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Isolation, identification and biocontrol effect of Trichoderma
antagonistic to Sclerotinia disease of Asarum heterotropoides Fr.
Schmidt var. mandshuricum (Maxim) Kitag.

WANG Ziging' LU Baohui* TIAN Yixin' WANG Yuzhen' ZHANG Min'
QUAN Xingzhou' ZHAO Guangyuan' CHEN Lei' WANG Zhiqing"'

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

Abstract: [Background] Sclerotinia disease is one of the main root diseases of Asarum heterotropoides
Fr. Schmidt var. mandshuricum (Maxim) Kitag. Trichoderma is extensively used for biocontrol owing to
the fungistatic activity. Recently, the control of Sclerotinia asari by Trichoderma has attracted the interest
of scholars. [Objective] Trichoderma strains were isolated from the rhizosphere soil of healthy
A. heterotropoides Fr. Schmidt var. mandshuricum (Maxim) Kitag. with the dilution-plate method and
those antagonistic to S. asari were screened out. [Methods] The inhibition of the isolated strains (plate
confrontation method), the volatile and non-volatile strain metabolites, and strain fermentation broth
(growth rate method) on S. asari was respectively determined. The malondialdehyde (MDA) content
(thiobarbituric acid method), catalase (CAT) activity (ultraviolet absorption method), superoxide dismutase
(SOD) activity (nitroblue tetrazolium assay), and peroxidase (POD) activity (guaiacol method) of S. asari
treated with the selected Trichoderma were determined. [Results] A total of 14 Trichoderma strains were
isolated and identified based on morphological observation and ITS-RPB2 sequence alignment as
T. harzianum, T. hamatum, T. koningiopsis, T. atroviride, T. brevicompactum, and T. tomentosum,
respectively. The inhibition rates of 7. hamatum A26, T. koningiopsis B30, T. hamatum C6, and
T. harzianum Al17 on S. asari were all above 90%. The volatile metabolites of 7. hamatum C6
demonstrated the highest inhibition rate (53.73%+0.07%), and the non-volatile metabolites showed
stronger inhibitory effect, particularly those of A17 (inhibition rate: >75%), A26 (inhibition rate: >75%),
C6 (inhibition rate: >75%), and B30 (inhibition rate: 100%). Thus, strains A17, A26, B30, and C6 had the
strongest control effect and the inhibition rates of the fermentation broth of these 4 Trichoderma strains
against S. asari were 56.33%=+0.12%, 77.22%+0.06%, 82.28%+0.03%, and 46.20%+0.04%, respectively.
After being treated with the non-volatile metabolites of the 4 strains for 7 days, S. asari saw significantly
increased MDA content, particularly the S. asari strains treated with the non-volatile metabolites of A26
(MDA content was 7.7 times that of the control). Besides, the antioxidant enzyme activity of S. asari
decreased. To be specific, the activity of CAT, SOD, and POD declined by 19.67%—75.84%,
4.71%—68.71%, and 3.57%—67.86%, respectively, as compared with that of the control. [Conclusion]
Trichoderma A17, A26, B30, and C6 isolated from the rhizosphere soil of healthy plants of
A. heterotropoides Fr. Schmidt var. mandshuricum (Maxim) Kitag. can be used for the biocontrol of
S. asari.

Keywords: Sclerotiorum asari, Trichoderma, isolation and identification, fungistasis, biological control
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Figure 1 Morphological characteristics of different Trichoderma strains

W A: Wtk AL7; B: [EKE A26; C: KRk B30; D: Bfk C4; E: Wbk Co; F: Witk D3; G: Wtk D4; H: Kbk D6; I: Bk
E8; J: Wtk E17; K: MR F1; L: BPEF2; M: EEEF3; N: Pk F4. 1: PDA i35k 7dJEA; 2: OA ¥igRdk 7B, 3:
40x< BIEE NIBAS, #i kTR A T, AR R=50 pm

Note: A: Strain A17; B: Strain A26; C: Strain B30; D: Strain C4; E: Strain C6; F: Strain D3; G: Strain D4; H: Strain D6; I: Strain ES; J:
Strain E17; K: Strain F1; L: Strain F2; M: Strain F3; N: Strain F4. 1: Colony morphology being cultured in PDA medium for 7 d; 2:
Colony morphology being cultured in OA medium for 7 d; 3: Morphology under a 40x microscope, the arrow pointing to the
conidiophore, scale=50 pm
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Trichoderma koningiopsis (MT111912)
23 Trichoderma koningiopsis (MH153621)
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F1 (NMDCNO0000M5B)
991 Trichoderma koningiopsis (MH651375)
—— E17 (NMDCNOOOOMSA)
- 99 Tirichoderma atroviride MW276137)
Wl;!— Trichoderma atroviride (LN713968)
99 Tiichoderma atroviride (MH651378)
|— Trichoderma hamatum (LN846704)
C6 (NMDCNO000MS55)
99— A26 (NMDCN0O00OM52)
Trichoderma hamatum (KC576720)
F4 (NMDCNO00OMSE)
Trichoderma hamatum (KF856960)

99 | Trichoderma hamatum (KU984427)
Trichoderma brevicompactum (KX092002)

99

89

92

8 Trichoderma brevicompactum (MF669734)
991 b3 (NMDCNOOOOMS6)
Trichoderma brevicompactum (KU851839)
F3 (NMDCN0O00OOMSD)
Trichoderma tomentosum (AY 605737)
Trichoderma tomentosum (KR995108)

99

97 | Trichoderma tomentosum (KX343119)
D6 (NMDCNO0OOOMS8)
Trichoderma harzianum (MH817145)
99 338 r E8 (NMDCN0000M59)
|' Trichoderma harzianum (KX343096)
- — D4 (NMDCNO00OMS7)
92|~ Trichoderma harzianum (MH339867)
— C4 (NMDCNO000MS54)

99

61
45 | Trichoderma harzianum (MK738147)

99| A17 (NMDCN000OMS1)
634 Trichoderma harzianum (MT102391)

1 1 T 1
0.060 0.040 0.020 0.000

2 ABEEET rDNA ITS-RPB2 W F 55 89 7 G itk (L4

Figure 2 Phylogenetic tree of Trichoderma constructed based on the rDNA ITS-RPB2 double sequence alignment

e SCHIE A RART 51 NMDC #5%5 . 2 5 F5 1) GenBank 5% 58 TS, 433 bbrveA AR AR RTRKE
0.020 FZ TR B #fe4

Note: The NMDC accession numbers of the strains selected in this paper, the GenBank accession numbers of aligned sequences being
shown in the brackets. The bootstrap values being shown at the node. Bar 0.020 meant the nucleotide substitution rate of 0.020
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F1 TEABERMILMEEREZHFINE (X £, n=3)
Table 1 Inhibition rate of different Trichoderma strains
against Sclerotinia asari ( X £s, n=3)

Fitkgw 5 Strain No. i 2R Inhibition rate (%)

Al7 90.16+0.02a
A26 92.77+0.00a
B30 91.32+0.01a
C4 73.63%0.01bc
C6 90.83+0.01a
D3 57.84+0.02f
D4 64.46+0.05¢
D6 79.34+0.04b
E8 89.26+0.01a
E17 88.06+0.01a
F1 72.48+0.01cd
F2 76.86+0.01bc
F3 71.32+0.00cd
F4 67.35+0.02de

¥ AREVNEG RIS 25 7 B35 (P<0.05)
Note: Different lowercase letters indicate significant differences
(P<0.05)

FRAL ;7 HE R AL T AR A26 I A% TR 4
AR LI s WX BE B30, F1 R 22 i
i (# 3),

2.3 AREBERH=X LA FEEZFENERN
1ER

FERVERCH - M R LR 2. Hik C6.
B30 77 A B & R 40 X 41 S TR T B
Bowm o, MWOw R b 53.73%0.07%
45.77%%0.06% , 3 & T H A Bk (P<0.05) .
R BRI AN BT R ARG TE 40% LR .

H1Z 3 I, B30 BARAYIESE R M) BT S
Ik 100%, 23 s THAME . A26. C6.
A17 D3 BRI AR R PP BT 55 T 75%
24 AREEAERILMEFEEZREFERIER

MR KRB (T. harzianum) A17. BIRAKRE
(T. hamatum) A26. PR ARE(T. koningiopsis)
B30, #PIRARE(T. hamatum) C6 K M %R

3 ARABESMHFEZRX IR

Figure 3 The confrontation effect of different Trichoderma and Sclerotinia asari
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* 2 AREEREZELMRBH =YX HEFEEZRBIH X

(x+s, n=3)

Table 2

Trichoderma against Sclerotinia asari ( X £s, n=3)
FEPUHFR Antagonistic strains 1% Inhibition rate (%)

Inhibition rate of volatile metabolites of

Al7 25.07+0.03efg
A26 35.52+0.01cd
B30 45.77+0.06b
C4 14.93+0.03h
C6 53.73+0.07a
D3 37.61+£0.05¢
D4 31.64+0.02cde
D6 28.16+0.02ef
E8 35.12+0.04cd
E17 29.3540.00def
Fl1 22.99+0.00fg
F2 15.32+0.02h
F3 19.80+0.05gh
F4 30.85+0.02de

T ARNG SRR 22 55 .35 (P<0.05)
Note: Different lowercase letters indicate significant differences
(P<0.05)

%3 AEEIEEL K GFHXH F H i B 06 K

(x s, n=3)

Table 3

Trichoderma against Sclerotinia asari ( x £s, n=3)
FEPURIER Antagonistic strains 17l Inhibition rate (%)

Inhibition rate of non-volatile metabolites of

Al7 78.67+0.01bc
A26 86.67+£0.01b
B30 100.00+0.00a
C4 45.78+0.08¢
C6 84.44+0.04bc
D3 76.00+£0.01c
D4 37.33+0.04ef
D6 34.22+0.03f
E8 42.67+0.11ef
E17 40.44+0.01ef
F1 74.67+0.04c
F2 64.44+0.03d
F3 58.22+0.03d
F4 63.11+0.03d

0 AR/NG FEER IR 25 5 135 (P<0.05)
Note: Different lowercase letters indicate significant differences
(P<0.05)

RAFHREE B30, i3k 82.28%+0.03%, I
Fm T HAMER(P<0.05). FHE A17. A26. C6 1Y
RPN TR DA A1 258 430 A 56.33%+0.12%
77.22%+0.06% . 46.20%=0.04%.
25 A_BEENMELEEEENE

ZHPIRAR T A26 KEFS A9 A6 207 TR A% 0 T
1 MDA & 4(1.13+0.02) umol/g, UK ARE
B30 Ab3ZH At di-F FAZK A MDA &l
(0.57£0.10) umol/g, A17 F1 C6 &b ¥ )5 i H %
W MDA % 543 54 (0.31£0.30) pmol/g Fll
(0.22+0.01) pmol/g, TXTHEZAAA(0.15+0.02) pmol/g,
A26 RIS TR0 T MDA 2 i X BRZH 1 7.7 4%
i 2 TR (P<0.05), HAALBRZLA) MDA %
A AN FRREE RGN (E 4A).

MK 4B, 4C. 4D AIHI, ZR[AIAREFERLE
P 1 TR AZ 08 TR e AR A I T T 2 A AN [ g e
o HRAEE C6 AbFL A B A% 15 1 CAT 16 1A
(28.60+1.83) U/(g'min), MR AR A17 4bFRJ5 14
WS i 1 CAT 1% 7 24 (24.40+0.69) U/(g'min), 44
RARTEE A26 KbFRZ R AZ 0% A 1 CAT &R
(16.2+0.6) U/(g-min), SXFHELIAHEL, Bkk B30 4k
PG EAZE ) CAT WGP FRE T 75.84%, WE(K
FHABABEYL(P<0.05). #PRARTE C6 ALH)S TR
MR H) SOD Tl 4(25.92+0.45) U/(g'min), K
%7 68.71%, PODJEM: K 8.33 U/(grmin), TRE T
67.86%, TMXTREZH ) SOD %1 POD T4 4351 Ky
(82.28+3.16) U/(g-min)F1(25.92+3.20) U/(g-min),
PR E Co AbFR S RN I ) SOD i #:F1 POD
TG ASAb 38 R B i 3 (P<0.05)
3 ik

AR, RGO Z B AT EM, H
H 2t i R R AL, JR AR
RELG R 2y, Sk A = v i E Ak
Bite, ABELRUEIGIKZ5 R %4, RERE BRI
I HAW I NEN R —, (HR% G E LS
%, WENZFERMS S ASCRE TP
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Figure 4 Changes of MDA content and antioxidant enzyme activity of Sclerotinia asari after treatment with Trichoderma

strains

Note: A: MDA content; B: CAT activity; C: SOD activity; D: POD activity
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