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7 E: YBlI KGR 5B 5173 69 — AR Mg a1k B A B TR fRAE R 694632 5 J6
M & Bacillus subtilis. AIE5% YB1 & L35 b BB e & e Ia st ), AR 3T YB1 B KK B >
WHATT BRI L, A BRBARFRP A RATT fhik. HALE ) YB1 BALF] 6940 T 75 ik
A F YBl BMAK B = 5 BARE R LEMZ L 111 RE, AR E 5 3% e9iRdp 7l Bk
BB A 5% 69 AT H R AL, PTARBURL A 69 20F B 40h 8.75%10° CFU/g. vA A A+
A, HRERNZBEART YBL BALA A L3R F R s e IR, £RA, kg B3
b iRm 20 g YBI B A 28 d B TH LIE T 1 mg/kg 49 MBS A 23t A B2 E R
B BFRLERE, YBI HUEA AT S MR A IE IR G 69 LR B — 2 6915 LAk
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Processing and application of nicosulfuron degrading bacterium

Bacillus subtilis YB1 granules
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Abstract: YBI1 is a highly effective nicosulfuron-degrading Bacillus subtilis strain isolated from
pesticide factory wastewater. In order to investigate the ability of YB1 to degrade nicosulfuron in the
soil, the solid fermentation product of YB1 was used for granules processing, and the vector and
protective agent of YB1 were screened during processing. The optimized formula of YB1 granules is as
follows: solid fermentation product and activated clay (1:1 mass ratio) were mixed and extruded into
granules, with adding tyrosine (mass fraction 3%), and starch (mass fraction 5%). The effective number
of viable bacteria of YB1 granules was 8.75x10° CFU/g. In addition, indoor pot experiment method was
conducted to study the effect of YB1 granules on the remediation of nicosulfuron in soil, using wheat as
a sensitive indicator plant. When the concentration of nicosulfuron was 1 mg/kg and the added granules
in the soil were 20 g/kg, the concentration of nicosulfuron decreased to safe-level after 28 d. The results

demonstrated that YB1 granules has the ability to remediate the nicosulfuron residue in soil.
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W ik [ A LA N 5 B AR, B 0 JE E AR o
F. AXRERBEYIE R — E R M FED, 145
BV RWEWE TR B RTIR B TE 5, Re e
AR LA S G R AU R 2 — 0, R A
WA A 24, A% BTN, Priditk
SRR ST A2 Bz SRR, B R KA,
AR FABAE I PTOR SCE AR 2. AR R Ak 2 4l
) JE A R TS g, RN
Xz IR EEER .. BREEST K
W, £ LIERRINK RV EHIKE Serratia
marcecens N80 1] DA{E if 338 v 0w itk [ 1) b5 i
UM e ik 2 (1) 5 B 0 408 10 mg/kg B, VAN INBE AR
B N8O [FJALEE, /)N IS SE IR H 1 2840 ) b AR R
Boe 7 R NSO Ab 3 $2 15y 26%~43%

YBI1 BB S MNARZ T 57K o 45 55 i
B B — MRAS B 2FHUAF B Bacillus subtilis, 0]
£ 5 d WK 2 mg/L (R HE T % P i 86.2% . CWF
WFFCZRBA, YB1 S J0H mas fidk o 110 % i - 2 2l 4y
W ANEE SR SZ BT, Sy, EE K YBI H R
BEAT VAR R T, TR I 25 R 3B AR P ROk R B A 5
I BRSO A, 38 I 0 B R 84 R AR
PRI R, ¥ YB1 KBS YN TR R
A, IR . B E AR, DNEN
BURFR YD, WEFC T YB1 JH0RL 7)Aok - 38 v fgm s
itk e P B R A8 SR, 158 A D AR R O e i e 7 R b [X
LI EE SR S

1 #MR57EE

1.1 AR

W ZEHIRT B Bacillus subtilis YB1 B A% (HH77]
e R ZEAE Y ORI 52 B AR 2 2 5256 = i i 3R 45
FHORFE) o V& B TH R (A6 4 TR A SR K R
FRZy#]): Nikon ECLIPSE E100 &% (H A
Nikon A #]); MIZHRAL KCB-80(4k 5 41 [F] A1
B RBEARAR). ZEk. BmeEdArn
0.18 mm B M m. LlEY: KBX. MAE
e\ N EEAAESE (W E RE TR TTIS).
Bk HRE (EAET R 4 B R A A
7213 R € = 7 = 570 Sl DA NS N <A e S

Ty R BRERR. R LT R, B
i (b ZEEREARAR).

1.2 REHE

1.2.1 YBI WtEEFRIP A FE o5 LRSFF
s BZiE . AR, EME A AR LR
A, ZEEFRIK 121 ‘C(1.51 x 107 Pa) K# 20 min
J& BA 5% F R 500 i 5 LB [ s 75 54T A
AR . B YB1 RHEARAZ R B A, G Kk
Faike, & s & &N 10° CFU/mL 18 2 .
00 0.1 mL BB, T 30 C K537 48 h Ja M %%
PEEHH .

A3 AT R - FR FR ik 47 4 20 A0 B B TR

TRy, FREFRIL CER) N 10 mL 75 1 & &
N 10° CFU/mL ) YB1 BE&=R, IR 7715
O IN 1% F1 3%, THIMT T 30 cm(FEH
FRED) kRS 20 min J5 7B LB “FH, T 30 C
WEOLEE R 48 h JETHE R EVE S H o 200l AR I
TRIIFNGE LR ANAT HR S FIAS 22 58 SMAT FR S FA A B M
XTI, RRALEE 3 IRE R .
1.2.2 YBl Ftraln T 5 & Al ReAh 5
TEHIAT B YB1 B AR T i 1) LB A1 75 2
i, F 30 °C. 150 r/min £EJRHF 5577 24 h i % Fb
T GEHEBLI N 1 x 10° CFU/mL) % 1. %8R
B O R B ST . R E R R E
bR 55, BN, BMER 1 %107 CFU/g,
BRI N 12, F30°C FE9R 7d 5153
R R B, Siit YB1 W& H L.

¥ YBI [E44 R P4 5  0E F 1R) A8 A i ot =
t 11IRE, A E S ECN 3% KRS FIH 5%
IVERT AT HE R IE R, 13 2R R ZEHIAT B YB1
KL o 3% SCHR 7320 8 YB1 B0 1) 1 AR ) RE
P, OFEARUE RS AL SKE K pH .
1.2.3  YBI FURr| x4 4 38 o 0 v 5 14 1 R R
ME KR = AR 58 AN [R] AR A P R
W it P T REORR P o K BRI 2R R A iR Y o
BIEM TS A FE R 2% (0. 0.156 3. 0.312 5,
0.625. 1.25 F1 2.5 mg/kg) HHMERERE i -3, T
FEIEXIETE 7d f5, REHEDSE, ksl
EikE. B4R 3 RELR. Wi SPSS19.0 BRI
AR v i o K % A K AR W I A A ) R R
(ICs0),  LAifR 72 X H0R s it e i BBURK (PO RELAD
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16 F i e B R BRUR R R A AT G . BF 1 kg
+ 34 AN 1 mg REERERE R 0. 5. 10, 20.
40, 80 g YB1 FRsflo  LAAS S I s A [ A1 YB1
FORLFI AL B R R 2 o o & A PR LI B T % R
Wik, g 7 d BUZ LR EBUREY), TR
RUbFESR 7d JEIR T, B, DIERSAR, DL
B 7 0 A AR d A W BORL 1 A TS s AE
S5 PR IORE SR 2 A BE kb, S AL AR e il o
IR ESECN 0. 05 10, 15, 20 1 2.5 mgkg,
[F)VE AL B 4w R AR, DA YB1 Jil
LT B AN 7] o 82 43 HiOur s e e 1Y) IR B S 8UR

2 FER5SH

2.1 YB1 E#HREAEFRIPFIBTFIELS R
M 1 R W, A 5 Mtk EAR T, S
1R R T Y BT BRI T 1) R 8 U
SRS+ REFPR A L A B AR AR B
o DR, EZOn R DUEYE B O B R R
TRk iR 25 R WA 2, Hoh, W sH

R 1 YB1 BRI P EARE R HIE SRR

Table 1 Result of vector screening of YB1 granules

&2 YB1 BRI R RP5 R G

Table 2 Protective agent screening of YB1 granules

o L (R 50 T
Protectivela ent Additive amount (Mass Numbers of
8 fraction)/% colonies/(10° CFU/mL)
FEAX R 0 104.67 Aa
CK
TR 0 53.33 Cc
No protective agent
[iieati 1 82.67 Bb
Tyrosine
3 89.67 Bb
FRIPIELTYE RN 1 70.67 Dd
Carboxymethylcellulose
sodium
3 66.67 Dd
JE IR 1 5233 Cc
Humic acid
3 61.33 Dd

Ak PR VEHL

Vector Number of colonies/(10° CFU/mL)
CK 72.67 Aa
iR 24 Silica 67.67 Ab
T+ Diatomitel 21.33 De
W 1 Activated clay 68.33 Ab
FEFF Straw powder 34.67 Cd
[l - Bentonite 43.67 Be

T B G A RIRE FRERRLE P=0.01 KFEREE, TFE/
B RRRTE P=0.05 KPP ER R .

Note: Different capital letters after the data indicate significant
differences at the P=0.01 level, and different lowercase letters indicate

significant differences at the P=0.05 level.

iR F1HR B DR 47 4 A AL B 5 R IS IR 97 7 48 4%
ARSI AR 22 S 2, T LA 3% BR AR
AL YB1 B 158 SRS RO S i
2.2 YB1 BRI B9E Y4

ZME, YBR[ R R 7= 1) oA 50
BN 1.9 x 10° CFU/g. VAWM A B bk AR,
PLES R AR, 4% 1.2.2 F5 N T 7 itk AT
¥, 53] YB1 PRI o B0k o A RO T A
FBE Ko K pH BTN, SR WE3. &
T S AT G A PR 0 TR TR A

I RAVEIRENARRE FRFRRE P=0.01 KFEREE, N
/NG BERIRTE P=0.05 KFEREE.

Note: Different capital letters after the data in the same column
indicate significant differences at the P=0.01 level, and different lowercase

letters indicate significant differences at the P=0.05 level.

&3 YBI BRI E T
Table 3 The biological characteristics of YB1 granules

k=g e 45 R FRAE
Index Experimental data Standard
A RS L 8.75x 10°CFU/g = x 10° CFU/g(x 10
Number of viable bacteria CFU/mL)
FNCES 6.7% < 30.0%
Rate of inviable bacteria
K9y 14.3% < 20.0%
Moisture
pH 7.8 5.5~8.5

2.3 I AE T KR P A SRR

M5E 25 F (R 4) R /N2 X0 MR v ik e 3y
BUR, 1Cs {HN 0.259 g/kg; HZRIRZ . [RILIERE
INFEAE TR o
2.4 YBI1 Bhi3 & BESEETIENEERR

PL/NZZ MR /RIEY), AE 3 A s A [F) 55 o
)Y B SURLF, W0 A R B 1) N 22 10 A2 KA O
gL (K 5) R/ MRS INE /N T 20 g/kg 1
i, RO AE K AL BRI R & 35 d, /N RO KA
m 3 b O BRI R AR, SR R AN YBI
RVOR 7] 5o 08 s i o () PR A P A0 55 o R )42
SOBCRAEAE, T SR A I K T55 T 20 gkg 1
FHAbEE 28 d LA EBF, /N AR AR s 2 R
MRAHLL TG R 22 5, R ICIT YB1 UKL 0] 4 s
Tt b A B ar R RRAE T, O R R B 148
HRR.

+ 3R N 20 g/kg . YB1 BRLFN A F & &
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*4  EERERPEHURIEYIFIELE R

Table 4 The screening result of plants sensitive to

nicosulfuron
R #EA T T AR FREL
T/ N 1Cs¢/(g/kg)  Virulence regression Correlation
est plants - N
equation coefficient, r
NEPS 1.409 y=-1.21+0.809x 0.906
Chinese cabbage
H3 2.083 y=-0.321 + 1.006x 0.895
Lettuce
NS E 0.897 y=0.064 + 1.363x 0.914
Baby bok choy
T3 0.372 y=0.532+1.238x 0.938
Rape
N 0.259 y=0.724+ 1.236x 0.946
Wheat

] P i 625 ) 20 AR 20 SR L 60 JH b 224 O s o2 J ot
DH < 1 mg/kg FFALEE 28 d I, /NFEAR KRR
P57 FO0 RG22 s T 2 M R R o ) T
340> 1 mg/kg I, RIEGEK AN R], YB1 B0kE
FIHA R % LI SE .

3 FRrR5itie

LTI, 7 9% A P et 200 o 88 T o 1) 413
RZ, (L F TRl 00 v Tl 5 375 e 1) - 4942 2 O

FUAHRF AT, SRy G fifh SI Fom A 777 H J08 W i g o] £
BTGNS, BB AT YBT @R
TRAIRL A, DA SRAS — Tl 5 A 0 e itk e ke ¥
() - A B E AR A B .

YB1 B bk 28 [ 4 9 I 15 30 [ 44 O 18 7 4
HROHEHECN 1.9 x 10° CFU/g, &T Liu ZEU9% kY
TLEHUR B B. subtilis L7 3T [ 448 R B2 BT 19 R B2
FEYIIE L (3.26 x 10 CFU/g), Kk, YBI &
B ROE W E A R iR e . 8
X YB1 R #EAR AR R B GRE, e T
YBI1 BRI S E R E L, s R AN
MR . fERRRI, AR SiEE e
PRy 11, BEEBRTE 7 E 3%, TEk &
8 5%

ARARIGLE R, YB1 Pk A (5
A < 1 mg/kg) JHMERERE (1) AR SO A R, XT
TR S R R (0T B2 > 1 mg/kg) FBRME AR
W& 22 o X TAATTISR FH = AL A I A B 1 T VR
W9t 7 AT E & (Ochrobactrum sp.) ZWS16 Fl
FFR A R (Stenotrophomonas sp.) ZWS18 2 A4~

&S5 HAMAEFIER YB1 FAA IR E AR E A/ Z B E KIER
Table 5 The growth of wheat with different doses of YB1 granules and different treatment period

VB BRI I R Root/cm ¥k Plant height/cm
Addition amount of YB1 granules/(mg/kg ;) 214 28d 354 214 28d 354
0 1250 a 12.80 a 1240 a 13.10a 12.70 a 1320 a
5 480 ¢ 520c¢ 6.80 ¢ 4.60 530c¢c 6.76 ¢
10 7.00d 7.70 b 9.30b 7.00 e 7.90 b 9.67b
20 11.00 ¢ 12.51a 1223 a 11.20d 12.61a 13.12a
40 11.60 be 12.56 ba 1234 a 11.70 ¢ 12.65a 13.13 a
80 11.50 b 1273 a 1236 a 12.00 b 1271 a 13.19a

e FSIEEEE ARG FRERORE P=0.05 KPR R

Note: Different lowercase letters in the same column indicate significant differences at the P=0.05 level.

R 6 ARNIN 20 g/kgy YBI1 FURLTIRG AN [E] & £ A MEETRFE AL B ER B 40/ N EE KIESR
Table 6 The effect of 20 g/kg ;) YB1 granules to the growth of wheat under different content of nicosulfuron and

different treatment period

IR Rk B B0 B 4 Root/cm #5 Plant height/cm
Mass fraction of nicosulfuron/(mg/kg) 21d 28d 35d 21d 28d 354

0 1275 a 13.04 a 13.26a 13.25a 13.55a 13.77 a
0.5 12.73 ab 13.02a 13.24a 13.23 ab 13.53a 13.74 a
1.0 12.70 b 1298 a 1323 a 13.12b 13.51a 13.72a
L5 6.56 ¢ 797b 8.56b 6.47 ¢ 8.36b 8.38b
2.0 4.74d 6.76 ¢ 7.54¢ 4.96d 6.88 ¢ 6.94c
2.5 346¢ 4.59d 5.34d 375¢e 4.86d 4.96d

e [FSIEdE G ARG TR TE P=0.05 KT ER R .

Note: Different lowercase letters in the same column indicate significant differences at the P=0.05 level.
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] AR Xof P W i o3 L R MR s i e P 2 A 175 10, A B
2 AR AR 3 10 mg/L FIH R FEAE 8 d N
B 70% DL b o o) RS HE AF A FH J0 s ik
QR I NS o e v | WSO N L 2 O]
(Rhodopseudomonas sp.) J5-2 X JH s Ttk [ [ i 25 SF
Bat, TR 400 mg/L A MHRE R EAE 7 d Y BE AR
32.2% . 5 o R i 11 o B B R T
1 mg/kg!"2", AHEFE BT ) YB1 JB0RL A 6K
VAR 5 D OB v s o I g o SR A, DRI, TR T
Pl R g T e R B R, BRI T R
fRIER, HRAETT(E, FARNHHE RS /1. o R gks:
WEFT YB1 B0RE 77 78 K F R 8 i SR S O, AE
AR 3 b X 8 AR s i o B B )RR AL A 2
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