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T i i 10° ofu/mL By L1-21 WPk BY g 258 AR 10 I (L1-21-GFP) & BV M 78 FEAE i 7 P 1) 2 B 40t M 1%
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lium digitatum fFIFELZRE, WE HxT B m e piEscrl. 4R 8, 45 10 min, L1-21-GFP 0 3&
KPR ) E B A B 1,36 X 10° Fl 8.08 X 107 cfu/cm® , JF R MU FFEE I K A 4%, 4 FJE 1 h,L1-21-GFP
W SR ROE S ER 1.51X10° cfu/em® JFREFRHE TR P AHE 2 hEFEMNANESTE RN 5.67
cfu/cm? B WG INE] 30 h BF Y 1.15X10° cfu/cm?, L1-21-GFP f87E 5 SN E 58, 1290 1 h 5 Y LR J2 vp % 52 58
A 9.51X10° F 3.51 X 10" cfu/ g, fHL7E A [ A A it ol 2 552 1) 7 58 e 0 A Wb 35 P 22 L A b e ot o 5
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1.1 BB RERE

PR R L1-21 B S28 b AR id i #k L1-21-
GFP. Kk HEE T LR E . %W R IOLIR I 5 &
PG, A A B R T A 1 R B 2 o AR O 5 B R
RIAHE . SR BERW JR A (Penicillium digitatum) R
g H FE B IR . NG AT AR O IR N B
HE” L AR TR . A A 52 5 A R b
1 5 5 A IR A R W A S KBRS L B T A
R,

L1-21-GFP ¥ 3% T LB WM Fn & 1A 855 35 3%, 4
R A AR T 5 S T R VR AR (PS) A B 5% g
(PSA),

12 L1-21-GFP #3&%
M—80 CukAE I L1-21-GFP H R 77 i . 15
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HEIERRS T I LA 0 3 W R (A
910 pg/mL., F D §) LB B8 77 34, 37 °C
RS . H PRV T = MAh . 7E 35 °C
160 r/min £ TR GH R 3 L. EGTHAERN
LB By VM b 355 3% I 0 1 5 552 0 A0 e v
1.3 L1-21-GFP #tANMH AR ESEBEENE

¥ L1-21-GFP R EIH 2 10° cfu/mL, § X
NF 18230 Wit T AR AR AR PR R 4 A R DL TG
W W R, BT A MR mEE 45 RS /Y 10 min,
20 min,30 min.40 min.1 h.4 h.6 h.8 h,18 h.22 h
DI K 48 h RERBEALRAE 3 Frit . $8 R AR ] 43 53]
B ANAREEAS R ST ECA 4 °C KR I AF SO E vk L
FI BN T 50 2 — 8 50 A KBt e e
LT A4 PR BIG S R ZE M 7 JRR oAR T G
SO R B N RIB A, BRI AU B, R A4
A% B o B A AR (142,85 em?®/g) » 11& i A T AR
(S), I M5 B e . % 4% B ] B BT R 4 1Y)
MR A 3 mL B TG B K TR PR . A VR VR S R 10
fEBE R R B 200 pL MM BRI S A AT RN
LB BR8P ¥R, 37 CHE %% 24 h 541t
R TSR A - N H R N R VAL TR AR (3 2
(cfu/cm?) .,

W E 3R A JC K SR R R T A A i R T
1% CARCFEDO NaClO W HH # 2 min. 75 % L BEW
WHIHEE 2 min DORIEM RBAY . TWEKIEDE 4
UKo FH G T W 7K 4R T 3R TR AR 7K 43« e B8 28 JC 1R F
RN . i BRI RS A TG B K AT 20 BIE I A 3K
AR 3% 10 A5 80 BERG B, B IS B 200 L I PO 2 4U00T 5
PR TE & A AR LB BB 3 Hk
7,37 CHEFR 24 h 5 geit Pl B R &5 H 5
B AR A I TR YRS B T AR BE (efu/cem®)
1.4 L1-21-GFP M # %k LB TE SR ANE

WSt 3 BRAR (3 HE AL, g Bk THUAE SR I 2 10
J i I I SR, FH AR AR AN AR A% (BB 0 32 Al
MR LIRS g . A T RS i 25 RS Y 1.2,
8.16.22.30 h, BEHERE b VR A H 1 B oK Mt Y
AR N EAEP BRI A 341,37,
1.5 L1-21-GFP EHZER LA ERIR K

DL1-21-GFP fEA F 25 £ 3 52 v 9 5 Fi il 5
L1-21-GFP By R 35 07 B [ AR SC*1.27 — B, ¥k i i) 4%
S 10° cfu/mLL, ¥ 5 /NG H L 685 1 50 0 8T HEA
WESR S, Hok KM yE R 2 min 5 FH WK 480 T,
75% LW EE 2 min J5 JC R K IEGE 4 WKL IEHCH

UE AT T, o i) W il PRV B i3 3 1L1-21-GFP AL,
5 R 10 h B e JC I8 40 T, T T 45 FREL
1 g B R R A, A 9 mL JG B K BF B A% 2
W HE 10 BRI R B 200 pL BRI T & H
AEEMN LB BB IR 5 b & TR AE A B IR
A“1.37, WK T 3 EE . HFRER M 18
AR TR TR

2)L1-21-GFP 7EA [F] i A b i 5 Bz B L TR 1)
SEH o T S R0 R R WEAG B DA R CREHT 3 A
1 B vkoEAE RS2 1Y T B AL BRI AR SC*1.5 1), L1-
21-GFP ¥ JE J 10° cfu/mL, 3232 30 min Ji7 B
WCE T 37 CH 48 R ERFR /51 6.24 J 48 h
T &M T s R KR W, & F PR IR A8 3
“15 D7,
1.6 L1-21-GFP 3t 4% 5 5% B Bh 30 =2

T FH DR A R SE R AR S5 I R, L1-
21-GFP ¥ J& K 10° cfu/mL, 32321 30 min Ji7 B
o IFAE HL ARG BT AT A — B AR 2 3 mm IR
FEZ) 5 mm B/ LA 20 L G550 B 90 T 0, ik
JEN 107 cfu/mL, A 25 °C 1H & 55 = 56 55 9%, 76 4b
IS 3 d M5 d B GEih SR SR R IR B AL, D
RWHAR LB RSN IR, 3 IKE R A ER 90
AR,
1.7 HIERESHSH

L1-21-GFP #Y7E 58 %4 1l Excel & IBM SPSS
Statistics 20.0 M543 #r, % ] Duncan’s ¥t
HW AT 2 H B (P <<0.05), il GraphPad
Prism il &,

2 HERESH

L1-21-GFP #ANM F R E 5 EEE
BAKKF (F 1), L1-21-GFP {1 & 5l $ s &2 9
BTG RAEE, mR hRY e 75 N 10 min F)
48 h FHTHIN .10 min 7E M A P EFE R R 8.08 X
10% cfu/cm’, 48 h B & 78 %4 & i5 2] 1. 43 X 10
cfu/cm?; L1-21-GFP 7E M 32 /9 58 5 &2 8L Je 18 in 5 %
BN 5 TR %, A 10 min ] 40 min
BB W, 10 min B} EF R 1.36 X 10°
cfu/ecm?,1 h Bt H EH = Bk F 1.81 X 10°
cfu/em?®, B J5 & #7845 fm, B 8 h B & FH &= &
1.97 X 10" cfu/cm®,18 h B B A FFE K, (B E&H &
HIRIE ) 1.39X10" cfu/em® . & 22~48 h, & JH
AR A K,

2.1
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F1 MHRPLI-2I-GFP EHEHME
Table 1 Colonization number of L1-21-GFP in leaves
cfu/cm?
IiF ] - A
Time Leaf surface Leaf mesophyll
10 min 1.36 X10°d 8.08 X 10%¢c
20 min 1.90X10°d 1.55X10%be
30 min 5.05X10%cd 2.53X10%bc
40 min 5.71X10%cd 1.93X10%be
60 min 1.81X10°d 3.88 X 10%abc
4 h 9.12X10%cd 6.20 X 10%abc
6 h 1.06 X10*cd 1.18 X 10*abc
8 h 1.97X10%ab 1.06 X 10" abc
18 h 1.39X10'be 1.28X10%ab
22 h 2.67X10"a 9.03X 10%abc
48 h 2.68X10%a 1.43X10%a

A RPIARRNG FHRIR «=0.05 KF L EREE. TH.
Note: Different lowercase letters mean significant difference for data

in the same column at «=0.05 level. The same as below.

22 L1-21-GFP EH#BHEHK LR THESEE AN

TOUS BAA I e, 00 T 0 A M it P P e, 45 SR
/N L1-21-GFP 7t 3R v i 8 78 1 8 Ak 3 - Fa (3
2), HYEFIFE 1.51X10% cfu/em® (1 h) 3] 4.29 X 10°
cfu/em’ (2 h) Z [E; FEmt R, 1 h BUFE AT, L1-21-
GFP Wy &4 0, N 2 h 3] 30 h, & 5 i & Wi 3
Jin.30 h EFE k] 1.15X10° cfu/cm’,

&2 LI-21-GFP @ TSRS
Table 2 The number of L1-21-GFP transmitted

23 L1-21-GFP &EHBRIANEHEE

DL1-21-GFP 7E A £ % F R L h iy & 78 & .
L1-21 2% [ 20N A FoRr i OR 97 F) . W
Jith % ¥ 9 e SR S b BEAIE B 1L1-21-GFP 6 78 37 it
RSN EFH (R 3) 5 76 W AL FE R T [A] i ] B B
FELL1-21-GFP 785 B i b 3 R e 19 58 i v o (L A5
FAE 3 ANEF B O 3 22 5. iR, R
KRR TRA. 71 hJ5 L1-21-GFP 72 K
AR P 0y 8 J8 & 43 0 3051 X 10" cfu/g
9.51X10° cfu/g, 5% 5 h & 10 h kb BRI B
S VAR SIEH 1 h, L1-21-GFP B 7 ik
PN HZ 10° ~10" cfu,

®3 LI2I-GFPEHMERERRAANEEHE
Table 3 Colonization number of L1-21-GFP
in peel and pulp of Citrus cv Xinjin
Qb PR i8] /b WA/ (cfu/g) Hpz/Cefu/g)
Treatment Time Pulp Peel

3
W 1 9.00X10b 3.49X10°b
S 5 3.33X10b 1.36 X10°b

pray

10 1.50X10%b 2.66X10%h
. 1 9.51X10%a 3.51X10%a
Soak 5 5.75X10%ab 2.48X10%a
10 2.97X10%ab 3.03X10%a

downward to leaves cfu/cm?

i8] /h s A
Time Leaf surface Leaf mesophyll

1 1.51X10%a 0.00

2 4.30X10%a 5.67a

8 3.82X10%a 21.22a

16 4.14X10%a 2.48X10%a

22 1.56X10%a 7.56X10%a

30 2.09X10%a 1.15X10%a

2)L1-21-GFP TEA [a] ft A AT 5 2R B2 K2R N 1Y
FEBR . R AN [R] i %) R AR AR 9232 3 30 min, B
BT 37 CHRAE R % 7E 6.24 S 48 h K2R Bz Je
KWW L1-21-GFP M &t 45 R (R O BIR: L1-
21-GFP Y He 76 A [a] A7 it A 2R 52 o8 0 3, HLZ R
[ei] it Ao ), L B RE D A7 AE 26 5 s TE R 9% 6~48 h,
L1-21-GFP 7R 5 K v o 78 2 i, a5 ) 3.67 X
10°~2.03 X 10" cfu/g, LR B/ HEAE 2.22 X 10° ~
1.88X10" cfu/g; B A b Bl 75 4% 5% Bsf (8] ZE K, 22 5 (1)
A FTENH R 24 h 5, B A R RE RS
T 48 hofH 22 5 K3k B K.

F®A4 LI-2I-GFP EREHBREFHEEYE

Table 4 Colonization number of L1-21-GFP in different Citrus varieties fruits 102 cfu/g
2H 5 6 h 24 h 48 h
Group B Peel WA Pulp Wz Peel H A Pulp Bz Peel WA Pulp
VKBRS Citrus sinensis 7.25d 1.54b 6.64e 2.03e 10.83d 3.05d
WE &M C. reticulata cv Qingxiang orange 6.72d 2.61a 22.08¢ 4.30cd 34.44c¢ 3.58d
Y% C. reticulata cv Tangfang orange 5.97d 0.79¢ 24.81c 3.51d 26.75¢ 3.17d
KM C. reticulata cv Orri mandarins 10.15¢ 1.57b 15.06d 5.09¢ 11.88d 8.17¢
ARG C. reticulata cv Sugar orange 20.22b 1.37b 105.69b 9.68b 187.94b 9.26b
Wit C. reticulata cv Ponkan 36.72a 1.64b 133.36a 33.79a 203.39a 12.33a

3 L1-21-GFP X &8 W B s, o4& 1L1-21
JER L3 d A5 d RSB s EE B (£ 5) .

mES A A 3dE.aE X 81.67% R
SE, B D S, T L L1-21-GFP Ab 3 i SR 5z
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IR R B RL 100 %0 s Ab R 5 d S5, 25 % IR
96.39% ¢ B E, UL L1-21-GFP At 3 A9 R 5z
18.88 %5 M AiE , B 313K 80.36 %, A< 4% M 2k 4 B s

KN AR B DRI, SR 4% & T AR 1158 B
A5 2 B9 Bl R80T 2% i

x5 LI-2I-GFPHiAHERIRERHUUR

Table 5  Control effect of L1-21-GFP on citrus green mold %
3d 5d
5] Group
K% Incidence B %% Control effect K9 F Incidence B %% Control effect
X4 CK 81.6746.94 - 96.3944.19 -
I Test 0 100 18.8842.40 80.36+2.82

AKCTHA] 3 ds B.XFHRZH 3 d; C.ARBA 5 d; D.XFAR4 5 d.
A.Treatment after 3 d; B.Negative control after 3 d; C.Treatment
after 5 d; D.Negative control after 5 d.

1 L1-21-GFP R EBHERER
Fig.1 Citrus green mold treated with L1-21-GFP

it
i B 2 A0 PR AR Sy — o Y A B R UR, T A
TP AR PR L4 MR Kt 25 LA B T
B4y SF- 481 B 5 25 R 3 B mE i JS Sz B e
CQBS03-p HY43G FEM % it i b 1 5 5 4% 4k B
4 6.80X10" cfu/g, MG M 0 d | 42 d Wk & 57
BT B 5 o A RCHE B LA 40 B X R R 2E 64T T
L1-21 e Bl B s Rny T4, AW 5E i 1 10°
cfu/mLk BE B4l B 2F fAT & L1-21 9 4% 858 6 b
O TR PR & 25 R E I 2 DA AR T A R AR o B
10 min EFE 5k 1.36 X 10° cfu/cm® (I 3) M
8.08 X 10 cfu/cm® (M P , 58 H 5t Kl — J7 T v fE /&
L1-21 BERVE N MG N AL TR . 5 3F YA KR
M RGP EAEIAE SR, SRR F WAL HF
PALAE A A ) PR B B T A A R AR A
Sk R v R A B AR B Rl 5 O — T T it 42
Tl 6] S B 438 M 182 30, T4 bk 52 3 IR B8 L L 4
AR AE AT I R AR AL 52 0N 3R] Oy 4 5 ]

i#

(A FH AR ARG . AN TR) B 4l o7 50T i 4 L R AT
BB L1-21 fEMAG N B b BRI K p it #,
48 h EFHBCE & 10 min B9 17.69 % (n /)
19.71 £ (W32, 33X B 177 55 BORE B ] < 4 R 1 i AR
e A G, R L1-21 @il s R e K
14 S U ] it PR B IS S L B L i R T 18 h R
Feim rl AE S M5 I H AR T2 RS IR Z A8 b
M A B AR S 2% b R Wi Y13 U V-
GFP @& . & ¥ Y13UV HA [ F 1% 5 i1 fE

AR YR TR SRR I it 50, A A TR A S e .
Hh,L1-21-GFP [n] F 1% 5 2 ik 3 1) 8 7l i 8 T e e
% 7 G I 3R 52 2% ) BB 35 A K 0 Y 3 P L T A%
S it RS T S A TR S AN DT e, )T
RS HAEM N K B A ¢, H L1-21-GFP
1 T 3 3R K IR PN A S A B A, B S AR
i (10° cfu/mL) B A A AR o 1ed b A v 3 L 260 B
BIESEA G, R A AT, R L1211
B P VR B, 4l L3 L 1) 2 10 P 7 L R UK S 25 VT
14 € T 5K 77, 7043V i, 28 L AE A AR I 1 £
K 68wk 1R DL — 5 4 T T Bk 0 R A
HE T .

BEF 22 4 Mk Fov B S 9T I SE S 1 L R 2E 7
FFBRAE R 2 00 B Tl b o7 1) %2 G e A=
Bl 320 8 N R R S DR A R E Y
F2295 6 T M SR 52 4k 0 2 L B R b R 2 A R
BS-331 1] &b 2 400 ) ey Bk R 20K S5 o Y & R B
Bl %5 99 fth B 2 (300 mg/L) A7 BRIk AR
FHAS B 2EUFT I 9407 TR BIR 03 L L & B R fiE
SR S PN B LI R A TR A R o A
T O S P e B A, AR AIESE L1-21
ASALRE 2 T TR R 25 32 A 32) 7 i, 36 RE 78 At A
A7 b Bl b A, o RAE R R . Hrh e iR
HAbF 0.5 h J5 . L1-21 (& i RE ) B0, b4, iF
FR K L1-21 ERBE N EHENETRA. &
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ARl A5 A RLZFAAT I L1-21 ZEATAE b 0 E GE A

NIRRTV E S 35

RF (RO MR IE Y 6~24 h 24 B 2 FF
B L1-21 BERRAE SR iy Sk A K. 24 h e Bl i
56 hil tb, B0 MG 3 K 5.23 5, YE G MG 1 K 4.16
5 REAT IS G 3,63 A% TH A A G 1< 3.29 A% IR A IS G
1484k . L1-21 75 A [a) 5 50 N a8 J8 g 1 /Y 22 5=, 5§
VES SR AR B (25 K AR B AR R S AR O B R
SRR 20 i T o R SR A R ) A G

e, L1-21 T R B UE 55 AT A 205 1A B iR IS
I JREEHR TR A A A U R 2F AT B
DH-4 By B 16 M A7 2R J5 9 35— 2R 55 0 19 B 2 4l
W IEARBFFE L L1-21-GFP X H A% 43 55 055 T
AR A B B B 37.02 mm (45 SRR D LR Ak
PRI S 30 min, T 54 Fh Ak B T A R e SRR
R Z R AR R LR BRI B AL 3 d A
100% .5 d & 80.36 %0, Uk W L1-21 X A A 2 5% 4 5
o ) B 45 A o ) e ) g FH TS

i W SEARAT R L1-21 J2&— AR it o 5 il A A 8
o A A AR A TR A A 5T 45 R X 9 R G i A
Bl ) 7 FH R 5 ik Moy i st A 48 2 L3
R A5 AT 14 A AR 40 i 9 et % 3 R0 1) B AR DA
Je SRR ) L S SR B R A 22 TR B SRR S A R E
— B ESE,

£ % it References

[1] CUIW]J,HAN L C,SUO F Y.et al. Exploitation of Bacillus
subtilis as a robust workhorse for production of heterologous
proteins and beyond[ ] ]. World journal of microbiology and bio-
technology,2018,34(10) :1-19.

[2] 55 RGN RRE. 2 FAT B A W B 1 A 0 s 5 F 9 R
(I e A 2 5 4, 2011, 27 (12) : 277-280.QL A Y, ZHAO X
S.LIU D Q.Research of biological control in plant diseases by
Bacillus spp.[J].Chinese agricultural science bulletin.2011,27
(12):277-280(in Chinese with English abstract).

[3] LUZX,GUO W N,LIU C.Isolation,identification and charac-
terization of novel Bacillus subtilis[]]. The journal of veterina-
ry medical science,2018,80(3):427-433.

[4] LUY Y.MA D T,HE X.,et al. Bacillus subtilis KLBC BS; in-
duces resistance and defence-related response against Botrytis
cinerea in blueberry fruit[ J/OL]. Physiological and molecular
plant pathology,2021,114:101599[2021-03-21]. https://doi.
org/10.1016/5.pmpp.2020.101599.

[5] YANEZ-MENDIZABAL V.FALCONI C E.Bacillus subtilis
CtpxS2-1 induces systemic resistance against anthracnose in
Andean lupin by lipopeptide production[ ] ].Biotechnology let-
ters,2021,43(3):719-728..

[6] YADAV R,ROR P,RATHORE P,et al. Bacillus subtilis CP4,i-
solated from native soil in combination with arbuscular mycorrhizal
fungi promotes biofortification, yield and metabolite production in
wheat under field conditions[ ] ]. Journal of applied microbiology.,
2021,131(1):339-359.

[7] BUS W,MUNIR S,HE P F,et al. Bacillus subtilis 1.1-21 as a
biocontrol agent for postharvest gray mold of tomato caused by
Botrytis cinerea [ ]/OL]. Biological control, 2021, 157104568
[2021-03-21]. https://doi. org/10. 1016/j. biocontrol. 2021.
104568.

[8] MUNIR S,LI Y,HE P,et al.Unraveling the metabolite signa-
ture of citrus showing defense response towards Candidatus
Liberibacter asiaticus after application of endophyte Bacillus
subtilis 1.1-21 [ J/OLJ. Microbiological research, 2020, 234
126425[2021-03-21]. https://doi. org/10.1016/j. micres. 2020.
126425.

[9] MUNIR S.Bacillus subtilis 1.1-21 possible assessment of in-
hibitory mechanism against phytopathogens and colonization in
different plant hosts[ ]]. Pakistan journal of agricultural sci-
ences,2018,55(4):996-1002.

[10] BR4°F 2 Ik 25 58 , 55 A= B 81 A B0 28 AT 1 CQBS03 Y 4
TR 1 L B bR I B AT G o v B e B L) B Al
FH4£,2010,43(17):3555-3563. YAN Y P, YUAN X E,LI Q.
et al. Construction of green fluorescent protein gene tagged
biocontrol bacteria Bacillus subtilis CQBS03 and its coloniza-
tion on the citrus leaves [J]. Scientia agricultures sinica,2010,
43(17) :3555-3563(in Chinese with English abstract).

L1153 A7F A0, BUEE R 55 A RO 2F ST 18 BS24 78 3 2R i I 19 5
B R JFC o - T R R O 2 0 (D). A 0 R E 4R, 2013(10) ¢ 131-
136.RAN G Q,WANG N, DAI J K,et al.Colonization of Ba-
cillus subtilis BS24 on the apple leaf surface and their effects
on the leaf microbial flora[ J]. Biotechnology bulletin, 2013
(10) :131-136(in Chinese with English abstract).

[12] &8, RFFT, I E S, 55 G OO0 E B AR IC A 5 2F 17 i
Y13YY A A R A 5 B LD MOl B4, 2017, 53(7)  111-117.
JIN Q,ZHU D X, ZHOU G Y, et al. Colonization of GFP-
tagged Bacillus subtilis Y13V in Camellia oleifera]].Scien-
tia silvae sinicae,2017,53(7) :111-117(in Chinese with English
abstract).

[13] #&) & Wih 35 . 2 4 -, 45 A B0 28 00 AT 3 AR B 18 ) sf-628 %
FH BB & ()] 0 241 2012, 29 (5) £ 895-899.XU G C,
GU Z Y.LUO C P.,et al.Study on special adjuvants of antibio-
logical inoculant Bacillus subtilis sf-628 [ ]]. Journal of fruit
science, 2012, 29 (5): 895-899 (in Chinese with English ab-
stract).

[14] MAKSIMOV I V,VESELOVA S V,NUZHNAYA T V,et al.
Plant growth-promoting bacteria in regulation of plant resist-
ance to stress factors[ ] ]. Russian journal of plant physiology,
2015,62(6):715-726.

[15] RODRIGUEZ-CHAVEZ J L,JUAREZ-CAMPUSANO Y S,
DELGADO G, et al.Identification of lipopeptides from Bacillus



36

o Al R R R

540

[16]

strain Q11 with ability to inhibit the germination of Penicilli-
um ex pansum , the etiological agent of postharvest blue mold
disease[ ] ]. Postharvest biology and technology, 2019, 155 72-
79.

LASTOCHKINA O,SEIFIKALHOR M, ALINIAEIFARD S,
et al. Bacillus spp.:efficient biotic strategy to control posthar-
vest diseases of fruits and vegetables[ J/OL]. Plants, 2019, 8
(4):97[2021-03-21].https://doi.org/10.3390/plants8040097.

[17] AR, S8 L0 , TR BN 55 A B 2E AT 1 BS-331 By Ak R 5

95 E B BESE [T ], of BSR4, 2008 (6) : 35-38. YANG Z.GUO H
L,ZHANG X B,et al. Research on control of postharvest nec-

tarine diseases by Bacillus subtilis BS-331[]J]. China Fruits,
2008(6) :35-38(in Chinese).

[18] BRAkAh , 245 M , 1 3 Al R 2F AT T8 9407 78 3% 2R 5 52 ) 19 7 4

ST LCL/ /v R 98 B2 2% 2012 AFE 2 RAESIe R F &),
2012:29.CHEN X Y,LI Y,WANG Q. Colonization of Bacillus
subtilis 9407 in apple fruit[CJ// Proceedings of the Annual
Meeting of Chinese Society for Plant Pathology (2012).Qingd-
ao:Chinese Society for plant pathology,2012:29 (in Chinese).

[19] CHEN K, TIAN Z,LUO Y,et al. Antagonistic activity and the

mechanism of Bacillus amyloliquefaciens DH-4 against citrus

green mold [J]. Phytopathology,2018,108(11):1253-1262.

Colonization ability of Bacillus subtilis 1.1-21 in Citrus
and its control effect on green mold

LI Jian',HE Pengfei' , LI Yongmei', WU Yixin®, HE Pengbo',
KONG Baohua',LI Xingyu' , MUNIR Shahzad', HE Yueqiu'

1.College of Plant Protection ,Yunnan Agricultural University , Kunming 650201,China ;

2.College of Agronomy and Biotechnology ,Yunnan Agricultural University , Kunming 650201,China

Abstract In order to determine the colonization ability of Bacillus subtilis 1.1-21 in Citrus leaves
and fruits and its control effect on fruit green mold,the colonization dynamics and downward-conduction
of B. subtilis in citrus leaves were investigated by foliar spraying with 10° cfu/mL green fluorescent la-
belled strain (1.1-21-GFP) ,colonization in citrus fruits was checked through spraying and soaking with
10® cfu/mL L1-21-GFP,and control effect on green mold was evaluated by spore injection with Penicilli-
um digitatum and incidence investigation. After treatment for 10 min,the colonization of B. subtilis 1.1-
21-GFP in leaf surface and mesophyll reached 1.36 X 10°and 8.08 X 10* cfu/cm?, respectively, and dis-
played a continuous increasing trend. At 1 h after treatment, the GFP-tagged endophyte was stable in
leaf surface with 1.51X10% cfu/cm®. The bacterial concentration reached 5.67 cfu/cm’ in mesophyll at 2
h after treatment, which gradually increased to 1.15 X 10° cfu/cm?® after 30 h. Endophyte L1-21-GFP
could easily colonize in fruits,and bacterial concentration in pulp and peel after 1 h was 9.51 X10° cfu/g
and 3.51 X 10" cfu/g,respectively. However,there was significant difference in the colonization ability in
fruits among different citrus varieties,and Citrus reticulata cv Ponkan had the highest colonization. In
addition,after soaking for 30 min,the control effect of L1-21 on fruit green mood was 100% on the third
day.and 80.36% on the fifth day. Taken together, B. subtilis 1.1-21 could colonize in citrus leaves and
fruits effectively,providing a theoretical basis for further application of this strain to control citrus disea-
ses.
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