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Investigation of Leaf Traits and Genetic Variation
Analysis of Tea Germplasm in Taiwan

Chih-Yi Hu*  Kuan-Li Kuo* You-Zenn Tsai* Shun-Fu Lin?

Summary

One hundred and twenty-three germplasm of tea preserved in Tea Research and Extension Station and
its Branches were investigated in this study. According to 7 qualitative traits of leaf, including bud color, leaf
color, leaf shape, apex shape, base shape, bud hair and morphology of leaf teeth, and 8 quantitative traits of
leaf, including leaf length, leaf width, leaf thickness, internode length, leaf area, length/width ratio, number
of leaf teeth and angle of vein, we have established database of leaf traits for tea germplasm in Taiwan. The
leaf shape is suited for primiary or fast germplasm identification due to the similar frequencies of various
types. In addition, the remaining 6 qualitative traits with genetic variation are helpful for germplasm
identification. As for the quantitative traits, wide genetic variation was observed in leaf width, leaf length,
and more stability was observed in leaf thickness, and length/width ratio suggesting good criteria for
germplasm identification. Most of the quantitative traits are usually correlative. Therefore, when the labor
support is limited and two correlative traits need to be investigated, the trait with greater genetic diversity
and more convenience in evaluation will have higher priority in the investigation. The database established
from this study could provide information for genetic diversity analysis, germplasm management,
germplasm identification, and cross breeding of tea plants.

Key words: Tea, Leaf character, Genetic variation, Germplasm identification

1. Research Assistant, Research Assistant, and Chief, Wunshan Branch, Tea Reaserch and Extension Station,
Taipei, Taiwan, R.O.C.

2. (Corresponding author) Assistant Professor, Department of Agronomy, National Taiwan University,
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F— - BEERIHE (C.sinensis) LfEE KRR
Table 1. List of C. sinensis varieties bred in Taiwan
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R QB PEVNEETE - EMATESEM - B AR R NSRRI SRR

Table 2. List of C. sinensis var. sinensis, var. assamica, wild tea and C. tenuifolia germplasms in Taiwan
moE AT sEAd PREEH M R ZE HE,
Code Cultivar Classification Location Tea type Origion
S1 HLSHE UPSTSE Xyt BREES - AR TREEZE
S2 ALOSHE EUPTIREN by SEER AL ~ BREAE
S3 =L SHE T % 5 SRES H SRR
S4 HOSHE T K5 SEER =il
S5 FRAKFE L T % W5 (SRESS adbK
6 KESE  nms e R TR
RRZ
7 MORES  HimZAR paiipa (GRS [Eulw N
S8 IRESR HITm&R paiipse; BRER E=nlwail
S10  fHEIEREE EUDTREN H5 (GRS [Eulw N
S ERE HEmER e PEARLL - TR
=wlz
S12 S 7 {5 SEEAR E=nlwail
S13 PR UPSTIREN H5 SHEAR ~ &R0 fEEEL
S14  FHOMF 7 paiipse; EFN A=
815  &LLMHF EUPTEREN paiipse; ST (RAERERD.
S16 ¥ EUDTTREN H5 LA adblr ~ #rlE ~ =0
S17 Uil ST e {5 RS NSV
S18 iy (%) EUPTEN K5 SN (REERERY.
S19 HE EUPTEREN paiipse; BIRESR PrsRE L
S20 AT EUPTEN palipa (SRS el %
IR S R o7 E N 117 B Sl
S22 WAKTT HAEER WS g PTTER S TR T
S23 7KA EUPTIREN palipa (ERETS TR
S24 KR 7% paiipi (ENESS R
S25 H LR T im % W5 SN (REERERD.
826  ALLEEE 7% Ha5 S (RAERERY
S27  HEAZALLH ST e W5 SEER &aibard
S28  hEf AR UPTEREN paiipse (SREPS [=uInZSo
829  &L0FfE UPTEREN paiipse (SRESS (CREERERY.
S30  FHLFEIE U E W5 (ERESS el
S31  HHHFE UPTEREN {5 (SREPS =ulnrdil]
S32 FiE EUPTIREN W5 (EEESS el
S33 et UPTEREN {5 SREA =ulnrdil]
S34 IFE UWSTSE K5 SEER (REERERD.
S35  EEAfE USRS Py EEETS (RAERERD.
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ot fEAL T FHRY PREE B JR
Code Cultivar Classification Location Tea type Origion

S36  HfEHfE CUPTREN a7 (REER Hii 75

S37 R EURATES X385 (ShEPH BbE el - B
S38  SZUIFEE CUDTRER a7 (REER g feadisod - B
839 =WIYEd EURSTTES H5 BER HR=F%
S40 AFIH CUPTRER 5 (REER PhEHEE
S41 USERE S5 EURSTES X385 (EhEP ERlvNl
S42  UFEEME  HITMEHR X385 BER (CRAEHERT
S43 s EURATTES 5 (SREPS TEREZE%
S44  RHHEERE  HIUiEm&R Xli5rss (REES (CRAEHER
S45  UNEEIEE MUimAR el S (CRAEHERR
S46 HEM EURSTES H5 SHER TR
S47 RrTHiHEE  HImAR 5 SRR (CRAEHERR)
S48 REEOEHE HITm&H 5 SRR (CRAEHERR)
S49 BER EURSTES X3 SHER =8 WANEE!
S50 (Gil=Ti EUDTREN 5 (EREBS =slwail
S51 T EURATES X3 (REES [EB(RAR
S52 SEF EURATTES 5 (EREBS (CRAEHERR
S53 5& EUPAITEN H5 SHETR PREREE
S54  AlEeE EURTTES 5 &R HLbE

S55 ik ] EURATTES 5 &k adbhkO - PkE L
S56 KL EURTTES 5 &R Ealmeail
S57 B EURSTTES X535 SHETE (CRAEHERR
S58 (UES EURTTES X535 S PRE/\E
S59  /NEETTEE EURSTTES 5 &R adbtkO - PhEREE
S60 HE EURSTTES 5 BIFESR (CRAEHERR
S61 B R EUPTEREN H5 B =il
S62 KR EUPTEN 5 &k [EBIRaE
S63 PN EUPITTEN 5 (XEEN el
S64 - EURSTTES 5 &R el ~ T
S65 CES EURTEN W5 (LTS (CRAEHER
S66 U EURTEN Ha5 (LTS Pk
S67 /INETT EURTTES 5 (EREES (CRAEHER
S68 -3 EURTEN palibae; (LTS adbixK
S69 E(S EURTTES X535 BT b ke Aok
S70 PN EURTEN Ha5 S Bk - 4
S71 (RS EURTTES 5 BT sk > ==
S72 #Ab 5 [ e paiipar &Rk HA

S73 B4z 5 [ e palibae; S HA

S74 Bl 5 [HE S fE 5 S HA
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W T i R T R
Code Cultivar Classification Location Tea type Origion
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W7 KBRS BAESH AW ATEE - M SHET AL
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Table 3. List of descriptors and classifications for characterizing tea germplasm
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Figl.  The frequency distribution of 8 quantitative traits of leaf in 132 tea germplasms
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Table 4. Seven investigated qualitative traits of leaf in 132 tea germplasms
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Code Cultivar Bud color Leaf color Bud hair Apex shape Base shape Leaf teeth Leaf shape
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Table 5. The statistic values of quantitative traits in tea germplasm
I AR BOMA BRI TSI BT Ry mmg o mmg B2 HEE
Trait N Min  Max Mean  fAEzE  SESEGE EREE O BREB o o Kirosis
i £ 123 348 1281 73.69 94 13.2% 16.90 22.9% 0.558 0.578
i 123 15.9 69.6 33.67 4.6 13.9% 9.47 28.1% 1.307 2.449
B = 123 19.2 46.8 32.65 25 7.5% 4.15 12.7% 0.008 1.624
g1 M & 123 8.1 61.8 34.20 7.4 22.3% 9.88 28.9% 0.326  0.159
£ ® b 123 1.6 33 224 0.21 9.6% 0.28 12.5% 0.680  1.637
| O 123 3.9 62.9 18.55 4.4 24.9% 9.73 52.5% 1783 4.182
AR A E 123 45.0 86.3 59.29 8.1 13.8% 9.12 15.4% 0.554  -0.168
S 123 20.6 579 31.07 4.3 13.9% 6.08 19.6% 1424  3.481
TN~ AR E 2 e 8 (EEEEREE MRy 7 e
Table 6. The classification of 8 quantitative traits of leaf in tea germplasm
PR F 1k FE24 F 34K F AL F5ER
Trait 1st class 2nd class 3rd class 4th class 5th class
e & <48.34 48.34~65.24 65.25~82.14 82.15~99.04 >99.04
e H <19.47 19.47~28.93 28.94~38.04 38.05~47.87 >47.87
i3 = <26.43 26.43~30.58 30.58~34.72 34.73~38.87 >38.87
g M £ <19.38 19.38~29.26 29.27~39.14 39.15~49.02 >49.02
B 2% <21.95 21.95~28.03 28.04~34.11 34.12~40.19 >40.19
E = <1.82 1.82~2.10 2.11~2.38 2.39~2.66 >2.66
EIR A E <45.61 45.61~54.73 54.74~63.85 63.86~72.97 >72.97
O OfF <3.96 3.96~13.68 13.69~23.41 23.42~34.15 >33.15
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Table 7. The classification of 8 quantitative traits of leaf in tea germplasm

Mk L4 524K 534K A % 54%
Trait | 1stclass 2nd class 3rd class 4th class 5th class
#E 6 (S43- 35 (T7-T15-T20- 48 (T2 T12-T13-T14-T19-:24 (T1-T3 T4~ 10 (T6 -
S46+S52~S1+S2-S3-S5-510~:S6~S11+S12~S14~S16~S17~ T5~T9~ T10 ~ (T8 ~ Til -
S59+S71 -+ S13-522 525526~ S20~S21 524527528529 ~ T17-S4-S7-S8- T16 ~ T18 -
S80) S33 534540~ S44 ~ 1S30~S31-532-535-536-539~ S15-S18-S19 (Al ~ A2 -
S45 ~ S47 ~ S49 ~ S51 ~  S41~S42 ~ S48~ S50 - S55 - S60 ~  S23 ~ S37 ~ S38 ~ | A7-A8-W1)
S53 ~ S54 ~ S57 ~ S58 ~  S61 ~ S63 ~ S64 ~ S66 ~ S67 ~ S68 ~  S56 + S73 ~ A3 ~
S62 - S65+S70~S72~ S69~S77-S82- A4~ A6~ A9~ A5~ Al0 ~ W2 -
S74 - S75~ 576~ S78 ~ | W4~ W6~ W7~ W8~W10~ W1l + W3 - W5)
S79 - S81 - W9) W12)

BEEF 3 (S52- 43 (T2-T7-T20- 49 (T4~T5-T13-T15-T19-:18 (T1-T3-T6-~ 10 ( T8 -

S59 - S71) S1-52-S3-55-S10 S6-S7-S12-S14-S16-S18+ T9 -~ T12 - T14~ T10- T11 -
S11-S13+S17 S22~ S20-S21-S24+S27+~S28-S32~ T17 ~ S4 - S8 ~ T16 - T18 -
$25-526 530531~ S35-536~537-539-541 542~ S15-S19+S23+ (Al ~ A2 -
S33 534~ S40 - S43 ~ S48~ S50 ~ S55 ~ S56 ~ S57 ~ S60 ~  S29 -~ S38 ~ A3~ A7-A8-W1)
S44 - S45 ~ S46 ~ S47 -~ S61 -~ S63 -~ S64 ~ S65 - S67 - S68 ~ A5~ A6 ~ W2)

S49 - S51 ~ S53 ~ S54 ~ 1 S69 -~ S73+ 577578579~ S81 ~
S58 -~ S62 ~ S66 ~ S70 ~ 1S82 - A4~ A9 ~ A10 - W7 ~ W8 ~
S72~S74~S75-S76 ~ W9 -~ W1l)

S80 ~ W3 - W4 ~ W5 -

W6 ~ W10 ~ W12)

#E 11 (T8 20 (T7-T19-S8- 60 (T1~T2~T3-T4-T5-T6-:24 (T13-T14-~ 8 (S3-
T18+S51+:S20+S31~S47+S54+~ T9~T10~T11-T12-T20-S2 - T15 T16T17 - S11 - S13 -
S52+S59 ~ 856 ~ S57 ~ S58 ~ $62 ~ 1S4~ S7~S10 ~ S12~ S14 -~ S15+ S1-S5-S6-S527 + S42 ~ S53 -
A7 ~W2 -+ S69-S73-S76 A3~ S16-S17+S18+519+521+S22+:S34 ~ S41 - S45+ 1 S81 - S82 ~
W4~ W5~ A4~ W3-~ W8~ W11+ 523524525526 -528~529 + S48 ~ S55 ~ S60 ~ i W1)

W6~ W10) W12) S30-S32+ 533535536~ S37 -~ S63 ~ S65 ~ S68 -

S38 539540 S43 544~ S46 ~  S72 ~ S75 ~ S77 ~
S49 ~ S50 ~ S61 ~ S64 ~ S66 ~ S67 ~ A5~ A10 - W9)
S70~S71~S74~S78~579~S80 -
Al-~A2- A6~ A8-A9 - WT7)

EfifdE 6 (S33~ 37 (T2~T7-~T15~ 44 (T5-T6-T8-T12-T13- 26 (T1-T3 T4~ 10 (T10 -
S43-S46~ T19~T20~S1~S2 - T16-T17-S3-S4-S6-S7~S8 - T9 -~ T14 -~ T18~ i T11 ~ S19 -
§52~S71 -~ :S13-S31-534~540 - S10~S12~516~S17-S18-S20 ~ S5 ~ S11 ~ S14 ~ 1 S30 ~ S77 -
A3) S41 -~ S44 ~ S45~ SA7 ~ 1 S21~S22~524~525-526-S32 ~ S15-S523+S27 - (Al ~ A5 -

S49 ~ S51 ~ S53 ~ S54 ~ S35+ 536~ S39 ~ S48~ S50 - S56 + S28 ~ $29 - S37 - | A6~A8-W3)
S55 ~ S58 ~ S59 ~ S61 ~  S57 ~ S63~ S65~ S67 - S68 ~ S73 ~  S38 ~ S42 ~ S60 -

S62 - S66 ~ S69 ~ S70 ~ | S76~S78~S82~ A4~ W2+ W4 - S64 ~ A2 ~ A7 ~
S72~S74~S75~S79~ W6 - W1l) A9 ~ W1~ W8 -

S80 -~ S81 -~ A10 - W5 - W10 ~ W12)

W7 - W9)
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Mk B 1k F2% I3k 4% E5%

Trait | 1stclass 2nd class 3rd class 4th class 5th class

e 2 (S49- 37 (T1-T2-T5-T6-:58 (T3~T4-~T7-T10-T11- 15(T8-S1-S4~ 11 ( T9 -

AL S75) T15-T16~S6~S15~ T12~T13-T14-T17~T19-T20 -~ :S11 ~S21 ~S24 ~ | T18 -~ S23 ~
S18 - S25~S26 ~ S27 ~1S2~S3~S5~S7~S8~S10~S12 ~:S41 ~ S53 ~ S58 - 1 S56 ~ A7 -
S28 ~S32~S35-~S37 ~:S13-S14-S16~S17~S19~S20~:S69 ~ A6 ~ W5 ~ A10 ~ W1 -
S43 ~ S44 ~ S46 ~ S47 ~ 1 S22~S529-S30~S31-S33-S34 -~ W10~W11-W12) W3 -~ W4 -
S48~ S50 ~ S51 ~ S52 ~ 1S36 ~ S38 ~ S39 ~ S40 ~ S42 ~ S45 ~ W7~ W9)
S60 ~ S61 ~ S63 ~ S65 ~ i S54 ~ S55 ~ S57 ~ S59 ~ S62 ~ S64 ~
S67 ~ S70 ~ S74 ~ S77 ~ 1S66 ~ S68 ~ S71 ~S72~S73 -~ S76 ~
A2-A3-A4-A8-~W8):S78 579580581 -S82- Al -

A5~ A9~ W2 - W6)
E&EE6 (S29- 33 (T3-T8-T10- 53 (T1~T2-T4-T6-T9-T15-:24 (T5-T7-S3~ 7 ( S34 -
S65+A1-~ T11-T12-T13~-T14-~:T19-T20-S1-S4-S5~S6-~S8 ~:S7 ~ S10 ~ S11 ~ 1S40 ~ W3 -~
A2~ A6~ T16~T17-~T18~S2 - S12-S15-~S19-~S20-S21-S22 ~:S17~S18~S26 ~ W4 ~ W5 -~
wW9) S13-S14~S16~S36 ~ 1 S23~S24-S25~S27-528~S32 ~ S30 ~S31-S37 W7+ W10)
S43~ 544 ~ S45 ~ S54 ~ 1 S33~ S35~ S38 542~ S46 ~ S47 ~ 1 S39 ~ S41 ~ S58 -
S57 ~S60 ~ S61 ~ S72 ~ 1 S48~ S49 ~ S50 ~ S51 ~ S52 ~ S53 ~ 1 S59 ~ S66 ~ S68 -
S75-~S76 ~ S78 ~ S79 ~ { S55~ S56 ~ S62 ~ S63 ~ S64 ~ S67 ~ : S69 ~ S73 ~ A10 ~
S80 -S81 - A4+ A5- S70-S71-S74-S77~S82-A3 -~ W6~ W8+ W12)
A7 ~W11) A8~ A9~ W1-W2)
PR 3 (S3 -~ 38 (TL-T2-T5-T19- 43 (T3 -T4~T6-~T12~T13~ 27 (T7~T11-~ 12 (T8 -
i3 S51+S58) T20-S10-~S11-S13 -~ T15-T16-S1-S4-S5-88~S12~:T14~T17~S2~ :T9 ~ T10 -
S16~S17~S18-~S20 ~:S14~S15-S19-S21-S23-S25~:S6 ~ S7 ~ S32 -~ T18 ~ S29 -~
S22~ S24 ~ S28 ~ S34 ~ 1S26 ~ S27 ~ S30 ~ S31 ~ S33~ S37 ~ : S46 ~ S47 ~ S49 ~  S52 ~ S65 -~
S35~ 536 ~S38-~S39 ~:S40~S44~S50~S54 ~S55-~S64 -~ S56 ~ S60 ~ S61 ~ | S78 ~ A3 -
S41-~ 542 ~S43 ~S45 -~ 1S66~S69~S70~S74~S76~S79~:S63 ~ S75~ A2~ A6 ~ W5 -
S48 -~ S53 ~ S57 ~S59 ~ 1S80-S82 - A1~ A5~ A10-W1- A4-A7-A8-A9- WI10)
S62 -~ S67 ~ S68 -~ S71 - W3) W4 -~ W7 ~ W8 ~
S72~S73~S77 ~ S81 ~ W9~ W11 - W12)
W2 -~ W6)

TEEFE 1 (S71) 43 (T2~T7-~T15-~ 53 (T1-T4-~T5~T13-~T14- 17 (T3-T6-~T9~'9 ( T8 -
T20~S1-S2-S3-S5-~:T19-S6~S7~S11~S12~S14~ T10~T12~T17~:T11 ~ T16 -~
S10~S13~S17~S22 ~:S16~S18~S20~S21-S24~S27~:54 ~ S8 ~ S15 ~ | T18 ~ Al -~
S25 526 ~ S33~S34 ~:S28~S30-S531+S32-S35~S536+:519+S23-S529 A2 - A7 -
S40 -~ S43 ~ S44 ~ S45 -~ 1 S37 539541542548 ~S50 ~:S38 - A3 - A5~ | A8-W1)
S46 ~ S47 ~ S49 ~ S51 -~ S55~ 556 ~ S60 ~ S61 ~ S63 ~S64 - A6 ~ W2)

S52 ~ S53 ~ S54 ~ S57 ~ i S65 ~ S67 ~ S68 ~ S69 ~ S73 -~ S77 ~
S58 ~ S59 ~ S62 ~ S66 ~ 1 S78~S81 -~ A4~ A9~ A10 ~ W3 -~
S70~S72~S74~S75 -~ W4~ W5-W6-~W7-W8-W11)
S76 ~ S79 ~ S80 ~ S82 -

W9 - W10 ~ W12)
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Table 8. The correlation coefficients and significant test of quantitative traits of leaf in tea germplasm

ER T EE fifc  PEEEH KRR ESTT

Leaf Leaf width Leaf Internode  Number of Length/wi  Leaf area
length tickness length leaf teeth  dth Ratio

e = 0.88™

¥ E 003 0.05

fif &S 0657 0.63” 0.07

S E 0.29™ 0.17 -0.13 0.14

ER#®IL  -002 -0.46™ -0.25” -0.14 0.23"

B mofE 0.94™ 0.97" -0.01 0.61 0.21" -0.31"

BEARA S 0.23" 0.29 -0.29" 0.22" 0.21" -0.11 0.27"

Ak TR 5% R 1% 2 BEEKEE -
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BRIERERE, TBXARERT EARBERSH (MF, 1987), Huk. BHE, BREEE (RF,
1990 ) BB ZPREN RS/  RRERLFRFENRZ , o RERITHER , M LHBER
H&. LFNBEZHE  EXREEUFRZEENRS , PMEBARESFER , REFRHERER,
EREESHUERLREREEELELTEASRE,

HRE. LTNEBEERTERS  BEFXENRERLEFTNHITTE , LXRERRE &
BBERRKKURSEHE  tRREARETLERERFAFEEHENERNEERLSRX , BEMK
NEXERBEEEBRAR. SREENREE, TBERFHASFERERAREY , REMGRH
REYENLERIFTSNAEARE , BRAARESTEERXFTLERK , PRIeHESHVEBER L
EHMRBNES EREF  FRANNEFREREREERN | EXBEE, LFXEENEHN,

ERETEREIEBNERTR  BERASNETENRR M. TBERFHASFLEER
Y, RIBSFRER  SHRERBEREEARBETY  REME, 5, RABEIHCNYEEES,
RMERERBEREERMPVEARLENEZR  WLEIH THNERER ; XRKRAEDREER
THRASIEMRE , R AREET , RETIEBE , IARSRERERERH g M=

1L THEREERZEEREUARS BHEHRS, 48 HERR.
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R AEBSERNRUERER  SEREEMRELERE S BAREEERZACUER MR
WD 2 3R 10 FABORERMETHER 2N , —AUEMESHUAKEAHRERES NS ME
BREHR , FAXETRAEESHNERE (£ ,1995 F)NEIBEXEREOHERER , —RFLES
BH—ETHE EREREMABTHRERENT X, HARRERES EBEARNIURSZE,

MR TTE

AHEBR 1998 F 2 A 4 AERERESG NS EHBERE (LRILE 245725 , R
121°137°15” , #BIK 410 AR ) BEMEBRKE , £ERTEROIDE 2 MERSHEL , BX/NHEE
W0 FEBLBEREETIRRERERS BRI ARRXENRRIEERZER , FTUZEURER |
EERTIHE 40 N7 RIER 40 20FRNE , BT FREANABDARBETE L , BRHBETHE
DRBRIER. BURE | MURETER S MER, BERTHE,, HPEAEEEREB BT | MKk,
AR, HERHEHTEHI 2REREE 1, 4, 20 R 36 MEATKEE, 2Bk,

BF 3 A, BRXPTFN, RFEXEBEREERSMEIE HEN S5 290 R FEBLEERE,
B 30 N RETHE , BHFEXKCBEORFED , RESKN I , UBEAREEHERESFE
HR—BCHMIHE, XA 10 BETLKFRKES T ITHE. EPAEL Kjedahl EBIE ; BEAHE LR
BAoREFHRAIE ; $7. 6. &, 8. 4. 1. SNSEUZIERA ICP AE., RRESEUEHT
B 0.1g 2L 0.75N HERER AP ERE 2 MFRBENLER , EEIREMK , 60t L%E
AR RRAER , YAAREURER LR, SOHRRLERE 50mL , REA® - BRERE ( Dubois
etal, 1956 ) BIEAIESE , MUABBEAFTTEE%E,

fa R BT R

—, HEREYES

RSB ARMEL L, WEERFHSMUEE , 20 Natesan & (1990 ) ZERERNERLER
EEENEEM , B30 FENRBIAE, EFEM. PR, BRBE 552 ; M Kunio % (199 )
ZRBRNBRBRFRIIEE |, #& 2 FEHARHRRKBRERPDRA 1mm, AR 1-2mm, 2-5mm K
R 5mm DK 4 B, AEBRAKBEREREEE LNEEHYE  E2ABRSRARE, BEIBEAER
AMEEDNER 1~2 FEMB ; ARB 5~10 FFESRBPE, REKANMEBH PR, EER,
IRRBENEIRERY ; YT EHHEBEN U T2 RERRK smm L THMARE 8 @5 ,
UEREENRERTIRESHRENREEESRN , BN ERENEREY , FiTERERR
EEEERUEN S ZE,

HEX—BH , EOREREMEEKNEBURERIHS , BERERNB I , AIMEBERS
B HRZERWTHME , #HEPRTREAEE - FNEHBESD , HEBRKESTREBIRISHAN
B mEMBINERIER AIERBRFHEERK, SHEREEESZEXE, ERAANTEE,
BREAER R U SEBERMURE , EAURRERSy. TREI HEith T 505 TG H LR
ERE , HP TRLEEBIE 15K4 , B Kunio & (1996 ) FAEEME 2 FAERNFE T/R LLERBLL.

XFEFVNERIBBBAEERARER (KE , 193 ), BATH_REBREERE
( Anandacoomaraswamy, 2002 ), SR {&BI4R %D ( Masataka, 1986 ), REREFR Hlth EZBLER |, BAEE S| K
& EY ( Anandacoomaraswamy, 2002 ) Sk E#E 5 ( Masataka, 1986 ) Bt EEFB IR EB. PRUAT AI:E
S, MLBEMERAR LR  DREHMR FRERMBLNER , ERELHERERRLER
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HNESER  SRXEERGUEERE, B, TEINTE, Rit , AREERERNREE
RER HEEENFEARAEREMICHEKRSVERN  MAE - SRESHBERENNERNE
B AEEBEHREENIEREN —RRINERIE , BETRRERNEREZR. 280N
SHAER  TERTEREHRAE. £, €8, EEEFERESHTE.

K—, 0 FEABLOREFTHF I HY EASKERS T IRZERD L
Table 1. Dry weight (%) of 10 years old Chin-shin Oolong from relative strong/weak
plant in fine structure before spring sprouts

8 #k Strong plant 55 R Weak plant

M {2 Position B8 o Aok % BE A BIH %
- 3 Leaf 72 10.9 53 11.9
#B%  Fine branch 108 16.3 65 14.6
HEE Frequently change 180 27.2 118 26.6
FH  Medium branch 39 5.9 45 10.1
EEEH  Sub main branch 61 9.2 39 8.8
E#  Main branch 76 11.5 58 13.1
8 Trunk 88 13.3 50 11.3
FZ4E  Main frame 264 39.9 192 43.3
iR Coarse root 153 23.1 101 22.7
#B4  Fine root 65 9.8 33 7.4
# &8 Under ground 219 32.9 134 30.1

. BRES

HEEMESETRFVESNSEZE  EBERERZERFERWAE, BHMS , BREE
REREN  BRNEBSELEEEHHES  AE-EBANEZEX T K ; HEMN , BRES BERN
EHRNBSEETEREKES , —EANERMT K ; FHZEUAKERS , E-ERNEEETF
K, BRARNERBE  PEEIEESH  He U uEER ; SRAKNARESN  HeB
Nt EER,

BEHVUEATENSES)HEZEMERHE , & B HFESNSE—HERATHTEKRNM
i, ENERHEMBENNIRS. #AR Natesan 2 (1990 ) FHEH 30 F4M 2 BAIZ BRI AR
R EHAZHEBERISEANAERE. Kunio F(199%6 )BRARKEBEFENRIES , B 0%
WERBERBDRA 2mm BRRET , MR 0.1mm HARRERNEREE ; Chung (1992 ) BE 2 F
EHAZE12%  REBRESEHEMNBE, AT Natesan % (1990 ) EEZFAEINFEBESEBK |,
AREEEFTERANMER 30 FEERER. SUXTRBNBISERE , SREEBE AN @ LR
T, AR EEdRER SR AR R R AV S m i EEPIEIX AR ( Chung, 1992 ), H iR, BRENAERK
U~UTHEER (R= ) XBEEEREMBBRNEERS , FTLURE (1999 ) RA , IHEFEKEANAE
Bt pH BEER40MHE K EEERESHATERE,

FEEHUBETRCSESITHMFEEAN (M, 1966 F ), BELRHE , EELRR , 81
REAXNER (% ,1976,1977 ), ARAMEARNBRNR , FEERE (4, 1966 )\ HEEME
BER (%K,1978 ), ALEENRERBAEE (K, 19780 )
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R, BFEWHHFH 10 FEMEHERBERE O SEERADEBEIETR(%)HERK

Table 2. Major element composition (%) of 10 years old Chin-shin Oolong from relative
strong/weak plants in fine structure before spring sprouts

AN BP # K i Ca & Mg

BRfL  Position L 55 : 55 L 55 = 55 L 55
Strong Weak Strong Weak Strong Weak Strong Weak Strong Weak

ER Leaf 287 261 028 030 120 117 070 0.76 020 0.19
#B4%  Fine branch 130 125 017 021 043 044 035 036 0.08 0.08

Ht%  Medium branch 09 075 016 015 038 027 037 030 0.07 0.06
Z2EH Sub main branch 058 062 014 013 035 029 027 029 0.06 0.07

F#  Main branch 065 054 014 013 035 030 030 025 0.06 0.06
23 Trunk 078 060 021 014 041 029 012 011 0.06 0.05
4R Coarse root 146 163 033 030 065 055 010 0.09 0.09 0.09
#BAR  Fine root 168 157 036 032 100 077 011 011 032 0.27

WETES , UERENEERS  TARABKTHNIMBECRSZEREZR , TBNERETHE
BN EEEZE  EREKERZAFHRNAE, SEARNEEERRECHBUSHES | H
Chung ( 1992 ) WRAERRHERE , EEREHEEBNERAER , EEURARK , BOMEASH
B ENEEEPEEIRIUL, BRI AT HERE, NEA EIPH 1/3~1/4, 8 SAH HF B Natesan
(1990 ) % Chung (1992 ) #H{l , AIEEBAMEE S ; tHHR. KFrsAmEAS , HPHERESEE
BHTIVAESHES AR  SEREINERSERENERR , B Natesan & (1990 )
EAEBAXNRAERERRD , FRENTEAER , HREMERNESEZERE , L HREES
HRIERRNEE D , BREFTHFAELEREH , RAKRTHEEGENN  HEAREHRNEEHIR
HBRES , BEHN 40%NEE &, BithEIE 10%NEE ; ARTHLUN | BRREBRNFIETER
KEHDEBHKRAES (KR= L

R=. BEWHHFH 10 FEMEHAR[RE O SEERAIDEBHE TR (ppm)E A
Table 3. Minor element composition (ppm) of 10 years old Chin-shin Oolong from relative
strong/weak plants in fine structure before spring sprouts

Fe $2 Mn #/ Cu £ Zn

B Position [ 55 [ 55 [ g5 [z g5

Strong  Weak Strong Weak Strong Weak Strong  Weak
R Leaf 392 349 1694 2046 8.0 9.0 24.6 26.9
e Fine branch 253 359 808 1045 11.8 13.3 28.3 30.9
k57 Medium branch 221 202 1547 1109 8.8 8.2 37.1 30.8
ZEER  Sub main branch 210 243 1065 1137 6.4 6.5 66.6 445
i Main branch 208 182 1209 963 6.7 57 106.9 71.4
B Trunk 128 115 355 371 6.1 59 2562 2125
AR Coarse root 375 389 305 384 9.4 8.8 29.8 29.9

MR Fine root 1134 1021 357 316 32.8 27.3 1508 105.9
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=, BKLEw

ZREERF A Dubois EEL 0.75N HEBMEFH AP ERE 2 NFERBENM LB , Al - MEE
BIE MR ERETREMESEE, RENERAKMCENEEERTHER , HROME K 230NEYE |
ABHUPEYNESESS , EMEREMRE S NEBRBMKMLEYNREELERETE I, HEW
EEMESRENEREASREERESHNY , AIBERENRKCEY ; Kunio Z (1996 ) IR R
EREFRBOBRIRRS , TAABRKLEYERENRIES , BRRER (theanine ) AR , &
THEERNYNEREMERAER , EAERRRNBEERENBERE (arginine ), BFEEH
REELH  BUENEERESRERE ; RN, RS ATTEMNHREENEED, MSEEE
PREMNEER., EHERBEFLEED S , IBBRTESNHRAKEEY (KM ) ERESERE
DR CEEAREAREEERENTEAKCEY , HIEE=E9FTREBESKERSE
B, AtBAK{LENETEERERIBENEBEBENERD , FERS ERNEBPTSHERKIL
EMARD, BEEFRUT , HEBKRNBOK CENEEEREEBHRNSERS , LAEAERN
BERERT  RKLEYEELRESHBIRBBRZER ; BPHU L , HEBKRHBKLE
MEBRBEKENS K ARLBIAEEREIMY , RKMtEYNEEZIEPLEIERARER b
MERERLRFEMEESFLRNFEEKR , MASHEEERNER,

R, 10 FAEBOSEHEEBREETHIF I ERSBUNBKLED S E(%)
Table 4. Total carbohydrate contents (%) of 10 years old Chin-shin Oolong from relative
strong/weak plants in fine structure before spring sprouts

Ehez Position B¥k  strong plant 5%  weak plant
- 3 Leaf 125 14.8
P Fine branch 14.1 16.3
P57 Medium branch 14.9 16.4
EEEHZ  Sub main branch 17.5 16.7
i Main branch 17.0 17.0
# Trunk 17.8 16.7
R Coarse root 24.2 23.6
AR Fine root 14.9 13.3

M., tERRES D MHLE

FER-—ERELERETIARESHNEY  EATKFEHINENSBVAEEINED
b AEHAEEHEEHERERNEIBANLER  IFRBARE. REARUEGIUAEETE
ME , RUARSUEMREEFMENLER  FAEHITRERGEBAEEBERNE D .

Hitpiit EREMES  REERRERETBRERNESSEN , —REW RS EPERH AR
L. EdE, #. &, ERENSEERFNEEERMARAENS B SNZRE) , miE, &
EREENSEANRES, FUREN  BEREARELERDHUNBENES , EELRBREHA
BRZ  FARERSEABNREIEHMERBRANEX,

ERTERERBNEIRELD , BRTH, @0, —RPR, DERFMEWRPEEHIRE ; T
BRTE, &, 5 HENBYES SEHUERE  #MBRNRYE I REHGTS  BFAFER
HBBABETHNRR,. ABREZRBPIDUNSERZPMEENLRKELL,
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#i5, BEERE , BRAXRBNEBNTENIRML , B2, &, ., FTARNESEER
HIEAS  EASTHREMEENER. ERNRBKRENZE , KEKERNSTRSEEERS
wEN , HBUE AR, ARTARNSERESRETIH.

KA, TFEBLRERBRZENRADEBESISET S
Table 5. The nutrients composition (%) in fine structure of 10 years old Chin-shin Oolong between
relative strong/weak plant separately

BN ®Bir #K #Ca £Mg #Fe $£Mn $ECu #2Zn #BEETS

EB{I  Position R OS5 R 55 %R 55 5B 55 5B 55 5B 55 R 55 R 55 R 55 R 55
SWSWSWSWSWSWSWSWSWS W
EHE  Leaf 24 25 13 17 22 27 29 33 20 23 12 12 23 28 8 11 3 5 8 11
#8%  Fine branch 16 15 12 14 12 13 22 19 12 12 12 16 16 18 18 20 6 7 13 13
¥  Mediumbranch 4 6 4 7 4 5 811 4 6 4 61113 5 8 3 5
ZF# Submainbranch 4 4 5 5 5 5 9 9 5 6 5 61212 5 6 7 6 9 8

F#  Main branch 6 6 7 8 7 81312 6 8 7 7 17 14 7 8 15 15 11 12
L Trunk 8 512 7 9 6 5 7 6 5 4 6 5 7 74138 14 11
248  Coarse root 26 30 32 31 2524 9 7 19 20 24 26 11 8 20 20 8 11 32 30
AR Fine root 13 91511 16 11 4 3 28 20 31 23 4 3 30 20 18 12 8 6

[op}

S : denotes strong, W : denotes weak.

HARHESNELEREDEBALKE , TEHRXHEBRERIRRERABRAFALER &
BERENEREBAGLERER , MUARHEBUARES SBNAEREN , KETUEEEXE
HEATREREREINBRAERETEANER, BUKHSHUMETENRM , TR,
BREERBARZNAR &, . BNEXAIKZ 8 &, EREEBRZ  ENBRARD,
XEZEHEENME  ERIEAE, ENZEMMARE , HEN , RIEETAEN , FNBEXTEE
18 25%,

RN, TEBHEEHEOREESKEIHBES LR
Table 6. The effect of pruning degree on the nutrients cut off percentage in Chin-shin Oolong
between relative strong/weak plants separately

BN BiP $#HK $Ca #£Mg #Fe #£Mn fiCcu #27Zn BEETS

r’é;gé Pruningdegree 58 55 58 55 %8 55 8 55 %8 55 78 55 R 55 R P/ A P & P

SWSWSWSWSWSWSWSWSWS W
2B Pruning 40 40 25 31 34 40 51 52 32 35 24 28 39 46 26 31 9 12 21 24
Ey Medium pruning 44 46 29 38 38 45 59 63 36 41 28 34 50 59 31 39 12 17 26 33
RBY Heavy pruning 48 50 34 43 43 50 68 72 41 47 33 40 62 71 36 45 19 23 35 41
=R Collar pruning 54 56 41 51 50 58 81 84 47 55 40 47 79 85 43 53 34 38 46 53
S : denotes strong, W : denotes weak.

SEB] : BYEREER +#FL pruning : trim off leaves and fine branches

BT BIEE S +B+F B Medium pruning : trim off leaves, fine and medium branches

RBY : BIRER +HAE+H A+ ER Heavy pruning: cut off leaves, fine, medium and sub main branches
BN EZTEH  Collar pruning: only trunk left.
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., ERRERF

HANREZBUAREREHRETRE , ERCHEEYE  B$EBEASARBBRLRNEE ;
TBETH#Z, ARBEFEIPSEIEENBEY , BREERY BT KEERATEZTH
EEARBENESE  TAUTHEHBRERTEARNSERIAE MR -

REEAIWRE (Rt ), BRI 30 A0 BHEHIETE 200 REKPMERNELR , HE
i, #, ENERERBERDH 10% , HARDHN 5% - F, SEEREUEEARSEMBARS
WATRER, BEARESEMEBALEREN TR ARENREIUBRETRARE  BAREMN
EBEARR(EE— ), ALKPHATIRKNEHEL K , TEELEMNEHENFET. HE
REEMBANTE , USHLERENAE  CELIRERXRXFLEUTEZR ; ZRERBRECIMY
ERNRESEED , AISFRRETEREERE  BETRAE.

REBERREREREN HEERE - HUHTRMBREBOR Y , YT REEEEIFES
B, FFUSEHE , fNSERAEREYS  SAMRENER  —RTHEAFLESEBNA ,
FIAEEEES  REMEUE  BERHERENEEYE K SEEMRRE , BREKXTERE;
REFHEHE  EREBIFLERE , TUABERERSHRERTES (BRI, 1991 ) FTAZREEH
RBTHEGRAERESR , TEEATIRRRREN LR , ERBARGEY - FRAKEFEHLT
BEOMAE  IREE, SENBE (R, B, 1999 ) SHTEEEIHEREZDEERREER |
EMENEERSEEDR , TREEREFTATEBBNAER , EEBEET , #EHE £58
ME (3R, 1994 ), TIBREFE= (1979 ) MAZRER R EAERTENEERANSEER
RESMHNSE  FMMARETHRBENHANWEK , ETHEETERENERHR , BIESFE
—SHER, HYESHERXENALSER  TEBRELIHEESES  BUSERXELE W EAERER (K
R, 19901 ), FRAAE IR HE,

t. BEXPEFPHY 11 FEFORELRAERYARSECLTE
Table 7. The effect of medium pruning before spring sprouts on mineral element contents in
Chin-shin Oolong of 11 years old plants

B3 A% Bi% #% 5% % ppm  #& ppm &8 ppm & ppm

REY 3.58 0.39 1.74 0.33 0.27 187 1045 12.6 375
Eagicl 3.57 0.38 1.85 0.37 0.24 204 1176 12.1 33.1

&
BHBXRRABEREE MABHRMES RABATRABEHHRES 5.
BZ 3

1. EEEBARME 1994 EEXEEERAERE ZEEBUFRMIERED. p. 36,

2. RER. 1976 TEAERWEENERXHMEFEORRZME. EBRHEFT 12(3): 106-47,

3. RER. 1977 1 EGSEERAMREREECHAREERFTEERRTRNECLFE NERRA
Tl 5(3): 201-211,

4. RER. 1978 HHEAFHAFTEERRTER B REZTE. NEERAT 6(6): 522-538,
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KER. 19780, XERZZEEOLBMRNERN EEEEST| 14(2): 27-38,

fAER. TWM£.1987. ELUEERAXEREESTERMFAE. BEREMNRER 6. 39-46,
MRRZE. 1966. MM D ITERMAER(E) i PP HEER I HREAFTHUCBE. FERE
AEBPTERE 2 30 5.

BRAEA. &8 1990. FARBEBRSOLEEEAR L BRBETENERARZERES .
EEREMRTER 9: 45-54,

BRAEA. K. 1003 EREREHRERERE I M FE SERXEMFTER 12: 19-38,
BRORIBE. 1991, FEIFRK. LESWERL T FFE) pp. 73-85,

REUR. 1994 BERTEMA I CSEREIHEIHR. EEFEMRRER 13: 121-138,

18: 57-66,

R 1995 REEHEE. RERMHEEFM-RER. RERES. pp. 151-162,
AIEE=1979. FEFR. 14. 1,

Anandacoomaraswamy, A., De Costa, W. A. J. M., Tennakoon, P. L. K., and Van Der Werf, A. 2002 The
physiological basis of increased biomass partitioning to roots upon nitrogen deprivation in young clonal
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uptake of the tea plant. Journal of the Chinese Agricultural Chemical Society (June, 1992) 30(2):
291-306.

Dubois, M., Gilles, K. A., Hamilton, J. K., Robers, A. P. and Smith, F. 1956. Colorimetric method for
determination of sugars and related substance. Anal. Chem. 28: 350-356.

Okano, K and Omae, H. 1996. Quantitative estimation of physiological function of various roots with
different diameters in the root system of the tea tree. Jpn. J. Crop Sci. 65(4): 605-611.

Yamashita, M. 1986. Studies on growth and functions of root system in tea plants V. Changes in
carbohydrate, amino acid and nitrogen contents during the process of root regeneration after root pruning.
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Natesan, S. and Ranganathan, V. 1990. Content of various elements in different parts of the tea plant and
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The Investigation of Nutrient Composition in Different
Chin-shin Oolong Plants Position

Wei-Yee Wang*

Summary

Allow ten-year-old Chin-shin Oolong winter flush to grow naturally in the field, before spring sprout,
then the dry weight distribution ratio of different positions in relatively strong/week plant is quite steady.
The highest dry weight is found in coarse roots, and which also contains the highest total carbohydrate and
higher inorganic nutrients; leaves, fine shoots and fine roots contain the highest inorganic nutrients but the
lowest total carbohydrates; medium branches, sub main branches, main branches and trunk contain the
lowest inorganic nutrients but higher total carbohydrate. Under same degree of pruning, weak plants lost a
little more inorganic nutrients and total carbohydrate than strong plants, but the major nutrients composition
differences of inorganic and carbohydrate is existing in between different plant’s positions. Calcium and
manganese concentrate in the upper parts of tea plant and also lost the largest amount caused by pruning.
As to winter flush, if that has been medium-prune before spring sprouts and re-build leaf layer, the calcium,
manganese, iron composition are 10% and potassium is 5% lower than check plant.

Key words: Chin-shin Oolong, Nutrient distribution

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

MRS

liy

B =

REE ( Trichodermaspp. ) RA—BLHER , HABN LR ZREBIZEYERE
EREYe— K TEBRESEBHZ—BEEEYIEEN, AMEFNA T ERBERES
30 BRERLIEED  2RENAEREFETRAZAME  VILSEEHED 23 KB T
harzianum, 12 #% T. atroviride, 4 #% T.virens REECMAREEH < RBEE 15 #% , AL
WETRABEEK 54 . ESHFXFRERBRERIERZK , RREYHEER TR
MERHEAESHIEE  MARRAMKE ZBHA I 41E B R ETRBRE LWL AH
REFEKZ KR,

BET  XE. KEE. 58

[

Al

ARBE ( Trichodermaspp. ) RA—BIEER , HEEZHSEE K EoHEVRIIHIEL , K&
ABEAEYREZ RFHREE  HRANRZEMBEREENREY 2 — , HEM K ( anamorph )
BRTZLE ( Deuteromycetes ) , BB %R 2 F MM ( Teleomorph ) BRFEBEZ Hypocrea,
Podostroma % Sarawakus B% ¥ 2B ( Kubicek et al., 1998 )

ARBETEFAH Phytophthora spp. 5| Z AR RBEH ( Smith et al., 1990 ) . Rhizoctonia solani 5|
#22 KEEEF ( Datta et al., 2000 ) . Sclerotium rolfsii Sacc. 5|2z FEHi¥EEIH ( Tsahouridou et al.,
2002 ) EHmERAFEEERFZHMR , W HEEENRBRHESEYZER , KATT—&
BEEZHEYIBAEM,

—REAANBEESTHTEYEREREEEYERZIEE, TRERERT I 2B AHE
( Datta et al., 2000; Smith et al., 1990; Srivastava et al., 2002; Tsahouridou et al., 2002; Yedida et al.,
1999 ) FRIERK : 1.BEFEMER ( mycoparasitism ) , 2.514E4EMA (antibiosis ) , 3. EEREEHRTE | 4.
FEHEREBFRBRALEN  CAHERMEE  cFENFREDEMERYEESXE, MEE
FEREARBERETEYHERRERARETREM B IAGFE L RCET—ERRKFIME , HATER
DEEH A2 B RERMNEIHEREZRR,

BRIBACE - LCEMBEERAZHEBEYRBILER , AT, harzianum T & 1& Z Bio-Trek
22G™. Trichodex™ . PlantShield™ & RootShield™ , JA B T. harzianum & T. virideFfr 8 =z Trichopel™
EZHEEMBET , RARMERBEYREZRMENZ—.

1L TEEREERZEEREARE BHEWRE., 588 ®hER.
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ESEXFRERFFERIERCE Y ERN I RHAFTBRENR ARESHEFIERE |
MARRETREPABRERRAE , TETRBRECREEABEES , X REABEEK
Bt A RETRERE 2 EWP AR R 2 B RIR.

MBI A

—, BEERE .

KEEERRETMABEECRBAKRTITERZEEN K FHEEERE FHIZEE( Potato
dextrose agar, PDA, Merck, 39g/L ). Rose Bengal chloramphenicol ¥ 3 3Z#& & ( Rose Bengal
chloramphenicol agar, RBC agar, Merck, 32.2¢g/L ), EXREEHEFHEEEE ( Corn Meal Agar, CMA agar,
BBL, 17g/L ) % 0.2 % 7K3¥3 ( 0.2 % water agar, WA, Merck ), IN&BH BT LAHE |, £121
‘CHE 15 7 , RHER sOCHEFRE  FREREENEEREESR , AIA20mMLRAIcmE
REBEZENMAEREERERIZERE., AERRCFHEFEEFRIETEER (Acidified potato dextrose
agar, APDA ) B , BN A LAREIA 0.22um 1B 2 0.1N HCI & pH RERABZE pH4 % , KBS BERSE
HEFERIREEEGR  FARER OB EERINMABHERETSAHRE  UoXHEsE
S5mLES—HE (16x125mm ) B, ELBERWBER , R 121°CHBE 15 i , RHEANKBERS
BRE®RIER,

= B&

REB., EARKBSEHE 30 ERXREEREREIE  RERRAZEZZTEUEABRRX AN
RETH, £LA, FEE. A TARALAHTAEETER , —HZE 15cm AR L4 300 =&
REORAFTH  BOERETEREIRRAE  BEBUALE 2mm BFRIBEHA.

=, 98 :

LSRR IBF ML ( Dhingra et al., 1995 ) T ABE 228  BHEERME T 10 B2
BELE  EREEBZ=AMAMA 0.2 %K FE 0mLE , UBHFEH 30 pER , RL|HN T
RIEBHRIERE 10 mLHERBRESE 90 MUAEIB 02% K ERE 2 =ZAMAN , K 10 E 10°Z
ZRILERERE , BB INMLEZRI2HEBEAABE2EBIZEND , A 20 mL 45°CZRBCIE
EE% K BESRERERN 24°CL2 NERERABRTIEE 37 XAERBEEHRE , RIBEMSETHE
BRUARBEZEEETRE , WHKEHRUPDATIRR 24°C12 MRERABTIEZESIMBEENFER
BEEMEH,

M, #FE -
1. BELEREMY
BABEMAEERKD BIIEESE CMA K& PDA —EZEE | 1A 20, 25, 30 & 35°C BB HRH
THTEE 5 RERGS=EE , R 6 NRHEEEREEEREN,
2. U BBFETEE R
RIUBEMBET D BIUTERZRY PDA & CMA L2 ABEZEHTER , BRI BHENGCHE
Hp 4,
3. KBRS
DSt kNABE < EBBE , BREE—T lactophenol 2 HIFEH L, ELERW S BBRIT
FORAENEAS2EMETETER  BERBEERBEC RS , LUAIMRERS 30 BT
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REEIE 2 KNWFE#HEZ - 5 EMBF (condia ) 74 FAE ( condiophore ) 43 £ FHR4E ( phialide )
R ERR#F ( chlamydospore ) & |, Mk FE K ( Barnette et al., 1988 ) X #8BISLER ( Bissett, 1991a,
1991b, 199¢, 1992; Chaverri, Smuels, Stewart, 2001; Chaverri et al., 2001 ) ¥{TEEEE.

i, BHRE:
THEHEFEREEEE HEEER B FBEN 552 mm K/ NE#R, EREHKNERTERE
MEEEESRN 24°C R /PEBRERABTHETEREZ , LABBEHOER SRR

& SRR

R—AAMRZHEBH—BER , REBBIHERPILI 7 ARZRKER , FKEEIHIEHSE 30
BRE : HPU2BRARXEEIRFCHENES , HARAMER , MRBFEFEETEIE , B
FEMBE2AEREALRETOLE. AF 125K, A% 135K, HEFSEERERE , MMELSR
RIaEERMER — R HERR.

®r—. BEBH—BEX

Table 1. List of the sampling locations of tea gardens in Taiwan

fm e ih[E R mE fimsE
1 BT MEE B
2 mREBEH L BB
3 EREETE ABX 1358
4 MREBAE mEE B
5 RN B 135 B
6 MmREl ABX 125 B
7 R &G B 135 B
8 MmREl =& B
9 e &l BUORREE B
10 MR EAREL BEUBRE
11 MmREAKE BUORE
12 EREARE BB
13 TS BUORRE
14 PEE SO BURE REEE
15 PRE SO BUORRE e RER
16 PREET BEOKRT
17 HREEST BUORE
18 PEEET BF 1358
19 HEET B 125
20 BEER BOKRE B
21 EEIEL) AX 1358 B
22 EEEEL) BER 17 B
23 BRI BULBRE
24 A4bEEH BUORE B

AL Pk BUOGRE a

N
(6]
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(fExR—)
26 B b3k BE 125 B
27 A4bEEH ABX 125 B
28 A bk BUORREE B
29 BEE=E BUORE
30 BEREEZ BB

PRkt EEEE AATERBEIRETIEIBMEDABEEELETRZABE , KEHEE
gk ( Barnette et al., 1988; Bissett, 1991a, 1991b, 1991c, 1992; Chaverri, Smules, Stewart, 2001; Chaverri
et al., 2001 ) ITEE , FIEEH 2 F—EAMES T. harzianum , # 23 £ , HR 20°CK 30°C 96
NERETEECDRREMEPDA ¥4k, R 20°C 96 MFRETZ CMA LEEKX/NA65-7.0cm, R
30°C 96 NHERETEENCRAEMETLIR , A PDA LAELEHEMECEGEE , R CMA LAIX
BEEEE K BEERKIK , B-ARUBEHMETH I EBFRZEE  HEGEES R, B—
BAXSBREBETZSEBRTFERDERFEE, pEBFEEZ LM ampulliform ) , FREX ,
Bimf@fE , &9 6.0-7.0um , ZREEH 2.5-3.5um, KHELN 1.5-3.0pm HAEFEZBEHREEETS
BFEEAFEIFEMARERZ AR, FE 24 BEFERA—RIAERER , RELN 2025,
Mo EBTFEMZIXRIRF (subglobose ) ZIRF (ovoid ) . #REBFEHE , K4 2.5-4.0 x2.0-3.0um,

A. B.

B—., K®E (T.harzianum ) A. VBBMRETZ22EBRFH (60X )B. XABEMETZoERT

WK 5 E#F (200X)
Fig. 1. The morphologies of conidiophores and condia of T. harzianum under stereomicroscopy (A)

and light micerscopy( B)

FEZEABES T. atroviride, 3£ 12 #% , ERA 20°C 96 /NEFERE T PDA LEEK/INA 7.2-7.8cm,
30°C 96 /NEFBEE TEE ERME(E PDA 4%, A 20°C 96 NEFBEE T2 CMA LEEKX/INA 6.5-7.0
cm, 7 30°C 96 NFBEE TEERERMEMETIR , A PDA R CMA LERELER  BERLHA
LB FEZRK , A CMA LA EAEBERBZHBRER E-AARUREMNETHERER LY
EHFRZEE , Hool , B2 ERKER , B— B AABEMBETZ2EBFELE ,
EHRFEEERZMANR , PREK , Binaf , &% 6.0-10.0um , REE 2.5-3.5um , KEHEH 1.5-2.5
um , TEHEREEN 2.0-35um , BFEFE 24 BRA—RIAEBLER , RELN 2035, 248
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FEMERKEERE, ZEFEE , K48 2.5-4.0%2.0-3.0um,

A. B.

B—=. K#&E (T. atroviride ) A. YBEMKETHEREBLZDEB T (60X )B. XBEAMEKET
ZHEBRFRRDERTF (400X )

Fig. 2. The morphologies of conidiophores and condia of T. atroviride under stereomicroscopy (A)
and light micerscopy( B)

FEZEARBES T.virens , 2L 4%, HR 20°C 96 NEFERE T2 PDA LEEK/NA 7.5-8.0cm,
CMA EEEK/NA 7578 cm, 30°C 96 "N RE TEEESRMEME PDA 4Kk CMA EEHR , B
PDAR CMA LARELGEE K BEESHKRK , ACMD LUAELMRER  B= A B BBENE
THEBFRzHRE , HEEEHZHAKERMATERZ 2 RRE , REERBL, A EHEFE , E=B
AABEMETIERTFWE  HAERH 3-6 ARB2EBFFHBIALL Gliocladium 2
B 2EBFEEERRM , PREZK , BiRGHE , &% 8.5-10.0um , ZREEHN 3.5-45um , KHE
#2.0-3.0um, RELHN 2125, RKIgADEBTE , RABRILABEREHE , 2 £EBFEHKE
F ( ellispoid ) ZH I ( obovoid ) . #EEBEFE , K/ 4.0-5.0x3.5-4.5um,

A B.

B=, K#E (T. virens) AVBEMBETZ2EBFHBAE (100X ) BAoEBFRERZ D E
BFERDERF (400X )

Fig. 3. The morphologies of conidiophores and condia of T. virens. under stereomicroscopy (A)
and light micerscopy( B)
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EMAEAHMMREE HABEERL 15 %K , FFERARET B ERE 2 RKBEEK

54 #Ko
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Survey of Trichoderma of Tea Gardens in Taiwan

Hsiu-Sui Lin®

Summary

Trichoderma is a kind of soil fungi. Nowadays, they are considered as one of the fungal antagonists of
plant pathogens and a very important material for biological controls of plant diseases. In this study, the soil
dilution method was applied to isolate Trichoderma from the surface soil samples collected from 30 tea
gardens in Taiwan. Four different colony types of Trichoderma were isolated. There were 23 strains of
Trichoderma harzianum, 12 strains of T. atroviride, 4 strains of T. virens and 15 other unidentified
Trichoderma isolates. Recently, the problems of pesticides and fungicides residues of tea are among the
most important issues that tea consumers concerned. Biological controls might provide other choices of tea
diseases control. This study could execute not only a survey of the species of Trichoderma of tea garden in
Taiwan. Moreover, the Trichoderma originated from the tea gardens could be used to study for biological
controls of tea diseases in future.

Key words: Camellia sinensis, Trichoderma, Taiwan

1. Assistant Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.
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SEREN T BRI
(FE3EE - SR )

SEX'  BRMm®

B =

AN BERGEHEEE 2 E-ZEZI0# ( Telenomus bipunctata Tseng and Chen nov. ) o
ZEHFEBRTENFZEN., A XHEREEZEER,
BET FE. BIEN, RERNE FE AE

][]

Al

ZONEE ( Telenomus ) SRERAREEE ( Hymenoptera ) . IFAAERL ( Scelionidae ) , X 82 I0E
B, BREENE FLENSEERNNG , HXBPEEABIBEERCEEFEE , PEAARK
Bl BB ENREoNELEE, B%a%#%iﬂi%% A% A2 X ( Ryu & Hirashima, 1985 ).
it RO FHEERN 520 BLL L (BABESERHAE 13 & ( Sonan, 1944; Chiu et al., 1978; Chien et al.,
1983; Chien et al., 1984 ; Chou, 1987; Chou & Wu, 1988; Chou et al., 1989; Chou et al., 1994 ) » &E
( Andraca bipunctata Walker ) B 8 R B EMEENHIE TR, FEENBHF RENRRERK
B, T8R4 341K, BRIPATERTEEFAUN , FIAXRBETHATZAREN S —BX
RAM, RATERHREENTEMERBRE R R 2 BT ( Blepharipa zebina Walker )7k ( Tseng
et al., 2003 ), AXRBRAABEFERARBEN 2 E-FERINE ( Telenomus bipunctata Tseng and
Chennov. ) o 45 HNLATER I 8 LS EEL

MRER T

—. ABME

EREHREURSEAREFAERECNRFIAET L, MFEBREREES B AR B A
RIFRRESZ=AERE , M LREER  ARZREEAREELS. SEREHESRESBIWT ; RER
10% KOH H1#3 10-30 788 , BN ek 3EF , B 70%. 80%. 90%, 95%K% 100%EFE K& —FEZE
RIERRKRIE, BIXERER 5-10 788 , LA Euparal B F, B2 BERTE KOH BB, HiER L,

1L TBEERXZESREXURSHERRE . 58 HER.
2. THEREREZEESRXHRERAS WA EMRERBAKE
( E-mail : spchen@wufeng.tari.gov.tw. }» A& &AHE.




40 FRERIEIREE 24 H1 (2005 )

—,. EERE

AN FrAMAIEER BRI EMEE ( ZEISS Stemi SV11 APO ), KXZ2FE#ME (LEITZDMRB)
AMREE , YEASHMAEE ( Nikon COOLPIX 950 ) BEVEREEBMN BEFELEATEEEE., &3
HRIERENT ¢

= (height): BRIESHRHA , BERASE ; RE (length ): RIEZERY , EHRARE ; BE
(width ): BRIEB BRI , BRER. BIKE (veinlength ): HEBRRERZHBRTIBZENPLE
B -RERNH L. FREMK Johnson (1984 ) MiFERE.

BRI

ZEEIPt® ( Telenomus bipunctata Tseng and Chen nov. ) ( B— )

BR:9:#BR11-12mm(n=133), J : @K 1.0-1.1 mm (n=50), WXEAE? : 1.1 mm,

R RS BEE BANZEEE WHEEE AR TEHBEENAEPRRESZ 25-26
%, MAMEZ 1.2-14 5. BERMHMEE , BB (coriarious ) » RERBENAERERER
BEEZ 2015, BHFLE ; EEREHEMELEN ; SRBEME ; EBABEBEMEER
BALLE  WNBERAHEZ 52541  MAEHNERN IR 1L1E; EHRVWAHEHEZ 2223
& MAE—MERZ 12-131F; E—#HERNAHEZ 15161, MAE_MERZ 1.3-1.4 5 ;
E_HERVAHEZ 12F , WE=ZMHERZ 135, E=HORVAHEZ 1115, LAENK
BRZ 115, FUKSTRNEEENS ; #8558 , RINAHEEZ 09-1.1 5. BRIPFE , ERR
ZHE, KFEE 38, BEFHE. BIRSHVNAHEZ 1.3-14F , HEEE, L (temple ) F5F , &
HHE  EEIRESER. IRTRESBEME, BN, THEBRE, PREFEREEZMEE ,
BB (imbricate ) ; NER B, EBEME , BRI (dorsellum ) EE | B8 ; PHIEEK
HIREE-LFEERBZE , ABTE., iiBRNAEETEZ 2729 & , RERERBERRAR ; &
PROAHEZ68-731F , AREECENAREZEBERZ 1.3-15F. BHE—. —HEREL
BftEE  HABRFERE.

HEER  BA 128 MEBRARR 250521 MOAEEREL 3 #ERke 0.7 15 ; BEHRA
HBEZ 12-131F , NAE—HE 06 %, F—HHERAERZ 15-1.7 & , WAEZHHK 08 1% ;
F-WHRAHETEZ 1921 F  MWHEE=ZHRMESE ; FZHIROAHEZ 17181, MNA
ENMEHRZ 15 5, WEBERAHEZ 2527 5, /AMSEME— f, HEIR (basal ring ) BEBEE
( aedeago-volsellar shaft )z 0.27-0.31 &, B% &l Fi( aedeagal lobe )i fill & B MU g 2 Z AR ZR5E( digitus )

BARE  BXERQIBZMEE  03.V.2004 , BEX , ex AT EREZINR. BEEREXE
AEBFT (TARI) ; BIEER 1 1329 , 504 , B4 |, 03.V.2004 , BEX , ex : HREFAFRE IR
W, ERFREXESRM (TARI)

Fx  RE,

SEE . 58 (HE ).

2 mEREBERE LA, BEAS ( Aedeagal lobe ) Ml EMRREE R FMEC HER
HABRETE 2 ki,

BR . AECEERETEREAS.
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AXARESBATEABMASKRF CERRTERBERERNEERCE , FHEH,
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a. b.

0.25 mm
c d.
///,/‘/l/z',
/ - /".
[ M .\f - =
| Y £
| [ 7
=
INE? 5% -
4 0.2 mm
0.2 mm
e f.

0.2 mm

—. FZE R ( Telenomus bipunctata Tseng and Chen nov. ) : a. MiRXBEIEE; b. KRS
BHRKE, c. MEBAIEBAE, d. HHBRBABKE, e. HKBBAKKE, f. HERBEE
2

Fig. 1. Telenomus bipunctata Tseng and Chen nov.: a. adult, lateral view of body,?@; b, right

antenna, outer aspect,@; c. right fore wing, upper surface,?; d. right hind wing, upper
surface,@; e. antenna,d; f. gentalia,d
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A New Species of Telenomus (Hymenoptera: Scelionidae)
Reared from Eggs of Andraca bipunctata Walker in
Taiwan

Hisn-Kuang Tseng®  Shu-Pei Chen?

Summary

In this paper a new species of Telenomus, which was reared from eggs of Andraca bipunctata Walker
was recorded for the first time in Taiwan. The original taxonomic description and illustrations of
morphology were presented.

Key words: Andraca bipunctata Walker, Scelionidae, Telenomus, New species, Taiwan

1. Assistant Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.
2. Assistant Agronomist & Corresponding author (E-mail: spchen@wufeng.tari.gov.tw.), Division of
Applied Zoology, TARI, Wufeng, Taichung, Taiwan, ROC.
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BERYHERMES
MRFMEZTE

Eﬁjﬁlﬁ ?E'[J:i\’unl

wm =

AEBENERTHFERERERRETHRERLEEY  MARETFERBEER
N kiR. ABEED R 70%. S0%2CEERARNECERBERE (CK )» HTEER
B2HERBLES., BRI REXRESMCNERET , B8R 50%H 70%EREE , H
FEFEER 5. ERAREEHERR. EAEHERBERE  ERFEEAEZRERZ
B2 ATAHERTFERERERREZRIEEESERENETRR. BRESEAK
FEBEEBHERBRE  EETHEMZEIRERBARIAE , LTHEEERBHRR,
REPEEREECHEXHETEREAREESNEERE HXADEREERBEZBE,
BEREEERETAEIRBFERBNEBERESREARE BEEECHFERRBZ BN
7. Zal, RRR, TAESESRERE  HEEENZE , TAEHEMHRNES,
MYERNESE2AREZHFMERTRANE. RERSEECRZTHAETRANEL B , ZEM
E  UEBEBEEZRERSESRERE,
BET . HFEXE, BEE. EE. RE. 2RSS

[

Al

FREEEAREERZERNK , DA EERERERAEBXBHURIER  EEFETRBERE
LEHBOBR , —REAARXRENERBRERXNBCERBETERER | £ 14 REBEHHRX, KB
BEAXENFEREME. HEE. FHEKCS I IREAESE, EREREMBHESEEM (BRE,
1983, 1987, 1988 ; RE4K , 1999 & 3RE (2004 ) HHABRKEREREAREREE, MRAEZRN
BEEABHNEESS EEEEA, BRItz FEERISETREBEEMELERL , AIAR
2. Zal. RRRZRUBAESEERTRZBE AR, AFHERERKNGRS28FEMZ8
(B, 1985, REK, 1999 ) 5RE (2004 ) IEHFZE. HEHANMLER S 2HERK , RER
EEHRAERS. ERREANERERBERMEZWE( BRI, 1983, 1987, 1988 ; Bk , 1985 ;
KRRHK,199 ) BEEBRAEEHRRLEES  SEARCEERK , BREY K ACEEREEE
HRERKAREERH(ZFE,2003 ) REEBREREZEEEANRER , BEHEE - LEEANE ,
BIMEE TR (BR%, 1987), BEKEEZENERRESRERARE  AHEERURTETK, BEE

I THERRZEERRARSERSE ENRERFERR, BEHAER. 58 AR
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BREMREE2CLARETE , TUBRELEN®HREE K RERELESKE  ARNBREREH
BERE (X ,2004; 5REF , 2004 ) ABFERMFERNRUZS , BIUMZRRREEHLER
t BEEBEFPHUAIHELSNEES  ELEERRRRENRE  URTRLERMES mA
REABEHUARRZIHE MABLETRFERGE P RECBERERRECEREM, AR
KELFAFMERBFERE  EARKOK , HEHBEUSTEEK , FFESHENA, Aits
ARENERNERREHFERHLES, LBND, EERRXRERINTE  MAATEDER
AR 2 R

BT A

AFZER 2003 E 2005 FHEARFEFMEM S ( 82558 , JbiE 22°54'37", R 121°0725",
BR 175 m ) REURGARD BREETEREEHR.

—, BRSO EHTEREEECRE

R 2003 FEMEZERBERBERETHR , RELFEREERN 2003 F 1 A 24 BETREE
ATEEERCERRERRE, SBRFHHERTLERRT, = BE , =EE , 8/DE 10 %F
B, REEHDA (A)10%ERE, (B)S0%EE, (C) UBEREAHRE, REXNEEREEEA
MBERBEAGEH2RAE LEH , SEREED A 60 & 120 87, 7RIREBRERE=, K, L@
BHRAERBAER. #i5. ER. BEE. EER. MER, ERERE ( UEZEFTAIE , Minolta
NF] , SPAD-502 # | Soil-Plant Analyses Development unit %

. ERHHFERBLEERERRNECTE

$2004 F£3 A31 BE=ZFEFAFXCEERKRETERRERE, T RERZSENKERCER
R, BE 240 . BRMERFFRERTLESRST , ZBE , =EE , =1TE , 8/ E 30 HKF
B, TARERCERREREES BB (A) 70%IER, (B)50%ER, (C) LBEBRAHRE,
PRAIRTRARE[EREHES. BE. EE EFEBRE. FEREUNRVERESRERE. FK.
AR B-RE=ZER & BEHERE - RE_SHAREGHR. RFATEBEHFEE.
BFMENRYE, FRACKREFEEHEEFAIE. RXRERURBZRETRERRRS , AR
TEREMRTON , FEREI AR, FEBR 150ml 2Bk 5 98 RTFEEDEKE (20% ) #
BR(30%). BER(G0%). B (10% ) REE (10% ) LERS)PTEESEHERKBZ TAR D
( AOAC, 1983 ) Z TH} ( Iwasa, 1975 ) 5% % ( Sakar and Howarth, 1976 ) WIBEE ( ZEX&Br , 1987 )
Al A¥E ( Somogyi, 1945 ). BRE®E ( Moore and Stein, 1948 ) S8, RRBAEEERE. HEREHR
HE (Stow Away Co. ) RTEKDEE , RARMEEREAEREBARSERNERRTECEE
A, XEAEEHANSSEEREHTEE L , B Box Car Pro 3.51 MEEHEHB R ERE TN T8
MRREEFEEHRDBIRESR 1 (2004/5/18 ) BH 2 (2004/7/13 ) FKFE 1 (2004/9/7 ) E 2
(2004/10/21 )\ &35 (2004/12/20 \ FZEL(2005/3/29 ), K FHZERIERE 50, 103, 160, 204, 263,
362 Ro FEEEMNRAERIEBR D D MFHFRNT,
(—) REEERFEMMRAE

() B5 : EAERKRESIA.

Q) BE: ZHLEREREERET  ZESNSHLEREEAREY,

() BHFZEE : ®EPOR 30x30 cm XHFH,

(4) BHFE : AE 100 BERERFZE. HE,
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(5) *EEE FAETNEEEAEERE K BRER/EKREE,

(6) EFIBME : IEHZES ( BASPAD-502 ) AIBEAFREERMEES 2 EE.

() BRE  FTERXRFZERE.

®) FR BH2FRE A BAFREFZEERZEE.

9) BERFR 20 =ERXFoEEREERRE.

(10)ER: MEE-E, =EFBRZEE.

(IWEE: HEFXE-E =EFREZEE.

(12)EE : LEEFAEEFFEERMSEE.

(1) EEE : ERxEE*0.7,

(14 EHER  F-RE=FEEEER,

(15 HER: FEREE_ERRE_EREF=ERZRE.

(=) LB D 247

(1) AIARR S ( soluble solid ): FFEUAEIB 70 CHER 48 NFEREBM 2 HE, REEMm1 ¢, BR
100 ml ZEEMEH , IMAEBZREK S0 ml , BEA 100 CZARMMME 1 DB, BUHZ
SUUREKBREAEEZE 100 ml. BER SO ml RAREM , ERMERZEREEE , FEXHRE
REMEBRS L.

(2) Z7LE ( polyphenol ): B ER 2B RHERE 1 ml , 0 1| mUBABREA K ( Fe-tartrate ) &
3 mIBER RSN E R | SEBUUD K HEST ( ANTHELIE ) BIEERKE 540 nmz MK E , B
Blethyl gallate {BEREMIR , MESTIBEBEARYER L, BABREBRERS 100 mg
FeSO, 7H,0 + 500 mg K. Na-tartrate ( JEAEREH ) MEBKEEE 100 ml. BHERFMNEETR
(pH 7.5) BES (A) FFE 23.876 g Na,HPO, 12H,O8 R | LZZEEK, (B ) FFEL9.078 g
KH,PO AR 1 Lz &8k, B (A )8 ml+ (B) 15ml, pHFAZE 7.5,

(3) BHFE (catechins ): BSBRBRZBEERE | ml ABEEBEEZHAET , ERKESF
BNA 6 ml Vanillin 2 (4% w/v , BRFE ), BM3m HRESRBES , BE 15 9.
LA X EFH( ANTHELIE ) B ERER 500 nm 2 RHKE , BEL( + )catechin SRBZE MR |
RERREZEEERRNET LT,

4) MR (caffeine ): MR RHGEBEEEREER=ZAME+ , MA 08 g Z PVPP
( Polyvinylpoly-pyrrolidone ) ZEMRFZ 2 Z LB , RIRBERFE 30 7 EBRE , UK KE
5 ( ANTHELIE ) Bl & 276 nm 2K E , B caffeine BBZRE R  MENGRSEE
EYERDL,

(5) HEBEBEBR ELER ( total free amino acids ) : R MPVPPREDIES , BE 30 F#EBIR , BUEE
B 1 mIAEE R , MA 1 mlninhydrin B , ERHEE , ER 100 CHKBPNE 20 7 8& |
RANE A 5 ml 50%2-propanol JBER , HG®RUD KX EFT ( ANTHELIE ) BIE R 570 nm
ZWMHKE , Btheanine RIBREMR  MERFHRERSEATYER I . EBEREA(A)
citric buffer 4.2 g citric acidil 40 ml IN NaOH , SARKEIKEEZE 100 ml , FpHZE 5.0, (B)
0.04 g SnCl,Mcitric buffer® 25 ml, ( C )1 g ninhydrinfillmethyl cellusolveZ 25 ml, (D )& ( B)
i ( C) BMninhydrinZ 5,

(6) AIFARE ( soluble sugar ): BEL 0.1 g EMER 10ml FHEF , MIA 10 ml 80% ZEAK , & 80
CAGASRME 20 HEFELBIR , EEEN=)R, EEUERBREN , BA 100 CKABBPE
BRZEE , ®H 5 ml ZEUE , BMREBAKEEE 50 ml, BL0.2 ml i1 1.8ml 2K |, BIEAKA
#1104 ml anthrone & ( 0.2% , 0.2 g anthrone JEFRERZE 100 ml ), RFEER 100 °CHKAH
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N 7.5 588  RHEERACEHREL. U2 HHEERH( ANTHELIE )EIER 630 nm ZRHEE ,
52 glucose RIRZEMR  METARSERALYET I,

#5 SRR

—, BEREOEPFERHET o TE

HEHZHERBETAIEEERRERELERET , K 50%=; 70%EEEE , NHEEHEE
F=EAXBBERTIE 93-100% , BHREBIRE 76.4% ; EENMEBREAE A EREE N AT HE 80%
DEZRER , MEBRECHERBREIXREE TRZED , EF 46.7%WBEX , MERRHAL,
BEREERES 70%A LNBER  HRERE BI3I%NKEE, BRHERRENTRTESY , B
BEREA S0%EBEZEZBBIERA 3% , B8R 70%EEREZ 80% , BREENEEREHERS
MEBSEREBENRR. T 50%R 70% 2 EEREEHRERETEEEREERE , HHh X 50%
EEMRRERY (X— ) BHBPERBERBETEL , ERS50%R 0% EREEHMS. ER
REERERRE. EREYSNEERE EFEEAERMERZEE (RZ ) HLEERHERS
REEREsRIZEEZRBENEETRR. HERTEER 2003 FEZEEH/KHREAPENE
B (B, 2004 ), FFAEERRETRASBTE X EERH , MMAEZETENHERE
H, At BHERBRTERRSERERERRE, HATHRFERHRBERRBSWERMP , MR
HEREE, RABARE, HHRES , HELUZRKRRESEBANEEY , FHELBHEEF BT,
HENERRERMEBESFEREER,

K—, TREREREAFERBRERRERNRRECHE

Table 1. Comparison of different shading treatments on the survive ratio and leaf greenness of wild

tea tree

Eig® BRI MER BER IRk {E

Month after shading Treatment Dried leaf ratio Survive ratio Leaf greenness
% %

3fEA (4/24) 70% 0.0b 100.0a 33.9a

3 months 50% 0.0b 93.3a 35.1a

CK 2.7a 76.4a 28.7a

61@8A (7/24) 70% 0.0b 80.0b 43.6a

6 months 50% 0.0b 93.0b 44.7a

CK 2.4a 46.7a 32.3b

9M@A (1024) 70% 0.0 73.3a 60.3a

9 months 50% 0.0 83.3a 63.2a

CK 0.0 43.3b 47.3b

RPETHRHRRNFRERTERRE 5%EE,

Values followed by the same letters are not significantly at a=0.05.
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R, TREEREEHHERTFERBRTURCZE

Table 2. Comparison of different shading treatments on the shoot characteristics of seedling period
for the wild tea tree

B R we ER R EEE BERE EE

Month after Plant Leaf Leaf Leaf Leaf Leaf
shading Treatment height length width area number  thickness

cm cm cm cm? mm

3MEA (4/24) 70% 17.3a 9.6a 3.1a 21.4a 5.9a 0.216b

3 months 50% 17.7a 8.8a 2.9b 18.6a 5.4b 0.242a

CK 14.0a 6.9b 2.3¢ 10.9b 5.1c 0.260a

618A (724) 70% 29.3a 8.5a 3.1a 29.3a - 0.270a

6 months 50% 27.4a 7.2b 2.9a 27.4a - 0.281a

CK 19.4a 5.6¢ 2.0b 19.4a - 0.283a

91@A (10/24) 70% 42.7a 8.2a 2.8a 16.2a - 0.299a

9 months 50% 42.7a 7.8a 3.0a 16.2a - 0.331a

CK 32.0b 6.8b 2.7a 12.8b - 0.296a

RPETHEHRRNFRERTERRE 5%EE,

Values followed by the same letters are not significantly at a=0.05.

=, BERHBARMLEBTREZRECHE
HREEENEERERERES R ARYERRS  BROARREAFINRNEBEEREX K
BFAZRHE B RAKFERRELAR , BARKEERRE  §E 240 07 , HERREBBE
B, R RAEREXNERRECRIEREERREEMERN. AToRRNERAKTLRE
BEEERECRREL RREEBCRBEREHFERBES, XRILBRIRREREZTE,
(—) BRAKFREEEERERREIL
EEERETREMRGREEREL , FTRAEHERREELNURRREETHEER, #FRE

BEEEE s JRRAFEHSILITUNEY 524 A B3 HEEEBRECHSRIES 32.8 °C, 70%
B 50%2BEEER 5 BA 308 & 315 °C, EREREFIEGXBES 166 L/st, MERERI 254 50

R 59L/sf, AMETRERZEERMAZBERIZEHEBRERKBREABRD LAE, BESRRBZZHEL ,
EMZEZ 10 A 16 BEBZHEBRECE—BNBEE  ERNEREMERRERED XEE 2K
B, AAERBREIEHERMEERR 20 £ 27 CeB , REBZERERBRYEMARE , AEHEDRE
WEM. £ZHE , AEHERERRE  XEEB2RKERLAZRHEENSHRNES , EERE
%R MEAHRERK , X EAEARENEHFR—B(X=. M, E) HXETZ1 A1 8%
HRBBIEHERERESSS °C, EEERTIES 93-95 °C, EFEAENMR, BEENK
TEEEERHEREZRKREFES2{THABEY  ETERTREXARERRR , EVRRSHEYE
E, RAEHELF I0RETF 4B RAPE(E— ) TRAEERECZRARSL2EREREUE
BEEREERE A ZHHBZ2EE , AtTASERECRBEARRA K MEBRESREENZ
B (R= ) TAEBREZRKEBIULAEEERAPENZE , HXARBNE(\ , MAEHE
ENECTHE, XRAATREBRELE KIS SERL, 50%HE 70%EBEZ T EKS)EEREEE
HEZE FREHEEEREAZREZEEZERE, BEERECREKLIIEKIEED A 172 &
14.5% ; LWBEREZ 21.5 & 21.4%5 BUE 20 & 32% ( RN ), AFERBERERBRERE TERK
BB,
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K=, TREEEZEERE B4 ( 2004-2005 )
Table 3. Change of daily temperature under the different shading treatments ( 2004-2005 )

AW EGEE  VHORE  BEEE BARE BGEE  BRAE

Date  Shading treatment Mean SD Max Min (9)%
°C °C °C %

4/23 70% 24.4 4.2 30.8 18.6 17.1
50% 24.6 4.4 31.5 18.4 17.9
CK 24.8 4.8 32.8 18.3 19.3
5/16 70% 26.4 3.6 323 21.0 13.7
50% 26.8 4.2 33.7 20.6 15.6
CK 27.2 4.6 352 20.6 17.0
8/10 70% 27.0 3.8 332 21.7 13.9
50% 27.2 43 33.8 21.1 15.7
CK 27.3 5.0 35.2 21.0 18.2
10/16 70% 20.9 4.7 27.5 13.6 22.6
50% 21.2 52 28.4 13.1 24.6
CK 21.7 52 29.1 13.7 24.1
12/28 70% 19.0 23 243 16.0 12.3
50% 19.7 2.7 26.3 16.4 13.9
CK 19.4 2.7 25.1 16.0 14.2
12/31 70% 12.4 2.4 15.1 8.7 19.2
50% 12.6 2.4 15.2 9.1 18.8
CK 11.8 2.3 14.1 8.5 19.3
1/1 70% 9.3 0.8 11.3 8.5 8.9
50% 9.5 0.8 11.3 8.5 8.6

CK 8.8 0.8 10.7 7.9 9.4
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=M, TEEEZEEEERE B2t ( 2004-2005 )
Table 4. Change of daily relative humidity under the different shading treatments ( 2004-2005 )

HHA EEEE TFIIHERE BEME RIEMHERE BERY

Date tf;if;gﬁt Mean SD Min cv
% % %

4/23 70% 92.3 10.1 71.1 10.9
50% 91.1 11.2 68.9 12.3
CK 92.6 9.8 71.9 10.6
6/25 70% 91.3 8.8 75.4 9.7
50% 87.0 9.9 70.8 11.4
CK 89.9 12.9 69.6 14.4
8/10 70% 87.4 12.6 67.9 14.4
50% 85.8 14.4 61.3 16.8
CK 85.2 17.2 55.6 202
10/16 70% 78.4 17.3 49.4 22.0
50% 772 19.0 46.1 24.6
CK 77.0 20.4 423 26.5
12/28 70% 90.2 10.0 67.9 11.1
50% 89.6 11.5 61.3 12.8
CK 93.1 11.7 65.5 12.6
12/31 70% 98.4 2.1 93.4 22
50% 98.7 2.0 93.8 2.0
CK 99.9 0.1 99.5 0.1
1/1 70% 97.5 3.2 88.2 3.3
50% 97.8 3.0 90.5 3.1

CK 99.5 1.5 93.6 1.5
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RE. TREEERREEXEE BH21(2004-2005)

Table 5. Change of daily light intensity under the different shading treatments ( 2004-2005 )

HE EERE T NrRE REME REXEE SRR
Date Shading Mean SD Max Ccv
treatment
L/sf L/sf %
4/23 70% 50 74 291 148
50% 58 91 378 156
CK 166 258 1024 155
4/24 70% 23 30 103 127
50% 27 34 117 127
CK 72 91 317 127
6/25 70% 76 122 449 161
50% 109 165 534 152
CK 255 381 1024 149
8/10 70% 85 126 394 148
50% 113 175 490 155
CK 257 391 1024 152
10/16 70% 86 184 824 215
50% 100 193 756 192
CK 216 363 1024 168
12/31 70% 16 22 61 133
50% 19 25 69 134
CK 46 62 181 134
11 70% 15 22 58 144
50% 18 25 69 145
CK 41 60 158 145
L/sf: Lumens/square foot
xR, TREERELE KD SEEL
Table 6. Soil water content under the different shading treatments
TEKSEE
Soil water content
EREE x+ K+
Shading treatment Surface soil Subsoil
%
70% 21.5a 21.4a
50% 21.9a 21.2a
CK 17.2b 14.5b

FEHH : 93.831 XL : 0-20cm , KL : 20-40 cm
RAETEHRENFBERTEERE S%EE,

Values followed by the same letters are not significantly at a=0.05.
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(Z) EREBHERXEEEFE
HRTEREEZEBE, HERE, X EBERIEKIEHRBENENCUABRENEETZ I
g FEXEREAEEEEER%MAREINEEZR  ENMATEHERECHEREESNEE
BE, 10%EEEREEHETE 53-56 cm 2 , S0%ERES 49-51 cm , BERES 38-44 cm. ZHI
EHRENEDY (Rt ) ALSAERRETEIAEEENER , ABRBEETREARE,

Fxt, TEEREEHTFERBBTEZHE
Table 7. Comparison of different shading treatments on the tree height and width of wild tea tree

xF
Tea season

L1817 EERE EBEXI B%2 MZE1 M2 &% FE
Tree shape Treatment Summer | st Summer 2 nd Autumn 1 st Autumn2nd  Winter Spring

cm
#e 70% 63.9a 67.2a 64.1a 68.1a 64.8a 61.0a
Tree height 50% 60.9a 58.3a 58.7a 62.1a 56.9a 52.8a
CK 56.5a 54.0a 53.5a 55.7a 54.3a 53.5a
BE 70% 53.3a 54.0a 54.5a 56.1a 56.4a 55.8a
Tree width 50% 50.9a 49.1ab 51.4a 50.0a 50.0a 52.6a
CK 41.5a 39.3b 41.2a 38.7a 44.2a 46.3a

RPETEHRRANFRERTERRE S%EE,

Values followed by the same letters are not significantly at a=0.05.

() EREHERBTFEERCZTE
TREBEEZHERBZRFUEMREREFREMRETFHRREFEZER, EHE. FR. —0O
ZER. TARNEBREERERSZEZ  XETHEHENE. FERARAREMERRT —HWN
B8, BRI ENR | EEREEFRSZEE MR 2 EERUERERZBE., RREK(1999)ES
RIR(IS)HIEHREREFRBNTERERE. EEE. HHTE/), FAEBRBIRFHEMRAUER
TRWEY  EARHAER AR EERASHERREEEMNEZRFTERNTE | NEERE
ARELEFERFLER, EBREZEAEERZRSEZ8E  XEHE —FMUNE , EEERIMN
EREERAZEY EBEEERSEERAAN(R/\ h), HEZEEREREAR( REEK, 1999 ;
BRIR, 1988 % BRAL S0%EBE2EARRA. FAERIECHERFEEREREBIIRE
FREZR HARRTRER=FERBAVAMERETRBEE , BEEEELASP , HEHEM
=3, UBRFERZER, HATHREESXTRRAETHNEHRERNER , UBMRT K,
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RN\, TREEREHTFERERFUERCEZE

Table 8. Comparison of different shading treatments on the shoot characteristics of wild tea tree

EFER
Shoot characteristics
rxE EREE ERH ¥R KERIFER AR FER
Shading Shoot  Plucking
Tea season treatment Leaf no. length length  Internode diameter Internode length
cm cm mm cm

BXEI 70% 4.5a 16.0a 12.0a 1.43a 1.72a 1.43a 2.44a
Summer 1 st 50% 4.5a 15.0a 11.6a 1.51a 1.79a 1.46a 2.21a
CK 4.6a 15.6a 11.8a 1.50a 1.76a 1.43a 2.36a
B%2 70% 5.8a 15.9a 10.2a 1.55a 1.85ab 0.86a 1.53a
Suzngger 50% 5.7a 15.7a 9.9a 1.55a 1.76b 0.90a 1.48a
CK 5.6a 15.0a 9.7a 1.63a 1.92a 0.94a 1.48a
ME1 70% 4.9ab 12.3a 9.0a 1.55a 1.85a 0.94a 1.38a
Autumn 1 st 50% 5.2a 12.5a 8.8a 1.61a 1.89a 1.03a 1.43a
CK 4.6b 10.3a 7.9a 1.62a 1.91a 0.74a 1.16a
ME2 70% 4.5a 13.9a 10.2a 1.49a 1.75a 1.10a 1.89a
A‘;Egm 50% 4.5a 11.9a 9.4a 1.51a 1.77a 1.01a 1.6%
CK 44a 11.1a 9.0a 1.44a 1.69a 0.94a 1.73a
89 70% 3.9a 14.5a 12.0a 1.58a 1.86a 1.43a 2.38a
Winter 50% 3.8ab 13.2a 10.9a 1.55a 1.83a 1.32a 1.92a
CK 3.6b 13.0a 11.5a 1.59a 1.82a 1.34a 2.16a
BHR 70% 3.9a 15.5a 12.8a 1.68a 1.97a 1.48a 2.23a
Spring 50% 3.9a 14.6a 12.4a 1.65a 1.86ab 1.41a 1.89a
CK 3.8a 14.2a 12.2a 1.59a 1.79b 1.24a 1.76a

RPETHRHRRNFRERTERRE 5%EE,

Values followed by the same letters are not significantly at a=0.05.
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RN, TREEEEHFERBRERREMR

Table 9. Comparison of different shading treatments on the leaf agronomic characteristics of wild

tea tree
EREEMNR
Leaf agronomic characteristics
®F EREE ER =g EEE EE
Shading
Tea season treatment Leaf length Leaf width Leaf area Leaf thickness
cm cm sz mm
BXI1 70% 7.9a 9.2a 2.6a 4.4a 143a  21.7a 0.185a 0.213b
Summer 1 st 50% 7.6a 8.8a 2.7a 3.2a 14.2a 19.7a 0.190a  0.216ab
CK 7.6a 8.6a 2.5a 3.2a 13.4a  192a 0.199a 0.235a
Bx2 70% 6.8a 8.3a 2.3a 2.9a 10.7a  16.8a 0.232a  0.266a
Si?ﬁger 50% 6.8a 78  25a  29a 1182 1592 024la 0276a
CK 6.8a 7.6a 2.3a 2.7a 11.1a  143a 0242a 0.278a
ME 70% 6.0a 7.2a 2.0a 2.6a 85a  129a 0218a 0.253a
Autumn 1 st 50% 6.0a 6.9a 2.1a 2.6a 8.8a 12.5a 0.224a 0.260a
CK 5.3a 6.2a 1.8a 2.3a 6.8a 99a  0.226a 0.264a
M2 70% 6.2a 7.4a 2.2a 2.9a 9.6a 148a 0.193a  0.226a
A‘;Egm 50% 56b  7.0a  2la  29a 82a  143a 0.192a 0228
CK 59ab  6.7a 2.2a 2.9a 9.1a  13.6a 0.192a 0.224a
89 70% 7.4a 7.7a 2.7ab 3.3a 14.1a 17.7a 0.199a  0.233a
Winter 50% 7.3a 7.5a 2.6b 3.1ab 13.1a 16.4a 0.199a  0.235a
CK 7.9a 6.8a 2.8a 2.7b 154a  13.1a 0.212a 0.247a
BHR 70% 8.9a 8.6a 3.0a 3.3a 189a  20.6a 0.203a 0.231a
Spring 50% 9.0a 9.1a 3.2a 352  204a  223a  020la 023la
CK 9.2a 8.2a 3.0a 3.1a 19.1a 1792 0.203a 0.243a

RPETHRHRRNFRERTERRE 5%EE,

Values followed by the same letters are not significantly at a=0.05.

(M) EREHERBEEREBRRFEE

TREEREMFEEE. HEFE, BFHENEES L EBERFEERE—ENES ,
REEREEENEZR, TRZHEREECEER  BEKRE  LEBREEHEsBZ(XT),
{B Iwasa (1968 ) AliEHERERESFEERK  HRREREHEE, FEHY. ENEEEEX
REEREBME. REAK (1999 ) BRE#% (1983) FIABERNZREREETEHERRZEERR
BEERKE. AERERECEERMAEEMZBE  MEREEHEB MR THEE , ATERH
REBFAERREAREERZER , EEHARBRERERECEZEES L ERFEEESEZRE
R, A EFEHEREHPHFRERNBEETE , ENXBFTHUNEEESRBEERE , REAREZ
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MREZAEHERNER (R ) ALBERENEHECERRER , 1HKS SERSEREKS
HE A METEREARREBER , BATRIEHE, MAEREXABREREEERALERE
ZABEENARE , TRREALFERFHRUPFTTERR. NFTEEFEFHLEZRRA A
EFUZEFTAE (KT ) BERTARBERYTSHRENFERHLET , FERBEERR
BETAEREBRE, EHERTENENREREERNME  MRPEETEFERELFmE ,
MAERERKAERLER , FFFAIUARHERRERRRELZR. EREREER,

xt., TREEREHHFLERBEENEERUE F2XE
Table 10. Effects of different shading treatments on the shoot yield and yield components of wild

tea tree
*F ERRE EE WMHFEE BEF#HE EEZ A
Shading Fresh weight of Dry weight of 100
Tea season treatment Yield Shoot density 100 buds buds
g/plant buds/900 cm? g g

BXEI1 70% 38.9a 50.1a 104.5a 27.4a
Summer 1 st 50% 38.2a 453a 107.0a 28.4a
CK 27.6a 44.3a 104.4a 27.7a
BX2 70% 26.4a 56.2a 91.3a 23.0a
Summer 2 nd 50% 21.6a 49.2ab 90.7a 21.7a
CK 22.8a 47.0b 89.0a 22.5a
M1 70% 21.9a 57.9a 71.3a 21.8a
Autumn 1 st 50% 17.9a 51.4a 76.3a 17.9a
CK 15.7a 48.3a 61.2a 15.7a
M2 70% 32.2a 54.8b 85.3a 18.7a
Autumn 2 nd 50% 25.1a 63.0ab 80.7a 18.0a
CK 26.4a 67.7a 77.0a 16.0a
&% 70% 34.4a 49.0ab 55.3a 12.7a
Winter 50% 36.2a 52.8a 48.0a 11.3a
CK 28.5a 50.3b 53.3a 12.7a
FE 70% 45.8a 48.7a 67.6a 15.3a
Spring 50% 45.7a 52.3a 66.3a 15.2a
CK 36.0a 49.5a 58.6a 13.7a

RPETEHRRANFRERTERRE S%EE.

Values followed by the same letters are not significantly at a=0.05.

(R ) ERHFERBFERRR MBS 2 FE
EREETEXEREFENEBTREENSE, MAERREREREHFECER D REK
mEHUETE. ATREREEHHATHERNRRECHE  TUFHERE ORRKESNEE
BE (®T—) BTEERRAEERERBRECER , tHRRARSNERESE  LERRK
(1999 ) 2 ARG RMEE. EWERATRZREANA A X RLE , —HEMNE ) ERHRE
BIRANYRE ARFEEEROMENERE, AR ENA, HRRENFTRRAEARESER ,
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HERMARAEZENSERENET —ERBRAERREE (K, 1990 ) AEBZEREREER
REFREHLZAMLBRR , EAXHATERERRE BES0EE —CHAHERAMREEFENE
Bo

FTREBRECFERBRILBERISEESREEZE  BEBRECFERABZUBRKS. %
. RRE, TRESESRNERE , ETEAZHEHERNEZ. NGRS EAREHTMERTE
WE, RERESEERZHETEANEZ , EURXSTUREBRECRERSESRERE , BLF
TERREBASPAEER (RX1T=. 1= )» HFERERETEEEARRBER , X EETR
UEBZal, REERTABESERE , WERR (1985) REK (1999 ) 2ER—3 ; ERERS
BEENRZERTEAMNEL, Iwasa (1968 ) HHEBRFERRESERY , IEERKEER
D HEAERRRE , BRE—ARRHYEERD  EMEFERREZZENIBEYERED , HRAEXRE
EERK. XRRETEELSERANRENEELRERYNER, MAYREARELE —ENE
& EHEHERBARS , FEFRIEYARERS K MkKtEWNESEH, BEEEERD , 55
RIERRBSENREHERE  SHIRERERERTEARERBYENRZRERSE  UIRER
EREFVBRNARE, MERSEEXGRETHERERS (8, 1984 ) BEXAHABERBRET
BREBRESENBVERBI)RZZAN2ERENSEY , LETERRPEBFIERNER , BEMUBER
&

xt—, TEAEREEHFERMRESRREZR

Table 11. Comparison of different shading treatments on the leaf greenness of wild tea tree

BERRRE
Leaf greenness
*=E EERE BE B=F
Tea season Shading treatment 2 nd leaf 3 rd leaf
BX1 70% 32.8a 36.8a
Summer 1 st 50% 33.8a 37.8a
CK 30.8a 34.5a
MZ%E2 70% 22.5a 27.0a
Autumn 2 nd 50% 18.5b 26.2a
CK 21.3ab 25.8a
&% 70% 24.0a 30.3a
Winter 50% 23.3a 29.7a
CK 22.9a 30.0a
(N 70% 25.3a 31.6a
Spring 50% 24.7a 29.5a
CK 26.9a 32.5a

RPETEMHRRANFRERTERRNE S%EE,

Values followed by the same letters are not significantly at a=0.05.
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R+, TEAEREEHHFLERBFENEBR s 2 FE

Table 12. Comparison of different shading treatments on the fresh leaf chemical component of wild
tea tree

4 =%
Chemical component

*ZF BRREE BT Zal RER 90 5 X AN RRERR

Shadin
Tea season treatmer%t Sg(l)lllit:; © Polyphenol  Catechin Caffeine s:&‘gl:ie Amino acid
________ L —
BF1 70% 29.2ab 7.4b 42c 3.7a 3.5¢ 1.3c¢
Summer 1 st 50% 27.8b 7.6b 4.6b 3.4b 4.2b 1.7b
CK 30.2a 9.2a 6.4a 3.3b 4.6a 2.0a
B%2 70% 26.8b 7.0b 3.1b 3.0a 3.7b 1.5b
8“2“;13“ 50% 26.8b 7.6b 3.3b 2.9a 3.8b 1.4b
CK 29.2a 9.2a 4.6a 3.1a 5.1a 1.9a
MFE1 70% 27.6a 8.6a 5.1a 2.9b 3.9b 1.4¢
Autumn 1st  50% 28.6a 7.9a 4.7a 3.0b 43a 1.7b
CK 29.8a 8.8a 5.7a 3.2a 4.2a 1.8a
{5 70% 28.5a 10.2a 4.5a 3.1a 2.3b 1.6a
Winter 50% 28.7a 9.5a 4.8a 3.0ab 2.7b 1.5a
CK 29.3a 9.3a 5.4a 2.7b 3.5a 1.5a
BHE 70% 27.4a 7.2a 4.9b 3.4a 3.2a 1.6a
Spring 50% 26.6a 7.1a 5.6a 3.2a 4.1a 1.3b
CK 26.8a 7.4a 5.4ab 3.3a 3.7a 1.5b

RPETHEHRRNFRERTERRE S%RBE,

Values followed by the same letters are not significantly at a=0.05.
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Table 13. Comparison of different shading treatments on the green tea chemical component of wild
tea tree

4 3o%:
Chemical component

*F EREE wUAKSs Zal REE 040 5k X AARE RRER
Shading

Tea season treatment Soluble solid Polyphenol  Catechin Caffeine s:&‘gl:ie Amino acid
________ L —
BEI 70% - 13.2a 12.2a 2.3a 1.7b 0.9a
Summer 1 st  50% - 12.8a 11.6a 2.3a 1.9ab 0.9a
CK - 13.0a 11.5a 2.1a 2.0a 0.8a
BX2 70% 31.5a 12.9a 11.3b 2.8a 4.4b 1.4b
Summer g, 33.0a 13.0a 11.5b 2.7a 4.2b 1.3b
2nd

CK 34.0a 12.4a 13.1a 3.0a 5.4a 1.7a
ME1 70% 33.5a 11.5a 11.2a 2.7a 4.0b 1.4b
Autumn 1st  50% 32.0a 11.6a 10.1b 2.8a 4.2b 1.6b
CK 33.9a 12.4a 11.9a 3.0a 4.4a 1.8a
{5 70% 32.3a 12.5a 9.2a 3.1a 1.8b 1.1a
Winter 50% 32.4a 13.4a 9.9a 3.1a 2.3ab 1.1a
CK 32.6a 13.9a 10.5a 3.0a 2.5a 1.1a
BHE 70% 32.4a 11.5a 11.8a 3.2a 2.7a 1.2a
Spring 50% 32.2a 12.1a 12.1a 3.2a 3.3a 1.1a
CK 33.0a 12.7a 12.4a 3.1a 3.5a 1.2a

RPETHEHRRNFRERTERRE S%RBE,

Values followed by the same letters are not significantly at a=0.05.

(R) BEREFERBRTREIHE

HARERE FFMERML (R+TH ) TUEY , EERECKRFARESRRENES  HE
R, BERECRERRIUMZFERS , REERRERECHRIKE - HEHBOEEEHERK (BF
2003 ), MEFRZEHBEZWHEMEE, EMFEN 0% ERE2EEREMRTIRSS A REBZREZ
R, MRZLZFAU S0%ERARENRE (R1TH ) ALBERRERECEZHEEREERREE
RMABENZFRE  TREHRLFHRES  FERREAS AR ARTRERMAFRET @
Ho REAKR (1999 ) EHEREFRIBHIZAREZRE  ERZSENRESAARNETmENR

Fto
BAEREREBRRTERREEE—REBURGER , BEFNHSFRES, EERMVERD
EERHENTE AFrERCTEHRBEZHCER S CERRENTE ENGRERMEL
IWEAREBRE FERRATERGAMBER CERE-RARERERER 2 R EXES
ERALNER. BB BRNEERZE , PINEE. RERNEVL , ARRERZSX, KE
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e EEFEXHHERcREHUARTEANRARERE, ERNERREREHRERBERTE
FREeHERBARHRN , B ARMRERE 2 J1TH,

®tH, TREREEHFERGKTREIE

Table 14. Comparison of different shading treatments on the green tea quality of wild tea tree

mE
Quality
*xFE EEEREE MR =N K& R B4R &t
Shading
Tea season treatment Appearance Color Liquor Aroma Taste Total
________ A
BEI1 70% 6.0a 5.7a 12.0b 19.0a 18.0a 60.7a
Summer 1 st 50% 5.8ab 6.0a 13.0a 19.5a 19.0a 63.3a
CK 5.5b 5.5a 12.5ab 20.3a 19.5a 63.3a
B#2 70% 5.5a 6.0a 15.0a 22.5a 22.5a 71.5a
S“z“ﬁer 50% 5.5 5.5b 15.0a 21.0b 21.0b 68.0b
CK 5.0b 5.5b 15.0a 19.5¢ 21.0b 66.0c
mE1 70% 6.0a 6.0b 14.5a 22.5a 22.5a 71.5a
Autumn 1 st 50% 6.0a 6.5a 13.0a 21.0b 21.0b 67.5b
CK 6.0a 5.5¢ 14.0a 19.5¢ 19.5¢ 64.5¢c
mE2 70% 5.7b 6.0a 15.3a 21.0a 21.0a 70.0a
Agtﬁgm 50% 6.2ab 6.2a 16.0a 22.5a 21.5a 72.3a
CK 6.5a 6.0a 15.5a 20.3a 20.3a 68.5a
S 70% 7.0a 6.5a 13.3a 20.5b 20.5b 67.8b
Winter 50% 6.7a 6.5a 14.7a 22.5a 22.5a 72.8a
CK 6.7a 6.5a 13.0a 21.0b 20.5b 67.5b
A 70% 6.2a 6.3a 12.7b 19.5a 19.0a 63.7a
Spring 50% 6.5a 6.3a 14.3a 20.0a 19.5a 66.7a
CK 6.2a 6.5a 14.3a 20.5a 19.2a 66.7a

RPETEHRRANFRERTERRE S%EE,

Values followed by the same letters are not significantly at a=0.05.
EA
w W

BARBIREREEIRAENRECEREY  #EERERRLAZERHRR  EEmz
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FRERKEK , RESHBENAZEERER.
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Effect of Shading on the Growth and Manufacture
Quality of Wild Tea Tree

Hun-Yuan Cheng Horng-Jey Fan'

Summary

For the purpose of establishing economic culture production model of wild tea plantation at plain, long
shading by artificial black net were used to modify cultivating environment to understand response and
adaptation of wild tea tree. The experimental treatments included 70%, 50% shading and no-shading (CK).
The results were summarized as follows:

Both the survival ratio of 50% or 70% shading treatments were higher than that of the no-shading
treatment in wild tea seedling period. Tree height, leaf length, leaf width, leaf area and leaf number had the
same trend. But the leaf thickness was thinner in shading treatment. Under the shading canopy, the air
temperature and light intensity were decreased in summer tea season, while air temperature keep warmer in
winter tea season. The extension of wild tea canopy and shoot yield of shading treatment were higher than
that of the no-shading treatment. The manufacture quality also had the same trend, which suggested wild tea
tree grows was better in the shading environment. However, the soluble solid, polyphenol, catechin, soluble
sugar content of fresh tea shoot and made tea of no shading were significantly higher than that of the
long-shading treatment, and the same trend appeared in the different tea seasons. The caffeine and total free
amino acid content varied differently among tea seasons.

Key words: Wild tea tree, Shading, Yield, Quality, Chemical component

1. Associate Agronomist, Assistant Agronomist, Taitung Branch, Tea Research and Extension Station,
Taitung, Taiwan, R.O.C.
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PMERERRRE

HHESERBERUDZEE

g R

wm =

AEABRUBE 12 RAME, FA GC/MS ML BAZ NMEEERERZIREREMN
HENWHERER K BEIIEENREMEMAT  HEZEMNERAL A : linalool,
linalooloxides (furanoid type & pyranoid type) . 3,7-dimethyl-1,5,7-octatrien-3-ol .
2,6-dimethyl-3,7- octadien-2,6-diol. benzaldehyde, benzyl alcohol, 2-phenylethanol X methyl
salicylate , EREBEEM linalool REFICYWHERRE , BRAIMREERERFTRNHE
ERHED. LBHTCEARREIABREENEERNERENETRAD , BEEKRT methyl
salicylate 25h , RERGBIENARERNBEETRNEE , RFABROERERZARETRE
BEENEERD,

HREY  BERAM. RABWERS. EAMEIE AERER. MrEE

|

Al

HESERASERENRE  EERREREEEST BREBEESENN,) BZBRE, A
BERNZAEBRHER. ‘HEAXK. ‘RAEA. BEEHE , H5BHFELB/MEEE ( Jacobiasca
formosana ) IREIBMIZFFFIERMN T EFHFHRNE (Bt , 1998 )

(1997 ) BERFLURSRASAKBRENSN  BE/NEEEN OSRHEZBES ERMHHE
WHEEE  BRETSAISRENMNEIEERRNRERL , BUNEEERENRENREAE ; #
B NMFRENERE , TR TRRERN  MECELEERSHE, KRANMFEBEHNERRELY
SEEEA®, Kawakami A (1995 ) BL Brewed Extraction Method ZEEUAEIB/M%EEE ( Empoasca
flavescens ) RERFHRA HESER , UHRAFTBIREBRERHNSG , REAERSEREERS L
I8 2,6-dimethyl-3,7-octadien-2,6-diol, 2-phenylethanol, benzyl alcohol, linalool oxidesl, I, 11150
hexanoic acid EmRK 3. #EA (2002 ) A Tenax TA REGSEWREEERTF, BBEBESRTF (FAHAER
SEFETR) ) F{REAR/NAREELE ( Empoasca vitis ) REE S B ERY , 23 linalool EEWMIBERFHN
BRNMZEENRECRERYINEEARNEERFERYHNEE , M geraniol EEE=REF
IR K,

REBFRRDZUKHEBNELEIMEE  AFTKRINERFRNEMTE , BESHA

L THRRXZEERXUARS LSS PEMRE, BHEWRE. 68 Stk
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Likens-Nicjerson ( L-N ) # & i# 1T Simultaneous distillation extraction (SDE){t 2 5A%H , (BEE L it
FEERREBRERRXBCER( FREEE , 1998 ), BRE 52 ( 1998 )R 8A L ZBZE BAZEER 7% ( Headspace
extration ) EARREERMR S ZEW , L LN ZEEBEEMEREREIREEEERZEY., &
SR B R F B A S X ENER 8T ( Solid Phase Micro-extraction, SPME)Z L 2B R EUEE M FERE R K
o, BABRATECABRBEERS MY , AKFTEERMILRERBEESR , Y AH{LD TRE
kB (A ,2003), BOMERBLUAEZOARRE , B ESERBRERNERRA 24 , W
BB ( Vas et al., 1998; Penton, 1996; Ng et al., 1996 ). 43 ( Contarini and Povolo, 2002 ), HIBE
( Bicchietal., 1997 ) EMMEBAIRE , M EAENBTREH L BRI 1E ( Baptista et al., 1998 ;
A, 2003 )

Kawakami % (1995 ) 2 RALBAEREREATBARZEZEMERRG , LREFRH
NMEREEBERERFHHERERBRUMGZTE  HEA (2002 ) ZHARBEERN NMEEERER
EMEECERURNG , EEERARED D, BERL , AARFAEERABN AN , ERL/NME
REGERACBENRERNRNOERER  LEMEBTRUMOZEZR , UMRFIBREZERERZR
RERBEENEIR,

MR T
—. BBE
miE  UMTERRRZEERXURSENLSE ( LR ERES ) AEEN AR 12 REFRERE
HESRER.
FERERH  KE-—HERAED KRB NE
(—) HBAE (MEEERETE  UTHBEEMHE ) REERE , BN EEEOHBERTREE,
(Z) HRE (EEE , ERREE  UTHBEREHE): £/ .6%SERAR (AmE  0E ),

HREEEA 2000 2 , BAHERM/NMREE,
PR - 2B 20035 A 21 HR 6 A 18 BEWARERtHEZEEER.

=, RERE:

BREIRBHFARURE  REERHRARNIEERBRTT  FEOT  XE-BAER-F
RERARESF (AMARALRE , RMAKBHEER  SAZERAZABRBOW/NE , BIHFRER
BEZAME ) -RE-BEELHE (FARHTNHE ) ~Fi-NE-BE-R%,

=, BERRDHER

AR MR E L 40 mesh 1BEF , FEEX 0.1 AREAREA 10 ml IKEEHA , HOA 50 ppm EHER 2 B-
( ethyl decanoate ) 2.5ul fERRIEY , BHEEEMIEMREL 55 °C &k 20 7 #E#H , 2L 65pm CW/DVB &
HFPESEEREE ( solid phase microextraction , f&§%8 SPME ) ( Supelco, Bellefonte, PA, USA ) ZERRER
KA 12 7788 , LA Varian CP-3800 SRAHEMTE K Saturn 2200 BREEHEITER 2.

M, BERHD D :

{8 F B2 Varian CP-3800 $ 48 /& #7151 #8222 Saturn 2000 series R o EEEERLE Y. GCZOvent])
BA 40 °C , PLBRMERE 5 min. , T&M 2 C/min 2 ABRERAFLLIR 220 °C ; FHERHEMAIREZBR
EERE S 250°C ; EREAMEAWCOT fused silica CP-Sil8 CB Low Bleed, ERFRE A 30 m, & 0.25mm,
FEE 0.25um ; Carrier gas&N, , initial 237tk A 0, 5 DEE®R 2 HEB 1 : 100 , X 1.0 ml/min., &L
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BB FAEAR T0ev , B FRBAER 250 °Co

DRMEBMEREHE —ROETON , FISEREBKRIBEEYR NIST ER EETERMERK
DREE MEETEFREUAZHEESEUTIHARNRT

EXTEERAMOZHEYEERE - FERAOZRERR/ ARDEERZRIEEE,

TARZERBIBEORA=EEMBSZFIOE , METHRA SPSS EFE B ( Statistical Package for
Social Science ) RIREIT Do

B, FERETE

DAZEEM T REITIER , FPH 3 A RFRER MR , LUK 150ml 478 5 P ERREERS |
BE 5 DERMARITR, TP EE RS 2B BB 200 [ FARME 10%, BIF{ 10%], k&4 20%,
ERAG 30% , HUR{h 30% , MDA 100 2, BMITABHXLASE=VEEERXEKTELRNE
=’ E.

#5 SRR

—. REBEEEYIE
HEaHRAE MEREEROBRMNARENELEMANERE (2003 FEAFAGRAAHR
B)NEERE  BH 200 FAATAZAELEERERARE (AN ) LBEBERER M
REfERNAE (B— ), AEB I RRESLTENXFLTLERE (B—%H ), ERB M ERERE
ROFE  HEBRE  REEGE)  XTREXME  BERENBUREE2ER (B—X )
=

B FEHZ N 6
EX Y .

2 Y
A YL

B—. RMEEERE (BE ) BRERE (BA ) 2XEFLRE (2003 FAAPARKZEEF ),
MEmEERER 128

Fig. 1. Tea buds with (left) and without (right) feeding damage by smaller green leafhopper. (cultivar
TTES No.12, mid-June, 2003)

=, HERFERNERN MDD T RRE T

MARMBENERLE (GC/MS ) LBMXBESERKM (2003 F1 A HHAERIEAER 2003 F
AATRARBRE ) 2BERRD (REBMEZAE = , RO HERAR— , MtRREFTRH AL
HEABE= ), H9 indole ( KIEHwmEE 18 ). alpha-farnesene ( JRIE#RSE 20 ) & nerolidol ( K IEHREE 21 )
ERBEMAZETHNEENER  EFRENBESEZNEEEFRHA M. dihydrocitronellol ( 5 £
#W5% 3 ). benzyl nitrile ( JFIEHHEE 11 ). naphthalene ( SR IE#RSR 14 ) & geraniol ( FRISHwE 17 ) EHEK
BEE-XRXENBEHEZEES , BE-ARXEUEEBAEERS ; (2)-3-hexen-1-ol ( KIEHwmEE 1)
X benzeneacetaldehyde ( JRIEHREE 5 ) EE —XARXENREEREZFANSEMRM , BEEZRERK
PUEEHEERS , LAERAERUARTNREMEREEAERT B, TS EREIHR
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EFEHTCREMEE  FHNMEEEREREFER,

ERtAEF  EEEATEZEMNERRS S : benzaldehyde ( IR 2 ) benzyl alcohol ( &
I#m5% 4 ). linalooloxide 1(furanoid type) ( JRU&#HREE 6 ). linalooloxide 2(furanoid type) ( JRUEHRER 7 )
linalool ( K U&#Re% 8 ) 3,7-dimethyl-1,5,7-octatrien-3-ol ( SR UEHRER 9 ) 2-phenylethanol ( SFIEFRER 10 )
linalooloxide 3(pyranoid type) ( K I&#w5% 12 ). linalooloxide 4(pyranoid type) ( R I&#m5%E 13 ), methyl
salicylate ( R I&#m5% 15 ) 2,6-dimethyl-3,7- octadien-2,6-diol ( K I&#m5E 16 ), UERB 2 HEEE (&
ROEERRNENEERCE ) RAZEMM B LL 2-phenylethanol & benzyl alcohol X EE &M ; H
R % 2,6-dimethyl-3,7- octadien-2,6-diol, 3,7-dimethyl-1,5,7-octatrien-3-ol & linalooloxide (pyranoid
type) ; BE XA methyl salicylate, linalooloxide (furanoid type) % benzaldehyde ; i linalool & ERE 4 (
=k

PHMREARZENMNERRSG , ZHAD REIFEEEYWE , HP XU linalool $TEMNELY
BEEZ , BHHESERS. linalool ZE/LYRH linalool FAITTERE , HH LR 2,6-dimethyl-3,7-
octadien-2,6-diol % 3,7-dimethyl-1,5,7-octatrien-3-0l & B — B £ LB EFF 2K ; linalooloxide 1 &
2(furanoid type) AR —E4E(LEEFIAZAK ; linalooloxide3 & 4(pyranoid type) &R —{EE (LB
BX (Luanetal., 2004 ) BRT EilFEEEN  SEHBZEMNERA M |, benzaldehyde BR P & B
¥ E ; benzyl alcohol K 2-phenylethanol BR B EEEYE ; methyl salicylate BREEILEY
( 'Yamanishi, 1995 )

BiHEEEETHK (sweet . 8% (floral ) RBFEER (wild ), ERBERHIHEEERE,
DEEENFEEATNTEERMYETEYRANRSERBEENEXRR Y EFEREN
Kok, B, 8BR, FREFASEARRIARENRERRE , KBIERERE , REHRK, Ra
MEHEY RS BRBMAR ( 8K 1997 ; 585K |, 2001 ) EiiFEEEFEREESE R AR EE
RABWHEY , EEARPRTIERSIRWE (NEE, $EE)NAGH , HREVHEERRR
FREMERANR  ZARINAL , RTUTERARRAMY., tERRRUETEN  REH. X
HE , EEVENES , R ARRAUEAS @ ( Mahmoud and Croyeau, 2002 )

ERME  FHARSEHAOHEEEENREANERS , EEESHANEESEEIRMLL
B (REAZEROHEHEERNEREACERAHEEEE ) ¥E (&=, linalool EREMHLLER
S 1.4 % 2.3 1% ; 2,6-dimethyl-3,7- octadien-2,6-diol & EARKE Y 3,7-dimethyl-1,5,7-octatrien-3-ol
ZEEBEREMLEEES LI 2 £%; furanoid type B linalooloxide B EEREMALEFEFHAZTHELN 3
Z ; pyranoid type B linalooloxide 2 B EE B EHLL EEEASHL 1.5 1% ; FTEM linalool LYz
BEER/EMLEEMESHM 2 1% ; benzaldehyde FEREMELIEEESH 1.6 & 3.1 £ ; benzyl alcohol
EREMALEEHESE 1.4 & 2.8 £Z;2-phenylethanol FEBEEMLLIEE A S H 3 & 5 £%; methyl salicylate
EREMLEEHESHN 4G REFTHEEEEZLLERS ZF M A 2-phenylethanol , H R & methyl
salicylate , BE )X A furanoid type B9 linalooloxide.

BIATHRS , BEAQIQQUREASMME , EREERSE, BHMBERTF (FARSEH )
FERER /MR Empoasca vitis EIXRE S E 2B Y, &R 2,6-dimethyl-3,7-octadien-2,6-diol & indole
ABRNMIEESERFTEANEBEMHEY  IEEERFERMBIBERFAIREE | linalool £
BHEERFNRE NMZEENRECRERZYINEEARNEERFERYPNEE , M geraniol
EEEZREPEALFTKR. 2EBUBRAMR , AOURAPMZREERLEEAM linalool &
2,6-dimethyl-3,7- octadien-2,6-diol 2B IEES , geraniol B/ MR EIERZEMET , BEZE A(2002)
WIFRRABRRBRNMNMEENRECEBZERYESR indole , AERIMILEROAELE , B
2,6-dimethyl-3,7-octadien-2,6-diol EEEMEFMHBRNBEENN—F¥EE , UFTLRZEHER , It
BRERHFUTEERE=Z . —RERS MBI RRE  BEEAQ002)UXERDTMARE , At ,
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EXERBREERFZ , £FEMN indole ERE/BPE , EFEEM 2,6-dimethyl-3,7-octadien-2,6-diol
FERETYEMITEMR , 51 AMRRRR T BEBER , £ BARKFRIF ( Shimoda et al., 1995b ),
BARE., BERXRENHES ( Kawakami and Yamanishi, 1999 ). RFI#%% ( Itoetal., 2002 ), RESFE
RREER (BFRFE , 1998 ) AR Y , RALK S EFXEREER ; —RAXDMEH
REMEAREEEA (2002 ) M BEXERETRDEH S RERAS ZENARTE , RRDH
KA SPME ZERERKYWE , BEA (2002 ) FA Tenax TA RHSEZERER/NE , FATRERS
EHE-BERK D EEETREFMER , 7 Shimoda A ( 1995a ) EEE Simultaneous distillation extraction
(SDE)# Adsorptive Column Method, FRBA & R#EEE L SDE EZB & , 182 2,6-dimethyl-3,7-octadien-2,6-
diol ¥ , Adsorptive Column Method 3 #T B ZIMBE B S , SDE Z RAESZIMERE ; Alissandrakis
% A (2005) L& hydrodistn. (HD), micro-SDE(MSDE), ultrasound-assisted extraction (USE) & SPME , &8
B8 2,6-dimethyl-3,7-octadien-2,6-diol RAEFRI A USE &K% SPME &{E381,

Kot 19 RIC 3l S31005-2000h-3-1 tme

iF %R without feeding

damage by leafhoppers
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SRR RRNINTIRTT T Ty . J.\ A J\Mﬂh If\l.,. n AI,}L\ el 2 il i vy el g _n.‘,L_J‘A ..,;A_!__A.M! ﬁ‘)\.
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B=. EEHE (BL)RBEHL (BT ) REZBERELR (2003 F 6 AHAHRKEE ) WRHEE
HERE, REFEFARFERB2IOMERIER , BXR—HE

Fig. 2. RICs of the aroma components in made tea made of tea buds with (lower figure) or without
(upper figure) feeding damage by smaller green leafhoppers

&—., FAGC-MS BEEAZEREFRNERAM &K
Table 1. GC-MS data of compound of the Formosa Oolong Tea

RIEweR R ERR G Rigime: AR ERR G
Peak No. R.T.(min) Compound Peak No. R.T.(min) Compound
1 9.4 (2)-3-Hexen-1-ol 12 311 Linalooloxide 3(pyranoid type)
2 16.0 Benzaldehyde 13 315 Linalooloxide 4(pyranoid type)
3 21.0 Dihydrocitronellol 14 31.8 Naphthalene
4 215 Benzyl alcohol 15 325 Methyl salicylate
5 21.9 Benzeneacetaldehyde 16 32.7  2,6-dimethyl-3,7- octadien-2,6-diol
6 23.8 Linalooloxide 1(furanoid type) 17 36.8 Geraniol
7 25.0 Linalooloxide 2(furanoid type) 18 39.6 Indole
8 26.1  Linalool 19 463  EBZEE (internal standard)
9 26.3 3,7-dimethyl-1,5,7-octatrien-3-ol 20 52.9 alpha-Farnesene
10 27.0 2-Phenylethanol 21 56.2 Nerolidol
(Phenylethyl alcohol)
11 28.8 Benzyl nitrile
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F(BRR—MHE ) EFFLFEFRREERBAMDEASEYNHEEESE
( =HME®E ; *: p<0.05 ; ** : p<0.01)

Fig. 3. Aroma components in made tea made of tea buds with or without feeding damage by

smaller green leafhoppers. Upper figure: Tea made in May. Lower figure: Tea made in June.
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Table 2. The ratio of differential aroma components

e May-2003 Jun-2003
=5 ERBH HE® tetE
peak No Compound E%° BEM (M ExE fEE (fE@
' EEH) EE#H)
8 Linalool 0.14 0.32 2.3 0.20 0.28 14
3,7-dimethyl-1,5,7-octatrien-3-ol &
9+16 2,6-dimethyl-3,7- octadien-2,6-diol 2:52 413 16 0.82 166 20
6+7  Linalooloxide 1 & 2(furanoid type) 0.64 1.95 3.0 0.34 1.17 34
12+13 Linalooloxide 3 & 4 (pyranoid type) 2.09 3.17 15 0.98 1.77 1.8
*16+6% Total Linalool Oxide 525 925 18 214 460 21
7+12+13
2 Benzaldehyde 0.28 0.88 3.1 0.30 0.49 1.6
4 Benzyl alcohol 1.06 3.03 2.8 1.06 1.46 1.4
10 2-Phenylethanol 0.83 4.19 5.0 0.44 1.32 3.0
15 Methyl salicylate 0.35 1.45 41 0.16 0.57 3.6

7 ARERRERR—  BERFAB=PEROEHSERRE , CHEARSHEHZSHOEHSERAER
B EBOHEHEE,

HAMAXEHZEBEFREKMR( 2003 £ APAHRKEER 2003 £XAPAHRKEE )2REFTE( &K
S )URBREEANBETRALEEFRMBEIRZENRE MEEANBETEZATEEZE B
XEEEMEREEK. URFENAF., BEREZSKEHE , EEAREEASERYATEHERE
Ri, B, FE-CHEEZEE, KeEZEREERLE , HELESHARERENEMR, BERKE
B (15 40% ) BAE ; LERHE (E30% ), MAHZEESEREREUSEEANTESBES ;
LUZBRMIB (15 30% ), MAHZEREFEREFRYUREHEBLEDR, HURBTHENAS RS |
MAHTR, EFRKEBESEL , AFERRERNAREANRERL.

K=, REENEREREFRECHKFNBETELRR

Table 3. Sensory evaluation in made tea made of tea buds with or without feeding damage by
smaller green leafhoppers

R ®'F K& BR #EHK B2

EEEER ERA _ B
Date of tea-made Experimnet Appearance - Color — Liguor color  Aroma Taste Total Statement of judgment
(10%)  (10%) (20%) (30%) (30%) (100%)
EE# 8.0 7.7 14.7 21.7 21.3 73.3 mEE MR
May-2003 L -
fBEEH 7.8 8.0 14.3 25.7 25.3 81.2 EE, =&
U203 IEE#HA 75 7.3 14.7 21.3 20.7 715 |mEE B R
un-
fBEEH 7.7 7.2 14.3 25.0 24.0 78.2 EE, T

=, HERERZARERBESROHRE
RERMARENBETE RAOEREF ERERBNMERERSRNAERENSE I
EARKRRENET MESRAOBAEE ? ATHEBEERRNTNRERKREECERRAR
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ERBEEENERT HROBER MR,

linalool FEAFEBESINERE , BZFERBCAEY S ( Raguso and Pichersky, 1999 ), EBE
Bk ( floral X Ito et al., 2002 ) B & E WK ( sweet Y Wang etal., 1994 ), BREFREEBSHNRLTZ—( K,
2000 ), linalool BEFLM AR EER M , HESERAIR 2 REFIEMBIM ( Yamanish et al.,
1968 ) linalool oxide 2B FHE ( sweet ) F&& ( floral ) EF ( leafy ) ZLAEE ( creamy ) L& (earthy )
(Wang et al., 1994 ), ##EF ( citrus ) REEF ( fruity ) ( Ito et al., 2002 ), Ik EBE [E 5 A furanoid
B pyranoid B , MEXESRIEXERN , GFtUEREN , ARERRAZNEEEFREHA ( Wang
etal, 1994 ), RARFEFEBERBELTAK (B, 2000 )

2,6-dimethyl-3,7- octadien-2,6-diol 2 —%& linalool B2 &{t¥) , EERBEHE, BUBHKREES
BIK(Itoetal, 2002 ), RTEBZEBERERIN , BARZFRIF ( Shimodaet al.,, 1995b ) HAFE,
BERXREWHEZ ( Kawakami and Yamanishi, 1999 ). FRF#Z (ltoetal, 2002 \ RESERXREEER
( BORFISE | 1998 Y& AR EIL X 2o 3,7-dimethyl-1,5,7-octatrien-3-ol 5% & hotrienol( Yuasa & Kato,
2003 ), & —7& linalool 2z & LY , BB TR, TEEWK( Nakatani et al., 1969 )R E WK ( Yuasa & Kato,
2003 ), BRI EHFEERSERE , W43 ( Yamanishietal., 1970 ). SEXR (TTEZE A |, 1985 ) &AL
#% ( Nakatani et al., 1969 ) %, 1RiE Kawakami & A (1995)MIER7% , 3,7-dimethyl-1,5,7-octatrien-3-0l %
2,6-dimethyl-3,7- octadien-2,6-diol ZFRKEY , R —EBR N ZEEGERFRERZYE , M
Nakatani 2 A (1969) R TTRE A (1985 ) RALK 2 BAZRES ARAEAFIBED A linalool FIfT4E.

benzaldehyde EBFHF{=F LK ( BR , 2000 ), ARFRZFEZSE18H0 ( B , 2000 ); Han and Chen
(2002 ) FREAZYF ( Toxoptera aurantii ) B ERF R EHKE R E K& benzaldehyde, benzyl alcohol &
BREWK (fruity )( Itoetal., 2002 ) SLEATFEH &R ( B , 2000 ), REFFE, BBERELR (R,
2000 ), 2-phenylethanol EFHIRIEELK ( ltoetal., 2002 ; B , 2000 ), ARENIHSEE{CTHE
( BR , 2000 ) methyl salicylate B EFTEEW ( floral ) X EFEEK ( green ) ( Ito et al., 2002 ), REERE
AREEEM , BREZETRLD (B, 2000 ); 7, kNEEEYPATZTERRUENRBERHE
BRMEERRE®RD FER (FWMEK , 2001 )

HETCEAAREIABEETENERRMRT K UASEEERMNIEBERR , 2,6-dimethyl-3,7-
octadien-2,6-diol , 3,7-dimethyl-1,5,7-octatrien-3-0l . linalool . linalool oxide . benzyl alcohol &
2-phenylethanol EMFZE AR TREZENERM , WAEBEZERBREZ TEFRKMT A epoxylinalool
( BNZR 5 #r = #Y furanoid type Linalool oxide )( $##ZE &K IE ) & B-damascenone , )X A benzaldehyde
(KR, MERBI=F ) & trans-ocimene , T linalool oxide ( {&E K ARIEZE )\ benzyl alcohol ( TEEF K
#HE ) & 2-phenylethanol ( R ERBEE ) SHTEWEEMEE /) (RE A , 1998 ) Ichimura ( 1994 )
REERBECETEFRZ KM A linalool oxide. 3,7-dimethyl-1,5,7-octatrien-3-ol,  2,6-dimethyl-3,7-
octadien-2,6-diol & 2-phenylethanol, ERFRNHEEBEBRENTEETRRH A linalool FTEY ( #
1B 80% ), HA 2,6-dimethyl-3,7- octadien-2,6-diol 1§77 15.4% , 3,7-dimethyl-1,5,7-octatrien-3-ol & T
4.7% ( Alissandrakis et al., 2003 )y ERBEMRmEHEHBREESHNHERMEY-E A ( leatherwood,
Eucryphia lucida ) fE B ZE MW T E F K X 7 t8 & 2,6-dimethyl-3,7- octadien-2,6-diol &
3,7-dimethyl-1,5,7-octatrien-3-ol ( Rowland et al., 1995 ), BMEBR BN T EFT R AKX B
phenylacetaldehyde, benzyl alcohol. linalool oxide, 2-phenylethanol %% hexenyl butyrate ( Graddon et al.,
1979 ) AZAEM KM ( Haze, Rhus succedanea )¥#ZE M £ EER K17 £ phenylacetaldehyde, linalool,
2-phenylethanol, lilac aldehydes ( Shimoda et al., 1996 )

URERRENEERERRB-FEERSR | linalool, 3,7-dimethyl-1,5,7-octatrien-3-ol, linalool
oxides, 2-phenylethanol, benzyl alcoholXbenzaldehydeEFERSEBEREEEF. EREIT
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7 db I ® Galicia B B B B ( Loureira & Albarino ) £ E & & K 13 A& linalool &
3,7-dimethyl-1,5,7-octatrien-3-ol ( Versini et al., 1994 }, BT E2EHE REN T EFR R0 IEILE
¥ % 2-phenylethanol, benzyl alcohol &benzaldehyde (Lo pez-Tamames et al., 1997), muscatBEMNER
F A2 Alinalool, a-terpineol, nerol, geraniol, 3,7-dimethyl-1,5,7-octatrien-3-ol % linalool oxides( furaoid
& pyranoid types ) (Ribereau-Gayon et al., 1975) , A 3,7-dimethyl-1,5,7-octatrien-3-ol & linalool oxides
KEXlinalool RBEFEFLHNEFFER , ELEFATENMRERAER , BENBARETRNKIR
( Williams et al., 1980 )

AEBPNMIEECSHEEZEMNERRT methyl salicylate 2% , HBAEAEBRRER
BEFRMNEIEERRY , MEYETRBEOESEREERRABTIAREETZRE,

&

HERERAGEBRENTE ERBIMEEERRBHRFMERNS EERKENARENE
EE. FERIERSIOANMGEESERFHHARBERASINEE  YRTBRAERERZ
ARBENBERENIERD

MABE 12 HAME | EBAZMEREERERZINBENREMBANSE , BRIIBEN
FEFERNE  HEZEMNNER KBS : benzaldehyde, benzyl alcohol, linalooloxide 1(furanoid
type). linalooloxide 2 (furanoid type). linalool. 3,7-dimethyl-1,5,7-octatrien-3-ol, 2-phenylethanol.
linalooloxide 3 (pyranoid type). linalooloxide 4 (pyranoid type). methyl salicylate, 2,6-dimethyl-3,7-
octadien-2,6-diol , ERE B ETEREIREEYE , HH XL linalool FTEMHERRE , BRANMEE
BREERTENERERKD .

HETCEARREIBRETNERNEEREEZERMIRE , RABRT methyl salicylate Z 5 ,
HERGINAREIBEERUEE , EABROZERERCARBREBEENIERD.

AERHBREERSNEREEHRFERAREIERE, ERERKOHN BB A HE/NMREE
NWEEEARMERF AL linalool ERAESTEY 2 ELERNETT , WE DK — S EBEER
LUERE, It RENEREZRFHSENREZENRRERME , MITLHE. BERERESG.
FEFERNRAEAR, ZUEEARELFNEOATATERBEN ; fltARERN AiEX
AR ZUABBEERARNBLOREARBRE MWitFMERNBZESERZEBKEAK, Rt ,
AEBEEEINATRARSREREOERER , U9MHERR I ZEZR , MRNFEREEER
R mE R BRI,
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Effect of Smaller Green Leafhoppers Feeding on the
Aroma of Formosa Oolong Tea

Chih-Yi Hu Chih-Jen Lee!

Summary

TTES No. 12 was used as plant material to compare the aroma of Formosa Oolong Tea made of tea
leaves with or without feeding injury by the smaller green leafhoppers. By using GC/MS analysis, we
found that the aroma components of tea leaves with feeding damage contain much more linalool,
linalooloxide (furanoid type and pyranoid type), 3,7-dimethyl-1, 5,7-octatrien-3-ol, 2,6-dimethyl-3, 7-
octadien-2, 6-diol, benzaldehyde, benzyl alcohol, 2-phenylethanol, and methyl salicylate. Linalool and its
derivatives are the key aroma components in tea leaves with feeding injury by the smaller green leafhoppers.
Compared with other foods with mature-fruit-like and honey-like aroma, we found that except for methyl
salicylate, those components are related to mature-fruit-like and honey-like aroma, and make up the
characteristic mature-fruit-like and honey-like aroma in Formosa Oolong Tea.

Key words: Aroma, GC/MS, SPME, Formosa Oolong tea, Smaller green leafhopper (Jacobiasca
formosana)

1. Assistant Agronomist & Assistant Agronomist, Wunshan Branch, Tea Research and Extension Station,
Taipei, Taiwan, R. O. C.
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EEEARFERIRE - R HIRRERS KlE=(HLL EGCG K EGC Ry % » FrlAGiss
KIERANR AR LIE HEMELIRE -

MR RAE pH3~ R P00 MITFE— ([ H > HERERRZRST EGCG K EGC J{E
<5% BIEAE 85C T EGCG MMIB R E/VREMERT 1~2 RIERFEMY) —GCG EA: - HARIE
HkEERT (15~75%) > MESAESUKTZIE - (BAEFFIT 14~28 K2 ] Al 3530 R 2R U Bk D
M2 -

RASEY © RORRIEIR - REEY) - BEN
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FHR A RE SR A REVRVAEEDEEYE - GfETAL - FRAE - PUE - PURE R

JEZE ([T 0 1995 ; Dreostic et al., 1997 ; Jankun et al., 1997 ; Yang, 1997 ) » H-& &4I(E4: 250281 6~25%
(Z55% - 2004) -

TR EZEFEAS T > 4 5l & (-)-epigallocatechin [ (-)-EGC ] ~ (-)-epigallocatechin
gallate((-)-EGCG) ~ (-)-epicatechin gallate [ (-)-ECG ) ~ (+)-gallocatechin gallate((+)-GC) ~ (+)-Catechin
gallate((+)CG) ] ~ (-)-epicatechin ((-)EC) Fz(+)-catechin ((+)-C)3F » ELJFAGSERE K H L FAEY) (epimers)
WIE—Ffror e HH EGCG~EGC~ECG ¢ EC {E = IR & 4% C-2 fir B 2 F 5448 LIE FH( epimerization )
43 RIiE5EE 5 (+)-gallocatechin  gallate((+)GCG) ~ GC ~ CG K C » iz 7 Hila3i {4/ (Wang and Helliwell,
2000 ) °

B8 T ERIRES L E D EGCG i EGC & &% » LMGHEHIEE T0%0 o HERIHA RS R
ZHMKFr B EGCG » EGC>>>GC » EC>ECG > C (2% » 2004 ) » {EATERLESAE > S FHE R &
RSB L  HEEYIELA R RkstE (theaflavins ) F4TE (thearubigins ) (Bajaj

DA S LR - (EREMCERDAGER TR A - RSP AEAREE T A8 (Komatsu et al.,

I THRESEZ R ASR RS BINTER - 68 PhER -
2. (EsfER ) GEAREEEEA BHE - 88 adtm -
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1993) > il C-2 (i EAVREMEERAERER T 4L (Kiatgrajai et al., 1982) > [fj C-3 I EHVFRFH
A AAER(E R 2 TRLIEA (oxidative degallate ) I/ & 3%4: (Coggonetal., 1973)

SURRAEAMERE - 5T HE RAIF MR E & - B0k &EAIIY) ~ (it HHE A
AL (CABRERFANERE) - R RRB—HEER > AFESEES(LREEEFERM - Hit
AR RS AR RAEAE pH ~ SR RA R ME T EYE(LIEY - R AR R T AR LLEE R
RS R ERITETT HRE A HE — D HIZEN S 38/ » [FIRFELL HPLC 3t i 2RI AT (sE A 0.45um 2878
WA I R AR e MRS & — R R Rl Z IR -

Mt TTE
— ~ SABRIE
(—) Hi -
eSS

sl P TR AR R RO R E SR E R - iR —FrR > BARERSER
88.09% » Eft EGCG £ 52.46% > MIYERH A 0.42% °
2. {55 R R
B P TR A8 A1) e R AR AL B (-)-EC ~ (-)-EGC ~ (-)ECG ~ (-)-EGCG ~ (1)-C ~ (H)-CG
Fe(H)-GCG FHf%H Sigma A H] -
(=) HEIER
SAARERBEHEST HPLC S3Afr i LAREFLEs 0.45pm 2 26mm ELAEHYBIPETEHAR)E - Friss iy &
1 #5 © polyvinyldifluoride(PVDF) ; polytetrafluoroethylene (PTFE) with a hydrophilic coating ;
polyethersulfone (PES) ; polysulfone (PS) ; cellulose acetate (CA) ; Nylon (NL) ; nitrocellulose (NC)Z+
f& - H.f1 PVDF ~ PTFE ~ PES & NC £ Millipore(U.S.A.) & 5 PS £ Gelman laboratory (Canada)
i 5 CA B Microfiltration (The Netherlands) Z i » NL £ Whatman (England) 5 ©

. D
(—) HETEREAE 5O I B E AR
i LA i L B S AN » [B]H S DAL By 0.45 m “R[EIRE 7 SR8 % - DL HPLC 4347
Z o
(D) BT ZEMWHE
1 {55 E R Y~ B
DA&f/KBCE 2mM R 7 (871 S A8 ZARAE AL > 43 IRA 60 > 80 K2 100°C ik 1 /NEF » T7H[]
DAAKAKAAN -
2. GRFEBEAE pH EE N EMWAE
(1) R[] pH 4RfENR 2 BUeH
rAlECEY Ix Rz 10 xRERYpH 2 ~ 4~ 6 ~ 8 ~ 10 ~ 12 ZEREDRIEL 121°C » 20 F3 S
& - Hr 1x #YpH 2 $RENR &y 0.2M HCUKCISR ENRAE 5 pH 4 KpH 6 40 £y 0.1M
citric acid/0.2M Na,HPO, %% » pH 8 45 5 0.1M Tris/HCLZR% » pH 10 45E1% & 0.2M
Glycine/NaOHZAE » pH 12 4&{E1% Fy 0.2M KCI/NaOHA K ©
(2) [E—IREAR[E pH 2 HH Fd s 2R
DAG/KBCEY 1% 2/ 5 A 2 1L » BUIE 552201 90mL 43 HIHIA 10x Y pH 2~4~6
8~ 10 ~ 12 GR{ER R /K 1% A fE &y 100mL -
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(3) AIE] pH B N SRR L el
JrAIEApH 2 ~ 4~ 6 ~ 8 % Ix SRENKECEL 0.1%FH AR AR » PL 0.2 1 m JERE @R 1% AT
25C T HF—EA - Bt HHR -
(4) NIRRT R R ZENE
SYHIBA 0~ 153555 75% 7 I ARICEL 0.1% 2 M5 4% » PL 0.2 v m JERE I8 % -
225 C T IrF—EH - BIZHHE -
(5) EGCG M@ EZ pH s S » EANEDRE T 2 ZE M
PAriraltsEgpnie A R B E < pH TS E ~ EGCG AR » /Al 5~ 25
45~ 65~ 85C T —1 - Hi% EGCG M &K »
3. ERISREZEEST
2% (1&g - 1988) Zitsesks @ IPMEEZ -
PARINSEE
Column: Merck 100 RP-18column(250mmx4mm)
Elutent A: 0.1%H;PO & 0.1%CH;CN K% %N-N-Dimethyl-formamide.
Elutent B: CH;CN
Gradient Program:

%
Min. Elutent A Elutent B
0 99.0 1.0
5.0 90.0 10.0
12.0 85.0 15.0
20.0 80.0 20.0
Flow rate: 1mL/min
Detector: Thermo UV6000LP
Wave length: 280nm
Injection volume: 10uL
SR

— ~ NEDEFEMEH AR R 2 28

SRR HEST HPLC EE0THT B IreE B E - FrA LT FREFL R 0.45um HY[EITE e
PABREARIENL 3+ - ZERME R AR 2GR EARMEN - FTRE gl thssRans  E2KEE
=2 LERX -

FRIERT A 25 (Goto et al., 1996) 58 552257 H14% PTFE~PVDF K Regenerated cellulose =FfEM"E JEH
ET% > 570 PVDF &% ECG K EGCG WitElsH i A Z AT BIRA > HEIWR SRR 21%K
43.5% » NILERAE R R EE T ERR A PTFE 2 JEfE K fE -

Ry BE RAYTREEEME AR R EIER B - HASR RS E AT S
Hrp DL NC JERE R R - )/ GE(E R A ZNRE Ry (Ef GC ~ EGC ~ EC ~ EGCG ~ GCG
2 ECG Ryt BErtp & 882 2 545 % ) « PVDF J PTFE 43 jil#t EGCG k2 ECG HY[A[U7#%>95% < PES J&
PS ¥figH B A BCRE 2 » CA ¥ GCG ~ ECG K CG [H[R< 90% ; Nylon ‘EFH BEAE ] 5L 2%
FAIURFE AR > HEUER<T0% » 58 HE AR polyamide » HARZYIE S AR A H MY
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WHHER - FrMEE B @A @A AR - fERTA HIEEIREAE LA NC ~ PDF ~ PTFE =&
SUSRERIF A SRR HYIEAR - NS oh 1 B 1 SR FRAV R AHRAE 90% LA E. -

- GAREREE LR EAE(LIEA

DL 2mM (@7 5EZEZATEESLAE 40 ~ 60 ~ 80 Kz 100°C FANEA—/N\IF » BRI EFREBLIER
EETHAT 80°C DA 4R AR L IEF 3845 > 11 100°CHEINZEN 20 Sy A R EBYES - F=R1E 80T
&2 /NI IEME (R A E R B L BT - 5 RS T 1L RS4ERE T Bs(-)epi-forms # (H[ cis- forms)
EE(H)-forms (B[] 2,3-trans- forms ) EL A8 5 7 2 SAEYEHALL ] - trans- forms — R0 fys cis-forms
&7 (Komatsu et al., 1993 ; Wang and Helliwell, 2000 ) - & E# (LSR5 2 B &5 22 ] 100% -
R R0 Ryt RE A HAt S LB FEER (Seto et al., 1997) > B RIHEYIEFR =HLIHE (others) &
R EGCG % 80°C LA_FJ R FE inEheridiss £y GCG M HTEY) » (B3 [a) K FERY 4R AR /D « IbEIZ=
7~ GCG [t EGCG &2 @ (HEAEMEA 2= - F=r1 2 EGC K EC Wy iy T R EFEY 2 SN EEY)
frr > BEATRE R IL VB Ry icssE (theaflavin) HYFTEEY) (precursors) FFH (Nakabayashi, 1991)

=~ RIS A R
(—) pH B IR R LEEFE

RRE B EELE ABRE SR HILER R rRRE: B &3S R 8t -
RV R [E—REATH A ZEARRE pH AR RE A FEF % - HPLC FRHIHATRE - eSS E e/
BERIA (A0 1~2 K) > FEpH 2 ~ 4~ 6 Z BIZZRR T » (RIS A RS EHEIEAE (FERBRGIK)
FEEE » MG AREME s EUAK . pH 25 5 8 I » EGCG & & tEEIE4HLE P/ DT 80%LL | » HEHIZE g
AR AR RBE LSRR - HILEE R ERES > AR pH F4ERHE 1 S il e
A -
(=) HAEEERERBIEARP RN 2 e

FHESE A Z B BT FEPH 2345 6 ~ T EEENRF—EH (25C) > HETHEERCATE
RS ESE > EiFFEE % pH 7 0RRINEBEEIZENNE » NEYIVE IS L - &
AU ERERZIME A E EGCG K EGC RB{FE » T ~ MESERTITFIVHREE - &%
#~ EGCG 7£ pH 2 5 pH 6 WfEZK 1 - &8 RigH & B HVE B RS, - {2 pH 6 Lk pH 2 /D
FORHETE  F£ pH4 BRZEB(LR/D » TR BIETE - EGC 1£ pH 2 K pH 4 /AR &R ZEE » {B4E pH
6 7 R BRI BGCG &5 - HA5E%EZ (GC ~ EC ~ C ) ECG) TRAHLInTE Ly (HiER
FH) » EHIEPTEEIH S AR pH 3 B pH 4 78K HERE IRFFLE -
(Z) REZEFERERE ZEESRENZES

EGCG K ECG 1E/K KA [EERE TiE 2R H AR FE/SGE R T NEE K emgErT
SRR R - EEEREER T SRR OPEILELUK R B2 e « TEAT 14 KEFAERTZ
SR AR - (B 14~28 R G ZRBDAMRESE » dIL nT &SI o] AR ERSE 5
FEEIAET -

9~ EGCG {Efci#E pH /KiER T » IS 2 E TR 2

HI pH 4 SRHENRACEUE E R 2 EGCG fE4Efn - S1AIAE 25 ~ 45 ~ 65 K 85C MFE—4# - h&Rt
HIAIBIEEAE 65 K 85°C NIFFEMA » REAMEN GCG > HEEA Y ER - EEEIURFE AL 7ppm
() GCG iR » HH L nJ S8 RETE pH W R R REM LA ZERIER -

—+ 2A
ém A
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SARRMER H i 0 - Rt R FE ISR A A SRR E B — R - ARFTAvaE R -

DA M YRGS S o SRS

1.

10.

11.

12.

13.

FEHETT SE R R T eI T SR RS A S (5 A polyamide = Nylon #4'8 » DA% 5 2R 4R
OB oA E -

SURBKBRTIIEAE 80°C LS 3 R FEM LI - HOrfadii h 408 & 2R, 3R &% 28, 3R
skt B biEE > FrLl AR RIEE R NETIRE -

pH 3 2 4 2 SIZZRRAEER MIFfE—E A - H EGCG 2 ECG HYMIHE< 5% » A A1 fi Ak R TERE
HIREAE pH 3~4 Z B MR R OReT -

GOSN

RSB A IR SR S Bt T - R -
S5 3Rk
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The Stability of the Solution of Catechins

Ying-Ling Chen' Shu-Yen Lin®

Summary

Tea catechins undergo many chemical reactions in pure water such as spontaneous oxidation and
epimerization. The predominant change appears to be epimerization from the epistructure to the
nonepistructure.  Catechins with 2R, 3R configuration (cis- form) are easier to achieve epimerization than
that of 2R, 3S (trans- form). It was shown that the configuration of 2R, 3S is more stable in nature.
Among eight individual catechins, the contents of EGCG and EGC were above 70% of total catechins. Tea
catechins which almost to be cis- forms are difficult to be stored in pure water because of their frequent
epimerization.

Crude catechins in pH 4 buffer of which EGCG and EGC decrease under about 5% have been stored at
25°C for 30 days. EGCG also had not been found its epimer-GCG in pH 4 buffer at 85°C for one or two
days. Catechins in alcoholic solution are more stable than that of in pure water. It was found that
catechins had decreased significantly to be stored from the fourteenth to twenty-eighth days.

Key words: Catechin solutions, Epimers, Stability

1. Associate Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Corresponding author, Research Assistant, Department of Horticulture, National Taiwan University,
Taipei, R.O.C.



FRRBRARREN: 83

OH

OH

OH

(-)-Epi-form

(-)-Epicatechin: R1=R2=H
(-)-Epigallocatechin: R1=OH, R2=H
(-)-Epicatechin gallate: R1=H, R2=X
(-)-Epigallocatechin gallate: R1=OH, R2=X

[ — SRR R HR AR LR

Fig. 1. Chemical structures of tea catechins and their epimers
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OH
OH
H T OH
O R1 ﬁ
-—C OH
1y
OR2
OH OH
(+)-form

(+)-Catechin: R1=R2=H
(+)-Gallocatechin: R1=OH, R2=H
(+)-Catechin gallate: R1=H, R2=X
(+)-Gallocatechin gallate: R1=OH, R2=X

(48lE—)
Fig. 1. (continued)
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Fig. 1. (continued)
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Fo— ~ fan P R R AL

Table 1. Composition of the catechin sample

Chemical component Contents (% dry wt.)
Gallic acid 0.69
GC 2.40
EGC 6.42
C 1.30
EC 5.06
EGCG 52.46
GCG 6.90
ECG 12.68
CG 0.87
TC 88.09
Caffeine 0.42

TC=Total catechins=GC+EGC+C+EC+EGCG+GCG+ECG+CG
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Table 2. Recovery of major tea catechins after filtration (%)?

Membrane material® GC EGC C EC EGCG GCG ECG CG
PVDF 96.8 98.3 97.9 100 97.9 96.0 95.5 85.9
PTFE 97.8 99.2 99.0 100 96.8 95.2 94.1 92.9
PES 94.1 96.4 94.7 97.6 78.2 69.8 64.2 54.3
PS 94.7 94.5 92.5 95.7 98.3 78.7 79.7 63.2
CA 95.0 95.0 94.3 96.3 933 85.1 89.6 77.2
NL 67.5 69.3 63.0 67.8 60.2 52.8 50.4 39.1
NC 100.5 100 100.6 101 100.7 98.9 100.5 99.8

*Data have been corrected according to the certification of chemicals & reagents from Sigma.

" PVDF : polyvinyldifluoride

: polytetrafluoroethylene with a hydrophilic coating
: polyethersulfone
: polysulfone

: cellulose acetate

PTFE
PES
PS
CA
NL
NC

: nylon
: nitrocellulose

¥

Sty
RS

BILAAK

A%

L8
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Table 3. Degree of conversion for individual catechin standards at 80°C about 2 hrs

Starting compound Configuration Epimer Converted(%) Uncoverted(%) Others(%)
(-)-EGCG 2R,3R (+)-GCG 29.2 67.8 3.00
(-)-EGC 2R,3R (+)-GC 15.9 62.7 21.4
(-)-ECG 2R,3R (+)-CG 22.4 70.8 6.80
(-)-EC 2R 3R (+)-C 12.5 55.7 31.8
(H)-GCG 2R,3S (-)-EGCG 8.60 85.4 6.0
(H)-GC 2R,3S (-)-EGC 5.60 82.4 11.0
(+H)-C 2R,3S (-)-EC 2.50 90.0 7.50
U~ pH ERRRE B TSR
Table 4. Effect of pH on the analysis results of the catechin sample
Contents (% Dry wt.)
pH GC EGC C EC EGCG GCG ECG
Check(water pH 5.8) 2.37 6.63 1.34 5.44 52.5 9.24 0.126
2 2.47 6.57 1.12 1.65 52.9 9.03 0.196
4 2.45 6.35 1.31 5.48 52.7 9.10 0.181
6 2.24 6.63 1.35 5.68 51.0 8.93 0.129
8 2.77 4.98 2.23 8.97 10.4 7.00 0.839
10 2.55 4.11 1.19 1.43 8.21 4.44 0.714
12 2.55 1.24 0.213 0.546 1.02 2.02 0.896

88
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Table 5. Stability of catechins in various pH solution stored at 25°C (mg/100mL)

¥

St
A

BILAAK

A%

EGCG EGC
Days pH2 pH4 pHO6 pH2 pH4 pHO6
0 121° 112° 104° 20.1° 20.2° 18.6"
7 103 105 59.1° 19.3 19.0° 11.6°
14 96.8¢ 103 38.4° 20.1° 20.2% 9.01°
21 99.9°¢ 102° 28.6¢ 21.2° 19.1° 8.83¢
28 95.5% 110 10.4° 21.8" 21.6° 8.42°
gt ¢ R E T/ NS RN [F] B R 2 BRI E 2 5 5% -
Note : Means within same column followed by different letter are significantly different at the 5% level using the Duncun’s multiple range test.
TN~ HRBREAEEERE 2 e
Table 6. Stability of catechins in various alcoholic concentration stored at 25°C (mg/100mL)
EGCG EGC
Days 0 15%Alc. 35%Ale. 55%Alc. 75%Alc. 0 15%Alc. 35%Alc. 55%Ale. 75%Alc.
0 96.3" 102° 103 113° 120° 20.9° 20.7° 20.8° 23.9° 22.8°
14 90.5" 98.4° 101° 110° 119° 20.7° 19.7° 18.3° 20.4° 20.6"
28 79.2° 86.7° 87.4° 94.6° 98.0° 17.5° 15.9 13.6° 14.9° 16.6°

ittt R PE AT NS R [FE R % B 72 5 S% B -
Note : Means within same column followed by different letter are significantly different at the 5% level using the Duncun’s multiple range test.

68
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Table 7. Effect of temperature on the stability of EGCG in pH 4 solution (ppm)

Days
Temperature (C) EGCG GCG EGCG GCG EGCG GCG EGCG GCG
25 250 — 252 — 254 — 256 —
45 254 — 254 — 250 — 252 —
65 249 — 253 — 244 3.0 239 5.7
85 252 — 255 0.5 239 7.2 228 11.6

06
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EIELCIHEETR > B ERFTSI N > SR ERIETRS - 1 b B S SR - Bh R SRR SRAVEEE I o (%
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i2 2 90 > BIfALL (7,274 LD BBES — IRFF eItk (3,262 A ~ ¥riTha (1,569 AHH)
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914 1 HfiIA WTO » Si&EZSUIEAENIA WTO ATt & 5 5 L@ - BT REERITE—
REER - AU HIRE S & ik LR IEES-- B B R R E T UM - IR HEAHRE B IE Rt
BHAMER R R R 2 275

W HIY

ATEUIEE R GE 16 T - SRTIEE 1020 SUE(THE  HSE R B G k
T AR OB S TSR T PR 13 (I B T RS, - R B
% - Bt ABREIOT
L. e BT T3 -

2. Pt EVBFORACE AR GO - A A ~ KB « IR IES - SOBISR (AR B
GRS - SCBRSR S R R % -
3. MR AR » SRR - (AR A DR R R L Y 2%
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FEERRH LR R AR e A 48,000 B/ (RET 48 42 ) BV £ RET 93 - 5 18,208 /A IH -
REEERT TR BAYERHE B AW/ - Kb DR R Rl Aoy S SR 50% - SRS i
FEEIL - BRE ~ BT~ B0 mRE - M B Sl G TR - HREE - GERERED
SMER T - FFINHE RS Y 23,515 A (REY 62 4F) @ ATFASNAREZHRD > ERE 93 4
HNH R Ry 2,388 A > EAET S A2 19,568 /3 (EL 92 4EHEf0 1,055 L3 -

HIRE 64 F1& > BURFAR RIS ECR T EHEREMN S WRFENIRE R ER - R
YRS - IR EERGEE B - BRI R EE > BEEORENEENDNEE R R
B A ASFEN T ECHERER 60 417 0.27 AT EH] KB 93 447 1.65 AT »

G B B RESTS Y 7 ST U A A N BT HE PRI R HSE ~ el 25 R X e o Bl
B > CREEE R HINE R EWREAESREREAANFE - SR E MR E
BUELHHR T S AR % - WEI B AT - REES  BRERESCS S W
PR FEAG (REECR ) BEPEREECS  BIRORIEA ~ IMAERE A ~ MTIUEE - H LR @ Bk
Bk aRMEEER  fCERES ) HMZRES UGBS RS B A HAF AR - GBSt
B8 H o « MBS - HERRER (RECK) RmUSRFENENGRE & 5Bl ARR ek -

T ZREEEpHEEE

BRI A FEAR SR A R SRR (FREgE > R 92a) :

(1) LIS RE R - H R 40 FEER|RE] 75 4 -

(2) AN B Ee © S AR S EE RGOS T » e a2 R (E A A - BIRATSES
EEHZERANZ — -

(3) HHHH I Bl plafE I EAF A - Jfeh ~ A B AR E AR IR (ERERVEIS MR EER A E SR =Y
BEZR » KREEONGEFMEBRAZRENSTE - IRIBREVE sk U~ DR S AR H O
ik NILIREC AR ER R EEE R -

EVEZREENITEEAE 2 (marketing system ) fEiS75 = FAEAKEE LI v R ALESS RIS EL « 3o
ZREEHHE(1697-1864 4 )~ YIS B TIEFH Y MH( 1865-1894 4 )~ HAJHR  H i ESA4C SN 1895-1944
)~ ZHREZ 1B IME T EHE (1945-1985 47 ) ~ (NEHHA (1986 4~ ) > R ZE R ERII T M ES

(' marketing channel ) #5°K[g] (Hung and Liao, 2001 ; {TEfE¥RES > £90) -

R EELEMENRE © RE 51 F2E A BRI 366 52 » HHHBIZCR, 288 X - HEHIAHL
60 X - MHFAE LS 18 52 5 MHEUZS SO S B R o i S EE AR & - MR A e it & b
i (MEER > R 53) - HATE B2 EEn Sy 7 NHITUEE & « XA ENRERE DL AR /N #
T (A ) B8 B 48 B RAR B 25 741G 80% » (R FUERHIEE S - e fkEEEES
BHH 2 LT NERV NIRRT AR E R » — R RER (BE - &1Ft) KEHDE
PR > RSB R AUME 20% - A ER AR HINGR = S BL55 1) - IRFATER 2 405 H R B 4GP AT HI A ML
BAAE LG 15% « IV B E B B T DU SO R - B EAEEMEAVETT - BORRL SN
FHEY 20% (2E[E—)  EWRZITMEMRNERE - B8RS > EmSaRhlEERREHE AT 1
DIt B BE B 2/ VAMERTE (FREW > K92 5 MORE - 20k4 - BREIE > R 92) -

EEM S RCE T AR BUT R EREIESE - FESWINEERESFECR S8R EAH
B2 ENE R  HEBEETEEREME - R - AL S MR ER
P EHIA K B ER %  EAHSS > T ERE AR RS » MR E S A SOR ROk
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Fig.1. Marketing distribution

= BERETH

HItRE 64 FEUTERISICRILHRERE S » RS S k2R b e ESRATRTT »
WA BN - WIS EENBEAEBUFRERESAFEAREMZ T  BUSScOEEE > thhx
FEIEIATEEI A (22 ~ BURCS ~ BREESE > R 92 MB= > R 76 5 Mol - [R76) > BpL 91 4F
ME @ GEARLIHE 37,100 MR (FREEC R 92b) -

EEEGEELERAGE - AT A A AR SIS F R R T 2 RN B
BEERRE  WHGISH - RTISEEECERENEEE - MILETSH - RMTZHETSEZ A
SREIIRE] > BEDITT S 4OR e (RICHRFERMAIRAE - R 88) - FHE S EERIITIL - Ef8A— >
HEE FAESEPRSOR AR T ER TR (N FE AN > FOE R LRI - Ok
FHHEEGENRROCANHRT  TRGHEERIRIEN - et 2 EmE 0 LR EE - (U85
FEEEE > ERIEES EAVITRS o EEH BB RS BT R - DIEEE - AERAYTR - Al
S ET R EYIERES - (DN o] DIAIMHSE - 505 - SR e B R R AR R (4 - H AT AR
HEHE R CBPSMERITE RS > BEAERBEEB _TEaT) > HIARKE - EH
EEELY 2 2 6 52 R TAES AT » SREEEHE o DUREPRE S - SRS AR - S
{EFEERS ~ Tt o] AR E] > (AR e b BUE R S R & > AV B Re A A~ I
b - BER > HERE (GEESTEINHENE - K89 PR - K90)-

TERESETTSH AL S M HE R R 2R 1% - AR R i (LR R F = R R i (B (E Y A R0R
& PRI SBIV RS G T SR RVR SRR S - SR nygcoeiist &gt
FRGEHCRUEAVEE - BATRMALEHEGEARSTEENE (FRF - 2508 RO HAl
IREEITHES S TSN 27T - IR A RO R AVHE D S8 - R E AL R H it m - B E
ZMBEAAH A B T RS RS TS T2y (Takkyubin, FrEARCE 2 RN - g - R
BT AETERIERL Ot - R 91)) FUREFRAFIIRE -
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o BT
() DIFEES - B4 16 EAERMGI - MM 1020 (e B 5 > Al 0 8 5 R K

BAAE
(&) HFPERBINE ¢
1. MEsEt | BRSBTS (semi-structured open-ended questionnaires) » ¥} it H
= REFHE - MENAEE 8
(1) BEAER - GREMER] - B2AE - Rl - B - (EPT - RESRELE TN - RS

BEHIL - KPS BREERLEIAY - BRRENRE RS -
() HHFEE - HEREE 2 R HATEELE T REFTRAVASE AR - ARy
AR - P AEEEEMSE - P AEREEMES - B —FREE

By - EEBUMNAREEE M A S BT RS - BRI EH R R R EE - FREESER
FESLAY EE P mES - ZRNEEAHRA E S B S KA - BRI AR
B fF| B AR E R~ IR R IR ENOER ~ B AT RS - £
7 BUEH 7 T BUN FE NG AR Lo E e BBGR - B At it s -
2. MGHRAEEN: MEH AT TATEE > L5558 200 75 w&LEEEUL 88 15> [EIUH Fy 44%
HIES 85 (A RUEA -
3. EMENEK - BEERERGITPEEMEEE 13 (i1 H 2 5 B 1T Hith
IR G R o AS R T A R AR AR -

(=) &Rl - A FAMEEREEGREE R - EhEPA B GER A B ESEEE - FrA A
WREARNTERIGELTE ~ 4518 (coding) 1% » I SAS &M B TR RIS O (s
BC ~ RIRE ) - HEARENRE X B R PR RE &R > H B B 7 (5 F R4S RET
E

o

ik o Bk TR IR R

oy

AR LS S

— R

(—) HEHE
1 DIRESREMERRY I GHAE SIS 16 [HERAT 200 (7 HERE - RIgBEHE A [HY 85 IAVE
Tt RRER BT > EEMBRRARETE - 2 RS - R FBMAE 66 i (15 77.6%)
A 19 i (4 22.4%)
2. {EHHRTTIH © 41-50 BREA 29 iz ({5 36.3%) > 31-40 BLEF 28 fir (k5 35.3% ) - 21-30 F&E A
9fir (1511.3%)-
3. TEMRMRIC G - E48 72 i ({h5 90.8%) - ARAE 12 fir ({514.3%) -
4. {EERFETTH > KH (&) DLEEA 1341 (15 153%) > & (Ba&Ek - &1 S) A 51
fir (k5 60.0%) - B4 17 fiz ({5 20.0%) > EI/IVE 4 fir ({5 4.7%) -
5. ERESIIREEFITTE > ERTEUR 55 fiL (65.5%) IIAZREEEHIL - R SEHE
FERKCEH NEDTHE (16-45 5% > BEHC) > B 12 ARE (75.0%) » 2ZMIREL 1-2 A
RE (72.6%) - BZCRERVARESEERIIRT & © BORE (73.2%) ~ 55% 12 8 (&E)
(57.3%) ~ &7k 13 5% (F2E) (28.0%) -
(Z) Ethagiae -
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1 DIEHiscs=GRE 13 LB &kt Hh B 11 iz (fh 84.6% ) 2L 2 iz ({5 15.4%) -

2. {ESFHRJTHE > 41-50 pREA 3 iz (5 23%) » 31-40 &9 5 fir (ff 38.5%) > 21-30 #7455
fir (k5 38.5%) -

3. TEMERSL T - E45 9L ({569%)  RIE 44 ({531%) -

4. IFEEFETH - REE@)ULEEE I (523%) 5 (BE&EkH =1 58) A8 (h
61.5%) > BH 2 fir ({535.5%) -

5. EAESIIREENIIIE » EROTREUR 4 i (31%) IIAZRIEEHDL - RS ERERE
BlEr NBOTHE (16-45 5% - EHC) » BYELL1-2 ARE (61.5%) » MR 1-2 ARy
T (46.1% ) 5 Z A EHIRAE ST B - 50 SRE(92.3% )~ 525 12 5F (278 )(7.7%) °

o BT A

fEHRIERGEETTATH > MERERNAE T AEEEREH (80 fiL - 96.4%) (FEIR—) >
BEEARTEE G- &R MHERE - KT A A TR SR (30.1% ) - AU T (15.7%) -
IVESETS VIVANE 2 (S S PiEe Smt S e g Hed S g

x— - B EZELE A2 RE R

Table 1. Frequency distribution of present management style

ERETEEESS 4G9y A B B4tk
Efz3=ESE 80 96.4
FREERL RS 25 30.1
FRERZE 5 6.0
FREEMRER 8 9.6
ZRE 2 2.4
RHFEA TR 13 15.7
CLEE 2 2.4
RE 2

* 2R Ryt

EEEEEREAZCREFRIAE A RE ? MEREERAN 8 haEC#
18.5%FoRnE T H S8R ~ BAcE e > 8.6%FnZst TS (FRORT) » AHREEHERE
FEHATEEBA SR R P 2B EE RS NN B T SR 7 T B - DT R0 17
RELE Wy ECEORNE - BTV E TSR ? G RERRE 76.9%F R B EK
AR (FR=) WG REFCEN RGN T RENET RS ) RUERE 2 (MK
R ED )91 B B RO ERRRE LN DL BB R B B VB O RRE R (M 73.2%) -
FTONEEAE B TS AT RIS R T HISERE ) BEIE A FBE R E— R 20K - R
REECEE - R - EREPEE (i K89) -
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R REFTRECRE B 2 REOT IR

Table 2. Frequency distribution of tea leaves were handled by tea farmers

FE TR R N Btk
2HHCEESR 63 77.8
FEREHE 0 0
HrE B - B RETE 15 185
ZRt TS 7 8.6
RE 4 --
=i 85 100.0

R= ~ ARV A BRI 2 B RCSR

Table 3. Frequency distribution of tea types were processed by tea farmers

AR B e A A [ERage
ETS 14 17.9
(ESiREaNEES 12 15.4
FERI R 60 76.9
(BERE) nERREXR 16 20.5
I 7 9.0
7S 0 0
HAthr 8 10.3
K& 7 -
= it 85 100.0

FF A EHASE ? MERELSRIE 7 FR9E B 3 RFoREHEHASE (GF

MR ¢ AN RPAEHREEMERE (WRESTTLEM - K - BEasHAMRER) (5 52.6%

(FRAORTL) - BUTRRE RIS [ 2R SIS 2R A& - (85 e AR AR AT Aok
FoREHAMES - PN VILE R G S & R S IR A -

VU ~ R AR KB ACR

Table 4. Frequency distribution of tea farmers whether they sold other tea types in their home

P S A A Ei5th
4 51 68.9
5 23 31.1
i 11 -

=t 85 100.0
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R~ RHARSEE EAE L 2 R IcR
Table 5. Frequency distribution of tea farmers whether they sold other products in their home

R AR EHMES A B [Epaew
fi 37 47.4
= 41 52.6
RKE 7

=ran 85 100.0

= BRI

ARG - KA EHERIRN R G (5 36.2% > 5FUIRIN) © S5 RIREEA RS
M—F w5 (6 (EEEH) FIR AR - KM R SASIE FRAG T —(EE BRI ST - R
FIRRIE SITHAE TSI T R EIZEE | 81T B — RS Ra s - 42k ARl X*=84.275, p=0.001<0.05 -
EEREOKAE » TR (HEH RN ZEINY - BARERN - B TR mRG -0 ) SRR
B o TGRSR > 28 T RRRIGH ) BRI > W T ARG ) B R

"BEHEAS | BREEN -

R T ERRIGH ) B R TR S TSR (S 36.2%) R REIAIENSMIRL RS REA 2
HUTE /TR R AZ AT (Frigi] > R 91) - fthh - MEMREAE T A aREH > ZERR
EEE RS Ot - fFEE R PR E  HBREERAEE > BRERE > SCR
WA (Z5&H] - BiEER - R 86) -

TN~ —FRENGIH 2 REUTECR

Table 6. Frequency distribution of tea farmers that the best selling season was

A — R i A Btk
B 16 27.1
B 2 3.4
NHE 0 0
CS 1 1.7
ES S 21 36.2
(SEl N2 18 30.5
K& 26 -
=1 85 100.0

BRRENNRER AT EEREILMEE - MERERRG 43.8% - 2/ S 8EHI
Hyo e B - ERILEIRYEARE(S 16.3% (FEUIRT) « BN RRAREE R TR EESGETLmAE -
R Rl i oy R SERT T3 mR OB B B R R (5 E) » (R 91) - R el B2 — B R
FREE AR P B B o - RIS SRR AR ST R FRT s e ((EEB FOHESRED » (2RISR dn

EFTINELE - FR RSN B & R S CEIER - R 92) -
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Tt ERICRER RS EEGEILmE 2 KB R
Table 7. Frequency distribution of tea farmers whether their teas were graded & packed or tea
brands were constructed

BRI A A M A B A B T AL A BH4yth
fi 32 40.0
=i 35 43.8
H (GSMEgsEHII TR Ess 13 16.3
{5 FH 3 [E] A kgD

K& 5

=i 85 100.0

MG ERUR B BOR AV B R EE A (S 14.8% @ SHEE GRS E (5 43.8% (FEIR/\)
BEIREE RFIOTA T 6 Bl BB ERE R TR B B SR B IS A - AR BESOH A R Y £ B8 B R s B
FIHE (71.8%)  HRRBERITHESY (11.3%) (FEOFRIL) - BLIRGEREUR B B2 AR F AR
JiE ~ KRE ST ~ Eaha T - 2 - SR E - RESHHRE AV EHR A BERENFK
FE ~ PRBHEIRG S ZOMEE ({5 94.9% > Rt -

GFEDlIEGER > BURERENRIGAE " RENET IR ) ERE - NBERER
EHE R EMORR (MK - e > KoL) -

T/~ BECRERVHERREGEIE 2 REUTECR

Table 8. Frequency distribution of tea farmers whether their targets of selling were fixed

BB ENHEHR R OEE A Horth
[&]E 12 14.8
REE E 35 43.8
AEE 13 16.3
K& 5

=i 85 100.0
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T~ TSR ZE fnfy P B I 2 B R
Table 9. Frequency distribution of the main marketing distribution for teas or related products that
were taken by tea farmers

FREETUMH R 2R S RS B Y A B B4tk
HRHE 51 71.8
GEEHES (ARE - &fFt - EHITEgATE 4 56
EEHLE)

P EEE 1 1.4
FIZATHESS 8 11.3
ZECEAHE 3 4.2
{ERIREE ~ RESEET 0 0
HEas | i - EE 1 1.4
Ehc 7= 3 4.2
R EEE) 0 0
K& 14

=1 85 100.0

Tt~ FREESHRRE SIS B S 2 R EC R

Table 10. Frequency distribution of the selling target that teas or related products were sold by tea

farmers
B AR EE ALY B BB 52 A Btk
HEE (REE - HREEES) 75 94.9
REEEE S  FREEE - XS - KEHEETHE) 23 29.1
HHCER (HEREREMBREES) 35 44.3
KRENE (AR - BFMEEFEINTREREE) 15 19.0
ERERE (BY - SfFt=EHEL) 20 25.3
Al 10 12.7
RE 6
k A F 1 SRR

ENEERREERE - EHERHY AR LHERERTA 46.2%%m 2 " BUFERAER
THRAVEER ~ IeREEE (PIREE ~ MRBUT - SIEART ~ MRS E) ) SIMIVAMHITER B &%
2 (44.6%) ForE T HOWESaMASE | GERIERT—) - IHEERBURBUR AL SR IERIEE 2
FREERFE  EESEEEEE (R - rEBEE - JlEE - A58EE) > Rt
BEACEHTERN ~ BG4 - [EA1 - EA B E AR SR T - #A 71.4% (FEORT2) R
AR R E A Bk HHE I 6 (oA MR - BN EH BN RERERR
FIF &R E B ACE BRI -
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Tb—  GUERIE - EaRedle £ E AR 2 BT R
Table 11. Frequency distribution of tea farmers whose major resource of management knowledge,
information or technology

SO - FRE T E AR A m Rk
BUFBALRAER - IS (PHORES - BB - 4 462
RN - 2 BB )

BEa 4 6.2
SEIEEEIIN 29 448
KEBRRBATER - Hlse 0 0
st 2 3.1
R 20

“a 85 100.0

T AR HERARETEE B R icE
Table 12. Frequency distribution of tea farmers whether they utilized the computer to manage the
marketing data

A F B RS R A ) A B B4rth
&= 24 28.6
HANZAH - (BAFTRINEEE R 49 58.3
I KRR AFT RN B S 11 13.1
K& 1

&t 85 100.0

T BB RERE Rk TR R eSO RYIH H 5T - (RFP By - S5 GRS ~ IRIIRSE > SRk iEi e
JE R BB TERA (34.8% ) I AR B S 75 (A0 EHC ~ SASAEES )(23.3% ) ISR % B (A E L (CRM)
Fffr (20.9%) (FENFRT=)  BEHEIREERAL T IIASCSERISEIE - B I E S T8 ) & A1
P ELEES T (AERC ~ EASAERS ) o LB AT LIS B B ARV B T S B T BE
[ AR AR ORI - [ 89) RAIFIH BB TI AR T I E -
HE7R R H AT A SRS 2 © SIHBASIH RS (51.2%) » [ IRA#E ORI
(48.8%) » EHE KU AR (40.5%) (FEIFRATY) - FTHFARNESAR B - IIESMIRTE TR
WEARRERNRTE  REAENN MRS EES I RIEAET T - NIL - FSRERE
A LU R S ARSI B T A AR AT SR K - A RENI AR EIIC S S 2 Fi sk - RoRERy =
B S R NE EETRSIR D EE) - PR ACKE » A RERAER  EiEA RS
HER (FES > KR -
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T = iXFINTRECEUENIE H Z Kok
Table 13. Frequency distribution of items that were needed to enhance or improve positively by tea
farmers

AR TR B IH H A B [Epien
WS T TG & 2 4.7
IIAZESE RS > i L E A T84 2 4.7
FIFFT LB T8 (WEht - SIS ) 10 23.3
EOFREL - IRHIRSE - IRE RN BB R FOHEER 15 348
TG 2 BUEH R 4 9.3
MR EEERRAET (CRM) Riffy 9 20.9
HoAtr 1 2.3
K& 42

=1 85 100.0

T~ HATH AR RO R

Table 14. Frequency distribution of management bottlenecks that were encountered by tea farmers

at present
B IS4 = S A Horth
fi 2 2.4
FEE-9 LI UN %0 34 40.5
BIARA S R 43 51.2
IR SN - Al e EAR 19 22.6
I8/ VaFERE » B TR 7 8.3
AR A iR A 20 23.8
T 3 [E] S A 28 333
TRV AHE 2R R 5 41 48.8
A A RFERE 7 8.3
SHGIRA 4 4.8
HeAthr, 8 9.5

% > HERRRRBEERITE - BUSTENSR Ty HERIEECR © 2 5EEGRIIEE T A A
(75.9%) - FegEfgl] (55.4% ) > WHERIE R R inda)ll 6k (45.8% ) (REANFRT10) ¢ BG4S
RAE : BUNTES IR SR  EEEURIIBEE TT LA - AEREREHEE BRI BT
BotlEn "BEEE -mENBEEERLL  BEEE -

FEH L 685 TREIA WTO Z1&HZE - HRTBURER 7k KR E RN A e A e
AVRIERE RS - #8108 " AE(E T REME T ASUE T Zaeib )T IREE ) VSRR REDE T
WRBE G AR EERE - KRR G FAESER SRR T 5 <7 — S Z A B - 405 (RAYS
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EARFIEA s REHEHIAGEAR IR E R BRI UCR B R RIS | \SUERIREA B TR
18, TEBAIR ) 235 ZITERRENEEA S EERE  (REEAVE - SRR ARECRS IR (A
AN K91

TTTL - AR TTH > BURTEANGRANEE i sRER < KB R
Table 15. Frequency distribution of measures or policies that were enhanced by government in tea
production and marketing

TEREBIBH T - BUNTENTSE L i SBUR A # Epae
fEEE M 46 55.4
ot eI 7S WP SE Dy = = 56 67.5
B4R | 28 33.7
Eatere Sy EEmw vl 63 75.9
RO R A T U 26 31.3
ROH AR A B B B A R HE R 33 39.8
R S B AR A R g | o 38 45.8
HoAthr, 5 6.0
K& 2 .
G LR

WRERERE B R R A AL TR G HAlEEEE A REEEREH - REBEEFEN
ETHREHRZ LR | B E R AR TR ¢ M R I CERRE S « RS
i~ EEEEETHE - B - TR E A RERREAH B E S E BRI - &S TiHE
wriEmE TEEEE ) -AERENEE - AENBEERLL ISR -

Gre Ll BB ATE R T 3 T ¢
1 BB SRIEREE SRR ERFTE - SRSHEEEE (WHEFESER - REliEE - JIsHE

MEEEE)  FEURECARISEIIE - BleEsis 4 -

2. ZSESR R ] LU 8 [F] LS RER I B T AR A S/ K -

3. HEXRBRFTNGRESCENIHE &y T SERESUE - RHERSE » e R ENEE OB
BEAN > BT 8 plaR Ry BURIE S BB EICR IR T BRI » RIE - R BU R R o
FE SLHANIR ~ RN & - R ~ 2T A B RS ETE SN R LUR BRSNS
MR -

S5 3R

S

1 REFERMDARAE (K88) - AFHE (KR LG RRE K EAiA) - 197-205 -

2. EFME - BACE - BREE (R 92) - 28 e BN ENRAR - &5 E:N - 92(2): 1-14 -
3. EHFE (E90) - BARIESGUHESR » R EMEEHER - 9045 H 28 H - p.13
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GEEREIEREAY (R 54)  2ERHmTEFEMEL - 40-41 -

EUEHEINER S ([ 89) » AR A EFIRE/IT - http//www.tcfa.org.tw -

brikdd (IR 89) - M Ei{n sl AR Bis | » RFERMTHERE T —B Rl (BB—R0 - R R -
bkt (R 91) - HGHERAYEUHIRESE B34 - SRl - 798: 9-11

TEERESEZRE (KR 90) - REJUHEEEEEmEE T -

PR RER (R 91 Atttk » BB K- B AR B TIAIG R /KL « B SE © 42: 25-27 -

10. i (R 82) - BIEBR BN NEY - A - 2:8-9 -

11 78 (R 83) - BIEREZEMEE I - B & BRI 7E pr ok B 2 B 5w

12 thEE SR (IR 53) - T GERIEZ EHNIN - EBBRCETM - GBERK TERE T -

13t (R 91) - T i F7—GABA B i@BEU# S ~ Hiiifs > 1Z GABA [ (& DigdRs ) -
adbii - TR AR, 0 3-6

14. MR ~ 2Ok 4 ~ BREIE (R 92) - FNEEEAEURER & B EHE - 5 - 43:1-6 -

15. MRE = (R 76) « M FREELL BB EEL 1 > PERBFEHGLHEHFE—E - 5JLm -
rhEE R B e - 112 -

16. Mol (R 76) - T FREERRGIER > P ERBEEHILSETE % - &b« PERE
ZRE g - 114 -

17. Mras ~ #8E) (R 91) « RIEHETT /5T - 91 FEERHEIHsEE SRS - BN RS -

18. k7% (R 91) » R FIREELITEHZEG M40 « G2—1RFE - 29(7): 44-45 -

19. 3 isaE (IR 89) - iR EH (Frederick E. Webster, I3 ) - &L © REREHAR

20. R/ (R 81) - VB EEm N - RIRHELS1R33 )5 1H » RN - 6: 55-59 -

21 TR (R 92a) - T X IRIHAEEAIRERIE | ZRETH A ESYES g E5H - FEURS -

22 TRFE (R 92b) o ARH—HFE » G748 mET © A3 2 799:2 ¢

23. FFEM ( R 84) - BREHEMLTFEDA - 28R - 31(3): 23-35 ¢
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25. BifEE (R 91) - SHEFERAS s BUGH U Bl AT » 255 EEH - 41:5-7 -

26. ERZE (R 80) « &EZREEY N SH R RHEL SR SRIS - Z5aH - 684: 114-115 -

27. 158 ([ 91) - FRBEFAREEE W9 - 2B s & - 21: 175-180 -

28. HERE (R 90) - &8IIAW T O EMER R ABFIEAVEESE - 5 - 37:9-12 ¢

29. Z2%HH ~ BREE (R 86) - il E R ER IR v 25 - 19:1-2 -

30. fHIER (R 92) o T ZXEES(BELTTEY | B8RS - 2dbi - BESUYEARAT -
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Hung, W. T. and Liao, W. C. (2001). ‘The marketing channels of tea in Taiwan’ In Proceedings of the
2001 International Conference on O-CHA (tea) Culture and Science. 5-8 October 2001 (Shizuoka,
Japan). Session IV: Marketing and Industry. The Organizing Committee of 2001 International
Conference on O-CHA (tea) Culture and Science, 59-62.
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Study on the Management Style of Self-managing Tea
Farmers

Cheng-Nan Lai*  Shang-Shiun Yung"  Yei-Fei Su?

Summary

We can make a comprehensive understanding for the major transportation and sale distribution of
Taiwan teas, which is the management style, scale, and bottleneck of self-managing tea farmers, through this
study. We can provide some suggestions to let them be a reference of proposing counsel policy for relative
units. The research methods are questionnaire surveys and in-field interviews that are used to collect and
analysis some information and other suggestions.

The results of this study are as follows: Most tea farmers had attended tea production and marketing
groups. The average numbers of participating in tea management are 1-2 persons; that males number the
same as female. The majority cultivar, which was cultivated by tea farmers, is Chin-Shin-Oolong. The major
management style is self-production, self-manufacture, and self-marketing at present. Most of tea leaves,
which were plucked by tea farmers were used to manufacture teas by themselves. Most of types of made tea
are semi-ball Oolong tea. Nearly 50% of tea farmers had sold other products simultaneously. They sold well
teas are winter teas. Sixty percent of tea farmers expressed their teas had conducted grading & packaging or
constructed their brands. Nearly 70% of tea farmers expressed that their selling targets of teas are fixed. The
major selling distribution of teas or relative products is from selling at home. The major selling targets of
teas or relative products are consumers came from family and groups. The major resource of knowledge,
information or skill of management is the information, training or guidance was provided by government
units. Nearly 70% of tea farmers expressed they will buy a computer for data management. The items of
most urgent reinforcement or improvement are that they want to combine tea culture and leisure agriculture
to promote consuming level and desire, take part with tea strategic alliance, and construct joint brands for
promotion and to utilize new distribution for sell. The major bottleneck of management they face is that the
expenditure costs are too high. Most tea farmers hold that government should strengthen the monitor of
pesticide-residue and propagate the benefit of tea drinking or multiple utilization of tea.

Key words: Tea, Tea farmer, Self-managing, Management

1. Junior Specialist and Senior Agronomist, Tea Research and Extension Station, Taiwan, R.O.C.
2. (Corresponding author) Associate Professor, Department of Agricultural Extension, National Taiwan
University, Taiwan, Taipei, R.O.C.
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AR NS 5% ~ Eam B
()

Mmoo '

RS (S BRI A5 e 2 ik 7 2, o I B 4 ) RO 2 B Sk B PR R e Y B R
AL DRSS 2 H - SRt RS RS R B B R R R A G IEoE R
MY 15 (ESRHE R AT SRR 2 SEAHAG B SRS ER o 1] IMBUR RS & V8 B e R
SRR ~ S S R RRIEHER A 2 A -

RS @ M BRNS R - ARG - BRFY - T - RERiersl

11 1953 4F-WatsonEi Crick# B DNAMIE SR YA - A1) E2 I FT Rl B 4 5 —(E#opr iy AR - 0
FIHY 50 R TRV - P DNAFPSIRE T SAEVTENEIRE AT LEE
TR TS BRIy FH A ER R ARRHIA LG TR - H ATk = KRERE BEREE R EVFTE
e (National Center for Biotechnology Information, NCBI ) ( http://www.ncbi.nlm.nih.gov/ ) ~ oM 4>
T-4E¥1E& =] (European Molecular Biology Laboratory, EMBL ) (http://www.embl.org/) F H A5 EE
527 ( DNA Data Bank of Japan, DDBJ) ( http://iwww.ddbj.nig.ac.jp/) - = K FREERHEEFE B
BV RRIS AR E - EEEIHE I E B A E R (£5% > 2002) - (Fh - EEFARER - AFEZE
—(EERHEA TR A - A REEEE R E AR - w D AT RS -

B A Y 2 # DUNCBI & 5] - %5 %1 DNA B¢ & & 8 /7 51 - Bl 8] 4% i BLAST 49 15

( http://www.ncbi.nlm.nih.gov/blast/ ) #8155 ; A EHIEYIEE RIS € @] (KR ) » 1%
#4455 Chttp://www.ncbi.nlm.nih.gov/ ) 8= - NCBISURHVE RS X AE — » S8k — AR
FIERA —E R R R ALY S (WIAYT741451) REAER (FPFIRE ~ B3k HELFIIER) > 7]
it B A - HARPTEURIVE R Y - BRER - PIIRHEBUGEFRY - BILFY RS
F1 > RIRTEH 3 RHE Y T CDS (coding region ) ETEEL A » EIZR A AEE P Y ITE L BN FF I3 2
B (E=)-

FERAE ST = REREHA B O 8889730 - DINCBUE I - $2tpifd 5= o 55— )7 =0
wE sk B E A A 0 Bk 58 ok B R EE g ( annotation ) - T £k A T Bankit

( http://www.ncbi.nlm.nih.gov/BankIt/ ) ; $2{L4S FHAEREAERS & Sk AL « 55 A7 =0 A B 8% 25 B

L EGERE R RR S0 IETRR - 58 Sl -
2. BIILAB PSR 2 BIRSS - 508 AL -
3. FTEIREE ROFEN 0L IR BRABE - &8 G -


http://www.ncbi.nlm.nih.gov/
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TR (AIZEB A ~ B RGBS - B3 A AR TR 58 sl A R EE eI B R
Fe%l » al#E NE T Sequindkfs (http://www.ncbi.nlm.nih.gov/Sequin/index.html ) 5 » 3117 28 F (& A\ B K&
(Mac ~ PCRUNIX$SH] ) SEpE sk A RAAE =% - FLAEE T2 (£ [mINCBITIE N BASERE #F -

HRAZRE A7 P 84718 » (HERTEREE A ~ thEIRRE - #8E K ENE F SR C&AH R DAk
Rag®k - TEBRNERGREZ : —  REARERR - BREZAEMRGER - 015058 R
Z4 &R AHRIEL R (chalcone synthase, CHS; dihydroflavonol 4-reductase, DFR; phenylalanine
ammonia-lyase, PAL; flavanone 3-hydroxylase, F3H; anthocyanidin synthase, ANS; anthocyanidin
reductase, LAR; trans-cinnamate 4-hydroxylase, C4H ) ~ minER 4 &Rk fHREELR (caffeine synthase, CS;
S-adenosylmethionine synthase, SAM ) ~ Z5falie K & ENE & AHREELR (glutamine synthetase ) & &5
AiSEY 4 & EoME B EE IR ( beta-primeverosidase; beta-1,3-glucanase ) — ~ EAZS A= £ K A FHAHBERYEEIR
WhiE b R witErHRE R (polyphenol oxidase, PPO; violaxanthin de-epoxidase, VDE; HSP70; Cu/Zn
superoxide dismutase, SOD; catalase ) ~ I %k # ¢ & F H 2 M B £

(ribulose-1,5-bisphosphate-carboxylase, rbcL) - = ~ DIZSHSHEFESEEHE ~ 7015k By H 6V DNAFR

F1) o A FERERNAFE AN (5S, 18S, 26S, 16S ribosomal RNA gene Jzintergenic spacer ) ~ i 2 is
(microsatellite) DNA ~ ZEZEHEECN ~ frspaa RN (www.ncbi.nlm.nih.gov; #% A > 2003) - H
A FEL RIGI5r5 8 608 KR R AR 2 S E e I 2 Y BE AR RS Sob SRS B0 o0 751 (FR—)
(&H > 2004) » wlHEEE b e~ RS R R T OBt A Z R - IESh - FEERPark
& (2004 ) Fl[Hsuppression subtractive hybridization (SSH) 7 » BERFH K iEish 25 & T 2= It K TE
(RT-PCR) ELHRHHEEE R AN RIA FHI 2 25 > W R EE LY - FELURSI I R Bk
W H TRV ERR AR © (Wi 2= 2 5 155 588 ffReDNAKEST B »
IR R AR AT A B S (A S T 9E 2 2% -

s H il DNA JE Pttt - fitime e Fr RS BCEMRE AL DR IEHE - MR IR -
LA R - P TAEVIERFAEMIL - EFEHCHERRE (CEF—HFmisHa 300~500
TEARE ) B3 DNA 3l £ AR T REE - R SR —(EHEEZEIEY) » 558
FIF ARG EYIER - BEEFR st R - DUE EHEBZRAIRE - Hm EPR K -

S5 3R

1 EBOE-FEEE NG SRAE  TREVRFEE. 2002, A&, JUMNHERR . pp. 149-206. Arthur
M. L.J5=3. 2002 -

2. HREE. 2004, SUEZRRITEFEEEL MR B DNA Ryl R 2 BRG] BRIL &8 KRB E 15

3. BERENE ~ BRSE - SRR, 2003, A vefE - A EE LA TT AR K EST fE et hRe AR 72 Ay
FERIRTS:. 25 = eI iy oA SR 22 o b aT & am S &, pp. 292-300 -

4. DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/).

5. European Molecular Biology Laboratory (http://www.embl.org/).

6. National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/),
(http://www.ncbi.nlm.nih.gov/blast/), (http://www.ncbi.nlm.nih.gov/Banklt/),
(http://www.ncbi.nlm.nih.gov/Sequin/index.html).

7. Park,J. S, J. B. Kim, B. S. Hahn, K. H. Kim, S. H. Ha, J. B. Kim, Y. H. Kim. 2004 EST analysis of genes
involved in secondary metabolism in Camellia sinenesis (tea), using suppression substractive
hybridization. Plant Science 166: 953-961.
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1z AY741451. Reports Camellia sinensis...[gi:53854378]

LOCTS AT741451 1676 bp DA limear FLN L5-mov-2004 SRR FIATAAEH

DEFINITION Camellia sinensis war. assamica cultivar TTES No. 12 photoswystem 11 5 e % 78 -
protein D1 gene, complete cds; chloroplast. {, é‘_,;fi;)ff- ﬂj"{-a-‘ﬂ ~

ACCESSION  AT741451 o !

VERSION  AYI41451.1 GI:53854378 B 2B MAST

KEYWORDS —_

SOURCE chloroplast Camellia sinensis war. assamica S| % &)

ORGANIEM Camellia sinensis war, assamica
Eukarvota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotvledons: core endicots;
asterlds; Ericales; Theaceae; Camellia,
REFERENCE 1 (bases 1 to 1678
AUTHORS  Hu,C.Y. and Lin,8.F.
TITLE Studies on the Variations in Leaf Characters and DNA Sequences of
Tea l’_}ermplasm in Taiwan _ o B B PR 'ﬁ;,_-.&f:y_ e
JOURMAL  Thesis (20043 National Talwan Univerity, No.l, 3ec. 4, Roosevelt
Rd., Da-an District, Taipei, Taiwan, ROC
EEFERENCE 2 (bases 1 to 1678)
AUTHORS  Hu,C. Y., Tsal,Y.Z. and Lin, 3 F.
TITLE Direct Submission
JOMENAL  Submitted {03-3EP-2004) Tea hgronomy Section, Wunshan Branch, Tea
Research and Extension $tation, No. 12, Sec. 5, Beiyl Rd., ®indian
City, Taipei, Taiwan 231, ROC
FEATURES Location/Qualifiers
sounrce 1., 1674

forganism="Camellia sinensis war. assamica” o T ol A g & 1
3 x = 3 &4 4 - 1 4=
forganelle="plastid:chloroplast” WERT §IJ'HJ+?H’1 (&4

fmol_type="genomic DN4" sy st o
e 40446 %4 - DNA A4 51

frultivar="TTES No. 13" " - o 3 =
fepecinen_voncher="00326045 (Mational Plant Genatic HERABHTIIF)
Resources Center, ROC)"
fdb_xref="taxon:261000"
frote="amplified nsing tmmK and tinH primecs"
CD3 215..1274
feodon_start=1
ftransl_table=11
fproduct="photosystem II protein D1"
fprotein_1d="A4U95571.1"
fdb_xref="GI:53854379"
ftranslat]on="NTAILERRESE SLWGRFCNW I TS TENRLY IGWFGYLMIPTLLTA
TRVF I [AF [AAPPVD IDGIREPVRGELLYGHNI ISGAL IPTRAATGLHFYP INEAASY
DEWLYNGGEPYEL [ VLHFLLOVACYMGREWELSFRLOMEP W TAVAT SAPVAAATAVFLL
P [GOGSFSDEMPLG T SGTFNFMIVFQAEHN 1 LMHPFHMLAVAGVFGSLF SAMHGSL
WTESLIRETTENE S ANEGYRFGOEEETYN [ VAAHGYF GRLIFQYASFNNSRELHFFLA
AWPVYGIWETALG T STMAFNLNGENFNQEYVD SQUGRY INTWAD I INRANLGMEVMHER.
NAHNFPLDLAATEAP STNG"

i T 7 2 A - A

ORIGIN

tatcgtagtc atatgictag aaatccatat tctatttttg caactcactt aattcatita
61 caaaaaattc tgatagatct agzatagatat tzgttzacac ggecatataa gtoatgttat
121 actzttgaat aacaagcott coatttttct attttattta tzaaaattocg tztgottggs
181 agtccotgat gattaaataa accaagattt taccatgact goaattttag agagacgcga
241 aagrgaaagc ctatggggtc gottcigtaa ctggataact agoactgaaa accgtottta
301 cattggatgg tttggtgttt tgatgatcoo taccitatta accgraactt ctgtatttat
361 tatocgoottc attgotgCtc Ctocagtaga tattgatget attCgtgaac cagtttCige
421 gtotoctactt tatggadaca Atattatcic Cggtgooatt attootactt ctgoagotat
481 agztttgrac ttttaccoga tatzzgaagzc agcatccgtt gatgaatgst tatacaatzs
541 cggtocttat gagotaattz ttoctacactt cttacttggt gtagcttgtt acatggetog
601 tgagtzzgaa cttagtitco gtttggztat zogaccttgg attgotgtiz catattcago
Ahl tococtgttgoa gotgotactg ctgttitott gatotacoca atcggtocaag gaagtttttc
721 tgatggtatg cotctaggra tttoccggtac tttoaacttc atgatcgtat tocaggotga
741 gracaacatc cttatgracc catttcatat gttaggtgta gotggtgtat toggoggotc
841 coctattcagt gotatgoatg gticCitggt aactictigt ttgatCages aaaccacaga
001 aaatgaatct gotaacgaag gttacagatt cggtoaagag gaagaaactt ataatatogt
Q4] agctgoctoat zgttattttz goczattzat cttccaatat gotagtttca acaactctog
1021 ttctttacat ttcttcctag ctgottggoo tgtagtaget atctggttta ctgotttage
1081 tatcagoact atggctitca acctaaatge tttcaatttc aaccaatctig tagttzatag
1141 tcaaggoogt glaattaata ctigggotga tatcattaac cgtgotaaco ttggtatgga
1201 agttatgrat gaacgtaatg ctcataactt tcctoctagac ctagotgota ttgaagotcoo
1261 atctacazat ggataagact ttggtottag tgtatactCg tttttaaaag tadapggagca
1321 ataaccaatt tcttgticta toaggadgeC gttattgtic Ctitactitt tttttttita
1381 catatccttt tttogttaca agaaaaagat tcgtatgzzt aaaaagaasa zzatttttat
1441 ggsttatgzz ttzgttcatc attgagztatc gtotttttgt tatgtattaa tttagaattt
1501 atatactttt gtzaaattgt tattttccat ttaaaataaa agataaaatt ttgaatttitt
1561 gottactatt tgtatctcaa aaataagaga agaaagaaat aatcatgaat ggttgaattt
1621 taattcttta tittataatt tasatagtge agtaaggggg cggatgtagn caagtgea

i

— ~ NCBI BURHyERRER - BAA RS (G5 18 5% ) WYELKEGANA B
Fig. 1. The format of a gene shown in NCBI, and the photograph shows a chloroplast gene in
TTES No.18 (tea plant)
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HT ARILE RRE

1 AACCCARAGE CTATGGGGTC GCTTCTGTAA CTIGCATARCT AGCACTGAAA ACCCTCTTTA
 E% LHGSR FCH HIT STEHRRLY
Ll CATTGCATGE TTTGGTGTTT TGATGATCOE TACCTTATTA ACCCOARCTT CTIGTATTTAT
I GH FGVYL HRIFPF TLL TRATS3 ¥V FI
351 TATCGCCTTC ATTGCTGCN: CTCCAGTAGA TATTGATGET ATTCOCTGAAC CAGTTTCTGG
I AF LT ARAF PV R I BG IREPFP V3G
421 GTCTCTACTT TATGGARACA ATATTATCIC CGGTGOCATT ATTCCTACTT CNGOAGCTAT
S LL YGCHH IIL 3 AL [ PFPT3S AAI
431 RCCTITGOAC TTTTACCCGA TATGGGAAGE AGCATCCGTT GATGAATGGT TATACAATGG
GLH FYPI HER A3V BREHNL YHEGG
Sl COCTCCTTAT GAGCTAATTG TTCTAGACTT CITACTTGET GTAGCTTGIT ACATGGETOG
G PY ELIVY LHF LLG VACY HGR
31 TOAGTCGGAA CTTAGTTTCE GITIGGGTAT GOGACCTTGE ATTGCNGTTG CATATTCAGE
EHNHE L3 FR LGHRPH [IARVA ¥Y3nA
651 TOCTGTTCOA GCTCCTACTG CTGITITCIT GATCTACCCA ATCCCTCARG GAARCTTTTTC
P YA AATA VYVFL IYP I GCGAQG 3 F 3
721 TGATGGTATG CCTCTAGGCA TTTOCGGTAC TTITCAACTTC AMGATCGTAT TOCAGGCTIGR
BGCGH PLGI 3G T FHF HIVF aAE
TaL COACAACATC CTTATGOACE CATTTCATAT GITAGGTGTA CCTGGTIGTAT TOGGOCGCTC
HHI LAHP FHAN LGV AGVYF GG 3
B4l CCTATTOAGT GCTATGCATG GTTCCTTGCT AACTTCTAGT TTGATOACCE RARCCACAGH
LFS% AAMHG 3LV T33 LIRE TTE
‘Ml AATGAATCT CCTARCGAAG GCTTACAGATT CCCTOAAGAG GAAGAAACTT ATAATATCGT
HES ARHEG YRF GCGNE EETY HIUVW
‘S5l ACCTCCTOAT GCTTATTIIG GORDGATTGAT CITCCAATAT GCTAGTTTCA ACARCTCTCC
AAH GYFG RLI FAOY RS FHMHZSHR
121l TICTTTACAT TTCTTCCTAG CTIGCTTGCOC TGTAGTAGGT ATCTGCTTTA CTGCTTITAGE
S LH FFLA ARHP VVY¥GE [HFT RARLDG
199l TATCAGCACT ATGCCTTTCA ACCTAAATCG TTTCARTTTC ARCCAATCTG TAGTTCATAG
I 3T HAFH LHG FHF HasVvV V3
Li4l TCAAGCCCCT GTAATTAATA CITGCCCTOA TATCATTAAC CCTGCTAACE TTGGTATCGA
@GR YVIHT HADR I IH RANL GHE
1231 AGTTATGCAT GARCGTAATG CTOATAACTT TCCTCTAGAC CTAGCTGCTA TTGARGCTIOE
VHH ERHA HHF PLBI LARI EAPFP
1251 ATCTACAAAT GGATAAGACT TTGGTCTTAG TGTATACTCG TTTTTAAAAG TAAAGGAGCA

& — ~ NCBI BURHVREARAS T - BNERAR (575 18 97) VRS ERR B
Fig. 2. The format of amino acid shown in NCBI, and the photograph shows a chloroplast gene in
TTES No.18 (tea plant)
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Table 1. Chloroplast and mitochondrial DNA sequences of tea plants
ERAH  prlaEs  pEsE FIRE ERAR,  pYlEs pEsE PIIRE
AY625295 photosystem Il ¢ 12 5 1678 AY741465 Pphotosystem Il gz | et 1520
AY741451 g;ﬁ'zoilplete 4751888 1678 AY741466 ;Zéec’fg:ﬁ;n GIEELE 1520
AY741452 cds; Shan 1685 AY741467 partial cds; 5512 58 1520
AY741453 chloroplast. et 1677 AY741468 chloroplast. gy on 1521
AY 741454 EE3ES 1678 AY741469 HER 1521
AY741455 Burma 1678 AY 741470 HERE 1521
AY741456 HEE 1678 AY741471 HLAFT 1521
AY741457 UEL 1678 AY 741472 B2 13 9% 1521
AY741458 B2£13% 1673 AY 741473 =81 1521
AY741459 FHOATT 1673 AY 741474 EL 1521
AY 741460 HLERE 1678 AY741475 gilis 1521
AY741461 i 1678 AY741476 Burma 1521
AY741462 B 1678 AY 741477 B2 18 9% 1521
AY741463 A 1678 AY 741478 Shan 1521
AY 741464 =2 lIFS 1685 AY741479 = RIES 1520
ERAE  FrlEs  PlEsE RAIRE ERAE Yl PlELE pIRE
AY761236 trnD-trnT BAc 1258 475 AY761221 trnD-trnT Burma 506
AY761237 ;gfggsngzmal L7138 475 AY761222 ;gfggsngzmal HER 506
AY761238 sequence; 2E 474 AY761223 sequence; FREELEE! 502
AY761239 chloroplast. e or 475 AY761224 chloroplast. — pym 506

(sequenced (sequenced

AYT61240 ging trnT Burma 475 AY761225 |ging trnD 8 506
AY761241 primer) w4 475 AY761226 primer) FHLKRFT 506
AY761242 UREE 252 475 AY761227 HLSHE 506
AY761243 £2£ 18 3 474 AY761228 B2k 18 9% 506
AY 761244 HEMR 475 AY761229 Bk 12 9% 506
AY761245 HLSHE 475 AY761230 =11 506
AY761246 EH 475 AY761231 = 506
AY 761247 FHLAST 475 AY761232 B%E 1358 506
AY761248 FEELE 475 AY761233 EELEE 502
AY 761249 =Nl 474 AY761234 SR 506
AY761250 Shan 474 AY761235 Shan 506
=¥ RZEIIZREE L By Camellia furfuracea ;s 4HEELLZS By & H2 /NEFEHEE (Camellia tenui folia) 5 HER B 25kt

( Camellia sinensis ) °
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ERAH  prlEs pELE YRR ERAE Ryl YifELE YRR
AY839874 tRNA-Serand  £z¢ 13 4 221 AY839889 NADH Bk 13 58 1498
AY830875 f:t'esr;:r:';" T 221 AY839890 fi?z:g’egne;ase Shan 1517
AY839876 spacer, Bz 125k 221 AY839891 partial B 1511
Ay839g77 Partial i 221 AY839892 Seduence; N IES 1511
sequence; mitochondrial.
AY839878 (joroplast. HER 221 AY839893 WESES 1511
AY839879 Burma 221 AY839894 FHLAST 1498
AY839880 = 221 AY 839895 8 1511
AY839881 gl 221 AY839896 a7k 18 5k 1517
AY839882 2E 221 AY839897 AR 552 1511
AY839883 B55 18 58 221 AY839898 HLEEE 1511
AY839884 Shan 221 AY839899 i 1511
AY839885 UEL 221 AY839900 a% 129 1511
AY839886 HREE %52 221 AY839901 HEM 1511
AY839887 FLAF 221 AY839902 Burma 1511
AY839888 (= {IIPS 221 AY839903 FREELLZE 1511
ERAH prlEs pEnE  FIRE ERAES  FrlEE s FPEEE
AY839904 NADH E 652 AY839919 NADH G5k 12 58 711
AY839905 (je::)k/: ;)egne:ase FEFUZE 658 AY839920 fi?ﬁ:;)egnegase AR 711
AY839906 partial B 13 58 658 AY839921 partial Burma 715
AY839907 Seduence; FHOAF 658 AY839922 Sequence, s 711
mitochondrial. mitochondrial.
AY839908 B 658 AY839923 B4 1358 711
AY839909 BE 125 658 AY839924 FHLAST 711
AY839910 WEE= 652 AY839925 G552 711
AY839911 Shan 658 AY839926 EH 715
AY839912 A 652 AY839927 =0 {IIES 711
AY839913 =11 658 AY839928 FHLEHE 715
AY839914 Burma 652 AY839929 L84 715
AY839915 HOEHE 652 AY839930 Shan 711
AY839916 aze 18 4t 658 AY839931 i 715
AY839917 HEN 652 AY839932 HENR 715
AY839918 AL 658 AY839933 aE 18 9k 711
= L REILFE L By Camellia furfuracea ; diEE LIS A& & B2/ NEFHZS (Camellia tenuifolia) 5 HER B 25kt

( Camellia sinensis ) °
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ERAE  prlaEs  PEsE FYIRE ERAE  FPAlEK Vg FYIRE
AY845278 NADH BE 125 1422 AY845263 cytochrome & 18 g 328
AY845279 gjgzrc]ilrto OENaSe " cman 1422 AY845264 g;‘t'iflf | N HIES 328
AY845280 5(nad5) gene,  Burma 1427 AYB845265 (cox2) gene, a4 12 5% 328
AY845281 €xon4and SEX 1427 AY845266 Partial cds; L5135 328
partial cds; mitochondrial.
AY845282 | ochondrial. Ak 18 %F 1422 AY845267 FOSRE 328
AY845283 Shan 1422 AY845268 uEL 328
AY845284 FREFLLEE! 1427 AY845269 HER 328
AY845285 FHLSHE 1427 AY845270 G 328
AY845286 i 1427 AY845271 R 328
AY845287 =g 1427 AY845272 HILARST 328
AY845288 A% 13y 1427 AY845273 Burma 328
AY845289 UEL 1427 AY845274 s 328
AY845290 FLAF 1427 AY845275 B 328
AY845291 HREE 552 1421 AY845276 Shan 328
AY845292 =l 1422 AY845277 FREELLIZE 328

HERAH; sk PiEmE PIRE HERAH ik PfEsE PIIRE

AY845293 NADH B2 13 5% 919 AY845308 NADH B% 1358 1570
AY845294 Sjgzglrf 36(:2267) AT 919 AY845309 fﬁﬁﬁﬁf P muokt 1570
AY845295 gene, exon 1 FREFLLIZE 919 AY845310 (nad7) gene, FREFLLZE 1582
AY845206 andpartial cds; ey 52 919 AY845311 Intron 2 SR 562 1587
mitochondrial. mitochondrial
AY845297 HER 914 AY845312 azk 12 5 1586
AY845298 HEHE 914 AY845313 B2 18 5E 1576
AY845299 Shan 919 AY845314 FHERE 1581
AY845300 i 914 AY845315 Burma 1581
AY845301 Burma 914 AY845316 A 1581
AY845302 UEL 914 AY845317 B 1586
AY845303 RE 914 AY845318 HESR 1581
AY845304 S 919 AY845319 Shan 1576
AY845305 = {IIPS 919 AY845320 EH 1581
AY845306 Bz 128 919 AY845321 g 1581
AY845307 B8 18 9% 919 AY845322 =0 {IIES 1586

5 REFUIEE L B Camellia furfuracea : 4HEEILIZE & & s R /NEFEHZS (Camellia tenuifolia) + HE g A 2545
( Camellia sinensis) -
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Introduction of Registration, Search and Recent
Progress in Genomic Sequences of Tea Plant
(Camellia sinensis)

Chih-Yi Hu!  Shun-Fu Lin®>  You-Zenn Tsai®

Summary

In this paper, some methods of gene examination, registration and recent progress in genomic research
of tea plants are introduced. In addition, chloroplast and mitochondrial DNA sequences of 15 tea cultivars
and closely related germplasm in Taiwan registered by Wunshan Branch, Tea Research and Extension Station, and
Department of Agronomy, National Taiwan University are available for identification, genetic diversity study, and parent
tracking of cultivars of tea plants.

Key words: Tea plant, Camellia sinensis, Gene examination, Gene registration, DNA sequence,
Chloroplast sequence, Mitochondria sequence
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