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Screening and identification of the biocontrol Streptomyces against
tomato Botrytis cinerea

ZHAOJuan LIUTing" LIUWei-Cheng LIUDeWen ZHANG Dian-Peng LU Cai-Ge
Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China

Abstract: [Background] Tomato grey mould caused by Botrytis cinerea is an important fungal disease.
Biological control can be an effective measure in prevention and control of this disease, due to its
environmentally-friendly and not easy to develop pathogen resistance characters. [Objective] To screen
antagonistic Sreptomyce sp. with broad-spectrum antifungal activity, confirm the biocontrol effects and
define the classification status of the antagonistic strain. [Methods] Antagonistic actinomycetes were
obtained by agar block method, the inhibition spectrum of strain T22 was detected using confrontation
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culture and mycelia growth assays. Biocontrol effects of strain T22 was detected using enzymes production,
detached leaves and seed germination assays. Strain T22 was identified to species level based on
morphological and cultural features, physiological-biochemical characters, as well as molecular methods.
[Results] A total of 14 antagonistic isolates were screened from 56 soil actinomycetes, anong which strain
T22 showed obvious inhibition effect on Botrytis cinerea and other fungi. The inhibition rate of strain T22
on Botrytis cinerea, Monilinia fructicola and Fusarium oxysporum f. sp. cucumerinum were 84.6%, 81.5%
and 79.1%, respectively. In addition, the culture filtrate of strain T22 displayed obvious disease
reduction effect (55.1%) on detached leaves of tomato plants. The hypocotyl length, radical length and
seed vigor index were increased by 15.1%, 29.7% and 43.9%, respectively, with 100-fold dilution
treatment. Strain T22 was identified as Sreptomyces alboniger based on morphological and cultural features,
physiological-biochemical characters, as well as multiple sequences analyses. [Conclusion] Sreptomyces
alboniger T22 had obvious antifungal activity, extracellular hydrolase production ahility, disease reduction
and seed germination promotion effects on tomato, with application potential as biocontrol agent against
tomato grey mould.

Keywords: Tomato grey mould, Sreptomyces alboniger, Extracellular hydrolase, Pathogen inhibition,
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1 BE T2 RELEABIEGXEMRERHRENNGER

Figurel Inhibition effect of antagonistic Streptomyce strain T22 and its cell free culturefiltrate on Botrytis cinerea
TE: A BUIRIE; B: XJURHFRM:; CHID: ARRHARY:,

Note: A: Agar block method; B: Confrontation culture assay; C and D: Mycelia growth assay.

2 HEIE T2 TEABEAEXmREREIEER

Figure2 Inhibition effect of cell free culturefiltrate of antagonistic Streptomyce strain T22 against the test pathogenic fungi
TE: A: BUEERE: B: BIATZRIE; C: CHHRIERE; D: MERGZRE; CK. PDA KiFRlE; T22. RINA 20%HHtk T22 6
DR UV PDA BSR4

Note: A: Monilinia fructicola; B: Fusarium oxysporum f. sp. cucumerinum; C: Alternaria alternata; D: Fusarium oxysporum f. sp.
vasinfectum; CK: PDA media; T22: PDA media amended with 20% cell free culture filtrate of strain T22.
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Table 1 Antimicrobial spectra of antagonistic Sreptomyce
strain T22 and its cel free culture filtrate on the test
pathogenic fungi

Inhibition Inhibition

Pathogenic fungi zone (mm)  rate (%)
Botrytis cinerea 20 84.6
Colletotrichum capsici 23 73.7
Fusarium oxysporum f. sp. cucumerinum 16 79.1
Fusarium oxysporum f. sp. conglutinans 14 34.2
Monilinia fructicola 26 815
Rhizoctonia cereali 14 23.7
Alternaria alternata 18 52.6
Fusarium oxysporum f. sp. vasinfectum 14 39.5

B4 #HEE 722 XEMKRERR B RN

B 3 $HinE T22 F=HasegiE 4 R

Figure 3 Extracdlular hydrolase production of antagonistic
Streptomyce strain T22 in Petridish

W A FYERRE; B: JLT TS

Note: A: Cellulase; B: Chitinase.

Figure4 Invitro biocontrol effect of antagonistic Streptomyce strain T22 on tomato grey mould
TE: Ar RIEFBIRIEFRIEBUE+ KT B: BIRR T22 JoR A IRISIRIBUIG+ KB 14 s C: 50%ME T fiF 1 000 F R Mt + K A5 141
Note: A: Uninoculated liquid medium spray+Botrytis cinerea; B: Cell free culture filtrate of strain T22 spray+Botrytis cinerea; C: 1 000 fold

dilution of 50% fludioxonil spray+Botrytis cinerea.

F2 EUE T2 REABERNEMREFHEER
B 38

Table 2 In vitro biocontrol effect of antagonistic Sreptomyce
strain T22 on tomato grey mould
Average diameters of lesions

Biocontrol effect

Treatments (cm) @)
M+Bc 2.16x0.23 a -
T22+Bc 0.97+0.21b 55.1
F+Bc 0.84+0.09 b 61.1

TE: M+Be: REEFMBIAEEFRILBUIG+KEE M ; T22+Be: W
Pk T22 Jo B T 8 VR W55 i+ JK 55 999 1 5 F+Bce: 50%0 B fis
1 000 5 MW fta+ K E o i 5 [R) S BB JS S F) B R 22 57 .
% (P<0.05).

Note: M+Bc: Uninoculated liquid medium spray+Botrytis cinerea;
T22+Bc: Cell free culture filtrate of strain T22 spray+Botrytis cineres;
F+Bc: 1 000 fold dilution of 50% fludioxonil spray+Botrytis cinerea;

Different letters in same column represent significant differences
(P<0.05).

24 HiIW T22 TEABEEGNERMF L
opA

FEPUR T22 JC & BRI R TE 16 B BT
XF AT R RA AR LR . HEbUE
T22 JoTE R IRV 100 FEM BB AL R, & Ahind |
JRHR A B A3 i 5t BB T 15.1% ., 29.7%, 136 71
FEEIE N 43.9%; L 200 A5 BB AL BRI T AP T,
J A . AR B RRR 1 ) i B5CRT B4y 51 38
8.8%. 18.1%f0 32.3% (¥ 3).
25 HERE T2 MELEFE
251 Wk T22 ASHHEREEE LT

Bk T22 e R — S FAE KR, X
R, WIEHAERKA; 10x40 fi562F
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BT T LR R Rk T22 KAWL AR WA, L-Fhiabh, D-HERE, IUBE. 22280
M, ks, NIEDE (& 5). Witk T22 ZEEPREE M0, ARERI L-FRA0E . D-IERE . D-ARME .
BRI R R ZHU R ERARZ A0SR DR Wk T2 40k . Jekkm . IR
KA s IR, ENEZ NG ERA, TEBHYE, AEERERIR IR AME, Ri=ABeR . fide
A PR AR TR R (R 4). Wk T22 BB A D- A(% 5).

%3 HiIE T22 TEABIERA EmMF LSRR
Table3 Effect of the culturefiltrate of antagonistic Sreptomyce strain T22 on ger mination of tomato seeds

Hypocotyl Radicle Vigor index
Treatments
Length (cm) Increase (%) Length (cm) Increase (%) Value Increase (%)
CK 3.06+0.94 - 9.10+1.28 - 851.20 -
10 2.71+0.49 -11.3 8.13+1.52 —-10.7 759.01 —-10.8
100 3.52+0.87 151 11.80+1.65 29.7 1225.60 43.9
200 3.33+0.71 8.8 10.75+1.03 18.1 1126.00 32.3
500 3.11+0.58 1.7 9.68+0.84 6.3 1023.04 20.2

T CK O REERMR AR BER I35, 10, 100, 200, 500 MUK WHEHLE T22 JCR K EEIEW 10, 100, 200 Fl 500 5 R
Note: CK represents uninoculated liquid medium; 10, 100, 200, 500 represents the 10, 100, 200 and 500 fold dilutions of the cell free culture
filtrate of antagonistic Sreptomyce strain T22.

B 5 Etk T2 ERR—SERELHESERHE

Figure5 Morphological charactersof antagonistic Streptomyce strain T22 on Gause media
e A BWEIES; B: EHUEA(10x40).

Note: A: Colony morphology; B: Micromorphology (10x40).

x4 HIE T22 ERREIEFE DRIEFFHE
Table4 Cultural characters of antagonistic Sreptomyce strain T22 on different media

Media Aerial mycelium Substrate mycelium Soluble pigment
Gause medium White Yellow, Tawny =
Sucrose nitrate agar White, Pale gray White =
Glucose asparagus agar White Black gray Black gray
Potato dextrose agar White Yellow Dark gray
Yeast malt agar (ISP2) White Yellow Dark yellow
Oatmeal agar (ISP3) White Yellow Dark yellow
Inorganic salt starch agar (I1SP4) Light olive yellow Yellow Dark green
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x5 FIME T2 MREHAERREEE LY

Table 5 The carbon source utilization and physiological-
biochemical characters of antagonistic Streptomyce strain
T22

252 BT HFEMFLTE
YRR T22 #) 16SrRNA . gyrB. recA #il rpoB

SN PRSI ES T PCR Y1, 70 35 IR/ N2y 1300,

Items Results | Items Resuits 180. 430 #1530 bp # i Bt BLAST X4 & 21
R ! LT T22 AU S RRLE A5 e I T
e QZZI"TQM : BB FLVZEA B 0 S A 15 1 8 7
st N i Nitrate reductase ~ Streptomyces alboniger #1741 (NR043228 .
Maltose + | Black pigment - KT384804, KT385152, KT388774)fH M1k
Raffinose + | Hydrogensulfide _ 99%-100%. 4tk T22 () 16SrRNA | gyrB. recA
L-Rhamnose - | Fl rpoB JEH FFHIHEAE GenBank, st 5k
D-Sucrose - MK 054273, MK 054274, MK 054275 Fl MK 070496,
D-Xylose - ! PHZ R 16S rRNA RN 5 3 NEFREN

Note: +: Positive; —: Negative.

90

70

seoulensis 11 W SMEEFIEE Z 3 N R GEHEALR (5] 6).

Streptomyces cyaneus NBRC 13346" (AB184872, EF054986, EF055041, EF055096)
Streptomyces chartreusis NBRC 12753" (AB184839, KT384856, KT385204, KT388826)
81 Streptomyces canus NBRC 12752" (AB184118, KT384849, KT385197, KT388819)
Streptomyces ciscaucasicus DSM 402757 (NR115252, KT384869, KT385217, KT388839)
Streptomyces pseudovenezuelae NBRC 12904" (AB184233, KT385045, KT385396, KT389016)
Streptomyces olivochromogenes NBRC 3178" (AB184737, KT385018, KT385369, KT388988)
_': Streptomyces prunicolor NRRL B12281" (DQ026659, KT385041, KT385392, KT389012)

100

100

90

Streptomyces bobili NBRC 16166" (AB249925, KT384839, KT385187, KT388809)

‘L Streptomyces griseochromogenes NBRC 13413" (AB184387, KT384926, KT385275, KT388896)

100 |
Streptomyces alboniger NRRL B-1832" (NR043228, KT384804, KT385152, KT388774)

_|: Streptomyces aureocirculatus NBRC 13018" (AB184260, KT384825, KT385173, KT388795)

Streptomyces seo

10

Streptomyces variegatus NBRC 15462" (NR112473, KT385092, KT385446, KT389064)
Streptomyces galilaeus JCM 4757" (NR040857, EF054966, EF055019, EF055074)

Streptomyces phaeofaciens NRRL B1516" (NR115789, KT385028, KT385379, KT388999)

ulensis IFBAO1" (GU722514, KJ137049, KJ137066, K1996564)

6 ETHINE T2 ZZEREASTEEMNRFIHLH

Figure6 Phylogen

etic tree constructed based on the multiple sequences analyses of antagonistic Streptomyce strain T22

i X BB IR R GV BT 1000 YR HEIE B2 s B A 4 s 355 INEUEC A AV B BE 16S rRNA . gyrB., recA il rpoB
LN GenBank 55 R 10 FRis LI ES.

Note: The bootstrap

values (%) presented at the branches were calculated from 1 000 replications; Numbers in the parentheses are

GenBank accession numbers of the 16S rRNA, gyrB, recA and rpoB genes of the corresponding strains; The scale bar 10 indicates

genetic distance.
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SRR, ZE KRS AR B (Sreptomyces
alboniger NRRL B-1832) R £l — R G X I, A%
fHR 100%, Z5ATEAEFHERESEIRAEE, Kbk
T22 %5 A 2R 55 55 1 (Sreptomyces alboniger)

3 WwitE4e

R B g s Y B e AR e AR — R E A
PR, B 1 UM E R AT R . AR BIA
FEFEAR IR ER | R B ZE T P HE B2y S AT
S, IR A O T K Bk G B
AR - A B A A Sk T BT O R A B o
A 97 75 0 TR ) 43 B O RE RN BRI E, BRTE A
W22 2 F R T i K RS A i R R PR A B R 6 T
Y. DBt R M, 408 ALY RS 2F
FEUFT T T 4t A 24 0T T o) 38 i K 005 T EL AT R
PR A AR , L A T ARV 7 T A 9 BT )4 7 56 4
5] 1% 86.6%7H1 83.0%. # b 42 4 PO e 1) A 5
Pk T-CDO1. T-CDO02., T-ZGO1 %K %5 i i 244 K
(A2 69.54%74.62%, [ 75 & B FI7E
FH [1) X6J 25 7367 K 2595 B A X B 3CH - 62.4%—70.8%.
sk 2P S R MR R TD-1 P LEI3E R
O S 410 ) K 06 T 1 P TR ) . AL R R
K,

AT IRER A AR ST K | IR 2 2 7= At
PEIZE AT R BT S T L S TR R )
RTINS T Rbh KB S 0 45 HoA 2
AMIF 5 0 356 ) — B0 e i K B o ELAT B R AL
HEEE R TA T22, IS RIES2: AT
IR IR T A B T T22 S o 1 SR B T
(Sreptomyces alboniger). H AT AT B EE R
i (Sreptomyces alboniger) iy i % 24085 H H:
RGP S R K, PR R R T RS
2, REACMENAE 22 R EE K, EEARR
A 12 T AV ) L A s A L R T A R A A
5T ASBISY 2 B0 26 31 AR 12 B ok B HL & T v 1
AR =) RE RS A S ] 22 FoR 0 9s i L TR B 24 2k
K, XFFAK B A R IARRR, HARS L

TR,

bR T HUE RIS YRR, BERET T22 X R E
(A B8 I 5 L0 1) IR AR K Fe A 6 o o [ L
B RAMEBELULT R, P4 0B, LA B-1,3- 7%
WiR F LIS, 25591 T Tl (Chitinase) |
24 K il (Cel lul ase) 5 SIS MK I 43 , 5 B J5 1
P22 R0 Tl PO g e, s 5L B A
BERIG LT, £F4E R BE s SR & UL T I
M AEF AL, INIME NN 22, SE0R RN
FET-. AR, R T22 BA BRI ™21 4
R, AR AL T RS, A X L
A7 7K AR 8 A 2 TR R KT D L TR T 22 A A (g i o
WERHEENEH, AR, SEaW T22 HAE
SRIGINER . 2R, PP, 7R KA
A=W 6 AP A B T A N T o R AR AR
K B RS HR A AR = B VA OG , ASBFTEAL
Xof 1 SR B TR A B AR A SR R R R AT T
5T, XTGP b (BT L R T o
Gy BT R 2L
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