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Abstract: Meloidogyne enterolobii is a soil-borne disease that seriously harms crop production in tropical areas, and the
agricultural losses caused by it are incalculable every year. For the control of root-knot nematodes, the traditional
physical and chemical control methods have some disadvantages, while biological control is environmentally friendly
and safe for people and livestock, so it has gradually become a research hotspot. This study used the impregnation
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method to screen strains with killing activity against the second instar larvae of M. enterolobii. The fermentation condi-
tions and treatment time of the screened highly active strains were optimized. The strains were identified using 16S
rRNA sequencing as well as physiological and biochemical methods, and growth promoting characteristics were ana-
lyzed. The research results indicated that the nematicidal activity of the fermentation supernatant of BWLY1PSB-1,
BWLY2X-4 and BWLY3X-11 were more than 65%. Through morphological, physiological and biochemical character-
istics, and molecular biology identification, BWLY 1PSB-1, BWLY2X-4 and BWLY3X-11 were identified as Staphylo-
coccus pateuri, Bacillus methylotrophicus and Bacillus sp., respectively; The nematicidal activity of the fermentation
supernatant of each strain could reach the maximum after 24 h treatment of nematodes, and the optimal fermentation
medium was LB medium, and the nematicidal activity of the supernatant reached relatively high when cultured for five
days. The research results on the growth promoting characteristics of thee strains indicated that BWLY 1PSB-1 had the
ability to produce iron carriers and TAA, while BWLY2X-4 and BWLY3X-11 had the ability to produce proteases, cel-
lulases, iron carriers, and IAA. The preliminary screening of excellent strains that can effectively control plant root-knot
nematodes and have rowth promoting characteristics would enrich the microbial resources for the biological control of
plant root-knot nematodes.

Keywords: Meloidogyne enterolobii; biological control; Staphylococcus sp.; Bacillus sp.; growth-promoting character-

istics
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A, 7E 180 r/min, 37 C&F R ;3% 24 ho Kk
FWT 10 000 r/min, B0 4 min, WA K40

WA, T 4 CIHAE, &1,

(3) AP AR LIS WA R H AR 2L 2
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Fig. 1 Standard curve of [AA
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BWLY3X-11 il BWLY2X-4 =/NEHRIY 5 155 B
WA S GRS 2 R4 B AR IE T 4%
B A 73.18%. 71.92%F1 66.13%, N,

B, Wikk BWLY1PSB-1 [ 7% (& 2A) FLEAf,
ANEW, BB, BN, Suh, Rk, 8
M, B RYE LY Bk BWLY2X-4 1
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Fig. 2 Colony morphology of strains on LB agar plates

BWLY1PSB-1 By Jar | mEME L mE . LMK
B, SBEF S EL (V-P) G 25 R B, oK
e TR W S Wl S ek AR Ak A kg Sy BAPE
BWLY2X-4 5 BWLY3X- 11 Ay RebE L BE . FLBE A
I8 V-P i AL A A IR 25 SR 2 P, AT
RN R TR i R B S B (1),

R 1 EHREERAELHEE

Tab. 1 Physiological and biochemical characteristics
of strains
i H Item BWLY1PSB-1 BWLY2X-4 BWLY3X-11

P Ler + - _
BN - - -
HEWE 8 + + +
FUME K + + +
Tt P

+ + +

(V-P)

i 4 AL AU - + +

T WM —hBIE.
Note: + indicates positive; — indicates negative.

222 H#k 16S rRNA 530 2 % % %A A 9

H bk BWLYIPSB-1., BWLY2X-4, BWLY3X-11

) 16S rRNA K 53714 1449, 1451, 1448 bp,

B B 79123 576 NCBI _E#E47 He Xt , 38 I MEGA

7.0 AR R (13, & 4),
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Staphylococcus sp. strain WF4-38(OR347533.1)

{ Staphnylococcus pasteuri strain H83(KU922347.1)
Staphylococcus pasteuri strain HN-35(KT003275.1)

BWLIPSB-1

Staphylococcus sp. strain chi-S-4(OR056293.1)

Staphylococcus epidermidis strain Fussel(NR_036904.1)

Staphylococcus aureus strain ATCC 12600(NR_118997.2)S

+ Staphylococcus carnosus strain 361(NR 027518.1)

Bacillus atrophaeus strain JCM 9070(NR_024689.1)
Bacillus subtilis strain JAM 12118(NR_112116.2)

_|: Bacillus methylotrophicus strain Y37(KT890344.1)
Bacillus velezensis strain FZB42(NR_075005.2)

B 3 HE#k BWLYIPSB-1EF 16SrRNA FIIMBENRFELEH
Fig. 3 Phylogenetic tree of strain BWLY 1PSB-1 based on 16S rRNA sequence
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Bacillus subtilis strain Lac02W(MH210900.1)
Bacillus amyloliquefaciens TG1-2(LC543402.1)
Bacillus velezensis strain LacOSD(MH210888.1)
Bacillus siamensis strain DST48(MT176526.1)
Bacillus velezensis strain 326LD(OR144339.1)
BWLY2X-4

Bacillus methylotrophicus strain TPS 1(JQ308579.1)
Bacillus amyloliquefaciens strain TSM5(MW559280.1)
Bacillus sp.50-3(EU365432.1)

BWLY3X-11

Bacillus sp. strain 20306_1(MT330384.1)

Bacillus subtilis strain Tr21H(MH210866.1)
Bacillus pumilus strain ATCC 7061(NR_043242.1)
Bacillus safensis FO-36b(NR_041794.1)

Bacillus cereus ATCC 14579(NR_074540.1)
Staphylococcus stepanovicii(KR732655.1)
Staphylococcus lentus strain JPL(LT844656.1)
Staphylococcus vitulins(AB009946.1)

B 4 BE#k BWLY2X-4, BWLY3X-11 ETF 16SrRNA FEFHEMNEZEL B R

Fig. 4 Phylogenetic tree of strain BWLY2X-

CEA MR ERAIE . AR S RS
RER, ¥ BWLYIPSB-1 % 7& Jy 0 A 2 BRI
( Saphylococcus pateuri ), ik BWLY2X-4 % 5¢E
Sk B 38 5% 25 AT 1 ( Bacillus methylotrophicus ),
BWLY3X-11 %5E Ky 27T bl & 4 1w Bacillus sp. ).
23 3HEMENKEIREELH 24 HA
ES@IA- Ly a
231 WHRREZERARE EFRS ST IRLEL
KWL R  HRk BWLY1PSB-1, BWLY2X-4,
BWLY3X-11 434ll7¢ LB, PDB. % A 1755 77 3k
HE SRR AR B GRS 2 2 I8 4 U Bt R 4
B 2%k BWLY1PSB-1 . BWLY2X-4 ) LB,
3 PR Y7 B SR R B R T LT VRO R U R R TE T
WEPLT PDB }iFiHE; 1M BWLY3X-11 7£ LB #il
PDB 3 57 () AR 2 A i Pk i 2 T35 58 R .

4 and BWLY3X-11 based on 16S rRNA sequence

R2 EMHRARBFREABLBERMNEZEERELR
2IRHHMRIERT X

Tab. 2 Corrected mortality rate of second instar larvae of

the M. enterolobii of fermented supernatant of strains on
different media

2187

bk T IEAET- 3 Corrected mortality rate/%

Strain No. LB PDB 3 A
BWLYIPSB-1  50.67+0.85" 20.10+5.80%"  53.20+1.00""
BWLY2X-4 65.83+3.35  22.30+3.50°°  58.57+2.35™
BWLY3X-11 68.63+8.68%*  69.17£9.85%*  17.97+2.35%°

E: AT ARKRS FRERR AR FRIENZREE (P<
0.05); [FFIAIE/NG FRFRR AR R R 22 5 .3 (P<0.05),

Note: Different capital letters in the same row indicate sig-
nificant difference between different culture media (P<0.05); Dif-
ferent lowercase letters in the same column indicate significant
difference between different strains (P<0.05).

[l , 3 BRTAPR AT LB 55775k E {5 O 2 U 20t
RERFEEZES, WL, % LB HrEITEE
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232 WK R AR R B LE iR ST 2R
LR R HILBR WM BWLY1PSB-1 . BWLY2X-
4 BWLY3X-1 FEA[A] 5 20 0] T &l s W4
HOMREELHR 2 By RNBOLRILE 3, Htk
BWLY1PSB-1 7£2f 7 Kik Bl KR g bE, JF
PRERFRE; Bk BWLY2X-4 7245 7 Kk I (H ,
BN TE B FR i () 2 6] G 2 5 M 25 5 BB
BWLY3X-11 785555 5 d WA EoAR AL duig
P EEE 7 K55 10 KA AR LIS AR L RS
PESA TR 3 AN TRAREIRE SR 5 d J5 X2k Uik 5|
B REOEE, RIS IR 5 d AR wmOT
JE Xk 2 B AL PR [ A R Ak R

x3 BEMRARBAMNELE LERNKRESRGELR
2ER MR IESE T &
Tab. 3 Corrected mortality rate of second instar larvae of
M. enterolobii of fermented supernatant of strains
at different culture time

Wbk HEIEFET - Corrected mortality rate/%

Strain No. 3d 5d 7d 10d
BWLY1PSB-1 26.97+1.95" 50.67+0.85% 58.474+2.35 58.30+1.90°
BWLY2X-4  59.63+3.35% 65.83+3.35%" 66.17+2.15* 61.50+7.50"
BWLY3X-11  61.80+£3.80*" 68.63+8.68"" 57.70+6.20*"" 56.43+4.25"

o [FATAS [FR S R AN [ b 38 8] 25 5 1 2 ( P<0.05 );
[F) AN [] /NG S 3R AN [ B bk 1) 22 5 . 2% ((P<0.05 ).,

Note: Different capital letters in the same row indicate sig-
nificant difference between different treatments (P<0.05); Different

lowercase letters in the same column indicate significant difference
between different strains (P<0.05).

233 WHRAEELFR AR AR EF 2R
SR RBRAR  EENFE 5 d WAERTRROT
JEXT L A b B ] A DA IS, 3 R AR B T R I
IO (Rl R )X S B AR SE R R 2 14l
MIEFER LR 4. 3 BRA: B B 14 % 28 Hu i 1 Ae b 2
24 h PR B K, BEE LB E A ER, 3 bR
PR R 2R TG P 1 20 T %
24 EBEHERESETEN

WFoE R, 3 MRAE BT HAT 7 TAA 19T
B W TP A Salkowski i F B #E 0.5 h 5,
5 CK M IR A W™= A4 I B B A4k, i e
HWG S, BWLY 1PSB-1 . BWLY2X-4 fil BWLY3X-
11 BIWERES>9R 0.6828. 0.4592. 0.5586, FF
BUEARARE 1 R, 115 H BWLY1PSB-1,
BWLY2X-4 Fl BWLY3X-11 & 119 TAA ¥4y
5124 20.20.13.58.16.53 mg/L, ## BWLY 1PSB-1

R4 AMKEABEERARLERENKESRELH
2P RBIRIEFRTE
Tab. 4 Corrected mortality rate of second instar larvae of
M. enterolobii in fermented supernatant of strains
at different treatment times

Hikkg = T IESET# Corrected mortality rate/%

Strain No. 24 h 48 h 72 h
BWLYIPSB-1  70.41£3.91%*  58.18£1.47%  49.06+3.21%
BWLY2X-4 65.85+4.70"*  56.73£8.16""  53.48+2 .80
BWLY3X-11 74.66+4.17%  58.85+11.4%*  52.59+1.14*

T FATAS R RS 7 1 R n AN [a] 4b 2 ] 22 57 . 2 ( P<0.05);
[ FA ] /NG 5 B3R AN [ T Bk ) 22 5 3% (P<0.05 ),

Note: Different capital letters in the same row indicate sig-
nificant difference between different treatments (P<0.05); Different
lowercase letters in the same column indicate significant difference
between different strains (P<0.05).

7= TAA BEJ1 5

3 kA B R P HA kg AR ey (1S )
W 1dJ5, BWLY2X-4, BWLY3X-11 B % J& [
Hh PR (0 B B SR )G F 3 d BF, BWLY IPSB-
1 JE Bl B8 (2 B8 5 I BWLY3X-11 F= A B ()
FREINHE R, WRERE, K mgkaikn

iR
" N C g

A: BWLY1PSB-1; B: BWLY2X-4; C: BWLY3X-11.

B 5 APEISKEESWEENE

Identification of siderophores secretion activity
of the strain

Fig. 5

9T R, Wtk BWLY2X-4, BWLY3X-11
Y ELAT £ 4k R 6 )R FIRES PRI 7),
1M BWLY1PSB-1 ANEA X 2 Fok fmgE 1, A
R R R 3t A

. ‘
A: BWLY2X-4; B: BWLY3X-11.
B 6 EMEMNTERBIUE

Identification of cellulase activity of biocontrol
bacteria

Fig. 6
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A: BWLY2X-4; B: BWLY3X-11.
B7 £MENEAHENE
Fig. 7 Determination of protease activity of
biocontrol bacteria
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PRI 1 BREAT ALk B P Y R ZE AR (B

megaterium ), H:Z k58 AN H R g0 45 SR 1 B R
XTI AR A B R S5 2 AT B AT B iaRGR,
)3 (4 57 9 R SR e v T 3K 56.3%  NGUYEN %127
MCBRFHABAR PR 43 B 20 RIS PERC I A
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