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Abstract: [ Objective | The objective of this study was to identify the pathogen of Alternaria leaf spot of
lettuce in the suburb of Nanchang City, Jiangxi Province, in order to screen biocontrol agents that can effective-
ly control the disease.[ Method ] Infected lettuce leaves were used for isolating and purificating the pathogen.In
order to fulfil Koch’ postulates, pathogenicity test was done by artificially inoculating healthy leaves of lettuce
with spore suspension of representative isolates WS1, then the pathogen was reisolated from the newly pro-
duced lesions, and finally the pathogen was identified by morphology.The pathogenic bacteria were amplified by
PCR and sequenced by using rDNA-ITS and allergen gene Alt al.For pathogenic identification on molecular
level , nucleotide sequence homology was compared in GenBank using BLAST software , and phylogenetic tree
was constructed by the neighbor—joining method using MegA 7.0 sofiware.The antifungal effect of 8 common
commercial biocontrol agents was detected by confrontation culture method. [ Results | A total of 23 strains of
Alternaria with the same cultural characteristics were isolated , which were pathogenic to lettuce leaves.The
colonies on potato dextrose agar (PDA ) were round, grayish brown in the middle and white on the edge, and
the mycelium was dense and fluffy.The central color of the front was deepened to dark cyan and the back was
dark brown in the later stage , the colony average growth rate reached 10.86 mm/d.The conidia were obclavate
or oval , light brown to brown, 0—6 transverse septa, 0-3 longitudinal septa and 0-2 oblique septa, with size
of 14.60-40.09 pmx6.61-14.44 pm.Short beaks were columnar or conical, light brown, with size of 1.84—
8.29 wmx2.60-4.35 pwm.The conidia were produced on the conidiophores and were attached in a chain form.
The main chains were generally not more than 10 spores, and the branch chains were not more than 5 spores.
The culture characteristics and morphological characteristics are consistent with the description of Alternaria
alternata in the literature.The sequence length of the rDNA-ITS and Alt al gene was 570 bp and 472 bp, and
the accession number in GenBank was OP161641 and OP185144, respectively.It shared the highest homology
of 100% and was in the same branch on the phylogenetic tree with a support rate of 99% with the counterpart
of A. alternata in GenBank.Thus, the pathogen was identified as A. alternata based on morphology and molecu-
lar methods. The antifungal effects of Pseudomonas fluorescens, Bacillus cereus, B. amyloliquefaciens, B. lat-
erosporus , B. licheniformis, B. megatherium, B. mucilaginosus and B. subtilis were all higher than 63% in the
screening test of indoor biocontrol agents, of which B. cereus and P. fluorescens had prominent antifungal effect,
with antifungal rates reaching as high as 75.42% and 72.74%, respectively. [ Conclusion ]It is concluded that
Alternaria leaf spot of lettuce in the suburb of Nanchang City, Jiangxi Province was caused by A. alternata, B.
laterosporus and P. fluorescens can be used as the candidate biocontrol agents for the field test of controlling Al-
ternaria leaf spot of lettuce.

Keywords: Alternaria leaf spot of lettuce; Identification of pathogen; Alternaria alternata; Screening of
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3R, BFIR 2 min, B S5/ N U R IE AR W 5% B 7K 5 J5 3 A PDA SF-Al 1" 9K )5 & T 26 “ClE IR
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Tab.1 Gene sequence information for the construction of phylogenetic tree of Alternaria spp.

GenBank
Alternaria species Strain
rDNA-ITS Alt al

A. alternata WSl 0P161641 OP185144
A. alternata TCS3002 MN394880 MN410912
A. alternata YB1 MW048743 MT140362
A. arborescens CBS 105.49 KP124396 KP123944
A. arborescens CBS 109730 KP124399 KP123946
A. gaisen CBS 118488 KP124427 KP123975
A. gaisen CPC 25268 KP124428 KP123976
A. gossypina CBS 100.23 KP124429 KP123977
A. gossypina CBS 107.36 KP124431 JQ646393
A. longipes CBS 539.94 KP124441 KP123987
A. longipes CBS 917.96 KP124442 KP123988
A. tenuissima Rel4-5 MW898625 MW541751
A. tenuissima 0517-18-9 MW898629 MW541755
A. brassicae CCPY2 MG250600 MG250636
A. brassicae RGW5 MG250601 MG250637
Embellisia astragali SC213 J1Q308339 KM457062
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Tab.2 Basic information of 8 tested biological agents

AP AREREU (L CFU-g") TR
Biocontrol agents Number of active bacteria Manufacturer
PG RAMITH (Pseudomonas fluorescens) 5 IR 2R 2l A PR )
W5 B2 AUAT B8 ( Bacillus cereus) 8 I ZR 2824l A B )
ERGERY 2 HUFT 3 (B. amyloliquefaciens ) 200 TR R R A R A R
M ZE AT B (B. Laterosporus) 100 TP IR E AR A BRA A
1A 2T (B. licheniformis ) 200 TR R AR A RA A
F K ST (B. megatherium) 50 TR R E AR A RA F
JEE I 2 AUAT B8 ( B. mucilaginosus) 50 TR IR S AR AT BR A )
R ZE AU IR (B. subtilis) 200 WIS E R AR R IR

1.7 HIESH
K H Excel 2010 Fl1 SPASS 20.0 A dE 47 808 ge i1 5 A B, 48 H Duncan’ s 3 9547 22 7 B MR RG 56
(P<0.05) .
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(], X6 BRZH I AN i o XM 7 A (R R A 0 TR P03 25, AR I TR VR 5 WST TR SRR LA S o A9
2 A R —
23 REEFEREESHE

HEIXTRARAE PDA A 1 26 CHE R 5 d, BT RIE , 2R BIR, BE IR e ik o, h & m &
T TH Y AR (0, S S 0 J I B TR TR T R B IR A, T TR SRR 0 (B 1-E, Bl 1-F) ;
VAR 10.86 mm/d . A3 AE AR B A SN BT SRR ES i, 0~ 12 PR, 204332, iR 15

H I

A FSRBEFGRER ; B R T 1 dSER ; C HERNS 4 dAEIR ;s D HERIS 5 dAEIR s E~F: PDA 1226 “CHiF7 9 d (W& 3 G2 4
A TR H R AL TR R T
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inoculation ; E : Colony cultured for 9 d on PDA at 26 °C;G: Conidiophore ; H: Chains of conidia;: Conidia.
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Fig.1 Symptoms of lettuce Alternaria leaf spot and the morphology of its pathogenic fungus
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WA AR B HETE IR (7, KN (1.84~8.29) wmx(2.60~4.35) pum. M0 B Bk 09 B 7 7 A8 AU B TE 28 K0,
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BRI, 45 R AR5 A DNA J BEK 43 51 4 570 bp 1472 bp, HAE GenBank H Y 7 1) 8 5% 543 51
OP161641 F1OP185144, it BLAST LX), & B M T 515 GenBank HACHEAE ML A. alternata X 1 )7 51134
HA100% RN . 76 LA rDNA-ITS Fl Al ol FE DK ER IR T SR EE A0 R G0 & AR, TR AR WST 5 AL alter-
nata B BRRERE ) — 40 3, T HC A R IS A AR A & 87 1 40 S (11 2) o MR A 3 47 [ 5k R/ N R R
WRIEGE R R VBRIV WS1 S 5E NSRS LA, alternata

Iternaria longipes CBS 539.94

100 | Alternaria gossypina CBS 107.36
Alternaria longipes CBS 917.96
Alternaria gossypina CBS 100.23
Alternaria gaisen CPC 25268
100 | Alternaria gaisen CBS 118488

94

Alternaria tenuissima Re14-5

100 'Alternaria tenuissima 0517-18-9
g5 - Alternaria arborescens CBS 109730
Alternaria arborescens CBS 105.49
Iternaria alternata YB1

lternaria alternata TCS3002

= Alternaria brassicae RGW5
100l Alternaria brassicae CCPY2
£mbellisia astragali SC213

0.020
B2 T rDNA-ITS R Al al FERF 9IRGB EERS 10T 1 R G0 K& B
Fig2 Phylogenetic tree of Alternaria spp. based on the sequences of rDNA-ITS and Alt al genes
25 ERNEPEFGIE
8 P At A= B BRI X AC B L AL alternata YA 30T AN B (R 3 FNE 3) , Horp | M A ZE AT R 0
PRCR BT I 258 75.42% , LR ZFFUFT M B RBCR B 2 TR %6 63.55% .
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Tab.3 Inhibitory effects of 8 biocontrol agents on A. alternata

Az B TR T2/ % A B BRI 771 TR 3/ %
Biocontrol agents Inhibitory rate Biocontrol agents Inhibitory rate

B CAR BN I (Pseudomonas fluorescens) — 72.7420.96" | HiA< SEHUFF 1% (B. Licheniformis) 75.42+0.62°
U SE AT B (Bacillus cereus) 68.91x0.73" | B KZEAUFT I (B. megatherium) 63.55+0.73"
i 8 A ZEFRLFT B (B. amyloliquefaciens ) 70.83+1.65" | MFZEAIFTTE (B. mucilaginosus Krassilnikov) — 66.62+1.70"
61 ZE ST B ( B. laterosporus ) 69.68+2.29" | Kli % AT I (B. subtilis) 69.68+0.38"

[RIBAS [ B s 22 53 4835 (P<0.05) o

Different letters indicate a significant different( P<0.05).
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A:P. fluorescens; B: B. cereus; C: B. amyloliquefaciens; D : B. laterosporus; E: B. licheniformis; ¥ : B. megathertum ;G : B. muci-

laginosus Krassilnikov; H: B. subtilis;1: CK.
13 8Tl 57 T 70 5 A2 BlEAS 0 TRT A9 X lR 55

Fig.3 Confrontation culture of 8 biocontrol agents and A. alternata
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JBAKNIE  45 ,, JoRe 80, J5 75 W BE SR R [RDE SO FUNDE (B B 2B 6, A 5e s, B,
FE12 W 3 79 oo 3 1), I K S TR T 25 2 S A0, 0 T AR 980 35 R IR AR th 0 26 FI W [m] B, 7 )2
Wiz 5 B, 0 NV B B A L D3 AR R R B AR DO . — iR H AR K BB 1t Cercospora longissi-
ma 51 155 S BENR , O EERD 24 £, O A IR O NBE 0 BE S 6,25 S, g — i R TROE B AR
B¢ Stemphylium chisha y F 5| & 0 - BE5 , Ho BE 5048 407 A W W i [0 48 80, BEA R i T A1
TEASEER RSS2 S8 B |, (0 A7 SEEEAK A Ah B A8 Sk R MELURA & 0. PRtk FE R AR 4 e 1Y
Ll b, — e A R AN S WA~ DA L B DRI G40 R Gk B WOk — 20 S e AR A ™, A
WEFEEET rDNA=ITS F1 Alt a1 FHEIH (4 5 50 53 BT F0 22 50 8 ARG A, DU) BT o 5 O S At 0 I SR8 5 7T 25
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