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Current Status and Management of Biopesticides and its
Prospects in Taiwan

Hua-Fang Hsu, Tang-Kai Wang and Ruey-Jang Chang”
Division of Plant Protection, Bureau of Animal and Plant Health Inspection and
Quarantine, COA

*Corresponding author. E-mail: rjchang@mail.baphig.gov.tw
ABSTRACT

Biopesticides are divided into three categories including natural products,
biochemical agents and microorganism agents. Most of biopesticides are classified as
microorganism agents, and the majority components of microorganism agents are
Bacillus thuringiensis and Bacillus sp. which has 24 and 10 agro-chemical permits,
respectively. A total of 52 agro-chemical permits of biopesticide have been registered in
Taiwan. According to the statistics of agro-chemical production report, the biopesticide
productions were only 0.401, 0.295 and 0.225% of total pesticide productions from
2009 to 2011, respectively. The amount of production was far lower compared to the
global biopesticide production, which was 6.46%. Besides, the demand of food safety
from consumers and the booming of organic farming contribute to accelerating the
biopesticide development. In coping with the need of more biopesticides, the Bureau of
Animal and Plant Health Inspection and Quarantine (BAPHIQ) has decreased the
requirements of biopesticide registration on the basis of product safety, if the
biopesticide is developed by using local microorganisms as active ingredients, the
testing data of toxicology required for product registration has been reduced to only 3
items, including acute oral toxicity/pathogenicity, acute dermal toxicity/pathogenicity
and acute pulmonary toxicity/pathogenicity data. In addition, it does not need to provide
the data of wettability, stability test and pre-heat treatment for heat tolerance.
Furthermore, BAPHIQ continued to revise two key regulations on agro-chemical

registration in 2013, such as “Regulations for the Physicochemical and Toxicological
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Test of Agro-pesticide” and “Standard of Agro-pesticide Field Test”, a step further to
reduce technical barriers in achieving the goal of promoting biopesticide production.
However, biopesticide registrants encounter several problems in Taiwan. First, the
microbe’s complex biological characteristics are difficult to fit the unique regulation of
product specifications. Second, the quality-control data are related to the business
confidentiality. Third, the requirements of constructing biopesticide factory needs to be
clarified. Finally, shall biopesticides be listed as least-regulated pesticides? To solve
above-mentioned problems, it is necessary to establish a single-desk unit to provide a
pre-registration consultation and regulation advice and to set up the standard procedures

of research, invention and registration for enhancing biopesticide development.

Key words: Biopesticide, Agro-chemical management Act, Microorganism agent,

Agro-chemical registration.
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Current Status and Management of Microbial Fertilizers and
its Prospects in Taiwan

Ying-Ming Li
Agriculture and Food Agency, COA
Corresponding author. E-mail: 0010409@mail.afa.gov.tw

ABSTRACT

Agriculture is a fundamental part of national industry. Fertilizers are important
materials for agricultural production. Fertilizers quality has directly affect the
agriculture production environment, crops growth and the benefit for farmers. Farmers
have diverse habits for fertilizers application. The straight fertilizers or compound
fertilizers usually mix with minor element fertilizers, plant growth enhancing agents,
organic fertilizers and microbial fertilizers, etc. The commercial goods of microbial
fertilizer have increased drastically. For protecting the right of farmers and sustaining
the safety of soil eco-environment, Council of Agriculture had modified the Fertilizer
Kind Item and Specification on Jul. 29, 2010, increased six item and specification for
microbial fertilizers. Furthermore, microbial fertilizes had been incorporated into the
law and regulations for fertilizers registration and management. Up to date, six
fertilizer businesses had gotten the registration certificate for microbial fertilizers,
fourteen brands on sale for farmers to replace part of chemical fertilizers. In the future,
face to the development of microbial fertilizes, it need to reinvestigate the item modify,
accelerate the check-up the strain safety for microbial fertilizers, simply the programs
for businesses to get the registration certificate for microbial fertilizer, help businesses
adjust produce regular products to fit rule of fertilizers items. It will through technical
transfer let research achievements of biological fertilizers to fertilizer business to
create new products of microbial fertilizer and enhance the industry development of

microbial fertilizers.
Key words: Microbial fertilizer, Registration, Management.
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industrialization of biological pesticides.
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Promotion and Strategies for Industrialization of Microbial
Pesticides and Microbial Fertilizers

Ruey-Long Chen and Guo-Chi Lee”
Science and Technology Department, Council of Agriculture

“Corresponding author. E-mail: coachlee@mail.coa.gov.tw
ABSTRACT

Owing to the rising consciousness of environmental protection and increasing
concept of safety agricultural products, more and more people pay great attention to
both environment friendly and food safety. Therefore, biological agricultural materials
have become a notice topic for agricultural production. The microbial agricultural
materials development is according to the concept of competition and balance within
organisms and it obey the tendency of ecological development. As to the specific
geographic environment, the microbes are diversity in Taiwan. Furthermore, it has
highly energy for microbial research from academia and research sector, which it has
built highly potential for developing the microbial agricultural materials in Taiwan. Up
to date, it has dozens of trades of microbial pesticides and fertilizers in Taiwan, but only
concentrated to limit kinds. Otherwise, microbial pesticides and fertilizers application
are restricted to specific industry, not famous accepted for farmers use. Therefore, it will
face to the problems for developing the industry of microbial pesticides and fertilizers,
and incorporate the global logistics plan for agriculture science and technology by
Council of Agriculture. Six development strategies are raise for microbial pesticides and
fertilizers industry. First, establish the institute for agricultural science achievements
industrialization; second, developing diversity products; third, integrated application
demo and extension in the field; forth, thrust the industry, academia and research sector
alliance; fifth, enforce education and advertisement; sixth, enhance the investigate and
seize action on illegal goods, etc. It expected to active the developing energy and

connect platform for microbial pesticides and fertilizers on industry, academia and
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research sector in Taiwan, set up the institute for agricultural science achievements
industrialization, provide assistance for achievements industrialize and marketing plan
and layout in Taiwan and abroad to reach the development goal for industrialization of

microbial pesticides and fertilizers.

Key words: Microbial pesticides, Microbial fertilizers, Industrialization.
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(clearance) &k} - 55 EPA RIEHELHEE (review) 12EIAINBUNHIEEZE -

EPA KAV E R /B AREM B B2 - K EAEMaEEY) -
tEY) ~ B - ERZEWERWE - GIUUHSE - HERETWEFREEH - AE
EYIREERFIS T BEREE ~ K KRIRATENFEEYATIAER (40
CFR 158.2100) - EPA {X B E R EVIIREE ST Ry 151 3 ¢
1. Ay 2% (Microbial pesticides) : fR#5 & B I F5 /£ (Code of Federal

Regulations, CFR) 40 CFR 158.2100 - £ 4= 47 2 & s > (i A= ) 8y — 8 A1 4
(1) EZMAY) - Galfias  EEAERE D Q) EREEY - G E4HE
(Eubacteria) HATH4HE (Archaebacteria) %5 ; (3) 24l E BV NETT » B
ERES o MMAEYEE BT AR ERNSEE B -

2. 4 {EE%E (Biochemical pesticides) : fE#& 40 CFR 158.2000 - 4 {LEEZEZI5H A
FFAEEUE BERZAYVE SRS B DR EIE - s B AE \NJERYESE |
EFESE o H5E B(RIEEEHYE (environment demonstrating minimal
toxicity) - i & EHYAE LB SRR Fall R E A S DIRRE 55
R AR E RSB I E A - O DR T EE S (1) (LM
Y& (semiochemical) » #1E%5% (pheromone) Eig;%5% (kairomone) ; (2) X
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YIRS EE AR FH AR (3) RIAREET [ (attractant) BLZEH] (repellent) ;
(4) B#& - BIHERAYENE DR HE A LRSS - AIZACH EPA Frafv4Aqk
514EZE & (Biochemical Classification Committee) » DA ZE 287 5 2 AR A E H
e AR A LRSS -

3. EEELRIMEY){E S (Plant-Incorporated-Protectants, PIPs) @ #I| FH Z: R ME 4 iy » {5
tEELE YIRS T - BIRIER TR AR a2 0 B R EE 2P - (0
ViEiE iR e R HER E - H AAE O EBUEEYEE EPA By -
tEYIRIER YA EHEE -

(Z) HFEEB SRS

EPA GBI 35 B R TR 2 an S s Al > S s Fifes p & 3 (pre-registration
meeting) - 5w A BRI S M BRI ES - BHEETRESE M SR - &
i
1. B EIRA AR

(1) SHE&ER (@) EanfrtE s (b) B ABGERE R EREE (Human and
environmental assessment for food safety); (¢) EEZEFERE A& (d) BIFE -
(2) fE&&:EN (Labeling Information) : (a) §:ZE&dE (Occupational data) ; (b)
(BRI 5 (c) BWEHVESE -
() FréavAFRHE s E HAVTHRZE -
2. HSEZE 2 % St
(1) JeER ARG ER (LEERRE - R IfE F IR ) - BEEE
b s BRI IH -
(2) SFEZHFFECHAREER - HEZETHEEREIS - DlaHhE
R A B (R R R R AT B
3. K5 Bk M EREENGR - ElS e - & &A ey EA
g - i [EElEEEE (coordinates risk management with applicants) » PR E
T B EEEEE -

SARYE 40 CFR 158 7 HE » A8 /AiE s kM fEE mI R LI &R
REER AR - FEER - IFHEAY IR ER | A bR R R A B
KAETE BB - BERHER - ¥ ABEENME ZHZHER - JEH

A R B EOR) § 777 40 CFR 158.2160 2 #1 » EPA R el it aary s
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% (efficacy)” - BRIFE IR B GHUERETHISE - EPA A &35 & HEERY - HER
EPA REEEAEYIREEH R (B EOR HaR B ORI R (E % A an Ry A 80

H EPA {REH DU AT A EORIECEESCE RN BRI 58
SEE AN B AEETRHEY) - SiRTE R A AT RE S R R 2% B S B R R
BYEER R mETEEYE My - TR S B EY 2R 0 AR
SREYIECTENE - SEGBREREE -

(Z) MEVRESSTEREX

1 BEEREER
R 40 CFR 158.2120 - AV 4R M T BRI EOR B E N1 3 A8
(1) FEMEEMEBEE - EfEEREE - AEME - BT FRERE A
Z TR o
(2) 3t RFUASIEAE Z PRIE © EFERSoIT RARARARAE -
() P RABERFIE - BUFEBHE - VIELIRAE Rk~ HOR G N2 e
TR BT - IrEZEN  RatE - EekE - BRinE - 350 - RS
M EREE (FEE) -
2. BMEBRER
fRHE 40 CFR 158.2130 » AR VIREEEE fn T RE S AR RREAA] > BUZH
BN R AR A B A YA ERVHER > H e asEdnt L
AARRIEZEM AR 2R AR KR ER A EEEE - 1Y) Ry
M~ B E R RE RV R 2 Tk ~ ITEEEN ~ IMEY T
HEEE - RANETEEE - REHKRATHREE -

3. HHEHEXR
fRHZ 40 CFR 158.2140 > AP g s B Bl 20K o Ry =g Tier 1111 > S

#ELT Tier 1> FHR Tier | GEREFHEE A HEA Tier 11 - [E5HY - 35 Tier 1 GEREUR
AEMEEERME - RILVEHEST Tier NEYIEE - d15Y Tier N AYEEERATAE AT RE AT
EVIRHEA FAFTEREE > SARDSHEYYEZK IR F] > NEE R #E T Tier
SRR TR 2 E TR -
(1) Tier | &% © DREFFMEEGRN: ~ s 2omtE « RN TEERTE
(FFARCES ~ REREESS) ~ e RE ~ dlifss s - RS HEN - 8

B~ MR~ SRR R S R R
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(2) Tier Il E14E © SxMEHEH - soSMEHE AR -
(3) Tier I 4E © BFEH R BIET 7028 ~ B0 - st - B EE0HE M
I3AfT
4. FEEBEYRIERERER
9 40 CFR 158.2150 - i E Ve8] H AR A ) RORR BRI E0OR 77 Ry DUl g
Tier I-IV > [RHRAT— P& &S ReHbE S & A N —FEfE - FHHR &7 4R HE it 8 1
A EEAYA B B A ME(E - B Tier IV R]DIGEC1& S (post-registration
monitoring) HY5=CETT -
(1) Tier | fufE © SO RENE - BERAGZH/EHRME - BrA M A0 EE
Pt ~ BOKREEMEEDRNE - SoKEEEHEAYIE M EURETE - O S0EK R
abE ~ n B KA e AR Ve - JEE AR  IF HAR R aia e
F e
(2) Tier Il EufE: FEIIREFRIAEAES (terrestrial environmental expression tests) ~
R/KERIR TR e ~ TR/ K B BRSSP el
(3) Tier N ffE © SRS MEBUR IEBLAEFEE S ~ /KA FRA AR Y Bt B
R AE S 2 s R K AR REEER -
(4) Tier IV &5E © BEIET A=AV~ FHRTE BRI /KA A2 Y~ FHE R -

Z B

BUOMNIR Ry 2 EREZHAVEYIREET S - /AR ECE 2 H 27 (Eg B BIgH R 2 B
BEARS > EmM bR RIE R B E SN > R S B EBUNIVEH - BL
SHRREES LRy R E B2 JEMEYIE (active substance, BIERUEST) HHEREE)E
WEZ - HEEHRBEON & a4 45 (European Food Safety Authority, EFSA) ## >
i AEC e (European Commission, EC) #1]1% » &F GV E YR EEE
raA A BB &g BEEE  miER S UR EBUREA L - (55HE 2012 4F
NERE ETREMEYES) 80 IH - N Y BRI Z AV A RIEELCEE » AAIR
LB ShAOHERS » By T Se ST - BUERY 2009 SEAHAVEY) (REE R b
MTARAN > AR 2011 4F 6 AemEA  BENSHANNEYIREEEEERE -

(—) EEMBIES
1.1993 4 - 2011 4

(Eal
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1991 FRON R EEFRBON T ILF G HEFE E & 55 Council Directive
91/414/EEC ( fi5ff# Directive 91/414/EEC ) i/ 1993 4% Directive 91/414/
EE 257 | B AL EE AR R (DD N RFEEMEEAL -

Directive 91/414/EEC RHEYIIReEFE S50 70 R IS B - S5 —TREL RS
YEEL £ IERRELED - S lERBREER RS - EHEYEKEN &
imZ4f5 (European Food Safety Authority, EFSA) 2B 1% » B HEZRA T B
HEIY R EsZ B (Standing Committee on the Food Chain and Animal
Health, SCFCAH) » &8 SRR iE M - mBAEMEY)E A #51 A Directive

91/414/EEC Annex | 7t » 5275 B Sy BR8] 4 P Y R B e pn I TR VS M E. -

B IR ELEERENEE g BEEN - BEEEmL DR RBER BN ST
B Rt EEEEYE#SIA Directive 91/414/EEC Annex | 1% » FREEE VA
[ (F{n] & S FR AR 7 ek S S B B E 1T E R e 2 F R B
WR RS H T A LN E EEUHENN 11 B b ES RS 11 B A
B > EERMES BT o EERE ES - A BREREEAG Council
Directive 79/117/EEC DIZE IF & AR E G MYV EIVREE E -
2.2011 F£&45

HAFE Directive 91/414/EEC FR3¥5f R SEER AW P& EC Y E BEAS £ - Al [ E S
TEIRRHIR TS - WREEREN S » AES— R E s A= Es -
i (EHIE Gh a7 AEY REEE SR - BRIE R gHE2 IA Bae #iEE DU
TTHE AP Z 0% » ORRHRGED BB T A B B - B rRERIdEE N
FCENYIERE - PreSEREE Y HAY - Al HE & 5 B R A% 7 s AR o < 3 » 2009
FEE AT AVEY IR 2 fm ARl Regulation (EC) No 1107/2009 ( f&if
Regulation 1107/2009/EC ) » H{f{ /R A Y Directive 91/414/EEC Ei Directive
79/117/EEC - Regulation 1107/2009/EC > 2009 &£ 12 H 14 HA® - iiH 2011
F6 H 14 HeEHBEHREERSEEE -

7t Regulation 1107/2009/EC HYZEHET » EEEE BRSSO 4ERT A 1Y WA P B
HIRE - 20 Bk - JEMEYE B EREE R - RS TETER EFSA A 0 I
ABEHEEE (EC) £k » A e AL aEYE R REEE miz X 28
HEEE - KFE B SN AR A E

EBRE G AT A BEENEEAN - Eon DR AE R E A A

B
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SEELEY) RS WAEEMEYE ME M B ERERHAT » & HLEYE
(chemical substances) Edfi4:=%7 (micro-organisms including viruses) W A 511 E
R HBH - fE9¥% Regulation 1107/2009/EC J; Commission Regulation (EU) No
544/2011 EZ  "W'&E (substances) | Ef5{E2 T2 (chemical elements) K EHAL
&%) (compounds) » EFERIAVIEEN TEUEE - 35 5 N TEUERIE Sl
REPTE AR Y 5 DAY (micro-organisms) | ZFSEAAIAEY) - BRI
FERVHER - W - i - SRR AT ER R S E 2 IR e EE
AR ~ BEE -~ JRAEEY) - s B (viroids) © 280 - HEY)2E) K
Foan e & 58 5 — Mo F B N A YR EL s B AYE - NN Ein s - N
IEAEER PR E RS 22 MR I A LYY E SR HRRE -

(Z) HrARIEER

Regulation 1107/2009/EC &N A EFE R MR EMEYE S EREK
WS LB K ~ EEdne Al iz 2 S — TR Al ~ B S RE K ~ 2 AETEMEY)
UEEE > HAETCAMNHEHBENsSE G (F—) - Hfb o ZEEEYE
ﬁ@%)ﬁaﬁgﬁ?‘ﬂ;ﬂiﬁﬁZEE tEt 255> Directive 91/414/EEC Annex | 7
B B0 EE A SR E R 0 53 &R ¥ AV Regulation
1107/2009/EC #:HHI| - Regulation 1107/2009/EC [ T IECAh » BHE 5 {HEMT$E
(Annexes) - Annex | 2 & e BEIRIAH G &R (mutual recognition) FY43 &4 E >
HrhfEB A & By BdL ~ T~ B =E &I 0 Annex | BRBHVE MY EZ A
TAE Annex L B H AR A EY) (Re€ e w2 B (co-formulant) H AT AZEH
Annex IV EREAELESSEGE P Annex VB ELHE BERR IS S BLFR A% -

—
a

H&EH\WW
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x—  BREY R i BT EEEAR A

Table 1. Plant protection product regulations

H I N
Regulation (EC) No 1107/2009 YR L TR A

Commission Regulation (EU) No 544/2011  JEMYE (B ST) B et BB K

Commission Regulation (EU) No 545/2011 & S & st ERIEER

Commission Regulation (EU) No 546/2011 & St Bk A 2> 4 — 5 Al

Commission Regulation (EU) No 547/2011 & SR EK

Commission Implementing Regulation (EU)

A
No 540/2011 & No 541/2011 BAE YRR
Regulation (EC) No 396/2005 & o
y - AR KIS EFE

No 178/2006

BRCR © BU © 2BEORIT e B YRR SR e LR

1. rEEHEBRIER]

Regulation 1107/2009/EC FiE EMEVVEZ AR T e FE RIS (cut-off
criteria) | - ELEE EEVIE ~ LR/ (safener) ~ HERGE (synergist) & A MG
FAEEN - AEE ABRS SRR - Y BT EHEFa4h o bl
2 18 IR 0 2] B IR (R B AH A B A 2122 80 (mutagen category) ~
(carcinogen category) fz4EfEEEME (reproductive toxicity category) » H g F i
> Regulation (EC) No 1272/2008 .~ Part 3: Health Hazards t » 1fij ¥f A\ SH#E RS
FHIANUTHEY) (endocrine disruptor) &R IHIEE 3 » S5 BERIEAH R IA]
BRER ARG EY) (POP) ~ FFAME ~ AV REREM s YE (PBT) ~ &
M~ AV REEEYIE (vPvB) - RF IR B EAEYISREENN L HEY) -
H.rr POP -~ PBT ~ VPVB EF R &Y Regulation (EC) No 1107/2009 Annex Il (=
) 28I AR BB EVERE TYIMEGIIMET - AlGLUE A SRS SR
F

(1) FREUEE - ATEFE - (D) Wb BV & R EEE anlE T
NIRRT EEEYE ~ 228 - WREIHIEIE o] LURES » Bl zE i
it Y B B B e B R A G A - B AR B SRR E L -

(2) PEUEE -~ AEFWE - (NERIRE) NbTHHEYIER - F 11
fEYEFEAREREE - HHmEEARAIE (BEIMEETTE) - Al

41



SRV R T G H T

JEEPTE A DA IRV AT - (A AR 5 4 -
T B bR TR

Table 2. Categories of banned active substances in EU

NS (e FEAHRH SRE A

1. Mutagen category 1A or 1B* 1. POP (persistent organic pollutant)
2. Carcinogen category 1A or 1B* 2. PBT (persistent, bioaccumulative
3. Reproduction category 1A or 1B* and toxic) substance

4. Endocrine disruptor 3. VPvB (very persistent and very

bioaccumulative substance)
4. Endocrine disruptor

5F ¢ *EFE A Regulation (EC) No 1272/2008 7 Part 3: Health Hazards Ffi7r~ o
ZRIICHE ¢ Regulation (EC) No 1107/2009 5 B4 RS I A 1R 2 SERFZE o0 . -

2. MEAREFEA

Ry TR B BEE i 2 %6 & > Regulation 1107/2009/EC #i7E & &= Y
MHE &Y. (mutual recognition) » fFELEEEN 73 R dL ~ o~ BF=1& - AN EEREEET
— g BEIGE SRR o NEEEA B R AR - HA e & B A E R
Za i N AR A EmE S REHEEME &Y BB ENEREZORRNE -
BEAh > AR EEE e AR E o BUGE R R - TR - R MR
A& > RIS E R &R AER - it~ o = EEEEEE
B HESUE R AR ATET Annex | (=) < FrdR Al 42 Y oo AH &G AL -
AR AT T EE B EU R - AR TS SO A dn AT AE 5] — & A HY HAf B
PUREUSEEC

== BEEYIREELER SR
Table 3. EU mutual recognition zones for pesticides

65 I8, FHE

Zone A—North  FIE5 ~ B)0fend ~ ffiidEnn ~ T7Fg50 ~ 7 - Fmit o

EEAIE ~ v ~ (8 - WM - EARE - &5 A - forkd ~ B/

Zone B—Centre

HF ~ R > ERISJERE  BgdEenr ~ Ba e ~ B -

TRANFIEE ~ ol ~ PEIES ~ VAR - R - ZE5 80T ~ B
Zone C—South e
fttL ~ w& -

ZORIACR ¢ Regulation (EC) No 1107/2009 Annex | ; & B4 22 A VRS A e g rin 0, gt -
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3. B

KBy T ] RE R B A\ BSPAFRIE Y& EIF F 5K - Regulation 1107/2009/EC
H A (substitution) #&H] > {24 DA 522 Y A dm B 5 A SR HUA i 1
EINEEE > FINHAEYRESIELE T AERBMARITE - NELREEE
(comparative assessment) #7E H - BRE R A E = B bR E Y ETH B 51 Ao
Rz (candidates for substitution) » 77 & B B8 & &8 WS Y B 1V 8
LI > FEBLRA RS E(RAVE RO A MR ERAES (EfRE{EEREE)
JHMEEITERH NERIREF 72 A LERESHYEN ST it
SV R R RARAVE T RIS MR 7 i 2 38 > SRR H o i -
BEAN - ETEERREHET - [FIRF IS B AR AL i o R & i B s AR B
BRI B D EEY 2 EHARK - IR —g BRI A S A S EEY 2 Ein
R IR A A 256 A 1 F s e E B A &SRR AN » B (IR S M S %
HARR By 7 -1 (5 (U EEYIRY FF & R 5 EHTY Regulation 1107/2009/EC Annex
I EEEEFE AR RIZITY Annex IV
4. fEREEEEYE

HrR AT R IB SR IR LR LU B A R S o T AR YRR 4 m i R M
RREBRHVEEYE - NIRRT A RN Y R RS R - (REREME:
YYBIIZ AR By 16 4F > Eb—ROEMYER 10 FHAREX - FIfRNEEE
B/l > He BN E S RE R EEYE B AL E IS ER 120 RN » &8
BEFEELSERN - A s e AR RS iR - W 6 (A N - #FF
FEAEIEMER O E T EEHE Y 60 K (HEHEH B R
PR SR AT YR EE - mIREIP e EAYTHEE -

4 Regulation 1107/2009/EC > Annex Il FI|H AR5 R ESG ETEYE >
KR BEEUE - BiZEE - ATEEME - BYREER (sensitizing chemicals) ~ FIE -
PRI ~ TEER M ~ FEOMERY ~ AWRIE 4% (bioconcentration factor) =74 100
RN THEY) - BA e H BRI R - RIS (LB R % E iR EE -
5. WIHHZAEER

BRI T B B TR A 2 IR - ¥ S E A TER 30 (EH N5
i AN RN T RES - &8 B A T TERZE - RREARTS
ARG R AE Y SRR E M b IR 3 N -
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6. BEEEAERE

Bl EEY ReE E rn S TEBREE 2 BT (1 F A e Rl 2 SR BEEs B
ZEHEREYREE D (Use plant protection products safely. Always read the
label and product information before use) | =Fts ; H 0] DL SFEREAY 4TS » (a0 " #%
BRI ~ Aeaa il ~ FREFK] (fungicide, insecticide or herbicide) ; HUft " P Fra& A
(plant protection product) ; FYFIEE « NSRS SR HEL TR - i
% - % (low risk, non-toxic or harmless) |, Sz IR - (&€ EEHEYITE
A A E S B TS Regulation (EC) No 1107/2009 AFRN - #ekz AL Ry fE
JE b tE ) P L (authorised as low-risk plant protection product in accordance
with Regulation (EC) No 1107/2009) | =F4] -

7. REKEEN

% Regulation 1107/2009/EC 4} » BREEFATE 2009 4F4E## AT Directive
2009/128/EC (X TE RyR ek EHEMTE ) » X FERBEHRRTE#E
(National Action Plan) - 5% 7E HAR R IFREIEE » DU RS (s A SRR SR
JE\b 2 522 - Bl EA EAEYIGTEER (integrated pest management, 1PM)
FOE M ek - LUB VSR EER AR o AR AT A IPM JF AR {EAE
2014 F 2 Filt IRt T - ECEEE SRR IPM BRI E1Y
A o FEERRRAVERR - B3 DUEY) R A0 IPM SRES o022 BRI 2 fa
(&A1& BEA O ZHEH 2 ERaErHY IPM sEsa T - DU e bt i e (50 FH & =
Y22 -

(e DL ERAIAE Y - BRERRTHT R AR AL AR R SR A R R R R T > &
EINRE S SO - DUSAREA A AR - (B [E— @A ER 8
A ZER LAVERE - SR EERREL R RRER - BIRHT LA R
JE S B > TR B AW R S SR DU R3S ) - BENMERR
taEYIORE A fn B AM - R RIS AR U ~ (RS MY e S
(RiEmZ e Em B e Bt A % 85 HEEIBCR @ a3y 2003 4
=\{T Biopesticides Pilot Project » i/ 2006 F#i:H, Biopesticides Scheme » 753

il

AEAG N EFEEEE T MRS L B 5 AR TR RER
FREET KAV R AT B - HEBLER R AEREBUR - THETLL TRV /£ 2018 4
EFIREERE 50% HYHE - LACHERBER R T BB L Y S SR
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(=) ERRBEURIE
1. EEWE

Regulation 1107/2009/EC FigE M EEmERS S S mivEEYE
K ESEALE AL S SO E TETE Z BT - It AR S SO AN EE A E M E -
R R BRI AN T - Hhag ballny e EPRRE AT - &2 (th
BTl ) ~ ARERREMEYE ZBUE - s E ERGEOME  (E—)  HEE
# (applicant) {725 H 55 X (dossier) - EIFESEHE L MFELHE - [MF L E A
(Rapporteur Member State, RMS) f2H1FHEE - Hic & BEIUEIFHEE 1% - TR
XHERET 2 TR AHBREERSE (HHER TR RSN EEIERE S
FH) o HHF AR il BER R F AN —E RN - Bz
[Rigte iy 3 (EH - HHFERNIRASERAS - QIR ZEARIL - S H &
e SR BERERFEE - At EE - BEME G Kk EFSA - 1L
EAEEYEE AR -

EFSA HEIZRIIE AR BH B 3R S 2 2 (BE IR A A 2 YRR T > A
NFAFFEERRENANE - EAEMEYEEERFN 12 HAN > Sidg8E
AN R E S 22 (draft assessment report, DAR) > i gIIA%5 EFSA

S
EiZEDAR

BN eah e 2
JSIEFSA

- 5| FLgER
BREEE e
‘ v <-1 HFEREREZK
A ' NINE Lo )

e remnEs | o esamxmma )

=

S
Conclusion Report

vt [ mewm | ] 0wE | (g
A W RR H[ ERESS ZE & EC ]e

#F 1 : RMS: Rapporteur Member State; EFSA: European Food Safety Authority; EC: European

Commission; DAR: draft assessment report; RR: review report.
it 2 AR E L AR S D Ry EPE L - B PEER RIEEE (BRksy) FE - 08
B RELEL ) RS ITERZFERE -
ERPE © Regulation (EC) No 1107/2009 5 /&L IHTE e AW 2 ST HU L BE B -
& — - BUREYREE Y B EERE -

Fig. 1. Assessment process of plant protection active substances in EU.
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BRSO E Y R ST SRR IR AR R - £
HR EFSA UREISTEH &SN 30 RNEHERET A ERIME &
B SeFFHREER 2 ERSHERT AR AR AR S N ATIREER - A
PR ARAR 1Y 60 FPVBZEEE IR - 4k - EFSA O
HEEHEH ) 120 RAGHESEHYE RS SR R 0 12
TTHEG - MEGFRUEISEREET 6 (87 PR ERES (eview report,
RR) > A E TSR NAREER  ARRE TR RANENRE
B S RS EAEE -

BB ER ZEEYE A RIREABE 10 F > WGy E R
(renewal) JH[REXIEAEE 15 F » HEMNGREEEHAIHEE % - AlREEY
FREMERZE 5 £ -

2. Efm

Regulation 1107/2009/EC JRFEIEYIIReE A m &SR EEC - & Em T ZEMY)
B g ORI S EE AR ER A > EBIEIA AR Annex N FRAIGRIE - A
REFFER APPSR E AR - HYRE RS e (B2 HE5
F % BRI AV RE 2 WA S - BB - R AE S
Eah UG MEYIE FRGY Z SHEE R « B R o WS AR SR A A
ERAEE g BB S A AL B R fR N RS A R - i AR S EIEOR - HIGE
XA FEFEAZ B Z B ITEE « RIEEAHREE SRRy - FEs & il 20K E r E IR
( F B R RF AR PR N B LI R RS0 B ) - &8 B BRI R RIS AR (e
H o AV ORE E AR A SR A R B A i TSR ~ 2 WS
Bl 2 2 —FLLE - W R T EHBEY BV R E A LAEY - anf% AR
SHPRERTRE S - N ARSI > G /EER 12 [HH NS ELER - &
BEFFEMEIEL - QIR EOREEEET 6 {8 H Nsepdmrt - mrHHEASTA
FAHIREY 12 [HHA 24000 - WFEMEYE ~ 2228~ R0y AL E AR
BUOGEJ77k ~ BUEHELELE W B R R AR YA R - ATRR A E HE S Rl
HHMEEN - EEHS R AT AFEIIRA 12 EH R -
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|

T
= 5 ENR ;’4‘
s S & 5 f|Member e (E
= State
N
: P

fHrE

it - A REE RS B(EIRE: - B IR RIEMEYYE (AR FE > B
REEMhE R © IRE IR FERRE -
ERACE ¢ Regulation (EC) No 1107/2009 5 & &8 R e E VIR E =TT L FEEE -
&~ BRIEEYI R A L A AR -

Fig. 2. Assessment process of plant protection products in EU.

(W) MEYRRESTCERIEXK
HEYIIREE L EEYE (AR SilERZRERH#ELY Commission
Regulation (EU) No 544/2011 - [ & bt & 50 & FF S 5K #R & 7> Commission
Regulation (EU) No 545/2011 - [t A {734 i & o7 mll 51 H B R 2 R f AR iR g 2.
FOR > Part A Ry {CE2EUR ~ Part B RfiftZE VBRI > MR SE R RIE Y & RIFE R
Regulation (EC) No 396/2005 - A RS EC T HE » HEEH A& g BEHE HEYIR
EONMEMP 0 BEMBXHE 0 R XA S ELSOEEEER T 2
PHEERE ~ EMEREZE » WA SR R B E S A e g & B EEAI
e B S AL -
= PN
HARN ZHREREREE > S[EF RERESERRM G » U 1948 4
I E R EEEYSE A 0 TR > R4 1963 ~ 1971 Fr 2002 FEAVAIBEIE » & 2003 4
CHAMEER RS S e T e -
ENAEYIREERZEAE 1995 4F > HBsN S AR R =~ sl st 7k
WETL 1% - ARV AR E B sC B A U -
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ABSTRACT

Biopesticides are mainly regulated within the conventional pesticide regulatory
system. In the United States, pesticides are regulated by federal and state authorities, but
largely undertaken at the federal level-EPA where a division dedicated to biopesticide is
established. In the European Union, with the pesticides registration involving both
European Commission and state member governments, the complexity of registration
retarded the commercialization of products, yet new regulations are expected to promote
the industry development. In Japan, the regulatory system is a relative simple than the
other two. The Ministry of Agriculture, Forestry and Fisheries coordinates the approval
of pesticides registration, while related standards are provided by Ministry of Health,
Labour and Welfare (MHLW) and the Ministry of the Environment. In this article, the
biopesticides regulatory systems in the US, EU and Japan are introduced for the
reference of the public sector and industry.

Key words: Biopesticide, Registration, Regulation, International comparison.
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Yy - EEM EAIED - SAEEFAREIES - BFRSAHZ EEKERAE
M KREEEL 100 AFE (89 200 ZATKER) - ArYaEEE 400 AT
F (&Y 800 ZATIRE) @ iEsEEEA A TRFAHEAN  SRIVEERE
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FEE THEYITSR 2 S E /AR e BT - Iﬁiﬁ@iﬁéﬁ%@ ’
HED > flAE - BYEE A EATRHAEEL - o] DR A A K g &
s -
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Fig. 1. The relevant position between soil and crops for different nitrogen-fixing
bacteria to process their function.

(2) EACE R A R I E R

ghE A AR B IE R > i’ DR A RESAE Y LR R RV 77 - &MY
AR RZERR LR - IR HEYIAIA - BIAEYITR R EAVRIE - (HimzE L
IR ENRE - R A R BRI ERIES i R A R A BRI
IR OB R ($5E O  AE G RES o) HUUARR KR TR R o

FINE HOAE YT AR U R © B ZE PR WOE AR S A PR U R £ AREBHY
A MG EIREE - AR RIRE U > EARERY A B TR
A2 R R WO > (b R AR K b HE - INIPERIARAE R 77 | > DAk
ER eI R > BRI R s EoAth T 2R 2 IRt A S AR, - TEE
i B 1R FRAFEZIEFEHREN -

TP EERNREG SR AERE - AR M EIRERE > BEYHAER
AR A AR » ARESE ARV &Wxii‘?‘ﬁiﬁ ﬁ  NILEEEE S
HHVERESE « EE - 2osEEIRERE - £ Rrha HREET
FESFEEE 6 EREN RS EIT AT REE Ei@éﬁ'ﬁé ~PEREE 17%
mE 2 40% o SPFEEREE R > PRI E 1596 > 5 AT 65% o {HAn ik
2R R I > PEEA T LR S - INIE - B PRE VIR A R
RENE AL ATREGE R TR -
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Fig. 2. The kinds and morphology of different phosphorus-solubilizing bacteria (upper)
and mycorrhizal fungus (lower).

=~ WIWEMIAR - IREAER RIRUHIIE %A
TIEMAEMIREEYAERCAESF AR - FEABEEY RS IRE (e T
Ve Z 4l (PGPR) - il AV #ETE Y4 & T REAY R A R85 - mTRERYIR AR
FEATR
L REMAE A B AR E RS (JIAA - GA ~ eytokinings) B4k
& $% )& (1 siderophores) HY & % - {51 41 Rhizobium leguminosarum -
Azotobacter sp. * Pseudomonas fluorescens - Azospirillum lipoferum - Bacillus
megaterium - Bacillus subtilis ~ Paenibacillus sp. - Streptomyces acidiscabies¥s -
AR AE YA OB TEBEE Z 7 ik (niacin) ~ 7% (pantothenic acid) ~ ffi
fz (thiamine) ~ &2 (riboflavine and) ~ %772 (biotin) =5 » P9 (EEMEYE
RERAER KA EEE S 2T -
2. IREW4EE ACC izl (1-aminocyclopropane-1-carboxylate deaminase) » 2
HIREZNE (ethylene) A=kl » DUMRIEIR B - ZEFIBE AR AT AR Ay =R
HfE - AT IIRERR U S8 - HEYIER MR R A E A -

=~ WEERE i MR LI E R
HARFWYEIER 2T - TR TRy E R R AOB ML) il i N 73
TEERIYIR: - A RERAEYIRIA > PIA0ET 2 TIREVE R (heterotrophy) SSRESTAEA
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WH - EAWRE SRR ENGEESRYENRE > /Ko EIEEEEM > XK
AR RESAERE - SRy TIBHEALIER ) LIRS e
Ay b - SR EIE ARV EEE R rGE HBVE B E KRV EF - EAFIR
BERRAE » AR RVEE TN -

Vg ~ SHEIEIDURA SR RE IR E R
TEVIR MUK HIE 7y EEIEAERE - EREE (mycorrhizal fungi) $EAEER

HOHF > EEREHRRE - S FEIRBAYIIEE - AR EPIE KR - & ik
ZIKGTIE o EERRI A B EIIR I 22 007K oy > (EIEYIELE ~ PUEE - TVKRET I3
i EERLE -~ HUK - ZWFEINS - EREEVACHBGERT -

RETIETA T ARy TR MARESEYE - BiEREE - 59 - HY)
BYEYE > BELAHNARYE - FERELIETREMEY e R A
Tk VAR 2 [EBESUE SR DRI E IR (EA R ZRGHE - BLST > PP A e
ZaEE > TEEFEVLEER -

FRNsNishm:. Y &£ Yk S SI(EEN: il

TP EMED I LUK EHIRESN S HE (exopolysaccharides) » FHE 7 1152
Sk - AT IR K Z HIRAZRIER > S59MERTERVRE TR AL - PR
ETRERERL - R - R EIR R SOK L ORRFIVEIEE o ALYy ml IR e
B D EEE(L SRR » BRIFEERARIIN - $HEYARTHE
Bhas o

7N~ SN EYIDURRIE Rt

TV TR RS ERE - RREE TEVEE A (1) SRR
(2) REFIIRITIRL - WP BRI EYIHERRITRE - DI BB 2 5t F PR fE R AR
%o EFERSREN D > MRS EVIREENINE - DUSHEYE Z & ER
& EENEFEYREEE HEY - EYIHEIRE RS RS AT ERE T 2
IR D RIRE Z A > B REECE FIRIDIRY - AV R S8 E i E R E Y
AR A A Z TSR S A R - ERRSTEENHR R E AR > SR RS
RIA ARl R i - ZR SR ANRS - BUEEES TEYE ) 1
PEYIRER] -

Pl PIRC R RE n L sR # - mTA A e R T SRR IR E - RO EY)
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WE - PIIEIRE R FYRE R4 - (548 TARETHVET 2R E RN B & -
BREIRA - BN ERE R R 2 il - (B FYIIREA T IRe&ERVIEA
R ek D e g A -

TR AP A R E S P)'E  (siderophores) ~ 2% 1§ (chitinases) ~ H14AEY)'E
(antibiotics) ~ 8-1, 3 &H& NS (B-1, 3-glucanase) ~ &2 Y:trZ (fluorescent pigments) ~
#AtY (cyanides) %5 » HEHIHIEYIHRIFE -

a N FIR ARG R PESOR 2 B b, JEF0A 2 AR S EA R
B = - ARG ZE S AR RS -
Fig. 3. Screening for microbial fertilizers and the morphology of root nodules.
a. screen the effect of different Rhizobium inoculation on soybean, b. the nitrogen-fixing root

nodules occur on the roots of peanut.
:f: kY
& im

P AEYIRERHE(EY) A R B E IR ARIBAE - DAL T K B A AR ER A - BL
(o Gt el ot—ti B A VRS € S 2 (30 b= 31 o & 2 B2 R N S iy = Ol
AE L o MAEVIIER R A B SR 2 M an > TEIRE R G REE T EEM
B R AR o MR DA PIRE L FE A H B B B AT R BB AT A Y
HHY » FARBE PRERIIIRE - (R YIRS R HIRUK T BB ST HYRE ) - IERAR
& PHSSBEEEVE > ESFYBEEER > e Rt E R IRV
HEY - BEAMAEVIRDRHEE S ~ S - MM E/0 R AR ZHER - BRdisE
VIRDEH AR B2 S At B AR - HIBA S A IAVREE % - A IR
TEREHMAME - HE - RE R EAREST 4 K im0y > 50
e [ R AL R e 7 7k R B BB A U575 ] > (BRI R il s > &
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SERR

Rkl 1993 HIEEHNRL 555 ik 395 H BMRmARAE =9 -

Rkl 2010 HIEEARNRL 55 9 il 542 H BIHRGARAE =9 -

Ahemad, M. and M. Kibretb. 2014. Mechanisms and applications of plant growth
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Mechanisms in Crop Growth Promotion of Microbial
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ABSTRACT

Microbial fertilizer means the active ingredients containing microorganisms or
dormant spores, such as bacteria (including actinomycetes), fungi, algae and their
metabolites, to provide plant nutrients for crop production or to facilitate the
effectiveness of nutrient utilization. Mechanisms in crop growth promotion of microbial
fertilizers were mainly applied in the role of rhizosphere microorganisms in order to
provide the source of crop nutrients, enhance soil nutrient status of the soil or improve
soil physical and chemical, biological properties for increasing crop yield and quality.
Many types of beneficial soil microbes, often use the main microorganisms, including
bacteria, fungi, actinomycetes and blue-green algae. Mechanisms in crop growth
promotion of rhizosphere microorganisms were including the roles in the direct
nitrogen-fixation, and indirect dissolving nutrients, the increasing in crop root growth
and absorption effects, the enhancement in the role of organic matter decomposition and
transformation, the enhancement in the crop resistance to stress, the increasing in the
role of the ability to prevent soil and nutrient loss effects, and the increasing in the role
of disease-resistant for crops.

Key words: Microbial fertilizer, Mechanisms of crop growth promotion.
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BB F R T FREarIFRER R ER

FEE" - BRIRAL - BEEE - BRES - &HZE
TEREEZEGETEEENRS
“mE{EE - E-mail: kuocc@tdais.gov.tw

W

b

WAREF ZE AR EE  (Bacillus amyloliquefaciens) A ZFfliff & (Bacillus spp.)
Hy—7E - RIS R - BARANEE - RN - TS8R R SRR A -
REFAENTIE ~ 7K~ ZZRSAEYVIREAIL « AR - WAL F R E DA
TEVIRE NI H mbs 2% - ARAVDETEYR =0tk s o] DUE £ S EGUAEYE
41 iturin A ~ surfactin 81 fengycin 55 - "JHIIIRIFR RV AE & § EE A 4ERAEEDY)
TREN A A Y E A TR FE - EMIRTURIEMAEYIN AR » BT 1 oy g
RUEHE AR Z (protease) - df4E 7 fiRlE 2 (cellulase) ~ Bl 7> fil# 22 (amylase)
EAREHT o> ARl 22 (lipase) » FELRFRE A AR E M (phosphate-solubilizing) - A
TEVIRCE 77 (R R AR 1B S MEE (volaticle organic compounds,VOC)
AVESL  EAMEYIERB{EAE4E (plant growth promoting rhizobacteria, PGPR) IHAE -
A EFEYIE D UR S E - BRIHITEEE 2 DL gyrB BLRE TR L S AR i
FUSTATEALE Y - Al R0 & A E AR R A P DU S AR R R - R
BHENEY) < HE H#E - el EEE - REAVNEE ) 2 FHRE - FIH
B B A Y R B R B AR UNE ~ I EVERF8ORE ~ EVEEEN
a0 AR 1 PRETEUE RS R E R Fusarium spp B [RANE BA B2 2 HE DT8R -
BEEPRAL ER AR H Ehifi 2 %40 (Biolog system) ~16S rRNA £ gyrB gene f3ll53HfT
& - 0 RRALEA 2P fUARE (Bacillus amyloliquefaciens Tcba05)  A1[f PCR i
A H Tchal5 ik e - MR H OGS 2R A (iturin-A)~REDEMEZR (surfactin)
ZH— DNA R B » 80U Teba-5 EtkEAEATIAEYE 2 /) - &h/D 8
EEMNEE - ZHPEREENT 750 | R EEE - HEEK 4 REREA]
# 10" cfuml > PAEFE TR 10° cfuml - 53 5 {8 F EEhts - HE R4
£ 10° cfuiml - (& G8 #1151 T2 M B H 8 BT A sl - i = Bl i
FHfEIEERAE R - A5 PEmEE 2 A Lofy A AR B. amyloliquefaciens Tcba05 (g
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RS K TCBY407 - 101-007 £ TC2-8 itk » 4 m] A3 (R = R i i Z P fE 222
40% ~ HEZPREN Z ERIEE 30-40% » BURILEIREAWENIG 2B - RER
T EAMBCER A EYIR S ZP5asrHh - WSepp m b B a2 - ATz HESh 4

VIR SRR i (b 2 AR -
BRSERE @ Bk SR - s - P -
Al B

AR R 22 22 B H B EINER - CH R IHESGEEM R EY
ZIRasE MR - R EEERY AU 7 L 1 (EA] - R AR ALIKRHER RV A
TEYReaERVE 4 NI IS LSRN 2 e mE M - HER AR
IR A YIS RS AR - I E RS FH R E A E L o R B2 R
SRVt - DR REERIR R B EHVEEE - WIDHEEHNRE mLENE L 2
HATE R 2R — - RIS AR 8T 2 b 58 K e it ATETEY)
PER S M TRGENS (integrated pest management, IPM) 1 » ST AE KB IAYRSE
JiTAZ— (Jacobsen et al. 2004) » NEHBIAFFRACEEREENER & - FERE
BEEEREHVRIEE - BATEVIRESAESIIFREREAEER  FE—Ms - HWE
WA GEADUEE: - I H R E - RRBEmIYZ S -

fR4% BCC Research FYIZTIEH - REKEEEMSHE 2012 5 499 {(F35
JC » THET R 2017 FREE Ry 675 (B30T FEAMKERR 6.2% - Hireikdg
VIREET ISR 2012 5 21 (@350 0 & 2017 FRpk&ESR 37 @3 F
HEKER (CAGR) £ 12%- £V %E b EaEns 2 LhE R 2012 F/Y 4.21% -
pEhnE 2017 4y 5.48% - HURAYIREEEREEIERFREGEKE - 288
VIR ESEM T 0 BIFEE Y PRSI 5EA fET) - 28RN RV
Hinn 2y 0 FRETE - BEASENEYEMEYER - LA YR
RyEVIREE 2 RIR - EmBAER RS - WERE I Al R A R R
HyfErEE (R etal. 2005) - fEFAE VIR SRR ST 5 T BRI ELLISF iR & (Bacillus
spp.) HYBHSE R 2% - EFIE S B2 HTAE It s #% J1 (B, thuringiensis)
FHCPL Business Consultants &8~ » 2007 - 2008 &k JE A im S £ EKAEY)
REETSELELY Ry 53% FF 2010) - H b se FAP a1 EY RS - HARmb
PRI B AR EARE (B. subtilis)  JR(LEMIZFFMRE (B. amyloliquefaciens) -
EIRFAIARE (B mycoides) ~ MREFAIFREE (B, licheniformis) kg /NofF ARG
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(B. pumilus) % (&—) - R R BHER R EDTE EAYRER] - Z2L% E/E RIS
Y S B - B & A1 P R B BA B R e s 0y S 22 6]~ vl B DB E. (antibiotics)
HIFHRIREEVA R ~ A ST R R  E A E SIS E R 2 A&
(e ERE VI A & SGA EEY)E A DUR K EE{ER] (Pal et al. 2006; Cawoy et al.
2011) - WALHEAIEF AR (B. amyloliquefaciens) /& fy—4r @ MEVIRE > ZBE
PRES ALK ERY a-amylase fz protease » [A|Gfl Y MR BLFRIR R AL AR A B.
subtilis fH{L » Rtb i F-H 2 E 30 2B, subtilisd iy —{EoofE - 7 Welker et al.
(1967) &M DNA hybridization Z#E{THT5e > S AL ST R ALRA LR SF AR R 2
FRFHLE 14,7 - 15.4% » H. &2 DNA guanibe-plus-cystosine [%47 (G+C%)
ELZINA =22 » R FIE A 2 A AR B Ry R [V R - /F 1986 4F Bergey's
Manual of Systematic Bacteriology Y733 » TINRFRA bty S FAR B o0 M8 Ko L1
TLEE © 1B 2KBEZ T TR REVITFE LA o-amylase FYFRIAAZSE » 7 %22 Priest
FNIEAAEEAT] B3R » Rk oF fOAR iR H R 2 B AR B 2 A R Y R
(Priest et al. 1987) -

AL B ZF fE AR I (Bacillus amyloliquefaciens) 7 3 F _E #¢ f7 Fy i &A%
E #f (Bacillus subtlis group) o » L& @& B. subtilis ~ B. pumilus ~ B.
atrophaeus - B. licheniformis ~ B. amyloliquefaciens ~ B. mojavensis - B.
sonorensis ~ B. vallismortis #{1 B. tequilensis = (Achetal. 1991; Huang et al.
2012; Wang et al. 2007) > HEIZEEK & Y& # 5 (United States, Food and
Drug Administration, U.S. FDA) & fifi 5 AR G B B 2 B8 1 50 € Fy &2 4 Y B
(Generally Recognized As Safe, GRAS) (3 2011; Huang et al. 2012) - DJ{:4I I {E4%
16S rRNA S35 54T B BEETEAETT ITS Fe I 0 ig 8L 2 51 EL % > HE R FE S
MM 2 98.1~99.8% - ¥ > BE S5 Ay A 3 B A B A (b S 8 S5 5 i B A
B0 A By ik BE B o Y 2F AOAR G 1T 8 o B & Oy - BRPBEREREHE A DNA JiE
5 (DNA gyrase) - DNA gyrase ;& GyrB Bl GyrA ZEHFT4HE > 77 RIH gyrB
Bl gyrA gene FiEigt o FIH gyrB BRI TER - LA ING EAR R R AR
T H SRS TR 75.4%~95% (. 2011; % 2008) > AR A LB SF FARE
PR ~ #AKSFEARE (B. licheniformis) KAG/NaFfEifE (B. pumilus) 5 4 P&
RIRRR U & BT Y SR AR R AT TRURRA R & 7y - TRALE P AR R R & i AE
HEr 7 AR T SRR [ HY A Y - Hp & aminoglycosides ~ B-lactams -
polyketides 71 small polypeptides =5 » A [E]HY Q) E 0T [EIH 7 IR B EE A
fIHIE A (Hsieh et al. 2003) - H bl SOAR B B A b i oty 2F FO A B Py 728 22 1Y
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lipopeptides 91 » FHFEE; ZHY R AREEEEZE (iturins) ~ FREZE (surfactin) BLEHZE
(fengycin) - HETFEELAIAY iturins group 9 - iturin A iR EE LB 32 5 56 2 W)
' (Phister et al. 2004) - Iturin AR S—fEHiEEAENEI - IL{E &) & BlH
R L B R B Y [ S o TR P R &Y 0 (e T EHE LR R 0 2
BAMMER 2 EN > (EEMEE A RN o S BRI HE %
G AN -2 2F - G ERRCR(BE 2007, Besson & Michel 1987;
Peypoux et al. 1979) - iz (surfactin) fy—fH 2 fUiR B8 < Al e A= 2 B
HERR A=) S D& MR BA 2 fEERY) (isoforms) - 40 surfactin A~B & C» —
fi 35 T 2 I BT R RS B B A T - bR T B — R L2 5 mnE AR Bh RS
INEEERED  PiERIE R (Hsieh et al. 2004; Hsieh et al. 2008; Peypoux et al.
1999)- BFZE (fengycin) Fy—l doF A5 B8 < A BR P A RE IR LB B Bt
A28 TS AR R B R ATAH R - S H Loeffler S5 AFrdsEi (Loeffler etal.
1986) - &M E FIBREINGUEHRE (Rhizoctonia solani) EAHIH £ RIIR -
SFRZBFRIMEME - HIREAEYFAVEER 2 e - RIS Tt
ZE AR H AR AT EE 42 2 surfactin Bl fengycin % lipopetides » 2B 7 Induced
systemic resistance (ISR) HYSZJE - W] LAEEMEYIE AU S e YA & Z T3
(Ongena et al. 2007; Yang et al. 2009) -

HAIE AR AR E SRR AEE 2L 8
(Alejandro et al. 2011) - {540 E[E7 Certis /A E]FA 2011 £ EiHY Double Nickel
55™ BB B () » 2012 SEROEAESEBINNGER » FRT R B.
amyloliquefaciens strain D747 » 3 S R W) E0 0T H B B B W - Bl e
9% (Powdery mildew) ~ SKfER (Botrytis spp.) ~ K {&J% (Fire blight) ~ ZEBEK
(Alternaria spp.) EHBERL (Xanthomonas spp.) < o tE4h > EIAFEEEIZR EEEEL L
2013 7 5 HEXIHES TIPS A 2B Rl @A m 2 FYRE A
PR =] P 188 BIRFFE HRA LIB SFfEAR B (AR SR AR ) R dm MR o i
ViR R lES - WAk E A S S R/KEREYR - BINTTEREEZE A
GEEYE Y ERAT  ER ML EREREE . Bacillus amyloliquefaciens Ba-BPD1
W HRETREAREREAING AR ZBR - &t alE#E R B
amyloliquefaciens Ba-BPD1 E#k[EFF EATAEYIAER ~ BREE a2 Uk
(s 2011; 3 2012)- L 2013 A RF AR VIR R SR LR B flo R i 45 2
AERIRE AR A E] - SRR IR e R 4G e = AR T AR A F] - BRIk
AL S FAR B NME B ATER IR EV 3 4 - SH el DR A EYIE BB s -
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[FIRF R R RIS (R EPRDRINY) - INILEREE B 2 DhRe AR B 2 i
RER > TREERAVEIEELDNEE o B RIS R R Z IR AR BRIk
FEHHT EHE -

£

Table 1. Commercial formulations of Bacillus-based biofungicides

EUN WSt R AL Bty 2F f AR B B B 3% ~ e 3R LA S5 I e R HE AT

= i ©

BN E b Z S AR B ik = (Alejandro et al. 2011)

Product Bacillus spp. Target Pest Crop Manufacturer
Avogreen B. subtilis Cercospora spot Avocado Stimuplant, South Africa
Biobest B. subtilis Sheath blight, blast, Rice Appliedchem,
brown spot Tailand

Bactophyt B. subtilis Pseudomonas, Xanthomonas  Cereal, Vegetable Novosibirsk, Russia

and Fruit crops

Companion  B. subtilis Rhizoctonia, Fusarium, Greenhouse, Growth Products,
Pythium, Phytophthora, nursery and USA
Sclerotinia ornamental crops

HiStick?® B. subtilis Fusarium, Rhizoctonia, Soybean and Becker Underwood,
Aspergillus peanuts USA

Kodiak B. subtilis GB03 Rhizoctonia solani, Cotton, legumes, Bayer CropScience,
Fusarium, Alternaria soybean, Vegetable ~ USA
Aspergillus crops

Larminar B. subtilis Alternaria, Botryodiplodia, Vegetables, fruit Appliedchem, Thailand
Fusarium, Phytophthora, trees, ornamentals,
Colletotrichum, Corticium rice, and field crops

Rhapsody B. subtilis QST 713  Rhizoctonia, Fusarium, Turf, ornamental, AgraQuest, USA
Pythium, Phytophthora Vegetable and fruit

greenhouse crop

Serenade B. subtilis QST 713  Rust, powdery mildew, Vegetable, wine, nut  AgraQuest, USA
Botrytis, Sclerotinia and fruit crops

Subtilex B. subtilis MBI600  Rhizoctonia, Fusarium, Field, ornamentals Becker Underwood,
Aspergillus and vegetable crops  USA

Balled Plus B. pumilus Rust, powdery mildew, Soybean AgraQuest, USA

Cercospora spot, brown spot
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Sonata B. pumilus Rust, powdery and downy Vegetable and Fruit ~ AgraQuest, USA
mildew Crops
YieldShield  B. pumillus GB34 Rhizoctonia, damping off, Seed treatment, Gustafson, USA
Fusarium Soybean
\otivo B. firmus Root-knot and Reniform Cotton Bayer CropScience,
Nematode USA
EcoGuard B. licheniformis Dollar spot, anthracnose Turf Novozymes, Denmark
Taegro B. amyloliquefaciens  Fusarium, Rhizoctonia Tree seedling, Novozymes, Denmark
FzB42 ornamentals and
shrubs
Double B. amyloliquefaciens  Powdery mildew, Botrytis,  Vegetable and Fruit  Certis, USA
Nickel55 D747 Fire blight, Alternaria, Crops
Xanthomonas,
Pseudomonas

A This formulation is composed by B. subtilis and rhizobial cells.

— ~ Wb B S 7 AR B (Bacillus amyloliquefaciens) 2 i 8 3752

(—) FENEEEGEEE TR
A Bk S AR B M BB R S AR R 5= 97) (Bacillus spp.) » &R
[P MR - Frie RratE ~ BAREETE - TEE) )58 KSR AHE - RE 5
AT » AR T3 7K ZE R ARG NS - I RAE pH 2- 10 AYEREEZ R »
EAME R85 A REEEE R 30 -40C @ B RN BB DUES
NAEFET - B iHsess BER LB S AR R A YN A EDIEE - IR A
2GRS > NAERCED FAEEEAEERETEEMHEE R
solanacearum) A EHFEHIREEE (Chen et al. 2013) - DIFEIASE » o4 F Ak AR e
a-amylaseit T5Efl%t (Argirakos et al. 1992) » FTAEAHYBFFEER - LM 2 1
PR AT DI A8 R B A R - AR E &1L (Rhizoctonia solani) ~
MREURE (Botrytis elliptica)~ #FAiZ= /8% (Fusarium oxysporum f. sp. lycopersici)-
H489% (Sclerotium rolfsii) ~ #iiF} 45 9% (Phytophthora capsici) ~ ##55 £ /& H
(Pestalotiopsis eugeniae) =5 (Hf & = 2011; #f 2012; Hsieh et al. 2003) ; 41E A
JREFEFFIERIEER (Xanthomonas campestris pv. campestris) ~ fHi#& &K

B

(Xanthomonas citri subsp. citri) ~ #7Z3528%f&E" (Pectobacterium carovorum subsp.
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carovorum) EAEF55% (Ralstonia solanacearum) (Chen et al. 2013; Chou et al. 2012;
Huang et al. 2012; Wu et al. 1999) - £ A > S5LLTHYE K L e o i 258 HH 851
PRAHE - &E BRI EL PCR i g B 16S rRNA gene ~ 16S-23S
internal transcribed space region (ITS) EEEH — M4 IThgEF K~ DNA H EX »
¥ P B I S Y 5 ES A1) A National Center for Biotechnology Information
(NCBI) IWEREREETFYItEHBEE EERFEREE N ZHKE
o5 0 Ry AL B 2F f AR B Bacillus amyloliquefaciens AL - 1% %7 &€ 85 & AL ¥
IR ~ el FOFRINE G - ALl R A 2 EEYR IR AN B E B
HE R A& E & R o Fl % 5 Ralstonia solanacearum -
Botryodiplodia theobromae i1 Alternaria brassicae E.75 &% {2 9] i 3%
FO(E 2011) - ZRAEREBE S RGBS EE H AR Pa K S o
B FEHFF A (competition) ~ £ {E ] (antibiosis) ~ &% 4 i % S &
(induced host resistance) - {€ ## 4= (growth promotion) EdE 4 & &
#HMYESER (B etal. 2009) -
(Z) B REESEYERE

AL S AR B SC A 2E 56 B Al e AR MRS M R 22 B A R o
BEZ (cellulase) ~ EHTEI TR (protease) ~ FREA/TARIE R (lipase) ~ M /1A
%2 (a-amylase) ~ &2 FECE R E A A (phosphate-solubilizing) ZEgE 7 (G5
& = 2011; Welker et al. 1967; Vazquez et al. 2000) - HFiiff5ezEE Bacillus spp.
JEHYAIE AT DLy S e - H B AR E H R Rhizoctonia solani £
Pythium ultimum 4% (Fiddaman et al. 1993) - 5% A &g Bl seny &
AIRZEFUREE Bacillus mycoides CHT2402 #53H H 5 A N5|E /% (indole-3-acetic
acid, 1AA) B1ZR (NHs) 2P - AR R R e & 0 ~ PeNEL e =
TR o AT B RAEEEE (Chen et al. 2010) -
(=) EYERBRAELNETSE (plant growth-promoting rhizobacteria, PGPR)

PGPR {le #EAE Y E R AVEERI AT 70 Wi - %5 PGPRGAEY T ang bk 2B ~
& HRBE YRR A AR ET R EE LR T Ry E R (e A -
S—HEAIE PGPR YRS HEATUEYIE ~ S8 - R8BSk
EADURNY - BRI EEYZERFEENGEEEAR - IR R R
A (Chen et al. 2010) - Idris Z£ A\ %1 B. amyloliquefaciens FZB42 Uiz EMTE)E
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A E LBErEEY) (1AA-like) - JE R FoR4 e EL&EEH
PR ME EoR L4 £ (Idris et al. 2004) - Zehnder %5 A 23
B. amyloliquefaciens IN937a Jifi F £ & A {E¥) L - ml&k 88 & Al Z& 4= induced
systemic resistance (ISR) KZJ& > o] DIEHT CMV Ji3EHY A{R (Zehnder et al. 2000) °
HHEEETZEB. amyloliquefaciens KPS465%& 1 8% &7 indoles ~ lipopeptides
Edproteins » AJDUMEHEARGIRE - R EMFEE (Buensanteai et al. 2008) -
(F9) Pid9Y’Eantibiotics 5L

SRR B < ORI AR R E A AT E - HRlC A
W B AU EYETER S 170 DL > S EhiAeYE BN S EE YR A
BIEEFEHEAFER AR (Hsieh etal. 2003) -

PHSEEZR (iturins) RfEARE (B. subtilis) DLURGR LM /iR E (B.
amyloliquefaciens) =z ALY (k 2002; BH 2007) » JREs EEHLAEYE - 1
B T EARI &R TRES M, - 1Y 1957 BFHY Delcambe B Devignat H fifiEE
B B. subtilis 443 strain E S 53EEH  HETELHIAY iturins group E1& iturin A ~
B-C-D-E-Hrf iturin A Ry EZE H &% 28 £ MAZE (surfactin) -
Fy— T Rl EAR S A Y P s A 2 BRI AR Y SRS 4R - BA S REY)
(isoforms) > 41 surfactin A~B f& C- —f&i 5% i B E B Bl I R Ak o -
PrEA — LSRR ERES N IME B AR - DIERIS iR (P 2004,
Hsieh et al. 2004; Peypoux et al. 1999) - #§ #2 =7 Bk #5 1 - 26 & #% 41 B.
amyloliquefaciens KPS46 FiE4d: > surfactin BEEEYHIE RICEEY 4 &
ZIhRY (Buensanteai et al. 2008) - &[5 2% (fengycin) £ Vanittanaakom =5 A 2538
FFAREE B. subtilis F-29-3 Ffk 2 & HERT » HIIMEXWE (Rhizoctonia
solani) EAHIRIESRAERINZL » AlERESIVA IEFE A et - HabiiEH
RE R B BARERR FrH R » 18 REF 2 se th 8 B R LR SR fAR Rt B A BERERR Y
B [ENEEEY R EVEER 2 ThEE (Vanittanaakom et al. 1986; Wu et al.
2007) - 4 Alvarez 2 AJREH B. amyloliquefaciens ARP,3 £2& FIERH » 475
Hif1& iturin A ~ surfactin B fengycin ZEHEAK > BN KRS E XA (Sclerotinia
sclerotiorum) EA1ESAVHIHIE 44 R  E YA E BT KIEF R E R
4 (Alvarez et al. 2012) - FAFATEE 2 3 T EZEREIAYYE & KRG & B IR X
HE S IE K & Eet%d]  (non-ribosomal peptide synthesis mechanism) Fr& R (B
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2002; Blom et al. 2012; Peypoux et al. 1999; Wu et al. 2007) -

Z o BEBRMFREEERSHAZER

(—) EXHEHAZHSR

B EEREEHBITE H 700 SHRMEY P E RN E S REHREA
HREEFEDURE D 2 iRk - Hor B190 BIRRER T3 H G K80 n AR HISN - [E
0SS HoAth B R YR R R R B A IR A E R 2 UR - e R A TR
{BESFT ZE AR (Chiou & Wu 2003) - Biondi ZFE2357E B. amyloliquefaciens
D747 Btk > THARME R & RE 2R b A DUA 0 R A 5 5 5 R
(Pseudomonas syringae pv. actinidiae) WEEEHYE  [HHF D747 HHREENER %
gl 21 Kig o HEFEya %] 10° cfu/ml LI (Biondi et al. 2012) -
(Z) HRERMRENEZWIE

PR AN FTEfEE 2 B. amyloliquefaciens SPX-1 GRS H HEFHHEEEEED - 4807
FeNee B AAMIHIE MR AR ZAE T » o RIF B S A T H 255 1
AR RES g > N 4 FAEE > R SPX1 PR Z BT B il e
32.1% - EE¥TIRAHIE(K 67.9% - 558 SPX1 WK A H 5 Ry R
[EINF IR RN A - SRR AR BT BN EE AR - BEASRENAEYE
P2 7% (Chen etal. 2013) - Altinok 5 A Ftft 78R EF AR R B0 52
(Fusarium oxysporum f. sp. melongenae) - 1£ 5 = ##f#% - B. amyloliquefaciens
76A-1 A1 B. subtilis subsp. subtilis B379c » f&E57 R 14.1% Ei 16.6% > fH
IR R 91.5% - BAAER KN Z AR ERR G » [FIRF LW
MEEPREA PGPR I (Altinok etal. 2013) - AT A% ABFTEEHR - FIH B.
amyloliquefaciens KH412 Ei PMBO1 EfRAEHE]EL Streptococcus thermophiles
KH446 EPREEEE - ATBHERERE YRR - BRI ERReE
77 (Chou et al. 2012) - =% A ArémseEanf25ny B. amyloliquefaciens Ba-BPD1 ¥}
TP B - R [ B L B B B A (B SRRV AS BURE T - HH Tt P 7% P R R R K
PRI 36% ~ Jiti /KA - AIFR{REU R R LY 30 - 40% © HhAME ]
MRt Fusarium solani Ji == g7 aaFilstss - ] 10 #81& T HARAE(K
TR < MER AT 58% - H MR BA N AR (B 2012) -
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(2) BRERENEZIHE

Arrebola % A\ BH/KSEZFHEFT5EE> B. amyloliquefaciens PPCB004 [k » 2%
B 7 EAEMEE R ERE AR - S IREE R B
iturin A - Sy FIETTREREN IR AT 1 REHE 1 Koyl R &= E B
PPCB004 ERPRERIF R - RERE 2 o R I Ry fI A SR P (Alternaria citri) ~ B8ALfR
JEJ% (Colletotrichum gloeosporioides) EifH &7 % (Penicillium crustosum) o 4%
REIR - PPCB004 EFRI MR B RURIVRCR & E - THG 1 REHE 2 s
Fy 9.8% ~ (& —RpRFE 2 FEfiR Fy 100% - PPCBO004 BRI AT HE B I Y8R
Rz - PPCB004 EMEAT 1 KEEFHAH MRy 28.3% » 1% 1 REEFHH Z FE
KBy 50% o T EHE4HA] B 92% (Arrebola et al. 2009) - #i7x PPCB004 FEHifi &
TSR EIRE - n[DIBER(RE 3 MRENVE4 - Mohamed 5 AJRAIH] B.
amyloliquefaciens PPCB004 Effst& 1-HAEIRA G (1-Methylcyclopropene »
1-MCP) » & 7E45 &R - THRREE 1-MCP {2z PPCB004 Ltk » A%
& % & 9% (Phomopsis caricae-papayae) K s& JH A (Colletotrichum
gloeosporioides) FEAJK_EHVRBEA /N RAERAZE » 755 R B B T < 38 28
b HHIEAH TR Ry 48% B 39% ; THIuEREE PPCB004 + 1-MCP 7 389w 77 |
Ry 21% H1 15% - w] DABHEARE KRR 2 GRS 2 28 BERRIEIIARIVRE -
B IR AH AR L B A (e A AR B B v B 2 S5 (Mohamed et al. 2011) - &7k B.
amyloliquefaciens PPCB004 i 2 AA fi 3% At s i b2 &

= BREBRAERY FREEN B EYRE P RRR

(—) BB FEERE ZHEEEE

J/> 2010 — 2011 A H #E N SRR ] Rt i H I P s 8 -k 2
ffR )& (Bacillus spp.) HYAHE » FII A& B EF fAR B R 8- TR
HURR » Hrp4Rot Tcba0b kM HfE B EZ AW (Fusarium oxysporum) Ei
HEEHER (Xanthomonas campestris pv. campestris) EA& BEiEHTHCEE (B—) -
R TE AR FRAA LA ~ A A H B E 2 4¢ (Biolog system) ~ 16S rRNA K
oyrB ERAETT I > (REAS S - I RS /i LR - fAR i Bacillus
amyloliquefaciens: i 475% & B. amyloliquefaciens Tcba05 DUE{T1& & EalHE -
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(Z) DB

JfE F{HsienZE A (Hsieh et al. 2004; Hsieh et al. 2008) Fr=gZ= 2k » faHl
Bacillus spp. B9PTAE > 5[ F ¥t : ituD-f/ ituD-r €1 Ipa-14f/ Ipa-14r (iturin gene) -
sfp-f/ sfp-r (surfactin gene) - JEH] PCR iy =] HFfréfize > Tcha05S FAfZEE S -
a] 4y FIBElE L iturin B3 surfactin gene 7 E—M: DNA FH E% > &5HH Tcba05
REAEADAYE 2 A8
(=) BB E7aEE Bacillus amyloliquefaciens Tcha05 EERC G 2 BT

ARV EFMAEGE R - TP BT EER T SAHRBACEEI - WIRIIBEEE =
PRALRE B R R pH (E RIS - RER=ENE LA 10 | BEERE (Majar
Science Winpact 10 I) #E{7/NEIE el - <€ 96hr 1RULHE - IS8
A3 6.5X10° cfuiml > #550RT 250ml HEfERE 2GR TEN ML 3 % 2 %%
st RS IR AT T 501 B 750 | A EAERERE - &CH 96hr 1RUNHE - ¥
VEf T B 10% cfuml > AT T-ERIRE 10° cfu/ml -

b

HERER RS IERE
Bl ~ (LI ST TohaOB B s () RILHEEMpeR: (1) Wik

SR -

Fig.1. Bacillus amyloliquefaciens Tcba05 dual culture with Fusarium oxysporum f.

wibRwsres N HEsE

sp. tracheiphilum and Xanthomonas campestris pv. campestris.

(TU) EE RS B H B FR v R = B F R S AR VA sTAE

TIEZE R AR EFE SR (Fusarium oxuysporum) Fi5[#E - ELARERYSy
B8 ZHEEFY S G2 R REEE AT - A5 At eR bk
T SF AR R AR BRI 5 - &OR = B NERE DT a5 - AR ERILE
Z2 AR AR B IS - i BT M R S ] (R 40% (RBRE

B o RAA R T EAM SR FIER R En = B HEIPa M - B
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EE BB n] RS e R T ARy S S URC H R e B Rk - SR R EHVIER - A
BN 4 BRREER SR ETCBY407, 101-007, TC2-8 and Tcba05 » BiLEH:Ah

CFFORR BT P ERE  FEREE 5 - 10%  AHEEHR4E 40 - 50% Ay (R
SRR > ARSI EEHERER ZEE -

[ ~ WERR B S F AR B Teba05 g RRHIAT 100x » o] AR H 85 HE S
PRI 22 40% - (70 ¢ HIHGAH/G © iREE4H)

Fig. 2. Irrigated the 100x of B. amyloliquefaciens Tcba05 ferment broth on

Cabbage in the field, after 8 weeks, disease incidence could reduced 40%.

& &8

WAL S R Bacillus amyloliquefaciens 5335 _FJ& 5% Ryl 45 B B B.
subtilis group YRR P MR - JRFS BT 2Tt E R BB PR E B A %
FEINRE - AT LU Z RSN R ~ DUAEYE ~ EAMEBEMEYE - HAplant
growth-promoting rhizobacteria (PGPR) Lfi&E BiLa BHE V)2 A= D S 25 B kAl -
REBIEVIAARS ORI E R AR SR, - HATES N A R A bl 2 faif s 4
PRI & Double Nickel 55™ - B RERCIEAY A VIR SE - BAPNAEARSEETU
A eRgE B AR T EERSE t  BETHAY AR SERIRITE B N YIMRMT: ¢ (1) B892
(BRI ZAEP R AV EE IR > (2) IREEEFEEAVEC R - B4R Sa0
JRMERF L DA BRI - (3) BV EERIRIE IR E M - RN YT
(4) AV EEsURIE &S ARG E B SR E e 2 DR R
T © HeydariZE \B2 RO BRIAIAYBHEE ~ A ARl B RoR Sl - 2 T TG
HIBLSEE A TS IR @ ST E V)R SERRHYERE (Heydari & Pessarakli 2010)
Rl HEPIRSERA Rl Z B RE & > ARAUTRFEDIGRAVEERELN MY - (1) AR
EREMEYERBENTT& - bR E FERE s BRI (L 2B - (2) 2
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TEANA T MEMEYEEEE VG > M EEE L > WEITTEVERERT - (3)
BB YR E M BT AR ORI - (4) B ARSI AR H
IMERE (B etal. 2005) « AT AF P AR SE B8~ B HIR AR s > HoRqb
TS P FEARE Tcba05 Bk - 4% 2 B NA B RETR E I et lifz - o] LA RE
(KR ZEAREEHEEREHE 2 BWNE  BHReE R baz EEE AP an e
FEME - WA AE YR EER MLl S S B o« RETTERNMEY R e RaEE
HETRHE (integrated pest management, IPM) 1 - BGZ RS AR E VB EEAE SHCTT
g R EIREAE « B EERERINA - KES4ABRE > AR
AR B SR 2 S

W

=P )
FRERA T EIR Z o BEEE p. 15, JRIBHAE

&

FHGT - ST 2011 JRALIERY A
AN aE Eam ST

EfgE 2011 AR E Rl - AR RS o Hr AIDNAFSSUERE A= Yr& 5 Or i B
ZefEEf 24(1): 4-7 -

FR5LFE 2002 AL S AR R RE IR DA E 2 o i LRI A BB ERET BT
SRR ERA MR ST i -3

CiBtET 2008 gryBELA A I EAVER AEVIE IR R AHSERS 21(1): 5-8 -

afEath 2010 EERAV)REem NI SRS SRR 24:1-7 -

BRI EL ~ 2RI~ FHES © B2 2005 Ak sEE B RS 4: 54-50 -

RN ~ BRAERE - G 1EN 2009 ThEEME M EIRIEARIEYIRE RS EH L2
JERT p.147-181. AHEEEEELGRIST GHE =TEERBEARSRHTE 96
5t #AL -

B~ =iEA 2011 Bpgin b)) 2 ZThRe AL A AR p. 28-29. TBIKET
AV Gt e am CE] -

HZE 2011 EECFRE YRR RIS EEABL p. 1-11. TR ESR
=G SR AEY) B R Rl BT 552055k = -

HZER 2012 BEan(b7EN 2 2R LB F AR R RR AR EE R 32
42-47 -

BRFAE 2007 AR b F AR RS PR RERAR D 2 2 #E Fi5EHY
RELEF LB A ELam S - 89K -
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Development and Application of Bacillus amyloliquefaciens on
Plant Diseases Biocontrol

Chien-Chih Kuo", Chien-Wei Chen, Chung-Ta Liao, Wei-Lin Chen
and Yi-Fong Tsai
Taichung District Agricultural Research and Extension Station, COA
*Corresponding author. E-mail: kuocc@tdais.gov.tw

ABSTRACT

Bacillus amyloliquefaciens is one kind of Bacillus spp. It is belong to the B.
subtilis group of aerobic, Gram-positive, peritrichous flagella, endospore-forming, no
capsule and rod-shaped microorganisms. Research on the plant pathogen control by B.
amyloliquefaciens is progressively increased. Bacillus amyloliquefaciens could
produced various enzymes, included cellulose, protease, lipase and amylase. Some
strains have phosphate-solubilizing activity. The lipopeptides produced from B.
amyloliquefaciens can also influence the ecological fitness in terms of root colonization
and also have a key role in the beneficial interaction with plants by stimulating host
defence mechanisms. In this study, we isolated a dozens of microorganisms which have
antimicrobial effect from soil. We select the Bacillus sp. Tcba05 strain which could
inhibit the mycelium growth of Fusarium oxysporum by the antagonistic test. Used the
Biolog system, 16S rRNA and gyrB gene identified TcbaO5 strain as Bacillus
amyloliquefaciens. The iturin-A and surfactin specific DNA fragment could be
amplified by PCR technique. Results showed that B. amyloliquefaciens Tcba05 could
produce the antibiotics. We commissioned National Chung-Hsien University produced
50 | and 750 | TcbaO5 fermentation broths, the total colony count could reach to 10™°
cfu/ml after 4 days ferment, endospores number could reach 10° cfu/ml, the total colony
count still can maintain to 10° cfu/ml after 5 months. We evaluated the bio-control
effectivity of Tcha05 on fusarium blight of asparagus bean in greenhouse and infected
field. The disease severity could reduce 50% and 40%, respectively. The 4 strains of B.
amyloliquefaciens TCB9407, 101-007, TC2-8 and Tcba05 fermentation broth used in

seed treatment can effectively reduce black rot infection rate. Application of different
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broths on cabbage in the field, cabbage black rot disease severity could reduced 30 to
40%. The results showed that the Tcba05 fermentation broth could effective reduce the
fusarium wilt and black rot disease severity, respectively. It expects to commercialize

with Bacillus amyloliquefaciens agent as soon as possible.

Key words: Bacillus amyloliquefaciens, Biopesticide, Antibiotics.
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NYEE PR EERIG S EAFER

BRgAr U - BRHERS S~ 2EEE
LTB S S GBS B
[ S PN
*}EEFWE% o E-mail: chencwol@tdais.gov.tw

w =

FEREVEPIRES AR T (A s P AE I E B R & - £ FAER e )
A B PERE - WINREmERSE > HEUmnEamEtEYEES
S EYIDUR N E ~ R IR E - BRI AR - S HE A miEYE
4% - HAIEA ZAYRERILERE - #fE - AREAFEESRE
FHEIIRE R BRIFYI S SRR B £ - ARG E YISt EESE
s THER > PG b REE (Trichoderma asperillum) ZHIE R > JAAIH
i LEER PRI % 25 TR R SR AR R Sl AR P PEHERE ~ HITE /Y~ THRE MR AE BRI
7% FH 128 s i - A2 SE BRI b TCT-R1 Fefa L EYIIR S AR R T 758 - REH
ENEVIR 238 E - AT IR R G - MERERRIR D o B 25 B B P A R AT
WE o SO NEE B R EYEYIEE - FA - RS S F R
FERCI R A YIRS ~ IEVESE > PR St E wmE S - WA R A
=AY - NENEAREFRMEVEOARE - iFAREEEES - A
MBI E M BT - WNENATE RS TR VIR - seEHEYIIR &
AR e EE R IRE ST - R EEY AR ZHE - SEAFES - BE
Bl ARy TCT-LF-N ZHREVEMAYIRIRN] - BUERGERCARER - HEBERGERER
AR EY)I A RSN MAs R RSN E R feie A (EYE B 8AE
SN Z g - Hr— MK M AP B GS S it S AR B AR B B <5 e FeR P B
SR & THREME M AE YRR Bl U5 0% - EAIPa 2 EnE - HEEERE Al
A HEERRIER ~ FhE TR ~ ZAKRIREEIR ~ U K B IR ~ B e AR
Bk~ BRETA ~ SRR - SERUR - IREOW ~ BRI BRI R BRI SR
T WheleEFYARIEAERLLLE - (FHFTTEERMAEYIBRERAERS TN A
AIREEE 00 > WATCEERIFARA R ~ sE A ERVEES - SR LY R4
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TR — A A8 -

;

BRgEEE © MREMEY) - DR MEREY SR - VRS - R -

[l

Al

EEW R s BV R - BN SRS PRET - RS ARG T =UET
ROTIESE - HEYpaaE FRUEW - DEREEREEAE M - BRI R R
it > BRE#MCEREEE TR F R TEVENTE - DU EY_ BRI &
FEE > R rEENRE - HRERMEA 2RI E T aEEANHER
HEMEMN > RESYR T EE DML LR R RAR KN W R EEEEY)
BEeE - GEREANEMEENEYEEREERS  SEE&mHE S E
BORBITH - BB LR RS TANME - BERTAZ NREFHAREM -
TRV 3 B RN E LR R ZE A B S il e R s E AV EER] > LUR A
A E IR S AV R S AT ER TG o AN LSRRI s B A - Bk
ATRIE ~ BUBERS R ~ BERAE ~ SiRFA S BUERAEEA BB mE
Mad > St EEAERATHIN A B SRR - ITEBUAHEE) T SRR RS
MG o WEEAME SRR - NI RFEES EAVRE - NS EEY)
FREEEESE - MRS IEUR B RTFTAL FRIBES: © [N LR S& SR A A IR 4B e
e AR P R AR R 5 BT FEiE 3 -

MEVIREZ TR

EYIREEREEHENY) - HEY) ~ WAEMFERAEM SR - BEFE—E - 2
s HEERRE st - £V REERTUESEEPAY ER  EY)%E
PRA T = AT ELFS 5 1. AP MEEEH] (microbial pesticides) $IEE ~ 4l ~ 7
7 JRAED (protoza) ~ EJH (algae) T FE Ay o i iE LU AE Y AT REAKEE B
R A TR RS e B T ok 5 2. 4R (L MEZER] (biochemical pesticides)
WEE8 5 (pheromones) ~ HE5Z (hormones) ~ KA &R BUEY)EREMAER] (natural
insect or plant growth regulators)~ BEg27] (repellents) DL & E F 2 EMR (D
(active pesticidal ingredient); 3. #EELRIfE Y728 (transgenic plant pesticides) [t
FFEZ Office of Pesticides Program (OPP) ARG MGIEHEREZER 7%
T e HELEEH] (pesticide) EEALN S| ABEYE ZEEEYIEENSE R EEE
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T By B 4% =5 8 2K H L B tie s 51 A B HY)'E P 2 4B 2 22 51 9) & (pesticidial
substance) - MMEEEZE G 2 ES @ EVIMEEEE (BB ARiERAYE
WENY) ~ 18Y) ~ AV REFTTAEZ Em 0 B T RAEMEEE, - THEYE
2 - T bREgE | RARTERirER . A YIREE -

"RAEYREE ) Bl T RINEMEEE R EAIBRREA RIS SR EIERNYE
BET R G RAANREM BEEFS RAAEYA DM )T EB B I G - A5t
(nicotine) ~ [E&ER4k5 (pyrethrum) ~ fjiElE (rotenone) ~ #2E|iE (sabadilla,
vertrine) ~ EIfZ (azadirachtin) ~ 22 (saponins) 2 o iy FoR ] gE 5L
KM KR E IR IF R T - BEAE ~ [ ~ BRI ENI TR - A LIRS AR &
ERHEHNZEE  AREUEEITAEH - BRMAEYERE RIS R YR -
Faw - MEEPDEEEE B YD Z A s A R 88 H e 7 Pl 2 EE v
HEYARRERE © diE - BEFE - WHENFERASYSE - —REE AR 8ETS
ME A AT AR » WA R 5B 8~ JROESE AR IE - A R EE
(microbial pesticides) RIELHAHE ~ HE ~ 528 - FAFYEHRESEFEYIE
(bio-pesticide) g - FEHRERV BIFYREES /HER/T -

AEPIEER B AR A RS st R LR E R Bl - L Y
zaa il (bioinsecticides) : H Rifls & #4582 (i 4= 9 7 Al 1 e e B4 - 4 8k
(Bacillus thuringiensis) » E & m i m-- 41 B5EE (Metarhizium anisopliae) ~ 7B

/het

4
it

&

I

iy

-h&‘

(Beauveria bassiana) - %:5& & (Nomureae rileye) -~ K@# =5  ( Lagenidium
giganteum ) ~ ;522 FE (Hirsutella thompsonii ) FIE I Es A7 fuE (Verticillium
lecanii ) - H'E A RBEERIN~ZZ AR ERE (Nucleopolyhedro viruses) I #S
JwezE (Granulovirus; GV)~ &Raa BUEPEATATIC &R (Steinernimatidae) 2 52/ ME4R
&= (Heterorhabditidae) @4k &s - 2. AEY)MERLER] (biofungicides) : H A H HA
b - BHELAlE S E (fluorescent Pseudomonas) » %1 Burkholderia cepacia(syn
Pseudomonas cepacia) ~ #5425 (Bacillus spp.) % - KfEiE (Trichoderma spp.)
7 @ &= (Gliocladium spp.) ~ T 4% & (Streptomyces spp.) %5 - H i A5
Agrobacterium radiobacter Kz JE5% 5 14:#Y Fusarium spp. Ei Pythium oligandrum 2.
3. £V FXE | (bioherbicides) : H Fij LA Fusarium spp. ~ Phytophthora sp. -
Xanthomonas spp. * Puccinia canaliculata #1 Collectotrichum spp. =54 575 [5 5 2K ]
FIFE R TE 2 - RPN AT AR B S R IMEE 53 BFEWENEIER
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mil=1=}

ZFEEMEE (Bacillus subtilis) -~ g fEi & (Streptomyces spp.) ~ & ¢ B E
(Pseudomonas spp.) ~ AKfE (Trichoderma spp.) SFGA IR - LUK Gk T
(Bacillus thuringiensis) ~ H2 52 & (Metarhizium anisopliae) -~ H /& & (Beauveria
bassiana ) ~ 4% (Nomuraea rileyi) ~ fEintaty fUE (Verticillium lecanii) ~ £2 75
#2fii5E (Baculovirus) ~ #rf&rss (Steinonema spp.) S EP ik aa R ©

HRIBANAYIREESH 37 & - Hp eV ERIREARE (Bacillus subtilis
Y1336) 10 5§ - ¥ k[E—HEE AR 5 4f H #fEE (Streptomyces candidus strain
Y21007-2) DIHEAZAH#EBERZEEE] 1 % A LEME - KREE 1 R
Trichoderma virens strain R42 ERSECERAEIE (F—): &&mMAIDER TE 24 &
Ryivm o SN E AR E 1 R IR ERD - AV)IREFIRE %
0 101 FRZ gt ARSI RIS E TS (NI E 17 REGREENE]
FAEFCN T N R EE 2 - SRR B AE YRR B 2 i S EE (B R EHETT » B
RENEREAEHE - HAlEN ST RENELY 8 T2 MW » AVRE(E b
Ay 5% > BURTAR AR RZER - SN A HBAE VB S E & b
i o W HAEMHE S EE B OE TR S AR R - BRI ANEEE
AT ERE PRSI E AR - B H AT i an Y A PR
BURToi R o A AR IR AMH B B AE Y56 TRE At AR 1 Bl R 452 B2 B i
o R RIS PR SR S Y A A LR B A R M B AR R O AR M B T
P I Z 3 R — 4 G am il - IZHTZE g 2R AH B s PR B R B R i . - DA
IRV EEE R anfb R EE SR LY H Y -
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Table 1. Some commercial products of biofungicide available in Taiwan

eyl ER

REEAE YR E DT GHIGE 5% B A

STHIRETRHS  MmARE LT i i =8 P £ T HRH HA
e e es . WP ARy 50% 10° cfuly  SEEE(LEERL YA
EEH 2 4] = PN -05-
FEEERY 04764 RHEARE FEHE (51EP) ] 105-05-19
% NIV 7AN 0 9 EP%E%%BH
PaZERL 05006 fhEfds gy L VAN SONIXIOT gegpmemn 1034012
i cfulg BLE o
itz
» s WP A8l 50% 1X10° B A A TR
B gl o] =| FR B -06-
REEERL 05277 FLEARE W HETE | cfulg B I- - 107-06-29
o Rzl
PLgERI 05323 RETEMEE LBk AL > 1x108cfuimi  EIEEVIRIEHL 40745 46
AR AHE]
S HERe - .
pLaEsl 05348 FHEFRE AL | 1x10" cfu/ml /ﬁ’i?ﬁf?*j&ﬁﬂ 108-04-16
775 1375 BE@AEJ
IR
o S WP T[N 50% 1X10° BARAEYRHE
ZEEl 05454 = 4 -06-
RARH0545 HERE SRE cug LE  (BERAR e
AT R A
BB 05566 L EIFRE AL ST 1x 10" cfu/ml %E AR 105-12-26
BREE
=2kl S 2X10° cfulg B EEE(LERR (A e
00139 fERE GEE 0 BAE 108-07-26
i 5 O 2X10% cfulg DL EZEAEYIRHG S '
00161 PR ERE - BB 104-06-01
Lt e r 1100chuml TR EVIRHRE 164 0498
00177 - b5 ey HERAE
St O e N SP KM BHEEYIFRHT R
gl 05148 o D > 700 PCU/ 104-09-13
RAR HZ B 9 EEAE
Faaesl 05590 4R ANEIEE - s 8 AR
RA? EZSE AP (Hfh)7]  2X10° cfulg ETRAT 106-07-01

BHETHRAZ RGSEYIVIERER - BRI

2N G

R Z st A B

B2 ITHIS I 225

HEF®E - A

(Trichoderma) B4HREE @ &S REFERENEEMEE

TEHYERIAE RS T R S AEEEREY) | > (EtE AR
R~ T REREREEE 1] DU EER] - 2 H Al E S e B A AV aHY
REESR - EEHRAREZEN A E 2T - a8
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I E - A - AR E T RBEPT - XEA - WEEH - REE
& - fREEZER; (John Bissett) FEHYIHUE - ANEIE G Al & o7 plARE - MRS EEH
AR A [FIVAE - SRRV > BRIy AV EEME S 5 - EEEIIR > il
INECEAEBE ~ IR - o AT IMEIEAR ~ BEE > DAR O AR A TRy £l

o~ BREEUMERGITIR - BUREEAEE ~ T30 FHIREAVN > s34 A1k
BIR ~ RNEBAE > AT SO - ZEIREFFERACRE - HAT
LA M QA ARG AT 1 73 BC3LAE » E fRIERIBRIEE il A [F] B -

Nfi& (Trichoderma (Pers.) Fr.) LRI HE R 2 M0 H oy 5285 - 041
fEE I BB i > T AT R RSS2 FOfUIRAE TS E BN - &y
TR - BABGEE - MR R Rsk @itk - BEIPSEEEE > &
fERE > AN > BEMMEEGSNRE @ Rk e R anyERE AT - Gt
B > MIAsIBA > EPEOVER @ AEEAREERR - E% 2 AARIREE
WINE > RELSEMTRRBEHE  EERRGE - R TEZPREE > Sk
RRAEGITAZIN > FER ARt 1TS1 Bd 1TS2 #EFTRPAI M BURA
F HPLC &% 3 A ARG o RGP (AR m] IS A Ry oo JE LR
JERYTE (Thran et al. 2001) » SRARMHEASFIEELEN RS > SR AR ARRIE 0
% 89 fEPLE (B -
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Table 2. The taxonomical position of Trichoderma

S fiE - X, anamorph MK teleomorph
S Kingdom EHE S5 Fungi
5 Phylum £ Ascomycota T-FEE [ Ascomycota
gaPq Sub-division | “R5E 2 EF oo Deuteromycotina & o' Pezizomycotina
4 Class 4474 Hyphomycetes FZ i 4l Pyrenomycetes
H Order =150 H Moniliales A H Sphariales
£l Family IRl Moniliaceae A FEE £ Hypocreaceae
& Genus REE & Trichoderma AL B J& Hypocrea Fr.
& Species Trichoderma species include 89 species: Trichoderma aggressivum -~ T.

amazonicum -~ T. asperellum - T. atroviride - 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. cinnamomeum - T.
citrinoviride ~ T. crassum T. cremeum - T.dingleyeae - T.dorotheae -T.
effusum ~T.erinaceum - T. estonicum T.fertile~ T. gelatinosus -T. ghanense
T. hamatum - T. harzianum ~T. helicum - T.intricatum - T. konilangbra

T. koningii ~ T. koningiopsis -~ T. longibrachiatum T.longipile - T.
minutisporum - T.oblongisporum - T. ovalisporum - T. petersenii -~ T.
phyllostahydis - T. piluliferum - T. pleuroticola - T. pleurotum - T.
polysporum - T.pseudokoningii - T. pubescens - T. reesei - T. rogersonii

T. rossicum -~ T. saturnisporum ~T. sinensis T. sinuosum ~T.sp. MA 3642 + T.
sp. PPRI 3559 -~T.spirale -~T.stramineum -~ T. strigosum ~T. stromaticum
T. surrotundum ~ T. taiwanense -+ T. thailandicum - T. thelephoricolum - T.

theobromicolaT. tomentosum -~ T. velutinum - T. virens ~ T. viride - T. viridescens
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R < £V EThRESELE A%

FEMERER IR T - RS (Trichoderma spp.) & EH i H
BHHE A Y)> — (Harman et al. 1989; Lo et al. 1996, 1997) - AEEE /D% 18
EfEgry 29 FRE ARAEDUEN - CHREYIDaHRIAEER 8 & » Hing
RAEE (T harzianum) ~ R KRB E (T hamatum) ~ R ARBE (T
longibrachiatum) ~ FFCREE (T. koningii) ~ &EEREE (T. viride) ~ FiFEE
(Gliocldium virens) ~ 22 KfEE (T. polysporum) ~ T. asperellum - H &7 45 38 F it
HERE e\ E R 827 T. atroviride *T. aureoviride *T. brevicompactum »
T. ghanense - T. glaucum - T. longibrachiatum - T. piluliferum - T. pseudokoningii  T.
virens Kz T.reesei o

HOURRATEk P AR E D e B R RO 5 B IR SRR E 5 eV == ~ IR - 40

= N

iz 89A (F oxysporum f. sp. lycopersici) ~ 45 Z H%% (F. oxysporum f.
sp.phaseoli ) ~ #{EZH%K (F. oxysporum f. sp. vasinfectum ) iz Fusarium solani -
F. colmorum Fi75 [{EAYFRES + Rhizoctonia solani 5[FEAYZEEESHE + Pythium spp.
41 Pythium debaryanum 5 (3% « I ~ #7E ~ B ~ T - JHEE - A2 - E
K R ARFEEY) 2 J Bl B ARIE T » Phytophthora citrophthoras [EER SRR E 7 ~
TSR (P. colocasiae) fz P. parasitica and P. cinnamomi 5 |#EAYHR 25K
(Phytophthora blight) ; HAtr#1 Heterobasidium annosum ; Armillaria mellea;
Ceratocystis ulmi 5z Chondrostereum purpureum Jz Phellinus spp. F75[#22fR
J&95 ; Sclerotium rolfsii Fir5 [REAY (14595 ; Sclerotium cepivorum & Sclertinia spp.
A5 [FEAVEZSK © Plasmodiophora brassica Fr5 [#EAT+FAERMEVIIRENR MW
s Meloidogyne spp. FiS [HEEYMEIFRIES + Botrytis cinerea Fio[fEAITEY) (B
YRR ~ ] SAETT) HYIKEDRLL Collectotrichum spp. ffr5 [REHYFIENS ° 2T4F
SREE S R - R F AL (Diplodia natalesis ) ~ g3k ZEEBHR R
(Cercospora canescens) ~ HERHUZHK (Phytophthora capsici) ~ FEHIEIRE
(Fusarium moniliforme - F. verticillioides) -~ FEZ4 14 (Meloidogyne
incognita ~ Radopholus similis + Helicotylenchus multicinctus) - FHAnlf &K
(Phytophthora infestans) ~ FH A& flifi (Ralstonia solnacearum) ~ FHFhiF K E
(Alternaria solani) ~ E R E{E=20EE (Aspergillus flavus) ~ JEREI GRS
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(Phoma terrestris) + 75 % ££ J& Ji5 Lasiodiplodia theobromae ( Botryodiplodia
theobromae ) ~ +F(ERI AR (Alternaria brassicae) ~ 72 tuber rot ( Lasiodiplodia
theobromae ) K AJI&IE 7 (Rhizopus stolonifer) JRELE£ER A H FIAB AP E -

AR O] DRI A E Y IR B 2 1 £ i@ B T %1 5 KM -
PUAEZENES - 2'EF - BEF4E - HIEE R R KA EEYEAEDUE - KRE
R R [ R S DU B s 2o M - a0BiAEEA) (antibiosis) ~ @83 AE1E M

( mycoparasitic or hyperparasitism ) & #i4=/ER] (competition) o E.rf » £ & A B4l
HI BB AR SR AT IS SRILE 5 B (E A A E . B A 22 A3
Fro R AT DAZE A S M B R MRt AR P& - 40 trichothecene~trichodermin
gliotoxin-~viridian 5% peptid antibiotics &5 > 72 Lo A /& 7] LIIE R EE A& (Gupta
et al. 1999; Harman et al. 2004; Naseby et al. 2000; Lewis & Lumsden 2001; Vazquz et
al. 2000; Werner et al. 2002; Inbar et al. 1996) -

AN T DRI A TRV IR B B T B -

L AERRES  REE T Al EEEZRKYGRE - LUESL gliotoxin Al
gliovirin By &R - EEEHRLIIMGIZNE ~ REEAEHRES L
AN R - AN E AP A R A B I ARE TR E RERAI - N1k
B > AIATREN s AR RE RS DR A o BRI o] e 2 A A EE 7y A
A peptaibol HiAEZER - EHUERNE T HEOEERMAS - e EHIHEE
AT RIE G RAVER - NEEELEREE T L S M RS2
B s E AR U A RN RS DT 21 pH ([ERERFCHALE -
1932 4= Weindling fifg e RZE ARz £ — 1o BIZEER gliotoxin FYHTEYIE
(1% 2R AE RN NS E S BRI E - AN EEENTEE R EY
£/ 32 Ll E - SRR A EA A LR - AIETOREE 12 1
FEERRTE 9 1 > &REREL 10 & 900K 7 M RECKEE 3 &> %
AR 2 18 > AEARE 2 1 - AEEEE T EENV TRV E A AR
2~ BEE - SETTEK U ESR IR R — 28 - B RmA LM
BEAME - BAE T IHE - SEEE - G o SIRNEERRITAEYIFRAM - K
BEELENTIEREAEEF ARG R ERrEER SRS
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FUZZAEYH R E A RE - Horace WFTIA K ARG B 1T A 4RAZ B I etk >
—EEAERIIA R 0 H TR RS R A LA AL - EAHT
T A&k - Bruckner FE{ERAREE (T. longibrachiatum) Fl4k AR B 77
feal T — 4R RAPTEAR » 4311 By trichobrachin FI trichovirin » 3 HIE T H
B3 s Dennis SEiE i T RS B 4 0y — T M BN R B
B

/|

+

=
A

2. EEWF  EEESEF T > M AARRE SE TR - "lRD 25% TORIR
HYEERFE S - IR S B A R 3828 - A AT BRI ek D R 155
SERTRRHVE ST - ORI - F - bR~ SECHTEE R IR E A RAVMETTE
A PARRFIR ARV AER ~ SEF8UH - EERTERAYBRE E 5525
FTfREVE Y > AR HE Sy i AR B H S PHET - JREEPREEE AR
R TS E EYIIRE 2 B -

3. AR yAERE 2 - AECHREEE AR 25T > — M Ry IR EE oo i 2 A
WE LI EEEEA G - BREGH AR T B ieRE X S R &
A E R R RAIIEEE - th= 28 T B AR R AR EEIR - HIFNEEE T
HIFRE I RO B GRE I GIR(K - EiE(E% T H AR R AN AN E
PiaRE TIHIRIGIF HE AT - = (EEIEAYE PR AT B R E BRI - i
A — TR E A KA NE R T B i R - SRR E RS TERN
AN - 5% T E DR RN ARBE T 250 - W EYIEE - s
» QIR E o

4. WBFE EEFEE - DNEEETFEREREES S 0 EAVEE S
o AN 35 R B HZE Y R M B DR R R R Y /N oy F’E (small
molecules - peptides ) » 7% FFERERFERERIT - 7520/ N1 Al LHACE B 730
HE g (proteases) FH] N2 BR R R RS FTRER » Byl &S & FIR
EEHEFELSFTEN G & [ {EF282 (G protein-coupled receptors » %1 GPR1) =
EZIEAZES (nitrogen-sensing receptors) -« iELEEHE 5 [ {E975L G &£
Fl44 2B L8 (s ( mitogen-activated protein kinases, MAPKs ) f{EFH -
K EREE By i AARAI @GR T~ (transcription factors, TFs) HYIEH) » ZLEA 1
e RUE LR AR YA A& G O AR B A AR H ZE AR - H#E T 77 i
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I AR EE - AR R EAEME (lecting) FIFREBEAAIIRK
{beVrlEs E TR R > RIREE £ R o] A R H i R -
FE[F]— ] - AR TR A GRS RE S, (reactive oxygen species,
ROS) ¥IAMEGNREEITEREA - EARME LY E B E I =Y
[2% > mtk AR SEER AR MRS REr £ EH -

5. BEMEYIEADM - TS EADIMEITE - NEE RS GREIE 7 &
Vs SAEVIEE A R D UR STE - REERTEEYIIREIER - niE A EY b
5 RACEFEARCR B G AR - KEEFTE4 peptaibols Al
cerato-platanin (Epll) w[EBEFEYIES 2 FPLlE - WEHEYIE LB A L El

( hydroperoxide lyase ) - # & LYlF ( peroxidase ) Fl17& AN & E fif & 1
( phenylalanine ammonia lyase ) 755 & RK'E (L (lignification ) BE 51K RE
REETERG EIX (xylanase Eix) T ER3tHY S E - -2 E IR -1
%  (AAC) Hi =i ( l1-aminocyclopropane-1-carboxylic-acid (AAC)
deaminase ) A4 RHNGIFEY) ZIGIVIDEL - HEEEGRAVAE RIE58 - REE T
T EUKARES (nitrilase) FTEBIAERZSILRZEE (JAA) BRI 780
WORERE(E Rt > AT E BB IRAR B R A& - HOFEE ARy 28 T ERg n] i +
B SR E BTEYIR RVEE - RILHEY) & W e e 28T AT (B 2 4 bt
TR EFTRRVEE R - M ZEFIRERYRER - Yedidia et.al BZZ FME ZORBEZEA
B /IR D - I TR ERR S ISR K7 > FEEL R RIZEAL RS M I E e By
IURY) - BERIIYVERERERIRE - EVLEIREDR - BEEAREET 7 RITE
48 ~ 72 /NI EE R LY - & T EEBRYEE o IS IOREEEIER - FEHHE
o B2 NPT A > W ZORRELE o] DU A AR S -t R hET
fEFT > ISP ERE » KT~ HT ~ Ca® " B T f TRl > S ZI% 0L
FARZE PR EH% - lMIORNEEEAS TERM B-1,3-# s HUEYm
IR E R T E A o Al DIREMEYIHIT N IE - BEE Y E R AR R
YURME AR L EYIIIRNE RS - FER KB EA AV E RS M AFtE
VAR BE R [ B P - B REH R R B A 5% - (R i AIEe s - BHA-IR
R = ATEY4HAE -

AW EEREEREN G

ANEEH— L IR EFEYRIEEA 6 B A TRIFAVRER - Naseby FEH¥#HE
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S5 ERENESRE - EHARAEERETEYNNE  BERE R
SRR R - (IREER RS - FR g B R A RARZ - B - 1
H A IR DI E R E - B AREE o] DR Y2 G HR2 R DA R b
HY200 » 45 SRBURLAMER T4 1 N47 BUREIE R AR A RERF HENF
T AR EZ GIIRE » MRS E AER - AIEEEEY A BRIV (Naseby
et al. 2000; Harman et al. 2004 ) - [ft4 - FI| %5 E FHECHYIE L/ V8 - WA S B A FERY
REE PR (VBA-FB) » RN FEAE M Y ER B o ok o] 6 L AL 4 Az B T P06
VBA-FB 5% TRI-4 F1 GL-3 HYE#E » s PURES IO ~ B HE ~ /el - HEE
BIRAR By SRR SR R P 5 EERYEI{A S (Lewis & Lumsden 2001; Harman et al.
2004 ). Elad DL T. harzianum T-39 E({EfF AN PEGEN AN EGBIEVERE » $1¥
PO S R A N N R S SO E RN IR R TG o v LA R
EWRAE - BISER ZENEIE - AN HEYET A & BB HF A2 siiE
W7 AHEL TG » e Dbl & EfEEEY) - EEPUEFEE & TR —iER
HYEMEERZ (Elad 2000; Harman et al. 2004 ) - AREER LY ERERTE R 2% B
HELISEREE - MRAAEEDEHIIME - BEE - D4HE - #JEES (L
HIRRAE ~ fff ~ A2~ ZEFRILE AR LURRA] ~ fEAFIEREY 3 45 A1 2
AR ENRSE - (5 fd NS T B REF I ARER - BINANTF 2R B
AN R AP a/KIER St « shh » REEZE TR ER - fEBfRER IR
o8 {E A E N S OB R R A C I 2 WO AR - 7] DI R E
B 5 | REFAS (RIS IR DA S SR B R i BRI S A 2 e T IR - HiT - £E L
YA B 25 R I B - R RS B B pl T BB T K
SR ] DA RO e AR E

RBESR ALY e EZ BifEA

H i % B 22 5 B 2 R E ka0 Trichoderma virens (G-20) ~ T.koningii -
T.harzianum (ATCC36042, T-39, T-22) ~ Trichoderma viride -~ T. polysporum -
Trichoderma sp.various (T-382) Z:Fa=spk A EUE| - IHE A L fEE ST > 40 Soil
Guard 12G™ - Rootshield™- BioTrek 22G™ - Supresivit™ - T-22~T-22 HC - T22G™ -
T22HB™- Promot™- Trichoderma 2000~ Trichodex™- Binab ™ Trichopel- Trichojet -
™+ Trichostar + HARZINA GOLD - Gmax Tricon -
Trichodermiside - BHOOMIKA® -+ Tricho-shield Combat ~ PL POWER - TRILEX™

FL - PlantShield® HC ~ RootShield® WP ~ RootShield® Granules ~ RootShield® PLUS*
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REEAE YR E DT GHIGE 5% B A

WP ~ RootShield® PLUS* Granules ~ PlantShield® HC - TurfShield® PLUS (=) -
BN YRS EHEINE 1 (IR -SREER-42) - 13 Lo BRI LU ~
SRR B i B Pt (YIRS > 554N IVA DA EIEIRY B -

i e B LR Sy BIA AR B 7= 40 138 3 o o] R [ R T I
T PEE IR > A ATL SRR IR ZE > a2 80% DL L - /KFE4T
R KENEERE Y, —  PERERT A B R EHIEFEE G-8 HifNE
FE R S RT B R e /KR - KR4t AT a0 - him
EEIE AR (P SoilGard ) {E3EEEED » ol AR ZE FI e S e KL
&AL R 5 AR i AR R - A R A PR EE BRI A0y D4 & I TIEE -
Elad et al. (1980) {{E2%k ~ KIE R EY) FEFENIEIORBIE AT A ISR IZEH
FIEGHE Y8 g A SRR3R e 60 KAt - (i ELEHES T
fa S P E 2% IS ERR R E MR E AR R 7 BEEE T 50%
1 20% = Root Pro™ JZHy Mycontrol /XS] aT ifF4 iy —F8 i H 8752 & e PR (E FHEY
+- 3R F & A REETY Root Pro™ 1R BRI B PR 1:100 HYELEBIE A
R MR - AT DIEROHIEHIEE R ~ IMSIZE - FIRWEE - L]
TR R A U S TR R B 5 EAY B B - FE R B 1) ] R A B B A 7
TR T e A 109 Bk EE e R = = RIER  aRRE 50%: 5540
FAARBEFEE T > SR am AR AT RV ENR AR - #EAREE
ERE 5 x 10° EfE/MI 32 Fi T BIkR 7 (FT Fi R A A 25 R R ) PR
LA 5 x 10° (EEMISHIFE AT « Fit -~ BRI EEI s - TE
EEREE L > REERR S E T AR IR ERERE - 1 B
%= RENRSUAERTFNIPIERER - REMEMNHAAREE TS5 Wk K
Vi aRE BN » AR m B (LR g LD HPERUEREAE 80% LI E»
i A AEEE VP aBm s - 54 - Fl%YE  FEESHeRREE
H HEECRAVHERE(EE - DAEF1] Makhteshim Agan /A S]FHZSEHILAIE ZOREE T39
FIE B TR A A% 075 Trichodex » By 25% BYREMEMT - vf LA G
MBS ~ EEAE ~ BRI e T EE AN R R B AR AR e o B
GO BRABFRESAN T (HEEE HEEREN - REE K EBES
& F T DLBR S 58 A= I AU - BRI RIRT & - BUDERED5HY - (K
BYRYE  BEHIRE A EYNIE - KAEEF—EEEER - #E 2
L0 B B RE R DT — Sl Y B L 20005 A B 3 B R S M s B R s T 12
1 ELAE A P B )~ 38 o A B 8 DL B B T AR 17 [ B R T SR G A R
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BE AT LA R EEPTRRSY - IRIILE AR EBUER AT - A7 T A R B A
e LIRS 0 B AKEEE R - o] DUE AN TSR G N R E R AR
g WRlES TETEA TSR B AE R ERER o E i R SR i A4S
EWPETTE - — ERPURORERRINHE KR E - 55— A &4
I aBRRYRIR - HAE Ry T A Pa R L4850 3 AR R B ER R
B > 12 LhBUTN e iR FOREE 6 & 5k T Trichoderma harzianum + Trichoderma
viride y 40 - BEORIR DUE S BOERHEE RV T/ A R KRRt 3 2y H g4l
TR YA R RFT L TR RN R - B 7 RFRIDT G R iR SURETRL
B o

= KNEERE s bES
Table 3. Commercial Trichoderma-based products registered for use against plant

diseases
Trade Name Trichoderma species Country Registered
Binab T ™ T. harzianum & Sweden, UK,
T. polysporum USA
Bio Fungus ™ (formerly Trichoderma spp. Belgium
Anti-Fungus)
EcoSOM™ T. viride India
RootShield ™ T. harzianum USA
(a.k.a. T-22G, T-22
Planter Box,
Bio-Trek)
Root Pro™ T. harzianum Israel
Supresivit ™ T. harzianum Czech Republic
Trichodex™ T. harzianum Italy, Israel,
USA
Trieco™ T. viride India
Trichoderma 2000 ™ Trichoderma sp. Israel
Trichopel™ T. harzianum & T. viride  New Zealand

(a.k.a.Trichojet,
Trichodowels,
Trichoseal)
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Pl P R L AR P R SR B H B T B R B Y EE AR 2 AR THIRRE
HKEJEHEIC G R BRI EE > INEERES - BEEEAE > HARE S
FE AR ES A~ EEE T Z IR GHRERSE ~ SRR ~ NIRRT
& HEEMTT IR EREEA EA S RV TTE R - e 8 HE
AR » INBEAEMAEYIRIRIRYBHSE E - MHBEEEROI ~ $ElC )T ~ AERIRRA
TETR AR E% 2 (58 P SE R R8Ok -

DHREME AR M AR Ry — R A B - HiAK RS S EEEM &
[EFAHEY > FisEHES SHEAE HAEAENESD (B—) - ARNAREEEA
SEREBE g EESMAHHEY LOTEY)  EEEYE A REEY AR
D ~ 25 ~ WS~ DUAERR S RCGHEYS > (REAAHRERER
X~ BYCE - B - B BF - BAENEAEERRFER L > MHEES
arettEEic; (FNF) Rl Eai 2o F R FE o -

Y
AL

e 5 2
B R

ER (s o el 2L

fe KR g de

(pGay/uil

A 1 —
Trichoderma spp. A BRI PRI A U

HEl LAED G SEAR
- A W RN RBE R

[ — ~ THREPEA R M AP B o] $ 135 H AYBH SR S Tl A o -
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ABE TCT-R1 kRt

ARG > CRZESEA nMEYERRARESR L > HPoREE
Trichoderma asperillum TCT-N Z5I PR 38 2 TH 2 A AP M HERE (25 et al.
2007) ~ FMVE ~ MAP)EURIE R FHEE R S - TCT-RL geitE (B ) ~E
Jefiss 2 SO HELEYIMRERILARE V58 - RERBNEVIIR 2385 > FRAlE ) Bl
HEINERE R B EYIE IR (B =) » IR R B R E mTE M EYISE T
WHRAEEWE Z N a (RN) - i HaEHRRESREE Rh) - HEDREERE
REfEEEYIAR - WINER - IRAWE > TEBIEBAESEYEE ki - EH
TR R ARG - ERASNGRA AR RAEEE - HAlEEARE RS AR
BEEE > DEBRMTETEE - SRR ORI EMAEY) - BRPRIANE
BROIFE > ROKIRZ KRGS LB Bl Rl - (EMEYERAR - &K
Ty AR R A IR RO K T A IR B A - ] R 1 8 N A Sl ek e i e
D NBER - RGPt sd 2 B eest - R 2 HBoSase s - ftslind:
PR FHRORL N KR Sy ks B2 AE e AR AR o AR 22 0 AR BRI S N AR OR AL
71 ESREGER AR MR AT A sk RN T - P2 TCT-R1 ARBIETS
BT Ry A ~ BRI (REEMESER RN - AT fnbR A
MBARMTZE AR B SRR EIRSRSN - W B &AM R R RS - il
AR E NG e R B s AN - RN 2 T1% - BT E S IRR
LRI TR 2-3 K i THE T 4ERFE 10sporelg 7e A5 - S5 L (R 3
felct: - B 2 FREEFAE -30°C (ORMREAT - a4 2 FUE - BT
MRS AR L i B AR AT R R D I — i P
MR P P Y EL AT e~ TN SEAC B = AE )i e A i - R A AR MR R R B
NEALA T an RS 2R - AETERR IS B w2 4 s R p i mah -
Q{5 P ST e mT DRER ST R HERE AT > (EAPRDRIERG L - HERE 55
FEHERE S > PR EEHERE R m R O fR R e S » AT B EYI AR EEA > Ry HLME an
HRBERHRRRS (B2 etal. 2005) - REAMARRIE TCT-R1 Rk e o n] & /R ACKE R &=
- fcaatEM T AEARREL - HRTEM#E 2 EEL (R=) -
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Fig. 3. Preliminary test data showed Trichoderma spp. strains had the ability to promote

plant growth under water stress.
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R ~ B R EARE RGN = R E B IR 28

o) E | R EHMRGE BERRE BERE O RE 722 S JETH
mE mE | RE RE
() (nr) (B (A7) (%) (%)
B HEERE| T 764 561 728 16.7 118 0
T CK 642 486 770 16.8 12.6 14.3
Wkl & | T 552 432 783 17.0 13.4 4.1
5t | CK 435 345 778 16.9 10.3 20.8

A

&+ T—AfEE Trichoderma asperillum » CK—¥fH#

BT AR TCA T A I B e e (e

HRWEY) s UPARMEENGY  EESRA AR
[EYES =z

; P e

ARIPERE AR — NG T EARE N G

(cfu/ml) (prog/g) (cfu/ml) (prog/g)

FEARE EEEE 3.2x10 - 8.8x10° 1.6x10?

BRRRE 3.2x10’ -- 1.1x10° 3.7x10°

NG R EE - 5.6x10° 3.1x10° 3.1x10*

BRI - 5.6 x10° 3.7x10* 5.3x10*

Hage il St - - 1.6x10° 1.2x10?

TR BRAREE - - 1.6x10° 1.2x10?
MERE s 3.2x10’ - 1.2x10° -
BRI 3.2x10’ - 1.0x10° -

NG R EE - 5.6x10° 1.7x10° 2.7x10°

SR BRI - 5.6 x10° 1.1x10° 5.6x10°
g il St - - 1.1x10? -
B -- -- 1.0x10 --

5F ' BS—fhEAEE » T—Trichoderma asperillum » CK—¥#f1& » PP—¥EEAR IR » OF—F%K
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VY~ R AR P S B (B AV DORE M AR PR AR B S e

Z%7N ~ R{EE Trichoderma asperillum TCT-N Z%1/2E i
Table. 6 Products of Trichoderma asperillum TCT-N

AE YT AV HERE =1 = ROR AR
TESERES-2 9% | (B AEAEI-EE | 5P 3R | &uEARE
(TCT103) AT HERE REEE
EfF TCT0L Bk | Sl EYEAdR | MESEH 5 | BE-REAHE

HEAE e A
afmEgsY | HEAES -
PEBTERHEALETE | FHRER 1985 3 9%

ABE Trichoderma asperillum TCT-N ZH1EE 2 B 2 B FE FH

DHREMEREPISL Trichoderma asperillum TCT-N m[EE EAE VI # 52 e S
HEY) > PR EYIREILAERE D50 - SERBEVIIR 2385 » (REEYIE
&~ BEIACEER ~ WO R IR AAE - IEINIERERGE B LI RAFYI R » 55
ik AR M RE A B EY R DURYE - WA EYE LSS MEDURAE ST - BE I
TP EZR UB AL RIIRE - LA A i S Fe aokis [ & - BB m R )
TEVHRPUEK ~ 2R - WRERDFEE R E o IR EEME (B 1) -
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BRI 4 AAHP TR HE bR
4 54
I

RN
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Foa A P R

B A

S5

2R

ﬂ |
et > P,

Sy
or
4

LEEIERER B
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313 %‘% i /}é‘ ’/%%#F%’

/)é‘ iﬁ»’_l’j?" }‘)é‘:' ;1 :ﬁ%\,

[E 71 ~ Trichoderma asperillum TCT-N IhgE Ml A: PS5 -

SeNBEESEYAENIFEN - fEERRFELR TCT-N Dhge ity
Bl > BUERG(E ELRCAEER - MHRE M 8 A 2R EY) 2 pd g B E(GRIY) - HAT
FiThA a2 Ay = AR BRI R R &SR 7] o0 L TCT-LF-1 A IR AL - HES
SadS R R A (e S IEY LK > sl D E NS - SIITEYI 0 BE% ~ BRTCEUL
ARHEH (BN) - pEf A EEBLE - WADUEIR K MRt R A — 2t
SR o BEAIMHE A 7R B m R /K R RE B ~ Shtm fe B SR 2 3 AR BB -
2. TCT-LF-2C jR EHIHAIRAL  fEirk Erlp Vsl (E€) - HERE
/) RN (BN ~ SHREIIRR - 5w - BEE (B~ +)
K > A RO B SN ~ B0 - BEROW ~ RO - BRI - dEEREETR
FElERE - EHEREHEY B HEYIRIR SR G EIRARR » 3. TCT-LF-3D
ficaa AR TR * RETRAAEYIDURRE T K B st S tAE 7] - I nl SLlisill H 255 »
LWk ~ Fydd ~ AR ER - BEHIEASREN#EE (k=) - TCT-N IjgE
MR BRI bR mTR D (R S A4 - WRe R EIEVIAR ~ iIeA B NEEK
SESRITRAE
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Z+ - Trichoderma asperillum TCT-N #4250 o] [ F > (EfEiE K IhRE

TCT-N A= ad [EFHEY) Ty fE
TCT-R1 ez i (e fER S S
ARAFE KR TR~ 22 | IRAL BB EE SR
& (e R LT R
TR HEE - &5ERE | DUk
KR HETER A EERVA L
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Table 8.Effect of Trichoderma asperellum- TCT213 and Bacillus sp. TCB9401
liquid formulation solution on the black rot disease control and product of
cabbage after applied in the field test

Treatment #IEK Hlg T-11
RIE  BEEKE | BER BEEKE | BER  HEKE
#HRE (DT | BRE (B | #BRE (B
(%) (%) (%)

BS A E 80 0.9 70 1.0 66.6 1.3

Tr j#EifE 40 1.3 375 1.1 27.7 1.9

Tr+BS & EfifE 25 1.2 20 1.2 16.6 2.1

CK 100 0.65 100 0.8 100 1.2

/& HEE 20 PR

&+ TCT-LF-1 A RIR AL el e ot e 58 it (72« #8745 © i) -
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Fig. 8. Effect of Trichoderma asperellum- TCT213 liquid formulation solution on the
powder mildew disease control of muskmelon after applied in the field test (left,
treatment; right, CK).
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Fig. 9. Effect of Trichoderma asperellum- TCT213 liquid formulation solution on the
powder mildew disease control of cucumber after applied in the field (left,
treatment; right, CK).

fe - E%M%*ﬁ LRE PE R N MR R Z DA RCR (7 © RERAH ~ 45
HIR4H) -
Fig. 10. Effect of Trichoderma asperellum- TCT213 liquid formulation solution on the
downey mildew disease control of cucumber after applied in the field (left,
treatment; right, CK).
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2R EAWE T AFIIRE 2 A w U AEYIEE - I HE 7 lE 2 1A NEie G FE
TR AYIMEHERCHT S | Rolo it - HEA ZHEAMIEHE & kBB
o HATESCARR AV e R RERI(E(E - LRSS R R BV SE4EH] -
—fE R YRR EE R - 2/ DR A T 3 (EfRM: - BT 1. A — (B R ARHY
Pk (superior strain) 5 2. Al RBAEFEIHA BAFHYA LFEREHE (shelf life) 5 3.
WA BRI E RS 2 (delivery system) (Burges 1998)  PRIFLAF ST fn— &M
VI > 2/ 0T G Bl = KE A - HiC S E iR R LUE R k(b Y
TRPEEE - IR RIRIRGEEE T - B b B EBHHRA © 1 PIEIROisE
AR ERPEIESEE 2. ISR R RE 6-12 A PEE
mn L THRFE] - 3. S E R & T — (M B R A R R ATt &
BRI AR A SRR IEA S 4. AEEE S (50 - 100 EITLLE/AE) © 5.
FER]EIES TS (5-10 £F) + 6. ATIATS - HABREIERESZEELEER
fREtt: - HENR B B Y SRR o bRV ZRE BIRFR » Ro b — (A Sy A
IR ZE Sn R R FC (P A B B R AR B EE R A A I RERKE - HHHA AR E AV S
etk ~ BEVZENENE AT E AR M o B ARy FE A R > AT DURI A A
N AR R AR S ARt i AR 0 a i - (B LR R (R > O B R foRf:
(e EARBEAEIERE ST MRAMEEMEY) 2 RIERTTE - s RNEEAEYINS
AR HRNDAEY EREWE © (RERELEERAEREE - (EMEFEEY
BRI —H¢ > IR AREERRET SRR SRR - HEERZZRE -~ RE - (B2
FESEFNRENEE - REVEAEE > TS mEytEG R i IR - REEHY
A EERUT 2 — R R AV e BUEIE A _EAS-20 5> (i PRI RH i R
A S RIS DA R i — M TR

111



SRV R T G H T

SE UM

FEH -~ EEIN -~ BETT - =HE 1999 FYRE ZIRREENTE BEY - RAEE
e =9 -

EXHIE ~ PREZML ~ BREZE 2005 RERFHEAL R RERTY M EBFEEBLZ T p.
119-128. AR < it ¥ H B EY)  E e BT & im U B REB(L AR
B 2=k -

ZLEIE ~ BREEAL 2007 AWMEHERC Z WAER S BLEN] RRAERUERFRT] 12
35-41 -

FEFIRT 1997 KREEEFYREEH EAER p. 57-62. HislEYVIMERE 1Y
JEFIET & -

ZEFINT 1999 VAT FYRSE FHVEMEESE 285 35(1): 11-22 -

FEFINT 2000 AWM EESREER 2 TSt BlER] AR - AYIRda 2(3): 9-12 -

FEFATT 2001 AREE 2 HBER p. 134-139. 55 71 e 7 B E 2o bt 5

FEEART ~ A(E1E - BURIR 2005 GRS MAEY) K ERESE 22(6): 20-24 -

FERIAS ~ SfETT 2005 AR NiEE T — RERAER FlE48kE 391: 34-39 -

FEFIRS 2006 AR < i/ BER SR RyEESRT] 8:17-19 -

PREEAL ~ BPHERE - 181G 2009 DhREMEM AP EE R RIEIRH R ZF EE LY
FER] p. 447-181. [RZETL ~ HEEDS ~ ZEHIE TSR AREEERI R & HiH
THERZE g2 T EERN RG]

Altomare, C., W. A. Norvell, T. Bjorkman and G. E. Harman. 1999. Solubilization of
phosphates and micronutrients by the plant-growth promoting and biocontrol fungus
Trichoderma harzianum Rifai 1295-22. Appl. Env. Microbiol. 65: 2926-2933.

Burges, H. D. 1998. Formulation of Microbial Biopesticides: Benefical microorganisms,

el

nematodes and seed treatments. Kluwer Academic Publ., Dordrecht, Netherlands.
Druzhinina, I., S. V. Seidl-Seiboth, A. Herrera-Estrella, B. A. Horwitz, C. M. Kenerley,
E. Monte, P. K. Mukherjee, S. Zeilinger, 1. V. Grigoriev and C. P. Kubicek .
2011.Trichoderma: the genomics of opportunistic success. Nature Rev. 9: 749-759.
Elad, Y. and A. Kapat. 1999. The role of Trichoderma harzianum protease in the
biocontrol of Botrytis cinerea. Eur. J. Plant Pathol. 105: 177-1809.

112



RBEAEEYIRE N arbH s SE A

Hanson, L. E. and C. R. Howell. 2004. Elicitors of plant defense responses from
biocontrol strains of Trichoderma virens. Phytopathology 94: 171-176.

Harman, G. E. 2000. The myths and dogmas of biocontrol: changes in perceptions
derived from research on Trichoderma harzianum strain T-22. Plant Dis. 84:
377-393.

Harman, G. E., C. R. Howell, A. Viterbo, I. Chet and M. Lorito. 2004. Trichoderma
species -opportunistic, avirulent plant symbionts. Nature Rev. 2: 43-56.

Hall, F. R. and J. J. Menn. 1999. Biopesticides: Use and Delivery. Humanna Press Inc.,
Totowa, NJ, USA.

Hermosa, R., A. Viterbo, I. Chet and E. Monte. 2012. Plant-beneficial effects of
Trichoderma and of its genes. Microbiology 158: 17-25.

Howell, C. R., L. E. Hanson, R. D. Stipanovic and L. S. Puckhaber. 2000. Induction of
terpenoid synthesis in cotton roots and control of Rhizoctonia solani by seed
treatment with Trichoderma virens. Phytopathology 90: 248-252.

Jin, X., C. K. Hayes and G. E. Harman. 1991. Principles in the development of
biological control systems employing Trichoderma species against soil-borne plant
pathogenic fungi. p. 174-219. In: G. C. Leatham. (ed.). Frontiers in Industrial
Mycology. Chapma and Hall, Inc., Lodon.

Lo, C. T., E. B. Nelson and G. E. Harman. 1996. Biological control of turfgrass diseases
with a rhizosphere competent strain of Trichoderma harzianum. Plant Dis. 80:
736-741.

Lo, C. T. 2001. Development and application of Trichoderma spp. for plant disease
control in Taiwan. p. 85-96. In: Tzeng, D. S. and J. W. Huang (eds.). International
symposium on biological control of plant disease for the new century-model of action
and application technology, Taiwan.

Papavizas, G. C. 1992. Biological control of selected soil borne plant pathogens with
Gliocladium and Trichoderma. p. 223-230. In: Tjamos, C., G. C. Papavizas and R. J.
Cook (eds.). Biological Control of Plant Diseases: Progress and Challenges for the
Future. Plenum Press, New York.

113



SRV R T G H T

Research and Application of Trichoderma spp. on Crop
Diseases Control

Chein-Wei Chen"", Ya-Ching Teng” and Yi-Fong Tsai *
Taichung District Agricultural Research and Extension Station, COA
2Chaoyang University of Technology

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

ABSTRACT

Beneficial microorganisms used in the process of crop cultivation has become a new
trend, the main functions are to promote plant growth, reduce pests and diseases injury,
increase the fields and qualities of agricultural products, the other functions are contain
a produce plant hormones, induced plant disease resistance, reduce soil acidification,
reduce soil salts accumulate and induce of other beneficial microorganisms production.
Recent years our station in the functional microbial research has received a number of
achievements, such as the screening of purified strains of Trichoderma (Trichoderma
asperillum), and the use of these strains developed a number of agricultural biotech
products, such as bio-compost, culture-media, functional microbial agents, remarkable
results in the field use. These preparations, the TCT-R1 rice strains have crop roots
symbiotic ability to help root development, increase graft survival, and in addition
reduce seedling diseases and help the crop to resist adversity. Combined with whey
protein, TCT-LF-N functional microbial agents produced by the molasses fermentation,
production of simple and low cost, field test results in addition to promoting a variety of
crop, reduce pest and disease problems and the cultivation period, can improve crop
yields and quality to increase the income of farmers. The new generation of
Trichoderma microbial agents combined with Bacillus subtilis (BS WG6-14) bacteria,
Streptomyces sp. RS70 and other species with root habitat by development of functional
microbial agents and application methods, can prevent many diseases, field trials have
prevention cabbage black rot, bacterial wilt of tomato, rice blast, sheath blight and
bacterial leaf blight, vegetable seedling damping off, powdery mildew, downy mildew,
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Solanaceae epidemic, leaf mold, gray mold, leaf blight, late blight and rust and other
diseases, and to promote crop growth and to enhance the yield and quality, the use of
research and development of microbial agents can increase the confidence of the
cultivation of organic farmers, and to improve the poor growth of organic crops,
low-quality short comings, these bio-agents in the future of agriculture would be a great

weapon for farmers application

Key words: Beneficial microorganisms, Functional microbial agents, Bio-pesticide,

Trichoderma spp.
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MY RS 2 S ia g

LTS
TEIREEZ e g ¥R {EFr Rl
WENEE - E-mail: tthsieh@tari.gov.tw

=

tEY)E SRR E WECERS - 2Bl ~ il ~ Bl - B8 - s
Bz ~ ER - HE - F9R2%  BAAREZEYEE - a2 EEymRE
e EYR (RGBS YR R EE AR, - YRR A AR S - [FEE
SEKE - HINEYIE - AR R ERE - AR KA AGEEERE AR
PR EBUER - B2 TE A B BB AT - BES AR R AL S tEY)
ZEHUIHIHITER ROR R T R R & T - T BRI - WaHE HERE VA
ZEER o PR EIREEIR T AR 20 TR HEY)IR R EE 2 51 - H RIS NS SR
i atEYm S MmN 2 5 51 BERUEARY 30% cinnamaldehyde 2 AT M:)
75 > 29.2% gamma-aminobutyric acid Ei 29.2% L-glutamic acid # &[5 % H
R RIIZ R EYIREIETR (Monilia sp.) EZZFFLIE (Stigmina carpophila) » faffaf 2
JHi(jojoba oil) THEFER ETEYIH I & FI 63 - #8352 08 (laminarin) [78/NEH R
i RS (A] 1.5% /KERIEBPURTEER  HARE RN (RK) A
SR E#% » BF2AL (Reynoutria sachalinensis) ZEHUR (54 Milsana® ) [ 61EY)
Z B iv RO - T B A B R S R R B e e B AR )R R SR B R ARE Y

PREERURIETA i 100 (CH 100) fEVIEZREPT G MMEYIAE - AEZEEH (GHE
#2) Pmafevnatym > i h e gg8dm ChhRe) MalEPIsdER » BLUR A

pFLE (BREEE) Phiai AP B R R o HATE RER RIMEYIR TS
EIEPIRERIRRAIR - SR 5TE BRI E b= R E BUR =[5 slER
PEEZ > ARAHE ISR FHRE RIS > 50 e 5 TH R S S s R &R, - LAIEA
RHEVR R EER mn b~ MIARIMEVIR T B W SHEYIRESE - ARV atEYIR
TR IS > BT AHEYIREN S —HRIBTITERE o

BAGES  MEIRRLEE AU - R - RES - DI
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Al S

REEBIRRREE 2 EF - EVMEBEARE " EMEEE - T HEYERE
%K, (plant-incorporated protectants, f&f# PIPs) k. " A{bf2%E | & o AHEIEER
BB AR N BRSNS KIFENEY) AR AR
FRATpEEYRERE A - MAmNMEYIER » WHEEE AR -

TEH RS HEAEAIEY) - B 3 2 R R E A g - BOVERS - BriH
IR ~ B - BEigER - ER  BEHEEE - HEFF (Cowan 1999) - BEAFIE
HyEPENE - eI R YR R - 25 AR RS (natural plant
protectants derived from plants) Vg% 4% (botanical pesticides) HYRffEL - KIATE
ViR B S YR R S N A R s 0y — 8 0 5 A HEYIFr &R E
HRE » AR BEAEYET I - DRSS - & - EESEAEEY)
fe EEYIEEY ReERE - YRR EER I EM S B Y AR —
B ECRES  REYEEBEOREAE - AR A AV - Y - BEOE - R
PERREH - B - GiHE - AR - B - BE - s5ESIEYE (| etal. 2003) -

e AEBEYREEEEREYSA T E - SEFRBEIAREmNS » K
Z A YR IR SEEN B R B rh 2 HY ARk Ay - Hor A1 AT R S B R 2 Y
TS 500 f# (R4S 1959) - YR BEERVIER Ty Bz mE s » (HHFIH
BT EAY - RN 20 - R - PTRE - B EE R - NER - Y
R~ o TSR E N D BUREE N EIRBE S AE IR EY E s o PETRRE
P AEYRaRECAE a2 ENES - (HHIEE B R4
TSN ARAET —HFERE - HarPEIRER RV FYREEY) £ 2A
KRoer ~ IEEAR ~ Pl ~ R~ 3 - SRR B RIAREYIR ) i
RRPE L > AT ERAFT R ~ hEgER <9127 « MHII-14 BRI > RS
R o (RIFH IR SR o OB 7 S s AR 7 - AR B Y DR - R BRI
11 1987 - 2004 FfE L& S % FTHIMEY )R RS2 196 TH (44K 2005)° 5551 -
TEEIBHFEH FI AL Reynoutria sachalinensis 2 BUR ST EE{EY) 2 39 ROK R A
RIFHINT AR » WAEEE LI M4 Milsana® Sk -

A fe e HATHE YR R8T SAE YRR 8% - 0 H ZAE )% B Y 55 B
SUUIA » B Bt VIR A BB 2 BBk B AR AR )R R BRI R,
DUE Ry B BB S 52 R B R8BI 2 2% -
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TEYIERIRIZER

TEYIZERWIIG G E YR £ 5 2 B S AR PR (R BRI S V)R RS2y W PR ST -

H AT A 2T G (R VIR FHVRCREA S - &EERAR] o3l A - S —H
ELRE R TEYE Ba DU T A RURANHR R E A& - S B R AR
VIR Al B E Y E AP UR IR e R E S 4 (Das etal. 2010) -

— - HEIGRERER

PEFEYIERENEF— S EYE - BRFERERER - EABDRIEENK
fRiEY) B BEEYIRS LA E AR EDIEYE - nf R IHE R s R Y
W% - BIYMEEYIZERURAVIIER RAER 75 EEE2E S - S HEEIURHEER
wET ~ YHEHE A ISR AR E A (Coventry & Allan 2001) 5 &2 (Corydalis
chaerophylla) Z IR EZLH K& berberine » B {IF| L fE B E 0 T-252F (Basha et al.
2002) ; EHFRRHAY SERESREAHUR 1,000 (% a[58 =061/ NEFREEHE (Puccinia
recondite) ffI1-2£ZF (Lee et al. 2001); [EIFZLSE pineapple lily (Eucomis autumnalis) iz
R ZERUN BT 52 2 4015 TIEBEH 1 (Mycosphaerella pinodes) 7 %
(Pretorius et al. 2002) ; E3EZEMHAHIEYE Kmrz: allicin (diallyl thio sulphinate) &
RN RFraHER 2G0T » K&k Tl A G ZEEfE T H W= (Alternaria spp.) »
FAOMLE 82 B ~ KRR B K Pl AL {5+ (Arabidopsis thaliana) £ &%
(Slusarenko et al. 2008) ; | FEEHIHEIESHAE 250ppm R[5 2 HH] H k7w =
(Erysiphe polygoni) f{1-7-5%%F (Raj & Shukla 1996) : £ 51775111 10%HEERUT A5
1~ 70% T EFLEI A o AR 99.9 A1 97.5% HYA{EZE AWE (Fusarium
oxysporum f.sp. chrysanthemi) {75 > ] 90% UM LA R & 34 s i B AR
#& (Bowers & Locke 2000) - 4T Hifflz= HUE & meta-coumaric F/1 trans-cinnamic acids
BHASE USRS (Erwinia carotovora subsp. carotovora) 94 & EHIHEIVER 56
2~ RIS RO A% Erwinia 4N > T mamon (Melicocca
bijuga) ¥fFEEAY Pseudomonas 4 EHNHIER (Guevara et al. 2000) ; FFFE4ESE
%] (Mirabilis jalapa) FH ZZEUERSE 2% H0T (Solanum melongena) HYEH JTLER 4L
j/8E  (Cucumber mosaic cucumovirus, CMV) (Bharathi 1999) > 4t &% Clerodendrum
aculeatum HYERF A LIEZLAUR 2:1 RS S X FAERR 6 K% - RIEHEHIHIR
THRAUFE T (Soybean mosaic potyvirus, SMV) 52 (Alpana et al. 1992) -
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TEYIRE R EE AP A R ER E e 0 E BRs [  RZEHZEE YR
tHEYRIE ERAERE A SRS LUNE B4 A R B35 2GR & £ - 18
i sRAERJTHE - 41 Ranasinghe et al. (2002) F5H AEER T &JHAE 0.03 - 0.11%
(W) T a]I%] Fusarium proliferatum ~ Lasiodiplodia theobromae #1 Colletotrichum
musae 55 [EH FEIE KSR IVR R W SRR 0 B EEFEAE 0.06% T r]E
C. gloeosporioides #{1 Rhizopus stolonifer —ZHVE2#1% IF 4 (Bosquez-Molinaa et
al. 2010) > 17 0.05% FYZFHE A 0.4%F AEERS ¥ 7 B e JE7 B C. musae FIAR
JANRIERE C. gloeosporioides EARGE RS (fungicidal effect) (Magbool et al.
2011) - tEYFE /AL FE Lippia sidoides ~ T & ZEE) (Ocimum gratissimum) ~ F& #fi 5 fa
Btz (Lippia citriodora) 1% >~ #£ 1,000 pl/l T A] 58 4= I 5 JE 5 &= (C.
gloeosporioides) 444+ (Souza Janior et al. 2009) - [fiAHFZE HAE 150 pg/ml 5] 524
IR R RIHRE 4= (Abd-Alla & Haggag 2013) - 7R — Lz & A FREHIAY
MY E A EHIER AP » AT EEGHAE 76 pl/l N AYFEERERHES o] 58 1]
eIEJ7E (Colletotrichum acutatum) HYE 424 K- oi &> (Cymbopogon nardus L.)
Zg#f (Ocimum basilicum L.) ~ #5441 H 7€ (Elettaria cardamomum Maton) =%
JHAE 0.03 - 0.66% (v/v) T ¥%f L. theobromae -F. proliferatum #1 C. musae B #={FH
(fungistatic effect) - [fjfE 0.05 - 0.66% (v/v) NERKFESE: (Abeywickrama et al.
2003) - FEHIHIT-22F 518 > 50 mg/l YF~T-F5H (mustard oil) i 70.8 %<E
TRERTE T35 2F - MEEEiE iR 64.7%f13¢2F (Abd-Alla & Haggag 2013) -
Midhila & Janardhana (2012) SHI &G 7 Fd F5 #78% Jb #0060 oo M 52 9B R (C.
gloeosporioides) fi TS ZFBIEEFERIT » HAFRHIVHIERE A — - it
£ 1,360 mg/l B2 e AR - H20Rs 1,720 mg/l #3571 2,260 mg/l B3 # RS
SHi o T Souza Janior et al. (2009) LA 1,000 pl/1 fk%: H£2$E Lippia sidoides~ T FZ&E)
FEMFE RN ~ B FIFEARE (Psidium guayava var. pomifera) 25 B A 524114 C.
gloeosporioides ff TS ZFHYRR « AREEL T Efg ¥ AL (Piper nigrum L.) Sy
& (C. gloeosporioides) fi T2 ZEHYFE2IEEE /NP 650 mg/l (Yulia et al. 2006) -
Rozwalka et al. (2010) 54 & ¥ - ERE (C. gloeosporioides #{1 C. musae) i1
RS R P B (R 4R A A BB LT S A28 2F -

B N A Y2 BUR IR BE JTHIE IR 38 29T » R SE s Bm A YRR IT B O
ala il 33 B 67 FEfEY 2 AU E M AHBE R E (Fusarium proliferatum) ~ &K1
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& (Botrytis elliptica) F1K/NAHSERIERE (Colletotrichum higginsianum) Ay
TaFss g Hop DALLEESR ROR B IR 28 S R i (. (3 et al. 2005) © fa]
et al. (2002) JrEfEE 64 FEAEY)ZHUR - #FBH PRy 23 ¥ HE BB EE
(Alternaria brassica) > 14 fE¥:KEESESCIEHRE (Corynespora cassicola) filF-25zE7
HIFRPSER - 557 & LB (2002) #$FRFTHRERIVASHUR » ¥ H B RITREE T2 H
SR SRIVINHITE - 1 BRSO ERETAR - HIERERE T AIE] - 25 etal. (2003) 2
W e YRR HUR - 7B 2o A R e R HYSER - 2B et al. (2005a) =¥
fifi 14 fR =08 R AP P S RAEY) 2 K s IR ELES T VI DR S - 25
Z% (Solanum nigrum) [Y7KEBLEE 2 A5 RE 56 HIHITFACRHFRSEEIERE (A
brassicicola) AVl F252F » HrEIRER #45E (Clematis tashiroi) B ¥ & (15
(Pueraria montana) 7KZ<HU) el I 5 S 5JE - (C. higginsianum) ;5 [T iEEREK
8 4R K ZE B w] 0 25 i yE 5 B (Phytophthora infestans) (Muto et al.
2005a)

— -~ SREEYHURE

HRIZ 85Tt - YN RGE D UREE T TGRS - DURTERY S BEY)
AEEELDIEYVE —HYIPEER (phytoalexin) AR o HHDIEYE A EHEY)ZI
RETRESVE AN ~ BNV E RIS A A F i -

TEME Y ZERURH B EYPUR S E 2% - AUHSE ~ HE - e - 5 - &
i~ EoK -~ ANERIER THYEE R RS 25 BUR AT 54 EEH NP IER  (Foughtk & Kuc
1996) ; FIFHw K (Azadirachta indica Juss.) TE/KZEHUE AT ARG EREEEGRA
(Drechslera graminea fr5[#E£) (Paul & Sharma 2002) » ZKJEHIY K RER &
phenylalanine ammonia lyase #/1 tyrosine ammonia lyase [ 25 EEREES I » I B FE
HEHEMEEY) - BRIERIE TN 2 AU s 2 BUREAF R
FEREEEEEE YR M (Paul & Sharma 2002) - PL 2%52fL (R. sachalinensis) 7K
MUK 2 B AR  ER T RR b  iEa R iR IR ER &g R
& - MR mIEEN AR (Daayf et al. 1995; Konstantinidou-Doltsinis &
Schmitt 1998) ; 5541 » EEET AU AT IO NI | il A Bl 28 S 2% T B o figeiv
ZaE o EMIHEIAIE B ELFAT# 4 (Ribnicky et al. 2001) - Lychnis viscaria
T T2 HUR & A~ [FIRY brassinosteroids mIEEE )z LU M » P 0.5-1mg/l 5zt
TKEEROR A 5 ~ S ha ¥R e B R IRAY DL 36% (Roth et al.
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2000) -

=~ YR EYHR SHIRER

ES M AV 2B G ER ZER B~/ » HAKZE (Rheum undulatum)
W RES B (RK) 2,000 EFEOR - ¥HEHKEHEA 75 - 100% HFa3
(Paik et al. 1996) ; FEfL (R. sachalinensis) ZZHURAEIRIEY) 2 H kiR MR R A
A BATIIEEREE (Cheah & Cox 1995; Daayf et al. 1995; Herger et al. 1989) ; A
TR 0.1%HA% % AR 1%F5 4T henna (Lawsonia inermis L.) ZEH %<
HURE & 0.1%HF 2 o] [F (€ K & K JEfH  (Colletotrichum truncatum) Ay &% 4=
(Chandrasekaran et al. 2000) ; &E48F} (Lantana camara L.) HYfEZEHUR B RS
Aspergillus niger 5 [{EAYZE ARG » HF#{KA Drosophila busckii 78515 EEEHY
5RJE (Purnima & Saxena 1990) ; T RIEAIERE 2 HUR KA+ HY I 22 HUR BH R
R0 BT A 38 oF ) R By 38 £ (Amadioha 2000) & % & NZ=AKE (R
oxysporum f. sp. melonis) 515 LA S%H1 100 FEHUT A0 T H A RIEHE —2
Hit% > ol KL IET % (Bowers & Locke 2000) - Hy Bougainvillea spectabilis
1 Prosopis chilinesis Z<HUAVHLI 32 11 7]/ SO R A) H 25 BEGT FHY (=) H S55H
J/gE (sunflower necrosis virus) ( Lavanya et al. 2009) -

S BIFE EEF A YR B R A Y SR AR a Bk S - A0
& (olive oil)~3ZfFH (rapeseed oil)~ #f50H ~ Stylet-oil 7576 H 395 (Cheah 1995;
McGrath & Shishkoff 2000; Pasini et al. 1997) ; 1%F{EHEYH BT A5 K E B
EiBEHRER 55 [FE48E (Casulli 2000) - Jif Y5 22 R e LU E Rl
TS it s BE A B s 3 DU — RS - ] Y ZE B T
FIREYRZEIVERR B o A FEYE R EEYIRE 2 8~ D - A=
BHEE (Passiflora edulis Sims f. flavicarpa Deg.) ;2> 120 mg/l HFHAK T 2
min T]ffAH C. gloeosporioides 5 [#EAYSEIENE (Anaruma et al. 2010) » KJLEEZ
2 0.12% (wiw)E EE&FEA 0.1%(wW/w) PGB 2R w TEG S e R Ay 2
% 50% (Bosquez-Molinaa et al. 2010) » [fj 250 pl/l FrFfE HAIZEENHE H 2 Bl (RS
FRE[RIHHEE 79.9% F166.7% (Abd-Alla & Haggag 2013) o 2% 25l G R
TSI AR DU R )7 Bl & H A - DAIIsRERERRscT - ORIV
gy Al 0.1% 5 B E& =G 0.5% 25 P8 SF A< s JH Ay H R BB FLAT (mesquite gum
emulsion) H1 - T52 &[T AFREFRAVEE4 (Bosquez-Molinaa et al. 2010) ; L4 10%[]
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A{ERE (Qum Arabic) JE& 0.4% RIEEHIE AIEYIR R RV a6 & AR E K
JHI% (Magbool et al. 2011); 55452 150 MPa =E5#7KEE (high hydrostatic pressure) it
& 750 mo/L Yk (PG EBLESF) Rl AR E SRIERHYYT /67774 (Palhanoa
et al. 2004) - 21T - 58 G DT AR B SRR & &S R g 1754 > Yulia et al. (2006)
e AR Y IS B = R T AR SR Y AR & (B S i) B s
FEEEVIER > Wl T EHFMER ROV HER P EHFSE - M H AR A
F ZEERE R AEE R EEE - A& RRERER 120 mo/l 357 H ISR 33.3 %
RE 7 R %155 - 250 mg/l B35 [#E 76.6 %S E 55 - (i 500 mg/l I Al 4 100
YorEsE B E R B NEELE > H SRR T (E R A A AL - EEL
MEREERS (Anarumaet al. 2010) -

R AFHEYIZ I R EW B FIRAE DR A2 &R RS Y R
THEATHIRRIEIER - ARGer ~ B RESR SRR R as S E (3
1999) - 5541 » fEiEEct RIS G Mt ta PV 7R saamyRUR - K DUT &
e RIRE Z RO A (B 1996) o p SR S eatie SO DU H B M B R EAE /T
Fpktry - BUERASHY P EL 100 (CH 100) fE7)(EE - nIPaa T2 MEYnNE - BfE
LSRR B R B #L B - T FL 4RSS {L (3 1992; Huang, 1992,
1994; Huang & Chung 2003) - fE&[CHYFEE | - #f (2000) 3534 0.5%(wiv) #Y T &
JeHF R T &EA Y& HEETLARAYZIR il Muto etal. (2001) JHEL 103
TEEE YR 2 A0R % - S ORI ZAUR » 1 m] AR B E5E
RHIERES 5 5591 DAREZERAY LB 2 HURIR Al A6 032 RRPEH (Muto et al.
2005a; 2005b) » g TR TR TR 2 U 200 fE At nTHUe] 15 S DR YL B
ZAETEETER JRA R Z 3R (#f etal. 2003) ; ELFEAHIFEAE - #KRE ~ 16
BURBLR = SEERE YR A A 3 (R R I s B 38 42 (BR & & 2005) © 534h »
LR X R AR NS R ZE AUR R TR 4R aa 24 /NIF{% - A 100% AR
@ TEAE K A S BGRER A SgTEOR AR T & i RIS R R T IR R a R R % S -

M~ EYHE —RAEHE
EYIESEYEEYE > FrEEAm R g 40 B1E > Hdk 8
({EEYEWnEFE - AP - =E0E - B - B - SRR SRR
B PLREDEME (R—) - HIL » EYIHEE R 2 LS R A (i S Y B 38 2K
J (Mensah et al. 2000) -
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x—  HYESHEEEYE (Gurjar et al. 2012)

Table 1. Botanicals produced by plants having antimicrobial activity (Gurjar et al. 2012)

Common name Scientific name Compound Class Activity
Flavonoid
Apple Malus pumila Mill. Phloretin General
derivative
Ashwagandha Withania somnifera Dunal. Withafarin A Lactone Bacteria, fungi
Bael tree Aegle marmelos Linn. Essential oil Terpenoid Fungi
Blue gum tree Eucalyptue globulus Libill. Tannin Polyphenol Fungi, bacteria, viruses
Onion Allium cepa Linn. Allicin Sulfoxide Fungi, bacteria
Thyme Thymus vulgaris Linn Caffeic acid Terpenoid Fungi, bacteria, viruses
Turmeric Curcuma longa_Linn. Curcumin Terpenoids Fungi, bacteria, protozoa
Hyoscymine
Thom apple Datura stramonium Linn. Alkaloids Fungi
Scopolamine
Black pepper Piper nigrum Linn. Piperine Alkaloid Fungi
Ricinine
Castorbean Ricinus communis Linn. Alkaloids Fungi
Ricininoleic
Neem/Margosa
Azadirachta indica A. Juss. Azadirachtin Terpenoids Fungi, bacteria
tree
Garlic Allium sativum Linn. Allicin Solfoxide Fungi, bacteria

(—) iR HEHI ER Rl o i 5
MiAH (Terpinoids) EfEE&MAA (Volatile oil) S&-F{FiEf B A5 SAEIEY)
gerp - M H B A SR AEYENE - RS E A 5SS o HHERTERT
(Buddleja globos) 4y #1585 5] 5 FEfE A E{E&%) diterpene buddlejone ~
bisditerpene maytenone - buddledin A - buddledin B #I diterpene deoxybuddlejone
¥t Trichophyton rubrum ~ Tricophyton interdigitale {1 Epidermophyton floccosum =
HEA BAATIHITER (Mensah et al. 2000) - FEHRZEFREE LT AGHY 70 o3 BEE] T
5 fEfZFME2E solavetivone ~ lubimin ~ lubiminoic acid ~ aethione #1 lubiminol ¥}
Fusarium oxysporum A1 Verticillium dahliae EE5HIFE{EFR (Nagaoka et al. 2001) -
FH &2 FIAE ) b 25 U A i s A A = S i O A SR R A R B i 55 7
H LCso 7773 Ry 53.7mg/l A1 87.8mg/l (5 & %% 1995) - (LIZEMUHESEH (L&)
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BAEMEGHEYHIREE Fusarium oxysporum ~ Helminthosporium sp.
Stemphyllium sp. Y& M » HEZEHIERK > BIEERE (52 & B 1994) - /i et al.
(2007) FFH GC-MS #flaortr T/ INMERERE 2R R EER Ty ke E  HE
TR Ry 22.23- " FCEL G EERE (7.34%) ~ (LT FEME (3.34%) K AEEMG
(2.92%) 5 > A AE Z AR BT EOR R ~ /NSRRI NSRRI
Fard R EANHIER - HEAHBED I aHE iR ERIIRSE - Gallori et al. (2001)
¥} Tambourissa leptophylla S f7 B SR o #ET T A » G5 H R BER oy Foteetse
M (24.0%) ~ IH-FHEERE (23.2%) ~ 3- B (8.2%)F1 a-E =M (6.0%) - ¥
Cladosporium cucumerinum A5V R - Dubey et al. (2000) 3T éEE)EE
) Ocimum gratissimum HY#HE A Z R AR ERAERE - R ERSIHIES1E -
Kobaisy et al. (2001) #]FH GC-MS s3Mr i EE (Hibiscus cannabinus) f&H FE R4
A E-BELREE (28.16%) ~ Z-EE4kME (8.02%) A1 n-nonanal (5.70%) <& » 48f5 I &
EAEIRFE (bentgrass) Ez14: 0 1%t Colletotrichum fragariae ~ Colletotrichum
gloeosporioides i1 Colletotrichum accutatum 255 R E A ELAFHIHIESER -

(=) AV IE R T

APnim (Alkaloids) & —JHEZEHAYRAFRILEY) - HATEEMERE AR
(Dubey et al. 2000) - Hanawa et al. (2000) LA cupric chloride Z¥ skunk cabbage
(Lysichitum americanum) 7% - FHEER F 0 EES] 2-(4-FEAE)-1-18 5 2 e ¥
Fusarium oxysporum #1 Cladosporim herbarum FH[FEIER - 5340 » fe LI ER
J& f4 %) 4 B (Betula platyphylla Suk.) 7& %} o 43 8 (9 di-p-coumaroyl-
caffeoylspermidine F1 tri-p-coumaroylspermidine B4 e 28 BE (G4 [H I H44 I
AR MAMN 2 EYEEERKEANHEESRKESENRSE > HA
di-p-coumaroyl-caffeoylspermidine T BHEETERS HFEHIEZ (Kim et al. 2004) -

(=) =ESHNE R ST
=NIE{E S (Flavonoides and isoflavonoides) &8 #58 77 ffi &2 FY— K3H
KAWL EY) » BEAEENREEEEEENR » Rl R aiH B sriiES
M - Atindehou et al. (2002) &S FHIfEEAEY) Erythrina vogelii #5 f7 738 3 fE
Wiy R IR E BN o 5] LUI%] Cladosporium cucumerinum fJ4E & - Shahat et
al. (2001) 434t B AR HED) Zizyphus spinachristi LAY EE ~ BEFIfE TS 2~ 2
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£ f1 quercetin-3-O-[beta-xylosyl-(1-2)-alpha-rhamnoside]-4’-O-alpha-rhamnoside =
3HILEY) - BADURE - HEKEREIVEN: -

(1) By~ BEEIE R ST
P L&EY) (Phenolic compounds) fREEME » BANEIRREAVIIEIEN 7%
R S B A A S S By S ORI f N 7B - S SR A IR BRAVIISEIE R (52 et al.
2004) - i#4 etal. (1994) /S EEMIEELR BV AR LAY T AL 4R IX B S5 10 FEIEY)
75 IR B A 2 A RS EDE M - ZoRA s B axER - 180 Kk
(Celastrus angulatus) fizfe £z $ o BRI B AIBS & 50 » 3 58 EREim &
(Phytophthora infestans) 7 ELAFAIHIGEIRER (22 et al. 2006) - {FAEFATEE HHIFA
MBS ~ BORSE R HVERAIE RS KR H TR G E 25T A-fUlBR g A HIEEN: - 1
BN RBERIE B 2E RO ERER (F & 4B 1998) -

(1) AEEHTER TS
T T EESEIY p-H AR BN 5 58 Y SR Al 5]
HI{ER (Meng et al. 2000) ; {EfAZE o FRHYIIARES - fEsR 5 ~ B & - HFt
o MEEFH A AR EZ P OIS B T OETIEERE - IR
YR R - ESETET 8 o NES TR EREL  KAGEE RO
BEEA I BRSNS ME (88 & T 1991) - &S LLUBERERY N ERTE A
a2 (ESMEY)E R B Cladosporium cucumerinum 75 &1 {E FH Y
anofinic acid A1 fomannoxin acid (Tan et al. 1998) - 534} » {&—AZ =B AN
Wel - AR AV EZEE - RERETRHYRERERS - H R PAVHERER - EEREE
BHETHRER A& T EREFAREEEFEENVITRIE (R & 46
1998) -

(N) [EEE (Steroides) K EF%H (Saponins) HIIES R THH4E

Atta-Ur-Rahman et al. (1997) 222534 5 i E Y7 Jolyna rioides [y [E g
¥t Curvularia lunata ~ Stachybotrys atra {1 Microsporum canis <5 E #2575 #E 1Y
HIESEYE © TE et al. (2001) BRSEEH 7-12 464 Fp AL B e AT AT T A
PIHIE A S HORES A et al. (2006) $f BRI e A & ERHIEE LR
5% » se HIE A IGEDHE R ERENE - Wi K EOR AR BT - AR
BEIFIIRZEA Marston et al. (1988) #¢/F . (Dolichos kilimandscharicus) =43

126



TEYIIRORE BRI 2 b 5454

25 3 A PIEEM 2T =15 hederagenin 1y 3-O-B-D-glucopyranosides -
bayogenin F1 medicagenic acid Z - ¥} Cladosporium cucumerinum By &/ MITE B
53R E 5.0 ~ 2.5 1 5.0ug

bR 7 BRI RIS YRRy 24 MAETIREE R K ZIE - 2548 - FEE
Fe by A IS - SR EOIEDEN: - WEFTTJERE - ST E
{E Itz — -

T FEPHIE R HIE G (Cowan 1999)
Table 2. Mode of action of phyto chemicals (Cowan 1999)

Class Sub-class Mechanism
Phenolics Simple phenols Membrane disruption, substrate deprivation
o o Bind to adhesins, complex with cell wall,
Phenolic acids Phenolic acids o
inactivate enzymes
Terpenoids, essential oils Membrane disruption
Alkaloids Intercalate into cell wall
) Bind to proteins, enzyme inhibition, substrate
Tannins A
deprivation
) Bind to adhesins, complex with cell wall,
Flavonoids .
Inactivate enzymes
Coumarins Interaction with eukaryotic DNA
Lectins and polypeptides Form disulfide bridges

T~ YRR R FAEk

TEYR RSB LR AR — R B A ST 2 (B - YRR EENERE © (1)
REIETE R 2B - AT AR - TR SaE NI © (2) REETIEYEY
el EHRIREAERIES - A SISO E TSN T - 3) BBLHMREER S
i o MtEYR SRy EEL A (1) WEINERERARE - NEYIRTURSTH &
BEZHEYIE - R - SRUCEET  TEYIEREVE BRI L FE A (2) HEYHE
T EHEYIER N B R REIERUE S - W TZ 2 RS () IR E AL DiaEEry
AR AE - MEMEYIRREE S LEYVRVREEGY) > BRIREAVIERIES
— BN IREE A DN - FEHREDAACERAINEE - sEMEYIRRERR
DL SRR B RARS - (HIAMTAT LIS R - BRI 5 Y ~ SRR ~ A
FefEFaandERKIEYIRESE (F 2006) -

~
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B B &Y 20 TR BHEEHY RZMEY )RR 2 5 - H i S tE YR 22y
B 5-1 A~ 2% 5 > Yoon et al. (2013) 45 1994 FEE K AT LLE 30%
cinnamaldehyde =7 B R[4 7 5 50 B TE YRR &% - — Fy3E[E] Monterey B i =
(Watsonville, CA 95076) 1Y Vertigo a] ;&35 » 55— F Proguard /\5] (Suisun, CA
94585) Ky Cinnacure A3005 - AREIFIAR ZE 127K - {H AT {E T s s - IR
HIAEP IR N SR EE - AR A ERAEY F7Y gamma-aminobutyric acid
(GABA) (29.2%) and L-glutamic acid (29.2%) t7.#71E BiE YR SRR 5 > WifERK
syl ~ FACEROEREEEYE R » Uik & S A H A S E Y
#&E9% (Monilia sp.) ~ ZEFLJ% (Stigmina carpophila) ZE#%4: (Copping 2004) - A&

VIR d A E R o FEAE IS — RAETER PR - {F Y fH e
Z {EF(Copping 2004) - &% 2% laminarin (Y 24 laminaran) A& 55kERY—FE - 17
TENEE4E (Laminaria digitata (Hudson) J.V. Lamouroux) - A] &% 28 &) A fE RS K
#5 (Botrytis cinerea) F1FE E 5 (Plasmopara viticola) 7z 4= Hi¥% M (Copping
2004) - 1 & e 2B YR B EE S S0 IR P e/ N B ks o R R gE % ol
(Macleaya cordata (Willd.) R. Brown) ZZH{#7% sanguinaine #1 chelerythrine » ELA#%
B B ER S M 0 Liu et al. (2009) fi5H B8 Y% 0] 47 EfERY isoquinoline alkaloids 547
TR B B OOR > B 1.5% /KIEiREran{b (Copping 2004) - & HAF ]
AR » (HERE S E AEYIDUR MR ER - mEREEYEE N E )
& (Copping 2004) - FHFFELLIE (Cynanchum wilfordii (Maxim.) Hemsl) ZZHUAYZ2f5EHF
(Pregnane glycosides) 3 7ARE E R E A =3 (Yoon et al. 2011) » 37 FHFRLL AR EE
HY 2B Z B2 HUY) B B AT R MR A 0 2 R TR R R B AR Y38 4 -
540 R DL H AR = A EW B AR B4R (RK) - BA 2,000 (&5 AT 6EH
JRNEH7 s FE ] BASF 7Y 1993 F K & EHEEE Y2 HURMIHIERUR - 155 —F 1L giant
knotweed (R. sachalinensis) HYEZHfiHY) » Fm#4 s Milsana® - S —1F S50 5 5%
HITEH IR BT - AR FE N B 853 Milsana®  wI[E(EK 50%HYHH)IN k9w -
HECBE A IR A M AV RBUR - M SCR B P B IR SR 2= - E T E
Milsana® F[{i8EH 265348 R KR - (HIREES 55 (Daayf etal. 1095) - i Acas
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PUHEE 88 S A 8808 B E 2Ry - Bigpic B 100 (CH 100) HEMIEZ - FRDS
EEHEEYNE > ILER (b (Huang 1992, 1994) 5 5551 - et Arhitas AL b2t
(GsfmEE) ERVIATEYIERH M (Ko et al. 2003) - W& " 7iff 7 S EERIA
CEFIRE) FIRBEIEYIRIER » T " AEDHAE (RER) HRVIETEYIR
Fa4RE: (BH etal. 2008) »

RS EYIR = DR R

EVIRRERFRIERE - FERFEKE - HINEYIIE - AR EReaE %
A~ AR AT A SR S EERG R 2 TR BUERE (Gurjar etal. 2012) » HTAE2K
[& 2 AW TE N B F IR ABRSE - AMEYR R FEYRE EE 2 T Ea
BEEFIRG] > AREHUT AR - AR SR i - K2 Ry NHHITERL
B TR AR - AEIEYEH A \SAEYAE - EARM RS
HARKE /DS (Gurjar et al. 2012) » Kt - HFEDIR R Z E il - HEPIRRHTY
Rl ZFHUSARSHE 2 BE (R=)  ZFHUTE R ENTITE SR EHG A0 S
BAL - AREARVEEIRME » DU AR R4 ittt 38 B A Y E RV Y) R B 22
mn (Gurjar et al. 2012) - A2 N E AR T B EEY) 2B iEZ A TR =
EAHRTEES - DIEHEEPDAEYRE < A3 (Das et al. 2010) - 5551 - FEREGHRE
AR AR BB R g - DASR L FH e A A 30 -
£= ARSI HIEEE7] (Cowan 1999)
Table 3. Solvents used for active component extraction (Cowan 1999)

Water Ethanol Methanol  Chloroform  Dichloro-methanol Ether Acetone
Tannins Alkaloids  Terpenoids  Terpenoids Terpenoids Alkaloids Flavonols
Saponins Tannins Saponins  Flavonoids - Terpenoids
Terpinoids  Terpinoids Tannins - - Coumarins
Flavonol Flavones
R EE 5%

FH A T R ) A< UV R 2075 a0 S YT ZE B L S 3R AR B St Y e 2
SAEY) IR OReE BRI Bk B H 7B T RORN » S ad Ry ] LR A T 1 & PH AR
LTSS
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— ~ FEYRERE RS 1T

R P B 2 B ST (i R B B BRI B 2 A Y 2 R - TiVES e o 2 oA
WA BRI IR - (B REINGE o (R Y ZEEY) b 2 FEAIE R - A
BN B IEZEEU AR B B & Z ZEHUAR - DUERE R E HAR e B RS
E RoBRSSEYDIR R EEH B REAT ) -

= R R — FOREEA
KRR SOR A R A 2 B LA R b R SR
PEAETTR » i AT ARSI 53 2 R

=~ BRI BT

o DL EZEYIREW) > eI EERE SR BATm IR EGESIER - B
JIGEAE )5 2 B SR 7 it O e S 2 [ SO0, » Sl g o R 36 75 9 i ] s
FiE o

I ~ BIMRR M TR bR

RC BB = SR S AE R (Re BB - o] DURFSE el 2 S A DAsg LS 2
THEPTERRIEEE » LU ERERIA S 2 it si#R Sy o N RE T F
YIRS L s BB R E e AU - BEEAY SR E i — ORI R T
Hrficze/b 3 SRR

T~ HFAIEEs s il

TEYR L3R B i s F R BORA H—E /IR - AT EARSCREE S
FEVEEE - HAthanFHRE e ARy - MEFHRVEHE] ~ FEFAEARERAL ~ FEFTR & A fids B
FHEEBEZEHIIGHERNE - SIMEEYIRRIEN L - HEARI R NE
SHAEAARENY AN - HEEMENREST HE VIR % o Kt > HYHA
{EfeiirfH E B - fII40 Gan-Mor et al. (2010) B¢ — &g BUEYIHIYER - B8
ATRIEE 2 ATHHERERAS 4pm §Y 30% FALEYRH - B rEEMEIRYERE DR
0.3% o &LARMEMET Tl ~ AR RACAE MR &2 ~ W - AR SRR
YA R H T e S SR

N~ EYRREN LB P8

130



TEYIIRORE BRI 2 b 5454

TEP)IR 2 ST T I A AR P By AT BE BB R R TR > Spyrou et al. (2009)
Y EBREBUHIFF phospholipid fatty acids (PLFA) 43477 7775 H%0 & L2 4ER]
(metham sodium [MS] ~ sodium tetrathiocarbonate [SoTe] #1 fosthiazate) Efg %75 E
@ (azadirachtin ~ quillaja F1 pulverized Melia azedarach fruits [PMF]) %t +1#Ef 4
MHZ 528 455 PMF S50 B8 AR RRER 2 e 1T (o1 o el ER P M R RS AR L TR R
b5 1 MS AU 1 EC P MR A R A 4 LB - H fosthiazate FIFE A7) 2 2E quillaja
1 azadirachtin AN s2 28 HERNAEYIIGREF R - — IS @ TEYIREREEE ST EE
EREEEEHEERE i B i a R AR VR4S 2 O - 280 - YR
BRI Ry 251 » AR BRI e i JE S T3 IR E VI e B TR
DURECRIZE i Z i AN IE pIERI 2 BT

& W

YR RN TN - #E RS TE ARSI LBy - RPN Enth 4
RAFNEEY) » Bz A - FAZ G o FEREYZEEY) BA TSI 0 R 5 Fe 7]
DAGHEMEYIE A DURMERIRG - LIRS E YR (R8BI - ZIRSHIEFTERE -
SR AT A B IR ST S - HRTC A/ D BIEY R R R - filA
FHEERL (giant knotweed) HYZEHUPIRHELIMEAY Milsana®  SUEIHIH BE 4k 2 HUY
e 2ot Laminarin U] > SHEEETARTAIEY) R ROKEOW 2 B - 3% —fE s
B399 SR B Ryl BB VIRS I AR AR BT B TRY - BT ARV BT SR ZE AR E K - B
A/ DS - ESEERE 3R L — M R S nVE, - ER LB FRCHAELHEKR
PAEYI RSB > W PR B LA e A% - R R (R B - DS BB R i
HE S5 TEE CR BT ER BRI 4A 6 5L > 40 T SREEIRTE Y S R R AL | R T s
BRI BT | o S TEYEE A E LR R Sy o A TR B ERT A
A B E SR oy - FR M EYR E N AT S S 71 o nI NI IE YR L gk
SHEYRIREE BRI FHEC K E AR - BRAIE YN EDT AT/ AT I - A
IREIRE TS - R FRE B E T e RO bR L R B AN S — B B E a2 T -

ES PN

THEE - SHAIEE - REMEOR - SRR - ERAREE « RIEY 2001 13fE A BEFE ALY S (BER
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ABSTRACT

Plants synthesize aromatic secondary metabolites with antimicrobial activities
against the infection of plant pathogens, such as B-glucan, alkaloids, terpinoids, phenols,
phenolic acids, quinones, flavones, flavonoids, flavonols, saponins, tannins and
coumarins. Those active properties of specific plant materials could be extracted by
suitable solvents and be formulated into botanical fungicides or natural plant protectants.
Botanical fungicides have showed some advantages with eco-friendly products, fitting
the need of sustainable agriculture, easily biodegradable in environment, reducing crop
diseases, useful for organic farming, easily incorporating into integrated diseases
management. So that scientists put their efforts on developing the botanical fungicides.
There are some steps to develop a botanical fungicide. First of all, to evaluate the
antimicrobial efficacy of plant extracts and to analyze the active components were taken
into consideration, then to develop the formulation techniques of botanical fungicides
was necessary. Finally, to assess the efficiency of disease control in the field by
application of botanical fungicides was also required. Up to date, just a few botanical
fungicides were commercialized in the world. Exception of mainland China have
released more than 20 kinds of botanical pesticides, the others of commercial products
included as follows, 1) 30% cinnamaldehyde wettable powder (WP) formulation which
registered and named Vertigo Wettable Powder Fungicide and Cinnacure A3005, 2)
Gamma-aminobutyric acid (GABA) (29.2%) and L-glutamic acid (29.2%) mixture for
control of powdery mildew of grapes and brown rot and shot hole of stone fruits, 3)
Jojoba oil for control of white flies and powdery mildew on ornamental plants and
grapes, 4) Natural fungicide containing laminarin for control of powdery mildew of
wheat, 5) 1.5% pink plume poppy aqueous solution for inducing systemic acquired
resistance through accumulation of endogenous phenolic substances in the treated plants,
and 6) Milsana® derived from giant knotweed was registered to control powdery
mildew and grey mold. In Taiwan, at least 4 kinds of botanical fungicides or natural
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plant protectants were developed, such as CH 100 formulated nutrient solution,
emulsified sunflower oil, gallnut Chinese herb plant protectants, andcassia oil
micro-emulsifier. The limited products were registered as botanical fungicides, since
most parts of researches were done in vitro antifungal activities but not in vivo control
plant diseases in the field. The works should be done urgently to evaluate the efficiency
in controlling the plant diseases by botanical fungicides or natural plant protectants.
Once the data of physical and chemical properties as well as the toxicity of botanical
fungicides or plant protectants were readily prepared, the plant protection products
might be easily extended to market for the alternative needs of disease control.

Key words: Botanical fungicide, Induce resistance, Antimicrobial activity, Disease
control, Research trends.
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Jx TCB10007 - ji4% & (Streptomyces spp.) rEEEfRET 3 > &FE TCST9706 ~
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Table 1. The isolates of beneficial microorganisms selected by Taichung DARES
Microorganism Isolate

TCT103, TCT111, TCT301, TCFO94009,

Trichoderma spp.
PP TCFO9768, TCT10166, TCTr668

Bacillus spp. TCB428, TCB9401, TCB9407, TCB9722, TCB10007
Streptomyces spp. TCST9706, TCST9801, TCST168
- AnAeMZ BRABE

(—) FERIF B R R A HEAE

DLEEfE R & (Trichoderma sp.) TCT10166 7 fii & 4% & (Bacillus sp.)
TCB10007 8 E R IGAHEN R ] » HEREA R LSBT AR R SEE 1,200 kg R
B2 B AR 800 kg ST » slBpia i futs (A) MHdE 5 (B) B AME >
HERIMR (TCT10166) 5 (C) PEEAMIGE Bk (TCT10166) Ffli FAR B o7 BER
Fk (TCB10007) 55 3 fi - HsiBgsd REDR (R)  ARAEMEYIR B RE
HEREURFEEHERESS 10 HNZES] 60°C DL LS » RS 50 HAAFEEKE 50
C DUN - IEHFEREAORE CIN 495 17.5 - 18.2 5 MERefd (WA= Y pa B AR S A HERD
S RIVRAE RS 10-20 HAREZET] 60°C DL L HAEHERESS 5060 HHAR
HERRE A BESlE (R 50C DAR -

Rl BR AR AR AL Ry 13.4 ~ Ky &84T 78.2% ~ A& 1,200 kg - 4h
RIS R EABIELLL R 385~ KT & R4 35.6% TR 800 kg » f AL
BUESASRATHERL AR CIN 495 31.5 - MR =BURHEERS 60 HARIOAEHEL 2
pH {E - EC {5 -~ A&hx ~ & - 8k - 81 - S5 RFEF B A FRIEHEE RN EE -
HpR LA R CIN &9 % 165 - 196 - HPAHEE A MM AT Z
FVW+MS+Ma K FVW+MS+Mab FEHE >~ HikhR & E RSN A E FYW+MS
R HATWEE & - B~ §#7 ~ SRS SRS SN G B R - B
AR TR - ] DR AR ch o e o 8 o T (SEHERE o ~ fe -
5 K S o B DN R e SO T 2 TR VU 0 - S6F P RS /K ZEHUR. (ERE B /KBS TR
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EEL : 10) HETOHT - BIaH 2 F LS T35 5REfy 81.3~88.1% > BZA Bl
7 R PR e RIS E -

T RSUEHEE R ERIR  HEAERS RIS (C) #4b

Table 2. The change of temperature of fruit-vegetable waste composts during

composting
Treatment Day 1-10 Day 11-20 Day 21-30 Day 31-40 Day 41-50 Day 51-60
FVW+MS 52.0a°  59.6a 62.1a 59.4a 56.2a 49.1a

(45~56)  (57~61) (61~63) (58~62) (54~58)  (47~54)
FVW+MS+Ma 57.8a 66.0a 63.8a 56.0a 52.3a 44.4a
(47~64)  (65~68) (59~67) (54~58) (47~54)  (42~47)
FVW+MS+Mab  59.4a 68.5a 65.2a 57.1a 51.6a 43.2a
(48~66) (66~71) (62~70) (53~61) (46~52) (41~46)
“FVW+MS : fruit-vegetable waste and muchroom waste.
FVW+MS+Ma : fruit-vegetable waste, muchroom waste and Trichoderma sp.

(TCT10166).
FVW+MS+Mab : fruit-vegetable waste, muchroom waste, Trichoderma sp.
(TCT10166) and Bacillus sp.(TCB10007).
2 Within columns, numbers followed by the same letter are not significantly different,

using Duncan's Multiple Range Test (P =0.05).

T= o HERES 60 HIARSEEHEAE 2 FELERRH AT
Table 3. The main chemical characteristics of fruit-vegetable waste composts at day 60
after composted

Treatment (1:10)  (1:10) oC N P K Ca Mg

(dS/m) (g/kg) (a/kg) (g/kg) (g/kg) (a/kg) (g/kg)
FVW+MS 6.93a 2.66a 30la 14.6a 350a 10.la 13.0a 2.5la
FVW+MS+Ma 7.02a 238a 293a 16.8a 4.22a 1l16a 145a 3.03a
FVW+MS+Mab 7.11a 2.32a 289a 17.5a 4.30a 12.3a 14.7a 2.86a
“FVW+MS : fruit-vegetable waste and muchroom waste.
FVW+MS+Ma : fruit-vegetable waste, muchroom waste and Trichoderma sp.
(TCT10166).
FVW+MS+Mab : fruit-vegetable waste, muchroom waste, Trichoderma sp.
(TCT10166) and Bacillus sp.(TCB10007).
2 Within columns, numbers followed by the same letter are not significantly different,

using Duncan’s Multiple Range Test (P =0.05).

(2) FERTR B EARORAE
PAPHEERE (Streptomyces sp.) TCST9801 BEEDIMEATRIRAC BB - H
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50 kg MERBAEE ATHIE 2-3Kkg: ki 05— 1Kkg: % 2 - 3 kg SAHME -
HEASHNERL 1x10%cfu/ml D24 (TCST9801) ik 0.1 - 0.2 |
R IE /KRB 2 20~30 | » WisEE48Ha S HIgGHENE 1-2 R4
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BEEELY 0.27% ~ $fEELY 0.79% - 5584 1.15% - #5847 0.84% - fliin
AR YR S EERYY Ry 1x10° ZE 1x10cfuiml > FTAMEYIAE B AR (E
BHEHEA o HEFAH T DA T8 R - BRI N > RN S A E B A @Y
YR - FEENEEY) A R IRI R INEE - SEA ARV ORI KA
T4y 300 % » AI{L(EYIEEEAGE A 5 hi KR4y 100 - 200 f% - ATHMEY)4 &
HAGEA 5 MVKARREEY 100 £ » IRV SR A -
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DA AR 5 (Trichoderma sp.) TCFO9409 BU{EE g Rl A S /1E Kl
(22 & P 2012) > HEfEADREZ SR 2B FH ELLOHK T R E RS 75% + A&
R R 1R BEEE RS 25% + B RMEE 5 HriERE 100% + BEfE AR5 5 i
KJE 100% (CK) - REEH fm B & K HERE AORDE & 19 5 1% 5 BUH 8 8 R EUE
TCFO9409 » AXIE#4Y 1x10° spore/ml » JfjI/Ki7TE 200 f%RRE MR - HEH
R AMEREM I - SR RHEREAEIK > & BT 60% » HEff S 4R
2.0 - 3.0m » &I RVEITHEREEUE - HERREEEEIIRILY 5 - 7 HFI SRt e
ZR > —HEFHETIZ 75 Bk o R RMEREIEFORE >~ SLIE - ERdA
HEfE RS 0-45 HEARM - SpEEE BRI REE (TCFO9409) HnAEEANEE
B REES - R PEARME (TCFO9409) B » LURTEE RS 100% HA
PRI (CK) JRH R FEAHBR - Hrh B REE (TCFO9409) Hin A
KRIBBRHE RS EHERES 46 - 60 HIHEIRKE 456°C DUF » BRI
(TCFO9409) Ei7NAITES A S 55 R BRIT A PR IG R BRI R DR - R U HE
TR 75 HZARBEMRIEVE - % - 87 - 5 K E S B A ERHEE R A
RGOS R 85 % & B AR RS A 25 JREL FS+GMW . pRE il
FS+GMW+M FRER RS LAY BE K s 2 Bt FS (HIR) EHE Kk FS+M
FRdE - BN AREEE 25% EEEIIREM R E a8 - LH S
AR R ~ W S8k & B2 HHAH -
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R~ BEERIENE M EREEE ORI (C) 8 b2 2 E
Table 4. The change of temperature in processing sawdust growth substrate for Pleurotus

eryngii
Treatment’ Day 0~15 Day 16~30 Day 31~45 Day 46~60 Day 61~75
M+ GSW 67.8a° 73.3a 63.0a 46.6a 42.2a
M 55.5ab 60.9a 62.6a 51.8a 45.9a
CK 53.0b 58.9a 60.7a 52.2a 46.9a

~M: Trichoderma sp. (TCF09409), GSW: Growth substrate waste
2 Within columns, numbers followed by the same letter are not significantly different,
using Duncan’s Multiple Range Test (P =0.05).

RN BEEERIERNETERERES 75 HED e R 2w E
Table 5. The main chemical characteristics of sawdust growth medium for Pleurotus
eryngii in each treatment during maturated process

1 N P K Ca Mg
Treatment C/N
(%) (%) (%) (%) (%)
M+ GSW 0.56a 0.13a 0.35a 0.84a 0.19a 69.2a
M 0.46a 0.05a 0.34a 0.68a 0.15a 85.1a
CK 0.45a 0.05a 0.33a 0.68a 0.15a 87.6a

~M: Trichoderma sp. (TCF09409), GSW: Growth substrate waste
2 Within columns, numbers followed by the same letter are not significantly different,
using Duncan’s Multiple Range Test (P =0.05).

& 5B

EEREVEMASEIEY) - A - MEMMERFEAFEVEENRREL
S MEREEE > RSG5 5 - [ MR RRRIEVE
AL - PSR RATRACKE Z mEs R ISR - MERBR OGS RS IR E -
AR KBRS - Al EYHERM R e i S E R ey
A BT R AR TR E (FAISREIR > RN R SR i K
AIEAGAIAE (Golueke 1994) - EAMATEIAVER AL SRS - G R = HEEM A
YHIOEREEIE - AL LIBRETIHE &S - R AEMBIATEREIEAE - ik
ViRt 2 & o S ICHERE T RE > HEEIRA (25 etal. 1997) - HHATELE
o HERE S ERTA A RETER B ELAITE 26 - 35 [H##E (Haga 1990) - &z
CHERR T IR AERR T AR T Z R EEE G BRI E 20 LUT - A
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Development and Application of Beneficial Microorganisms
on Utilizing Agriculture Residual Resources

Yi-Fong Tsai*” and Chein-Wei Chen?
L puli Branch, Taichung District Agricultural Research and Extension Station, COA
2 Taichung District Agricultural Research and Extension Station, COA
“Corresponding author. E-mail: tsaiyf@tdais.gov.tw

ABSTRACT

The purpose of this research is to develop the production technologies of composts,
liquid organic fertilizers and organic substrates by utilizing beneficial microorganisms. Our
researches have received a number of achievements which including 1. the screening of
15 purified strains of beneficial microorganisms such as Trichoderma spp., Bacillus spp.
and Streptomyces spp., 2. the use of these strains developed a number of bio-products
such as livestock manure compost, fruit-vegetable waste compost, tree leaf waste compost,
liquid organic fertilizers and organic substrates. Inoculated beneficial microorganisms
during maturating stage of agricultural residuals can induce a large number of beneficial
microorganisms and thus promote maturated, reduce odors and improve the products
quality and stability. However, many field results showed that there are significant
effects of promoting crops growth and increasing crops yield on the application of those
bio-products. Recently, some technologies from our researches have received 12
inventive patents (ROC). The Council of Agriculture (COA) has agreed to license 34
companies to use those technologies and exploit commercial products.

Key words: Beneficial microorganisms, Compost, Liquid organic fertilizer, Organic
substrate.
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The Commercialization of Taiwan Indigenous Bacillus
thuringiensis subsp. kurstaki E911

Ching-Chou Tzeng
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, COA
Corresponding author. E-mail: cctzeng@tactri.gov.tw

ABSTRACT

Agriculture aims to enhance not only better quality, safety of agricultural
products but also environment protection and leisure function of agriculture business.
Bacillus thuringiensis (Bt) is considered to be one of the most potential biopesticides
to replace some chemical pesticides. For example, the development of indigenous
Btk E911, that can control Diamond-back moth, cabbage lopper, cabbage worm, and
tussock moth, we have been according to the requirements of registration, use the
microbial technology and biotechnology to select and identify new isolates. When
we find one isolate has the best bioactivity, we not only try to pilot scale up, but also
test the animal toxicity. Then, this champion isolate and the techniques, including
basic mass production process, quality control process and field test results, transfer
to cooperative company to become a commercial product.

Key words: Biopesticide, Commercialization, Bacillus thuringiensis.
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The Niches of Biopesticides Industry Development in Taiwan
and Global Layout

Bruce Chen
CEO of Bion Tech Inc.
Corresponding author. E-mail: brucechen@biontech.com.tw

ABSTRACT

In this article, it has primary stated the advantages for developing the agricultural
biotechnology industry in Taiwan. The government has long-term programs that
promote preferential treatment and rewarding measures for business to invest the area
for improving the development of biopesticides industry. Finally, Bion Tech Inc. has
involved in biopesticides industry development for a long time and outlined the global
layout.

Key words: Biopesticide, Industry development, Bion Tech Inc.
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*—  2ECEE KR AR R H IR Z ST A
Table 1. The soil fertility analysis of organic rice farm in Hualien, Taiwan

ok MeEwE AWE ARUEER SCHEMEST STRIERS SRR

% mg/kg mg/kg mg/kg mg/kg
1 6.12 2.87 2.5 97.0 1953 328
2 5.88 1.84 2.5 103 3482 432
3 5.62 1.69 20.1 74.6 1406 146
4 6.86 3.14 5.6 157 3205 244
5) 5.84 4.01 3.5 144 1862 358
6 8.25 1.67 2.5 116 4469 219
7 6.55 244 1.7 77.5 2469 354
8 6.90 2.18 <0.1 68.6 2851 459
9 5.84 2.22 1.5 55.9 2017 431
10 7.87 1.63 1.5 76.6 2158 268
11 7.79 1.90 0.4 78.2 2055 278
12 6.81 3.10 <0.1 122 2773 513
13 5.72 2.62 <0.1 80.5 3153 197
14 6.64 4.12 <0.1 162 1991 825
15 5.80 3.18 <0.1 86.2 1548 293
16 6.12 5.01 13.9 297 1997 682

2#{E*  55-65 2.1-3.0 11-20 71-105 800-1600  61-120

AR RIB R SRR T T R M R Y T I AR |
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F 6 H 3 Hat ' oilie e 2 EYineiERE o BEAE 8 - HE 4
(& e B R 4 i > 51 16 {EfCEYIRDE R - AR SEE ATis DR VAR S
LG © 16 (iR E PRl EfE sy B 4 BB Bacillus coagulans (SE4EEFFUREE ) »
Bacillus licheniformis ( $#7X#£ ¢ ) ~ Bradyrhizobium japonicum( Rhizobium japonicum )
Mesorhizobium loti ( Rhizobium loti ) ~ Rhizobium leguminosarum - Rhodopseudomonas
palustris (;EZ41 FEEfUE ) ~ Sinorhizobium fredii ( Ensifer fredii, Rhizobium fredii ) ~
Streptococcus thermophilus (FEZENGHERE ) 5 E E2H Aspergillus oryzae oryzae (k%8
& ) ~ Glomus fasciculatum ( Endogone arenacea, Endogone fasciculate, Palaeomycites
butleri, Rhizophagites butleri ) » Glomus mosseae ( Endogone mosseae ) ~ Mucor rouxii
(B FEE ) BRE Candida guilliermondii ( FE W2 44 BEE ) - Pichia
guilliermondii ( Z=tZ2LE I REE ) ~ Saccharomyces cerevisiae (IR FEREE )
Saccharomycopsis fibuliger ( Endomycopsis fibuliger ) ( Bk ) -

" BRHE S H SRS ) BT R AEVIRERIE RN T AR RH A sy & A
M A YERIRIE T HHE - TR E ~ B - RS R A EY e A
FEFRI R4 rE B R TR HEY 8 oy Bifle B o A D 2 Wi | - BIHEH TSRS
AEYHE EERARIEhAE 2 Ean - E IR A RERMEY 2 FH - DHREAEY)
BEOANE WIS ERARNME S B B HAL - AYHEE - LI EY)
EEomE o JERHE S E -

(Z) FEEVIHEEH TSRS

PR SEEDY 1992 FBAaR A VIR HIE AR S HAR > 1994
5 H 31 HESEHSBAN I h—(EmEYHCRHERE (NY 227-1994 AP0k - 2
oA PIRE LRIy 56 — (AR - SEA TN ZE - HARAR E A R A VIR R
5 ~ TR - (RIEEVHDR R 2 RS T EREH - &MY
BHTSRAVAETER R - A HARRE mAVE RIS R - £ NY 227 FRAERVALEE | o
HH PG EACE ~ B S EADE - whalE AR B B AT e AR 0 1T 1
FrEE] - FY 2000 SEAEAR T 4 TEAH AR E iR 4E - B (IREEHEEE) (NY
410-2000) ~ ([ SEEACHEL) (NY 411-2000) ~ (iR AR ) (NY 412-2000) A1 (B
BREIAHEALRE ) (NY 413-2000) 7ol > FERESEEPRIRIECE A B HH H HYSZFF
o SUERERISSTI TR - ISR T BEA PR CRIREE YIRS & - B
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—HRAERG ZMEZR B FIARE ~ (E R A - BEanfitE ~ 7 AR A
T25E 5 [T HEEAL - REA 19 (BT REEBAER (R - £l - B
TR A AR R IE RS o (RN A BR A AR s ot ~ A R
B 27 = B S T AR ERE TAE (b eAs(E Saohtsehe 2011) -

T PRI TR R R
Table 2. The list of product standard rule of the People of Republic of China

| e % % foeEsE
8 R 1~ BRI R HTEE NY/T 1109-2006
2 ~ R AR K NY 885-2004
FiEZRIEE 3 UEYIIRAEY B AR ir#ER  NY 1105-2006
4 ~ 1Y B A P i e NY 882-2004
5 - MRIFEACHE NY 410-2000
6 ~ [l E R AR NY 411-2000
7~ WA RERC K NY 412-2000
8 ~ hY RN AL NY 413-2000
PE iR AE 9~ HEHEER NY 527-2002
10 ~ AHEPPICHE A NY 609-2002
11 - EEMAEDIEE NY/T 798-2004
12 ~ WA A NY 884-2004
13 ~ EHAEMAEYIEE] GB 20287-2006G
JiERRAE 14 ~ A SR RS B EFE AV HIE GB/T19524.1-2004
15 ~ FEtet Hb o] OO U SR A HIE GB/T19524.2-2004
TR 16 ~ R HITAE Y A PER TR NY/T 883-2004
17 ~ TR E B R s B iR N'Y/T 1110-2006
18 ~ TR IR} e B R AR NY/T 1536-2007
19 ~ fREYIRE R A ZER]] NY/T 1535-2007

168



AR S 2 Fre BRI B 2

T SRR M WL el E o H 8% 0 &0 R EE AR E R
FicE Mt (LDS0) sBan R - FMEUR Sy miE A EE 4 R
(B VIR R Y2 4 i P R g E /1] 2006) -

F—R e EE

ALl fREEE
Azorhizobium caulinodans - Bradyrhizobium elkanii - Bradyrhizobium japonicum »
Bradyrhizobium liaoningense - Mesorhizobium huakuii - Mesorhizobium loti -
Rhizobium etli - Rhizobium leguminosarum biovar phaseoli - Rhizobium
leguminosarum biovar trifolii - Rhizobium leguminosarum biovar viceae
Sinorhizobium fredii - Sinorhizobium meliloti

Al2 B4 REE S e YIE
Azospirillum lipoferum - Azospirillum brasilense - Azotobacter beijgerinckii
Azotobacter chroococcum ~Azotobacter vinelandii - Azotobacter paspali ~Beijerinckia
indica

Al3 eEMEH
Rhodobacter capsulatus *Rhodobacter sphaeroides -Rhodopseudomonas acidophila -
Rhodopseudomonas  gelatinosa  +  Rhodopseudomonas  globiformis
Rhodopseudomonas palustris ~ Rhodopseudomonas rutila - Rhodopseudomonas
sulfidophila ~ Rhodopseudomonas viridis ~ Rhodospirillum fulvum - Rhodospirillum
rubrum - Rhodospirillum salinarium - Rubrivivax gelatinosus

A.l4 TrfEt i L E YIRS
Bacillus amyloliquefaciens - Bacillus laterosporus - Bacillus licheniformis - Bacillus
megaterium - Bacillus mucilaginosus - Bacillus subtilis - Bacillus thuringiensis -
Thiobacillus thiooxidans

ALS (R4 4EHH
Paenibacillus azotofixans - Paenibacillus polymyxa

A.1.6 BERIEE
Candida guillermondii - Candida membranaefaciens - Candida tropicalis - Candida
utilis ~ Endomycopsis fibuliger - Pichia farinosa - Pichia membranae faciens
Saccharomyces cerevisiae * Rhodotorula rubra
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ALT RERER
Frankia sp - Streptomyces chingyangensis - Streptomyces microflavus

A18AM EEMH
Glomus mosseae

A.1.9 Hith
Lactobacillus parabuchner - Lactobacillus acidophilus - Lactobacillus bulgaricus -
Lactobacillus casei - Lactobacillus delbruecki - Lactobacillus lactis - Lactobacillus
plantarum - Pediococcus pentosaceus - Streptococcus lactis - Streptococcus
thermophilus

A2 F  FiiEtEsEME (LDS0) sERnYEE
Arthrobacter aurescens - Aspergillus candidus Link - Aspergillus niger - Aspergillus
oryzae - Aspergillus penicillioides Speg - Aspergillus wentii Wehmer - Eurotium
chevalieri Mangin -Bacillus brevis(Brevibacillusbrevis) -Bacillus circulans -Bacillus
coagulans - Bacillus pumilu - Bacillus sphaericus - Brevibacterium sp. Burkholderia
fungorum - Chaetomium cochliodes - Chaetomium trilaterale - Clostridium
pasteurianum - Geobacillus stearothermophilus (Bacillus stearothermophilus)
Geotrichum candidum - Nocardia sp * Nocardiopsis sp. Paenibacillus macerans -
Penicillium citreonigrum -~ Penicillium citrinum - Penicillium frenguentans
Penicillium glabcum - Pseudomonas fluorescens - Promicromonospora citrea -
Pseudomonas putida - Pseudomonas stutzeri ~ Pseudomonas vesicularis ~ Rhizopus
oryzae -~ Sphingobacterium multivorum - Sporotrichum thermophile - Streptomyces
albidoflavus - Streptomyces fradiae - Streptomyces griseospiralis - Trichoderma
harzianum - Trichoderma koningii ~ Trichoderma viride

A3 F=5 + TR EE
Acinetobacter calcoaceticus - Acinetobacter baumannii - Alcaligenes denitrificans -
Alcaligenes faecalis - Alcaligenes xylosoxidans - Bacillus cereus - Enterobacter
agglomerans - Enterobacter cloacae - Enterobacter gergoviae - Pseudomonas
alcaligenes - Pseudomonas diminuta - Proteus sp.

A4 UL - ZE AR
Erwinia sp - Klebsiella pneumoniae - Klebsiella oxytoca - Pseudomonas aeruginosa
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BN LR E R RS B R s

£ 2010 4 7 H 29 HAHMAYHRPS LB LART » BIRN ALK 2 E S
R » R ETFAAR R SGE LTI R R i s - (BT i ~ b -~ 82 -
BUFE KRRl EEE o PERFHAA: YRR @ A HEY) >~ 4= 7 B Bl F E4RET
EfkfEZg " 2005 EEAYIRH M A E 2 &L ) 455 » 2004 4F3[=]
AP E R EESIRETE 6.69 (BT (R=) o IR RN A YRR - #E
CRSHEZ WEATHE 40 8% ZE/NBEEE BT > AT RESITRE
(3 2007) -

T A Y 5 (2002-2005)  (Efr 5 HEEED)
Table 3.The annual output value of agricultural biotechnology products in Taiwan

G| 2002 2003 2004 2005
TV 8 EE FE O EE FE O EE FE® EE
1 EY) R B 33 955 25 1450 25 25.82 28 57.45
2 KERIE 9 756 11 9.25 11 22.99 16 2.67
3BV 9 7.36 11  6.68 11 412 11 2.09
A BB AT 18 072 10 775 10 7.86 17 18.89
5AR A 57 2329 110 6672 110 9331 127 127.96
6.4 P Fit 28 3.3 15  0.62 15  6.69 14 1.26
7 A e 13 7.9 7 172 7 191 11 041
8.:2 - — - - - - 15  2.03
9. H:Ath, 4 0.19 25 14.68 25  40.50 1 0.06
g 171 5899 214 121.92 214 20320 240 212.82

HRIICR 1 (2007) -

ANEMAEVICE S EE L - BINMAYILR Em S sl %% 2 103 4
2 11 Hik - 54 13 EORWHEDE (&M) -
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FERZE MEFIETERHE T VSR ZEE T REEREE S
VA AR R A RS & e B ThRERITEE T TH - BROIT = AL E]Y 2009 4
ARRET SR 2 TR P A ) S A RS R R In4E & A 2 AT E DR
EEERGN - B T AVIZIHEAERTE 0 By 2012 SEEECRMAEYIICH - AE
o A E BB AERHE A &~ BeE LEMIR ~ S DIAERER A 2R R S R A
Mz BFE > Al R S — I (e R A B DR R AEPIRE R 2 8805R > A
KR D R B R Z A - B AT SRR IR E T (1 - (e ik SR Z 35 -
HATE R FESRGEZIIFERCR - S HER RS o sl M Bl =
R X8l - IEFHZ DNRE A8 Gl IS HE - KA B BRTREI NS MERI T - i
LU Rerie s ~ B GET s SN RS RS IF KA & B0 Z B b3
K R EET A A (BB 5tk 2009) -

R~ EASEBIANMAEYIRERE m S i
Table 4. The microbial fertilizer registration certificate has been issued in Taiwan.

BELH TR EETH TR RS A4 T mEAE ARHIT
B4 0085132 tEEFEEM) AT (tAFHUSREZE FS-BIO-6 JABEFALKE  105.03.12
B4 0127037 SEFE(LR(R)AE  HZREMEREE BBEEARE 105.03.12
B4z 0473021 Mg R (R AT WEZ- AR AAREALR  105.03.12
B4 0473022 Birdd (B AE]  REZ-MIEHE BBEEAUEE 105.04.06
BU4: 0473024 B ERI(B)AE] FEERF BBEEARE 106.02.07
BU4: 0473025 W ERI(BD)AE]  BREAE BBEEAUE 106.04.10
#44: 0473026 BrEsER(R)AE  HEEF BBEEAE  106.06.04
B4 0473028 B ERI()AE E W BBERARE 106.08.28
BU4: 0473029 W ERI(R)AE]  HhifEE BBERAE 106.12.02

%14 0093216 HEMRAIRAT HEMEES T 15 AR EAER  105.11.21
Bk 0170013 ABHE (AT  RESFEABSER

#UE 0465015 EUBAURI() AF]  BARUABSELK
#14: 0013078 JEEF THEAIRAE sl ;

AEEE SR 106.07.30
S EAERE  106.10.28

4

R ARl 107.02.12

i

0>
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AP ERCH E 3 R R B EE 3% - W E Ry & &R FY e s i e R B Y
EEEREM - aR RN BN AR DR > d A I (b R
IR 238K G EHAC Rk SRR E B AL R EM - 1E
AR PHVBEHE | - PAEYIHE R & IR AR HE A ® - A
MAEYIERD R SERHERS - (AR BRI S  firyBls - DU T IRV M
HES RS > £ L > BUF A UEEROEN I ERE - LA (E
SRR - DUEER LA YIHCRIV s & - IEOh - TEsBhER ity BE i fe 3
FHEEARREBTFTAYERT - ] USR5 20 - Bl B2 S e i
b ARERFFEN " WEE R BEES— ) AVEEER - KEIEHEE 2 FKR
B R RABTEAR 2T b ~ BHEUE ~ BIEAEAY BAERTE - DORFCRITR
> A A > B E KR - RERTR - B LUFESE S B (F Ry Ed
FEE SR RV L8 > BB e 2 MAEYIDH - RERE=TFENEE
FEEEREERVLTT -

SEIR

ARHE T A Rt T4 R RHEE o H RoRRAS 2000 TTBGEESEZ B G 4REl -

A VIRE R A P22 4l PRI AR Al 2006 32 A RRILAIERREESEHS -

e 2013 (AEYIHERE 2 L EEAERA] p. 58-99. 2013 IR EE Ry Bl H s
PisgR T ECEH RN 2

AT 2007 s itl& A VIBIRITEEY) R E E 2 JER GREZRT] 5486 F4H -

HHEY 2007 SERSEAR SRR BLER U BB 185: 66-72

BB 2009 REAYIRniE S B B RS =L -

I TR EAG (S ERirbAsEle 2011 2012-2015 4 ] AL MIREARL i35 A 5% 0 H B
RIS e R -
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ABSTRACT

The development of fertilizers in future of the third Millennium is based on the food
security, environmental protection and the innovational products with more efficiency
of fertilizers. Microbial fertilizer is the new product that corresponds to the international
academic research and the development of the industry as a result of the fertilizer
functions (Nitrogen fixation, phosphate, solubilization and degradation) and other
functions (Improvement of plant growth, stress resistance and adaptation, rhizosphere
protection, detoxication, advancement of flowering and fruiting and reduction of plant
diseases), and it’s enhancement of nutrition in soil plays an important role in organic
agriculture. The Council of Agriculture (hereafter abbreviated as “the Council” ) of the
Executive Yuan of ROC has increased 6 items of microbial fertilizer includes legume
root-nodule bacterial , nitrogen-fixing bacteria, phosphate solubilizing bio-fertilizer,
potassium solubilizing bio-fertilizer, complex microbial fertilizer and arbuscular
mycorrhizal fungi since 29 July 2010. For the management of fertilizer and
modification of the regulation for application and issuance of fertilizer registration
certificate, to apply for a microbial fertilizer registration certificate, a fertilizer
manufacturer or importer shall submit a test report for crop toxicity, biological toxicity
and ecological assessment. The Council has announced the microbes certified as safety
for fertilizer use, including 8 bacteria, 4 fungi and 4 yeast, total 16 microorganism that
can be used as a foundation to apply for a microbial fertilizer registration certificate
since 3 June 2011. Until 11 February 2014, there have been 13 phosphate solubilizing
bio-fertilizers which contain microbial fertilizer registration certificates in Taiwan. With
the help of the Council and the national program, the R&D direction of bio-fertilizers

has been toward to the high quality and multi-function of the complex bio-organic
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fertilizers and the bio-technology fertilizers. For the development of fertilizer market,
the Technology Transfer, R&D program of industry-academic cooperation, cooperative
education between college and enterprise, technology R&D of the Innovation

Incubation Center are the trend in the future.

Key words: Microbial fertilizer, Fertilizer registration certificate, Biological security,
Market.
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