by phytoplankton and epiphyton induced by nutrient enrichment other than direct toxicity. More studies are needed to reveal
the quantitative relationship between the environmental factors and the growth of Vallisneria species in the further.

Keywords : Vallisneria; submerged macrophyte restoration; environmental factor; eutrophication
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Tab.1 Results of generalized additive mixed models for the relationships between the environmental

factors and seed germination rate and relative growth rate of the Vallisneria natans
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Fig.1 The relationships between seed germination rate of Vallisneria natans and temperature and burial depth
(The black solid lines were the predicted values based the generalized additive mixed models and the ranges

between two black dashed lines were 95% confidence interval of the predicted values)
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Tab.2 Results of generalized additive mixed models for the relationships between the environmental

factors and seed germination rate and tuber sprout rate of the Vallisneria spinulosa
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Fig.2 The relationships between seed germination and tuber sprout rate of Vallisneria spinulosa and temperature
(The black solid lines were the predicted values based the generalized additive mixed models and the ranges
between two black dashed lines were 95% confidence interval of the predicted values)
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Fig.3 The relationships between relative growth rate of Vallisneria natans and light availability and water depth
('The black solid lines were the predicted values based the generalized additive mixed models and the ranges
between two black dashed lines were 95% confidence interval of the predicted values)
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JIE P G R S B A T AR . S S AT A B, R R 2 AN S A R T B2 0 R R T
4.5 mg/L(F 3). i 5 k40 BT K B, 355 B0 AR A 0T A K 3 I A A 2R T B F 1 S R R B (3R 1, R
4C) , 32 1) v vk o S R A P (s PR ELAS IR £ 4% SR 8 e 2 e 7 A 0 s 7 P 1 2L
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TUUKAEY R A TR BT BB a1, JE 8 35 1 0 AR B 4 2 FIRG G P AR, IS D S i R Lt Mtk
B, 52 BRI KA FR 0 T4, AR TFUOKR R b as R W e =AM R A
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Tab.3 Ranges of environmental factors for positive and negative growth of Vallisneria natans

S T R EAK 27 3k USRS E= PN
A/ % EHML 2.5~100 [86-87]
KR/ m ERATISLN 0.2~5.6 [2-3,40,88]
IR/ m FEHNLE 0.2~5.5 [46,89-96] 1.5~2,7 [46,90]
KB/ m EANE 0.6~1.7 [97]
KEBAE/ (mg/L)  =AMSEE 0.32~10.50 [87,93,96,98-102]
KEBRA/ (mg/L) RS 0.15~16.00 [60,97,103-106] 0.65, 10 [60,105]
KB (mg/L) AN 0.01~0.20 [87,93,96,98-101]
KIEERE (mg/L)  =EHNLE  0.025~0.80 [60,97,103-105] 0.25, 0.4 [60,105]
KARE A (mg/L)  ZEASEE 0~4.5 [66-67,102,107-109] 6~16 [66,108-109]
JETRME/ (g/kg)  FEANLE: 0.26~6.08 [67,75,89,92,94,98-101,110-115]
RRBA/ (gkg)  ENLE 0.09~2.54 [72]
R/ (g/kg)  ARKIE 0.14~0.85 [74]
JERMEBE/ (g/kg)  EHMELE 0.01~1.60 [67,73,75,89,92,94,98-101,110-115] 2.92 [73]
IRIREHE (/kg) BN 0.11~1.98 [72]
JRRALR/ (¢/kg)  ZHAZH 8.1~130 [75,92,94,98,100,110-115]
JRRADEY (g/keg) N 8.3~256 [72]
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Fig.4 The relationships between relative growth rate of Vallisneria natans and concentration of total nitrogen,
total phosphorus and ammonia nitrogen in water column and the content of total nitrogen, total phosphorus and
organic matter in sediment ( The black solid lines were the predicted values based the generalized additive mixed

models and the ranges between two black dashed lines were 95% confidence interval of the predicted )
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Tab.4 Ranges of environmental factors for positive and negative growth of Vallisneria spinulosa

A R EAK 27 30k GRS 27 3k
FEHR/% £V o9} 20~ 100 [116-117] 10 [116-117]
JKIR/m ERATIQLN 0.2~3.0 [3,81]

KR/ m EHML 0.3~1.5 [77-78,117-118]

Tk A/ (mg/L) EHNLY 0.40~5.09 [85,119-121]

TR B/ (mg/L) EHM 0.024~0.40 [85,119-121]
KA E/ (mg/L) U/ 1.06~8.69 [79]

JEIR A/ (g/ke) FEHML 0.37~2.41 [77-78,82,121-122]
JEJSES (g/ke) ENER 0.88~28 [116,123-124]
JEUR MBS/ (o/kg) FHMT I 0.01~0.75 [77-78,82,121-122]
RIS/ (2/kg) =R 0.74~19 [116,123-124]
TRIEH LT (g/kg) I 12.4~58.2 [77-78,82]
JEVA VLT (2/kg) ELER 1.5~26 [116,123-124]

2.7 BRIFEERPFMEER
IASCEE ) SCHR SR, 2 il B AR K R 32K IR K IRE 3R KT JRTRE TR SR E s (£ 5) .
SEEI M B, A EANSEI A N, BT B ] DAAEAKIR KR AL KR B KR BB IS TR B
Je A 1.0~2.2 m,0.5~26.3 mg/L.0.64~4.0 mg/L .0.04~0.40 mg/L 1.84~2.37 g/kg .1.21~1.46 g/kg
RRERNIE R AR (R 5) . ISR R SCIRRE , B R A28 X0 25 T 2 ) 5 1 200 T 285 0 i e 2 o R 24
AR, 5B T A AR G T DRI A 2 s PR35 PN o0 4 ol AR R R A X AR DG 5
o5 | B AR K A R EE

Tab.5 Ranges of environmental factors for positive and negative growth of Vallisneria denseserrulata

Al AR IEE Ak E= BN UIlGAN E = BN
K%/ m I 1.0~2.2 [39]
KK BAE/ (mg/L) AN 0.64~4.0 [119,125-126] 0.40 [119]
TR B/ (mg/L) FEHNL 0.04~0.40 [119,125-126] 0.04 [119]
KRG A/ (mg/L) FEHMTE 0.5~26.3 [127] 58.9 [127]
e SA/ (g/kg) I 1.84~2.37 [39,126]
TR EHE (g/ke) FEHML 1.21~1.46 [39,126]
3 &g

T3 X SRR 734, e BBRAT BRI FE 08 B 1 5 o oy e S AR A 1 6 AR B 24 TR, 4R BE Ol B
JE KR IRIRE IR K R IEE SRR RIS HLB S AR 145 O v R AR DR AR AR 3 T
B A MAERAE R WX B 5 B S, AR F AR AR « (1) W HRRF7E 20 ~ 30°C HFRE PR FF L
AR A2, T 7R 2 R 5 1 WA A AR o i A TV TR R B B LA T B 1~ R B £ i b1 B % 35 1
ARCRE 7 I 22 By 1 TURR ) B FE AR 5 1 9 AR o JRU R E. 11 8K /K A o R IRG T ) £ A 2 B 1 1) R S AR A7 7
5 B I TR AR o B A AR, PRI T S 52 ke rh R B T PR A A SR o 1. (2) v B B A A TR AUAIR
JERRFRIEE Hh , (ELE AR 3 B oy REAR X A K R 6 Ol I i B2 A 39 i T i, R B0 AT LA DRIE i Y PR
AR TR KN T, R REAS A= K A0 B ROK RN FLK TR IO T /K A 125 W 2 5 Ak U R T AR i
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