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New Cultivar of Black Tea-TTES No. 21

Chui-Feng Chiu'*  Jin-Chih Lin' Cheng-Chung Huang®
Ju-Hung Lin®>  Jian-Hsing Shiau®

Summary

TTES No. 21 (strain code: FKK-22) is the twenty-second seed of FKK-1(female parent is
Kyang from India, male parent is Kimen from Kimen) natural hybrids’ collections. Following
seed germination, TTES No.21 was cultured by testing and studying for more 40 years to become
suitable for making the goodness variety of strongly aromatic black tea. This cultivar was adopted
by the review in October 17, 2008, and is officially named " TTES No. 21."

The goal of selecting and breeding this cultivar of black tea from the Tea Research and
Extension Station is to use the breeding procedure to select new hybrid cultivar s with the
characteristics of Assam, the strong aroma of Kimen, and the high resistance to strong winds.
Therefore, the Tea Research and Extension Station Yuchih Branch has been performing these
breeding exercises since 1946. It has already selected and bred several excellent cultivar s of
black tea, and FKK-22 is one of them.

TTES No. 21 is a small tree which is: upright in shape, strong growth potential, long oval
leaves, middle sized leaves, green color, tip is bending down, long and narrow leaf base, leaf
margin is microwave-like, wavy leaf shape, leaf with a small degree of folding, serrated leaf
shape that is sharp and waxy, short petiole, tea buds that sprout early, short internode, low density
of tea bud, fine hair is short and dense, bears fruit easily, with good resistance to wind and drought.

The quality of TTES No. 21 with the advantages of the parental species of Assam and Kimen
is excellent. The tea soup is bright gold and red. It tastes sweet and fresh, and the aroma from the
rich flower and fruit is excellent. The aroma is similar to the bloom of citrus flowering plants.
Foreign and native reviewers of the tea industry have highly praised this new species of black tea
with it excellent fragrance being heavily promoted.

Key words: Tea, Hybrid breeding, Black tea, TTES No. 21

1. Senior Agronomist, Senior Secretary, Tea Research and Extension Station, Taoyuan, Taiwan,
R.O.C.

2. Associate Biochemist, Assistant Agronomist, Associate Agronomist, Yuchih Branch, Tea
Research and Extension Station, Nantou, Taiwan, R.O.C.

% : Corresponding author.
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Fe o~ FRK-22 25 a5 8 Bk 1 MBI
Table 1. Comparison of tea young shoot agronomic characters between FKK-22 and TTES No.8

H F A R FKK-22 2R 8B
| % (cm) 5.86:0.47 7.19£0.05
B (cm) 2.36+0.21 3.11+0.21
— B (mm) 0.25+0.01 0.21+0.01
AR (cm) 1.27+0.10 1.71+0.24
A (mm) 1.960.12 2.27+0.11
B (cm?) 9.80+1.66 15.79+0.85
£ (cm) 7.38+0.50 8.79+0.12
P (cm) 3.19+0.28 4.1140.19
— B (mm) 0.29+0.01 0.22+0.01
AT (cm) 2.55+0.11 3.29+0.45
A (mm) 2.38+0.08 3.82+0.06
B (cm’) 16.80+2.54 25.47£1.35

T FRK-22 =5 a2 8 Bns 3 BBt
Table 2. Comparison of mature leaves agronomic characters between FKK-22 and TTES No.8

= A FKK-22 Bt 8 B
4= (cm) 10.80+1.13 14.37£0.78
W (em) 4.29+0.35 6.62+0.41
#R (cm) 10.59+1.13 13.95+0.78
L (cm) 3.91+0.33 5.99+0.40
KR (%) 1.96+0.72 2.93+0.73
[ (%) 8.85+3.05 9.5142.45
Rt 2.51+0.10 2.17+0.14
A (em’) 32.67+6.05 66.70+5.70
#El (mm) 0.30+0.01 0.25+0.01
RE (56 9.00+0.70 10.60+1.00
7T 68.30+5.40 67.50+3.30
B 60.90+6.10 88.10+£9.20

B LR 46.40+6.40 41.20+5.40




R PR LR 21 B 1

(E#&2)
S (1R 42.60+4.30 43.30+5.70
iﬁ;‘% (cm) 0.56+0.13 0.65+0.17
T (om) ﬁgl 1.93+0.23 3.04+0.42
SN 0.41%0.10 0.63+0.16
Hish = (om) 9.47+1.10 13.02+0.93
BE B (om) 5.20+0.58 6.840.50

HZ IR B PKK-22 SRR 8 B R BFERAER(% ) P
Table 3. Comparison of tea planter survival rate (%) in different tea-growing region between
FKK-22 and TTES No.8

Telea) RhL s A

FKK-22 97.5 88.4 84.5

= 95.9 97.5 90.8
AP FRK-22 FEHRRATTH 8 R VT 5 - Sef) % S 1o

Table 4. Comparison of the growth quantity of tea tree height, crown, ground diameter between FKK-22
and TTES No.8

A -pE! # Bk FKK-22 = R4
P 30.7 35.4
B 21.1 26.4
nH |
Bipem) A 233 18.3
T 25.0 26.8
Fuvt o 8 25.7 31.2
. ST 18.2 19.9
17 (em) Eﬁj A 20.9 19.8
T 21.6 23.6
Fuvt o 0.60 0.70
B 0.40 0.32
SEERL
BRI em) # o 041 027
T 0.47 0.43
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F<r~ FKK-22 S5/ et 8 B R 3 = & 1 Bl Rl VT

A U

Table 5. Comparison of average of hand-picked tea in three years between FKK-22 and TTES No.8

SRR - . JE U7 E (kg/ha) o
Bl oy fPE(GE) 25 ' Eﬂ’"{ —— f i
Fub FKK-22 831 1,537 1,664 4,032
534 TR 8 BE 639 2,069 1,974 4,634
- FKK-22 557 1,074 1,126 2,757
L ey 1,167 2,014 2,240 5,376
J FKK-22 1,473 2,490 2,982 6,945
i L g B 2,151 4,046 5374 11,572

¥ 2 TR EE 1983 = 1985 F o

Aot~ FKK-22 SRR B 8 YRV bt 58 < O g T TR SR Lt
Table 6. Comparison of occurring disease kind and investigation of damage level between FKK-22 and TTES No.8

y = T Frt =k
e — , T Y e
REPE M et A Gy RURRSE  REe g
FKK-22 + + ++ + + + + -+ +
BRSO ++ ++ ++ ++ + ++ ++ ++ +
ﬁ%t — RS o+ DEERE D e BEED S e AED

H IS FKK-22 % [TV BYAF 53 )
Table 7. Effects of Spring tea quality of FKK-22 produced by different process (Yuchih Branch)

PP EIGT) 60 90 120 150
’ 4t i 20.0 20.0 20.0 20.0

e i 14.5 14.5 15.0 15.5

N HER 14.0 14.0 14.5 15.0
LI 40% ?EF%F 16.0 16.5 16.5 15.5
B 6.0 6.5 6.5 6.5

e 70.5 71.5 725 7.5

ﬁéf : ﬁiﬁﬁ\ﬂj‘ﬁﬂ% 150 55 o
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H IR FKK-22 [ 00 B0 1)
Table 8. Effects of Summer tea quality of FKK-22 produced by different process (Yuchih Branch)

RIEFEEECY) 60 90 120 150
J 9t 245 25 245 245

e 13.5 14.0 14.0 14.5

S HER 15.5 16.0 16.5 16.0
IR 40% ?Elpffa 16.0 16.0 17.0 16.5
B 7.0 7.0 7.5 7.5

S 76.5 71.5 79.5 79.0

ﬁ%t PR 150 55 -

Ao S FKK-22 7% 0 B F 57 48)
Table 9. Effects of Autumn tea quality of FKK-22 produced by different process (Yuchih Branch)

SR EIGT) 60 90 120 150
J 4t g 22.0 22,0 22,0 22.0

ey 14.0 14.0 14.5 14.5

. =5 17.0 17.5 17.0 16.5
H IR 0% ?EF%F 17.0 17.5 16.5 16.5
B 55 5.5 6.0 6.0

55 75.5 76.5 76.0 75.5

ﬁ%t : }?&?ﬁﬁﬁf&ﬂ% 150 55 °

Fof BRI FKK-22 S5 8 i SRERESRIY IR = erl e
Table 10. Comparison of sensory evaluation between FKK-22 and TTES No.8 in regional tests

Biley - B T

AP GF) N - " T = P
bl 0] il v Ml e X K Fii
FLY"‘{'J FKK-22 6.2 6.2 14.2 18.0 18.5 6.2 69.3
J1 8 R QB 6.3 6.3 14.4 18.0 17.7 6.3 69.0
e FKK-22 6.1 6.1 14.8 18.0 18.4 6.2 69.6
M R 8P 6.2 6.2 14.2 17.2 17.2 6.0 67.0

0 FKK-22 6.1 6.2 15.3 18.1 18.5 6.3 70.5
;VQ'HJ 2R 8B 6.1 6.0 14.8 17.9 17.7 6.4 68.9
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%4 - ~ FKK-22 FF[} “‘fl’“ﬂ% If#*EIEr,L& 8 PR 11 @Qéﬂ@ﬁ“ W BV R 5T Bl PRk

1=
Table 11. Comparison of ranking accumulation score for tea quahty evaluation between FKK-22 and TTES

No.8 for eleven years

#09) \ — - : -

s i 8 e vk fiz 3%

FKK-22 7.0 7.2 4.5 5.7 9.1 3.7

B A 8 B 7.3 52 3.7 32 55 3.9
SR L RYR[EL 1979 = 1990 = FF 11 ¢F§J4ﬁlf|{ gﬁﬁ%?ﬂ/?fu °

2. I HETER Y10 53 SR 0 13 ﬁ'%"

% = -~ FKK-22 Ff’{ = S Ff’&ﬁ‘léﬁ& 8 B B =205 55 F’ji! N 3
Table 12. Comparison of chemical composition content between FKK-22 and TTES No.8

By 73 f, E! FKK-22 B 85K
27 ke (mg/g) 198.6 187.2
b %% (mg/g) 195.8 1783
PIFS (mg/g) 30.5 33.0
= EEl (mg/g) 43.8 455

FeA T FRK22 o W SHHER R 8 9D & 1) How i et

Table 13. Comparison of growing characters and the resistance of dlsease and pests between FKK-22 and

TTES No.8
?ﬁg‘lfﬁﬁ‘ FKK-22 LR 8B

A0 (@x8) FKK — B REED 5 10 Jaipuri FIFREFS
LIRS (%) 84.5 90.8~95.9
7 CHIED) 2/10~2/17 2/6~2/20
3/11~3/16 3/8~3/19

FRERI CELED)
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Table 13. Comparison of growing characters and the resistance of disease and pests between FKK-22 and

TTES No.8
FIHE (g100H ) 51.2 73.7
= ERP % (30%30 cm) 116 140.0
Bt ¥ ¥
%] P g
¥ (em) 21.1~30.7 18.3~35.4
5% (em) 18.2~25.7 19.8~31.2
B (em) 0.40~0.60 0.27~0.70
Pl CRBPR)D i fl
gl (st il il
Pl | B %
%ﬁﬁ* 5k i H > i

i © RIS 1974 % 1988 &

FA P~ FRK-22 il 225 P B 5 8 B R o
Table 14. Comparison of advantages and disadvantages between FKK-22 and TTES No.8

FKK-22 1.5 F'JFK' K u’#ﬁ@? ) E i:' T3k u’#j LAF phdsE(™ ’iﬁﬁﬁ\ﬂj‘ﬁﬂﬁ@ o
TR Rk - PRSI IS

2.51F ﬁlﬁlﬁ WAV PR 2 ke -
3P 1 PR e
4«%@%4@[[1’3"?*% :

B8 LRJ T B PRI 1SS S I B IR fik

i > PP RIER G I EORRR) R

By 0l AASPRTIER - FOrE S B 28 B Gl SR 2SR
] B L i St f PR - TR FKK-22 ~ B 7 B
DR FHET CEAR T T s B 18 B

FE Ok PR B IR
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%A = ~ FKK-22 ﬁ%;ﬁﬁg‘&%’éﬁ’ MRV DRI 'Bﬁ'%gﬁzﬁﬁﬂ
Table 15. Participants, working projects, and related explanation of the crossbreeding process of
FKK-22

FOOW o EwwAE T B H 3t | i
1946 ?ﬁf } 1L~ - QKyang (395) x dKimen (jii#&F
A 2. A EEEA - B G o 426 IS 4
SEREY o [ 1 EELY) AR A
SR (R R -
19471952 ZHRfL L PR - MR HOTRERE A AF
WAB 2. FRIET - 26 > IR A -
3. @F'[%ﬁ‘é o
1953~1958  ZiRfy 1 H ETPEL Y~ A BIR
S 2. HIR R RERTES 4 fhF o H U
B 3 e FKK — BEE f £ -
1959~1967  “figrs# 1. FHHETH - RG] TS 4 il 8 = R
PIRFL 2 SR TR R e g
B 3. Gl ENAESES A0S E R
1967~1989 I T L ATRFECEPS o LFTFKK - BERLE IR

s
A
e
BT ES
ST
I if®

Sl

1 30 Bl EREFIBEDY 22 YETR
B (FKK-22) > # PR E > F
PR B R R
[P EEL T PO RR W Bl
Byl -

2. £ BT 18 B (B-40-58) I [l
R -




Wﬁ%‘ﬁ% — BB 21 9K 17
(EiF1 1)
19902003 Z[qE L ATREECES o LIE@FEG R e R IERA
Y2 g Ao
SRR 3. HURNER 2.1999 fF B R 18 B (B-40-58) fl1
fHrH it SR -
Bk
i $fT
‘*{Iﬁ’ié
e
TP
e
2004~2007  M{FA L AIEFERES o1& FKK-22 %%Eli%ni{—%} .
R 2 FHEEH - 2F B P A IR
A R
AT 4 HIRENR - 39628 FRK-22 HEE0R] - fIh
:FE{[I}:ZK # o
HEW
e
2008~2009 A F{ SERLEIGET 6 LESE FKK-22 ﬁlﬁiﬁ;ﬁs[ .
mEE L F;'%“HQF e o II%FKKzz Rk
P 2 EEE 3ﬁmﬁu%g
R 3. Hl%ﬁ?é'ﬁ] Go 420095 5 F] 1[I &
e 4 iR RYCURIERR 21 B F”?%m@l
SOLMPUEEE - T
6. FLISPOM o

5.2000 % 7 1] 15 [IEHELE (157
66 TR f B 21 BB
) 2y e
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PRARFRFCOENZTGSFRAR
g ERE AL B R
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R SRR W RS (SRR S EI G B L 5 2005) -

’Fiﬁ"ﬁ”ﬁﬁi‘“ﬁ%ﬁa » H S+ i liiﬁﬁiﬁ AT R OHEET 2003) 5~ E
AR RN SRR R FJEl(r)f »Fﬂ&) FER R 2R [ﬁﬁﬁﬁP”ﬂ]ﬁ
73 ?\,iz%,%@fwo/ E’J4 4095 ~ FF# 209 ~ %% 10% (AR > 1999) » ﬁpjf*éﬁﬂw
ﬁéﬁ?ﬁ?i"?\ﬁ'ﬁ | o R~ BT RS RLEER S i ﬁz%gmmff&ﬁ FERL ~ FFR (F E5 2000) 5
WHE P REER TR RTE %Mp@fﬁ@ ig"“z*\ NES 1HE*7|§}1& i g » 3 EIAL
wtﬁﬂgggfgﬂibfﬁpml AN

AT TRV PR LR LTS B RO BLAE R B TR R O R ST  BHIE R

*%73'[ 3‘3’?‘/71 E] @ﬂﬁf”ﬁfﬁfﬁ'%%‘[‘? o [EIEMTH R E-J:“s‘f’ﬁp% . %*ﬁfﬁﬁfﬁ; <55 S YEFS IR
ﬁ?ﬁiﬁwg'ﬁ'ﬁ%ﬁ\%%f 1993) U S B VIR - S BIRRLE AT
FEESRITS AU (257> 2004 5 = 5 2005)

Pl ¢Tﬁu1§f Tl J?”HE&:?‘ SRS AR oS REVEY & BRI
*‘“\Eﬁéﬂﬁﬁé—llﬁfl‘%ﬁ%ﬁﬁ A L R (7Y -

Rk
= ~ FPE
€ e s
(Z) PRk

fé“‘ﬂ%!ﬁ:uwg'“‘ﬂ [GERASET R B (180 2 R ~ [ TFETER (534 22 R
B1(1,275 20~ S TR B(1,560 2RO M HIERAIT S L2048 2L [ 9«1%
BRI ﬁfﬁp@ﬁﬂf? FRER &) o

(=) FRE R 1 F12006 F 8 5[ Z 2007 F 7

ook
(- ) P B ELEER D AR
HH B B :ﬁ%ﬁ?[“'l[ﬁ' A(2006 = Ff ~ X FHI2007 F 3~ fF) 0 7 ILER
”Vfﬂﬁbéﬁ? L BVRHER S BEHIVS EEIJFET ) i‘\?ﬁf@ 15 WA H A - i‘\[?ﬁf
16 IR BEEES BRI A

Loy Ry ap ARl G S E i LS LR
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1 BRI 5 RTS8 - 1) o £
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6. Y R T BRI J\J’EJ%*EW‘?EHETI:i’%“afﬁéfll’%fl“iﬁkﬁ BLVEE T
mm*- o
7. 570 BOOSTS BBA ST RORSTS RR Y o T R LTS RHME < 0.7

Pt

8. HYZ BOLHYE MR ¢ IR BN 8O0 5T RS ST R
J}mm?:‘; °
(©) B
[$$\(1964)J/1ﬂ;&[ gdls > dy— . u[Llﬁ v ]m?[ﬂr(#’ [[qﬁ) %UH rhg% JHQJ

l;i}]\/ Hos F I m@%@lﬁ‘t[ Ifk[ﬁ/é']:'ﬁjf;r RIS s (%0 1997) ¢
1. [l
}%’ 1R '] FAA [fi' 3k (ethanol : formalin : glacial acetic acid =90 : 5 : 5)[#il%t: 24 |
B o o T RS AR R PR AR -
2. i
3. BRI
4R e g
SRS TIR SRS > FP R B SR TE
(D)5 BV (um) = (2)-BEVAFLFSE RS SRR RS R VR (wm) = (3). 874 TR ALAp
S (pm) o (4). 3 RSV (um) o (S) AP E L (pm) < (6).57 EHFLIAT
TR (um) < (7).37 EADPAE P (um) o (8).8%- EHPIFST ISR 2 1) 150 pm
LIRS TR RN Y LSBT - 0). 57 U
TS (pm) » (10). 572 gL B (um) » (11). 272 gHPPAI@ % 2 1) 150 pm
G ERERES > GRS @R E"?f’[ IV PP B (12)-1@1f P i fﬂ@
(nm) - (13),3:3,;:&;1];!5&;:%@(“@ @ (14). 8RR P (um) = (15). NIRRT -
125 pm x 125 pum A7 EfETE?F A WAETED o (16) AR @ AP @gi@?
VAR IR AR P o (17). 805 N AP (um) = (18). 804 S APl
% (um)

BN Dl

¢:i"ﬁ}fﬁj’ %@‘ Bt 3 R AP ?‘[1 s 1?1‘1‘@%#[ VipradEil s f‘
e i"j%{‘y HIFIH ] “ SAS ﬁi%l_ﬁﬁ | B 1% 55 Mr(least significant difference test, LSD) ©

ﬁﬁﬂﬁﬁﬁﬁ

— R AR
() Bstr [ B
T FIVRES R U R AR 77 R AT VR A TR A AR - Bt R
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BRI S PR P SRS RS A R
ZEI(F ) o By ARy ST AR ] JWD*MU 89 mm ; 2.29 mm)t“f;fm | )ig\?&(l 57
mm ; 1.94 mm) R #’Yrﬁ‘? ﬁTﬁ&y ] BT ] f' j]ﬁ?’FdE “E% LR o Y- iﬁﬁ&:ﬁ‘j
lﬁ&;wu |7k % (13.20 mm ; 25.59 mm)E BRI # R (1.56 mm ; 16.83 mm)ELE
TR S R R
SV A RUR T (0.30 mm)i R > 1 (025 mmR - R R (i
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4{
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R AR R R R B o BV BB A R (1179.88 mm?)ELE A I &R
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PPEG.51 mm)f o ¥ RER - FFR I R ol R R R B
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Variations of Agronomic Characters and
Histological Structure of Chin-Shin Oolong in
Tea Plantations with Different Altitudes

Fang-Ching Chiu' Chui-Feng Chiu** Jin-Chih Lin®
Mau-Shing Yeh’

Summary

This research is focused on five areas for tea cultivation in Taiwan with a similar longitude
and latitude: Jaujingshan (180 m), Shanpingding (534 m), Shrbi (1,275 m), Santsengping
(1,560 m) and Wuling Farm (2,048 m). The autumn and winter season of 2006, and the spring
and summer season of 2007 were selected as the test periods. The main focuses of investigation
were the agricultural characteristics of the young tea shoots, the histological structure and the
chemical composition of the tea leaf, and the quality of the tea leaf. Moreover, the relatively
simple correlation coefficients among these characters were further clarified. The results are
described as follows:

1. Agronomic characters of the young tea shoots

Jaujingshan: The first internode diameter, the second internode diameter, the first internode
length, the second internode length, the second leaf thickness, the second petiole length, the
third leaf length, the third leaf width, thickness, the third leaf area, and the third petiole length
all displayed significant differences between these seasons. In comparison, in Shanpingding,
only the first internode diameter and the third leaf length/width did not show significant
differences between the seasons. In Santsengping, both the second internode length and the
second petiole length were not significantly different between all seasons. Finally, in Shrbi and
Wauling Farm, the results show there were sixteen different agricultural characteristics of young
tea shoots, pointing to the important differences between these seasons.

2. Histological structure of the tea leaf

Jaujingshan: Both the first and second palisade cell widths are at the maximum point in the
winter tea. Shanpingding: the palisade tissue thickness and the first palisade cell length are at
the maximum point in the winter tea. The first palisade cell width and spony tissue thickness
are at the maximum point in the spring tea. Shrbi: Mesophyll thickness and the first palisade
cell density are at the maximum point in the spring tea. The second palisade cell width is at the
maximum point in the winter tea. Santsengping: the first palisade cell density, the second

palisade cell density and Spongy cell density are at the maximum point in the spring tea.



30 T P Y 28 H] (2009)

The spongy cell length, lower epidermis cell width and lower epidermis cell length are at the
maximum point in the winter tea. The above-mentioned properties of the leaf histiocyte in the
tea area are mostly shown in the summer and autumn tea. There are thirteen investigations
showing the spring and winter tea present the maximum results. The winter tea has largest
palisade tissue in every tea area.

Key words: Tea, Agronomic characters, Histological structure, Altitude
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Fig. 1. The cross section of Chin-Shin Oolong third leaf grown in Jaujingshan area.
A: Autumn tea ; B: Winter tea ; C: Spring tea ; D: Summer tea
Epu: upper epidermis; Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis
(bar =50 um)
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Fig. 2. The cross section of Chin-Shin Oolong third leaf grown in Shanpingding area.
A: Autumn tea ; B: Winter tea ; C: Spring tea ; D: Summer tea
Epu: upper epidermis; Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis
(bar =50 um)



AR B o O AR R A 35

€

=~ T BF A B o R EST = BEREah
fi A%’FTZ-%?JBI’E‘?viici[.Tﬁ:DI #*
Epu : F3&H: 5 Pa: HPERS s Sp - ?@i}f}ﬁ’ﬁ?@ s Epl : N AL
Fig. 3. The cross section of Chin-Shin Oolong third leaf grown in Shrbi area.
A: Autumn tea ; B: Winter tea ; C: Spring tea ; D: Summer tea
Epu: upper epidermis; Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis
(bar =50 um)
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Fig. 4. The cross section of Chin-Shin Oolong third leaf grown in Santsengping area.
A: Autumn tea ; B: Winter tea ; C: Spring tea ; D: Summer tea
Epu: upper epidermis; Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis
(bar =50 um)
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Fig. 5. The cross section of Chin-Shin Oolong third leaf grown in Wuling Farm area.
A: Autumn tea ; B: Winter tea ; C: Spring tea
Epu: upper epidermis; Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis
(bar =50 um)
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Taiwan Tea Research Bulletin 28: 39-62 (2009)
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Effects of Shoot Retention Period on the Yield and
Quality of Tea Trees in Summer Season

Hun-Yuan Cheng  Horng-Jey Fan'
Summary

This experiment was conducted to establish a suitable summer shoot retention period and
healthy shoot cultivation techniques, to improve whole year tea shoot yield and quality. The
experiment was performed from 2003 to 2007 in Lungteng, Luyeh district, Taitung, with TTES
No.12. The shoot retention period treatments included (A) 120, (B) 105, (C) 90, (D) 75 days and
(E) no retention (CK), respectively. The results of the experiment showed plant height, plant
width, shoot length, shoot diameter and leaf thickness of shoot retention treatment were higher
than with no retention treatment. But the shoot number showed a contrary trend. After pruning,
the shoot density was clearly different among retention treatments at the beginning of the tea
season, and showed a gradually decreasing trend with an increased retention period. As the
pruning number was increased, the shoot density of the retention period treatments did not
display a clearly significant difference. The change in the other yield characteristics was smaller
than that of shoot density. The first tea season after pruning showed a retention benefit for tea
trees of middle vigor. The second tea season displayed a clear retention benefit for tea trees of
stronger vigor. Regardless of the tree vigor, a retention of 90 and 105 days showed higher tea
shoot yield. The quality of made tea was not very stable which conducted retention treatment in
the early tea seasons after pruning. The trend is that the tea quality had slightly decreased with
longer retention period. But tea quality had become better through tea seasons increased
gradually

Key words: Tea tree, Shoot, Retention period, Yield, Quality

1. Associate Agronomist, Associate Biochemist, Taitung Branch, Tea Research and Extension
Station, Taitung, Taiwan, R.O.C.
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Table 1. Effects of different retention period on the shoot characteristics of tea tree in summer

season
£ 14 Shoot characteristics
s WEIG B B MR R SRR TR
Retention
Year period Plant height  Plant width Shoot length X Y Z
----- cm----- mm
2003 120 133.0a 116.1ab 54.9a 97.1ab 18.9a 4.05a
105 136.9a 127.8a 52.6a 104.1a 16.5ab 3.79a
90 142.3a 128.7a 47.7a 106.1a 11.5b 3.69a
75 117.3b 116.1ab 27.8b 91.6b 1.8¢c 2.28a
CK 95.8¢ 109.2b — — — —
2006 120 137.3a 134.8a 55.8a 104.8a 30.0a 3.40a
105 133.5ab 131.8a 45.8b 97.4a 19.7b 3.13b
90 125.1bc 131.3a 39.3bc 101.4a 15.8b 2.88bc
75 122.7¢ 130.5a 34.5¢ 97.0a 8.2¢ 2.74c¢
CK 102.5d 127.1a 13.2d — — 2.02d

FHEARRL Y 2R 2B S BT -
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
X: From soil surface to red reddish-brown with yellow-green shoot height, Y: length of red reddish-brown

with yellow-green shoot, Z: Diameter of red reddish-brown with yellow-green shoot
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Table 2. Effects of different retention period on the dry matter characteristics of tea tree in
summer season
HZ PP % & {5 Dry matter characteristics
Fry WELGCRA RPA REL RGN BED BIZE MDA
Shoot Total
Retention Leaf Leaf Leaffresh Leafdry fresh  Shootdry fresh  Total dry
Year period number area weight  weight weight weight weight  weight
day no. em® g---—-
2003 120 19.8a 422.4a 12.54a 3.93a 9.50a 2.98a 22.04a 691a
105 17.3b  270.6b 7.97b 2.49b 5.30b 1.61b 13.42b 4.10b
90 16.3b  231.9b 6.98b 2.07b 5.74b 1.50b 12.72b 3.58b
75 9.8¢c 93.8¢c 2.72¢ 0.78c 1.65¢ 0.45¢ 4.38c 1.24c
2006 120 20.4a 267.2a 7.66a 2.52a 5.35a 1.84a 13.01a 4.36a
105 16.3b  176.9b 4.94b 1.56b 3.54b 1.12b 8.48b 2.68b
90 13.5¢  139.4c 3.80c 1.19¢ 2.62bc 0.84bc 6.42¢ 2.02bc
75 11.3d  114.3c 3.09¢ 0.94¢ 2.03¢c 0.62¢ 5.12¢ 1.57c
CK 5.7e 30.6d  0.75d 0.19d 0.45d 0.09d 1.16d 0.28d

FHEARFR Y 2R 2B S BT -

Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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Fo o FR AR AT RO s A R BRI 2Y4(2003-2004)
Table 3. Effects of different retention period on the plant characteristics of tea tree by pruning in
summer season (2003-2004)

FEAE %S Shoot characteristics

rF o HMEIW B e RIER R MBS
Tea season Retention Plant height Plant width Shoot length Shoot Shoot Leaf horizon
period (cm) (cm) (cm) diameter number thickness
(day) (mm) (no.) (cm)
FER 120 109.2ab 107.4a 30.3a 3.77a 18.6b 49.7a
Autumn 105 112.9ab 114.1a 27.1ab 3.59ab 19.0b 48.9a
90 116.9a 114.9a 23.1b 3.61ab 21.2b 48.4a
75 96.8bc 107.9a 9.8¢c 3.01bc 30.8a 37.8ab
CK 87.6¢ 113.0a 5.8¢c 2.64c 37.3a 29.5b
R 120 97.2ab 104.7a 19.4a 4.08a 22.5d 29.5a
Winter 105 102.9a 111.4a 18.2a 3.88a 28.1cd 34.2a
90 103.8a 111.8a 14.1b 3.93a 30.5¢ 32.6a
75 91.8b 112.7a 7.1c 3.22a 49.5b 22.0b
CK 88.2b 112.1a 3.7d 2.24b 65.2a 18.1b
Zﬁ% 120 85.6a 98.4b 8.3b 4.53a 24.6¢ 20.8ab
Spring 105 87.6a 107.0ab 11.1ab  4.53a 28.3bc 20.1ab
90 90.9a 109.4a 12.0a 4.75a 28.2bc 22.6a
75 85.2a 106.8ab 2.7c 3.50a 39.2b 15.8b
CK 83.7a 104.4ab 2.2¢ 3.73a 56.7a 16.5b
B 120 84.3a 103.7a 8.0a 5.26a 31.3c 18.3a
Summer 105 83.4a 102.7a 7.4a 5.98a 31.5¢c 17.6a
90 84.9a 106.9a 7.9a 5.86a 28.4c 19.3a
75 80.8a 103.8a 3.9a 4.04b 42.7b 17.8a
CK 85.0a 107.0a 3.8a 2.77c 57.3a 17.1a

HlE AL T HAT 2 B S B -
Values followed by the same letters are not significantly different at a=0.05 by LSD.
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FPH R T IR R EB A AR 15 BY(2006-2007)
Table 4. Effects of different retention period on the plant characteristics of tea tree by pruning in
summer season (2006-2007)

FEAE % Shoot characteristics

EE A T T T AL L
Tea season Retention Plant height ~ Plant width ~ Shoot length ~ Shoot diameter =~ Shoot number  Leaf horizon
period (day) (cm) (cm) (cm) (mm) (no.) thickness (cm)
P 120 108.1a 141.3a 28.2a 2.95a 35.8¢c 37.3a
Autumn 105 109.9a 139.0a 23.1b 2.99a 36.7¢ 35.4ab
90 106.3a 132.5a 19.0bc 2.72a 40.3bc 31.5b
75 105.5a 136.1a 15.2¢ 2.70a 44.8b 33.3ab
CK 95.2b 130.5a 3.4d 1.99b 76.2a 19.8¢c
R 120 103.3a 133.2a 23.0a 3.26a 27.7c 28.0a
Winter 105 103.3a 130.3a 18.2b 2.94ab 29.2¢ 27.7a
90 102.1a 128.3a 16.8c 2.95ab 32.0bc 27.6a
75 101.0a 130.5a 16.8d 2.83b 40.2b 26.7a
CK 95.2b 125.2a 2.0e 1.73c 105.0a 18.8b
‘EIEF\I;%% 120 100.6a 135.5ab 16.3a 3.52a 30.0c 25.0a
Early spring 105 100.5a 136.3a 15.0ab 3.30ab 31.3c 23.9a
90 97.7a 134.8ab 12.9b 3.02b 38.4bc 25.1a
75 98.8a 132.8ab 7.8¢c 2.87b 44.1b 25.6a
CK 90.8b 127.8b 1.5d 1.80c 107.0a 17.0b
‘fﬂﬁ 120 91.8ab 129.0a 10.3a 3.70a 38.0c 19.3a
Spring 105 93.9a 129.6a 8.2b 3.48a 43.9¢ 17.4ab
90 92.4ab 129.4a 6.2¢c 3.15a 55.2b 17.6ab
75 90.7ab 127.3a 3.5d 3.44a 53.3b 18.3ab
CK 88.8b 126.3a 1.9¢ 2.24b 83.8a 15.5b
BH# 120 89.8a 130.4a 8.1a 391a 41.5¢ 15.5b
Summer 105 91.3a 129.9a 5.6b 3.57b 48.5bc 16.0b
90 88.6a 128.9a 3.2c 3.51b 54.0b 15.9b
75 88.8a 129.3a 2.2c 3.55b 46.8bc 15.4b
CK 91.8a 130.8a 1.9¢ 1.68c 99.2a 18.4a

*fl I?Jﬁl{ﬁjf}'\v?@ FroJH AR A RIS 5 B
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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HTo s R T IR LB R B R 5 (2003-2004)
Table 5. Effects of different retention period on the shoot characteristics of tea tree in summer
season (2003-2004)

#FH 14ER Shoot characteristics

RE BRI BAK PR R S AR
Tea  Retention  Leaf Flush Teabud Internode diameter Internode length
season period  number length length (mm) (cm)
(day) (no.) (cm) (cm) - . - .
Ist 2nd Ist 2nd
FRR 120 5.8a 16.7a 8.9a 1.83a 2.03a 1.16a 1.66ab
Autumn 105 5.7a 14.6ab 8.7a 1.81a 2.01a 1.08a 1.54ab
90 5.9a 17.3a 9.2a 1.85a 2.03a 1.16a 1.71ab
75 5.7a 15.3ab 9.2a 1.81a 2.02a 1.28a 1.92a
CK 5.7a 12.2b 7.1b 1.57b 1.75b 0.84b 1.30b
* R 120 5.6a 13.7a 7.9ab 1.67a 1.94a 0.79b 1.44a
Winter 105 5.4a 13.3ab 7.8b 1.72a 1.96a 0.67b 1.28a
90 5.4a 13.9a 8.3a 1.69a 1.96a 0.76b 1.50a
75 5.0a 12.3b 8.2ab 1.74a 2.00a 1.08a 1.64a
CK 4.9a 10.6¢ 7.8b 1.67a 1.94a 0.99a 1.56a
?‘[74‘5 120 6.4a 16.4a 10.4a 1.80a 2.37a 1.56a 2.38a
Spring 105 6.6a 15.7a 10.3a 1.78a 2.06ab 1.47a 2.05b
90 6.4a 15.3a 9.9a 1.77a 2.06ab 1.40a 2.11b
75 6.3a 12.6b 9.4a 1.68ab 2.03ab 1.27a 1.90b
CK 5.5b 9.1c 7.2b 1.62b 1.91b 0.84b 1.14c
BH# 120 6.4a 19.6a I1.1a 1.70a 1.94ab 1.6lab  2.63a
Summer 105 6.3a 18.5ab 11.4a 1.70a 2.00a 1.86a 2.76a
90 6.1ab 16.9bc 10.7ab 1.72a 2.02a 1.61ab 2.51a
75 5.8b 15.9¢ 10.8ab 1.68a 1.89ab 1.83a 2.50a
CK 5.8b 15.2¢ 9.9b 1.61a 1.82b 1.39b 2.15b

AHEARFRL Y 2 H R 2B S BT -
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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Table 6. Effects of different retention period on the shoot characteristics of tea tree in summer

season (2006-2007)

55

#FH 14ER Shoot characteristics

BFOHEBIW MW BR PRE a2 A=
Teaseason  Retention Leaf number Flush length Tea bud Internode diameter (mm) Internode length (cm)
period (day) (no.) (cm) length (cm) 1st 2nd Ist 2nd
FEH 120 5.9a 15.1a 7.8a 1.54ab 1.70a 0.96a 1.70a
Autumn 105 5.7a 14.2a 6.8b 1.55a 1.75a 0.83ab 1.54a
90 5.7a 14.3a 6.8b 1.54ab 1.61ab 0.77b 1.43a
75 5.7a 14.3a 7.1ab 1.58a 1.58ab 0.77b 1.50a
CK 5.2b 13.2a 7.2ab 1.48b 1.48b 0.86ab 1.61a
&% 120 4.9a 10.9a 7.4a 1.80a 2.13a 1.05a 1.47a
Winter 105 4.8a 10.3ab 7.1a 1.72ab 2.05ab 0.95ab 1.39a
90 4.7a 9.9b 7.0a 1.70b 1.98¢ 0.95ab 1.42a
75 4.8a 9.9b 6.7a 1.67b 1.92¢ 0.88b 1.34a
CK 3.9b 6.4c 5.2b 1.47¢ 1.62d 0.60c 0.81b
75'5‘?[* 120 4.3a 7.9a 6.4a 1.61a 1.86a 0.76a 1.25a
Early 105 4.1a 7.6a 6.3a 1.58a 1.86a 0.76a 1.17a
spring 90 4.1a 7.4a 6.3a 1.57a 1.81a 0.77a 1.22a
75 4.3a 6.9a 5.8ab 1.59a 1.79a 0.67ab 0.94ab
CK 3.5b 5.6b 5.1b 1.56a 1.70b 0.54b 0.70b
ZF}T% 120 5.1a 14.92a 9.4a 1.50a 1.74a 1.17a 2.33a
Spring 105 4.6bc 13.1ab 8.8ab 1.47a 1.71a 1.14a 2.05ab
90 5.0ab 12.7b 8.5b 1.46a 1.70a 1.08a 1.97b
75 4.8abc 13.0ab 9.0ab 1.50a 1.71a 1.13a 2.04b
CK 4.5¢ 9.8¢c 7.4c 1.39b 1.61b 0.86b 1.47¢
Eﬂ 120 5.2a 15.9a 9.8a 1.50ab 1.75a 1.60a 2.82a
Summer 105 5.4a 15.0a 8.8a 1.44b 1.68a 1.24b 2.20bc
90 5.4a 14.0a 8.8a 1.49ab 1.73a 1.29b 2.03c
75 5.3a 15.0a 9.2a 1.53a 1.79a 1.44ab 2.51ab
CK 4.7b 14.9a 9.9a 1.49ab 1.74a 1.58a 2.87a

[ VE PRI T A R 5 B

Values followed by the same letters are not significantly different at 0=0.05
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Table 7. Effects of different retention period on the leaf characteristics of tea tree in summer
season (2003-2004)

BE REN

B4 R leaf characteristics

Tea  Retention = T ’EIT T f[%‘aﬁ HE
season  period Leaf length Leaf width Leaf area Leaf thickness
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd

day cm cm mm
TR 120 54a  6.5a 2.4ab 3.3ab 9.1a 14.8a 0.250a 0.299a
Autumn 105 53a 6.3a 2.3ab 3.0b 8.6ab 13.1a 0.260a 0.305a
90 59a  6.6a 2.6a 33ab 10.8a 15.2a 0.255a 0.306a
75 5.5a 6.5a 2.5ab 3.3a 9.5a 15.1a 0.246a 0.295a
CK 44b 5.0b 2.1b 2.4c 6.4b 8.2b 0.244a 0.286a
& 120 5.1a 6.0a 2.5a 3.0a 8.8a 12.5a 0.283a 0.315a
Winter 105 5.1a  6.la 2.5a 3.1a 8.8a 13.2a 0.282a 0.324a
90 53a  509a 2.5a 3.0a 9.4a 12.3a 0.268ab  0.316a
75 5.0a  5.6a 2.2b 2.7a 7.8b 10.7a 0.259ab  0.303b
CK 47a 54a 2.1c 2.7a 6.8¢c 10.1a 0.251b 0.303b
fﬂ?ﬁ 120 6.1a 72a 2.3a 3.2a 9.9a 16.0a 0.246a 0.288a
Spring 105 6.5 7.la 2.4a 3.2a 10.9a 15.7a 0.246a 0.290a
90 6.0a 69ab 2.3a 3.1a 9.8a 15.1a 0.246a 0.290a
75 59a  6.4b 2.4a 3.1a 10.0a 13.6a 0.250a 0.294a
CK 496 4.7c 2.1a 2.5b 7.3a 8.1b 0.250a 0.304a
BH# 120 5.6ab 7.0a 2.4b 3.1a 9.2a 15.2a 0.237a 0.275a
Summer 105 6.1a 7.0a 2.6a 3.2a 11.3a 15.5a 0.239a 0.284a
90 5.7ab  6.8a 2.4b 3.2a 9.7a 15.0a 0.237a 0.286a
75 5.8ab 6.8a 2.4b 3.1a 9.7a 14.7a 0.238a 0.284a
CK 54b  6.5a 2.3b 3.0a 8.6a 13.4a 0.240a 0.284a

FHIE AR 2 H AT R S B
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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F I ST TR RO R R 1) fY8(2006-2007)
Table 8. Effects of different retention period on the leaf characteristics of tea tree in summer
season (2006-2007)

P 3ES ‘?}{ =HEr B R Jeaf characteristics
Tea  Retention B Y FIT B[ B E]
season period (day)  Leaf length (cm) Leaf width (cm) Leaf area (cm?) Leaf thickness (mm)
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
PR 120 4.2a 5.3a 1.9ab 2.7a 5.6a 9.9a 0.240a 0.270a

Autumn 105 3.7b 4.9ab 1.6b 24ab  4.4b 8.1b 0.234ab  0.267a
90 3.8ab 4.9ab 1.7b 2.4ab  4.6ab 8.1b 0.239a  0.272a

75 3.7ab 5.0ab 1.7b 2.4ab  4.4b 8.7ab  0.238a 0.270a

CK 3.9ab 4.6b 2.0a 2.3b 5.5ab 7.4b 0.230b 0.262a

S 120 43a 4.8a 1.8ab 2.4a 5.5a 7.9a 0.237a 0.283a
Winter 105 4.3a 4.9a 1.9a 2.4a 6.7a 8.0a 0.241a 0.276a
90 4.2a 4.4a 1.9a 2.2a 5.7a 6.8a 0.232ab  0.280a

75 4.0a 4.4a 1.9a 2.2a 5.5a 7.0a 0.238a 0.276a

CK 3.4b 3.1b 1.7b 1.8b 3.9b 3.8b 0.224b  0.255b

Rl ??*45 120 3.8a 3.9a 1.7ab 2.0a 4.5ab 5.4a 0.224a 0.260a
Early 105 3.8a 3.8a 1.8a 2.0a 4.8a 5.4a 0.221a 0.265a
spring 90 3.9a 3.8a 1.8a 1.9a 4.9a 5.1a 0.217a 0.257a
75 3.5ab 3.5a 1.5b 1.8a 3.8bc 4.4a 0.218a 0.270a

CK 3.3b 2.6b 1.5b 1.4b 3.5¢ 2.6b 0.227a 0.270a

;FTT\ 120 4.9ab 6.2a 2.0ab 2.5a 6.8a 11.0ab  0.203a 0.235a
Spring 105 5.0a 6.1a 2.0ab 2.6a 7.0a 11.2a 0.203a 0.236a

90 4.7ab 5.8ab 1.9bc 2.6a 6.3ab  10.6ab  0.181b 0.218ab
75 4.9ab 5.8ab 2.1a 2.7a 7.0a 10.9ab  0.181b 0.223ab

CK 4.5b 5.3b 1.8¢ 2.4a 5.8b 8.9b 0.177b 0.213b

B# 120 4.6a 5.3a 2.1a 2.7a 6.8a 10.0a 0.203a 0.235a
Summer 105 4.5a 5.2a 2.1a 2.5a 6.6a 9.0a 0.194a 0.230a
90 4.7a 5.6a 2.0a 2.6a 6.6a 10.1a 0.199a 0.241a

75 4.7a 5.5a 2.1a 2.7a 6.8a 10.3a 0.204a 0.241a

CK 4.7a 5.5a 2.1a 2.5a 6.8a 9.7a 0.190a 0.232a

*fl I?Jﬁl{ﬁjf}'\v?@ FroJH R A RIS B
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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Fo o SRR TR RO R AT B HY3(2003-2004)
Table 9. Effects of different retention period on the yield characteristics of tea tree in summer
season (2003-2004)

*5 O OWEIE B W MRt PEER [RE A

Tea season  Retention  Plant height Plant width Flush density 100 Fresh 100 Dry Yield
period (cm) (cm) (bud/900 cm?) shoots weight shoots weight (g/plant)
(day) (& (2
FRR 120 125.8a 109.6a 52.0b 103.0a 26.5a 110.0a
Autumn 105 123.8a 113.1a 63.2ab 91.0a 26.0a 103.3a
90 124.8a 118.9a 56.0b 100.3a 29.0a 113.3a
75 109.1b 115.8a 73.3a 96.0a 25.5a 116.7a
CK 99.1c 118.8a 68.7a 62.5b 17.5a 75.0a
R 120 111.3a 106.5a 38.8¢c 86.0a 24.0b 105.0a
Winter 105 111.5a 111.1a 39.9¢ 87.7a 26.5a 87.0ab
90 111.1a 113.8a 44.1c 85.3a 25.0b 98.3ab
75 99.2b 116.3a 81.4b 79.0ab 17.9¢ 87.3ab
CK 97.6b 115.1a 92.5a 71.5b 17.5¢ 65.5b
ZFT? 120 99.5ab 116.3a 79.0bc 113.5a 28.9a 140.0a
Spring 105 102.2a 112.9a 73.8c 112.3a 28.9a 136.7a
90 100.9a 119.2a 75.3c 108.7a 26.7ab 140.0a
75 92.9ab 112.0a 85.7b 91.3b 23.7b 120.0ab
CK 89.7b 116.5a 99.7a 69.0c 17.3¢ 75.0b
B# 120 101.7a 110.3a 81.2b 107.0a 26.7ab 176.5ab
Summer 105 99.9a 112.9a 80.0b 113.3a 29.2a 163.7ab
90 101.9a 110.3a 80.0b 111.0a 28.5a 183.3a
75 92.9a 106.6a 83.7ab 104.3ab 26.9ab 169.3ab
CK 96.6a 116.1a 88.2a 92.5b 23.5b 138.0b

S I“Ejﬁl[ﬁji}id/ PSR R 5y B e
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
(FRAHEV] - 7R R 92/10/24 ~ %4 92/12/30 ~ f}ﬂ 93/4/5 ~ K4 92/5/18)
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Table 10. Effects of different retention period on the yield characteristics of tea tree in summer
season (2006-2007)

RE OBEO OB OB MPERT SLF O BDP THED PHRZD R

Tea Retention Plant  Plant width Flush Banjhi Flush Pk 100 Fresh 100 Dry Yield
season period (day) height (cm) density (bud/900  Banjhi Flush shoots shoots (g/plant)
(cm) (bud/900 cm?) ratio weight weight
cm?) (%) (€3] (®
FFE 120 117.1a 125.4a 37.0b 9.1d 24.5¢ 60.3a 15.4a 98.5b

Autumn 105 117.8a  130.6a 47.9b 13.1c 27.3c 58.5a 14.1ab  123.5b
90 112.9a  129.6a 52.5b 16.2¢ 30.8bc  56.8a 13.8ab  121.5b
75 113.7a 129.7a 50.3b 19.2b 38.2b 60.5a 14.5ab  113.8b
CK 102.7b  128.1a 87.6a 87.6a  100.0a 54.3a 13.1b 163.3a

% 120 109.3a  126.2a 49.5b 31.8b 63.8c  67.9a 15.9a 89.0ab
Winter 105 109.8a 127.9a 55.1b 40.5b 73.4b  67.2ab 14.9a 107.3a
90 106.7a  126.3a 58.4b 40.2b 69.1bc  6l.1ab 14.4a 96.8ab
75 106.1a  128.5a 58.9b 43.3b 7296  57.9b 14.2a 101.0ab
CK 96.8b 119.8b 117.9a 107.3a 90.9a  35.2¢c 9.4b 86.5b

@'T{}*ﬁ“ﬁ 120 106.7a  135.1a 66.1b 12.3b 18.5b 472a 12.0a 71.8a
Early 105 106.3a  133.8a 67.8b 13.6b 20.1b 48.2a 12.3a 80.0a
spring 90 103.0a  129.6a 68.7b 15.3b 22.7b 46.6a 11.9a 80.3a
75 104.1a  136.1a 70.5b 17.3b 24.2b 41.0a 10.8a 82.3a
CK 96.0b 131.2a 113.3a 94.2a 82.7a 32.8b 8.8b 72.8a

‘?774{ 120 102.9a 135.0a 60.8b 34.0b 55.5bc  77.9a 21.1a 159.5a
Spring 105 102.8a 135.8a 57.1b 25.5b 44.2¢c 71.9a 19.7a 191.5a
90 100.5a 128.7a 62.3b 36.7b 58.6b 68.9a 18.4a 165.0a
75 100.4a  133.8a 56.7b 27.8b 474bc  72.6a 19.8a 151.5a
CK 95.6a 127.5a 83.0a 72.7a 87.2a 58.4b 15.4b 122.5a

AR 120 99.8a 128.5ab 88.8a 64.4a 71.6ab  85.5a 16.0a 185.3bc
Summer 105 100.2a 133.3a 78.4a 57.4a 73.2ab  70.8b 13.7b  216.8a
90 97.0a 125.4b 88.4a 70.8a 80.2a  79.6ab 15.6ab  200.3ab
75 99.5a 127.7ab 86.5a 58.3a 72.1ab  81.la 16.2a 185.5bc

CK 100.6a  130.1ab 84.3a 52.8a 61.8b 81.8a 16.4a 166.5¢

EXCLICE SRR ERETEY T
Values followed by the same letters are not significantly different at 0=0.05 by LSD.

FRAREIE < PR 95/10/12 ~ 25k 95/12/5 ~ BIFi 7k 95/2/13 ~ Fi7k 96/3/30 ~ | 95/5/25

S EJp i B (2007/7/5) 120 : 205.0b+38.7 > 267.5a+ 59.1 » 220.0b +49.0 > 205.0b £ 43.5 > 185.0b +31.1
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Hof QR IR SRR T 5(2003-2004)
Table 11. Effects of different retention period on the green tea quality in summer season
(2003-2004)

#F ELE Green tea quality

BF O WmEW YR W T mR wE p

Teaseason  Retention period Appearance  Color Liquor Aroma Taste Total

(day) (score)

FFH 120 5.5b 5.8b 15.0a 22.5b 21.0c 69.8c

Autumn 105 5.8ab 5.8b 15.0a 22.5b 21.0c 70.2¢

90 6.3a 6.3ab 15.0a 22.5b 22.5b 72.7b

75 6.0ab 6.7a 15.0a 24.0a 24.0a 75.7a

CK 6.0ab 6.2ab 15.0a 24.0a 24.0a 75.2a

R 120 5.5b 6.3a 13.7a 21.0b 18.0c 64.5¢c

Winter 105 5.5b 6.0a 14.3a 21.0b 18.0c 64.8c

90 5.5b 6.0a 14.7a 22.5a 19.5b 68.2b

75 6.2a 6.7a 15.0a 22.5a 22.5a 72.8a

CK 5.5b 6.2a 14.7a 22.5a 19.5b 68.3b

EF",?} 120 7.0a 7.0a 14.0b 21.0a 21.0a 70.0a

Spring 105 6.5a 7.2a 15.0a 21.0a 19.5b 69.2a
90 7.0a 6.7b 14.0b 19.5b 19.5b 66.7ab

75 7.0a 6.3¢ 13.0c 18.0b 16.5d 60.8c

CK 6.8a 6.2c 15.0a 19.0b 18.0c 65.0b

Eﬂ 120 6.2a 6.2¢ 17.0a 21.0a 22.5a 72.8a

Summer 105 6.5a 6.3c 13.0c 19.5b 21.0b 66.3c

90 7.2a 7.2a 15.0b 21.0a 22.5a 72.8a

75 6.7a 6.5bc 13.7¢c 19.5b 19.5¢ 65.8¢c

CK 6.5a 6.8ab 13.7¢ 21.0a 21.0b 69.0b

HlE AL T HAT 2 B E S B -
Values followed by the same letters are not significantly different at a=0.05 by LSD.
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Table 12. Effects of different retention period on the green tea quality in summer season
(2006-2007)
A ‘;ﬁ[![’?’? Green quality
L L . i
Tea season  Retention period Appearance Color Liquor Aroma Taste Total
(day) (score)
FFH 120 6.4a 6.5ab 13.3a 19.5a 20.0a 65.7a
Autumn 105 6.6a 6.6a 13.2ab  19.4a 19.6b 65.4ab
90 6.3a 6.4b 13.0b 19.3a 19.4bc 64.3c
75 6.6a 6.4ab 13.1ab 19.3a 19.5b 64.8bc
CK 6.5a 6.5ab 13.0b 19.4a 19.1c 64.5¢c
R 120 6.6a 6.4a 12.9a 19.5a 19.1b 64.4b
Winter 105 6.3abc 6.4a 12.9a 19.3a 19.2b 64.1b
90 6.1c 6.2ab 13.1a 19.4a 19.4b 64.1b
75 6.2bc 6.1b 13.0a 19.5a 19.4b 64.3b
CK 6.6a 6.4a 13.5a 19.1a 20.0a 65.7a
fl fﬁz—‘ 120 6.2ab 6.1c 13.2b 20.4bc  19.5¢ 65.4c
Early 105 6.2ab 6.2bc 13.5ab 20.8a 20.0b 66.7ab
spring 90 6.1b 6.3abc  13.7a  20.5ab  20.2a 67.0a
75 6.3a 6.4ab 13.7a 20.1c 20.0b 66.5b
CK 6.4a 6.4a 13.3ab  19.5d 19.0d 64.6d
?TT 120 6.8a 6.4b 14.2a 19.5¢ 19.6¢ 66.4b
Spring 105 6.9a 6.8a 13.3b 20.0b 20.0b 67.0b
90 6.8a 6.8a 13.5ab  20.0b 19.5¢ 66.5b
75 6.8a 6.4ab 13.5ab  20.5a 21.0a 68.2a
CK 6.8a 6.6ab 13.7ab  20.5a 19.5¢ 67.0b
B 120 6.4a 6.8a 15.3a 21.9bc  21.5b 71.8ab
Summer 105 6.8a 6.8a 14.6ab 22.5ab 21.5b 72.1ab
90 6.8a 6.6ab 14.0b 22.0bc  20.9bc 70.4b
75 6.8a 6.5ab 14.8ab  22.9a 22.6a 73.6a
CK 6.4a 6.4b 13.9b 21.5¢ 20.0c 68.1c

ol I?Jﬁl{ﬁjf}'\v?@ FroJH R A RIS B
Values followed by the same letters are not significantly different at 0=0.05 by LSD.
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Table 1. Taiwan tea samplmg records in this research
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Table 2. Sampling records of tea from neighboring countries in this research
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Table 3. The wavelength of elements used in this research

TR ! & ot G Bz S 5 g 2
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PAR iR i 2
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(nm)
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§ (Mn) > Rl (Sr)~ g (Zn) F97R %% - MJmﬁﬁﬁw%W@(R) ) (Na) ~
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([HPSEE (Fe) ~ 5] (Na) ~ 81 (Ni) 7 2AREREEE ([l Byl T I VEHIRpo@ el (7
HCCY S 10% ) 250 (Co) S (S0) [DHRGKESS ) PR JRCRIRRYDA (S0
RIS L P Sk TR % T A IS 5 A Ay ﬁggy?ﬁ%ﬁiﬁlﬁﬁfﬁﬁ{]
SRR 9 FR T A ¢

T[{?%:LE;‘I %ﬂ;&gﬂ@[%éﬁ#“ 9 7 Sk A[FE{ M rj)ﬂf’%“‘ff'» [I s BB A|;E'|
LR (KD Tl [sw%ﬁpu? kS +3@j;|15“16064~18745mg/kg R 5 R Ca)
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Table 4. The average amount of nine elements in tea samples ( mg/kg dry wt)

) =Sl . . N
TR N RN S S
Country I‘t)) (Al) (Ba) (Ca) (Cu) (K) (Mg) (Mn) (Sr) (Zn)
mber
(F,[?ﬁ 97 494 3.88 2695 6.95 18314 1835 620 4.69 19.39
Taiwan
FlE
) 464 6.49 3080 7.14 16064 1811 812 4.33 17.28
China
I
HE 537 4.2 2988 4.97 18745 1953 682 2.33 11.08
Japan
;E\,? .
\_FIFJ 13 498 3.59 3589 5.96 16102 2127 661 6.05 7.87
Vietnam

U TGS ST ) -+ = BH 51 % i - B3NS T
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B N Fisf (AL~ 8 (Cu)~ 52 (Mg) ~ & (Mn) ~ Bk (P) MR (ST) 3 7 ,?ﬁﬂ@H@"*
F“F“‘%'IHI » B Bt JFIIE@S«'T’«*EWFA',%"EIFJ' (B AUTRB IS (3T P53 "*Efr*% PH53 o B
VRIS ) 21 PR 53 07+ AL (Ba) § T I S G 2 OL ] B £
B IR 55 o (E = 2 (S st o i ] UEHEU [z IR 5 I Skl (Ca) >
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Fig. 1. The amount of nine elements in tea samples from four countries
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Fig. 2. The principal component analysis (PCA) of 97 tea samples from Taiwan and 28
samples from other countries
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Fig. 3. The principal component analysis (PCA) of 32 high-mountain tea samples from Taiwan
and 12 Taiwan-style Oolong tea samples from Vietnam
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Estimating the Feasibility of Element Analysis for
Certificating Production Origin of Taiwan Teas

Chih-Yi Hu' Kuan-Li Kuo® Yao-Jen Tsai' Jyh-Shyan Tsai’

Summary

In this research, the feasibility of certificating the production origin of Taiwan tea was
studied by comparing the differences in the element composition between Taiwan and imported
tea. We used ICP-OES to analyze 9 elements in 97 Taiwan tea samples from different tea
production areas and 28 tea samples from Vietnam, China and Japan. According to the results of
principal component analysis, the distribution of Vietnam tea samples was more concentrated
than others. However, the Vietnam tea samples couldn’t be effectively separated from the
Taiwan tea samples. The result of principal component analysis showed the 32 high-mountain
tea samples from Taiwan could be separated from the 12 Taiwan-style Oolong tea samples
imported from Vietnam by ICP-OES. The above results indicated element analysis by ICP-OES
could roughly separate the tea samples from some specific areas, but was not sufficient direct
proof of the production origin of Taiwan tea. To certificate the production origin of Taiwan tea,
we need to develop more sensitive and stable methods of element analysis, for example ICP-MS
or isotope analysis. As well as element analysis, chromatography and DNA analysis can also be
used for certificating the production origin of Taiwan tea.

Key words: Taiwan Tea, Geographical origin, Micro elements, Trace elements,
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Table 1. 17 kinds of amino acids

b e
I E TR Aspartic acid Asp
faxr 41 Glutamic acid Glu
L Glycine Gly
A R Serine Ser
[iR T Threonine Thr
LS R Tyrosine Tyr
[RkEgL Alaine Ala
T Tk Valine Val
[ R Leucine Leu
E TR Isoleucine Ile
4 PR Cysteine Cys
P Methionine Met
EE R Lysine Lys
(E*—)

MK 42 Phenylalanine Phe
KB E Arginine Arg
A Tk Histidine His
L Proline Pro

Theanine (fEF! TCI) »

y-aminobutyric acid ~ Tryptophan - Asparagine * Glutamine (P&F ! Sigma) o

Acetonitrile ~ Acetone ~ Sodium Acetate ~ Sodium bicarbonate ~ polyvinylpolypyrolidone
(BEE1 Merck) »

Dabsyl Chloride (DABS-CI) (J&F ! Supelco )

=) BRESEI

HPLC : Thermo separation product (UV/ VIS Plus Detector ~ Surveyor LC Pump Plus -

Surveyor Autosampler Plus ) °
Column : Supelcosil™ LC-DABS, 150x4.6 mm, 3 um ( Supelco ) ©
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Study on the Qualitative Analysis of Free Amino
Acids in Tea with DABS-CI Derivatives and
High-performance Liquid Chromatography

Hsiao-Wei Huang  Ying-Ling Chen  Kuo-Renn Chen'

Summary

The aim of this study was to analyze the free amino acids in tea with DABS-CI derivatives
and reversed-phase high- performance liquid chromatography. The results showed in the visible
region (436 nm), twenty amino acids and y-aminobutyric acid labeled with
dimethylaminoazobenzenesulphonyl chloride in sodium acetate buffer system can be well
separated. However, although the main free amino acids in tea, theanin, and threonine were
overlapping and couldn’t be properly separated, a lower pH buffer system (pH 4.13) could
effectively separate both of the above. In conclusion, the method can effectively separate free

amino acids in tea.

Key words: DABS-CI derivative, HPLC, Free amino acid, Theanine, y-Aminobutyric acid

1. Assistant, Agronomist, Senior Agronomist, Tea Research and Extension Station, Taoyuan,
Taiwan, R.O.C.
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Table 1. Effects of different withering durations on the chemical component contents

measurements (mean = SD) of green tea

= Y%dﬁﬁ fi] [Z25Y 55 lﬁé'r Chemical component contents (% ) (mean=+SD )
Withering time InEa= p'jp]ljjgpd Fr YFT){%' ﬁ%ﬁFﬁ%‘Hyﬁl p{z
(hr) Catechin Caffeine Soluble Sugar Free Amino acid
0 10.86+0.29a 2.29+0.15a 3.25+0.83a 1.03+0.18a
2 10.52+0.46a 2.324+0.10a 3.61+£0.34a 1.07+0.07a
4 10.75+£0.35a 2.414+0.09a 3.64+0.31a 1.07+1.37a
6 10.29+0.63a 2.44+0.16a 3.72+1.23a 1.23+0.15a
F value 1.66 0.93 0.68 7.22%%

Means followed by the same letters in the same column are not significantly different at p<<0.05

level according to Duncan’s new multiple range test.

E %Y%JE%F&H%?#\% ﬁ%#’“ﬁ * FA'[EI g%
Table 2. Effects of different withering durations on the mineral contents measurements

(mean £ SD) of green tea

F0Hd  FYE7 3 Nutrient elements (% DW) f%E1 5% 2 Minor elements (ppm )

[ ] ) L2 & & 74 2] & Bl f2s
Withering P K Ca Mg Fe Mn Cu Zn

Time

(hr)

0 3.9+0.2a 0.5+0.1a 1.5+0.1a 0.7+0.05ab 0.2+0.02a 49.5+1.7a 517.1+76.1a 13.7+0.5a 21.8+l.1a
2 3.9+0.4a 0.5+0.1a 1.3+0.4a 0.8£0.25a 0.2+0.04a 49.1+2.3a 456.6+31.6ab 12.7+0.6b 21.5+1.5a
4 3.4+0.1b 0.5+0.1a 1.3+0.3a 0.5+0.16bc 0.1+0.04ab 47.8+2.5a 464.3+58.3ab 12.7+0.5b 20.6+1.1a
6 3.8+0.2ab 0.4+0.1a 1.2+0.1a 0.4+0.15¢ 0.1+0.04b 49.2+3.2a 379.3+92.8b 13.1+0.4ab 21.1+1.3a
F 3.09 0.14 0.52 4.89* 3.45 0.37 2.20 4.24* 0.65

Means followed by the same letters in the same column are not significantly different at p<<0.05

level according to Duncan’s new multiple range test.
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Table 3. Effects of different withering durations on the quality measurements( mean+SD )
of green tea

ES ‘(%JE?T i B LET Quality (%) (mean +S.D)

Withering 7% b A<y Fﬁl 2 SIS FRER
time  Appearance  Color Liquor Aroma Taste Total
(hr)

0  6.50+0.15a 6.50+0.16a 13.10+0.49a 18.88+0.25¢ 19.00+0.41b 63.85+0.91b
2 6.33+0.16ab 6.35+0.10ab 13.08+0.29a 20.13+0.48a 19.88+0.25a 65.75+0.60a
4 6.28+0.25b 6.55+0.10a 13.40+0.20a 19.63+0.25b 19.50+0.00a 65.35+0.19a
6  6.20+0.12b 6.10+0.24b 13.40+0.20a 19.00+0.00¢ 19.00:+0.00b 63.70+0.50b
F value 531" 577 2.28 18.95” 12.64™ 10.16™

Means followed by the same letters in the same column are not significantly different at p<<0.05

level according to Duncan’s new multiple range test.

I~ PG SR (5 ) P R
Table 4. Effects of different panning temperature on the chemical component contents

measurements (mean = SD) of green tea

e ’J}ﬁ R Chemical component contents (% ) (mean+SD)
P i 1 L ! — ) 35 ] N
e TR P et Ve HL
tem}() Oecra)lture Catechin Caffeine Soluble Sugar  Free Amino acid
150 10.16+0.77a 1.9240.14a 4.34+0.44b 0.76+0.12b
200 10.30+0.24a 1.78+0.07a 4.63+0.84ab 0.85+0.09ab
250 10.64+0.57a 1.914+0.03a 4.96+0.32ab 0.89+0.04a
300 10.28+0.96a 1.87+0.06a 5.34+1.00a 0.94+0.07a

Means followed by the same letters in the same column are not significantly different at p<<0.05

level according to Duncan’s new multiple range test.
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Table 5. Effects of different panning temperature on the mineral contents measurements

(mean + SD)of green tea

*J/%J ¥ 7% 2k Nutrient elements (% DW) f%%! 5L & Minor elements (ppm)
BE s o o m om @ i oH o
Panning g P K Ca Mg Fe Mn Cu Zn
temp.
(C)
150 4.0+0.2a 0.5£0.1a 1.6+£0.1a 0.7+0.2a 0.2+0.0a 58.2+11.7a 599.0+27.3a 13.1£0.8a 18.7+2.0a
200 3.7+0.3a 0.440.1a 1.3+0.2ab 0.6+0.1a 0.2+0.0a 55.6+3.77a 580.5+39.4a 14.3+t1.0a 17.3+1.8ab
250 3.8+0.6a 0.3£0.l1a 1.2+0.2b 0.6+£0.1a 0.1+0.2a 51.5+3.07a 580.5+17.4a 13.2+0.6a 16.0+0.8b
300 3.7+0.7a 0.4+0.la 1.2+0.1b  0.8+0.2a 0.1+0.0a 50.7+£2.95a 555.6+14.7a 12.7+1.2a 15.5+0.7b
F value 0.42 1.66 3.96%* 1.32 0.79 1.04 1.45 1.96 5.86%*

Means followed by the same letters in the same column are not significantly different at p<<0.05

level according to Duncan’s new multiple range test.

Arh LR I SRR T By
Table 6. Effects of different panning temperature on the quality measurements (mean =+
SD) of green tea

gt Pﬁ#,’?ﬁ— Quality (%) (mean + SD)
@
Panning Tt “IE gl Fﬁli“ VAR AT
¢ Appearance Color Liquor Aroma Taste Total
emp.
()

150  6.38+0.16a 6.65+0.10a 12.43+0.51c 17.63+0.25¢ 17.13+0.75b 60.20+1.31¢

200  6.50+0.13a 6.60+0.12a 13.08+0.15b 19.13+0.25b 19.50+0.41a 64.80+0.14b

250  6.43+0.50a 6.18+0.25b 13.65+0.47a 20.25+0.29a 20.25+0.29a 66.63+0.66a

300  6.40+0.14a 6.13+0.15b 12.85+0.17bc 17.63+0.75¢ 17.75+0.29b 60.75+1.09¢
F value 0.36 13.5" 8.457 217" 35.98" 65.7"

Means followed by the same letters in the same column are not significantly different at p

<0.05 level according to Duncan’s new multiple range test.
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Effects of Different Processing Methods on the
Quality of Panning Green Tea

1

Jen-Feng Haung Shang-Shung Wu

Summary

This study aimed to clarify the effects of green tea materials and their processing on the
quality of panning green tea. The effect on the quality of panning green tea was examined after
the tea plant materials were subjected to a withering process (no withering and withering for 2,
4, and 6 hr) and a panning temperature (150, 200, 250 and 300°C). The panned green tea
contained slightly less chlorophyll a and b after being subjected to withering treatment, but its
chemical composition and mineral content were not significantly affected. Its water color,
aroma and taste were significantly better. This showed in processing green tea materials, the
bitter, green taste of the materials was significantly improved after the materials were subjected
to a slight withering treatment. The optimal duration for the withering treatment was 2-4 hr.
The ideal panning temperature during the processing of green tea was 250°C, under which the
green tea quality appeared to be better, its chlorophyll contents were not affected and its
chemical components and mineral contents were not significantly altered.

Key words: Green tea, Withering, Agronomic characteristics

1. Technician, Director, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan,
R.O.C.
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Exploration and Collection of Exobasidium Blister
of Tea in Taiwan, 25™ April-10™ May 2005
Hideyuki Nagao'~ Hsin-Hui Shih® Chuen-Hsu Fu’> Wen-Wei Hsiao®

Summary

We surveyed Exobasidium blister of tea at 16 locations in Taipei, Yilan, Nantou and Chiayi
Counties in Taiwan and collected 56 herbarium samples from 9 areas. We obtained 8 isolates of
Exobasidium vexans. In Taipei and Yilan Counties, all tea cultivars infected by E. vexans were
assigned to Oolong and Tonchang (Chinese tea). In Nantou and Chiayi Counties, cultivars infected
by E. vexans were assigned to either Oolong or the hybrid with Camellia sinensis var. assamica
and C. sinensis var. sinensis. In the germination tests, additional nutrients were required for
germination in Difco Czapeck medium. There is a difference in the nutrient requirements for
germination of basidiospores among the origin of isolations. Exobasidium spp. collected from
Camellia and Rhododendron spp. are examined in ITS and L-rRNA (D1/D2) regions for homology
searches. These isolates show 98-100% homology with Japanese isolates. Thirteen isolates of
Exobasidium spp. collected in Taiwan were deposited for the first time in Genebank, NIAES as a
result of this exploration. These were the collections of Dr. K. Sawada in Herbarium of National
Taiwan University. Twenty-four herbarium specimens of E. vexans and E. reticulatum collected in

Taiwan were observed.

Key words: Basidiospore, Camellia sinensis, Exobasidium vexans, Germination, Taiwan
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Introduction

Thirteen Exobasidium spp. have been described in Taiwan early 20™ century and 7 of them were
indigenous (Hsu et al., 2002). Culture of Exobasidium has been established since 1960°s so there is no
deposition of either the authentic isolate or one from Taiwan in ATCC, CBS and even MAFF.

Tea blister was first observed in India in 1868 and was described by Massee as E. vexans in 1898. History
of disease communication was precisely documented elsewhere (Ezuka and Ando, 1994). Exobasidium
vexans is the major plant pathogen for tea in the monsoon Asia (Ohishi, 2004b). There are two cultivars of
Camellia sinensis (L.) O. Kuntze; var. assamica for black tea and var. sinensis for Chinese tea and Japanese
tea (Ohishi, 2004a). On the plants of var. sinensis, Kawakami reported first time occurrence of tea blister in
Taiwan in 1910 (Ezuka and Ando, 1994). Sawada (1919) examined morphology of the pathogen in Taiwan
and identified it as E. vexans. He also listed 11 places of occurrence of this disease, where was famous for
Oolong tea but variety of host was not noted (Sawada, 1919). First report of tea blister in Japan happened to
be the same year by Horita (Ezuka and Ando, 1994). Then, this disease spread to Vietnam in 1930, Southern
India and Sri Lanka in 1946, Sumatra and Java in 1949, and Malaya in 1950 (Ezuka and Ando, 1994).

However, there is a question whether Japanese isolates collected from var. sinensis are really the same to
those from var. assamica. Morphology of E. vexans is identified as the same to pathogen of this disease. Is
there any physiological differentiation on the different varieties? Comparison among several specimens is
very important. But the deposited cultures in CBS and MAFF in Japan were contaminant. Data were shown
from the biochemical activities and also the molecular method (Boekhout ez al., 1995; Fell et al., 1995) for
CBS culture. MAFF culture was proven by the molecular method (unpublished). Japanese isolates showed
very slow-growth and basidiospore production (Ezuka, 1955). However, it was replaced by contaminant now.

Recently, taxonomy of Exobasidium collected in Japan has morphologically and phylogenetically been
revised (Nagao et al., 2001, 2003a, 2003b, 2004a, 2004b). More than 80 Exobasidium spp. except for E.
vexans have been isolated and cultured. Last year, Japanese isolate of E. vexans was successfully cultured
and its molecular position was verified (AB180380). Actually, this species requires special nutrient to grow
(unpublished). We wonder whether nutrient requirement is a key for culture. So we planed to compare
several specimens from both vars. assamica and sinensis in the monsoon Asia.

Aim of exploration is to study tea blister pathogen, Exobasidium vexans and relatives in Taiwan, R. O. C.
by joint teams and to share collected strains for research purposes.

Methods and Results

1. Itinenary

We surveyed Exobasidium blister of tea from April 25, 2005 to May 10, 2005 in Taipei, Yilan, Nantou and
Chiayi Counties (Fig.1, Table 1). We collected leaves occurring Exobasidium blister and isolated the
basidiospore on the media. We occasionally collected Exobasidium diseases on C. tunuifolia and
Rhododendron spp. and cultured.
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Fig. 1. Locations of exploration of E. vexans
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Table 1. Itinerary of exploration and collection in Taiwan

Date Itinerary Work
27-Apr-05  Nangang (Taipei)—Shrding (Taipei)—Muja (Taipei)—Taipei Collection
28-Apr-05  Yulan (Yilan)—Sanxing (Yilan)—Fushan (Taipei) Collection and moving
29-Apr-05  Fushan Botanical Garden (Taipei)—Dongshan (Yilan) Collection
1-May-05  Yangmingshan (Taipei)—Linkou (Taipei)—Gueishan (Taoyuan)  Collection and culture
2-May-05  Formosan Aboriginal Culture Village (Nantou)— Yuchih Collection and moving
(Nantou)—Yuchih Branch, Tea Research and Extension Station
(TRES)(Nantou)
3-May-05  Yuchih Branch, TRES (Nantou) —Ching-shui-kou Tract, The Collection
Experimental Forest, National Taiwan University (CSK,
NTU)(Nantou)
4-May-05  CSK, NTU (Nantou) —Shitou Forest Amusement Park Collection

(Nantou)—Caoling (g ﬁ%})
5-May-05  Caoling (&' ﬁ?ﬂ)—»Jhanghu (ffEﬁ‘ZFﬁ)ﬁMeishan (Chiayi)—Taihuo Collection and moving
(M) —Fen-chi-hu (Chiayi)

6-May-05  Fen-chi-hu —Leyecun Village, Alishan Township ([« EI[T[%[4%  Collection and moving
EE4f)— Alishan (Chiayi)—Taipei

2. Morphology of E. vexans

Fresh specimens collected in the field were used for morphological observations. Morphological
observations were conducted by light microscopy (LM). The basidia, basidiospores and conidia were torn
from hymenia by adhesive tape cut in Smm square. This tape was sealed with coverslip using Canadian
balsam solution. 0.01% (w/v) lacto-phenol Cotton blue solution was added to mounting fluid for LM
observations.

Morphology of basidiospores was examined (Table 2). Length and width of basidiospores from collected
samples were in the same range. Shape of basidiospores was ovoid to obovoid with a septum. Morphology of
basidiospores from collected samples was similar to the description.
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Table 2. Morphology of Exobasidium vexans

Length Xwidth  No.

Isolate Location Host (Camellia sinensis)
(¢ m). septum

503 Shirding, Taipei var. sinensis 9-13 x 3-4 1
507 Yulan, Yilan var. sinensis (Oolong) 9-15 X 3.5-6 1
508 Yulan, Yilan var. sinensis (Wu-yi) 9-14 X 34 1
509 Yulan, Yilan var. sinensis 9-14 x 3-5 1
510 Sanxing, Yilan var. sinensis (Qin-xin Oolong) 8-14 X 3-4 (0)-1
526 Yuchih, Nantou Hybrid (TTES' No.18) 11-15 X 3-5 |
529 Yuchi Br., TRES., Nantou Hybrid? 8-13 X 3-4 1
531 Yuchi Br., TRES., Nantou Hybrid? 10-13 X 3-4 (0)-1
532 Yuchi Br,, TRES., Nantou Hybrid® 8-12 x 3-4 1
533 Yuchi Br., TRES., Nantou Hybrid 9-13 X 3-4 1

Note: 1: “TTES” was the mean of “Taiwan Tea Experiment Station’s germplasm number”.
2. Hybrid: Camellia sinensis var. assamica * var. sinensis (belong to large-leaf-type tea).

3. Germination of basidiospores

Germination of basidiospores was also examined according to Graafland (1960) and Sundstrom (1964).
Three kinds of nutrient were separately added to Difco Potato Dextrose Agar (PDA) for E. vexans. Hereafter,
the media were tentatively called medium 1, medium 2 and medium 3. Germination of basidiospores was
observed everyday. Microscopic examination of germination was followed as described before (Nagao ef al.,
2003a). A half of specimens were deposited in the herbarium of the National Institute of Agro-Environmental
Sciences, Tsukuba, Ibaraki, Japan (NIAES) (Appendix I).

Mode of germination of basidiospores of E. vexans was by germ-tube. Three modes of germination of
basidiospores were observed and described as follows. 1. Basidiospores germinated, and then conidia and
chlamydospores formed (Fig 2, A & B). 2. Basidiospores slightly germinated then stopped growing the
hyphae (Fig 2, C & D). 3. Basidospores partly germinated (Fig 2, E & F). Results of germination depended
on the material and also the supplemental medium (Table 3). All materials of E. vexans grew on medium 2 as
well as formed conidia and chlamydospores. According to results of germination and growth activities on
another supplemental media, these isolates assigned into 3 groups. Group 1; basidiospores grew well,
conidiated sometime, and formed chlamydospores on Medium 2. However, basidiospores did not germinate
on Media 1 and 3. Isolates 510, 533 and 547 were assigned. These isolates were originated from both
varieties. Group 2; some basidiospores grew well, conidiated sometime, and formed chlamydospores on
Medium 1. However, basidiospores did not germinate on Medium 3. Only isolates 503 was assigned. This
isolate was originated from var. sinensis. Group 3; basidiospores just formed germ tube or simple hyphae on
Medium 1. Neither conidiation nor formation of chlamydospore was observed. Growth on Media 3 was
dependent on the materials. Isolate 507, 508, 509, 526, 529, 531 and 532 were assigned and these isolates
were originated from both cultivars. The rest of specimens of E. vexans which were not assigned were owing
to no basidiospores falling on the medium.



110 SR PR T 28 1 (2009)

Fig. 2. Several germination patterns of Exobasidium vexans on three different media. A (507), B (508);
Basidiopsores germinated, and condia and chlamydospores (arrowed) formed. C (507), D (529);
Basidiospores slightly germinated then stopped growing the hyphae. E (531), F (532); Basidiospores
partly germinated.
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4. Culture of basidiospore isolate

Leaves with lesion were cut into the small pieces about 5 mm square and were fixed with about 10 mm
square water agar block to the inside of the lid of a sterile Petri dish, poured with each supplemental medium
(medium 1, medium 2 and medium 3) acidified with 10 % (v/v) lactic acid for E. vexans. The dish was kept
at room temperature under dark. Basidiospores then fell down from the hymenium onto the agar surface.
After microscopic examination through the bottom of the Petri dish, the mass of basidiospores was
transferred to new each supplemental media to grow. Cultural method for other Exobasidium spp. was
followed as previously reported (Nagao ef al., 2003a). Then well growing colonies were selected among
these colonies and stored on home-made PDA slants as the representative strains. Cultures were kept in the
Department of Plant Pathology, National Taiwan University and also deposited in Genebank, National
Institute of Agrobiological Sciences, Japan (MAFF) (Appendix I).

Eight isolates finally grew well. Appearance of colonies of E. vexans was yellowish white to offwhite,
slow-growing, fragile, and wet (Fig.3). Appearance of E. vexans is similar to that of E. reticulatum but the
later shows dark reddish to brown pigment on the medium. Colonies of E. vexans was not yeast-like growth
as seen in those of E. camelliae and E. gracile infected on Camellia spp. There were 4 isolates from var.
sinensis and also 4 from hybrid of var. assamica and var. sinensis. Appearance of colonies looked like the
same despite the origins of E. vexans that isolated from different tea cultivars (Fig.3).

Fig. 3. A. Colony of E. vexans MAFF 239976. B. Growth on medium after 85 days of incubation.
Bar A:1 mm, B: 10 mm.
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5. Homology search of isolates

Exobasidium can be cultivated on the media. This anamorphic stage does not have particular conidia
which can be useful for identification of this genus. Some of Exobasidium grow and form slimy colony as
well as yeast but most of Exobasidium grow and form mycelial colony with pseudohypha and conidia. Even
if one observed the piece of colony by microscope, there was no significant characteristic to identify Genus
Exobasidium. For this reason, it is quite difficult to determine whether culture obtained is truly from
Exobasidium or not. We tried the molecular identification to compare the cultures obtained in this
exploration with the known Japanese E. vexans. We also examined the cultures from Rhododendron spp. and
C. tenuifolia. Protocol of analysis followed to Takeuchi and Nagao (2004).

Eight E. vexans were examined in L-rRNA (D1/D2) regions for homology searches (Table 4). These
isolates show 97-100% homology with Japanese isolate. Exobasidium spp. collected from Camellia and
Rhododendron spp. are examined in ITS and L-rRNA (D1/D2) regions for homology searches. Five isolates
show 98-100% homology with Japanese isolates. Regretfully 7 isolates were contaminated with

basidiomycetous yeasts and were excluded from our collections.
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6. Herbarium studies of Dr. K. Sawada’s collection

There are collections of Dr. K. Sawada in Herbarium of National Taiwan University.
Twenty-four herbarium specimens of E. vexans and E. reticulatum collected in Taiwan were
observed.

Yuchih Black Tea Experiment Substation was established in 1936.This station aimed to be the
center of Assam tea experiment in Taiwan. Many hybrid cultivars were bred. Prior to
establishment of this station, Dr. Sawada has collected 2 samples of Tea blister on C. sinensis var.

assamica in Kaosiung (Table 5). So Tea blister has been regarded as a common disease on tea in

that time.

There were many specimens of E. reticulatum. As he and Prof. S. Ito described this pathogen,

it was reasonable to find out many specimens all over Taiwan. Although net blister blight by F.

reticulatum were collected as well as tea blister by E. vexans from 1910°s to 1930’s, few net
blister blight is found at present. In our exploration, we could not find it, either.
Table 5. List of Herbarium collection of Dr. K. Sawada in National Taiwan University
Date of Place of collection Pathogen Host plant*
collection
VI 1911 Shizuoka FT{IPJ}J E. reticulatum Thea sinensis
v 1912 Taipei ’F =k E. reticulatum Thea sinensis
XI 19, 1923 Taipei /F A5 E. vexans Thea sinensis
X119, 1923 Taipei ’F A5 E. reticulatum Thea sinensis
XII 15, 1923 Judung, Hsinchu Frie . TR E. reticulatum Thea sinensis
IV 12, 1924 Shenkeng, Taipei ’F 1T G E. reticulatum Thea sinensis
V 31, 1924 Beitou, Taipei I E. vexans Thea sinensis
X 13,1924 Shizuoka F%frﬁﬁjﬂ | E. vexans Thea sinensis
I 20, 1927 Dashe, Kaosiung ﬁ,‘JiﬁéJ'[‘I—Kfi‘ E. vexans Thea assamica
X 10, 1927 Caoshan il E. vexans Thea sinensis
IV 14, 1928 Danshuei, Taipei &= E. vexans Thea sinensis
IV 14, 1929 Keelung iz E. vexans Thea sinensis
v 15, 1929 Keelung %l[iq% E. reticulatum Thea sinensis
IV 17,1929 Pingjhen T4 E. reticulatum Thea sinensis (:FVJ L)
IV 17, 1929 Pingjhen T E. reticulatum Thea sinensis (5% %)
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(Continued)

XII 3, 1929 Guanshi, Hsinchu ig?ﬁ"l‘ﬁ?'ﬂf’[ E. reticulatum Thea sinensis

1V 20, 1930 Tutanshan, Wunshan ¢ p I{‘,Bﬁﬁlp | E. vexans Thea sinensis

X130, 1930 Danshan AU E. vexans Thea sinensis

XII 13, 1930 Guanshi, Hsinchu ;9?%"'[\[5'5?15‘ E. reticulatum Thea sinensis

v 23,1931 Dashe, Kaosiung ﬁ,‘JiﬁéJ'[‘I—Kfi‘ E. vexans Thea assamica (cult.)
V 15,1933 Taipei ’F",:[b"[\[ﬁl E E. vexans Thea sinensis

VI 10, 1933 Shindian, Taipei 71 :"H%;F, E. vexans Thea sinensis

VI 2, 1935 Muja, Taipei /F TSR E. reticulatum Thea sinensis

XII 2, 1939 Muja, Taipei ’F'\,;[:"I‘IT vinl E. vexans Thea sinensis

*Scientific name was followed to the original description of specimen cover.
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