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Trichoderma asperellum TA, PT06, PT57, PT89 T. virens PT103 

Fig. 1. Effect of Trichoderma asperellum TA, PT06, PT57, PT89 and T. virens PT103 strains on the growth of Taiwan
Anoectochilus in gnotobiotic system. Plants height and fresh weight of test plants were recorded 8 months after
transplanting. Bars indicate the standard deviation. The significance of difference (P 0.05) was testified by Fisher's LSD
test. LSD for fresh weight (%) = 2.665; LSD for plant height = 0.598.
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Trichoderma asperellum TA A
B 8 

Fig. 2. Effect of Trihcoderma asperellum TA strain on the growth of Taiwan Anoectochilus grown in a gnotobiotic vial
system shown in A. The test plants (TA) in each vial were cultured in the broth medium with addition of the conidia
suspension of TA at 5.2 108 conidia/ml. The control plants (CK) were cultured in the medium without addition of TA
conidia. Photo  shows the compared growth of test plants (TA) and the control plants in (photo A) and after pulled out
from the vials (photo B) 8 months after treatment. 
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Trichoderma asperellum TA 
Fig. 3. Effect of inoculant concentration of Trichoderma asperellum TA strain on the growth and disease incidence of
Fusarium stem rot infection on Taiwan Anoectochilus. The conidial inoculants at indicated concentration were applied to
the culture substrates right before transplanting. Disease incidence and fresh weight of test plants were recorded 15 weeks
after transplanting. Bars indicate the standard deviation. The significance of difference (P 0.05) was testified by Fisher's
LSD test. LSD for disease incidence (%) =7.5; LSD for fresh weight = 15.3.



fusaric acid (9)

Webber (39) Lewis 
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Trichoderma asperellum TA 

Fig. 4. Effect of different inoculant preparation of Trichoderma asperellum TA strain on disease incidence of Fusarium
stem rot infection on Taiwan Aneoctochilus and population density of Trichoderma spp. and Fusarium spp. in substrates.
Disease incidence and Trichoderma /Fusarium population density were surveyed 15 weeks after transplanting. Bars
indicate the standard deviation. The significance of difference (P 0.05) was testified by Fisher's LSD test. LSD for
disease incidence (%) = 5.30; LSD for Trichoderma spp. log cfu/g subs.= 0.49; LSD for Fusarium spp. log cfu/g subs. =
1.10. The applied treatments include: PP bags produced conidial biomass (WMC); drenching by chlamydospore
preparation (CHD); root coating by chlamydoconidia preparation (CHC); root coating by alginate encapsulated conidial
preparation (CAC); cultural substrates mixed with alginates encapsulated conidial preparation (CAMS); and non- treated
control (CK).



(28)
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15, 28)

(15, 32, 33)

(15, 18, 35) Lewis Papaviza (18)

40 

(total biomass ) 1% 

3

103~104 cfu 109 cfu 
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Trichoderma asperellum TA 
Fig. 5. Effect of different inoculant preparations of Trichoderma asperellum TA strain on disease incidence of Fusarium
stem rot of Taiwan Aneotochilus. Disease incidence of test plants were recorded 15 weeks after transplanting. Bars indicate
the standard deviation. The significance of difference (P 0.05) was testified by Fisher's LSD test. LSD for disease
incidence (%) 9, 12 and 15 weeks after transplanting are 14.1, 21.5 and 22.5, respectively. The applied treatment included
root coating by alginate encapsculated chlamydospores preparation (ChAlg); root coating by alginate encapsculated
conidial preparation (CoAlg); root coating by chlamydoconidia amended with sodium carboxymethyl cellulose preparation
(ChCMC); root coating by conidia amended with CMC preparation (CoCMC); drenching by chlamydospore preparation
(ChD); drenching by conidial preparation (CoD); root coating by CMC preparation (CMC); root coating by alginate
preparation (Alg); and non- treated control (CK).
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Trichoderma asperellum TA CMC
(CoCMC) 

Fig. 6. Effect of wheat bran supplementation on the
effectiveness of the CMC-amended TA strain conidial
inoculant (CoCMC) for the control of Fusarium stem rot
of Taiwan Aneoctochilus. Bars indicate the standard
deviation. The Significance of difference (P 0.05) was
testified by Fisher's LSD test. LSD for Trichoderma
population analysis 3, 6, 9, 12, 15 and 18 weeks after
treatment are 0.33, 0.31, 0.33, 0.29, 0.26 and 0.46,
respectively; whereas that for disease incidence (%) are
6.34, 8.89, 9.23, 8.05 28.31 and 28.45, respectively.
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ABSTRACT

Tsai, C. C. 1, 2, Tzeng, D. S. 1, 3, and Hsieh, S. P. Y 1. 2008 . Biological control of Fusarium stem rot of

Anoectochilus formosanus Hayata by Trichoderma asperellum TA strain. Plant Pathol. Bull. 17: 243-

254. (1 Department of Plant Pathology, National Chung-Hsing University, Taichung; 2 Taichung

Branch, Bureau of Animal and Plant Health Inspection and Quarantine, Council of Agriculture,

Executive Yuan; 3 Corresponding author, Email: dstzeng@nchu.edu.tw; TEL: +886-4-2285-1038, Fax:

+886-4-2285-3741.)

For the biological control of stem rot of Anoectochilus formosanus Hayata caused by Fusarium

oxysporum Schl., five antagonistic Trichoderma strains isolated from Anoectochilus rhizospheres

were evaluated for their growth promoting effectiveness in a gnotobiotic culture system. Among five

strains tested, Trichoderma asperellum TA strain was the best for promoting the growth of

Anoectochilus plants . In a greenhouse trial, the effectiveness of stem rot control was shown

dependent on the conidial concentration of the antagonist applied. The stem rot incidence of test

plants grown in substrates treated by 5.7 106-107 cfu/gram conidial preparation 15 weeks after

treatment was approximately 10%, whereas that of the compared non-treated control was about

93.3%. In a serial field trials, the effectiveness of disease control was consistently found better by root

coating or preplanting substrate blending with the conidial suspension than that by the

chlamydospores preparation of the antagonist. A conidial formulation with carboxymethyl cellulose

(CoCMC) was most effective for the disease control in practical cultivation. By root coating during

transplanting, the application of CoCMC resulted in nearly 100% protection of the test plants for 9

weeks, whereas the disease incidence of non-treated control at the same time reached about 82 %. The

protective effect of CoCMC appeared to be further strengthened by the addition of wheat bran as a

food base. A 18-week time course study of the Trichoderma / Fusarium population dynamics

contained in the growth substrates indicated a well sustained Trichoderma population at

approximately 107 cfu/g throughout the test period. And in accompany to that was the suppressed the

disease incidence. These results suggest T. asperellum TA strain have an excellent potential to be used

as biocontrol agents for the control of stem rot disease of Taiwan Anoectochilus. 

Key words: Biological control, Fusarium oxysporum Schl., Anoectochilus formosanus Hayata,

Trichoderma asperellum, Trichoderma virens, Ca-alginate, sodium carboxymethyl

cellulose, CMC 
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