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FEARERET (BETE ) 2ZFEBAEY  RERREEHALEERY  BSKE
SYEIRHLED, REEEHERE , AEXERRERITEETRE EEF, REBRU
AR RBENSLEEAME , AAAIBRREARNRRIREECHEEERREZY
@o

HEABRERETRAR R HREEREORE—_HERE  EMTELRELEENES., FA
B3 ([U-C] sucrose ) RIFFHA X EENERERKSHBEMRK S EER , 8% 12 3%
EELEEERES VD B SERRINE 17.8%K% 80.3% ; BAMBFLERENE—H L
HWASEVREMXBEBERFTEEN. At , EXHBERER , XM XEENEH
EPERILEEER  EEERAAHEY  FEINTARERENER  ERRTHFEXRR
K. RFLEBEREURFXEFEEENER  ERRRXRENESY , FEERHKREER , HEH
BEYEINBFE, B, URLRENRE , —HEREERERENE. RXE5Kke, R
UK, FRTEEESERER,

BIT | W, BOTL. XAEW. £F. ER. RE
5

FEARERFEACSTERSAEY  FERTERFALESIUHCZBARR  HFELESE
FEREmESM (8, 1954 ; R |, 1975 ; EME |, 1978 )\ RIRIRIE ( Barua,1970; 8 , 1975)
HEAEREELEER (EMR , 1978 ; EME , 1983 ; BRE , 1991 ; B&R , 1995 ) RiMME R EBZ.

EHEERERED CELERNEECEBAEHE  FHEFN, ELELERARE | EkKE
REDABHHEEEERMTE  £EERIEEHZIING , Rz , EEERET , XETELHT
REBZK , ABMFECEELRFMEERLD (SHBEMRHE , 1958 ; BFK , 1999 )%

EMEEZRBEBRIMIR (source ) ERAEENMTEN  BACEVEEZHMBRAEIMN , W0
RERFAEF (unmature leaf ), HF& (kernal } BRI ( grain )} RE ( fruit ) 4R ( tuberous root ) K
 (tuber ) ZEENNRFEEYEEBNEERSE (R, 1998 ) FA “C MEHRNEREEHEM , o

L ITHRERERZESREARBRAMDEI SR, 58 BERM.
2. BMHPEASBRESERHR. B8 AP,
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DRERERSAEREBARKCENIAEENEE, »E. ERINABE , SBEREESET
NAMRECZKEEY , KTEARBRZERREE , MBTRZEIEEE % B 5 [E( Hale and Weaver, 1962;
Davis and Sparks, 1974; R F1%8 , 1980 ; 1981 )} EARMIE ¥P BRMNEARSE RBERERHMATKE
R BESRETNIEBRE KB 17.9%. /G 35.3%. 4B 17.1% K FTE4h 29.7% ,
HhBREBERDIVEMESTHE 46.8% ( BMK , 1999 ), AL RRBEEERNE B
2R, BERELEEL  FEAEHMESFERASAMGUER  SKEXB LARERZRETE=BHE (—)
REEFENRE (X ))( = )L FERPEBRABENRRER( Z ) ERMMATHFERNVRL,
E-ERENERERENETHEARENED (EMR, 1978 ) =FH (1997 ) BEE—SIEHE LR
HENEEYEDRE 10% EHRREBRE T EPFRIKMVEKE S , HEk 00% HMRRERK
BEW,

FRLEEERFEHEAENESINER R ERRBERS (HEE, 2002 ) E2K (EM
R,1978; £% ,2001 ) EFXEFZMELEE , TEFSRERELEZRE ( SHEMPRE , 1958 )
At , REARBERRANACEEBERECEY BRI RXEHATEEBETERERNEEHRE
RERXBHNEEER (BEMXE , 1978 ; FHMBR , 1990 ; BRE , 1991 ; FH5k , 2001 )

FELRZSNBESRMECERTA , XEHTEERESVEIRBLEERER , BHRE
EZRR, HEBZHARENETFTRS , EMRERAREBACEYNEERE» ERERERESEN
MEXBEHEED, BERKL , ARBRUAZE 12 BENELEEAME , RA ([u-*C] sucrose )
CEYVRANERAIBREESARNREFTIARRGHTHEEERRECHE FEHRHERTRER
FEMETRZEREMES , UHHATERARXEREREESE S EEEEE —SHRERRE,

MRIEE Rk
HE— :(U-YC) sucrose BRI EZERR
—., ABRME
L 1/2000 EAABERZ 5 FEARX 2 BERBE L BERSE,
=, AR E
RERRGXLDERPEKE,
=, BERE

DERLRFERELEBEAME  £FBHE  ERTERTIHAREARAB (EIRER), B
WA ERE , BRERREN 15 0958 [RE 34 FRBE, BFE(—LVZE ) ERTE],
A Lm2RE , §—HEPMA 10 ml 10 mM sucrose [RE 10uCi (U - “C ) sucrose , HiEMA
7.4MBgmmol™] , BEEE 24 /NEEE |, BER. BFE, BERWESIMUIFHEU.

M, 2HE

BEREAL (ER., MEFE, EREE ) 257 80°CTHE 48 NSk , BIBRFEEERZERA
BEZZERAEF , BMA 5ml Cocktail solution [Beckman Co. Ltd.] , B &xEDRAEK , EARE
F9 51+ 28(4& [liquid scintillation counter, model LS 60001C, Beckman Co. Ltd.] BBz E RS HEFE ,
F28E58E [count per minute, cpm] KRR , W E—FHEREZBURE “CRANKIENT DX
(%1998 )
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AR RERTHRTLEERNERY RS ECYE

—. ABRMHE
BL1/2000 REARERE B Z 5 FEAFE 12 R B L BEEME,
=, SR E

REWARSXUDER RS 5,

=, BEFERFAEERE
“HERERER AABRMERER, 2B TAIREE  TRELFHTR XFRE.
RERERHE. ®RFBE. RFEERTLEHE  URBYTESED W,

M, BYTERSNEZE

KRR LERE (—DOZE ) R 80°CHE 48 NEE |, WINLIENEHBEY TREECAE,
(—) 282EE

FEEL 029 2B ER BB REA DS , MOA 0.29 #{LHE ( K,SO, : CuSO, . 5H,0 : Se=50 :
10 : 1, W/W ) B 4ml H,SO, , MBS BRERE , malE , UREBKEEE 50ml, B 5ml HEREA
ZE Kjeldahl ZE2HES , BiA 5ml 10N NaOH #E1TRER |, 30 LA 4% 88 e R R WU 88 2 R B8
BAOOINHCI BEX KB EY , MEALASE (&, 1981 )
(=) BE, £, 65, &, &, &, . 88

FEEN 029 REBEBBREASEES , A 2ml BRBEZRESHYI% , MASRIED .
LA 100°CHnE: 30 82, BASBRERAE 360°CERBEME , FHIEHK , MERRIRBE 2-3 i,
PTHRRECESEEEHER  KoREEESEESA , BMAL 3ml B 30%MBEtEfHEE , #
EINEL 30~40 HiE , BRSO MBRAEERBAL, BoBERESESAE , UREBKEEE 50ml,
o BBEUBRERSER - R+ R HFT 2 E (inductively coupled plasma-Atom Emission
spectrophometer, ICP - AES ; Jobin - Yvon, JY 38 Type Il ) 247 , 1T 47 ®5. &8, 6. &, &, &.
tH, FEZSE,

A= RERTHRAEERE. XERERLCER D 2HE

—. REAHE

LI &g AF R EREOEERBRB AR,
=, HEthE

REWURB LD 5,

= BREFARFKEFEERE
“HERERE-FERX AABRMERRER 2HRTFAIREE F-—FERFE—F:R,
U RERABELRDIBNEAERTER,

M, XEEREMRTON

“HEAREES TR (F. B, MRELR ) ®HARER , A4 URFIERETE. XEEERT
FEMBAIRERRSRERERTE , FFERE 3 2RKAAZERMF , L 150 ml #HAHBFE 5
PiE% , BHEZS. mTEB SEREINE ( appearance )20% [FZAR ( style )10%, 3% ( color )10%].
K& ( color of liquor ) 20%. &S, (aroma ) 30%M %Mk ( taste ) 30% , #FFET ( total ) 100%.
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. RE(BRD D
FEER 0.2g BEFEL , A 80ml #oK ( ZHEBK ), BERACAAZBKPEE 1 /NFHE |, BILURKE
REBRE , WARBKEEE 100ml , RIGEEFRETIRHEA :
(—) TAEDEE (soluble solids content ) ( BRI , 1996 )
(=) BZTEBEEE (total polyphenols content ) - BABMBE &% ( Iwasa, 1975 )
(=) WX & & ( caffeine content ) ( #EFBT , 1987 )
(P9 #&kskRe 2R S B ( total free amino acid content ) - ninhydrin 2 & 3%( lkegaya and Masuda, 1986 ),

N, BRDH
BEREENES, BEFMAAESMERCER BAETEA 0N, B EEEKESE  B/K LSD.
T EEE AR,

& REEETER

=B —. (U-2C ) sucrose E{ EEE R
EYEENRETEZINGEYNER. PEERFAMES AP NUREENZEER S BLAE
ITHREVEZEENRBIEAC, ZER, B, B, B, TREREHATIETRE , EEHHPER
BEBFRE  AEEYNIBELTERMEZR. RERURRHBFERALEEHRNCEEY  HEE
ARAEMAR , DEFRREZER  EEIRAKIAIFNRETRERERENRE (HEF, 1997 ) &
RAETHRRAKXCEVERBSRELEER , A ([U-C] sucrose ) AU EHETEERS , &
BRBAZ DR BEREERETHBRILE OB 8B LW YC XEEYEESBIFH —O0=K),
EMREFHZER. A, EREEEREEFER , 1l 178%K “"C XEEVEES B E L
L, EXZRHRE (R ) FUAECEYIENRY , X EEESBIATEDN  ERABRER
FHIMUERTERERHBRTER YC XAEYEEXSEHEER (X— ) FHEELREREL
PUCHAENESELRRKEN 803%2% , HXERHES, ERFHEBUXEAEN D E AR
D HAUENBERLARS , 25IE2 19.5%H 53.5% , HLTAZREE T EEERNA , BEEK
HBOESPERERBEWENM. BREEZH , TETRERBTODBEUBNLRBENTERRZ
— BAK (1999 ) RIBEARME “P ELHRETR , EXENEEERATHYE , XY PR
WHEES it FBERBENDE LA ABRBER RME 17.9%, FHh 35.3%. $hE 17.1%, MEE
5 29.7% , WEEFTHIML 46.8% , EERENLEERELF ML — ¥, BEXAERERZAFTOLBER
B “CHAEYPELAHBRKERSIE 803%2E  ERAX 2 RILERD "CAEEYIE
tEBHEERRINER 178% , MEZEMEX , EXRAMBTOLEERAR L2 BMNLRBERRE.
A BELCBREEELRS “C KEEY P ELLAMEERUE 80.3% , TAXEENH S ENEZA
REERERDEEMESTENSE  YTESAREERGEEARLELRRN , AIRXBES 2O BETE
AR (1984 ) AA “CRE=F4LRER  UBRHEXCEYARTHEcSERE , &
RETERTIERMEBRNAESEY , TEBERER. IBRRENF  EEXEEVEERRTRF
MR, BDRERE , MEFPAEEYSEADRE M, R 1932 F Cameron FRIEHHFHE
REXZFREFPEENRERE , ARBENYETREEEHERMEZIED . Davis and Sparks
(L9974 )T BBERBEATARENESEEREFER, INRBEREERETER  ERERER,
ERFAEENASEYRER FEX AEATAEYESENH BN ER R EEREERERE
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#HBSE . Thprope and Minchin ( 1991 ) IMEHEBEYNRBAXESEY 22 BES X EZ B EKRA
BER (demand ) REMERREREMFE, ZHRB. B, £, B, TARESHEHREE
TE, EERHPERDABEE , AXECEYN I ESEEZE,

HERMRERTH , EXBERENEFER , XACEYAS» 2EEREBERIN , Y
EEERBMABIRS  FEARARFTETHRFTEER,

BB AEEARERTFEERRFBYARSECEHE

RENEEERBHEER , RUBHIERR , EREY. EPEAREESFHMA BEKRE
BERFPCEE_FTAARRENRAYETEHREAENEEYE A EERMRERER (EFEE
ENRFNELFERRERUMRMATENRRE ) HEEW 6~10 A , HEEEMGAMONL
EHENK , MEFEARENERER (EF , 1997 ) HRBRERERIHHATRESSEIR
FNPEHFR AR LRENEOLEE-HEARETHREESE , HRFHTFRE 5200 60% , BER
HRTEE (B— ) Hit , EXETERRE  BEIRAREHOXCEYRARKNBEY TEEE
BY , TEEMHREELER (B ) TS, EFR (1978 ) AEHEBARERE K BREREHRSE
RIFTE BB 49 2,000~3,000 i 4A , FWMEE L 300 #itE  SAHETHYES 07 A%, AESwmE
TLES 840~1,260 fro RF (2002 ) THRAEBEHMATE , SR URBEENE 201 AT2%, K&
BTAEERTEHEEMUER s FEAR R BRI RERTCERBE 59.8  , H#EA 109.9
AR BOREREBEA 4293 , #EA 518 LR (KR ) BRitzH  BEIAFAERBRER
ENZERFATHOSFEIREEREZNES, KSRXRFNEERARFTEE (B, &%= )

XEE—FREBHF , SRPRHIFE , T2 REREE MELLRE , REEETAREE
EHEHBAFOEEN —BEERER, TEEHEREIHERBERUTHE I~7 X2%  £R
ZHREDEN~+ AP, ERARFO—MBE=~DAGERE , AR EARTE  EE
HEERF—~—Af, BREFIHIRERNAEZTE—FXEL, IARS LEFEERRRENE
BRI T,

THREXFLEEISHNEE  RUCSFHTHREAENEEYENER ( EE, 19972002 ),
EEYER 1I0%EABEYEREBBRIBIEFRKSI , HEf 0NN ERYEREEAREHE
AREMR , MUREEERNEELER  eMLARNYNEERRRLEEYNS D  BEENLNE
ERNBE , RARGGZA  BYWEERMS , AIXBRRAESEYHEFEESE (2, 1985 )

EFEAREIEHWERSREER , B (F ) F—RA 40%,. =% 20%. =% 20%, MUHE 27%
(%),1985 ) EEBMESEREEESR=-AZ+—RB , —RUKFEAX , EXBEELXEEFR
35%, E—IREH 17%, £ IREF 18%. F—IRTE 18%. 5 IRTAE 10% K% LF 5%( K, 1986 )
AMEFEAEIMMES-, =RXREEREFE—, RERXNEF-AUFLEDB , LSEYRE
B, ZFEERMBRER ? AHABBELER (R ) TEELUBEERELE., #HRERR , FTAFEE
ERXRER=~THARUE , REEKTS LE=HAEENHRERREREE ,(— ) REFERIEAR
EENTE (£),(=-) RIFERXNIREBLFABEAXENRRE (=) 2E. AABQ (&=
RER ) RMBEFPHBORT , KA CENES  BE0EBRASH , EMELEPIFHFIHMM, 2
BYRBFEETSENEERR,. Rtz , ABSRELXREERECZRR , R rERHERE
REZNBER. EREX R BFERXEEEERS 63 LNT / NE, FUBBEE3 IS T / ANtE, A
WA AELEERAR 12 REERS (AMbr , 1993 ), EERTESLEEEBERFIEEES K
RAZE 12 . ARBRRABIRREOEERELNS “C BRI RLAME 721%EFRAEHE 12 3
191% (&*k— ), Bt , FRUEEXFTOBELZFRBEREZ—. £F (2001 ) FiEHERBAERT
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SERLERERFAERTHST  ERLRRUREEERNE.

EEREMERRENHEM— VLR ITDNYERER XEATHSERFNERNEARE X
#F BASERMERNERES 2, EREHRBROANELF RBIRDE R, ARFHIN
RREBFRERENBAEY  SEME. SHRATERRIMYTE R BHIRY TR R 5
Bl (2,198 ) HRARGEREE  AXLRBANBLORELAE, MRHRILER  HRLRXRESE
MNHASEBBTHBRICEEEREEM, [E (1977 ) MEN (1985 ) HRER T RERN REHR
HREZSHEEEMAME. AMNE (1995 ) IRTEHAFHFSENSEEIXEIRELRRER XA
FARELFKEHRE, ERXERN GNENSEEERHIBRT LABEER  BERNUEK
RERASL, W EXENEARSESE , —HERER. SNEFHBRHRERSSE
FRBELREREH SVENSERHREREER (R ) HRUXFARBHRHFREMS |
HAMBERRBREBERFTREENTE DALBERMENELSEYNEEIRAERNES
R, BRTEXBEEERRIIRKEERED

HUETERARETEENTERS  SEXBERYWERZNREMIE , Bt , BERARKRET
BENREEERMHGE  SEYREAXTFRHNRE,

HE= REFATHREFEER, FERERILBRIZHE
FREHBMAIAEERRREER  HBFE B MNLRERERTHESIRFEEHNHEY
BIERZERPEER , RMEEREZEBY , —HESEOEELERRE (RN ) RRERET
BREAIRRTERSTRIXERERATHRREMN R I ZEHY HIAXBLERREVE
B BEPRFEELLERPERE, RASKEIBEUAIREREE , LERE—EZ /PRI
EASD A, ERFEZARBEERFACBEBTRERBREE LRI RBERTEERRE
FAEERNEEER  REXBNEELER (EMRE , 1978 ; IBFPFR , 1990 ; BRE |, 1991 ; F Rk ,
2001 )%
XEAENTESLRBY , RTHEIARXRBLERRRFEEZ)  F2HEIARERZRENY
H, B 1958 FEBHERRBAMARAZR-, =BEXREEE K HREERERER , TR
RERFSLBRARBETREENEETEHEANRR. AXEREXRTEEET , X EMEME
BESYEIBTFEE. B, WELAFRNRE (RE), AHBEFXANLENTARSEE , —HERERR
TEEYERER B, RRERZ  ERESTHE, NBERNEEHERERSEFEHEELUER
(RA ) ARRFAEY , tRBEFERIAISFEIHENEERRERE K BERKIRAER
AREEFRIMFHERR QRS HEEERRE (5, 1952 ; Yang et al.,, 1972 ), 2 , mMEE
REREMS , FRNEBRERBTIRZERENRF
FELEMR , ABSRERENERE 34 AU, REFNMLERFRERRENRE ,
HEEAEBNEEYE  Filt, 4 RASNEBELEREENRELENRELIATRENBE,
ATHRAEEE BRIBEREFMAMEIR . ‘BERWARNRKBIORETE (£ ) B2, BX
RIFTREBREF(EMRK, 1978 ); Wi, A BEBEFERETERERE , I2H ( EFMR 1978 ;
BRE | 1991 ) R IDFE 3K ( FHGR , 2001 ) HEEMEHRBRIFS L, BROFEERCRR ; SFAE
EEE, SHERITHER (HBMEK, 1999 ) KEDE (£ ) WEE , EXTENREFTAFRERDF
HETEEBREFEINER , MEERBNEERER, At , MRERFIRBERERFTEENE
EYE  ERAENARBEELERNET EMATRARENRE , AHRHRERDERSBE
AN NEEREREEARAEE,
HRAREBASEEARSTEY , HERBEERABBEKBZEETHEX , —REBRTE LERH
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Effects of Flowering on Yield and Quality in Tea Plant

Chui-Feng Chiu* Teh-Ming Chu?

Summary

Tea (Camellia sinensis (L.) O. Kuntze), one of the perennial industry crops, is cultivated by plucking its
young leaves. The growth, yield and quality of leaves might be decreased due to the overproduction of
flowers. Two tea cultivars, TTES No.12 and Chin-Shin Oolong, were selected for this experiment. The
flowers were hand thinned in order to find out how flowering would affect the production and quality of the
tea.

The experiments results showed that there were considerable quantity of flowers and buds on both
TTES No.12 and Chin-Shin Oolong. The tea stems were treated with U-*C sucrose to study the uptake
and distribution of photosynthates. It was found that 17.8% of the total uptake in TTES No. 12 was
distributed to the flower buds; while in the case of Chin-Shin Oolong it was 80.3%. Over half of
photosynthates in Chin-Shin Oolong were provided as nutrients for reproductive growth. Thus, it is
concluded that during the flowering period, most photosynthates will be transferred to reproductive growth,
and those to the vegetative growth are relatively reduced, which further leads to the decrease in the growth
of tea plant and lower sprouting percentage or growth rate in tea bud, eventually reducing the production of
the tea. The quality of the tea the year following thinning is apparently affected. In both tea cultivars, the
tea quality of the thinning treatment is superior to the control in tea appearance, color of liquor, aroma or
flavor.

Key words: Tea, Flowering, Photosynthates, Growth, Yield, Quality

1. Director of Yuchih Branch, Tea Research and Extension Station, Nantou, Taiwan, ROC.
2. Professor, Department of Agronomy, National Chung-hsing University.
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K—. ZRBEEBERK [U-C] sucrose B E S BB
Table 1. Changes distribution of absorbed [U - **C ] sucrose in different organs of tea shoot in
two tea cultivars ( 1997 )

Labeled organ  (x10° cpm part™)

Cultivar Treatment Leaf Stem Young shoot™ Flower bud
TTES No.12 Defloration 15.9(14.4%) 30.5(27.6%) 64.1(58.0%)
Control 22.3(14.4%) 13.9(9.2%) 91.0(58.8%) 27.4(17.8%)
Chin-Shin Defloration 13.5(10.7%) 28.3(22.8%) 82.7(66.5%)
Oolong Control 14.3(3.4%) 14.1(3.3%) 54.6(13.0%) 338.1(80.3%)

*Young shoot : 1 bud and 2 leaves ;

R, RERBREBHRFNRELET2RE (28ER)
Table 2. Effects of defloration on the growth of young tea shoot and floral bud in two tea cultivars
( pot experiment; Winter tea, 2001 )

Young tea shoot Floral bud
Cultivar ~ Treatment Length Number of leaves/shoot Number/pot Weight/pot Number/pot weight/pot
(cm) )] @
TTES  Defloration 13.3a* 4.4a 72.5a 41.4a 0.0b 0.0b
No.12 Control 7.8b 3.4b 33.3b 14.3b 596.8a 109.9a
Chin-Shin Defloration  8.5a 3.9a 109.3a 46.6a 0.0b 0.0b
Oolong Control 6.0b 3.9a 60.0b 19.9b 429.3a 51.8a

* Means with the same letters are not significantly different at 5«level by Fisher’s least significantly difference test.

R=, XEFEHAERYAEZSECHE (ZARER)
Table 3. Effects of flowering on mineral elements content of young tea shoot in two tea cultivars
( pot experiment; Winter tea, 2001 )

N P K Ca Mg

Cultivar Treatment %
TTES Defloration 2.92a* 0.39a 1.61a 0.30a 0.19a
No.12 Control 2.68b 0.32a 1.44b 0.33a 0.20a
Chin-shin Defloration 2.82a 0.44a 1.65a 0.57a 0.27a
Oolong Control 2.49b 0.38a 1.50b 0.50a 0.26a

Cu Zn Fe Mn
ppm

TTES Defloration 11.50a 32.35a 63.49a 255.18a
No.12 Control 10.90a 32.12a 36.03b 248.87a
Chin-shin Defloration 9.78a 62.51a 70.52a 398.20a
Oolong Control 9.76a 37.89b 47.72b 213.88b

*Means with the same letters are not significantly different at 5%level by Fisher’s least significantly difference test.
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R, XEFETHRFHERREEECSE (HERR)
Table 4. Effects of flowering on the number and the yield of young tea shoots in two tea cultivars
( field experiment, 2002 )

Number of young tea shoot/900 cm > Weight of young tea shoot/900 cm % (g)

Cultivar Treatment Spr.tea Sum.tea Aun.tea Win.tea Spr.rea Sum.tea Aun.tea Win. Tea
TTES Defloration 36.3a* 41.7a 30.7a 23.3a 16.9b 31.3a 22.5a 19.1a
No.12 Control 39.3a 44.0a 34.7a 25.0a 22.9a 28.9a 20.3a 19.4a
Chin-Shin Defloration 51.7b 47.7a 50.3a 35.0a 22.4a 20.1a 19.3a 19.5a
Oolong  Control 71.3a 52.3a 54.3a 31.3a 24.9a 22.9a 22.2a 15.9a

* Means with the same letters are not significantly different at 5% level by Fisher’s least significantly difference test.

®A, XURTHARERECKE (HEER )

Table 5. Effects of flowering on tea quality in two cultivars ( field experiment, 2002 )

Sensory evaluation

Appearance  Color of liquor Aroma Flavor Total
Cultiver Treatment (20%) (20%) (30%) 30% (100%)
Spr. tea

TTES No.12  Defloration 16.0* 15.7a 20.8a 20.6a 73.2a

Control 15.6 a 155a 20.2a 19.7 a 71.0b

Chin-shin. Defloration 16.0a 140a 20.3a 17.8a 68.1a

Oolong Control 16.0a 13.6a 18.8b 173 a 65.7b
Sum. tea

TTES No.12  Defloration 155a 149a 21.3a 23.1a 748 a

Control 155a 13.8b 20.0a 22.1b 71.4b

Chin-shin. Defloration 13.6a 123a 20.0a 205a 66.4 a

Oolong Control 12.4b 13.8a 19.7 a 20.1a 66.0 a
Aun. tea

TTES No.12  Defloration 12.3a 154a 20.1a 240a 718a

Control 12.0a 146a 20.0a 20.2b 66.8 b

Chin-shin. Defloration 13.1a 136a 20.0a 21.1a 67.8a

Oolong Control 13.6a 12.8a 20.1a 20.3a 66.8 a
Win. tea

TTES No.12  Defloration 15.7a 15.7a 210a 23.0a 75.4a

Control 14.8b 156a 20.7a 23.0a 739b

Chin-shin. Defloration 16.2a 155a 21.3a 220a 75.0a

Oolong Control 155b 1440 21.0a 21.6 a 725b

* Means with the same letters are not significantly different at 5% level by Fisher’s least significantly difference test.
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xR, FEHETHEAEREER2FE (HBEER )

Table 6. Effects of flowering on chemical compositions of tea in two cultivars ( field experiment;

2002)
Soluble solids  Total polyphenols Caffeine  Total free amino acid
Cultivar Treatment % % ppm ppm
Spr. tea
TTES No.12 Defloration 35.50 a* 17.72 a 11.01a 214a
Control 34.33a 17.67 a 10.98 a 196 a
Chin-shin. Defloration 39.33a 20.39a 11.36 a 192a
Oolong Control 39.17a 19.43a 10.81a 196 a
Sum. tea
TTES No.12 Defloration 39.17 a 21.86 a 1190 a 167a
Control 40.00 a 21.90 a 1197 a 147a
Chin-shin. Defloration 40.83 a 23.21a 10.76 a 1.00 a
Oolong Control 41.00a 22.64a 11.02a 116 a
Aun. tea
TTES No.12 Defloration 40.00 a 21.88 a 10.79a 115a
Control 43.50 a 23.27a 11.16 a 101la
Chin-shin. Defloration 41.67 a 23.01a 10.95a 116 a
Oolong Control 42.67a 23.18a 10.44 a 0.97 a
Win. tea
TTES No.12 Defloration 38.50a 18.70 a 991a 154a
Control 35.67b 17.79a 9.944a 153a
Chin-shin. Defloration 38.83 a 1851a 9.89a 159a
Oolong Control 36.33 b 17.25a 8.55a 153a

*:Means with the same letters are not significantly different at 5% level by Fisher’s least significantly difference test.
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Fig.1. Effects of flowering on sprouting rate in two tea cultivars ( pot experiment; Winter tea, 2001 )
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B=. XEHRTHELEBTZZE (28ER)
Fig.2.  Effects of flowering on the growth in two tea cultivars (pot experiment; Winter tea, 2001)
A : TTES No.12 control
B : TTES No.12 defloration
C : Chin-Shin Oolong control
D : Chin-Shin Oolong defloration
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FER' BEK' REFE' RAAS

i =

AHEFZLEANAZHATTIENY  RRHELERSET  LIESEENRER, BE
BESLEEZE UERERECEXBERE , HHhERS K, KESE, MER. 5% 13
. BEOBME. RAF 20 HzBXBEREER 1%, 25IA& 3.86. 3.20, 243, 1.75, 1.43
& 1.40% , HAHER 1% , EEEELABXERERR sREEATRARREYD , B
HELESHRE (R ) UUBAREY. HX , E=EACAEXRIEETRE 2 B3t 2
BHESOSEEASR 12 FHEK , MEZERETIIEN 60% , BRIEFETEATAREE
HMXET , UEFERXIEZADRM A,

BET  BXTHNME. BXX, RBHREE, &

][]

Al

ZRBEREY  EEEXTHMM (R, 1954 ; BEEK , 2000 ), RfEHA-KE K EHH#
BEBAE 7R BT A ( Heslop-Harrison and Shivanna, 1977 ) ; #k#EEFR ( 2000 ) Z BREZHA
™, HRBMz S EBEARBEAERTHN  FREGRTHENE SO REFTBEELTF
BREEELERNKEEYNEERNCE O (HFEERR , 2002; 2003 ) —RABEERA —RMRIEEH
ERABEBRN KRS  EEETEEI, BRAEMBHCRBEASKRHATIHRIMBZRETEL
(ERXLFEL4HE ,IRE20HKAL 16 ARE ), MTARAKIERTEEE4BRE (ERXSHKES
%) ( R, 1970; REEHA , 1975, £F |, 1975, RE | 1976, REdHF |, 1982, REF |, 1984; fREEPT |
1993; HEEEPR , 1995 ) BEATHRFEBINAFTHERNETEA LT R MR REF A 6L EH EREE.
RIBEE R EARAT R AU ERAT ( 1951-1953 ) EREETR , Assam RZ BRERFHKBARFEHK 75
217%28E , HNEMBSZRR , BRXBEREBAMETE 10% 50T , {8 Bakhtadze ( 1940 ) LA Assam &
ETAIER , ERIE15%, MR (1960 ) R 1957 FR 114 RR (B ) 2 AIEXEERIRE 84
BRR(E)FBRERYAT , FTHEREE 0.62% , ME=FR 16 E B X EEIB 1000 LM RER
B BRFEARBEREMR 0-5%H. BFEREFEMSREZERBEREE 0.71% , MM FL 4
RmAFE 148% , BEESERRER 10% , 9 BRRSH 5%. UABEXIABRZE , HE

1. BEMRE, BERARERARERRE , THREXRZESREURE. 58 HER.
2. BB (BIAKE ), SBRERERR, 48 At
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BHRER BERAXEREFEEREHEY , BORERY. AW , MREFNAEAXTHRAE T REX
BEL, ERXBAEERMIRET  MEEBRMX , ATRAMBRATIHMI SR, BREA
TeRE YERSHIEFTRECEN. BEREL - BRE XSRS BRERBN RS RATERR
A2 BREREM— T,

MR TTE

—., XEEXRBERERE
1. ATEXBEVMHEERBABRRYZHERELE !

BEX R RESLEEMMERTERALER 600 £16 , HF 300 AABBREWEE
£, B0RAMERZTHBARAEREY , LRATERVZERERE,

EREREAERTATORWEREZRE BHET BRERTAEBRETF . B
BEREEEULERETEABNER , BARRUERTE , DAERERE,

BRERECZEREU-ES M (B, 1977 ) 5HE,

2. FERBZERBERE .

BE WELEBEREFzRE (R )NE—IEEERHE. WERE (R ) SMERHE
AXRSHEMEARERE , RELVBE. AEB#E. KL, ELBE. BOKT. BELL. #
BE. NEEH, BELSHR, BF 125, EFX 135N 5167 MR, AME—EK , LUIFHEE
HIEEERMBMH,

14 BRE(R)E—BHCcEBEEERERBIAEA B8 =88 K SEEE
FUWERFE BB ZI 100 &, REEHEZ , HBEERKCT , FUVEAERBEE
BEE, EEFTATHREERERE,

=, RBRAMIEE

R5 AR BIEEBE_—FEELRE—HK , K—BARY K BEHERERR 30z =it 3
BN&E R (R 1200 40' 59", Jb4& 24- 10" 41", #BIK 120M ). REZFMEL ( R 120- 49' 02", Jb4&
24- 13'59" , #BIK 380M )\ HRBBTERXRE ( A& 120- 56' 05" , Jb4& 24- 18' 48" , /BIK 800M ), A HH
2Rt E, BRI FIBHEAR 2 KRB ORERFEERAMR, =tz ZE 2 BRI
e RRPREERERE , YRKHEE T,

fa R BT R

—, REBARBRERE .
1. ATEXBEVNHEEREABRBRYZERELE !

HE—EREFEOLRSEETAIRVERHERNEREFERK , MEZANER

R HEL6WUT ; BRX R BAIRBECZERERE2HBRIRHERSEN S, B

£ 1.97%,
FRPDTZTEHBETTHETES K MABRTHMAIRYE  WRRE Bt )hE

KRABTR , EZERTHZEERS ; MEHBRE , MURERERAE , SFEIHERE

X2 EBEW, Alt, HR—ERERERAIRVRERZEARABR , HERERFEBIE ,

MESEEEREED,
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K—, BUOREHRAR R HEXBALARENEARBREENERELE

Table 1. Comparison of fruit setting rate between artificial-self-pollination and
natural-self-pollination by bagging of ‘TTES No.12’ and ‘Chin-hsin Oolong’ tea bush

BEMAERZE Effective fruit setting rate (%
wA% * g rate (%)

Maternal line ) _A_I ﬁ?’i}‘iﬁi ) ﬁ%ﬁ?’zﬁ&’@ )
artificial-self-pollination natural-self-pollination
B 125 ) )
+ +
“TTES No.12° 1.98°+0.009 0.40" £0.004
BB
sl 1.39Y+0.007 1.53" £0.008"

‘Chin-hsin Oolong’

z: AIE¥ 253 %78, AR5 @
y: AL$ZH 287 7% , BRER 4 &
X:ERBIET, BRER LA
w
v

CER261L KT, ERRER 4B
 RTESHRERE

2. IEXHMBZARBERER

17

REZSBHATHESEFXERE (X ) BXERRERE  XEENNERA
2.43+0.009% , A% 8 554 0.36£0.004% , BER SHERBERE , MBHNEEREFLB
#E 0.68+0.005%, AZEBHE 3.20+0.011%. KAl 0+0%. FEBHE 1.43+£0.007% B KT 0£0%.
BEAAL/Lr 0.3620.004%, AZ 12 8 0+0%, A 13 §% 1.75+0.008%, #HF 0.36+0.004%.
A% 20 87 A 1.40£0.007%. FUZEFE 0.37£0.004%, ELSHRE (R ) THEAEERZ /D
BEEZEREREREIONR 0~4.0%2H ; EEEELABRBEREER snE@BEATRA

EXEY , AELBHERE (R ) STRREIEY.

HEZZERIUEL , 2E0NRE (R ) BXBERREE , TEINZKNEE , BN
ERBEAMLVFBEEEYE CERMRERREEE (RE , 2004 ); Eitt , TUFA
ZHEXTZEFARETFNEYE  NEREEEERERAS , B EERMI , UAH
ATHRX K MEERRERET ; IEEHERE  URRRARMR BT , MAERKH
HBR A Mt , EAERNEEATIHINFTE  TEHFEEIYD , EJRSEEME

Y B %o
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K-, TRESEERAXHEEREACEXBHERE

Table 2. Fruit setting rate of 14 Taiwan tea cultivars with self-pollination

m & BREMERE

cultivars Effective fruit setting rate (%)
A% 55 ‘TTES No. 5 3.86%40.011Y
RERHEE ‘Dah Yeh Oolong’ 3.20+0.011
FIEEIR Assam’ 2.43+0.009
A% 13 8% ‘TTES No.13’ 1.75+0.008
EO BB ‘Hwang Shin Oolong’ 1.43+0.007
A% 20 5% TTES No.20’ 1.40+0.007
B/ BHE “Chin Shin Oolong’ 0.68+0.005
MZE#H Shy Jih Chuen’ 0.37+0.004
A% 858 ‘TTES No.8’ 0.36+0.004
BERAL Ly “Yinh Jy Horng Shin’ 0.3620.004
BT Tiee Guan In’ 0.36+0.004
BHOKFA  “Chin Shin Dah Pan’ 0.00+0.000
A% 12 8% ‘TTES No.12’ 0.00+0.000
K4l “Shoei Shian’ 0.00+0.000

2 B—RERAE N0 ATERERFBZERERE,
y: BIES A EERE

—. BERETRAMIGRERAE

AR=FBRRTAGEHEREHRARDERER 22%E 0%E, P , TEXENERER
e , EEFTTEW 79.41% , EXRAPHH 71.91% K THLM 33.33%, U@EMS , &% 12
RESOLESEEANZETESE  198IB 60%. HREXBARXARIEY , RHENLAESR , AER
BmEEERAMNSERCHERE Y EERBETETTH , HERIAR , EERFTNARERE
Nt 2 FRBEtE, REARTEHREMHIE R ENEREELH ZA HBE P E R E,

xR=, BEERRT , RAMEHEREUERRBE
Table 3. Effective fruit setting rate in isolated area for ‘TTES No.12’ and ‘Chin-hsin Oolong’ tea

bush
1t B RN BRERE
Location Maternal line Effective fruit setting rate (%)
1A 2 (Altitude, 380m, EL. T 12 8 42.00%(21/507)
120 49' 02", NL. 24- 13' 59" RS 22.50%(9/40)
L Fi5 33.339%(30/90)
A% 125 88.90%(48/54
TEEXE (Altitude, 800m, EL. 23K 12 4 0°( )
120- 56' 05" NL. 24- 18' 48" 50 R 73.17%(60/82)
T F iy 79.41%(108/136)
LA o} 0,
N . A% 1258 73.47%(36/49)
f‘zocf: 4Fﬁo' s mude, 120m. .F- BLEE 70.00%(28/40)
T F iy 71.91%(64/89)
B 12 5BFY 68.12+23.90"
5ULBEEFY 62.13+28.38

7z  ERARERERBUBETERAE
y A=A ERENERRTOEZRERE
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Preliminary Study of Natural Out-crossing in Isolation
Location for Tea Cultivars

Tie-Chung Lee’ Meei-Ju Yang' Ching-Kuang Chang® lou-Zen Chen?

Summary

The objective of this study was to investigate the feasibility of self-incompatibility for producing
out-crossing seeds in a tea-breeding program. The results obtained are as follows :
1. The highest self-pollinated fruit rate was 3.86% among these 14 tea cultivars, but most of them were
lower than 1%.
2. It was found that more than 60% of flowers were out-crossing for TTES No.12 and Chin-Shin Oolong,
which were planted in three isolated locations.
The results of this study suggest that it is possible to produce out-crossing seeds from two or more tea
cultivars grown in isolated locations.
Key words: Self-incompatibility, Self-pollination rate, Isolation location, Tea.

1. Assistant Agronomist, Assistant Agronomist and Head, Section of Tea Agronomy, Tea Research and
Extension Station, Yangmei, Taoyuan, Taiwan, ROC.

2. Associate Professor (corresponding author), Department of Horticulture, National Taiwan University,
Taipei, Taiwan, ROC.
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REMETSOEEMENTRE
X AFLP BB R 23t

HER' BKE’ Bx@' REFE' EMX’

i =

FRRZSFEEY  UEERNARENEREZERRES TEANRE , ERELHHEZR
ERBEAAZEMRE MERL —EEEMNERE  RERN AT ERDERFRERE
B, BTREiRRHEEENEERCE. SOREASEBHESREENRERE  REE
IR 50% , BEAMBULEKARMERSF (1855 ) BAERESIATOLRERE , BHERR
T, 3R 1910 FHPERESRRI , #RFcH I RETETEE  HREF®AX
MKEERE, BOSEETALERERRENREREER R IRDEREVES
REARBENER  IRAGFEENETREKDN

AHRFAEESBRRESHEMY (AFLP ) 2 FRRELCKBELBELERRIEZE
DEFEME DNA 2B, LBRALEZTEREN 30 BTFEFRELR , £A 9 5]+
ETZEESH , RERRESTEABECTOSEEAKRFIIERERE | 30 FEHREHF
EEHECEE 922% , EREANEREMECERSE 56% , R TARMERZEMNEE
L&

HET KR FER. BORE. &8, B8, BEFRRESEMSH, EEKR
E

][]

Al

REA/ZSFLEEY  BEREBERX  ERESREEHSERER S ENBREELRE
BEENTE BNLERRRENEER  FEKRIARIERBENR  ERFAIREERED RELE
BAERE, MF (1987 ) AEXEFLREREENEMREF , RBRAHERAGEER 712
R, ZXEERFZE, BERRKREES.

—REESRENNE  TERFAEEBRI|EMRNESHKUE. NRBENSFEEDH
TRBEERMEREERESTEANRE  ERELMEZIRERBELAATEMNNE MERE @
EEMNER ERERNAESHHARN D BERFEARHEN , M EAEEN 2 8 R
ERREERRNEEMOE, RREERERER , &80 LA BH E R 45 A T B 4% BY 3% 1

1L THRERZEERXURE PEWRE. B8, AREHRRK. 4% ®"ER.
2. BNABAREREER P, BEHR. 88 L1
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R AYHMERREHEZHFAETERENEEN S FIE  BRAZRAEEEEENTRESH
%, BREIFEBRREZEM ( RFLPs, Restriction Fragment Length Polymorphism ) iR 7 EERIE |, 7
1989 £ Tanksley 2 EFHARM AR ISEYEATLEFBHEEREE, T8, RFLP 7HEFEKX
ESHEN DNA MAEESEREFTERSHEARNERURETRIE, EBEIMARERRRE
BEMN,. ZOREBANERER URESBREHKRERERE( PCR-based, Polymerase Chain Reaction )
W R IE #4182 B¢ ( RAPD, Random Amplified Polymorphic DNA ) 24T , SR T 8F % RFLPs R
FHRFIRR, HEXEFRERFAEMS|F (primer ) HHEIR DNA ETHO B ES RN AKELIE |

HERBEI MOBELXFHEEEEN IRHBARERETERENE Z A Wachira F2ETE 1995
FHREFA RAPD M ABHNESEKEE , BERIA RAPD AL ABERN S K HF BB B IEIEES
Ro MIE 1997 I , Paul EBEHLFA T REFRREZSEM ( AFLPs, Amplified Fragment Length
Polymorphism ), ROMENER SR RBHRBENEEEREES L , BRIV BABERBHRERR
BREE, AFLP RWIE—EURESBREHRERAER ( PCR-based ) WABRIEM DT H T , HEE
RAPD Lt , A—RKAIEMARBENBEED FRIL DM AL, (2003 ) FIA AFLP & RAPD 7 Fi%
RHRAEIERERREERNBREER  YEYAX—HRET/RND FEMEEESR , BHT
DPFERNZEAMEBEMENEARRNER 2,

BEUOBEAREMESREENRIEMRE , BRiHEEERB 50% , B X HMEHAMBIH KRR E
B (1855 ) BAERESIATSOUBERE , BHEAREL , HEE 1910 FHPEFREARIAT,
#EETFz s RERETBEKEE AR BN X MNAHERE k—REKLERR 150 FHRIE
%57, EREHPERBAEHZEEARTHMNAREZRNENK. SREBRNZER—REAZRXEH
FIRRNAEAR  EREEANZERTRERMNZREZHN  HMERN SO REREREEEASR
EELHNEZER R —EEENATEY. ~ARENA AFLP It —BEMRBRERESN D FRICHE
TEEHEFTFEFSOERERENTEERANEEEEMRAE, MRFNEER FHELARMERERN

2/
Wgc

MR TTE

M
FAARRABEECEHEFTEFTORERERERE 30 BERRERZRT , 179/, HBEE
ﬂ%¥ﬂﬂ§§—o



AEBHESTOREMENRER AFLP BB E MR

x—., 30 AFLRERFEUR R
Table 1. The locations of the 30 Chin Shin Oolong tea samples

Bm i OBk & E b E
1 ¥ % A 253m N24°56'20.9" E121°42'55.6"
2 ¥ M B 604m N24°55'21.2" E121°43'16.5"
3 A i 420m N24°57'24.4" E121°37'50.0"
4 ZLUB A 80m N24°39'08.9" E121°43'00.5"
5 Z1L4# B 65m N24°40'20.1" E121°42'21.2"
6 ZWLHM C 206m N24°39'12.7" E121°41'59.6"
7 K Ei 484m N24°40'34.5" E121°35'10.0"
8 B i 215m N24°54'30.7" E121°11'11.2"
9 M W A 1275m N23°33'10.2" E120°40'53.8"
10 # W B 1250m N23°34'12.2" E120°39'52.3"
1 R E A 425m N23°45'45.9" E120°44'26.1"
12 ® B B 618m N23°45'18.3" E120°45'51.3"
13 ® B C 755m N23°44'52.6" E120°45'58.8"
14 ® B D 717m N23°44'35.1" E120°46'02.3"
15 ® E E 668m N23°44'41.4" E120°45'54.3"
6 & B A 224m N23°50'16.6" E120°41'13.4"
17 A #o 1020m N23°52'52" E120°54'31.5"
18 = B 250m N22°49'29.2" E121°06'08.1"
19 & H 198m N22°54'07.2" E121°08'08.5"
20 R g 204m N22°54'31.5" E121°07'54.9"
21 K =7 325m N22°56'08.9" E121°07'10.2"
2 HA B B 232m N23°50'18.2" E120°41'22.2"
23 &% B C 200m N23°50'19.5" E120°41'25.5"
24 % B D 250m N23°50'08.8" E120°40'40.5"
25 &% B E 300m N23°49'23.0" E120°40'18.2"
26 & B F 227m N23°50'15.6" E120°41'06.8"
27 A # A 1457m N23°28'35.0" E120°42'06.0"
28 /A & B 1550m N23°28'32.8" E120°42'27.0"
29 /H & C  1460m N23°28'20.3" E120°42'33.0"
30 /A # D 1370m N23°28'29.1" E120°41'49.2"
pap:

23

BEE 10 F—U0RMEZRFAEEFE, ER. EESEENRERRIME ; AR FMRER
BE A( 2003 )FTEE IR A SURRIKFFHE 1T DNA HEUR R E MR E I 1T DNA EE St AFLP %47, AFLP
PIFTERAR S| FYH BB A Applied Biosystems AT ER , 88T 12 @5 744, EEZHM4E
YIME| FHEEHE 94 , #5466, 6-7. 6-8, 7-6, 7-7, 7-8, 8-6, 8-7, 8-8 HEST AFLP £4F ( &
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Z ) BE|l FHNEXEABERMER TR, PCR ML Perkim Elmer A T4 & 2 GeneAmp™ PCR
System 9700 HAABIRR FESSETT , RIEMRHF 94C 259 ;94°C 208 ,66C 30% ,72C 2%, &R
10 X , BIER—X , 5| FEEERFS (annealing ) SBE T 1°C ;94°C 20 % ,56°C 30 ¥, 72°C 2
5, f&IR 20 IR ; 60°C 30 &9, PCR EIBEYERIBRA Perkim Elmer 2 T4 E Z ABIPRISM 310 Genetic
Analyzer EHE EXE X ERAESEFRMR , R 60°CTETEMEE XK. XHE[WREEMHE KA,

K=, AFLP I fEAZ 5l FHER

Table 2. Primers combinations for the AFLP analysis

Combination Msel Primer/EcoRI Primer ( 5’-3' )
AFLP6-6(blue) Msel-CTC/EcoRI-ACT
AFLP6-7(yellow) Msel-CTC/EcoRI-AGC
AFLP6-8(green) Msel-CTC/EcoRI-AGG
AFLP7-6(blue) Msel-CTG/EcoRI-ACT
AFLP7-7(yellow) Msel-CTG/EcoRI-AGC
AFLP7-8(green) Msel-CTG/EcoRI-AGG
AFLP8-6(blue) Msel-CTT/EcoRI-ACT
AFLP8-7(yellow) Msel-CTT/EcoRI-AGC
AFLP8-8(green) Msel-CTT/EcoRI-AGG
R

RIE AFLP EXARENFEENER , MIBEFA (2003 ) WAEETON , KmEESEERH
A9 {d B ER A Jaccard's coefficient of community( Jaccard,1908 ), B EL UPGMA( unweight pair group method
with arithmetic mean ) 4T85 247 ( cluster analysis ), 3t #& &k 5 & B

& REEETER

PHAEMRE N AMMIEOREELFEENR, BFENMNR 2 E682R, FHEER 444
R, BEREAR 194% , HPUERS (ERLWLB ) REe , F-ERFIA 35.86mm , BERY
7 115% , RIKAEKMR 16 (27.83mm ), ZEAKm 1 (46.92mm ), B=EEFHH 132mm , BER
A 128% , HRIEAEKM 16 ( 10.46mm ), ZEAKM 1 (17mm ), FE=ZERFIIA 49.94mm , B8
REA 10.3% , HEAKM 16( 39.1mm ), &= A& 28( 59.44mm ), F=EEHEF9%H 18.94mm
BERYAR 11.1% , HRIEAER 16 ( 15.39mm ), HREBHEME 28 ( 23.56mm ), MK =F o
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RZ, 0 ERMZBLOREERREMKRRAE

Table 3. The agronomic traits of the 30 Chin Shin Oolong samples

BRm BY¥E(9g) FZEE(mm) FZEHE (mm) F=ZER(mm) F=FEH(mm)
1 41.6 46.92+7.92 17.00+3.21 56.86+4.68 21.25+4.80
2 33.6 33.10+5.06 11.75+2.59 46.07+4.88 17.66+2.48
3 35.4 32.18+4.52 12.61+2.00 45.90+4.17 17.5242.19
4 57.2 36.68+3.86 13.35+2.19 51.84+2.54 18.61+1.18
5 68.2 38.38+2.49 15.50+1.70 51.32+5.11 21.85+3.80
6 45.0 39.90+4.80 14.90+1.82 52.30+2.65 20.00+1.20
7 32.0 32.60+3.30 11.30+1.32 46.20+4.90 17.10+2.40
8 40.0 32.00+3.88 11.00+1.66 45.20+4.01 16.10+1.56
9 45.0 32.10+3.85 11.70+2.08 46.20+4.90 17.10+2.39
10 32.0 32.60+3.29 11.30+1.32 46.20+4.90 17.1042.39
1 52.0 39.94+1.95 13.74+1.13 59.43+3.65 21.36+2.57
12 36.0 31.34+2.75 11.66+1.35 48.24+3.71 18.85+0.95
13 42.0 36.24+4.62 12.55+0.79 54.58+7.63 19.06+3.68
14 46.0 40.31+5.45 15.08+1.82 53.09+3.35 21.14+1.14
15 42.0 35.03+4.43 13.02+2.09 52.67+4.58 20.38+1.43
16 32.0 27.83+1.51 10.46+1.12 39.10+2.57 15.39+0.87
17 46.0 32.75+4.21 12.26+1.71 44.15+4.13 16.84+2.07
18 40.0 33.51+1.33 12.55+0.42 46.67+3.97 17.85+1.81
19 42.0 33.90+3.83 11.90+1.48 48.98+2.91 18.11+1.25
20 42.0 33.38+2.03 12.83+1.14 39.49+2.63 15.97+1.39
21 42.0 34.50+1.53 11.91+0.38 48.76+6.67 17.54+1.82
22 54.0 36.38+4.93 14.24+1.69 49.98+5.14 19.29+2.14
23 50.0 38.60+1.46 14.35+0.68 51.37+1.87 18.62+0.81
24 42.0 36.65+3.91 13.35+1.78 54.72+6.92 21.41+3.61
25 54.0 37.37+1.31 13.32+0.87 51.83+3.92 19.36+1.89
26 38.0 37.6746.59 13.06+2.14 53.68+7.93 18.33+2.94
27 42.0 31.85+3.86 12.35+1.93 45.19+1.84 18.33+0.59
28 58.0 44.61+4.02 16.88+1.90 59.44+6.10 23.56+3.04
29 54.0 40.22+3.37 15.92+1.11 57.3345.61 23.46+3.06
30 48.0 37.26+4.99 14.04+1.98 51.38+7.73 19.08+3.09

¥ 44.4+8.62 35.86+4.13 13.19+1.69 49.94+45.16 18.94+2.10

0 #H AFLP 5| FEI# TR IE , LL¥ 30 BE L SEERREEE DNA EY , BB HRE 242 @iEES
FRE , EEZEMNS FRERE 148 i, END FRERZEMA 61.16%, ;tESSEERNIE
EHEUENRN  PEEEALES 92%, FA NT-SYS B0 TEEEETRHR O, FTSHERE
mE—, AE—FTREERFE 16 (BB A), 23(BEC)., 9(BLUA)RS(XLMBB)EH
HEREEHENER  NRENEER , 2t 26 BEENFHEEHLUEE 8%, A REHEE
ZENERBEYRERRSHNAHECUE , HIESXERENREBENSEB. AR SEURE RIEHK
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WM—HRFEFER , SEERBREARBERENSEEY RN, A& RERENREFERER
BENEGR  AMROERBEMAHE . BERUERS FHRERATGENRRBREMS %16, 23, 9
R REmEEAHENBEEEZRE  UERKANE 6 RERME  HEARFNHAETERET ,
HEFAERBM , L —ARMERNZEHRUERBEMEREENRRBEE FHRBER]

56%ME  ARENZREERNEENEEREE , Rt HEL -Z2REFEEERN,

e m B

BUORHERERACEBHESEREME  RIBHAER 5000 £, RERNEUEMRBERE TS
BtENEOSERFREMREEZEZE EELIRRNHEEARIRBEFETIREENLECEE
R, AHRFA AFLP D RBLBEETEREN 30 B R , FRETELERENELRERHH
BRFIEFEEE 0 EXRTHNBREEE Y% , BORMNWBRESIE 44% , SREEBEB T
ANEEFIEEYNREBBEE Mt —SRETUBEBERIEAARMNZR , MEMRRBIEII
RABRE BETIREVEIRZRFCREIEFTHEELEANEZR, FAMRNGERBILTTAK
WMo XENTOSENAREZEREREEHAR  MARRRERFEIRRR FHEBIFATEK
B, ERIMLEANESEE ARAREMANRERMIARKBAREZRKABLEEAR S FREN
FirRE  ERBRE-SMUEEN.
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Figure 1. The genetic similarity dendrograph of the 30 Chin Shin Oolong samples
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The Assessment of the Morphological Variation and
AFLP Marker Analysis in the Chin-Shin-Oolong Tea
Cultivar in Taiwan

Hsien-Tsung Tsai® I-Chen Tsai® Wen-Ru Liaw’
Ching-Kuang Chang'  Yue-Wen Wang?

Summary

Tea tree is a perennial species propagated mainly through vegetative methods. The morphological
characteristics are subject to environment and cultivation practices and thus variations have been observed.
The distinguishable morphological differences have been documented in literatures and yet they failed to
offer genetic explanation. Chin-Shin-Oolong is the most important tea cultivar in Taiwan and accounts for
more than 50% of the acreage of the tea plantation. The variety was originated from Mainland China and
introduced by Lin, Fong-Tsu in the form of a plantlet in 1855. It was selected among with many other lines
in 1910 in the Pin-Chun Tea Experiment Branch Station and formally released to the public.

This research was intended to address the morphological variation using DNA marker technology to
provide a genetic explanation. Thirty leave samples from the primary Chin Sin Oolong plantations around
the island were collected and the DNA polymorphism among the samples was analyzed with AFLP marker
system. The result revealed an average of 8% of DNA polymorphism among the 30 samples, which is
greater than the amount of variation caused by mutation alone in general. There was a sample that had much
greater diversity with the rest of samples and reached the magnitude of 44% of DNA difference. The
morphological difference of this sample is less than the one revealed by DNA fragments. The result from
this sample provides evidence of the genetic contribution of the variation. The DNA difference estimated for
this sample was assumed to have been compromised by other factors during the expression of morphological
traits. It was concluded the morphological difference among the Chin Sin Oolong tea samples in this study
has genetic basis and the source has yet to be identified.

Key words: DNA marker, Chin-shin Oolong, Tea, Genetic analysis, AFLP analysis, Genetic diversity

1. Assistant Agronomist, Associate Agronomist, Senior Agronomist, Tea Research and Extension Station,
Taoyuon, Taiwan, R.O.C.

2. Assistant Lecturer, Assistant Professor, Department of Agronomy, National Taiwan University, Taipei,
Taiwan, R.O.C.
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2003 Fo Rt [ERE R E
MEHESEE ZE

RMAERFY 2003 FRREESEBRENFRAREARRELEENTE, aLBEBTRGR
ERLANERRBEERNT , HXARARXEZIERE  KRAUFGEEHEFTRAFREEN
TE. AREINETR  KERERECARARTIEZECAREERBEUABRMRAETRRS
BRESHHE , RSIBREECEERN T, HAHRIEREEBMESSRLERE , ALK
RECHERT. FERARZRARBEEETEASKHEETERBRE. HHABHAES LA
R, REEHELRRLERFERENTE  LHEUHERBEREAXEERRE, BHR
Bo@@EfteFBOREREESHEN  HERES ﬁ%ﬂﬁomﬂﬁiﬁﬁﬁﬁﬁﬁﬁ
B AEFEEERE , AHEFEETAMERERREE  TRESERERKRAEZRR
KA FRAMEHEREECRE %u%ﬁ%%ﬁi%ﬂ%ﬁ%%&ﬁo
BEY  xE. FH. BE. ERRR. HE

][]

Al

HR—BREEHECREEZ , EBUKX EWNTEE (Flan)ll, Tk, TERBEEZKE
B ), EERBENZEGRRETEE  BrALER, SEHRERCERE R — , ZEU—
BATEHBRRERER 6.25mm & , BRI+ BZHEREREIR 5mm & ; BIAEER/RAE]
R+ BULEEETECBRREE, SRR (£ ,1978 ) KERFTAREENPR06mMMIRSE
THEA , EES0 AU ETERRBEZ/NE , Ef 100 BUETBRRBZAR. # (1997 ) EEAE
BT AL ERKEHRIE 0.5mm , BREBRKERZERTEFY (Normal ) 2 60%RREREK=
+THEERRHBE —E+IUE (EF—E+2ERR 0.5 mm BIFRE , BRBEREREHME
REERN )EBzAREMECFENMRIRER, B¥EZERULEEKEREVERRERS
& %?EEE—E%FE?IXIEﬁ7k2$ﬂﬁﬁ§&7kﬁﬁk£$uii§?a$zﬁﬁﬁﬁfﬁ%?“ EEERRRAMBEZR
RKE  HEARREYEKSREK , BREDBAKSBERZMEE, HREEFERRTE , AN
DRRREE., 1EEZE, £EEE  SRIE,. EY. ARNABHERIAEZIHEHER (KR
R ,1993) ERZEURRFEZEH , ARRIZEZREIEREYNERKIET , BARE. &

THRERXZEEFRXURS ARSI S BHRERFERK. YEWARE, 48 AR
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HAAERNBRIR AT ZEFEYNBRRAB A SR BOME  MEEKAMNRE, KAMENE
EHERNTEREKR  BERTERERNET, ERERBKTENEREEZAR TEFK
PEEBLRLBERRRBEEEMATE (%K, 1985, MEH , 1987 ) EE—RERPER K MEE
=EREEMENBERKE,

REEREFRATSAUTEEAR , TEARRRER , KRECFHHEATI»ARER , BEHE
35 Ay HBEEREREBETS  AEHERER, BEKX, T EZXEME , ERINRE , ZRESSTEE,
fitn 2002 FEEERBERRE. EERLETE 68 A, ABESAZ. KBS, BREEKX , EEH
TR RMEASKRELESEXESTEE, H0 1991, 1992, 1996, 1998, 2003 FEEXHE M.
RERER 122 AR, RHAREFIETY , EPREF  LZRFHFL , RItZERE , FRELER
AR, REDREEEZZHHEE KEREABFTHAZRGE-RARERST  LFNRAKERR , #A
TERERFZHEE  EERNUEHELRXREERNEE  BEREERBEIVE ERALER
TR A BMEATRRENDVEEZELATEAUE  EREXNEZTES  BEWN , RHEEME , MA®
EoERBLE, HAATERE , HERE , EhBMEKTE , RAREKEHRE , SERMY,
DEITNESTEAZHRER, BHERIhRER, BBKLHRE, FAHREK , EYSHiE ,
BEERMY, ABTBHHUEEEXNRLE  MRK, FHHRAE  ERBELEREL , BXHBEHE
A, TEREFEREBRERZIEUBBKTS  LEMEEEERE(FRRR , 1993, BRS ,
1994, BB, 2003 ) F=ZAREEENEE , ABIRERZPH T REESUBRERRELE
T, RRZEFRERL, EEEEER , HRRAES , TERARFEKN, ARE , TEAKDHR
Z , BEPRABLD. ZEEAFRBIEAARBITIRKKS , EXAREE  REZXFEH , BETEHE
N BIAEEAY  SEBFARE , AL FREMABRNES.

IEFRHRESIRFIREE  UBEERBRERZFEN , FEEEREERFEMZEY. BF
REAETUEEHEFEEFERK , EEAFERTEZHUBREERK , E—REBRESS
LBHEERAZEENEEERANEE BEREZTEREHMEEMEEH. RS (1994 ) #
1991 E 1993 FRAELE 25 EXTERERBRAKSRLERE  URSREXREERSZ  #EBKE
KEER , FUHTEEENRBE, HUTREEHNET , REIXEERLFHRERLEBRENEE
B, #1991 & 2002 FFHRESXEE , 2514 1991, 1992, 1996, 1998 K 2002 & , LATEE Bhlx
BRAEXEZEEFERARBRE (K, 2003 ) XEAZFEEY  BEHA=FEARFEATHEBE
E 6 EHEERBLEEMRBRETFRIAEIEHMERA K AMEREREBANIER, 2003 FEFEE
REBREE , tBRERREPREREZEAERZIEBEABRERAMER , TAB X EBRHFIL
REERENERAREHRELENTE  HASHENSEKIE.

MR TTE

—, RERBRRTERBEERNES
FERBERIEREREWRENT (— REREERENRISWIS S H( 72520, JL4E 22°50106",
BRAE 121°04'00", BIK 240 m , HERE )\ REXRIFARD S (82558 , Jb#E 22°54'37", R 121
°07'25", B 175 m , BHRE ) RICEER A S ( 52748, 1b4& 23°65., R 121°41, #BIK 11.5m ,
RERE ) BXRKBALKERKER , 245 1996, 2003 F£5, 6, 7 ARZERK 1997, 2002 F 5,
6. 7 AEREZFCFHRE. FHEERE EERGE. ARWNAY REXRE. ERARER.
REAHE, WA 2003 F 6 ATAZE 7 APAZSERRAFZEBFLE, (= ) LHEBELM
£ 2000-2001 FREESELEREAEINER , KR EAREERMMERE , 7 ABHRE=



2003 FRERERHEEHAEREHEECFE 33

MEHRERE—I , HEXRLT (020890 ) RIEL (20-40 2% ), D4 pH, BHE, SRHERE.
B!, 65, &,

—. REREFE

R 2003 FEEREHBEETUTSEREIE ,(— ) FAEAREET. EHFRERTERRRE
RESEREEE , FEREAEREESR=BESE , BH (10%T )\ FF (10-25% ) RBEE
(25%H L) ZFE, AEEBARE. BHE. RE. . B2 2EZR, HPSZEERASHE
SHECEN, (=) TRAEZELREEZERES. 8. SEXRBRIRERE. (=) AF 12 5%
F173. BORE. BOAOSEXRRHERAE  HAEHE. #HE. IHE. BEIRS. ER
SR, EHE KEME, EEE. LEE, THREEE. EEEEY (ERR/ELEE » #
THRAERERE (BEH ) ERE (BE ), 8EAHEERERS L

=, XEESRETE

AEEEREHMERETERETTME . (— ) SREZRBELR , REEAREORKHER
B, (= ) BETRAFERSEREZEZRERARSREN G, B1E 1996 FE2F (6 ATH
27 AHAE ) & 1997 FIEFAER 12 BAGEE , 2003 FEF (6 ATEHE 7 A44E ) & 2002
FIEETRBIERREFICEORERRER,

& REEETER

—, RERECEERBERT

TRABREIHAUARGEEN. EHFARCERFEESAE  BEBARE , ARBAKE
BELEBHEBABERERPBRRE, 2003 EXRMBEEBRXEEZEZRRISHBEE , X
AEEERRESRENEREARFAMER  HNXRRELEEREEXNEFE, RItBEXEEH LR
BENEERRRFTEERCZEEREENER , AR EAHREXEH ERERREEEZSEK
B, UTRIBUAEEHEAAIRECRERTEER S BIRRNEERENEZRBER T,

HRRENETAREEHFREB 6 ATAZE 7 BHa , BE 30 XEBRERT ; LEERR
22114 mm , FEHESRBE 35.03 °C, REARKEBREFIEMS0.2 N, MERERZE HIE
68 mm, ERNEEERERRESE 25 mm ; LEEERE 206.1 mm , & H REFEAEH 69.2 /)
B, FHURERREIR2I C tERRERELERENER, RERREL 91 FEHMA 210.3 mm
(R— )» HEXREZREHSES\LETR, B 6 ATAORKRETHENEL , E2FLAZEBE
ERERVENOBREHEEHEEANES (X= ) HHERZEHBTERRERETE , AIR&S
RERERS A MERBAFEFES , ARREHEZELER , KRKRXEERERBRARAEZRR
IFEPE, SAFERRFERSELBALBRENARKHZRREESH, LERGREESIREBARE
WEERR , RETREFXEEE—FEAER, LRARKREHEERRERZHEERRNEER
F. HEFREBAENBERTRRELTSRLETHNERE " RBABRENESRR , HB4EHE
REASREMEKE ( EF, 2003 )%
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R—, 2003 FARATHELATAREHNHRKRELE 2002 FREFEH LR
Table 1. Comparison of difference of climatic change of drought period from the last ten days of
June to the second ten days of July in 2003, 2002 and previous years

KE £ THRE L3, om  RE ORR O RE S RE
BERE BRNEYH KRRE XBE HRKH BRHE
Mean Max. Accu. Rain fall  Accu. Accu. Accu.
Location Year Temp. Temp.  Rain fall days Eavp. Sun. Solar rad.
(°C) (day) (mm) (hrs) (MJm*)
B 2003 27.4 32.9 1.0 2.5 92.7 211.6 447.0
Pinan 2002 For 2002  +0.10 +0.70 -8 -320.0 -19.9 +63.1 +67.6
B Foryears +0.57 - - -206.1 - +69.2 -
& 2003 29.1 35.0 0 0 188.7 277.2 -
5 2002 For 2002  +0.27 +1.60 -13 -184.0 +68.0 +76.5 -
Luyeh
FE4E For years  +0.90 - - -211.4 - +50.2 -
i 2003 28.1 33.8 1.0 0.7 165.6 260.0 670.1
Juisai 2002 For 2002  +0.59 +1.01 -11 -210.3 +24.2 +77.2 +192.4

Temp.: temperature ; Max.: Maximum ; Accu.: Accumulated ; Evap.: Evaporation ; Sun.: Sunshine hours ; Rad.: Radiation.

R, 2003 EREARERRESR

Table 2. Climatic change of three tea districts in 2003

RRAF xE HA A t A
Climatic Tea May June July
factor district 9 w8 T8 L8 8 T8 LA #Ha T8

the first  the  thelast thefirst the  thelast thefirst the  the last
ten days second tendays ten days second ten days ten days second ten days
ten days ten days ten days

FHEHRE BEEPinan 238 240 242 234 258 269 273 281 277
Mean Temp. % Luyeh 26.0 26.0 261 250 268 284 291 298 292
(°C) BRf# Juisai 237 241 235 237 256 273 282 289 282

FHESRE HBEPinan 282 279 294 272 306 321 325 340 327
Max. Temp. % Luyeh 302 294 305 289 321 344 348 359 346
(°C) BRf Juisai 285 284 282 284 306 329 333 351 341

ERMEEE =®Pinan 190 305 90 740 410 0 25 0 99.0

Accu. Rainfall BEEF Luyeh 260 280 50 525 400 0 0 0 90.5
(mm) BB Juisai 38 291 184 702 1129 0.7 0 0 25.1

HERFAR %/ Pinan 3 6 5 6 6 0 1 0 3

Rain fall days BEBEF Luyeh 3 5 4 5 7 0 0 0 4
(day ) IR Juisai 1 3 5 6 8 1 0 0 2

EEZXBE HEPinan 198 87 229 181 339 449 109 369 65.6
Accu. Evap. 8% Luyeh 217 9.7 332 201 192 560 633 694 576
(mm) Bsf Juisai 240 230 119 118 350 497 593 566 226

ERXAREY = Pinan 239 60 223 53 303 585 763 768 811
Accu. Sun. B% Luyeh 368 147 461 252 450 829 917 1026 91.1
(hrs) B Juisai 374 243 299 286 350 777 860 960 839

ERASE HEFEPinan 7796 797 927 603 1033 1434 1521 1515 1583
Accu. Solar rad. EE%F Luyeh - - - - - - -
(MJm)  E®Juisai 1245 1017 1088 1107 126.1 203.8 2304 2359 219.2

The signs of characteristics are same as table 1.
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HIESTERBETEFRHRAELRARCCAR, MAEERESEHER  KERXER
FRZNER; MARMBSEAZSRFRS 2B  XRUASEALBRZ 2B  XRUHERE
ERAMBERE (R ) HXERERATREMLBENEABE MERERBNEXTBERTE
TEREEEHESL2RR. TERBREEENRENEZTHR , MADERFEE T B R INE
SEERENEEREZE— BRRS (1993 ) tEHI BRI EEBTOMERERFE , AEEFRER
TEBREBLERE  BEFTECEIHETTE  RIRCEELERIBRRER , TEREMHE
RENRES, R KRESELERLAMNER  EEXEEERE REARRECRELEREER
HRE , BUEIKEEENER.

K=, EFRHEXELESNER
Table 3. Soil properties of Luyeh and Juisai tea districts

ZE ITHRE NE BRRE BHE AEMR B4 0 BRHE SBREs

Tea Organic Available Exchangeable Exchangeable Exchangeable
district Soil depth Parameter  pH Matter Phosphate Potassium Calcium Magnesium
(cm) (%) (ppm)
EEEF 0-20 Mean 3.94 2.63 208.8 326.5 258.4 97.3
Luyeh SD 0.40 0.63 92.6 155.4 241.2 45.0
Max 4.8 3.6 384 698.9 755 221
Min 3.27 1.4 74 141.8 27.5 45
CcVv 10.1 23.8 44.3 47.6 93.3 46.2
20-40 Mean 3.88 2.13 161.9 228.0 185.2 60.0
SD 0.28 0.58 925 82.7 177.3 34.7
Max 4.4 3.72 355 396 678 147
Min 3.48 0.9 21 98.5 21.1 12
CcVv 7.30 27.2 57.1 36.3 95.8 57.8
B 0-20 Mean 4.21 1.94 105.5 170.1 200.4 46.2
Juisai SD 0.51 0.82 63.4 66.2 151.0 31.1
Max 5.29 3.32 221 281 545 102
Min 3.7 1.06 18 64 54 11
cVv 12.0 425 59.1 38.9 75.3 67.2
20-40 Mean 4.15 1.54 56.2 108.5 130.9 30
SD 0.36 0.64 485 38.5 72.8 13.4
Max 4.74 2.91 141 189 297 61
Min 3.78 0.89 10 62 37 9
cVv 8.69 41.4 86.3 35.5 55.6 44.7

BEE (Luyeh), n=24 ; IxF& (Juisai), n=10
SD: Standard deviation ; Max.: Maximum ; Min.: Minimum ; CV: Coefficient of variation

RXEEEAERF/H  FXEEZEEREERS , I ERTAXEREEE.RNEESD , BER
BRTYRIEETERZZN  HEEMHNSER T, fINSEREREEETFcRER N, EH.
% BERFREEE, £ERD. R EEHIENZE. OFEHEN , VERFSARLZA
XK 12 BREREREUDE  AMEADTERBRAEE  REUBIERR ; AMURFEEFTE
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BERECRE  FHASREZNR. HELERFAXEEN KBRS FEAREUEREBE
KE, MEABRRZRE , EEHKERNEE. EEELFHRKARMRMERLZEREBILE
B, RitFRERERMSZEINRBERENT , EETUBHEOERERIGFBRRNEET R
MRE , RETHATEKBEERFRIEEEEAX. MAREEFERNEZERESREREZ
£ RMBXMETEETINSE, CHELFRXESRMRFFREASERR , EEE%F 12
REAERMERAR , ARERBEER - KER,

ERNFEREEEUFERARERBELEERS , UBHERHRY  REREBABEEER. 15
FRBLREMRE  AREEER) , THREREAUBMERZRE AN RERESKREL
A%, TREMELESCRR , REEEHESRE,

FEORBZAAR 10 ATHEAMBRRABERTINRE  FERIBRRERELER. BHE
EZFMAIXESEY, 1 RBELAERZERBERIER , AHERICHEERXOHEEER

MECRYEREEREN—HAR REUFSLREATENERE BRRETHE  BXES
ERFERE  TEmEREZRNENZE  ARRBFOREXEAMECE R AEERE DX
EEEMEN , JRARTEANRBERESXNUBEBABTOREREEZIEEECTMEE,

Lo, ARFREECHAEANGRE  RERNEFTFERATHNK , AREFIROTHER , &F
RERCERRAEFLFRBE T 2RE, MREFEECRRRERBEZTRERME , UBFHK
REEN , SERERARROES , REARERUEEMERRENREEETMNURF ZE
E, LR BREERRTRASAL/PYRESNEE., AEBRNAREFEERFERRE , T
YRR R SRR

HRAFBEERREREMENR , LHRRIRE FEUEBRES , 7 A 22 BFHE (IMBUDO )
RREGROFRKEHUETHRES , FER 8 A 3 HEAIR ( MORAKOT ) BEERFEMME , A RHE
BRrERMNESEN7mm UL TEREEXELA 243mm WRE K KREKRTEBER. KRE
FTRBERAMEERECEZRTARERGAIE , BESHATIAZHERCEZER T, 4
EEEERKEMARE , EMERBAHE X,

—. 2003 EXREERE

Ao SHBRRAERAELERER, 7 AURELERKREBUNERABR  YEFENEEIR,
£27 AL HEEEMEBRECHEBILEAEAR, HERBF2FLEEREE7 A 15 HBIE 54%
HREEH , 7 B 22 BRI 84%HEMTE. THNEEHRBHNEEHERRE  UBEFRETHERE
EMERBANELR (RN ) SREREXEAN S HETHEE K HEXEEERXEARAED , TE
PTHRATEREER, AESEERTFLEEATERERE , RE8EE N EBI XEERREREE
AR, EREREEEMETY , ANERXBALEMTE. BEHFREAEIHB2 , HEmEN
BXDLRERBOBEAT  TL4FFEHEESOLEAIERERE  BZEREREZEREAN,
BERETRAXEREEEZETK , hEEH 28BS , REEEENEB,» REAERMEEER
R, BEREABTLEERAR 125, ASHESETRCEZTERETR , THIEEEE 2050 £
ZEEEE , 2. EHREERES BB 52.48, 137.0 & 65.35 NE , B REmBEZ 42, 41 &
%% , A ATREENHERE., HTRARXREZEXREUBRTRESRHERE , FEREZTEER
EiE 100% , BESERAUGRERERRE. TAXERESERHMTHER , 6% 12 BEXEH
ESERR , EHBRBHEAHBZFETRTK , AXRERBFLSERHERENTE  HEBFER
KEFEREXNEE, HRERETAEELFN, RE. HENEE  UBEEEERSHETRSH
ME,
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x®N, REZEBTLOSERBTEHEHEFTLER
Table 4. Comparison of different date on the drought injury ratio at early senescence tea garden for
Chin-Shin Oolong in summer season

BEE Treatment*

FAERH = R 5y 41 ¥y
Investigated date Cutting Heavy pruning  Middle pruning Shallow pruning Mean
(%)
7/15 41a 55a 60a 68a 56
7/22 80c 80c 85hb 90a 84

* 12001 FHETRBER

TESHSERLERBENER , YARE (23 F4E ) EFBENZE FLERRLETAREE
MARARE (10 FERL ) ZERRE , YARESZETEUETURERTHBEAIAEEHERKL |
—FHFETREN KD BIRREZHEREAIKR, HAAFMEXRSH2E0R  ARENRFETS
RABME , MEAZEOSERETHEEFER (20012003 ) EEZRMEAERE , ABRHBHBES
EPRR. FUMPRBFTEIETEE  HZBECEOSERELTAREE  RRUMARELER
E 120 2% , RIREABTEEE 137 250, PEHZCBEOREFREREREATE  ARRARER
80 N7, RIFENRSE. MBEERFRXEEZEREBARE , RRRER 4527 , HEEBD
RE % o, MARKEERE(ER. AREUBRRDENEARCZKE , TRABEZELRER

FEREMAEZER HERCEORERETEAESHEN K MAHFERLMER A MEMEZE
DRERFREZETIKN MEBRBFLBFOF/ERBUFAWER , LTETTRANE L SREERA
NENMAZR, MESHENIZBOGEERESHENA (XA ) HERBERFELEENMY
REREZRTEFERUHZRBUBRERECLTHE MATLREERNTEAHREREEE
EEENEERRZ—

KA. EETEAMEETLRERMZERRBRERELE
Table 5. Difference of injury ratio and root depth of different tree vigor for Chin-Shin Oolong in
drought season of summer

Tree vigor Tree height Tree canopy Root depth Injury ratio Injury degree
(cm) (cm) (cm) (%)
551 Weak1 71.2 95.9 45 80 BRE Severe
552 Weak2" 83.0 102.0 60 70 BRE Severe
F Medium 79.7 127.8 80 20 FEZE Medium
5 strong” 98.3 136.7 120 5 BB Light

B RBAR-FKETEBEZELGRERE

KAERMEERRESREE  TARERENRAERENER , AFK 1BRIEFR 10%.
BF12, MR IGHASNREE , AR IR ITHRRERE , BOAORBLREZERSFIBE 60
B 95% (RA), BELRERERFFIBRETEZERAREAZEZNHBEHMEERERR. ARE
BRETEMERECAEIRSERERIERBIEARTGE , MEXRKERRERBRS 2ES
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MAERE RXEREARERATGRE, GEEERB I B, RZEXREHMTE ABINEA,
BRERS Y, LEERTHREEEABREIEREE EAR , Rk SBEZ8AE. Al
MEHMERAXEEER LRAMRFE—ERENBR. B (1999 ) 2 FRFERRKRRF2ER
EREFEEFHRIEFTHCFREREMRBRAMEECXE FHHEANMEEENEAXER
T ERFETERHTRECRREENVER T hEXEXGEHE/) , BBERARBLAR,
BERMERFEENER— (5, 2003 ) WRZEEXAREBRHEHN , AHRRBRERXERESKRE
EENHENTE K EESVERAFERNER.

RN, TERERMEREERERBMELER
Table 6. Difference of drought injury and growth characteristics in different tea cultivars

g=
Injury ratio
£ REFM BERERXBEFU AR AR AT LT 0K BOE MHBR

Growth characteristics i i i i i id 4 B 2
TN12 TN13 TN14 TN15 TN16 TN17 C.S.D C.S.0. Corr.
5% 10% 5% 5% 0% 0% 60% 95%

& (cm) 94 91 102 96 108 101 94 73 -0.83**
Tree height

B (cm) 125 115 123 138 138 153 95 81  -0.90**
Tree canopy

FEHR (cm) 695 622 601 704 940 653 467 3.79 -0.81**
Main shoot diameter

&EZHE (cm) 688 7.38 130 925 11.38 1088 1.1 1.0 -0.88**
Lowest subshoot height

ERDEE (no.) 5.5 4.0 3.0 4.0 4.3 4.0 7.8 6.0 0.72*
Subshoot no. of main shoot

EME (g/m) 813 1060 808 900 975 768 183 73 -0.93**
Leaf fresh weight

BRIRBEE (g/m) 153 152 170 209 148 138 34 13 -0.92**
Green shoot fresh weight

EEE (cm’) 1291 1528 1191 1341 1467 1050 211 76 -0.93**
Leaf area

LEEE ( mglem?) 252 278 271 269 266 292 346 383 0.96**
Specific leaf weight

TERE (%) 175 225 18.5 11.0 11.0 35 325 395 0.90**
Row bare

EEEER 323 38 298 335 367 262 053 019 -0.93**

Leaf area index

TN: TTES No. ; C.S.D: Chin-Shin Dapan ; C.S.0: Chin-Shin Oolong ; Corr.: Correlation coefficient

= R EHEERAEREENTE

HEZRRAEXREENFETHM A ERMUE , —AREEZRELR  REEXRARK
RSN RERR. HRATHERARCTRAFERRERERERCXEEENRE , AR
EmEE.
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RE (2003 F RERBEFEESRASRNERE BEMNES EHREAR 12 5HEE 10%,
REEMHIEZEOEEXEASIE 30%BE , EMEAERER TSIE 500U L, HRREAR 12
BREMEAASHER )N  HRELEE 10% , BOBERKEREED BIRE 30 & 50%, BrEE
EAR 2 BEREVRESHIRE 10 X 20%, £t., \2RABBHEZRE 2003 FRHEEZRE 1996 F
57 AR&8L , EH 6 ATEAE7 AT AFERRKRKECERPENZEUABFERELE,

xt. EFRXETRAFERKEHR

Table 7. Climatic changes of the different years at Luyeh tea district

EA A tA
May June July
RREF # +t8 $8 T8 t8 ®8 TH LA #H49 T8

Year the first  the the last the first  the the last the first  the the last

Climatic factors ten days second ten days ten days second tendays ten days second ten days

ten days ten days ten days

FHRE (°C) 2002 271 26,6 255 265 282 297 285 283 277
Mean Temp. 2003 26.0 26.0 261 250 268 284 291 298 292
FHREERE (°C) 2002 316 310 296 309 322 346 330 327 326
Max. Temp. 2003 302 294 305 289 321 344 348 359 346
REMRRE (mm) 2002 30 840 545 985 0 120 985 735 515
Accu. Rain fall 2003 260 280 50 525 40.0 0 0 0 90.5
KEMRFHEE (day ) 2002 3 6 8 9 0 2 7 4 4

Rain fall days 2003 3 5 4 5 7 0 0 0 4

EERZE (mm) 2002 502 210 99 96 452 539 334 334 449
Accu. Evap. 2003 217 97 332 201 192 560 633 694 576
EEHMEEFE (hrs) 2002 733 382 277 291 498 838 541 628 877
Accu. Sun. 2003 36.8 147 461 252 450 829 917 1026 911

The signs of characteristics are same as table 1.
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&\, HREAETEAFERKEHR

Table 8. Climatic changes of the different years at Juisai tea district

HAH A +tA
May June July
RREF g 8 ®89 TH LA H8 TA LA $8 T8

imati the first  the  thelast thefirst the  thelast thefirst the  the last
Climatic factors Year ten days second ten days ten days second ten days ten days second ten days

ten days ten days ten days

TR\ (°C) 1996 216 217 231 268 271 271 261 265 252
Mean Temp. 1997 233 251 220 249 221 255 255 260 26.1
FHRERE (°C) 1996 259 265 268 321 321 327 321 326 306
Max. Temp. 1997 29.0 30.1 266 302 264 310 307 321 320
REMRMNE (mm) 1996 832 235 816 83 87 0 1.0 133 4876
Accu. Rain fall 1997 459 44 248 1009 456 1340 138 173 157
EEMRTAE " (day) 1996 10 7 8 1 2 0 1 5 7

Rain fall days 1997 3 3 5 5 6 3 4 3 4

RERHE (mm) 1996 62.6 339 948 948 354 559 479 520 899
Accu. Evap. 1997 340 367 419 306 573 391 243 459 483
REABES (hrs) 1996 205 398 304 810 804 642 91.0 861 598
Accu. Sun. 1997 51.0 626 459 384 305 60.3 447 684 792
REHSE (MJm) 1996 839 1223 108.0 2222 2246 1747 2448 2334 1818
Accu. Solar rad. 1997 1485 1747 1392 1222 1095 1682 1483 1934 2148

The signs of characteristics are same as table 1.

Y RERRERRERR AR CEERR RS

REBHEFMESTREFERFHEENEL , KROMKTGEESHREHEENTE. AT 25

B 2003 FEBRESLRERER 1996 FHEXREAR R REEMELN FRAAESHRGER
IHEB, THEE  BEFRESLESEETHEEESRBENZE  ABETREHBRAIKEFHEY
BREXEFXHEENRE. TEFEMBPE2TORERMEERRENEER | 2003 FEXFH
BAERE EEH 2002 FHREFHE 4%, MAXEREEHLERENES MKRLEELIVE,
BB 2003 FFAEARBELREMENRERFTEENRE  HZPEZELREREREXRAR
20% , BIBEB2EOBERESEREE 0%l L , AR BES REERAELHESEIR
E, ALEFERERF IR, EEMLRAGRBEMREFELERUBEER | HEXREDER
BEEEEZTEENERE, MEZTECFEHAZIREEFEETHE , BRMIEZ R B ER
MEREARY , £ FEEEBKES 266 0R. LBTRAFERZEBZELRERELFLER
2002 FEHRAHEK 150 A%, {8 2003 FEEEER 2 W7 K*h ) BA—BESHENSGF5 1996
FIREXEAR 2 REAREEXENLENEE  TEERRBREE , ERELRTHRYK , MAEZ
RUREHOEEERNES  E— ZXMEDBIRE 35 & 15%,1996 F£FEEF/HKRA 457 0% ;
1997 FRAIREFLFEEF/IE60 AR (KT ) WTEESE (199 ) EHEFEETUBUERHER
RENTEREM EBEIERERNAFERAEZETERF. HLRBREZREEHEORELERH
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EBRENFE  LHEEZ2RBcEXEXEFEMARE,

£N, 2003 FEFXEFTAREZEREAFTORERMEZ (6 ATAE 7 AdA ) REEHEER
REFEENTE
Table 9. Effect of this and next tea season yield for different drought of Chin-Hsin Oolong tea
garden at Luyeh tea district during summer season ( from the last ten days of June to the
second ten days of July ) in 2003

FERZERE *F
Tea season
BEFZE BHF EBEFXL1 BF2 MFEL ME2 E£X a5t
Year and Early 1st 2nd 1st 2nd
injury degree spring Spring Summer Summer Autumn Autumn  Winter Total
( g/plant)

2003 BF HE 3124 5/22 717 8/21 10/14 - 12/09
Drought Medium 69a(a) 54ab (a)48b(b) 47b(b) 24c(b) - 22c (b)) 265
2002 IERF 3/5 4/23 6/6 7122 9/1 10/28 12/25
Nondrought 59cd (a)50d (a) 78bc(a) 109 (a) 97a(a) 45d  43d (a) 479
2003 BF BE - 4/9 6/2
Drought Severe - 25a(b) 7(b) D D D D 32
2002 IER = 3/7 4/22 6/6 12/11
Nondrought 23b  55a(a) 52a(a) SR SR SR 20b 150

Values followed by the same letter in each column are not significantly at a=0.05 by LSD.
(): FEZREE Difference of year ; D: Dried ; SR: Shoot retention

xT. 1996 FHBRETEZEREER 12 RAMEF (6 ATAE 7 A8 ) EEHEFRX
FREENRE
Table 10. Effect of this and next tea season yield for middle drought injury of TTES No.12 tea
garden at Juisai tea district during summer season ( from the last ten days of June to the
second ten days of July ) in 1996

ZZ Teaseason

FE BER BE B ME1 MmE2 &% CH
Year Early spring  Spring Summer  1st Autumn 2nd Autumn  Winter Total
( g/plant )
1996 £F 312 4/23 6/17 9/3 10/17
Drought 44d (a) 63c(b) 160a(a) 121b(b) 70c(a) No 457
1997 kR = 3/5 4/22 6/27 8/12 9/23 11/19
Nondrought 42e (a) 1llc(a) 157b(a) 185a(a) 82d(a) 74d 650

Values followed by the same letter in each column are not significantly at a=0.05 by LSD.
(): FEZRLEE Difference of year ; No: No shoot plucking

HUALERNERTHNEEERFBBE  MAMBRECKE , EREREIRAH ZFER
EENRE , EEXMEETEN. ARAERUERRBERRARMUTEEERRRE FHFH
SENRE, ALESREZYRBEREERSESHNERMFMEIN , THRENTHRIEKEFHE
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ERRUEHFHETNTE,

EERRRETECKARETSRERREE  SEXEEH. BRRINRZTEAXREEETF.
BEFRENEHRERESIGAREEREES, 2ERESBRELETHRER , GO BREEH.
HRFEUEREERIAREEERERERER,

RO REMBRME-—ERAMHEERNTZ, EEMEEERR , MIARARERRKLEN
BEMAUBFRAIFTAE, SEEERENCHEER FERERIEBEEREERERCERR
7o

o

SHE (2003 F ) EZARER , RZKREY , FEURRZECRKETE , BEERN
REWR, AEAEKRRZZERTEERERE IS BANEER LMY THMNRHE T LR E
THEADEZEOMRER K BEABERREKD , EXEUAIARIERLSHERZHR I K
Do UEETEENERERRZBNMREE D , SERKRFREE, EREECHEEEES "M
ERNAE WEBLS , EERENENOEER  FERTREEE , kLIRS, EEXKERLEN

2. MEFERXNNSEERIME , SFEREHE, BURE, ZEEE. RERE XEHK E
BEE, ktRE. BEEKE. FEER , BWEUTLSSEEHEIEEE -

(1) BERENRE  EHFREZEFHREAREERRESENRE, BEFEERERBIRIE
HEGES, tREEENERERTREEYE,

Q) BN BR  REERRLTEN L MAF-XEE4K , MFBHEHERSR , EEH
ERER  USLESREKE 40 MALRENT  BRBERBEETRRLIE. HAALE
BEENBESZESREHERL  FERRFIERERRRESKINNAKRE, 8F
EHRMRERRER. BOEARER , BELTEELER, BEHTEHEHRELTE
B,

() AEXEHKRR  AASEREENIEEEEEY , LI ERE  PHLAXEERHFR
T BRETERERERITBEKTBERE,

(4) BT ERE BRI EELEEERN S0 07 , AR ESERB SongREXZBER.
BECRELEEZELE 00 A0R , LtBRARESETERB 10%, TERZHZER
EHETEHAOEE , BRNEAR 10 292 F% , BREFREFLINNR , AE T HELLER
REEBRMERENERE, BMS2  XERBMSEYT , XEREFEHE,

UEAEESBERBESYECHEER, MNEERFIZEESCRRE  EINETEY
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Study on Drought Injury and Its Effect on Tea
Production in Hualien and Taitung in 2003

Hun-Yuan Cheng Horng-Jey Fan'

Summary

This study is aimed at understanding the cause of drought injury and its effect on tea tree
( Camellia Sinensis ( L. ) O. Kuntze ) production in Hualien and Taitung in 2003. The first objective is to
elucidate the direct and indirect factors causing drought injury on tea trees, and then explain its situation in
2003. The final objective is to estimate the effect of drought injury on the yield in this and the next tea
season. The results of this study showed that the primary factor causing drought injury was due mainly to the
abnormal weather without rainfall for a long period time. This, in combination with high temperature and
solar radiation, was determined as the major factors to cause drought injury. To a lesser extent, soil
conditions acted as an indirect factor contributing to the drought injury. In addition, the results showed that a
non-natural factor such as poor field management aggravated the seriousness of drought conditions in the
production of Chin-Shin-Oolong, especially on weak trees in older tea gardens. Also, the results indicated
that trees with strong growth demonstrated higher drought resistance; thus the germplasm is worthy of
development for further utilization. Due to the lack of field data on long term monitoring of drought injury
on tea trees, a reliable estimation of its effect on yield decline on tea trees is difficult. Therefore it is
necessary to establish experimental plots for testing drought tolerant cultivars. It will enable the integration
of information on natural disasters and their related meteorological conditions and its effect on tea
production. Ultimately, a new, innovative measure can be developed to enhance the drought prevention
techniques in tea gardens.
Key words: Tea garden, Tea tree, Drought injury, Abnormal weather, Yield decline

1. Associate Agronomist, Assistant Agronomist, Taitung Branch, Tea Research and Extension Station,
Taitung, Taiwan, R.O.C.
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IR [H e I PR 3= ¥ s B AE HE A
ERREMECTE

Zefp Fwt N7 IR

wm =

AEBITEENRHEETFEEZTRERENIRT  REUEERRRD L ER
[EEAEHRBEETCFE  URERXBEREEELEAZSE  SNRXEBREZEE,
HRERER EIERA-ETHERICEEAEREKBIRERT , EOERUBESR
FE& 25%K% 50% 2 RIEEREAREE 100% , BEEEFEE ; MAZ T =5 AILURE 25%
RIEEARE. REEAEERAZKER, BOREMNERT MR EZEYTEE ,
BET-HRUEAR WRRAKBRBREAEMERE , FSOBEUBAR 1%KARER—
REEREMEE, SARERRRTIZFE 1 EEA=ETEAERAREETEREKE
BEET , FUOBENART IHREESTESE, FERERES I EBEALEIERSFA
EMEBE , YTREREXRBEERRERE.

BET X8, K. EEER

|

Bl

HREAENEREESERARMRERES AFNEDEREERES N ERARR 150 2T E
200 /AT ( Owuoretal., 1987 ); R ER R ERBLNEEAA IS E S NAHEEERSE (R, 1957),
BURRBLEENARIHERBBRMNSOE , EAEZRFEN , REEEVARYREEEUR
360 N T/EMR 480 AT/BHRARIE (K ,1982) BRIAEBREMCACZEIER  URENRBESR
ZEBEEMS URBEEZANFEREY BREEOATE B0 NFTE. FERZEINEEZEN,
BRICERBZEAENRLBIN EEAEEASSEEZEHIE. KIBEACHRERETR , A
SAEAZZENG T KEREFHRRBECHE , EREARR  BARENE , BARELERER
HHEES, At MUERRAEE T XEHT —EXERE , RAHEEEAKBRAECEERE.
EMEERAREERZEYWH ( Cabrera et al., 1995; Embeleton and Jones, 1974; Impey and Jones, 1960;
Klein and Weinbaum, 1984; Lea-Cox and Syvertsen, 1995; Leece and Kenworthy, 1971; Rabe, 1994 ), BE#
FERRSARBCRERERRZHEAELE (Aliand Lovatt, 1992 ), EEFEERRE , BHIRRESR

L ARRRXERRARUAS DERRA, A8 HEK.
2 (WHAEE) AVASKABESERANE. 48 A,
3 TREEXEERRRURS WMRARRE. A8 HAEK.
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BEPE (BN, 1985 ) TREFREAFOKIBLE  HENRSTBEREEEL ZEBER
RHNEAELEETE - S 2ER. AERNENASURARARZIERNRT S L RERA AL , I
EBEARS. RBERENRAEREIEFEERERREZBER,

MR TR

SEME  BORE. AT T,

PRERE  EEEEREZISTB A BASRE 0.46%2KAMH , B 1%REKBR , ERER

SR (BEHFRM—O0—E ) B: ASE 046%2 KB , Bl 1%REKAER , BREER—X( —

D= )\ C: AER 0.23% 2 KB , BN 05%REKBR , BREM X (BHFEN—L—

E) D:EASRE023%ZKAEE , Bl 05%RRKABAR , BREER —X (—O—& ) THERRL

HAEHDUREXRRBEBCELEE , SOE 450 LA ZEAEES 100%. #5955 100%5HE

A, A 75% , RER S0% =A%k , &85tA 12 BE,

(Z) BB FAERS EEEAEAIRE  EAREAREE, SRERLEE K SE&H
FRZH 3L 3x2x2x5x5 3£ 300 BRFE4H

(M) AEEE : £RE, EE, EY. BAUS8A LERREERT.

(F) #HETDHT - £/ COSTAT £ HFRAERIE,

5 SRR

(—) FHEERAEERXFRECFE

R—ABUREEIERA=ZETAERALEENERFKBZREET , £FEE2SH , UE
HFOMZERBERBEOBEBRERZA , &, MRRLFRFURECREBIREREZR , BR
REBIMES K 2EXFRAKRENTERERE 25 % , BFEEREE, R-URERTITER
BR,ETS%EREAET , 2FEERETFTESIEN 100 %Xk 50 wEEERE , BREBRIES
NERBEKE  EEERXHE IR EEREEKE , BHE 100 wAEBREEZEEG S WA Et2E
B, EERELSRD , £—0—EBUEE 046% 2 kAR (A 1neREKBR ) EARERECE
F EX KE2FEERS  CREBEZETEE. HRAEERK , 1 EREREENEERERR,
BERTK, THEEEEREMRET , FOBERBZER , MATERETHRIE Swu=EKE B
DEAEI0 AFEARARE , HFRAEUBRCZEERERARE , ANTREASOE 450 A7
RIEES 40% ; MEEMBEAE, BHHEEEHEECHETXA,

REBERUBRFAIMAER RESERREFRFHANEHEERE SEEEZEKE B8 —
B, ABME , LLERERE 25% , REHRERF[FHRF — O —EEHR R , HEE ZRBE,
DRHERF2E, THEEHIEEREE , TEEERRET , L 5%nRITERECEERS , B
EZRB/ND; BITESNERER (B 1000EREERE ) ARATERE  EERESR S0%RLEE
&, BEE UWMETHER 5% BEEEE, ALER, BEREREIAEEERRES 2B, ¥
HERIS , MEREEELFREZTEEMERIRENEZRKE  BEEFEREFEREL £
F2iE 10%kE |, BEN INREEEMAZEEELFHETEERURE I WEE—XEEESZ
EE A6 BEUOSNRERER —XECEEZRIE SNE=RBEEKE,

AUELCHRER , BERFLOREIER 128 , EBLERA 40 AFERT , EEKEARE
ZEENRTUNESLERA 3375 AFH 225 AFARE , EEREEFERASAERA 3375 2
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FRIEEZRE, E-PHEMENEREEBNESZHRE  AEENXEREEAEREAR
ZBE,

HEARERELE K SENEEEFSORERMEL  TRRERBTFE K MA% 12 SR
REBFVNHEFRE-LV—ERRE  RERN 1% RERE , IEIEREEEE( 1985 ) A RMI,
HERBERLE K FORENER—RBE , MAK 12 RANEERABRE , ERAEFACHES
RENEZERMBG

A, MEBCBHE  FEEUREZETREEERET , SOERER 450 2 BE T 8 BB 7 H
BECEEESE, FEABMABCEERE  RETEARE TS ALEREREDELE 300 2
FRER, EEBEXFERCEABRREHREFEIEENTE, URBEEEREHH —ER
£,

®—, LERFRAISMIERZEREARARZEHELREREFREZY
Table 1. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
yield of Chin-Shin Oolong tea bush by single factor design

BEIE Treatment i ﬁz e S,E; . ES T:X?
ear rin ummer a
Soil a:ptpfffiﬁcation Folifgﬁé)g?iigtion (a/5 bﬁshes) (gIS%usﬁes) (9/5 bushes) (9/5 bushes)

100% A 718 188° 222° 308°
100% B 780° 212° 212° 356°
100% C 708° 170° 234° 304°
100% D 803° 212° 271%* 320°
75% A 783° 246° 209" 328°
75% B 852° 242° 314 296°
75% C 791° 248° 225" 318°
75% D 838° 224° 262 352°
50% A 792 228° 236" 328°
50% B 788° 220° 238" 324°
50% C 788° 256° 256%° 276°
50% D 736° 208° 204 324°

FAEAEE 046% 2 KARERER X (HFHFRFN—L—§)
B: AERE 0.46% 2 KBREHER—X (—O0—F)
C:HAEHE 0.23%ZKBHERER R (BFRFM—L—F)
D: BAEE 0.23% 2 KARBERER —X (—O0—%F)
BETREXFRATRERREZEES Duncan’s 5% E = R K%E,
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R, LRERF ML BEREERREARAREHELSEXRFRECTE
Table 2. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
yield of Chin-Shin Oolong tea bush by split plot design

e . 2 ERE BR CES xS
Treatment Treatment All Year Spring tea Summer tea Autumn tea
reatmen reatmen (9/ 5 bushes) (g/ 5 bushes) (9/ 5 bushes) (g/ 5 bushes)
100% 752.3a 195.5b 234.8a 322.0a
R 75% 816.0a 240.0a 252.5a 323.5a
50% 774.5a 228.0ab 233.5a 313.0a
A 764.3a 220.7a 222.3a 312.3a
B 804.7a 224.7a 254.7a 325.3a
REMRE C 762.3a 224.7a 238.3a 299.3a
D 792.3a 214.7a 245.7a 332.0a
EREERSL
percent of significance different
EEF main plot 16.69 9.92 49.49 84.08
L H#e soil application
BEF subplot 46.25 87.52 23.39 36.25

MMM foliar application

R & interaction
THE x EEMER 50.94 20.03 0.64 43.02
soil application x foliar application

IIEN'I

CAHERAER 0.46% 2 KBHERER X (HFFN—L—E)
B:HEAER046%ZKBRERER —R (—0—8)
C: AEHE 0.23% 2 KERERER X (BAFHFN—O—F)
D: AEE 0.23%2KERERER X (—O0—F)
F—EHEFETEXFEFRERTEE Duncan’s 5%iEE = R K%E,

K=, UERFRAIPTLEREEREARARZIHER 12 BRABRBTRECTE
Table 3. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
yield of ‘TTES No. 12’ tea bush by single factor design

BRE  Treatment SEWE E-¥-S 2= W=

+# EEHEAD All year Spring Summer Fall
Soil application ~ Foliar application ~ (9/5 bushes) (9/5 bushes) (9/5 bushes) (9/5 bushes)

100% A 1402% 480%® 3828 540%
100% B 1257% 406" 319% 532%
100% c 1289% 420 349% 520%
100% D 1258% 402° 336 520%
75% A 1472 540° 340 592°
75% B 1370® 500% 326 544%®
75% c 1276 484% 300° 492%
75% D 1248% 428® 308% 512%
50% A 1198° 471® 278" 448°
50% B 1375® 548° 319% 508%
50% c 1246% 504% 298" 444°
50% D 1178° 416® 306% 456°

A EARKAR0.46%EMRER R (BFRFM—L—E)
B: EABKAR04UEEER—IX (—O0—%)
C:HRAAKAR0.23%ERER —X (HFRM—OL—F)
D: AZEKER0.23WERER —X ( —O0—%F)
BETREXFER]ATEERTEE Duncan’s SR =R KE,
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xRN, URERF ML BEREERREARAREHELSERFRECSE
Table 4. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
yield of Chin-Shin Oolong tea bush by split plot design

i B SFEWRE B% X M

Treatment Treatment All Year Spring tea Summer tea Autumn tea
reatmen reatmen (g/ 5 bushes) (g/ 5 bushes) (g/ 5 bushes) (g/ 5 bushes)

100% 1311.5a 427.0a 346.5a 528.0a

BEER 75% 1341.5a 488.0a 318.5ab 535.0a

50% 1249.3a 485.0a 300.3a 464.0a

A 1357.3a 497.3a 333.3a 526.7a

B 1334.3ab 484.7a 321.3a 528.3a

REREAE C 1270.3ab 469.3ab 315.7a 485.3a

D 1228.0b 415.3b 316.7a 496.0a

EEEERAOL

percent of significance different

FEF main plot 29.82 13.40 291 17.42
T 5 soil application
BIEF sub plot
EEHEAR foliar application 9.75 6.70 81.61 29.88
R & interaction
THE x EEMER 42.62 51.93 50.71 60.20

soil application x foliar application

HABEAERE046%KBHERER X (HFFN—L—F)
B:HEAER046%ZKBRERER —R (—0—8)
C: AEHE 0.23% 2 KERERER X (BAFHFN—O—F)
D: AEE 0.23%2KERERER X (—O0—F)

F—HEFRETREXFRBTEEFRTEE Duncan’s 5% E = R K%E,

(Z) ZHELEAEBRREMRTFE

ITEEA=CETREAEEARAERAKEREE TEECREMREREZERMATRE, UE
RAFAOMBEREREIREKAS , REBEZEREGRE SNE=RBEKE, BORE (XA ) BrEmTFZ
BFERNBD U LRBERE 25% , RTABRKRRAFHE —O—FEE I%REXAER-ARXERE
BE., A% 12 8 (RN ) ERTULERERE 25% , RFFHNRFHE — O —FERFERE 1%K
RKBEMABE. ABME  MeERRERRINDREERE 25%. REERE 1%RRZKE
RABE

DHERFONE , BUORE (Rt ) ERECEELEBREEIE SE=EMEKE | UE
FEEE (100%ER ) FEEREERETCRERE  HBREnER FIOREW=RBEKE  EH
RS  MERERFERERERTEE  EETRE 1241% 28 , FU 1%REEHFHE
MR ERER —REEZRIE SWREKE, BRME  SOREXUELRAEES , BEREER
TEIEFERE, BREELEHLACEBE BEEE)  WENRZERAZE  ERRECEE
RMEBA , TEEREBLER 2 FRER , 8 500ABLRAEZERERERECWER., &% 12
(RN ) MERERFEREFEZEEORESH=EFEKE  EEFELEEREERD , B 10%
MERBEKE £ 100%REEAERE , B S0%RILHEMAE < EZRI1E W BEKE, ZE-M
5 AR REREIERAZEEENEEN  EFFXEXERE  LHRERERER.

HUEAR , B ERERARKEMNS , FEREERZMRRT , BIE 50%RALHER &R
ERFHRECELEEREXEIN  XERELARTR , MAEKRAER , EERERE 25% &L
T, REZERRBHERRTHBRLERAEZRE,



50 ZREWREIRE 23 Hi (2004 )
RE, T1ERTEREARARZEHEOLESERRERRTIZHE (B, %)

Table 5. Effects of soil application and foliar application nitrogen fertilizer on sensory quality of
Chin-Shin Oolong tea bush

BRE

Treatment AR @E e Flaaur*an q |t
+¥5 EE R Apperance Color Color of liquor taste Total
Soil application  Foliar application
100% A 7.05% 7.40° 14.20° 41.20% 69.85°
100% B 7.10° 7.35% 14.35% 40.70% 69.50°
100% c 7.10° 7.30° 14.10° 40.60® 69.15°
100% D 7.00% 7.40° 14.25° 41.25® 69.90°
75% A 6.90% 7.20® 14.45% 41.90° 70.45°
75% B 7.10°7 7.25% 13.95° 40.30° 68.60°
75% C 6.80% 7.25% 14.45° 40.65® 69.10°
75% D 6.60° 6.90° 14.05 41.00® 68.55°
50% A 7.10% 7.30% 13.65% 40.55° 68.60°
50% B 6.85% 7.25% 14.45° 40.65% 69.20°
50% C 6.95% 7.10% 14.40° 40.65% 69.15°
50% D 7.25% 7.05% 14.20° 40.35° 68.90°
A RAZKBRO. 46%ﬂ§ﬁﬁﬁﬁ_lﬁz aﬁ%ﬂﬂ‘m—/u &)

(
B: HERARKAEMN0.46%ERER—K (—0—8
C: HEREKB®O. 23%DEHE§E—/K (FFEBEN—L—F)
D: EAEKAER02Z%WERER —X (—O0—F)
BITRXFRATRAERTESR Duncan’s S%EREERKE,

KA, IERAEREARARZRHAR 2 RAREERTIZTE (BEX:9)
Table 6. Effects of soil application and foliar application nitrogen fertilizer on sensory quality of
TTES No.12 tea bush

s S up 3 EF K A=

Treatment FEAR % e Flavor and a5t

+iE EE AR Apperance Color Color of liquor taste Total
Soil application  Foliar application

100% A 7.15% 7.65% 14.70° 41.40° 70.85%
100% B 7.10% 7.60% 14.35°% 40.85° 69.90°
100% c 7.00® 7.65% 13.95% 41.20° 69.80%
100% D 6.85% 7.60% 14.45° 41.30°% 70.20°
75% A 6.95% 7.60% 14.10° 41.70% 70.70°
75% B 7.15° 7.55% 14.10° 40.00° 69.75°
75% c 7.10® 7.50% 14.50° 40.65% 70.05%
75% D 6.95% 7.55% 14.35° 40.95% 70.35°
50% A 6.90% 7.55% 13.80° 41.60°% 69.85°
50% B 6.85% 7.55% 14.25% 41.65° 69.30°
50% c 6.65" 7.45% 14.25° 41.45° 69.85%
50% D 6.85% 7.40° 14.25° 41.05% 69.55°

A EARKAR046%ERET X (BFHFM—O0—F)
B: MEARANKAK046%EHBER—X (—O—&)
C: HARKBROZWERERT X (HFRHMN—O—F)
D : MEAEKBRK 0.23%EHEREME— ’* (——%)
BETREXFER]AETEERTEE Duncan’s SHEEE =R KE,
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Table 7. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
sensory quality of Chin-Shin Oolong tea bush by split plot design

mE i R e C;jro?of Flaﬁ)ur*and ast
Treatment Treatment Apperance Color liquor taste Total
100% 7.06a 7.36a 14.23a 40.94a 69.60a
R 75% 6.85a 7.15b 14.23a 40.96a 69.18a
50% 7.04a 7.18b 14.18a 40.55a 68.96a
A 7.02a 7.30a 14.10a 41.22a 69.63a
B 7.02a 7.28a 14.25a 40.55b 69.10a
REREHE C 6.95a 7.22a 14.32a 40.63ab 69.13a
D 6.95a 7.12a 14.17a 40.87ab 69.12a
ERFEERSL
percent of significance different
FEF main plot 41.40 3.36 98.87 58.59 61.74
L5 soil application
BIEF sub plot 77.23 24.19 84.11 12.41 61.59

EMEHEAE foliar application
& interaction

THE x FEEMEE 6.54 49.75 50.09 25.57 40.60

soil application x foliar application

I:E'I-ILI

(A ERAER 0.46% 2 KA RERER =X
B: HAER 0.46%2 KBRERER—IX
C:HRAER 0.23%ZKAREREM X (HBFHFM—L—F)

D: BAER 0.23%ZKABHERER —X (—L0—F)
FA—EFfRAETARXFEFERERT i"lJ Duncan’s 5% 88 & &= Z k%,

( aﬁgﬂ-ﬁﬂ—'b\ &)
( —h—
(
R (

R\, UREFF ML ERZEREARARZHAR 12 AXEnE e EE
Table 8. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
sensory quality of TTES No. 12 tea bush by split plot design

Tr Jﬁt}n% nt Tr Jza;tirf nt A ﬁziﬁn (? i%r CgJI(O?Of Flaﬁ)urﬂ;nd 'I?I\?I-I
eatme eatme pperance olo liquor taste otal
100% 7.03a 7.63a 14.36a 41.19a 70.19a
EREER 75% 7.04a 7.55ab 14.35a 41.29a 70.21a
50% 6.81a 7.48b 14.14a 41.19a 69.64a
A 7.00a 7.60a 14.32a 41.57a 70.47a
B 7.00a 7.57a 14.23a 40.83a 69.65a
REHER C 6.92a 7.53a 14.23a 41.20a 69.90a
D 6.88a 7.52a 14.35a 41.28a 70.03a
ERBEERSHL
percent of significance different
F@F main plot 17.91 7.14 78.44 97.39 50.20

T #& soil application
BIEF sub plot

EEMEAT foliar application
R interaction

T x EEMER 64.63 77.54 8.91 89.82 95.86

soil application x foliar application

51.40 40.83 80.07 21.37 29.52

HAEAESE 046% 2 KARERER X (HFHN—L—%)
B: MAERE 046% 2 KBHERER —R (—0—§)
C: AEE 0.23% 2 KEARERER X (HBAFRFN—OL—F)
D: AEE 0.23%Z2KERERER —X (—O0—F)

[— %EE?‘TW%I?—EZ‘E%%%EE Duncan’s 5%F8E Z Bk %,



52 ZREWREIRE 23 Hi (2004 )

() *HEEEAERTHESHEERFE

URERF PN I RREZERRARARZTETHEREREFECRRURAREK . B8 E
HERRRET T EEAZEEHELSEKS. HER KELEREREBENESETR(KRN),
BLURHE 25% BT RS, EEEEREKRSHET N BHEEREEENESFRESE H
PHEERNENEZEBEZEKE  HAHESRREEEREKEMRRE , METHEMERL 1%KR=
BE—XRERS  BRSZHEHRE SWBEEEZRKE | BEN 1%REEREMKXEL 0.5%KEE
—IXE , ESRBEZRKE (RN ) ERREERET , 1 REARLEH AR T -HRAFERZ
FE  HRERBARESWEEZRKE  BERSRRSEMEL  1000RLERAET , DK
BNREEZRE SNERBEKE (KT ) FEREHEF 12 RERERNEERER 798K
BECHE (RT), HPRSEKRSHNENEE IWRERERS , @EEMEL 1%REEE
—REBRS ; MEEBEZER,

RT-AFTLRHRETREAREE LFR, BENEEF BRI EENER, EEEEEERR
T, T EEAREENESESFR. ENERFERNMEE AT FRERERABS8HEE , BN
HERFHEREERE/KIERR , MNEBRALURE 25%REEFERIMAMEED , EREER R
ZHEVHE IWBREEZRKE, FEEEHFRENMMBCVETEZRREZ KE  HhFR
H1nREEE-—AERS , BERAMEEZREE  MMBEHAL 05%REERE -RNKRS , HE
HtEBEEZREE, ELENERE  ENERATRES , FHTRAE , EERARECRER
L& A EEBZETHE, XRT-REFX 2 KRR , 1RFLEABREEFREERNBEENE
MEAEEAENMBLEFEERE  MFRERFRCBRETORECHARE RMAIL,

REKCERBREARBECRERLE  ENEEZRRANEE EFLRELERSES. 8T
BERMENENE  HARKFEEH LNWFRERRINNMEB. A% 25L , AILBRBEETHME
Z R,

KN, UREFRFA IS IBRREEREARAREHELRERHERCTE
Table 9. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer on
growth of Chin-Shin Oolong tea bush by split plot design

ERE
B B i) Ciibes Growing guantity
Treatment Treatment Height Canopy width SE Big
Height Canopy width
100% 96.92 a 103.75a 26.92 a 20.25a
BHERE 75% 98.67 a 104.92 a 29.17 a 22.08 a
50% 97.83a 102.67 a 28.33a 21.67a
A 98.56 a 106.11a 29.22 a 23.11a
TEHE MR B 98.56 a 105.67 a 28.56ab 23.56a
C 97.67a 103.00 ab 28.33ab 20.33b
D 96.44 a 100.33 b 26.44b 18.33b
EERERSL
percent of significance different
FEF main plot 35.92 81.76 14.62 50.43
J:ﬁfiﬁ soil application
BIEF subplot
EHEMER pfoliar application 20.03 .05 13.67 0.03
B interaction
T x EEKER 22.90 1.01 9.85 6.86

soil application x foliar application

HA BAER 046N KBRERER X (HFRAN—D0—F)
B:HEAER046%ZKBRERER —R (—0—8)
C: AEE 0.23%2KEARERER X (HFFRFN—OL—F)
D: AEE 0.23% 2 KARBERER —X (—O0—%E)
BE—RFETEXFERFTEERTEZEET Duncan’s SHEEZE BKE,
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Table 10. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer
on growth of “TTES No. 12’ tea bush by split plot design

ERE
B R = B Growing quantity
Treatment Treatment Height Canopy width =2E L
Height Canopy width
100% 117.67 a 122.59 a 42.67a 27.50 a
B AR 75% 113.75b 121.08 a 38.75b 26.67 a
50% 114.75 ab 120.83 a 39.75ab 26.50 a
A 117.11a 123.33a 42.11a 29.00 a
B 116.44 a 124.11a 41.44 a 29.89 a
REBE C 115.11 ab 119.67 b 40.11a 24.67b
D 112.89 b 118.89 b 37.89b 24.00 b
é;ﬁ%ﬁﬁ% diff
ercent of significance different
pi g e blot 9.20 69.63 6.29 81.82
15 soil application
BEF subplot 0.92 0.17 0.08 0.08

MMM foliar application
R interaction

T x EEMERE 90.37 80.95 20.74 66.74

soil application x foliar application

A RASE 0.46% 2 KB RERIER =X

R (BFRM—O—F)
B: EAEAE 0.46% 2 KA REMEER— IR

(

(—D—%§)
C:HAERE 0.23%ZKBRERER R (BFRFM—L—F)
D:HEAEE 0. 23%ZKARERER —X (—0—%)

F—HEFRETREXFRBTEEFRTEE Duncan’s 5%HEE = R K%E,
Ft+—. URERF ST EREEREARARZHETOSEREREREFE

Table 11. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer
on tea quality of TTES No. 12 tea bush by split plot design

e 5= FE £ TE

Treatment Treatment length of new shoot Number of new shzoot Number of flower
(cm/shoot) (number/900cm?) (number/shoot)

100% 9.25b 5117 a 8.42a

B R 75% 9.50 b 48.67 ab 6.83b

50% 1042a 45.58 b 8.75a

A 9.44 bc 48.44 a 7.44 b

EHERERE B 10.78 a 47.33a 8.00 b

C 9.78 b 50.11a 9.22a

D 8.89¢c 48.00 a 7.33b

EREEROHL

percent of significance different

FREF main plot 269 07 0%
_ L/ soil application
BIEF sub plot 0.01 22.91 0.13

EEEHMEAE foliar application
& interaction

T x EEMER 20.77 0.01 17.76

soil application x foliar application

HARASSE 0.46% 2 KARERER =X
B: HEAER 0.46% 2 KAHRERERR—X
C:HRAER 0.23%ZKAREREM =X (HBFHFM—L—F)

D: BAERE 0.23%ZKAHERER —X (—L0—F)
B—-RFEETREYEZRIFEAEETR i"lj Duncan’s 5% # & = Bk %,

( ﬁﬁ%ﬁ*ﬂ—/b\ R)
( ——
(
(
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Table 12. Statistic analysis of the effects of soil application and foliar application nitrogen fertilizer
on tea quality of TTES No. 12 tea bush by split plot design

- - e FH H
Treatment Treatment length of new shoot Number of new shzoot Number of flower
(cm/shoot) (number/900cm®?) (number/shoot)

100% 8.33b 66.75a 7.75a

B AR 75% 9.50a 63.17a 7.92a

50% 7.08c 69.83a 7.00a

A 7.78a 65.89a 6.56b

EEHEE B 8.33a 64.78a 7.33ab

C 8.89a 67.78a 8.11a

D 8.22a 67.89a 8.22a

EREERSL

percent of significance different
FHEF main plot

T 5 soil application
BIEF sub plot

EMEMAL foliar application 38.50 32.24 3.84

& interaction
T x EEKER 18.40 26.07 2.71
soil application x foliar application

0.95 15.41 29.40

A RASE 0.46% 2 KBRERER IR (BEFRM—L—K)

(
B: EAER046% 2 KBRERET —X (—L—F)
C:HAER 0.23%ZKAREREA X (HBFHFM—L—F)
D:HEAEE 0.23%ZKARERER X (—0—%)

F—HEFRETREXFRBTEEFRTEE Duncan’s 5% E = R K%E,

o
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TERBRNWRE. AAEARBERETR  UEERERRAH s L RERARREE R EFXHETEERSR
B EESHEER  UREERRERAER,
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Effect of Foliar Spray Urea on Nitrogen Fertilizer
Requirement and Quality of Tea

Chun-Ming Tsai* Shu-Mei Lee' luo-Zen Chen* Ching-Kuang Chang®

Summary

Four foliar urea spray treatments, which included 1% and 0.5% urea were applied both twice and once
during bud bursting, combined with three soil application ratios of nitrogen fertilizer, which included 450
kg/ha, 337.5 kg/ha and 225 kg/ha, were used in this experiment. There were no significant differences in
yield and tea quality. However bush growth and numbers of flowers of ‘Chin-hsin Oolong’ were
significantly affected by the treatments. Yield of TTES No.12 was significantly affected by foliar and
nitrogen rates. Treatment of foliar application of urea associated with 337.5 kg/ha soil application nitrogen
fertilizer had the highest yield. Bush growth and numbers of flower also affected by foliar application of
urea associated with 337.5 kg/ha soil application. In conclusion, once or twice foliar application of urea
should reduce at least a quarter of soil dressing nitrogen fertilizer.

Key words: Tea, Nitrogen fertilizer, Foliar application

1. Assistant Agronomist, Tea Research and Extension Station, Yangmei, Taoyuan, Taiwan, R.O.C.

2. Corresponding author, Associate professor, Department of Horticulture, National Taiwan University,
Taipei, R.O.C.

3. Senior Agronomist, Tea Research and Extension Station, Yangmei, Taoyuan, Taiwan, R.O.C.
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FERCER - WAL 20 R ERHEEEER (F—) - 2% 19 3R ER 20 SR EIE e
EEBERSE 25.13 297 R 23.13 5y 0 BIRE T 12 87 25.05 351 FHOKRST 2121 351> HLSEE
18.33 N7y 0 FERESS 19 5t N EZK 20 5747 51 86.00%EL 87.00% » ¥ &S 12 5% 85.25% > &
LRTT 86.25% - FHLGHE 62.75% » BURHTinF A m s VB IR miE G 7% 12 5F K5/ LISHE
RyE »

Fx— - 2EmAk () REESHEEE
Tablel. Comparison of the growth among all tested cultivars (clones)

i 2 () M _FER-RFE (cm) FARF(cm) FHEROEZR (%)

=198 25.1342.12 19.83+3.12 86.00

=L 20 48 23.13+1.85 18.20+3.21 87.00

51-34 22.63+2.57 18.90+3.59 77.25

51-69 24.5342.67 16.90+2.67 88.25

51-122 23.08+2.50 20.73%3.50 77.00

B2 12 98(CK) 25.05+2.68 22.65+3.88 85.25
0, AF7(CK) 21.2142.20 21.80+3.48 86.25
=058 (CK) 18.33+2.52 23.133.52 62.75

5 ¢ 1989 4F

— ~ U&= (1993-1996 )

TR 4-7 £ FHFWEGERIINER - EAGER 19 SEFREREERE A 12 955 8.7% -
BEE - P LRERRY) > HZ2FREBKGHR 12 910 24.9% © HEEF LGRS 33%LLE
7% 0 TR EERRE > HERNEENGHR 12598 2FRERET 12 i 15%LE - #%
FHLSHER 91%LLE -

XSRS 19 ST RERERRG R 12 985 1% > HEMCRERR) » 2FHERER
12 5/0 28.1% » BG5.0LSRES 48% LU L B0k 20 SRERAERRGE - BG4 12 5EFH LSHEV 37%
e (BHE - BOREREM ] > 2EREEWE 12 570 19.8%  #F L SHES 58%LL L -

FEFMIT SR 19 SRIBEN 62 12 5% FERIRGH 12 55 10% > 5F LSHES 181%LL
F o BER 20 TRAEERRR - FERR G 1257/ 70.6% - [HEH LISEES 50% -

HEERIGEHAME SR —TONA E - AitE2Sn A TRAFFRERRS - 2% 19 58
AR S ERERE G 12 97/0 19.8% @ 55 LISHES 51%LL 1 - 255 20 S FHEEK S
7k 12 57/0 3% > BELSRES T5%LL L -

0
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x> Z2alingk () ARWERESR (B« AF/AE)

Table2. Comparison of the yield among the tested cultivars (clones) (unit: kg/ha)
i EX
Al Eh ER 5134 5169 51122 12 ALK TRLSG
19 5 20 5% #(CK)  77(CK)  jE(CK)
FR 762a 823a 746a 536b 729a 701a 768a 536b
FiN BX 1116¢ 1387ab 1143c 1499ab 1282bc 1541a 1056¢ 578d
Bk 785hc 1447a 1127b 1056bc 1096bc 951bc 1011bc 765¢
RS S 282e 585abc 391de 544hc 697a 486¢d 672ab 333e
o 2946¢ 4243a 3407bc 3635abc 3804ab 3679ab 3507bc 2212d
=S 977a 703b 703b 642bc 597c 967a 427d 965a
=P8 817c 1110ab 843c 550d 937bc 1283a 363d 490d
5SS 723c 880b 301e 437d 890b 975a 215f 243f
LA 2517bc 2693b 1858d 1628e 2423c 3225a 1005f 1698de
=S =SS 661a 290b 523ab 318b 463ab 560ab 232b 254b
B 1584a 940bc 1367ab 1395ab 1411ab 1452ab 949bc 531c
A Bk 1540b 787b 1250b 714b 2814a 1430b 1166b 557b
LA 3785ab 2017cd 3140bc 2428bcd 4689a 3441abc 2347bcd  1343d
F= S 790a 857a 610b 750ab 857a 847a 627a 423b
a8 EHIE 833ab 780b 1023ab 837ab 803ab 1103a 790b 750b
vav=l= 1173ab 1307ab 874b 1250ab 1553a 1293ab 1223ab 1243ab
R ICS 1567b 1813ab 873cd 1167c 2080a 1653b 1577b 590d
L8 S 867b 1313a 474c 1178a 1378a 1378a 845h 447c
o 5239d 6070c 3854f 5218de 6671a 6274b 5062c 34539

it RPN IOCTRHHREIROR R EE S%RE AR - (1993-1996 4F)

= RUFEE (1996 4F)

ARG 2R 19 SPEA Z A RS Ry 34.33 oF - ERAIREOR 12 9% 37.33 2 ~ FHLUSHE 35.00 2
Rl EEFARRE - 2% 20 5F 37.50 SR id &% 12 9 37.33 2F ~ FH/GHE 35.00 2F s > =5
FEE (WFR=)-

e ES 19 5t R BTk 20 SRR Z B A5 Ry 63.33 ZFEL 58.33 T - i 50k 12 5 47.33
ZF o BILSHE 44.67 S Ry > AEETE

ot B5% 19 SRECRIAEFEE R 50.90 2 - Bl E 7% 12 5% 48.10 of s (HERAEE > M
ERAFELSHE 63.00 2f » ZEELEERZE - 278 20 9% 53.28 HF SN &2 12 5% (RINE LSHE » SR

BRE 27 19 STERIIFEE R 44.00 2F > SEIREIE 12 5 30.00 2F - {KHYHLSHE 76.00
of > FEEUTEREIE - 27k 20 5t 66 5f > NI GIE 12 97 30.00 5 ERERE - (BRI LG
76.00 ZF - ZEAHE -
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%= SElig () WHHIEHE (A 5H1900cm’)

Table3. Yearly bud density among the tested cultivars (clones) (unit: bud/900cm2)
fn Z () 5 o
& B F = B K
Z5 19 98 34.33ab 26.67ab 63.33b 38.33hc 39.67d 31.33c
=75 20 5% 37.50ab 31.17a 58.33c 40.00b 38.33d 34.50bc
51-34 35.50ab 24.00b 33.67f 34.67c 42.33c 41.00ab
51-69 40.83a 29.00ab 73.00a 29.33d 37.33d 37.00ab
51-122 38.67a 29.17ab 73.33a 51.33a 52.00a 48.33a
B4 1258(CK)  37.33ab 23.50b 47.33d 49.33a 45.00b 36.00bc
FHILATT(CK) 30.17b 23.17b 42.67e 28.00d 30.33f 29.50c
BHVEHE(CK) 35.00ab 25.67ab 44.67e 42.00b 33.00e 30.00c
ST o ox
& = K & = e
EF 1998 50.90cde 40.57ab 41.10ab 44.00cde 38.00ab 39.00bc
=75 20 5% 53.23bcd 33.33ab 41.47ab 66.00abc 50.00ab 57.00ab
51-34 44.13e 31.87b 32.80b 48.00bcde 36.00b 32.00c
51-69 54.47bc 43.37a 48.80a 38.00de 54.00a 62.00a
51-122 60.67ab 34.43ab 37.63ab 71.00ab 48.00ab 50.00abc
B4 12 58(CK)  48.10cde 33.23ab 37.57ab 30.00e 50.00ab 61.00ab
FHILATT(CK) 45.57de 33.00ab 33.90b 61.00abcd 42.00ab 52.00abc
HVEHE(CK) 63.00a 39.10ab 38.87ab 76.00a 41.00ab 47.00abc

it RPETINEIOSCFRHREROR R EE SWREE AR - (1996 £F)

P~ St e e (1996 )

RIS ZAE 19 5F RIS 20 55 M85 By 74.60 A 518 74.16 /357 o (RIS 12 5% 82.53
Doy ZREE > HEEENHEE LR 64.6 25 o B iniE 2 e % Fy 105.46 /1578 111.66
N5y BIEIRETR 12 57 109.63 A EL#: > ARERE AR - EEHIRE LGHE 85.00 BiE s (W1F
rg) e

X 2=k 19 52 0 69.43 ARG 12 5% 77.23 5y > BEEMER - e HER
FLGHE 65.27 0y (AR > 2545 19 SR fild 81.10 A/ B IR G 12 5F 84.17 Ny 5
FEE - EE L ISHE 68.03 AT ERIE A - 2% 20 R M 62.50 AR EIIR G 12 9% 77.23
Noy o R HEHRELSHE 65.27 A ARE - 225 20 S 72.20 ARG 12
5t 84.17 oy - BRI (HEINHIEE LIGHE 68.03 Ny > EREARE -

fotlEE 2255 19 5EkefE 89.63 ARGk 12 9F 87.23 Ny v » ERARE > MERE L
FSHE 73.33 oy o EERAEE R - 27K 20 97 77.93 Aoy AR E7% 12 5% 87.23 125y - HERF L
[SHE 73.33 [Ny RERIERARE - Ok 19 SRR 104.27 AR EIIR G 12 5F 106.63 A 5) 0 25
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FEE - EIFELSHE 80.33 A0 o FEFERE o B2k 20 97 87.17 AR BIIR &7k 12 5 106.63 1
oy BEREMER  SRNE LG 8033 A% [HARE -

GRE 2= 19 STk 20 SRR R 94.17 5y B 97.93 NI G IR 12 57 98.77 4y
Rl > ZREABE > HENHEOSHE 9087 A7 HEEEER - 2% 19 9t 6d 120.83 57 Bl
IRE7 1257 122.10 Ny 2R ABE S B IR E L SHE 105.83 257 2 R - B 7% 20 SEfild 128.37
NorEEIRES 12 58 122.10 477815 0 GHE 105.83 A7) Ryl > Z2EIREL -

o

R~ 250m % () il R 2 LR CERAfL © A93)

Table4. Comparison of the canopy size among the tested cultivars (clones) (unit: cm)
SRENCEY 5 ol
Bl ffet il ffet
EX 1957 74.60b 105.46a 69.43hc 81.10a
=420 57 74.16b 111.66a 62.50d 72.20b
51-34 83.33a 110.43a 64.13cd 70.83b
51-69 77.13b 109.20a 72.77ab 70.53b
51-122 74.20b 112.93a 61.07d 71.37b
B4 12 55(CK) 82.53a 109.63a 77.23a 84.17a
L ATT(CK) 80.86ab 108.36a 59.70d 59.67c
HLVEHE(CK) 64.60c 85.00b 65.27cd 68.03h
NG e o
ol fifet fifr= fifet
Z5 19 98 89.63a 104.27ab 94.17abc 120.83b
Z4 20 57 77.93bc 87.17cde 97.93ab 121.27b
51-34 82.80abc 96.83abc 93.33abc 128.37a
51-69 80.73abc 92.53bcd 94.20abc 110.87c
51-122 81.67abc 103.17ab 92.93bc 121.70b
B4 12 55(CK) 87.23ab 106.63a 98.77a 122.10b
FLATT(CK) 75.17c 76.67¢ 93.77abc 117.93b
O EHE(CK) 73.33c 80.33de 90.87c 105.83c

it RPET/INFISCFRHHFEROR AR EE SWRE AR - (1996 ££)

T~ BfEAAE (1996-1998 4)
AREIEERGE R - S RITIRTL-/\ » BERSERFEH H D& HEZLL 60% @ [NILERE
DR BRI (B —RGER AL T -
1. F|ok
ARG 25k 19 SRBLESR 20 SRR 2 BIRE fy 44.8 5781 45.0 73> N EIIR G IR 1255 43.5
71 > FLISHE 42.0 71 - EORESR 19 SR ESK 20 5EH R 45.6 07 > BINEOR 12 SR B LSHES
Fy 435 5381 42.0 53 » BIORESR 19 LR 20k 20 585 Ry 43.3 73 E 425 5 » (BN E 7% 12 3RS0
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SSHER Ry 41.3 S7E1 38.8 7 (K1) -

e 2k 19 SRBLEET 20 SREOR 2 B/IRS Fy 42.3 B 42.7 I (BN IR GOk 12 5% 41.7
73 FLISHE 40.0 71 - EORESK 19 9 ER 20 955 Ry 42.0 77EL 42.8 7y - #RETK 12 5E 41.3 43
Foid > BOELIGHE 43.5 77 Byl » DIOREZR 19 5F 43.8 73 - (BN E 7% 12 5B LIGHE » %55 41.3
SrEL 422 5% o Bk 20 57 40.5 O o (RN ETR 12 BERGR OSHE - B R 413 rEL 422 57 (RIN) -

fothle 25 19 SRELEESR 20 9RER Z /IRE Ry 42.5 438 40.5 41 - piE SN EIRE R 12
37 40.0 73 > FHLGHE 41.0 77 RESINER 12 ERF LRHE - ERER 1997395 77 &

NETR 1257 39.0 47 - RINE LIGHE 42.5 71 » 25 2097 43.3 03 > MGk 12 i RFE LIRS
Ky 39.0 738 42.0 53 - PR ESK 19 9t 44.0 SMER G 12 5EEH LISHES Ry 43.0 7382 42.5 73(%
)

GRE B 19 SRR E/IRR 42.0 4 RPN HIRGE R 1257 43.0 75> FLSHE 42547 ©
7% 20 5 Ry 43.5 0y > BEHIR GO 12 97 43.0 0 EE LISHE 42.2 70 Ry o BORER 19 SRR
20 SR AT Ry 41.0 538 40.8 1 > SN EOR 12 SRR E LRHES Ry 40.2 7B 40.7 ) - DR &
F 1957443 7y NG 12 SRR B LRHES Ry 42.8 181 42.2 71 - E27% 20 5 41.3 53 > (RN E
L2 B LSHES Ry 428 B142.2 77 (/) -

. RSBy

Al Bk 19 SRELESE 20 SRESRAIT S Ry 4.7 STHL75.6 7 (BHVHIRG I 12 57 74.0
71 > FLISRE 71.6 71 - EIRESK 19 B AR 20 SRS RS Ry 73.9 41 > (BN G 12 SR E L
SSRER Ry T1.5 J781 68.5 51 « PAOREEDS 19 SRELEET 20 5E 2% Ry 72.4 538 70 47 » JREEHRE7% 12
5% 68.8 73 > HILISHE 66.8 S BB (RIL) °

e 225k 19 SRBLEETK 20 SRARORAE T S5 Ry T3 SpEA 3.7 o (BN IR 0k 12 98 72.0 43
FHLISHE 68.8 77 « EOREA 1997 73.0 47 - (BING A 12 JEH O SRES Ky 71.8 /7B 70.5 47 -
2O 20 97 71.8 Sy Bie g 12 SRAHE] o (BNEOJSHE 70.5 93 o BICREESRS 19 3R /% 73.6 47 - (BN
BREZE 1258 71.8 57 » FLGHE 71.7 47 » MESK 20 5% 69.7 /3I9tEEIRE 7% 12 SRBH L GRER
& (&) -

fothles 258 19 SRERMET Iy 722 53 > (BINEIIRETE 12 5% 67.8 77 > H/LISHE 68.8 77
IMEZR 20 AR EIR G5k 12 9T 50 SHE - BoR S5k 19 5t 65.1 71 =it a7k 12 5% 65.0 73
RFFHOISHE 70.6 43 » B2 20 3 71.9 41 - (BN GE 2% 12 SR K5 O SRER /R 65.0 7382 70.6 4 ©
PROREZFS 19 SREAZEJE 20 9R#5 Ky 73.3 Sy 81 72.0 53 S9ME IR G % 1258 71.3 73 H/LISHE 70.5
g (Rt

BRE 2 19 9EESRE R 70.3 o o (RNEIRE TS 12 5% 71.8 43 - [HELELSHE 70.3
Sr[ESY - A2 20 37 72.6 7 RUEMEIREIR 12 3T F /0 IGHE - EACESS 19 975 51-67 Mm%
%5 69.3 7381 69.0 73 EIN G 12 HL A H LISHES Ry 67.1 S781 67.7 73 - BICR 227K 19 5t/ 73.2
oy EREIRE 12 9% 70.9 73 FOSSHE 71 5 » B2 20 97 70.3 S AR EIR G 12 SR E
OSHE (RO -

W2 228 19 R ETR 20 S anfE SR 2 (RANEURER - s B R R R & SRR T R
SNEIRERRSS > TR B RS - SRRV EIRR  WWHWIELE - MRRISIES: - Rl
HERERRA - BABIE LSRRG 12 3T 25 - B > 255 A0 — TR HY
FEEAE R B, - (EAORTIZHEE - e HRAmRES - BT E7EM: - Hrh 2ok 20 55
R EUAE HEE Bk 19 SR HER S B
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Table5. Comparison of Pauchong tea quality among the tested cultivars in Yangmei area

Z 4y v002

N
%

e

it 7 () R 1998 o 20 5% 51-34 51-69
FHf & Ll K & Ll [ & Ll [ & Ll K
Ttk 7.0 6.5 6.8 73 6.4 6.6 7.1 7.0 6.1 76 6.3 6.6
B EE 6.9 6.9 7.0 7.3 6.6 6.6 7.1 6.9 6.0 75 6.0 6.3
K 160 149 153 16.0 153 143 15.8 143 155 156 144 143
" & 448 456 433 45.0 45.6 425 425 42.1 415 415 408 408
&i 747 739 724 75.6 73.9 70.0 725 703 69.1 722 675 680
rit1 () 51-122 5% 12 5E(CK) FHLATT(CK) FHLSHE(CK)
i = El K & El Bk = = K & g K
itk 73 6.6 6.3 75 6.6 6.6 74 71 6.8 74 6.8 6.7
L 73 6.8 6.3 74 6.6 6.8 7.3 73 6.6 74 6.6 6.8
g K& 160 148 148 15.6 14.8 14.1 15.0 145 143 148 143 145
S 413 425 403 435 435 41.3 395 42.0 40.3 420 408 388
& 719 707 677 74.0 715 68.8 69.2 70.9 68.0 716 685 6638

6T ST ekl

4

Y 07 HEET M

T

eyl

i

=

it RAEEIGR ~ 60% ~ ZR5KE - REWIETIVE - BE4EET 10% ~ 10% ~ 20% ~ 60% 2 EEBIETE - (1996-1998 4-)

—
+

99
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Table6. Comparison of Pauchong tea quality among the tested cultivars in Wenshan area

SREN(ED) 2% 19 5% L 20 R 51-34 51-69
A & H X & =] X & =] X & =] X
N 7.7 8.0 75 8.0 7.0 7.7 7.7 7.5 7.5 7.0 7.0 7.3
oo R 7.3 8.0 75 8.0 7.0 7.3 7.2 75 75 7.0 7.0 7.2
Kea 15.7 15.0 14.8 15.0 15.0 14.2 15.0 16.0 147 13.7 150 148
B & 423 420 438 427 428 40.5 40.7 413 393 380 390 412
&% 73.0 73.0 73.6 73.7 71.8 69.7 70.6 723 69.0 657 680 705
i 24 (1) 51-122 A% 12 5%(CK) HILATT(CK) HILSHE(CK)
&S] & E X & L] X & L] X & L] X
ik 7.8 75 7.3 7.8 8.0 7.7 7.7 7.0 7.3 7.3 6.5 7.3
o R 7.7 7.5 7.2 7.3 8.0 75 7.7 7.0 7.2 7.8 6.5 7.2
K 15.0 14.5 14.7 15.2 14.5 14.5 15.3 15.0 15.2 137 140 150
B Fug 410 405 403 41.7 413 41.3 42.0 428 40.3 400 435 422
&% 71.5 70.0 69.8 72.0 71.8 71.8 72.7 71.8 70.1 688 705 717

it {OREEAR ~ @F

S E
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K~ RERHETHIH

BAE4EEE 10% ~ 10% ~ 20% ~ 60% EEFIETE - (1996-1998 4 )
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Table7. Comparison of Pauchong tea quality among the tested cultivars in Yuchi area

rin F () =R 1998 24 20 5% 51-34 51-69
FEi G Ll [ & Ll [ & Ll [ & Ll K
TR 7.3 6.5 75 6.8 73 7.0 6.5 6.5 7.0 6.5 6.0 6.5
m EBE 7.3 6.3 78 6.3 7.3 7.1 6.3 6.3 75 6.3 6.0 6.8
K 151 135 140 14.0 14.0 15.0 135 12.0 15.0 135 133 140
B g 425 395 440 40.5 43.3 42.9 37.0 385 42.2 370 390 405
& 722 651 733 67.6 71.9 72.0 63.3 63.1 717 633 670 678
et % () 51-122 7% 12 5i(CK) FLATT(CK) FLSRE(CK)
FHi & ] K = Ll K & Ll K & Ll K
i 6.8 73 73 6.5 6.3 7.3 6.5 7.3 73 7.3 73 7.0
o 6.8 71 7.0 6.8 6.7 7.0 6.8 7.3 75 6.5 73 7.0
K 140 130 143 145 13.0 14.0 135 133 13.0 140 140 140
" g 390 390 413 40.0 39.0 43.0 38.0 40.5 40.0 410 420 425
& 66.6 664  69.9 67.8 65.0 713 64.5 68.1 67.8 688 706 705

it {OREEAR ~ @F
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Table8. Comparison of Pauchong tea quality among the tested cultivars in Taitung area

SREN(ED) 24519 5% 245 20 5% 51-34 51-69
R & H K & H K & = F & =] F
AR 6.0 7.0 7.0 6.8 75 7.2 6.8 6.8 7.0 5.8 6.5 6.9
o iR 6.3 7.0 7.0 6.8 7.0 7.1 6.4 6.7 6.8 6.3 6.3 6.7
Kea 16.0 14.3 14.9 15.5 13.7 14.7 16.3 13.3 14.3 16.3 13.7 14.0
B Fug 42.0 41.0 443 435 40.8 41.3 415 39.3 41.8 415 368 391
= 70.3 69.3 73.2 726 69.0 70.3 71.0 66.2 69.1 69.9 633  66.7
SREN(ED) 51-122 B4k 12 5%(CK) HLATT(CK) AL EHE(CK)
ZREf H B e H B Fk H B £k & = Tk
TN 6.0 6.8 7.1 6.8 6.7 6.6 6.0 6.7 7.1 6.3 6.7 6.9
i s 6.0 6.7 6.8 6.5 6.5 6.7 6.3 6.7 6.8 6.0 6.8 6.9
g Ko 16.0 14.0 14.1 15.5 13.7 14.8 15.8 13.7 14.7 15.5 135 15.0
Flk 42.0 39.2 40.8 43.0 40.2 42.8 42.0 40.2 39.5 425 407 422
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IKE ~ R BRAEITREE > BA54ERT 10% ~ 10% ~ 20% ~ 60%  LLFIEHE - (1996-1998 £ )
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N REARCER S 'O
7t 2002 SERFR L EERD - BRI R E - BIHBHRVKEERL > AT TR

BRI 3T - IS RIIRRIL -
WM e 8% R TR - TS E

HE AT - 20k 19 S AR e BB a0k 12 9UHE - SE L
SHERsE - 228 20 SRANMRIN & 7% 12 5RO

SHE ©
T~ 2Elingk () REARKIEE (B %)

Table 9. Chemical component content of the tested cultivars (clones)

i 2 () W RL T (%)
275 19 5% 2.19
27 20 5% 1.73
51-34 2.45
51-69 1.87
51-122 2.12
B4 12 58(CK) 2.19
FLARTT(CK) 1.72
L SHE(CK) 2.03

it 1 2002 FEHEFRALHUEAEE -

T REEREM Y (2002 FEHRFHEE)

FEEERBE T Ta RSy > ZATERE - Bl - il - REEHEN T ZZENAE '
FeRafih = FoAE g oy e B L o A P AURGEEIR A (R 2 H A - 25 E R IR
Do RAE TR S - AR R B RS E BUR ST A FRYEGIR T A5G - LR A A SE S
fksy o AR ECRRI A RolRo > B2 IEERSINRA

ARG 19 SR R 20k 20 5 2 S E B 5 By 3.82%8 4.00% Bl 557 12 5% 4.39% 5.0 K AT 4.30%>
FLSHE 4.17% © STETS 19 3 R 27k 20 52 SR E S Fy 4.39%82 4.17% » HIR &% 12 5% 4.22% -
FLATT 4.19% ~ HLISHE 4.57% © fUthEdR 19 SR ER 20 SR S E B &R 4.97%HE 4.59% - $fid
B 12 58 4.71% FLoRAT 4.72% F L SHE 4.36% - BEET 19 5 R 20 SR S5 By 3.28%
B 3.50% > HIREE 12 5 3.51% ~ FH/LoRTT 3.05% ~ FH/LGHE 3.22% » HE g ~ #f - §5 - a8
EE S



Ft o~ 2Elimgk () REBRKRSSE (B %)

Table10. Mineral content of the tested cultivars (ciones)

N 5% X

PAY N == N == N PAY . =N == N
5 ok s 513 5169 51422 D% AE B Bh aom KM 516 512 29 AR B
(CK) (CK) (CK) (CK) (CK) (CK)
N 382 400 398 400 410 439 430 417 439 417 428 384 420 422 419 457
038 038 041 043 041 049 043 042 046 046 044 040 040 045 039 050
K 205 18 205 203 201 210 218 193 199 202 199 202 206 204 196 1.98
Ca 028 028 030 027 030 026 032 033 027 025 022 025 029 027 025 023
Mg 021 023 022 022 018 020 021 022 020 019 018 018 016 016 015 0.20

=< A a H
o P e - N
%%5 1%9:;% fjﬁ 5134 5169 51122 128 Af B 1%9/”; 2%0/; 5134 5160 S22 L8 Af SR
(CK) (CK) (CK) EE EE (CK) (CK) (CK)
N 497 459 483 423 462 471 472 436 328 350 318 317 322 351 305 322
050 038 043 040 044 044 039 036 032 037 030 031 032 035 036 042
K 197 191 193 227 209 212 226 18 180 185 180 196 179 196 174 165
Ca 039 039 031 036 047 039 038 036 040 036 035 034 039 046 050 049
Mg 021 018 020 022 018 021 016 019 019 019 019 020 017 019 020 021

it 1 2002 F£F/
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it
H
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VAN PR

HTAEA > BiE RS A4 B AR BRI H 223 - N E S RERE T - B b & FRE TR At
ERNEFHE 2 — o (HHR AR A - He2 RS ER RSk - 1L H 2884 2 sz F e 5
TREAATRE - NILEE ISR RS o RMER I —RIE > A AE dn A A o e Hoir 04 - $2E
RS -

HETER

1. ASHER 1995 FEAGE R =G > HE0nimRRBEA 19 9% - 27520 5% ~ 51-34 ~ 51-69 -
51-122 Je IR G 12 5% ~ HORTT ~ BLGEREE/Wink () -

2. EFRBELL L0 Ay 0 SIE 36 Ny RO B A 20 & 0 51 160 2 - ik 3 4Rk -

3. EHEHM - 19957 H - PRI 31.8TC -

4. BrKHE - BUKRIE AR KE LK ML - FTBHARSL - SEEI R > & BIHErT
Er7K0~2-4-6-8-10 O > HORREREERY  HEH BIEMESE (155 )
EEEEE (6-10 /)~ BREVREE (10 R L E) FE=8 WO ER NBOKEEEE -

FEPERIRE T > B ERCRBHER K 2S5 TR0 SERETS » BKI& TR e i 2 B a7 285
% RIS KERIRIIE T - Bk 4 HERAZERE  BrK 6 HEK 1958 BOGE - F
LRAT > HER BRIGEEHS - B7K 8 HE LISRECBEE S5 - 25K 19 9% » 51-34 b %~ HLATTH B
hERAERE > Heran g () SERD% - Bk 10 HREFLGHE » BOKST » 25k 19 5% ~ 51-34 i
FOR TR > B0 20 5t ~ 51-69 k¢ 51-122 BAE K 12 SRAESRERTE - dILEREBURES 19 StEHiig
FLSHE—RERAI FAYEE - R 20 9RELA 7K 12 S9F—H Rl AV i -

U~ PisaETHE
FEErER 4 4 > JRA 1993-2001 E 2 [ - SREE ER ST 2 #EHY - HERE S
BREFAGOERRN - FARERR - ARG - S rufE - DIESUEEH > St 2 8miEe - &
TSR S S AR T
FAGEEER - () B Ret R R 2 R _ LR -
() H R R EERER ZER E— P AR ZpBE<S0 fi -
i+ HR R EAER ZER E— P ZFBE 50-200 {H -
EH(+++) Rt AR 2 R _E— P I N ZIREE 200 {E 2L L -
JRAREERGE ¢ ) IR AT -
C(+) H R etoriia 1-10 | 3 EAmsts: -
i (++) H PR 10-30 5 3 EARBEEEAL -
H(+++) B 2HEBE>30 F 3 FARBEES A -
B P ) EEER R
BE(+) B A R B 1-10 BER AT -
i (++) B SRR EE_ B 10-30 BE1 ARBE -
E(+++) H LMo RiieE L A>30 R AR -
FRBE + () BRI S -
BE(+) ERASREAE — SRR YRR
()R AN A DA B2 AR
B (HH) B SR E LA R B ERPEEE — R
g E /R B DA s B - SRR SRR

B
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() BPRERRE L
E(H)EPRA 10-20%2 8 E# A -
i (++) 2 HRA 20-30%Z S E A -
B+ EIRE>30%Z s E 4 -

FatlE S EAE R —FTR (2000-2001 48 ) - (HEZREIUM 2 () 2 e @R 2R FAEER -
PREFTGHEMAE - SR ZHER AT G 12 s - Hig =5 2 e tE 25
wAaEE > Hp ARG 4 () SEERAE - U225k 20 5t R ot 2 2% 20 SR 5 LS RER
TREER S AEIRH Bl > HAN S R ED A B 3 - FRESR 20 SRR LISRESL - HERMmZTR
1ot 2 ZR B 3 A PSR - RO DU T i A - B2 19 SREEAS A R RIE M - RilfE
TR ~ I8 NGRS G E o AU R SO IR R S N IR T S - FE BRI A
FE/NGREEIRE S - BOE 20 SRAEA A TN - SO TR - el - NREEIRIRIE A E U IAER
EAIEPE IR /N EEIRE E  TE U A RN DR T - RS - RORIE B

fa -

Ft— - HEERkaEEEHE

Tablell. Pest and disease investigated results

EZA 1957 i +++ - - - - + + + +
il + - + - - - ++ - ++
ot + - + - - - ++ . ++
= i R - - - - - - - +

E5 20 57 35 +++ - - + - - + + +
prdil] + +++ ++ - - - + - +
ot + R s + - ++ + - +

Bk 12 58(CK) K15 4+ - - + . . + i )
il - e
FOARTI(CK) &5 +++ - - + } . + + +
el - - - - - - + - +
- . : i i i ] i ]
HOEFECK) K +++ - + + . . + - +
prdil +++ - ++ - - . + . +
ok +4++ +++ ++ - - R + R +

#F : 2000-2001
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GERT—ER  FrinREZ0K 19 TR EXR 20 STATHGTE IR - RN KRR 2L HIEC
B R T E AE S SRR E T i R BV R B  Frin R ETR 19 9REESR 20 SRS B AT
RTERIFR T - 275 20 SR Rt 5 - SRREERDIR ROR B BORAE L 2 i =
PR e ot —sklee 2 gIAe - s - IR ERRRIERG A FORBRAVE S - EK 19 55
MHPIRE TR IR B LS RE A8 - (EaaE T - A « PG5 - ZOEIe i - e - /NaRIEis
fa® - HerEafleEs - &5  SREAIRIEEHE -
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E=coaN

in$h 51-14 k7 51-67 Sn &Rt dsR

Tablel12. Characteristics of new tea cultivars

Fr@Rk  EfER

—L=FEAFE(AR)

TREFHEIE(900 ¥ 572 57)

B H e em BABEII(H/H) . F55(1996 £F) F255(1996 )

@) ) kp suh st B A5 Sal i AR A Sal gt A
=Z199% 8600 90.00 41 418  4/6  3/12 R4k 9180 8767 126.67 11600 3433 63.33 5090 44.00
=209k 87.00 9125 3/28 415 46 3/7 4% 99.86  78.60 101.67 97.30 37.50 5833 5323 66.00
. st s it (2002 ) Sl 53 (2002 £5)

A ol fol BF iEei & i ol 55 B
EZ199%F 2946 2517 3785 5239 2.19 3.28-497 032050 1.80-205 0.27-0.40  0.19-0.21
EF209F 4243 2693 2017 6070 173 3.50-495 0.37-046 185202 0.25-0.39  0.18-0.23
5 A ﬁi%}(é}ér})(l?% F) ﬁifﬁ(é}ﬁ)(w% F) BB mmEE RN e

g Sul At AR A ol Bot B
E19%% 7460 6943 89.63 94.17 10546 8110 104.27 97.93 GR(HEEE!) h=iEH  EOREEE WEWHE
EZE205% 7416 6250 77.93 120.83 11166 7220 87.17 12837 sa(fasRAY)  (KEIL EoREER FEkAR

VL

(¥002) Hif €2 Selaaio sk
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BG4 N ILER

— . IfPEERZHEAE

TAEHH TAEAR

sfERTHES MAHE ~ RIFR ~ BiFEE - brikt] - EER

e A SAREE ~ B f ~ ZE(RHT  UBEDE - Mbnt

Eestbe ZERHT - A A

lEmdgat e MAH ~ A ~ 25830 ~ SRBT ~ MRt ~ BREE ~ ok ~ R L -

FOGAME - OPER - UBEDE B 20 EE5E - FER - (IEE - BRI -
THE -~ BRES ~ BURTT  SEEA - sREGE - IR

TR A AEZRLC > BOTH ~ BB~ TRENZ ~ BIRAR - AR

(B EEnY. BREA ~ 22&]

{BERR T 731 BRIFIRE - TREEE - B35

- yakisEd PR - EET

HER £ MO ~ SRIER ~ BRA A ~ Z5&0T  prath ~ BRE(E ~ 55k

=~ TR B R I B AL

TEIEREZRERENRYS MARE G (FIREFRFERE) @ RER WIREFHERE (A
BRSGIGR) o &Y BERA > HMEE PIRERECGRE X URAFRWE (A1
WrEntf)  #E26E Xngnhi S8 XUnERfERE  OEE s (A
Xy lEaie) Mt S BRIR B R R BES SRS R WRT &
RGREIIE BHAERE SUEAR aRGIEItE R WRE (Fulngngi)
BT BRI mIBNENIEA > TWE ARt SR ERRRIR IR - MIER. it
I TRIRIR > BIREE RIS RIBR brk] ARG RIEBR - RS piBIETEA - M
and RIASRMEREEMAC IS gIASSEREBI ARG Al S GREBIRREZ L
5B R - sRBGE BT SRINTIE SRR FRE - 3PRFE RUlr BB EEnE R - 50
B Bt a > FEME  BIFTE ESORIE TR B (RIASRSGRIERE) - 83
ot BUEWIER C BEDE AIaROSSEREAR KL BFITE (FIAGETGRE) © £&ET
YRR - iR SROGEENIR - B REESEE S WA A BIEER (ARSI AR
WwE) - TRt EgREARITRE BEER A&k (FIASSE)  REE BEIES -
TEt SRR RgEEYIiEtEm  BER MR (AIARERERE) - TEHRREZREMNER
BRMEE  (RUIASERIERBIENIER) -
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Breeding Report of Two 2004 Registered New Tea
Cultivar TTES No. 19 and 20

Chun-Ming Tsai' Ching-Kung Chang® lou-Zen Chen®  Kuo-Renn Chen*
You-Zenn Tsai’ Chwei-Fong Chiou® Jin-Chih Lin°  Horng-Jey Fan®

Summary

Seventeen-selected clone, which were hybrid in 1938, were pollinated with the pollen of
‘Chin-Shin-Oolong’ in 1962, and 523 seedlings were obtained in 1963. After nursery selection, a new
individual test new line test and regional test, two line, 51-14 and 51-67, were named as ‘TTES No. 19’ and
“TTES No.20’ on 9" January 2004. Both of them are for Paochung tea and belong to the mid-season cultivar.
“TTES No. 19’ has light green shoot tip with middle dense of leaf hair, oval to oblong shape mature leaf,
strong vigor, less drought resistance, middle to high yield, spring tea harvest date is slightly later than ‘TTES
No. 20°. The tea made from ‘TTES No. 19’ had shining green color, blight and honey green liquor with
elegant flavor and sweet taste. According to the data in the regional test, “TTES No. 19’ is suited for middle
to high altitude tea plantations. ‘“TTES No. 20’ has a purplish green shoot tip when the bud just burst then
turn blight green, leaf hair is denser then ‘“TTES No. 19’, almost oblong shaped mature leaf, bud burst very
uniform, strong vigor, less drought resistance, high yield but the lignification of fresh leaf is very fast, so it
had a short harvest period. The tea made from “TTES No. 20’ had shining green color, blight and honey
green liquor with good aroma and strong taste. According to the data in the regional test, “TTES No. 20’ is
suited for middle to low altitude tea plantations, and should avoid humidity and poorly ventilated areas, and
take care of Blister blight and Brown blight.

Key words: Breed, Cultivar, Hybridization, Yield, Quality, Drought tolerance

1. Assistant Agronomist, Tea Research and Extension Station, Yangmei, Taoyuan, Taiwan, R.O.C.

. Chief of Tea Agronomy Section, Tea Research and Extension Station.

. Corresponding author, Associate professor, Department of Horticulture, National Taiwan University,
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Taiwan Tea Research Bulletin 23: 79-90 ( 2004 )

PMERRERERFRRER

S

/MR ZESE ( Jacobiasca formosana Paoli ) AR EFREZEREN—BEHR , KF25H
BRE RTSEARFEENEREN  HRRXQETETREEE , HIIRBREIRE
R REBROERE. AERBENE/NMEEENSEL  REMSRHEREBRA , A
B T4,

ER L MEEERRENRFUREREFANAERSERAE AEREANIRE
FTRARE, KBRHEAKRE , BR MIEERREZCREFRRBERNLR  TERHKRNEE
RE O BREBEMEBEEERANE , EESMUBEFA, FRANMEEREENRFMIR
ERBEFLR  BERMIARNBEETE , EEFERHRNBERENRZNALR , RMB
25 TEEEEL N TEELRX.. AARIARERRBINREFRE  TRIXEEREA
B RBRERESHE AREMHEE  GUREHRNERE  EZNEMKERNASHMMEE,
BET  HERE. EFER. EB84F. MxEE

][l

—. HI

MK ZEE ( Jacobiasca formosana Paoli ) BEJ#E ( Homoptera ) 4R} ( Jassidae ) B8 , TE
PHRAEBE., PEAME, B, HEEFNONESH , AREZEREN —FEE S ( Wickremasingle,
1974 ), BHEMFR (1973 ) i , BEEEE SR ALEABSI/MEEEBIRE, HEEHANUKS
MEBARNRS ORREREFREYHBEBZ TR SREBZRFRESEL. 2, REEE2M
B, EEE118  EERE  GXFTEENERE (HRF , 1990 ; 7, 1994 ), EREERENE
ARFFZIRRE  AXSEANYEESERRRE , EREEZMEMAE (FF, 2001 ) DRIEE
EAELFRERLE  AUERNRLEREREE, ABUERRAARNEREZESRS , RHE
BISRTEARE. 7 (1997 ) WMIREL , BEHERELFMEEENRERE—_A, AARNAE=ES
2 HPFTAMROYES , tEEHREHRS0YMZ EHEE  BERESRNRETZERNR,

ERLEENRRENTRRUBRERAT  WIRFNEAEBRE AL EZRBADIEWNZE
fBf  ZIEEEENREREN., EXHARENEYEREMAEERERE K RItBEHEDRIE
BELR , EHNREBERFRENICAIR—EEEN T, RUGENESIEEARR, KMIH

1L TEREREEXRZEERRARSARTHERE (BB ) 75K, RERRKR. 68 aR%.
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FREmEEERS  AMERRENRET " BEREFR. AIREENMEEERRBHFRELER
£, FERK. BETAMER, A8 NRREERRBRNAEREAZRER , RPN, BH
REZIHBRA " RAZAK, HERERTREESEHATHEERSENRER, H—T(0600
DR ) BR-BEALNYBSF RS EREK  FKEREES , MERETERS , IAEERE. B
EREERARNRARRE AW THERENSBER, HHEE  ABBESX , ¥, 8. &.
%, BEEME , KikEms , REKEEHBRAE  PHEBRERETNRE , EXPHNSB
F. KENERBEETILEANES  BEARFXERMLEARNMEEERER  MAASHEER
% ErNRAEEERRESEMEE. TEAEHFUEZENRERE (WEBEEERY BERZAT
BAEAAHAESR ), KRLERFR , UEH -0 —EHRFE , VFEXEAEERA LR, mE
UELATRENOESERESE. B ERNEERS , Bal 4 BEMTRILE BEBNERR
EtE , EEEREEEHE  REHNEER,

Bt (1990 ) EHBMERERABORF KRG SERL  STHE8EN , SHE(CBEEY
REFESHEE—BEL  LBNANRSRBEECAEREREBEBEERTME, M (1997)
MR E N EL  MEEEEXF BT 2FE  UFORERER 2 KMmENS , HERK
R, BFESERER TAMERKSSEERE , BEUAKERY. BSABE. RERENMEEE
SEEEN; HRERSENHARRTE , SOREERERBRERSELHY K MAK 12 HiE
BECRERSEREFZTRON  HAKE2R/NBE, URATRAFRERERXTZ NMNEEERE &
2R T RILER/TE.,

AEBRUARD SHRFELHR , BEER P RREERABRY  EERATEARE , kRA
BRERE  RARPEEEREBCAERTHEOZRERN  E—SERTRARENFRE , £
AEFXERERCETRN , ZESHAINTEER  BHEERZERE , WHRREXERENE
REREERE , BNt HReRxNER,

MR TR

—. ABMH
1. BEREARBZIREERRBoRIERE  HEEEE , UMEELHI XD AEE
( 100-70% ). HEE ( 70-40% ). ¥EEE (40-10% ) THE ( 10%-EH ) R¥RMA (EREE )
2. HEBRAE : FOBE. BOKT. AR 125, AR 135, AX 8.

—. EBAx
(—) BFiBRE . ZA—MRETLEER , RANT ;

B BER-PE-RR-RR

BX  BER-PE-RE-RE-ER,

A BER-ZR-HE-BRE-FR,

SEXE  RE-AXBR-ERAZARBH-DE-RIZ-ER,

AERER  RE-AAER-ERFAREBER-PE-BERBE-TRIZ-RR,

% BR-ER-Fi- B8R,
(=) mEEE

DR A TR |, FEE 3 AR @EEAR , LUK 150cc , 78 5-6 7 HEZFTR |, §19
EEMES 100 7, iR, BFF 10% , KB 20% , EREHEKSL 30% , RFAEHSHE=MRE{
BT
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SE el
BHEEMIER 8859 (5%HEEKE ) RERREBCER,

#5 SRR

—. MEEERRZFZFRATRAREREZ LR

BEIMMREBERARRZEORTRE AT/ REEZESER. TR, EF. &R,
BRARIRXRETEARE , £ETAREBERE  BUKNNEREERRBZAFTREREREZ TR
M, R—BERUZNMEEERENBFTOAT mEBERETRARE , FEEMTRRNUABERSERK
£ BENIETETHEHNRE , FHIRERFE ; HEAKMEERSHK , EABRERNREK , BIFTE

THEAF IR 1o

HESERHMT. ERHEZENRFER  A¥BBRPREBESEN , BERERZHE  E
AAFIFER. —BMS , RESKOESHE , RFLAUAIHR— L —ES—ENFERE, H
EET., ARBRAEALTES , BRESERN , BB RE L 2RV REE , £ENFREEKE
AEME LEER.

AEFEUREREESE  ERERLURE , KEEE A M NEEERERCZE  2ES
BEXREREKENERAAHYREEEEEANER, BKkERL, RMEREPRERE(X—),
AZ P MEEERRARFATESRETER. ERRSKERLANER , BEREFER ZE/ M x
EERRE EZRABHNEGRZEI. STEXRF I AHMERNGRESEGEMBE  RERE
{tBHY K YARASRESER, RERK (5, 2001 ) BREBECZEE , 25KkERSEB , #A
B, BERTFEEK , UTHEEAREBOERFEERNER. At , TERFLENZ MiEE
RENREREQESR , EXTE , EEAALR BT MEREERENRF I T EHERETE
.

BRBRMERE  REHE  ERESHAATER. TRYPFE TNEE, URKESERSER |
BEBEBNER (HRE,198), MIMEEAT , ARPEIRAE, WMEEERREZRFREQREHE
FRER EEXFZABEEES  BsHE(BREINSEESEER . EREBMZEAT , XFE
ETREERFBRZEIIL, REBRRFAE  TRNETEZR, BEKRBTRATARNETETR, 4B
RRBUNMERERRZFAFREORTEAHRER EX T EHELELE REBREFECA™E
., BCRTERSERE  BERERK, FANMEERAERFTREER , AXRERBES
. BRERIIFEE , AHEER S EHARERZENR , RASfREZEHERREEMEZE , NE
EE—-THR.

DR PMEEERENESOL AT RERERR  NETEHENEE  FE2EKE , ERIEKRT
BEER , ARREERFSEIARK , B ERERENERNEZRE. 5 (2001 ) W MERSR ,
FIMVERERRZAFERNSRBRAEHARAEREN , EAERBERERERTETEZR
B, IIXRLRBR K MOZEESHRAEBRBRTREBREEREE , X KEBEARMIE, U/ ME
EBERRNAFRELR  ERLESETHENGER  ARERETMIRXNETEHENDE , BRF
BEENR , ZRBEERK , AWRSEH® , BEEXLEHNR.
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Table 1. Sensory evaluation of the tea products manufactured from different leafhopper-sucked tea

shoots
) =
s Quality &t
Appearance  Color  Liquor color  Aroma Taste (100%)
(10%) (10%) (20%) (30%) (30%)
HESE 8.75° 8.6° 15.0%® 25.13%  24.75%  82.25% ZEHEIK
Bai-hau Oolong
o' 7.13" 6.75° 13.25° 23.63° 23.88% 7463 ERK, K
Paochung tea
BX 7.55° 7.15° 13.75° 23.13°  21.13° 72.7° SRR
Bohea
'R 7.55° 7.15° 15.25%® 2163 27.75® 745 Bk, RYEK
Yellow Tea
PR 7.63%® 7.63% 16.38° 2552 24.38%  81.36° EFK
Green Tea
FAR: 8.5° 75% 14.5% 24.02 225" 77.0* BREF
Black Tea

7 HEREABTOAYT  RFRNMEEERREEATE,

=, TRFERERFZPREERRRREKRF C EEMTLER

BN RERRRNAFRETRARE  BErIRERRARAIFEERERETEIHR  ERE
BN, RE-—FHETARMmEREFRR AR  RELBRERSHNELORE. % 12,
BHRMELATRE U NMEEERENRFAERYER, SRERBERUEER 2%, BOKH
BERBE , AR BHERBFORERE  HHAFX BHRKEFRIL (XR= ) BORERASEREEE
RZmE , —OUREEERREETNEERES  BUZRARFTREOENE  ERXFEK , &
FOZMDTHE , ZRIEFTERR , EREOZEREZERME , ARERERRK , XAREE
DR REEFHENAERERTK, FEMK (1986 )EH , BERFEIAYZEVK m H B2 o ok & A
BRERSESBEERMUERK , B (1997 ) UELFENMER 12 RAMKRHR , BREL[ERL MR
RBETRRER  CBEHRITHTAMEREERSERETRES  MAKX 2 RELFEY  RER
BUORERFRIMREERER  BRERSERY K REOZREFRRERSETE  BBUUK M
BRE , EFE SR,
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RZ, MEEEREFERERBERFREZRZERMITLER
Table 2. Comparison on the sensory evaluation of green tea manufactured products from different
leafhopper-sucked tea shoots

N B = )
o BERE* Quality a5t
il D d o 5 o Total f& &
Cultivar amage FEAR BF ke 'R O#W ota LA
level  Appearance Color Liquor color Aroma Taste (100%)
(10%) (10%) (20%) (30%)  (30%)
ELEE ++ 75° 7.4° 15.2° 245 223°  77.0° EEK
Chin-Shin Oolong
BXR 1245k ++ 8.1°2 8.2 16.2° 247 238°% 809° EEMK
TTES NO.12
E0KA ++ 75° 75° 15.7° 248 2423  797% EEK
Chin-Shin Dapung
BF 135 ++ 7.4% 7.4° 14.7°¢ 243 243* 788° AR
TTES NO.13

* Damaged level: excessive “+++"; moderate ”++”; light ”+”; trace”-“.

=, MREERRRFIEAREFHEEXRECTE

DBBEEMS K SKXAETREBR  FERKASELETREIE , UNFBRE—SEL
REXEHZOE., EAXNRERREURTINMISHEKR, B (1980) 8 , 1953 FHAAERE
& mE var. Sayamamidori , REFRREREZFAKRE , TRABERKZRF. BRIEFENAE
MAMOUDELRNEE , BHIRELAE  TEERAKCEE  BEXBRERNUK , BOEHE
BEOWK, LEEBRNIR , KREABEN S ZRBEEZNERRREMNER. R=ZBRD
REBRARXFREASLETRE  $HEENEEK , BIERKTHE , RERE K EFERERE
EEEEZR, ETRERUSNEEERALE  RPENREERRUEKSH.,. REREEESB
16 /MEFLLLE  AIEERFENERSRETRIALREK  RESHERK, At , BEEERESRES
BREE(RAEEERE, UFEARNFEN—O0—FERF ), TLETAXER , REABTES AT ,
R 4-8 NMEREREBME,
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®R=, MErEEREXFTRAZEAREHEEERECLE
Table 3. Effects of different withering time on the quality of green tea manufactured from
leafhopper-sucked tea shoots

R g
AR ] AE-l-
=R e e Toal W B
withering times AR & ke ER HR "
Appearance  Color  Liquor color Aroma  Taste  (100%)
(10%) (10%) (20%) (30%)  (30%)
BEZEE 4/ E 6.2" 6.0° 16.0° 227% 222 732" EBEWK
withering 4 hours
BEZAS /B 7.2° 7.3% 15.2° 21.8°  228°% 744° EFMK
withering 8 hours
FEZRE 16 /N 6.7° 7.0 14.9°¢ 21.4°  187°% 6879 #EHk
withering 16 hours
BWEEE 24 N 6.4° 6.8" 125° 1849 1887  629° &K
withering 24 hours
$8 check 7.2° 75°¢ 14.0¢ 20.1°¢  21.2° 70.0° HEERK

7 HAERERAR R XFZPMEEERREEATE.

o, MERERERFFEDEBEHETREARECEE

REOEBEREA—RBHREE  RERFRRER  URHEE & BELB.. BXEMARTHE
AERBEEE? EWBNMAE ? MER (1956 ) WRZEZRRELENRERAIREMIT AT,
BRTARREC , #RERNEBE A UBREChREE , B0 1520 2  BHRERR (EF
BEE ), HENA : —. RERCER  BHSERRRER. =, £ERP kD EFGREOR
ERER L RBORIREE , MBECHY , UFFE. =, XEPRHAEETHRD , £RXEEEE
TEZFEERE  AEkEERIIE, M, BREFERKRERE , BORFEX.

EHEAL. B, &, & F. BAAREP , RTERI , HOREEREBRP LT REFE
EEBE, AtEaEREFERHNRMRREERRERENRE. BRABTXNORERETH
EEiBRE , ERCERA LAFMAE. HERERERANRRIE EXEEEERERIEMNER
BER URAEASIEFBEMNEBELAER  ERELKSREN SR, B{C1$(2003 )EH T
BZ%. ZFE, RRCEBOZEREMETRRAAREREERERNEN. ABREAH LEHBR
(1927, 28 F ) EFEFMRBLRAREREE ( SREE-BE ) P, UARFEEREERELBTE
mEBRESRER  #AKRIIHBPELDDERE , Bt RAEREERFNBARSE , BBRES
ZERARTREMBEERSRET , MUENBERFEB I E A N ARRERS B2 KERUR
BEkDWIERAR  KRERBARE  WREBEREFERS BRBEBMEERS, KA ERETRES
HEFXIAZSEFENMRL L, TATEMA, FEHBFELHBARE K RTEREAEESZRE
RER  ANERREERSHFBAR , ERRFKIBLBRER , ABEREEE , TARARSE
BEERFLEEKD M. ZAALBERMESRE  BAERERENTESR. <&, EHEHN
EEEHRE  WIEHREMASSERR , BIUBRE,

FEARBEIEREFEEENRST  CETRELEBARESE , HER. ERSRERENFED
730, 60 P& , EERE (XM ), BFEDNEREATAR , REBRARSKEEZEE  EEF
BRK , MEERBERERNSE, FERRARXTINEAREL  FEFEDRNEREYFTHEHER
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K, BRTREEBREEERSUE, AANMREERERFRERE  FARRAERRNTHES
NET, ERBERARFREAFRER. AANAERFEZRUE  BERARBIHE  REAKRE
BUE. PEZRRERRFNARTOEFEDHIBN 10-20 2 , FEFWKREEMN , BITER.
PUNMEREBRERFRERST, 7 EEHE, RETMNARAREVERRMFBEE , THEHEINME MR,
AR  ARSEETRKRNEER , ABAZHE , ARE%R , B8R "EFKFK .

xR, MrEERERFFELBKAHEREIRECRE
Table 4. Effects of different wetting and softening time on the quality of Honey Flavor Green Tea
manufactured from leafhopper -sucked tea shoots

R Ei ]
120 37 5 Quality a5t
wetting and o4k 38 e ER Wk Total fm &
softening times Appearance  Color  Liquor color Aroma  Taste  (100%)
(10%) (10%) (20%) (30%)  (30%)

8 10 £ i& 6.4° 7.0° 16.3° 23.0% 2287 756" EEIK
wetting & softening 10min

B35 20 2 $& 72° 7.2° 15.6° 23.2%  231° 764° EEWK
wetting & softening 20min

B8 30 988 7.1° 6.3° 14.7° 21.9° 225° 725" FEERMK
wetting & softening 30min

B3/ 60 2 82 7.7° 6.2" 12.6° 204c 193°  66.3Y B, MLk
wetting & softening 60min

¥ check 6.4° 7.1° 16.5° 19.8° 186°  68.3° FElHK

i HERERAT 2%, AFR I RRERARERATE,

i, MERERETEFEREREIR . BEEmTLR

ARESHRAER,. KAAORSHRE, WEREEN 73, , ABERIX R ERBRARRA
W, ENEETBMGRER. QBN , MIBRENE . ARERERRANRES , BRENE,
SRSURERERRF , BEABRTER  ELORER , B RARRBLLEN & RRETH
SEER  BRSBARANIRANIMIBEED, AZRERFBBAFTRBEEREN , KBEK
BERITALR , RLHER N EREERRECAFTREIREEETEcmE RERANANMREERE
ZHEFEFRARETARE , FTERRFEIRAEREEREST K. FERAE-—FLEERTEAFHmER
BAIFRZmE  UREURSERSBRETATR/NR, +28], T2, FLRE. BOKTRE
AERHR , FEENMFREEREC—ORMERTE , HEAR. SRERZ MEEERENRTRNK
%, MEFX RBENBFTOATRERE , HOZRHEHE , XEURTREETR (XRE ), BRIRAE
12 HRERKD | BRPEERN BHREBFOKRT , A% B REBARSTEERK. EOREER
BER , SEERR , RERE. AR SHMAREE , BERFLR , FRABERELEREN , #W%
AEEBHEERR , EFEHENETRK. FERRZNEEERRNARE , HEAKER NEREM
HRWAR , R E-FEBRARBEARERHRETERTHEETARNTE, —RAEELRE
MRAXRSESZESNNREE , 8 RERRRN— O —RNES , ARRESESRNEERR.
AR NREFRSEESRFOERREBRHAZHERAE  FREAN D FLERETETEERMK
HRAAE MEFRNMREECERESRH , SELZRNANFXEFREZETRRIALT , BRETHE
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HRE, AREN N EEEREEESE  EFEAKER , JANAFEREFERE. SELNEER
RRALF , BEES TN ARRREETAKRR, BUBEZER.

A, TEARXERERF R VEEERERAREAX L ERMTLER
Table 5. Sensory evaluation of black tea manufactured from leafhopper-sucked tea shoots among
kinds of tea cultivars.

) =
o RERE* Quality a5t )
cultivar Damaged Fouk ez . K& &R Gk Total 1@ &
level  Appearance Color Liquorcolor Aroma  Taste (100%)
(10%) (10%) (20%) (30%)  (30%)
BELERE ++ 7.3° 7.5b° 15.5° 16.7° 2119  68.1°
Chin-Shin Oolong
ABF 125 ++ 7.3° 7.7® 15.0 23.3% 238% 772° EEMNK
TTES NO.12
BO0KA ++ 8.1° 7.9° 15.3 % 227°  222¢ 7632 %?ﬂﬂi‘
Chin-Shin Dapung Z)
BF 134 ++ 75° 75°¢ 14.7¢ 219¢ 2320  748° EBEKKZK
TTES NO.13
=t Xk + 7.2° 7.6 16.52 20.7% 21.8° 73.8° EiEEmEk
TTES NO.8

* Damaged level: excessive “+++”; moderate "++"; light ”+”; trace ”-“.

AN MEREERERFBRERBEEAHARREZEE

HEQZERHE. EERRERFTZREALHELNBNBRE , E5RS ZER., EARXEEFARE
RERRE , ARERENZINRNAR 12 RFRELF , IIREFREIRE , tRERRXFEAT
#® REE wRESE  BRREFRAKRBRKX. AUEEAK , fHERE. EERXFELBBE ,
REZRHFNABER BT R, REBTRETUR , BRI KIBRE 404544 , BETHEEBHA
2, ETREEREEMmES,

ARE—SHBETRAFERNNEHREZEE SRy /AFERE 10, 20, 30. 60 D #ER R
HTERE , SRERBETRFERE 10, 20 2EREERN 30, 60 TERHRER (X)), HHEE
ERRERDEEMEEEIEEER, AR CRBRBEEREARMNEBEESURRE , LU REE
REBZ RFRELR , WIBIREABENEETR , IENERETHREDS , BErEEKEN
mzigg, ERAEER/NDEBRE  HERRSHE , NEFE—SER, REEFLRMNERE
HREFRHXEASDEERR  HERXFLZUEBARREL , TARETRETRREOKMIR.
HEZEFMRNEERZFTREEARBEE —TE2YM  RERINAEAREREZYE , UEMHE
REEFERNBEM. ABRERK , 2B ERNE 00-100°C , EZRETHFEEE  BRAFRER
IR R | TRER,
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Table 6. Effects of different wetting and softening time on the quality of Honey Flavor Black Tea
manufactured from leafhopper-sucked tea shoots

u% u ]
B R By Quality &t
Wettlng and ﬁ?ﬂﬁ @:)‘% 7k@: §ﬁ ‘E"ﬂi Total ﬁ E?
softening times  Appearance Color  Liquor color ~ Aroma  Taste  (100%)
(10%) (10%) (20%) (30%) (30%)

B3/ 10 288 6.8° 7.0° 16.7° 2332 232° 77.0% EFK
wetting & softening 10min

658 20 288 7.2° 7.3° 15.9° 23.2° 228%  764% ZEEWK
wetting & softening 20min

B35 30 o8& 7.0% 6.2¢ 14.7¢ 222° 224" 725  HERK
wetting & softening 30min

@158 60 2 8& 72a 6.7° 13.2¢ 20.7¢  19.7° 67.6° EER, RALR
wetting & softening 60min

$E check 7.1%® 6.9° 14.8°¢ 20.1¢  19.0° 67.9¢ FEK

HHHSEAAK LR, AFTIMEEARRARERTE.
m

BRI BRENEERIRNAARESRRTE INERCEHER , BUERBRAUBERSE
MER , HERETS  XPEASTARERFEVLERR, ¥HRELBXRIEAEZENRRE , 2
HESEREMR LRHE K AHEEE  SRBIEEAH, REFRBETERTERHERES
MBEAFERETREREER f2—  AURERREBMENTIREASRRAR BT XIEFRE
BEXRREMRT , AEARAGHREEER. ARRERERIRRELE , — ERREEREFC
BREANRE  EERIIRFNBERCE  FRAIAELEZ/ETRENERTE , ABREREQESR
MEYN  REEERER , BEIREREEER YR FTEREAE. RERBESRKENASE
EEEE.

MAPMEREREREFRE  REVCSEMREN , TREHRABRURREEELRE , BBRE
RET , REERRAXRTENERE  BHUREEFREQUERRERE  RRABIERIEE
Rik. MEXR—FHXFEERSNES , XENMREERENSIEY BT MARAKLTE,
MAPMERERERERE RUREERNAZEREN  FTREFTAETRARNKFMISR. &
FEFGFENTRENT  FERH( ZMEEERER )> TRFEZRE (48 MK )-PE-> &
E-FELE (1020 28 ) > #B- Hm. EEARNIRE : XERH ( ZNMEEERE ) E
RBEZE (24 M) > Fis- ¥E-> BELEME (1020 28 ) > /R Bm. EFEKR, AR
JAERA , FEKBLEAIKAR 1 : 50, BEKRERAR , FEEEBRANOK , BHREXEF , LS
SAERMAKRERA | B EREK,
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BREFREL5. TEAXEREREREL (BER-BTE ) AEOBRRUREXRESE. .
239-251,

BRER, M, BEE. PR, REE. 1998. ARXHERFEME CNETE. AEFEMSE
B3R, 17: 81-9%4,

BOKAE, RINFE 1086 REMBETER B MR | BERMLERTHEFESHK AR SERE
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BHER 1994 FEFRBEEE REXREHED. pp. 25-27.

FEE 1997 MEEEAZHABLEERREREZHE ZHAABEEEMBAMELRI (K
HhR ), BH.

RER 2001 MEREREHRBIRELERRIBRONTE. 5 _EEIRMFRERZBMH

NEWMXEFERBREGABBR AT pp. 248-254,
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Experiments of Leafhopper-sucked Tea Shoot
Manufacture

Huey-Tzang Chen  Sang-ShungWu  Shin-Yan Chen'

Summary

Leafhopper ( Jacobiasca formosana Paoli ) , is a kind of annual pest, generally found in Taiwan tea
gardens. Under threat of pests, other than a lower yield of tea; it would cause harmful influence on the
quality of tea products, especially the light-fermented Paochung that possessed the characters of aroma and
taste. So tea farmers would invest more time and money in chemicals to prevent tea production from pest
damage.

Traditionally, the tea shoot, which was injured by leafhoppers, was the main material manufacturing for
Bai-hau Oolong. This study was conducted to manufacture different teas, and to evaluate, organoleptically,
the aroma of those products. We found that among those evaluated, green and black teas were suitable for
commercial development, because of their honey-like fruit flavor, easier process procedure, and lower
production costs.

Leafhopper-sucked tea shoots were utilized as materials for manufacture of green and black teas. The
procedures were slightly different from the traditional method. Those green and black teas were possessed
special honey-like fruit flavor, were denominated as “Taiwan Honey Flavor Green Tea” and “Taiwan Honey
Flavor Black Tea”.

With the leafhopper-sucked tea shoots as the raw materials, it could decrease the utilization of
insecticides and pesticides, and lower environmental pollution and farmland impairment. Accordingly for
those reasons, it could be beneficial to popularize organic tea products, and raise the additional worth such
as the sustainable use of farmland.

Key words: Bai-hau Oolong, Taiwan honey flavor Green tea, Taiwan honey flavor black tea, Leafhopper
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Fig. 2B. Rainfall in eastern part of Taiwan From 1999 till 2002
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Fig.3. Population fluctuation of tea leaf hoppers, Jacobiasca formosana Paoli in eastern part of
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Fig.6. Population fluctuation of tea tortrixs, Homona magnanima Diaknoff in eastern part of Taiwan
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Fig.7. Damage frequency of tea mosquito bugs, Helopeltis fasciaticollis Poppius in eastern part of
Taiwan from 1999 to 2002 (A: Luye, B: Taimali, C: Ruisui)
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Fig.8. Damage frequency of red spiders, Oligonychus coffeae Nietner in eastern part of Taiwan
from 1999 to 2002 (A: Luye, B: Taimali, C: Ruisui)
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Fig.9. Disease incidence of tea die-back disease, Macrophoma theicola Petch in eastern part of

Taiwan from 1999 to 2002 (A: Luye, B: Taimali, C: Ruisui)
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Monitoring of Major Tea Pests and Diseases in Eastern
Part of Taiwan

Suh-Neu Hsiao®  Jian-Hsing Shiau?

Summary

The population fluctuation of important tea pests and diseases was monitored at Luye, Taimali and
Ruisui, in the eastern part of Taiwan from 1999 till 2002. Results showed that the die-back disease
(Macrophoma theicola Petch) was found every month. The occurrence frequency for other pests and
diseases including tea leaf hopper (Jacobiasca formosana Paoli), citrus spiny — blackfly (Aleurocanthus
spiniferus (Quaintance)), tea tortrix (Homona magnanima Diaknoff), smaller tea tortrix (Adoxophyes sp), red
spider mite (Oligonychus coffeae Nietner), tea mosquito bug (Helopeltis fasciaticollis Poppius), yellow thrip
(Scirtothrips dorsalis Hood), Kanzawa spider mite (Trtranychus kanzawai Kishida) and brown blight of tea
(Glomerella cingulata (Stonem) Spauld & Schrank) was 88.2%, 81.1%, 80.7%, 75.5%, 42.1%, 34.1%,
16.1%, 5.1%, and 4.8%, respectively. Tea pests and diseases occurred more seriously in 2002 than the other
three years. Generally, the population density of leafhopper was high from May. It was occurred more
seriously in Taimali than the other two districts. Citrus spiny-blackflies occurred more seriously in Luye than
the other two districts and the adults appeared in April, June, August and October. Smaller tea tortrix and tea
tortrix infested more seriously in 2002 than other previous years and were more serious in Luye. Tea
mosquito bugs occurred during two periods, May to June and August to September, in Taimali. Red spider
mites occurred more seriously in Ruisui and appeared seriously during April to May and July to September.
Die-back disease was very prevalent in Luye with significant damage (83%) in late April in 2002.

Key words: Eastern Taiwan, Tea pests and diseases, Population fluctuations

1. Senior Entomologist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Assistant Entomologist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan, R.O.C.
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3: FE-BAZFRE-PE-FI-TR
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5: RE-BAZFE-—XBEHREA-DE-FRIE-FBR

6: RE-BAFE-—ABHRER-DE-RE-RIE-ER
7. FRE-BAZFR-CRBHRER-DE-FRIE-FE

8: FE-AXAER-"REHREFRA-DE-RE-FE-FR
9: FE-BAZFRE-ZRBHRZR-DE-FTIE-FR

10 : RE-BAZER-ZABHRER-DE-HE-FI-ER
11: ZE-AAZR-HRBHERER-WE-FIS-RR

12 FE-BAER-MABHERER-DE-RE-FI-ER

13: RXE-BAZRA-ARBREZA-VE-TIZ-HR

14: FE-BAZRA-ARBERERERA-WE-RE-RIZ-FR

RERBAL=EIRNEXZAR—EIREABREZAXLHBETER  SXERBER
60~90 £iE A RAAFTZAREFEEERE, BHBERNNE , BRXBHER 40 28 | YERE
240°CHE 6~7 7, BRIREANBREREK 30-32°C , tHEEE 50-60% , BB 20 28&,

=, MEERCEE

REMBEHRAEREEETE  FEREZ 3 A% , A 100°CHK 150ml , HEFE 5 28 30
WREBHERS  ETEMR, BF, K@ FERUEUKZTD. BEEIREEERRTIEZERRKRERE
PEE,

=, HZEKBZHE :

BANippon ND-300AE & ZEEHAIE , RIS EAFLEGE 3 A% , MIA 100°Ci#7K 150 cc , HiaFH
BES57EMRBEHES , ERSHREETRZEBFURENETELD N, UFKME R, HAL
ERAXRFBKEHNARE , LEBARTIRSHEBERAS , RZABEES ; LERRKF S KEEE
EER(MK)2BLENZE, ofHERRTSKEHNEIAEE , afBi{KE , EENRTRL
&, BEARTREE, EAEZEE , FEARTRESE , AEARTRER, -EENRABEE,
RERLUL, a. MEAGRSIEEHEZHRE , XEARMUL. a. bZEHABRN=EZHEELRMEZ
BEBE ( 2E = ((aL)?+ (2a)* + (4b)H)%° ) AEABMUFM KBS ERR , BAEEMA , RREF B EEM
KHERHMAK,

M, BEtoH
BEFFTAZ B8R E s Mid R AR o I IRE MBI,
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HESERXABEZAEERRE  BERERAKEREFIRBEARBIHEE 2 LTES.
REZEATPBHEEZELR., PEATEREECRESERRTEAEBHEECHBIRERX
¥, HEERREREEARMRZABHZEEREN , BARBFERECRESERREEERSE
78 (BR, 2003 )

ARBP 14 BFREEMAECOERSERNERTELRER (X— ), BEBHRXEWE
m, ZRENNBCEREREARK  EMENEEG, 1. BBy REAESEERXZEZEEN
Bh (A, & = 4. 8)#E; BROXULEEERE, AREE  BECBRETIEERE
XM M, REKEHKVNAZRECHEZFBHRAEMNENGTHEENAERD , BRI

EEERAMBARERZKE , kB2 BRI BEBLREE MMmEMN , EB AL LRIEF
BREIRIACEEKE, EEREKRSH , RELTEHEE (BE—FEEMN ) 2REZRKBEK
WEETERCERE  BEXREEVEMN , BREEEN , KRWWEEEL |, MBEK, TORZ b
B, EMBRK 2R, WHEEBHFRENEMMITE BRUACERE , #RAUKEOESERE
ERRK, 228  BERBRAEERTRR  LEBRIXREEBEREWKEETHcmE, RETE

FHREES  HRERFRK , HELESRLIALAETRRENUR. BH-E=ZREE , #HARK
RKZ SR , BRKEEERECREDRK , R E 0 EDREE B ERR KRR EE R,

b, ZRARBHRIBREAZRERRRR AR LTN , EREKN B T2 EE BB E M
miEm , REFFERWHAMARKEAE , RECESRYBERRERFEENRR,

x—. TRAREAERERZREBRTEKER

Table 1. Sensory evaluation of Bai-hau Oolong Teas making by different manufacturing processes

gE Rk 8F K& BFRER B2

BE 100 100 o0 60% L00% BEFEFFFE KEFTHE KT EE

1 75 2 11 31 51.5 Bk Rk FERARIR

2 75 2 11 31 51.5 B Hedek FEARIR

3 8 3 11 33 55 RS 4% Rk FERFRIR

4 8 3 11 33 55 RE 4% g5 RFRIR

5 8 35 12 35 58.5 e RERE BERK, EBEK , K
6 8 4 125 35.5 60 BT E B BRWR, EBEH , BK
7 8 55 145 40 68 fRE KE REWRK , F

8 8 6 14.5 40 68.5 fRE RE RAEWRK , F

9 8 65 155 42 72 BRE eE R, K, R

10 8 7 15.5 42 72.5 BifR=E E R, K, R

1 75 75 16 44 75 BABREL BRESA EE, BRRER, SR
12 75 8 16 45 765 EABREAL BEF) 2E , ARK

13 8 75 16 46 775 HEABRAE BLER EE , AR

14 8 8 16 47 79 EAIEBRAE BB ZE  BRRWK, KRS

RERSDBIAREE  FRMBELE,
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=, TRARERERERZIKEBBESN

TRAREMRECAZREFNRSKECEEIMBERETR (R ), XL EEZRITRE
ZEMMARRD , BRFSKEBEEE ; £ BRZFRFRBEMMAREN , RRFSEKE
BEKNEZEREA REHREaER-067, BB —RRAFAENE  c REZBIFRNEHEM,
aHEHRBA  ERFAIREARNEDN R CEE a HFE-001 , RTEEBHPRENEN , HEPRE
M BB R D, MALERK D E . b EEZERFABNENEEEREX , ASIN 7.4 FiE
30.19 , RAEERFREWEN , XETECHNKDZHEMN. HREGRILGHINTK , BK
THESREREILENERELKE,

R, TEARBHERERZKEBEBESN
Table 2. Color difference measurement of Bai-hau Oolong Teas making by different
manufacturing processes

B T2 fim 5% AL a b oE
1 -2.75 -0.67 7.40 8.13
2 -2.84 -0.69 8.28 8.92
3 -3.40 -0.66 8.28 8.92
4 -3.16 -0.67 8.68 9.26
5 -3.31 -0.67 9.75 9.52
6 -3.58 -0.70 10.85 13.13
7 -5.11 -0.52 21.09 24.69
8 -6.10 -0.50 21.37 24.10
9 -6.41 -0.37 22.80 28.53
10 -6.38 -0.36 23.74 27.08
11 -8.82 -0.14 29.23 30.83
12 -8.87 -0.14 29.62 30.51
13 -9.03 -0.03 30.26 31.58
14 -9.15 -0.01 30.19 31.55

REmBEDIARTEARPRBCRE | FRMBEG %,

=, BREREREKEEEEZHEBEMERR

ERBAZERBGESTCERETHERES N (R= ) ARBERETRTRZEABLERNE
B REZEWESEMBIN , RREEE, K&, EREKRAI NI REZEHERSEM
BAME (91%BA L ), 2L HEANEERBERT , MUARSESMEE. ABRETAZESERRE
BREMERPAENEN, MEXRERREEE b EXRARREBZRES K MAZSERNINEE
ERKkEREERMEHEZRE.

FEARBBE Q2 FHTRAZERERERTLEENTR N FETKEBEIMEEERTER
ETHS LY  BRETEFRBENTER , HRSKEREINZ b ESFNRN 28-31 2B , BEAH
B fm R,
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Table 3. The relationship between color difference measurement and sensory

evaluation
Al a b AE
FEAR 0.048 -0.070 0.003 0.058
B2 -0.964 0.919 0.982 0.979
k& -0.942 0.919 0.982 0.979
ERHBK -0.961 0.922 0.982 0.981
B -0.956 0.914 0.982 0.985

M, BESERREKEZEBESN

BEAXLE  AEBEREENLEBER, s, RESER. ERROAERERERE A
ERRESATEANEIERSER , HEXEKEDAE R £H, 28, RHRBILE ; ¥RAFER
PEBEETE , EHNIREEAEREZABHREREHNREBREE S RER N, RERMUERE
R, HERREZVERHEES aHNMN-001~-014 , BEREEEXREEIZCAE , MERXW
BEZERBWEZRSHE ; EZEE b HENR 202-30.2 , AEEEAEESIXENESEZE, Eit
#RaERbEKBEEZSN , SEFCRABRHZBEEAFAXLIER. SILX, REBER.
EXRRHERER. AU LABREREABIH, RBRE , ERAEBREEEYLEEMEMRY |
NLBBRARSLRXBRREBRE  RESERXKEESABIREBRERDERERBEREXR
¥, RTZRABHARRRIN , MEBREXILRE RRENEL 2 FBERME LM (nonenzymatic
oxidation), EFEZXEMRX B KEE T TENEL, RIBFREEREY , XLBERRS LZBKEH
#BkBaRbEEZETEE., REVREK a R b ESBINR-02~-04 &% 12-14 2H , HEFBHD X
LWEERRBLURIMECRIES ; BUEREERATE , RRAGRITER , b EFSTE
BRSEN, LARESEFRKEHEECEEEREECZRER, SiZVRX BERLEE , X5
Hefs e EREBRhBo TR, KEEETR b BEREELAHS K HLGRECK D RRE
o, BERMEMEIKCHEETEEARHE, OESERXBETHERAMRERREXSRE  HEER
REERBEZHHETERZARBRERE  TURESRER "HBAE. "ketE, REHSE "R
B TREeIRE TERBEEREE, AEERZABHAEARBEOEREXRER 2 BEAT
ZE

RN, AEBERRSKBZBEDN

Table 4. Color difference measurement of Taiwan specific teas

S8l MR ENTIE-S RIERER #BEEX

2 BAERE — : = . s : — .
BIBET  BUER  BUBED  BUSR  BUER  BUER  BUEE  BER

a -0.01~-0.24 -10-11 -09~-10 -11~13 -1.0~-12 -0.2~-04 04~05 0.1~02 1.0-1.2
b 29.2~302 10~11 10.5~11.0 11~12 12~13 12~-14 16~18 12~-14 18~20

&

AEARSTERET  TRABBRBCEEHEARNERKE (afE, bfE. cEF ) BFEBUK

el
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Study on the Flavour Quality, Appearance and Liquor
Color of Bai-hau Oolong Tea by Different Shaking
Times

Kuo-Renn Chen  Chun-Liang Chen*

Summary

The object of this research is to understand the withering and shaking effect on the tea fermentation,
appearance of tea, and the change of liquor color, so that may help us to judge the flavour quality and grade
the tea.

Experimental results showed that there were significant differences in appearance, liquor color ( a, b, 2
E value ), flavour and taste of the tea made from different shaking times. The a value and b value increased
by the shaking times, which means that the green components decrease and the yellow components increase.
Sensory evaluation revealed that the shaking five times treatment gave the best quality of tea liquor, and the
shaking four times was the second ranked. The b value showed high correlation with the results of sensory
evaluation.

By understanding the withering and shaking effect on tea fermentation, appearance of tea, and the
change of liquor color, it may help us to judge the flavour quality and grade the tea.

Key words: Tea, Chin-shin Dapang, Sensory evaluation, Bai-hau Oolong tea

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



114 FEEERFRIEIREE 23 B (2004 )



SRS 23 115-132 (2004)
Taiwan Tea Research Bulletin 23: 115-132 (2004 )

58 T RIS R SR R
ZE bRl LEME 2 R

B A B4 TES? E/0E

o

AWt FEA A EEEERGE 2 9 (ERERE (F.0KRTT 654 1298 7% 13 5% IUFE
BLGHE - BOMEF - 87k 798 8 89IER 1857) - & ~ B ~ k3 lES - Db
RIS Ryl > i B SR R S B IR (LS - DT e BB 5 L E
T A FIFE TR R R M H TR LEME T RIS - SRR » B8 EEORET 2 9 (s
anf » SESIRR GRS 6.62%~21.79% 2] » P EE Ry 12.7243.32% - {E5717HY 6 ({51
SUE T DLEGCG il EGC W RR G RES - PHILIML 70% LLE  AFEImEZ 7k R
SR AREER (657 5% 67% 8 3Gk 18 5%) BN HE 6 i/ NERGEE S |
3 ERIE AR R S &Y R 16.1% » 6 {a/NEEI IR R S8R 1045% - S E/D
50%2AE 5 MESRIRE IR BRAKCR - ARG EREGR RSB Z 2R > B 7 AEEE N EE
ARE AR HESmidEH 22 RIARE - (HE5 7 R EFRELRRECHN C B R
RS - B E ] AR E '] AVNESS (Profile) BAEHRFHIAE - DL 4 fEhiSA
(EFIRHETTEI A R R EZ iR bS] BRI S - FRETIE(LT] (TEACK) KR
R R/ NEERES N He = NE DA IR 2 2 B - AW TR IR 5 R (2 1% (1gm
in 100 mL100°C/K) - AamfEiEFR DPPH RE BB FREE A2 TRE T R B & ao s B -RE T
/DR A0%LL b2 IE TR o ARSI B i (40 3gm hi 150mL 100°CK) - &
AHESHIPUEILRET - RARRBEAEHIE(E T Z R TEUR - Br T EC fiI ECG ~ TCG (48
BeR5ERER) fI TC (MHGIRER) BRIA L ERE LRI - Hek 3 AL BHLs
FREMBER G HEATRE RN R BEREDIE LTI 2kl > BT R FRSN > BRHESH

BRI © &R ~ BUEAE - SRR - TiEA(bRE

il

&

5iZk# (Catechin) EXREFEREEZVANEMND - EPERS0 - & Wi B REEAIN

L TBE SR Z B SRR BRI S - 578 PhER% -
2. PEUREBEN AL « Bk - 68 o -
* FollaffE



116 FEEDTTE AR 23 11 (2004)
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Bl FLMHT G 7Y B89k AT 18 %% - 51 9 SAEASIT LI - HBRET 7 -
G 8 WEIGT 18 WB AL LA R E FBOBENS) BT 6 SIHE A BRI
M B R B ITT S R - BB RING - B BRI - AR T

KE>E TR EESR

AR ZE L EEHT (Bailey and Nursten, 1993 ; Terada et al., 1987 ; &F=% » 1991)
2% Ll =@stEes 2 i 7% - BSIEIERERA -
1. SRRERRE
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A4 50 g » DA TE IR (% - 48ER4E (20 mesh) iEER{% - DigntEg R EZE R
AGHFFRY ACHEA -
2. M =EEUTR
HY 1 g kA 100 mL j#7K77A 80°C /KB #mN 2L 20 min» 2 72 L Whatman No.1 JE4tiE
TTHIFIETE - BE1% 2 F05 LRI DAK B 24N E & 28 100 mL > DL 0.45 ¢ m 288 R 8
LlsreAs gt (HPLC, Hitachi A S in ) HEFT/0AT - BRalESTHR B - HRanE@ihT
] i 41— s
3. iR
Column : Verco Pak C18(4.6 x300 mm)
Eluent : Acetonitrile : 0.1% trifluoroacetic acid =14 : 86 (v/v)
Flow rate : 1 mL/ min
Detector : Hithachi Model L-4000 UV Detector
Wavelength : 250 nm
Injection volumn : 10 ¢ |

)

i

= PLER I ZE
A AEETTIEALS] (TEAC) » JEFR DPPH HHERES] - AR A 2R TRE 2 & an ik 5
JIVOrEE R et a b1 2 ME T A Te b S R 2 iE b)) -
SIRIOTET ¢
1 ZEhRms
HUAE49 50 g » DABEM PSR (% - 4CER4E (20 mesh) iEER{% - DlsssER g N EZE f4
WHFER ACHA -
2. FEEEUTE
HU 1 g 5830 A 100 mL 7KL 80°C ZKia P #2HT 20 min» 2 % EA Whatman No.1 JE4[TE
1T AGEIE - IR 2 A0S TIRILAKRAANG E &2 100 mL > Bl A5 R 2 5505 -
3. RS9 (TEAC) (Wiseman et al., 1997 ) :
HY 1 mLES 556 0.25 mL 44 U/mL 2 peroxidase ~ 0.25 mL 750 « M2 ABTS (2,2 -azino-bis
( 3-ethylben-zthiazoline-6-sulfonic acid ) ) & LA Kz 0.25 mL 750 ¢ M2 H,0, K 1.5mL&f/KIE
1> BFE 6 minf 1L EIHIE 734 nm N ZWAE o SSRAAREDRE Z Troloxizw g HU 5 LA E
REERRAR - FEiEhn B4R E TSRS ENTrolocEE (mM) > BREHEIIR & -
4. & a, a-diphenyl- 5 -picrylhydrazyl (DPPH) EHEAES) 2 HIE (Shimadaetal., 1992)
HU 1 mL 2555 - JiA 0.5 mL rfffc®d 0.5 mM DPPH HIEZA - IRZEGITE - INER
Y TAFELME 30 min - HI& 517 nm N ZROL(E - HRISOEERATIIAHGTE AR
BRaHE IR B -
kR (scavenging effect %) = [1- (BESLFY 517 nm AYIRSEAE ) AT St ZEI4H > 517
nm 5% {E ] x100 i
5. JBhrEEERET-RE) (05 ) ZMIE (Robak and Grtglewski, 1988 )
L1 0.1M phosphate buffer (pH 7.4) fid#1 120 ¢ M 7 phenazine-methosulfate (PMS) ~ 936
M 2 B -nico-tinamide adenine dinucleotide (NADH) &z 300 M -~ nitro blue tetrazolium
(NBT) - H{ 1 mL 255 > fiRIFA0A PMS ~ NADH Jz NBT )&% 1 mLJE&ITE - REIR TR
[ 5 min (&7 HIHIE 560 nm N Z AR > BFREAE RN THIAFHGTRIERE » e
BRTEAE -
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HERR2 (scavenging effect %) = [1- (A5 560 nm AV YEAE ) IARIIAE S 322 H14H 7 560
nm EYIE S4B ] x100
6. ZEATHEREE T A5 J7HI%E (Shimadaetal., 1992)

B 1 mLESEARFEIIA 3.7 mLAYHEE K 2 mMAYFeCl, 0.1 mL » 30 seci&FEfIA 5 mMHAY
ferrozine 0.2 mL > [ZJf& 10 minf% > JITE 562 nm AR EAE - FFREAE R A T HIAHGTHEE
AuifgEE T E L BAHE IR B -

ZEanitfee ST 3th (Chelating effect %) = [1- (A0 562 nm BYSEAE ) RIS fnfZ
HI4H A 562 nm AT SE{H ] x100

SR BT
— ~ GBI TR SR Ay SR SR BRI & E A
A ER T A HPLC ARAE SRR EAMIEA 2 534 > S04 ATt < HPLC [ERniE —Frr » At
PR HPLC 53 #fr{Fk(t Fy isocratic - HyJeAfriEl - ml &t - 7R e R e e L o A R T
EHEAREE K - KRB EE X ERIE il iR R AN & B aE R - SRt 9 (H X 2ERdE

mofd 0 3 EAFEES &~ B - B0 5F 27 A > mivEbskr (%) AR > SRR TR
sy N > BEAR R 9 (B fEA 3 (AT Z R R > IR — i 2GR e IR B R
FR R R R S BB REE R -SRI RS - Rttt T REEEBGR ARE
HHE -

HR— TS RBUR > 578 L 2R o 5 R R 2 E 2 HR P B EGCG>EGC > > >EC
>GC>ECG ~ C - Hpfigfl 52 F b r EGCG MRl 5k 3 EGC S REENS » /77l Ky 5.1312.3296 11
4.4511.48% - BCHE 4 FES AR S 45 2% -

ANHL AT R R ZR > Hor C Al ECG Mifl SR B BIERE A (CV KBY 100% ) » Hoghk 4 A
Higy) - 52 CHIECC 2 B BICRy/MEFIRRE A 20 52 % - il & BRI HIGHAE - EGCG
Il EGC - feflB i =5 & 57 Bl Fy 2.35~11.43%71 0.45~6.45% - {E13/EEHY/E EGCG 1 EGC &&=
HIBEEn B R REERE 501 8 Hihkhn - BRBLHMERZ MG R— 2 (ZRREEke - 1984) -

wE R EESE (NEEFIREEREEST » TCE=EGCG+ECG+EGC+GCHECHC) Figky 12.72+
3.32% > (R EBEHARF LIHFEREAR (6.62%)  HEma B a7k 8 STERHA (21.79%) -
W 2= =22 o BT Rl AR AT - G 2E 8 SR il BAl A0l B Y AR AR
W POEALR R (CE A - HATE S B DPRE -

FEMIGERET S B ITH » FrAZBE i 1.40%~3.35% » “PH9& 8 R 2.0550.56% » B & B A S
ORITER > EmaERhE7 18 5Ek -

R — 2 tEER T Dt —EESH TR NRERR SR ZERHEIFE R - SR
s b B AR PSR AREL  HES SRR AR ZmEFA LLE - DI OHFERER
5 6.62% 7 JHFAE - HENGIE 18 9RE G 2L.79% 854 E - hE i HEHAtLEEN
R - E G 18 SRR miEE RS O RS « SITFERRSASER AL EZRFEL
SRR G R BB EAER  R—ZOMER T UM RGBSR ARG BHE I 2HRE -

= BB R RO R 2 SR R R BRI B R

ROFEBTERIE L 9 (HmfE il R R S E 2 thE - 9 ([EdnfEE T B O 2R
Fednfe > HATEZREEN G 1L = BORE - FEEYE 200 ARSI - S = worE TR EREES,
KhE > INRaEE—EREH R 2R E - TRFHEHA R TAARS - Hii5INgE - HAT=%k
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REZFH U FRT S AEISEEIRE - HEREIRZINLRE  BEEN T MEE SIS > mA
FRATNEARER - I E =R E 2 BB RmE A —E 2t SNPER - BWHE - HIIT 2R
WANTS TR R EF - R EREUR - HOME 9 EfEE P HE R RSB REAS
T PSR R 9.5712.62% - ZH7K 18 9F (16.30£3.67% ) 4T 70% - [N ILEHEE S i AR & B anfELIAE
AUy BESRER > H O RIERE— AR dnfE - EE O FRR T EREERIRE R 2
TSRS SR EEERE R N R HES - BPRRIRITZ 557 - —fORE > BE R ARSGER

= B E R > B O Z A B RECRIEA S0 - BLERA R R S B SR -
G4 79T B 8 PG 18 SR REUSAUR 2B BanfE > HPbiran iy &7k 18 5t (JUH
LK) Kb - MRFAEERTSERAME > MEBATREFRERAR S > Tz a0% > ik

wROEGIARES - BOKEBEREREAL - JEH MBS B - 5% 7 $/EH Shan BLAREEARL -
Gofs 8 HEHIE Jaipuri BEAREEE L > Gofk 18 il BurmaB-729 A5 B-607 FEXCE AL > 48 = (B
A RS R - R R 85 8 SRR ARG R (17.76 %) EFTA tnfl & & E R i
fi > HOREZR 18 3t (16.3%) > HREEZR 7 5% (14.25%) - L=l R R e 8yEa i HE
afE % o S EUSATR ORI EOR & AR S B REIUEAR - R T AR RS REENE
TaiEs - B ek 8 gRElG K 18 JRfra  EGCG & (19 8.73%) HmEREmE 2% - 5
ARG 8 SR ET 18 S 2 (5] ARG E ZEEAIFFARL > MG 7 2R EN - EiTF
9 el fEE - 5 7 SEERFIRAYE EC M1 C &EFe (7055 3.33%F1 2.42% ) » it H e dnfl s
A~TBEZ% - IBEBHR T IERFIRATHTT » SEFHL TSR AR G2 7 SRanfEH B fREE -
BEINS  SEEs AR R SR ZE M RRUTBERR R Z R 67 7 SR E% 8 5iG
718 5t (SR 16.1%) @HEENETE 6 (H/NEELE ((PHIEE 10.45%) - HESEITRE N
RELRBUE R EHFHESS - HATE R RIS IR AR - BRIt BRI fRE - 3¢
ARG ] FREARY B LIS = - HEE LIRS B R TR REE L EE -
G4 125k (£5) 6% B9 (FE) - WEHENELGREFELELE 5 GBI ERkR 2RI
Rinfd - F/OAITAZ B ILERE (BRE ~ 37 S E R AR il - 28 R RIRdE Ry 2 B
FRFHNZEOTE > 8L RECHETEE  RERESIE RO EMSEFEA - B
A5 SR L EREE il IR S IR Bl RRE > 6% 12 38> B/ ORI > UFER> 5% 13
3% - N GEE S FREREHE S mE RS > RIS s R e A R
1L » BLAIT G B EERS AR AN afl - DU EZ R AR > o] DUBRRAL ~ &0k ~ a7
JECREFTETE - MEDNAT R Bk T R R R - H R4y 2000 A E - SRS -
AR ~ FEEORZER) RS - B ORT 2B R RERFa s e miEzEd - SEEH R
P (B H R EE RIS - RIEERE AN THEURE0RE H Z RS - SPpRors - R R
7k YA — T - SEREZRNEH LA ETEMEECK (AR REEmnE -
HEFIEERE RO - B AVESRERTLERE - FIbLZE S H ORTTES B —E L RBIEHH -
WR_IMERE A LB OARTT Z(ERI R RS RS, (catechins profile) BT RIS R
oot (EFEGR 12 5% - 65 13 9% » BLGRENNNES) A EHEAF 2R - A 72ERA5
TERFEWARTTZ EGC B85 (5.43%) - ifii ECG BRE (0.25% ) » BRI AR E A A 2 & 2 R il
& (profile) ACHBI=E I SofE 2 A REHY - FORTREEFRREEL 11.95%  DHIAAFHEFH -
FERIRNE AU AERU B SR R Z U an e A Ho et -
B LSRR GERISE AR AR mE - HiGEE VA —FER (—EAH) B LR -F
OSRELERNE T BB ISRES ) MY s A - R B E B  ORIEERAD > BH R
B FTE LSRRG EBREAAE A6 BT Bl s T iR - LSRRI RSER
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11.27% > BLHE 4 fifd (CRAT ~ &7 12~ 13 SRAINUERE ) B LS (85 7R R34 (profile)

6% 12 8t (£5) EEEEREEES Rl > TRRBEIIES 2 i - DR & E
fi o HATH{E4A 2500~3000 2SS - Horfidt » &~ AHERRERR - 645 13 5% (%)
FEHSE R AR - S 700 NS - DHAEIUEGEIVEF B EE E1 - MRS L iy
BRI E ' ERYE ] EEAIHE R BRI SR - Aam(ERI5RERZ profile sR4E5
FERGEGENBEL  HEAEELRAHEERS -

PUZRHALE DUESRIURIE B & SRR KR D EAUE OSREEHERIR » F52R 5
FERGE R » ]SSR dm PR3 B - DU BRI HE & > S AT SO ek - It
FRRAHERK > RBEAHFAER - WERHNERSE - FEEHE S > fITEE - HAit
IMRTRZFEEE - BATHIGREERELY 1000 /3 - —MTUZRE G E e RRYEEE R Ry R
{EFER TGRS - WREZHEHRREE (10.11%) KMEHE 4 dnfEig(E - HiiyEA S 878
B E(K (1.49%) > BATAmEE T & B R R - B LR RBEMYEHA S &S i Rl
{EVURHRIIEERAM - HILrIH > RS BRHIB BIR EIRF AR > BIRE— 28 (E Rty ATk
TE o PEERRH R I FREA 7R R (EGCG+ECG) My (/755 4.93 1 0.46%) - Bl 5%
okt - e SR R R (EC,C,GCEGC) (MBI E g idREZ 58 > 1995)  MURERGE -
FEPU SR R AR ES - PLIR R B RS -

A EREE YRR S R - BR T 3 (AR S R HE 6 (&N EEESN - eI
R -

& 2 A M AR AL SRR (TCG) - SUFEEAL SRR (TCR) sk HRER (TC) ZEhf: - #
BRI - G5k 8 MGk 18 9% TCG MmN H B MM » MITSE—ffF - MIUZFHF TCF SRR -
G 7 5t TCF &R KREEG ARG E-PREas iy NER - Wit > SREES AR EEm

T SORHHEFE > BRI - KRS H AR 2/ NEESOR SR RS -
= GBI G R R L AR BN S B R

KRR B PEEFHRARANGNG B 2R - —REERERARGEZW T |
B (RS ) AR ER R ZNT - SRREERR  RVHAREER) SRR ZH
SRRGEEEARE 2%LIT - MEZ > RPHARARES(LECREEIRE SRR EY) - &
BRARGEFANVAT Rl - BHEXA BFEHRT (ZRRRER - 1984) - RS EFIRZRAVE
JiorhneEsR (RIW) 2 FEEHE (BREIITE) AR HEE, - & PAralERIERR (%
SUORER ) ZAEERfERY F Gt E S B AN A FEREE FGEHE - R =EREURAEER R R Z
28R - 2 - AEREELESAEER > BHRERER (TC) AIERNPCREESNER - EXR5A
REBYEN S RS > RSERHNIMEST R - CARSMFEREEE - ADERTFHB B HE R
SRR (13.83%) EAMIMEA (2.25%) E&idE ~ POk -

VU ~ 578 E IR R R SR AR LTI

BE HACAT L 't S I897774 » ARUH9T L B AT E AR IUESTAL J7 A 0E 678 T 2R
R BiAL T B E R SR R LR A 2 5 - TR 7045 Al RO E b
71 (TEACE) @iEFRDPPHE Hikkae QR A2 TRE N OB Sl FRE ) - SNz
HITE SERE S e M R PR A (0 ABTS [l B AL - S AR B & LRI 1% - SRS
ZABTS |51 H HIAAT 6 - HIE 734nm 2 L EEAL - BTG ST - IS
trolox R e s ERR AR - FHREHME ZRE (mM) RER - BERARFREIELIE8R - )8
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FRDPPHH FHASRE ST R RIDPPHIZ 8 Ky 22 iE Y [ FHES » 1T DPPHEA B By SR ZE Rt (violet ) £ 517nm
THBIRE - EEERRGS S 0 B REOE - HIEEE D AT SERDPPHE HHARYRE S » H
W E R ForaEFRDPPHE HHAMEE AT » B A RHAREHE - J5FRDPPHE HHAREST » T
FAB PR Ry BBR% (scavenging effect %) Fon2 » BUHEAIK » FrPrE L IAsE - A sk raE
71 FEERE BT 2 R R(LIEH RSB A LAY E 2N E » F5Hredox cycle[ZJE » K=/ &
B @ aE ANV ES B A - WA E f/brViET - S EsERET

Fe?' By B 117 BhE (LR - FIFAFe® EiferrozinelE FHEEE 2 H AW BIEALE » £ 562nm N A 5EAY
R EAE - #5Fe” BLEiELE S o Jf/ D ferrozine -Fe? $EAMIRIA R > I ETRIKIRGIE » HIHbFE LUK
EoofEETHIRE )T - HEOUEAK - rsliRERE GBS B ravsE Jofss (Risia bims) &
FORHEHE - B AFe BEIINS I E A LR B IREE ST - G ERYE - SRE(LAETTEGR - AEIRE 5
thdlks (4 ) -

SOD (superoxide dismutase ) A4E¥Ra N EkEE B HE (superoxide radical ) HE 2 EZE » 4£Y)
BEHy SOD mAFREEBEMBEELE - DI RAIEEHSIELEE - SR a2 TaE /1 28
f5 phenazine methosulfate (PMS) Ei 3 -nicotinamide adenine dinucleotide (NADH) {EREEAH Al
T FEEETarfE— % nitro blue tetrazolium (NBT ) #2255k diformazan (BE (4 ) L& Y4E 560nm
THBRWCRIE - FEEA 2 AT A CRIERRE » IEZ R EFEGRER - RIS E
& AIRFEREAMS 2SS - —RAERRE - EHE LR TEREES] » BOBEBYE - H1
AAbREIRE - ANERRE rthie (AEE) -

RHREEFTERIE B mET S LI aE R i 4 A ETE LIRS )T ARDR » FREEE
FARHTERET » 1 5555 100 ZFF5/KEEE (12 100 AYERE] » BRI — 5 A S KER 10 50 7Y
Eef) - BIEA REFMITTE(LRER - Namf/Abk DPPH SEJEZE & nnssik /8 /1 OB bR A e raE
T /DB 40%LL B2 ERRTT o MESE T s (iR AT ) 8o A EPIEES] (TEAC
%) HIERR DPPH g B R HZ S » HERE A (BEniidlk e DRVEFRE AT RIBRT
HER - 52 AR (L/IRDERR DPPH g8 1A R BT /e HiE 9 (EA FEks: s 2 i
SNz ZR > MEEWE AR AFE A EEA RIS L 2 25 - 28 AE/ERR DPPH 88 JHYEE
fili b - EFUERE (OFFRZR 50.96% ) BIH T 8 {EmfEa =52 » FIERHY 8 mfdEfE Wi =5 - RtE
B = AESERIEC N EZREEIFE AR - CEPIE(LITH » R ATEIR » KEERE (3
EmfE - B2 7 5% - B2 8 SRAIGSE 18 5% ) BHBIENHE 6 B/ NEME MM - e AKEEN AR SR
B35 A Ry —E o 128k DPPH BE7 » BEZASET FEUR A AR » EMEBIARERZMER MK (FiR
EH55) > MPUERHAZREER 9 [EonfE i E e - alEE(EN DPPH JERR T » R R » BEF
LG - AR AREETRE ) b B8 7 SRR - BEeNHEREES (71.04%) 0 2
HEIEH 7 98 2%i =2 ECG #1 EC k. C HE » INARHE—TERET -

1~ IR R SR EA R R EE (b 2 =R

RANEAFEFEREREACIIIEER - BT IEER (BaERYIL) BUR - ARSI RIYE
Wa BV - MEEANFEER > (BERE(LTITHE - FEIRVERAIAT aRfEry R -

£ 4 TP B IRRHE AT bR AR A 2B T BUR A Mgt AVBR ERIN - HErE i
{677 > FEPRDPPHRE NAIEE & o sl TN A FIRE AT L2 2R - st 5 - B4
IHEE(EE - B TUSERDPPHEE DRIZE & Fe? 61T - & ~ EAYEBRBC: i LR ARS8
Pl IMEZ A% (Lin et al. 1998) » HEERNIMTERAA T - BEKSGZHIE(EIIEELH
SRRME - BEHERZMILFEAE 2GR - ARt Z s 2B BUE A A
RHEET -
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REMAHEEUR - FRENPIE L2 B AR DERRRII KA E(EWE » BIL4EEZE C - 44
% E~ &% (Lycopene) I 3 -HHZEE ZF 54 2~3 {% (Wiseman et al., 1997 ) - [fjig 3 Fr&gA BT AHE
7+ 6 [ESEFATEALT) > 2 FRFZERIAEE T 5 DR EMRA S HBEZ T - WARBRGE R e]
5H > FEBEAEE T (AR 1 75258 100 Z7F53#/KEERD) - e AR N 4E R B~ A TR
ERAETE L IRUERR DPPH E) - ZE&unssEE T-RE )1 ROB PR & 2B T2 85 )) (Cao et al., 1996 ;
Toitetal., 2001 ) - HIERR I B %2 4096 DAL - kM —RUEZAREITEE AL - AL 3
gm FEHA 150 gm #HoK - EEAEEEIVHIE(LEE

N~ FRREGIE(L ST Z AR AT

T S A R BIUET TR LT A Z HBRA 1T - BRIt S S E WA R RN R
FENTLEILET > AR RE ZIE(LEEAE - Il TEAC EAFHELETIEALTT - A EISEEE
TS © &k > BREAR > 4155 (5K » 2000) - Bisfil5d 4% (EGCG @ ECG) > el i % (EGC »
EC) 5 AR (A A HAS H A TN (£8 0 2002) 5 1L TBA 3% ( thiobarbituric acid ) 3( -
Hyt&a LRIk & EGCG>ECG>EGC>EC ; DIARRAEE #EbEL  Z B AR kT 5 ECG>
EGCG>EC>EGC ; £r&E & B HAE (hydroxy radicals) {7 ECG>EC>EGCG >EGC (Guoetal.,
1996 ) » FHA S LA L THIEEAL J7ATE FIRHIR [E » 5] 52535 2 (LR 4E IR B-EREL C-IR A
G [EENE - EEHEBLEIEEARE -

BESIN S (R ZWMERUR 2l R R 2 dhia b)) @EAE C-IR 3 EisS A )¢ a1k gallic
acid) » BIEEZIGIZEZE » HbiE L 1eiss - i EGCG K ECG 8] EC Ml EGC - SS{EFFE® » 41
FZ BEEEY-REBERLEY) (theaflavins » FiZRE T “HEY)) » JLHZ theaflavin 3-3'-digallate #]]
EFAARIELEY T - PLE(L1RETE - ZESh EGCG A1 ECG (Wiseman et al., 1997 ) - BEZATEIR
Ak (invitro) GEBEUR » BRI NS Z Z HiE L IE R 5252 (E/EEAEES (invivo) Al
BUR  (EBRE AR T SR R A A 0 JR R Ry e A Sl 2 E R I I
HyE R SRR (Zhang et al., 1997 ) o (R[5 SR —fe 5 s R B S B R @SR i » IR B
BEERIFEAR  FhEBRAAZEGRMNENE A RE » MALFEZR -

REFCAER I EUR - 4 PIE L1771 > £ EC ~ ECG ~ TCG (#HERIGIAE ) ~ TC (4EHA
) BlEG S EEEEIEMRY - it TCG fl ECG iZMEEE /K4 (MHRE AR (E 55 71 A 0.002 FI
0.007 » /NA 1%7KAE ) « FLESSREUR - HEREN AL Z G HEW N B4 TREE AR S HER
S — A DIEALAER - TE5FR DPPH RE 177 H > &{E 5 E & B8R DPPH e /1B HA (124
B o {235 Nanjo % A (1996) HYEtERER » (B 5l 3 2 2 R H=AE 1~3 1« MURER[I% DPPH & 50%
PLERYERRST - AL flavan-3-ol C-3 firE§#45 A galloyl moiety (RIESEY I 53) L BRI ERH
Ortho-trihydroxyl £y 542 (41 EGC » EGCG » GC) HA#EAY DPPH JEEREE ST « #A5 2 » N
#*Z L EGCG » EGC » ECG » GC E#i@fy DPPH JEERTT o ZRMIAGBaAH BE 7 il fie A 2R HEL R
ZRifh > SHEEERRRYE > TCF B TC HELALR DPPH RE /2R /KR EAHRN - #A5 2 - BB 5%
RPN REEAS AR DPPH gE1/155 (F1E(L)155) @ ERAVR BRSO HISR AT RER 1E
W MEE R RE R A BERISR R4 o HHILER - RS RFE & - BRERGHEL 2R
AIREEI R — (R T E - (EEE G notEE T-RE 07 - V98 — (Bl B S & nn Sk T-RE /1 2 A
B s BEAMMEAEG AR REERS  BonEEt ree RS 282 AR AT REAUR
&2 Al— A A EaE G ol a1 2 i RER H 2 5 RS KR » FRDCRBE R IER A AR [EI 5
T AL R BT » WA TEAC JABLUERR DPPH 7% » ZR5EERAVIA(L T EE H2Fk
AR IR RE R E - (EERRE &R )71 > & C (r=0.561, p=0.002<0.01) BL;EFRE
AP R AR - SR R RS AT RE A R RN AR A Z IR
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B BRI R PR Z K5 REREAR - REE LR A1 Z 2R - SIRARELAT
it > BEGRS 2 DA IIRRE A - TR SR E R PAE -

+ 2A
él:l af

SrEAUTIEEL 8 H AU £ RO R an R P RS ARk 2 R R G B LU H SIS bRETIRY

SIMTEEIR - T ] LLAREE T Y AR B R A w5 R 2%

1. GEHAIEERSE AR WRREE - R 3 EAERESE (55K 79% - 6% 89% - 575 18
) RARSEVESRHE 6 ([f/NEEnfEs > HESmERICRAEEER -

B 1 RZER R R RSB EALERIA R - B EC HI C s Bl amfE - A
Wi{EfE 2 R R (R (EGCG Al ECG) » iZ R Bl BB B AR R 25 » 86T L Aréd
R a7 SRR A -

2. A[FESREEFTEEAY - BARE wH BEAREAE > RESRNEREY - B ERE5]5
REDTEERABRA AR > 52 > BALHRRSE ZZRER]HRER profile » A€
DU sl AR A [ an ik Z ey 22 52

3. fthmEmE S B HR R IIAER B OR R Z IURIRE L - ARG EHE Y N - TR (B
RE -~ BIOR » BREZOMER AR 672 - B G R GR AR ARG R
L

4. BURRIEEMERENE RiFHIbiEEs -

5. F—REZENT] BEERAA WA DD ELRR A - 4 IS DRHEETR -
LT S S T A

6. NEEESRA FEERZRENTIERTER  E8GET LR IR > 52 - 18— (8 i
AR — R sk - HES AR —EZHER80R  JHEEILA —E Bl — =
— R o IRIERCREE > HEZRIEAHIEE -

7. FEAFEEEESIETINVERER - BRERLAEE - NItEEETE L mEERIE
AR -

8. fEPUE(EII &R RITH - bR T#EHIE/ETT (TEAC) EFRRGER LRGN » HE =M S
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Fig. 1. The HPLC chromatogram for catechins of tea samples

R— BB EERIE A SRR R R R R BN & R

Table 1. Catechins and caffeine contents of green teas from Taiwan major tea cultural cultivars

sy EZN i/ IME I FNIE e A BRI
% N Minimum Maximum Mean Std Dev cVv
C 27 0.16 3.71 0.56 0.82 147.85
EC 27 0.49 4.29 1.07 0.87 81.44
ECG 27 0.16 2.63 0.60 0.63 103.59
EGC 27 0.45 6.45 4.45 1.48 33.18
EGCG 27 2.35 11.43 5.13 2.32 45.25
GC 27 0.33 1.95 0.91 0.36 39.27
TCG 27 3.53 12.12 5.73 2.40 41.79
TCF 27 2.29 10.43 6.99 1.77 25.37
TC 27 6.62 21.79 12.72 3.32 26.08
CAF 27 1.40 3.35 2.05 0.56 27.51

CAF= Caffeine ; TCG= EGCG+ECG (5% 51 45%) ; TCF= EGC+GC+EC+C (il i)

TC= EGCG+ECG+EGC+GC+EC+C (4451 %52%)

Std Dev: standard deviation of 27 samples

CV: (Std Dev)/Mean*100

JIN
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Talbe 2. Comparison of catechin content of green teas from Taiwan major cultural cultivars

%)
ot C EC ECG EGC EGCG GC TC CAF

FHATT 0.36+0.09" 0.65+0.08" 0.25+0.08° 5.43+1.05° 4.21+1.04° 1.0610.32? 11.95+2.48°  1.99+0.54"“
B4 12%  0.3910.13° 0.6110.08° 0.3310.18° 4.47+0.89%  4.4611.04° 0.8410.12*  11.1041.09*°  1.85+0.27*
£%13%  0.3310.04° 0.7910.04° 0.3140.10° 5.74+0.28° 4.0740.40° 0.9810.21*  12.2240.18*™  1.82+0.11%

IESESS 0.28+0.09° 0.6110.17° 0.4610.17*  3.1610.52™  4.93+0.57° 0.6610.17®  10.11+0.72°  1.49+0.08¢
HiEHE 0.20+0.05° 0.7510.26" 0.29+0.10° 5.11+0.80°  4.04+0.51° 0.87+0.19®  11.27+1.50°  1.74+0.07“
LT 0.35+0.06" 0.74+0.11° 0.28+0.05° 3.28+2.51"  3.89+0.23° 1.0310.29%  9.5742.62° 1.7740.30%
BETYE  24211.70° 3.3310.85° 2.18+0.41° 2.71+1.00° 3.12+0.67° 0.50+0.15° 14.25+1.11*  2.3040.86*
B% 89k 0.3240.14° 1.03+0.11° 0.5310.15"  5.94+0.49° 8.87+2.98° 1.08+0.56° 17.7614.15°  2.62+0.51%®
£%€18%  0.3810.07° 1.13+0.24° 0.80£0.50° 4.2240.93" 8591224 1.190.66° 16.3043.67°  2.8710.46°

CAF= Caffeine

TC= EGCG+ECG+EGC+GC+EC+C

Values with different letter in each column are significantly different at 59 level with Duncan's multiple range test.
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TCG TCF TC

TCG=EGCG+ECG#AFRI 55 )
TCF=EGC+GC+EC+CRAHER 5a 45 2)
TC=EGCG+ECG+EGC+GC+EC+EC+C(42 58 45%)

[ — ~ B8 F IR R R SRR AL R R - BFER A OR R R R R
Fig. 2. Differences in TCG, TCF and TC contents of green teas from Taiwan major tea cultural
cultivars

R= o OB F IR R R 2 SO R F R R AR YR & R R
Talbe 3. Seasonal differences in the catechin and caffeine contents of green teas from Taiwan
major tea cultural cultivars

5%
0 C EC ECG EGC  EGCG GC TC CAF
=]
+
£ 0.65£1.15% 1.0240.64° 0.50£0.60" 3.95+1.84° 4.47+0.98" 0.68£0.15° 121'2277; 1.8240.38"
+
B 0.35:0.10° 1.0740.76% 0.64+0.47° 4.94+1.28% 5712.80° 1.12+0.47" fgfg 2.25+0.70°

0.94+ 13.07 2.08+

\ + a + a -+ a + a + a
K 0.67£0.90° 1.12+1.21° 0.6710.82" 4.47%1.22° 5.21%2.80 0.25% 3.35% 0.54%

CAF= Caffeine; TC= EGCG+ECG+EGC+GC+EC+C
Values with different letter in each column are significantly different at 59 level with Duncan's multiple range test.
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R~ BV E IR TR T R AR Y SR R BRI B 5 A aE R
Table 4. Analysis of variance for the catechin and caffeine contents of green teas from Taiwan
major tea cultural cultivars

. F{E
st -

ZREf Tt
I 0.87 4.45

(0.438) (0.005)
0.19 20.18

EC (0.829) (<0.001)
1.19 20.01

ECG (0.330) (<0.001)
1.97 3.77

EGC (0.172) (0.012)
203 7.64

EGCG (0.164) (0.001)
5.5 1.80

GC (0.015) (0.150)
262 3.88

CAF (0.104) (0.010)

CAF= Caffeine, <RIl AHVEIT fy F EZBEHARE -

RI BB IR R 2 SRR BRE TR

Table 5. Comparison of the antioxidant activity of green teas from Taiwan major tea cultural

cultivars
. i & b B ]

Hati L S1(mM) JE bR DPPH(%) BLFe (%) kR O3 (%)

FHLOAS 1.6110.37° 40.8145.30° 48.31+15.65° 56.72+6.09°
Bz 1298 1.82+0.46° 41.1445.58" 42.18415.15° 58.6518.04%
B4 1358 1.9440.30" 36.5613.33° 45.72+29.93° 58.55+9.36%°
UIESESS 1.9240.39" 50.9618.34° 59.69+12.77° 48.72+12.42°
HiLMSHE 1.8740.37° 38.9415.91° 54.26+19.38 54.37+14.62®
FHOF 1.9740.28" 36.99+3.65° 52.98+17.95°% 60.16+4.07%
BT 2.4810.24% 35.1915.28" 45.57+22.84° 71.04£18.55%
a8 e 2.06+0.55%° 33.8115.16° 58.15+14.37° 53.27+14.09%
Bk 18 58 2.60+0.30 38.92+4.01° 46.19+12.56 57.64+11.30%

Values with different letter on each column are significantly different at 596 level with Duncan's multiple range test.
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TN~ BB F IR R R Z SRR LA F SR B R R
Table 6. Seasonal differences in the antioxidant activity of green teas from Taiwan major tea
cultural cultivars

e o & b B

) AL SI(mM) bR DPPH(%) B R (%) 3HH 03 (%)
=S 1.8140.33" 41.24+3.35° 55.98+17.03° 62.24+13.57°
= 2.29+0.30° 40.7613.93% 57.33116.44° 50.59+8.42"
Fk 1.99+0.54" 35.7619.64° 37.7147.89° 60.2118.99%

Values with different letter on each column are significantly different at 59¢ level with Duncan's multiple range test.

Tt~ B R R BLURES UE( B ) ZAERE A
Table 7. Correlation relationship between individual catechins with four antioxidativity evaluation
methods
. 5 S E
=N o)
C EC ECG EGC EGCG GC TCG TCF TC
“ETT 0.237 0.452 0568 -0.163 0.367 -0.059  0.503 0.184 0.462
E=N(wwh] (0.234) (0.018) (0.002) (0.415) (0.060) (0.769) (0.007) (0.357) (0.015)
TE R -0.265 -0.328 -0.288 -0.168 -0.157 -0.115 -0.228 -0.448 -0.404

DPPH  (0.182) (0.095) (0.145) (0.401) (0.433) (0.569) (0.254) (0.019) (0.037)

0006 -0.169 -0.107 -0.212 0014 -0.182 -0014 -0.293  -0.167
(0.976) (0.400) (0.594) (0.290) (0.944) (0.365) (0.944) (0.138) (0.405)

EREES, 056 0355 0370 -0315 -0.320 -0.343  -0.213 0103 -0.099
sy (0.002) (0.070) (0.057) (0.109) (0.104) (0.080) (0.286) (0.610) (0.624)

BtFe’

TCG= EGCG+ECG(Jis#! 51 4522); TCF= EGC+GC+EC+C(i7lil 6126 25).
TC= EGCG+ECG+EGC+GC+EC+C(#H5i A E); ¢ IENANIVE T Ry H A (55 > B E R E -
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Comparison of Catechins Contents and Antioxidant
Activity of Green Teas from Taiwan Major Tea Cultural
Cultivars

Yung-Sheng Tsai*  Shih-Lun Liu? Hsueh-Fang Wang®  Shau-Mi Ou?*

Summary

Using pan-fried green teas made from nine major tea cultural cultivars (Chin-Shin Da Pan, TTES No.12,
TTES No.13, Si-Ji-Chun, Chin-Shin Oolong, Chin-Shin Gan Zai, TTES No.7, TTES No.8 and TTES No.18)
in spring, summer and fall seasons in Taiwan as experimental materials, their contents of catechins and
antioxidant activities were examined. The purpose of this study was to compare the differences in catechin
contents and antioxidant activity among these tea samples as well as the correlation between the catechin
contents and antioxidant activities. The results show that the total catechin contents of green tea samples
from these nine tea cultural cultivars ranged from 6.62% to 21.79% and the average amount was 12.72+3.32
9%. Among six individual catechins, the contents of EGCG and EGC were the highest with average above
70% of total catechins. The differences in catechin contents among all tea cultivars were not significant
except for the difference between large-leaf-type (TTES No.7, TTES No.8 and TTES No.18) averaged as
16.1% and 6 small-leaf-type ones averaged only 10.45% (p<0.05). They differed by more than 50%. The
catechin contents of summer green tea samples were significantly higher than those of spring and fall ones.
The contents of two free types of catechins (EC and C) in TTES No.7 were found to be very high. It made
the catechin profile of TTES No.7 differ from those of other tea cultivars. Using four different methods to
evaluate the antioxidant activities of green tea samples from these nine tea cultural cultivars, it was found
that only the TEAC method could detect the antioxidant activity of large-leaf-type ones better than that of
small-leaf-type ones. The concentration of tea samples used in this study was very low at only 1% (1 gm tea
in 100 gm 100°C water), but they all showed considerably high antioxidant activity (>40%). This indicates
that the antioxidant activity should be even higher when we are drinking tea because the concentration of tea
is usually at least as 2% (3 gm in 150 mL 100°C water). In terms of correlation analysis of catechin contents
and antioxidant activity, the results show that only TEAC was positive-related significantly to EC, ECG,
TCG (total ester-type catechins) and TC (total catechins). The antioxidant activity evaluated by the other
three methods showed no significant relationship with the catechins (p>0.05). It should probably be pointed
out that the components other than catechins (like polyphenols) also affect the antioxidant activity.

Key words: Green tea, Tea cultural cultivars, Catechins, Antioxidant activity

1. Associate Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.

2. Graduate Students & Professor, Department of Food Science, National ChungHsing University, Taichung,
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A R 0 B3R 25 ) Bl 75 47 88 7
SEEEERZSMN

gltim' HKE® REE® ELHE

B =

FRRURESBEBR T RARMENAMLBERSMEIE  ENETASREHES
FEF 34 BRE , SMETEYERSSEHEESE Btk MBI R 2BeNs URET
AREBT R MRS EREY, ARIHTRASREBTLER  REEEDESD
ZER  YARSZESURSTER RS M SEBEITR. BRER , BEEI R
EERDEREFRE pH ERE. HHRBRERFEIRARERXZREZHER, LRAHE
BERIECRE, TAFREHIR MRS  #RSHHEREZERE  BTEAERE
ANE B, ZUESHR T MPRNTEASFRBBEEIRER , BE s ARENRANER
MG ZHIBIRRER 11.76%.

BT ABEBEIR. TEWLES. BSHBIDHT

EEMMIFEZTE , —RBETS Rk &, F. B, . BEAKREERRE (K, 1992),
MEXR (NEERE ) ANAEFATEETHRBNIHEBREENARFRARBRATE , HRLRA
RAAREETERRERNTE. SREETNEBEIREEES "FFReE. NERER , RS
RMBRENZCXE  ALHBBSEEHRAATREPNER,

TEEERRELERERARNNBF L  BEERNI "REEET ) BERS  mETRE.
KPERECLHEABc FELEHERZZEBT BEREEETEEER N 2004 F 5 AREZRZE
REE  ZREHEITRRESVRERR  REZRSRABE. RE, EF. #5. RE. &
HE, BWE, B8R, RE, PHEEMEST ORISR, FTRIBKRGE  ARZEETEERCR
EmERARE , LREBER=-RERTIERELR, F—. mEERHAE ; 5=, XSELEL
MENER , EEREETRERS ; $=. MRRERE , hBETF , EEEF (8% ,2003 ) =
RERRRHEFETENRIGERT EFEENEEAHBRAE (B, 19% )

AEEEERCERRNEREELA LTFRERNERRE  HAREY (KHNET 1900 £EH )

I PEASBERABLIUMHMRLE, HR. B8 B,
2. THREXRZESERXURSEIMRE. HIRERRAK. A8 HERK.
* RANBEAESE
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HAMREREEY RH5IE. ERESFERRMN NE S BERERZMI T EERERHMTR
ERRBE, ABEEIR NIRRT B ARCREERETCRASR  TAERAEHE
BERBRARBEE CHARLR. STBSRAEREFRMANEREER  SRERAF
R, FRKRE , A HRBAKNEE LSRR BETRE  EXEURZHFEHRE , X+
B hERXBEBFER  PREESRREREREZEK , LEASHE (BN , 1997 )
RECEBRYE  FRTRERGBER IR CRELZEEFAREIRLERHTK  BEECH
RBIBRNERER , bEREFLE@BTREELABRRAZER,
AESBERENFEEHABERD (BEFEN o0 H , HEBFERXTR 03%), BEH#
FERR (£EEREEAMNEGMME  MUAAMAEE ), BEBESIREAERT SN —ELFE
RREHM , RRREZFEFZRHREAK , RZH7 BHAEERHEE, SBEEIRcRE
BENERMBEREEB[AREEZRUE "BTH.. ARNEERBRBRMEREZEK , HR
XERRBOTBERECERE  ERINBERENECE  BEESAREBLENTERA  Bite#
BERXBHRBHR "BANF L
HREHESRHRE , ALESBRTE—ERATE , AMEAEA , o BEREBRTRE
AZHBEARBSARARLD , EA - REHEEITRREBRPERK D (LRSS ( ZHH, 1985)
M—RARSHEIRYRERNAR IR ( REXER ; RAM , 2001 ), MIERKEFNEBRF R
ERMCRD D/ E , ESANA B, HLARFRES 2 EBOEE
I BUABEBERERNLRD 2EFER  HIURERABRRBE,
2. EBTRAERESHETLERBWLRD ZER,
3. AR BREZESHRI D ITET AR SR EB T LB B,

MR &
—. HBRMH  SEAMAEZSRELER 344,

—. BEEE:
(—) AEEBRERTIENLRIEEELNEER
UBEARMNAMERSTLERE  RTPEHFESTRASHENER 34 BEZAREK , oW
WRIAEBHEHBESIRIEM LR ER , 2R BEKS. pH B, BRERR, B2k, #4F.
EEERER, RE5KkE, ERRXRRMEERSE 16 H,
() TREAEESHER TEYLR D R
DAMEE S L ERXBRHE/AN | SHEH 34 ARE , BEECAER (§25F. =5%) 7%
ABLEEER G 1K, RASZEBRRINABPEE 5T 11 &, MBAZELBERIATERS, it 125,
DRI MEETEYLES , YIRFTRAEREILE D 2 EZR,
() TRASREBETHLER YA
#BERER, Pk, THREBIHRHL 4 &R, IAZEWCRIEESESHB SN , HEH
ETRASEMLBERCEERS , WITEEHBIME,
() EEMLAE D 25 WA %
() KD EERE
ERE 3g BEABRMBEF , R ARIEK S & 28 E MK HR73 Moisture Analyzers, METTLER
TOLEDO, Switzerland ) BIEK A EE. ZBRES 105C , BEMNEEEE , KEAEY
K-—E%&.
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(2) pH & ( AOAC, 1984 ; #k , 1999 )
FREEERZE L3 REEDE 150 ml Kk 5 288, T8 2355 L pH BIEE( MP220
pH Meter, METTLER TOLEDO, Sweden ) I , BIEER -EEFH,
Q) BRERXESEAE (Iwasa, 1975 ; BZ |, 1988 ; BREE , 1995)
i, BEMERE
LAREBENEEFIHAB (0.1~0.5 mg/ml ) 1 ml, fIA 1 ml ZSEABREEHE (LA
100 mg FeSO4+7H,0 & 500 mg B ABEF AR KELEL 100 ml ) & 3 ml pH=7.5 2 0.1 N &%
MREER , TOBREBE 30 28 , IRBER 540 nm BERNE |, RIESEHR
ii. BemBlE
EUEEREZEE 1 g B 100 ml 387K , 78 100 “C ACGAZEE — /B , BIREEZE 100 ml, BY
BR Iml A I ml ZEAREEER 3mlpH=7.5 2 0.1 N BiBEEK , RO BRERFE
30 088 , BS540 nm BRBEBKE , FIERAERSRFREEMRREREZERR
REE. BmAIEHIR-EE.
(4) B2 TBmEERE (B, 1978 ; Spanos andWrolastad, 1990 )
i. BEMREE
LAREBEREE FBAR (0.1~0.5 mg/ml ) 1 ml, AOA 1 ml Phenol reagent £ 2 ml
PHNBRAARRESIITE, BE | D&, IREEM 700 nm BIEENE , REZERLR,
ii. BRmBIE
EXEEREZEER 1 g AN 100 ml 387K , 7 100 CACAZFEER —/NEF , BIEEEZE 100 ml, BY
J&® 1 ml ANA 1 ml Phenol reagent £2 2 ml fa MR BRSNVBRES TR, BE 1 N, KA
#R 700 nm BIHENE  FIERAERSREFREEMRRERECESIHEE. K
mAESR _—EE&,
(5) BEERE ( AOAC, 1984 )
BRELEE ( Kjedahl method ) BHR 1 g BERRAAEAM 1 g HEBK ( 2R ) IUBERER ( 15ml )
& CuSO,5H,0 B2 K,S0, (1:10) BEMR 3g, £ 400 C THITE RS #F 2 N, B0
ANA 35 % NaOH AR 100 ml S KARBHET R , WEMREERE 25ml4 % (wiv)
2 THER LA 1R NH, B EMRINE R 2 ZEHAY 150 ml BN= L2688, BL 0.IN E X A& factor )
Z HCUEEWER , FRERRBECERWIL, IBEABRALRXREBEEE, 20T,
BRAESHR_ER.,
(b-2)x0.0014" x Fx100
S
a: ZABEMBE 0.IN HCI FEEZ ml B
b: FEHRBL 0.INHCI HEZ ml B
*:0.INHCl 1 ml 2HHHERE
F: 0.INHCl Z h{E
S:BmE (g)
(6) WeBtBRE M S E8E ( Nakagawa and Anan, 1979 ; ¥ | 1995)
i. BEMREE
LT RBEMZRIRE ( theanine ) A ( 1~10 mg/100ml )2 ml , H0A 1 ml Z Ninhydrin
Z26H , BIMAFBEE SnCLAR | ml IREES , B 80CABINE 20 28 , TIFBED
DA I ( Isopropyl alcohol 2 H,O JA 1: 1 ZLEBIEE )5S ml IRBES , BE 20 08E |

Total nitrogen (%) =
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REBR 570 nm BIETKE , REZRLERIR,
ii. BmRE

EXEEREZEER 1 g B 100 ml 387K , 78 100 CACGAZEE — /B , BIREEZE 100 ml , BY
&M 2 ml AN 1 ml Z Ninhydrin 2&& , BIMAFHEE SnCL AR | ml IREBES , R 80C
AGBINE 20 788 , RIFBAD , MAFEEER ( Isopropyl alcohol B H,O LA 1: 1 ZHHIRE
SmliRBBE , BE 20 28 , ;REM 570 nm WEBEE , FIETREHRRREEHR
BRERECFHRERSE. BRAUEHR=-EE.

(7) FEJBKE (K, 1999 )

FREREELE B3 TRENE 150 ml K 5 988, TSz R BBUBETH 280 Color
Measuring System, Nippon Denshoku Ind, Co., LTD, Japan ) BIEEZ%<Z Hunter L, a, b {H, I
ERARRHXGFH , URBKERLRE , 2EARCEEER X=91.96,Y=9397,Z=
11041 , AIEER=EETH,

(8) Mk R & E B 5255 3% 2 BI%E ( Terada et al., 1987; Bailey and Nursten, 1993; #&Z , 1991 )
i BREEE (%,199)

BY 1 g BEREZEIA 100 ml 37K , 7 80°C FEEER 20 748 , B LA Whatman No.1 JE#
BRIBRE, BREEE 100 ml, B 0.45um BIREIRR , BIK A S REERAHB & ( HPLC,
Hitachi A B Hifm ) #7294,

ii. 72 Re

Column : Verco Pak C18 ( 4.6 x300 mm, FRAF] )

Eluent : Acetonitrile : 0.1% trifluoroacetic acid =14 : 86

Flow rate : 1 ml/ min

Detector : Hithachi Model L-4000 UV Detector

Wavelength : 280 nm

Injection volumn : 10pl

#E REAET R

—, AEEBRERTENLRSEEELNER

HAEBETRENTREAEIEERZCZRE BEAERTS SR NBE—EREENSE
X, THREHEREY (RABVHBREZESEREFMEATE ), ItHAERENIHRERE
fOEEEIRENRARREEERAERTEEIERCRZ—. ARTLFHNREBEHLESK
ft. BBIACHNESSECHNBERE  SESRXUAERKETRRZESHRYE , ERRHEEBRTIS ,
HESRXNEEE—E2NENEE. TEFRERESRCARBEBARY  AKEVEBERE
EYMtRo 2 e BHEENELRERN K BEFBAYEE,

AEREUAMBEB S L ERABESEH  RPEEZTRASHOEARG 34 . ARLEFRE
FEESHTEARBAREEZRE , MHRZEEAX SEREBBZAZER ( ZSR=ZEFK ) IRE
PEZBERRRBEERBZAARADNTESR, S MNEREZUARKREEBEBE IR ETEYL
RO EBZEER,

R—AAEEBEERIEV LR 2EBHER K Hrpky, BRRR, B2k #F. HE
BIRARRESEURFBKEAMELE —RPr BRBRNESELHER (ENK , 1993 ; BEF , 1988 ;
®RE 2001 ; BRAE , 1995 ; B]E |, 1990 ; 5 |, 2000 ; ]Z |, 2005 ), BEZRS pH EEEERHER
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ERSEREARBEERRRZSER S, HAIRENIEELEREREZEEBRKNRESE
EERBLUREBZT , GBRERXNERELRRRSEEEMES , MMEZBAHEHERRRESEAE
EREERRRE (8&E, 2005 )

HBESRACAERERARBATHEARRIYUETEN "RE,, SAHNIZAEEE a2
WL 2SR, WAREREBHREKRZBEE, MAFXKERIRZSHKRER , HREREALERE
40+£5 /NEF, RIBRUAGER THIEER. MEENRESER , ERERTRE , BAERNRESERS
BRZBNE , ERXVEBRED 305 NN RIFE MG, MBEITRZMIEANALERIE 405 N,
ARBBEZIRZMIZSHEALEN D, tHRFEEERED , AL XIEENEBRZTRRERE | I
DEBERt—ERERIEERENERZ— REREMRENERMRERE  SEARRFEHES
BHXS pH HRHETR , BERXSORBEERIK (BtFE , 1989 ; BFIE |, 1989 ; #*F , 2001 ) #H#
EXRZREpH EFHEE 511, HERK , ERXBSORBFBRER |, NERERERK pH BEERY)
&R,

REREZESILUECHERERSED A 137%% 1.96% ( % |, 2005 ), HESEXSEA
0.50% , ERRTMEML ST EAHCREZ=22—HNE, RHFZWAMREE , REHESE
HMESEYRERPERY , FREMRETERENREST , REKRSKEBZEHM (Hue ) B
EEEOEBE  MEE (Choma )( FEA (@), B ESECERERIN —EEE ) B/
BR(FERE, 1989 ; 5K, 1994 ; #%F , 2001 ) HAHBOMET , BHEIT R HFRRERPERK
BEFSKEZ Hunter LB ( E ) B/, XERENRRA, MERSHESREHRRERS2HER
BRURKEBRENRRE , EREEBEITRZRERE,

HESCHBRERREAR6.13% , BRERER (3.63% ) REWLER (4.65% ) BaHES ( 8E
2005 ), WA RFERKRZRR, EFMEREREY SRS RCRBEEEIANRRAEAR (XB
WMRARZAZESESR ), IERBEER 0% , BEH 0% , MAREBLURIRESERRXLE
EXAREBEER ERLEBEERR, AXRSE00R , EEBSRERXZSEANEEES , It
HRE(( EREHT ) TREERURER. it ARSI RASSENRERRRELS —BHKE
E

HEIRTEMLEDBRT pHE. HHBREBRNARERZREREHRA  HEXTEY LR S HE
HeXBEYEABEERCER, BEXL  R—Z2oMERERETEESRTEEREYWILAS , B
BRARXSURTKEZLERY , BEENAXERMBEE, AF. BZalhE. ERE. HFHERE
BE, BEESKARABRTNARLZSFEEEL RN AR ETREUREHELEER
RORBE, R—FREEBIRIENILEIEEZINER , FRURMUERSE,

. TASHREHEIHLBERTENLR D Z LB
BARXRECHBETLER , 7R LK. PRETHR=ZEK , STBLBZHZE 11 &, PRFK
NHFETHRZEE 2. AEREZENZEREAL , 2RO FEZEBBEZASER (E2ER=
EX% EEBELET 2500 TAL ) FIRBERE , BREIIATRE (BFED 1600 T ), MAEKE
HBTH/RE (BT 1000 TEL ) ETELTRAERBRRTEMLR D 2HLE , BRUOKRZFIR.
ZETASRZRERY  ERREE, Bl SR, HFRERER, YMYPEMNR Hunter a. bEL
HEEZRFE, EERTRARENTERECL  TEHLERERSZ pHE , PRFERIREKRE
EBREEERHEMMERE , M T REZF SRR,
RE-CPEBRTEASHRER IR TEVLR I ZEZR TEHEREREHDERT L2BEE
2 , W GC, EGC, EC, EGCG, ECG, #{EHIZAZE ( total individual catechin, TIC ), #BEFERHRE
BEEEHRAERRRESE BLE P, TZESFRENINERANBRIE Mt 52, DETEHH—
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BRs=88  mERRF B, HETH , SRS RARERENFR2EMY, Eit, LB
LD HER , ERBARED R ERNAE —KRERM. £XFHEBRRES , XEAH, X5
R. FBERHAEETHRERF  MBEIRPRTHR T REE "BEH, EEEE , "EEHE,
RFEBRMRRR D NEBUBERR D 2HRERE , HERARKE TH58, B8RS , JEFS
REREWERTREFRBET R ER.

=, FTRSREBITHLERZHA

HRARXEREREZERY  E— WA REHNIEFTRAERZRE  RZAAINAZLEER
ot UESHBI A MEREFETAERREZTERY , BROR=FIT. ERFEHEDSH
Bz 8 HEEL Wilk’s Lambda &R EIEE M, Wilk’s Lambda Bl KR 7RI E ¥4 B RS &
¥R, BEHRZSBAAREEENRANE T , 2BELSSRFENECRT , BEERTF
Z Wilk’s Lambda AR B EEMFER , ZTHRTRERL AR=FPAUEL , E9WHN 19 ERTF

,HEBERHRCEERDIMREENARE NI DB ATRSZ pH B, EGCG E&. 52 Hunter
L{E, a BEBRXEZ S ERS , H Wilk’s Lambda E%2 Bl A 0.393, 0.238, 0.160, 0.102 %1 0.089 ,
HP XL pH EZ2EENRAFEE (p<0.0001 }» HER 14 BRDFEHRZBEZEKE (p>0.05 )

LFEB 2 pH{E, EGCG EE, FBZ Hunter LB, a BEERERZZRER D H AF MY BIE
XA, ETTFEEFRRZENHE , BROKRMEFAR. HRPITFELH LERZ 11 BRESE BER
ZEF , MPREFE—HERESELER. BUMERE , KERES ELRERRCEES B
£ 053 047, BERUERBEHEBER AT, S LEEMPRFEEEETFTRAKR. B8R
HFERS)TRE , BERZ pHE 519 B 11 HHEFPREE |, BELERZTHE , BERH
BEERELRR, ETHRFRZ R 4ERT , B3 ARREREATERR  REETERI TRE
HE=#4FEPEHZRBYERSZ Hunter L B , LtLEBYIRIEREIERRE, BEmMS , A5HA
A pH{E. EGCG 8E. F5Z Hunter L B, a BEERRERE s RS ETHB SN , B EEEZ
YIBIRE D& , B 100%2HIBIME ; HPRFHBlgenmgE  EESERHE LERXMAEHEE
HATHEE, BTREME , WA LRE , HIRIREER 75% , B HE HRRE BB A MmEY BER
2B, HHRSERCERERERHNAPEE.

BEXE ARAEROCETESHBEIRCZE/RAL  ESBLE, ., T=ZAEHK , MH
ROERETR , FAB LD RYA , BEHBINBRERNEE 11.8%. LLRAEATAMWILER
PRYBIFTRAELRNZ , TEHAUBIRIRMEFNE  BEEERE ( RE=R ) TERBRESTER
%, WBRXBERRCZREREFERAER FWEMY  HABNLB S T2ES  BMLRHAEZ
BHFAR , BYHAREREZTE , MURES MR FIERLBEEHABRESN S %,

mA %ﬁ;ﬂﬁ%%

ABEBEAR REEERR MEREHMBENRER  #ALBEBRSTRZERRMITR
BRABEAR  EEEARFNERRNIE  BEBT R TRERECRRES ZECBE -
W, CRFLEZTHRECHLBREZFHCAEARER: "6XF, REENSHLE  EHARH
REBREBEERHE. AERUFESM T ABEBITRIZMLR I SERERE  BE RERK DN
RESEERCED , ALETHAREARER BRI RATHEAER ? IRNES IENLE D
HE#H TaxF, & "TaR%) 2 HEAESRIANEERE,

#HBET® RESEAMRSURANIAEBMECZ=ERHER  AXPERBIETRE=F
BeERE, AMAEEREAEEBITE. RESERRSUFRZERYLES 2HER , BaliEE
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ET=BRAEEEERRcLBE=BXEBERNTHE , UHERBE,

SAEREARE LRI —BRERYLRD  MEBBRSRR-EZBERG 2R BERLERH

MBBEMER, BEFTRBENAN ? ARTER —RERNERIAERKABEIRRARAZ
TEEE. NERED ? ERE-—SoTREN. XARAESEARERELE "#BEE. 2%, &
HYUENFEZEY , ESENAATERSTER , MEGEABE-TNB D,
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Characteristics of Taiwan Tiehkuanyin Tea ldentified by
Physicochemical and Stepwise Discriminant Analyses

Shih-Lun Liu'  Yung-Sheng Tasi* Kuo-Renn Chen® Shau-Mei Ou'’

Summary

A total of 34 Tiehkuanyin tea samples of different grades were selected as materials from the
competition of Tiehkuanyin tea in MuCha. The major physicochemical constituents of Tiehkuanyin tea
samples were analyzed and compared to establish the basic constituent profile of Tiehkuanyin tea produced
in Taiwan. Three different grades of Tiehkuanyin tea were used to find out the difference in the
physicochemical constituents among them. Stepwise discriminant analysis (SDA) was used to assist in
discriminating the three different grades of Tiehkuanyin tea. The results showed that the low pH, very low
free amino acids content but high total ester-type catechins content were characteristic of Taiwan
Tiehkuanyin tea. Most of the physicochemical constituents among the three grades of Tiehkuanyin tea
samples differed significantly, but there were no analogous tendencies among grades. The results of SDA
showed that five variables were selected by SDA among three grades of Tiehkuanyin tea samples and the
total error percentage was 11.76 %.

Key words: Taiwan Tiehkuanyin tea, Major physicochemical constituents, Stepwise discriminant analysis
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Taiwan, ROC
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®—. CEEBTRIENRS SEREE(N=34)

Tablel. The contents and ranges of major physicochemical constituents inTaiwan Teihkuanyin tea

samples
. Content
Constituents — - Std Dev CV%
Minimum Maximum Mean
Moisture 1.40 4.63 2.43 0.72 29.49
pH 4.88 5.41 5.11 0.14 2.78
TC 7.76 11.71 9.89 0.95 9.61
Phenol” 10.23 13.84 12.17 0.84 6.93
TN 2.87 3.87 3.43 0.22 9.89
FAA® 0.33 0.75 0.50 0.10 20.42
Caffeine 1.39 2.68 2.04 0.37 18.15
GC” 0.17 5.16 1.53 0.90 58.80
EGC’ 2.22 6.49 3.79 0.84 22.11
c 0.11 0.52 0.25 0.10 41.46
EC’ 0.29 1.33 0.65 0.22 33.99
EGCG’ 3.48 7.21 5.38 0.97 18.07
ECG’ 0.35 1.09 0.75 0.22 28.93
TIC 8.29 18.97 12.36 2.58 20.88
TEC" 4.14 8.23 6.13 1.16 18.84
TFC” 3.25 12.45 6.22 1.71 27.45
Hunter L 81.17 92.20 88.43 3.67 4.15
Hunter a 0.80 4.01 2.34 0.70 30.01
Hunter b 11.11 19.88 16.17 2.20 13.58
Chroma” 11.13 20.14 16.34 2.25 13.76

*: TC: total catechins determined by ferric tartrate method; Phenol: total polyphenols; TN: total nitrogen; FAA: free
amino acids; GC: gallocatechin; EGC: epigallocatechin; C: catechin; EC: epicatechin; EGCG: epigallocatechin gallate;
ECG: epicatechin gallate; TIC: total individual catechins = GC+EGC+C+EC+EGCG+ECG; TEC: total ester-type
catechins = EGCG+ECG; TFC: total free-type catechins = GC+EGC+C+EC; Chroma: (a2+b2)”2; The unit of Moisture,
TC, Phenol, TN, TFA, GC, EGC, C, Caffeine, EC, EGCG, ECG, TIC, TEC, TFC are all %.



FMAMEESH B SR & BER TR B 143
R, TASFREESHLETHEIEMLR T < ER

Table 2. The difference in major physicochemical constituents of Tiehkuanyin tea with different

grades
. * High grade Medium grade Low grade
Constituents (N=11) (N=11) (N=12)
pH 527 + 0.10° 506 + 0.11° 502 + 0.06°
TC 10.18 + 0.92° 969 + 0.52° 980 + 1.25°
Phenol” 1227 + 0.80° 12.11 + 0.93° 12.14 + 087
TN® 345 + 026 337 + 0212 347 + 0.20°
FAA" 0.46 + 0.89° 0.50 + 0.75° 052 + 1.27°
Caffeine 1.88 + 0.47° 213 = 0.25° 2.10 + 0.34°
GC” 1.03 + 0.65° 208 + 1.09° 149 + 0.66™
EGC” 321 + 0.56° 440 + 091° 377 + 0.59%
c 026 =+ 0.11° 020 + 0.07° 027 + 0.11°
EC 055 + 0.08° 081 =+ 030" 060 =+ 0.14°
EGCG” 476 + 0.94° 6.02 =+ 0.66" 538 + 0.93%
ECG" 0.64 + 024° 090 =+ 0.12° 0.71 + 0.20™®
TIC” 1045 + 1.72° 1441 + 233° 1222 + 2.11°
TEC” 540 + 1.11° 692 + 0.75° 6.08 + 1.11*
TFC” 505 + 1.00° 749 + 2.00° 6.14 + 1.10%
Hunter L 89.69 + 097 9032 =+ 1.31° 85.56 + 4.87°
Hunter a 246 + 0.50° 221 + 0.67° 235 + 0.90°
Hunter b 1693 + 1.55° 1590 + 2.51° 1571 + 2.39°
Chroma” 17.11 + 1.58° 16.06 + 2.56° 1590 + 2.46°

*: The same as in Table 1.
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Table 3. Stepwise discriminant analysis results for the classification of different grades Tiehkuanyin

tea samples
Step Yariable R?Sgﬁilre Ve Pr>F Wilk’s Lambda
1 pH 0.61 23.90 <0.0001 0.393
2 EGCG 0.40 9.84 0.0005 0.238
3 Hunter L 0.33 7.04 0.0032 0.160
4 Hunter a 0.36 7.93 0.0019 0.102
5 TIC” 0.13 2.07 0.1461 0.089

*: The same as in Table 1.

&, TEEGEBEILERFA S BEETERDETREHBZDFER
Table 4. The classification results of different grades Tiehkuanyin tea samples by stepwise
discriminant analysis using 5 principal constituents

To

From High grade Medium grade Low grade Total error Error (%)
High grade 1" 0 0 0 0

Medium grade 1 10 0 1 9.09
Low grade 0 3 9 3 25.00

The percentage of total successful discrimination:  88.23 %

*: Number of samples classified
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Influence and Prospect of the Development of Tea Art
Culture on Society and Tea Industry during Past Three
Decades

Cheng-Nan Lai'  Yei-Fei Su?

Summary

Taiwan tea art culture began to flourish at the same time as the initiation of famous tea contests and
propaganda about tea drinking in 1975. Tea art cultures not only could purify the humanistic nature of
people, but could also teach the participants to realize the silent sacrificial virtue of tea and the life
philosophy of "first labor, then enjoy later". Henceforth, many kinds of information of tea art culture were
continuously published. Some tea lovers and tea dealers stepped in and followed one another to establish
private organizations for promoting tea art culture. They coordinated with related government units to
conduct many promotional activities which was to benefit tea art culture and also tea marketing. To survey
the future development of tea art culture, government has actively extended many cultivation &
manufacturing technologies, domestic & foreign promotions, and also has synchronized with private
organizations to conduct many promotion activities. Although tea art culture is facing some negative impact
after Taiwan’s entrance the WTO, it still has potential space for development.

Key words: Tea, Tea art culture, Tea culture
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