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i E: (81 UMD ESHHEELFERASURBREEN R, ZEDRATIREIERTE
Foib EE R L 0 2 ERZ. [ B a9 KT A A A BRAEDEBAENARZ 5K T B, ZF1ED
THERERA, FHMERZATR., [FE] BIEARFTRAE BB AANLIERLFLELE
WEMRAR, 456 & 2URAE & BUN B BRI AR B ot R T BR e TR AR A AR P AR KER, OF
H T AR T BT B B A AT T 9 AR R A 4 W I A K et B A K R b SUK IR ISR pR e A
MiEt, EEMEF. AN 16S IRNA AR 57 AT o k552, [ER] ALE L
TR FFE| 4 MRAKAR A A 3R E LA B BRI AL ), ErBR AR A AR EARRIE AR T2 h BT R T BR [S
FEESA A 100%. 99.83%. 99.89%. 99.87%. 64.91%. 56.92%F= 49.33%; HF 2 K&K H
YNK-FS0018. YNK-FS0019 fe—#k#m ) YNK-FB0022 44343 A)H KT8, HinArF o K X2
E XA H R YNK-FS0018. YNK-FS0019 A= YNK-FB0022 3 ¥T vA %2 i 3K ¥ 8L 1A+ F 84 & 6947 4), 42t
TR, HEEDA A 13%- 73%F2 97%, LA FARA K, P39 KA 13.31. 13.04 F= 14.56 cm;
AR 3T K I 25 R A A B #k YNK-FS0018. YNK-FS0019 A= YNK-FB0022 ¥} 9% & B A )~ i 44 ;
A E AR LR A B AR YNK-FS0018. YNK-FS0019 24 PKSII. NRPS £ B, # 4k YNK-FB0022
A4 fenD. bioA. yndJ. ysnE. ituC. shoA #= srfAB A H; 2K X4 RE-FEHHA YNK-FS0018
stEmRMR G W EET M ETERET RRAFZHARAEER, &RH A3 53.40%. 67.50%.
57.50%-. 73.50%-. 77.28%%= 9.40%; HH#k YNK-FS0019 &3 é94k 5. ¥ L& T, L+ F. R T,

B H : =B AR R E R B 1(202202AE090010, 202202AE090015); =94 & 5 3 B R TAEsi—H
X E R TR (= AFLIE[2022]17 5)
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AR KA ZE A5 F38E hm 23%. 40.90%. 14.00%. 57.00%. 26.30%F= 16.80%; ©H#k YNK-FB0022 432
MRS, WESHE. W ETE. ARE. HRKFZHSF3E 0 24.50%. 44.70%. 26.40%. 75.10%.
98.00%7F= 9.00%; 3 AR E AT & oAb Z IR 6955 oA A 87.10%. 74.18%A= 80.65%; 6T A FFnT
AR, Bk YNK-FS0018 445 & % 4% 5 # (Sreptomyces blastmyceticus, GenBank &3 5 4
ORS523286), YNK-FS0019 4 & %44 & & (Sreptomyces alboflavus, GenBank & 3% %5 % OR523289),
YNK-FB0022 # @t #: 3 7047 ¥ (Bacillus halotolerans, GenBank A& % 4 OR523290); ), Hik
B RA AR, 4. bk BIR . KRR Bfo KRR aBegfe . (44 2B REREH L
KGR B, WA, bk BAR. KRR BEEFOKGEOBRNGD, ERY GRS, 0. R
K. ARE. WEHSE TR T EFREOEREADERAER, A ERFEERGIRSLT, THLE
R E W A MG BRI A Y TR,

X RTE; BEEME; RAK, i, FHELER

Three phenolic acid-degrading bacterial strains: screening,
identification, and biological activities

LIAO Yongqin"?, WANG Nan'?, SHEN Yunxin'?, TANG Jiacai’, SHI Zhufeng?,
YI Xiaopengl’z, FENG Luya02’3, LI Minggang3, HE Yonghong*l, YANG Peiwen

1 College of Plant Protection, Yunnan Agricultural University, Kunming 650000, Yunnan, China

2 Agricultural Environment and Resources Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205,
Yunnan, China

3 Resource Plant Research Institute, Yunnan University, Kunming 650091, Yunnan, China

Abstract: [Background] Continuous planting of common crops can lead to the secretion of
phenolic acid autotoxic substances in roots, which are the main factors causing soil-borne
diseases and continuous cropping obstacles. [Objective] To mine the microorganisms capable
of degrading benzoic acid secreted by crop roots, reduce the occurrence of soil-borne diseases,
and reserve beneficial microbial resources. [Methods] We used benzoic acid as the sole carbon
source in the inorganic salt medium to screen the strain resources of Wuliang Mountain and
determined the degradation rate of benzoic acid by high-performance liquid chromatography.
The plate confrontation test, tomato seed germination experiment, tomato seedling growth
experiment, and pathogen (Fusarium wilt) inoculation experiment with tomato seedlings were
carried out to examine the biological activities of the strains. The strains were identified based
on morphological, physiological, and biochemical characteristics and 16S rRNA gene
sequences. [Results] Four strains of Actinomycetes and three strains of bacteria with phenolic
acid-degrading ability were screened from Wuliang Mountain. After culture in shake flasks for
72 h, the strains showed the benzoic acid-degrading rate of 100%, 99.83%, 99.89%, 99.87%,
64.91%, 56.92%, and 49.33%, respectively. Two Actinomycetes strains (YNK-FS0018 and
YNK-FS0019) and one bacterial strain (YNK-FB0022) could make good use of benzoic acid.
The treatments with the three strains alleviated the inhibitory effect of benzoic acid on tomato
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seed germination, with the seed germination rates of 73%, 73%, and 97%, the root length of
13.31, 13.04, and 14.56 cm, respectively. Furthermore, the three strains had broad-spectrum
resistance to pathogens. YNK-FS0018 and YNK-FS0019 carried PKSII and NRPS and
YNK-FB0022 carried fenD, bioA, yndJ, ysnE, ituC, sboA, and srfAB. The results of pot
experiments showed that strain YNK-FS0018 increased the plant height, above ground fresh
weight, above ground dry weight, root weight, root length, and stem diameter by 53.40%,
67.50%, 57.50%, 73.50%, 77.28%, and 9.40%, respectively. The increases in the above
indicators by YNK-FS0019 were 23.00%, 40.90%, 14.00%, 57.00%, 26.30%, and 16.80%,
respectively. The increases by YNK-FB0022 were 24.50%, 44.70%, 26.40%, 75.10%, 98.00%,
and 9.00%, respectively. The control effects of three strains on tomato Fusarium wilt were
87.10%, 74.18%, and 80.65%, respectively. YNK-FS0018, YNK-FS0019, and YNK-FB0022
were identified as Streptomyces blastmyceticus (GenBank accession number: OR523286),
Sreptomyces alboflavus (GenBank accession number: OR523289), and Bacillus halotolerans
(GenBank accession number: OR523290), respectively. All the strains had the abilities of
solubilizing organic phosphorus and zinc, secreting siderophores, and producing amylase and
protease. [Conclusion] The three phenolic acid-degrading bacterial strains have the abilities of
solubilizing organic phosphorus and zinc, secreting siderophores, and producing amylase and
protease. They can significantly increase the plant height, stem thickness, root length, root
weight, above ground fresh weight and above ground dry weight of tomato seedlings. Moreover,
they demonstrate strong control effects on tomato Fusarium wilt, serving as the microbial
resources for the biocontrol of soil-borne diseases.

Keywords: benzoic acid; phenol acid-degrading bacteria; growth promoting; antagonism; tomato
Fusarium wilt
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ARV, MR RIZZE AFY R RS
PRI E R LR AR, HETTIE LA T A
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o ISR, BHIEA SRR DA BR Y SR
ME—RRR A EE IR 5L, ©M B SRR TR 3RAS 2 Fl
BAMRIEEI RN, TR T8N H K
A v B B W S bR AN B . F i PR
S ARBR LI R R 6 MkT AR B RS A 2
BT, H AR FD-21 7ERE M5 5% 72 h B
X R R | X R OR HH R AR K A T ) 4 it 23
WIh 78.87%. 89.50%F1 93.62%, FFXFFEHL =+
L 22995 5073 B FL 5k ) B IR B0 I 45.49%
SRAEEAE 12 F M AE A MR PR 148, K15 7 #Rn]
o A8 R A R BR IS 1 ) o HL R AR TS ) 22 AR
PridE Mg Rk, b B28 [ CA04 X EFEH
Il T TR FR I 25 TR A DL ()AL A D T AR
A I EE 11 0T U AR PR + e
TR T RE N AR AR R (Y = R bR, ol
LR 24 i1 T (Pseudomonas putida) 12 h P % P
ik 1) W i 265K 3] 99.35% , S il 2% (Aspergillus
niger)7E 72 h AT PIREFR (1) B A 15 21 99.62%.

MEBRA 2 1A P e A A A ) 2 v AT
Bl RBE . - IMERBEUR IR MR, UKk
PRI RTE T, S AE BRI 2 n] R Y
B IR IC R I AT RO B 2 R U9 SRR o AR B
A g WA Pt T DUR - 58 ) B S, BRAIR
SO B BT E R 5T A SR AR - 9 A AR 1
BRI . RIL, FERII A B 6 T
AW B T (AR 7 o B XA PR £5 32k
Wl s e, B ST R R T, 225t
AN ARG T 28 AR BT IR, SRR H AR IR
X R R I MR -5 K SCRHE R G, 88
MU & 5, 2 & B ERE M Er
PyRhRIFR BT O R, FEICAEBE T A R T2 i
B 1A S AR BR A o e S L ARbR
B BT RE . BAR. 8.
JE AN S AL R 2 DI REFT BSR40 A

HRT, R0 My I 3 A o ) it 5 SR TR Pk

AT B, 2 0 I PRI A T 2 FE AL AR )
YOS LR T 05T . FET I, ARWFSE
LK DURR 28 7310 F BE ) J5 2 F R A PHE — 2R TR 7
BEJo R I ARAR L SR B R, R O AT
TN S FE Ty TR R iR %, 55 Ty R I i T 28 i A
RV 0 1) ot 7 25 16 0 1 A e fip o A2 2 28 i
2y e e B 4 A 28, B A W
FIE R LA IRE, LA b B R A% 1
OTF A R AR BEHOR SO, IO AL 3 i 2R
Wi K AR B4R

1 MR5r%

1.1 #8
1.1.1 H&

TR SR T = O LR IR AR
SR T U BORE VR B 22 A AR A R B 1 - 8,
FSFE R R )ZE L5 10-20 cm A9 - BEEUH
TRA A 50 mL A9 25048 ] 52560 %= 1 743 1
.

75 7Rt 25 9% B (Fusarium  oxysporum f. sp.
lycopersici) YNK-FP0014 . % >k K B %&
(Exserohilum turcicum) YNK-FP0020 . 75 #5Hi2E
Ji B (Fusarium oxysporum f. sp. cubense race 4)
(Focd) YNK-FP0009 , 525 5 25 J& i B
(Phoma matteuciicola) YNK-FPOO11, XA ISR
& (Colletotrichum micotianae) YNK-FP0019 FI%
1 1295 14 (Phytophthora parasitica) YNK-FP0023
25 A 48 AR B2 B 90 e AR ol P4 55 5% 5 A 90
53 B 5 IR I S R
1.1.2 ExFRE

BRBIENA)E T3 (g/L): K 10.0,
A RH 3.0, FHALER 5.0, 3§ 15.0,pH 7.30+0.12,
121 °CK & 20 min % ; LB W iAkEE 572 (g/L):
etk E 5.0, E M4 10.0, FA1L#h 5.0, pH 7.0,
121 °CK[H 20 min 75 5 & K — 5 13 R (g/L)
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AEPETER 20.0, KNO; 1.0, K,HPO, 1.0,
MgS0,4-7H,0 0.5, NaCl 0.5, FeSO,7H,0 0.5,
Bilg 20.0, pH 7.20-7.40, 121 °CZK# 20 min
S, RARKE SRR RS B g R
FH R JCHLER A 8% 5% 3 (g/L) : MgSO4-7TH,0 0.2,
(NH,),SO, 1.0, KH,PO,4 0.5, NaCl 0.5, K,HPO,
L5, R ASRI AR E 4 0.1.,0.5 71 1.0 g/L),
pH AKX, 121 °CKFH 20 min £ FH, [ RE 5% 5L
TE LAY o 20.0 g/L AOBEREHS

AT ML 38 5% 7 L R A JC ML S 5 1 77
HSH CHER9]BCHI . 4GS 37 5 (King broth,
KB)Z % SCHR[10]BCH] , BIAERREE RS H
BRIVIIBCH , W B RE B 3G R 2 2 2% Uk [12] 10
i, WS R R AL S SR [13 T, TE A
Fg e B R B S % SOk 14100, % K& S
(Chrome azurol S, CAS)IEFEHRXZ M 22 3L
BR1S1HCH
1.1.3  EZE RTINS

RHR . LKBEREE, g BAbEEA
AIRARE; LKL, T AR R
AIRAW; s, IR AR R
Al BERR A, PPk AR E] &b,
TR YR A PR A 5 SRR E A 2tk 3]
FAEY TRCRE)ARAH,

FRORAR TR, LA R A F]; &
DL, BRI A PR A fHR
IR, AAbsEFiAe, R oA il A R
el FREE, RIS (R A RAE],
1.2 7k
1.2.1 ERERFEMB R AN 2 %1%

FREL 2.0 g +AET 250 mL 82+, A
200 mL JG R /K il 5 - 88k, T 180 r/min,
30 °CH; 3% 6 h J5 i ® 20 min, B 3SR EATHR
FERRE, AP E 200 uL 1073, 1074 F1 107 #&
FERIA AT E LA R(0.10 g/L) N ME—Z IR AY G

MLEREEFR3E |, 30 °CHE AR FE 3 do
B TR TR R AR RIS TR A, ke A R
A, BORBAEET NA BREMEK 1 S5
FRHEH T 30 cCAlifbIh IR, Fralifb s iy SR i 42
FlZE NA Fl i [ —5 [ RE I B R L 4 °CoKAf
TR
1.2.2 EARRPEMRE M S TF

W A DR B i A M — sk U 1) JEBLER B 7
F 2R B R R RSN E)] 0.50 g/L F11.00 g/L,
ISR IR CRAF (%) TR R TG A5 20 T v v B 1 R 5%
FrAkrp, 30 CCHEIRIEFRAAIEFE 3 d JIE A KL
TP B RIAROICEZRTA 5 d), A KA B AR T
NA B Fe HA S 5 WA IR AL BRI
1.2.3 SR U E X PERPERER

W 0 1 21 00 2R FR R A A AT AL S A T
20 mL LB 85 [K— 5@ G R &4, T 30°C,
180 r/min ¥ 5% 24 h/ENFIF . L 1 mL FhF
WA 50 mL DIORH RRIEICY) B JCHLER A4 1
Federh, RMIRIE N 0.10 /L. 4 BB
Al 37 °C. 180 r/min R G FE 4 d G KRS,
28 0.22 pm JEAELT U85 A HPLC Al kP&t , A
T TSI R F 3% o RO ) 5 - BRI
REERMA 50 mL 204, 4°C. 8000 r/min
B0 10 min, B EJE 1.00 mL 35 0.22 um fif
FLUEBEAE S ERE &, B 3E A Agilent C18 #F
(250 mmx4.0 mmx5 pm); AFEHLK 35 °C; AN
WA 230 nm; SIS HEE: 0.02 mol/L,
H i LR EE=5:95 (IRFL L) ; Atk 1.00 mL/min;
HEREAARFR A 10.00 pl, 280 BRI .

Bk % 28 (Y% )=[(ZF B IS A it —R B IS o )/ &
P JRCHI D] 100, 1530 13 1R B4 A TRT )G B A1
124 BERMEMREKREBRRPREZWERM T
B &I 58

R E 6 AN 1) AR I
2) 1.00 g/L AR FHERADBE s 3) Ty 48 fift 11 ok 7T
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R 4) TR I A TR R TR S TR R 10 A A3
5) Ty IR ok Sk TR o TR R MR B 100 5407 5 6) 1y
TR 94 f7k TR PR TR 2 VR R 1 000 5 AL L 1%
FEAD NS 1.2.1 TP R4S 20 R AR AP T LB 1
o [ — S AR IR, 7E 30 °C. 180 r/min ()
fHIRPE KRR F% 48 h 5, 4 °C. 8 000 r/min B5.0>
10 min, M5 FIEEHICR K EAE I BN R
WAL R . BRI AR ORI X &, T
AR T 70%Z B 10 min J5 B G R KI5 1k
3 WSEMIHTE . BUTIERDK T RT, 7EKP
HWRIRIE 12 h JF IS AR & T 2-3 2K
FUEARH 9.00 cm BHIIEIRMAp, FAA I 4
L 10 Rifp+, &R 3. AbFE 3. 4 F1 5 %eH
2.00 mL FH R FE, 24 h J5 1 2.00 mL % 7 B
BIRAL I, J5EEERE 24 h IR KA, oA
AT 2.00 mL g AL BES BE R 24 h TS0
2.00 mL TG /K B 1 & T 26 °C N T Af5A
6. WEASEEWIEIN 16 h F1 8 h, KEFE 7d, Mg
R EERAIERAK

R AEFRRRINE « LAEE > 1/2 R bR,
KR (%)=(R R TR 740> 100,
125 BEREBRENEMNBENREKETE
TnkhE R I IR I

Fie 1% 4RO 1.2.2 0 0 00 T AR 3R T
NB 5 [K— 5 AR FR 5, 30 °C. 180 r/min
PEIREEFE 48 h, 4 °C. 8 000 r/min &5.0> 10 min
JEF BiE, AXREKERRERRR .
PR FAAHIT 1Y T i 4l i AR 2 H 4% 14.00 cm H.
B KB P B T AR ZE D, B 1 PR
BRI A (B . X AL O R 2R, B4
ARFR 10 FIE3ANEE, FENHEMA 7d 5
FH R AR A TR A T VAR, P B e o i i A
2524 3.00 cm AR FLAL , TR 5.00 cm, Bk 100 mL
R R R, RIS 3 d JREEASER
1.2.2 Wi P TRTRR TRTESOME - A= R a4 3 K P8 11k

K, BRIREESY 5K 25 °CHI 20 °C, JEHRR K
14 h. HBEEEHE 10 h, 45 d 5 WESE 5 KT
SIS AR R R R . 2. AR R
fief 7 AL T

5 b 3 R 9 1 0 BT A 220 0 1 40 R
PR, 00 JCAEAR; 1: 1 BRI TR R 2.
3 ECH 4 AR R R 3. 5 g
6 i ENM AR e M EE T H; 4. & EE
B LLEG AL

I 15 16 B0 =25 B MR B2 G B )/ (E Bk
Ho< e = R AE)* 1005

B 28 =(XF B ZE 3 155 Hi8 00— Ab B 2H 9 155 4 550/
XoT HEZH 5 155 45 450 100
1.2.6 EAERPEMERINE EMHIRERMERE
RS 25 [ 46

FHE RN PRI [ 1 22 e T PDA 35 5%
M3%EFE 5 d, HHTHLARTERG R A 4 TH 0.50 cm
A R B DR, BT HA0 PDA 53Rt H
FERNER DB 2 I PR ECEL T35 Ak 1 #3500 41 287 AR ik
L, TR NAEMERIRE 2.50 cm AbHEERp
BRAR DA B Ao R Y B R o X R, B
28 °CHEFEMREFE 35 do X SRR il 300 4 4
KM 2R .

T 2 (%)=[( BT 7% B2 - b BT 7% A
)/ %} BT T HL A2 1% 100,

ik E A ML PCR G, & W5 |91 F 51
w1 .
1.2.7 BERPEMBRE B E b EYIE M

W 1.2.2 i BEAS 2 A TR S A B2 R A HL
BEEPERE IR L . OB R PR FR 3L . A i
BRARL | RSO . BRI BRSO
FIVE R PRI IR 3L I, 37 °CHE SR 48 h, 5H
75 B LA s 08 BH L AT AN 1, A CAS 3
JESF- R AN B R 7 Bk A RE T, A B R B ]
Pl 1y 7 A 3R B R AT A3 IR A I g
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®1 MEREERRNIIMERE

Table 1 Synthesis of primers for antibiotic gene detection

EIE/EXS 19751 PR E 2% Sk

Primer name Primer sequence (5'—3") Product length (bp) Reference

srfAB GTTCTCGCAGTCCAGCAGAAG 308 [16]
GCCGAGCGTATCCGTACCGAG

yndJ CAGAGCGACAGCAATCACAT 212 [16]
TGAATTTCGGTCCGCTTATC

fenD CCTGCAGAAGGAGAAGTGAAG 293 [16]
TGCTCATCGTCTTCCGTTTC

ituC TTCACTTTTGATCTGGCGAT 575 [16]
CGTCCGGTACATTTTCAC

bamC CTGGAAGAGATGCCGCTTAC 957 [17]
AAGAGTGCGTTTTCTTCGGA

dhbC ATGTTGGATCAAAACGTTAT 1197 [16]
TCATATGTGATCCACGCCCA

shoA TCGGTTTGTAAACTTCAACTGC 334 [17]
GTCCACTAGACAAGCGGCTC

ysnE GGCTGTGAACCTTTGCTATG 462 [16]
GCTGTTCGGGTCCTCTTTAT

bioA TTCCACGGCCATTCCTATAC 210 [17]
TTTGTCCCCTTATCCTGCAC

PKS TSAAGTCSAACATCGGB 1 2001 400 [18]
CGCAGGTTSCSGTACCAG

PKSII ACCGGCT GCACSTCSGGSCT 700 [19]
ACGTAGTCSAGGTCGCASAC

NRPS GCSTACSY SATSTACACSTCSGG 800 [18]

SASGTCVCCSGTSCGGTAS

PR E AT LB kI IR,
30 °C. 180 r/min 555 24 h, JCH &I 4 mL
KR T B 8 P, PR 5 4 mL Sackowceki’s
A5 CFF 150 mL A9 VR B R 2% 2% in A %] 250 mL
KK, iy, FRERR AR A
7.50 mL 0.50 mol/L FeCly-6H,0 ¥R )RS,
WOEFE B 40 min, WMEIFHEREEG AL,
1.2.8 BERMEBERNEBREUCERS TFEE

Z: B IS AN %5 T ) RO o D 4
PR 2R G0 2 22 T ) Ve A Oy 10k o T i % 7 T o
EATIE 25 27 56 R A B A AR R PR A I

KM chelex-100 E4&HL 1.2.2 i 4 1Y 40 T4
DNAP | IR L HUAY DNA V5 ik, XF3iisny
FREIETT 16S tRNA R FFHIINE . >R A5

¥ 27F (5-AGAGTTTGATCCTGGCTCAG-3')#l
1492R (5'-TACGGCTACCTTGTTACGACTT-3") it
17 PCR 474, PCR Je 1R 2 M S 45445 B e
Z SN J7 . BUL uL PCR P BEAT 1%
BEWHEE RS LUK , PSR U6 I 2 Akt 300 6 1 e [
e PCR =Wt A 70 204 o 16S rRNA 3 [H 751
I 7 T AE R E Y R 2R A FRAE YA
SER. MFLE R4 BLAST 82 (https:/blast.ncbi.
nlm.nih.gov/Blast.cgi))ii 5 GenBank %4 4f /2 HH AH
KA e AL e AT FE B e A . 1R AR
B Rk AE NS SR, FIH
MEGA 7.0 WH#RF L BTW, Il bootstrap
HAT 1 000 WE MR, 78745 o0 8w bk Y ik
At Ay, [l kAR A B AR AR TR A i — 2 M
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1.2.9 HIESH
Ba R RN 200 . 2 i &

SEFEAS R 3e 43 A BU A AL A Y P 25 R

& #% Excel #1 SPSS Statistics 20.0 Z /447
B M, KM Origin 2021 il GraphPad
Prism 8 il [ .

2 BZRE5OM

2.1 BRAERPERREIFIRLE R

D2 B R A — SRR ) 5 5 R 0 81 1 T PR
R TERRINZR 2 F/R, 4 BRIZE# YNK-FS0018
YNK-FS0019 . YNK-FS0020 F1 YNK-FS0021 Jfi
GARABPBRWEM MY ERRIE, HE
YNK-FB0022. YNK-FB0023 F1 YNK-FB0024

*®2 BAERMEMEMTRIELSR
Table 2 Screening results of phenol acid degrading
bacteria

FRAFR 0.10 g/L 0.50 g/L 1.00 g/L
Strain name ~ ARHR A H R RHR

0.10 g/L 0.50 g/L 1.00 g/L

Benzoic acid Benzoic acid Benzoic acid
YNK-FS0018  +++ +++ ++
YNK-FS0019 +++ R ++
YNK-FS0020 +++ +++ ++
YNK-FS0329 ++ + +
YNK-FS0354 + + —
YNK-FS0021 +++ +++ ++

YNK-FS0857 + -
YNK-FS0756 + -
YNK-FB0022 +++ ++
YNK-FB0023 +++
YNK-FB0024 +++
YNK-FB0521 + - -
YNK-FB0674 ++ - -
YNK-FB0864 + - -

| ARG R AR B A A AT R AT
— A K

+++, ++, + and — means that growth of strains as

+ o+ o+

good-colony, ordinary-colony, a little colony, no colony by
observation, respectively.

it 7 4% FH TR VA R T G N o s ke A P,
JERBIE LY 1.00 g/L Mk BEAR RS 3R 3L, R
TR AR RI AR IR, A g ) 45 i
Ve 7 PREA MR R R RE T RITE AR, 430 AL
2R YNK-FS0018, YNK-FS0019, YNK-FS0020
YNK-FS0021 FI4iE YNK-FB0022 . YNK-FB0023
YNK-FB0024,
2.2 EREGPERRE X BB RR R M E L5 R

BRI TS B0 7 BRI BR R R 2R H
TR AR SRR RAL L 72 h ), @ A
AR T A B 2R IR an 18 1 Fos, R
PR AR R TR A TR 7 WK B R S R 1) [ A
(3 3), 4 BRI TN R IR Y B A 2238 31 99%
LI, 405 YNK-FB0022, NK-FB0023 %4 H iR
IR FRR IR F] 50% LA L o AR AR 2R H R A e
fift RE S BU L YNK-FS0018 . YNK-FS0019
MYNE YNK-FB0022 Zk£z45 4 H A MG 1k
2.3 ERERPERR L R K B ERHN S F AnfhF
A & 3 30

FAAFAOCIIG SRR R 7 d e
B2, B3 FR, 3 PRI R R fif 0 1 ] I 25 % i
7 FR R Xk e A R B 0 4 o A B R A
Ko BkE YNK-FB0022 {4 J5 7 2% fift 25 H iR A 1
il VE A dpca, 9 EL55 0 BEORE b LA 0 7 i
MR, FFikRES 97%, Wk
YNK-FB0022 [ 1 000 57 B Fp AR 4
RO s, F A AR K S
13.04 cm; HHFE YNK-FS0018 f8) 100 1576 Bk
XK F R S A 0 R MR fRAE R B, &
b BTG FhF 8 K 2R3 73%, Bk YNK-FS0018
19 10 R BB A AR AR A FH fscai , b1
MK 13.31 em; AR YNK-FS0019 ) 100 £
i TR TRORT 4 PR TR 411 o o~ i A 1) % iV I o S
=TT & K 73%, Wk YNK-FS0019
) SO0 T A A AR AR R E P Bk, Fh-F
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4

9.504

[\ s

0
3 4 5 6 7 8 9
Time (min)
B mau DADI A, Sig=230, 4 Ref=off
30 | (C:\CHEM32\1\DATA \benzoic acid July 20\6105.D)
_5 C 1 1 1 1 1 1
4 6 8 10 12 14
Time (min)
€ mAU 2 DADI A, Sig=230, 4 Ref=off
30 (C:\CHEM32\1\DATA\benzoic acid_LC 2023-07-20 15-57-16\009-P1-A8-3921.D)
25
20
D r - - z P -
0 o e P =2 b &
_5 B 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9
Time (min)
D mau :  DADI A, Sig=230, 4 Ref=off
30 n (C:\CHEM32\1\DATA\benzoic acid LC 2023-07-20 15-57-16\013-P1-B1-5733.D)
25

9538

m
063
3,578
4882
5414
5113
6893

5921

1 1 1

3 4 5 6 7 8 9
Time (min)
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E mAU DADI A, Sig=230, 4 Ref=off
35 (C:\CHEM32\1\DATA \benzoic acid_LC 2023-07-20 15-57-16\014-P1-B2-5713.D)
30
25
20

1c

3 4 5 6 7 8 9
Time (min)
F mAuU T DADI A, Sig=230, 4 Ref=off
175 (C:\CHEM32\1\DATA \benzoic acid_LC 2023-07-20 15-57-16\010-P1-A9-5913.D)
150
125
50
25r z $ o oz 3z 8
0 R < & S
1 2 3 4 5 6 7 8 9
Time (min)
G mAU % DADI A, Sig=230, 4 Ref=off
200 A (C:\CHEM32\1\DATA \benzoic acid_LC 2023-07-20 15-57-16\011-P1-A10-1478.D)
0 z: : . $ 2 4 J L : 0 2 32 . . ‘
1 2 3 4 5 6 7 8 9
Time (min)
H mAU  DADI A, Sig=230, 4 Ref=off
250 (C:\CHEM32\1\DATA \benzoic acid_LC 2023-07-20 15-57-16\012-P1-A11-1479.D)
200
s} J k
0 R B Bhs - g k3 8

T2 3 4 5 6 71 8 9
Time (min)
Bl 1 SRURERN A E R K R BR A PR RUR
Figure 1 The degradation effect of benzoic acid by different strains was detected by HPLC. A: Control. B:
YNK-FS0018. C: YNK-FS0019. D: YNK-FS0020. E: YNK-FS0021. F. YNK-FB0022. G: YNK-FB0023. H:

YNK-FB0024.
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*3 BERERENEPRRERER
Table 3 The degradation rate of benzoic acid by phenol acid degrading bacteria.

[k s DR I i) WA THI AR ES RS

Name of strain Reserve time (min) Peak area Degradation rate (%)
CK 3.49 4335.28 -
YNK-FS0018 3.59 - 100.00
YNK-FS0019 3.56 7.36 99.83
YNK-FS0020 3.57 4.93 99.89
YNK-FS0021 3.58 5.85 99.87
YNK-FB0022 3.52 1520.97 64.91
YNK-FB0023 3.51 1520.97 56.92
YNK-FB0024 3.51 2196.33 49.33

. W B 0" A AR

—: A peak area of “0” and no degradation rate.

AS 100 a BS sor . a CE 00
o 0t S a2 = a >
g 80r by 2 g ol a g sof A A a
= 70 = | a =] a
S 60 C S 2 60 2
3 50t B 40t g I
£ 20l £ b £ 4l
£ ‘3‘8_ d E T : 40 b
& 20} %20r & 20
B 10F - F 2 L
2 0 o) T S P 2 ot bbbl
N & R S S VR KT KT
NS o o F o
F R
Treatment
D 20 E 20 F o 20r
~~ ~~ ~ [ a
SRER a 2 515t . 2 §ist 2
= 2 = =N 2 a € [ a a
Bof ¢ Brof 2 B10F
- b Z | |ob = ¢
g st 5 st g st
=2 a2 4
L I L L 1 L O 1 1 1 1 1 O 1 1 1 1 1
o o o > S o ” ISR TP Jv >
Ff PSS S FEFS &S FFP LS
WA SIS S o9 9
AN AN QIO QAIROIRNIRN
Q’Q Q)Q Q’Q %Q 6’9 %Q %Q %Q @Q %Q %Q %Q
P L LS ¥ L LS
F < o <F & &
Treatment

2 EERMEMREERFRBRUMFELEFNEN A YNK-FB0022 AbFRF{FHi % %. B: YNK-FS0018 Ab
AP &%, C: YNK-FS0019 ZbFRFh 71 & #%. D: YNK-FB0022 AbFEFF F4RK. E: YNK-FS0018 AZbFHF}
FHEK.F: YNK-FS0019 ZbFRFpFHIK. CK: JEKXTHE. Ben: RHMRALFE. ANE/NG FHRFERZES BE

Figure 2 Effect of benzoic acid on seed germination mitigated by phenolic acid-degrading bacteria. A:
YNK-FB0022 treated seed germination rate. B: YNK-FS0018 treated seed germination rate. C: YNK-FS0019
treated seed germination rate. D: YNK-FB0022 treated seed root length. E: YNK-FS0018 treated seed root
length. F: YNK-FS0019 treated seed root length. CK: Clear water control. Ben: Benzoic acid treatment.
Different lowercase letters indicate significant differences.
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PIHREN 14.56 cm. BN H R 1 R T4 I TR R
fiff R RRAL B, 52 R R AL R HE A5 HL R 7 i 2 2R
Y BERS, BREMR YNK-FB0022 b, Hith
WS CK Mtk B 25, AE—afRE 1A
P RERR 85 & 1 P 5 28 B R R At TR AR A B 7
T AR A 5 7 B AR AL BEAH L 2t 5 AR K, PR TR
Bk YNK-FS0019 AbPEAR,  HoAth b Ak 2 /5 Fh 1
FRA 55 % A LU TG (.35 25 5, (RSP K B 38 F
CK., 156 BH 1 198 A8 At T A A — o R B bk T

€

CK Ben S§ 10~ 102 107

l—Y—}

YNK-FB0022+Ben acid treatment

CK Ben S

10-" 102 107

\—Y—J

YNK-FS0018+Ben acid treatment

FHRKAK.
2.4 BAERFERRERVIIET T

R T TR A TR T S 5 2 AR 1 6 L T T
M xplde 4 S ange 4 FE 4 s, Hb 3 AR st
B ZE SRR MO RS PUR B, IR
Kk E 85% LA I, Xt A AR 250 T I RS LA 5 o
R T R A S TR X8 X 22 R TR A AE B P AE
R, R TR AEVE Y% E LW B IA Dy T AT A%
KA IO RT3

T

;" /

E

CK Ben S 10 10> 107

l—Y—)

YNK-FS0019+Ben acid treatment

& 3 MMEEEMREXEBPEBRINSIEMRKAEMm A YNK-FBO022+KH g4, B: YNK-FS0018+%

FHFRAbFR. C: YNK-FS0019+4 H A b 3T, S. BHEWIFW. 107", 10721 107°:

F11 000 f%5. Ben: ARHRALFE. CK. JCR/KALHE.

PR 5 BE 10, 100

Figure 3 Effect of phenol acid degrading bacteria on benzoic acid inhibiting tomato root length. A:
YNK-FB0022+benzoic acid treatment. B: YNK-FS0018+benzoic acid treatment. C: YNK-FS0019+benzoic
acid treatment. S: Bacterial suspension stock solution. 1071, 10 and 10°: Dilute the bacterial suspension 10,
100 and 1 000 times, respectively. Ben: Benzoic acid treatment. CK: Sterile water treatment.

4 BERMEBRENFEERENIIEZER
Table 4

Inhibition rate of phenolic acid-degrading bacteria to pathogenic fungi (%)

J73 5 EL 4 Pathogenic fungi YNK-FS0018 YNK-FS0019  YNK-FB0022
F Ak ZE9K I Fusarium oxysporum £. sp. lycopersici 79.52 75.42 83.65
FOR KB I Exserohilum turcicum 82.75 81.03 83.91
HH B B IEYR A Colletotrichum micotianae 75.34 74.23 74.36
FRZE U8 M BB T Phoma matteuciicola 86.48 85.15 88.23
HA B P97 B Phytophthora parasitica 80.45 83.03 78.91
FREM TR Fusarium oxysporum £, sp. cubense race 4 70.47 68.21 58.45
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2.5 EpERFEFEEREEAINEZAMERE PCR
)

Xt 3 BRERERFEMR R E1T PCR Hid: ALK
W, 25 RaE 5 s, s YNK-FS0018 Flji
28T YNK-FS0019 ¥ HA PKSI, NRPS JE[A,
Hrr YNK-FS0018 if HA PKS JER, KH 2 Bk
TR T HA G R B 280G W R E A B A IR

ARG E, BABIE. JiR . S Fst
WREELETE ST, AN YNK-FB0022 SR &4
fenD, bioA. yndJ. ysnE. ituC. shoA #i srfAB
N, A HAERTE AR YNK-FB0022 HA & iz 4
7. AR, BEED. EKR. PHEREER.
BT TR 2% RN TV 1k 2 55 2 A R e A= P o iy
w1,

ARG ZE I FORZERNER AR A
Fusarium FRRBEREE A RIE I BB B JHFLRIRIGTE  Fusarium oxysporum
oxysporum Exserohilum Colletotrichum Phoma Phytophthora f. sp. cubense

f. sp. lycopersici micotianae matteuciicola parasitica race 4 (Foc4)

turcicum

YNK-FS0018

YNK-FS0019

YNK-FB0022

B4 EAERPEMEEAVIDET EE

Figure 4 Broad-spectrum antimicrobial activity of phenolic acid-degrading bacteria.

YNK-FS0018 YNK-FS0019

YNK-FB0022

Ml

1000 |
S— 1400 | |

700 800

5 BMRMEMEIRERZERASRER PCR B/~

PKSI PKSII NRPS PKSI PKSII NRPS fenD bioA ynd] ysnE

ituC shoA dhbC srfAB M2

Figure 5 PCR products of antibiotic synthesis genes of phenol acid degrading bacteria. M1: DL2000 DNA

Marker. M2: DL5000 DNA Marker.
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2.6 EAERPEMBEXTFEMMNEIEER AL
M EMERAIB NS R

FET Rl g, i 145 5% 48 h J5 YNK-
FS0018 &MY 10 575 B . YNK-FS0019
R B YNK-FB0022 19 1 000 5% B
TRV 7 730 1 A A 3 K X 3 it ity =22 s 1) 97
BOR, a5RnE 5. K 6 Fro, fERhEYER R it
WA B R A A, RIS
Ak A 3R A RN AR B R |

BB FE AT, S X REAR H, BIFR YNK-FS0018
ARERRR . b EEE . b B MRE, AREK
FZEHML 5 BB 53.40% . 67.50% . 57.50%.

73.50%. 77.28%Fl 9.40%; SXFREAHLL, MR
YNK-FS0019 PR P . i e | i b8
MREE  ARAFZER g N 23.00% . 40.90% .

14.00%. 57.00%. 26.30%71 16.80%; 5% H8AH
e, Witk YNK-FB0022 AbBRAGFR S | b b &
M ETE AR AR AR S 3 i 24.50% .

x5 MEBEREBREEEGNEMSEE KO ERHEZERAEN
Table 5 Effect of suspension of phenolic acid-degrading bacteria on growth of tomato seedlings and control
of tomato Fusarium wilt

AbFR Treatment CK YNK-FS0018 YNK-FS0019 YNK-FB0022
P Height (cm) 84.23+3.43¢  129.33+8.66a 103.63+4.78b  104.90+1.61b
Hb b TR Fresh weight of above-ground part (g) 31.93+1.78c  53.50+2.64a 44.99+1.55b 46.21+0.60b
b F 3T Dry weight of above-ground part (g) 5.71+0.33d 9.00+0.14a 6.52+0.70c 7.22+0.15b
KT Root weight (g) 7.07£0.12c  12.29+0.52b 11.11+0.14a 12.39+0.41a
R Root length (cm) 12.03+0.60d 21.33+0.67b 15.20+0.46¢ 22.83+1.46a
2541 Stem thick (cm) 5.24+0.07b 5.74+0.08ab 6.12+0.68a 5.71£0.03b
15 78 L Disease index 25.83+0.21a 3.33+0.08b 6.67+0.07b 5.00+0.13b
Bi%& Control effect (%) 87.10+0.18a 74.18+0.23b 80.65+0.29b

Bl R V- BIEAREZE . ARG FhE RS A R AR 22 1) 2 2 2% 57(P<0.05); —: JEBiAK
The data is the meantstandard. Different lowercase letters indicate significant differences between different strains (P<0.05);
—: No preventive effect.

B
CK FS0019 FB0022 FS0018 CK

FS0019 FB0022

6 EMRMEMENEMEKNFME A B B B: WA T C: Fli Tk

¥

Figure 6 Effect of phenolic acid-degrading bacteria on tomato growth. A: Aboveground part of tomato plant.
B: The tomatoes are fresh underground. C: Dry weight of underground part of tomato.
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44.70%. 26.40%. 75.10%. 98.00%7F1 9.00%;
— R B R A T A FRLS R T R Ak CK 38
R AT L 3 A 250 1 B R38R B 70% LU
b, Hrh R YNK-FS0018 f4 B R s i i bf-
KF) 87.10%. S5HRFH 3 bR M B2 %A 1A E AL
AR s 3 B 8 A A 1 o i 5
2.7 EREGPEMREEHMEYEMHMAR

R R A TR AR S LA A DB | VAR
ORI | KIRTER RUK R IMAIRE 1 (3R 6),
Hrh Bk YNK-FB0022 i H A 40 A K 2 14
Mo “HRMIRIEEE N IIRER FE, VLR
{14 1o FH AT S5 B
2.8 EREGPEMREMEIRENLETE

R YNK-FB0022 B 7% 2 e, A
B, L RYSE AT, RERIHZE 2R, HiA
B, BE/KARTERY, HIELD R MPHTE, ANREK
RS T ; Bk YNK-FS0019 & 2% FC P40 1
RVETE SR 60 A AR, JEMKRF.
KR FPEERR SN | 2 AN LR 4588
MBAPE, FELLLRNIFD VP RN M BAYE; Hkk
YNK-FS0018 G #& SR A, Ui, 22—

®6 MEFEMENEMEDIIRE

H2 RPHAVER, Re/KMRUERS, SR B IRER .
29 EAERMEMRERMNS FEEERKBRTH

22 NCBI BLAST 43+#7, Btk YNK-FB0022 iy
16S rRNA L[ F51(GenBank & 555 OR523290)
55 5 25 AT T B9 AL EE S 99.93% , ik B
Metabacillus galliciensis 1f 4 ¥ (GenBank &
SE5 O FM162181), FlH NI kM R4 & B R
WK 7A R HERE YNK-FS0019 (1) 16S rRNA
F[H 751 (GenBank %554 OR523289)5 F1#E
BETE R AU N 100%, HEHL Sreptoalloteichus
tenebrarius 1 &y 7 #f (GenBank % 3% 5 K
NR12665), FIH] NI EME RS K F R E 7B
Fi7R; Rk YNK-FS0018 fit) 16S rRNA [N %
4] (GenBank & 5% 5 A7 OR523286)5 ffi i 75 2% B
W HIARLEE A 100%, PEHL Sreptoalloteichus
tenebrarius 7} M4 MEE(GenBank %5 54 NR12665),
FIHI NI EWERGE K FWE 7C Fis .

A8 R G & B L&A Vs 2 S F L 4R
FAEEE R, KMk YNK-FB0022 % 5E A h 2F
fi#14 (Bacillus halotolerans) (€] 8A. 8B); WA
Pk YNK-FS0019 %7€ by [ 834555 18 (Streptomyces

Table 6 Other biological functions of phenolic acid-degrading bacteria

ZfiE Function YNK-FS0018 YNK-FS0019 YNK-FB0022
[% % Nitrogen fixation - - _
f#45 HL#% Organophosphorus hydrolysis + + +
fi# JCHL#E Dissolved inorganic phosphorus - - -
%8 Soluble zinc element + + "
Sk # A Secretory siderophore + + +
JERI i Secretes amylase + + ¥
H K #E Auxin is secreted - - +
11 Protease + + n
ACC B4 i Secretes ACC deaminase - - _
+: M - B

+: Positive; —: Negative.
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&7 HBSFEMREIET 16S rRNA EEFEIIEN RS L B

A: YNK-FB0022 Z4t k& 5. B: YNK-FS0019

RGRLEM. C: YNK-FS0018 RGLAFM. 15 NF 5 ARKE GenBank &5 ; AT H M
WIME; 533305 20R bootstrap A7 A RI/RKE S 0.010 0 F1 0.005 0 4% 1 1R B 4 %

Figure 7 Phylogenetic tree of phenolic acid-degrading bacteria based on 16S rRNA gene sequence. A:
YNK-FB0022 phylogenetic tree. B: Phylogenetic tree of YNK-FS0019. C: YNK-FS0018 phylogenetic tree.

The serial number in parentheses is the GenBank accession number of the strain; The superscript “T”
indicates the type strain; The branch number indicates the bootstrap support rate; The length indicated by the

scale is 0.010 0 and 0.005 0 nucleotide substitution rate.

alboflavus) (¥l 8C. 8D); H#i#k YNK-FS0018 4
& R R 5 R B 5 1 (Sreptomyces  blastmyceticus)
(K1 8E. 8F).

3 W

TEA BR A M %8 I6 % — fb AR AR AL /Y B
i, SECRH L IEEERAS S H B, R
A 2R A M AT 42 K R ) 32 i fi 22— H:
hAEY) B SR A ROA N & S EGEERES R B

R Z 2 I Z R AR R AT 4y
P, KBUBTBLIR . %o B2 F ORI Y 1R S5 R iR

PP BUR AR ZR B 2 Ao, 1] 3
WA SR RE YRR EIAR 3R B R, REA AL
B A A TS B SRR AR MR BR A
i (A Wy Pl o 22 Ml e i A A, SR
Pt AR RS, I, TR ARG M ALY
ZIUREMR PR A 5 R HoA T P
TIEPBmRIE A Y T E R R B
TN, R AR RALEAE T, XA T
KIERKET T EREFEM . MEREETR
e e TR MV A YR S5 AR A A - S v 1) T2 B
MY, ERFRLED R H—E LR
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8 MBRMEMEERESKIEAMERE A M B: Ktk YNK-FB0022 FisEARA BB MK, C Al

D: H#k YNK-FS0019 WL K AL HIE. B A F: Ekk YNK-FS0018 1 ¥ T8 25 [ Al e e i 1A
Figure 8 Colony morphology and scanning electron microscopy of phenolic acid degrading bacteria. A and
B: The colony morphology and electron microscope scanning of YNK-FB0022. C and D: The colony
morphology and electron microscope scanning of YNK-FS0019. E and F: The colony morphology and

electron microscope scanning of YNK-FS0018.

W] of A6 A b 10 2 RN ) v A AR AT A
PERP, AT R AR PR A 25t 2k P B A 2 ek
Y, wWREER . BHET, M HRIREE R
15 1) H A T3 PR 5 A% ) g 1Y) BT RR B 5 2 AT T )8
(Bacillus). [ % & (Azotobacter) . fI ¥ )&
(Pseudomonas) . %] ¥K i J& (Staphyl ococcus) |

A B FF B & (Acinetobacter) Fil 3% /) #1 & )&
(Exiguobacterium)25: 5032 575 270 Py kER Ny
ME— B U, S B A B — bk B il A (Aspergillus
niger), HXT RHERR LA RAFHIREMER, AT A
B fif AR RO R AR AR K BRI, AT AT
P BT MR AR PR . 08 B SRR AR B+

b — BRAR B 1T AR TR AMCC 300110, %04
PREA T S0 IR fRRE T, ARG R A EAE
[ IR SR N A i - R SR D =
MGEAVEACA AR BR 1558 53 2545 7 FR 190 1R R A 1A
H B Pk Bacillus sp. B28 ] 7 & 2% A 2 H i o
AEAE TP & A2 . AT TG & I AR AR AR
P 3 B A 3] 7 R EA AR R R RE 1 1Y
Wk, B R YNK-FB0022 . YNK-FS0018 i
YNK-FS0019 it < H R () R it 264331 R 100%
99.83%F1 64.91%Ff H ¥4 7] i 25 52 fiff % H R XoF
EEIE L AW A AL

Xof 1L Ry 2038 A0 A T X L3 AT 43 A
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W R, W IR 2 i i) RAR AT S8 I R R
98 DA A0 T R 32 ) L R R Y TR, e
FLA A, SETaE L AR X R R H
FIaE, A E RN AR BR A 3 A T
G ZFRERE . REAEE MY BT, DA
FLEE AT, H5m H AL, FIHA AR
PR A P 45 47000 Dt T s D D A B o e A AR
B0y — I R . — bk DL ST ZF AT
SH-1471 HA srfA. fenB. ituA. ituD F1 bymA
SR, WS R R IR IR BT A R R
WL AR AR, HFESAEYERRIES, B
SEWTZEFFIE SH-1471 B DL S TC TR & BN 75
R 250 P X TS ) KA A IR R B ik
Hir B R R IR AR B+ 3 2 B A5 51 2 Rk
Utk , 5L 0 2 PRIFFELE srfAB. fenD |
ituC. bamC HI bioA 55 Ui Tk 28 W o AH G 1Y
FEERL, BRI R A R R AR S B & AR s A
IKAE AR L Tk I 4 R LT EL A
PLrERER N AL W, hokB SR
(Streptomyces misionensis), £ Bl PKSI T #
NRPS JE D5 B, 322 1 A A R IR 11 1 22 ) B
W, TG TR R T B 22 A K R
28.06%, se—PREABITE I INAE TR, TR
Aok - HAT SEBRBIE R AMEROY s ARG 0 1 1
ffE AR YNK-FS0018 1 YNK-FS0019 ¥ HA
PKSII. NRPSHL[A, YNK-FB0022 HA fenD,
bioA, yndJ. ysnE, ituC, sboA Fl srfAB J:[H ,
FFEHEXF 3 R R EAA TR, HA
A 3 b M R 5 A T X et s 2209 ) B
153 5k 5) 87.10%. 74.18%F1 80.65%.

i A B 5 A R AR 5 | A ) 3 AR AL
o A EIAEOERAL, AR TR X 3R 0
A, AR BR A f 802 938 3 22 i A A= BRI
PEHFFEY A o ARPRA g Sl A ) B 5 mT DA 5 [
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