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Summary

Tea (Camellia sinensis (L.) O. Kuntze) is a kind of evergreen perennial shrub or
small tree, can be processed to the most widely consumed beverage in the world. Due to
its fragrant flavor, tea has been massively grown in Taiwan. Tea can be affected by many
diseases, among them the tea brown blight disease (Colletotrichum gloeosporioides) is
the most common fungus disease in the field. To investigate the severity of tea brown
blight disease, and to control it, this study monitored the disease severity of tea brown
blight at Pinglin, Wenshan and Yangmei areas. As a new sprout wilt disease was found
at Pinglin, New Taipei, tissue isolation methods were conducted to obtain the suspect
pathogen. Results showed that both Colletotrichum and Pestalotiopsis can be isolated
from the wilting sprout. Through the rules of Koch’s postulates and molecular
identification, we confirmed that the sprout wilt is mainly caused by C. gloeosporioides.
Sprout wilt disease can cause 20 to 50 percent of yield loss in Pinglin, resulting in severe
economic impact on winter tea in Pinglin area. Culturing this pathogen at different
temperatures showed that this pathogen grows best at 25°C and slower at 15°C, but
cannot grow at 35°C . Basing on epidemiological study from December 2013 to June 2014,
this disease prefer the low temperature, low humidity and high wind speed. The
relationship between sprout wilt and tea brown blight disease is generally positively
correlated, indicating that the spores from tea leaves with brown blight disease can splash
to sprout by wind and rain and cause the disease. On the other hand, brown blight disease
occurred more severe in season of high speed wind. As compared to Ttes No.12, Shy Jih
Chuen and Tieguanyin, the cultivar Chih Shih Oolong is the most sensitive to brown

blight disease.



In order to eliminate the concerns of pesticide residues, non-pesticides control of
plant disease is right now a favorite by farmer. Therefore we choose seven kind of plant
to prepare their extracts and two antagonistic microorganisms to test to control the sprout
wilt in this study. They are ginger, turmeric, cinnamon, cloves, cablin potchouli herb and
Chinese magnoliavine fruit. The test of their extracts for effect on mycelial growth and
spores germination, showed that only ethanol extract of clove, cinnamon and cablin
potchouli herb have some inhibition potential against the pathogen. However, only the
ethanol extract of turmeric and garlic (0.2%) exhibit the inhibition rate of about 25% in
pot plant test. On the other side, antagonism microorganisms Streptomyces (Streptomyces
sp.) YUO1 and Bacillus subtilis also have inhibition effect on this pathogen in dual culture
experiment. Streptomyces YUOL even has 83% inhibition rate to control the sprout wilt
disease in pot plant test, when applied one day before the inoculation. Whereas the
Bacillus subtilis has no inhibition effect in pot plant test. A total of 13 fungicides were
screened for their control rates on tea brown blight pathogen by mycelial growth
inhibition test. Results showed that both benomyl, kasugamycin plus carbendazim, have
the best potential to control the disease. In this study, we found that the sprout wilt
pathogen can infect not only the Chin Shin Oolong cultivar, but also the cultivar Ttes
No.12, Shy Jih Chuen and Dah Yeh Oolong. We also found that anthracnose pathogens
from mango, strawberry and coffee, cannot cause the tea sprout wilt. Our study proved
that the pathogen from brown blight can transmit and cause sprout wilt as shown in our
field survey and pathogenicity test. However the reason of sprout wilt only occur in

Pinglin area still need further studies in the future.

Key words: Brown blight disease; Colletotrichum gloeosporioides; non-pesticide
control; sprout wilt.
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T~ R BRI SR

AP ERE TS R R EL A S R R 1

i
bod
3|
~=
&

REzEden Bar PIEAR wp BRI A RS A Y X E F 2575 R
shfr 4 4o f § 4% H (Glucosides) ~ 2+~ dw (Alkaloids) ~ %7 i (Terpenoids) ~ fi= %
(Phenols) ~ ¥4 7 ¢ ¥ % (Tannins) ~ #f % A (Flavonoids) ~ 2 % (Saponins) ~ #f#" & §

% (Carotenoids) ~ 4 & % (Coumarin) % (3% > 2005) » # #* »% P4 5 R F e
RS A2 PR Tl R U E B2 S SR PR kR o

1993 #4¢ ® BASF % 4 % < 7 (Reynoutria sachalinensis) sriFpt % B~ 4~
FicBLE T 0 bom 2 R 7 2 Fiprn ko RN ERES SR IR
F# 0 & & 5 Milsana” (£ 5 2012) - 324 21k ey F RIS AR EAL K
BB PURE L PR S R ER T B R kT L E 2 S
REE o2 LEAR HERERS A J o B F 2 RF L L ARG
% > 2004) -

BT ROBER R iR BB AT E K AE 5 0 Bilde < b < (Hydnocarpus
castaneus H.F. &Th.) ~ % ., 4t % (Allium thumbergii G. Don)z_ -k %% &2 ¢ fig 37 B~ %
LA HT L d F B (C. higginsianum)2 32 5 5 F e 5 7 iE 1000 %
2005) - 7% #H(Jatropha curcas) ~ 4%+ =+ (Emblica officinalis) # & +* 1=~k #=(Solanum
torvum) & * gifk % e (sodium phosphate buffer) 5 3~ » 3 37 Fr ] 4 E k2 % (C.
musae)2- 75k 2 & (Thangavelu et al., 2004) - >+ ¢ B2 7 BI& T = % LB I}%(C
gloeosporioides) ¥ i * g 43 (Cinnamomum zeylanicum (L.)) ~ = 3 (Syzygium
aromaticum (L.) Merr et L.M.Perry) 2 % 4% (Agastache rugosa (Fisch. & C. A. Mey.)
O. Ktze)z f fit F B~ #r4 52 4 & (He et al, 2009) - @ 2272 fF+ A1 F #7 3
Bor kg7 40V Bis g ERCER F (Comusae) 5k 2 £ & (Ranasinghe et al.,
2002) > ¥ 7 A b A A AT R g F ISP EEF ARG ) (C.higginsianum) -
¥5 7 kA& 5 1000 ppm pF > T % 0K 50%:n e & (1 E 0 2010) 0 AE R -

B2 Ay P Bgor i@ % % zr(Allium sativum L.) ~ & (Zingiber officinale Rosc.) ~ &
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¥ (Curcuma longa L.) ~ % ' @ = & (Dryopteris filix-max (L.) Schott) 2 * & =
(Datura metel L)z -k & o ff 3P~ $430 2 ft2 v f8 2 s & (Pestalotiopsis theae
(Sawada) Steyaert, Colletotrichum camelliae Mass, Curvularia eragrostidis (P.
Hennings) Mayer, Botryodiplodia theobromae Patouiilard) % & & 5 f#r4 |2 32 3 3 5

Z_ s * (Sahaetal., 2005) -
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I~ Rt st

BIMA PR AP 22 - A BRI piea v e S 1
MAZFRLF ERESBREA QFARL  ERSTREBREAL LY B
@icF L8 s> BT HERE DAL ww e fipEs o 2 O A FE, 422
Fupt o BT B AR 0 2004) - HiE FE 0 H 6 REAT ML
bW Fate AR EE S ER R P IS Kk o

¥ % 4% 7 (Bacillus subtilis) % 5 % fF < B> A8 B EBEEHP
(Firmicutes) ~ 5 7z 4% g% (Bacilli) ~ 5 72 % 74 (Bacillales) » &> e 411 B2 § ¥
M4 % (Plant rhizobacteria/ PR) i gt Kby FIREREY LX E R

BER o RETEF AN AR 2F R e g AL S RBIFAS T 4o b BN
(Lipopeptides) » £ ¢ 4o & % (Surfactin) 5 — 85 4 4 = 4 & 7% 2% (Baisetal.,
2004) -

Ao AT &1 2 48 3 1% F(Bacillus subtilis Y1336) 0 = 4rf G BrisgRE 6 AR
(Erysiphe pisi DC.) ~ #* A & ff‘?]":}fﬁ(Pseudoperonospora cubensis (Berkeley et Curtis)
Rostovzev.) ~ i 7% % )ﬁ;f:fgs(Pestalotiopsis euginae) = % ¥ J& 7 (Botryodiplodia
theobromae Pat)2 # »c » & h B2 B & &5 S#F - 2t ea(F 3 44 5
2011)#<p H #3 Glomerella cingulata 2 f#in2c% o P a0 4e 3 4% g2 2 4 QAR
AP RALR LR P o

Y- 2 n ARG LG FrEpe s o 2 ¢ 2 sagk A (Streptomyces spp.) T
FA N2 Ppis o 347 7 dp 148tk F & Alternaria sp., Curvularia sp.,
Phytophthora capsici, Colletotrichum sp., Rhizoctonia sp., Fusarium sp., Aspergillus
niger ¥ it {7 sz £ > F M5 47~90%2 #r+41] sz % (Evangelista-Martinez, 2014)-
481 B T 2 B PP (Actinobacteria) ~ 2% 48 ) 4 (Actinobacteria) ~ 2k 4 7 B
(Actinomycetales) ~ 4a & 74 (Streptomycetaceae) - &k 7] € & 2 3F 5 = = e
§ 3 5O AN IRA it # 4ot Z (Neomycin) e # i % (Chloramphenicol) % -

¥ il R F2 24 & (Kieser et al., 2000)
11



AL R 2 4 FYUOL p iR 2 2 RS0 FE A d A w4
THEF AL G IS A o B2 2 vk 0 ¢ 3441577 F(Alternaria sp.) -
R ] (Botrytissp.)\ﬁé:}j;:/ga‘p%]" (Colletotrichumsp.) ~#k# 7 (Fusariumsp.) »
Jir}ﬁa‘eﬁ (Phytophthorasp.) ~ & % & (Pythiumsp.) ~* 4=%:+% ] (Rhizoctoniasp.) -
F11iof ) (Sclerotinia sp.) ~ ¢ % 5 & (Sclerotium sp.) & 4 fam R B B (5

2012) -
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IR E

it 7 & (Epidemiology) 47 3 o % e Z B P B 4o £ 1 ehF K o J & o
A R E P A BEF L2 BT oA RRRRBT LT T RT B
ey B2 e R AL R B 2 R EE T F ARRIA R BEA
Bz the PR F S RT - GEATREZ R LOEFPLER M
(Jeager, 2000) -

- BRI EXIFRFCFL CBRREFF BT PR T SRS
R RBERBGER A BT RERA IR e - Bp g e
B MERERE S 1 TR AL % e B s(Disease progress curve) ¢ 1 & § % F]3 G 7
AP B 223k G4 47 0 0 Ao AR AR5 KRR £ (Milgroom & Peever, 2003) -

AR AR RERFLAY AR AR LRRRF P S R iR
oS AT G g o e Cogloeosporioides i A A E R > A1 3
LIS :fﬁﬁiﬁ&ﬁ_(Denham & Waller, 1981) » @ C. gloeosporioides & = eherzf i 22 gk

Ev L4 93 11 7 4 s E (Mohanan, et al,, 1989) - H % 2 F L FiE AR

<

T RGOS FFE AR R {EI LB A 2 AFT Y f A kR

FoRGEE IS 2 0 oo
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$Zh Hitee

SR EMAE RS TR BB A

ARG BRI 2013 ERFABEHFRFRL FHMT LR 20
2013 & 11 7 B4pF 4 3p 2 A A NMAFD A FHT o2 B2 350 d 2049
ﬁiﬁ%n/ﬁﬁﬁﬁTm4 - PRSI AERB LD B R

FIR 1 R E L2 RF ~ATA 3 IR T M E L2 2 FH] A3 T H
BIRETALL R 447 P LR FRELLZFFFIA LY AL

HFREA) > DTRERET 2 EF A TR R TEFNE LR E A4

S FAERRE TR R RAA M R ET

(- VT 2 s B A A

iiﬁﬁt??ﬂféi:@&ﬁa\%’ﬁ%?.v ag,élﬁ—%/»\@gzo.g B A
Brid R FRE BT A B LA 2T 5mm & L ik

e 20k £ A kB R Ae F 3 104515 0 R EKERZ & E % 10
Fyo 5 kA R dr i 8 2 L5 %(WIV) k3 fp 3 % 2 (Water agar, WA, Difco™) @
EEFERA S FRDRASE T EIEMET > R3] BRSNS 1
B &R 5 miEEr 4 4 (Potato Dextrose Agar Medium, PDA, Difco™)
WAook 25C WEALHY BERE > NELEHLETE BRK-
HAR & Hi2 T LT B L R B2 R3] 7 7 T R IR RE Y 2%
=& ped kg g ﬁ%md*lO%w’Uﬁmkﬁiloﬂ%%%iﬁ’%
SRR AB RSt s wH TG ImLAF kMBS E Y o R Y IELFRE
i #3530 A48 TP 0.3 mL g w5k F T PDA E R & A
o R A AR RRIS I RN R A KA G B D R

FBCHTEAEPY EFBE 4 XBRRIPES - Flak-BE2r? Vi §

T

4
£ 43

=

TRBR G KEHSSFEA R AU B PDAEERE R 1
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02 3wFE N ERTFE2ENEEE o H1 PDAEE Y A > @1
AR o AR T2 A A AR F R £ 20 PDA EER A A B2 FRE R
% (E > 2012) -

AETRAKRF EEFHABE BRI PARKRERE RN D FEY
D5CEL L fad T2 Mol p R AR F MM S 51 FHR

B A FRA AT ¢ o (BCRC) i1l Fiksk i v o

()R ERBL B R A S
AL ARAERBE TR RS YE 0 g0 BEERE 4
W2 f#3]7 2T X5 x Smm/mm g iEs 0 EiE st 2% & pbhokipie BT 4
Bl F 104t 0 NEFKEED S E 10 )0 B 5 ARSI B 15%
WA @ ie i § g & B DI N EIIMMRET o R B
#1 PDAXERAAT " EW L - R 2CLR2 Y &FBE > Mk

N B

=N FAER }f;‘;,& 7*]:—}1%47\ ’]‘%\}%/ﬁ'f’}/?\ﬁ:‘

EEFW Ghp s LB A - &2 55 §4F K v (Camellia sinensis cv.
Chin Shin Oolong) ~ + £ & #(Camellia sinensis cv. Dah Yeh Oolong) ~ 4 # -+ = %%

(Camellia sinensis cv. Ttes N0.12) 2 = % % (Camellia sinensis cv. Shy Jih Chuen) % »
FREFEAAN L CIET KR EF 2L LA RE)DE Y o B

RPBTIOLRE BEAELERY -

(2 ) K RT3 5 B i 4 148 R
j&jE & a:‘:‘g/g,\rdg_*}\7 }?5}%7 r’} ) ',(":L‘g % »3; f%‘—,\ I—Pé‘fg’]ﬁ% i,ﬂz—ﬁ‘]’gl }’1‘ # / 5_

LI BYE: n/ﬁ;ﬁ’("{i,gg:ﬁ s L1 ‘J%"J("'E £ R P ‘fﬁﬁ'?i 2 RS
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Fo Ty AE2 BT lmm BT ERTES G > TRTARYER S
1X10° z 3?'*’%/33-/’5"?/?%&%(? ¥ A J“’%’/]f #Pk'f%‘f'iﬁ'(?‘ﬁ%iiﬁﬁﬁﬁ'_’
R LTI T R RN P S s i L R Rt )

3o BRRL SR LB H R ol BRI R A SRR AL -

Bl 1~ F Aty M 3 BSRBALS RRASEZ RIR -

Figure 1. Tea sprout in moist PE bag after wound inoculation with conidia suspension.

(C)ERATEIN NI RBFREFS © a2 2%

AT ESKAL R P AL A BRI E T e A BT RO AR
TR R o f AT T R SRR R R e M g E R
F o kof S W AR E P S A S THEFOL A G 2] g G
v AT AREUER F IXI0 238 F RIERE IR G T o X R 2
BritiHBE e PR YET LA BMAE TP IR YR B
FRES FESENERY ORBIESELIE R DAL A RUARHR
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Eo AARMBEAERRE TR R RE A

SRETL A B R § R S R 2 H R A
AYL R N AR SN R AR A AR PR R AE
AHE ST T 2 A R S R A MR A A B U2 A RS EE

2,
3L
. & o

,}Q%.ﬁ = ;i: s A B YR A flk’[_ﬁ_)?; ﬁ?bﬁf F1¥g (Cai et al.,
2009) » b4r %4 3 = 2 F2 & & # “llustrated genera of imperfect fungi” (Barnett
& Hunter, 1972) » - &R it 2 1 > FIP A3 2 € % o 3 ﬁiﬁ:,{ﬁj\ﬁ;g)ﬁf;

B2 A A e MR M M kR B R o

(2 )7+ FEE
1~ P e (DNA) 2 5 B~

# * MagCore® Nucleic Acid Extractor HF16 & BB @& 45 24 $» FH Gene-
Spin™ — V3 » 1-4-3 DNA Extraction Kit % 5B~ g2 DNA o & 75 fa#32 % 10 %
2 Atk p PDA EE R % R907 5 100 mg 2 B r B g F o b i
¥ B#ats > 4c » 400 pL GP1 Buffer, 5 pL RNase A (10mg/mL) % g grs & & &
Fo265C kgt cl 104485 5~ 4w - =t > £ v » 100 uL GP2 Buffer
IR o Ak Ay 3 448 0 & Filter Column 2z » 2 mL Collection Tube £ 3 &
St r 0 113,200 rpm A 3 4 48 0 Z ) Filter Column &2~ 400 pL b i 4e »
Sample Tube » £ #- Sample Tube #z » MagCore® Nucleic AcidExtractor HF16 #% %
¢ » & Elution Tube, Tip Plus Holder Set #x » # ® ¢ » 3-8 2k T_5 Plant Kit » &

T E > (FiF % 2 B0 60ul * * PCR -
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2.0 &% B2 t§(PCR & i)

Polymerase chain reaction(PCR) * J& /i #4247 : ** PCR tube 4r » DNA 1 pL,
Primer ITS1 0.5 puL, Primer ITS4 0.5 pL, 2X Taq PCR Master Mix 10 uL, DEPC H20
8uL > *x »~ Bioer LifePro thermal cycler » & {7 3 +§ o & ik i* 5 Fg 4 94°C ~ 10 »
4815 ;94°C~304>50C ~304 72C 304 » = R KR B/ 40X » £F 72
C~10448-10C 10 #4 T2 > F g - PCR F s » 27 7 A~ 17 » 7 T_PCR

HIFAY -

3.PCR & ¥ & i = 47

KT T A ks TRk s S Mupid®-2plus - 2B 2.1 g
agarose(Amresco®) » 4c » 140 mL 1X TAE buffer » ficit 4e #4312 273 f2 > ¥ %
A ks gt o B QB A FRABE A BRI
FRAN P 0 4o~ IX TAE buffer I # s %42 » 4 %] Loading & 5-£ marker %
well » (# & %z 80 uL PCR # # ~ 12 uL DNA-Dye-NonTox % #| ; marker & z 80
uL 100bp DNA Ladder Green ~ 12 uLL 4 &) » 2 400 A, 100V i& {7 7 & 25 &~ 45 (8 >

Hw 2t UV R BLRT e o

4.3 1 DNA

- a8 F 2 DNA ix+ (Band)*> & % *thc2 gt F - & 100mg # &4 » 100
uL binding Buffer » ¥ ** 60°C-kig 4 #2 B M= 2 pf2 2 = 3 A&tk - & >
#-t% &4 ~ 7 spincolumn 2. collection tube » f&:# (13,200 rpm)&g.< 1 4 45 > 2 “/f
collection tube # z_j% %8 > £ 4 » 500 pL binding Buffer &:# 4w 1 4 45 > 2 Gi
collectiontube # B /% > 4r 700 uL Washing Buffer % spin column {&:# 3. 1 4 45 -
4 Kf collectiontube ¥ &% » £ =t 4r » 700 pLwashing buffer {&:# &g« 1 4 45 > 2
ﬁé collection tube * B/ > ik 4w 3 4248 0 2 f collection tube ¥ &% » Z 2

collection tube » #- spin column *x » fix & gt ¢ 3+ A5°C#-kip 5 A 483 ‘$ EWE
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3% B 4~ 30 uLelutionbuffer # % 2 248 > g dpe 1 245 0 E30kF Bl

LS

S.AFITEZ TR
B2 A LR RS FPHLGF AP RGFLA BT BIERD
is »>* % ® NCBI (National Center for Biotechnology Information) & =t + » 12 BLAST

(Basic Local Alignment Search Tool)# it #r&_ & #7 3 & * 2. & kA 5 = o

A BERHETRRALEER B

=0 f% ?‘}fr'}]% A3 RERT 2 15i'fﬁ“}‘@’ig?’\fﬁif}?a/%!'fiiﬁ‘léi‘?gﬁ?\?i’ﬁ I R
2 AR ACPDAEER Z A W 25CH - FRET LRI R R AT 2 18
7 A B2 E T 35 mm it BB s 0 F phdE r PDAEFR A A2 P Lo

Al B30 15+20225-3035C2 - FRGH AR TUEA L BT O BRREA Y

= AR H R A ﬁ-’]‘r}?ﬁa?"]‘r'}??/” f”){%%\ﬂgﬁ
(- ) A% 82 5fE

p 2013 & 12 % 3 2014 # 6 7 » & B3 A Mz B R4 L SfE2 FAHES

K #w@ ?#@ffﬁiﬁ~&§
L PRARPE R AL 21l ¢ FERAFEARGE o @ 2 324

) mfp} Fo B AF LR BRE 2 EEE

HERMIEE FRGETH D IHFRELL 20 1125) S5 7o

TREGFTAT T AERER) S TS o
F

(i# < 0 \‘f’p:}ﬂra k34 %21 %{) w%@.miﬁ
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() ki
LEAERRE FTRER
AP O AT AR AR - H i BH 2% 20x20 cm? 0 2t E H

PR 10 PAERBRFAER AT I RBE Y bpak(L i DigFe

&
|4

\_.
o

PR ER LR pTRER

21 FAERRBE S ppsiRE
Table 1. The disease index of tea brown blight used in this study.

ErP A IR fepstee s 05

Er2Zafi<lom® fepsadkis: 1s

-

ErgZafizlom® fepsdis 25

H
~F
W
ks

G f=4cm’ fepadc; 3 s

P F BE A (%)=(Z (e o dioxE 7 #)/BxH & L #))x100%

2.5t e
£tk KF 0 Bl T A AE R S0t T & T & F 2(20x20

Cm)® o B A BT AT 2 R B P EMT L T RpkR S -

Tt e 5 C6)=(fe s 7 /A AT H0)x100%

éf' W?\?’ mr/?%& " J\EH P d & SF /EH #lﬁ-g"%giﬂl’}’]‘?v
ek BB sk o 2hAG T COAB30 > =k %t 24k > 121°42'05” E - 24°56'23”

N> H#% 300M)~ =2 L®(® &5 % & p #plsk 38  COACB0 > =t & 1 = Lo
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121°34'03.1” E> 25°00'14.7” N> 1% 4A0OM)2 § % T4 » ¥ p R EF:x 2 HB 17

B (R £ 5 G pplst > 245 1 82C16 0 3 & ¢ FE:c 2851217120 E» 25745

N> 3% 195M)2 5 % F 4 o

N TRpL AR ER
(-)pisFiew

K- S F YA ER(ZAEER > 247 ¢ 1 F

Foa b
191 B)pEE 24 ~ 7 4

;n;

SRR RRE BB ISTH e F ARD

wREMER AN E g2 1 RO Rk & B~ 1009 4c » 500 mL -k 2 50%

(Wv)e f3 500 mL ¥ (% 2) » 35 Bejf 12 3000 rpm 4t 15 A4l 0 £ ¥4 F
RrIIUIT 0.22p0 2 g B g e F) ~ & AR I R it

"”\f’g\,)?}fa X &5 X

B - %o Z R BEEEN 4 CH P (R 2005)  ptat L 200K B o
¥ BF ?& SPFEMLA S S ET T F(Bacillus subtilis) & & F 2% % A
rp I T 2 -RFSe 2 2Ts A (Streptomyces sp.) 5L YUOL iF 5 Hdmpk 2 47 iE

GEEE
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AN SR T ES S TR TR NS R

Table 2. The plant material used for non-pesticide control test against the anthracnose pathogen in this study and their pretreatment and extract

method.
R F
gt A LRl Rl %L B F R

Common name(Chinese) Family

Scientific name Part Pretreatment Extraction method

name(Chinese)
Garlic(#) Allium sativum L. Alliaceae( & #) oy L s T R e =
Cinnamon (¢ %) Cinnamomum cassia Nees Lauraceae(H-#) oA BiRe B ik de xRk R £353
Cablin Potchouli Herb Agastache rugosa Lamiaceae L L3 T REN -2 feroke R B2
(%) (Fisch. et Mey.) O. Ktze. (B2 7= 44) P
Chinese magnoliavine fruit ~ Schisandra sphenanthera Magnoliaceae TR EF YL T A e A ferok¥ R DS
(F r23) Rehd.et Wils. (& w4h)
Clove (™ %) Syzygium aromaticum Myrtaceae CRTTE IRESL Y d s xR ¥R E3D5
(L.) Merrill & Perry (F* & £541)

Turmeric(% %) Curcuma longa L. Zingiberaceae(§ #*) FcHINE DRl Y= der ok R L3505
Ginger(i) Zingiber officinale Roscoe. ~ Zingiberaceae(d #*) ey SOF SR STV R Ry
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(2 V& B gtae 5 8 7 g 2 8%

RIS SR T R FL e T8 T drdrck Bt PDA R £ 10 % 2
A ERB AR T ber SmLEFK i F B2 = d RIS T
¥ F BRIk A D L 1x10° conidia/mL - B~ 30 ul 77 F R 7 36 ul 2 4

PEBRREL BEFEPREBER G 1%,0.2%,0.1% - j:"r.,,l ‘v 6pl 2 1%

EETEBEI e T 28T 0 £ T2uL BN RFPRY D 0 T L REK R
#%(0.125%, 0.25%, 1.25%) ~ # #f ¥ 1,500 & (x Rip 4t Fh & P 48 R R )5 ¥

e > 2L ZBRIL F L6 EAF 0 PREN2DC2ARBIERT 24
PRI B g P RS B RRR I F T T UF T E L RS
ERHNTLFT 0 F - mIT2 AP Y8100 BIe oo v KB G T g (R

2005) -

+ 3T g 5 (%)= (¥ * TE-f kg Y F)HEEFE T F)x100%

(S B PR RS L K Prdl 2 2%

B RS TP T R Fj2 B2 R gk o pefl PDA 3 =2 & 4R
PAEAL120mL 0 AR R R RS FE G Y AEAT 9 60C T A4~ i B 0

b R ER S 1%, 02%, 0.1% > R 33> T r OcmB E e ¢ @i X
B & A ¥R BER > FpH(0.125%, 0.25%, 1.25%) ~ 4 #F ¥ 1,500 1 (i B
PRELP R ERR)R G HRE o FRFAY PDA B A R 10 2 18 0 Ty
32 F I B NE L35 MM A 2T E R A A Lot
Sk CLRA LR T ABBRBREBHFANLIEEL 0 F AL

10 £4F > T8 F 2 L3415 (k% 0 2010)

Fsdrdl 3 (%)= (HRefst ELRA-FHEFNt ELR)

$HP8 2 F 54 £ £ R )x100%
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(2 )iEdtic 2 - $0esg & R 5

B RIFFFEIUEE B (1R 318 B2 SRR Tt Bl drdan ko Bk
H K PDAEEREAL AT R BRY S HEL S ERIE FIT
N EALeRicl f ez PDAEER A A2 7P & AN 2 PDAR % 10 < 2

AERER o N E 4TI B NE Z 35 mm FlA) F kB 0 2 TR pEE
PDA %33 % REE® 5 30 mm Aoz @ = ¥ 1L A % $2Fuics 42 PDA %%
A AR HRE LD Pkl 25C R L g FHREFNLE
D RAT MPFEs L B RAEF SR LD B AT 6 470 X3 B A £

HER

It EPRETepL 2 £ P ioid%

RS FERH TR Pk o G fATIE L ERE R M
MR A UL T 2 MRS 0 R RS M R T i R A
oo W A 2 RN AT A G v 0 2 T 0.2%2 A F R R R R
Wi o FHp AR BIER S IXI0° 23 F RSk R R Y o T E
AR T B B v TR L HRE > 0 1%IFH g ET G B T R LR
ﬁ%%ﬁ’u?%ﬁﬁ4ﬁ%ﬁ*%?ﬁﬁé£%%ﬁnﬁﬁfﬁ?@%2&@

\*ﬁy
1%

A%

GRS F e T 6 AT R T R PR KL X R HF AL T
MACRR A B TR R o SRR F PR 5 RS R A T R R
B SRS P F R L BB FpF AR A L R R
()it P T fep 2 2 B PR

BRI 2 iRk e T iR AL R Y Ok R AR 800 B
WHRED B FRMREPDA AT 0 T e ML ARk Y S =

ERBETIES DU AIIFREFECRALER > THO0LI ML 2 FFRE
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@ﬂmjmjmﬁwkﬁmuﬁie1;@mﬁ@ﬁ%mm1’w%ﬁ$j%
& 4

ﬁ;t o
I E e f AT IS BT M B I RS ARS  f

w3
ot

LR R B AL R T L 2 R A S T A B 2 R £ T e
B TR CCRAFFESG O FH AR goi o BER  IXL0°
2 3 FRFIRFEHET oM YUOLZ B R S B e SmL T Z R ﬁfﬁ@
10 % ~ 2 -1 100 S = f8ER > T R BiFR o ¥ T s HBE

WREMY LB 2 F 5 E3% 0 F B F R T EE 6 LA BB TR PO
2R REH R AT LR RR T B YR o S AR ok Dk
R R TR R e 1 F T R P LR A R IEY F R
LR F R R - XML AR R R A

%’E‘;y I,Z H—F‘\-""}F\iﬁ?r} o

C R EHT R RS2 E PR

R EH S REEP BRI FT AR RE 4 NG 25.9%
¥ 5. 41 (Tebuconazole) ~ 39.5%3 % -k & | (Fluazinam) ~ 11.6%w 5 -k £ 54
(Tetraconazole) ~ 40% 5. £ 7% ("= ¥ AL A B) 7 i3 44 &l
(Iminoctadinetris(albesilate)) ~ 50% . ¥ ¥ ¥ ;% |44 & (Benomyl) ~ 70%® A % i%
& ¥ Rk & (Thiophanate-methyl) ~ 24.9% #F 5. 41 5 & (Difenoconazole) ~ 23.6%
B s Ac s Al (Pyraclostrobin) ~ 43%E.55 B %7 B A
(Kasugamycin+Carbendazim) ~ 24.55% . %< w 5.4k R 5* 4| (Carbendazim
+Tetraconazole) ~ 16%% & 5. 77k 4§ {24 (Pyraclostrobin+Dithianon) ~ 42.2%
% Fr iRk R &) (Dithianon) 4 2 23%3; 4= a7k & &l (Azoxystrobin) % = -+ = 48 -

FEh LF G PDA = A5 o FREF RS FIEF ARFAH K 60C
;e B = fAERG v 4 k&R A W 5 110,100, 1000 ppm 0 = K f

MEBIETE > IemBEr RILFBLAAL Y UEFHKRE HRE - L5
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Table 3. The results of fleld investigation on tea brown blight disease and sbrout wilt
disease in northern Taiwan.

b gk A A T
ATABEHRFFREF o s LR D5 Tm o~ A ERR
RTA DR THR TR F -0 The A E
FEFEF 1 % R B %'0,%%’?‘§?§4i%fu‘ e

e F 5 BES
AT 2 L% F B EG R # E e

B 2 45D SRR B FE o 54T e £ e

Figure 2. Sprout wilt symptoms on Oolong tea plants found in Pinglin organic tea

garden.
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Figure 3. Anthracnose symptoms on Oolong tea leaves found in Pinglin organic tea

garden.

&

B4~ FREMP S R FBIF o 5% F e 2 Aom e -

Figure 4. Anthracnose symptoms on Oolong tea leaves found in Yangmei, Taoyuan.
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Table 4. The fungi isolated from tea sprout wilt in northern Taiwan by tissue

isolation method.

| ey FEIEER RARA
g2 Py gy ;e (Pestalotiopsis (Colletotrichum
SpP)& A A5 spp.) A B

FTAL W AR R 7?‘ A 3 11 6/11(55%) 4/11(36%)
7 E B

AP EHE L FL-8E 12 9/12(75%) 1/12(8%)
7 ¥ E B

R IR Fo g 3 0/3(0%) 3/3(100%)
7 &

% 5 FANMTEMT R RS R s R g%

Table 5. The fungi isolated from tea sprout wilt in northern Taiwan by dilution

method.
¥ B FH&ER B FleR E FfasE Fx’«‘f_v‘a_-‘ff‘s F2 A 3
7% AARE ¥
Rt EHRE O FoBE SRR v R 2/3(66%)
B Rk
FAPERE LR 3fEF s A PEl 0/3(0%)
7B E B 5 2 fb.lm 7 w24 EE
e FE
e AR E Foo B A 3HE A v ¢ 2R EE 1/3(33%)
17 F H 3 & A % FE
B A
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Table 6. Number and source of fungus isolates derived from tea sprout wilt in

northern Taiwan.

A R KR F AT i R 2 FITRBF 47

Bt

BC-X IRE T R E B Fou B A R Colletotrichum sp.
BC-Y IRE T R E B Fou B A R Colletotrichum sp.
BC-F1 EHERG AR 7o B A R Pestalotiopsis sp.
BC-F2 | 3T+ ¥® 7 % F Fou g 5 e AP B FE
BC-F3 | k% 3 ¢ & [ - 5 e Pestalotiopsis sp.
BC-F4 | k%3 ¢ & [ - 5 e Pestalotiopsis sp.
BC-F5 | k% 3 4 & [ IR 5 e Pestalotiopsis sp.
BC-F6 | k% 7 14 & [ - 5 e Pestalotiopsis sp.
BC-F7 | 3ZH%® 3 HEH | 7o §i 5 e Colletotrichum sp.
BC-F8 EHET AR 7o gAY R Pestalotiopsis sp.
BC-F9 | Tik%® T 4 % 7o gAY R Colletotrichum sp.
BT-S2 EHET AR N Il A Pestalotiopsis sp.
BT-S3 EHET AR N Il A Pestalotiopsis sp.
BT-S5 EHF G B R R N Il A Colletotrichum sp.
BT-F1 EHETF AR AR5 R Pestalotiopsis sp.
BT-F2 EHE TR R Ay Rl A Pestalotiopsis sp.
BT-F3 AHET B EF FE25 | TR PP R
BT-F4 EHE TR F Ay Rl A Pestalotiopsis sp.
BT-F5 EHE TR R A S A Pestalotiopsis sp.
BT-F6 EHE G PR F FELC8 | TRA Pestalotiopsis sp.
BT-F7 EHE TR F Ay Rl A Pestalotiopsis sp.
BT-F8 | 2ZH%FBxH | $x-5 | Thp AP FE
BT-F9 EHET AR A R Pestalotiopsis sp.
GC-S1 | ZHEHREEF | o g 7 e Colletotrichum sp.
GC-S2 | ZHEHREFEF | Fohi 7 e Colletotrichum sp.
GC-S3 | ZHEHRGFEE | o hA 7 16 Colletotrichum sp.
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Figure 5. The conidia of Pestalotiopsis sp. isolated from tea sprout wilt in northern

Taiwan.

Bl 6 RAAE T R A AR L AR A AR A A3 3 AR
Figure 6. The conidia of Colletotrichum sp. isolated from tea sprout wilt in northern

Taiwan.
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Table 7. The fungi isolated from tea anthracnose lesions in northern Taiwan by tissue

isolation method.

S NI E R SR 25 )
# =T e e s e

b Bk # R " A %ﬁ Isolation rate of
* Hic Isolation rate of )
L Colletotrichum spp.
Pestalotiopsis spp.
et AHRE Foo B AV 4 1/4(25%) 3/4(75%)
7 EF
Fratd EHE AR 5 4/5(80%) 1/5(20%)
K 3
AT EIHRE T BAY 1 0/1(0%) 1/1(100%)
K& FH
FAF2LE O E AL 3 0/3(0%) 3/3(100%)
# Bl 5L
FAT 2 LR T F% 4 1/4(25%) 3/4(75%)
#
FRRFERE 5o A 6 0/6(0%) 6/6(100%)
#
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Table 8. Number and source of fungal isolates derived from tea anthracnose lesions
in northern Taiwan.

o o
;;ﬁ * Kk F A b HEIR pﬂ%ﬁﬁﬁ Bp
BC-1 S I ) 7o gAY #E+mE | Colletotrichum sp.
BC-2 S I ) 7o gAY #E+mE | Colletotrichum sp.
BC-3 EHRETF AR -3 FERRE Pestalotiopsis sp.
BC-5 IHRET R Foo B A #E+mE | Colletotrichum sp.

ZARE T R F txE+-5 | AERREES | Colletotrichum sp.
BT-1-1

R R &

EHET AR T x5 | AERBES | Pestalotiopsis sp.

BT-1-2 _
W ps R £

BT-2 EHET AR FrEo5 | AERRE Pestalotiopsis sp.
BT-3 EHET AR e A g *ERRE Pestalotiopsis sp.
BT-4 EHRETF B A F trEAo5 | AERRE Pestalotiopsis sp.
GC-2 TR R B 7o gAY #E+mE | Colletotrichum sp.
CT-2 A2 LRER | £ F-% | AEtmE | Colletotrichum sp.
CT-3 FAF 2 LERAR | 2R E #E+mE | Colletotrichum sp.
CS-1 AT 2 LR A P *ERE Pestalotiopsis sp.
CS-2 AT 2 LE KR P *ERE Pestalotiopsis sp.
CS-3 AT 2 LR A P *E R E Pestalotiopsis sp.
CS-4 § AF 2 LR EF 5% #EtemE | Colletotrichum sp.
15-3-1 PR sF | 4775 | AEHmE | Colletotrichum sp.
18-3-1 FISAp 4 r Bl | AT+ #E+mE | Colletotrichum sp.
25-3-1 Fl 2445 17 452 ) T E Vil i b Colletotrichum sp.
AC-4 Fl5: 17 ¥ 4L % ) Fou gAY #EtemE | Colletotrichum sp.
AC-5 FIFL 45 15 4L & 7] Fou gAY #EtemE | Colletotrichum sp.
AC-6 FIRi 15 15 45 % ) 7o B AT #EtemE | Colletotrichum sp.
AC-7 FI R4 15 15 L7 ) Fou gAY #EtemE | Colletotrichum sp.
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Figure 7. The healthy tea seeding grown in NTU green house.

(2) FHHcY e BRI RER%RL 5%
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fBBE XA B E N R ORLBRARTL R F 2R RS BT M
R A 105mL 232 3 BER R Y E b oo 4T BRI R P R 4R
BOE R BRBECHF RN S UATTREY BB T Lk B kA

9% % 10-

30O REAIEAE RS T E A HR B R S LR
B,

Table 9. The inoculation result of major fungal isolates derived from tea anthracnose
lesions by needle inoculation method.

A A Ak R A BRTE  TREREY B F%)

AC-5 ROB E EE 6 6 100
AC-6 RO EE 6 5 83
BC-1 OB R FR 6 5 83
BC-2 RO EE 6 5 83
BC-5 OB E EE 6 6 100
BT-1-1 RoBFEE 6 6 100
CT-2 FOB B R 6 5 83
15-3-1 RoB FEE 6 6 100
18-3-1 RoEHRE 6 6 100
BT-2 B 5L 6 0 0
— 8 e 6 0 0
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Table 10. The inoculation result of fungal isolates derived from tea sprout wilt by

needle inoculation method.

Al Ytk FE b BETER  TREREY FRHIF%)

BC-X RoB F R E 6 4 66
BC-Y FOB F R 6 5 83
GC-S1 RoB FREE 6 6 100

BC-F3 B LRER 6 0 0
BT-F6 B ARE 6 0 0
BT-F2 B LRER 6 0 0
BT-S2 B ARE 6 0 0
BC-F4 WP LR 6 0 0

— R e 6 0 0

WFACEE-E T E PR K
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B 8 FHtA Ao F4 #1 BC-5 1 fIREF = § MY 5 % 152 i

Ao (A) FEAE S T ipik (B) 2 HELE - (F 47 A B
Figure 8. The symptom development of tea sprout wilt after 5 days by needle
inoculation method: (A) inoculated with tea brown blight isolate BC-5, (B) Control

(Arrow indicates the inoculation point)
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Figure 9. The symptom development of tea sprout wilt on Oolong tea sprout by needle

inoculation with isolate BC-X for 8 days. (Arrow indicates the inoculation point)

(C)FRENRNIE S RIEREFE G o B2 %

AR L ARG R A F R TR R L R AR 4
& Hr¥k BC-5,GC-S1,BC-X,BC-Y) » B & B >t NG v ef e T Mixir v €13
FL YA E R (R 10) 0 2 Rk 3 EA S D RO R A DL

:}?5,?{;; °
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e
Figure 10. The symptom development of tea brown blight disease on Oolong tea leaves

after wound isolation with conidia suspension for 8 days.

BoALRBEAERREE TRBLHRE A
XIS PESERE S LAY T ESE R ILFREE P T2
FRRE A4 TR ERAAG J 4 BAE » WA AR @ PDA (7 &

FR BRHT T P FRRAE AL SRR S RBBAKRE > & %

R LA R b AT U A R TR A B AT g
BET 2T AR RE - AR L AR R ek 11 0T o T 2R A
B2 @32 PDA ¥ 5 A DI REFFZ > F & R4EHE2 2 §RBCH5A Lk o
ANHREY AFRABEFT 0 L1 A Ko § B AT F SR
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Table 11. The reisolation result from Oolong tea sprout wilt by dilution method.

#7543l A
HB E EE 3/3(100%)
A 1 1/3(33%)
CAEEE LR AR

T FAERRBE T RS BIRL ET
(- )F & E 4 F ¥ 13~ 44k BC-5 > DNA » g2 PCR ¥ 15 % ITS A 74 {7
SHERRBRIFEE  FRDDEFI TR R FAERBET B AR
B F~ A2 R i RALAPIT 00 B A R A MR T T
2 FHRBC5 s M A o BFAFER THERD B SHA LT § TR
Rt 2 /> 3tk BC-5 > 41* PCRH t5 ~ ITS B 7| A 452 B AW A 4518 (7 4 F &
HA* 515 44 ITSL~ ITS4 i 7 PCR i 15 1 97 8 2 3 7« B3 4o B 11 7 7|
] % 5 550bp 22 DNA # £ 55 ITSL=42 ITS4 =4 5 7|~ 45 19 3| 5 i£ DNA & 7>
#-id i 7 5 (aligment) 4 46 15 19 2] % 5 526 bp 22 DNA A 51 > 4] 12 > #-4 7
TR NCBI bz AFR (7 Blast " 4t » @35 %40k 12> R

Colletotrichum gloeosporioides (Acession# JF710562.1)4p iz & & £ 100%" % #cs

Adfod T RRAS B BCS F A AERBRFAR X2 35 T e Alplke
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Bl 11~ 30 E & 45 4 4tk BC-5 1151 3 4 ITS1/ITS4 i (7 PCR #§ 15 4
P

“r 18 2. DNA ¥ BT 4 B3 -
A-D# s~ +35 B-~CHf i BC-52 PCR# 5 & -
Figure 11. Electrophoresis pattern of PCR products of tea anthracnose pathogen BC-5

from northern Taiwan, which use primer ITS1 and 1TS4 to amplify. Aand D column

are molecular marker, B and C column are PCR products of BC-5.
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51

101

151

201

251

301

351

401

451

501

ACGCTCTACACCCTTTGTGACATACCTATAACTGTTGCTTCGGCGGGTAG
GGTCTCCGTGACCCCCCCGGCCTCCCGLLLCLLCGGGLGGGTLGGLGLLEGC
CGGAGGATAACCAAACTCTGATTTAACGACGTTTCTTCTGAGTGGTACAA
GCAAATAATCAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAA
TCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCAT
GCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTTGGGGCC
CTACGGCTGACGTAGGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCT
CCTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGACTCTTG
CCGTAAAACCCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATA
CCCGCTGAACTTAAGCATATCAATAA

Bl 12~ & B4 3na & ﬁf%é»:ﬁrj A Btk BC-5 1151+ # ITS1/ITS4 & = PCR 3 g {5
#1718 2. DNA E 7] o

Figure 12. DNA sequence of PCR products of tea anthracnose pathogen BC-5, which

use primer ITS1 and ITS4 to amplify.
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@2 DNA B 5|2 NCBI gesp A FIE L #2 &% o

& EINE A j*,::f%éyjia A 3tk BC-5 1251+ %1 ITS1/ITS4 5 PCR 3 g7

Table 12. The identification result of tea anthracnose pathogen BC-5 DNA sequence

submitted to NCBI gene bank.

Description Max  Total Query E Max
Accession

score score coverage Vvalue ident

JF710562.1 Colletotrichum 970 970 99% 0.0 100%
gloeosporioides

JF710563.1 Colletotrichum 970 970 99% 0.0 100%
gloeosporioides

KF836743.1 Colletotrichum 963 963 100% 0.0 99%
gloeosporioides

JQ809665.1 Colletotrichum sp. 963 963 100% 00  99%

HQ832797.1 Colletotrichum 963 963 100% 0.0 99%
gloeosporioides

GQ916544.1 Colletotrichum 963 963 100% 0.0 99%
gloeosporioides

FJ459929.1 Colletotrichum 963 963 100% 0.0 99%
gloeosporioides

JX010224.1  Glomerella cingulata 961 961 99% 0.0 99%
f.sp. camelliae

JX010223.1  Glomerella cingulata 961 961 99% 0.0 99%
f.sp. camelliae

JN936981.1 Colletotrichum sp. 959 959 99% 0.0 99%
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BEI L AT A AT EPFRA RS BP0 - L - BRI ARSR
T3okx 0 5 125-225 X 25-75 um(B 13B) o 4~ 432+ 8 if § %k B ;ﬁf;}g?z}g
(M14) - #8F1itnv a2 ly 2 2 RE(MIS) REAL T E4E P
PURATHEELLG »FEo

BALIBEA Y AFEEAL AT 20 FH(FL6E) FUE AL IR
PR AHIE(FLT) SREA2RIREMRT AT REL B AL S

AR ZARES S FIBRAD o

B 13~ KA E R AT 2 Ak BCEHE L A4 4433 () 2 4443

Figure 13. The morphology of tea brown blight pathogen (strain BC-5) causing sprout

wilt symptom. (A) Its acervulus on leaf, (B) Its conidia,|
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Bl 14~ 5 Efop A7 U FRBCE 2 233 L8 52 ¢

Figure 14. Germination of tea brown blight pathogen (strain BC-5) from conidia.

W15 KA E R AT I ARBCS T b A AL RE

Figure 15. The appressorium of tea brown blight pathogen (strain BC-5) formed on

slide culture.
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BoB)sFapr-e
Figure 16. Cultural colony of tea brown blight pathogen (strain BC-5) on PDA. (A)

Front view, (B) Back view.

M 17 FAERBATRIARBCE NP v g 44 2 4233 T

Figure 17. The conidiophore of tea brown blight pathogen (strain BC-5) on slide

culture.
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A& 15420225-30-35C T FEAT o R E A TR T 3 ER
BC-5 & PDA % 5 2 2 A& & > % %44 13 2 {18 4 Atk BC-5 #¢
BCTFmiz4 £ m p25CEERP M REALZFRTEL 3524 £ 4R
% 13 E & i!f%é':}ﬁa Fth BC-5 22 PR A T 1V PDAR & 5 X 2 Fls& & ©
Table 13. Growth of tea brown blight pathogen (strain BC-5) on PDA for 5 days

under different temperature.

R 15C 20°C 25C 30°C 35C
At & & A (ecm) 3. 33 5. 30 6. 45 3.08 0
A 0.18 0.21 0.95 0.09 0

*E sk A 5 EAF2 T
8

7

. & (cm)

15°C 20C 25C 30C 35T

Bl 18~ KA E+m AT 3 Ak BC5 &7 ki@ &7 2 PDAR 41 % Fi &

Figure 18. Mycelium length of tea brown blight pathogen (strain BC-5) grown on

PDA for 5 days under different temperature.
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PP2 e 466 7 R WA E R R AR RIBR AT
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127 3 2014 # 4 % 5T 5485 o 52 5 % F1F GUAPM A 47 0 B0k
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2. BERED - PERLROGF ¥ 8L R - 5L A pT E AR
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Figure 19. Monthly tea brown blight disease severity investigated from December

2013 to June 2014 in northern Taiwan.
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Table 14. The correlation between tea brown blight disease severity and

meteorological factors investigated from December 2013 to June 2014 at Pinglin,

New Taipei.
A0 B 7% H(r)

LR S X SR =) WL
T B E L= D
FIELR R T S i 2
FWFo BT ETRER 08642 -07015 -0.3348 0.8574  0.7558
FHEFL oA T BREAR -03165 -0.5298 0.05480 0.3323  0.3415
BrEFegitpTRER 08677 -06924 -0.3289 0.8490  0.7628
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Figure 21. Relationship between tea brown blight disease severity and monthly mean

wind speed investigated form December 2013 to June 2014 at Pinglin, New Taipei.
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% 15 2013# 127 3 2014 &5 ¥ R r A g RATIRLAE ¥

Hy

F PR Z AR B A 4T

Table 15. The correlation between tea brown blight disease severity and
meteorological factors investigated from December 2013 to May 2014 at Yangmei,
Taoyuan.

#p B % H(r)

- - RN
v E P HiER o @ R p

Fo T EREARA -07701 08198 08575 0.8219 06139  -0.4716
dFL-BmpETERFAR  -05318 0.8485 0.8447 0.6476 03384 -0.5786

WEE AL IR -0.2736 0.3975 0.8987 0.4298 0.1176 -0.7531
i F T RER 0.2301 -0.2008 -0.0938 -0.3312 -0.2143 0.1686

%016 2013 #1270 22014 &6 7 > Lk R FAERBATREAL S F

F TR 2 AR B A 4T

Table 16. The correlation between tea brown blight disease severity and
meteorological factors investigated from December 2013 to June 2014 at Wenshan,
Taipei.

A0 B 1% 3 (r)
DT gogp P A ) Tiop ) Tiog
HigR z i# LS
WS AT RER 02854 0.2932 0.3947 -0.6457  -0.2885
5L T ERER 0.6629 0.5159 0.6209 -0.5182 -0.7338

(2 )2 e % T HRp i AR
p2013 4 127 3 2014 & 6 7 > TR R AL T opLF 2 ARE 0 B %

RREAERRETRERI LM G G F AN AT B dok
od 27 g d FFEF FRPMIE - SOF $FF GRS S5
4ok 18> TR VAL ) TIOtER R Y BB R f 40 M (F 23 &2 24) -

At Tiap g s ) Tyag REF R D 49K (F 25) -
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Figure 22. Tea sprout wilt incidence curves investigated from December 2013 to July

2014 at Pinglin, New Taipei.

%17 2013 & 12 % 3 2014 & 6 ZHE RV R pkpI e FAERE A T
BeE B2 ApM A 47 o
Table 17. The correlation between tea sprout wilt incidence and tea brown blight

disease severity investigated from December 2013 to June 2014 at Pinglin, New

Taipei.
i ()

R FHFesE FREF o REFoEA
et BSOSO A

*E R *E R 7 & 15 T
FWF AT RERT 0.9519 0.5881 0.9089
FREFS BT Reep T 0.9344 0.6924 0.8688
FrEFed¥TRERS 0.8016 0.6788 0.8889

55



%18 20134# 12" 3 2014 & 6 " ZHETRBREFIEF EFTH LM A
1 e

Table 18. The correlation between tea sprout wilt incidence and meteorological
factors investigated from December 2013 to June 2014 at Pinglin, New Taipei.

0 B % (r)

PIiofn v MR 0 Tk 7 Tif

-‘,;" L P s K 1359
fefefi A * ger 2 i@ &

FRFesE TR RSF -09089 -0.8052 -0.4770 0.8398  0.8240
FREFL 8T ek F -08469 -0.8460 -0.4576 0.8331  0.7779
FEFeps¥THEms 08133 -0.8654 -0.4700 0.8083  0.8019
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Figure 23. Relationship between tea sprout wilt incidence and monthly mean

temperature investigated form December 2013 to June 2014 at Pinglin, New Taipei.
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Figure 24. Relationship between tea sprout wilt incidence and monthly mean relative

humidity investigated form December 2013 to June 2014 at Pinglin, New Taipei.
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Figure 25. Relationship between tea sprout wilt incidence and monthly mean wind

speed investigated form December 2013 to June 2014 at Pinglin, New Taipei.
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Table 19. Effect of different plant extracts on conidial germination of Colletotrichum
gloeosporioides after incubation at 25°C for 24 h.

w3 g Y (%)

PR e 90.00
% 7 17 (1500x) 45.55
P PP 1.25% 79.17
P8 2 iFpH 0.25% 99.00
P8 PP 0.125% 96.17
W5 kFE 1% kFE02% -kF 01% FE 1% G 02% EpE 0.1%
i 0.17 1.17 1.00 3.83 2.60 3.17
4 99.50 95.33 92.00 1.50 99.17 98.33
3 97.50 98.33 90.80 98.33 99.00 85.20
[ 95.50 97.67 97.67 1.67 3.50 0.00
35 99.50 98.50 98.67 0.00 0.50 3.33
"3 93.33 96.50 94.50 0.00 0.50 0.50
El> 96.50 98.50 98.17 0.83 6.20 99.00
A A
100 AB B
90
80
g 70 C
60
50
f 40
w30
20
10
0
& i oo KN Sle
%;\@w Q;{f%.x ,y\q;) ,,@’% Q.\qﬁ)
o o &
o o W@
o\ N gy{g??‘:

B 26~ P2 RERIIHEAERRT A FHRBCOF T F 2 B
Figure 26. Effect of ethanol and fungicide on conidial germination of Colletotrichum
gloeosporioides after incubation at 25°C for 24 h. *Columns (n=6) followed by the
same letter do not differ significantly (P<0.05) according to least significant

difference test.
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Figure 27. Effect of extracts from seven plant species on conidial germination of

Colletotrichum gloeosporioides after incubation at 25°C for 24 h.

220 AP EPREFEA TR T 3 Ak BCS 23 5 8 Tl

% o

Table 20. Inhibition rates of extracts from seven plant species on conidial germination

of Colletotrichum gloeosporioides after incubation at 25°C for 24 h.

3 5 74 (%)

¥ REL% k% 02% KEF01% A% 1% FF 02% FF 0.1%
o 99.78 98.49 98.71 95.16 97.81 96.71
A -4.78 -0.21 3.34 98.11 -0.17 -2.25
% -2.13 -3.02 -3.05 -24.21 0.00 11.40
F iz -0.78 -4.63 -4.64 97.89 96.46 100.00
i -3.87 -2.81 -3.00 100.00 99.49 96.53
] 3.59 0.34 2.40 100.00 99.49 99.48
I vRF -5.74 -7.88 -7.55 98.95 93.74 -2.95
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Figure 28. Inhibition rates of extracts from seven plant species on conidial

germination Colletotrichum gloeosporioides after incubation at 25°C for 24 h.
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221 FREFIPREFAERRT RAFKRBCS RSN L ZPE
Table 21. Effect of extracts from seven plant species on mycelial growth of

Colletotrichum gloeosporioides after incubation at 25°C for 5 days.

Flos 2 & BT (em)

¥R e 5.86

# ¥ 17 1500x 0.00

P e P 1.25% 2.99

P e P 0.25% 5.09

P e FpE 0.125% 4.94

o4~ KEL1% kFE02% k% 01% FF 1% FF 02% A% 0.1%
w7 291 4.60 4.74 1.14 4.10 4.98
g 5.18 5.84 6.08 0.00 3.97 4.39
& 5.87 6.38 5.76 2.81 5.00 5.60
(=3 4.86 5.86 5.59 0.00 2.98 4.11
i 5.99 5.64 5.45 1.02 4.10 4.34
R 4.12 4.71 4.83 0.00 0.00 1.99
IR+ 4.18 5.86 5.63 0.48 3.18 3.54
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Figure 29. Effect of ethanol and fungicide on mycelial growth of Colletotrichum
gloeosporioides after incubation at 25°C for 5 days. *Columns (n=10) followed by
the same letter do not differ significantly (P<0.05) according to least significant

difference test.
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B 30~ - fé’fﬁ’#”x—fg"ni’?fj; #—‘i‘rlﬁi A ! ]ﬁﬁ\ BC-5 ’%ﬁ",ff\ B2 2 E'g °
Figure 30. Effect of extracts from seven plant species on mycelial growth of

Colletotrichum gloeosporioides after incubation at 25°C for 5 days.
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Figure 22. Inhibition rate of extracts from seven plant species on mycelial growth of

Colletotrichum gloeosporioides after incubation at 25°C for 5 days.

‘%ﬁ,, 4 E Frd) 5 (%)

i RE 1% kFE02% -kFE 01% FE 1% FE 02% iEpE 0.1%
i 50.43 21.59 19.11 61.81 19.43 -0.71
¥ 4 11.60 0.34 -3.75 100.00 22.09 11.13
3 -0.11 -8.93 1.71 5.86 1.75 -13.26
B 17.14 0.00 4.69 100.00 41.44 16.78
%5 -2.20 3.75 7.00 66.00 19.43 12.15
% 29.78 19.71 17.66 100.00 100.00 59.72
g = 28.67 0.00 3.87 84.09 37.51 28.25
100.00 = - -
80.00
i
60.00
S
W
*
“ 40.00
g
il
= 1
20.00 ‘ ‘ ‘
i in LHI ol i i ﬂ
T l‘ l,Jll | I H
-20.00
= 4 i TS ¥+ w4 7
ok E1% WokE02% m-kFE01% miFE1% miFE02% miF%E0.1%
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e

F] i

ERF e

Figure 31. Inhibition rates of extracts from seven plant species on mycelial growth of

Colletotrichum gloeosporioides after incubation at 25°C for 5 days.

64



(2 )Ll 57 4o FRHH18 % 2ok
€7 SR T RS PDA ¢ SLE 5 R A E R T R HR
BC-5 sk B »* PDA & ] iRlEFeHuiicd 1 2 fdvoc s > B 5 4 R e

B3 1 F32T B F Ik (B 32) > & Fardl 54 B 5 39%2 37% -

3.5

A

S o R IGE S|

Bl 32~ fe 34 % e F YUOL 8 % 4 E e 7 10 2] 1R BC-5 #9353 £ 2 7]

2% 2} E %
W i ™

LI

i

Figure 32. Effect of Bacillus subtilis and Streptomyces sp. YUO1 dual culture with
Colletotrichum gloeosporioides incubation at 25°C . *Columns (n=6) followed by the
same letter do not differ significantly (P<0.05) according to least significant

difference test.

(et Z PR T ep L 2 £ 7 ioid%

AIFE NI S F T I REK ~ fS L R PRk W 2 B
PR TR ek ® Y AR g S v BN SRR 5
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Eirdpask o A RnERBVERIRY kIR PR R AR T
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o B F I ARRAEE R F FeRe R o Sl w5 25% 0 e AdRfe(s 15

FEE SRR f - BATEIRE G BFAE PR R LR B 4

2 fIE Ty LEFedE o R G = 2P ¥V - 2 G R e 1% R

2 23 IfEFIEPREEAERETRIAFKRBCS A2 AR S

Table 23. Effect of extracts from five plant species on Oolong tea inoculated with tea

brown blight pathogen (strain BC-5) in the greenhouse (Data taken at 5, 10, 15 days

after treatment).

# 95 % (00)

X5
4 5 5% (0.2%) IS

ol 5 =% 10 = 15 =
ok F B 2SR L 6 100 100 100
R PR Eefgw 12 75 75 83
R Hefb 6 100 100 100
B O ERR FfE 12 75 75 75
E S Wi =¥ R 6 100 100 100
PR E PR Eefgw 12 100 100 100
- R Hefh 12 100 100 100
TR R A 12 83 100 100
TR PR ERR O BES 6 100 100 100
% 4f ¥ ¥ AL 6 0 0 0
% uf 7 Hefb 1l 6 0 16 16
T ¥ AL 6 100 100 100
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Figure 33. The treatment of ethanol extract of garlic on to control the tea sprout wilt

disease in the greenhouse, left: intact sprout, right: wilt sprout. (Arrow indicate the

inoculation point.)
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T o (B AT s i)
Figure 34. The treatment of ethanol extract of turmeric to control the tea sprout wilt
disease in the greenhouse, left: wilt srout, right: intact sprout. (Arrow indicate the

inoculation point.)
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Figure 34. Application of benomyl to control the tea sprout wilt disease in the

greenhouse. (Arrow indicate the inoculation point.)

()it P T ep 2 2 B P inidk

K R R RF%R T H R R FE IR AT A A E R T 3
Ftk BC-5 2 2% » gie * £ fdi2 RRIRE P issk > B dodk 24 frit o
BEEFR T B S4Bk R 800 B 735 - M YUOL & * -1 45
EFEIRIE SRR S 108/ML s FRAS T B EP IR Y DG rdlak o ¥ -
GOoCRMETRAR R AT - A6 § LEP ek o FrlF 5 83% 0 iR
R T 2 T B pisokk o ok A o P59 5 33% 0 A kgl

e Boprnk SR wwt L7 5 0 FrdlF s 33% -
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Table 24. Application of different antagonistic microorganisms to control the tea

sprout wilt disease in the green house. (Data taken at 5, 10, 15 days after treatment)

# 95 (%)

AT

R ¥ ¥ pER

& 5 % 10 = 15 =
f6 3 4% ](800x) Hefhw 6 100 100 100
16 3 4% #](800x) BB 6 100 100 100
P F((B00x) AT - = 6 100 100 100
EREF(L0%mL)  REE 6 66 66 66
AR E(L0B/mL) R 6 66 66 66
R FA0Y/mL) g 6 100 100 100
AR E((L0MmL) g 6 83 83 83
AR E(L08/mL) B - % 12 16 16 16
e FE(10%/mL) B - % 6 0 33 33
AR E(L0MmL) B - % 6 50 50 66
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Figure36. Application of actinomycetes YUOQ1 oneday earlier to control the tea sprout

wilt disease in the greenhouse. (Arrow indicate the inoculation point.)
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1~ REHT IR FS L & PRk

AT GERES FEEPREY N F AT R 2 L

e

EC S RARER S BRI B Fw Al B ERs HRacs HRIAAC s Al
RAE BB LT LEE 7 A5 RE o 3 kR 4 PDA R H G A A
JE R 5 1,10, 100, 1000 ppm > i 4c » K A F 455 ¥ 152 Ftk BC-5 fFsibiipl £ #

gﬁl‘/?‘g\ °—,E!)?‘]ui gl A FHEREE R PDA:"/?EE s BB R E B2
7

AIEESK S S A0ER 25 £ 262 B37 BRI FBER LLEE LY
BOSHEtk BC5 Fat 2 K drdl S baip o T Lppm 4 i 100%3 4] sk 2 £
FOPL e sl e A5 mEst 10 ppm At %&#»’r’ﬁ?dﬁfé,i‘:i £ o R RS I3
AP R AT AR RS Y HE S A Fe] Soonk g 0 g 1000 ppm e &
# 59,41% -

225 LA EEHHFAERRBTRAUFAKRBCS Fu2 LT
Table 25. Effect of 13 fungicide on mycelium growth of tea brown blight pathogen

(strain BC-5).

4o A Fes 4 & 2 2(cm)

ER O HRE Fafl Foaac Mam @i L Fwoaf] HEm

1000 ppm 8.130 o 0.937 ¢+ 0.833 « 3.265  1.248 «  0.000 » 1.032 .
100 ppm 8130 . 2.466 . 2.200: 5.475 ., 1.833 « 0.000 « 1. 049
10 ppm 8130 » 2.708 ¢ 2.625 . 7.204 » 2.680 . 0.000 » 1. 145 .
1 ppm 8130 o 2.961 : 3.482 : 8.028 a 3.622 .  0.389 : 1. 081

4 e A

e Tiar waELar woafl BE EBEES O OARE T AR
v

1000 ppm 4.787 v 1.093 . 0.000 » 0.000 » 0.000 » 0.000 n 0.000 »
100ppm 4.848 c 2.830 « 1.333 n» 0.422 ; 0.000 « 0.000 « 0.000 «
10 ppm 5.624 . 1.603 « 3.108 « 1.608 «+ 0.000 » 0.000 n 0.000 »
1 ppm 5.937 ¢ 4.676 « 7.035 » 2.449 . 0.000 ;  0.000 ; 2.417 »

*ikyy B B F £ B % (Least significant difference)tk =_» F * 4p & A % 7T dﬂz f

£ ¥ 4 B (P<0.05)

72



% 26 %

Lz EREE AR T R AR BCS L s LS

Table 26. The inhibition rate of 13 fungicide on mycelial growth of tea brown blight

pathogen (strain BC-5).

L Fse 2 £ el 5 (%)

P33 Fsoql FoRar Mm@l B Fw ol fHER i
1000 ppm  88.5 89.8 09.8 84.6 100. 0 87.3 41.1
100 ppm 69. 7 72.9 32.7 7.5 100. 0 87.1 40. 4
10 ppm 66. 7 67.7 11.4 67.0 100. 0 85.9 30. 8
1 ppm 63. 6 91.2 1.3 55.4 95.2 86. 7 27.0
FoREA L e - , o

o MEL AT mo ] RAE O EBE S LIEHE T AT RE

kR
1000 ppm  85.9 100.0  100.0 100. 0 100. 0 100. 0
100 ppm 63. 6 82.8 94. 6 100. 0 100. 0 100. 0
10 ppm 79.4 60. 0 79.3 100. 0 100. 0 100. 0
1 ppm 39. 8 9.4 68.5 100. 0 100. 0 68. 9
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Figure 37. Comparison of inhibition rate of 13 fungicide on mycelial growth of tea

brown blight pathogen (strain BC-5).
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FRRARERTT ORI 3 S ‘5?%;;:}[;3 v B % dod 27 Prow o “%"ﬁﬁﬁ:@.f’*

TABEI e gL o

2027w AR R RRE AR KRR S TR d T
Table 27. The sprout wilt incidence of tea seedling inoculated with 4 different

Colletotrichum in the greenhouse. (Data taken 10 days after inoculation.)

FAERRBT R % FE O R kHRE
B ] |

A FKR(BCE)  ARE RRF BB ®
ARG K £k 6/6(100%) 0/6(0%) 0/6(0%) 0/6(0%)  0/6(0%)

Lo NTRBART B SAERL R R LR
AR EAERRTHAFHKRBCSBAE Y LA ~ELFFW

FH A FL OB EFoR R RBREATEN AR SAIMLY AL TR

e
»t

BRied 280 A EEWEHBEF LR HF T L 100% 0 5w T H

LB B 66%L H RS

% 28  FAERRBYT AU FAKBCS BN B EEF AL F RS -
Table 28. The sprout wilt incidence of different tea cultivars inoculated with tea

brown blight pathogen (strain BC-5) in the green house.

¥HRe e

e S £ 5% A Sl
E . p 2=
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