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Antagonistic activity of volatile metabolites from Trichoderma
asperellum
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Abstract: Trichoderma spp. is a kind of filamentous fungi with important biocontrol value. Twelve strains of Trichoderma
spp. were isolated from the soils of different types of crops in Shaoxing, Zhejiang and Foshan, Guangdong. The antagonistic
resistance to Fusarium oxysporum was compared by plate confrontation test. The further analysis of volatile secondary
metabolites for two strains were carried out using HS-SPME-GC-MS analysis. The results showed that T. asperellum
ZJSX5003 and GDFS1009 had fast growth ability, and the inhibition effects on F. oxysporum were 73% and 74% respectively.
Six identical volatile metabolites were detected as follows 2-Methyl-1-propanol, 3-Methyl-1-butanol, 3-Methyl-3-buten-1-ol,
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Acetyl methyl carbinol, Butane-2,3-diol and 6-n-pentyl-2H-pyran-2-one (6-PAP). Among them, 6-PAP was validated to have a
higher inhibitory effect on F. oxysporum in vitro. This study will provide basis for the development of biocontrol agents with

metabolites of Trichoderma, such as 6-PAP.

Keywords: Trichoderma. asperellum, volatile secondary metabolites, Fusarium oxysporum, antagonistic, headspace solid phase
microextraction (HS-SPME), gas chromatography-mass spectrometer (GC-MS)
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74, GDFS1009. GDFS2001. GDFS2011.
GDFS2012 1Y & 22 B 3 S R 1) <A W 22,
GDFS1010. GDFS5201 ) 1 22 i B Rk i <A 1
2, PR,

2.2 RRIAREXRBREEINE SR
IR MBI R IR 7k, 12 BRI

A. Strains isolated from Shaoxing, Zhejiang

ZISX1003

ZJ5X4002

Day2

Day5

B. Strains isolated from Foshan, Guangdong Province

GDFS1009

GDFS1010

Day2 ‘

Day5 |

1 M\MAEAEPDA PR EEZFREERIEER

ZJSX5001

GDFS2001

By 05 R AR B AE PDA TR IRR RE 5%
Bl 2A 2500 3R B, S5ARKHE LY ZISX5001
ZJSX5002 BkkAH L, ZIJSX5003 EA H 4T iy #m il
e R R A RE T, MR RIOCR B 25 1 )2 ZISX5008,
ZHERR TR AR . B 2B A IR
i 7R 1 & GDFS2012 1 GDFS1009 A K &
PR L, HA RIS PURCR . e
WA, WA 3 fras, ZISX5003 14 # 5k 5]
72.58%, GDFS1009 #lI % ik 74.19%.

23 BREASHELZMENREH=YHEK

KM GC-MS 73 Hriiffi K& ZJSX5003 F
GDFS1009 H kg L EAR S = WFhds, 25 Rk 1
Fin . Bk ZISX5003 12 By iy A6 i) 5]
70 ZFMEF S . P lekR s (Alkanes) $iE
2R 31 R, HARS Rl (Terpenes). R

ZJSX5002 ZISX5003 ZISX5008

GDFS2011 GDFS2012

Fig. 1 Comparison of colony phenotypes of different T. asperellum on PDA plates. Strains isolated from Shaoxing,
Zhejiang Province (A) and Foshan, Guangdong Province (B) inoculated on PDA at 2 d and 5 d culture were shown.
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M HATAY)ZE (Carboxylic acids and derivatives)
KM 25 (Polyketides) . & & K& 4 A& W
(Nitrogen heterocyclic compounds) %5, H i
KBRS RS, H 22.18%, HREbiEH
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il (3.84%), 52 AL, GDFS1009 Bk H &R
PR M HATT A 7 i 45.00%, A ML EY &
it 14.4%, W& TRtk ZJSX5003, {HEkekek

(A) Strains isolated from Shaoxing, Zhejiang Province
ZJSX1003 7JSX4002

Plate confrontation
Rt 7

T. asperellum

o . .

(B) Strains isolated from Foshan, Guangdong Province

GDFS1009

GDFS1010

Plate confrontation

T. asperellum

o . ..

B2 MEAESRMIRHEE TR

ZJSX5001

GDFS2001

(15.30%) FIEEIZE (1.15%) B WAET ZISX5003
PRI, LA A B A 2 0 R AN [ 3
KA, REEE THAARS, ARSI
PR FNECRAETEI] B 25 5
2.4 TRZ EHEREE BUS BEK A A M E A5 =40
I T2 225 [t A ke 2 - <5 36 92 4 St 6 i
HAE RAEACH =Y (% 2), @i X GC-MS % &l Y
NIST14 3% e 8 2= AN T A Afr 45 3R % PHL, ZISX5003

7JSX5008

Z7JSX5002

ZJSX5003

GDFS2012 GDFS5201

GDFS2011

Fig. 2 Plate confrontation test of different T. asperellum and F. oxysporum. Strains isolated from Shaoxing, Zhejiang
Province (A) and Foshan, Guangdong Province (B) antagonism against F. oxysporum. Both T. asperellum and F.

oxysporum are as positive and negative control.
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Fig. 3 Inhibition rate of different T. asperellum to F. oxysporum.

%* 1 BM@AE Z2ISX5003 #1 GDFS1009 7 PDA FiRiES 6 d faFHARKHHY S E
Table 1 Antibiotic secondary metabolites in Trichoderma asperellum ZJSX5003 and GDFS1009

Strain code The percentage content of antibiosis secondary metabolites (%)
Polyketides Terpenes Carboxylic acids and Nitrogen heterocyclic Alkanes Alcohols Aldehydes
derivatives compounds
ZJSX5003 3.84 22.18 18.42 2.97 21.18 0.05 0.18
GDFS1009 1.15 0.00 45.09 14.40 1530 0.21 0.23

% 2 ZJSX5003 1 GDFS1009 H7#E & MR R A B F=H B 5 53 47
Table 2 Analysis of volatile secondary metabolite compositions of ZJSX5003 and GDFS1009

No. Name tr/min Molecular Molecular Relative content (%)
formula weight ZJSX5003  GDFS1009
1 Furan,3-methyl- 3.099 CsHgO 82 - 0.74
2 Furan,2,5-dimethy!l- 4.448 CgHgO 96 - 0.31
3 Trichloromethane 6.226 CHCI; 118 0.28 -
4 2-Butenal 6.712 C4HgO 70 0.64 -
5 1-Propanol,2-methyl- 8.987 C4H100 74 7.25 1.84
6 1-Butanol,3-methyl- 12,562 CsH3,0 88 14.61 6.87
7 5-Hepten-2-one 13.387 C;H;,0 112 0.33 -
8 3-Buten-1-ol,3-methyl- 13.695 CgH;0O 86 0.40 0.54
9 Acetoin 14.640 C4HgO, 88 0.62 0.20
10  3-Ethylcyclopentanone 15.791 C;H;,0 112 - 0.60
11  trans,trans-3,5-Heptadien-2-one 19.863 C;H;,O 110 1.01 -
12 2,4-Hexadienoic acid, ethyl ester 20.668 CgH;,0, 140 0.13 -
13  2,3-Butanediol 22.526 C4H100, 90 2.09 2.63
14  2-Cyclopenten-1-one,3-ethyl- 23.643 C;H.,O 110 - 0.27
15  3-Buten-2-ol, 4-phenyl-,(E)- 24579  CyoH1,0 148 0.37 -
16  Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-  26.933  CisHy, 204 0.09 -
methylene-,[S-(R*,S*)]-
17  Phenylethyl Alcohol 29.925 CgHy,0 122 0.19 -
18  Spiro[4.5]dec-8-en-7-ol,4,8-dimethyl-1-(1-met 37.226  C;5H»0 222 0.28 -
hylethyl)-
19  2H-Pyran-2-one,6-pentyl- 35.109 CyoH140; 166 0.37 1.00

http://journals.im.ac.cn/cjbcn
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F11 GDFS1009 4 6 FiAHIE (4% & A, 25
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2- 1M . 2,3- T A 6-1F )& 3 -2H- itk iR -2- il
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TE ZJSX5003 HyAHxT & A, FOREER
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6-1F J%Fk-2H- ML I -2-ill (6-PAP) 7£ GDFS1009 H
X E . 5T, FIRE. 2,3-T X
3 S BT AE R R T P Y S o AR b A
ZJSX5003 A 4R R EACE YA 9 Fh, 45l
SE MBS, 2-T M. 5-Fils-2-FR . (3E,5E)-3,5-
B -2-00 . 2,4-C IR O R . 5-H HE-2- RN

W OR . BRI . RO 4,8- T K-
1-(1-H 3k 2, 3k )- 12 [4.5] %% -8-##5 - 7-F . GDFS1009
T MR = A 4 Fh, 435 3-F ke
W, 2,5- B Lk . 3-Z K LET . 3-2 3k-2-
IS -1-M0 o PR, AR B P R [ ) 21 i 4
PEA = B S A
2.5 6-PAP HIEIRXIE

Sk T B ML T 6-PAP X 2740 FL 1 1 ) B
AR, BlE 3R (20, 50, 100 mg/L)H)
6-PAP F-Ht, 28 ‘CH;5% 5d A1 7.d WA SR
(K 4), 4550, 100 mg/L JLF-RE 4 ERHMHI 4
TR A AR . T 20 mg/L %A A AR K

(A) The 75% inhibitionrate of 6-PAP on F. oxysporum at 5 d culture
CK Ethyl acetate

20 mg/L

50 mg/L 100 mg/L

(B) The 65% inhibition rate of 6-PAP on F oxysporum at 7 d culture

CK Ethyl acetate

20 mg/L

50 mg/L 100 mg/L

B4 =AFERE (20, 50 F 100 mg/L) 6-PAP Xt 5 761 48 761 & A 1 5
Fig. 4 The inhibition effects of 6-PAP with different concentration (20. 50 and 100 mg/L) on F. oxysporum at 5 d

culture (A) and at 7 d culture (B) in vitro.
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K F] 75%, i B 6-PAP X4 i e £ 1R HL A 458 Y
IR, FIBFFRATRI T 6-PAP X i JK B¢
i MUK RS SORE R 1, 20 mg/L il 70%LA F, i
100 mg/L JL-T- il A K .
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L AFNAC W) 4y Br 45 SR R W], ZISX5003 Al
GDFS1009 —#FA KA . W2+ & 80% .
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R HATHEY) & B RA GBI G .

A GE A T T8 25 [T A ol 2 BBk P 12 7
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6-PAP 7 11 1] 2 71 #4617 1% 410 i Hh e 5 AR
FH . Stoppacher 257 FH T s [ AH 3 4% B Bk
B, BB TRGOREE A W R AR Y R
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PR 6-Is-a-nk i Henryk 205y B L
JIT AT TR R B ER e A 21 430 6-PAP, AR
B0 6-PAP HAA TR MRK -y 22 Rk, iEFIKF
)22 5. 6-PAP fHE ¥ 2 pg/plug JE7S 58 44l 15
7% 5 d R R 2E K L 40 pg/plug # 6-PAP fiEf%
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