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ST B A KRR

11,2 BEgRdt  JLREICHLEE BE R 3L (MSM) 1 LB 1%
FREE S A SCHk [ 19 1T i 5 DA J8URS i 55 ik Sy i — B U
BTG HL £R 55 57 B = T HL 35 R R KW R % 2 3
50 — 60 C Fi¢ 75 2L e J32 ) Ho o A £ 09 4R 24 IE 1)
o

11,3 200 A « g i = ik (25 % K57, K
HERNIL A T ) 5 FRE i BT AR UE S (= 9% ,
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Fig.1  Curves of strain FB8 growth and fomesafen degradation.
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BROR A28 40 i 1E Ak T — 20 O = RIVEE o3 28R I3
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Fig. 2 Micrographs of fomesafen-degrading strain FB8. A: Scanning

electron micrographs (12000 x ); B: Electron transmitted micrographs

(20000 x ).
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Table 1

Btk FBS IS5 £ B EN R NFE
Morphological, physiological and

biochemical features of strain FB8

Indentification Index Strain FB8
Colonial Shape Round
Colonial Color Milk white
Cellular Shape Bacillus

Cellular size

G /G~

Flagella

Spore

Pellicle

V. P. test
Amylohydrolysis
Gelatin liquefaction
Esculin soluble
H, S production
Urease

Oxidase

Methyl red

Salicin

Sorbitol

Lactose

Sucrose
Tetracycline
Kanamycin
Ampicillin
Spectinomycin
Chloramphenicol
Amoxicillin
Ceftriaxone sodium
Streptomycin
Cefotaxime sodium

Cefoperazone sodium

0.59-0.62 x1.15 - 1.66 um

+

+ o+

+, positive growth; -, no growth.

Pseudomonas mendocina PC19(DQ178226)

FB8*(HQ701687)

Pseudomonas mendocina PC6(DQ178222)

Pseudomonas mendocina PC7(DQ178223)

98

94

Pseudomonas mendocina PC12(DQ178225)

90 |: Pseudomonas mendocina PC5(DQ178221)

Pseudomonas sp. MACL12A (EF198249)

Pseudomonas alcaliphila ALL15-21 (NR 024734)
Uncultured gamma proteobacterium clone HN1-14(AY221597)

Pseudomonas pseudoalcaligenes Stanier 63 (NR 037000)

—— Uncultured bacterium clone C3rl (DQ304810)

B3 &t FBS RS X B

Pseudomonas nitroreducens PSEIAM21(D84022)

Pseudomonas stutzeri M16-9-4 (HM030754)

Fig.3 Phylogenetic tree of strain FB8. Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each node

is the percentage supported by bootstrapping 1000 times. Bar, 0. 1% sequence divergence.
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Fig.4 Effects of different fomesafen concentration on strain FB8 growth.
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Fig.5 Effects of primary pH on strain FB8 growth.

2.3.3  JEEEXT R AR FB8 AR 5 - 1R bk FB8 $2

ot = SR i R Mk 17 T ALk 4% % 3k P 7E 28 - 40C
M4 T Y RE IS A K, FE TR O 28°C 30°C B, TR 4
AR ILFTE 200, 218 B8 35°C B PR A Ay, A T 3
I, 7 37 °C s B B A K 3k B 0 R, 7 40°C AR K
K (B 6), HE WA Ak FBS 19 I i A48 KR N
37°C
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Fig. 6 Effects of different temperature on strain FB8 growth.
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B R FB8 [ 4& &2 A F XI5 2 SO AE 4 K K A
e A KR A Y s e DL 3R 2, 3R b B S T Rk A
PR [F] R E 75 24 B R AR 00 T B ARG . oK
X HRZH CK2 (T B AR K 3 8 R T2 (4, Bk
FB8 4b3 30 d J5 K By & W48 br 45 bk 25 & T % BR
¢ CK2, HH e Pk i 2 25 ALK 5 3R HE 4 CK2
B A AR B R T A H A, bR FBS 4k B
30 dJ5, T 3 80, Ak FBS 4b B 20 25 130 d
JE AR WE R N, B = F A B A A K

PR FB8 & &2 A X #0 A 4% 5 TH R L 2
AR bR 5 e UL ER 3, 3R BOHE O % TR PR AL BEOR
[7) R 50000 75~ 349 g e 4 1) 1 E AR K o T JRR X AR
4 CK2 fy B AR Y W38 725 14, APk FBS
AbFE 20 .25 F130 d TEY W EE N, Hik B s A
JKF, B bk FB8 Ab B 25 F1 30 d AR Xy 5 2 58, If
T A5 HALKOF s BEROG IR A CK2 1 AR K 3
B FEART 2 4L, TR Bk FBS AR 3 20 25 F1 30 d
PIAT RN, Bk FB8 AbFE 30 d JFAR KA 2
PRGN, H = F ¥ 2 k82 A 4KF .

i L N TR BURAEY N, % I bR FB8 Ak
FE 30 d X F KRBT HE MK m RN T EEA R
MEEAE R, Ik FBS Zb 3 20 d H MR K E & ik
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F 45 (LA KT 5 % 8 AR 2% RO, A Ak FB8 Ah B
20 d XF 7R] SRR AR B (% T BRI R FB8 AR 3 25 d X T
FRAY AR (B Bk FBS 4031 30 d Xf ML wE (AR K1 B A
W RAEM . Ml LU, AR FBS 4b 3
Ja , IR A R AR R AR T XA T RE 2 £

S H £ FRURME e P A0 A AR ) A B R ROK A3, T
ERRE TR SE . oh, LIE R R &
XtRRAL CK1 4% T 45 A5 B8 5 A1 B 1Y) 25 1 4 4 G W
F 25 S 3K UL R PR B G D uF L DO b A A
A e R FAE

%2 Duncan ESHEH FBS EAEN ERMEREKIERH

Table 2 Effect of strain FB8 on maize and sorghum growth indexes by Duncan analysis

Maize Sorghum
No. Dry weight (g) Root length (cm) Dry weight (g) Root length (cm)
Blank 0.361 £0. 029" 17.37 £1. 72" 0.422 £0.061" 10. 84 0. 94"
CK1 0.382 0. 039" 16.79 + 1. 12* 0.382 0. 062" 10.53 +0.81*
CK2 0.251 £0. 044""" 11.99 £1. 83" 0.271 £0.012" 5.91 £0. 68"
5d treatment 0.221 £0.010" 12.57 £1. 07" 0.191 £0. 006" 6.28 £0. 56"
10d treatment 0.233 0. 009" 13.77 £1. 09 0.192 £0.011" 9.91 £2.29°"
15d treatment 0.223 £0.017" 13.84 +1. 69 0.211 £0.011°" 9.74 0. 89
20 d treatment 0.263 £0.022""" 15.49 £2.95" 0.212 £0. 012" 10. 47 +£0. 47*"¢
25 d treatment 0.304 £0.036""" 15.47 £2. 87" 0.243 £0.010"" 10. 41 £0. 38"
30 d treatment 0.342 £0. 098" 18.12 +2. 94" 0.412 £0. 006" 11.87 £1.15"
Multiple comparisons by Duncan. Capital and small letters in the same column stand for 0. 01 and 0. 05 significant levels.

% 3 DuncanEo#HE## FBS e A G M MMM EL KIBIRIIZ N

Table 3 Effect of strain FB8 on abutilon and herb growth indexes by Duncan analysis
No. Abutilon Herb
Dry weight (g) Root length (cm) Dry weight (g) Root length (cm)

Blank 0. 142 +0. 032" 6.18 +0.50™ 0.091 0. 004" 6.02 0. 58"
CK1 0.163 £0. 049" 6.36 +0.55" 0.092 0. 004" 6. 14 £0. 60"
CK2 0.087 £0. 023 4.47 +0.83" 0.063 £0. 002 4.44 +0.85"
5d treatment 0. 087 +0. 006 5.13 £0.76™ 0.076 £0. 005" 4.98 +0.61°"
10d treatment 0.091 +0.011"¢ 5.26 £0.71"" 0.083 +0. 006" 5.19 +0. 68"
15d treatment 0.093 £0.012"" 5.61 £0.47 0. 080 =0. 005**¢ 5.36 £0.39°""
20 d treatment 0.121 £0.010"*"* 5.68 £0. 52 0.087 0. 006" 5.66 =0. 49"
25 d treatment 0. 112 £0. 012" 6.58 =0.56"" 0.087 0. 006" 5.54 0. 53"
30 d treatment 0.131 £0. 012" 6.69 0. 55" 0.112 £0.021" 5.76 0. 57"""

Multiple comparisons by Duncan. Capital and small letters in the same column stand for 0. 01 and 0. 05 significant levels.

3t

AR fH e P A Sy R T 2 B ) A — A, LR
iR TR AR DA R E , AT UL P AR 2009 4R R A Tl
R A N A T A R 4 B — bR LR TR b
Aspergillus niger ST ,1% W ¥5 d N X100 meg/ L3 Al i
LTk ) R A AR 90 %, A K3 118 S it i e Tk
e JZ Y6 9 100 - 1500 mg/L, iR S B A
28 -36°C , Witk pH YL RN 4 -7 ,7E500 mg/ LA i i
HUE(F) 46 pH7.0.28°C ) h 3 -5 AR K T HE AL T XF
B0 5 TR, B 5 Al o 2 i 2 A T+ 3 o
O3S — KR AN B B MR Lysinibacillus sp. ZB-1, bk
7 dA x50 me/ L gRCB e B E R R A R RE 95 3k 3

81.32% , H: A= A 3 I 10 9 iz 5 Tk ok 32 5 FL Ry
10 - 200 mg/L, 5 B yu & 20 - 30°C , #£50 mg/ LR
fifh Jie = Fgk (0 4R pH7.0.30°C ) v 1 -4 d4b T X5 $k
K,

AR B BT OOk Ry B bR FB8 £ MK E N
Pseudomonas mendocina , ¥& H B R 18 , iZ @ 00 & ¥k
LTI R R BB A K B R R R
iR TR R4 S S R R A HLTS e A
FH ORI AE Ay FRUARHE iz e T 2 e B R A0 R I A1 i T
BRAE96 A 500 e/ LA e k6 25
iKF] 86.75% , Witk FBS AE U8 7r J ik iz = Bk vk J& oy
250 - 4000 mg/ LYy JCHLER 15 77 £ b iE W A K, 7R DA
500 mg/L 8 fiff Jiie 55 Bk by MR — B U Y B SR Ok h
36 —48 hABME AL T X B KM, A KO BRI, A K
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TR 28 - 40°C, ¥ B 8 K, H3& N 91 4 pHS. 0 -
10. 0, F 4R 58 . 5 1 i JoURH e 0 ok % ik o1 ik S7
F1ZB-1 AH , FBS H A7 W & (I RE g L 5, HAE K 5%
RS8R 35 38 IO P 5, 3K Sy JRURH i 5 ik V5 e 4 9 1)
A A AR B AR T ORI 1 e KR R

ST W A TR R 1 N, AR S 56 O RE R
BRI R X+ A& A2 8 0 i S O, AR K 56 0l 1+
SERERN IR UE T B AR FB8 XF ) 2 SRR B AR AR
A ) 2% WA K AR AR B AR G B R CR , Bk
R XS AR (e FEAE M, RO R — bk,
3R & S e - -k S o1 2 b i
PR X AR FB8 U B A HENE S
(B R E R I W ), A R — 2B S, X R
ik TR S ik e T A B 2Y 5 ) R AR it — R U0 S R AT
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Isolation, identification and soil remediation of fomesafen-
degrading strain FBS8
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Abstract ; [ Objective | In order to find new strains to degrade fomesafen in contaminated soil, we isolated and identified
a high-efficiency degrading bacterium from polluted soil. The degrading characteristics and remediation ability of the strain
were also studied. [ Methods] Characteristics of morphological, physiological, biochemical and 16S rRNA sequence
were applied to identify the strain. The optimum growth conditions were obtained by studying the effect of environmental
factors such as fomesafen concentration, primary pH and temperature on the strain. The strain’s remediation ability to
fomesafen-polluted soil was verified by sensitive crop and target weeds bioassay in pot soil. [ Results] A high-efficiency
degrading strain FB8 that used fomesafen as sole carbon source was isolated from soybean field suffering fomesafen in
Heilongjiang province. It was initially identified as a member of the genus Pseudomonas. The strain could degrade
86.75% of 500mg/L fomesafen within 96 h. Its optimal growth conditions were determined as follows: 500mg/L
fomesafen, primary pH between 6.0 and 8.0, and at 35 to 37°C. The strain could remedy the sensitive crop maize and
sorghum biomass after treating for 30 d for soil contaminated with 5 mg/kg of fomesafen. [ Conclusion] A fomesafen-
degrading strain FB8 was selected from fomesafen-contaminated soil in Heilongjiang Province. The strain was closely
related to Pseudomonas mendocina. The strain was a suitable candidate for bioremediation of fomesafen-contaminated soil.
Keywords; fomesafen, biodegradation, Pseudomonas mendocina, soil remediation
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