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Screening of Trichoderma spp. to control Sclerotinia
sclerotiorum-induced sclerotiniose in Fritilla ussuriensis
Maxim. and the laboratory control effect

WANG Qi', LU Baohui’>, WANG Zhiqing', TIAN Yixin "'

1 College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, Jilin, China
2 College of Plant Protection, Jilin Agricultural University, Changchun 130118, Jilin, China

Abstract: [Background] Sclerotinia sclerotiorum-induced sclerotiniose in Fritilla ussuriensis
is one of the main bulb diseases, which causes huge loss to the industry of F. ussuriensis.
[Objective] To screen Trichoderma strains against S. sclerotiorum. [Methods] Eligible strains
were identified based on plate confrontation assay, two-sealed-base-plates method, disc filter
membrane method, and the test of the inhibitory effect of fermentation broth. Headspace
solid-phase microextraction was used to detect the composition of volatile components of
Trichoderma strains with better antagonistic effect. The B-1,3 glucanase activity of strains was
assayed with the DNS method. Experiment on in vitro bulbs was carried out to verify the effect
on S. denigrans. [Results] Strains F1, F2, and D6 had strong inhibitory effect on the growth of
S. denigrans and the inhibition rates were 91.06%, 87.00%, and 86.12%, respectively.
According to the disc filter membrane test, S. denigrans did not grow on the agar with F2, C6,
D3, F4, A26, B30, D4, and D6 and the inhibition rate was up to 100%. The
two-sealed-base-plates test indicated that E12 and A26 had the most obvious inhibitory effect,
with the inhibition rates of 74.96% and 75.86%, separately. The test on the fermentation broth
showed that D3 had the strongest inhibitory effect, which could completely inhibit the growth of
S. denigrans (inhibition rate: 100%). The volatile products of A26, D4, E8, E17, and D3 were
analyzed by GC/MC, and the antifungal substances of EI17 such as
6-n-pentyl-2H-pyran-2-one were found. F1 was found to have the highest B-1,3 glucanase
activity. According to the laboratory test, D3 can significantly inhibit the pathological changes
of sclerotiniose in bulbs of F. ussuriensis and has potential biocontrol activity. [Conclusion]
Trichoderma D3 has great potential for the control of S. denigrans.

Keywords: Fritillaria ussuriensis Maxim.; Sclerotium denigrans; Trichoderma; biological control;
volatile products
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Confrontation culture of different Trichoderma strainst against Sclerotium denigrans.
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Table 1 Inhibitory of Trichoderma strains against Sclerotium denigrans (%)

EEANEL T SRR R R T R R T KB
Antagonistic strains Flat confrontation Volatile substances Non-volatile substances Fermentation broth
F2 87.00+1.14b 36.924+0.95a 100.00+0.00a 11.154+4.43f

C6 77.24+0.95¢ 44.27+2.28ab 100.00+0.00a 66.36+8.83b

D3 81.36+0.68cde 64.87+4.04¢ 100.00+0.00a 99.69+0.52a

F4 79.1542.97efg 45.98+4.56abc 100.00+0.00a 24.84+3.74e

Fl1 91.06+1.33 a 51.00+1.44bc 14.59+0.80d 38.30+2.63d

A26 80.10+1.63def 75.86+3.72f 100.00+0.00a 18.06+5.98¢f

E8 82.12+1.83cd 61.14+1.46de 0.49+0.01¢ 25.09+2.85¢

Al7 82.88+0.68cd 55.45+2.64cd 51.16+1.59b 70.39+6.75b

B30 83.33+0.79¢ 46.02+5.13abc 100.00+0.00a 54.5444.70c

D4 80.54+0.61cde 55.45+0.69cd 100.00+0.00a 95.09+4.94a

D6 86.12+2.38b 53.47+3.31bcd 100.00+0.00a 100.00+0.00a

E17 82.50+1.817cd 74.96+2.57f 54.53+16.16¢ 45.45+9.86dc

F3 77.50+1.14fg 48.99+1.55bc 14.12+1.36d 26.42+7.36e

[H]— AN [/ NG S0 3R 22 5 1 2 (P<0.05)

Different lowercase letters in the same column indicate significant differences (P<0.05).

¥k D3. F4. D6. A26 fl E17 5 R4 1# 28 5¢
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Figure 2 Inhibitory of volatile substances of Trichoderma stains against Sclerotium denigrans.
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Figure 3

Inhibitory of non-volatile substances of Trichoderma strains against Sclerotium denigrans.

El 4 AKREHELERHREONEER
Figure 4

Inhibitory of metabolites of Trichoderma strains against Sclerotium denigrans.
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Table 2 Names, chemical formulas, and relative content of volatile products of Trichoderma strains
2 FR 5 F X e T AR
Name Molecular Relative content (%)

formula A26 D3 D4 E8 E17
N 1-propanol C;HzO 0.21 0.3 0.20 0.41 0.41
PR ZTE Ethyl acetate C4H;z0, 0.18 0.97 0.31 0.65 0.28
ST Tsobutanol C,H,,0 047 039 020 053 044
S Isovaleraldehyde CsH,,0 0.03 0.46 0.02 0.02 0.06
2-H LT 2-methylbutanal CsH;00 - 0.24 0.03 0.03 0.09
3-2Ff 3-octanone CgH 60O 0.02 0.05 0.08 0.01 -
IR 3-methyl-1-butanol C;sH;,0 - 0.03 0.05 0.19 0.19
K% Phenylacetaldehyde CgHgO - 0.03 - 0.02 0.01
2-BEE Trans-2-heptenal C;H,,0 0.01 — - - 0.02
LR ZTE Ethyl isobutyrate C¢H,,0, - 0.01 - 0.02 -
R Z g n-ethyl propanoate CsH,,0, - - - 0.01 0.01
H MR ZFE Ethyl oxamate C4H,NO; - 0.16 0.05 0.05 -
C.li¥ Hexanal C¢H,,0 0.02 - - - 0.11
KA T Nonyl aldehyde CoH;50 0.01 - - - 0.01
LERR Glyoxylic acid C,H,04 - - 0.05 - 0.09
1% Valeraldehyde CsH,,0 0.42 - - - 0.04
3-F3EbE 3-methylpentane CeHyq - - 0.09 - -
2,2,3-ZHIET ke 2,2,3-trimethylbutane CHyg - - 0.07 - -
R Acetic acid C,H,0, - - 0.03 - 0.06
3-3-% 3-octanol C¢H,sO - - 0.01 - -
S Octyl aldehyde CsH,O 0.01 - - - -
J Z-2- K5 Trans-2-octen-1-al CgH,,0 0.01 — - - 0.02
B 4% Neophytadiene CyoHsg 0.11 - - - -
5-FH3E-2-Pilli 5-methyl-2-heptanamine CgHoN 1.38 - - - -
2,3- " H3-1-J#E 1-pentanol,2,3-dimethyl C;H,c0 0.13 - - - -
13-4 1,3-octadene CgHy4 0.19 - - - -
37 EE-6-(1- I S ) IR O M CioHis 0.15 - - - -
3-methylene-6-(1-methylethyl)-cyclohexene
_H % Dimethylamine C,H,N - 0.04 - - -
1,3- " FF AN 1,3-dihydroxyacetone C3He0; - 1.28 - - -
2,3- T i Butane-2,3-dione C4Hs0O, - - - 0.12 -
3-FH3-2- 1% Hd 3-methyl-2-pentanone C¢H,,0 - - - 0.02 -
3-¥5L-2-THi 3-hydroxy-2-butanone C4H;0, - — - 0.10 -
1-J%4%-3-f 1-penten-3-one CsHgO - - - - 0.04
5,5- " H#-(Z)-2-C 0 5,5-dimethyl-(Z)-2-hexene CgHyg - - - - 0.02
2-FH LN 2-methylvaleraldehyde C¢H,,0 - - - - 0.03
Sz -2-I M (E)-2-pentenal CsHs0 - - - - 0.02
2-5FNFE T 2-isopropylbutanal C;H,4,0 - - - - 0.09
S(-)-2-H %£-1-TE S-(-)-2-methylbutanol CsH,,0 - — - - 0.04
TFRZTE Ethyl butanoate Ce¢H,,0, - — - - 0.15
3,4,5- = H R BEbi 3,4,5-trimethylheptane CioHp - - - — 0.01
2-PEfli 2-heptanone C,H,,0 - - - - 0.03

()
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Name Molecular Relative content (%)
formula A26 D3 D4 E8 E17
6-7%Fk-2H-ME IR -2-Ff  6-pentyl-2H-pyran-2-one CoH 40, - - - - 0.14
2-HFEHE 2-methylbutanal CsH,,0 _ _ _ _ 0.03
2-1E % FEMEM 2-pentylfuran CoH,40 0.11 - - - 0.12
R 3-FTF 3-octyl acetate C19H100, - 0.01 0.06 - —
—: It does not contain this ingredient.
- 1.0 - i a
E 09F = I
2 08r b
w2 0.7 I
= s
== 0.6 ¢ C c
% % 05k ik :(E I‘ :(E C s <
= S 04 I
8 03}
=% 3L
(an)
= 0.1}
«©« 0.0 1 1 JE] 1 || 1 | 1 || 1 1 1 | 1 My 1 T 1 | 1
Fl D3 D4 F2 B30 Cé6 F4 D6 Al7 A26

Strain
B 5 AEAREERR p-1,3 AREHEEML
Figure 5 B-1,3-glucanase activity of different Trichoderma.
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ARERIE AR R TRMAE D3 MR EE I A 0%
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Figure 6 The control effect of different Trichoderma strains on Sclerotium denigrans.
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