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14 (Trichoderma koningiopsis) Y5-1 (Trichoderma
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F1. WMBARKMNEEEREELR
Table 1. Antimicrobial rate and identification of some strains
Strains Antimicrobial rate  Results of identification ~ Strains Antimicrobial rate Results of identification
M3-2 -+ T. reesei Y5-1 - T. koningiopsis
M4-1 +++ T. koningiopsis Ym +++ T. asperellum
MS-2 +++ T. asperellum W-2 +++ T. harzianum
M8-5 -+ T. harzianum MYZ8-3 +++ T. reesei
M16-1 N T. aggressivum XG20-1 + T. erinaceum

+++: antimicrobial rate between 30% and 50%; ++++: antimicrobial rate above 50%.
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Figure 1. Antimicrobial rate to A. solani (A), B. cinerea (B) and Max spore germination (C) of original strains and
mutant strains.

Spore germination/(x10% CFU/cm?)
N

(=]

M3-2  A.solani 2 3 S. sclerotiorum
80% Y5-1  B. cinerea 933% 91.7% 83.3% B. cinerea
66.7% 56.0% 60.0% 36.0%
3.45x10° 3.10x10°  2.55x10° CFU/em’ 3 A. solani
88.52% 63.16% 180.22% 2 A. solani
2.2 2

F 2. M3-2. Y51 K& XG20-1 B9HpE %
Table 2. Antimicrobial spectrum of M3-2, Y5-1 and XG20-1

. Radius of pathogen/mm Average antimicrobial rate
Strains CK M3-2 Y5-1 XG20-1 M3-2 Y5-1 XG20-1
A. solani 42.0+0.7 4.1+0.5 8.2+0.4 7.0+0.5 90.2% 80.5% 83.3%
B. cinerea 25.5+0.4 11.0£0.2 10.2+0.3 16.1£0.1 56.9% 60.0% 36.9%
P. oryzae 24.5+0.5 10.5+£0.4 7.3+0.6 6.4+0.2 57.1% 70.2% 73.9%
S. sclerotiorum 60.5+0.3 4.5+0.2 5.6+0.2 10.5+0.4 92.6% 90.7% 82.6%
P. infestans 18.0+0.5 4.3+0.9 5.8+0.4 6.6+0.5 76.1% 67.8% 63.3%
F. graminearum 44.5+0.6 16.4+0.5 16.2+0.6 20.0+0.4 63.1% 63.6% 55.1%
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Figure 2. Light micrograph of superparasitism of M3-2(A), Y5-1(B) and XG20-1(C).
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Figure 3. PCR results of Nag/(A) and Tex/(B). M: marker; lane1-3: M3-2, Y5-1 and XG20-1.
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Figure 4. Curve of producing conidia (A) and chlamydospores (B) in liquid medium. Data in figure are the
mean+S.D. of triplicate samples.
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PDA ESA

Richard

25°C
25-28 °C
Y5-1 M3-2  XG20-1 28°C
3.07x10° 3.51x10°  2.45x10° CFU/em’
6 pH 6.0-70 Y5-1 pH
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F 3. FEBFEN IHKATSFHEIZIN
Table 3.
sporulation

Effects of different culture media on

Sporulation capacity (x10° CFU/cm?)

Culture medium

M3-2 Y5-1 XG20-1
Richard 2.60b 2.10b 1.84b
PAD 3.45a 3.06a 2.56a
ESA 3.54a 3.07a 2.51a

Lowercase letters in the table represent the results from multiple
comparisons. Different letters indicate significant difference,
P<0.05.
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Figure 5. Effects of different temperature on sporulation.

Data in figure are the mean+S.D. of triplicate samples.
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Figure 6. Effects of different pH on sporulation. Data

in figure are the meanss.d. of triplicate samples.
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8. [RMRAHERENNESR
Figure 8. Degradation of cellulase. A: M3-2; B: Y5-1; C: XG20-1.

R4 FURE. FERBRAEREBIIKER

Table 4. Phosphorus and potassium releasion, phytases and cellulase production

- Diameter of hydrolytic circle (D)/mm Diameter of colony (d)/mm D/d
reatment
M3-2 Y5-1 XG20-1 M3-2 Y5-1 XG20-1 M3-2 Y51 XG20-1
Phosphorus-releasing 36.0+0.6 37.4£0.3  30.5+0.5 22.4+0.3 248404 23.5+0.2 1.61 1.51 1.30
Potassium-releasing 36.2+0.5 40.0+0.4 38.4+0.2  25.5+0.3 28.2+0.3 23.4+0.1 142 142 1.64
Degradation calcium phytate  40.0+0.2 32.540.1 24.2+0.4 15.0£0.3 16.2+0.5 14.0£0.5 2.67 2.10 1.71
Degradation cellulase 64.0+0.2 72.0£0.5  62.0£0.1 50.0£0.3 55.0£0.4 54.0£0.2 1.28 1.26 1.14
2.5
3 M3-2
4 D/d Y5-1  XG20-1 IAA 2.61 1.57
M3-2 1.92 mg/L
Y5-1 XG20-1 10 3
M3-2 Y5-1 XG20-1 CAS
9 IAA 18
(A) (B) 0.010 ¢
0.040
0.008 | 0.0015
0.030 0.0010
0.006 t
= 5 0.0005
< 0.020 < :
G 17.00  18.00 19.00
/ t/min
0.010
0.002 -m
0.000 0.000 F

17.00 17.50 18.00 18.50 19.00 IW 19.00 20.00 21.00 22.00
t/min t/min
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Figure 9. TAA chromatogram of standard sample (A) and fermentation sample (B).
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B 10. FEEREREENMINGER
Figure 10. Results of the capacity of siderophores test. A: CK; B: M3-2; C: Y5-1; D: XG20-1.
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Application potential of three marine Trichoderma spp.

Chuang Li'*, Daojing Zhang®, Yuanchan Luo®, Jiuming Zhang'", Li Tian'*"

" Biology Department, Qingdao University of Science and Technology, Qingdao 266042, Shandong Province, China
? College of Bioengineering, East China University of Science and Technology, Shanghai 200237, China

Abstract: [Objective] To explore the application potential of three marine Trichoderma spp. as biocontrol agents
and bio-fertilizer. [Methods] Three Trichoderma spp. with high antimicrobial activity and spore germination were
selected by isolating, screening and mutagenesis. Several indicators related with application potential of these
strains were tested. Sporulation capacity was measured after optimizing culture medium, temperature and initial
pH. Antimicrobial activity was evaluated based on inhibition spectrum, superparasitism and related antifungal
genes. Special culture method was used to determine the secretion of cellulase, phytase and siderophore, and the
ability to release phosphorus and potassium. High performance liquid chromatography was used to quantify
indole-3-acetic acid production. [Results] We obtained three Trichoderma spp. with the spore germinations of
3.45X108, 3.10x10% and 2.55x10® CFU/cmz, respectively. Moreover, these mutants formed chlamydospores, and
strain XG20-1 had the highest chlamydospore germination of 3.56x10* CFU/mL. All three strains showed a broad
inhibition spectrum against 6 fungal phytopathogen and the superparasitism to Alternaria solani. Moreover, Tex/,
Nagl and Egl genes were found in all strains, with cellulose, phytase and siderophore detected. Indole-3-acetic
acid productions in three strains were 2.61, 1.57 and 1.92 mg/L, respectively, and all three strains had the capacity
of releasing phosphorus and potassium. [Conclusion] Three Trichoderma spp. had high antimicrobial activities
against plant pathogenic fungi through integrated mechanism, high spore-bearing yields and growth-promoting

effects on plants, which showed their potential application as biocontrol agents and bio-fertilizer.

Keywords: marine Trichoderma spp., pathogen inhibition and related gene, a variety of enzyme activity,

P-releasing and K-releasing
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