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LEFER R LS EE L
ME g

W =

WA RS FEEY) T - P38 o (8 o] Ry [R5 n EE )38 > B2 Al (el
EYAR ~ WITEY SR Z itk - BEREEREDE - WCRRHEYINA EE Bt e
b AW LALZRHEY)- LSRRI AE YT WA E R RV STE A - BiREEEI (e
FAE R R S PR s FER B B 2 AR - bIFT Pl B e 208 Ry - ok Bl
SEEE MR © SSRERECR 2 NAERE BRI A AR - 2 28.18% » HA%
T2 WA BB BER B ERY 5% MR MBI ENERCR Z HEE - SR5AH
HEEBEAFERERENAEZE  FNBHNEEESZ/VRR « A3E2E (GF)
o aEEE (2%~ AR - 28E (G0F) - SUENERS B ANER ZFERE
PR - TREEBECRHOBRVIOR R IIR BN EM AN EER - BURECREEEVKOR
MEIAEANARREEES - WAENEEFEHEE FE o mAER - IRMANER
EAHRCEE R B - ARE AR H R B B A 50% - HEMEYITES (species) AR
Camellia sasanqua Z 4 HEHEL C. japonica 'S& + TEEA 4 B 7 BER BUE PR RVE
(ffiie) =ICAHRR > WA R BERRIIMA N B FE BRI - 272 90%2L L - 1)
C A7 WA HE P RR A R AE S Bt Y5l
BASRT © NAEERE - LR~ REREE - SR

WAHE (endophytic fungi) Ryt iE i EY)ES A~ & i sk BN 5 3 B 2

L TEItREZBEGRENRY BEMRE - 28 HE -
AR R {E 2014 FAESSEIPE(HARE R FLIRTIERCR -
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4%y (Wilson, 1995) » 1 H i 58 i e 0V &+ ZE & P9 (Ascomycota) 2 £ [ £
(Clavicipitaceae) ~ E[E (Luis etal., 2008) - EEAMEY)H - —fRARERIA A HL B Ko T2 EL(EH%
(vertical transmitted)(Clay and Schardl, 2002) » [H-fE{ERE =R ABLIS F @ — B2
Z¥ERA(%R (Herreetal., 1999) » 28 > FEE A » NAEEEFIEITAET H—KE
AT R E 41T B (Clay and Schardl,2002) - A 4: L $27 EAEY)A i UE RS
RENIEPREEBEBIERE J) » A05IREE ] (Arechavaleta et al., 1989) - #785EHA Er L s
S FHEY Bl (Breen, 1994; Rowan and Latch, 1994) - ¥i4R&h/&E (Pedersen et al.,
1988; West et al., 1988; Kimmons et al., 1990) KITEE MR E (Gwinn and Gavin, 1992;
Bonos et al., 2005; Clarke et al., 2006) - AHE A EAKE ) A A BRI 22 B - EoAth 24
WARAREEL AT ] HAAEERE F/KRERE - BINAEERREAHR R MRS (Herre et al,
1999, 2005, 2007; Arnold et al., 2000; Van Bael et al., 2005) - #£ 7T ARFZE HEL0 - G &
(emergence) Ky HEE KR EMEPIAHE (endophyte-free) - i — 2 = ] n] RAERET
Hh 2R FEF-PR (spore rain) » B 53 EdE T PR HE - BRI T RN A EE 0 MEAME
B REER% B (Arnold et al., 2003; Herre et al., 2005; Van Bael et al., 2005) - _F#lth3e45 5%
Bl Xu [REE A (2009) ZiA5eat ARG TS Y - ZMei T 2P SR na S8 A R fie N AR LIRS -
BEETEF i RBFOREE R A B 235 » S8 2 NAE B RV IERINE 2 1271 &
HHEESRERIE (Guignardia mangiferae) {ERCAEE R HY 7R ] 73.5% - MEE R AVE
F&E ~ RS R P PR 5 B4 L 2 A7 B B T KB A 28R 2 N4 E ) G. mangiferae
JNAT E BHREE B RS (Xu et al., 2009) « 1% [F—%F TV RIE S 2 A4 HEHE 2 A
FIEE » (0u] A A G NAEERE TEER Collectotricum ~ Botryosphaeria ~ Xylaria
Kz Phomopsis » {Hfgfi > N4 E R 24J& Clonostachys k Trichoderma (Luis et al., 2008) -
WA E R 2 S (F ] EFE BRI R 2 LR 5 - R S 3
HEAESE  BEEEAEE A THEYEADTEES] (Aneja et al., 2006; Bailey et al., 2006)
I IEMERY T 2y EREYIEA N AR B 2 AR RERA (R - 09N A R B AT - R B R B 2 58
HAEH » A AR H IR IEME A Y a2 SRgH5E (Herre etal., 2007) -
KEMEBBITTEIREZ B g5 At E 2 mIHEE - RAEEVTRESM
EIRE - BB TEE: - TEAKHEIHZE FER TR S MATT AR - 0Kt
FEKEETEE L » BRI A BANIMAR &R ER R EEE BN A R 2 5t S EH
Z HHY -
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%p S VS A
— ~ AR

k- BEEBTERZ 5 DNA R HEE Y SRR ERER (R—) -

ik

(—) BEZBCZH 2 251 DNA FF ITS nrDNA fungal specific primers, ITS1F
(5'-CTTGGTCATTTAGAGGAAGTAA-3") e ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") (Gardes et al. 1993) g - #4ilE 5 B4 5 700
bp -
Master mix:
Taq 12.5ul
PCR water 6.5ul
F primer 1.0 ul
R primer 1.0 ul
BSA 3.0ul
FF 1 LA Master mix 500 S f— TR AR B — 2 IR L 0.5 {EERZS -

DNA 1.0l

PCR fi&(F: : 1418 ITS RIS ELN T » Jefii#E 95°C 2 70 - 55 1 255 35 1B &y
94°C 30 #0:50°C 30 01 72°C 45 b » B 12 FLL 72°C [ 7 53 > Bf& (S 1EfY 4°C
R HET TIABR B Ik T

(=) FIFH MR A [F] DNA Rl A ESH A T
s :
1. no.32 (EHI5HLSHER HEZEIER ) ~ n0.34 (CR#Z-H7K) ~ n0.35 (GREZ-
FESRR) -
2. Power Soil Kit }z Qiagen Kit o
T3 R EERUR H) DNA R _ B4 7575417 PCR -

(=) BT
U 1.2 % Agrose (0.9 g Agrose + 75 mL 1X TAE buffer)(Tris Acetate EDTA) » B{ 3 ul
PCR EY) > #2222 (Marker) % 2ul dye + 3 pl ladder » L 125 v EEERHIRE 25 474 - BB ES
LLEtBr Zuf 25 oy » ARASERD - EITIRE -
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sl

HEE 2 10 ARz (FBD)  MHEEIE RN R - sl N 2R HAER
FEIEFERES Rl EZE ~ 4555 GRE) ~ O UEMEE ~ Sz - BER - F
HEANG - LLEFE ~ &IUALEE ~ H BEAL RS EER S -

FRREE 3T © FIRTRRE ST REZ - HL 200 ug ZBEELL Qiagen Kit ifiHY total
DNA - F]A ITS nrDNA fungal specific primers » ITS1F K ITS4 #E{TH40E -

RATNAEREHRE - NAEREE TR LR

R R KR BVKIRERE -

(1) A/KEHE  REZERELUS/KREERIR A -

(2) BUKHE © DEHFVKERERMIREZ > 3 ATUREZINA 250 270K > 1%
5 SRS EIL -

BOLREHE

(1) R A BRI F—BE5 o BIBR AR SRR R -

(2) HREREELL 70 %HE R B - MEE R noE /AR AR T - 1 S SRR
R -

(3) LA 0.5 %Clorox (10 ml Clorox + 120 ml & 7K) 2Bk s » ST

TERRGF > 2 7 s RF s H K EIRR -

(4) DURE/KESR 3 K EEETAEA/KEY (B%) 7TLURE /K555

R WEERE 5%57@%%7
(5) FERGL 2R EREGE I AMERE R L RS - e

%‘ELBZ/T“*

o raheisE AL (Malt Extract Agar, MEA medium) S -

HY MEA 555 33.6 g Il A—ATH# /F7K AR EEMATIIAG > 2L
121°C » 15 BT E RS BERE & A AERFEE 60CRmbieER
Streptomycin 2 Tetracyclin » fFF-E2EENN 1 Z2FHUAEER - BIEHEEM - F1A 10
NOTEBREREEN - & H AR IR ERTEN 4CKHE -
NAHFTHERE
(1) BRI EER Z N EFEERE S T - DECVEEBRIEEER FHE

B9 > FEIEUNELT 2 x 2 mm’ KUl EERIRA SN » S 17

MEFEM > R MPCARREENE » NER FEEEE -

(2) BIZ2 : itk 13~ 5 RBZE—0 EinER LEAME SRS

HIE) ZEHSE -

(3) 5 & 7 KRBT E N EHVEIS Z 8 MEA BRI REE (4E) » difbie
BHRNEREEMEBDIARYI SR - WHRHERLE -
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(4) GRS EPAEEL (morphotypes) - TECEREFIRERE R 252 HE A FPAE
BB EL -
(6) EEFZERUEEKETRE - B ERRERE

= UBSENAEREMEREE @ NAERE B bR g
AR+ B 4 i B SR L LS AEAE AR - LR SufE (Camellia sasanqua, C. japonica)
J\ERE A iniE (R~ B ) -
Jivk
1 BRELREDNH OB AR AR N AEHE A -
2. NAEEBETHERE -
AZE 1 GRADHER 2 MmN R ERAE & T - DIBVHE BN TR ER &
BET 2 FERR/INSEAY 2 X 2 mm? KUl > BRI 6 /NF > By 7N EE
o FHEEE/D 100 B 0 BERIDUARBEEE > P8 TR -
B.fR : KRN HR 2 RN IR & T - DIEVS BBV T RAR TR
INEEZY 3 mm K FBEEIUA 6 /ME > By 6 B8 S 100
B > ERIIDVEREEE » =R TS -
HNAEREBER IR N A BT RRTE -

&R

— ~ REZEEFE B B e i 2 SR P

A Magcore %% H B2 FUEE A AU 7 fsf DNA FIF B — M5 [T HHET TN > 4551
BUREE R FT R ARAT DNA ERREHRIENE - MZKE R Z DNA RIBgIE R A5
HUECEEDART AR - A Qlagen EAHATREREIREER NAERRE R B - BUR
Qiagen E4H¥HMHUREE R SR Z DNA SCRE]Y Magcore £ B BIZZHUEE -

= BRI T

S B P PGS B S LA 5 AR 1 - P 2SR sty 1
S IFEHETREH B 80 - 10 TERERCET - bR E AT ACRBE RIS - 6
O FFICH B B (AP 2 LA TREAE » O R AU SO RS « (156 - BRS ~ Ll
BRES  ALEHE  LLATHS © TSRS © ERUCER R EAS - TLIE 13 T
BN B OB T EETEE - BREERC T 2 EER S (VA6 118
R BRI Y B P T -

PR Y2 LB 5 B L3R+ & TR SO HEEH IR - RN
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LU R Z A5 PR (MEA) (T S5 RWR = 718 7 ROk
TOBERNARR - BERESOIERET - B R Sk ALSEE ~ mIALR R E
RS Hp X PlaZriRas FrieNAERREBER S > 31 31 P /18R R 28.18%
HALRGE Z ST BER T 0-3% - SEREIRE R B NAERBAE SR - HPEEXK
SrEEZ AR 31 k- HPRRAISE 30 1 - 2KH B RN A HE R E & PR e — -

FEFRFZEBVKRERETNE R E 7 BEBRE R BUR » R8O KR Loy
% - FrARECRERADEHR BEALEFHBES&T R SSRBKA AR Z

=~ WIZIEN A EETSE
WZSTER B EE > N A B E T BER AR SR UNER - R 2 NEEFETBEREAE 50%
DIl > Er Ll Camellia sasanqua 5 6 {ESAEAYNAE EE o EER RS > B 70% - BEI8

NAEBEREDEERE 12.75%2 99.04% > 47EE2RE 18 90%HY il A Leslie Ann &% Yuletide
Red » HiZ 2 fhfEfE Rk R ~1 8 B 30 If /54 - Falling Star White & Grace Albritton [ 2 Ff#
ZRER R/ N 0 T HA AR E B 7 M A AR > Ep{ECS 40% -

IFAENAE B R Z AR EE PR R R B &SRR N » B— iy B i B i
100 /N = BLLUSRAEIRER o BErS 2 N A E R s Bkt 591 #% » HpAEAY I 300 & » & infd
Z PR (MR ) BHA5E 33 2 50 7755 6F ~ 8B - 9E B 9F ~ 10Y ~ 13B »
13R ~ 13R ~ 15K ~ 15K » HEZRELIE = » Hrf 8B ~ 9E ~ 9F k¢ 13B % IEAI AR A
P (HHNESR S HEZRER S HE S BAEZ A NAEERHEE T EHS
3£ 302 Sk Sk 2 P REZ L 158 ff - & dnfd 2 T2 ARRY B 9% 33 2 50 77515y As
Y~-C-BHIC-C-~C-F-5D (M) - /£ 8 flsliptE Y F R FEaETEEES C 2N
A HE - NAE C. sasanqua fElHHHY 6 YA TUfELl C PRI ER BT ZH 2 N4EH
» 3% 4 FE 5LFE A Leslie Ann ~ Our Linda Pink ~ Winters Charm Pink & Yuletide Red -

EN

FEEAZESHLEY) o TSR INEH SRR BB )T &R E o
PHEAE R E T 2 IR AF S P BR A AU RELLER > 45 RBUREL Qiagen fZ 2 HLE
SHAERRIH AR R SRR - 11 Megacore H BIAEHUERANG 2 R AL EE
Vo BEESTEHH U SHERE L Qlagen R AR B I TIZIAZEHL > DURFHA M
WH5E 2 S RE N -

FERCRNAEREFET > E#ELL Qiagen Kit #E{T5REZ DNA ZEHY » 5S8R T H A
AL ORRE (IS ELE DNA 51> Hofth 9 Bt R RE LU T A VIR E A H W 217
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£ NBEARENEZ TR S > HiE DNA BIREAR[E > H DUR S5 > = ke
PREEER R A A 2 Hi DNA & (DLEKBIRT 2 52 S HIR0) e HoAtl 8 F&ERk
75 R B #BEEZ PRV SOBMESS ~ BERAS - SIUEEER - 50 - EEREEER
FFEANFKZEH DNA & > 2Rk 2 S UL EA N - S EE DNA Ef#;
HAEE R/ ) R EIFAEE (B 7)) N as S BIRCA RE > S5 B H H DNA
E UL KRR E B BT R EE R NG 2 N4 EE DNA 21K - (H
FEE Rz 2 H I DNA & BNAEE - BURBGEFIR A /KRR Bk - LEREDEE
HHEEEREEER - FAIHSAMEI AR 2R TSR TRCENAEER
ZoriEE SRR RGP A O ENAERER K XU AR BRI NEE R
% > G 3Lk > TR Ey 28.18% - M HANTERCGE 2 WA EF 7 BER AR 3% - B3
ZNEEFERRBIREES A > U5 30 PR > HERE H MG 2 WA EEEEEIR
THEE - EER S 2 NEERET T TAEYEE -

S NAEEE SRR A5 e NS IERIRARE - B 2 B B At
FAEBIRY ZE RAT AR Z "R B O NI B R IS R AT A s i K E R 2 B i
B RE(LEEE - EMBSENARER - il AFMES H R EEE R B BETRE - N
A HFERFRRE AR EE N EMRTE - NRARZANEER BRI =R
FERANEERECYERELZUE  SUE TR/ OB HUERR HE T UETREER
2o SRS REUN 10 R BBV R B R B SN A EE » SEEIHR A H
BB A S AENAEER T - HERESHAVKRE 2 205 E H S 2 5t -

TEUZFIENAEEESCEER S - o5 ULZFERE e 2 WA RELE 303 % HIEES
Ao EES 161 1% - HEURSUBREARR I N A BB 7 R BLfES (species) AR > WAEEHR
JrEZAE Camellia sasanqua fE £ 2 fRE[ &g s 1~ C. japonica» H 7y B 70%L |
TEE WA H R B AIEE RN (161H0) BOERERE - HR Ry tERAY Falling Star
White 5z Grace Albritton 27 N4 B 70 HER BN 40% ; fEfRA/INME 10-14 I5f~ Cecilia
White ~ Our Linda Pink Jz Debutante Pink ZEXLN 4 B E 7 EERHITE 42.31~50.69% 7 [H] 5
14-18 I}y Winters Charm Pink BEE[ PN 4= L 71 #fE% fy 66.67% 5 Misifid A (ks
24 I5}) 7 Leslie Ann i1 Yuletide Red EF PN 4 E B 7y BRI 90% s E N A HFEFELZ
{EZ BB EEER Z B MM - NAEERETEk 2 P REAIEI 2G5 - BRE Bk
ZNABEEESRERRGS - BHEKRE itk HgEtfR=2E0n > MEESN
LHEEERABEOREE - oS RBNEERPEEETEEE/D - (HEESN
A EE T EE PRI DL C RIS IR A & dnfdE - X C BUARE 43 C. sasanqua 2 F5E N
HAER - RESTEARFEE LS EZ 2 B0 FER A -
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FERGRNAEREIFE T SRBEHNEEE 2R AR - Hh R P SR e
FENEERE G - HREIE ] $HEER AR foR B R 2 (b SR e
WARRE 2 FEFEIERANIT - MR Z N AR E BRI amE B (R R E 5T
T3l - FERGENAERE AR E L - FrARCREER/ORE T R - BIEN S
ERNAERER @ S —REVOMEZ R EE TREAGANEREEFEEERS T 58

UPRTEN A HETHE 3R N A H A N A HE T EERAERE R ES S A A FEZ
R HARMEUCREZ N ERMHE BRI A 2R - IREASBREREUR Camellia
sasanqua 2 A4 ELE S3EfERE C. japonic = > HEET AL AR iR/ D HOARES - i e
HR OB ARG R AGAL - AN FRE 2 LLRAE B i) oy EEfS R —FEE R - 40 C. sasanqua FRZHAY
URTEERNAEREF EEFE SR E R C &, HEPRAZ NAERRFES MR AH
BRUZRAEd - 0 C BINARE KUSKIEh Z ERNEREEH Y — iR C A
A HEE TR SRR NS TEZEREULC e IEZ A -

ATHERTEG 2 A RE ] LU TR B LR FHMEY) (C. sinenesis % C. olifera) py4:
HEMRE - B AEBRE RS 228 PR TN EERS R B8
Hi s BAYIINAB I WAt H 2 BEE -
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Table 1 Materials form Taiwan

25

Rk TR S AR s
Code Type and resource Note
12 dEE 55K 12 5F DNA
18 Hag Bk 18 5% DNA
20 Ha5 Bk 20 5% DNA
23 5 HILSRE DNA
24 FfEELL S HE DNA
25 e w1 DNA
26 W EH 2 DNA
27 W5 INRHR DNA
28 Ha5 IUEH DNA (2425 R
29 Hah R DNA (2575 H
30 BRIY 64 12598 DNA (2575 H
31 ERITY 64 18 5% DNA 2575 R
32 ERDE HOEHE DNA 2575 R

x SBEECRE R

Table 2 Profiles of testing made teas

8 Code FCHERELE Tea type

‘ifE Cultivar

33 SCUEfER
34 =B

35 FERAS

36 (SRR

37 4LSHE

38 [SIIEIRAS
39 EIERESS
40 HiEH

41 H HEALSS
42 EW eV

21358
HE
HLSHE
HLSHE
R 1258
FLSHE
RAI
LA
R 21 5%

B0k 12 5%
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K= BORNAERRDEER ~ ik PR A
Table 3 Investigation of endophytic fungi isolation rate, amount of isolates and its morphotypes

of made tea
AR WA EL B s TYBERRER JREAIEY
Made tea No. Endophytic fungi Isolate code Amount of
isolation rate (%) morphotypes
33 1 (1/100) D101 1
34 28.18 (31/110) D1~31 30
35 1.67 (2/120) D201, D202 2
36 0.95 (1/105) D301 1
37 1.90 (2/105) D401, D402 2
38 1.81 (2/110) D501, D502 2
39 2.72 (3/100) D601~D603 2
40 0 (0/120) -* 0
41 0 (0/120) - 0
42 0 (0/120) - 0
el g 42 40
* o S B -
=~ SAEREYER-LLPRAE
Table 4 Profiles of testing Camellia plants
‘o tEY)miE (Rt
RS R it (F) PR
) Plant variety name .
Code Plant species . Plant size (inch)
(Commercial name)
43 Camellia sasanqua Cecilia White 10-14
44 C. sasangqua Falling Star White seedling
45 C. sasangqua Leslie Ann 24-30
46 C. sasanqua Our Linda Pink 10-14
47 C. sasanqua Winters Charm Pink 14-18
48 C. sasanqua Yuletide Red 24-30
49 C. japonica Debutante Pink 10-14

50 C. japonica Grace Albritton seedling
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RO~ UPREE MR Z WA ERE R E

Table 5 Endophyisolation rate of roots and leaves form Camellia plants

ERRST RAEEE R (%) (/)

(AN sEptE Y e e 4 . : S
. i Plant size Endophytic fungi isolation
Code. Plant species Plant variety name .
(inch) rate (%)(Roots/Leaves)

43 Camellia sasanqua Cecilia White 10-14 87.25/50.69

44 C. sasanqua Falling Star White seedling 72.62/12.75

45 C. sasanqua Leslie Ann 24-30 86.27/90.97

46 C. sasanqua Our Linda Pink 10-14 80.39/42.31

47 C. sasanqua Winters Charm Pink 14-18 98.04/66.67

48 C. sasanqua Yuletide Red 24-30 77.45/99.04

49 C. japonica Debutante Pink 10-14 55.88/42.59

50 C. japonica Grace Albritton seedling 58.82/39.05

TN~ UBRAENAE B R BB T P R AR &
Table 6 Investigation of the amount of isolates and main morphotype of endophytic fungi in
Camellia plants

& Root & |Leaf
ok TR AR FEPREA TR REAY FEPRER
Code. No. of isolate/ Dominant No. of isolate/ Dominant
No. of Morphotypes morphortype No. of Morphotypes morphortype

43 95/59 6F 62/29 A

44 58/32 8B 13/12 Y

45 95/47 9E. 9F 35/14 C

46 64/41 10Y 58/43 B.C

47 85/41 13B 16/9 C

48 83/38 13R 19/13 C

49 53/29 15K 67/44 F

50 58/37 15K 32/21 5D
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+ BB B N B R RS MR AR
Flg. 1. The endophytic fungi morphotypes of white teas
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CeciliaWhite

45 OurLindaPink
LeslieAnn

WintersCharm Pink  Yuletide Red DebutantePink ~ GraceAlbritton |
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Fig. 2. Testing Camellia plants
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Fig. 3. The dominant endophytic fungi morphotypes in roots of Camellia plants
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Fig. 4. The dominant endophytic fungi morphotypes in leaves of Camellia plants
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Fig. 5. The processing chart of various teas
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Study of Endophytic Fungi in Theaceae Plants*
Shiou-Ruei Lin*
Summary

Endophytic fungi normally exist in plants. Endophytic fungi not only symbiotic live within
plants, but also promote plants growth, increase the tolerance of stress from environment and
protect plants from pests. There is very less research about endophytic fungi in Theaceae plants
in Taiwan. In this short-term research, Camellia sasanqua and C. japonica were considered as
modeling plants for endophytic fungi study in order to apply in the research about C. sinenesis in
the future. Expect to achieve the goal which is to enhance the tea plants growth and decrease the
damage from pests. Among ten kinds of made tea, the endophytic fungi isolation rate in white tea
is 28.18% the highest one. The endophytic isolation rate is usually lower than 5% in other made
teas. Detection fungi DNA in made tea by extraction and PCR showed that the fungi content in
made tea influence by tea processing. The fungi content was reduced gradually as follow
non-fermented tea, partially-fermented tea and fully fermented tea. According to this result we
support “Rolling” in tea processing is the key factor influence the survival of endophytic fungi in
made tea. However, there was no endophytic fungi isolated from the made tea after steeping in
boiling water for five minutes. Endophytic fungi types are differ from different tissues. The
morphotypes of endophytic fungi in roots are more than in leaves. The endophytic isolation rates
of roots are more than 50% and correlated with the plant species. The endophytic fungi
morphotypes from roots of C. sasanqua are usually more abundant than C. japonica. The
endophytic isolation rates of leaves are increased with the plant age. The endophytic fungi
isolation rate in leaves are usually high even more than 90%. The dominant endophytic fungi
morphotype from leaves of testing Theaceae plants is C.

Key words: Endophytic fungi, Theaceae, Tea processing, Rolling

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
* This short term research had done in Western Illinois University, U.S.A., 2014.
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