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B HEz®E Ljb-2 MEm=ELHMREREHEIE
W EI AT

gkt TOBRL L O#L A &L A4l miper
RN R 5 BRI B R, TLIRA AR 25 TR, AR A48 5255 W 15 B 7 T
SEE, AL 2100955 ZVTIRE @A EMIRAR L TRG, YTJRRA 2154000

W E. gHlZE (Pantoe agglomerans) Ljb-2 & T G A 55 A 43 B9 43 21 5 %68 2 0 75 40 i 995 7595
(tomato yellow leaf curl virus disease, TYLCD) EARUFHi 0 mFEPran e, HE 2 i 2 s s Fi 4%
Fit 77 TYLCD B #RCR K 49.77%. 2012 4 4—8 H7EIE = WEZEAT IR HH )RS0 45 R W, 12 PR BKAE HH i)
ZAt R SR RH T TYLCD WP 0A ) 57.12%. 2012 4F 7—12 H, Kz pRdEAT B R B vaak
15, SEREW, T 60d K, Ljb-2 X FamPimfh IF TYLCD KB SUA ) 45.26%. [FIHT,
H Ljb-2 AbBEFESGMEAR G, BEEEH N 4k E a0 MAEE b KRR R, RSP YgEEE C,
RV VRS R E R R MOBEIR LG, X RS BT AT W) R R SRR . BB, R A ORI

20.05%.
KB Tl e L iR R, A, MR R
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Suppression of Tomato Yellow Leaf Curl Virus Disease by the Pantoea
agglomerans Strain Ljb-2 in the Field
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Abstract: Aiming at developing biological control agents(BCAs)that can effectively suppress tomato
yellow leaf curl virus disease (TYLCD), this study investigated the biocontrol efficacy of the Pantoea
agglomerans strain Ljb-2 against TYLCD as well as its plant-growth-promoting effect under both
greenhouse and field conditions. Ljb-2 was originally isolated from the tomato environment. Applied to the
susceptible tomato variety Geruisi with root drenching in combination with foliar spray, it achieved the
significant biocontrol efficacy of 49.77% and 57.12% against TYLCD in the greenhouse and the field,
respectively, in spring 2012. At 60 d post transplantation in the field experiment in fall 2012, with the
same application method, Ljb-2 attained the biocontrol efficacy of 45.26% against TYLCD on Defenni
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(a tomato variety with moderate resistance to TYLCD) . Ljb-2 significant increased the contents of
leaf chlorophylls a, b, and a + b in the field, elevated tomato yield by 20.05%, leading to rises in the
contents of vitamin C, soluble sugar, titratable acid, and sugar-acid ratio in tomato fruit in the field in
fall 2012.

Key words: tomato; Tomato yellow leaf curl virus; biocontrol; Bemisia tabaci; Pantoe agglomerans

H1 2B 5 B2 B (Geminiviridae ) 2% 1 4 (46 95 2% & (Begomovirus ) ¥ 7 3t s 44 T 995 5 ( Tomato
yellow leaf curl virus, &F% TYLCV) 5l 1) it sm A4 il 55 5 (Tomato Yellow Leaf Curl Disease,
failP% TYLCD) J& H i #ah L i 2000 3 o 1200 BRall ol Jiky mA% 46, 1939 “EAE LA B IXHkiE, 1959
SEAEL FORTH B K, 1964 4E4IEfiv 4 (Cohen & Harpaz, 1964). 20 {H:4 80 4EAC, %Lk
My EEL X . K. PR, RS2 NEKEI (Picd et al., 1996; Moriones &
Navas-Castillo, 2000; Varma & Malathi, 2003), T4 K7L F0 [ PR A&, ™5 15 5 A A AP AL,
Ok 4t FL 3 it 2B 77 ) B PRI 22— (Duffy & Holmes, 2007; Hanssen et al., 2010; Lefeuvre
etal., 2010).

TYLCD HABRISR, PR, AEbhak. BiaE s KR, BaEFEms, e blfe
TR ML, P RISE 5 2 A THAEY) MG 53 2% % (Morilla et al., 2005; Diaz-Pendén et al.,
2010; ZEEEWIAIZAKAS, 2011). 1995 Rz fE N E (44T 45, 1995), 2000 4F LK T AEHTL.
IR RS T mFg. B IR, TS A4k & 2E (Zhou et al., 2001; 22—, 2009).
BB YU AR R A ) i, AR T IR N T S R A, ARMERE B AR
SEMEA,  HErE A MBS  Woky 7017 CRROET . CERET . CSFIAR] L lisRge’
&, RGP ZNEAH LAY TY BRI, Hrh GlSEe” ot iIER A w R, HPTHEEERY
TY-1, Z—Mrhgrii. F B THOR MR o, —BROR REA WL RE ), IR T %
A RRIGHET N (Lapidot & Friedmann, 2002; Jietal., 2007). %770, AATWAEA 25 d
FIUH T PG AL B R B, (RS RGBT T IR ) T RFLl A Je,  [AII H T 2% e 7l )
18 FH S S0 m 7 AR BT 2P (Moriones & Navas-Castillo, 2010); i Al & 4 [ 5 Huik J& 25 & B4
T A M 1) OGR4, FEIX DT I, RIS PUR TS R AT A TYLCV Hu k2 AR Hi
SR T o

FEPUR 2 — R BA BRI A A Y, vTUNES 2 A EE R R, A KT
FARTE TAGFEDUR I T P s b . P, Pridifk (Lietal.,, 2011; Niuetal., 2011;
Wang etal., 2012). - THEHUR AR =TT T 35 PE . SR DLk, BT &2
W R A, YR & RAE IR . HEIHECA I, B RS F D ERGES TYLCV
A W EMHSCR R DU, R AEEE REA R TYLCD e R 2.

VEZ BT IIAYLI30E 220 TYLCV A0 ™ H 1 26 i B Hr 0 15 7 857 BRAH R, ik — R 51 B bk
FEREE R 2 PR U B R b Sl A A ARG, TR I TYLCV BA7 B Pt s o i
Ljb-2.

AT RSP R Ljb-2 BeG BA @ PP R iz e T HEEAL, W T4
BRI 75 7501 2 A T I B PR AR B 80, R S A R L B0 ek 3 R ki ot
HEAT TR, DUREST LUEWIBE G A% 08 TYLCD BifE i RIE R, b e R 25008, 12
AR il R BT, PR GRS ML R AT RE AR R
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1 MESINA

1.1 ##l

1.1.1  #&#: (Solanum lycopersicum) #3% A+

SR RS ERIT R CESRGET . EPUR AR I 127,
112 #EH

HAZ 1% (Pantoea agglomerans) Ljb-2 Bk, 732§ TVLIRE 2 #s TYLCV K™ 5 H Herp g R
Toantabk =2, R EAN. JUT BEG. LTAERm . RN ek R, G A A
W — RIS R I B TYLCV B — @ hitk.
1.1.3 HRA

LB (Luria-Bertani) };73dk (/M 4, 2012),

1.2 FHEZE Ljb-2 X B&RAIH &

T - 70 CRMRIIKATH Lib-2 Wbk, MEFE LB [EAREIRE LRIk, BT 28 CAALEEIRM
Fi7% 16 ~ 18 h, FR K B4 a, PRBCRE KR 2547 5 mL LB Wik +, 30 °C. 200 1 - min™
P REFE, 4 OD {HiAH] 0.8 W5 1 RE %, ME NPT, DL 1%MEM s Fh 7 2 LB B
1, 30 °C. 2001 min™ 5535 48 h, SR VLR WIS AT PRI
1.3 mHEiZE Ljb-2 BFig TYLCD RIREIRIE

T A hm B iR A ER T 4 ~ 5 IR E TR . WE 1 AN HEZ B Ljb-2 kbR, 1
AXHALEE, AEALER 24 BRT, 3ANER . BARUREKNT 30 mLIKEZZA N 5% 107 cfu - mL™ B
WRERR AR B, [RE AR RIS B (B2 0.019% 1) 2R P I AN R TV ME R - 200 5 mi 58 T3
Ak R, CUS%E 10 d AbFE 17k, JLANHEE 3 YR, XIS LB B 9RiiAb B . MRS AR 7 d Je R
WTE . FERN TN B R BAE KB TYLCD SR I Sk 3% 48 h, SR B AR (i fi
FEAEARFS 20 WA P, FERETE I 30 Sk A AT, #6Ah 3 d oo FH LG bk S HRDR S0, Ks R RE RS 22 B HUR
% (28 °C, 16 h/8 h LJEIA, T0%AHXTHESE) ' (Sade et al., 2012). i Fafi KWt Git it
ZIERFRGEVE LR, A F6) R 57 H R 31 100%I 45 - 48 vt
1.4 R HEiZ&E Ljb-2 BAig TYLCD HIait 3%

HH (R 6 AE VL 48 0 = W T i B TYLCD 5 &M 3 P A2 5 58 il o

2012 4F 4—8 H, RKHIKZ 670 m?, FE s R TYLCV BOR SR A5l s iz #
Ljb-2 &b BE S KR AR BE

2012 4 7—12 H, A5 TYLCV thiiitdh srge’ Mz 1 Ljb-2 AbBEFIE KON HE AL 2 |
SO AR R BRI N IRALTE K AR UK 127 X IRALEE, REGH LRI N 12 AN, BRAL
H3ANRNX, AN EARL 60 mP, &AL B SE A BENLIX 41HEA .

PRIRAR I 24170 76 AR AR IR 2EAT BRIl 5 x 107 cfu - mL™ W25 AIERR AL 7, WEAR Ab 3
350 mL - B, WES I LA A AN R . o AR FER L K S RITEAR . 4 15 d AbEE 1
o Stk 4 e FEROW G TR A R WTE DL, E S R A AR

TYLCD Jiif4a % i hsif (Friedmann et al., 1998, Lapidot et al., 2006): 0%, JiEMk: 1
G, TESH A, AR A, RIS 2 g, TR b Ak, wi g
FEG MRl e, (R, 2R SR ER0™; 3%, MR EEL, Hill, #Ea ek
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rREILT, SRR 4 9 KA i PR E R BN, MK GE, BN,
Wte = TE, A5 AR RO e A .

W ERE (%) = [X ORI x WREO | CRRE x maiddo 1 x100.

AR (%) = [ O B3 M R VI - A3 5 P P PR 1 0 s S P R T 1
1% 100,

X 2012 AFRCERHERREFE A AR SR B KR BRI T . Y
ARt FARBETF 46 tHIEEAR 5 d J&, XPRE/NXCR A 5 AUUREVRAR R RR I F, &5 3 Kk, S
MRS (2009) FIAZEECC (2002) [k M4 R 1S . M3 e 15 d S5 Se v AR AR =
SRS E, W RN R B RHURE, AT SRR, REAN/NX IR 25 Bk 7R SOCR I S T RE AR
TR SREEL, RN F Al 8 B, BRICRAIBIN Gt BN X AR SE W iR MG
A, R /AN P R R S . A8 S S A R R i AT AT . AR/ X 3 A
[l — LIRS 5 A, 2,6 - e i ENE 4EA 3 C Sy R LU (50 s w5
oy HAERHER e I T T R e (G4, 20000, REAMAREE 3 IRE K.

PRI H A Microsoft Excel Wit 7 ALK f5, H DPS 7.05 FAFHEAT K 207 = 0¥, FFH
LSD v b & ab 3 () (1 22 7 W25 % (P =0.05).

2 HiR5H

2.1 REIZE Ljb-2 3F TYLCV BYBFATR

WEL N BN L M Sk B AR R 14 d 5, GHIRAERE TR AR 25d. 35d
o, ENZ T Ljb-2 X TYLCV RG24 7 h 56.81%. 49.48%. 25 d I, J&A1VZ H Ljb-2 &bt kk
RIFiHE N 62.5% (E 1), BEACTHIE, 35d Iy, bR AR & 28 100% (% 1).

fHd Control Ljb-2

1 BEEHET EEE BHEMBEE 25d EREZE Ljb-2 &3 TYLCD AIBF AR

Fig. 1 Comparison between Ljb-2-treated and control tomato plants in disease severity
at 25 d after inoculation with TYLCD in the greenhouse
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#1 BEFETHEZHE Ljb-2 MBREMGW EIRHK" TYLCD MFH
Table 1 The biocontrol efficacy of Ljb-2 against TYLCD of the susceptible tomato variety Geruisi in the greenhouse
TR R b # KIiZ% I T P R 9% BB %
Days after transplanting Treatment Disease incidence Disease severity Biocontrol efficacy
25 Ljb-2 62.50+1.24b 16.29+0.38b 56.81
X L Control 91.67+0.57a 37.71+135a -
35 Ljb-2 97.22+145a 4460+0.85b 49.48
X i Control 100.00+0.00 a 88.28+0.78 a -

W RFFEERIRA B R 4E P = 0.05 [ 2F /K N7 2% (Duncan’s test)
Note: Values with different letters differ significantly according to Duncan’s test at P = 0.05.

2012 SEFFHEIRKH (R 2), TR, AT TYLCD BRI, A i i
it A% € R 40 d A IR AN, 50 d IN B ATZ TR TR ROR A 57.12%

F2 XKEKFHTHEZHE Ljb-2 MBHEEMGEM HBRE TYLCD BB (2012 EFER ) 50d)
Table 2 The biocontrol efficacy of Ljb-2 against TYLCD of the susceptible tomato variety
Geruisi in the field (50 d after transplanting in spring 2012)

AbFR a7 I3 T E % B %
Treatment Disease incidence Disease severity Biocontrol efficacy
Ljb-2 32.10+£1.08 b 854+1.30b 57.12

Xt Control 67.23+2.05a 19.92+1.32a -

W ANFFERERIRAEFEAIZE P = 0.05 (1 KT T 2 7 53 (Duncan’s test) .
Note: Values with different letters within the same column differ significantly according to Duncan’s test at P = 0.05.

2012 “EAKZE W ARG (% 3), et 40 d JGhBuibfl GlZ5ue” JFef R, Az # Ljb-2
Ab TR S5 G PRAK TYLCD % S ™ B A . S8 50 d I, 2508 X M9 3™ B 4 20.31%, %,
P12 B Ljb-2 kBB 80 F) 50.76%, & 60 d I, Gk 45.26%, Hifidhfe <75k 127
5 R B Ljo-2 AERAH L, LS e e AN R, B R RS ER T AR AR R

#3 REZHE Ljb-2 3 TYLCD BIAHEBFM (2012 #F)
Table 3 The biocontrol efficacy of Ljb-2 against TYLVD in the field in fall 2012

BARE RE Qb3 RIRZ% I3 T E % A BB %
Days after transplanting Treatment Disease incidence Disease severity Biocontrol efficacy
50 254 Difenni 70.32+3.11b 20.31+2.21b
#1459 + Ljb-2 Difenni + Ljb-2 40.15+1.57¢c 10.00+2.36 ¢ 50.76
K 12 Sufen 12 30.23+2.02d 7.53+2.94 cd 62.92
Kl Geruisi 83.74+3.72a 3247+422a -59.87
60 13548 Difenni 86.00 +3.56 b 3959+ 1.48b
#1459 + Ljb-2 Difenni + Ljb-2 73.67+2.15¢ 21.67+0.00c 45.26
Ik 12 Sufen 12 72.07+2.78 ¢ 19.81+1.72 cd 49.96
M3 Geruisi 96.00 +3.45 a 58.16 + 4.00 a - 46.91

W ANFFERERRAEFEAIZE P = 0.05 (1 KT T 2 7 53 (Duncan’s test) .
Note: Values with different letters differ significantly according to Duncan’s test at P = 0.05.

2.2 REIZE Ljb-2 33 &0 AR FiE = 1E B
WERI, TaiEr 15d G, WENZE Ljb-2 6% Akak s b3 K B 52 e g4 1)
(R4, g WMk E . S A B ES B T HA . Rk 60 d g &I, &
P72 # Ljb-2 AFE )5, e an Rk i) SRR = 1y T I (3R 4), JLHE =304 20.05%. [AII &
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Plabfh IR 127 [P ERER TR A dSreT, BRI PR A AR XS TYLCV BATEL
e, AHRI AN

F4 BEZHE Ljb-2 XEFEMAEEEEMESER (2012 )3
Table 4 The effect of Ljb-2 on tomato growth and yield in the field in fall 2012

. L v ” 1) 77 R % UL T
e e filem em WA o IR R
. (kg - m™) Increase in  Weight per

Treatment Length Stem diameter  Leaf number Ears per plant X . .

Yield yield fruit
{259k Difenni 23.98+091b 216+0.15b 7.00 £ 0.19 bc 424+0.06b 6.17b - 2216a
350 + Ljb-2 28.00+£0.73a 228+0.15a 7.44+0.11a 463+0.04a 74la 20.05 221.3a
Difenni + Ljb-2
IRk 12 Sufen 12 2415+0.42b 1.90+0.08 ¢ 7.26 £0.23 ab 407+0.09c 599c -2.89 217.2b
5 Geruisi 18.11+0.70c  229+0.12a  6.89+0.18cd 3.34+0.15d 5.62d -8.86 222.1a

W RE/NGFREERAEHAE P=0.05 (EEAKF FZ5H 5% (Duncan’s test).
Note: Values with different letters within the same column differ significantly according to Duncan’s test (P =0.05) .

23 MHEiZE Ljb-2 ME M EFEES=EHF N

W 5 Fio, mIFYe SR I AR a AR R b R SRR A R 1.42 mg - g
0.89mg-gt. 231 mg-g*, TIKHZE Ljb-2 ABE N T 8.5%. 15.6%. 10.8%. [Hi, ‘iZF
e’ Ljb-2 AP S EHLAY T 127 IR SRR SR AR, MR A R BRI e et
SRR TR, X AT RE R B AR G

#5 HMEZHE Ljb-2 MEHHAHERSEHEME (2012 7
Table 5 The effect of Ljb-2 on leaf chlorophyll content of tomato plants in the field in fall 2012

postd H4EE al (mg-gh 42 b/ (mg - g™ MRl (mg - g™
Treatment Chlorophyll a Chlorophyll b Total chlorophyll
1754 Difenni 142 +0.06 b 0.89+0.11b 2.31+0.13b

iZFYge + Ljb-2  Difenni + Ljb-2 154+0.11a 1.03+0.01a 256 +0.02a

Ji8 12 Sufen 12 153+0.10a 1.08+0.10a 2.61+0.09a

K3 4 Geruisi 1.30+£0.01c 0.74+0.07 ¢ 2.04+0.07c

W ANFFREFRORAG AL P =0.05 (W 3F KT T %253 (Duncan’s test) .
Note: Values with different letters differ significantly according to Duncan’s test at P = 0.05.

2.4 RHZHE Ljb-2 3 &R B R0
3 6 A%, Ljb-2 AESCGE TR A STy A B R . M T alsrye i, Rz #

Ljb-2 AbBEEHE S T R/AMYEAER C T E. TR %&ﬂ“&ﬁ%@éé‘i O S 25 185 00 75 40 1 B TR
tt.
#6 HEZHE Ljb-2 MBEHSEMHFIE (2012 )
Table 6 The effect of Ljb-2 on the quality of tomato fruit in the field in fall 2012

Kb 2R HirE% ¢ (mg - kg™ AVATERE (g kg™ A ERR (g- kg™ 7

Treatment Vitamin C Soluble sugar Organic acid SS/OA

HIFYE + Ljb-2 140.01+10.29 a 84.93+247a 414+0.04a 20.51+0.74a

Difenni + Ljb-2

Jti 542 Difenni 100.33+8.30 b 58.21+0.66 b 3.90+0.05b 14.93+0.09b

e BB A FNS FRERORA A P = 0.05 B F KT F 27283 (Duncan’s test)
Note: Values with different letters within the same column differ significantly according to Duncan’s test (P =0.05) .
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HATA KT TYLCV PG e . THRAE (2013) HIH IS 5T 15 3BY4 FllatT
W BQO B4 TYLCV, HIuB7 AR5 5 47.03%H1 42.76%, [ IS 35 i 2 B0 H — 5 AR B8 72 250
YA FZE B 9a 1 532297 TYLCV B — & R TR 5t

AARKEAE 2012 AEFZR RIS, F i 50 d B, FEPUAN B Ljb-2 SHEm dh Rl ke 1
Blizk A 57.12%, xRN e BIBICA S 50.76%, BB Ljb-2 X} TYLCV Bz %
B AN ZE S R, 7F 2012 SERKERIEL S A A4 F R, Ljb-2 % TYLCV (1B 2 a4 i 1] (4
BRI T RerEas, Xnlae &Ry RIS T 1 4k Ljb-2 4b8E, )5 IR R RS 2
IS, [N R ETIN 2, SRR HEMEER . Bk R — 20 TR 2R
UF I 22 AN St PR A T B AT DU, ) IR in i 2 75 1 7004 FE ) PO A FH 4 A DA FH e R PRI 90 T4

TYLCV 2Rtttk ol s i A Zrh b 440948, MRS 2 2% m . ikACrFSE (2009)
ORI, Fhifh TYLCV 245, MR 4Igiht4E 5 a. 4R by SR & B 5 il Bt AT L
SIAIBRAIR T 32%. 26%. 30%. )55 (2011) il TYLCV RJJG it il A <L T AL
RO R AT R, 2 # Ljb-2 MBS A W28t fr 483 a. 4R b SR
RF O XN MR MOCEVE T, IR RS SO R CRFE BT TR NI 75 1¥1 g 12 (Bolton, 2009)

T A Bl A 5 i K AR R H AR 22 il (i 4%, 2011; sk4F7F 4%, 2011), than, H
JRFEEE (2013) VAL T 20 AN/ Lo F 3 gk ks s Fioe) TYLCD bumte e, 2R KM 5
AR S, SR SRR AN RIFR R Ik o IX EEGT SRR IA A B TR ROR, AN
MARA Effdle TYLCD WIBia . ARE P A H B A — @ btk sz # Ljb-2 Bo &3 Alith bt
Bl GhSTUe, WCRIASIFIIBIE LR, B 45.26%, BT EPURE TN 127 MIBTEAKE, H
GEZFGE RS T Aok 127, Bk, Rz Ljb-2 AR pnan A algrae i, A
AT BT R R )T
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