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Chromium-resistant endophytic bacteria from Deyeuxia scabrescens (Griseb.)
in Chromium contaminated area: isolation, screening and plant growth

promoting™

LIAO Ping', LIU Maoke’ , ZHANG Hanneng' , ZHAO Chong', YANG Yalin' , ZHANG Xiaoping', ZHANG
Jinyu' & ZHAO Ke'”

'Department of Microbiology, College of Resource and Environment, Sichuan Agricultural University, Chengdu 611130, China
*Rice and Sorghum Institute, Sichuan Academy of Agricultural Sciences, Luzhou 646000, China

Aisiw  This research aimed to isolate the chromium-resistant bacterial endophyte strains and to evaluate their chromium
resistance and plant growth promoting traits. LB medium and two isolate approaches were employed to isolate endophytic
bacteria from Deyeuxia scabrescens (Griseb.) growing in chromium contaminated soil. In order to analyze the chromium
resistance of the endophytic bacteria, the isolates were inoculated on medium of different chromium concentration. To verify
the chromium stress resistance and removal ability, the isolates with strong chromium resistance in preliminary screening
were measured for the OD value in LB liquid medium containing different concentration of chromium. The diversity and plant
growth promoting activity of the endophytes were also analyzed. Out of the 33 endophytic bacteria isolated from Deyeuxia
scabrescens (Griseb.), 27 strains could grow on media with chromium concentration greater than 500 ug/mL, with 5 isolates
showing chromium stress resistance up to 1000 pg/mL. Additional experimental revealed the high chromium removal rate of
SCAUE9002 (79.55%) and SCAUE9006 (75.27%) in LB medium (300 mg Cr*/L, 48 h incubation). Phylogenetic analysis based
on 16S rDNA sequences showed that these isolates belonged to 6 species, including Bacillus, Staphylococcus, Terribacillus,
Ochrobacterium, Ignatzschineria and Alcaligenes. In terms of plant growth promoting ability, indole-3-acetic acid (IAA)
production was detected in 24 strains (72.73%), Siderophore production was positive in 18 strains (54.54%), 10 strains (30.3%)
of the test isolates showed ability to solubilize phosphate, and 13 strains produced cellulases (39.40%). Our research suggested
that bacterial endophytes from chromium contaminated area are promising in bioremediation for chromium contaminated soils.
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B (Cr) B3R 2R AN 3 Cr(VT), Cr(VD& FEBR2A
INBUE &R Y, ™ E 5 E A SR E A KDY, % —8
SRR AREE, PRGBS B 2 H R, X
AL A8 R X E K. HEr# i H3EC(VDi5
PN I FEA Y A R kL A - A
KA BE T TS B b8 1 £ R i ¥, B m
B ARBUAR L E RIS R SR, DR R BRI B E B R
5T AR RE A W 5 00 A AT 22— B, I ER B o 0 gk B A
P 4 R A SR A 0 2 T 08 R R X A A,
IR & B4R 22 %ot 5 EL A Tt 52 P G 4 T T k7

hE B 75 2E [Deyeuxia scabrescens (Griseb.)[J& AR AR B
SR T —Fh A B K AR AR R R FE Ry R B
B TEBOL. MY WNA 405 (Endophytic bacteria) f& 5
A 2% THI T 75 09 AT 40 21 3 43 2 45 2 5l AT ) N R 3R A5 1Y B
W X FH E (AL 25 Fh AL SURI B B N, I R (A A 17 56 B e
FE AN BE 2 A AR B A B N A 0 S R AR K A S TR
b, B MRS R R IR A Ay, B AR B AR
WX 25 PR T I E N, I AR BT I A A . AT ARk, AR
YR 5 AL VT 2222 3 WG, R R N A R L B A FTE Y
“HRBINMELEN. AR ER, NAEET LIRS ELS)R
S INAEY B B VR, Wl S e AR B B E R,
R AT A AT A B R . A0 5 R WA R 4 R A B B Al
YN A A R B T R AR, AndRs e X e 2R v A3 B B Y
A AN B A e Ak A B Y, B IX - A R ) A 5 Bk
Ty B A A P A A0 R LA B A R AE AR e, REY
P AR A 40 B (Plant growth promoting endophytic bacteria,
PGPE) ¥ AW, B WL 56 A8 S TTHLY, AR 3R
B ST B FRICER; RIS e WY M R . A e R
PERESE, Y R K 2, SRR P E L N,
515 P X AR TP 43 25 4R A5 LA T 4% R4 A= D e R TR bR LA
AlATPE.

H AT 79 A 40 B 00T 9 3 2 32 2 4 v e Al A 72 4
B, PRI TS YO T A R A I A F AR ST BRI RO AL A B B,
HRZHNEMESHYREGBE TS B HEMR
AR 55 A UOL A 58 AR 5 Y XORE BT 35 35 M AT RE, B RE S
WP N AE AN R, o AT 6 T 4 B B B Az e, TR X i
BEFAREIEAT16S rDNAJTF 43 Hr A4 A= RE SR, LU 0 3%
it . FRIAA, FEERERAAR | VB . R AT 4 BRI PGPER#, N
A - YA 1B R E A R 15 Y 3R — 0 PR LA
MR BER.

1.1 SKIG 7 #

KEEF 52 FEAR T 201248 11 H SR HEE B AL 0 X (26°05'-
27°21'N, 101°08'-102°15'E ) K& BF 75 5 £ K X8k, BEALE R34
REDT, BEAFET ALY m®. FEREANRE D5 BEAIL R 4R Shk bk B
TR, RN REZ &AL, BMHEYEL S IR AT
B IR A, 37 RPA Rl SL R

Bt SR, LB RS 5 4L (Tryptone 10 g, Yeast-
extrace 5 g, NaCl 10 g, Bifig#520 g, Z&1% /K1 000 mL) ; LB
1R 353 (Tryptone 10 g, Yeast-extrace 5 g, NaCl 10 g, &1 7K
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1000 mL) .

TAAR A "™: 0.5 mol/L FeCl, 2 mLZE 18 /il A 98 mL 35%
EOEE S

CASKE I "™ BL10 mmol/L+- 758 3 — F 3L 1R 1k 42 v
W6 mLAIA 100 mLARNE, JFAIMZE KT R, #1.5 mLiyl
mmol/Lf{FeCl, - 6H,057.5 mL 2 mmol/LIJ4{F R FIR A, A
R AR, FREL4.307 gWRWE . B R I % T30 mLALZE K
h, F/NCGIAG.5 mLAY12 mol/Li k2, Ri48pH = pKa = 5.6
HIZE M, BRI G A LR R B P IR S € R E 100 mL,
Fie JESCHR (1917 J5 1L BL il CASIE SR 2.

524 WK F2 KL PO, A4 ME10 g, (NH4),S0, 0.5 g, NaCl
0.3 g, KC1 0.3 g, FeSO, - 7TH,0 0.03 g, MnSO, - 4H,0 0.03 g,
MgSO, + 7H,0 0.3 g, B #3510 g, BEEEE0.4 g, BiR20 g, 2%
7K1 000 mL, pH 7.0-7.5.

WIS 47 3 72 3L, KL HPO, 0.5 g, MgSO, 0.25 g, CMC-Na
1.88 g, WISRLT 0.2 g, FAEHI20 g, &1 7K1 000 mL.
1.2 F ik
1.2 HESEFLEEIRESLESENTE D At Y 55
FAEBE - pHIH, K REMF AT ML 25 MR AL,
HNO,-HCLO, ¥4 f# ( LabTech DigiBlockii f# 4% ) , % FH 5+ W%
ek (MKIT M6JFEF IO ) 52 Cr(VI)IT 2 ik B 2.
1.2.2 #EYRERENE. & R E EEERET
B 19 2 180 T4 95 B S ACR I Y, BT CE M R, A
WA BB, - REEEEO0E P, A5 mL
BERRZZ P RRS), O IR mLyA R 212369 mLIC
IKAIRAE 2, MU B 107 107, 107 =k JBE B 1 1)
WY, B3N BB 25 | I AR RS 80 WL A T4 4
FRHE b B0 R R E RS T sk L
TRA AP 8 TR S 28 CHE TR KT FE1-2 d, PR TERK
Jo, HLB AT v dlifl | BeA . o, IRk aifb iz iy
B R FLBRHA 5 3R 3 L, EIRRAE.
123 HESFNEARELEMZTREE KB oEhpd
PR AR RN 1.5 mLICH K b, SE7 730 BE J5 15 20 A R R P80
IEH BRI E K, Cr,0, P LBEAR |, K,Cr,0,9 JE
50, 100, 200, -+, 1000 pg/mL, 3y H K, T28 CP¥5324 h,
WC AT, i T 32 PR EGR A TR, 2 A LBIRIA I 3%
FE, 7828 CHEIREEFE24 h, #il A T, BO0RF LERE,
TNZEIK, V5T HODMHE—2, #2 %M & i A K,Cr,0,
A LB AR B 32 3L h, K,Cr,O, ¥ & 5200, 500, 800, 1 000 pg/
mL, 7£28 CHIRFEF24 hf148 h, 15 K600 nmib i & HOD
{8, IR as 0 iR
1.2.4 AREBREFAHEDERFEBENZ MR 3 i
B fE S i o N B RR , $5 R 12,309 77 ¥ 3 A K,Cr,0, Y
LB A 8 35 3 b, K,Cr,0, ¥ BE #7100, 200, 300, -+, 1 000
ng/mL, IR & K,Cr,0, B LBIR AR B 37 3 25 U IR,
SREL, 7628 CHIRKTF24 h, B2 mLEEH &0 EWE, R
FABF IR 5 B3 P Cr(VI) & &
1.2.5 AEEFRENEEAFREENZMAR  RERQ
FFEARTEAFIS U BT 1Y 2 4R, 0 Bl S5 R, IR
PR G BR1.2.300 J7 v 4 A O A T 0 TR B I LB A B g 3 b, LA
AR I K,CrO, LB F2 5 25 XTI, 3k E &,
28 CHELIR$E3:24 h, 48 h, 72 h. L2 mLE W 8500 3%, RH
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1.2.6 T$EE¥EDNARE K PCRY & DNA#2 It Jz PCR
P48 25 B2 1 0 S P R i P 1 O vk AT

127 NEREMNSHEST  KPCR&=Y T4k, %
A TAEY TR L (B0y) A BRA R ST, 07458
TE L E A= W) B R W52 .0 (National Center for Biotechnology,
NCBI) ¢4 i rh #E47BLASTEL X, £ GenBank 1 5 AH 4%
HKIYTH, R Neighbor-joiningik 4 1 7 48 K & .
1.2.8 NAE@AERERANE AR 1AARE 1S %
Gordon#ll Weber (1951) 175k "HEATI 5E . #51.2. 3% 4 14
FWEAT0.5 mol/LEE A TR LBIR A 373, 3IRE &,
B 2SN IR, 28 °C 120 o/ mindR R 5323 d, 8 000 r/mings
Ly, B2 mLE W E3, A4 mL TAAR A, 25 CRE 30
min, 530 nmyE K T HE, LR WG R, R Bk = gk
FvE W e 12 BB IR RS 28 PRy sk kAT e . K
1.2. 34 & O Fh IS pLay ) o5 32 22 CASEE FR 5L N 52 4 Wk 1%
Fdk, 3WEE, 28 CHEFR4A-5 d, WLELIT 18 bk S5 FBIAG o (0 2
Pl % G 5375 W P LA

129 NAEMEFEZEEBETERD B B 5 N A Al R
AR AR 41 2k 22 WG M 2 IR 8 T 22 250 O ik PR AT AR .
L23H P PR 5 pLS i BRI R L8575, 3REH, 28
CHEFR2 d, P 0 5 P PRz W P B A

1210 #HELH WA E T MEGAS.0, SPSS 17.0 2
(SPSS Inc., Chicago, US) #4753 #r.

21 HHESEFEETREREETLEES=E

K EFERE RSB TPESRETE IR B
T3 R XU ok B 15 %) T(375.4932 + 1.0550) mg/kg, # it
T EREE AR TR B AR E T = bR (S (300 me/kg) P, JRT
T Y L1 R 5 AR BT 4 SEpHAE I %E 47.32 + 0.01, i 59
R -3, T AE RS P O EELICHO,” AR, WS
3R B R TE Y. AT L, TR X R R AR
KBRS BT 75 5 ol 232 B T 4 B AR A0, 7 X RS BF 7
BAE PR R TINE KB, ARAYE A R R, KR
FInE. ST BE AR A - R W, AR AR R B ] —
FE S5 AR M L s . AR TR R BT SR R B P AR A
2 Z BB AYRI , AT g E A i g
1 RESFIHERBEFESEBERE (wngkg') (RNBZEH
%, afibR FR0.05BEKT)

Table 1 Cr concentrations (w/mg kg™) of soil and plant tissues of
Deyeuxia scabrescens (Griseb.) (LSD a = 0.05)

A5 + Soil #2 Root
3754932+1.0550a 0.2440+0.0181 b

- Leaf
0.1221 +£0.0042 b

=% Stem
0.1860+0.0085 b

2.2 BHEEFNENRENS B R RHER

FHV AT R PR 2085 07 i DORS B 75 5P AR L =5, i
Loy ES A R3IBR A AR TR . T HEAS R 7S A 4% ok B2 T P9 A 20 R
AR ROIR L, i J T 1 HE 276 TR % E 10 650 5 ) TR R A7 28
FIGELEWF ST, 33Hk A A 40 7 49 BE7E K,Cry O, 7 500 pg/mL
K ULF LB AR, Bl 3 K,CrO, % BE R R, AR 4N iR

2% B 1027

KB HA ZBAREAK, 2K,Cr,0,i5F]1 000 pg/mLit R
FSHREM AN (£2) fEe 4K, 5B HERIN15.15%, £H
X SER B R B A 558 RO TR 4% i€ 11, SCAUE900241SCAUEY006
5 R 13 e .

R2 REHEE 550-1000 pg/mL K,Cr,0, LBER EEk 4 KRR

Table 2 LB panel bacterial growth with concentration gradient of 50-
1000 pg/mL K,Cr,0,

Cr*(p/ug mL™)
>500
600-800

A Strain
SCAUE9001-SCAUE9033
SCAUE9001-SCUAE9027

SCAUE9002-SCAUE9003, SCAUE9005-SCAUE9007,
900 SCAUE9009, SCAUE9011-SCAUE9016, SCAUE9023,
SCAUE9026-SCAUE9027
SCAUE9002, SCAUE9005-SCAUE9007, SCAUE9014

23 NEHARETIREIESER

SRR TR 425 B 77 58 5k 11%) AN T A S () ¥ 3 o 4 i 4% 119 4 B
T, BEEK,Cr,0. 0 BN, ODggo AL (EID) . BT 28
B0 ODygog o B 2 RI A FE L0 PESC 28, AT I SHR 40 3 A 0
Z ) T E RIS A K,Cr,O, % B 1200 pg/mLyg =
500 pg/mLE}, A B AR 9 ODME B iR i K, 2B Lk B 1 B
B H 2N AR AN 2 2 T AR A AR R AR B #5248 hiK
OD{H W] i 155 24 hit), RUIFEK,Cr,0, 4 £ /N T-500 pg/mLIT,
fRFER R 3748 Wi AiE H. MK,Cr,0.% B /500 pug/mLi%
JNZE1 000 pg/mLAf, 24 hif% 3725 A B R 9 ODIE T F# it 34
V-2, 48 hI% 355 I TE BRI ODME JLT- #4310, X BB
2% TR B AE 1R VR B B K,Cr, O, 31 355 1124 hiy 15 55 B (8] 45 348 L.
AR VIR BE S, Rl BT 3 N AR A0 B A RE 8 R K SR A BE
AR, 26 W I B TR AR T T VR B TS e A — 5 B3 Y BE
41, Hifit4% B 718 SCAUE9002 > SCAUE9006 > SCAUE9014 >
SCAUE9005 > SCAUE9007.

14

1000

—— SCAUE9002
—2— SCAUE9005
—&— SCAUE9006 ——
—X—SCAUE9007
—O—SCAUE%014

12

JEEN
SR\
N

0.6

0.4 \%\ I

02

Do nm

0

-02

3

—e— SCAUE9002
—&— SCAUEY005
—a&— SCAUE9006
—X—SCAUE%007 |—
—O—SCAUE%014

25

Dioo mm

N
5
0.5 %\ \I

S =——————a x

—

0 X R
200 500 800 1000

0.5
Cr* (p/ug mL")
Bl SHAEERRKECT IR TAIODgy) fE. F:24h; F: 48N
Fig. 1 ODq, . values of 5 strains in different concentration of Cr. Upper: 24
h; Lower: 48 h.
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OSCAUES006

il

100
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Cr®* (p/ug mL")

&2 SCAUE9002F1SCAUE90067E ~E 48K B THIR KR &,

400 500 600 700 800

900 1000

Fig. 2 Effect of chromium concentration on Cr® removal capacity of SCAUE9002 and SCAUE9006.

24 BIREANEARER RN

4T 4% RE F7 5% H 19 SCAUE9002 F1SCAUE90064% A 7~ [F]
e BE I K,Cr0 1 15 3724 W 451 (1E12) £, 7EK,Cr,0,4k
& 1300 pg/mLE, 28K B 155 2B R m, 40 3o 70.15% 1
67.21%. K,Cr,O & FEAE/NT300 pg/mLI, B& A% XT 4% 1Y) 22 BR e
AR W B8 T HE T B4 00, TR F300 pg/mLEs, B A% 8% 1)
BB, AT I K,Cr0, 46 B 75 /N T 45300 pg/mLi,
£ %F SCAUE9002F1SCAUE900614 &£ 4% GE ST A1 EEH, —HA
AT 300 pg/mLFE 2 P X 45 19 K R .
2.5 EFEEMAEAREER BN

Pt 4% € 85 R 2 H 1 SCAUE9002F1SCAUE90067E 300
pg/mLIR R ¥R B R R IR R R (), EL X8 B 25 bR R 36 0, &%
748 hE M L8 Fdpm (B3) , 43108 79.55%H175.27%, X5
PEMRFE S /T 500 pg/mLAh 38 T 15 57 48 hit ODME K 24
hiY &5 SR AHAT. BT LA, IR 40 58 76 300 pg/mLAR ik T
A R A 455 S A (] 24748 h.

90

mSCAUE9002
OSCAUE9006

60
50
40

30

Cré* ) 255K Cr* removal capacity (/%)

24 48 72
t/h

B3 1%5%EFE Xt SCAUE9002F1SCAUE006% 4% %R 49 35 M.
Fig. 3 Effect of culture time on Cr®" removal capacity of SCAUE9002 and
SCAUE9006.

2.6 NEMESHMETHT
X 27T 5 fE 3 45 58 9 14 Bk 2E 47168 rDNAJ 7347,
FYLER (F14) 2RI, 27 PREHIE B 0 o, 4351

TFIgnatzschineria, Bacillus. Staphylococcus., Ochrobactrum .

RN SH B 49244t Chin J Appl Environ Biol

http://www.cibj.com/

AlcaligenesH TerribacillusJg. Wk EGenBankH 1) % 5% 5
JKT154804-KT154830. 164kJE T Bacillusg, QR E MM
59.26%, hyfits B 7 55 4 AR 20 TR 0 S A R
27 BHEBEFNEMEERERN
RFBEHRAE A RE R 25 2R (3R3) R W, WK™ IAA
W AE2.95-29.10 mg/LZ ], THRTA 7~ TAARE 1358,
SCAUE9023/=TAARE J1 5t i, SCAUE90247=TAARE 1R 2 5
TR BE ) E MR L R, 188k (54.54%) REAECASE: %
FE b PR AL 1Y) R, X R AT VAR S O 45 SR ik — 25
W, BN EA —E N R EE 75 108k (30.3%) BA
R3 NWEBHRESENRAESHEERNER

Table 3 Plant growth promoting and cellulose enzyme activities of
endophytic bacteria

Tt 1AA L 7 =
Strain (p/mg L™ Siderophore Pho§ P hat'e Cellulase
solubilization

SCAUE9001 3.2955 + 0.42 + + +
SCAUE9002  5.5383 +0.51 + = +
SCAUE9003  16.9190 +0.58 + = +
SCAUE9005 12.3792 £ 0.76 4 + =
SCAUE9006  10.7723 £ 0.65 + + =
SCAUE9007 7.3550 £ 0.71 + +

SCAUE9008 11.4507 + 0.68 + - -
SCAUE9009  19.8426 + 0.89 + = =
SCAUE9010  26.7226 + 1.02 + = +
SCAUE9011 - + - -
SCAUE9012 10.6914 £ 0.91 aF + +
SCAUE9013  11.7676 + 0.87 + + +
SCAUE9014 9.5189 £ 0.25 + - -
SCAUE9015 11.9244 £ 1.13 - - +
SCAUE9016 5.9450 + 0.39 + - -
SCAUE9017 4.6048 + 0.49 F - +
SCAUE9004  6.1512+0.28 - - -
SCAUE9019 - = + -
SCAUE9026 2.9519+0.26 - + +
SCAUE9027  10.3436 +0.83 + + =
SCAUE9019 3.4708 +0.37 - - -
SCAUE9020 - 4 - +
SCAUE9021 16.8385 £ 0.55 - - +
SCAUE9022  10.6873 + 0.67 - - -
SCAUE9023 29.1065 £ 1.23 4 + =
SCAUE9024  27.6289 +0.92 aF = +
SCAUE9025 17.0962 + 1.08 - - +

+: AXFRLITIRE; - JCXFALTNRE. +: positive; —: negative.
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99

100
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El4 BESFNEHAEIS IDNARS L FH.

218 B %
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SCAUE9007 (KT154810)

(KT14827)

711 Bacillus subtilis ATCC 6051-U" (AJ276351)
Bacillus pumilus ATCC 7061" (AY876289)
SCAUE9008 (KT154811)

SCAUE9018 (KT154821)

68 [SCAUE9003 (KT154806)

Bacillus marisflavi JCM 115447 (AF483624)
SCAUE9012 (KT154815)

SCAUE9011 (KT154814)

Bacillus vietnamensis JCM 11124T (AB099708)
Bacillus circulans ATCC 24" (AY724690)

SCAUE9020 (KT154823)

154826)
154829)
ATCC BAA-519" (EU656111)

100 SCAUE9005 (KT154808)
Bacillus simplex ATCC 490977 (AJ439078)

100 Bacillus megaterium ATCC 145817 (BAC16SRR08)
4[| SCAUE9006 (KT154809)

911SCAUE9027 (KT154830)
100 [SCAUE9014 (KT154817)
Bacillus thuringiensis ATCC 107927 (BAC16SRR16)

(KT154805)

Staphylococcus sciuri ATCC 29062" (AJ421446)
1001 Staphylococcus cohnii subsp. cohnii ATCC 29974" (STA16SRR09)
SCAUE9017 (KT154820)
SCAUE9021 (KT154824)
Staphylococcus xylosus ATCC 299717 (STA16SRR22)
SCAUE9025 (KT154828)

100 [ SCAUE9015 (KT154818)

Bacillus gibsonii ATCC 700164 (X76446)
SCAUE9004 (KT154807)
Terribacillus aidingensis NBRC 1057907 (F1386524)

s4 [Ochrobactrum anthropi ATCC 491887 (NR 114979)
SCAUE9010 (KT154813)
Ochrobactrum pseudogrignonense CCUG 30717" (AM422371)

7

SCAUE9022 (KT154825)

SCAUE9019 (KT154822)
Ignatzschineria indica DSM 22309 (EU008088)
SCAUE9009 (KT154812)

E SCAUE9001 (KT154804)

Streptomyces abikoensis ATCC 12766" (AY999834)

SCAUE9013 (KT154816)

10F 4icaligenes faecalis subsp. faecalis ATCC 8750" (D88008)

Fig. 4 Phylogenetic N-J tree based on16S rDNA gene sequences showing the positions of isolate endophytic bacteria.

T WERE S, 6Kk (SCAUE9001, SCAUE9007, SCAUE9012,
SCAUE9013, SCAUE9027, SCAUE9023) % /b 247 3R {ig £E T
fig, VLIRS 37 55 230 N A 4l TR AR AR AR P AR O T B A R KO0
71.
28 WENBEMEMBAHERENTTIZER

B B 5 A A TR AR 3R TR PR A 4 3R S I A 2
(F3) KW, 3BHEE A 13KRE (39.40%) HA MR ML %R
fig )1, HihSCAUE9003, SCAUE9017H1 SCAUE90267E il 5 41
K50 5 b K A P e A, R X G 4 R R L O £ 2T 4 2R TR
JIHER.

RPN 2R 20 v iT LSRR RRR R, IR
JE X R B, b, — LER R 5w B A DU A P A A R
AT LA Je R 2 7 R A A A I Dt e £ 45 D A A
PEREL . T R BT, FRIR TR A A A A, T

RMARKERES B RAGTHEY A2 EHEBREE,

P AL B 4 Ak R AR U MORE B S 4 s Ak
510 PN AR AN T R 2 7RR T 2] LAE R T 500 pg/m LI 4% e
T, H58HE (SCAUE9002, SCAUE9005, SCAUE9006.,

SCAUE9007, SCAUE9014) Rt % i 32 1R 1= ¥k B 1) 5 4 I 4%
(1000 pg/mL) , SCAUE902F1SCAUE9Q006 i 4% BE /1 % 5¢
t, LT £5 58 7778 T Srinath T4 4325 AT 52 Cr (V1) He BNy
50 mg/LAYZNE PRI Viti C%5 % PR 5w i Cr (VI) #e i M 22
mmol/LA 4 %", SCAUE902F1SCAUE90061E %% ¥ i 300
ng/mL T 155548 hit) J2 5% R 2, 43 B1°H79.55%F175.27%. Luo
ST S B AR AR W SR e 3 (Solanum nigrum) VRPN 4385 1Y
PO A 4T TR AN R B, AR AN AR T LR KRR 4
BT ALY )R VR, R S R A A AR AN R
At R AR A T 4 A AR R Y. R S A BT
HER YR B IR F1](375.493 2 + 1.055) mg/kg, TAE Y H AR 1984 &
HAVR(0.244 0 + 0.018 1) mg/kg, 2R AR, A ULIRATTAT
DIHEDN, BN v el B SE BRI E & B A

Hexe
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A 2 B E U W - A 18 2 AT G R TP T AR K

330k KE BF H 5 9 AR AN D 42 T AR D O Ok 2T RR AR 3R
R #E1716S tTDNAF A 4317, 43 58 T 648, RUIE B &
TS NAEMEEG EEN2HE. ARE®REE ST
Bacillus (59.16%) FStaphyloccoccus (14.82%) , ‘AT EKF
T4 B TS Y X A R oA A Ok a2, R AR 4
J& 15 e IR BN [) IS TRUAR 0y v A DY A 2 B Rl S B AR AR A B
i 2= 5. UnBarzantiSE R & 4 AG ) Alyssum bertoloniih 4y
83k N, J& T Bacillus, Microbacterium. Leifsonia,
Curtobacterium, Paenibacillus . Staphyloccoccus [12]; Khan%
M Prosopis julifiora® 43 #5218k N A B, 3 B8 T Bacillus
Staphylococcus., Aerococcus ", FEARBF 5T, WAL EF 5 5
TS BT 4% N A= 08 5% T BacillusF Staphyloccoccusib, i,
{& Terribacillus . Ochrobacterium. Ignatzschineria, Alcaligenes
&, FAAFEED PN E AR, X S5EY
T S A K B PR B AT P

Hul AWK ZHBEEMYBEALEREE . EYE
INCHR R TRIREE A B . X4 R A 1 B DA R AR B 3 Hb |
TR E A R B RN G, SRR R SRR AEE
Ak IA] B, e R 0 R A R 2 T A R R AR O 3
AL, BHAS R IE F A K 2 T 0. R PN LR 40 T RE % 1 32 ]
FEAR HEAE ) 0 A=A AR 1 Bl o L, A N b B2 = AR A % 4
JE BRI R T DA B e 0%, AR AR s A B A
VW T AR R B R S R A A LR, Tk
ML) SR R R 53 R 1 R PN AR N T A i i S
97 JAL DA o AT BRI A 6 2 B R 3, DA T 344 5 i 2 ARG
HIRE J1IF A R AR KT, AL, ATk AR S A A
FhRe 2 A 2RSS L AT (In4B ok Wy . R EE ML e 5 14
&) et % — Ho e BE SRR B 0 Bk, DA 0 1 33 b ] A
RRAR 2 0T SRy fte = R B, e Do o ) AT R e JI R KR
K. AIUL, PGPE™A: ik 0K W] LA 250 i B 422 55 IR 422 42 32 A
YA AHIESY A A BF E SE NAE ZH TR D, 248K TR (88.89%)
HAPIAARE ST, 18KETE (66.67%) B4 P~ 4k ik ik /7, 108k
I (37.04%) HAEBERE ST, 130K (48.15%) H A K 25 4k
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SCAUE9013) [m] iy H A7 77 TA A BRBAA | ¥ Bl F0 2T 4k 3% B At
AE 7, UL HH N A 40 T AR G i 22 Fh AR AR DL R A A, 4R
Y EEESIRRE ). 456 ) i S A SCAUE9002F1
SCAUE90064L 53 1) A7 3%h £ A= Dy 6, UL EATIHE S A9 -4
YA BRI R MRARN AT ). & LR, K-S
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