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Table 1. Correlation coefficient of paoching tea and shoot characteristics of tea plant

2006 4 2007 4

ik Characteristics BA BR ES LR ES B5 CS LR
Spring Summer Autumn Winter Spring Summer  Autumn Winter
R yield -0.122 0.056 -0.241 0.373% -0.189 -0.004 0.182  -0.389°
BHEEE wt. of 100 buds -0.583*  .0.356% 0.177 0.179 -0.408* 0.108 0.042  -0.447*
ZF 2 shoot color 0.170 0.001 0.178 -0.444* -0.207 -0.185 0.045 0.220
HEHE hair density 0.240 0.058 0.133 0.537** -0.099 0.274 0.174 -0.099
RS £ internode  &—f 1st.  0.041 -0.104 0.089 0.344% -0.091 0.298 0.238  -0.413*
length B ffi2nd.  0.001 -0.025 0.434* 0.296 -0.355%  0.216 0.041 -0.263
R internode  &5—#f 1st.  0.085 -0.205 0.144 0.404* -0.028 0.238 0.211 -0.114
diameter B ff2nd.  0.115 -0.132 0.288 0.442* -0.220 0.231 0.185 -0.396 ¢
5% 2nd. leaf  E length -0.494*  -0.589**  -0.024 -0.053 -0.187 0.082 -0.158 -0.174
2 width -0.546*  .0.152 -0.165 -0.178 -0.322 0.009 -0.231  -0.376%

= thick -0.072 -0.701**  -0.095 -0.060 0.072 -0.099  -0.224 0.048

[ifH area -0.598*  -0.470* -0.035 -0.156 -0.287 0.070 -0.229 -0.271

=1 3rd. leaf £ length -0.631*  .0.535** 0.046 0.024 -0.501*  -0.080  -0.236 -0.321
2 width -0.590* 0.157 0.182 -0.036 -0.704**  -0.123  -0.246  -0.443*

= thick -0.413*  -0.706** 0.006 -0.029 0.087 -0.170  -0.220 0.252
[T area -0.654*  .0.262 0.146 0.072 -0.633**  -0.085 -0.292  -0.348“
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Table 2. Correlation coefficient of paoching tea color and shoot characteristics of tea plant

2006 4 2007 4£

MR Characteristics F=5 S =S FrZE I B S FkZE I
SQnrina Simmer Autiimn \Winter Qnrina Summer Autiimn \\/inter

FEE yield -0.094  0.123 -0.140  0.3477 -0.339°  0.094  0.355%  -0.275
HZFE wt of 100 buds 0271  -0.378% 0.012 -0.101 -0.282 -0.398* -0.160 -0.131
ZEE shoot color 0.029 -0.019 0.071 -0.249 -0.150 -0.175 -0.275 0.166
HEZFE hair density 0.156 -0.118 -0.068 0.065 -0.173 -0.095 0.057 -0.206
EfifE] internode i 1st. 0.227 -0.227 -0.085 0.250 -0.138 -0.124 -0.072 -0.261
length 5 6f 2nd. 0.197 -0.096 0.174 0.382 -0.238 0.071 -0.239 -0.063
Hiff% internode i 1st. 0.132 -0.290 -0.231 -0.215 -0.012 -0.214 0.110 -0.265
diameter 55 £ 2nd. 0.115 -0.280 -0.084 -0.012 -0.034 -0.054 0.099 -0.336
S 1% 2nd. leaf £ length -0.268 -0.496* -0.035 -0.116 -0.135 -0.177 -0.237 0.066
H width -0.308 -0.188 0.095 -0.061 -0.407* -0.215 0.027 0.033

J£ thick -0.207  -0.664** -0.054 -0.600** 0.022 -0.478*  -0.516** 0.201

EfE area -0.341 -0.422* 0.052 -0.079 -0.321 -0.187 -0.111 0.070

% =% 3rd. leaf + length -0.380 -0.473* 0.035 -0.160 -0.240 -0.297 -0.328 -0.091
= width -0.294 0.117 0.279 -0.068 -0.590**  -0.474* 0.093 -0.154

J= thick -0.384  -0.651** -0.004 -0.137 0.115 -0.526**  -0.377° 0.243

EfE area -0.352 -0.240 0.167 -0.134 -0.435* -0.406* -0.117 -0.072

TR Mt FITHIEE 1096 0 5% Fr 196 8 A KA
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Table 3. Correlation coefficient of paoching tea liquor color and shoot characteristics of tea plant

25 27 H#H (2008)

2006 2007

M Characteristics &% HF  OME &% &% EF  OME &%
Sorina Summer  Antiimn \MNinter Snrinn Summer Autimn \Ninter

EE Yyield 0.016 0.314 0.293 0.132 -0.091 0.153 0.3947% 0.086
HZFE wt of 100 buds 0.213 0.423* 0.096 -0.165 0.431* -0.293 0.132 0.093
ZEf4, shoot color -0.033 -0.500* -0.250 0.286 0.067 0.114 -0.343% -0.040
HE R hair density 0.466* 0.343 0.035 0.085 -0.024 -0.060 0.038 -0.041
Hifi internode S 1st. 0.316 0.438* 0.118 -0.028 0.169 -0.274 -0.101 -0.101
length B fi2nd.  0.325 0.322 0069  -0.059 0.316 -0.058 0.036 0.130
HifEIf% internode i 1st. 0.090 0.436* -0.061 -0.144 -0.141 -0.377% 0.117 0.103
diameter S 2nd. 0.165 0.512* -0.163 -0.149 0.180 -0.215 0.239 0.004
S 1% 2nd. leaf + length 0.131 -0.123 0.011 -0.197 0.274 -0.284 0.185 0.391°
‘& width 0.380° -0.140 0.206 -0.253 0.318 -0.211 0.072 0.063

J& thick 0.103 -0.049 -0.058 -0.079 -0.077 -0.125 -0.133 0.130

HfE area 0.293 -0.135 0.131 -0.242 0.331 -0.258 0.140 0.226

S =2 3rd. leaf £ length 0.067 0.266 0.101 -0.081 0.432* -0.016 0.293 0.161
H width 0.231 0.242 0.3957 -0.219 0.379° -0.017 0.287 0.053

J& thick 0.197 -0.118 0.032 0.227 0.074 -0.094 -0.157 0.160

HfE area 0.185 0.322 0.255 -0.163 0.431* -0.022 0.342% 0.101

2o TR AR 109 0 5% R 196 BEE A R
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Table 4. Correlation coefficient of paoching tea aroma and shoot characteristics of tea plant

PRI E T AT

2006 £ 2007

MR Characteristics %%g 256 ok 5};; ﬁ%t B Pl é‘qg
Spring  Summer  Autumn  Winter Spring Summer  Autumn Winter

Tea Tea Tea Tea Tea Tea Tea Tea
Ew Yyield 0.221 0.429* 0.419* -0.016 0.277 0.268 0.360% 0.347%
HZEE wt. of 100 buds -0.163 0.343 -0.086 -0.485* 0.020 -0.216 0.106 -0.106
ZE(S shoot color -0.032 -0.543* -0.109 0.286 0.096 0.169 -0.212 -0.206
HE2ME hair density 0.268 0.049 0.018 0.108 0.096 0.264 0.251 -0.196
&7 E internode ZE— 1st. -0.112 0.210 -0.063 0.082 0.174 -0.101 -0.176 -0.044
length 5 7 2nd. -0.108 0.236 -0.036 0.146 0.111 -0.005 0.041 0.064
&7 FH 7% internode & —f71st.  -0.203  0.355%  -0.038  -0.483* 0.140 -0.181 0.063 0.222
diameter 5 7 2nd. -0.071 0.311 -0.178 -0.354 % 0.177 -0.043 0.170 -0.026
£ length -0.270 -0.046 -0.204 -0.348% -0.232 -0.044 0.310 -0.138

. ‘B width 0.110 -0.156 -0.155 -0.293 0.003 -0.070 0.175 -0.102

5% 2nd. leaf )

J£ thick -0.089 -0.048 -0.039 -0.405* -0.281 -0.137 -0.123 -0.144

EfE area -0.101 -0.099 -0.134 -0.321 -0.110 -0.048 0.262 -0.137

£ length -0.226 0.256 -0.016 -0.425* -0.141 -0.032 0.383% -0.122

. ‘B width 0.132 0.095 0.144 -0.269 0.127 -0.242 0.322 -0.100

25 =% 3rd. leaf )

J£ thick -0.060 -0.060 -0.051 -0.113 -0.153 -0.162 -0.190 -0.214

EfE area -0.068 0.232 0.053 -0.400% -0.082 -0.141 0.411* -0.127

L TR TTFRORIEE 109% 0 5% K 19 HEE S KK
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Table 5. Correlation coefficient of paoching tea quality and shoot characteristics of tea plant

2006 4 2007 4

Ptk Characteristics BH O OEF OBME LF A HE OB EE S
Snrina Summer  Autumn \Winter Snrina Summer Autumn \Winter

g vield 0.163  0.421*  0.412*  0.242 -0.024 0.286 0.453* 0.069
B %8 wt. of 100 buds -0.413*  0.209 0.045 -0.264 -0.095 -0.322 0.096 -0.150
i shoot color 0.035  -0.540*  -0.198 0.068 -0.010 0.035 -0.286 -0.018
HEZE hair density 0.386“  0.155 0.082 0.276 -0.017 0.160 0.232 -0.195
fifE internode  Z5—f 1st. 0.030 0.264 0.070 0.281 0.102 -0.094 -0.129 -0.203
length #ffi2nd.  0.045 0.279 0.155 0.311 -0.028 0.067 0.015 0.026
/% internode  &5—f7 1st. -0.001 0.276 -0.017  -0.253 0.031 -0.239 0.119 0.071
diameter Ffi2nd.  0.101 0.314 -0.113  -0.113 0.076 -0.031 0.230 -0.181
55 %% 2nd. leaf £ length -0.474* 0322  -0.140  -0.322 -0.177 -0.119 0.241 0.038
25 width -0.182  -0.187 0.022  -0.357¢ -0.141 -0.222 0.125 -0.117

J= thick -0.112  -0.392%  -0.107  -0.451* -0.196 -0.296 -0.244 0.014

[fifE area -0.381% -0.300  -0.015 -0.364“ -0.172 -0.160 0.195 -0.044

55 =% 3rd. leaf £ length 0513  -0.057 0.024 -0.185 -0.206 -0.097 0.291 -0.090
2 width -0.218 0203  0.385%  -0.203 -0.310  -0.353% 0.298 -0.166

J= thick 0293  -0.412*  -0.073  -0.061 -0.021  -0.343%  -0.279 0.045

ififE area -0.3924  0.136 0.230 -0.239 -0.276 -0.225 0.347% -0.115

Lo T R TR 1096 0 5% R 196 B BKE
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Table 6. Correlation coefficient of paoching tea quality and chemical components of tea plant

2006 &+ 2007 &
w==tn %) B B DC R B RS MR R
Spring Tea Summer Tea Autumn Tea Winter Tea Spring Tea Summer Tea Autumn Tea Winter Tea

YA T TP -0.524** -0.004 -0.737** -0.039 -0.006 -0.751** -0.309 -0.178
el TN  0.691** 0.389 0.633** 0.385 0.318 0.010 0.504* 0.283
YRR Caffeine 0.113 0.226 0.209 0.411* 0.399* -0.186 0.330 0.005
kS =iEH CCl -0.073 0.295 0.198 -0.726** -0.113 0.362% -0.089 -0.172
2ol &% TPITN - -0.799** -0.221 -0.830** -0.379% -0.168 -0.735** -0.652** -0.351 %

© T RTTFETIEE 10% 0 5% F 196 HEE S R KK
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Research on the Evaluation Method of Quick and Early
Selection Index for Tea Breeding

Tair-Chyang Lee

Summary

Use the correlation significance test in regression analysis of the SPSS, the correlations between the parents
and 23 offspring through hybridization were analyzed in terms of the sensory evaluation scores, agronomic
characteristics and major chemical components of Paochung teas made with them over the four seasons during
2006-2007 as a reference for selection of cultivars for breeding.

The results show that the correlations coefficient of agronomical characteristics and Paochung tea quality are
not consistent for different seasons and different year. The correlation among different agronomical
characteristics and Paochung tea quality has showed significant level in different seasons. This suggests that
selection based on agronomic characteristics is unreliable. In chemical components, the correlations are negative
between total polyphenols and Paochung tea quality, and the correlations are positive between total nitrogen and
Paochung tea quality. The correlations are negative between the ratio of total polyphenols and total nitrogen. The
tea leaves that contain less total polyphenols and more high total nitrogen in limit level can be used to produce
better quality of Paochung tea. Results suggest that chemical components and Paochung tea quality are more
correlated. Therefore, they can be a reference for breeding selection.

Keywords: Tea (Camellia sinensis), Breeding, Selection ldnex

1. Associate Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R. O. C.
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cBLEREIEY ~ERZ2 T
PRFRR Y

BRafE ' DREEE * bRt fEREE Y

"W =

AU R Z G E BGOSR 2 et Lo E 10 HEBUCRESR - 8RN0
FERLH A RIS ER OSRER G 8 9F - 3t 13 (AU S - FaT BB IR AR EERI T
s 2R WUSRGRH G - SE - BRI L2 2% ERATT

{REE R MbRAIAE R BT o Ry RS ( 1 ) b/ NEERE(2~3 ) > VB LR ISR A FRIEA B LIz ~ R
PR (1~2 MRS ~ AR (1~3 J&) 41 > &6 1 PRV IRSERE - BEfRRIZERTREIGER 1 BRA1ZKH:
RSN > HERMEEIHA B - U SR E/ O U PR N B A R 22 3R . ER IR R - iR R -
BRYIIERT - TRAUERR - AR g St 2B USRI A AHEE R - EATERARR
Rzt -

FIF UPGMA SEEESAT - wIi 13 (EUER £y Ry = 8% - BB —BERhaBUrk s 11 EWES B MR
BLGE LSS F=HAER 85 LUUESR - GBUSEE > AT & I KB 56 | e e
fEALUISE ~ BUELLZES ~ JE R R RIS - 25 1 REFE SRR ~ AR » BT FoKHF
U - 55 N REFEEREFUIR ~ BREAUISR R UK -

BASET © 2B ~ WiEA - B - AR

Al B

BB R e BB ARy — T - BELLCRN(Theaceae) 1L/ (Camellia) - 5IELLIZREEH Fy Camellia
sinensis (L.) O. Kuntze f. formosensis Kitamura (Hsieh et al., 1996) - s i mE " B4 gE L ~ A4t e A
TR LA SRS AR - RIS ANAEEE () ~ ZKFH RS B LR - SR sARER B ~ IS
WL R B ARIE ST A B LU S5 3t (BRSE - 2007 @)  FLAE 1645 Ay (4R HEL) BIFLEHE &8I
(260 1970) - BT HIERFH - BB LR WA H AR (1935) 634 /5 Thea sinensis L. var.
takasagamontana Sasaki » [FS=F1$5 7K (1936) 51 Ry el i iR 25 Y 558 » 5% k5 Thea  assamica (L.) Mast. var.
formosensis Masamune et Suzuki - $/KFI11E52(1937) 4544 & Thea formosensis Masamune et Suzuki » b4

LT A SR 2 L - &0 A o

ATER BT B @S BB B ERE - &% HE -
TR R E G R EN ISR SS5E - &8 Bk -
4G P AR B B 2 T - 08 ST

e
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(1950) 27 By 2 R ZE Ny — (@ &Y » #3 4% B Camellia sinensis (L.) O. Kuntze forma formosensis
Kitamura » £ 57 AAVEHAS K o3 B (cf.% - 2007) - 1B 1% » B ABRA R E R B LA » KRE
(1970 » 1972) ~ fa[F1E(1984) ~ JEZE(1991) ~ HF%(2003) A1 THF AR SRR EWZE - HEHIE LB BN &
B - AR~ HfE sk anfa 2 o U R AR N A RIS 15 e B R 735 2 FE I [H] -

BB FHIMUR RS - yHBOREER] » 18 (GEEERRGE) (4 1962) ~ (&l {HRESE) (5 - 1983)
LR R E B A R AR (HERHMEREE AR MR BEAREEERNS  EalEANENE
RSP LI - FAEAA A _LIUEREEF A 58 2 P 80 (R A > 1970 5 55 > 1990) » [FHFI A Z R EREE
/NG > D EARE > PTRAYRURARTT o (B[Ol H R > ARIRSERR R > B A 2R (B > 2006) -
BB EE T EZEEER > 1999 4 f0t 5335 DA &) KEEFE Burma (B-729) K & /E 1 L155(B-607) AT
HEE RRER 765 18 5841 E) - BEAWNECHET @ EBehiHin A eI R (505 - 2006) - /EY)
FEAET 218 R MR R AT BRI AR R 2R - B ENEMIEIE B EE 2 A Rit& it
EEYEEEE - JiRIFEEE -

LA55(1965) ~ 52(1968 - 1980) ~ %(1990) ~ #55(1995) k #%(2007)35945 Hi LIz & (Camellia) = & (/N EEAE) ~
Pe e AR S (R 3R ) R LIS 2 S8 e (Bl i P PR SR P B 2 R B ~ MR S maE S 4 2 KD > DARCHER Y
B S ARE - R (1965) ~ @(1990) 5 15 KA H AT AZ4HAE (Sclereid) 2 REMRFERFAN » RIB4HAE
R/INFITY R B RS o7 Btk ~ 2tk BIRRI 958K » o BIFEAE AR [ s o T Ry i i e AR -

Foor By NEERE o KEERE - DIE B AE RN A/ NESTE - ASRER A RESE(RE
1970 5 2% - 1972) » EERR Rl (&R - 2007) - [HE5(2007 a - b) BT BB LRI EE 2 R A 5
FEEMIRE R > 9% > BLEE IR R RITE AR B AER T RE B 9% AR 9E M T &8 LLIZRUY
RARIER - W RSB RITIN BRI R R AN EE G 2 S R2EE  SUESG - €
SRR RS -

PSR TS 7A

— B

DS B F0M 5 S5 T U SRR L L L6 ~ BVBLLLI ~ FEBLLIZES AR
LIS ~ FIBLLILLIZE « FRFELLZE « SFALLZE - ZKHELLZE ~ SERTLLZE 10 (S ARIR R AR 0
BB 85 o LUR G s SR A BELLZE » % 13 (BUCEE () - HRS(L964)HT— 0, b BE5 3 252k
1 o R (& ARV FIZERY - BLEGE 3 HERIES 4 BER 2 Byl -
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Table 1. Accessions of the Camellia sinensis (L.) O. Kuntze f. formosensis Ktamura and township of origin

used in this study

Name of . . _
. English name Township of origin
accessions
1 fEfbthiles De Hua She wild tea [Ezfiasbiut = DEbE
2 BEUELLE Fong Huang wild tea R RSN
3 BFEILE Mei Yuan wild tea BRI i
4 JREFUIR Chih Ya wild tea 5 Fo o s ABBe] ER LT
5 EEHUK Lai Tou wild tea FEFE A ES AT F L
6  FEPHLIZ Long Tou wild tea FE 7% o b e A LU
7 KR Shuei Jing wild tea 2 7o o e AT L LT
8  HEEFUIK Le Ye wild tea e Febr LD
9 MR Min Ghai wild tea SRR
10 mEELWLZE Nan Fong wild tea SRR
11 KEFLZE Yung Kang wild tea B IESE4T
12 HLERE Chin-Shin-Oolong ok hfE
13 &7%585k TTES No.8 ks s
— Tk

HMIFHZE(1975). =88 VIR 7% (Paraffin method) » AFRHEENE ~ BR/K ~ 7248 - #8 ~ U1 ~ et0 > oK
B R FARRBOK AR -

(—) Bite KA

REFERE L Z K AR > 275 53(1968) ~ B%(1990) Z & RAZIEFA 51 30 [EIEAR - SLERRIRE

Zo FWREAERIR > R F-SEMEIRER S (B4 > stEHPH9E -

1LEER |3 74 (Upper epidermis cell length)
2.EEE |2 7 4RI 2L (Upper epidermis cell width)
3.3EH 2% H/4HHf % EE (Upper epidermis cell density)
A MRGEARE S (Palisade tissue thickness)

5 MR AR & (Palisade cell density)

6. MR 4H 4% = B (Palisade tissue level)

7 MR 4R~ £ (Palisade cell length)
8.HhiR4HAf >~ & (Palisade cell width)

9./5474H %% = fE (Spongy tissue thickness)

10. ;4R 4HAE 2 1 (Spongy cell density)
11545841 > £ (Spongy cell length)
12,4741 2 (Spongy cell width)

13.3 | [EEE4HRE 57 {1 (Sclereids distribution on blade)
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14. 2% 5 EEELNREHZ IR (Sclereids form on blade)
15.3% 5 [EEE4MAE (Sclereids length on blade)
16.5 F [E B4 (Sclereids width on blade)
17 2 F MR 4R (Lower epidermis cell density)
18. 2 3= F7 4 (Lower epidermis cell length)
19. 2 H N3 F/4HHEE (Lower epidermis cell width)
20. BEFH [EBELE4E 7 (Sclerenchyma fiber distribution on petiole)
21 EERHE BE A 4 g #(Sclerenchyma fiber level on petiole)
22 BEFHE B4 4 (Sclerenchyma fiber length on petiole)
23. EERRE B 4t (Sclerenchyma fiber width on petiole)
24. 455 oK (B ELHE 5 1 (Vascular occupy all thickness)
25. FEAR [E ER A AR (A A% 4IHHE) 43 (Sclereids distribution on petiole)
26. BEFH E B2 AT HE £ (Sclereids length on petiole)
27 BEFHE BRI NE & (Sclereids width on petiole)
28 FERARE EE & (Xylem thickness on stem)
29. % 8] 7 0 [ & (Phloem thickness on stem)
30. % s E &£ (Pith thickness on stem)

(2) HEBEOHT
MAGEBUCRERZTER - ERRENEEEREERPIECFEERR - sTREmMRE R

PEEE - dij=
2
\/_§) (Xik— XK
k=1

o B ok MRS | R A BLES | R A 25 K (EMIR ZBUNME » P SASISTAT Z 8¢5y
HriFr(Proc duster) 1y UPGMA (method = Average) #E1T L 13 {EUER 2V EEEESIATT - MG BB IE - DL
PRETUCEE A PR (A E T RE A -

LUV R B 2 BUCR A R AR - R 2 SRR FEERNR " - R="N
ERAH AR S 1 D e 40—~ DU -

— R

EEIRWELAZER - TRESBER IR - LRI > AREEL > sEIESREES - T
Bz 2 SEEEARRE A/ INEL R B AHAT - (AN A — » BEFIR A0 B3R i 2 B A HAR - H 2 H IR RILZ
FLIBAHRE SRR - Boha 2ORORAREER o« EREZZ T RfiRAHRE » AR R 2 HEAAFRE
EHVIREEEAS - A 1JE ~ 2 st 1~3 J@Hy1 - #%E FBaRdiiE - E—EnVAR - 2 R AR HRAIRIHEE]
(1 —) - [EEEAMAE (A% 4HAE) (Sclereids) 7 FARMT AT % - 4R EREAR - BUEAR AR -
1._-5% F7(Upper epidermis)
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BBV > TEARMELL > DTSR MRS B HES ] > L3R R AR AR T 7 BAfAR 4 S A 2 2 /KK - Tk
FRAHMS 2 B RFR A KN —T 20U - ERFZARERE » SERUKH LS 36.7+6.6um £
R(Et B) » &A RsERLZS 13.542.6um (&= B) » i -2 FZAHAR T DI/KHLLZE 28.5+4.2um 5 - H
R P HEALLZE 24.5+3.0um ([E 7 B) - A H SR A ERIZE RN BHE - AIiEERIDIA % 8 5% 9.3+0.9
i (E+=B) - fufi Ry/KFFLLZE 5.5¢1.0 {iE » fhEd FR LMY REAR » RETEE/)  HES
EL N
2 Mtk 4mpE (Palisade cells)

EAEETH 2 T HHEFIHVAAE - 13 IR AR B Lt LR (Bl — B) ~ FIEMLLLIZE(E 1 B) A
A 1 2 2 J@HESI - 501 ~ 2 EAHTEEHES » EsE 2R (B A B) ~ /KH 2R (B B)AIE 1 2 3 JgHk
F - FiLSRE(E T B) Al 2 2 3 /@85 » Her 1A 1)g » el Ry RTERE B NSRS il - 25
— o F— MR AR & R - HCDOEEHLL - & 55.8+14.6um » FERRHA T EE S RV 2=
Al FERLLLLZR R4S 26.5 £1.8um 5 £HYE— KRR T DUKH IR E R » 119 14.7 £3.1pm -
26 I MHRAMAE R S LUK LLZE 44.7 £1.4um 7 > FEBLLLILLZE 25.0£0.5um 550 @ SR DIUKHULIER
13.9+0.7um f7 & » {HELEAM 4 (EUTEE A bbls - RERE AR GERD) - MHRIRESA ok —fgny
FyR - POKFHLLES 93.1£2.0pm £7 /. » LAFRZFLLES 29.2+1.0pm f255 (& VY) - MRAHRE R LIS — e Rkt
DAL EHE 25.143.5 5% - HAMA —fgs - HE i —fg At -
3./B4R4HHE(Spongy cells)

HESIERRZ > ME—ERVIIR - RELUBIALLR 36.249.6pum KLU 32.3+7.9pum iz » HERESRAN
B MR LOBEHALLZS 26.8+6.3 FI/KH-LLZE 25.0¢3.0 5 » HER7Z=FAFE - BARAREES DKL
7% 233.2433.1 5 > SEUALLIZE 126.0+£11.8um fHi([817X) « M4RAHREE S 2 0E FL2L 125um x 125 pm 2
JiA& N ARREE SR 4 - B3R R R RAE 4R LA 150pum R fE RV EEO R 21 [F] » HUBARARE & SR ETE
A RTEAEL A = FEAH AR A 4TAE B FEAH LS - JEARANREEEY AR 2225 TEiER » B RETNEAR S
DUBFLLIZ 45.049.3 {EE -

4. | EELRRE (A 1% 4R (Sclereids)

[EERAHARIRGE T 4B R A DSHR AL B AR AL 4R > RS DAREBLLLILLIZS 154.5+43 3um i (&
1) B R AREFLLZS 120,526 3pum(fE Y) - R AR EMLLLLZS 92.2431.2um 8 > /Ny ELEHE
61.2+19. 1pum([E+ =) -
5.~ %2 F7(Lower epidermis)

K/NEL EZRFARAT - AHAMEA— » RALIE I TRLMIEERRE - SFHELUKFFLLZE 26.0£2.8um
Bt B R B BRLLSE 13.542.5um - (1 N2 2 4R TR DURBBA LI 22.543.9um £ 5 @ /N AR LR

11.7+1.5um - MR E R DUEFILIZE 8.8+1.1 i » (HELHAMIER A HmEEER -
i

NG R Rz 404 - Rz By — B Z 4RREAHEY » B BRY - SRS B K7 AR SEA e Y R
BT 4HREAY 3-4 JE4HAE - BRI R M ERAIR - HERAI2MEHEY - il 2B « HA Rk
B REWAHRESESES - 2R0MEIR TPEUE AR F S EAREE N5 4l NEARHATHE] -
JEEEAAE i TR R - EREGEAEE RHEY -

1. EEE@4E(Sclerenchyma fiber)

SEATHE A > AHREESHEEAAE N HEEE(L - BEMIRY B AR L N (B R & BRORKIAE 4

e NS R /N - RELDUBEALLIZS 30.5+5.0pum (8 71) - BEf7E 2R II8 - TR DUBEALLSR
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24.243.7um £ 8 > B/ BIEIRIIZE 13.542.3um - 45 HEBPIRE C FAl -
2. | B2 (Sclereids)

[FEEAIAEERGE S TR I AT - HIIRA RIGIRLEAR - RIELIGTE 8 5 222.5487 8um K (B -+
=) o [BELEMUT S ZAHELET - AlZERARE - WREDUBFIK 88.8+44.4um fF([E =) » H/NRk L
75 43.7£14.8um([E+—) °

[+

«

BRINE R R R AHE - 2HENY > KT R R 6-8 & Bl E Ry —[FEE4H 4K (Sclerenchyma) » £ 2-3
J& > FA BB R ED > Al > sANERIBES - ERE AR - NE A 2B Z0NEY - FTREH
FIEHAERCR > B RREED - A2 BE - S (IR - [FEERR A R g - A
JF AR P BB D ([ — D) -
1 BEEE

BRI R N EATRAVEE - RE o # HCEEEARL AT AR - FEREAHIAES - BB AT 2 b
TR AR HYAHSS - RAZE S - B NS AREY A R AR - BERVSMEIAR N > AlfEEACE L - 4R
WSty - 48 2 NI AR AV B0 Al - BEED PRI 4TRE 2 Y - AR At AR 4% AR
Ko BREDIEZ 8 9% 2060.5+132.5um £/ » HZOERFELLES 1598.9+354.2um([E ) »
2. NEHFEE

NEHUHEZER 2 RBETY - ERELUSFR ISR 172.3+28.0um f/5 (@ 1) - HRAMEBLUCERE
% 8 5% > S5 Al 154.4435.5um ~ 149.8424.3um » HER7EFARHE -
3. BIRZERIEE

JEE DIKFELLES 114.5+36.9um Fx % - HXEEZE 8 9% 111.5 £23.3um -

[1]

i

GRo Ll EERGEBUCRIERZER ~ BN R 2 W fRSISrS 0~ - 3R © BRI E RN
HT RBibiRaEss - 7 1~3 [@PE3 > B8 Rigdndl s - R ASRAIREIEY - TRAZHAVNA ERFARIT - 4
FXHHRERAL > ERRF AT - AR 2 U R LRI % - BEAR © SefNE Ry RZAIRE > N Ty R Fa ity -
HNRHEER - NETAEES - 2BGHIR - PEJERIE - SIREEAREE T SR
RS - FH) - REZHEY - T REJE 6-8 g - AR/ EEEHS > €923 g > HA LT
FZERARAIERY - TR A IR - ARE B 2P 2 0NETY - B 2 A - e sisk oA
BRI AR K o (B A A AR E T BB D -
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Table2. Variation of blade structure of Camellia sinensis (L.) O. Kuntze f. formosensis Kitam.

Accessions LS.D.
Characters 1 2 3 4 5 6 7 8 9 10 1 12 13 Mean 0.05
Ul (um) 18.7+4.1* 20.2+5.0 13.5+2.6 20.2+3.7 28.2+5.0 23.3+6.9 36.7+6.6 22.3+4.6 20.8+2.9 22.8+3.0 29.2+4.4 22.3+35  17.7£2.9 22.8+5.8 6.70
Uw (um) 14.8+2.6 13.5+3.9 10.8+2.2 17.0+3.9 24.5+3.0 18.0£5.1 28.5+4.2 18.8+4.6 16.7+2.8 17.5+2.5 21.7+£3.7 19.2+35 15.5+2.4 18.2+4.6 3.86
ud 7.1+0.9 8.5+1.4 9.0£1.3 8.2+1.0 5.7£1.0 6.3+0.9 5.5+1.0 6.8+1.1 7.6£0.8 6.8+0.9 6.8+1.3 7.1+1.2 9.3+0.9 7.3t1.2 111
Pd 14.3+0.9 13.8+1.1 15.2+0.9 17.6£2.5 12.8+0.9 14.1+1.2 11.2+1.1 15.3+1.7 15.0£1.3 19.5£2.5 12.4+1.7 25.1+35 15.1£2.1 15.5+3.6 4.33
Pt 1-2 1 1 1 1-3 1 1-3 1 1 1-2 1 2-3 1

1P1(um) 38.7+2.8 49.7+9.6 36.7+1.8 32.3t4.2 55.8+14.6 39.0+3.1 46.3+4.7 44.2+75 35.5+2.5 26.5+1.8 52.2+7.7 38.5+3.2 30.2+3.7 40.4+8.8 6.71
1Pw(um) 10.5£1.7 11.2+1.6 11.3+1.3 11.2+3.3 12.7£1.1 11.5+1.3 14.7+£3.1 11.0+1.3 11.7+1.2 12.7+2.2 12.8+1.3 11.3+1.6 13.3+3.6 12.0£1.2 1.70
2P1(um) 28.142.4 499
2Pw(um ) 13.6£0.3 2.07
Stum) 155.5+¢15.  157.0£20. 14374111 1402481 222.8+47. 126.0411.8 233.2+33. 136.0+20. 146.7+21. 143.8+19. 149.348.2 162.8+15. 144.3+14. 158.6+32. 20,44

0 3 2 1 5 7 4 2 2 3

Sd 35.84£6.5 40.3£8.5 45.0£9.3 42.2+5.4 27.5+£4.2 14.4+1.1 29.3+8.6 32.2+6.1 33.0£6.0 36.8+6.5 33.7£7.3 35.9+7.6 40.0£6.8 34.3£7.8 14.08
S1(um) 21.6x4.1 23.5+3.8 23.2+24 22.0+2.5 36.2+£9.6 22.5+3.0 32.3+7.9 22.2+3.8 23.8+3.1 21.3+3.0 26.2+3.0 22.5+34 24.0£3.0 24.7+4.5 4.99
Sw(um) 17.5+£3.8 17.3£3.5 18.5+3.9 17.8+3.0 26.8+6.3 19.5+2.4 25.0£3.0 18.2+3.7 19.2+2.6 17.7£2.7 21.2+3.0 17.7£3.8 18.5+2.6 19.6+3.0 2.96
Sdb Sv Sv Sv Sv Sv Sv Sv Sv Sv Sv Sv Sv Sv

Sfb As~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab As ~ Ab

Sib(um) 87 04347 109.5+31.  130.7+#35.  120.5+26.  153.7+36.  136.0+32.  133.2+34.  1425+25.  141.8+31.  154.5+43.  123.3+22.  138.8+24.  1255+20.  130.5%18. 2655

5 1 3 7 6 3 1 1 3 9 3 8 3

Swh(um ) 53.2¢20.6  65.3t24.1  88.8+32.7  73.5+28.9  80.2+38.9  73.8+t15.6  77.2+33.2  70.2¢19.9  65.2¢35.5  92.2+31.2  75.0+20.0 61.2+19.1  70.7+18.2  72.8+10.6 21.03
Ld 6.4+0.9 8.2+1.1 8.8+1.1 8.6+1.2 6.5£1.1 6.6£0.9 6.1+0.9 6.7+1.2 7.8£0.8 7.7£0.8 8.611.1 6.7+1.2 8.6£1.3 7.5+1.0 111
Ll(um) 19.8+4.0 19.8+4.7 13.5+2.5 18.3+3.6 24.7+4.8 19.7+4.2 26.0+2.8 24.2+2.9 17.5+4.3 19.7£4.2 17.7£4.8 20.0+4.2 20.0£3.7 20.1+3.3 6.52
Lw(um ) 15.0£2.1 14.7+3.0 11.7+1.5 15.2+4.1 22.5+£3.9 16.2+3.4 19.7£3.9 19.3+3.8 13.5+2.1 14.8+1.5 14.8+2.7 17.5+4.0 17.2+3.1 16.3+2.9 2.89

U1: Upper epidermis length, Uw: Upper epidermis width, Ud: Upper epidermis density, Pd: Palisade cell density, Ptl: Palisade tissue level, PI : Palisade cell length, Pw : Palisade cell width, St: Spongy tissue thickness, Sd: Spongy
cell density, SI: Spongy cell length, Sw: Spongy cell width, Sdb: Sclereids distribution on blade, Sfh: Sclereids form on blade, Slb: Sclereids length on blade, Swhb: Sclereids width on blade, Ld: Lower epidermis cell density, LI:
Lower epidermis cell length, Lw: Lower epidermis cell width, Sv: Surround vascular, As: Alike star, Ab: Alike branch, 1: De Hua-She wild tea, 2: Fong Huang wild tea, 3: Mei Yuan wild tea, 4: Chih Ya wild tea, 5: Lai Tou wild

tea, 6: Long Tou wild tea, 7: Shue Jing wild tea, 8: Le Ye wild tea, 9: Min Ghai wild tea, 10: Nan Fong wild tea, 11: Yung Kang wild tea, 12: Chin-Shin-Oolong, 13: TTES No.8.*(Mean+S.D.)
R QB - S 2 R
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Table3. Variation of petioles and stems structure of Camellia sinensis (L.) O. Kuntze f. formosensis Kitam.
Characters Petiole Stem
Sclerenchyma fiber Vascular Sclereids Pith Xylem Phloem
ACCessions  pistribution  Level Length Width Form  Oat Distribution  Length Width thickness thickness thickness
(um) (um) (um) (um) (um) (um) (um)
1 Sv 4.6£0.5 23.2+55 17.2+3.6 C form 1/5 Sv 127.7£26.0* 60.2+21.8 1508.1+19.0 145.5+£31.3 65.3+4.6
2 Sv 3.6£0.5 20.2+3.9 14.2+2.4 Cform  1/6 Sv 152.0+60.5 43.8+24.5 1484.3+213.7  117.8+45.3 85.5£0.4
3 Sv 4.2+0.4 19.2+5.9 13.5+2.3 Cform 1/5 Sv 191.7+63.9 88.8+44.4 1544.1+345.8  172.3+28.0 93.1+12.1
4 Sv 4.4+0.9 19.0+2.8 15.2+2.2 Cform 1/5 Sv 171.0+67.8 58.3£24.5 1352.7+¢210.5  112.9+25.2 78.5£6.5
5 Sv 4.2+1.3 30.5+5.0 24.2+3.7 C form 1/5 Sv 184.8+£75.3 59.8+£18.9 1481.7+226.8 142.6+£27.1 95.7£8.4
6 Sv 4.6£0.5 22.2+3.1 18.5+2.5 C form 1/5 Sv 209.0+68.8 52.3£20.8 1313.1+169.4 100.7£27.5 72.9+1.4
7 Sv 4.2+0.4 22,729 19.3x2.7 C form 1/5 Sv 211.8+44.2 62.7£25.8 1367.9+211.4 127.4+11.2 114.5+36.9
8 Sv 4.2+0.4 21.3+3.8 18.2+3.7 Cform  1/4 Sv 199.0+60.2 69.8+20.1 1186.4+228.2 98.0£4.2 78.5+12.1
9 Sv 4.620.5 23.0£3.2 19.5+3.7 C form 1/4 Sv 195.8+65.0 74.2+355 1366.2+261.3 122.4+15.4 95.4+12.6
10 Sv 3.8+0.4 19.0+£3.1 15.3+2.1 C form 1/4 Sv 185.5+68.5 61.2+30.0 1598.9+354.2 154.4+35.5 102.6+30.3
11 Sv 3.80.4 20.5+3.3 16.5+3.5 C form 1/5 Sv 149.3£39.1 43.7£14.8 1439.1+142.3 114.8+9.3 87.1+4.7
12 Sv 4.4+0.9 21.5+2.6 18.0£2.5 C form 1/6 Sv 206.0£53.0 72.3t21.4 852.7£42.0 105.9£19.1 71.3x4.7
13 Sv 4.2+0.4 23.2+3.6 19.0£2.5 C form 1/4 Sv 222.5+87.8 63.2£27.7 2060.5+£132.5 149.8£24.3 111.5£23.3
Mean 4.2+0.6 21.9+3.0 17.6x2.8 185.1+27.9 62.3£12.3 1427.4+269.4 128.0+23.0 88.6+£15.3
L.S.D(0.05) 0.813 4.066 3.633 83.303 33.781 156.514 26.484 24.654

1: De Hua She wild tea, 2: Fong Huang wild tea, 3: Mei Yuan wild tea, 4: Chih Ya wild tea, 5: Lai Tou wild tea, 6: Long Tou wild tea,

7: Shuei Jing wild tea, 8: Le Ye- wild tea, 9: Min Ghai wild tea, 10: Nan Fong wild tea, 11: Yung Kang wild tea, 12: Chin-Shin-Oolong,
13: TTES No.8., Sv: Surrond vascular, Oat: Occupy all thickness. *(Mean+S.D.)
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Bl — ~ bt oREE R~ B R U
Al B EEH 5 C R D
Epu: E22p7 : Pa: HiffRadA : Sp : GARAEAR : Epl  T2REZ D Ep: A Cx 0 R ¢
Sc : [EEELHAE 5 Sch : [EEEGRAE ; Ph: BJRZED 0 X 0 KREHEL S P : B8
Fig. 1. The transverse section of blade, petiole and stem of De Hua She wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu:upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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B BUEUCRER - B R
Al BrER S CHEM D ¥
Epu : EFREZ 5 Pa: fihiR4HAR 5 Sp : /S4RAHAR 5 Epl @ TERR 5 Ep @ Y 5 Cxt f7g
Sc : [EEEAHE 5 Sch : [EEELRAE © Ph: RS 0 X 0 KREHEL P : BB
Fig. 2. The transverse section of blade, petiole and stem of Fong Huang wild tea
A: Mid-rib; B:Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5um)
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B = BRUGRER - EREED
Al BIHER (C R D
Epu : E25% : Pa: H{RAEAE : Sp : ARt s Epl 1 FRRAZ Ep : REC OX R S
Sc © JELEEATHE 5 Sch : JSLEEARAE  Ph : BIRZHS 3 X | AKELH S P g
Fig. 3. The transverse section of blade, petiole and stem of Mei Yuan wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber;
Ph: phloem; X: xylem; P: pith (bar=5pm)
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@V ~ FREFUSRER - B R )
At B EER S C B D
Epu : 32Kz ; Pa: HiIR4H&S © Sp : /B4H4H&% - Epl : TR S Ep: #Z 5 Cx: fZJg ;5 Sc:
JEEELHAE » Sch : JEEEAAE  Ph: BIRZES X OKEES 5 PRE
Fig. 4. The transverse section of blade, petiole and stem of Chih Ya wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu:upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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C

B 7 MEIHUCRER - R EERED)
Al BrER S CHER D ¥
Epu: EFREZ : Pa: HiiR4HER & Sp « Jg4maHak » Epl : TERAY D Ep K Cxt fZJE 5 Sc
JEEEQHAE ¢ Sch : [EEEGRLE 5 Ph: BIRZED X KBRS P 3B
Fig. 5. The transverse section of blade, petiole and stem of Lai Tou wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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BN~ BEEHUCRER - R ERED)
Al BrER S CHEM D ¥
Epu: [-#57 ; Pa: HIRAHES 5 Sp : JE4R4H4 5 Epl : TR 5 Ep: £ Cx: [
Sc : JEEELHAR 5 Sch @ JEEEARAE ¢ Ph: BT 0 X 1 KEHS S Pt BB
Fig. 6. The transverse section of blade, petiole and stem of Long Tou wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5um)



BEBIIZRERIER - TR RS HAThT ST 29

BT~ AKFUSRER - ERERED
Al B R S CHERT D
Epu i L% 5 Pa t HRAHAE : Sp 1 JB4R4IAR 5 Epl : TRRAL S Ep: %5 Ot I 5
Sc : [FEEAHAE ; Sch : FEEARKE : Ph: BIEZHD ; X R P B
Fig. 7. The transverse section of blade, petiole and stem of Shuei Jing wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5um)
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[\~ SEEFUCREER - B R D)
At B EER S C B D
Epu : bZp7 5 Pa: fiR4HA 5 Sp @ Jg&R4HAR  Epl * TEREZ S Ep: RRZ Cx: fZJE
Sc : [EEEAHE © Sch : [EEEGAE © Ph: RS 0 X 0 KREHEL P : BB
Fig. 8. The transverse section of blade, petiole and stem of Le Ye wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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L RIBILLCREER ~ B R s U
Al BrER S CHEM D ¥
Epu : EFREZ 5 Pa: fihR4HAR 5 Sp : /G4RAHAR 5 Epl @ TNERR 5 Ep @ Y 5 Cxt f7g
Sc : JEEEAAR 5 Sch : JEEEGELE 5 Ph BIRZED 0 X OKEH S P - B
Fig. 9. The transverse section of blade, petiole and stem of Min Ghai wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5um)
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-+~ RIS ~ B R s U
At B EER S C B D
Epu : b7 5 Pa: filIR4HA 5 Sp @ Jg4R4HAR  Epl © TEREZ  Ep R Cx 1 [ZJE
Sc : [EEEAHE © Sch : [EEELEAE © Ph: YD 0 X 0 KREHEL S P : BB
Fig. 10. The transverse section of blade, petiole and stem of Nan Fong wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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Bl +— ~ KRR ER - BN ERE T
At B EER S C B D
Epu : b7 5 Pa: filIR4HA 5 Sp @ Jg4R4HAR  Epl © TEREZ  Ep R Cx 1 [ZJE
Sc : [EEEAHE © Sch : [EEELEAE © Ph: YD 0 X 0 KREHEL S P : BB
Fig. 11. The transverse section of blade, petiole and stem of Yung Kang wild tea
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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B+ HOSEER - B EEYE
A:thih B EER C:EfF ;D ¥
Epu : E25 : Pa: H{RAEAE 3 Sp : ARt s Epl 1 FRRAZ S Ep : REC OX R S
S : [ELBEAA  Sch : FEIBEMRAE ; Ph : ECED X ARELED S P A
Fig. 12. The transverse section of blade, petiole and stem of Chin-Shin-Oolong
A: Mid-rib; B: Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5pm)
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E+= - &4 85t ER « B REETIE
A B EER S C BRI D
Epu : b7 5 Pa: fiIR4HA 5 Sp @ Jg&R4HAR  Epl © TEREZ  Ept RRZ Cx: fZJE
Sc : [EEELHAR 5 Sch : JEEEARAE ¢ Ph: BT 0 X T KEHS S Pt BB
Fig. 13. The transverse section of blade, petiole and stem of TTES No.8
A: Mid-rib; B:Blade; C: Petiole; D: Stem; Epu: upper epidermis;
Pa: palisade tissue; Sp: spongy tissue; Epl: lower epidermis;
Ep: epidermis; Cx: cortex; Sc: sclereids; Sch: Sclerenchyma fiber; Ph: phloem;
X: xylem; P: pith (bar=5um)
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Fig. 14. Dendrogram of UPGMA cluster analysis in 13 accessions of Camellia sinensis (L.) O. Kuntze
f. formosensis Kitamura
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Studies of Histological Variation of Blade,
Petiole and Stem in Accessions of Camellia
sinensis (L.) O. Kuntze f. formosensis Kitamura

Bo-Ru Chen! Chui-Feng Chiu? Jin-Chih Lin®> Mau-Shing Yeh’

Summary

In this study the histological variation of blade, petiole and stem of 13 accessions including 11
wild tea of Camellia sinensis (L.) O. Kuntze f. formosensis Kitam. and 2 cultivars were investigated.
The results are sumarried as follows :

According to the layer of palisade cells, the mostly accessions of Camellia sinensis (L.) O. Kuntze
f. formosensis, palisade cells showing one layer of cylinder-shaped cells, belonging to assamica group,
except De Hua She wild tea, Nan Fong wild tea (1~2 layers), and Lai Tou wild tea, Shuei Jing wild tea
(1~3 layers). Petiole and stem structure of wild tea accessions are not obvious difference, except Lai
Tou wild tea and Shuei Jing wild tea. Anatomy in upper epidermis cells length and width, palisade cells
length and width, sclerids distribution of Lai Tou wild tea and Shuei Jing wild tea were especially
different from other accession, which were shown to be an ecotype differentiation.

Based on the UPGMA cluster analysis revealed these 13 accessions could be divided into three
groups. Group 1 included 11 accessions of wild tea. It could be further divided into three subgroup.
Subgroup | included De Hua She wild tea, Fong Huang wild tea, Mei Yuan wild tea, and Nan Fong
wild tea. Subgroup Il included Min Ghai wild tea, Yung Kang wild tea, Lai Tou wild tea, and Shuei Jing
wild tea.Subgroup Il included Chih Ya wild tea, Long Tou wild tea, and Le Ye wild tea. Group 2
included Chin-Shin-Oolong, Group 3 included TTES No.8 only.

Key words: Camellia sinensis f. formosensis, Accessions, Variation, Histology.
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Effects of Retention Day and Pruning Position on the Shoot
Growth and Yield Distribution of Tea Tree among Seasons
Hun-Yuan Cheng Horng-Jey Fan'

Summary

This experiment was conducted in order to investigate a series reaction of summer shoot
retention time and pruning position in Taitung tea garden management system, to understand
the whole year of distribution of tea yield. The experiment was proceeding from 2001 to 2002 at
Lungteng, Luyeh district, Taitung, with TTES No.12. The retention day were 90 (two tea
seasons) and 165 (three tea seasons) days, the pruning depth treatments included (A)
softwood bottom of the green shoot, (B) yellowish-green lignified shoot, (C) reddish-brown
with yellow-green shoot (D) reddish-brown shoot, (E) brown lignified shoot(CK), respectively.
The results of the experiment showed that pruning position had more obviously effect on the
burst date, while retention day had more effect on the plucking date, respectively, and 90 days
retention day had better yield harvest date. The tea shoot showed short and small trend with
heavier pruning position, but had little effect on leaf agronomic characteristics. The tea shoot of
165 days retention day was larger than that of 90 days retention day, and leaf agronomic
characteristics had same trend. Late winter and early spring tea season were more obviously
among tea seasons. Whatever pruning position, Shoot density tended to increase with tea season
in two retention day. Shoot density was gradually increasing with the heavy pruning position,
also with the pruning frequency. Shoot density of 90 days retention day was higher than that of
165 days retention day. Among tea seasons had the same trend. The 100 shoot weight of heavy
pruning was lighter, and 90 days retention day was lower than that of 165 days retention day.
The shoot yield tended to increase on the autumn and winter tea seasons, late winter and early
spring tea seasons was conversely. Shoot yield of spring and summer tea season showed
reduced phenomenon in both two retention management models. Shoot retention day was
actually increase yield of spring and winter crop, and 90 days retention day treatment not only
had obvious effect, but also had higher price. Because spring and winter crop were the dominant
crops of all season, yield and price of tea got advantage, meant that tea production value was
increased, From tea yield distribution among tea seasons, 90 days retention day was more
advantage in benefit. The A and B treatments was advantageous on the regulation of yield
distribution between spring and winter tea season.
Key words: Tea tree, Yield, Harvest date, Retention day, Pruning position

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



R R H A (B R B o e B R R i 28

T B ORI LB S AE A S B KPR R 2 52 %2 (2001-2002)
Table 1. Effects of retention day and pruning position on the burst date and plucking date of

tea tree
RE OHRIE BYR H HAZFH PRI
Tea Pruning Pruning date Burst date Plucking date
season position S L S L S L
------ Month/day-----
CN A 8/23 8/23 9/8 9/8 10/4 10/8
Autumn B 8/23 8/23 9/9 9/9 10/4 10/8
C 8/23 8/23 9/10 9/11 10/3 10/8
D 8/23 8/23 9/11 9/12 10/3 10/7
E 8/23 8/23 9/12 9/13 10/3 10/7
KA A 10/4 10/8 10/24 10/28 11/19 11/27
Winter B 10/4 10/8 10/24 10/28 11/19 11/27
C 10/4 10/8 10/25 10/29 11/18 11/27
D 10/4 10/8 10/25 10/30 11/17 11/26
E 10/4 10/8 10/26 10/30 11/17 11/26
A5 A 11/19 11/27 12/18 1/16 1/24 2/18
BER B 11/19 11/27 12/19 1/16 1/24 2/18
Late W. or C 11/19 11/27 12/19 1/17 1/22 2/18
Early S. D 11/19 11/27 12/20 1/17 1/22 2/18
E 11/19 11/27 12/21 1/18 1/22 2/18
HE A 1/24 2/18 2/14 3/6 3/21 4/9
Spring B 1/24 2/18 2/14 3/9 3/21 4/9
C 1/24 2/18 2/15 3/9 3/19 4/9
D 1/24 2/18 2/15 3/8 3/19 4/9
E 1/24 2/18 2/16 3/8 3/19 4/9
B A 3/19 4/9 4/6 4/26 4/30 5/28
Summer B 3/19 4/9 4/6 4/26 4/30 5/28
C 3/19 4/9 4/6 4127 4/30 5/28
D 3/19 4/9 ar7 4127 4/30 5/28
E 3/19 4/9 4/8 4127 4/30 5/28

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown
with yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)

S: 90 days retention (FZ R & 90 X - ),

L: 165 days retention (7 {4 & 165 K » ==)

Late W.: Later winter, Early S.: Early spring
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Table 2. Analysis of variance (F value) for the shoot characteristics of tea tree in retention day
and pruning position

PPN HIEE R HEE ERE B i
Source of df Flush Teabud Leaf Internode diameter Internode length
variance length  length  number — - — -

1st 2nd st 2nd

TS 4 177.8*%** 218.7*** Q1. 3*** 353*** G53,0*** 115.7*** 134.7***

RD 1 562.0%** 270.4*** §49.3*** 128.0%** 126.2*** 165.2*** 221 5***

TSxRD 4 66.0*** 118.6*** 111.2***  7.2%**x 10.3*** 735%** 101.6***
PP 4 11.6*** 0.7 40.8***  14.8*** 154*** 11 0.6
TSxPP 16 2.4%* 13 2.9*** 0.7 0.4 1.3 0.9
RDxPP 4 0.4 0.7 0.9 3.6** 2.6* 1.0 0.4
TSxRDxPP 16 2.5** 0.7 2.7*** 0.5 04 1.0 2.2

TS: Tea season (%£Z), RD: Retention day (84°& H#), PP: Pruning position (B34 (i1 &)
* *x k% Significant at the 0.05, 0.01, 0.001 probability levels, respectively.



R R H A (B R B o e B R R i 28 55

= HEHBRETRAIER G 12 e ik 228 (2001-2002)
Table 3. Effects of retention day and pruning position on the shoot characteristics of tea tree

*KE FIRE Ff PR HERE
Tea Pruning Flush length Tea bud length Leaf number
seasons position S L S L S L
----- (em) ----- (no.)
BEE A 16.0d 19.7bc 6.5bc 6.8abc 5.4de 5.8hc
Autumn B 15.9d 22.4a 6.5bc 7.1a 5.4de 6.3a
C 19.2bc 20.2ab 6.6bc 6.8abc 5.7bcd  5.9abc
D 20.3ab 21.2ab 6.8abc 6.9ab 5.5cde  6.0ab
E 17.5bcd 19.9bc 6.4c 6.8abc 5.3e 5.7bcd
S8 A 22.7a 20.3ab 7.1a 7.2a 5.4ab 5.2abcd
Winter B 23.0a 22.1a 7.1a 7.0a 5.5a 5.3abc
C 19.9ab 21.4a 7.0a 7.2a 5.0cd 5.2abcd
D 20.1ab 20.1ab 7.3a 7.3a 4.9d 5.1bcd
E 17.5b 19.8ab 7.1a 7.1a 4.3e 4.8d
A5, A 10.8b 21.4a 6.2b 9.2a 3.9de 6.7a
BB B 9.9bc 20.3a 5.7b 9.1a 3.9de 6.1bc
Late W. or C 10.1bc 19.4a 5.7b 8.7a 4.0d 6.2b
Early S. D 9.2bc 21.2a 5.9b 9.0a 3.8de 6.0bc
E 8.0c 20.1a 5.9b 9.1a 3.6e 5.7¢c
HHE A 19.6bcd  26.1a 8.4b 8.8ab 5.1de 5.6bc
Spring B 20.0bc 24.8a 9.1ab 8.7ab 5.4cd 6.2a
C 18.2cd 25.2a 8.8ab 8.7ab 5.1de 5.9ab
D 18.6¢d 25.0a 9.3a 8.8ab 5.1de 5.5bcd
E 17.6d 20.5a 9.4a 8.8ab 4.6f 4.9¢f
=S A 11.4c 19.1a 5.9b 7.7a 4.6d 5.3ab
Summer B 9.5¢d 19.4a 5.9b 7.2a 4.1e 5.5a
C 9.4cd 18.1a 5.9b 7.1a 4.0ef 5.5a
D 9.2cd 17.3ab 5.7b 7.2a 4.1e 5.2bc
E 8.8d 15.4b 5.7b 7.0a 3.7f 4.9¢c

AP RIEFRATRE 5% B3 -

Values followed by the same letters are not significantly different at ¢=0.05 by LSD.

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with
yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)

S: 90 days retention ({5 90 K » —ZF) , L: 165 days retention (F7{5&%45%& 165 K » ==)

Late W.: Later winter, Early S.: Early spring
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F=-1 WERHBREEIR AT ER G2 12 SR IR #2288 (2001-2002)
Table 3-1. Effects of retention day and pruning position on the shoot characteristics of tea tree

HKEOHIN EifEf& Internode diameter gt Internode length
Tea UE — 1st — 2nd — 1st — 2nd
season PP S L S L S L S L
---(mm)--- ---(cm)---
e A 160cd 1.74a 1.84bcd  2.00a 0.99ab 1.02ab 1.70a 1.80a
Autumn B 1.61cd 1.66abc  1.86bcd 1.92ab 1.04ab 1.11a 1.83a 1.81a
C  1.54de 1.70ab 1.80cde  1.94ab 0.91b 1.04ab 1.81a 1.82a
D  1.54de 1.66abc  1.79de 1.90abc 0.97ab 1.02ab 1.81a 1.78a
E 1.48e 1.63bcd  1.70e 1.88bcd 0.88b 1.04ab 1.67a 1.83a
2L A 1.47d 1.66a 1.77bc 1.94a 0.76ab 0.80ab 1.64ab 1.63ab
Winter B 1.51d 1.62ab 1.76¢ 1.89% 0.80ab 0.71b 1.52b 1.60ab
C 1.49d 1.63ab 1.71c 1.90a 0.79ab 0.75ab 1.59ab 1.64ab
(FiFE=-1) 1.58bc 1.63cd 1.86ab 0.84a 0.74ab 1.83a 1.66ab
1.53cd 1.77d 1.78bc 0.74ab 0.72b 1.82a 1.78ab
it & Bl A 1.58hc 1.72a 1.85cd 2.07a 0.49b 1.25a 0.99d 2.17c
BEX B 159%c  1.63b 1.85cd  1.95b 0.56b 1.23a 0.95de 2.27bc
Late W. C 1.57bc 1.63b 1.83cd 1.95b 0.53b 1.20a 0.89de 2.31bc
Early S. D 1.61bc 1.64b 1.87bc 1.91bc 0.44b 1.26a 0.80de 2.49bc
E 1.55¢ 1.57bc 1.78d 1.90bc 0.42b 1.27a 0.73e 2.58a
BR A 1.57ab 1.62a 1.86a 1.88a 1.19¢ 1.34abc  2.53bc 2.66abc
Spring B  1.58ab 1.59ab 1.87a 1.86ab 1.31abc 1.3labc  2.55abc  2.59abc
C 1.56ab 1.61a 1.85ab 1.86a 1.23bc 1.30abc 2.40c 2.5%abc
D 1.58ab 1.60ab 1.87a 1.84ab 1.46a 1.37abc 2.78ab 2.49bc
E 1.56ab 1.53b 1.80ab 1.76b 1.43ab 1.20c 2.90a 2.34c
=S A 145bcd 1.61a 1.59de 1.87a 0.86bcd 1.32a 1.34c 2.45a
Summer B 150abcd 1.53abc  1.65bcde 1.76abc 0.81cd 1.10ab 1.26¢ 2.13ab
C 1.48bcd  1.57ab 1.61cde 1.80ab 0.82cd 1.10ab 1.22¢ 2.10ab
D 1.43cd 1.51abcd 1.57de 1.71bcd 0.74d 1.05abc 1.22c 2.18ab
E 1.38d 1.51abcd 1.55e 1.73abcd  0.78cd 1.05abc 1.31c 1.89b

TP ARSI RN AR AE 5% B -

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

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with
yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)

S: 90 days retention ({5 90 K » —ZF) , L: 165 days retention (7 {&%45%& 165 K » ==)

Late W.: Later winter, Early S.: Early spring, PP: Pruning position
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Table 4. Analysis of variance (F value) for the leaf agronomic characteristics of tea tree in
retention day and pruning position

A HH ®E 2R HEEE HE
&
Leaf length Leaf width Leaf area Leaf thickness
Source of - = - = - = - =
variance  df 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
TS 4 232.7%** 165.3%** 199.2%** 94 5*** 204 4*** 131.9%** 57.2%** 132 6***
RD 1 102.4*** 252,9***  g82** 89,0*** 39.9*%** 159.8*** 58*  44.0%**
TSxRD 4 B2.4%**F T4.8FHk 11.7%%% 25 5%** 5 Fxwk G AxAk [ 1xx* 100.2%**
PP 4 0.9 3.1* 3.6%* 0.7 1.9 0.6 1.2 2.6*
TSxPP 16 1.6 1.7* 2.2** 0.9 2.0* 1.4 1.8* 2.9%**
RDxPP 4 2.9* 0.5 29* 0.9 3.3* 1.2 3.7%%  6.4%**
TSxRDxPP 16 1.2 1.3 21* 0.8 1.7 1.2 3.1x** 3 2xxx

TS: Tea season (%£Z), RD: Retention day (84 H#), PP: Pruning position (B34 (i1 &)
* *x k% Significant at the 0.05, 0.01, 0.001 probability levels, respectively.
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Table 5. Effects of retention day and pruning position on the leaf characteristics of tea tree

o b

EEICE R R

Gk 12 SRBIEER ik

25 27 #1 (2008)

B 48R
o7

(2001-2002)

FKEOHY #E Leaf length #TE | eaf width
53
Tea I — 2nd = 3rd — 2nd = 3rd
=N
season PP S L S L S L S L
_____ (cm)-----
kEFE A 391cde 4.06abc 5.17c 5.43ab 1.73bcd  1.78abc 2.35¢ 2.49abc
Autumn B 3.71e 4.21a 5.23bc  5.50a 1.65d 1.85ab 2.47abc 2.49abc
C 3.74de 3.93bcd 5.22bc  5.32abc  1.70cd 1.70cd 2.47abc 2.43hbc
D 3.97bc 4.12ab 5.20bc 5.54a 1.82abc  1.88a 2.57ab 2.52ab
E 4.0lbc 4.04abc  5.21bc 5.33abc 1.84ab 1.78abcd 2.60a 2.48abc
%% A 4.49abc  4.66a 5.69ab 5.78ab  1.97b 2.10a 2.56¢d 2.71abc
Winter B 4.57ab 4.35¢c 5.52ab 5.53ab  2.0lab 1.95b 2.51d 2.74ab
C 4.50abc 4.60ab 5.54ab 5.82ab  1.95b 2.02ab 2.54d 2.79a
D 4.5labc 4.54abc 5.44b  5.87a 1.99b 2.01ab 2.58bcd  2.80a
E 4.34c 442bc  4.95¢c 5.50ab  1.96b 2.05ab 2.53d 2.75ab
MpAE, A 4.36b 5.82a 4.67d 6.82a 2.25a 2.23a 2.49b 2.96a
BEHZX B 3.94b 5.56a 4.17de 6.64ab  2.04bc  2.20ab 2.32b 2.95a
LateW. C 4.00b 5.45a 4.36de 6.26bc  2.00c 2.16abc 2.43b 2.80a
EarlyS. D 4.38b 5.47a 4.36de 6.47abc 2.17abc  2.15abc 2.40b 2.89a
E 4.38b 5.39a 4.16e  6.10c 2.30a 2.15abc  2.35b 2.84a
HH A 4.90c 5.15bc 595b  6.63a 1.98e 2.08cde  2.70c 2.85bc
Spring B 5.36ab 5.16bc 6.60a  6.66a 2.15bcd  2.10cde 2.90abc 2.83hbc
C 5.36ab 5.07bc 6.48ab 6.71a 2.23abc  2.04de 2.92ab 2.88abc
D 5.67a 5.10bc 6.66a  6.59a 2.34a 2.11cde 2.96ab 2.92ab
E 5.50ab 5.06bc 6.68a 6.25ab  2.3lab 2.09cde 3.07a 2.82bc
g2 A 3.63c 4.12a 4.48b 5.24a 1.60d 1.77ab  2.17de 2.42abcd
Summer B 3.70bc 4.14a 4.53b 5.28a 1.60d 1.79a  2.19cde 2.47a
C 3.77abc  4.10a 4.56b 5.20a 1.62bcd 1.8la  2.21bcde 2.44abc
D 3.67bc 4.02ab  4.48b 5.1la 1.59d 1.76abc  2.10e 2.46ab
E 3.66bc 4.10a 4.40b 5.18a 1.62cd 1.79a 2.14e 2.47a

RIPAHEF L FRE TR AR 5 B -

Values followed by the same letters are not significantly different at ¢=0.05 by LSD.
A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with
yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)
S: 90 days retention ({5 90 K » —ZF) , L: 165 days retention (F7{5&%45%& 165 K » ==)
Late W.: Later winter, Early S.: Early spring, PP: Pruning position
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Table 5-1. Effects of retention day and pruning position on the leaf characteristics of tea tree
FKE OHY T FE Leaf area # 5 |eaf thickness
%
Tea fir — 2nd = 3th — 2nd = 3th
B
season PP S L S L S L S L
----(cm?3)---- ----(mm)----
EE A 4.80bc  5.11ab  8.66b 9.58ab 0.202abc 0.203ab 0.228bcd 0.242a
Autumn B 4.36¢ 5.53a 9.16ab  9.72a 0.202ab 0.206a  0.229bc 0.243a
C 4.50c 4,74bc  9.08ab  9.19ab 0.196bcd 0.207a  0.223cd 0.235ab
D 512ab  5.46a 9.50ab  9.84a 0.191d 0.206a  0.218d  0.235ab
E 5.20ab 5.10ab  9.55ab  9.43ab 0.193cd 0.20labc 0.220cd 0.228bcd
<% A 6.25b 6.90a 10.30abc 11.12ab 0.191cd 0.216a  0.221f 0.249a
Winter B 6.47ab  6.01b 9.78bc 10.72ab 0.199bc 0.205b  0.229cde 0.236bc
C 6.22b 6.53ab  9.94bc 11.42a 0.195cd 0.207b  0.224ef  0.237b
D 6.35ab 6.49ab  9.95bc 11.63a 0.191cd 0.204b  0.225def 0.232bcd
E 6.02b 6.4lab  8.96c  10.73ab 0.187d 0.205b  0.213g  0.230cde
MpsE, A 7.0lcde 9.16a 8.24c  14.28a 0.236ab 0.209de 0.293a  0.245c
BHEZX B 5.76e 8.75a 6.95c 13.88ab 0.225bc 0.207e  0.274b  0.241c
LateW. C 5.79 836ab  7.59c 1251b 0.222cd 0.206e  0.267b  0.242c
EarlyS. D 6.79de  8.3%9ab  7.45c  13.22ab 0.238ab 0.204e  0.295a  0.235c
E 7.20bcd 8.19abc 7.11c  12.32b 0.241a 0.198¢e 0.293a  0.231c
HEX A 6.69c 7.65bc 11.18c  13.48ab 0.198c  0.185d 0.229¢  0.211d
Spring B 8.25ab 7.73bc  13.58ab 13.41ab 0.200bc 0.203abc 0.231bc 0.229c
C 8.28ab 7.32bc 13.06abc  13.66ab 0.205abc 0.202abc 0.235abc 0.228c
D 94la 7.75bc 13.93ab 13.67ab 0.208ab 0.186d  0.244a  0.206d
E 09.1lla 7.57bc 14.69a 12.32bc 0.209a  0.183d 0.24lab 0.211d
BEF A 4.15¢c 5.17a 6.88b 9.02a 0.20lab 0.200ab 0.234a  0.228a
Summer B 4.22bc  5.29a 7.15b 9.24a 0.198ab 0.208a 0.235a  0.231a
C 432bc 5.26a 7.29b 8.97a 0.193b 0.205a 0.224a  0.233a
D 4.16¢ 5.01ab  6.79b 8.94a 0.202ab 0.199ab 0.234a  0.230a
E 4.19c 519 6.78b 9.05a 0.198ab 0.205a 0.234a  0.236a

RHAMHECFRE TR RRE 5% B -

Values followed by the same letters are not significantly different at ¢=0.05 by LSD.

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with

yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)
S: 90 days retention (F{&E& 90 K » —ZF) , L: 165 days retention (§5{&54%& 165 K » ==F)
Late W.: Later winter, Early S.: Early spring, PP: Pruning position
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Table 6. Analysis of variance ( F value )for the tea plant characteristics and yield in retention day
and pruning position
BN HEE b MR RRE AR EFEE B¥E EER
Source of df Plant Plant Shoot Shoot Flush 100 Yield

variance height width length  diameter density  shoots
weight
TS 4 907.0%** 14.6%** 504 2%** 12 2%** 8@ 2¥** ]195*** 53 .6***
RD 1 1500.2%** 50.2*** 647.6*** 253.7*** 336.9*** 1555*** 10.1**
TSxRD 4 50.3*** 4.2%* 39.7%*%*  16.3%*%* B 2*¥**  44.0*** 40.0***
PP 4 329.9%** 34.4***  149.9*** 23 35.8***  3.2* 0.9
TSxPP 16 24.5*** 1.1 15.6*%**  2.3** 34*%** 1.2 3.4%**
RDxPP 4 18.6*** 0.8 14.0%** 1.7 2.4 3.0* 1.0
TSxRDxPP 16 3.0%** 1.4 15 2.5%* 1.9* 1.1 1.0

TS : Teaseason %52, RD : Retention day ¥& H#,, PP : Pruning position B7f% {i7 &
* *x k% Significant at the 0.05, 0.01, 0.001 probability levels, respectively.
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Table 7. Effects retention day and pruning position on the plant characteristics of tea tree

REOFIR =] B el LS
Tea fizE  Plant height Plant width Shoot length Shoot diameter
season PP S L S L S L S L
----- (cm)----- (mm)
BA#EHEl A 128.0b 167.3a 149.0cd 157.6abcd 57.6b 87.5a  3.90b 4.20a
Retention B  133.0b 164.6a 149.2cd 161.3abc 57.2b 90.8a 3.75b 4.31a
stage C 129.7b 167.0a 146.5d 164.9a 63.8b 89.5a 3.78b 4.36a
D 1324b 163.0a 147.1d 163.8abcd 64.4b 90.4a 3.92b 4.22a
E 128.0b 169.1a 151.4bcd 159.5abcd 59.2b 93.2a 3.94b 4.19a
1S A 111.7d 143.3a 142.8ab 151.1a 35.3bc 65.9a 3.09 3.08e
Autumn B 106.2e 134.1b 141.1b  151.0a 31.6cde 58.6a 3.22de 3.67bc
C 96.9fg 117.0c 137.7b  144.2ab 24.3ef 42.1b  3.50cd 3.95ab
D 93.5g 111.7d 137.0b  139.7b 20.0fg 34.2cd 3.55cd 4.16a
E 87.5h 101.3ef 136.8b  138.0b 13.4g 27.4def  3.60c 4.26a
S8 A 103.7c 1225a 141.1ab 149.3a 21.7de 41.6a 3.17d 4.39b
Winter B 98.7d 109.5b 142.9ab 148.7a 21.5de 35.3ab 3.76¢ 4.65ab
C 88.9f 107.3b 143.0ab 144.5ab 16.4ef 30.6bc 3.80c 4.83ab
D 88.8f 101.5cd 142.3ab 138.4b 13.3fg 26.0cd 3.85¢c 5.04a
E 85.09 94.2e 139.0b  138.4b 7.49 16.0ef 3.91c 5.07a
Mpgs A 91.3de 108.9a 146.2bc 151.5ab 14.8cd 27.9a 3.19c 4.74a
H#EZ B 87.9ef 101.7b 145.6bcde 152.7a 12.5cd 21.6b 3.57bc 4.82a
LateWor C 84.7fg 96.5c 141.8cde 149.0ab 12.1cd 20.1b  2.87c 4.88a
EarlyS. D 83.0g 94.5cd 139.3e  147.2abc 10.1d  16.9bc 3.13c 4.36ab
E 81.3g 89.0ef 139.6de 146.0bcd  5.le 10.6d 2.73c 4.70a
FS34S A 85.0de 97.5a 148.1a 148.3a 8.0c 18.6a 2.76d 5.12a
Spring B 83.0e 91.6b 143.4ab 140.5abc 7.8c 13.1b  3.06d 4.60ab
C 78.9f 89.5bc 137.5bc 138.7bc  4.4de 12.6b  3.06d 5.22a
D 77.2f 87.4cd 135.0c  138.7bc 28¢e 11.0b 3.29cd 4.44ab
E 76.8f 84.1e 135.2c  136.1bc 23e 6.9cd 3.99bc  4.09bc
=83 A 80.5cd 90.0a 142.4ab 148.0a 3.1de 13.8a 3.47bcd 4.24a
Summer B 78.5de 87.8a 140.8abc 144.0ab  3.4de 8.1b  3.25d 3.90abc
C 76.7ef  84.9b 138.7bcd 142.3ab  3.0de 7.3bc  3.37cd 3.65abcd
D 75.9f 84.4b 134.7d 141.8ab 2.9de 6.8bc 3.70abcd  4.06ab

E 75.3f 8l.1c 135.9cd 138.4bcd 1.6e 5.1cd 3.86abcd 3.74abcd

TP AMETOCE R RN A RAE 5% B -

Values followed by the same letters are not significantly different at ¢=0.05 by LSD.

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with
yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)

S: 90 days retention (F {5 90 K » —ZF) , L: 165 days retention (7 {5&%4%& 165 K » ==)
Late W.: Later winter, Early S.: Early spring, PP: Pruning position
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Table 8. Effects of retention day and pruning position on the shoot yield of tea tree

FE IRrE EEERAS HHFH EE
Tea Pruning Flush density 100 Shoots weight Yield
seasons  position S L S L S L
(Buds/900cm?) (@) (g/plant)
e A 43.8¢c 20.8e 55.3¢ 63.3ab 221.4bc 128.1d
Autumn B 41.0c 26.8de 57.5bc  64.8a 214.3bc  165.6¢cd
C 53.0b 29.3d 54.5¢ 59.5abc 273.2ab  171.9cd
@iE ) D 62.5a 31.5d 57.5bc  59.5abc 271.4ab  184.4cd
E 67.3a 39.0c 53.3c 57.0bc 293.9a 209.4bc
KK A 43.0cd 21.3e 57.8de  68.5a 260.7bcd 139.1f
Winter B 43.5cd 28.8de 60.0cd  64.0abcd 253.6bcd  164.1ef
C 57.8bc 31.5de 58.3de  68.0ab 292.9ab  167.2¢ef
D 65.3b 35.5de 60.0cd  67.3abc 275.0abc  198.4def
E 87.0a 52.8bc 52.5e 60.2bcd 339.3a 220.3cde
s A 33.3de 25.8e 57.5¢ 92.0a 114.3bc  156.3ab
BHER B 36.5¢cd 37.3cd 50.8¢ 86.5ab 113.6bc  181.3a
Late W. or C 41.0bcd 33.8de 51.0c 81.0b 98.2¢c 203.1a
Early S. D 47.3b  39.8bcd 54.3c 82.8ab 91.8c 184.4a
E 61.8a 43.5bc 51.8¢c 81.8b 92.9¢c 179.0a
B A 74.8a 38.0d 71.0b 83.3a 284.3ab  282.8ab
Spring B 62.8bc 42.3d 83.5a 80.5ab 325.0a 228.1b
C 73.5ab 40.0d 79.3ab 8l.5a 267.9ab  251.6ab
D 69.0abc 41.8d 86.8a 81.0ab 241.8b 228.1b
E 63.0bc 59.0c 87.3a 71.0b 233.6b 253.1ab
= A 80.5a 50.5d 48.8bcd 63.5a 182.1ab  200.0a
Summer B 78.0ab 56.3cd 50.3bcd 60.3ab 198.2a 215.6a
C 75.3ab 53.5cd 51.3bcd 58.0abc 155.4ab  209.4a
D 79.0ab 58.5cd 46.5cd  56.8bcd 130.4b 200.0a
E 84.0a 66.3bc 46.0d 56.8abcd 119.7b 178.1ab

TP AMETOCE R RN A RAE 5% B -

Values followed by the same letters are not significantly different at ¢=0.05 by LSD.

A: Softwood bottom of the green shoot, B: Yellowish-green lignified shoot, C: Reddish-brown with
yellow-green shoot, D: Reddish-brown shoot, E: Brown lignified shoot (CK)

S: 90 days retention (F{&&%& 90 K » —ZF) , L: 165 days retention (7 {5&%45%& 165 K » ==)
Late W.: Later winter, Early S.: Early spring
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R H MRS AL SRR
AR LARW 2 P
MiEE' BEE T EeH®

W =

A FCAE RS A A AN B L SREA E - i POfHSE 7 73 il fy 255 (bifenthrin) ~ HIHEE
(permethrin) ~ &L (cypermethrin) ~ Z3{EFl] (fenvalerate ) » #E&14F 0, 5, 15 mm/hr =F&E R [G][FrR5R
& (rainfall intensity ) &1E#E7% 1, 2, 3,4, 5, 6, 7 K 8 hr J\FEZEFRHFE (rainfall time ) ¥R EEEE 2 4 o
GEREURN RBITER b RREE ) S B PR T 2 B AR R B EE S S BRI R PR 9 S £y 15 mm/hr
573 ALY 57-919% . 65-80% ;5 [MAEAMHME 1% A [E]HF LR - BEER/ DRIIREZERZ AR - SRaPT
FEER - ERE RSN - 8 /NEFAFER - 11 EFERGREAE 5 mm/hr DL E - FEEHTGEE - DL
HERPARER -
RSB © GRdbRERAREET ~ 2% ~ FERRGRA - FEPRIFR

Al B

SRR © ARTESR  FESROAE « M ISR - SR EE
SHENIRE  RIVBEERK - RIS EIENIECERT ({715 > 2004) - Hsu 1 Chen (2002) 53t
100 A B A IR SRR (K R BRILE AR5 - Pl 250
MR - WIS (2003) FEH B FERERT H RO AR 2 BUR VAU - THRERISRISHIZ A RARE: -
FESLIE A » S0 S S G B S PP S TR A+ (ERAESHR400- 1000/ KUY » BRI 21
SRR (PR > 2005)  MERSHITRETH GUCBEEAR » LIRS RS 25 ) I HE 2 S
SIS - B SRR E LR -

AR B ATAE T Eoo 0 2 B 56 1 » S SRR AT SEs% 14 (3 > 2007) » B
P ERFSIERERARY - 6%  HESAECIEEN - FET HEETIESE - FILE
M RAREARIEIE A - ATIBZEFINER - — T ESHCR SRR R - SR B
BERHPEIRE (150 1999) o 53— A EBHIEN - UAIEREETSAHE - $ 5T HEIN
HHEEAEL  RRT P LUETTE R EYSEH _LPERREESIR 2 BB (Bruhn and Fry, 1982 ;

LTRGBS T B o BT TR ZONNE - 2598 Rflfi% o
2. (TEl R EE B g B HE TR BITRE - 28 FEik% -
3. BT BRI BIEUT - B8 B -

* R -
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Elliot and Spurr, 1993) - 41 Bruhn I Fry (1982) f5H{[EFEMAR 2NN - GRERHRBES LIUEAE
4% (chlorothalonil ) JER 7% 5 Fife F1 Nokes (2002) 7JRF5H » [ 788 MO SRR IF R - &{E
HEFDOTE F DU EIRAEAVRRSEN B R © Huang A (2005) $HEH7EA ] B R St /K ReiEs ft = 4
(tricyclazole) fREEFEH B 7 2 > GERFFINMEERL — N AIER > S ERENARCR - MligEk =
INFEEERR > EBARER AR - JEANER (2005) 45 LS PEREAEAY A S o R i 82 2P T R 2E

JARE 5 (Phakopsora pachyrhizi Sydow ) 2355 - B e SRS F R IR T 451 - A IErIg B2
SEMIR 2B o DURCAYIITE BB TS - REERELIRBIEN - B &R EEE M
RE o AT ZE LU IBE FH IR PRIIAONE - PR A [E] 2 PR 56 BAMES S A [ B P bl - S A o ) 2 DO R e

Prasdoikaa Ao EESONR 2 28 - DIBCEIEREE I REE - IR BRI R E R A AR E 2 H

-
MAHERTTA

— ~ R T Bl R

A ARG A AR R AR e 4 2 10 4 F 0 SHE (Camellia sinensis  (L.)  O. Kuntze cv.
Ching-Shing Oolong ) #5[& » M it VUTE £ R b 254 % &5 43 A1) & 0.36 mg/L F2%5 57 74 (bifenthrin,  2.8%
EC )~ 1.18 mg/L Zi= A7 (cypermethrin, 5% EC ) ~ 7.66 mg/L Z5{EFAL7] (fenvalerate, 20% EC ) ~
2.18 mg/L E AL (permethrin, 10% E C ) « $3UE %=1 (split plot design » SPD) ( F1& &R [EfE R
& Bl AR [E PR RS - BB =20 St/ NEAR/N s 1 mx 1m o SAEREER =80k 1000 % -
sAERIFE T 2005 4F 8 H 8 H » ZSRMEEE—/ NIH&HUEE » M DA = FE PR 5% 73 71 £ 0, 5, 15 mm/hr FZ 3
DURA [EI R P IE fE  oll FyMEi 1% 1, 2, 3, 4,5, 6,7 2 8 hr #E1T5kEs - £RF SW - 620 25 & e 44 - [%Pl
EFEAE 30 A% 0 EalREEIE% 20 B THUE - BRI (— 0 =%) 50 I SR IR
Jr - 30°CKFEH EEEER AT -

=~ R
NI (acetone) ~ S J5E (acetonitril ) ~ 25 Z.li5 (ethylacetate ) ~ TECL g (n-hexane ) ~ & H %
('methylene chloride ) ~ FH[iE ( methanol ) ~ B[S (2-propanol ) ~ =il ( petroleum benzine » S(fEESH
¥ )~ ZE{E8" (sodium chloride ) ~ fE/KAREESH (sodium sulfate anhydrous ) 2535 Bsf@ gk -

=~ AkbrEsT RS AR

U REETE R Ry 8558 ~ ZMER] » EREE RN > SIS 5y 98.6 - 99.9% o HEIREE ~ ZRLA]
FEERESHIE 05124 1 Smo/LRE > HMEIE 1248 F1 10 mg/L 2R - HUECE
§F 2 RNEDVRERER] 1 ul X ASSCRMEEITESNT > WEDRE B X il ~ RigmEEL Y fil > &
BN RIS R E4R - Y=a+b X a-b JyEH-

VU~ SRER AR SEEEHUT A

TREGITEUIREZ 2535 10 g TSRS » A 60 mL RN /288 205, Aot (3/2/5) 0 15
817t I 1.5 9 @Ab#h ke 10 g SOKBRBRSHETH9E R fi/K 1 5388 W LA 1.2 pm HEHEJEAR(11 cm)
SRR - R - IEIA 0.1 mL IN BEFEIAIR - B 1 rdl » SORMEIRETTRER - HINEE R
£10mL - B 1 mL A No"REZ > F0 10 mL 2825 /IECke (1U2) a9 5 - Beamidi b b
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Jefl 5 mL ZBZESERAEE (florisi) » FEIAZERUR - WEESHER - 12L N, REZIZFE L1 mL IE
CHEER - WL 0.2 pm JEREENE - DRSS AT -

o~ EEREES riRG:
WA RHEHEN# (Gas chromatograph, Agilent Technologies 6890N ) [ff 7% & i $& i 4! 25
(w-ECD) » gl £y 300°C - JE & &y DB608 £4HE T (K 0.53 mm x 30 mm, Agilent, USA) » 7
M7 R T 2T - EEAEIRIE Ky 170°C - 4 2 7088 - FLIE 88 10C TR 2 230°C » 417 10 77
# ML 10CHIRZ 260°C » A2 s 60 538 - #i AAe RER - Az 15 ml/min -
N SET R ITA
sEBEE PR A SAS g (Version 9.0) #EfTHyNEEZ=FMERE (LSD) 73 H&SFR (i > 2006 ) -

CEREAETER

— ~ SRAEE TR Z AR

HIPE ~ MR BRERFERERATEER ] uLE AR - G52 @ iiERh ey & ]
WIE— A - DUFEREE R R i P PR B Ry H 008 > HBRIRFRE By 20.14 338 - B3R B2 EA -
Hog e el 7051 By 37.45 B 38.70 Sy o S TIEIRE NBEUR R RO RER B R (A B
[ © B — B & C RIS A Ry E S5 o 2 ZR R AXHURUA IR SE A R SRR S T 2 25U - BT
BEEN G AR T Z VURERREE - T EERS T 23 e BUERERIE - MEERE AR B BR 2 2

+
T

L

= B RS B AR B (A RS

HY 1 pb 2 25 ~ SRR R B e R AT > A 3 Al F5 0.5~ 1~ 2~ 4 15 mg/L > S5 ERE
BERDERIRRE YRR 1~ 2~ 4~ 8 F110 mg/L > {RETHPTEI AT 2 iR i: - BHEREEAR
FEENTEE 3 RAGEHSEIE - BUERL R EE 2 M B4R - FLDURE S R bR 820 R 4E 2 i B4R 1 0 [ AH R (AL
SEEE A 0.989 (F—) - Bl 2008 FEEUFFTAS 2 BA5EE ~ SRR BRE N E SR KR SR
FE& (maximum residues limits » MRLS) 43515 2 ~ 5~ 2 F 1 10 mg/L A5 » AWFFCRT S H7 ~2 DUfE SR
b i (A R DRI E (H / 0.1-0.6 mo/L [t » BN AS 2 KR EETE A R & 10-100 £% > FoRit
AT BT EE Y BN BRI BRI R BI TR BRI

= R AR B B

1% 10 g UIRFASEERR S T o0 IO AZE S 28 ~ FEREE S 2EA 0.2 mo/L K2 P EE 1 mo/L - AEEfTIEIYR
A SRR S EE = - BCREH R R TR R TS R > &R EIZ 5y
A iEE L AR T R A EL i - A UK IS IR (retention time) & EMEARIE - E R B (I LUK IE 2
FEEEHE - DURFFEICR () 200 EPA 2 531.2 5k REE T [ USCRETE #ilE Fy 65% % 135%( EPA,
1995) « ARBFFEZCEERIVUFR R EE > [BIUR A 84-124% - BN S FF & R T EfiE - Hoh IS s
Z el i i By 124% » i FUREE (R Ry 84% - 500 T AG B 2 ZEHUT A P TR A KB 2 7 BERE S
SRRy ZAEH
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VU ~ [ Pl 5 P B e PR P S S B IR 2 i

R 0.36 mg/L SE2FEEMR - Y 1 £ 8 /NRHE I HIBRHES I B 2 R s o e BT S e B
BIETE » DABRET A [ [ R 5 R B e R TR RE SRR S . P S R IR 28 - &5 (R=) B>
HEHE SR LR - DA FEIREMN R - AT S e B 2 B/ th RS 50 EE R > 343 g
R (5 mm/hr ~ 15 mm/h r) EAESARLE (0 mm/hnEbiEs - SR the i e BiEmE s (P<
0.05) > HEEERENIER N - SRAeiER th Z P ERAHB A AR IS © [EM5REAE 15 mm/hr >
BA 1 2 8 /N o FTHIIGE AU SR ST BT /) A 0.09-0.16 mg/L B IREREESY » SRR th B s RR By
63-73% - PRETAIMEE S SF B LI - AEMH FIRERT SRR T - A [E]RF G Rl S 0 B R IR 2
P E - SRR R G EE 2 RER TR E S B RICRERR, o i EMEREUR > R
Mt 0B LATR FOH IR 1B T A2 B SR L RS2 BHR - Tewary S2 A (2005) Frie]  NFFHREVRZE >
SRR IR SRR Z SGE R — 2L

T~ PR R B PR T RS IR 2 R

ZREE 2.18 mo/L FREE - TR (SR RIS S SRR R P ETE 7 2 B e R e &G ey - —fE
(kR E R (5 mm/hr ~ 15 mm/h r) BEIEE (0 mm/hr) ERiREEAE (P<0.05) » H L 15 mm/hr
FTRIGE 2 ZE 7 o B REE R A Rk D » B3 HE o Phy B D SRR AR5 2 55-76% o ZATT Bl [E] — [ p 58 e
B - SEBIGIEE HREEIR AR 5 K 6 /NIFIZERR » ZRRIEE R FTRIE 2 B SRR B I B R R L
SHEERNE > MARBIER 2 AMEREANIINEES (RM) » HE A E—PRET -

7N~ R i AL PR B ] S B SRR 7

ZERaEE 1.18 mo/L EEREETR - AN [EIRE R S A B PR e 2 PR B - Pl & e BRI 2 5 A
HEME SR]WRA A - BB - EAR RS RN R ER P RS S EEEEEE
5 (P<0.05) HEEEREREE M - B8R h 2 BRES EFHBR OIS » ERMEE 5
mm/hr ~ 15 mm/h r BELEIEIE (0 mmihr) ERER - BEEDHIRER TR Ry 31-79% k2 57-91% - FE MR /([
FEEPRIBSH TG b > A R R % I IR I B PR 58 8 5 mm/hr LR - R [EI RS FTRE S eiEE R 2 &
WESE > WA 2R EAERFERTRE S 15 mm/h IF > ZOBIEEREER - 5B 3 /N R FTHIEG
FBIEE R P E S R L R R RS o R EET -

0~ FEpR SR BN R M BRI R 2 o2

RN Ry R 7.66 mo/L ZRBA > FEA RIS R R s N ATilE S R Z M EATRE 2R
JE o SRR M BRI LR - PIAFEIRER R R - e SRR EE 2R (P<
0.05) - FEZ & PRSR I ANM AR R T2 LAEE EZMR ) - [#R5RELE 5 mm/hr fz 15 mm/hr Bl
gl (0 mm/hr) LEig - ZREE R o LADR BRI Ry 29-69%81 65-80% - {HZAEMH FIERITRAE T > 1
F 8 /NFFAFIE PRI B - Rt R ZOMEADH R BRI R R E AR - SERBURNEREMN8E &iER
SHERPER -

PTEEACEEE IR - A N BRI - (BRI R A ZE e SR A RIES © I MERGRIRET -
B AGH AR M SR T L ER PR B SRR - AR RIS BN M R 2 L AYIREE o AGUEBRIN Ao _EIR e 05
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B qRE - BEE - SHERIURE SRR E AR ER TR > HEFTIE B > R Pl o B Pl e e Rt
KSR 28 - SUBRGT RN R G RO R R RS R IR - TEERIHRE 15 mm/hr
TEHERDHR R - MRy 65-80% - MIAEREMIGEE 5 mmihr N REER R R AR > JHIRRE
29-41% > [t£E2 Fife Al Nokes (2002) - Saha %5 (2004) BFFE&ESR—2L > [ ph o 8 ROR S R 4 F AR S A
o HERIIERS - AR REREHRIEZFINKME M BB AR ISR (B > 2005) - BRI FEs%
B [FIF RPN - SR R hREDHRIFPALG AREAYZ=S » AR R R LV & R bR a0 fH
ReER B /K IR /N 0.2 mo/l - RIS SN - SR [FINF IR - SRR R R D&
REFIEE(L - AWt 2GR RE G P BB Dol A E - gk
PR EESE AR > HEI Y DR RS VB SE A - T EER IR 1 - IR S R R AE T
EfSEREDH -

i

|

=

AWIFORSRFEL RIS EE ~ BROREE - MREEEE - BI55 % « REBVINE R BB TOE DU BRFAE
e RSB E - T IERUR - MNHIS R MR ZESRIZHERER > BRI -
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Dissipation of Four Synthetic Pyrethroids Pesticides in
Tea Plants Expose to Rain

Zheng-Wei Lin®  Chia-Chang Wu®**  Chin-Jin Hou®
Summary

Field experiments conducted at Mingjian Township of Nantou County, Taiwan (R.O.C.), with tea
Camellia sinensis (L.) O. Kuntz cv. Ching-Shing Oolong as a testing variety. Four commonly used synthetic
pyrethroids pesticides ( bifenthrin, fenvalerate, permethrin, cypermethrin ) were sprayed on the canopy of ten
years old tea plants, to study the dissipation effect caused by rainfall intensity (0, 5 and 15 mm) and rainfall
time (at 1, 2, 3,4,5, 6, 7 and 8 hour/hr after spray ). The results showed that the pesticides contents of tea
plants were closely associated with increasing rainfall intensity, particularly in cypermethrin and fenvalerate
which presented the dissipation rate 57-91% and 65-80%, respectively after received 15 mm/hr of rain fall
treatment. There were no obvious trends between the rainfall time on the pesticides dissipation of tea plants. It
is suggested that when rain came after tea plants applied synthetic pyrethroids pesticides to control insects or
diseases within 8 hour, and the rainfall intensity beyond 5 mm/hr, the pesticides should re-sprayed again to
make sure the control effect.

Key words: Synthetic pyrethroids pesticides, Tea, Rainfall intensity, Rainfall time

1. Assistant, Tungding Substation of TRES, Nantou, Lukou, R.O.C.
2. Associate Agronomist, Tungding Branch of TRES, Nantou, Lukou, R.O.C.

3. Associate Professor, National Chiayi University Graduate Institute of Agriculture, Chiayi, R.O.C.
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Table 1. Linearity calibration curves and limits of detection (LOD) for the four synthetic pyrethroids
pesticides under study

Pesticides Liner range (pg/ml) Equation r2 LOD(pg/ml)
Bifenthrin 0.5~5 Y =80166x - 9423.9 0.9988 0.01
Cypermethrin 0.5~5 Y =62770x - 22430 0.9989 0.05
Fenvalerate 0.5~5 Y =54524x - 20461 0.9892 0.05
Permethrin 1~-10 Y =16973x - 7987.4 0.9974 0.06

% 2~ EAbRER R ER I A T L 2 [ e s RS R
Table 2. Recoveries of four synthetic pyrethroids pesticides in tea samples

Pesticides Spike level (mg/L) Recovery (%)
Bifenthrin 0.2 124
Cypermethrin 0.2 85
Fenvalerate 0.2 114
Permethrin 1 84

& 3~ N [EIFGER 5 B R RS BN IR R
Table 3. Different rainfall intensity and time at dissipation test of bifenthrin

Rainfall Rainfall time (hour after spray)

intensity

(mm/h) 1 2 3 4 5 6 7 8
0 0.36"aA* 0.46aA 0.43aA 0.27aA 0.37aA 0.33aA 0.44aA 0.29aA
5 0.23aB 0.26aB 0.26aB 0.17aB 0.27aB 0.18aB 0.17aB  0.23aB
15 0.12aC 0.14aC 0.16aC 0.09aC 0.10aC 0.09aC 0.12aC  0.10aC
X: Unit: mg/L.

y: Means followed by the same lowercase letter within the same row are not significantly different
at P<0.05 by LSD.

z: Means followed by the same uppercase letter within the same column are not significantly different
at P<0.05 by LSD.
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Table 4. Different rainfall intensity and time at dissipation test of permethrin
Rainfall Rainfall time (hour after spray)
intensity
(mm/h) 1 2 3 4 5 6 7 8
0 2.18"bcA* 1.26cA  1.80cA  2.65bcA 3.62abA 5.58aA  2.22bcA 1.87bcA
5 1.36bB 0.74bB  1.24bB 1.71abB 2.14abB 3.37aB  1.58bB  1.10bB
15 0.73bcC  0.44cC  0.43cC  0.97bcC 1.31abC 1.85aC  0.99bcC 0.75bcC

Note: X, y and z are the same with table 3.

% 5 A [FI M PR 50 E Bl T R BN IR 2

Table 5. Different rainfall intensity and time at dissipation test of cypermethrin

Rainfall Rainfall time (hour after spray)

intensity

(mm/h) 1 2 3 4 5 6 7 8
0 1.18aA* 1.45aA 1.43aA 0.82aA 1.29aA 256aA 1.36aA 1.02aA
5 0.65aB 0.67aB 0.77aB  0.47aB 0.89aB 0.55aB 0.41aB 0.71aB
15 0.29hC 0.37abC 0.61aC  0.25bC 0.27bC 0.25hC 0.36bC  0.28bC
5 0.45 0.541 0.46 0.43 0.31 0.79 0.7 0.30
10 0.75 0.74 0.57 0.7 0.79 0.90 0.73 0.72
Note: x, y and z are the same with table 3.

F2 6 ~ N[EIFFEF RS B BN MR R > 2

Table 6. Different rainfall intensity and time at dissipation test of fenvalerate

Rainfall Rainfall time (hour after spray)

intensity

(mm/h) 1 2 3 4 5 6 7 8
0 7.66"A” 8.58aA 8.62aA 422aA 7.80aA 6.82aA 8.32aA  6.20aA
5 4.91aB 4.19aB 4.91aB 293aB 5.51aB 3.28aB 2.55aB  4.34aB
15 1.89aC 2.15aC 2.59aC 1.46aC 157aC 1.59aC 1.89aC 1.59aC

Note: X, y and z are the same with table 3.
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Fig. 1. Gas chromatograms for: A: standard mixture of pesticides 1 mg / L, including bifenthrin,
fenvalerate, permethrin and cypermethrin; B: tea sample add standard mixture of pesticides; C:
tea sample. Analysis condition is showed in “Apparatus and conditions” section.
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CEE R AFESZNESI AN AT

WERREE Y AR B
W=

IMETE (Exobasidium) B—fEY)2- 4 o USRI LA HE 4 TEIME B v B ESRHEY) > 7731 B
F 80975~ Exobasidium vexans ~ FX4gEH% 2 E. reticulatum ~ /NESHZSEHE 2 E. gracile 5 KRBEZSHEZE R 2
E. monosporum » H R ZSEHRE R FE S IR EE  BEASBEE - AL EEIE S RHEY)
ZAMEFREEGER  WEEUE R R 2 TP RE R E R T DAEE B 2 IR AR - B R A
EYFEE FERZER -
BRSRT : SMETE - FF) - 08 - iRt UE R

il

Al

SMETH (Exobasidium Woron.)[&#* Ustilaginomycetes » ¥ME-T 1 H (Exobasidiales) » ¥MET-EF}
(Exobasidiaceae) » 5T E4T§%4Y 50 ZfE(Kirk et al,, 2001) - SMETE AIEY)IE LR - FAENIARER
(Ericaceae) ~ Z5XF (Theaceae ) ~ f&F} (Lauraceae ) ~ Sk ARF} (Symplocaceae ) == EF} (Empetraceae)
FHEY) > EREBRER - fUREIR BRI R ~ EBREGEIERS - £JERAT | AMET R REE 40
fsHA % - RORMREAVEREL - AIEBINRIRERZ: - R AHBR - B EARERAE R - S2RZEAIYAHER
HEAREENAEREE IAA » EREYHEATRE R K (Wolf & Wolf, 1952; Hirata, 1957) - [fij{% » )=
HEEEYESENNRAEESAOECNFER > TEREHE FAEMR0 487 (RER
F”secondary spores”)4HJK © A EMAZERECFEIEIF - BEE R ME SR T AL - IR E TR A
SHRECTETEF SF H E AV AR B R AR IR RIS (Nannfeldt, 1981) » {ERETYRIFEEFSHIFEE D » 1
RA T 7R ESIEFT ST -

IMETREAT THE—M - HEMEA RS T2 5T TR - WERRERPAE - % AP REE
HE S #ET (basidium) HYR/N > &7/ ME (sterigmata) (Y E H ~ A/ > &85 (basidiospore) =gy »
K/NFIGT 47T (conidia)fyk/N ~ FEAR (Nannfeldt, 1981) - [FE4h » A 1964 47 » Sundstrom E25 37 A&7
T T AFETETPRE IR E Ry ME T 2 70 BUREE (Sundstrom, 1964) « HAHFCHETR » SMEF B 2 #E7
FHAE T Ry Wit - — R ESRIPRE (mycelial form) - BHEfEFHA S GE LRIV ETE -
FEA AT B4R - 55— R JERE (conidial form) - $EATTEAET - N EEATTRE ML
W AEETHEA AT MAREZIMEFE - HigsE i NgHAZESR - FUEPREJTH » SMET

Tl RZ SR RS s R - 68 alth -
frEbe R ameEsiarT BEisE - 58 5o -

B EEREEYIREBEYIE A B - 68 adbi
AHEREE

* WD =
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EHAEE 2R508K > B EE A REH > SR — BRSO £l KA R R Z 8%
HEFHMENBEGNEE S A EERNIME TR ER R FATP RN ES PR HE(E - IR
ST (Sundstrom, 1964) o fE5FAEYEHIREUR » BUNHIE RS H (Theales) It AR AE/E
(Rhododendron)fy4MEF-15 » kB8 E MR (monophyletic) » ffi B4 EAF SR (Vaccinioideae) iy 4 i
KRR ZE /D4R 3 5y » B28 5 R (polyphyletic) (Blanz and Doring, 1995; Déring, 2003) -

BEIMETE Z T R DU H 3 (Sawada, K)o 98 Ryl - HRE R SRR G BE
FEE A HE” - 2L 11 £ (Sawad, 1919, 1922, 1931, 1942 & 1959) ; HH » FARRHEYI Z SMET
EHEH 47 R EZSeHE (E. vexans) ~ Z5488H75 (E. reticulatum) ~ /NEUHZSEHR (E. gracile) 2k
PHZSREZE )% (E. monosporum) « [ KUEASAEZE H TR IR &84 - Hak 3 Ak - 1N
R~ HAHE IR 40 8% (% » 1955; 5F  1998; Ezuka, 1990) - L HASEH A28 = IH OB T »
AR HEAF A58 7 SR ETERIRE S E R LAt B R A U B e SR HE Y -2
IMEFIR > WEFal s R E SRR Wi AR U E TR B W R R e T YR |
FERZEE -

MRS A

—. BB R R R B U RS T

Jf2 2004 £ 2 2008 FfH] - GBS E N BRERTFHEY) ZIME T HR SEA > SCakbREENR;
fl ~ HUEEFOET LA o RAEREE iR AR B BT 158 » (Ol B i s Hh A 22 - hAh - IR
fEpAH A DL S0CREE 2~3 Rzl - BNIHERA - FEN T HEIIMZ YRR EA
#E (National Museum of Natural Science, Taiwan) -

MAETUI R J7=0 » BERTEERpesHa UIpo® A - DL 0.05% A7 EE #LEKR(0.05% cotton blue +
lactophenol)[&]E i Sy 6, » RGNS T B0 I i 2 T RB RO 4H 4 - B - DI —BRE i 2 S B
SRR EE > FEEH T  BEHER TR E N raa/KRiEds L &8
Beh o BUARERFIPRE SR/ 5 AT REDTEI S 78 - BED AR THIPRER AR/ -

fmti =\ EE T HE M 35 (Scanning electron microscopy - fifE SEM) : ] SEM I ZIME T FH{EE
ViREEREP R EORES - #EJENT - UIHEY 0.5 x 0.5 A&F 0+ EREAVREE -
ERAEER (BEH ¢ 2.5% glutaraldehyde + 4% paraformaldehyde / 0.1M phosphate buffer) 7 »
BFE SR 4 /NI ER 4CKFE TR - P 0.1M BiEE4E N (0.1M phosphate buffer ) 2% 3 7 »
K15 73 o Z1% » DIREDREEEFEETHUK - KPP0 © 30%iE#5 10 73$# - 50%F45 10 74 ~
70%)P5H% 10 Sy $# el ~ 85% K, 20 714 ~ 95% k% 20 438 - 100%FHE 20 734 2 X » fiz
LA 100%P e (acetone)20 73§57 2 X - fpa I 5e HYAH AR ETTER SUREZ AR ( Critical point drying
fiifh CPD) B2 HE LR (freeze-drying) > FHENEYIG L - 88 > IRHEAEFHEIHEE (SEM
IS © HITACHI S-2400)#H22 ~ #1H8 -

Z. WESBERIEE

DJHLZY 0.5x0.5ecm HrfEpet - K E s [ RS/ ESEE AL (water agar » fiifl WA)
H EEES & ST REEFEEMERIL 70-80 EARELE 20-25CHEERT » BHFEFYRE L
Ko BB TSRV EA b PRSI R0 VA & A BUERE YR8 B 1.2%
potato sucrose agar (PSA)#F potato dextrose agar (PDA)ZEE T > BFE 200 &R BIEE %4
‘RZEE -
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— ~ PRI R

REGEMEZERMAY) (Theaceae) b7 IMET-EIL 37 A » 3 BHAVUME « 73 Al Ry A8
~ Exobasidium vexans -~ Z548 8% 2~ E. reticulatum ~ /NESHZSEIRR > E. gracile o KBEZSEHR
E. monosporum » FEALIZFR— - 4 FHIMEFE 2 EREFMLT ¢
(—) Exobasidium gracile (Shirai) Sydow /NESHESEHHE
ZF ¢ /NS Camellia tenuifolia (Hayata) Coh.-Stuart

RGBS G SRR AN A4 EERAIREI S 1 RAEE - B RSk OEGTARAL
o WEEE TR S R0 8k - Ol - By » SR 2FEE E e R E
BiiRNFEE (E—A) - FERESET - BREFIo4HET - EFERERIR - K/ 25-90
X (4-)5-9(-10) pm - JHIGEA 2-3(-4)(EHET/IME - #EF/MEA/NM2.5-)3-5 x 1.5-3 um (& — A) -
ERTRIGETY - KOS - EE 28 - & e - 2% - K/N(11.7-)12.5-17.5(-20.5)
x (3-)4-5.5(-6)um - pEFEA 1-3(-5)EFEE (B — B) - AR - RARRSEEHR -
K7\ 5-15.6(-18.5) x 0.8-2um (fiE] - C) o #EMFHEAEAOERE B A b B & =4
PHEAEE - T FHEEYEMT (B D) -

1 PSA #i1 PDA 5 A: E(B = C - D) » A% E23EFR - UBNE 2 E% - REar
R FYERE TR - B LE % - BUR 2R - B BRERAgH
/N BEEUEE AR > REERA - AU HERE - SIHUEEEIZE - o] AP 4/ N oy AR/ N
Z REAERK -

INFUH SR B R G R E R R E o REUEH A SRR > #iE & Exobasidium
camelliae-oleiferae (jEEHH - 1935) - [i1& » FEELAT HAFSEEF » I E. camelliae-oleiferae
B E. gracile Z [A%) R4 (1% » 1955) - HAMIE - E. gracile T FZZ5Hg1E Y (Camellia sasanqua
Thunb.) (Ezuka, 1990 ; {7 » 1955) » FIEEHTAZ AL 27 FAEYMHSR - [LAF - HAMESH
SCHEEIILZSAE (Camellia japonica Linn.) > fifEAME -5 » 47 Al B E. camelliae f1E. nudum  (Ezuka,
1990 ; fFfig » 1955) » A1 - GUEMEATEME AT @ (HNEAHRR E408E -

(=) Exobasidium monosporum Sawada AUEZSHEZETH
25 F 1 KBEZS Gordonia axillaries (Don.) Szysz

TMEERT A% G R A 2 R Akt BOR AL B BT > BRI » N REEE AT
MR FEE - 28T - EREREINGEARVENTEE - R DRREBESN - 5EiiER
e (E—C) -

TE G T2 HE T RER TSR e EAR D - T RIEFHIR - A/ 90-155 x 3.5-6
um o JHEZERYE > 2R LEHE T/ IME - R/NFs(3-)4.5-9 x 24 pm » FZEA—(EEET (B
E) - & R&AMEENY - Wil - K/ 20-25(-27) x 5-6(-7) pum » SEAEF - &R 2-5 (el fE
B (B = F) » I FIEA0F R EA b TS0 (B G) - E%5E L PDA 1 PSA
Bk BEURGE - BHAEHE > BEREENHRARIREE (E=E)-

REFEZRAGERESERE R 2WE Rk FEHEHAEDH R H—E

(Sawada, 1922) > fREVESN - H AT ARA EMHIE IR IL—RFE - RN KRBEE I EEH
RAFRMEIRNR - EZRJR ] S8 MR & 2 54 - Exobasidium monosporum 5 KSRy R B A —(E
Y/ IME > BT HFAFIEA Exobasidium fE#HIE 57 « FRA - FEREEZS B IVE S — IS W=
/1 Muribasidiospora gordoniae ffr5 [#2 (Hsieh et al., 2008) ; A » M. gordoniae & A FEIRFEHE >
WEf+ - 2-3 {EHEF/IME BB 0 SR S T U R > B el A& i -

(=) Exobasidium reticulatum Ito et Saw. ZS4E 67
25+F 4% Camellia sinensis (L.) O. Kuntze

RGN EER Bk s Akt WEE RN BRER TR g BRedh - By AR o TERE (E
— B) - THEESET LEMT - T2 REIFHIR - K/ 100-150 x 3.8-5 um - JHGE 4 34
{EHE T MVE(E = H) - T/ MEESER - TGRS > K/ 2-3 x 1-2 um - #EHAFRIVE
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TArmIEIRE > A2 TME R > A/ 10-12.5(-14) x 25-3.2 pm ([ = 1) - #EETREE 0-1
{EpERE > P S E4IAEETSE (B ) - B AE PDA NI PSA SRERA | » 240 > R FEE
ARANGHE > EREMFFREREZRBIR (B=H1)-

AR SR S AR (Sawada, 1919) - FAZRTE B REINELS 2 15 Ry L
P2 AR o ZRUEEHR ] RGN R R RIS B R Z 4D B et 2 22 52 - kIR0
O RMEBHRIN GBS AL 15 H o gt R 8~11 A > BERRE 7-10 H (¥ - 2004) - Hig
% Z SR FEROLENS - NOREHR AR AT RS - AN tFesaE s - RE b8
BoRMEEtR 2 aE - LURBHRERE R -

(PU) Exobasidium vexans Mass. ZS8iH7%
25 © 2% Camellia sinensis (L.) O. Kuntze

2 A IBEE R A 2R AT B0k S o/ NBE - R & B T BT B BERG » (UsStE
Ay BNREADCIRZ TERE (B— D) - THEGEE T RIEART - B EOEN
REIFR » K/ 66-126.5 x 4-5.8 pum » JHImE 2-3 {[EHE T/ IME(LL 2 55 R) (B K) © &7/
FEESER © K/NM2.5-)3-4 x 1.5-2 pm » E&ZFA—(EHET - EEFREEN - RINEY » B
s > AR/IN10-)11-16 x 3-5(=5.5) pum » plREHEEFEA L(-3)(EkErRRE (B L) - #Ef 1%
KRR AR » "R EMEEEEMEZETFE (B M) - REBAVERTEER
% HBEGELER  RAVPHEENERTEEE>EMAT > URRKERKE T
(chlamydospores)# 44 (@ = B) -

& EAE PSA B PDA B AL BAE RIEERRTE - 20°CHEE 50 K - B7& A/VINFR Smm -
YERkEtn  EHDEIBIR - 55& 6 (B 1% - BYE R/ MR RE Lom - BREWEDR - BIREBE R
i (B=F - G) - HEyEHhEESI - B @Y E R+ KA &R AT -

O M ARIESRE - (ERAZERE > BEMCREREREE - 241 HEEEEE L 4
RAIF781E - KEEBIZ - E. vexans BT HRUSEEEE L - A FHEAEHE - EE8H
% REEAVERTEE LA R RAVEIERT A LUPE S a1 ERE 884 & - thiE
TR HTE % 520 MR  AME TR - fEE S O I S v e R R B s B T m B
= Feit E. vexans ‘R 2 EBMT - MEBIEMTIAEE - RESTZ MEREREEE
R - A Sitemdias BB - TTEREEIRENEMR T AR TR AR
R FI AR AR 52 -

— - ReHGE

KHETFU) R BlZ24E R - REFHASZ Exobasidiu monosporum [§iZ41% » T/ =~ MibiRAHA% AT
TRARAHAREEHEE BB S > HAREREREE K (B = A) - IR SR ] RN HA S ME T 5 B > 7
AH&% o DR UE MBS OB (BT A-B) ~ KEEAHEZH (EIY C-F)FIZEHH
(EVY G-L) 4l sk » nERIEZIIME FE 2 IE T/ MEEH - IETHRAILECE A
Vi S ARE R EE A o RIS T TR R EE T/ ME R e T -

FHEAARRE > INETHEEAT TH M > HAEBZIMETEELE 2 HERREIR A HHE
(Nannfeldt, 1981) > FEEHLURHREEEFIEFEMEAR 2 25 - Kt 4 TEREAZRHEY) 2 A ME T &
Gy ERCR [EITE « ATHSCAE SR BN 0 It 4 FEAME T 2 8558 77 =T > T [EfESME T B 12 PDA /1 PSA
TAERPREEARZRMYE - A& IE 4 ERRMEYI 2 ANETH > DUREEIRE ~ &/ MEEE FE
FF K/ NG Byl 2 7 kS - BIBHIE - IMET EFRECEERHEYISN - TEARSIERE BN A E R
ZIRE A - A (E. japonicum) (G 0 1999) » AR HEISIN R U E R o AWTRE
il 4 FEZSCR 2 AME T ETERE ~ B3 Mgt > DU e = 2 R HEY) LIME T HINEEE
o fEHBYEEE 2 2% -
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The Studies of Exobasidium Diseases on Theaceae

from Taiwan

Hsin-Hui Shih**  Chuen-Hsu Fu?>  Huann-Ju Hsieh?

Summary

The genus, Exobasidium, is a phytopathogen and four species including E. gracile, E.
monosporum, E. reticulatum and E. vexans occurring on Theaceae have been recorded in Taiwan. E.
vexans is an economically important pathogen of Camellia sinensis. In this paper, the taxonomic and
culturing characters of Exobasidium on Theaceae are described in detail. Additionally, we observed the
surface structures of the pathogen on host tissues by the scanning electron microscopy.

Key words: Exobasidium, Theaceae, Taxonomy, Scanning electron microscopy (SEM)
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Table 1. Exobasidium on Theaceae from Taiwan
HFE eS| PREHH PREEHEL i
(Host) (Pathogen species) (Date) (Location) (TNM)
%@ o Exobasidium vexans 2004.10.17 ﬁ%ﬁﬂl‘ﬂ%& F0020641
Camellia sinensis BARE
% 2005.04.27 =l vay il F0020661
Z “HLERE” 2005.04.28 HESEEEE F0020664
7 PEE” 2005.04.28 HESRERESE F0020665
7 “HLERE” 2005.04.28 H R E AR F0020666
X OELERE 2005.04.28 B = 24T F0020667
3
m@;\?;? :,;am 2005.05.02 R UM F0020671
% “FKK22” 2005.05.03 FARER R UG M
Z¢ “Assam e e
Maripuri” 2005.05.03 IR F0020672
% 2005.05.03 FEfS RS 2O SYES F0020673
% 2005.05.03 FEfS RS MR OIS F0020674
P 2005.05.03 L Es s s s F0020675
K FLATT 2005.05.04 [Eatite J=0CPaNE F0020676
Z “HLSRE” 2005.05.04 [EaEite AN S F0020677
KB 1298 2005.05.04 [Eaite =N BN F0020679
Z§ “var. Assam” 2005.05.04 [EEite VN BNE
% 2006.04.04 H S E R E F0020731
IR “HLERE” 2007.11.21 B IERE PR AAE ST
x* HLRRE 2007.12.18 FEB TS5
3 PG5 14 58 2007.12.18 FEB RS E
H LK 1T R 2007.12.18 FEW RS
xR HE 2007.12.18 FHEN BB
5 KA 2007.12.20 EICRAREFARAE 1A
R RR” 2008.05.21 G NG EN N
TN
Camellia Exobasidium gracile ~ 2005.03.05 EALRREMEEARL  F0020647
tenuifolia
2006.03 BB = WgEA AT F0020724
2005.03.12 Bt T A F0020648
2005.03.19 BB EAACLLI4D F0020650
2005.04.27 =S N A F0020663
2005.04.24 =S N A F0020659
2006.02.02 &b r A TER F0020716
2006.02.12 EdbRa AL F0020721
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(=)
# Camellia . 2007.12.14 AR BLETARGD At
sinensis Exobasidium
KA reticulatum
2007.12.20 SoAERAET RS | A
i Exobasidlm 2006.05.05 5 ARG F0020752
axillaris monosporum

2008.07.12 GRS ESE R
2008.08.16 IR AT K KL

TNM: National Museum of Natural Science, Taiwan

& — ~ SMETE BRI SR R -
A D NEUBZESHHRE 0 B 1 ZRMEEHE  C - KEEZSHEZER D ASEPR

Fig. 1. The symptoms of four Exobasidium species occurring on Theaceae.

A: E. gracile on Camellia tenuifolia; B: E. reticulatum on C. sinensis

C: E. monosporum on Gordonia axillaris; D: E. vexans on C. sinensis
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& — ~ SMETE W R R THE T H SRR -
A-D : /NFURZREFRE 0 A HET 5 B HEfLT 0 Ct AT D B TEAEE
E-G : RERHEZEME » E &1 F BT G B g -
H-J @ SREERFRE H - BT 5 1 HET 5 0 4B T3 -
K-M 50 - K BT L BT M BT T -
Fig. 2. Morphology and germination of Exobasidium species
A-D: E. gracile, A: basidia, B: basidiospores, C: conidia, D: germination of basidiospores
E-G: E. monosporum, E: basidia, F: basidiospores, G: germination of basidiospores
H-J: E. reticulatum, H: basidia, I: basidiospores, J: germination of basidiospores

K-M: E. vexans, K: basidia, L: basidiospores, M: germination of basidiospores
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B =~ A REESRFEZ P B UJE - B SREHR EIE L T8 R P R 2R - (R 57 5H )
C-D; /NEHAEHRE & RE s C: PDA 5%& 33 K ; D 1 PSA Li#%& 100 X - E : KEH
JRIEZHE SRS - PDA ER%E 90 K - F-G 1 ZREIFRES VAR 0 F  PSA 50 X3 G PSA
E6MEH - H-I : SRAGEHHEEPRE - PDA ERSE 8 {EH - (AR : 5mm)

Fig. 3. A: Thin section of diseased Gordonia axillaries tissues infected by Exobasidium monosporum.
B: Chlamydospores (pointed by black arrows) produced by E. vexans in germination. C-D:
Colony of E. gracile, C: on PDA, 33days; D: PSA, 100 days. E: Colony of E. monosporum on
PDA, 90days. F-G: Colony of E. vexans, F: on PSA, 50days; G: on PSA, 6 months. H-I:
Colony of E. reticulatum on PDA, 8 months. (Bar: 5 mm)
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[P~ S T R A
A-B 1 NFUHIZRBHNER ZHE TPRE o C-F ¢ REERHEZN R 2 I8 T HfEY i R RfLEL -
G-L @ JREBPHHE 5 G-H & ETHRF R LBPEREESE - I-L &7 BT -
Fig. 4. Observe Exobasidium species by scanning electron microscopy (SEM)
A-B: The basidial morphology of E. gracile on Camellia tenuifolia
C—F: The basidia of E. monosporum were produced from the stoma of Gordonia axillarie.
G-L: E. vexans on C. sinensis
G—H: the basidia were produced from the stoma and broken surfaces of infected leaves
I-L: the morphology of basidia and basidiospores
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ZoMElEE BT (algal leaf spot)fy¥ps)ii £ Cephaleuros virescens Kunze - Kﬁﬂnéﬁgﬁfﬁ}iﬁir)ﬁﬁﬁﬁ? &
FEREE A4 1 2 60 {ELL L2 BER: - K/ 1.5-4.5mm > IRHZE =G E - BAEANAREEZRRE &
FEMIRAHAR ~ FEZEAN - MIE (setae) KFO¥EE > BHEENEHHTAIMFGEE - %Hﬂ(ﬁ‘“ (thallus) ExHE
IRIGOE RS - fZERN R 250- 350um & 17-22um » fUZERATELG R KRYEERAHRE (head cell) F75 2 &
6 {[E B fE5iA < FE4RtE (suffultory cells) » #T~F[EIERRUATHEEE - H 7 FEAMREAYTEIG RS > K/ Fy 23- 27%20-
25um ° FRFSREHME BT A R EZSEIR i) 3R -

BHSET © A% - B - SZIE40ME - Cephaleuros virescens

%
A

g

FERHREBEAEEIE ~ W B R R SR ERRE > By red rust - H RS By 1 BB %% (Ezukaetal., 1994 ) »
BB 2 Ry A 418505590 RO (Chenetal., 1982) » &8 ELBIAE R R 48NN [E] - ER R B
/B Cephaleuros virescens Kunze » R[4t —35:44 £y algal leaf spot = C. virescens 7 47 JEH {7 By -

Plantae

Chlorophyta
Incertae sedis
Trentepohliales
Trentepohliaceae
Cephaleuros
Cephaleuros virescens

Cephaleuros A HIIA7KAES - EMfE—HRASIREESRE (filamentous green algae ) » SEAHEAN &H
M4L % (astaxanthin) . B-&HZER 2 (p-carotene ) - (L » EEIREGHVBHEL BB ZAYE T ~ MEEELE
( Lopez-Bautista et al., 2002; Thompson et al., 1997 ) - C. virescens {427 #i[&ZE )T BFEZE ~ Ik - B4 -
BgEL ~ FE - HIGSFLOREY) (Lopez-Bautista et al., 2002) - SREREILHAAELE ~ HA ~ BRI P B
EXEFA A4 (Ezukaetal.,, 1994; Holcomb et al., 1998; Tunstall et al., 1947 ) -

TEEEEPR 2 AR - 210 - BFUREHEAVAREON - 17 - W5RE - 2FHAZSERE - H
KWW - S4 (2008) Fok BI5E0HE SR LA G — A R E S B DR bW 8 4
FAREPDR T AR —ELL—F R EAES - EARmEEEE 18 5% » 65 12 iR L RREHNHE

A o SEPDRAE B8 2 7R 2 T u 2T 2 BN o AIHITE SR FOR MR FRYIP AR - AR S 2 DR A
[FA VIR -

LITBEEZ B RN RS BEIEE - 58 HER -
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B E T BRI A BN RS ST IR AAE Y EE | B A BT (RIS PREE et F AR AE Ry
TR IR BERERERERE AN » AR KBRS - ZRREMEAARAEY AT - %588 - fHER - &
EEERS ~ AT WA R BB RIS Hrplss BB RS ERY B PREE AT S BRER A DE - B
ZXREANZHLEHE ~ FHOKRTT - BT REF 12 9FEIUEEY AR - FBIFE SRR - 0%
PR AT IR - M DI AR - HESRIEREEE R %= (moisture chamber ) o » & —1K » FlIH
FESISTRREENM D BEIREE - BEFOLEEIMEE - Bl S AR P R B2 E A/ < S%E2 C. virescens
R FAERPREIMHRAIIEEGH AT - B2 REEIRES » T FEIPSCRRANET - H— 0B Esh
MBS AE & > ARV A BE R - SR E AR/ Ny 1.5-4.5mm » —/ BE+ BA 1 5 60 {E DL ERYA/NBERS »
SEESAEETRESM L ER b (E—) > MEIIEHEE 50 2 THIZE > SR W IENIESR - B&AHAIEIE
HEE > BB TR S LR R - AR AR R BB E AR ~ K -
wEEth o PP EEIRES TR R ARy X EARY) (hairs) » EfRYH i - — R R ZZAVHIE (setae) -
“RyHE 3 5 5 {ElFREAfEENN (sporangiophore ) (& — » A) » AvINEy 250-350x 17-22um - fHI B iU
HIAMRE R KX R SRR (head cell) ([ — > B) > safds=th » B ERH 2 2 6 (E iS40 4 - HAmk
B fiZE (sporangium) ([E— - C) - SZHE4MME (B = - D) 7 52 A mEet  FmdiHeE &
Z o R EE R A2 i —Y 2 ElE AR AR (B E) - 2N 2 2=
> K/ By 23- 27%x20- 25um »

SRR BN S B4RV - AEEER A C. virescens ZRAVERES - HEY)E
ZE (Joubert et al., 1971 ; Thompson et al., 1997 ) LRI A ¥HE Y7775 2 ( Tunstall et al., 1947 )- C. virescens
HYhEAET- (zoospore) R Z &% N THEEE A » R - H Al e A5e s 2 IR (Chapman et al., 1983
Holcomb et al., 1998 ) - fi 1880 FF-ASEBLHHLEE LK (Petch, 1923) » Tl —({EtHar » SR EZE
R ZHEBEREIED o (EHA (RFAVUES » 1950 ~ 1951) JHEARE (Chenetal., 1982) #Z5H F 27 )
C. virescens HHIREIZLH L - GEZM LRSS IR » AL BZE B 2 BETERYE o SEPRRPRIE AR
RSN RENPIALSE RBEZRCE B - KRG ER N ETRBBIH T RBIEY) b2 S pE
Ebiz > C.virescens BZSfS 2 RIRVMHRAMESEIASE - b HIR M R va L2 2% -

[ . 7 3 <7 q Vi
) s AN,
: . &% . Y
L 7 9 , g B - )
\
A ® . -

[E— ~ AR S AP
Fig.1. Symptoms of algal leaf spot at tea plantation
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[& — - Cephaleuros virescens Y RE
A fEEE (sp) © B BHRAMAE (h) -
C: fHEE (s) D HEHAE (su) - B @ BEHER 2 SZHEAIHE (ds)
Fig. 2. Morphological characteristics of Cephaleuros virescens
A: sporangiophore (sp); B: head cell (h); C: sporangium (s);
D: suffultory cell (su); E: suffultory cell after discharge (ds)
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Algal Leaf Spot of Tea Plant Caused by Cephaleuros

virescens Kunze in Taiwan
Fang-Ming Thseng®

Summary

Algal leaf spot is caused by Cephaleuros virescens Kunze in tea plants. One to over sixty sports was found
in a single leaf. Leaves develop lesions that are roughly circular, gray white to yellow brown, 1.5-4.5mm in size.
Vegetative cell, sporangiophore, setae and sporangia are brightly yellow brown in color under microscope. The
head cell, which is terminal on a sporangiophore, bears sporangiate-laterals. Sporangiophore is 250-350x
17-22um. Head cell bears 2-6 whorled suffultery cells. Sporangia are terminal on the suffultory cell. Sporangia
and suffultery cells are 23-27x20-25um and 35-40um, respectively. Among woody plant species around tea
garden observed, only Camellia oleifera and C. japonica are infested by C. virescens.
Key words: Tea, Algal leaf spot, Suffultory cells, Cephaleuros virescens

1. Assistant Plant Pathologist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
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AW LAREA HIER AT 2 58 R TH S REZREE B R R BE BB E - BEHL 48 (R A [EFa 2
FbE Rtk > g E EEALEROT T AT - BRI B R IESRER Z (LR A
B BN aERIESFER 2R Ry © SIEE = E FER 2 R IE SRR LR
{BERRk oy 225 WEEE ERR T T BRI R i - Esliil B aE RIAGRERER
HIE LEBEZ RSy o (5 REUT > RIASRER TGRSR FE 2 EGCG & &7 K 1.56
%E 3.00 % - EABUREANAT 2 $ R B USRAAEE - IERTHEOGT SR RE > BEERTAS
FEREH R - —(EARFRZRIASRETNE - (EAZEILEN S S BRI REEE
B PR TMORE EGCG ~ (BRI A RBBEA R ARF BN EMIER R 2T
Hh o FEBRFE SR & B 2 B LA — 2GS - SIS o TSI A FE R RS
FEARH IR B TORHY 7 TR - P T AR Z SRS R AT - e 2 FI R R A
93.88 %

BAgEY 1 VEMIESRET - EE(LEREGY ~ RMSERIT ~ RO

Al B

FEZEEREFE S » (RN T IJTENARE - KRBT BEEAS ~ #=25 ~ B 54 (BHE
) ~ LA R BRSNS E (B > 1992 ;5 bk > 2001) - FrasBEfE e & Sy - BAE A AL
BB 3B > MERFEEETHEER - ENEAKEHEPRERE - &
R BASEACER - AN BTREE 2 AE TTANEEROR A EE - & Rz mERE (B
2003) -
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1. B RSB YRR A LI - 678 G -
2. TEIREZEGRENRGEINEE - B8 kEW -

3. FERARERSPHREE - 678 Gf -

“EEEL - ET-EE © smou@ctust.edu.tw
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BERTE 2 il SRR - B 1796 RS R FEEEMS RE R GEILES - e e
SUAMBEZFEZES (bk 0 2003) » HRJeies R ERSHER - B - A sk
BUERL T - (EEER R E— BN EEER - W BB e S E & (b 1998 5
B - 2003) - Ei AR EEEE A A SRR (AZEER) » HPaEEREREE
HHRZARE > w53 FeRB R EERBVEITESS - Wi MR E A B R E T E R KR 2 45
1 (B - 2003) o “EEREVEREAS B FARRIM A B3 - HNER - il - BT =X - 28
HOSIEE 2 R E - FESERMEEE RN - HPLURTESRESR - SIS KRB 7R A
M (B > 2003) - FHIHSHEAAE 1855 4F » HMREVIIR HEES | AF LS » 11
PG RE S AR THLL— T BRAGTEME - R VB S R sk 2 A IR B MRS - RIS » F
B s —ROME TG TZ AR IESEER (BRI - 1997) - WIHSREA IR ELREE
% REBRGEET - Hoew A RKE HZREEEHE (B 2003) - HIESHEREHE L
J& 2 PR REARS - SEEEEAY Ry 20-25 % o HEIEAR S — A0 R B 2 A R R iR
ZEZMEEALIER - — 80 Al AR B ML I RUR S R e s il JEBE R M S ARIE A (B
2003) - HbiE TIEHEHUSHEE 2 HTEGREREEEE - M PHHEE - BAD - Bz
JREOKE (B > 2003 5 BRAIAR - 2003) - FftEEZe (it @ (R RIESRER AR BUERHE
BLEOREE - (FEEREFRTHETSHEW - HREETERE -

BB HRIFEARER 17,620 A > SEEMGET R 18,803 Al ((TEFiEXZA®
2007) - HIAGRERRHEE S S FMEHEE - Ol GEBR AR FREE T — -
FRTASHEA SR LB TR AR K 2 (B RSTHRELLE - 2B T - Eﬂ
EHRIESHREREEEAREER 2L - BHATRIESRER TS LUZE B Fyd NEE s & L] A 2%
e Bl 2 255 TN A RE S - BRIGEREEIA WTO 404 - ¥R ER R ioRHY
B R AR E SRR B ACEI AR E —HE I 2 E -

BINARASEIATTESR S E S - (HEE BRI AA 24 A 2B T SR HSRER
FEAER T &8 R HBR ERE - FHIMEEFFE T ELS I B RAEHEETS - 5
B2 LB & EREHILERER Z HIEATED » VAT ZZ o RIFEARTHIEH
M & BREEHIFTE < RIS REA B RalBp et - 1AE

— WP EBIIEERASRER T E(LER O 2 EARER » DIt &R2% -
- LA [E A 6B RTHSREARLL BRI LRy 2 =2 -
~ MIAMEER R 2 B & £ 1737347 (principal component analysis, PCA) -~ 2225871 7347
(stepwise discriminant analysis, SDA) k&1 EsE 5747 (linear discriminant analysis,
LDA) TR [EE 4R TH S REAS LB A HIH -

[l |1
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PRI A

~ BB - ELRERE B REA 2002 FEEZREL 2003 FR5Z K E R R RIHSHEA TEEES 48
-
- EBEITE
(M) EERIESRER EZLE R e 8 BRI
H AR RE SR TS REA R - P EREER RIS ARAV2ikET 48 (i
R i ETL G RIE SRR T2 ERE - i BiE Ky
pH (B ~ S5 E ~ BTl - 8% - s AN ~ (] 5 25 R RmyER S 16 75 -
(D) N EFESR TS REAR LB Z F AL YL
L AICEERY 48 EA [ SR 4k 2 LB - BRI A (B 28R - =FK)

Gk BERE 0 5t 19 B RAFEZEBRAETIEHECE - 51 13 208k © Makzth

TR Ry T » 51 16 558 - oA L EEARERR Ty - MDA T o ERE R [

BREUCER 2 2R -

(E) N EESR A SREAR LR Z R
A LAt B4R~ R NEURTARREA I, 48 B - A FEALE R Bo &
S8 B A AR S A T ST ELHEIRIROR -
(M) FZALE Ry 2 3 T5 7k

(1) KoERHE (B1%2004): DL 105 CHZlE E W E - S iriiit o A8 (215
2004) ZHAZEREIE] - HIE(ERR EAE Y -

(2) pH{E (AOAC, 1984) : [ HEIEAEZR AU » 73l S J7758L (215 - 2004)
ZHHFEAEE - RIE B EE P -

(3) #E5iFZE S E (Total catechins contents, TC) JHIE (&2 - 1988) : DUEGIEE
BEGENEZ » SrtflieiE K758 (B155 - 2004) ZHAFEAHIE - HIEEBR —EH
SRS

4) #E%5tlr&& (Total polyphenols contents, TP) JHI7E (Spano and Wrolstad,
1990) : DA Folin-Ciocalteu = EEME 2 » 73 Wbt 7748 (2155 > 2004) 2 i/t
FEMHE - AIEEBR A -

(5) #4%& (Total nitrogen contents, TN) JHIE (Iwasa, 1975) : £¢glIK % (Kjedahl
method) JHIE - SPHTEME R ATEEL (215 - 2004) 2 BIFEAERE - AIE B &
P4 -

(6) HEEEREELlE S & (Free amino acids contents, FAA) JHI7E (Nakagawa and Anan,
1979) : LA Ninhydrin 2 EERME 2 » S3treiERO77ESL (1% - 2004) Zb5EHH
A - HIEEPR B -
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(7)  WRER R AE R 5 R 2 HIE  (Terada et al., 1987) : DUstae RAH @ T A HO R
SRR HIE 2 » itfiRi OT7AEL (8155 - 2004) ZHAZEAEIE » HIEERR —
HE -

(R)GEET M H7E (SAS, 1988) : Ll SAS (Statistical Analysis System) EdL#rgEE{ TR
T EE 7 (one-way analysis of variance, one-way ANOVA) ~ 58 Bl 4747 Bz 45 M
AIGTHT °

GEREARTER

- BERIESRER TR P a 8 R HER

BERTHSREAR SRR L IE A » 1976 £ 2 1 RE RALEE(EHH ) » il EAS
BURER - SHILEEHFFE  MEXAKE 802K DR P8R E
RN E BB FR (A8 0 1997) - BRTARARTASFER S IH T2 R
e R - B K EAHAM AR E G ER A T TR S A 2 B BORTE
BREAR BBy 2 P a8 M H B R AR L -

HIESRERERAOEE T T 2EE , BHEERIRE W8 R 2 HIESESR
FREEIRRR LA - FEIAGHIEERIR - KB 2w BB EWHRE  B®RET
BE S G AR REEN » iRk &AM (058 > 1997) « A RES
& CEBE RS Bt B R » § 2002 FEEZEHL 2003 FEHEENEF 2 EERT  BESAF
[E ARV ILET 48 1 o HRHhER s E A [ AT s R (G A 2 SR [R5 4k 2 F5k%
BFECEBEZ AFER (CHEREZER) B EERE R E AR 2SRy
SRR > RS RIET TR EERERREX TE BN T aE 285 -

K- RHEEBRIHSER TZ(LENy 2 a8 0HEE - H pH H - #HEER
(TC)~ 4527ty (TP)-48%& (TN) s Bl (FAA) BifE 55025 2 Y gallocatechin
(GC) - epigallocatechin (EGC) ~ catechin (C) ~ epicatechin (EC) - epicatechin gallate (ECG)
Ea8  KRECRE—ME BN EHEN - HHAKS - kR EYE R AR R
fY epigallocatechin gallate (EGCG) &R —REE 382 s (&% » 1988 ; 8% »
1990 ; &I - 1993 5 [HFIE » 1995 5 25 » 1998 ; 255 » 2000 ; {5 » 2001) - F*—
BHROILHESZ pH EEGEE S REREY » ERGW (CV %) B7E 11 %LLT » 1
ST HAM R AAELUE N bk > 1999 5 2% > 2004 5 2155 > 2007) - fEAEIRIES
BEASEEEE SRR i - /Ko FUEHE R B & B 72 SR - R T8 SR B 1 51.93 %
Bl 39.68 % > =i [EIEE - 3B H SR A ein 2 S LR BRI S 2k (2155 > 2004 5
255> 2007) - (HFCEUR - HERE AV BDR S & 2 BT UKy Solpie Al & & (Bt
% 1989 ; 1R%F > 2001) - HIHSHEABEG U S FnH e RBi%) Bt
FERYZREE (BAIAR > 2003) » HERHRE S - GEREF/KTEEEE  MERERR(E
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BERF T AN BLLE R E m] RE A Rl RISR B K o MU R Bk & B EE R 2 88
o fEER] AR GC il C 28 » BESLfE]E (R HUE 45.07 % 43.38 % > LT
SAARERETHEERR  AEREHEGEZLIFAE - BISRCRREBR 2 8
S0 PHCIAMERIRER - BB 5RZ (free-type catechins) » [NHEH#EOAZ 5
RMEREZ GERASREARH - (@i AR RERERES BN - hRESER
{5 BRUTFEER SRR (total free-type catechins, TFC) & 7 SEEPEIRERUN > 1
anfHE BRI 14.57 % - JFR Laldy/Koy ~ pH {E - S ELRE A R & B (8715
RETZ GC H CEHEBHENHMNSY  HMIASHEAR T =181 {# 5 iR R Z S B fe e R
By 2 aE  BAMNZERER > HBRGEHEO 2 +E2=1/ Bk
R Sy e B2 B - BAADEER (255 > 1990 : &AIRR > 1993 ¢ 2%
2004) - griy Lalschs - iR EERIASRER L RS2 a B2 ERIET -

FRHRAMEER BBEREMERE AT ZAE  RIAGHES - SUREER S
Foie BN ot - =R A B S D BR A R AR DL (BRI R AR B
e 2 AE - ERERE R 2R - @ T USRS, FRRRIRSEER
BRWHLE D 30 £ 5 /NFFHIRFF RIS © S USRS RIEHEZ & R AR 2 2 0%
R > BB BT B - B B 2 BRI S R I TR R U

TEATE ) PR HEE mE RN BRI RIR AR TR B
IR EREE 40 £ 5 /NEF (B - 2003 © 2% - 2004) - =) SRR EHUS 520005
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2007) Zfi] ENGEHUE R SR E i AR & B 2 S B I (P> 1999) AYEEIR (3R
TARSHET 5 Z iR S & B Ry 30.17 mg/100 mL MR E iz 2 38.12 mg/100 mL
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FEyEAEE A E > RIESERZEE (1.56 %) BERRE LS (1.66 %) Bl
BT (2.04%) (2% - 2004 ; 255 > 2007) - —fiM = > BEEUE G EEIRF IGO0 - ok
NEBEAMIE M 285 (RS - 2001) - (EAEARTE PR 2 SIS, - SEHENIIE
B SR AR > RIS RER & DAIE LIS RE R R » (255 » 2006) ZHT5tts
th - F O GREmERT I EERR 2NN 2 8 - BN HAr AT - e It
TS - S EBEE AL R Z EGCG G & b th = RSl NAH[E 2 82 Ha 8 (3.00 %)
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A RINELTE (3.98 %) Bt (5.38 %) (855 - 2004 : R[5 - 2007) > BURLAF
OSRESTER Y 2 R TESREZC IR E EGCG & Bk Frf (£55 > 2006) -

BREINS - R—Z0oaERE 7 RIASIER L E IR B0y - HIAR
FGERNUK B ZALE ST » Bk &R ~ pH (E - S5 - 8% 7Tl - %85
BRI ~ ] SRR R o R AR AN Y R R — RS EE
7% FEANMYERS EGCC S ERR 2Rt - AR AT B 2ERIHSRER ST
BRor-Foa BB - DRfERSS -

 RIASHER AR Z EEFOR EHALERRY 2 PEEL

R TR A EFEYORTHSRE AR LB R E R LBy 2 B - 45 R
ZREAE AR AR AEIRER R A A Y GC Bl C & & FIgmiiEEaR
F1E (p > 0.05) - HEHFHFEH THSEEMEHAZEFH) EGCG ~ SE{EAI5HAE
(total individual catechins, TIC) EAZ&RsHIGZSZ (total ester-type catechins, TEC) & &
BE SN HMRERE R -

R PN F SRR SRR T2y 2 R AR AR AR R
BHHY EGCG ~ ECG BdEFE A A H B 8 [ REEHNIEE L T m NP4 -
s o SIARR PR SRR AR R R B - B S G A5 R R
= (B > 1995) » ErpBeA G0 2R 7 TRR RV )OS RS AN R (BE5E 0 1990) <
THSHERVEREEEHE - 55 A LA EEEE (BF0FE > 1997 5 B > 2003) » 2556 A 2
WisesERIEH BRI R R 2 2B ERE WE S AR (255 0 1990) » T4 ZH
SRR AR B LY & EBHMMWER R K - GRSk e H
R AEFRHAE BRI MR FLCE - R GHE S -

R _AVGER AT B BRI RZEA RSN 12 pH E ~ S50 5 R - %l -
HAS - R R E(E RIS T 2 EGC K EC ks b REIZFR 2 Rt B A8
EVE 2R (AR - Wi —E0Ess -

HIAEVIAHE R & - TR 2 LLils - WA H B R8T » ER
Mrz BIEEECRZ - BZIE TRE AR o MR B 1 - B thi s 4558 (B
> 2004 5 B= - 2007) - F %4477 (Principal Component Analysis, PCA) & 241
SRR Ry VRO EST SRR - B AR BB R R 4a i bR OB T A AHRE 2 R
53 o FRGT SRR TSR0 & B T RSy Z R B R SIA o i TR RN [E] RS A
ot 22 SRR AT o B T (K > 1983 5 255 > 2004 5 2155 » 2007) - R H
TR IR LR T AR RIS OR A S RE A 2 R -

FIF 15 THTFZALE AT T = A EFSOR HSREAR L BRI Z TRy i
R AR AT 55— 555 — £ sy b Eigenvalue B2 Eigenvector {E {F[&E » &5 F4NE —FR -
FREFE— B TR PIfRRE 62 Y% SRS AR > B (255 2007) Z W9R 45 RAHAT
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FHIE] AT B Y SR TER SRR AT o0 B W KB » 55— B iR 28 — B EE DU SRR A - y 2002
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Chemical Characteristics and Discrimination of
Different Grades of Taiwan Dongding-Oolong Tea

Yung-Sheng Tasi*  Shih-Lun Liu?  Andi Shau-mei Ou®

Summary

Total 48 Dongding-Oolong tea samples of different grades evaluated in Dongding-Oolong
tea competitions in Lugu Country were selected as materials. Their major chemical constituents
were analyzed and compared, in order to establish the basic constituent profile and to find out the
characteristics of Dongding-Oolong tea produced in Taiwan. In addition, the difference in the
chemical constituents among these tea samples of different grades was investigated and
discriminated by using principal component analysis (PCA) and linear discriminant analysis
(LDA). The results showed that the caffeine and EGCG contents of Dongding-Oolong tea were
1.56 % and 3.00 %, individually. The relatively lower caffeine and EGCG contents were the
characteristics of Dongding-Oolong tea as compared to Tiehkuanyin tea and High-mountain tea.
Most of the chemical constituents among three grades of Dongding-Oolong tea samples were
different significantly, but there were no analogous tendencies among them except for the lower
EGCG, total catechins, and total ester-type catechins contents of the third grades tea samples. The
results of LDA with 7 major chemical constituents selected by stepwise discriminant analysis
(SDA) showed the discriminating ability for the different grades of Dongding-Oolong tea were
93.88 %.

Key words: Taiwan Dongding-Oolong tea, Major chemical constituents, Linear discriminant
analysis, Principal component analysis
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x> QERIESER EELENS &8 REE (N=48)
Table 1. The contents and ranges of major chemical constituents in Taiwan Dongding-Oolong tea
samples (N=48)

. Content
Constituents — - Std Dev CV %
Minimum Maximum Mean

Moisture 1.01 4.56 1.74 0.91 51.93
pH 5.10 5.81 5.40 0.16 3.02
TC” 6.52 14.76 10.32 1.94 18.82
TP 12.14 22.57 15.26 2.92 19.12
TN 3.72 5.86 4.74 0.48 10.04
FAA" 0.61 2.86 1.41 0.56 39.68
Caffeine 1.20 2.17 1.56 0.21 13.66
GC” 0.73 5.04 2.75 1.24 45.07
EGC” 1.80 5.67 3.22 1.02 31.74
c 0.17 2.00 1.18 0.51 43.38
EC 0.26 0.82 0.58 0.12 20.67
EGCG” 1.46 5.21 3.00 1.10 36.71
ECG” 0.18 0.54 0.36 0.10 26.85
TIC” 8.61 15.10 11.09 1.42 12.79
TEC” 1.84 5.76 3.36 1.10 32.82
TFC" 5.80 10.04 7.73 1.13 14.57

*: TC: total catechins determined by ferric tartrate method; TP: total polyphenols determined by
Folin-Ciocalteu method; TN: total nitrogen; FAA: free amino acids; GC: gallocatechin; EGC:
epigallocatechin; C: catechin; EC: epicatechin; EGCG: epigallocatechin gallate; ECG:
epicatechin gallate; TIC: total individual catechins = GC+EGC+C+EC+EGCG+ECG; TEC:
total ester-type catechins = EGCG+ECG; TFC: total free-type catechins = GC+EGC+C+EC.
The unit of Moisture, TC, Phenol, TN, TFA, GC, EGC, C, Caffeine, EC, EGCG, ECG, TIC,
TEC, TFC were all %.
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Table 2. The difference in major chemical constituents of Dongding-Oolong tea samples with

different grades

Constituents” High grade Medium grade Low grade
(N=19) (N=13) (N=16)

pH 550 +  0.19° 5.34 + 008 534 + 0.13°
TC 865 +  1.37° 1033 + 116° 1229 +  0.91°
TP 1755 + 348 14.41 + 120° 1353 +  1.30°
TN 460 + 054 4.64 + 033 500 +  0.41°
FAA 114 + 063° 1.28 + 037 170  + 056
Caffeine 1.62 + 0.242 1.54 + 0.19% 1.50 + 0.18%
GC 333 + 0.30° 3.23 +  0.69° 355 + 0.68°
EGC 307 +  0.40° 3.05 +  030° 231 + 055
C 148 +  0.08 1.59 +  0.20% 130 + 023
EC 064 + 0.08 0.56 + 0.10%® 053 + 0.14°
EGCG 292  + 103 1.88 + 021° 401 + 055
ECG 027 + 008 0.42 + 0042 041 + 0.8
TIC 1048 +  1.15° 10.73 + 0097 1211+ 150°
TEC 319 + 099 2.30 +  0.24° 442 + 062°
TFC 729 o+ 1a7° 8.43 +  0.80% 769 o+ 1.07®

*: The same as in Table 1.
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Fig. 1. The results of principal component analysis with the chemical constituents
of Dongding-Oolong tea with different grades and production seasons
(Code of sample-1. High grade tea; 2. Medium grade tea; 3. Low grade tea )
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Table 3. Stepwise discriminant analysis results for the classification of different grades
Dongding-Oolong tea samples

Step Variable Partial F Value Pr>F Wilk’s Lambda
Entered R-Square
1 Catechin 0.63 37.22 <0.001 0.366
2 EGCG 0.57 27.30 <0.0001 0.159
3 TP 0.56 26.50 <0.0001 0.069
4 ECG 0.38 12.20 <0.0001 0.043
5 EGC 0.37 11.46 0.000 0.027
6 TN 0.15 3.31 0.047 0.023
7 EC 0.13 2.86 0.070 0.020

*: The same as in Table 1.

FVY ~ R [EF 4P OR TS FEAS LR B - TH 1 S oy A T R 8 Tl 2 Sy A i SR
Table 4. The classification results of different grades of Dongding-Oolong tea samples by s linear
discriminant analysis using 7 principal constituents

High grade  Medium grade = Low grade Total error Error (%)

From
High grade 16" 3 0 3 15.79
Medium grade 0 13 0 0 0
Low grade 0 0 16 0 0

The percentage of total successful discrimination: 93.889%

*: Number of samples classified
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Fig. 2. The four layers withering machine Fig. 3. The input conveyor of withering machine
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Fig. 4. The output conveyor of withering machine
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F—  AEBEZRE - FRE¥ERERE 28
Tablel. The influences of hot air withering time, temperature on made tea quality

R JIZARLN ®F K& S & &t
A (40°C -15min) 7 7 13.7 36.3 64.0
B (40°C -20min) 7 7 15.0 39.3 68.3
C (45°C-15min) 7 7 15.0 39.3 68.3
D (45°C-20min) 7 7 14.7 37.0 65.7
E (418 : FEEE) 7 7 16.0 40.0 70.0

F— B HE HLETAE FLEREA DL 40°C -20min Kz 45°C -15min e B E H ¢35 E B EAH YT - 40°C-15min &
MR S s BN RN VR ZE DR B R - Rt B ey B B /K e R /R 2 45
C-20min FEHERJRAY 40°C -20min BREE o &8 TE AT o B B L E AT Rk > AR BE S
B R A ERGE R F R D BVER R H Y T -

() ZEBAEZEANFENMEEELE 228 (BREA 1258 » 255 EE 6 cm > EZE 45HZ > Zi4JE
%4 45°C-15min) :

R FRARAEREREERELE P

Table2. The influence of indoor-sitting time on made tea quality after hot air withering

E IZARIN % K & & % & &t
A (BVEZERE%EE 2h) 7 7 145 38 66.5
B (BVEZEM%AFE 3h) 7 7 145 40 68.5
C (BEZE M %EFE 4h) 7 7 14.0 42 70.0
D (¥ : HHZER) 7 7 14.0 42 70.0

RBEREME TSR - BVRZEERAFE 4h B D RR R SLa PR ETHAT o s VR Tk
FFE ShpnH - PR ZHRAFE 2h Wi - SURGEREBUR VA Z BRAFE 4h 4TS — RS
BORSHERE - Mt A E R B AT

(=) FIEBEZE AR B8 (BT 1295 WUk 45HZ - Z4E 208 45°C-15min) :
£ FEIBRE A

Table3. The influence of different thickness of fresh tea leaves on made tea quality under hot
air withering

i 17 % K & & % & &t
A (FEEE6cn) 73 6.3 137 41.0 68.3
B (FE/EE 8cm) 73 6.3 137 40.3 67.6
C (¥ilig: HNERH) 73 6.3 12.3 38.7 64.0

REBREMRPERBUR > DUREHE 6 g B i s PR BN R EE 8 enfil FOLZFEH - A
AR Z RGOS R ROE 6 enbb B E > SREKE > ATRERZEEAR P BRI E RS - O
RllEZ S STE
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(19) A FEIFEZ AR A E 28 (PR G IR 12 9% 0 S5 5% 6 cn > Y22 45°C-15min) :

U~ R EIBE S B R R
Table4. The influence of different hot air wind velocity on made tea quality

e IR o F K & & % & &t
A (JE\ZH 60HZ ) 8 7 14 38.7 67.7
B (JE# 45HZ) 8 7 14 38.0 67.7
C (JE# 30HZ) 8 7 15 41.3 71.3
D (B - HZEM) 8 7 13 34.7 62.7

RIUEREA TS AR - ZVEZE A EE 30HZ R » BUASSE S A EA R > JRRIFE 2R ZE
RS - EERZARR(K - DR T 2 Z R i -

(7)) FRERRZERKITHURR
(EFHRREG R UG ER B2 12 5 > EH0ET - T30 S5 )E 6 o > X7 8HZ (X9 20min
Hf) » JEUR 30HZ (49 0.8m/sec) - Jiif& 45°C (Bl i) - EMFPNEZ AR S ZoK IR 2L 109 -

(7)) FEZAREHENE
SHPAGERR(E FISR S S 6 cn T 8BHZ(XY 20min Hif}) - ElZE 30HZ(47 0.8m/sec) - i /& 40C (¥
P E ) > EAFEHE 1.651h -

(£) FEZ AR -
LA T BT o4 2 e PO -
2.1%EG > =B BV Rt A - S AR (7~ 75D »
3. BN fLRE FT DR A 22 B R WG R -
4. 20 JE R o] (N ERVEZE M ~ W52 ~ SRR E /K BPRIE T SR -
5. o] R A H S ZE I OBk VIR RS
6. S PRBERT TREIBEANEN - o] SRR RIAEE FUHT SRR 2 BRI - BB EZA -
TEZIIREMR © AR SRR T SRR - AIE REVERCHDEZER ~ 9152 ~ IS REK
&bk ~ B TRENIDRE MR -

[1]

* IREUREHE R ¢ B FUREZ AL 3 45 (2005~2007 ) M 5 HprHilEE (2005.9.14
FATATT U AR5 ~ 2005.11.1 PR &1L ~ 2006.5.11 SREUEE R 515 ~ 2006.9.19 Fazkis
fRAESE ~ 2007.10.2 R ARETR SR ) > SR L G REB R EMERMBIETE T D) 4 PR
" 4 a0 EZ AN (ZEaURE) K—REOR TR - AHEEIERMR - B ARdE M
RERLETT A R L R R E R E RS -

a -~ FREE TSR RE L NSDB MR iEntE (TTEbeE g - 2007) TR FZ A Z E
SEMGT ~ SRR ~ BRSO T
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Table5. Market analysis

55 27 1 (2008)

EEeS E

H H of i [ FEANE
> Who currently buy ? >R
= > Who are currently the target > BLEE T W
user(Segment)in the market ? > 5 Dt
> &l T
» What are the user, needs and > & HACCP i 4 % & &
wants ? SEBELZE ZRE
EHE x5k > What is value proposition (what > N 52 R A R 22 T TR A

you can offer to them) ? >R AT EEE R R AT
>IN S % M)

HRABREFHEZEEERMELEHR - THENHE RN - 74 HACCP f#

AR EEEEE LR RE -
(Z) mHBEFE ( Segmentation) :

LEmIRB vs. & P JEFE -
RN~ EmIRE vs. & HE
Table6. The separates of market area

E9s E B T /B S T R Bl L3

Ak %

ZEACREZ A Need

1LEZHAANITAER

2. B 5 A R

3.%f & HACCP 4
2 4 B S H

Benefits :

LR ZRBERE

28I B G 2=

SHAEL R -

Need :

RfFé HACCP 4
BB o
Benefits :

e
EEE - AEEE
HLE -

Need :
FENFEHEL SR

EERH -

Benefits :

ILEmEERE &S

E i (H % - 298 Bl 2 AE

FHRNS R & HACCP A% = RS R Hasy Ry AL FEIFR K -
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2.7 55 0k I AP EE ¢
KL -mHBE I ERFER
Table7. The flatter dynamics of the market

7E B4 JE 1828 TR o R B on T3
T 45 M 1% H L M
( 5 1) ¢ 3)
i 55 il & 1 M
( 3) ( 5) (1)
5 i I & M+ M- L+
( 8 ) 6 ) C 4

HMECERARTSB® D ESEE PHUOEHI/ R TRE N AR & nil L% &
& -

3 E HEM & &Gy KSF 78 & E 5P LE -

®/REBETS &R KSF 72 &L

Table8. The sufficiency of Key Success Factors ( KSF) for specific goal separate market

KSF =y A B s BT
(HY: % H)

i R S5 T 5 25 5 15
(FeawmEZ2

B3 B &)

5 (5 ) 4 20 12 16
(&% E R

=S5 HERR)

RHEEEE 4 16 20 16

(REE)

i 4 2% ] 4 16 4 12
({5 P 5 3 1 7))
i A 5 F S 4 8 16 12
BE AR R & 3 12 3 6
(7] & 4 2 A B
EEHERETT)
& & g A 97 60 77

HENERSZEAZHARGSFGEZ KSFEREREEHAZ R KRELMNIE -
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4. RGO
B HENS « ZEAREFZRK
TS~ ESREERT

Table9. The analysis of industrial structure

Suppliers ( Bargaining power of suppliers)
ltEmE T S
2.5k B A D
3.1 Hi # & % & &
4. 50k E AR A B
SAAHEmEEE P EE

Potential Entrants Industry competitors Substitutes
(Threat of new entrants) (Rivalry among existing (Threat of substitute
150 5 4% 7% /)N firms) products/services)
2EARFRASE LEFER KT E 188 e AR
3.5 1ty I T = 2mEETES 2. M B E AR B AR K

3. AE 3 R
4ERNS
5.8 [ B K

Buyers ( Bargaining power of buyers)
LEP RS ES RN
2. EMmERMES
3060 % B & 1 @ (K
4.% F F 4 F g

Regulation (Restrictions on Law and Regulation)
T & 1 2R 2 LS Bl HACCP (1SO 2002 4 & )

HESEERGH T - ERBERSEAREZ AR EREENELTS -

it

!
%lg

WHElSE Rk 2 2 AR H Z A AT R & SR B s
G~ REREKG AR - BORTRENINEFEZ MR
AU ERE T E AR -

9.[

SEHESK > (ERFVEEREOLZM ~ 9152 - 2
HEEIERR - B ARSI E RIS A

2 5 XM

1 7B Z G . 2007 RESERHI I R 2 S8 ~ P on L2385 | B i 5 a1« SRR E SR &1
Bit5% P R s an (R 255 [T & pp. 9-50 -

RS 1991 DIKT A MR Z M5 BlS BRI Z 5. B0 LA B2 B an R ERRT e Fr iR 3mSR HE AR

. RIS ~ RELE ~ RE.1997. DIATIMEZ B LS B 2o e B SE SEs E 16: 19-20 -

- DrBAEA ~ B i - SRS - FEMERE.2000. 0% F FLITAL A MRZE B 2 B9 RESEIEAKERTY) 9(2): 39-49 -

. FlE§%£.2005. B R G ISR RIS TIPS e BT S B R VB R SRR I T 20(2): 1-9 -

- BIghal - wlERE - AN - TRALAE 2004 B IHRE AR HE HZE RN KRR S8 I SR R K () K PRI
BATEI SRR B G REN BT =Rt T SR s R B IRE B 2 i 5%
N E.93ER-1.1.4-28-T3 -

7. BIgRAl  slEE.2006. % H R E RIEK (0 BPR Kz AT TR R SRR R g ISR B LT

FERTFEa BTt © B ER KT LR R Z= AT 8L 052 -1.3.3-25-T4

o U A W N
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The Development and Demonstration of a Multi-layer

Withering Machine
Ming-Chun Liu'  Teng-Feng Huang?

Summary

Two types of withering machine were developed in this research. The first one was a 3 layers net conveyor
multi-purpose withering machine, it might supply 100°C hot-blast air. The other was a 4 layers net conveyor
withering machine and it was only used for hot air withering.

In order to collect the withered tea leaves conveniently, a set of outlet conveyor with 30 degree inclination
was attached on both two machines. A set of 100 cm width conveyor was also attached on the 4 layers net
conveyor withering machine to input fresh tea leaves.

Within the past three years (2005-2007), 5 demonstrations were held in main tea areas in Taiwan, 4 farmers
and 1 tea manufacturing factory have become the users of the new developed withering machine.
Key words: Tea, Multi-layer, Withering machine

1. Junior Specialist Assistant, Tea Research and Extension Station, Yangmei, Taiwan, R.O.C.
2. Senior Agronomist, Tea Research and Extension Station, Yangmei, Taiwan, R.O.C.
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SRR RS = EW h ard -
REMEEVEF LG
B BT, °

"W =

AUt B EREA AR G LEE R B - SR Z NOGEt BRI AT - RN -
MR T R - REGREERVIE TR - NEEERE ZBEIK - mRPA - WEE -
‘RITREIE - BRI - REREREAERENIH - 7 2007 512 A 28 H % 29 HfEtb B R R B
TEM MG WA ARSI LB B Skl WEI LR RIS - T E e G -
TR BRI SPSS 12.0 HEITERIGET i te e - ARG 2e sy N OS2 B B R %
HYorARTETE > FIR LISREL 8.52 MEfTEREGVEINZR /3 RS TRV BRI 5T - AR AMEUEEHA
(Maximum Likelihood Estimation) Akt 7ei55 X i 25 4H B I 2 [RUER B (AR HETT (55T - DIFEAEREDT - IHE
HLAMEEZ(79.0 %) - EAEEEZ(88.1%) > kLl 41 2 50 FEEH/E%(30.9%) - HEREUREEHES
(43.0%) - BESELLH EREZ(30.2%) > [E(EMDIT - &~ & [E%(60.3%) - HULALL 4 BE 6 BitEE
%(27.0%) - EEVIZEAEREDT  MEE R ERETENEE SRR TRER SRS AEHE
FEMEE > HETERRTHIER  MEEEEPERETAEE -

BRgRF : ELEE - IEEENH - SAOP A RERE - SRR

Bl &

BRI - R - TEE HoBEaREAR BT RATRE > RIS ERAEELR R
SRARLMBINE BT - IERRANTEASES > ERE L= 77 > 1 EEAGCRERY - BENTESHR
KN (EfS A ESNHRVILECR B ER R A ESRERAY PRI SR - R R R A > 1980
FALME - BRI - ATEKEES - PR T BUREE ROREE R E BB AR - B AL ROk
P EARE R I HER R B Bk TS FSRE TR AR - (IR B A MRSl JER S
SRR > RIALZ SNSRI ORISR 8 E » R ARSI E AU E
EHEY) > CHRERCIEEHET - BESRIE - LT TFRERSBERRYELTHL
T(E—) > BEE AR R RHREELLE - HMEW I T COR EBD R U E RS A
BZEE - NMARSS RS EREZARVTIEIA 2 R - HILATE S LU E RS A R G LR fy
Bl > FRETRECR BRI E BN - o8 A RS AR T R R B Z R (5 - B = (T s bast
HE— DI B 2R TT Rt

1. EMEHL A (REESIIZET BISET - 6% Zhii -
2. EMEHE A (RIESIZEET s
*OmIEE
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Fig. 1. Samples of participated the competitions of Lugu Farmers’ Association in recent years

gt (motivation) T Z 25 HRSZEIA ~ IMERDSES » GEAFET K - e ERRIT HhERHR - &2
B {[EAE T BB EEIRY—fEEESE) /) (Dann, 1981; Eagles, 1992; Morrison, 1996) - Juergen (1997)3% A Ei&HY
TR T RINAE T KAV BRE) 7 - BRfEHE R Ame A O g /LI R SK » gl e Elr U EE E IR R
A - Rt BRI EI R K - (RS EERAUTEIRGE B K  JREIFrA R HE BT R HE)
HeBrAAa - FE B oy BE ([ A B 4630 4 R0 AR EHIIREDES) > DUEZBKFFEZK (Kyle, Absher &
Hammitt, 2005) -

B A(involvement) VIES: - TR BB ST R HRBAIE R 5 T BERES R BB e ATRLE R - 41
BT > SO H B BN R IH YR O SRR VAR (Zaichknowsky, 1985 © &= {& 37 » FESCHMYS
1990 ; Dimanche, Havitz, & Howard, 1991) - JEZE-EENELBISEAFTS A - T ERK5 DEEE ZOHEXR
BB E RS Y B T By (Laurent & Kapferer, 1985) - Laurent & Kapferer (19851241l & BHZ 042 %
ANEEEFR > BEEEN - RS - F2EME - oot ~ Bl 7K - Havitz & Dimanche (1990)
W NFREE ST RetantRte ~ SeEE: - BB e S = RS T A I B 2 9T « SLE AR IR HIHAT
Bigd > BES ARG - BREFREPOMEE =/ (Kyle, Graefe, Manning & Bacon, 2004) - fi#
HETES AWNERTTEEA A - 5E - ARG (17 - (8B R AR AR RS s 2
AETTT (S R B S B E B 2 B ARAY) - 2 (i 5 e f OB ] Bl g ) R AR A B E B Y S A0
SRE(E A GE TV ESE - R HE (T B (Kyle, Graefe, Manning & Bacon, 2003; Lehto, O’leary &
Morrison, 2004) -
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i T (satisfaction) 2 g (T SE 1S HIHZE el Ae iRl > EEARECZ SR E - A 2 IR E
(Oliver, 1981) » {FBAZ M 5 728 2 (& BL{SE AT HAR » SPAS IS B - MBI FH 2 MR - TPEOREE
(Churchill & Surprenant, 1982) - ¥t E M S @ WEEH EAEE GBI 2% - EENOEEIIESE X
[ (Baker & Crompton, 2000 ; #AEEE ~ BUESS - 2IEAN - 2003) - JiE &2 FIRHR THRART R 28 - EI5EE
EpETHEARIAFTS = - ETHIAENEEREE  ATREEHERE - mEEL R ABZ BEEEET
B IR A LB - 5 LI BB B A K - FHERIRSwmEE - HHNBEE
ERHITH RS IE (Oliver, 1981) - — i S mi B S vl RS M B S By U B ok i & - S 2 i
B iR g Rl T DL R E S & (Baker & Crompton, 2000; Cole, Crompton & Willson, 2002;
Akama & Kieti, 2003; Lee, Yoon & Lee, 2007) » 7R ] FI FH 73 B P& AR e At e B A [5]e E5 J 1k  Omi  TEE
(Fornell, 1992; #[KBH ~ 225205 > 2006 5 Lee, 2006) °

HEETREEM R > TREER e R AN - ER A EE - MR AR R
SUEEERE - IV HBEBER TR AIZDITAER - EERER RS R - 1T AEE
A EHEEIEAR LR ~ TR - BT - BETR - NS EKEEH%E (Zeithaml, Berry &
Parasuraman, 1996; Baker & Crompton, 2000) - i E EZ AR ~ B B8 T REM - thgEs
R Z o M B TR R BT R B NE (Severt, Wang, Chen & Breiter, 2007) « G 7] 73 Ky REFE GG ~ 17
Ry BT B8 & BB E - SRR DL I R R I 1A U Ry 25T 83 2 JH H  (Backman &
Crompton, 1991; Bigné, Sanchez & Sanchez, 2001; Bowen & Chen, 2001; BREET ~ #R{Ga%ZE » 2003 ; Yoon &
Uysal, 2005) - i EFkE &2 8N ~ AMERZN ERGZE e Zid thasih e slgEhm s 2 E E L
S (Yiksel & Yiksel, 2007) - {EREEEFEH - S # EAREY A2 H &R EUS I ERIM: - AR ET]
BRERNEYIT Ry HEACRNZ RS E N R B B8 0HE (Gallarza & Saura, 2006) - %
TREIZITHEE R » LT B EFEHEIE A EIEE - 1T AhRE RIS FE » 401E
I IR ~ $ERETT Ry ~ SRS - BEEIT R - B e ER, arRERARHE - BEERTR - #1RK
J& ~ B DREETT R RTJT IR 2K & (Zeithaml, Berry & Parasuraman, 1996) ; G AILIHERS 17 R A EE
VI a s TR -

Crompton & Mckay (1997)FRa 6B I ZBRIIRSC s > BRI E A B EAHR - 5y
FORMORE - R R A E A - Wong & Law (2003) 55N 3 B B AR Tt th 8l - BOEE
R BfEH SErTAREINE S e - 228 H R FriE S Y E o T E R RIS T - B
Yo Al g BE 42 =) - Yoon & Uysal (2005)F5 HiEfi 2 rT 2 B2 R e ik e iy B - & e ks
S H ety EsE g e o IR WE EEA P RVRER o L - AUt iR e — 2 anE
H, : [BEEEIREESEWEE M ERRTAEEMH,) -

H,  [BEE TR E R ERRITREE(H,) -

HEHBEBPME T  JEUNBEEH SR G - HE R SRR AREZ ISR - #
FOHEIESRES LR > P R RS SR i S s > BN AR EEE (Bennett et
al., 2005; Russell-Bennett et al., 2007); JHEE/EHEBREKNERAALE - HEB8H A EE
(Swinyard, 1993) - JHEHAVREERIZ EI(E A #ER - IRBMEZPE - HmEEGE P PBIHE
(Bennett et al., 2005) - {EEEHHAEERYIR - B AR RTINS & R BEYIMEE (Hwang,
Lee & Chen, 2005) - [Nt > AR BT R Zamid -

Hy © RS ABRPENEE - SR ERERTREE(H,) -
H, » R \EREERRITRER -
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(T e E B S EEYR%  SHEYEE R Bz > s s - trEARoR e
B4 5 Y BEFE 11T B 2> K2 E (Murphy, Pritchard, & Smith 2000; Bigné et al., 2005) - iff5% 88T » ELERTY
RS REE R s BN ES » TR B B E S LS MBS EREmEE - i
PEELLIE - HISESE e BRsr B80S (Bigné et al., 2005) o {EHEET H AV AYITSE 8
T~ BRSBTS e B E MRS MR R E RS E o HIENEE B g E
ZHAHUESE (Yoon & Uysal, 2005) - HAAHBENT T L BRIV ES SR E B2 2T BEE (Cole
etal., 2002; Duman & Mattila, 2005; Z[-KHH ~ 22528 - 2006 ; Lee, 2006, 2007 ; [HEEE ~ FHIAE - FHSE ~
ZEFS 0 2006 5 BREHE - REREE - 2006) ~ LGRS (ZESLZE - ZERREE - SRAERS - SRERIG » 2006 5 SRS
PEE - F5WE > 2006 5 Yiksel & Yiksel, 2007) ~ SRR (Pr{ZRK - BHEEES - 2006) - R > ARIF5TEHE
HEEE = dnf
Hs B EE S EERT AREER -

ARBHFEARAE bl SRR ST L RS Y B T 2R A ] — P

R BT

& — ~ AR AR
Fig. 2. Hypothesized model of purchase behavior research

i Wb

— ~ BEEET

AR EREESE > NEESHBAEEEIHE - BR8P - BEE - BRITAEE - BRAEEAE
W EA R NTH o dG(E A Likert CEF ERE K EIETHE - MIEEESIT/RE (D!
(—)BEE

A58 2% Mclintosh & Gupta (1977) VU {EF 4 5 Crompton & McKay (1997) Y /S ([ H - 1775 &
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RECRAFFME > R B ST By oy Bl B IRTHIZAE R ~ 1120~ SUb > REFREIRIUAREE > 51 13 RERFIHE  # Likert
CEFERAMNE - L1y (ERER)E 7 2 (BEES)ERER T -
(S)EFHA

AWFEEAHA > 25 H Kyle etal. (2004) » W EREEA R IR ELTRL > 131 14 BRI - £/ Likert
CEBERAMNE - LU yOEF AER)~7 2CREER)VET 2 5 =EET -
(SR

AUIFEIEEWEE - 25 H Lee etal. (2007) - A F FEREARF SRS - 25t 5 BIRTIH > BRA Likert
CEFERAMNE - L1 3 EEEAWE)~7 2CREmE)ET 250G -
(I)FEERTT REE

AWFEERTT R TEIE - 25 Lee (2007) - A REREARFIESRHITRG - FLaT 5 BT - /A Likert
CEBERAMNE - LU yOEF AER)~7 2CREER)VET 2 5 =EET -

(HIEERE
EERMTEEEEHR - FAR - WEER - RERERENH -
NEEELER

WEAEABRE SR ~ SR - ik - BEER - Bk - BEMDURFERTEERH -

=~ ERAEEHRE

FIFREA AR S L R E R B I T3 A > 7t 2007 42 12 A 28 H & 29 H > {EEEE B i
TEMMEGHRE  HEEHE LT ORE T SR DUENME TR - ETRGHE - SHEREREE
CERZ B E B AT R SR I a8 B 6 (37 St I E bR - TG -
ST H » R E R IR B LR RIS - TR B ARG AR ST - AT IRA A
FECAP R G LLFOR Z A BRI - BEIEE R 2o g TR MGEHE - 3 316 (G - &
& 10y - FIGHREE 306 {77 -

= - BRI

ARHSERI (SR D Cronbach’s aff A » B - A - WEE - (FABESIERE(EE 5
1250866 + 0.939 - 0.927 - 0.926 » E ok ELF /K34 » B R ACHIGRH T AR TEL(HI4) U BT i — Bl -
HSEORH LI SPSS 12, OWCEHE (T 453 AT R R R TEIRIEA R TEREAESYE - FUMIROL SR T
RS TIEE ACISe R R E R A - A FILISREL 852 ME{ TR hepRE i R i 77t
FYESRET » DR 3% (Maximum Likelihood Estimation, MLE) S AH S it ef & 4 S0EIRS 2 IR
SR T (3 -

GEREARTER

—  IEEE R REOER S
fEEE A\ Ot SR EE SR ST - ik - BEEE - Bk - BEM RS S/ UH
SEAIMER 1R © SN 79.0% > 20 21.0%; SERIRILLAELS &S - 1l 88.1%; FRAILL 41 j5%~50
ptEZ 0 15 30.9%; BERELIREES - (5 43.0%; BEELIEHERES » 5 28.8%; JEEMAIDITE
RHEES - 15 60.3% - BUREEE 2 BAMGRH G > FrafneilLl 4 #~6 BoTEfES - 1527.0% -
AT R AR > B EEAR - BN - BEES - RELEREIH - SR
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AR - ERCREEHHNPECEES > (5 45.4%; FAARLLIFBAIERES - {5 46.8% » HARH#ALF
Kok 27.9%; IEEFERA=MES - (5 30.7% SR AEEE R A LIES R tE B - 5 75.3%
BNEEEHRECNR IR IR AEE -

AWTFEZ FEEEI « SoRP A R R R T RE BN S EIE RS R R =R - R
BIRAT BT 3.58 £ 5.85 Z[H] > Hp LR E HH e BT R ERE (5.85) K@M EHE
fERE (5.84) » MARAVEFAIMZA  MRLFarL (3.58) © rAcH AR E T 3.84 £ 576 Z[H » Hrf
DU S ERESEE ] - BFA LTS (B.76)is > PLERIARIE R G fofkly - WESIPURFRRE (3.84) -
FEBGMRE EHYEEURy 5.09 > S BREE Z AR Y 4.61 2 5.14 2 > Ho DR HH EEE
HAtrZE mtb R EE RE (5.14) KSHIELEERRE S (5.00)  DIfEE Z £:58i = Rl (4.61) -
fEE BN RTT R EEAFIE0 L 5.6 & 5.92 Z [ » Ko ISR = (5.92) » ZSHYEIEREA 4D

BRELERF BB ERIEAE —BE (5.79) - RIKAYVZ ARG AR K aitt A= @ (5.65) -
=~ EEEHE

] B2 2 1 2 B 0 JH BB i E I AR B S ey U s XS (Convergent  validity) £ & i % &
(Discriminant validity) » {< Bagozzi & Yi (1988)2HHI{EFIEH(ZE (Individual item reliability) » {hzt£:
B KR > TR R B S (Composite reliability) - VB {F S 8y I AR HUE  (Average
variance extracted) k2 5245 {7875 (Standardized residuals) % 71 A5 A RE At M E 520 - Hodr - I E88
RZEME > S 28(E) > P8R E RS EAEREEFNR 1 Frr - ERPEEER R
PN R BB S HNRZ&EE » 22 NEBHRNEZAWEFRZ 071 DI L H t{EFE
FAZ /K 4E(Bagozzi, Yi & Philips, 1991; Hairs, Anderson, Tatham & Black, 1998) - AW%E > RZE &&= T
0.33 £ 0.94 7[> Ei{pHIEEE  RNEAREARZE 0.7 DL > ([EAEEFS25(E) B A 3.29 2 0.001 2
GiEtEIZ /KR - B R B A B R E R e &N 2 BB B S B R )y - HYE
7 ey AT RS P B R P sy A2 2 SRS L U E 7 0.5 DL | (Fornell & Larcker, 1981) » A&
WFFR VA E SR P 8 A E /A 0.35 & 0.78 [ - FRIEE B IE nT R /K8 - HM By v K
AP BB AR SR e S AR B v P KE o S B ERVII IR - bR T ISR
RE R IR B L (08 ARYAERASL » HaRry 398 B E AV TR R A R MR A 3 (R
2) > (AL AR SEVBEEEEA R 5nVIE FIxgE (Joreskog & Sorbom, 1996) - JEIEEEH VLA RS
ERFZETOINE 2 - o HE2 2 B RS EVAH R (S A€ 0.6 DAL (Fornell & Larcker, 1981) » A
WHZE > VB S LH RS E /S 0.87 % 0.93 » BSEa[Hr /KDL | -
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F—  WEREHTE - 2 HE) - HEBEMNE KAARERE
Table 1. The factor loading, average variance extracted and composite reliability of the measurement model

THE R

SBIEEY ALY REAHE 1 e %ﬁﬁ&;
Latent Measurement Factor T value Average reliability
variable variable loading variance
extracted
fEE B 0.35 0.87
B I A AR B 0K 0.43 E
At (R 0.55 6.33
fi kT ERES 0.41 5.32
=i B TS 0.45 5.68
EEEE AR 0.59 6.52
B » e T L 0.33 4.61
BRI R AR A S 0.34 4.67
R RN EE K 0.63 6.69
2B S 0.61 6.58
TR E I ERE 0.73 7.07
A PERA (% 0.77 7.19
EHEHRE N 0.79 7.26
EEATK - HEEE 0.77 7.18
mmAe B A 0.54 0.94
TESER T ER LA 0.61 (& E
om S Y PRS2 — 0.69 11.27
BH S4B IR S — 0.70 10.18
=R SRV SERN 1SS 0.81 11.26
BRES EL E At OR V8 5 2Lk 0.81 11.99
5177
ﬁE’IX?r?H?r e GlIUN- = E 071 10.30
T mAafIA
eSS TN 0.72 10.40
EIVHIUNCEN it 0.81 11.26
EHEEEHK  HEETK 0.80 11.13
ii %E)%EMSE%'D%%% LA 0.64 044
T H SR EBREL
BRI AFZER S A
AILL B 063 8.37
A TEERER S 2 B AR 0.77 10.88
(GEZ=8 2 e N N)iliVa 0.73 10.42

ETETREEEE AT 0.83 11.48



122 BRI TA 56 27 1) (2008)

R 0.75 0.94
THIREER 0.82 &
{EEHYRFH 0.85 17.74
EEN B 0.82 16.97
e o LA 0.89 19.25
BRWEE 0.94 20.97

W17 Ry 0.78 0.93

ElE HEME 0.90 EE
W & 0.91 23.27
1) LR 2 e 0.89 17.70
{E Ry s5—15E 1 0.85 20.21

> SRR E= (FEECRZ AR EE T RNEN) (R LR Z A2 T RIVERN) + HEE

HI4ERI]

AR = (R LR Z AT BAYLERN)? / [(EE (LN 2 G AR ISR H4ER]
*: Average variance extracted=(Z\?) / [ZA*+2(0) ]
**: Composite reliability= (XA) 2/ [(ZN)? +2(0) ]

R NSRBI A R AR B S B U S AP T AR >
Table 2. The comparison between the square root of average variance extracted of each construct and the square
of the correlations between the construct and any other constructs

NETER Hhik rHA A A V=N fER T R ElE
Latent variable Motivation Drink tea Satisfaction After-purchase
involvement behavioral intention
g % 0.59
mnA A 0.73 0.74
T 0.56 0.54 0.87
1T Ry R 0.52 0.74 0.88

* WAGIVE TR ARZBES BN FHE R HIERI TR

*: Diagonal values indicate the square root of average variance extracted of each construct

=~ BREX 0N

AWI5ELL LISRELS.52 HEfTERSE MR 220007 S BEEERAC » IFZeAIRCEE AR J5 () haiE il am st
HELERE R BOEE - BASEER - A RITE/E EE) @ BlEEHSEE (Goodness of Fit Index,
GFI) » FHEAINCEE TSI (Adjusted Goodness of Fit Index, AGFI) » FLXERH S Fi54 (Normed Fit Index,
NFI) » JEELAERC R F512E(Non-normed Fit Index, NNFI) » FLEGECEE 512 (Comparative-Fit Index, CFI) »
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pe S ECE EFE A (Incremental Fit Index, IF1) » SEJ5 3T B3R #1975 (Root Mean Square Error of
Approximation, RMSEA) » & fEAEFEZ=14 7R (Standardized Root Mean Square Residual, SRMR) 5 -15+5
TETTRAGIE A EE AR (Bagozzi & Yi, 1988; Joreskog & Sorbom, 1996) « Horfr - B 7R kgkEgR ~ K
THE/IEHE ~ PO PRI TR a2 /KBS » A TEFERA(GFI ~ AGFI ~ NFI ~ NNFI) » R
MEFEEE (CFI ~ IFI ~ SRMR)ZE IS A FE 9 2 n B KR (FEUIR =) » BURAHZE AU Bl L
WroeiEE=h RAFOVECHES » Fe—(E 0T A2 AR - Dot oy DUR & i e Fe L TR B o 2 B RE 22400
BgLERZEEEIE - 2P A - R RERT hEE B S RRR G

F= o~ WET REAICEE
Table 3. Overall model fitness of the behavioral model

[ifwEi=g B FHAEEER] SR S2ER
Indices Model fitness Criteria Accept Reference
KI5
Chi-square 1975.43 (p<0.01) P>0.05 & Carmines & Maclver, 1981
Chi-square/df 3.39 <5 = Carmines & Maclver, 1981
BOEHER
GFI 0.73 >0.9 i Hu & Bentler, 1999
AGFI 0.69 >0.8 &5 Hu & Bentler, 1999
NFI 0.95 >0.9 = Bentler & Bonnett, 1980
NNFI 0.96 >0.9 it Bentler & Bonnett, 1980
BRIEFERE
CFI 0.96 >0.9 T Bentler, 1995
IFI 0.96 >0.9 = Bentler & Bonnett, 1980
RMSEA 0.09 <0.08 &= Hu & Bentler, 1999
SRMR 0.098 <0.08 = Hu & Bentler, 1999
g~ BRI Z S

DAESRE TR A AR BRaa i i < PR ISR B (5 > DU LR st S A2 81E - JMTEIHE (B2
TR)EANITEIR (REIR) Y E PSR BRI RECR » SRRV KB =FrR o BT et s H AL i (B
NERRERYEREIREL (yu=0.37, p<0.001) - ML EMRT HEE > HESRK 024
(p<0.001) - W7Efas —&LBaaE AR IL - MEE SR E R ERTT H B EHVUIERERE KE (12=0.02,
p>0.05) » bFFE Rt —4EEREE M EL © a8 AE B BRI (112=0.27, p<0.01) > HiEEZBER T RE
 [EHERUR By 0.18 (p<0.01) > WZEE = 4EBRaEHRLIL » M A E R T HEE (12=0.19,
p<0.01) » FZEEERPUSEEREERIL - B R MR 1T R EIE (B4=0.65, p<0.001) - WFE(RE I ALER
ARIL ©
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Table 4. The direct, indirect, and total effects of the path analysis

Sp- 2= TR Bt e
Independent variables Dependent variables Hypothesis testing
N F=VEA W17 R R lE

Satisfaction

After-purchase
behavioral intention

AR TE TAEALRUR T
Standardized T value Standardized T value
solution solution
HSMITEIE
Exogenous variables
T EEht%
EHEE 0.37 3.85%** 0.02 0.27 BRIy R IT#
R N. A. N.A 0.24 3.66%** A
FERER 0.37 3.85%** 0.26 2.48* Ay
an A A
HREREE 0.27 3.17** 0.19 2.75** [ava
R N. A. N.A 0.18 3.09** A
B 0.27 3.17** 0.37 4.15%** [D'ava
ATTEH
Endogenous variables
RS
HREER 0.65 10.42%** 1T
BEESES N. A. N.A
FERER 0.65 10.42*** DAy

*: <0.05; **: <0.01; ***: p<0.001
#: RS ET

BRI ERRE AL - IR E B E R B R TT R B E A SRR A L

#: Purchase motivation impact on the satisfaction significantly; Purchase motivation did not have the
significant impact on the after-purchase behavioral intention
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'Y21:0.02
L A

y11=0.37%%
(t=3.85)
¥12=0.27*** (t=10.42)
(t: 3.17)/'
e 722:0.19**

il = ~ B
Fig. 3. Path diagram

BT E—S RGBSR R R G EABEEN R R - TN - TR E A
BENWERZERRTRER > RS NEE B ERRT HhEE - EEEREUR > BiREEE
PR EEIRTT RAEIE (B=0.51, t=6.06, p<0.001) > frofc i ABEHY E R ERIRTT R B8 (B=0.53, t=7.86,
p<0.001) = [A[IL » M EUmE FEAEAT T R rhall AR B BRE Ay T A8

Som iR
—

EEECIEGILER I BEELEELFEES - IRBEL EHEREEES - S RPN
F > BrEEEZEAMGREG > TEEREECE -

AUTFERI S EEI - AP MR - RIERIT REEFTEEAT RBE - nEE R
FEC AR G LLFOR AT R B S - IME B E S ERPEMEE > RSP AR HEE &
WABRE AR > WHEPEER T REE  MEE R ERETREHE -

Ol

=
(—) BRIEESREWEN — RSB S

EEC AP G R LT A Ry S B RHIZRER - SIPRSRAVEIRER - S ELERTHHAY -
DU AW FEAY I -

AT B AP G LE R R A RSB FT i R ERUS - A B E B R B CEH
(45.4%) > ZAMEAMEHT A (34.7%) ~ BEIEE 5 (13.8%) ~ B RE (4.8%)  SHEAGEE —FHYLLET > NIL -
o' B R AR RIEAOAR  EEFENR  BREEE (ELRe) BRI g B s kBB H  BE
AR — ~ HESGERER A RE LRS- DUEsERE R TR OB e -
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AR EE SR E TR thE - EEFAEE TR - RS SRR T E EUEE) - R
5 EAMtEREEE - IR RS AR e ARG ~ EEAS - ST - R S IR R B
ARV - DR SR EEESE R - e -

R B HR BB B R SR T R EE BRI B ERGTE A ML E R 2T

EEEHIEE R - (EIRE - BDE  BEC R AR SRR EHREAMES 2 — () B AREN
%E’J@iﬁ EEiCRE - DRSS R ZRT HEE MERER - MRS RO
FIEAEIE - AR A B E AV - SRR BB TR A A A -

R B a8 A B L BRI R R REE Wit &EE A AR B ok es
A SREERE ARG [T AEE LB RAIIREINE, SRR B BRI - WSt A E S
WanoREESE, TR Ao O M - AR B RA SR RS - A0SR TEEFRTIY) - AR EFORE RS
rRaa R 2 B - (R R RSO - Ak - RS IR SRR A > R
IR RS RTT BRI - PR T RSB LR SR B oA A RS R R
EEC AP G EEFEAAYEE -

(S)ERKIAFEE Z R

Bt o AWTTEE ST 2007 FREE A RAVHISRE BT > RAEEREAVRTIE o 1RENTIT ] LILRE
BRMEEGIE  BUERFEAM - ETZEIPIE o R R SE BV T R

HI AIUA A FRE R SRS A B BRI > SRl E TS &R > S EfSE
W A AT Ry SRS W HE— D T R AT HH SRS

ST - AUTSTESH HEE H:%}—TZE%%?%LXZE%E 1T RASES > KRBT FEE AT DU A Ry 2

% DU EHACEEORE A R B BER  EITIRTT Rl e RS -
B6 o
BB AT G R M T NEE TR UG KRB G E - RE - REUE - wiEE
TS ~ ROt B NEGE ) B SHEHEE - (HE AT G DIRFET - e R ELFEE R
REHEEER - EEAR UGN - FrILEEE -
ESBUN
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42-56 -
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Purchase Behavioral Model of Tea Competitions
: Example of Tea Competitions of Lugu Farmers’

Association
Tsung-Hung Lee? Rue-Du Liu ?

Summary

This study assessed the purchase behavioral model of using latent variables of purchase motivation, drink
tea involvement, satisfaction, and after-purchase behavioral intention, purchase characteristics, and elemental
data of customers that purchased the Tea Competitions of Lugu Farmers’ Association. The questionnaire survey
was partly performed on 28, 29 December 2007 at exhibition of Tea Competitions and partly carried out by the
mail survey. A total of 306 usable questionnaires were collected. Descriptive statistics of socio-demographic
and purchase characteristics were analyzed using SPSS 12.0. The confirmatory factor analysis and structural
equation model analysis were analyzed using LISREL 8.52 for windows. All parameters were estimated by
maximum likelihood method. Mainly descriptive findings were as follows: 79.0% were male; 88.1% were
married; 30.9% aged from 41 to 50 years old; 43.0% were college educated; 30.2% were storekeepers; 60.3%
lived in Taichung or Changhua or Nantou; and 27.0% had monthly incomes of NT $40,001 to 60,000.
Empirical results indicated that purchase motivation significantly affected the satisfaction directly and affected
the after-purchase behavior indirectly. Drink tea involvement significantly affected the satisfaction directly and
affected the after-purchase behavior indirectly. Drink tea involvement significantly affected the after-purchase
behavior directly. Satisfaction significantly affected the after-purchase behavior directly.

Key words: Tea Competitions, Purchase motivation, Involvement, Satisfaction, Structural equation model

1. Associate Professor, Graduate School of Leisure & Exercise, National Yunlin University of Science and
Technology, Douliou, Yunlin, Taiwan, R.O.C.
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Appendix Table 2. Purchasers’ characteristics
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Appendix Table 3. The mean and standard deviation of measurement variables
Vil 3 Mean  SD RIS EIH Mean  SD
HEI A A
I A AR B 0K 5.60 1.33 TRESER T - RR O 5.76 1.00
B i (R 5.84 125 Bom 2R &S 2 — 5.64 1.32
AT S 538 126 B SR IRTET &8 2 — 553 171
B E TS 585  1.06 WEE B A S awmE R 518 145
S EEERTEARE 501 133 BOREE A REDEB E RS 492 132
ST HREFEL 358 161 ﬁfjﬂi’ PAZHNEISE 413 14
P N O PN
BRI A K HI1E 5.26 1.41 AR EHCHMIREE S 4.49 1.40
B IRIED S BN FRK 476  1.36 EEIVUPNGEN - e S 490 156
WY SR 3.76 1.54 EREEAK > HEEK 4.60 1.38
ST LHREGE 4.70 1.70 SR LU 2 H CHIERLE 3.85 1.52
{1y NS AL 4.50 1.45 BT » Feg g DU 3.84 1.53
EH RSN E 4.41 151 ey AR BECE B EAH R 4.98 1.64
HEBK - BIEE 4.31 1.75 WHERSEFUGFHL 5.30 1.43
e A EP S EE AT 5.23 1.54
B TE RS AE B 493 141 | BEBTEZHE
TEER A 500  1.38 HEEEER 592  1.23
EEZ &8 4.61 1.65 HEFE BRI A B 5.65 1.33
BRI O A PR 5.14 1.19 E TE [ IR HY 2R 5.65 1.36
R aE 5.09 1.39 VE B E R BEAV S — 5.79 1.37
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Table 1. The states of reflective thinking and their application on the teaching and learning of tea art

for children
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RAHIHVEE - (P ENE P orat R - §IEIE EFERAECRREYIN 7 mEg ke o 5l BA R R &
fif o 0 HE FEHRE TR AR

PY -~ Piaget . sRA1HEFE ©
Piaget EfiffE 52 O ARG FE T PU{E 28 HIiES: « B=\ (scheme) - [E]{L(assimilation) ~ JIE
J& (accommodation) ~ - (equilibrium) - " @, ZHEEHEAVEERE - A B A E R KES D
= - " [EML L IS ERS eI E YN - fUAS (object) 4 AT A RYEI = o DAS [HEE = & ey
2 - Piaget 8 Fy RS AR RS o T IFAE | SieEREmEYR  FAWNEXR i E
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Thkslt - —Epk) - REAEREa b X GEF V- - ALl > Piaget 385 5 BERYRE AL (2 M A ETHY
FEERIEER RS - B F-HAVEE - A PSRRIV SR PSRy Vi > ity
HALE A BT SEE ISR -

R~ Piaget Z NI
Table 2. Piaget’s cognitive process

SoRI BT B B
1.1z ] XA A S R T 4L Il e i ST R A 2R
2.[5t SLELREFT RSN A RS 2SS S iy L E AR
3.l SUEEREE E CDUBIERT &Ny O B
4.V B EsE TR REERRD A EAVEZE SRR - B SR iE T

BRI o A% o SA BRI ZE N R R AN -
(#&3J5 = Santrock, 2006 )

FEREESHE F - Piaget fERCEHT oy £ 2 1 L B 32 JRE 5 i R BE Y RIR AL JE 2 FEI YRR A [FJIRY 42
T L EEBIHET RS A FE R IR A - W R BB HIRIE (S) #RERNE (AR RAE
(M- ARE R ) FREE (R) > JRET S—(AT) =R - FELLHAYEEE 2 R ERRRIGE f A Br i
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HPEREE A PEEE - sEVETEREGAVRGR - Rl R RGN 73 b SRR - SRS (ERe
R INENEBIE P RISRE - MAEERAEAESRE AR T AR 7 465R - 2 BBl - B85
BB R B (B E - Piaget el Y RIEACR R ENE » FEACR Y8 HE 0yl 2 S AR E A -
HEdhE Rt e RN T A 2 A RN & SRR - PSR S et » SRE s - 1
R = (ANZRAVHET > BAERMERIIER (Santrock, 2006 ) °

71~ Piaget B2 S BB E 2 EM -

LERHUEREE 74 - IR T 23 5m - Piaget 583 5l Tt m B 22y - B0 R - BT
BE B B AR R RS U504 - Piaget BIRGEHE HHVIER 245 - 24 mEa i g - HHE
AT I SE RIS Shas TR BT o > T IE S H SR BN St 52 B - A AR R B R ARV B2 E U -

2{REAEEE  MARIRESAERE  BEHHEgat—BER - BEARrhE » S F{EH
B2 Ap RIS E - BAmim A RS - 122 - $20 - DU B MIhZe R ig - $2 L AERA R » e s 4 J%
WEREA R E O EE -

3. [EI P JE 2 i B S B A R B 4 /K B A (M B SR AR S SR EIRRE - M B t 5R B 2R 5
BHFLAE - A2 - BFE - BERNRES - EREERERERANE - BT EE
AEHVEESE o W EAREIERE > RAE(HE B 2R A PR AR /KRR EE T =

4 R TE R AR | R DN AT LA LR ESE - BEENESEE(EECK TR
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FIEAERHRAVATS) ~ 2455 75 RESHY(E A& 3 - DU N B CHEEAYE | X IR > 9]
RSS2 A -

SEHMEEREHYE IR © ¥ Piaget 5 » MEAVEFEEIREE - EHENSREET - I EE
O AT B2 BN EE - B R RV o BB LB RS - R
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6. R B SRR NI 545 2 L (Santrock, 2006) -

75 - Piaget Bz & Wogotsky HEfbbE

HfEZR Piaget s S B EBINVE B - RIS B R E A RIS > e E R R R
HCHY B - S T R AR R R L R AT B WA R A T4 TEE) - (22
Piaget ¥izm ¥ il B AENH SRR E RN 5 - g UL - HETERE SR IERR SR E
RIE o S5—FE B HREEE Vygotsky (1896~1934) th [FIA5E Ry -- Sl EERE S T Blith A IR, - (EfhAY T 5k
B Piaget AP A2 » —(riyMsRiticnR=

= - Piaget’s Bz & Vygotsky’s HHEmLLER
Table 3. Comparison of Piaget’s theory with Vygotsky’s theory

F FE Piaget Vygotsky
HE LR AREEH T 758
TR WRIEBEREGE D RS
2123 IFEEHRIEE (RRIEHES) - AR Y 2 JE S B
AR ~ BESEE - PUEE)
Ak Fia &=t - [[ME - IHRE ~ EE - BTE5fEE (ZPD) (51 2) ~ B s ~ 58~
SPIE -~ 8 e EGE BT R
sEEHIEMH /N EEEHRAS EEE HYEEH SE S r S Bt T 3s s
BERPE
W EHIERE BE R E AR BEEEZOEN » B REERE LT
HIRHIRE =N

HEETHIEM AR GIETW TR ISR R HETE B BN EEE A RiEEE B
MIREHEE SRR ERERE EERNE R e - SR R AT AIRE T
St SR SRR SREYEFEEEE

(#&3J5 = Santrock, 2006 )

[=F 1 23 constructivism) (REE ~ 245 - 2005)

FERETE ) R BERBAEREBEN AN - TR RS E CHYRIERIVEE - 25
N EWENNENRYCE - R - METEEEERANES > SEEE A TRERHEM A - BT E
FeorERdE T EEN B - 0R I T DUE A AR M AT TR R B2ENEEEEY
FomEEr - BRI R M B mAIAH A AP - A EEUE H CHIACERAS 20 B - S TEERR
DAFAEEE A T A E -

— T AR FE A S M E R ER - B2 N S B AV R R 2 DU A RIS
FoERE - SN E RS SEEEEEAL L E QRN 50 R A &l TaR S - B
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e e LHEREHN RERA R E IR EIES -

HEEEfR G EEN LR > SN e Es g ENE Y S EERMEHREE - AT 285 -
FrERVIR ST - B A RES0AH AR 248 52 Bk EARRGREFT R VENTEIT 5] - BEZ 45 ERV4EE - BRI H
HEM R R RS - ETUEERE - PR FUE R B R  AEZ B4 E B R - —HEHEE
FRRE R Ry 28 T Y B AT S TR R YU BB

T ARSI KT BN )

TSR (ZPD)

l BT
B HERESHE

BAHY R G Ay 1Q 1K BEQ - DIEN MR BAV N EIREE S - ARR(E - HCAVEEA
HE EEEE ) AEEYL  RESEEYE  AEERA - BRAETL  NREEIIEH - MHEXR
ST AT DR IS T EBU ERIDIEE © R E RER SR A SIS - R 1A S BURAVEESNI DR
S —EERHIEDGAN > WRRTEE « FEEE © SR ENT - EAMR R - ABEARIAPERR 5 o BEEEL
FENE > MEFLGEREEE B RARAVEHIIS - F ol T2 R R L - (B e
GEMREEEED > FatE - ERAE - WIVAER - (BTS2 ERBEIT > HE B - (£
SCEFR B S M SO R NTA S E R EHIG - Free > — B RV - CEREAEEETT
o BHH EMA LM ER e (EREARG AT REES I FTORPAEHY TS Sy (224055 2006) -

FERNEZT > AGERER ) BRREFCULREEY > IEREEEESRENEREE | B
PERESRE > AR EAREE L > ARG ERL - M8k 2 35 BRI AT M e

AIPBEEE > ERATEMEEE MBS R B - SEM L SUEB (BB TR -
R ZPIESA M TR OV E)  BEgEZ T H Lt IRREARE - EiiR2EtSReyEIR. .. (&

&uzd > 2004) - fEEREARE T - REMEEERECR - BEEH > BEEHMA > EEAGERE (K
G ) HEROMRC - SRR L - FEREEEE > BN TV NICREY RIFEE > EEERE
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R ~ FRR B SR R L ERER R A 2 BRI

Table 4. The adoption of teaching and learning of tea art for children on the basis of children development

psychology
Sl AR T HA LSRG i B R B R e P RS
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Inquiry on the Teaching and Learning of Tea Art for

Taiwan Children from Psychological Level

Cheng-Nan Lai'

Summary

The teaching and learning of tea art for children is the basis of overall teaching and learning of tea art,
it is also the foundation of future tea culture. Some workers of tea culture and education have cooperated
and introduced the tea art to the campuses of Elementary School and Junior High School recently.
Therefore, the tea art has added some fresh contents for the campus culture; it also has developed a new
space for the popularization of tea art culture. But it still does not form an upsurge in Taiwan. This paper
inquiry the conditions of teaching and learning of tea art for Taiwan children from the levels of
standpoints of teaching and learning, psychology of children development, teaching and learning of tea
art for children, and extension examples. Then it will put foreword the following suggestions:

1. The tea art for children should not only limit in the learning and demonstration of the tea-brewing
skills. Its connotation should be extended.

2. The teachers of tea art need to know how the children’s background knowledge affect their
understanding.

3. In order to help students to learn in understanding basis, and don’t urge them to obtain no related
knowledge and skills. The contents of curricula should be designed according the characteristics of
child’s psychological age. Or let the teaching materials fuse into teaching and learning of different areas.

4. In order to let teaching and learning be more effective, the pedagogical content knowledge are the
major learning parts for teachers (including teachers of tea art).

Key words: Child psychology, Tea art for children, Teaching and learning
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