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Abstract

The development of Taiwan native Streptomyces spp. strains for
biofungicide application was attempted. The established techniques include
the know-hows to screen for a right competent strain and the liquid
fermentation protocols for production of arthrospore formulation wherein
the spore concentration exceed 10'° per mL. For the available strains
developed, the disease control demonstrated include those caused by downy
mildews, Phytophthora spp., Pythium aphanidermatum, Rhizoctonia solani,
Fusarium oxysporum and Colletotrichum gloeosporioides. The efficacy was
known to due primarily to a collective effect of nutrient and space
competition, antibiosis, myco-parasitism, induced resistance etc. The value
of developed Streptomyces biofungicides as a tool for integrated pest

management will be addressed.
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Table 1. The taxonomical position of Trichoderma

AN~ & M+ % anamorph 3 1 teleomorph
# Kingdom E # A Fungi
® Phylum + 4 # ™ Ascomycota + ¥ F ™ Ascomycota
i F = 2EFLF #% F I I* Pezizomycotina
Sub-division | Deuteromycotina
3 Class 3%32 3% Hyphomycetes % 7% Pyrenomycetes
B Order ¥ H 32 P Moniliales P & 7 P Sphariales
#t Family 4 4 ¥ # Moniliaceae P A 74+ Hypocreaceae
& Genus * % #)6 Trichoderma F & @ 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 ~ 1. corfecianum ~
T. crassum ~ T. cremeum ~ T. croceum »

T crystalligenum ~ T. cuneisporum ~ 1T. 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 ~ 1. 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 >
Istrictipile ~ 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

AREL 2P BieH R e B4

mET THom RisdEL F ¢ o A ES (Trichoderma spp.) & 2
FY BRd AR et 2 - (Harman et al. 1989; Lo et al. 1996,
1997) - A F L >4 18 BHheh 29 Bk & FF H4niv® o0 v
ey oARET 8 At o s X ARE (T harzianum) ~ &5k
& F (T hamatum) ~ % = * # & (T longibrachiatum) ~ & * * & & (T.
koningii) ~ % ¢ A~ ) (T viride) ~ 2% & 7] (Gliocldium virens) ~ % 3z
& F (T polysporum) 3 ¥Riz » K F(T. asperellum) o 2 v 5 A& * »>
R E PieRRAERE ¢ 35 RS AREF(T atroviride) ~ 5 ¥ A
F(T. aureoviride) ~ ‘&% * #& #(T. brevicompactum) ~ T. ghanense ~ T.
glaucum ~ & 4=~ & #(T. longibrachiatum) ~ T. piluliferum ~ 4% % < * & 7
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(T. pseudokoningii) ~ k3% @ F(T. virens) % 35~ & & #(T. reesei) & -

% ?‘/r?’%”'*ﬁ“"’_’fffﬁtﬁ\?{glﬁfﬁ e SRR F ¢ 3RERE RS AR B Y
s 0 4o % Fom (F oxysporum f. sp. lycopersici) ~ % & % ¥ (F
oxysporum f. sp.phaseoli) ~ i =% /¥ 555 (F. oxysporum f. sp. vasinfectum )
% Fusarium solani~F. colmorum #7131 42143 }?}“‘:/}% s Rhizoctonia solani 3!
ALENE R 5 Pythium spp.4cPythium debaryanumig = 8 5 ~ N~ A 1=
HAo s deF R AR FREE AN ZEL L FERENE R
Phytophthora citrophthoras! A= 11§ g #H3 /@")?5 ~ FERE Ja (P colocasiae)
% P. parasitica and P. cinnamomi’| 32 éngs 3 % (Phytophthora blight); #
ts 4reHeterobasidium annosum ;  Armillaria mellea; Ceratocystis ulmi %
Chondrostereum purpureum % Phellinus spp.#731422_ 3§ i Sclerotium
rolfsii #7ilAzeha K5 3 Sclerotium cepivorum % Sclertinia spp.#73l42
B TR T s » Plasmodiophora brassica #7514z =+ F o (¥4 49 F”}]% 2
5 #fy Meloidogyne spp. 751420 ie 3= 438505 ; Botrytis cinerea®t3 |4z h
T (s 5%~ F § 2 {=4)n% o 11 2 Collectotrichum spp. #7514 £h
B o T ERL R T A% = F % B ( Diplodia
natalesis ) ~ ¥ % 8 £ 18 i 7 (Cercospora canescens) ~ 2. ¥ 5% I
(Phytophthora capsici) ~ 34 & % K ¥ 7 (Fusarium moniliforme ~ F.
verticillioides) ~ % B % 2 3 B (Meloidogyne incognita * Radopholus
similis ~ Helicotylenchus — multicinctus) » % #v % % J5 (Phytophthora
infestans) ~ % v 7 15 B (Ralstonia solnacearum) ~ % v % & Jh 7
(Alternaria solani) ~ % 3t fi w5+ $Q# ) (Aspergillus flavus) ~ F & 4= & 12
K s F] (Phoma terrestris) ~ 4% E & K Ju Lasiodiplodia
theobromae(Botryodiplodia theobromae) ~ -+ F {=#* 2 say (Alternaria
brassicae) ~ % % tuber rot (Lasiodiplodia theobromae) ~ * iﬁ(ﬁi”:fﬁ
(Rhizopus stolonifer) % itz & & K s ( Ganoderma boninense) ™ © % 3
A ARE KRS e
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CEE R Z AP ARAF LA
B EATA B T BT AR AN 23 kB ERE A
LA G Rz A F(T asperellum) ~ %% & % F(T atroviride) ~ ¥ %
¥ (T aureoviride) ~ ‘&% * # F|(T. brevicompactum) ~ #f % * & (T,
citrinoviride) ~ 8% * # F(T. erinaceum) ~ % 4* 21~ & F)(T. gamsii) ~ &%
» # 7 (T hamatum) ~ ¥ % *» #& 7 (T. harzianum) v A R (T
intricatum) ~ & % (& ) » #& # (T koningii) - E % A& AT
koningiopsis) ~ % 1= ~ {#&(T. longibranchiatum)~ {]32 * 1;%1(77 pleurotzcola) .
Z(33)~ AE(T reeseii) ~ ® B A # (T sinensis) ~ &3 32~ (T spirale) ~ +
A A~ (T stromaticum) ~ 3 2 & @& (T tomentosum) ~ B = * & (T
velutinum) ~ T. vermipilum ~ k& & (T, virens)fr ik ¢ * # (T viride) » 2
® T harzianum (H.1ixii) %= % B °
m B A ?‘&}%Tff/pm%xai]?ﬁéa‘ﬁﬂ gt > »uaT
asperellum ~ T. asperelloides ~ T. atroviride ~ T. aureoviride ~ T. harzianum ~
T. koningii~ T. pseudokoningii~ T. viride ~ T. virens % Trichoderma spp.’ #b
F WA R 3 Gliocladium virens* Gl. deliquescens %  ff & % B p %‘? Koo gb
HesRERF v 2fep Mo fp A EREZFH & 5
PR Ficp = P FRAMR A28 Ficp o~ § 2 # 8
Fusarium culmorumfcRhizoctonia solani ~ ~ & Rhizoctonia solani ~ & &
% R. solani & E R. solani~ — 5% [F| % ¥ 3 & Phytophthora capsici > Pythium
aphanidermatum ~ Pythium spinosum?% R. solani % i AT l AL T ES -3l
SREAE AR B BA T AR A AN R A ERbp o ¥
Ao F ~ B AL AR EUg (Rhizoctonia solani) % s 3 7 ipidsk(d 2 ) &
jﬁ i "ﬁi Hpss* 2 b MREFASPICEF I T8 5 s PR
3 o FRAHET Ok o
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Lo~ L BEY AREFD ISR T PR

Table 2. Examples of used Trichoderma spp. as biocontrol agents for plant

diseases control in Taiwan.

Bk A P g

FAEH >

(S EN

Trichoderma koningii,
Trichoderma
sp.&(Bacillus sp.,
Pseudomonas sp.,and
Candida sp.,
Cryptococcus sp.) H b
ok R EH U S b

FEETE

AU e R 2
7 #Op B EF R

Gliocladium virens,
T.asperellum TA,
Gliocladium
deliquescens &

( Paecilomyces
marquandii )
Hips* R &8 H vk

4

oo B

% 1= Rhizoctonia solani ~- K f
R
T8 & RIEE R

Trichoderma
aureoviride, T.
harzianum, T.koningii,T.
viride,, T.
pseudokoningii,

cereus ,B.subtillis , B.
insolitus , Bacillus sp.,
Penicillium oxalicum ,P.
phenazinium ) ¥ b *
BEREHTV A S

Gliocladium virens &( B.

£

PN R # W R RTR
e B 2‘”}?}1‘7)}% SRS R
Ei:fﬁa so &~ & Drechslera
sorokiniana, Fusarium
culmorum, Rhizoctonia
solani ~ =~ & Rhizoctonia
solani ~ 5 & %R. solani

~ &8 2 R. solani~ +H F 2. FL P
Alternaria brassicicola ~ — #%
B4 (T4 : Phytophthora
capsici, Pythium
aphanidermatum, Pythium
spinosum,R. solani ~ — # 7=
4 @ Phytophthora capsici,
Pythium aphanidermatum,R.
solani
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Trichoderma spp. B S| EAKE
¥ i+ AR 7]
Trichoderma harzianum | B & 4~ § | s1.8 4R% 7% & T
S =R F
T. harzianum > T. B R i &7 %ﬁ BERER AN
atroviride > T. koningii > | "L EFH < F | g tem~HE2tp - B 4
T. viride and T. virens ta R RER | HT o EERER
Rz Hop
Trichoderma asperellum | P4 B2 * & 5 | ¥ & #a B f5 (Rhizoctonia
Trl & Pseudomonas 1 ¥FEFAT | solani)
putida T2 -
Wz A A MR |9 % R | R AR - KSR -
(Trichoderma 2 H- Hipp ko9 i o o PR
asperellum) TCT-N = N 4 *p;a]”}}% S o &
Trichoderma B R AUER
asperelloides

i R AR O
BB E#R TR
BOF R~ BB
RETEERETH S TR
KR VR FBEAR
FERB R AAR
B~ RER R RE AR
FESER WHFRE
R AR Y T
oo B gk~ Fusarium
oxysporium 5! 42 cngE F & i
SR N

DA HH(2008) ~ £ (2011) ~ § (2013)% 4 % jp b 4= § 47 4

TCTr-668, TCT168

APRTE R EE AL aRae AR FFEE AR M WH > ST E
higk3z A F)(Trichoderma asperellum) TCT-N (TCT301 ~ 103 ~ 111%
TCF9409) % T. asperelloides (TCTr-668% TCT-168)%f 7 R
Weyp g o Tt a BRF BT B IsREREE 0 Ee BRRERE R Ak
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PAPM AT WRFEEY Vs ST T o de R DR K
feafedn ~ MiamE 0 Elep 0 PREFER OB BER ¢
Fodm B BRI R R ARR AR AR SRR OB
B EWOR TR BAR LR FUBRAE o M T
BRH -VEF - FFDEFRR bR TEORRF >~ BF R - ARG
B~ BB 0 bREEF R EF D0 b AREE RBER 2
d Fusarium oxysporium3s! 4z en% B4 # i SRR TR Iﬁi CEEE S
ENE RN
ARFT IR e TRl BRF A FES TS

CHRA AL Y RIS RF L e B RS 2 S RS
A2 Futt o AR FEES R R FEORRILE Y & 45 5 ] dodd '

(antibiosis ) ~ 4Z % 24 ¥ * (imycoparasitic or hyperparasitism) % 4 i
* (competition) o H 7 > E 5 A rdvant]F LA REEAREF A0 2
SR mA T Ple BEHEFRALL 3R RO ARFT AL E
e 2h3TE 4 endd 2 BT detrichothecene ¢ trichodermin » gliotoxin -
viridian# peptid antibiotics % » iz & 2 4= ¥ rdrdlpm R F 2 & (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) > £ I[ia J H
Bi¢ 4 R R K #(Rhizoctonia solani AG-4) & &3E F R » &7
i 1 ke A R 7 (Trichoderma asperellum TCT-N) % Trichoderma
asperelloides TCTr-668 ~ 168 % FRiE T+ £ » L B % F ML AR
W A TEH ] e ek £ R(Bl- ) e
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Trichoderma asperelloides Trichodermasp.

Bl- -~ ¥kae AR & R R EF 3] ende Fpak AT

Fig 1. Antimicroorganism effect of different Trichoderma asperellum strains

d Bl- AT 5 0 RS EF 2 (mycoparasitic) 2T
HhHEARASAYS4 EE R EEIRS (T (antibiosis) % 4 T *
(competition) fHF R » B AMKEL AR T RY BITET DR
BREF PP ~2EZRAZHERDERE Y2 THEFF A GFEDNE
B ie R pehok i F IR GE 7 4 e A B g o

ERARRAZL I EUR

dOT A SR AR Y 0 BB AR B Y 2 A REFAK
4v Trichoderma virens (G-20)~ T .koningii~ T.harzianum (ATCC36042, T-39,
T-22 hybrid product) ~ Trichoderma viride ~ T.polysporum ~ Trichoderma
sp.various (T-382) S B3 <2 W W e 5 s AARALI S L EZ 4p
WA SRS o 53 A 54 Soil Guard 12G™ ~ Rootshield™ ~ BioTrek
22G™ - Supresivit™ ~ T-22 ~ T-22 HC ~ T22G™ ~ T22HB™ -+ Promot™ -
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Trichoderma 2000 ~ Trichodex™ ~ Binab ™ -~ Trichopel ~ Trichojet -
Trichodowels ~ Trichseal™ - Trichostar ~HARZINA GOLD ~ Gmax Tricon -
Trichodermiside ~ BHOOMIKA® " Tricho-shield Combat ~ PL POWER -
TRILEX™ FL ~ PlantShield” HC ~ RootShield” WP ~ RootShield” Granules
RootShield® PLUS" WP ~ RootShield® PLUS" Granules ~ PlantShield® HC
% TurfShield” PLUS % ¢ 741 5 & o 17 % & §1* ATEMET B & chiT 4 &
T SRR TGN EZIEE 52 ot S R
e % R g EEs AR s XA S ABERS F 0I5
B R oo ATRA A U §RIZ A F) Trichoderma asperellum strain ICC012 -
T11 ~T25 ~ T34 2 T atroviride strain 1-1237 ~ IMI 206040 ~ T11 ~ TV1
% A Trichoderma gamsii strain 1CCO080(formerly 7. viride) %
Trichoderma stromaticum P % T * chFtk » & * Fik4e Trichoderma
virens strain GL-21 » Trichoderma harzianum strain ITEM 908 ~ T-22 ~ T-39 ~
TH315 ~ TH35 % Trichoderma polysporum strain IMI 206039 B {7 5 &74
BHRPA S cRPUAFREERF I E G L (REML-S A
WA R-42) o i WA PO R R R 2 BB G R ® O B > ¥k
IR ot 1 i B
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FZ RPN ZAREAL P ARAES
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 IEOP\S%{lg(l)(tiShiTe_l%lz(@an_d 1-22
(hybrld pI'OdU.C'[, TOSXTI12 Granules -~ ROOtSthld@
strain) WP ~ RootShield ™ (a.k.a.
T-22G, T-22 Planter Box,
Bio-Trek) ~ T-22T™M HC
PLANTSHIELD
T. harzianum Rifai strain T-39 | TRICHODEX®
T harzianum Rifai Strain F-Stop ~ T-22G
KRL-AG2
T. virens strain G-41 G-41 Technical ~ BW240
WP ~ BW240 G
T virens G-20 Gliogard (synonym GL-21)
T. virens Soil guard
T. harzianum strain T-22 RootShieldR PLUS
& T virens strain G-41 Granules ~ RootShieldR
PLUS WP ~ TurfShield®
PLUS WP
Trichoderma harzianum (ATTC | Binab T ~ BINAB-T WP -~
20476) &T. polysporum (ATTC | BINAB-T PELLET
20475)
Trichoderma asperellum strain | Remedier WP. ~ Tenet WP.
ICC 012 & T. gamsii strain ICC | (Isagro USA) ~ Bioten
080 WP. ~ Tenet T&O
T virens GL-21 SOILGARD
T. stromaticum Trlcove
Trichoderma asperellum strain | Tusal WG
125
Tvirens strain G-41& T. RootShield PLUS
Canada harzianum Rifai Strain
KRL-AG2
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 ~ | ROOT PRO"
TH315
Italy, Israel, | T. harzianum Trichodex™
USA
France Trichoderma harzianum Harzian 10 and 20
Trichoderma spp. Solsain, Hors-solsain,
Plantsain
Trichoderma atroviride strain | Esquive WP
1-1237
New Trichoderma harzianum TrichoFlow WP™
Zealand Trichoderma harzianum +1T. Trichopel™
viride (a.k.a. Trichojet,
Trichodowels, Trichoseal)
Trichoderma sp. ArborGuard™
T. atroviride LC52 SENTINEL"
Poland Trichoderma viride Bip T
Netherland | Trichoderma harzianum strain | Trianum-P
S ITEM 908 ~ T. harzianum strain
1-22
Trichoderma asperellum strain
~ T. asperellum strain
ICCO12
Trichoderma atroviride strain
T11 ~ T. atroviride strain TV1
United Trichoderma asperellum strain | T34 Biocontrol
Kingdom | T34
(UK)
Sweden T harzianum (ATTC 20476) & | Binap- T&W
UK, T’ polysporum (ATTC 20475)
USA
Italy T harzianum ICCO12 and T, REMEDIER"” WP
viride (T.gamsii)ICC080
T viride TV1 T. viride TV1
Trichoderma asperellum glo Tam ~ Tenet (USA)
. 1oten&Spa1n)
(ICCO012) & T.gamsii (ICC080) Radlxé tal )[
Remedier 'f taly, Morocco
Slovenia, Turkey )
Hungary T harzianum Trichodex
Spain T viride +T. harzianum Tusal
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Sweden Trichoderma polysporum strain | Binab TF WP
IM1206039

Belgium Trichoderma spp. Bio-Fungus ~

ANTI-FUNGUS
Bulgarian | Trichoderma sp.
and : :
: Trichodermin

Russian

Govt.

Jordan 1. 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 | 7. harzianum Pant biocontrol agent-1

d

Brazil T. asperellum strain T211 Trichodermax EC
CBMALI 840
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 ~ ECoOSOM™ -
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
1CC080

Tricopar-V ~ Bio
AquaGuard
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Viet Nam | Trichoderma spp.,T. koningii,T. | Promot PlusWP ~ Promot
harzianum PlusDD
Trichoderma viride Biobus 1.00WP
Trichoderma virens NLU-Tri
Trichoderma spp. TRiB1 ~ TRICO-PHCT -
Vi— DK -~ Bio — Humaxin
Sen Vang 6SC -~
Fulhumaxin 5.15SC
Philippines | T.parceramosum,T.pseudokonin | BioSpark Trichoderma
gii, and Ultraviolet irradiated
strain of
T. harzianum
Taiwan Trichoderma virens Tv-R42 FUE LA R A R F RA2)
B &% % 05590 5
T harzianumTh004 B fr w3
Trichoderma sp. REMRE C BIRANREA
(GeoEM-TD) ~ & 5 F(+
B A LA
7
Trichoderma asperellum BB PLA R ﬁ
T. asperellum TCT103 7w B i FS-BIO-2 ~
Trichoderma sp. 7= B ¥ FS-BIO-5
T asperellum TCT301 % ) TCT301 »
A&k ) TCT301 R 2 p%
% 355
T asperellum TCT111 w1 BLA R EET O AR
T 1A lglﬁﬁgw
T’ asperellum TCF9409 2
China Trichoderma sp. FTAIR S PR B — Ak
B A BM  $if 4
'#Fk4ﬂd7ﬁﬁﬁr‘h%ﬁ
ik F‘]g’?' ~ A lgl]?:]
%$*%m
T viride B4 A
T. harzianum "6 K A il 7 (BioWork)
T. reeseii B(F)N Ak
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unknown T harzianum > Tviride Hariz 1.15%WP,

T. viride and P. flourescens Agroderma, Bioderma,
Ecofit, Rakshak,

Trichosan, Bio-atom

ARAL S AR BF

FRC AL AT R A NIRRT IR 245 AR
&%ﬁﬁ&”ﬂ&%% Hfbis & SR T ST IR R A MU
(Tasperellum) % 2 > B¢ 5 o — f82 Ak > 974 82 & At ® MR
BAPLFAMALE F“%*iﬂﬁl) TEEEEREREARAU
BB EE e ORFET 2 HIEY 20k > WG s X AKE (T
harzianum) ~ &1 ~ # # (T hamatum)% % ¢ & # F (T viride) ¥ & & F
Atk Had R 2 @B R IR BEA B 30C ML o B REE AL

EX Aead o ipfts BEAp st B nd s o

Nn

E

B= ~ ARE? P EREEEAL 24 L7
Fig 2. Different strains of Trichoderma spp. growth on potato dextrose

agar plate.
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Mo ASIT A E TR Y E kI A A (T asperellum)“% B =
FI et BHA RS R AL D B S R
T A R o Bt E ST D A iR A (Trichoderma spp.) & 71 F iR
S RERAEF R IEER R (R ) B S FpRe
FEHPEESHAE St S A s H A RS
ié_:}iﬁf“,ﬁ% PRIt A A2 ARTHE S FTHRP LA (R
T) &2 A &0 FEY XnhEE o i WA ¢ kI A K *];?](T asperellum)
TCT-R1 &3 A WAL (T30 4 50 4 55 o i FIe v g7 o
FHRHABE TSSO T ,f;ﬁ\ cu PR T AR TR R R - B
& ¥Rz A i F s AW R(T asperellum TCT103~TCT301 ~TCT111
2 TCFo409 AR)E R ¥ APt L ~RA- A EFTE PR
e A2 WATR| 2 p b s “%V’ R RO U UG T
FIRFEMAP CFEP T 22 EMAPFEFLARA FE R
TR %W%ﬁww?% FAENN R Y SR
FEFRE By R x4 Em B % oo - 7 DR
P E2 P LT ;;?;»é BT EREA 2 H TCT-LF-N # i 424
FRA S WERTF AR 0 BRRGE G REIFFL L
bl Ht/)é“‘ i\‘f”ﬂpﬁ&f‘%m MR Rk BEF AT H ST B b X2t

o B AT #TéF iE 1) e A R ) Trichoderma asperelloides TCTr168 3 668 #
e RP §AFRDITAMA > B )8 &8 w3 A @ F(T asperellum) it >
ARL S 103 RS AP E Y A S RERR T RS
LI ;{lﬁi T Iiet TCTr668 Ftke ¥ > w 8 = ’F‘éf}}%(Rhizoctonia

vm

m*@ 34

solani AG-4)en i % » R BZ R LR UH v 78T RpE
(chitosan) s & e * GA] > S+ mFitgs £ 4ot 2 1'6?’}?5 S
B Ao Fos B R E R E R sk 4—144&£TCHMSQ

e BEREEAT A4 B BT ik ik F 4 pE(laminarin) > 7
M IcE Tl E Ty —E!PL‘%E.}P@ S E R R ;t_ig(;;};«j R R
PSRBT T BR T RBITH RS TR SR T IR g ok
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biologics technology transfer outcomes
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Table 6. Comparative effectiveness of Trichoderma and mycorrhizal fungi in
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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 7. asperellum and so on. Others have been used in other disease control
test strains still contain 7. 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 7. 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 (7richoderma 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 7. 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 (7. asperellum TCT103,
TCT301, TCTI111 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 7richoderma

spp.
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*Chaoyang University of Technology
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Abstract

The biological control for pests displays advantages in reducing usage
of pesticide, decreasing environmental pollution, and proventing from
reoccurrence of insect pests. Therefore, its application get more attentions
since more customers prefer healthy and insectcide-free vegetables and fruits.
The key predators including the lacewings, stink bugs, ladybugs, mantis,
phytoseiid mites and parasitic wasps are good control agencies for aphids,
thrips, spider mites, other small pests as well as the specific Lepidopteran
pests. The present status of the application of natural enemies is reviewed in

the present paper.

Key words : natural enemy, biological control, organic agriculture.
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Fig 1. Egg production of the green lacewing as tendency with the different

wavelength under mass production.

1

Aphids/ Pre plant

000
900

800

700 —*—#ﬁSEﬂﬁ:
600 = A 10E ¥ &
500 —+— 3 AM15E W &
400 120 3F &
300 —— 258 ¥ &

200
100

0 5 10 15 20
Investigated order/ day

Bl= o~ R ub3& % i iFio ] § AT otk

Fig 2. Effect on the releasing 3rd instar larvae to control the cumberer aphid.
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Fig 3. Number aphid of control were investigated after the inoculated by the

aphid on cucumber.

Ao~ HEHER AT A[N AR RREZ AT IR
Table 1. Egg production of the green lacewing as comparison with the

different wavelength under mass production.

Optical Number of eggs deposited Number of

wavelength(nm)  daily(Mean= SE) eggs/30days/30
One pair 30 pairs pairs(Mean=+ SE)

620-625 12.2 bc” 365.4 bc 10963.0 be
587-592 12.8 bc 383.4 bc 11503.0 be
520-525 12.4 be 373.0 be 11189.7 be
465-470 13.8 ab 415.1 ab 12454.0 ab
395-405 11.0c 3299 ¢ 9898.0 ¢
465-470+620-625 16.1 a 4833 a 14499.0 a

“* Results were improved by SPSS 17.0 for variance analysis, then the least significant
difference (Fisher's least significant difference, LSD) method compares the difference
between treatment, significant differences in the level of P <0.05.
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Table 2. Observation for hunting of the 3™ instar larvae fed on the young

instar aphid.

Duration of Aphids/ Pre plant

observation 30 60 90 120 150
0 30 60 90 120 150
1 1.7 2.0 0 1.3 4.5
2 0 0 0 1.0 1.0
3 0 0 0 0.3 0
4 0 0 0 0.3 0
5 0 0 0 0 0

Ik

7
-~

RZ AP F ol f R AR 3 A R R A S
1 23
Table 3. Comparison of starvation period at Eocanthecona furcellata 4™

instar on predation of 3" Spodoptera litura instar.

Spodoptera litura deaths after 96 hours

Starvation (hr)

I I 1T v M
4 6 6 7 7 6.5cd

9 8 8 9 8.5a
12 8 9 9 8 8.5a
16 8 8 7 7 7.5b
20 8 6 7 7 7.0bc
24 7 6 5 6 6.0d

Means follow the same letters in the same column are not significantly different by LSD
(p<0.05) test.
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Table 4. Comparison of different Eocanthecona  furcellata instars on

predation of Spodoptera litura 3" instar.

Spodoptera litura deaths after 8 hours

Instar

I I | I\Y M
3rd 4 2 3 5 3.50b
4t 3 3 2 3 2.75b
5t 4 10 5 7 6.50a

Means follow the same letters in the same column are not significantly different by LSD
(»<0.05) test.

2T STl A HT FRDARREAR 2L
Table 5. Comparison of Eocanthecona furcellata 5™ instar on predation of

different Spodoptera litura instars.

Spodoptera litura deaths after 8 hours

Instar

I il I \Y M
ond 4 10 5 4 5.75a
31 5 8 7 7 6.75a
4t 4 2 2 2 2.50b
5th 2 1 1 1 1.25b

Means follow the same letters in the same column are not significantly different by LSD
(»<0.05) test.
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Table 6. Comparison of Eocanthecona furcellata adult on predation of

different Spodoptera litura instars.

Spodoptera litura deaths after 8 hours

Instar
I 1T I v M
2nd 10 9 10 8 9.25a
3rd 8 4 8 4 6.00b
4th 6 6 3 4 4.75b
5th 2 1 1 1 1.25¢

Means follow the same letters in the same column are not significantly different by LSD
(»<0.05) test.
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Application of ecologlcal engineering in organic farm
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FR o cEEH 2 [ FRHAN AR R4 S REERAY
B2 P ehe Bt o 2 4g 4 5 L (Bco-friendly) ehk @ BB 0 f1¥ £
nd PipE Boe o4 k2 T £ A4 ik AR (ecosystem
service) s 4L b > R FE A4 H» s (Costanza et al, 1997) -
B v 24 fx 172 (Ecological engineering) ~ # $~ &7 % ¢ (habitat
manipulation) ~ B v F @it (Farmscaping) &= & &3 & L AP0 ~ ¥ &
Backa 24 SRR 2 dpd Hhed RS AHA R RLP D
i Ro 2 k2 afad T Qg P T ARETR &
#E 4 5 p 52 # 3 (Ponti et al., 2005 5 Simon et al., 2010; Gurr et al.,
2011 e g dkie 29 TR o S gk &2 Mo gal | ER G 2
Be T ABR (FRE 1 > 2012 ; Marino and Landis, 1996 ; Wratten et al.,
2002) 0 e e BRF EE PR 2N 2 WA e BFH TR R
SR P EFHN R PRy BRR R G - BEEL 0w GHRA
SOEEIRCBREZY R TREE “f”‘ Bk EREIE R w iR
TAAFRRDET A S sz o TR 2 £ Tfp;:w%c BE (F
% > 2002 ; Ponti et al., 2005 ; 1§ £ 45 > 2008) o o= & v F 5 T A% S
BAEYFEREZY R KR W0 R ?’C’f.ﬂ_iﬁf’?ﬁﬁ‘i ST 2
AFE > R sl F A4 d (Insectary plant) # 3 4v 7 & % ik
® o W 4vd ik SRR i (Kopta ef al., 2012) > " M H 5 b4 T
rMiERfeA A s e R LG PREAFERT A DA E o
o RPN FWEEASMEp T AR > T S AT A
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Application of ecological engineering in organic farm

Li Lin', Sung-Hsia Wengz, Shu-Hsin Shen? Jian-F eng Chen®,
Chih-Ying Yu®, Ta-Chi Yang®

! Assistant researcher, Division of Crop Environment, Hualien District Agriculture
and Extension Station (Hualien DARES). *Research and development substitute
services, Division of Crop Environment, Hualien DARES. 3Contract worker,
Division of Crop Environment, Hualien DARES. *Associate researcher, Division
of Crop Environment, Hualien DARES. > Assistant researcher, Division of
Agricultural Extension, Hualien DARES. SResearcher, Hualien DARES.

Abstract

This study try to apply the concept of ecosystem services to increase the
reach of plant diversity of habitat and create functional predators to increase
the effectiveness of biological control functions in Yilan and Hualien. The
operation of field trials started in 2009, which includes milkweed planting,
as well as planting Cuphea hyssopifolia on farmland attract pollinators in
organic vegetables to construct predator-like and parasitoid-like environment.
This year more trials are operated to create habitat for natural enemies of
corn borer, mixed planting of annual flowering plants in the cabbage field
area and the habitat manipulation of organic rice ridge for pest control. The
results shows that artificially planting more plant species which were
selected from farmland increase biodiversity and the effectiveness of
biological control functions indeed. In addition, the analysis of the habitat
manipulation in rice ridge shows that different agricultural practices affect
the invertebrate diversity of rice fields. It is important that improving the
identification of predator and parasitoid species and the screening of
vegetation plant which can be shelters for indicator predators and parasitoids.
This study will focus on the habitat manipulation for further study and
promote to the farmers in future.
Key words: ecosystem services, hedgerow, organic cultivation, annual

flowering plants, habitat manipulation

79



APITEE P LA R S A A PR 56 T PG i SR
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Co-benefits of raising native chicken in tankan tangor
orchard
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E-mail : lithops@tydais.gov.tw
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M 15 B2 20 SRR ERE 0 AN 5.6 54RO
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ip g gt B2 107.6% -~ 161.4%% 215.1% o

wHk s A A2 K (020 cm) % A2 A (20-40 cm) 2 T4 2 4
7B A2 Y ek R (pH) Mk 1582 20 83 - A5 562
54 HFEBR A I0L 2% Rt 72 a%% 108 15
[ k***r?ﬁ AR BFB A28 THR (EC) B~ 4wz
WZ BRI AR IRF ME4 7 E %L 152 20 ERF 5 30%4
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THER Bray-1 Mehlich- Mehlich- Mehlich-
FIL R T HCl  HCI
(1:5) & L4 14 14 N

dSm' gkg' mgkg' mgkg' mgkg' mgkg' mgkg' mgkg!

T W 47  0.12 18.2 18.6 153.4 455.6 1534 3.1 7.1

2tk 108 52b° 0.12a 21.8ab 23.7a 180.3a 5455b 150.6b 3.1a 13.2b
%% 158 56a 0.12a 232a 248a 2108a 7445a 219.1a 42a 16.0a
% 20% 54a 0.13a 183b 29.8a 2213a 717.7a 188.8a 36a 18.6a

% EE S.1b 0.12a 21.0ab 225a 1944a 4750b 152.0b 32a 6.5c
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& 158 1948ab 63.0ab 714b 35a 12.0ab 0.77a 519a 4l.1ab
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ErHeZ dPerams g 4302 3325 HL2
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S R ﬁ‘f‘}ﬁii’ F% g N8R 10 L2 0 B ?TF'H”f
W R AR TRem vk o Bk m £ & > ¥r Rapisarda

% (2010) #Fk ;.5 # 02oQuaggio £ (2002) ¥F:tF I § Fades ﬂ*j‘
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AEH T EILITH 2 T 5% 0 PR AE N 12 e o F
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4 FHEFCR LR AT A 4T

H (+:7/64m’
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Abstract

Raising poultry in the orchard potentially can help weed management
and pest control. Poultry manure is high in organic matter (OM) and nutrient
content, which can reduce the need for external orchard input. This study
aimed to investigate the effects of raising native chicken (Gallus gallus
domesticus) varying in density on soil quality, fruit quality and income in
tankan tangor (Citrus tankan Hayata) orchard. The pH values of the surface
soil for raising 15 (R15) and 20 native chicken (R20) treatments were 5.6
and 5.4 respectively, which were significantly higher than other treatments
after raised 16 weeks, wherecas OM of R20 was the lowest. There were no
significant different in electrical conductivity (EC) and the content of P, K,
and Cu among all treatments. The content of Ca and Mg in R15 and R20
were higher than in R10 and bagasse compost (BC) treatment. The content
of Zn increased among each raising treatment but BC. The pH, OM and the
content of P, K, Ca and Zn of surface soil were higher than that before raised
in raising treatments. In subsurface soil, the content of Ca, Mg and Zn of
R20 treatment was the highest. No significant effects among treatments was
noticed for soil pH, EC, OM and other mineral content. In R20 treatment,
the fruit weight was heavier than other treatments, and the total soluble
solids was 12.5 ©Brix, higher than BC. No significant difference in peel
thickness and juice yield among treatments were observed. Fruit yield was
higher in the treated of R20. The income in R20 treatment was the highest.
The major cost of production in raising native chicken were man-labor,
native chicken and feeds. Feed from feeder native chicken will decrease
production cost. However, it should be careful with the increasing of soil Zn

content.
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Abstract

There is no supply of commercial organic seed in Taiwan currently and
the organic producer use regular commercial seed for organic seed treatment
and seedling nurturing. This study investigated the organic seed coating
substrate and modified the formula depend on different crop. We also added
disease resistance, immunity and nutrient uptake increasing microorganism
or biological materials to improve the convenience of mechanical sowing
and remove the seed borne pathogen. The result shows the treatments of
50°C hot spring soaking for 30 minutes and 70°C dry heat for 2 days can

sterilize the seed of broccoli, cabbage and pepper.
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CK 100a 100a 98a 99a 95a

Means within the same letters in a column are not significantly different by Duncan's test
at 5% level.
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Means within the same letters in a column are not significantly different by Duncan's test
at 5% level.
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at 5% level.
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at 5% level.
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Development of the Production and Marketing of
Organic Fruits and Vegetables in Japan

ABSTRACT

The research team in this study traveled to Japan for a 6-day
investigation from September 19, 2011, to September 24, 2011, on the
development of the production and marketing of organic fruits and
vegetables. The goal of this investigation was to learn from Japan’s
experiences of developing organic agriculture, survey the current condition
of Japan’s organic agricultural development and cultivation, investigate and
assess the feasibility of introducing relevant technology, and establish
contact and exchange channels with Japanese institutions engaged in
relevant studies and promotions. The major institutions and places visited
during the trip included the Sustainable Agriculture and Environment
Adaption Division of the Ministry of Agriculture, Forestry, and Fisheries
(Chiyoda, Tokyo), the Japan Organic Agriculture Association (Bunkyo,
Tokyo), the National Organic Agriculture Promotion Committee (Setagaya,
Tokyo), the Mokichi Okada Association Nature Farming and Culture
Agency (Ohito Farm, Izunokuni, Shizuoka), Yamadagawa Nature Village
(Mishima, Shizuoka), JA Shonan Fruit and Vegetable Market and Organic
Farm (Kashiwa, Chiba), and Ota Market (Tokyo). The topics investigated
during this trip were as follows: (1) current development of organic
agriculture in Japan, mainly including laws and regulations about organic
agriculture, current policies for promoting organic agriculture, and the
environmental conservation-based agricultural certification system; (2)
current development of the organic agricultural industry, mainly including
the Japanese Agricultural Standard organic verification, 3N organic farmers,

organic agricultural production, and the output value of organic produce; (3)
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current development of Japanese nongovernmental groups for organic
agriculture promotion; (4) current research and development of the
cultivation technology for organic agriculture; and (e) marketing and

markets of organic farms and organic produce.

Key words : Organic agriculture, the Japanese Agricultural Standard organic

verification, Organic fruits and vegetables
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ABSTARCT
For the extension of organic farming in Japan, four volumes of "Organic
cultivation techniques guide" published for various crops in Japan is
available for both printed version and free online version. This article
summarizes our visiting experience and the guide of pest control in the book,
including cultural control, physical control, biological control and chemical

control. The pest control methods may provide insights for farmers in Taiwan.
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The Management and Marketing of Organic
Agriculture in Japan

Yang, Hung-Ying Chang, Hui-Chen
Taichung District Agricultural Research and Extension, Council of

Agriculture, Executive Yuan

Abstract

The organic farming promotion law was announced by Japan
Government in 2006. The basic policy of organic farming promotion law
was established in 2007, and the action plan was drafted. The ratio of
organic farming area to total farming area was 0.36% in 2014. The
proportion will be increased to 1% by the government in 2018. The
Ministry of Agriculture, Forestry and Fisheries of Japan addressed
“Establish organic agricultural technique and guidance system”,
“Strengthen consumers learn about organic agriculture”, “Common
propelling systems were more than 50% of cities, towns and villages
throughout the nation” 3 strategies and put forward 3 projects with across
boundaries concept. Authorize associations to investigate consumer
requirement, price and yield relationship, selling channel and price,
analysis the market of regular transport to home. The consumers mainly
concerned for organic products safety and environmental protection. The
organic farmers invited consumers to supervise farming activities in order
to build up consumer’s trust. The mostly organic products were sold by
vendors. Direct-sale-store was the newly direct marketing. Organic food

store not only sold organic products but also operated organic restaurant.
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The six-grade industry model was combined with natural agriculture,
preventive medicine and esthetics concept in Japan was observed and
collected as Taiwan’s organic agriculture planning and enforcing

reference.

Key word: Organic agriculture, Policy plan, Management benefit,
Marketing, Consumption trend, Six-grade industry, Inspect and
learn.
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