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Abstract : Glyphosate herbicide, which has potential risks to aquatic ecosystem, is widely used in agricultural pro-
duction. To explore the toxic effects of glyphosate on submerged plants, a static hydroponic experiment was de-
signed taken seeds of Vallisneria natans as sample, which included eight groups (0, 0.05, 0.20, 0.80, 3.20, 12.80,
5120, 204.80 mg-L™" glyphosate). The results indicated that glyphosate promote germination of Vallisneria natans
seed, wherein the germination rate significantly increased at 5120 mg-L™" compared with blank control (P<0.05).
The leaf length and fresh weight of Vallisneria natans seedlings also increased among 0.05 ~3.20 mg-L™". Howev-
er, the growth and survival rate were suppressed when the concentration was above 12.80 mg-L™". The median inhib-
itory concentrations on growth of root and leaf, and increase of seedling fresh weight, were 13.28, 25.57 and 35.53
mg-L™', respectively. Besides, the survival rate of seedling significantly decreased at 51.20 mg-L™" and 204.80 mg
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-L™" compared with blank control (P<0.05). The pigment content in chloroplast was promoted at low concentration

of glyphosate, and inhibited at higher concentration, e.g., 12.8 mg-L™" glyphosate inhibited chlorophyll a content

compared with the control. Content of soluble protein, total superoxide dismutase (SOD), catalase (CAT), peroxi-
dase (POD) and malondialdehyde (MDA) did not significantly change among 0.05 ~12.80 mg-L™'(P<0.05). In a

whole, glyphosate could promote germination of Vallisneria natans, and had hormesis on growth rate and chloroplast

pigment content, which might alleviate glyphosate stress under Vallisneria natans via physiological regulation. This

study provides a reference for assessment of glyphosate toxicity to submerged plant and risk to aquatic ecology.

Keywords: glyphosate; Vallisneria natans; germination rate; growth inhibition; hormesis
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mg-L™' 120480 mg- L™ & H AR A & 2F R B 5
Thim, B XTI, 557 RZES 9 K, HH b
2 55 %00 R 1) & 2F 300 22 52 JT 4 S 30, B 12.80 mg-
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Fig. 1 Effects of glyphosate on germination

rate of Vallisneria natans seed
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Glyphosate concentration/(mg-L")

0.0

00 0.05

2 EHENEESEREZRNZID
T 2R H Duncan ¥ 8517 20 FUAE, b A R RS 30 1268 bl 1A
ZEFEA . (P>0.05), AT A [F) -k 2 375 4 1) 22 5 1. 3 (P<0.05),,
Fig. 2 Effects of glyphosate on survival rate of
Vallisneria natans seedling
Note: Duncan method was used for multiple comparisons; the same letters
indicated no significant difference between groups (P>0.05), while

different letters indicated significant difference between groups (P<0.05).

3.0 4.0
ab B Leaf length
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5 0.5 :i
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NE N
0.0 0.20 0.80 0.0

BT A (mg L)
Glyphosate concentration/(mg-L")
B3 EHBEESERK KNS RENZE

1 2R Duncan k2547 22 1 FUAE, A5 A IR 7 BE8 20 If b L 1]

ZFAILFE(P>0.05) HiA AN [ - 2 7m 4110 22 57 1. 35 (P<0.05) .
Fig. 3 Effects of glyphosate on root length, leaf length and fresh

weight of Vallisneria natans seedling
Note: Duncan method was used for multiple comparisons; the same letters
indicated no significant difference between groups (P>0.05), while

different letters indicated significant difference between groups (P<0.05).
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B &)y B A 4 A2 ] 30 AR AR AR AR AR K 3
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A2 B AN, 51.20 mg - L™ 50 H R4 B4
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2 (a) MR ;(b) 0.05 mg-L™";(c) 020 mg-L™' ;(d) 0.80 mg-L™';(e) 032 mg-L™";(f) 12.80 mg-L™";(g) 5120 mg-L™" ;(h) 204.80 mg-L™",

Fig. 4 Seedling morphology of Vallisneria natans in control and treatment group on the 21st day

Note: (a) Control group; (b) 0.05 mg-L™"; (c) 020 mg-L™'; (d) 0.80 mg-L™"; (e) 032 mg-L™;
(f) 12.80 mg-L™'; (g) 5120mg-L™"; (h) 204.80 mg-L™".
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BIEPES XA A 22 5 A B 3% 3.2 mg- L7 1 12.8
mg- L' 4b P SOD S 4 B % & F 0.8 mg-L™' &
HAL PR (P<0.05), CAT I 1 i Ab 3 40 0 H kv
BT A LT S {H A B2 R BE 2 (R TG i
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& 7 m]%1,0.05.0.20 F13.20 mg- L™ HH g Ab 20
MDA & i I Ik T XF B8 41,0.80 mg- L™ il 12.80

mg- L™ B BELLHI4] MDA & ik 5% fR 4122 AR
¥ MK L AR 21 d 5 L) AL (SOD
CAT .POD) K MDA 7 I 76 55 H I 3a T 15 34

SRR R UL S35 T i, L0 40 AR 52 3 W S )
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6.0
= 5.0 a a 2
oo 3 a L+
=5 3
25 30t ﬁ
g -
=+ 3
¥ E 20F %
=2 1o0F %

I S

0.00 0.05 0.20 0.80 3.20 12.80
FEH BV B /(mg L)
Glyphosate concentration/(mg-L™")
5 EHBWEEYETRAEEERSENHIN
14 : % M Duncan #8172 5 B, iR IR 755 KR iz 48 bR )
225 AN (P>0.05), biAT ANIR) T RE 3ROR 21 ) 22 53 . 25 (P<0.05).,
Fig. 5 Effect of glyphosate on soluble protein content of

o
=)

Vallisneria natans seedling
Note: Duncan method was used for multiple comparisons; the same
letters indicated no significant difference between groups (P>0.05), while
different letters indicated significant difference between groups (P<0.05).
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6 EHBWEESEEAEEENZT
1F::SOD ,CAT il POD 435 3/ i S AL My B AL B i S Ak SR A 41
AL ;>R H Duncan YEHE1T 2T HUEE, b A IR R 0% 1248 b
20 25 5 R B35 (P>0.05) AR AT AN Rl 415 R 417 25 57 .35 (P<0.05).,

Fig. 6 Effects of glyphosate on antioxidant enzyme activities

0.05

of Vallisneria natans seedling
Note: SOD, CAT and POD are abbreviations of superoxide dismutase,
catalase and peroxidase respectively, and Duncan method was used for
multiple comparisons; the same letters indicated no significant
difference between groups (P>0.05), while different letters
indicated significant difference between groups (P<0.05).
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Fig. 7  Effect of glyphosate on MDA content of
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Vallisneria natans seedling
Note: MDA is the abbreviation of malondialdehyde, and Duncan method
was used for multiple comparisons; the same letters indicated no
significant difference between groups (P>0.05), while different
letters indicated significant difference between groups (P<0.05).
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e, BFEET 005 320 F112.80 mg- L™ HH Bt
FHZH(P<0.05), 0.80 mg-L™" HH Ak M2l K & N
EomEsE, BE e TAIRAL ) 0.05 mg- L™ #l
12.80 mg- L™ HiH b Hi4H (P<0.05), [ 12.80 mg-
L7 B A B M 4 R a & IR TR R (P<
0.05)4h, HAth Ab A I S A 8 3R 55 i 5 0 B2 22 5
AR (P>0.05),

0.8r b EChla
al
07 % i BChlb
BECar

cd

0.6
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/(mg-g")(Based on dry weight)
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Mgl {6 Z i (mg- g (AT )
Chloroplast pigment content

i i i i e s e

0.05 020 080 320 I
FH R B /(mg L)
Glyphosate concentration/(mg-L™")

8 EHBWNEEHEHRFHFEBRRSENIM
7E:Chla Chlb Fl Car 53 I FR 4R ER a MR b FIZEHTE b K|
% H Duncan #1728 LWL, b IR 753 R R 248 bR 2 )

225 R (P>0.05) , b AN F-1: 3 TR 4110 22 57 W 3 (P<0.05)
Fig. 8 Effects of glyphosate on chloroplast pigment

0

g
%
S

content of Vallisneria natans seedling
Note: Chla, Chlb and Car are abbreviations of chlorophyll a,
chlorophyll b and carotenoid respectively, and Duncan method
was used for multiple comparisons; the same letters indicated no
significant difference between groups (P>0.05), while different
letters indicated significant difference between groups (P<0.05).

3 112 (Discussion)

AR EA AR T O RE, B iR TR = 2B
B BEORFFHLIA AR X R . Bl AR 2R ER AT
IR F AR B SS H M) g & A AR b
50 AR R AR T, AT R B R B
AL FE M #2405, 39 4k 2k T 5 ) ] S EAE W IR AT
T RS R B, R R B R T R 2R



422 s #F

PLINN O P17 5

14 FH RO gl A 3 40 % RO R —F & 25 8 188 T X B
4, Hh 5120 mg- L™ b BRAH & 28 5 5 35w T 0 IR
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FHF RN, ROS 7KV 1 /0 8 38 i 7 2 544 P ) g
BT BNE S 5 R, IS 58 0R R A= 1)+
AR H R KT ROS 2351 e S Tk Ry 8 g ot
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L, ROS 1] i i7F 41 (%) 38 58 A1 434k, 98 3508 40 1) A=
KAAETRE, TR HBESfZon ik 7%k
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YA N ROS BYTHTEA X,
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AR A S S B W 22 5 (H B
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RGN RAE T, PUAAERS M S Z B, Y
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EIE . AURR I, B O A B (R A AE
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FRZH T i MDA & & POD §i 4 34 % 2= % B K
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