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Development and Application of Trichoderma Biological 
Agents 

1* 2 3 

1,3  
2  

*E-mail: chencwol@tdais.gov.tw 
 

(functional micro-organism 
agents)

(T. harzianum) (T. hamatum) (T. 
longibrachiatum) (T. koningii) (T. viride)

(Gliocldium virens) (T. polysporum) (T. 
asperellum) T.
atroviride T. aureoviride T. brevicompactum T. ghanense T. glaucum
T. longibrachiatum T. piluliferum T. pseudokoningii T. virens T. 
reesei (T. asperellum)

(Trichoderma spp.)

(T. 
asperellum) TCT-R1
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(T. asperellum TCT103
TCT301 TCT111 TCF9409 )

TCT-LF-N

Trichoderma
asperelloides TCTr168 668

(T. asperellum) 103
TCTr668

(Rhizoctonia solani AG-4)
(chitosan)

TCTr168
(laminarin)
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( )
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(functional micro-organism agents)

 (plant growth-promoting 
microorganisms, PGPM)

(plant growth-promoting 
rhizobacteria, PGPR)

(cellulose)

(lignolytic enzyme) (proteases) (amylase)/
(carbohydrase) (lipase)

(chitinase)
Bacillus spp. Lactobacillus spp. Trichoderma spp.

Streptomyces spp.

B. subtilis/ amyloliquefaciens Group

 (Krebs et al., 1998)

Bacillus spp.
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(extracellular hydrolase) (protease)

 

 

 

Trichoderma

John Bissett

4

4 (Gliocladium-like)
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(Pachybasium-like) (Verticillium-like)
(Trichoderma-like)

Bissett  Doi 5 (Hypocrea Fr.)

4 (Cephalosporium -like)
Bissett,1991a  Longibrachiatum  

Pachybasium  Trichoderma  Saturnisporum  Hypocreanum

 
Trichoderma (Pers.) Fr.

 ITS1  ITS2  

HPLC 
 (Thran et al. 2001)

136  ( )  
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Table 1. The taxonomical position of Trichoderma 

anamorph teleomorph
Kingdom Fungi
Phylum Ascomycota Ascomycota

Sub-division Deuteromycotina
Pezizomycotina

Class Hyphomycetes Pyrenomycetes
Order Moniliales Sphariales
Family Moniliaceae Hypocreaceae
Genus Trichoderma Hypocrea Fr. 
Species Trichoderma species had recorded include over 136 

species:  

Trichoderma aggressivum
T. aggressivum f. aggressivum
T. aggressivum f. europaeum T. album T. amazonicum
T. arachnoideum  T. arundinaceum T. asperellum T.
asperelloides T. atroviride T. aureum T. aureoviride
T. austrokoningii  T. brevicompactum T. candidum  T.
caribbaeum var. aequatoriale  T. caribbaeum var. 
caribbaeum  T. catoptron  T. cremeum T. ceramicum
T. cerinum T. chlorosporum  T.chromospermum T. 
cinnabarinum T. cinnamomeum T. citrinoviride T. 
collae T. compactum T. cordobense T. corfecianum 
T. crassum T. cremeum T. croceum
T. crystalligenum T. cuneisporum T. desrochii T. 
dingleyae T.dingleyeae T. dorotheae T. dubium
T. effusum T. erinaceum  T. estonicum  T. evansii 
T. fasciculatum T. fertile T. flavum  T. flavofuscum
T. fuliginoides  T. gamsii  T.gelatinosum ·T.
gelatinosus T. ghanense  T. glaucum  T. globosum 
T. granulosum T. hamatum  T. harzianum T. helicum
T. inhamatum T.intricatum T. koningi  T. koeningii 
T. konilangbra T. koningii  T. koningiopsis 
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T. lacteum T. lieckfeldtiae T. lignorum T. 
longibrachiatum T.longipile T. longipilis T. martiale
T. melanomagnum T. minimum  T. minutisporum T. 
minutum T. neokoningii T. nigrovirens
T.oblongisporum T. ovalisporum T. oviferum T. 
parceramosum T. paucisporum T. penicillatum T. 
petersenii T. pezizoideum T. phyllostahydis T. 
piluliferum T. pleuroticola T. pleurotum T.
polysporum T. protrudens T.pseudokoningii T. 
pubescens T. racemosum  T. reesei T. rogersonii 
T. roseum T. rossicum T. saturnisporum T. scalesiae
T. sinensis T. sinuosum T. sp. MA 3642  T. sp. PPRI 
3559 T. spirale T. stilbohypoxyli  T. stramineum
T.strictipile T. strictipilis T. strigosum T.
stromaticum T. surrotundum  T. taiwanense T. tawa
T. taxi  T. thailandicum T. thelephoricolum

T. thelephoricola T. theobromicola T. tilletei T. 
tomentosum T. turrialbense T. tuberculatum T. 
varians  T. velutinum T. vinosum T. violaceum 
T. virens T. virgatum  T. viride T. viridescens T. 
viridis T. voglmayrii T. vulpinum T. yunnanense  

 (Trichoderma spp.) 

 (Harman et al. 1989; Lo et al. 1996, 
1997)  18  29 

 8  (T. harzianum)
 (T. hamatum)  (T. longibrachiatum)  (T. 

koningii)  (T. viride)  (Gliocldium virens)

 (T. polysporum) (T. asperellum)
(T. atroviride)

(T. aureoviride) (T. brevicompactum) T. ghanense T. 
glaucum (T. longibrachiatum) T. piluliferum
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(T. pseudokoningii (T. virens) (T. reesei)  

F. oxysporum f. sp. lycopersici F. 
oxysporum f. sp.phaseoli F. oxysporum f. sp. vasinfectum

 Fusarium solani F. colmorum Rhizoctonia solani 

Pythium spp. Pythium debaryanum

Phytophthora citrophthora (P. colocasiae)

P. parasitica and P. cinnamomi (Phytophthora blight)

Heterobasidium annosum  Armillaria mellea; Ceratocystis ulmi 
Chondrostereum purpureum Phellinus spp. Sclerotium 

rolfsii Sclerotium cepivorum  Sclertinia spp.
Plasmodiophora brassica 

Meloidogyne spp. Botrytis cinerea
( ) Collectotrichum spp.

Diplodia
natalesis (Cercospora canescens)  

(Phytophthora capsici) (Fusarium moniliforme F.
verticillioides)  (Meloidogyne incognita Radopholus 
similis Helicotylenchus  multicinctus) (Phytophthora

infestans)  (Ralstonia solnacearum)  
(Alternaria solani)  (Aspergillus flavus)

(Phoma terrestris) Lasiodiplodia 
theobromae(Botryodiplodia theobromae  (Alternaria 
brassicae) tuber rot Lasiodiplodia theobromae  
(Rhizopus stolonifer) Ganoderma boninense
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(T. asperellum) (T. atroviride)

(T. aureoviride) (T. brevicompactum) (T. 
citrinoviride) (T. erinaceum) (T. gamsii)

(T. hamatum) (T. harzianum) (T. 
intricatum) ( ) (T. koningii) (T. 
koningiopsis) (T. longibranchiatum) (T. pleuroticola)

( ) (T. reeseii) (T. sinensis) (T. spirale)

(T. stromaticum) (T. tomentosum) (T. 
velutinum) T. vermipilum (T. virens) (T. viride)

T. harzianum (H.1ixii)  
11 T. 

asperellum T. asperelloides T. atroviride T. aureoviride T. harzianum
T. koningii T. pseudokoningii T. viride T. virens Trichoderma spp.

Gliocladium virens Gl. deliquescens

Fusarium culmorum Rhizoctonia solani Rhizoctonia solani 
R. solani R. solani Phytophthora capsici Pythium 

aphanidermatum Pythium spinosum R. solani

(Rhizoctonia solani) ( )
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Table 2. Examples of used Trichoderma spp. as biocontrol agents for plant 

diseases control in Taiwan. 
  /  

Trichoderma koningii, 
Trichoderma 
sp.&(Bacillus sp., 
Pseudomonas sp.,and 
Candida sp., 
Cryptococcus sp.) 

 
 

Gliocladium virens, 
T.asperellum TA,
Gliocladium 
deliquescens &

Paecilomyces 
marquandii  

 Rhizoctonia solani
 

 

Trichoderma 
aureoviride, T. 
harzianum, T.koningii,T. 
viride,, T. 
pseudokoningii, 
Gliocladium virens & B.
cereus ,B.subtillis , B.
insolitus , Bacillus sp.,
Penicillium oxalicum ,P. 
phenazinium

 
 

 

Drechslera 
sorokiniana, Fusarium 
culmorum, Rhizoctonia 
solani Rhizoctonia 
solani R. solani 

R. solani
Alternaria brassicicola

Phytophthora 
capsici,Pythium 
aphanidermatum, Pythium 
spinosum,R. solani

Phytophthora capsici, 
Pythium aphanidermatum,R. 
solani
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Trichoderma spp. 
  

 
 

Trichoderma harzianum  
 

 

T. harzianum T.
atroviride T. koningii
T. viride and T. virens 

 
 

 
 

 
Trichoderma asperellum 
Tr1 & Pseudomonas 
putida T2  

(Rhizoctonia 
solani) 

 
 (Trichoderma 

asperellum) TCT-N  
Trichoderma 
asperelloides 
TCTr-668,TCT168

 
 

 

 

Fusarium 
oxysporium

(2008) (2011) (2013)  

(Trichoderma asperellum) TCT-N TCT301 103 111
TCF9409  T. asperelloides (TCTr-668 TCT-168)
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Fusarium oxysporium

 5 

antibiosis mycoparasitic or hyperparasitism
competition

trichothecene trichodermin gliotoxin
viridian peptid antibiotics  (Gupta 

et al. 1999; Naseby et al. 2000; Lewis & Lumsden 2001; Inbar et al. 1996; 

Werner et al. 2002; Vazquz et al. 2000; Harman et al. 2004)

(Rhizoctonia solani AG-4)
(Trichoderma asperellum TCT-N) Trichoderma 

asperelloides TCTr-668 168
( )  
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Fig 1. Antimicroorganism effect of different Trichoderma asperellum strains 

 
mycoparasitic
antibiosis

competition

 

Trichoderma virens (G-20) T.koningii T.harzianum (ATCC36042, T-39, 
T-22 hybrid product) Trichoderma viride T.polysporum Trichoderma 
sp.various (T-382) 

 Soil Guard 12GTM RootshieldTM BioTrek 
22GTM SupresivitTM T-22 T-22 HC T22GTM T22HBTM PromotTM
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Trichoderma 2000 TrichodexTM Binab TM Trichopel Trichojet
Trichodowels TrichsealTM Trichostar HARZINA GOLD Gmax Tricon
Trichodermiside BHOOMIKA(R) Tricho-shield Combat PL POWER
TRILEX™ FL PlantShield® HC RootShield® WP RootShield® Granules
RootShield® PLUS+ WP RootShield® PLUS+ Granules PlantShield® HC

TurfShield® PLUS

Trichoderma asperellum strain ICC012
T11 T25 T34 T. atroviride strain I-1237  IMI 206040 T11 TV1

Trichoderma gamsii strain ICC080(formerly T. viride) 
Trichoderma stromaticum Trichoderma 
virens strain GL-21 Trichoderma harzianum strain ITEM 908 T-22 T-39
TH315 TH35 Trichoderma polysporum strain IMI 206039

 1  ( -
R-42)
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Table 3. Some commercial Products of Trichoderma spp. available in 

Taiwan and foreign country 
Country Species/strain of Trichoderma Product 

USA 
 

Trichoderma harzianum T-22 
(hybrid product, T95XT12 
strain) 

Top shield T-22 and T-22 
B RootShield® 
Granules RootShield® 
WP RootShield ™ (a.k.a. 
T-22G, T-22 Planter Box, 
Bio-Trek) T-22™ HC 
PLANTSHIELD® 

T. harzianum Rifai strain T-39 TRICHODEX® 
T. harzianum Rifai Strain 
KRL-AG2  

F-Stop T-22G  

T. virens strain G-41 G-41 Technical BW240 
WP BW240 G 

T. virens  G-20 Gliogard (synonym GL-2l)
T. virens Soil guard 
T. harzianum strain T-22 
&T.virens strain G-41 

RootShieldR PLUS
Granules RootShieldR 
PLUS WP TurfShield® 
PLUS WP 

Trichoderma harzianum (ATTC 
20476) &T. polysporum (ATTC 
20475)  

Binab T BINAB-T WP
BINAB-T PELLET 

Trichoderma asperellum strain 
ICC 012 & T. gamsii strain ICC 
080 

Remedier WP. Tenet WP. 
(Isagro USA) Bioten 
WP. Tenet T&O 

T. virens GL-21 SOILGARD 
T. stromaticum Trlcove 
Trichoderma asperellum strain 
T25

Tusal WG 
 

Canada 
T.virens strain G-41& T. 
harzianum Rifai Strain 
KRL-AG2

RootShield PLUS 

Israel Trichoderma harzianum  T-35 Root Pro and 
Trichoderma 2000 

T. harzianum strain T-39  Trichodex
TRICHODERMA 2000 
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Trichoderma spp. Ty Trichoderma 2000 ™
T. harzianum JH 35 TH35
TH315 

ROOT PRO® 

Italy, Israel, 
USA 

T. harzianum Trichodex™ 

France Trichoderma harzianum Harzian 10 and 20 
Trichoderma spp. Solsain, Hors-solsain, 

Plantsain 
Trichoderma atroviride strain 
I-1237 

Esquive WP 

New 
Zealand  

Trichoderma harzianum TrichoFlow WP™ 
Trichoderma harzianum +T. 
viride 

Trichopel™ 
(a.k.a.Trichojet, 
Trichodowels, Trichoseal) 

Trichoderma sp. ArborGuard™ 
T. atroviride LC52 SENTINEL® 

Poland Trichoderma viride Bip T
Netherland
s 

Trichoderma harzianum strain 
ITEM 908 T. harzianum strain 
T-22 

Trianum-P 
 

Trichoderma asperellum strain 
T11 T. asperellum strain 
ICC012
Trichoderma atroviride strain 
T11 T. atroviride strain TV1

United 
Kingdom 
(UK) 

Trichoderma asperellum strain 
T34 

T34 Biocontrol  

Sweden 
UK,  
USA 

T.harzianum (ATTC 20476) & 
T. polysporum (ATTC 20475) 

Binap- T&W 

Italy T. harzianum ICC012 and T. 
viride (T.gamsii)ICC080

REMEDIER® WP 

T. viride TV1  T. viride TV1 
Trichoderma asperellum 
(ICC012) & T.gamsii (ICC080)

Bio Tam Tenet (USA) 
Bioten(Spain) 
Radix(Italy) 
Remedier Italy, Morocco, 
Slovenia, Turkey  

Hungary  T. harzianum Trichodex  
Spain  T. viride +T. harzianum Tusal  
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Sweden Trichoderma polysporum strain 
IMI 206039 

Binab TF WP  

Belgium  Trichoderma spp.  Bio-Fungus
ANTI-FUNGUS 

Bulgarian 
and 
Russian 
Govt. 

Trichoderma sp. 

Trichodermin 

Jordan T. harzianum Biocont-t 
Turkey  T. harzianum KUEN 1585 Sim®Derma 
Czech T. harzianum Supresivit ™ Super visit
Kenya Trichoderma asperellum TriCoat 
Denmark T. harzianum Supraavit 
Uttarakhan
d 

T. harzianum Pant biocontrol agent-1 

Brazil T. asperellum strain T211 
CBMAI 840 

Trichodermax EC 
 

T. stromaticum TRICOVAB 
Japan Trichoderma asperellum SKT-1 ECO- HOPE® 
India Trichoderma viride Antagon-TV

Bhoomika Bio-atom 
Biogourd Biocon
Bio-Cure F Defense SF
Ecofit EcoSOM™
Enpro-Derma  
Funginil Gmax Tricon 
NICODERMA 
NIPORT™(TV) PL 
POWER(Tricontrol)
Sun-derma Sun Agro 
Derma Trichogourd
Tricho-X Trichostar
Trieco

T. harzianum Gmax Tricon HProduc
NIPORT™(TH) Sun 
Agro Derma - H 

Trichoderma viride+ T. 
harzianum 

Bioderma  Ecoderma 

Trichoderma gamsii strain 
ICC080

Tricopar-V Bio 
AquaGuard
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Viet Nam Trichoderma spp.,T. koningii,T. 
harzianum  

Promot PlusWP Promot 
PlusDD

Trichoderma viride Biobus 1.00WP 
Trichoderma virens NLU-Tri 
Trichoderma spp. TRiB1 TRICÔ- HCT

Vi – K Bio – Humaxin 
Sen Vàng 6SC
Fulhumaxin 5.15SC 

Philippines T.parceramosum,T.pseudokonin
gii, and Ultraviolet irradiated 
strain of
T. harzianum 

BioSpark Trichoderma 

Taiwan Trichoderma virens Tv-R42 ( R42) 
 05590  

T. harzianumTh004  
Trichoderma sp. 

(GeoEM-TD) (
)
 

Trichoderma asperellum  
T. asperellum TCT103  
Trichoderma sp. 

FS-BIO-2  
FS-BIO-5 

T. asperellum TCT301  TCT301  
 TCT301

3  
T. asperellum TCT111 1

1  
T. asperellum TCF9409  

China Trichoderma sp. 
BM

—BM
—

 
T. viride 
T. harzianum 
T. reeseii 

 
(BioWork) 

( )  
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unknown T. harzianum T.viride 
T. viride and P. flourescens 

Hariz 1.15%WP, 
Agroderma, Bioderma, 
Ecofit, Rakshak, 
Trichosan, Bio-atom 

 

(T.asperellum)
( )

 (T. 
harzianum)  (T. hamatum)  (T. viride)

30
 

 

 

Fig 2.  Different strains of Trichoderma spp. growth on potato dextrose 

agar plate. 
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(T. asperellum)

(Trichoderma spp.)
( )

(
) (T. asperellum) 

TCT-R1

(T. asperellum TCT103 TCT301 TCT111 
TCF9409 )

TCT-LF-N

Trichoderma asperelloides TCTr168 668
(T. asperellum)

103
TCTr668 (Rhizoctonia 

solani AG-4)

(chitosan)

TCTr168
(laminarin)
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Table 4. Over the years, Trichoderma species and associated biological 

agent Trichoderma patented technology achievements 

 

92  
I229064  

2005.03.11
-2023.09.1
6  

 

92  
I273134  

2007.02.11
-2023.12.1
1  

 

93  
I287535  

2007.10.01
-2024.11.0
9  

 

93  
I287534  

2007.10.01
-2024.11.0
9  

 

94  
I295686  

2008.04.11
-2025.04.0
6 

 

 

94  
I298715  

2008.07.11
-2025.09.2
5  

 

92  
I306448  

2009.02.21
-2023.12.1
1  

 

95  
I309552  

2009.05.11
-2026.12.2
5  

 

101  
I378143  

2012.12.1-
2029.12.29 
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Table 5. Over the years and Trichoderma strains of Trichoderma related 

biologics technology transfer outcomes 

 
 

  
  

  
  

  

 (TCT 103)  
(TCT 301)  

TCF9409
 

 

TCT111
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( )

( )

 

=1:50~100

100~200 ( 107~108cfu/ml)

20~80%

 

100~200 ~

107~108cfu/ml
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7~14
100~200

 
TCT-R1  

-20 10  
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TCT-R1  
Table 6. Comparative effectiveness of Trichoderma and mycorrhizal fungi in 

vegetable seedling inoculation 
  

    
arbuscular mycorrhizal fungi

AMF) 
/   

/
/  

/ /  /  

/     
  

      
      

  ( )  ( )  
/       

      
  

( ) ( )
      

     
      

     
 

 

arbuscule

 
   

 

 
 7 ~14  1~2

 
( ) 

109~10 /  2x103 /50
 

1x105 /1  
 -20 /10  4 /1~2 ( )
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(

30 )

 

(
=1 0.5 2 0.01 20)

7~14 100~200

100
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Trichoderma asperellum TCT-N Trichoderma asperelloides
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 1999  

   

 2005 
 p.119-128. 

   
 2007  

 12: 35-41  

 1997  p.57-62. 

 
 1999   35(1): 

11-22  
 2000   2(3): 

9-12  

 2001  p.134-139. 
 

 2005  22(6): 

20-24  

 2005  391: 
34-39  

 2006   8: 17-19  
 2009 

 p. 447-181.  

  

 2012  
p.165-196.  
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Development and Application of Trichoderma Biological 
Agents 

Chein-Wei  Chen Ya-Ching Teng  and  Yi-Fong Tsai 
 

Abstract 
Although the promotion of organic farming in the country for many 

years, however, pest control and management techniques Feipei been let 

farmers headaches. Functional microbial agents for the recent development 
of new prevention and treatment of materials, scholars have found that a 

variety of microorganisms have pest control effects and the ability to break 

down organic materials, in addition can be applied to pest control and 

recycling of agricultural resources, these strain and has to promote plant 
growth, nutrient absorption and disease suppression function, more recently 

found to induce the plant to produce systemic resistance, significantly reduce 
the incidence of disease severity or when leaving the pathogen causing the 

infection, can also reduce pest The extent of damage, as used in organic 

agriculture cultivation areas of new product development. In these 
microorganisms Trichoderma is applied to effective disease control 

microorganisms. Trichoderma species are now known for the biological 

control research, including a Trichoderma harzianum, T. hamatum, T. 
longibrachiatum, T. koningii, T. viride, Gliocldium virens, T. polysporum 
and T. asperellum and so on. Others have been used in other disease control 

test strains still contain T. atroviride, T. aureoviride, T. brevicompactum, T. 
ghanense, T. glaucum, T. longibrachiatum, T. piluliferum, T. pseudokoningii, 
T. virens and T. reesei. In recent years, the field of study, for T. asperellum 

in addition to developing a disease control agents, but also the ability to 

produce enzymes break down for its development into a decomposition of 
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organic fibrous materials of biological agents. In the screening of purified 

Trichoderma (Trichoderma spp.) Family strains have been developed using 

these strains various agricultural products such as bio-composting 

technology, media, functionality and other microbial agents, the use of 
significant achievements in the field. These formulations T. asperellum 

TCT-R1 paddy crop roots symbiotic bacteria preparation and ability to help 

the crop root development, increase graft survival, and can reduce seedling 
diseases in addition to crop growth and help resist adversity. Combined 

aculeatus Trichoderma strains of rice preparations (T. asperellum TCT103, 
TCT301, TCT111 and TCF9409 strain) and agricultural waste such as 

animal manure, bagasse, sawdust and other materials can be produced 

jointly Po leaven of new biological composting system, the media, etc. In 

addition to improving the quality of compost media outside, and can induce 
a variety of beneficial microorganisms, because inside contains a lot of 

beneficial microorganisms such as Trichoderma, Bacillus subtilis and 
Streptomyces spp. etc., can stabilize the relevant product quality, and 

because of the beneficial microorganisms contained within the Clustering 

can crop rhizosphere, symbiosis with plant roots and thus promote nutrient 
absorption capacity, can achieve the purpose of promoting the growth of 

plants. Combined with whey protein, produced by fermentation of molasses 

TCT-LF-N functional microbial agents, making simple and low cost, in 

addition to the field test results can promote the growth of a variety of crops 
outside, and can reduce pest problems during cultivation, can improve crop 

yield and quality increased earnings of farmers. The screened recently 
Trichoderma asperelloides TCTr168 and 668 new strains of bacteria for 

domestic first discovered, its shape and aculeatus Trichoderma (T. 

asperellum) close to 103 years for the COA ingenious plan to promote 

bio-pesticide industry in the subject of strains present in the vegetable 
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disease control TCTr668 strain has been to reduce seedling blight 

(Rhizoctonia solani AG-4) in damage, with chitin fermentation liquid 

preparations can produce contain chitosan (chitosan) of disease control 

formulations of bacterial diseases such as cabbage black rot, and cucumber 
leaf diseases such as powdery mildew and blight with Lou Junbing control 

effect; combining sea and TCTr168 meal Po liquid yeast strains can produce 

a disease control agents effect of laminarin, can reduce the tomato and bell 
peppers and other crops seedling blight, powdery mildew, leaf mold, shoot 

blight, late blight and other diseases of the damage, in other crops, fruit 
crops or flowers also the effect on disease prevention and treatment. In crop 

cultivation and management process, combined with Trichoderma species, 

biological composting or integrated media management and functional 

microbial agents can promote plant growth, nutrient uptake and help 
suppress the occurrence of disease and other benefits, but more recently 

found to induce Plants produce systemic resistance, can effectively reduce 
toxins papaya for tomato bacterial wilt disease and infestation. Developed by 

the use of microbial agents in addition to increasing the confidence of the 

farmers cultivated outside, and to improve organic crops poor growth, poor 
quality shortcomings, the promotion of organic agriculture in the future will 

be a major weapon. 

 

Keywords:functional microbial agents, organic agriculture, and Trichoderma 
spp. 
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