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Abstract: [Background] The white mould disease caused by Fusarium oxysporum seriously affects the
quality of muskmelon and causes economic losses. [Objective] To study the effect of Bacillus velezensis
BG-2 on F. oxysporum and the storage quality of postharvest muskmelon. [Methods] The effects of
storage temperatures (25 °C and 4 °C) on fruit decay rate, weight loss rate, flesh firmness, titratable acid
content, soluble solid content, and vitamin C content of muskmelon were studied with B. velezensis
BG-2. At the same time, the activities of catalase (CAT), superoxide dismutase (SOD), and peroxidase
(POD) were determined. Furthermore, the effects of B. velezensis BG-2 on F. oxysporum and the storage
quality of postharvest muskmelon were explored. [Results] B. velezensis BG-2 suspension inhibited the
growth of F. oxysporum. At the concentration of 1x10’7 CFU/mL, B. velezensis BG-2 presented the
inhibition zone diameter of (20.45+0.39) mm and the inhibition titer of 144.48 mm/mL. Meanwhile, B.
velezensis BG-2 slowed down the declines in flesh hardness, vitamin C content, soluble solid content,
and titratable acid content, and inhibited fruit weight loss and decay, which can maintain fruit quality
and inhibit the weakening of defense enzyme activities. [Conclusion] B. velezensis BG-2 can
significantly inhibit the growth of F. oxysporum, delay the post ripening of muskmelon, and maintain the
fruit quality and defense enzyme activity of postharvest muskmelon, demonstrating good control effect

on muskmelon rot.

Keywords: Bacillus velezensis; Fusarium oxysporum; muskmelon; storage quality; defense enzyme
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AOAE A, ok 4 R B R 5 o 3 1 27 =
Ferb S PURE W AE AR B i6 TP B L R T B
FEIGS L, H AT AR AE I SR R 5 T
WAEYA AR RS A B TR
U0 P IE A A U S 4 Al R 2E AT P
IR 259 A R B30 v v o RIS
RIL, VISEHTZEARAT A S3-1 REZEAE Bk i 11
AbERE , BN RSEHUVE AR E . ORI
Mo IR SO Y & BRI PL-21 X
6 P S S R AT T . AR AT
5T K BURBE S TR BB R KD-167 AE 2 25 71l
TR L) H IR A, RER G KGR A
BRI R ROR

AAHGE LUJEE B2 I PG IH 2 25 5 Ry il e b4
Bh, DAAR 5 F B )5 R A I A 338 04 DL S 2 1
FF & (Bacillus velezensis) BG-2 NiFFEX 4,
5% DUSEHT 2E AT B BG-2 %Rk JJ 8 CH-3 11
T FH B X6 J pe it I 36 it o i s e, LA
TEM DL SEWT ZEAUAT I BG-2 X JEE Rz ElICR I 1
FIRIIBIARCR . N IRR DU 25 A v O fif
L B J5E Bz i AR 4 O ik B AR $2 A P S
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1.1

At Bz ISR PN 25 5, TSk
TR FE Y, WBOR/N ., S, REE
— 3. JOHUBAR A AN TIC e L Y R KA T
SEIG . DS 2R HUAT 16 (B. velezensis) BG-2 431

BT 4 B R A X 5 R 55 T R B A AR B
I IRAE ;. R T E (F. oxysporum) CH-3
F 52 56 28 DA JEE Bz i IR &0 S 52 Hh 43 8 3 F R A 7 T
BHRE B ITS 43 H 42 8,

1.2 BEFE. TERFIMNE

LR S AN I R G AR 3R (PDA) L 4R A
K BE 32 3L (PDB) IS £ WA RE 52 3L (NB),
S A YR A BR AW

PDA (g/L): HEEH 6.0, H%HF 20.0,
B 20.0, pH 5.6, PDB (g/L): B8 EEH 6.0,
%M 20.0. NB (g/L): FEEMK 10.0, FHRE
Hky 3.0, EfbEH 5.0, pH 7.2,

AR, T E 24 Ak 2R s A PR
A5 BRERTE /R 7], KT B b AR A PR A
WEIR A B . B N, R R R AR
ABRAF; g, Rl Rz

FHEHOEAL, ARSI AR A BR A ]
FEZEVRR AR, AL AOE BRI AR
SRR B, WiV A0 o AR B A7 BR AN 5
TR B TR AR T A, U R A A i s A B
Nl R URE DAL, FEER IR B A
LNV, BEAFE],

1.3 75k
1.3.1 B. velezensis BG-2 HZi&H F. oxysporum
CH-3 - F&FRAHI&

PRBU B. velezensis BG-2 P V& 42 Fp T
100 mL NB }355E1, 32°C., 180 r/min $R¥%5 1555
12 h N Ah i, W 2 mL RT3 A 200 mL
NB }E7e3err, 32°C. 180 v/min #R¥% 1555 2 d,
4°C, 8000 r/min &.0> 5 min, B EFHR.
R 0.85% AR E B ER K A, A ERTTEL
R I PR TR MR B 430 1107, 1x10°, 1107
M 1x10° CFU/mL, %M. ¥ 4 °C {#1E0Y F.
oxysporum CH-3 FATZE Bk — /INB (3 0 12 o 2]
PDA [E A b 75 |, 28 °CHE R FE 5 d e,
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ST LA & B2 6 mm WY, #FE
200 mL PDB #5553, &R 15 4~/ IR, 25 °C.
160 r/min $EIRIR G G977 d; AR5 H W2 R 2s
ik uk, WM, B~ F. oxysporum CH-3 {fl
TFEIFW, VAW R 1x10° CFU/mL 4 .
1.3.2 F[EIRE B. velezensis BG-2 BEifk%t
F. oxysporum CH-3 B9 & 1€

B 100 pL F. oxysporum CH-3 %1%
(10° CFUmL)¥ &) %4 T PDA B3k b, HHE
£ 6 mm fTALERFIEATH 4 4L, sralinA
100 uL AN[EIHEE R B. velezensis BG-2 T & o
FARPEE R 3k, 28 °C [EEKEF 3d, H+
T LI P A, TR R
P E R A (mm/mL)=(X=Y)/Vx1 000
[ XU E B2 (mm); Y RITILA EAR
(mm); VKRBT (L),
133 EREHINRIAERN

JE R R A A SR K ohse T4, FH 75%
SN AT A0 T, BEBURSE 16 em®
A, AR 2 mm WA E 30 4, AR
SEHEE 4 A SCE AR 4 N, B 4
IS, WE 2 R B (25 °CL 4 °C), 5L
FEIFIE], B3t 160 AR5 XFIREH(CK): Jom
KR R FHK 2 min; BG-2 4bFE4H. ] B
velezensis BG-2 &K (1x10" CFU/mL)iZ 15 7
FHJK 2 min; BG-2+CH-3 AbFZH . FHICERE T H
F. oxysporum CH-3 fii-F-E 77 (1x10° CFU/mL)
WK T O AL, #E 30 min FIRIET B.
velezensis BG-2 AT 2 min; CH-3 4bFH4H .
HICHEAIEE F. oxysporum CH-3 f8FEIFH
(1x10° CFU/MLYIR 3K F-473 F 3807 o 45 b B 1y )
FEDRHEE 0.01 mm fRELS % EHI2E ) 4351
F 25 °C fil 4 °C RN, 25 °C B 5 KIEL—
W, 4 °C 1 10 KRI—IKFE, BB 7 5B 0L
RN 15 g FEATINE o

RELBEXRFKERNE
JE = 2R B BRI, RS Ak
A EFE . HBUBEEMF T s R LRk
FHEE B IEI A
1.3.5 REAEREEIRNE

SRR R FH SR SR B i, RSk AR
11.1 mm,

Al ¥ P [E T2 90 7% 5 (total soluble solid, TSS)
F I TFFRAEAGN € o

Yer: 2 C SRR AW ez Y, FRE
1 g &SDRA, A 10 mL ZERHEHUK (2 mol/L)
VKIBAIM . AE 4 °C. 8 000 r/min Z51F FE L
20 min. WZHL 300 uL BIEWMA 90 pL £ — %
U 2R —SNVA K (0.25 mol/L), 150 uL ZMREK
(0.5 mol/L), 360 pL [&#5EE B ¥ W2 g/L),
KRR 3mL, A, ZFilR FE 20 min J5,
T UK 420 nm A0 B0

A % 22 2 (titratable acid, TA)X FH R0 &
P ER ) BRI S g B A B Tk v S e
FRZER K 0P R IE 6 A2 2 S0 mL A&, &
KEZE ., #HA)JEHE 30 min, B FIEW 20 mL
e AT, RN 100 pL BB R, H
EhRE R 0.1 mol/L AN E , WE RIFW
AL DL 30 s WARE 2T, LIZEIR
IKAERZS IR, il s AN O
1.3.6 &R ERIPEGIE N E

I A ALY (peroxidase, POD)TE 4 & =
AR EP I gOrR s, W &
B 1 g BT R AR, A SR EBUR 10 mL
(0.05 mol/L pH 5.5 MREIRZE whil) VKB 213K,
4°C, 8000 r/min &[> 10 min, _F I BN A
FPEW o B SOV IR A W (B ZE 0P 1.2 mL, i
# 600 uL ,0.05 mol/L X EIAE) 600 uL)Fl 600 uL
2% H,0, MG ST M A L M, F 470 nm P
KRME 1 min F1 2 min BFAGWOGEE , LLZEE

1.3.4
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IR A Xk BE

i AL A B (catalase, CAT)VEME & S I3
AP RIERI B, SRR . FRECL g &
JIER R ABFER I ASZEBGA 10 mL (0.2 mol/L
pH 7.8 MIBERRZE 0P VKIE 210, W 21355 NS
L, 4°C, 8000 r/min Z.0 10 min, FiEHK
BIA B A ML . BF 0.3 mL B A5 i A AL S
(5 mL 0.05 mol/L H,O,, 5 mL 16%f#i /2, 1 mL
20%AL B, 3 9% 50 mmol/L £HER %4 , FH 0.1 mol/L
A B R PR TR TR A R v, I ATk
TER B AR K 2 )M 0.05 mL BV S
2 min, F£/1 1 mL {FISALENFT 2.65 mL $HPRER
TRATEIE 405 nm b A6 REAR

i AL W) B, AL T (superoxide dismutase ,
SOD) 1l 5 2 B i 25 2 P IR R s i,
AT . AREL 1 g SR A DR, in
AFRIBOK 10 mL (1/15 mol/L pH 7.8 MR ZE v
WOVKIEAIIE, AR BB LE T, 4 °C,
8 000 r/min &5.C> 10 min, bR B A B ERLHR R
¥ 60 pL B .60 pL 10 mmol/L EhFRFEME . 120 pL
7.5 mmol/L ¥ EEPA T . 120 uL 0.2 mg/mL #
WS S AL B AN 240 pL BERAKIRAT, 37 °C fHilR
K 30 min J5, BILA 1.2 mL 0.33%%) 2 5L 2 itk
1.2 mL 0.1%H ZEhe , 1RA15#E 30 min,
FE 560 nm b BB REAE
14 HIELESHH

IRV R fE2ZE R R, H excel 2016
B FRERE , FH origin 2021 22181, JH| SPSS 26
AT )7 224307, F Duncan’s £ 5 Ho 8k E
TR FEVERR, P<0.05 XREFTE,

2 HERE500

2.1 A[EIRE B. velezensis BG-2 B & i %t
F. oxysporum CH-3 FJHIEZE R
ANEH R B. velezensis BG-2 T & X F.

oxysporum CH-3 ¥IAMIHIERIGE 1, K 1), &
VRIE RGN, PR B AR S KRN, R
WePE N 13107 CFU/mL HHIEE P AR A RO,
49(20.45+0.39) mm, #EZN K 144.48 mm/mL,
e B 5 A vk FE AR EL, B0 P EAR A 2
5o I, 1x107 CFU/mL Ay fe 30 B8 ok 3

* 1 AREIKRE B. velezensis BG-2 EZi&xt CH-3
BN E{E A

Table 1 Bacteriostatic effect of B. velezensis BG-2
suspension with different concentrations on CH-3

BRI B B AR WM
Bacterial suspension The diameter of  Inhibition titer
concentration inhibition zone (mm/mL)
(CFU/mL) (mm)

1x10° 15.50+0.79¢ 95.03

1x10° 17.29+0.66b 112.93

1x107 20.45+0.39a 144.48

1x108 17.55+0.64b 115.54

TE: [FSVERE R A R/NE FRE3R0R 22 57 183 (P<0.05)
Note: Different lowercase letters mean significant difference
(P<0.05).

1 B. velezensis BG-2 & &% % CH-3 Hy#l
&l Bl

Figure 1 The inhibition zone of B. velezensis
BG-2 suspension on CH-3. A: 1x10° CFU/mL
bacterial suspension; B: 1x10° CFU/mL bacterial
suspension; C: 1x10" CFU/mL bacterial suspension;
D: 1x10® CFU/mL bacterial suspension.
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2.2 B. velezensis BG-2 3B N B =2
A

WE 2 iR, 1€ 25 °C Fl 4 °C K, SR
JEF e AR B RS ) S S B TS, T BG-2 4b
PR RS 2 0 KT BG-2+CH-3 A3 |
CH-3 ZbFAT FIxt R (] 2C)o 25 °C Mgt f
(F 2A), % 5 Kt BG-2 Ab PRI IO R RS 26
25 KA} BG-2 AbPREA 4234 37.02% , BG-2+CH-3
ACFRL . CH-3 AbFRL FXHHRLH (CK)JE L4 43 5]
9 51.81%. 97.20%71 80.56%, 4%-4H [A] 2% 5 i 2% .

A
110 -

100 | I CK a
[ 1BG-=2

90 + [_] BG-2+CH-3

g0 | I CH-3 b

Decay rate (%)

_50d 4°C

4 °C I FEH (F 2B), 55 10 Kif BG-2 AbFHZH
Fl BG-2+CH-3 b FRZ TOI L2 5525 3 20 K%,
B AR R T HA R 22 5% 83, BG-2 4b
FRZ] . BG-2+CH-3 4ZbFR4 . CH-3 AbFRALFIXT R
HIFREHRES R 5.61% . 11.13% . 33.30% A
19.40%; 555 50 K, BG-2 ZbFI4 . BG-2+CH-3
AbFRA . CH-3 Ab BT AN X B 416 12 %45 Ry
52.86%. 61.12%. 100%7H1 83.48%. HiltLAl%1,
TE 4 °C 1 25 °C Wik #i A, B. velezensis BG-2
BT RIAT AN FEH R S B

110
| CK a
100 o BG2
90 r[_]BG-2+CH-3 a b
go | B cH-3
g r ) ¢
§ 60 a d
g S0r o
A 40+ a b
30 N K
b
201 a d
b C|
10 t d

Storage time (d)

BG-2+CH-3

2 FMINEGEE T B. velezensis BG-2 3B EH N E =022

A: 25°C; B: 4°C; C: A[H

Ab PRAEAS R BE R AF 5 BB AR o A R/ING P BESROR 22 5 1835 (P<0.05). R[]
Figure 2 Effects of B. velezensis BG-2 on the decay rate of muskmelon at two storage temperatures. A: 25 °C; B:

4 °C; C: Decay degree of different treatments after storage at different temperatures. Different lowercase
letters mean significant difference (P<0.05). The same as below.
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2.3  B. velezensis BG-2 % EREEHMELEZR
oA

WK 3 FiR, 76 4 °C fil 25 °C P, Rz
() 5% B R N ] SE 4 52 B0 E TR, T BG-2
b3 ) SRS H R T BG-2+CH-3 AbHEA |
CH-3 AbBRA FMIXFARAL, 25 °C WS 25 K
(% 3A), BG-2 b FHLH J FE %K 8.82% , BG-2+CH-3
AFRZH L E AN 10.23%, CH-3 AbRHZH 2 8 %
N 38.93%, XA (CK)RERA 17.39%, 4%
A5 B 4 °C IR 20 R(& 3B), %41

A
40 - Il CcK a
] BG-=2
35+ ] BG-2+CH-3
B CH-3

Weight loss rate (%)
) it N (3] (98]
W (=) ()] (=) W (e}

Storage time (d)

REABMME B HZES BE; P 50 X,
BG-2 Ab¥4H . BG-2+CH-3 #bBH4H . CH-3 Ab3
ZH AR B R EE 25000 11.63% . 13.03% .
16.67%F1 15.51%. HMLATHI, 7E 4 °C 1 25 °C
Wt e, B. velezensis BG-2 Y m] | i
WIR SR, REFRE R,
2.4 B. velezensis BG-2 % [ERZiH I\ R A f&E
EE’JE/HF"]

H & 4 AJAL, FE 4 °C 1 25 °C T, 454k
B AR i RS N < 2 I TTNEN R 1887 5

18 -l CK b
[ ] BG=2

"] BG-2+CH-3 ¢ &

14 L I CH-3 a

Weight loss rate (%)
=
[N

10 20 30 40 50
Storage time (d)

B3 BMHICERET B. velezensis BG-2 3B NK ERP NI

Figure 3 Effects of B. velezensis BG-2 on weight loss of muskmelon at two storage temperatures.

A
12 I I CK

[ 1BG-2

[ BG-2+CH-3
= a B cH-3
E b a a
2 a
%ﬁ o b ¢ b c o b a
) C
2 b
S b
<
s

10 15 20 25

Storage time (d)

B
12

Il CK

[ |BG-2

[ BG-2+CH-3
o a B cn-3
: oA,
2 : deb ¢ a
7 b
I
o
bS] a
=

20 30 40 50
Storage time (d)

4 FEMINEEE T B. velezensis BG-2 Xt R A& E B9 52

Figure 4 Effects of B. velezensis BG-2 on fruit hardness at two storage temperatures.
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Bt ] P BG-2 Ab ¥R ZH R PR RS 2 Wk 2 vy T 0 IR
25 °C W7k 55 5 RIH(E 4A) BG-2 AL FRZH 51 P fifi
JEH 9.4 kg/em®, B R THMA; WRES 25
KRR E 8.0 kg/em?, b 3& & T X HALH AN
CH-3 4b34H . 7E 4 °C Tk A v (- 4B), BG-2
b PR SN R R B v T A, IS 50 K
i BG-2 AbBRAL IR AR N 6.88 kg/em®, JfH.
BG-2 AbFRZH B — EL R FE AR T B .
BRI, B. velezensis BG-2 7] LAUS 5 R AR
R, (RIFE R H IR SC 8y 1) Jo b .

2.5 B. velezensis BG-2 SERRIHNHEE =
C 2=

M & 5 a1, A 4 °C Fi1 25 °C b fa]

Bif o SR T [R) AR S R R IR Se 2R R
C &R TREES, T F—I5E R E BG-2
A RS A R C & B E S T BG-2+CH-3
ALFRA] . CH-3 AbBRZ AN BB . £ 25 °C kit
(& SA), 55 5 K BG-2 4b ¥4 \BG-2+CH-3
AbFRZH . CH-AbHE 3 A IR A R C &)
Mk 125.07, 114.01, 101.13 1 107.19 pg/g-FW;
TEREER 25 Kt BG-2 AbBREH A= R C S BIEILE

A
[ IBG=2
120 [ | BG-2+CH-3
= £ [ cn-3
&5 1007 b a .
Z d [ a
g 80 K d b
E
3 i
o & < | |d b
£ d
g 40 t C
Z
20
0
10 15 20 25

Storage time (d)

75.37 ng/g-FW, BG-2+CH-3 AbFf4H . CH-3 4b B
IR A GEAE R C & i 49.62. 35.60
F141.66 ug/g-FW 1E 4 °C IS 10 K (K 5B),
BG-2 Zb 43 C Fr Rt h 89.24 pg/g-FW,
B# 5T BG-2+CH-3 44l . CH-3 ZbFRALAI
NFHRZH . TRCAOER 50 K, BG-2 AbFZH 4k &R
C &4 37.12 pg/g-FW, BG-2+CH-3 434 |
CH-3 AbFRLHFNXFIRALEE R C SRS N
32.19. 22.35 #126.13 pug/g-FW. WAL, 7¢
4 °C F1 25 °C Wil #2 v, B. velezensis BG-2
AL DL R R f TR S i A 3R C S
TR
2.6 B. velezensis BG-2 X B E N AiA M
E3RiAY e —g:up Al

HEL 6 AT, AITCR G AR A i SR GEE 57
Y4y, DR Rl v ) 2 e Bl T e
] S T A2 BT R ¥, 7R 25 °C il 72
i (# 6A), BG-2 Kb PR ATk [ W) S 2208 T
Rk, T H A R THAA, WS 5 K
i, BG-2 4bFH4H . BG-2+CH-3 4bFH4H . CH-3 4b

PR AR BEZH AT PR DR Y & 5 03 R 13.83%
B
100 - CK
[ ]BG-2
= g0l a [ I BG-2+CH-3
z b B cH-3
& b2
on C
2 6of d
g d
=1
8
O 40H
£
£
3
S 20+
0
10 20 30 40 50

Storage time (d)

5 FHMINEEE T B. velezensis BG-2 X ERHIEEE C 2=

Figure 5 Effects of B. velezensis BG-2 on vitamin C contents of muskmelon at two storage temperatures.
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Figure 6 Effects of B. velezensis BG-2 on TSS contents of muskmelon at two storage temperatures.
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Figure 7 Effects of B. velezensis BG-2 on titratable acid contents of muskmelon at two storage temperatures.
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