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FEE: B 50 DL YUK A Y B (Vallisneria natans) AW 5T &, JBILFE0. 1. 5. 104 20150 mg/kgifA4@
(Cd)V5 YA tE 5 B OE R . k5 A48 25 (Chlorophyll) & 75 — % (Malondialdehyde, MDA). #2484k 4 54 g
(Superoxide Dismutase, SOD) i S Ak ¥ B (Peroxidase, POD )y P4l 52 31 73 AT 75 548 1 T 52 208, FHAE& Bh A
/e = S - (BSAF) FUE ) e 32 IR f-(TF) 2K 1 i v B 1) & 2R 68 ), RN R FH 16S rRNARE K448 1 7 ¢
AR T FEAR R 4 B (13 98 285 R DR 5 G A 858 R R BIARFE . 45 R BH: (1) M Cd =20 mg/kghb AT,
W AREEE . s, RR S RN S R %, SODFMPODE M EFHE M, MDA® & Lt
(2) BSAFYJEL 1 3 W% B R8T &l & 4575 YLK T K4, #4512 REU(TF) /T 1, Ul B 35 B AR SEAR JE AL 1 oK
B AR, BRSO T R T B AR Bk, (3) Mt AR I B R R TR 1) SRR TR TR T
LT TR AR, B AR AR R BT EE . SRR SRR R AT R S A AR 4N T,
IXLEHY B AT REEAR A B AR T2 AR S E SRR B EEAEH . AT 1 o BRI TR
20 A A AL SR S T R A A A AN AR B 2 TR AR 2L e L e i S ARRAE, R R e T A A

RARE T I A
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KR, FEAEVIR T BB RS MEDED. K
YA R A AR A v R IR T
31.38. 22.58124.11 mg/kg, L #IATTAR Y ER1L
282410229 mg/kg. L%k %12000—20194F
[ AN 3 B X380 1 190N VA UL AR W b 4 )R
(Cu. Pb. Zn. Ni. Cr. As. HgfCd)$¥ 5 Hr i
Ft, 15 B A TR R I SR A SR
B, f e EEyS e, Rk, 30 ) 75 E e AR R
KRS G ARG N o

MR & —MIEETRREE£E SR EREE
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RIMEMEE REEGT —CRBENESRIG S,
A B PR A 2l 0 5 e B K AL S AR TR
R SeAIEE . P R g S B
IR A D] QA< L7/ 2 s b = 3 1= ¢ €4
WY E E & BRI R Z 2R . TR,
WEFEN )T TR bR XA B, A 2 R4 i
R O R R T R R A R 7 1
2 HH T BRI YRS b ) — e 2 T
DL 3E Tk K A FT AR A BB SR A HE AR R 1
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A, SRR IR R T, sihn B 4 mT ) A
e, TR AR R B R E 4 Jm " el T
LD AR B TR 2B 00t ORR AR 175 A% 1) i 7 45 A K
AT AR TEDEE .
HETZAAETKESRG D, BAHZIE
5 OGAME IR FIHAE SR E SR W AR RCR
gL, DR LR A O R 8 IR AT R KA )
PR 52 A MK A R Ve B 4 v Qe AR S B B e
R T B R R T T R R TS SRR
R RUR AU H AR PR BRI 520, AR B i 2 A
V& EERG A TR RS D o DRI, A 9 DA B A B
TN R, WEFCAEA R AR5 e ae v A KRy
AN A BRRFALE, S EL B2 S AR B el R A I 454
A, BAER BITOK Y BN 52 TR R & &
LAFR S SEBR R A 1 it A 5 1, JF AR B E
Yol i e 2 TR AR S G AT TT S (1S4

1 MRERE

1.1 RIEA AR AR It

K TR R 7K AR R P v R YR T VL B T
T KA R . PRk A KRS B, H
1/10 Hoagland & FRE TS IR 18 o SL50K F 42118
VU, R G LB R A, FRid 80 H i e
Ytk . FCACL-2.5H,0(5Hr4h) i #il1 o/LI a3 ik
TR, B REAS IR s B BN DO R, ¥ B50IR & 5t
LT, T&HIKO. 1. 5. 10, 20 150 mg/kg
TANE BB P FARTS e S B iU A O 1Y sk
KAFXEA=15 cmx13 cm FIREIN SR BB
AR TR . AT HFRE300 gt sk
WU, F Bt 28T 210 om, HRAZET 2
3 em PAEFARSKRI S FEREN, TEIR = A 1S 97, B R iR
£ A9(25+1)°C, 4 K FH90 pmol/(m”-s)Ff 6 12h/ 5
120, R4 B RKAN R 2R K 5y, Seie i B
3T, SR A N36d.
1.2 #EY). KESRRYHEEENE

A A B S SIZ0 45 SRS R H A A B
F 2 8K de2—318, YRRy EE T
PR, fE80°CHET 2 15 F, B J5 FRELO.1 g
H,0, HNOy=1:3(v/v)BE AT ", SR J5 K i
JERFR A S B TR R S A (ICP-OES PekinElmer
Optima 8000DV )il & 58 & &, VIR A A 22
BRIEAR SRS J5 , W R TS ik 100 H 7 T
e R BRI E, DU & R AR R A
PI(HNOs. HF)F AR5, R & %55 T
1 5 3% A (ICP-MS PekinElmer NexION300X)ill
FE o R PIFE T 46 BT EL BB K F£10 mL, FH0.22 pm

JEMEL RS, W Kb RS .
1.3 EERI AL

BHESEMNE BURER RN 25 B % I
3ERAEYD, FH 258 T oK e T, KA A R K 4R
FAEY R TR T K5, T RSP LR E,
I BRI 2 R ok v (R 00 2 e ok v P2, 38 B
PR A e PR I &) o

EMEIRE LIBFRNE & 2% 2 & 1) I
SEK 0 6E VR, 95% L BT EE IR S, T
470, 6491665 nmAblEWOGEE, tHH M4k %K a.
M4 B A2 &P 75 i (Malondial-
dehyde, MDA )& 5K FH 2- A 2 L 2 BR (TBA) H
VR ED P B i LR UK T AL, I
5 mL 10% =58 48 (TCA) iRt .. S 1E
4°C F L5000 r/min&Lr10min. #2 mL TCA(F
0.67% TBA)IMA 22 mLIZHGR H, 4K A~ = ot
R, K VR A AE 100°C /K38 In #430min, 37 B vk 7K
A, B JE, 7E450. 5321600 nm i IR % 5
i E AW B AL (Superoxide Dismutase, SOD)J P
K AW DY ek e, 1L E AL Y (Peroxidase,
POD)K i & il A kil e .

It F &M S (Reactive Oxygen Species, ROS)

KA G AT I E . FH 98 6 YL R DCFH-
D AN F B G AT e 0, 1 R b i
A BY RN ERE, FIPBSHBE2—3 3, I\ IE M A F
PR U FIDCFH-DA TAE#(10 umol /L). fIA FI4A
FURE TR A B AE M oM e, 7E37°C R 461 F it
30min, Z J& FIPBSZE ik Fr b B e v e+
Ho Bt e FES A b BT RO R AR
Bi(Leica) T ELEEW%E, {81488 nmFJ ¥ & I K, 525 nm
R ST o
1.4 SARRYMERRS NG E

DURWIRE i o0 NP4 — 40 T B4R i o
Mr, 53— A7 E-80°C Fi T DNASEHL . S IpH
Mg KK R E 10 1 H AL 52 ; SR (TN)I
E FH IR RN A A — 5 Ao O FE L, BB (TP
SE B e el SR A EE PR R )
Fi(Solarbio, Jb5T), ik AT UL 4y e B v e i AR
Y H IR B (S-UE) A BRI (S-NP)TE P 1 K/ o
1.5 WEMESERNE ST

i HFastDNA SPINi& ) £ (MP Biomedicals,
USA) NTTRA VDL it b 52 B B A V& S R ZHDNA
FE1%35 8 B _EAG A DN AR B, 4% ] Nano-
Drop 200045 #h—n] W43 /6 B 11 (Thermo Scienti-
fic, Wilmington, USA)J & DNA ¥R E M2, fif
FIPCR3|#338F(5'-ACTCCTACGGGAGGCAGCAG-
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3")/806R(5'-GGACTACHVGGGTWTCTAAT-3")4"
AT 16S IRNAJEHTV3— VAR X 7. PCRY™
BEUNR: 95 CHIUEAE M 3min, 95°C 221305 274N E
¥, 55°CIRK30s, 72°C 4EAH145s, SR G AE72°C HLIKAE
1 10min, £ 5 4EFF(E10°C . 5xFastPfu Buffer 4 uL.
2.5 mmol/L dNTPs 2 uL. Forward Primer (5 umol/L)
0.8 uL+ Reverse Primer (5 pmol/L) 0.8 pL. FastPfu
Polymerase 0.4 uL. BSA 0.2 uL. Template DNA
10 ng, B /)5 NddH,0%20 pL, PCR N — 2 =453k
A7 0 N2% B 16 W gt B P B EXP CR 72 ) 34 ]
AxyPrep DNABEZ I BUR ) &t 47 214k, ¥ PCR™
I F QuantiFluor' " -ST ¥ €475¢ J¢ & & % 4 (Pro-
megaA F)) AT R E & . SRS G L 1))
PN R i E 4% 3k, K FHTluminaMiseq e Xt 51 4
(2x300 bp)ll - AT 20T FJUSEARCHI11-
uparse 5L B AT 97 % HBUE I e 21 ik AT SR IR0 e
SUNBEME S K HBAL(OTU), H3E T Silval 385 # &
BEAT 22K, EAS L B N7
1.6 HiEGH o

EW/ RV & £ A F (Biota-Sediment Accumula-
tion Factor, BSAF) & i & Y0 e B & 8 1) =
& RGO, AT DU WA )0 1% 4 R 1Y) 25 R e
1o B TFHOK, M%) % BRSO
5, F AN

BSAF=tHYI1A N E &8 & &/ TR EE R
T (1)

#12 Z 8((Translocation Factor, TF) "] DARAEAH
IR R LR T R N RE 7, A A

TF=tEY)Hb L E8 7y B & R & /YT 55
Helsas ()

FITAT € $4 FE 3UR, SR I SPSS 2650 1B AN
DPS7.053E 4T #. [KI K J7 2 73 #1(One way ANOVA),
AN [R) b 27 2H 1) 1 22 S 1 3 0 e /s S I 2 ik
(Least Significant Difference, LSD)f 56, 7 57+ i #

B

PEKSF#250.05, SR Origin 20214 il 46 5C B
# FiMajorbio Cloudi& (i E Z FEE D1 &1,
BEATHAE T

2 &R

2.1 EBEESEREBEWIEFRTHER

FHEE AT 0, i 5 f ek 2 R v I 5 4 A B R
PRI 2 I T B ss, 7E e b H#36d)E, 2041
50 mg/kg b P 2H 77 FL A B I SEIK T XS R H.(P<0.05),
BRI T R A K LA R R e B T A A
Ko PR K R R RO A8 IR R
FEFRAR, 1£50 mg/kghb BRI 77 B0 & AR, A xT
HEZH 11)58.42%, 3 W ik B ()4 b 25 4] T RE A1)
K, SEHE R RS R R B, B
BSAF B 8 iR B ()38 in 522 N R8s, HIERTHE
Ab PR HFBSAFHMERT 1IN, 307 5 B — 2 e
N/ = Y= I N T L 9 TR 1 7) S e
b BRZH A R AR B B, A R ORI R R
WEERTH R, 712 RE(TF)Y/NT1, AL
WEEAEYIARJE LR & R0

N T R S8 W TR UAR ) R R ) 7 KRR T
L, W KRR 4R & 2T T, 45 R RIK
FE AR TS YW R FEARAR, A AESO mg/kg i (1) 5256
HIRIA > ERRAEAE, B HIRER0.24 ng/L, 59T
T & AR ELARAR, IR L AT 50 A 25 RE /K A A
BYS YHER .

M TATT DU H e W2k 28 2 i B 38 4 B2 1)
BN 2R B S, 7550 mg/kg i Ab FE 3 6d I I
GRS ERICN0.65 mg/g, NNIEL 45.85%, I
5 RO Ao HRA R A B . AR AR B, R R
Fo e B R A A R A . A 1B LU
i MDA & 47 9 (138 in 23056 LTS TR
(a9, 7620 mg/kghhia kb #E36d /5 MDA & &k £
B KAH N37.24 nmol/g, HLXTHEIE N T 48.68%. 1E

F1 PREIREMELIE HFEE KM

Tab. 1 Effects of different Cd concentrations on growth of Vallisneria natans (meantSD, n=3)
bR 2H Treatment R A= 1‘%% A i} BSAF TF
(mg/kg) Whole plant (g) Plant height (cm) Leaf (mg/kg) Root (mg/kg)

0 3.123£0.534" 31.7+1.700° _ _ _ _
1 2.71240.157" 27.4+0.432° 7.53+0.17° 15.33+0.78° 13.01£0.25°  0.49+0.01°
5 2.517+0.449™ 26.3+1.700" 14.73+0.37° 63.9620.70" 6.84+0.31° 0.23+0.00°
10 2.42940.393" 24.9+0.660" 32.30+0.13° 134.44£0.37° 6.01£0.16° 0.24+0.00"
20 2.092+0.209" 23.7+1.247° 61.25%1.46" 183.52+1.66° 4.69+0.04° 0.3340.00°
50 1.9420.170° 18.5+0.508" 221.67+6.72° 365.8444.75° 5.0820.09" 0.61£0.01°

T R BEE 3 EE NI, W —FUR R LA S A AN R S B bR R R 3 22 5(P<0.05); NI
Note: Data are means of triplicates. Means in each line sharing the different superscript are significantly different determined by Least
test (P<0.05), the same applies below
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Fig. 1 Changes of contents of Chlorophyll, MDA, SOD and POD
in leaves of Vallisneria natans treat with different concentrations
of Cd (mean+SD,

0 1 5 10 20
Cdif &

Cadmium concentration (mg/kg)

n=3)

50

50 mg/kgt 1 Bk MDA & & T B 7T g 2 40 0
T MR R EEH CAEE T SR
77, AR I AE K 2 200 . A 1CHTELE e
7520 mg/kg il b 36d 5 SODIE 1k B & KAE N
167.39 U/g, 55xF B AH LU A7 AE 235 1 2 7(P<0.05),
W0 T 67.11%, 15 B3 HcH 4R e B — @ Pk
FUERGE ST MK IDA] LA H: PODE M bl R K
FEE B 14 0 52 30 5 39 0 5 BRI i 25, 78 i aa b 3
36dJ5, 1£20 mg/kgib 3 4H i IA 3| i K AE N83.77 U/
(min-g), EEXFHEIE N T 107.81%. 7E20H150 mg/kg
A FEET, PODVE S X AL R R EEZER
(P<0.05). f£50 mg/kghbFEF, PODE I TF 46 T B¢
Wi A LB FE P A RS2 B T B EAE A, (HULE
PODE A 4R i -5 HE 2, 15 BH 75 S i —
SE FIT 32 1 o

B 22 58 b B 36d I 1 B Fr (IJROS /3, 4t
Fonmt rHROSH & &, BB R R FROS T
Bk E, AT DU H Bl A SR B2 1 38 ey B
JrHROSH & & Z W T 57, fE204150 mg/kg AL FH

1 mg/kg

100 um 100 um

10 mg/ke

100 um 100’um

20 mg/ke 50 mg/kg

100 pnt 100 gm

2 ARR R ERAL B v 55 Y ROS 3 A7
Fig. 2 The distribution of ROS in the leaves of Vallisneria natans
treat with different concentrations of Cd
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ROS & 5 B & =y T X A, 10 B B iy p 24
FE PP EROSH 2, ROSHI T & A7 B2 i il oy i
A KA ) B AR I /0S5 9 A i ) i A
Z s
22 AR FRANESE T

B DUAR A TS GUR FE I T =, pHE I T
PO F BTN TP 2 5 BE 55 4 B2 10 48
S TG BRI, U0 R 2 B R
PEJE VIR IR 7 ok 2 B B AR K (3R 2) BRRTIT
AR BB = A T — s e, HL B G R
(Y386 I AR A o IR T 8 25 9 A 5 ) 3 2 L o
5 BN %A, #5110 mg/kg kb HE /KPR ik B £/
B 0 HEZH 1) 68.09%; Tl 12 il it 25 4R 94 52 () 486 o 52
LR ) 3, b BRAH 55 X0 R A A7 70 B 5 PR 22 5
FE10 mg/kghb FH 7K~ N 5 2 f /M A T I 4H 1
49.51%.
23 EBEMREEERARS SN

XF Illumina Miseq 7775 21 ) S5 46 5004 1647 9
e s SAma I UE, A4S 2T R 2
HIH s (Effective Tags) 22554625 . &/MEE N
R EH 268494k Effective reads, FEA 1 ) FEE &5 R i
F°98.99%, ££97% HIAH UL KT _EXFOTUs K dfs it
173 — A Ab 38 )5 34T Alpha 2 BEVEFE B0 #r, BES
TR EE B3N, AP 4H A Shannonfi £ T4.14—
4.88, Chaol/1F1429.09—1591.95, Simpson#g £/
1°0.04—0.06, Sobs#E %/ T-1146—1347, ACEN T
1483.61—1619.37. B35 5 FE I TH & w7 BAR bR
B [fJSobs. Shannonfi#{. ACEFIChaol 8% 25k
TG B3 SimpsonfR BUL B BB . £
FEME TR B 2h R, a5 TR E — B2 L
W) [ v B PR B R VR T L, (H A B R PR
VAN

1 3RTEN, IR M 3R W, A= AR kY
FEEZ PR ERIR FE e, 4y PSR R, — 2K
FEARIR FEfR 2 F T (Cd<<20 mg/kg), TitTH )& K
AR B F RS, 55— BRI AN T
(Cd=20 mg/kg) B T WIMA %, FEAK T 18] fO 38 B

JE&. SHEEERMEE. FRREE. R EM
L T T B B AR A2 . 0 g KV EE RT3 01 21
W AT T, e B R T IR PSR
M, TEAFENHER. REFTwE. i
B B2 . 5XTHRARLE, WATEE. R
AR R ST B A0 2F A B R B R,
TR, HEMEEREE. FRREE. &
AT TR B R s AT B 8 1Y) = B PRI
24 WTENRVETE., MEPHEXMESH
Pearsontf VL7 & B (K] 4): DURMARIR
5 HSOD. PODEIEAHK KR, SHGERSE.
fif R 1 S 4 3 SUAH O (P<0.05), A G Ry
F1°80.796(P>0.05). 0.588(P>0.05)F1-825(P<0.05).
—0.837(P<0.05)F1-0.915(P<0.05), By a5
Ye s R FE Y ) 16 H AR FETh RS, VIR MRk E 5
pHEIEM KK R, pHE BRI 2 2 & A K (P<
0.05), 3 B AR 2 8 1 52 e p H K S50A% i v 12
BT HAEM R ST R bR Y
A PR AE AL FE B SpearmanAH I 14 73 B R BH (& 5): It
MRk ESMAEEE. HaELRERE. &
T TR J AN BT I 2R 3 A 0% (P<0.05), 5 IR
AR B A D FE R JE 2 A 5% (P<0.05); [H]
I, (AR e MR REE . & e A
HHEBES S EME. HE&RGE. a2 DE
IEAHZR(P<0.05), S5 HiA A Bgs 2 53 fubf o (P<
0.05); PREZAT o JE A 5 28 b6 i 5 A B S T 2
B3 IEAR(P<0.05), SBEIREY . 75 FAf ., g
REE. a2 RE A IK(P<0.05); A, TIFFH
J& . ZEAOFT R E SR R IR G, SEY A
B, MRESEEAMK. XS Ts RRIE
15 QL PTAR Y 2= 2 M AR BRI AR R V& 254, AR B A
YIRS B 2 5o B R AR K . TR A K 2 DR
WS G FNAR BR i A v B0 3 [R] 5 7

3 g
3.1 ARSI EEE KR EEEEEN
T 5 — R AR IR SR BR 1 R

£2 TAAYIpH., R[EEEETEM

Tab.2 pH, nitrogen and phosphorus, and enzyme activities of sediments (mean+SD, n=3)

Wb PR Treatment (mg/kg) #%Cd (mg/kg)  pH

M TN (mg/kg) Sk TP (mg/kg) R S-UE [pg/(d-g)] WL S-NP [umol/(d-g)]

0 0.01£0.00° 5.46+0.02" 492.93+48.05"
1 0.72£0.01°  6.25+0.08° 324.07+52.56"
5 4.53+0.22" 6.37+0.01° 390.71+£6.90°
10 8.39+0.11° 6.62+0.02° 334.82+16.78"
20 17.5840.46" 6.74+0.04° 350.79+50.02°

50 46.1240.74" 7.04+0.01° 537.36+34.83"
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Fig. 3 Heatmap of sediment microbial species under different cadmium concentrations treatments (genus level)
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RESPONSE CHARACTERISTICS OF VALLISNERIA NATANS AND
RHIZOSPHERE MICROBIAL COMMUNITY UNDER
SEDIMENT-CADMIUM POLLUTION

YU Jun-Qi"?, XU Yi-Feng', GUO Yao””, LIU Xiang-Fen”’, LI Ya-Hua®, YAO Lu’, WANG Pei’,
WU Zhen-Bin® and ZHOU Qiao-Hong2
(1. School of Resource & Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 2. State Key
Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. China
University of Geosciences, Wuhan 430074, China)

Abstract: In this study, the typical submerged macrophyte Vallisneria natans was selscted, and the fresh weight, plant
height, chlorophyll, malondialdehyde (MDA), superoxide dismutase (SOD) and peroxidase (POD) activities of Vallis-
neria natans were measured at 0, 1, 5, 10, 20 and 50 mg/kg of sediment cadmium contamination to analyze the cad-
mium tolerance effect of Vallisneria natans, and the enrichment capacities were indicated by the values of Biota-sedi-
ment accumulation factor (BSAF) and translocation factor (TF), while the 16S rRNA gene amplicon sequencing tech-
nique was used to study the community structure of Vallisneria natans rhizosphere bacteria response to the sediment cad-
mium contamination. The results showed that: (1) When Cd=20 mg/kg treatment, the fresh weight, plant height,
chlorophyll content and the stress resistance decreased of Vallisneria natans. The activities of SOD and POD increased
firstly and then reduced, MDA content increased with increasing concentration; (2) in all the treatments, BSAF ex-
ceeded 1, indicating that Vallisneria natans could effectively enrich cadmium in the contaminated sediment, and TF
was less than 1, indicating that Vallisneria natans relied on root filtration mechanism to enrich cadmium, and needed to
be harvested regularly; (3) the sequencing results showed that the rhizosphere bacteria of Vallisneria natans were
mainly composed of 37 phylum, such as Actinobacteria, Firmicutes and Proteobacteria, including plant growth-promo-
ting bacteria such as Sphingomonas, Flavisobacter, Massilia, Bacillus, and Arthrobacter, which may play important
roles in promoting the growth, tolerance, and enrichment of cadmium in Vallisneria natans. In this study, we prelimi-
narily analyzed the changes of morphological, physiological and biochemical indicators of Vallisneria natans under va-
ried cadmium stress environments, and the composition of Vallisneria natans rhizosphere bacterial community and its
response characteristics to cadmium stress, which provide guidance for the subsequent improvement of Vallisneria
natans restoration efficiency.

Key words: Sediment; Cadmium; Restoration; Microorganisms community; Vallisneria natans
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