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Abstract; To study the alleviating action of submerged plants on sediment microenvironment under atrazine expo-
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sure, Myriophyllum spicatum was used as the tested species and the content of dissolved organic carbon (DOC), ni-
trate and ammonium, the dehydrogenase activity and total bacteria amount in the planted sediment and unplanted
were determined when the concentration of atrazine was set to 0 and 2.0 mg-kg™'. Moreover, the atrazine-degrad-
ing bacterial strains have been isolated and identified from sediments. The main results showed that the DOC con-
tent of rhizosphere sediments and non-rhizosphere sediments decreased firstly and then increased. After a 60-day
exposure, the DOC content in these two sediments was (311.95+15.51) mg-kg™' and (307.00+6.11) mg-kg™', re-
spectively, and there was no significant difference between various sediments (P>0.05). Meanwhile, the content of
ammonium in the rhizosphere sediments ((66.49+1.57) mg-kg™') was significantly lower than that in the non-rhi-
zosphere sediments ((78.65+1.37) mg-kg™') (P<0.05). The dehydrogenase activity in sediments increased with the
incubation time. The dehydrogenase activity in rhizosphere sediments was always significantly higher than that in
non-rhizosphere sediments (P<0.05), and finally reached to (253.50+7.82) mg-(kg-d)™'. Furthermore, the average
total bacteria in rhizosphere sediments, blank sediments and non-rhizosphere sediments were 1.19%x10°, 1.15x10°
and 1.04x10% cfu-g', respectively. Notably, the strain LeifSonia sp. J1 was screened from the non-rhizosphere sed-
iment on the 60th day, while strain Burkholderia sp. J2 and strain Dyadobacter sp. J3 strains were screened from
the rhizosphere sediment. Myriophyllum spicatum was effective in relieving the pernicious effects in sediment mi-
croenvironment under atrazine exposure. This study provides a potential bioremediation for atrazine-contaminated
sediments.

Keywords: atrazine; Myriophyllum spicatum; ammonium nitrogen; dehydrogenase; degradative bacteria
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1 # #1577 % (Materials and methods)
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HEE TR . >R A 20T Bt X e 8 (30°28
2352"N;114°22' 9.81"E), ViAW % J5id 10 H
i, A BR A Ae n, DK i e 2 . DURRY) pH (B
J T AT AHLUE SN 5491 g-kg™', PHES T A i
#7348 cmol-kg™' .
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Kb gifess 1.
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0 15 30 45 60
KEFRatal/d

Incubation time/d

Bl 1 FIHFRCEMNE T AT-P(#RER) #1 AT (3EMRER) AR
WP AAE AN (DOC) S BB
T : AT-P SR IR HAM AR 3 A IR, CK R R
MBS HARF R Y B TOR , AT FR BB AS R H AR
FEAE Y B TUR s TR R [/ NE B3R BT R a2 b 2
YU DOC & 2 5 B3 (P<0.05),
Fig. 1 The comparison of total dissolved organic carbon (DOC)
concentrations in AT-P (rhizosphere) sediment and AT
(non-rhizosphere) sediment after atrazine exposure
Note: AT-P, CK and AT represent the sediment treated with atrazine
and Myriophyllum spicatum, sediment treated without atrazine and
M. spicatum, and sediment treated with atrazine but without
M. spicatum, respectively; different lowercase letters represent
significant differences among the concentrations of DOC in two

treatment sediments after atrazine exposure (P<0.05).

F1 ARYPHESENRSESENEN
Table 1 The content variation of nitrate nitrogen and ammonium nitrogen in sediments
L AL -1
e b A a/(mg-kg™)
K1l /d k3 o
L Nutrient nitrogen content/(mg-kg™")
Incubation time/d Treatment
0d 15 d 30d 45d 60 d
—— AT-P 1.60+0.57a 5.82+2.10b 0.78+0.17a 1.06+022a 0.58+0.06a
- CK 132+0.87a 136+0.75a 132+0.77ab 120+045a 1.11+0.07b
Nitrate nitrogen
AT 135+092a 1951+16.75¢ 193+133b 1.10+0.38a 0.61+0.07a
AT-P 188.76+13 24a 247.54+14.56¢ 106.03+2497a 7437+1581a 6649+1.57a
AR
. ) CK 17544+532a 15531+1327a 147.68+19.32b 120.36+8.99b 12335+937¢
Ammonium nitrogen
AT 177.39+6.10a 202.13+20.90b 98.57+12.90a 83.40+16.86a 78.65+137b

1 AR R R [R5 R [R) A B ) B 35 22 5 P<0.05),

Note: The different letters indicate significant difference between treatments in the same column (P<0.05).
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KRt /d
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2 FI4SHLEMME T AT-P(4RBR) #1 AT (3E4RER)
MR B S EEE LR

TE : ARG SR 43 5 30 5 3R 1 )R [R) A BEG TR
Tt S 1 25 5 B (P<0.05)

Fig. 2 The comparison of dehydrogenase activity in
AT-P (rhizosphere) sediment and AT (non-rhizosphere)
sediment after atrazine exposure
Note: Different lowercase letters represent significant differences
among the dehydrogenase activity in two treatment sediments

after atrazine exposure (P<0.05).

BRUTF ) Hh o8 S 16 Pk AR R R 38 T, CR(25 ) UL
Yy SR IS M A R R AR . B SRR A5 A A
60 KA, AT-P b B rf i &0 5 14 4 (253.50 £7.82)
mg-(kg-d)™", AT AP b i SOG4 (236.60£6.91)
mg-(kg-d)” , FIE AL N 107,
2.4 DU Al R ARk

T R A 4 T S 2 4 v DU v A B 1)
B, MR FR R AT-P R B3 30 B v 400 18 3
BURZE T ARFAAEY Y ATEAERFR) TR Y, W
Kl 3 Fios  FERE SR 60 d N, DU W) v 240 T 4505 e 555
FEI ] g MG N, FEREFE 15 d 130 d J5, AT-
P AR 4 TR S ER  E = T CK f1 AT b HL(P<
0.05), TERFRLEHRAYEE 60 K, AT-P Fll CK Ab B
B F A W2 (P<0.05), B4 5 T AT 403, It
if, AT-P CK Il AT Ab 3 o S 24 41 B 56 0 551
1.19%10% . 1.15x10° 1 1.04x10° cfu-g™',
2.5 DUERW BT R AR B ) 0 S

TG NAS R DU 5 36 1 3 Ak LABT A it
S — R IR A TR AR, 2l 24 J1 .02 F1 03,
o 01 S AERRBR TR Y (AT) Hp 75 B 45 31 19 B bk, 02
I3 AR BRUTE Y (AT-P) i 16 75 21 (%) B ik, 38 3 %o
ANTFE R AR AT 16S rRNA HEA T4 B4 6 01 .02 A1 33

[ ]aT-P XY CK [[[[[]]] AT
1.25E+008F b b

1.00E+008

7.50E+007,

5.00E+007,

N M (cfug™)
Bacterial clones number/(cfu-g™")

2.50E+007

0.00E+000

BeRidal/d
Incubation time/d
B3 FHhERNE T AT-P(#RER) \CK(Z=H)
AT (FEARER) R BRI P AR S TN
T« B AR [/ INE SR 43 3l 3275 15 3 001 ) A [+ Ak 38
UUBRY h S 20 22 57 .35 (P<0.05).

Fig. 3 Changes of the bacterial quantities in AT-P (rhizosphere),
CK (control) and AT (non-rhizosphere) sediments
after atrazine exposure
Note: Different lowercase letters represent significant differences
among the bacterial population in two treatment sediments after

atrazine exposure (P<0.05).

[ 16S rRNA %EPH 751 ] BLAST #2745 GenBank
HE BRI 168 RNA BE [R5 41 #0477 47 [ P51 L
B, AL R G A X A B AT 4028, AniEl 4 B
7, J1 40 S 5 EC R (Leifsonia sp.) W 4 BRI 7E &
Gt AR AL T IR — 4337, #EI J1 S Leifsonia sp.
g 5 R 32 07 S 2 MR v IR 8 (Burk-
holderia sp.)i R GEH AR 1Ak T [F]— 73 3, 4= 32
A Burkholderia sp. 18 & ; J3 405 5 WX FT & )& (Dy-
adobacter sp.) 2 ¥R 7E R Ge ik AL B LAk T [/ — 43
2, #EM I3 Sk Dyadobacter sp.# & .

3 118 ( Discussion)

A K g A AR PR 3A 45 . DOC figfig 3
5 IR ECIURRY) Th A HLTS R R A AT BILTS
WA A B SRR e AR SR R A
%515 d I AR BRAEAER PR UTRY Hh DOC %
T BRI RS AR TR W RE R R O AR
FEHT 15 d N BTRERL LA v B A 5, AT ARpr T e A o
RS2 T Ui Y DOC N R, HiE i, 7F
WS, 1 S A F B DA £ KA
MR F X B SR s ZUR N 2 P EAR RS A S 1 2
FRBER S AR RIS R PRUTE Y A
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J1
18 Leifsonia xyli subsp. cynodontis strain DNPRC039
51 _: Leifsonia xyli subsp. cynodontis strain JCM 9733
55 L C.xyli
100 { Leifsonia xyli subsp. xyli str. CTCB07
80 Leifsonia xyli subsp. xyli strain NDPRC108
Leifsonia aquatica strain Al
Leifsonia xyli subsp. cynodontis DSM 46306
n
-7 Leifsonia sp. 21MFCrubl.1
33 — [Ieifsoniasp. 98AMF
16 Leifsonia sp. 466MF
Tl: Leifsonia sp. S09MF
J2
26 Burkholderia vietnamiensis strain TVV75
71 _: Uncultured Burkholderia sp. clone YNO1
51 L Burkholderia vietnamiensis strain Ja2
Uncultured bacterium clone E-81
41 50 Burkholderia vietnamiensis strain WP25
T': Burkholderia vietnamiensis strain WW17
Burkholderia vietnamiensis strain LMG 10929
Burkholderia vietnamiensis strain TS1
Burkholderia vietnamiensis strain MSMB608WGS chromosome 2
100 ¥
61 Burkholderia vietnamiensis strin HI2297 chromosome 3
T: Burkholderia vietnamiensis strin MSMB608WGS chromosome 3
J3
78 Dyadobacter sp. strain A27
9 { Dyadobacter sp. V5
13
Dyadobacter fermentans strain HPG212
Dyadobacter fermentans strain SW1-11

B4 DIR4shriE A ME—RIER J1.J2 70 J3 Z8ERY 16S rRNA & [E F 5 R gt it L i
HEP SRR ARG R E NIRRT IS 35 | AR IIREE B R RN I1 32 A1 I3, 50 3 e SR
AHIE A AN T R FE— R A 43 Eh(1 000 PNEER),

Fig. 4 Phylogenetic trees of J1, J2 and J3 strains using atrazine as a sole nitrogen source

Note: Accession numbers of the gene sequences used for the phylogenetic analysis are shown; J1, J2, and J3 were indicated by bold;

the percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1 000 replicates) is shown next to the branches.

Ao BN TARMRPRIURY) e R R4 R 22 ik 3]
K (P<0.05), AT RS KR BEAE TR i B R A
WS B, Sebs b DU AS A A2 bl 5 ik
KA, HOES R G it BAETURY | SO T
AN . MUY S i B A6 A&, AR A2 fb B g
S WA ) AFAE T A PR PR (Y B, AT RN
TR x-S S M AR A 3 AR ™Y, #E
BRIRERT TS Y 4 | Bl AR S W (Pennisetum clan-
destinum) 1) -+ 35 I8 SRS M LU AR AR AT A B3 I T
7AES S FEARSZG AR BRUT R A B U T M
L TARMRBRUURY) TR SR A5 s AR BRUTAR P it
FBEHEE AR BRUTAR Y 5 7% , RN 2

OO UM v 5 B R 7 AR T

TE it BT R e A A R AN R B, DU
HH R TR ] (Acidobacteria) il fL R TE 1 ] (Nitrospi-
rae) FRAF X 455 43 51 35 = FE A S g v AR AR BR
TURY b A A — L0 T3 F AR R (P<0.05),
VLB RFRL A A S A0 e A K 28 TR R
AR o RIS ED R ARG BFSE T 10 mg -
kg™ BAREh T - R AH TRV S, 4 SRR T ]
FERL OO A B S B B A IR e R AR
IR B AR EEA 2, 5 Z M, Kolekar 55
FIWFFE 22 B, 7E 1 000 mg - kg™ Bl 43 7 3t 75 Yy +
e AT AR R AR A TR - A TR AR R W 1% R i AT B
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B E S T AR (P<0.05), AHGERR, fEH;
7 80 d Ji7, 1 HE 23% ~30% MIRILARHE R 19.52
mg - kg™ A BT ARl AR B W (Pennisetum clan-
destinum)FF " FHPIAR 431004 mT 38 InAE B S
AR R R AR PR s A P 2B K AR i AR
L™ kR B F AR RS i AR 2 I A B e
P T 7 A R 2R S DA ) R i 53 B A TR o 20 TR AR 7
L A S Y Rl 7y (A TS S DRES ORI L7 L
AWIE  BE 5 SR ] A HERS R AR Rk
TR ARBRUTAR ) Hh A% 240 o B e B 2 38

BB A W RE s BT SR AR Sk s YR AN TR, DA
MR AR BT AR, 7 b B e 32 B A A
YIVERD T W 22 e L sl gl FE I AP A IR HE , A
B g8 v o3 5 L0 1) BT e e e AT AR 1T AT
T J& (Arthrobacter sp.) 55 FT T8 J& ( Chelatobacter sp.)
N5 S I B & (Stenotrophomonas sp.)®' ™, YT
Py e BT AR R R A TR A A 0B, AR 2 R IR
J& (Nocardioides sp.) . 15 4 %y 1% ¥T 14 ( Enterobacter
Tudwigii) F11 85 /K 4% 45 7 (Delftia tsuruhatensis)® "
FEASL g v AR BR AT AR AR PR v #0118 T e as AR
FEhrE o ME—ZIR A K TR . SRR BRIUER Y i
1498 Leifsonia sp. J1, HEI/V W Leifsonia sp. [ fit
B Re 4, HA — 0 SCHR R 18 PR B A5 7
Y A 2550 S B Arthrobacter sp. TC1 3&[H 40 5
Leifsonia sp EA7 = FEAAUPED 5 E RIS, A FPAE
FEACAN R B PRUTAR ) Hh 5 %675 31 T Burkholde-
ria sp. J2 Fl Dyadobacter sp. 13, 43 SCHK#RIE , Burk-
holderia sp. &% 4 atzA F atzB iX 2 Ff Pl i [ i
TR | atzA J DR R K BT R or T I i Sy o 2k
FRhiEE, atzB i R BE R B 457 0 o i oy S0 IR I
(ammelide) 5 JIi 5 PN 5 72 2 B ¢ hi7 1t (N-isopropyl-
ammelide)®™ . “N[A] T Burkholderia sp., Dyadobacter
sp.E — MR IE 1 B BT R RO R R T, S, KA
FE A ORI P BB G2 F 1 20 T XF AT AR 7t g o A A
FH 3807 TRy v n] R 7 38 AR A R AR T i
BRFIZEET
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