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Table 1 Monthly average temperature during the experiment from 2010 to 2013
T C

Month 2010 =+ 2011 & 2012 = 2013 &
1 5] 13.3 10.4 12.8 13.5
2 %] 15.1 13.9 13.8 16.2
35 17.0 13.1 16.7 17.0
4] 17.9 18.8 20.2 18.2
5k 22.6 21.9 23.1 23.0
6~ 23.6 25.8 24.8 26.1
7k 27.0 26.6 27.0 26.7
8 £ 26.8 26.5 25.9 26.9
9 k] 25.5 242 24.0 24.6
10 %] 21.0 20.7 20.3 20.4
11 5] 17.7 19.9 18.0 17.8
12 %] 14.3 13.5 14.5 133

FI e A SR LU R LS (2011-2013 F AR

Table 2 Interval days from pruning to harvest and summation of daily average temperature for Chin-Shin

Oolong (spring-season tea in 2011-2013)

[ T 1 I R
pruning date of summation of daily
) harvest date interval (days)

spring-season tea average temperature
2011.01.31 4/18 77 1,121.6
2011.02.11 4/21 70 1,036.8

2011.02.21 4/27 65 1,022.5

2012.01.31 4/16 76 1,226.5

2012.02.10 4/18 68 1,138.4
2012.02.20 4/23 63 1,108.5

2013.01.28 4/12 74 1,219.3
2013.02.08 4/17 68 1,130.3

2013.02.19 4/21 61 1,038.6

15 average 69.1 1,115.8

fEvEs: standard deviation 5.7 74.7

fghful [FE7 coefficient of variation (%) 8.2 6.7
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Table 3 Interval days from pruning to harvest and summation of daily average temperature for TTES
No.12 (spring-season tea in 2011-2013)

AT s ] i FARAEIIE C
pruning date of summation of daily
) harvest date interval (days)

spring-season tea average temperature
2011.01.31 4/16 75 1,087.5

2011.02.11 4/21 69 1,016.9

2011.02.21 4/24 62 956.7

2012.01.31 4/14 74 1,188.2

2012.02.10 4/18 68 1,138.4

2012.02.20 4/23 63 1,108.5

2013.01.28 4/08 70 1,162.2

2013.02.08 4/11 62 1,021.4

2013.02.19 4/17 57 963.3

15 average 66.7 1,071.5

fE1¥eEsE standard deviation 6.0 85.4

Aghfl {75 coefficient of variation (%) 9.1 8.0




BT HEPISY f

F U B R 19 %ﬁ'ﬁf?jq:ﬁ[]ﬁqfﬁ’?%ﬁ TR R A | 1IE3EH(2011-2013 Z“F“,Tﬁ)
Table 4 Interval days from pruning to harvest and summation of daily average temperature for TTES
No.19 (spring-season tea in 2011-2013)

FRISIE T — WARELSE C
pruning date of summation of daily
harvest date interval (days)

spring-season tea average temperature
2011.01.31 4/17 76 1,103.5

2011.02.11 4/27 75 1,138.0
2011.02.21 4/29 67 1,064.7

2012.01.31 4/18 78 1,263.8
2012.02.10 4/19 69 1,160.1

2012.02.20 4/25 65 1,156.1

2013.01.28 4/16 78 1,292.6

2013.02.08 4/18 69 1,153.9
2013.02.19 4/23 63 1,077.2

115 average 71.1 1,157.8

fE1¥EsY standard deviation 5.7 75.9

7@l (78 coefficient of variation (%) 8.1 6.6
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Table 5 Interval days from pruning to harvest and summation of daily average temperature for TTES

No.20 (spring-season tea in 2011-2013)

[ FRIST 1] IS AR €
pruning date of summation of daily
] harvest date interval (days)

spring-season tea average temperature
2011.01.31 4/14 73 1,045.1

2011.02.11 4/17 65 946.6

2011.02.21 4/22 60 921.2

2012.01.31 4/07 67 1,038.1

2012.02.10 4/13 63 1,043.4

2012.02.20 4/14 54 922.9

2013.01.28 4/08 70 1,162.2

2013.02.08 4/10 61 1,006.9

2013.02.19 4/15 55 918.2

15 average 63.1 1,000.5

fE1¥EsE standard deviation 6.4 81.7

Aghfl {75 coefficient of variation (%) 10.1 8.2
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Table 6 Interval days from pruning to harvest and summation of daily average temperature for Chin-Shin
Oolong (winter-season tea in 2010-2013)

LU G ) N A C

pruning jate of PR FEIE”SI%E w summation of daily
) harvest date interval (days)

winter-season tea average temperature

2010.08.26 10/12 47 1,164.6

2010.09.28 12/02 65 1,265.5

2011.08.29 10/19 51 1,182.8

2011.09.09 11/05 57 1,259.4

2011.09.20 11/19 60 1,268.3

2012.08.31 10/28 58 1,292.0

2012.09.10 11/10 61 1,274.7

2012.09.20 11720 61 1,221.0

2013.08.29 10/24 56 1,290.8

2013.09.09 11/02 54 1,197.1

2013.09.20 11/13 54 1,140.8

T 15 average 56.7 1,223.4

fE1¥EsY standard deviation 5.1 54.1

7@l (78 coefficient of variation (%) 9.0 4.4
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Table 7 Interval days from pruning to harvest and summation of daily average temperature for TTES

No.12 (winter-season tea in 2010-2013)

R , - BIREFUSE C

pruning jate of PR FEE”SI%E w summation of daily
) harvest date interval (days)

winter-season tea average temperature

2010.08.26 10/07 42 1,049.7

2010.09.28 11/24 57 1,129.2

2011.08.29 10/13 45 1,060.7

2011.09.09 11/02 54 1,187.1

2011.09.20 11/18 59 1,247.9

2012.08.31 10/28 58 1,292.0

2012.09.10 11/10 61 1,274.7

2012.09.20 11/16 57 1,155.1

2013.08.29 10/24 56 1,290.8

2013.09.09 11/04 56 1,237.6

2013.09.20 11/11 52 1,105.7

15 average 543 1,184.6

favEs standard deviation 5.9 90.2

Aghdl {75 coefficient of variation (%) 10.8 7.6
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Table 8 Interval days from pruning to harvest and summation of daily average temperature for TTES
No.19 (winter-season tea in 2010-2013)

¥R ISP ) I BAARFISE C

pruning jate of PR FEIE”SI%E w summation of daily
) harvest date interval (days)

winter-season tea average temperature

2010.08.26 10/11 46 1,139.3

2010.09.28 11/29 62 1,214.2

2011.08.29 10/17 49 1,144.7

2011.09.09 11/04 56 1,235.0

2011.09.20 11/19 60 1,268.3

2012.08.31 10/30 60 1,331.9

2012.09.10 11/11 62 1,291.7

2012.09.20 11/17 58 1,171.2

2013.08.29 10/24 56 1,290.8

2013.09.09 11/04 56 1,237.6

2013.09.20 11/11 52 1,105.7

T 15 average 56.1 1,220.9

fE1¥EsY standard deviation 5.2 72.9

7@l (78 coefficient of variation (%) 93 6.0
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Table 9 Interval days from pruning to harvest and summation of daily average temperature for TTES
No.20 (winter-season tea in 2010-2013)

¥ RIS ) I BARFIISE C

pruning jate of PR FEIE”SI%E w summation of daily
) harvest date interval (days)

winter-season tea average temperature

2010.08.26 10/05 40 1,005.7

2010.09.28 11/19 52 1,042.1

2011.08.29 10/13 45 1,060.7

2011.09.09 10/30 51 1,124.3

2011.09.20 11/10 51 1,091.9

2012.08.31 10/22 52 1,160.6

2012.09.10 11/02 53 1,117.6

2012.09.20 11/11 52 1,061.2

2013.08.29 10/ 12 44 1,055.3

2013.09.09 10/24 45 1,021.7

2013.09.20 11/09 49 1,039.2

T 15 average 56.1 1,220.9

fE1¥EsY standard deviation 5.2 72.9

7@l (78 coefficient of variation (%) 9.3 6.0




A PR L i

FA 8 SRR EFHEE G AF R T CV i SLRER S A

Table 10 Use the coefficient of variation as a measure of variability to determine the base temperature
through statistical regression method to calculate the base temperature with the least variance and the heat
unit summations of four cultivars (spring-season tea in 2011-2013)

& FLFEI %
U3 HREARC  BAEREC
spring-season tea min CV

base heat unit R? p
produced by various (%)

temperature summations
cultivars
?JL‘ FL¥& Chin-shin

1.83 989.1 6.82 0.9966 <0.01
Oolong
Er 7 12 8 TTES No.12  2.17 924.5 8.09 0.9968 <0.01
B 19 5% TTES No.19  1.73 1034.0 6.82 0.9970 <0.01
R 20 5% TTESNo.20  1.28 923.2 8.14 0.9969 <0.01

R = S SR RIS P T CV Y SRR A
Table 11 Use the coefficient of variation as a measure of variability to determine the base temperature
through statistical regression method to calculate the base temperature with the least variance and the heat

unit summations of four cultivars (winter-season tea in 2010-2013)

< A 5
j FLRSE C HRIEIC
winter-season tea min CV

base heat unit R? p
produced by various (%)

temperature summations
cultivars
EFF | FLF& Chin-shin

4.52 976.2 3.45 0.9753 <0.01
Oolong
2R 12 5 TTES No.12  5.05 910.6 6.66 0.9511 <0.01
B/ 19 3 TTES No.19  4.53 966.8 5.24 0.9687 <0.01

B 20 9% TTES No.20  4.50 852.4 3.60 0.9744 <0.01
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Table 12 Observed and predicted plucking date of four cultivars- Chin-shin Oolong, TTES No.12, TTES
No.19 and TTES No.20 used by the study results in Wenshan area

g1 e ] TR E‘[/ﬁEJ %fﬁ' S E‘ 'EFJ ;‘imfk'
(F1A3ED FIgr (BRI FIEY
B fEE (?}T&) Chin-shin Oolong (spring-season tea)
2011.01.31 4/18 4/14 4 4/15 3
2011.02.11 4/21 4/22 1 4/22 1
2011.02.21 4/27 4/29 2 4/29 2
2012.01.31 4/16 4/14 2 4/15 1
2012.02.10 4/18 4/21 3 4/21 3
2012.02.20 4/23 4/28 5 4/28 5
2013.01.28 4/12 4/12 0 4/13 1
2013.02.08 4/17 4/20 3 4/20 3

BA 125 (?\,TZ-%) TTES No.12 (spring-season tea)

2011.01.31 4/16 4/12 4 4/13 3
2011.02.11 4/21 4/20 1 4/20 1
2011.02.21 4/24 4/27 3 4/27 3
2012.01.31 4/14 4/12 2 4/13 1
2012.02.10 4/18 4/19 1 4/19 1
2012.02.20 4/23 4/26 3 4/26 3
2013.01.28 4/08 4/10 2 4/11 3
2013.02.08 4/11 4/08 3 4/18 7
2013.02.19 4/17 4/25 8 4/25 8

BE 195 (fﬂﬁi) TTES No.19 (spring-season tea)

2011.01.31 4/17 4/17 0 4/17 0
2011.02.11 4/27 4/24 3 4/24 3
2011.02.21 4/29 5/01 2 5/01 2
2012.01.31 4/18 4/17 1 4/17 1
2012.02.10 4/19 4/23 4 4/23 4

2012.02.20 4/25 4/30 5 4/30 5




% ~ (Table12 Continued)

BT HEPISY f

15

2013.01.28 4/16 4/14 2 4/15 1
2013.02.08 4/18 4/22 4 4/22 4
2013.02.19 4/23 4/30 7 4/30 7
B 20 5% (%ﬁ) TTES No.20 (spring-season tea)

2011.01.31 4/14 4/08 6 4/09 5
2011.02.11 4/17 4/16 1 4/16 1
2011.02.21 4/22 4/23 1 4/23 1
2012.01.31 4/07 4/08 1 4/09 2
2012.02.10 4/13 4/15 2 4/16 3
2012.02.20 4/14 4/22 8 4/23 9
2013.01.28 4/08 4/06 2 4/07 1
2013.02.08 4/10 4/14 4 4/14 4
2013.02.19 4/15 4/22 7 4/22 7
?‘J S EFE (¥ #) Chin-shin Oolong (winter-season tea)

2010.08.26 10/12 10/19 7 10/19 7
2010.09.28 12/02 12/01 1 12/05 3
2011.08.29 10/19 10/23 4 10/23 4
2011.09.09 11/05 11/06 1 11/06 1
2011.09.20 11/19 11/20 1 11/22 3
2012.08.31 10/28 10/25 3 10/26 2
2012.09.10 11/10 11/07 3 11/08 2
2012.09.20 11/20 11/20 0 11/22 2
2013.08.29 10/24 10/23 1 10/23 1
2013.09.09 11/02 11/06 4 11/06 4
2013.09.20 11/13 11/20 7 11/22 9
EvR 12 8% (¥ #) TTES No.12 (winter-season tea)

2010.08.26 10/07 10/17 10 10/16 9
2010.09.28 1124 11/29 5 12/03 10
2011.08.29 10/13 10/21 8 10/21 8
2011.09.09 11/02 11/04 2 11/04 2
2011.09.20 11/18 11/18 0 11/20 2
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2012.08.31 10/28 10/23 5 10/23 5
2012.09.10 11/10 11/05 5 11/06 4
2012.09.20 11/16 11/18 2 11/20 4
2013.08.29 10/24 10/21 3 10/21 3
2013.09.09 11/04 11/04 0 11/04 0
2013.09.20 11/11 11/18 7 11/20 9
ER 19 8 (¥ 3) TTES No.19 (winter-season tea)

2010.08.26 10/ 11 10/19 8 10/18 7
2010.09.28 11/29 12/01 2 12/04 5
2011.08.29 10/17 10/23 6 10/22 5
2011.09.09 11/04 11/05 1 11/06 2
2011.09.20 11/19 11/20 1 11/22 3
2012.08.31 10/30 10/25 5 10/25 5
2012.09.10 11/11 11/07 4 11/07 4
2012.09.20 11/17 11/20 3 11/22 5
2013.08.29 10/24 10/23 1 10/22 2
2013.09.09 11/04 11/05 1 11/06 2
2013.09.20 11/11 11/20 9 11/22 11
ErE 20 8K (¥ ) TTES No.20 (winter-season tea)

2010.08.26 10/05 10/11 6 10/11 6
2010.09.28 11/19 11/22 3 11/24 5
2011.08.29 10/13 10/15 2 10/05 2
2011.09.09 10/30 10/29 1 10/29 1
2011.09.20 11/10 11/11 1 11/12 2
2012.08.31 10/22 10/18 4 10/17 5
2012.09.10 11/02 10/30 3 10/30 3
2012.09.20 11/11 11/11 0 11/12 1
2013.08.29 10/12 10/15 3 10/15 3
2013.09.09 10/24 10/29 5 10/29 5
2013.09.20 11/09 11/11 2 11/12 2
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Fig. 1. Summation of daily average temperature of four cultivars from pruning to harvest in
different spring-tea periods
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35

s E0E% y=0.08x2- 0.2922x + 7.086
R? = 0.9966

B 52512588 y=0.0961x?- 0.4169x+ 8.5417
R?=0.9968

A E23F195F y=0.0758x?- 0.2624x+ 7.0497
R?=0.997

o 5752058 y=0.0613x?- 0.1568x + 8.2435
R?=0.9969

EBERET

B~ ST R R LR ™ A TGS RS R (20112013)
Fig. 3. Coefficients of variations at various presumed base temperatures and quadratic regression equation
(2011-2013 spring-season tea)
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o EEFE y=0.1045x?- 0.9443x+5.5794
R?=0.9753

m 5751258 y=0.0831x2- 0.8392x+ 8.7818
R?2=0.9511

8 55 HE R

L EZ51955 v =0.0928x2- 0.8411x+ 7.1506
R2 = 0.9687

e £2520% y=0.0969x2-0.8727x+ 5.5618
R?=0.9744

0 . . . |
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EeEnEC
P ~ 7 & R SRR ™ A G S A (2010-2013)
Fig. 4. Coefficients of variations at various presumed base temperatures and quadratic regression equation
(2010-2013 winter-season tea)
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Establishing a Prediction Model of Tea Harvest Date

Yi-Hao Lin!  Chih-Yi Hu?>  Cheng-Hou Chang?  Cheng-Nan Lai?
Iou-Zen Chen’

Summary

This research has aimed at four cultivars - Chin-shin Oolong, TTES No.12, TTES No.19 and TTES
No.20 which are suitable for processing Paochung teas in northern tea district and has conducted
continuous four-year research from pruning to harvest. The coefficient of variation was used as a measure
of variability to determine the base temperature through statistical regression method to calculate the base
temperature with the least variance. Base on four years experiment data, from pruning to harvest, in
spring-season tea, the average growth days, the temperature summation (summation of daily average
temperature), the base temperature and the heat unit summations of four cultivars are as following:
Chin-shin Oolong (69.1 days, 1,115.8°C, 1.8°C and 989.1°C), TTES No.12 (66.7 days, 1,071.5°C, 2.2°C
and 924.5C), TTES No.19 (71.1 days, 1,157.8°C, 1.7°C and 1,034.0°C) and TTES No.20 (63.1 days,
1,000.5°C, 1.3°C and 923.2°C), respectively. Base on four years experiment data, from pruning to harvest,
in winter-season tea, the average growth days, the temperature summation (summation of daily average
temperature), the base temperature and the heat unit summations of four cultivars are as following:
Chin-shin Oolong (56.7 days, 1,223.4°C, 4.5Cand 976.2°C), TTES No.12 (54.3 days, 1,184.6C, 5.1°C
and 910.6C), TTES No.19 (56.1 days, 1,220.9°C, 4.5Cand 966.8°C) and TTES No.20 (48.5 days,
1,070.9°C, 4.5 Cand 852.4°C), respectively. Using above data and meteorological information in those
seasons, it would help predict effectively the suitable plucking period for important cultivars in northern
tea district.

Key words: Temperature summation, Base temperature, Prediction of plucking date

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

2. Associate Researcher, Associate Researcher, Junior Specialist, Tea Research and Extension Station,
Taoyuan, Taiwan, R.O.C.

3. Professor, Department of Horticulture, National Taiwan University, Taipei, Taiwan, R.O.C.
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Study of Quality Characteristics, Chemical
Component and Mineral Element Content of
Yung-Kang Wild Teas

Hun-Yuan Cheng Horng-Jey Fan  Chin-An Yu!®
Summary

The experimental material in this study was collected from Yung-Kang wild tea trees
by Taitung Branch, Tea Research and Extension Station, for quality characteristics,
chemical component and mineral element content analysis. The study is aimed to
understand the characteristics of the flavor quality of Yung-Kang wild tea, and the
differences between wild species and cultivars can be a reference for the development and
utilization of Yung-Kang wild teas. The qualities of green tea and black tea quality were
better than those of Pouchong tea of Yung-Kang wild tea leaves. The quality characteristic
was a flavor of obvious raw fresh mushroom. The green tea made of old leaves still has a
drinking value. After several brew, the tea has durable quality. Durative brewing
characteristic of black tea was higher than green tea. Chemical component of fresh young
or old leaves and its made tea had not appear extreme high or low values. Major and micro
mineral elements content was abundant, mostly in the appropriate range. There are
something different contents of heavy metal elements between Yung-Kang wild tea trees
and other cultivars.

Key words: Yung-Kang wild tea tree, Quality characteristics, Chemical component,

Mineral element

1. Associate Agronomist, Associate Biochemist, Assistant Agronomist, Taitung
Branch, Tea Research and Extension Station, Taitung, Taiwan, R.O.C.
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Table 1 Comparison of the quality of different tea types produced by Yung-Kang

wild tea leaves

3735 ] (2016)

BB MR Al Fe BR R AR A2
Tea Tea (10%) (10%)  (20%)  (30%) (30%) Totall Total 2
season type Shape Color Liquor Aroma Taste
color
#* proesy 5.6b 5.9b 13.2a 21.0b 21.0b 552b 66.7b
Spring STE R 6.1a 6.1b 11.5b 21.3b 20.8b 53.5¢ 65.7c
A A 6.3a 6.8a 14.2a 22.5a 240a 60.7a 73.7a
HE1 prRae 6.2b 6.1b 13.2ab  20.5b 19.5c  53.2b 65.4b
Summer 1 s/FE % 6.4ab 6.3b 12.4b 20.0c 20.0b 52.4b 65.1b
A 6.7a 6.9a 14.0a 21.0a 20.5a 55.5a 69.1a
HE2 o 6.8b 6.3b 13.5b 19.0b 19.0b  51.5b 64.6b
Summer 2 &/ 6.8b 6.3b 13.5b 19.5a 19.1b  52.1b 65.2b
g 7.0a 6.5a 14.0a 1992 199a 53.8a 67.2a
FFR PRoe 6.3b 6.3b 12.9b 19.5b 20.0b 52.4b 65.0b
Autumn  SFER 6.1b 6.1b 12.8b 19.5b 20.8ab 53.0b 65.2b
EE 7.0a 7.0a 14.0a 21.0a 21.5a 56.5a 70.5a
*H FRoey 6.7a 6.5a 12.9ab  19.5b 193b 51.6b 64.8b
Winter SFE R 6.3a 6.2a 11.9b 19.5b 19.5b  50.9b 63.3b
A 6.4a 6.8a 13.9a 21.0a 20.5a 554a 68.5a

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
F’ﬂ?r 1: 7 l5"|+7F'<, SaAHREE ﬁgii- 2 D TR e c"’|+7F'<, SRR
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Table 2 Comparison of green tea quality produced by old leaves of Yung-Kang wild tea

trees and other cultivars

v oo ey RR FR WM AR R
Order of (10%) (10%)  (20%) (30%) (30%) Totall Total2
Manufacture - Cultivar Shape Color  Liquor Aroma Taste
color

gy F ﬂ<’3ip[_$ 4.1b 4.0c 11.4a 19.1a 20.9a 51.4a 59.5a
First A ES R 4.9a 5.1b 9.0b 16.4b 15.8c 4l.1c 51.2¢c
BH# ‘F‘]‘“H%E 5.3a 5.5a 10.3a 17.3b 17.8b 453b 56.0b
Summer BERE 125 49a 53ab 8.8b 16.3b 163c 41.3c 51.5¢
YR AR IE 3.5a 53a  13.0a  20.5a 19.5a 53.0a 61.8a
Second R 8B 2.8a 5.1a 11.2b 19.0b 17.0c 47.2b 55.0b
FFH# A 1258 3.5a 5.4a 11.5a 16.0c 17.5b 45.0c 53.9b
Autumn
LI 7]<’§‘LL[ [_Z‘{ 5.0a 5.5a 10.8b 19.0a 19.0a 48.8a 59.2a
Third R 85 4.5b 5.0c 11.6a 17.5¢ 17.8b 46.9b 56.3b
_LET?{ R 185K 4.5 5.0c 10.6b 179b 16.5c 45.0c 54.4c
Spring

A 125 50a 5.3b 11.1c 16.0d 14.0d 39.0d 49.2d

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
AR LT ST R R 2 T S
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Table 3 Effects of plucking and shaking on the quality of Yung-Kang wild teas

3735 ] (2016)

R PR Ttk SR fie W ﬁ?’r 1 ﬁ?r 2
Tea Plucking/ (10%) (10%) (20%) (30%) (30%) Totall Total 2
type Shaking Shape  Color Liquor Aroma Taste
color
S oA 9.0a 7.0a  140b 21.0a 192d 542a  70.2a
Greentea = Y 7.3b 6.3d 148a 19.8b 19.5¢ 54.1a 67.8b
IRE: &= 7.0c 6.7b 139b 192c¢ 21.0a 54.0a  67.8b
IRECS Ry 6.5d 6.5c 13.6b 192c 21.0a 53.7a  66.7c
HYEE] 6.0e 6.0c  12.0c 192c 20.5b 51.7b  63.7d
R 7.1a 6.5ab 149a 22.5a 22.5a 5909a 73.5a
PROBGEL) 69 6.7a  14.0a 20.5b 21.3a 558b  69.4b
PR 6.6¢ 63b 16.0a 20.8b 22.0a 588a 7l.7a
PR B 6.6¢c 6.4b  15.0a 19.5¢c 20.8a 553b  68.3b
B =2 6.8a 6.8a 13.3a 20.5a 21.0a 548a  683a
Eiaz=5 6.8a 6.5a 129a 19.8a 20.5b 53.1a 66.4a
AR IR 6.2a 6.2a 12.7a 19.5a 20.5b 52.7a 65.1a
Pouchong Eij&#F 6.0b 6.0b 129a 19.5a 21.0a 53.4a 65.4a
tea B v 7.7a 7.1a 13.0b 19.3a 19.0ab 51.3ab  66.0ab
= v 7.1bc  6.6a 142a 1952 19.8a 534a  67.1a
ez JIRPN 7.3b 7da  119c 18.0b 19.0ab 48.9b  63.2b
Ok RIS 7.0¢ 6.8a 11.0c 16.5c 16.8b 443c  58.0c
E S PR 8.9a 7.5a  15.0a 22.0a 21.3a 583a  74.6a
Black tea 2= # 7.4b 706  148a 21.0b 203b 56.0b  70.4b
SFETE 7.2a 6.8b 13.0a 20.5a 21.0a 5452  68.5a
18 7.0b 7.0a  13.0a 20.0b 21.0a 54.0b  68.0b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
FFE LA R IR 2 T IR e b
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Table 4 Effects of brewing frequency on the tea infusion quality

R

g i g e wR AR AF2
Tea type Cultivar Brewing (20%) (30%) (30%) Total 1 Total 2
frequency Liquor Aroma Taste
color
AR AR 1 12.3cd 21.3a 21.3a 42.5a 54.8¢
Green tea Yung-Kang 2 13.0b 21.0ab 21.5a 42.5a 55.5b
wild tea 3 12.5bc 20.0c 20.5b 40.5b 53.0d
tree 4 12.7bc 18.5¢ 19.3¢ 37.8¢c 50.5f
5 11.8de 18.0e 18.0d 36.0d 47.8¢
b -0.13 -0.90 -0.88 -1.78 -1.91
R? 0.208 0.953**%  0.893**  0.934**  0.893**
B T BE 1 13.7a 21.5a 21.5a 43.0a 56.7a
TTES 2 14.2a 20.5bc 20.8b 41.3b 55.4bc
No.12 3 13.0b 19.3d 19.0c 38.3¢c 51.3e
4 13.0b 17.3f 17.8d 35.0e 48.0g
5 11.7e 16.5¢ 17.3¢ 33.8f 45.4h
b -0.53 -1.33 -1.15 -2.48 -3.0
R? 0.769 0.982**  0.971**  0.982**  (.982**
S SRR 1 14.3b 21.5a 21.5a 43.0a 57.3a
Black tea Yung-Kang 2 14.0c 21.0b 21.5a 42.5a 56.5b
wild tea 3 13.0d 20.0c 20.0b 40.0b 53.0c
tree 4 12.3f 19.3d 19.3¢ 38.5¢ 50.8d
5 11.5h 18.5¢ 18.0de 36.5d 48.0e
b -0.73 -0.78 -0.93 -1.70 -2.43
R? 0.982**  0.993**  0.945**  0.973**  0.976**
TR TR 1 15.0a 21.5a 21.5a 43.0a 58.0a
TTES No.8 2 14.0c 21.0b 21.3a 42.3a 56.3b
3 12.7¢ 19.5d 19.3¢ 38.8¢c 51.5d
4 12.0g 17.8f 18.5d 36.3d 48.3e
5 11.5h 16.8g 17.8¢ 34.5¢ 46.0f
b -0.90 -1.28 -1.03 -2.30 -3.20
R? 0.972%*%  0.975%*  (0.949**  0.972**  (0.981**

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

£
{’[ a+b)§I

RV e 2:

e H—F E RIS

Y: tea 1nfu510n quality; X: brewing frequency; R%: the coefficient of determination;
a: Intercept; b: Slope
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Table 5 Effect of brewing frequency on the tea liquor color

B fip7E WRESEE PIRR AR FEAm e
Brewing L a b AE
Tea type Cultivar frequency
proery R 1 87.5f -3.57¢ 19.8a 20.8a
Greentea  Yung-Kang 2 90.4¢ -2.67d 16.7b 16.9b
wild tea 3 91.5d -2.07bc 16.8b 16.6b
tree 4 92.3bcd -1.25a 12.7de 12.3de
5 91.6d -1.17a 13.4cd 13.1cd
b 1.01 0.62 -1.68 -1.99
R? 0.718 0.952%* 0.853* 0.861*
2R 125 1 92.4bcd -3.48¢ 14.4c 14.3¢
TTES No.12 2 93.1ab -2.28bcd 11.4f 11.1e
3 91.9cd -2.60d 12.9de 14.4¢
4 93.5a -2.52¢d 11.9¢ef 11.6de
5 92.8abc -1.94b 12.2def 11.8de
b 0.10 0.29 -0.39 -0.46
R? 0.08 0.616 0.292 0.208
R AR 1 75.2¢ 7.72b 39.5a 44.3b
Black tea  Yung-Kang 2 79.1¢c 4.65d 35.6¢ 38.6d
wild tea 3 82.5b 2.19¢ 30.8d 32.7¢
tree 4 85.7a 0.99f 24.2¢ 25.3f
5 86.0a 0.64f 22.1f 23.3g
b 2.82 -1.78 -4.62 -5.54
R? 0.945%%* 0.908* 0.982%* 0.979%%*
2R 8B 1 68.9f 12.6a 40.7a 48.9a
TTES No.8 2 77.1d 6.1c 37.4d 41.3¢
3 83.2b 2.1e 29.8d 31.8¢
4 85.5a 1.4ef 24.6e 25.7f
5 86.7a 0.60f 19.6g 20.5h
b 4.45 -2.87 -5.51 -7.23
R? 0.901* 0.838* 0.990** 0.987**

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
Y=a+bX,Y: tea infusion quality; X: brewing frequency; R?: the coefficient of determination;

a: Intercept; b: Slope
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Table 6 Effect of brewing frequency on the soluble solid and extraction rate

R TR B (5 R S

o g Tyl By
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EL W e Rk T Tl st
2 S R 2 PP PP ¥R F 0k
Extract  Extraction Accum. Residue  Accum. Relative
Tea Cultivar Brewing soluble  rate soluble soluble  extraction extraction
type frequency  solids solids solids rate rate
%
Frae AR TR 1 13.68a  38.84a 13.68k 21.54b  38.84k 38.84a
Green Yune-Kane 2 7.66¢ 22.62c 21.651 13.57d  61.46i 36.98ab
(35.2%) 3 4.46¢ 12.67¢ 26.11f 9.11fe 74.13ke 32.87abed
4 2.71g 7.72¢ 28.83d 6.391 81.84d 29.83abced
5 1.87h 5.30¢ 30.69¢ 4.53i 87.14c 29.17bcde
6 1.25i 3.55i 31.94b 3.28ik 90.69b 27.60cde
7 0.98ik 2.80ik 32.93ab 2.29kl 93.48ab 30.03abcd
8 0.77k 2,18k 33.69a 1.531 95.67a 33.53abc
2R 10 B 1 R 6Rh 24 R1h R 6R1 2631a 24 811 24 R1def
TTES No.12 2 5.43d 15.53d 14.11k 20.87b  40.34k 20.65¢fe
(35.0%) 3 3.80f 10.86f 17.91i 17.08¢c  51.20i 18.20fe
4 2.96¢ 8.46¢ 20.871 14.11d  59.65i 17.33fe
5 2.22h 6.35h 23.09h 11.89¢  66.01h 15.74fe
6 1.84hi 5.26hi 24.93¢ 10.05f  71.27¢ 15.48¢
7 1.41ii 4.03ii 26.34f 8.64ch  75.29f 14.01¢
8 1.18ik 3.38ik 27.53¢ 7.46hi 78.67¢ 13.68¢
SR SR 1 14 49h 46 66h 14 49i 16 57a 46 66 46 66a
Black  Yung-Kang 2 6.61d 21.29¢ 21.11h 9.96b 67.95h 39.91abc
(31.1%) 3 3.13e 10.07d 24.23¢ 6.83¢c 78.02¢ 34.41cde
4 2.13f 6.87¢ 26.37f 4.69de  84.89ef 31.26cde
5 1.16h 3.72fe 27.52ef 3.54efe 88.6lcde 24.63¢
6 0.78hi 2.51¢h 28.30de 2.76ghi  91.12bcd 22.03e
7 0.66hi 2.14¢h 28.97de 2.10¢hii  93.26abc 24.05de
8 0.63hi 2.04ch 29.60cd 1.46hii  95.29ab 30.19¢cde
R R BF 1 16.79a 49 39a 16.79i 1721a 49 304 49393
TTES No.8 2 7.47c 21.97c 24.27¢ 9.74b 71.36h 43.41ab
(34.0%) 3 3.46¢ 10.18d 27.72ef 6.28cd  81.54fc 35.54bcd
4 1.92fe 5.64ef 29.64cd 436ef  87.17de 30.53cde
5 1.33¢h  3.90fe 30.97bc 3.04fe 91.07bcd 30.38cde
6 0.99hi 2.90¢h 31.96ab 2.05¢hii  93.97ab 32.48cde
7 0.81hi 2.38¢h 32.77a 1.24ii 96.35a 39.53abc
8 0.32i 0.94h 33.09a 0.92] 97.30a 25.85de

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 7 Comparison of the chemical component of fresh leaf and made tea produced by
Yung-Kang wild tea trees and other cultivars

*F o EERSSL S [IRIEZC T I CRCE S L R

Tea Fresh leaf/ Soluble Poly- Catechins Caffeine  Soluble Amino

type made tea Cultivar solids  phenol sugar  acid
---mg/g---

R RYIE 271.0a 75.7a 412bc  35.5a 354c  9.9a

Spring  Freshleaf — B Ei&FE  255.0ab 56.7b 39.2¢ 36.0a 40.0ab 10.8a
?J'-‘H?TE’E 238.0b  55.6b 43.6ab 33.5b 41.7a 11.8a
A 12588 263.0a  80.5a 45.7a 36.9a 36.5bc  12.0a

R ﬂ“glp[—zf‘ 325.0b 140.3a 128.1a 35.0ab 34.6a 15.6b

Green tea ABELEFE 313.0c  126.5a 117.3a 33.7bc 33.4ab 18.3a
?J SRR 306.0d  123.2a 128.1a 31.5¢ 35.5a 14.2¢
A 125k 342.0a 121.6a 123.2a 36.8a 3.18b  14.6bc

PR RI# 347.0a 116.2a  108.5b  35.1a 3452 12.2b

Pouchong ~ “EFLFE  318.0b 125.9a  110.8b  33.1a 31.6b  16.1a

tea Fpefb#E 319.0b 13052 12152 34.1a 344a  12.0b

B 125 3260b 1313a  124.1a  34.6a 31.6b  10.1c

FER P R IR 2774c 1084a  48.4b 42.9b 28.6b  16.9b

Autumn Fresh leaf 25 8% 314.1a 93.0b 54.6a 49.3a 38.7a 21.2a
24 1259 286.6b 90.3b 33.0c 31.5¢ 39.2a 9.2¢

AR ﬂ"iﬂ [ﬂ‘ 328.3b 139.0a 99.3b 43 .4a 21.1¢c 14.6b
Green tea A 8B 3759a  148.5a 111.5a 45.6a 403b 18.5a
24 125 364.1a 138.6a 82.0c 32.6b 54.0a 8.4c

ClEsap JRIE 3603b 14292 108.0a  46.6a  234c  14.7b
Pouchong  E+% 8% 3822a 129.9ab 1084a  452a  375b  19.4a
tea LR 128F 369.7ab 1144b  80.8b  34.6b  48.6a  14.4b
SR JRIE 27980 86.5a  4l4a 463b  239¢c  18.6ab

Black tea A 8% 338.0a 91.0a 459a 49.8a 41.5b  23.5a
A 125 292.7b 82.8a 31.9b 34.2¢ 53.7a 13.5b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
A B FRETY 175 2 R0 B R~ B 8 U 12 BRI B F YA 860 ~ 175
175 *HL.
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Table 8 Comparison of the chemical component of old leaf and green tea produced by Yung-

Kang wild tea trees and other cultivars

HESR B S PSR R IEHY [ R
Fresh leaf/ Soluble  Poly- Catechins Caffeine Soluble = Amino
Greentea  Cultivar solids phenol sugar acid
--mg/g--
s A AR 2629¢ 75.2b 53.6¢ 32.5a 37.3¢ 14.7a
B R 333.7a 133.0a 125.1a 32.2a 34.8¢c 11.9bc
HH 255.5¢  37.0c 34.0d 19.4b 65.0a 12.6b
YRR 292.1b  77.2b 73.4b 20.5b 57.6b 11.2¢
BB ARUITE S 164.3c 38.4c 17.0b 19.9a 39.2b 5.5b
Old leaf B 8BE  256.9a  72.0a 42.5a 15.5b 66.8a 7.7a
B 125K 2153b  50.2b 15.6b 13.4c 67.9a 7.8a
YEGER B YR 2181c 64.1b 62.2b 17.1a 47.0b 7.9a
Greentea Er 7 89K 2899a 82.1a 76.2a 12.9b 78.9a 5.5b
R 125 241.5b  Sl.6c 52.3¢ 11.4b 81.6a 7.7a
YBGER A IR 306.5a 92.1ab  80.0a 25.3a 68.8b 9.1a
Greentea Er7 85K 3079a 96.8a 79.0a 21.1b 61.8b 5.4c
B 185 305.1a  89.4b 72.6b 24.9a 68.8b 8.5ab
B 1258 2704b  60.4c 52.8¢ 16.4¢c 85.0a 7.9b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
AR ERETS 175 200 B Ry IR - B 8 B 12 BRI F1IAITY 860 - 175

175 2R
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Table 9 Effect of tea leaves condition on the chemical component of Yung-Kang wild teas

RO R WD SR RRRE NP TR W

Fresh leaf/ Tealeaves Soluble  Poly- Soluble ~ Amino
tea type condition  solids phenol Catechins Caffeine  sugar acid
--mg/g--
praesy = ) 360.1a 156.2a 133.6a 45.2a 38.2a 22.8a
Green tea ] 363.0a 154.1a 147.8a 37.2b 34.6ab 16.9b
IRE: 348.0a 142.6a 139.5a 39.1ab 32.0b 17.2b

SFLIPMIZE 3352a 138.5a 136.8a 36.8b 34.4ab 14.8¢c

fEE FrEd ﬁ*ﬁfj’ 352.8bc  137.1c 100.4b 32.9¢ 51.4b 16.3ab
Fresh leaf SRR T QF“‘I 339.0c 128.9¢ 94.6b 37.6b 52.8b 14.2b
HT R LT 369.4ab  1488b 12558 30.6d 487> 20.2a
Honey-flavor F&Fﬁ#, o] ?‘I 384.5a 158.3a 126.2a 40.3a 58.8a 17.2ab
green tea
P :""#R% 341.0a 147.5a 102.6a 33.0a 37.2a 12.6b
Green tea 50%EE  328.8a 138.8a 101.7a 31.9a 39.1a 15.3a
70%&@: 337.4a 142.5a 102.4a 31.9a 39.1a 14.9a
AR 349.9a 151.1a 144.2b 33.0b 39.2b 13.4b
AR IEMSHE 3524a 153.0a  158.6a  34.0b 51.3a 13.9b
ik iacey 349.7a  1552a  1569a  33.6b 49.8a 14.5ab
wR 284.2a 92.8a 64.3c 39.0a 38.1b 15.8a

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 10 Effect of tea leaves condition on the chlorophyll content of fresh leaf and green
tea in Yung-Kang wild tea trees and other cultivars

BERRE R IEE Hikcha BBk b Wik KIS

Fresh leaf/ Tea leaves

Green tea condition  Cultivar Chl. a Chl. b chlorophyll carotenoid
---mg/g---
AR e R 78 3.0c 10.8¢ 22.4¢
Green tea - 8.9b 3.5b 12.4b 25.0bc
[y 10.5a 3.9a 14.4a 27.0ab
SEF[ 1P 10.3a 4.0a 14.2a 28.6a
Y IR 8.9b 3.8a 12.7b 24.4bc
e RER L AR 8.2a 3.1a 11.3a 29.5a
Fresh leaf frE e 5.4b 2.6ab 8.0b 25.5b
AR %Fﬁ#[}ﬁfj 57b  24c 8.1b 16.3¢
Honey-flavor F&Pp’}[m ' 5.1b 2.6bc 7.6b 14.8¢c
green tea
AR Dy RIE 126b 52a 17.7a 31.5a
Green tea 50%E [ 12.9a 5.3a 18.3a 31.3a
70%E % 12.4b 5.2a 17.6a 30.9a
AR st qup [_,Z‘L 13.0e 5.8d 18.8¢ 31.6¢
frEsg YA SRR 22.3be 9.5b 31.8bc 45.6b
Fresh leaf 2R 85 164de  7.5¢ 23.9de 37.9bc
ER 125 239ab  12.0a 35.9ab 48.8b
A A o JeRyl# 258ab  11.7a  37.5ab  483b
Green tea 24 85  183cd  8.8bc 27.1cd 43.1b
A 129 28.9a 13.1a 42.0a 60.4a
MR B A AR 20.0c 8.4b 28.4c 41.4b
Green tea 2R 8B 14.1d 5.0c 19.1d 31.8¢c
R 189 23.3b 8.8b 32.1b 50.0ab
A 128 26.1a 9.5a 35.5a 51.8a

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
ATFFR B F' #
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Table 11 Comparison of the major mineral element of fresh leaf and green tea produced by
Yung-Kang wild tea trees and other cultivars

EF EHARE o N

Tea Fresh leaf/

season green tea Cultivar N P K Ca Mg
---mg/g---

P R AR 293¢ 1.92¢ 15.2a 4.5b 2.1b

Autumn ABREFE 32.8a 2.57a 13.9b 5.1a 2.6a

FyoREE  320ab  234b 1306 3.7c 2.1b
B3 1259F 312b 243ab 132b  4.5b 2.0b
BCEARRE RYIE 299¢ 1.99¢ 143a 4.8ab  2.1b
ABEHE  331a 2.5la 134b 5.4a 2.5a
FoR#E 318 2376 123¢ 3.9¢ 2.1b
B3 129F 31.1bc  245ab  12.7¢  4.6b 2.0b

% BB ORI[# 364a 487b 1982 60a  2.0a
Winter AHEFE 345 5.74a 18.7ab  5.2a 1.9a

feREE 381a  453b  143b  S4a 18a

LF 128 303a 590a  196a  68a  19a

FRH BeH R RyI# 365a 445b 226a 10.1a 2.9ab
Autumn  HH SRR 30.0ab  240c  13.5b  146a  3.4a
LR 8B 332ab  6.05a 1326 17.8a  2.4ab

LR 120 329ab  257¢  144b  121a  23ab

YHE R Ry 2820 242¢ 1286 1462 34a

LR 8 322ab  605a 1196 1352 1.9b

LR 128 324ab  275¢ 1386 13.0a  2.2ab

ik YHHE RIE 2752 171c 13.0b 6.64c  2.35b
Spring LR 8B 225¢  509a  117c  9.65ab  3.98a

B 185K 31.9a 2.42b 15.6a 7.43bc  3.04ab
B 1258 27.9b 1.57c 10.4d 10.5a 3.16ab

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 12 Comparison of the micro mineral element of fresh leaf and green tea produced by

Yung-Kang wild tea trees and other cultivars

ped FrE SRR FE#E i & Bl 24
Tea Fresh leaf/
season greentea  Cultivar Fe Mn Cu Zn
---mg/kg---
FF# e e UES 129.4a 947.1a 5.00a 12.1a
Autumn A H LR 167.3a 988.2a 0.97d 5.98b
?J@,E{,%Ek 173.6a 799.1a 1.96¢ 8.58b
A 129 141.5a 925.7a 3.34b 8.54b
OB AR R IR 98.7d 911.9ab 6.53a 19.6a
AT ELFE 270.6a 972.4a 2.05¢ 4.78¢c
?F’J@\,HET’% 185.6b 803.9b 3.87b 8.66bc
A 129 158.0c 952.6a 4.61b 9.41b
“% B R R R 65.2a 662.2a 14.2a 23.4a
Winter A H LR 66.7a 648.6a 14.3a 24.7a
?J@,E{,%Ek 71.0a 682.9a 12.1b 21.2b
R 125 704a 689.3a 14.0a 23.7a
FE# e s e N 79.3a 454.0c 11.0a 20.3a
Autumn ¥ 3H AR 49.5b 239.0e 8.75a 11.3¢
R 89K 52.8ab 675.0b 9.50a 13.0bc
B 125 46.0b 727.3a 9.00a 11.5¢
YRR R IR 55.5b 266.3d 9.00a 12.5bc
B 8B 64.8ab 682.3b 11.5a 13.0bc
2R 125F  53.8b 725.8a 11.0a 14.3b
R YGRS RIR 93.4a 805.8ab 11.6a 15.6b
Spring R QB 87.2ab 721.8b 10.1b 13.8¢
2R 189 75.2¢ 883.9a 11.5a 14.0c
LA 125 85.1b 844 3a 9.24c¢ 17.3a

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Hof T Ry R R IS R 8 Pk O
Table 13 Comparison of the heavy metal mineral element of fresh leaf and green tea
produced by Yung-Kang wild tea trees and other cultivars

FES Rl 5 6 i % 54l
Fresh leaf/
greentea  Cultivar Al Pb Cd Cr Ni
--- mg/kg---
R (FF) IR 478.1a 0.50a 0.09a 1.07a 2.30¢
Young leaf 3 Fl & 502.9a 0.43a 0.07a 1.24a 3.58a
(Autumn) ?’J‘L‘\,Hé?% 263.1c 0.31a 0.03a 1.06a 2.60b
B 1258 380.0b 0.25a ND 1.69a 3.80a
AR (FF) R R 450.7a 0.75a 0.15a 1.38ab 2.19b
Greentea I ELFE 487.8a 0.42b 0.07b 2.11a 3.64a
(Autumn) ?FJ@\,E{,E?&} 268.2¢c 0.46b ND 0.83b 2.72ab
2R 125 374.77b 0.52b 0.15a 1.85ab 3.73a

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Study of Different Leaf Shape on the Shoot
Characteristic, Chemical Component and
Manufacture Quality in Yung-Kang Wild Tea
Leaves

Hun-Yuan Cheng Horng-Jey Fan  Chin-An Yu!"
Summary

The experimental material in this study was collected from Yung-Kang wild tea tree by
Taitung Branch, Tea Research and Extension Station. The study aimed at shoot
characteristic, leaf color, tea quality, chemical component and mineral elements content
analysis of different leaf shape. Integrate these characteristics as a reference base for
breeding selection, utilization and development. The experimental results show that most of
the shoot characteristic had significant differences in lanceolate and oval-shaped of
Yung-Kang wild tea leaves. The 100-shoot weight and leaf greenness value of lanceolate
leaf was significantly larger than oval-shaped leaf. Shoot characteristic of red and green
bud lanceolate leaves have little differences. The chlorophyll content of green and
Pouchong tea for green bud lanceolate leaf was higher than red bud lanceolate and
oval-shaped leaves. Black tea doesn't have significant differences among leaf shapes.

Oval-shaped and green bud lanceolate leaves were suitable for manufacturing Pouchong tea.

Red and green bud lanceolate was suitable for manufacturing black tea. Regardless of the
leaf shape, every type of shape was all suitable for manufacturing green tea. The chemical
component difference of Pouchong tea was larger than that green and black tea among leaf
shape. Most of the mineral elements were still in the appropriate range and haven't
appeared extreme values.

Key words: Yung-Kang wild tea tree, Leaf shape, Chemical component, Tea manufacture

quality

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

57



58

B Y P

N A UE RN e LA

Table 1 Difference of different leaf shape on the shoot characteristic in Yung-Kang wild tea leaves

3735 ] (2016)

g I R
& 1 z - - BFTFLE| ATFE 2
Tea R7 He Shoot = Al I ) | Hl=
Leaf shape Leaf Internode diameter Internode length
season length Length
number
of one
bud and - -
Ist 2nd Ist  2nd
three leaves
no. cm cm mm cm
AR
BRI %’j 7 452 177a 123a 1.53a 1.84a  1.68a  29la
AL
S AR
lummer %;;/ 47a  186a 12.7a 137b 170b 1592  2.93a
N
eI 45a 14.8b 10.0b 1.28¢ 1.50c 1.23b 2.09
AR
RIE 2 T’ii‘)/ 49a 152a 10.7b 1.70a 2.08a 1.15ab  2.07ab
L
S 1Y,
2ummer %j;; 492 162a 1l1.5a 1.60ab  1.8%ab 142a  2.56a
A
e, 50a 13.0b 9.2c 1.37b 1.69b 0.98b 1.59%
T
FFR %i; 470 16.8b 11.8a 1.57a 1.91a 141a 2.27b
N
,‘_/{: JIJ
Autumn %:‘;)/ 4.7b 17.7a 12.3a 1.50ab 1.84a 1.57a 2.61a
TV
ETENT 5.1a 159¢  9.9b 1.34b 1.62b 1.02b 1.97c

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 2 Difference of different leaf shape on the leaf agronomic characteristic in

Yung-Kang wild tea leaves

IS ey e =87

Tea Leaf Leaf length Leaf width Leaf area Leaf thickness

season shape = = = = = = = =

2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
cm cm cm? mm

* 1 AR

K %i; 69a 87b 25a 3.2a 11.9a 19.8a 0.185a 0.222a
N

S 1 P&

wmmer ?i'j;z)/ 71a  94a 24a 32a 1192 21.0a  0.18la 0217ab
I
?H%[Ei”% 6.0b 7.4c 24a 3.0a 10.1a 15.6b 0.167b 0.200b

A2 (&,

W Hi{_)/ 64ab 85a 22a 3.0a 10.1a 17.9a 0.210a 0.249a
N

Summer 2 &Y

Y %i; 6.8a 84a 23a 2.8a 11.0a 16.9a 0.236a 0.236a
A
Halel®;,  58b 7.1b  23a 29a 14.7a 14.7a 0.191a 0.224a

FRR AR

F Tfi[ir 7 752 89a 2.7a 3.4a 14.5a 21.6a 0.186a 0.215a
N

Autu AR

Hmn %i; 752 9.1a 26a 3.1b  134ab198a  0.186a 0217a
AE
HWalel?®;,  6.0b  8.0b 2.5a 3.3ab  10.5b 18.6b 0.160b 0.187b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 3 Difference of different leaf shape on the 100-shoot weight in Yung-Kang

wild tea leaves

3735 ] (2016)

- = =
o %7 FITE . =~/
100-shoot weight Length/width
Tea Leaf — T 2 El — —
FEE i f - =
season shape
Fresh wt.  Dry wt. 2nd 3rd
g %
B W&, (7)) 106.3a 26.0a 75.5a 2.83a 2.69b
Summer 1 &Y () 96.9a 25.3a 74.1a 3.03a 3.00a
EEE 64.5b 18.6b 70.7a 2.54b 2.47¢c
HE2 WHY, () 97.9a 24.9a 74.4a 2.95a 2.89ab
Summer 2 f&H (GF)  96.9a 24.6a 74.6a 2.99a 2.99a
WaleN ™ 70.3b 18.0b 74.3a 2.60b 2.46b
PR e, (%7)  110.2a 27.2a 75.3a 2.77ab 2.60b
Autumn  $EEHF () 99.9a 24.8a 75.2a 2.92a 2.95a
R 73.9b 18.0b 75.6a 2.47b 2.42b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 4 Difference of different leaf shape on the leaf greenness and liquor color of tea
infusion in Yung-Kang wild teas

P & B SR il W
Tea type Leaf shape Leaf greenness Liquor color
= = PEFRLE A A ?f{%@ A
2nd 3rd L a b AE
e e, (7)) 35.7a 40.5a 80.1b -2.23a 22.0a 2l.4a
Greentea & (%)  32.9a 37.9a 843a -237a 17.6b 16.1b
R 23.0b 27.2b 83.4ab -2.32a 17.6b 16.3b
SFE A W&, (7)) 29.0ab 36.3a 84.7a -0.60a 20.6a 19.7a
Pouchong  #&&[HY ()  29.9a 36.9a 84.1a -0.46a 19.4a 19.0a
tea R 24.0b 28.3b 88.0a -2.01b 18.1a 16.7a
F s, (G 31.9a 35.4a 60.1a 20.0a 36.9a 53.3a
Black tea & ()  31.6a 34.4a 6l.1a 182b 37.3a 52.3b
Wale ™ 23.5b 26.3b 62.7a 18.1b 37.8a 51.6b

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
1 fifl @ SPAD

ESAE S I RN L2 TS
Table 5 Difference of different leaf shape on the chlorophyll content in Yung-Kang wild teas

Eay-) 1 BHE a BHFE Db BT atb ?@Fﬁgﬁff Fsk
Teatype  Leaf shape Chlorophyll a Chlorophyll b Chlorophyll a+b carotenoid
_____ Ly

R &, (7)) 1.55ab 0.73ab 2.27ab 3.80a

Greentea 457 (&) 1.71a 0.76a 2.47a 4.23a
HelEs 1.42b 0.65b 2.06b 3.65a

BB &7 (77) 1.10a 0.48b 1.58b 291a

Pouchong 4517 (Gé) 1.26a 0.56a 1.82a 3.31a

tea EE 1.10a 0.49b 1.59ab 3.09a

S e, (7)) 1.25a 0.59a 1.83a 9.72a

Black tea {4& (%)  1.20a 0.60a 1.79a 10.19a
EEE 1.22a 0.59a 1.81a 10.29a

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 6 Difference of different leaf shape on the made tea quality in Yung-Kang wild teas

3735 ] (2016)

CHEE M ke AR W AR
Liquor
Tea type Leaf shape  Shape Color color Aroma  Taste Total
(10%) (10%) (10%) (20%) (30%) (30%) (score)
PRE P&, 6.37a 6.13a 12.8b 19.5b 20.5a 65.3a
Green tea x)
e, 6.30a 6.17a 13.8a 19.5b 19.5¢ 65.2a
(%)
Helen ™ 6.00b 5.67b 13.9a 20.0a 20.0b 65.6a
SRR & 6.33a 6.27a 12.7b 19.7b 19.7b 64.6b
Pouchong ()
tea e, 627a  6.03a 12.6b 20.8a 20.7a  66.4a
(%)
e+ 6.23a 6.00a 13.9a 20.7a 20.7a 67.5a
R Y, 6.10b 6.00b 13.4a 20.5a 20.5a 66.5a
Black tea (i
5T 6.37a 6.43a 12.8a 20.3ab 19.8b 65.8a
(¥
HelEN 6.43a 6.00b 13.0a 19.3b 19.3¢ 64.1b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 7 Difference of different leaf shape on the chemical component in Yung-Kang wild teas

Y AT FRRE PR pm WA
Soluble Catechins  Caffeine Soluble Amino
Tea type  Leaf shape solids sugar acid
mg/g
Froe &, (R7) 3344a 102.4a 29.6a 47.4a 13.9a
Greentea &7 () 319.8a 85.8b 31.2a 47.1a 12.0b
EEE 311.4a 84.1b 29.7a 47.9a 10.3b
SRR W&, () 324.7b 85.8a 35.7a 43.5b 12.2b
Pouchong 4547 () 337.3ab 83.2a 32.9¢ 49.5ab 10.9b
tea e 345.9a 84.9a 33.8b 51.6a 14.3a
AR W&, (7)) 267.5a 21.9a 36.4a 59.2b 12.8b
Black tea {4517 () 248.4c 20.6ab 36.5a 53.5b 16.2a
EEE 257.0b 19.9b 34.9a 67.4a 13.6b

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD

Fo I AR T B B R B

Table 8 Difference of different leaf shape on the major mineral element in Yung-Kang wild teas

I Y 7 % o ‘i 5%
Tea type  Leaf shape N P K Ca Mg
mg/g
FRES s, (7)) 30.9a 2.3a 16.7a 3.7a 2.1a
Greentea &Y ()  30.7a 2.1b 16.4a 3.3c 2.0a
HelEs Y 29.1b 2.1b 15.6a 3.5b 2.1a
S A s, (G 30.6a 2.4a 16.4a 3.9ab 2.2a
Pouchong 4547 (&)  29.5a 2.1a 16.3a 3.1b 2.0a
tea e 29.8a 2.4a 18.0a 4.8a 2.1a
FR &7 (7)) 30.7a 2.5b 14.5a 2.8a 1.7a
Black tea {457 ()  3l.1a 2.5b 16.5a 2.5b 1.7a
EEE 29.9a 2.6a 16.6a 3.0a 1.8a

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Foe ~ AR [R FIBYR R R R

Table 9 Difference of different leaf shape on the micro mineral element in Yung-Kang wild

teas
T i = 45 =
Tea type  Leaf shape Fe Mn Cu Zn
mg/kg

AR WH™, (7))  6l.la 716.0a 14.2a 23.3a

Greentea L& (%)  75.6a 716.4a 14.2a 20.0a
R 77.3a 724.8a 16.7a 25.1a

CFE T &, (70) 81.5a 913.2a 15.4a 23.0a

Pouchong &Y (#)  90.6a 658.5a 12.3a 18.0a

tea I 72.3a 913.9a 15.1a 21.2a

w R T’i%{‘ﬁ/& G 63.4a 611.7a 16.7b 19.5b

Black tea {4517 ()  66.5a 555.1¢c 18.7a 19.2¢
R 60.9a 565.8b 16.9b 19.9a

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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FIRIPUREE =P > R F L2 WEIRIPYE Il ] SR 378 (Camellia
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e 4&?@:}?&4IW (B oA > ELE5T e R et SR T (Camellia
formosen315var yungkangensis) ° ﬂﬂwﬁuﬁtr’%ﬁ [ﬂfEAT Pﬁ B > SRR R Y
AR o AP BTSSR Fh ﬁ% SERETE ] SR
J EEFFYAFS 800 2 1600 2> B[ 155 S B £ ’Eﬂﬁﬁ*@a VR RL
s PR FRERTT 5455 IRt /F'L@T ﬁgﬁi FAES S = BITEHS RIS
fﬁﬁ“m PFI {7 R s - R V%‘e.ﬂ'“’ A J‘*l M B
'“’”j 1&57]\’{ [E5 03 (e flasge (SRR > 2013) o Bt & 4—Lﬁ?ﬁ J Bl £ T
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TR LR U 5‘59*? /B TR A f%wfgébﬁﬂp"gf MR [k R P
HRES 2 B AT 7T THPES RS ST RSIS S B RO ATE » B
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[i 1#»[ftﬁﬂlp 1%»[fkgp.ﬁ U »i_ﬁiﬁfpﬂ,gﬁ: [JF}EI o pngnz;lﬂ]ﬁéf:[ 30% > =
fIEL D SR > AT 2o RS 80% » £ :B:ZTEIEJ 10~30% » fi' V73 v 40~50% » i
73 KRR BT G ST > LR IRV Rrms o o SF R R W e - R
[ ,E%%%‘[ﬁggl 3~4%> £ 2gmﬁi 8~10% * y# 7 55F | 80%] g»ii"?—*iﬁ llvf[”ﬁ',pa{a
. V?ﬂ?l%?z;l Ehﬂﬁzgl 4% > ELf 1fknpl 11% > EMFL\J’FA?J\ "ﬁﬁ% W gL
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F“jﬁif‘dﬁﬁg ﬁ%qﬁzé&épﬁﬁ I/?‘J L ?‘J LT Jbgﬂi 12 #Fﬁi{ﬁf%(ﬁ
1984 1 1> 2007) « Z537 (2004) 5L (W2 RO RS > 3
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L A 5T 35 1 (2016)
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K 117.1 mg/g » BB ;%&if,fgb | EFE ST 144.5-150.9 mg/g ~ 82.9-92.2 mg/g ¥
115.7-118.2 mg/g ~ 74.9-80.2 mg/g (F— ~ = ~ = ~ M~ D)o oyl HRRH &
RRERT Y %ﬁ[mtpﬁ%? JTHIEL 1S1.S ~ 114.8 = 74.7 mg/g » H HE (3 BIRTH (94
ABFE D 179.5-206.9 ~ 171.5-185.1 ~ 105.4-126.3 mg/g (A ~ = ~ 1" )o
(=) PRk

?%%%@?%%ﬁﬁﬁﬂi@ﬁﬁf%ﬁ&ﬁﬂﬁ@@%%’Hﬁﬁugﬁ
BRI B I8 B R TR 144.1 12 78.0 mg/g » [ FHERFE | B

FE T IEG 128.8-138.8 mg/g ~ 60.9-66.2 mg/g = 112.9-118.5 mg/g ~ 58.3-59.8 mg/g (%
=TI P T e SRR P ST IR G SR BB (R

R S ST BT HIED 109.8 7 56.9 mlg » JE[?J Ff 2 BT (B T
1472 182.1 % 74.3- 922mg/g (A v =)

(P4) Py
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fB i%iﬁffﬁﬁwﬁﬁ“ﬁil@?ﬁ#*%ﬁ DT BRI BN 0 R RTR
EpFFIAORIR » 15 BRI T 55 33.4-34.8 mglg % 37.3-37.9 mglg » (S RAEY
44.8-48.6 mg/g & 45.8-49.0 mg/g > <[ B FE ST |]£% 30.7-34.4 mg/g ¥ 38.4-39.6 mg/g (e
= D Z s T ) e Ryl [ﬁ*?ﬁﬁﬁﬁfﬁﬁﬁ R 7&'/'“‘*“2*3‘%[1'7[@&{“3%15}@]
B% 36.5~39.2 & 42.1 mg/g » JE[?ﬁ'T?F ﬁéigl%l%jf’\{ﬂéfﬁy 51.4-57.6 ~ 41.9-52.3 ¥
44.5-52.6 mg/g (A ~ =~ I )o
(=) g
pl %iﬁ;’iﬁ i‘éﬁ’??‘fﬁﬁﬁﬁ{#*ﬁﬁ o (RIS EEE A R MRS B
TR AR B ST 1S 35.6-40.2 mglg ¥ 37.2-45.5 mefg » bt
A FE 1 31.0-32.0 mg/g ¥ 32.9-33.6 mg/g- /| BT ]| ET 40.2-45.4 mg/g * 39.5-43.0
mg/g (Fhe— ~ T~ =~ M T R TR ERT B 1%#33 HEEEARFE T EJFJIJFE )
AR TR T i%ﬁﬁi% ST HIEY 47.6 % 49.2 mg/g > Efl'ﬁiﬁé'l l%ﬁ KA
27.7-292 ¥ 24.8-322 mglg (FA =« 7).
(4) Wil
pl %iﬁ ﬁﬁéﬁifﬁlﬁz (ARG T P B I PN SRR ST T A
RO (R~ = i »owi [ RS R LA BT 136 mg/g’
H Ffﬁfii%g?ﬁif/‘*i%ffgé 8 Bk 20.7 mg/g WELHE 18 5*F,J/ 20.4 mg/g » TR
BR 21 B o AR U?fﬂsﬁn Ffﬁi’@pjﬁ,ﬂif‘g_—.é 8 55?7&'_2:»,4 21 B s e 18 BR
JFIJ'EE (A v =)o
;ﬁ?F s B i%ﬁﬁgiﬁé (“5FRY 55 2 BIEVIEE - ) 2 R
B FUE T HRR SRR ER AR - B i%*ﬁﬁflﬂﬂﬂjﬁ“ [ ¥fﬁb§3@§if BN
TR R - Ay ! lﬁﬁfﬁﬁﬁb% TIRCEEINCE L T PJEF@H%E
%@%ﬁmﬂm TP BT 3070 » LT 61 T T
27 (2003) fEEf= Elﬁ:l&m 200 PfEFLIER A B (S gl bR ST
=15 H[J?..ﬂ 71 % 206 mg/g > S RIFVET £ B ’ijl‘;\,ﬁi,?@’ ) *dﬁéi % 122 mg/g
L~ AT e 45EE7J {155 152 ~ 134 130 ~ 113 % 102 mg/g « F
2 (2003) FEH AT SRR TR AR B 0 THIIS1106 91104 mg
g EIRFFR V1055 mg/g ] ZF" #.199.0 mg/g t bt (% e Lin et al. (2003) I']75% 4Jif
E I [ﬂ éi’fglﬁﬁéii’fgl SE fj‘ﬁ"?ﬂﬁﬁfé 126.1 mg/g ~ FLiERE  99.2 mg/g ~ fEd
36.7 mg/g ~ 5 & 6.0 rng/gc FEET (2004 ) }‘F}L['g?ﬁiﬁﬁl%%qﬁaé N AR = F“[E'I
BT SEET S GRS WRLE 18 WS (0
142.5 ~ 177.6 »163.0 mg/g > ﬁJFJU ‘&JJ s EA 12 5’?‘_7&'[’“'7“2‘ i FJJ'J""H |-
FE > [RESTRIEDL9.5 ~ 1110 % 101.1 mg/g « 2557 (2003) mﬂ FpPE 5T T
El I'Z"’?f'»,%ﬁ o



Pk SRS RS 51 MBI Sk B P

7| 134 mg/g ~ F-o FLEE 124 mg/g ~ B2 12 57 121 mg/g - D“'fzﬁ‘. 121 mg/g ~ B+ 7 13
B 98 mg/g - iw (2007);;4%33 (88 7 (2 )FT R ok £ B S 85.11-140.67
mg/g ﬁf/‘ | B 79.58-117.58 mg/g » ¥ B pﬁf{ﬁ%l Bl ﬁﬁj » £% 275.70 mg/g - H[S
= (2006) ?‘F’,LI’HI[ES«IE[&;{;“_’J\élaj%ﬁflf}?}’fgl Eﬂéjci;lﬁﬁ k3 ﬁjv JH[ 5% 2413 ®
137.5 mg/g- fl1I'] F‘“%E?{n?]“ﬁ‘?%\[ VAR BT L Eﬂ%i& KB |£l“"T[JPF#
OB TS BT RS VBRI T bj 1% B B R 1% - R
g %Fﬁ#ﬁfﬁéiﬁﬁii"\“ e US> 1By ia“" | EFE > e AIE'FJJ i
AP E H‘H“F”TF' pj:iaﬁlﬁ;{n[ﬁd%%’!‘ R FRERORYE > TP R

Lin et al. (2003) I') HPLC 53 #7230V 1 a5 B meply 55 35 1 o<y | ﬁ%iﬁ*fﬁﬁﬂﬁié hd
%%\ﬁjﬁ £h 128.8 mg/g » TEL A 12 Bk 123.5 mg/g > % B} 5 EC [5} '[Jﬁ
20.0 mg/g > L l%if&if, :'EIJ[L'PFH # (2008 ) '] HPLC 73 oI ~ ?f L
A 8 BRI B 12 DR [MERY T R IR %w[wz%fgl O EIED 2151 mg/g o e
]ﬂjﬁ i/ 194.5-181.4 mg/g ; spdI# 2 ,E,t» 157.4 mg/g’géﬁﬁfg;ﬂf?:ﬂ H#iﬁféw
141.4-123.3 mg/g> {1 £ % ECG ﬁ;ﬁ:‘lfé # 31.6 mg/g> ﬁ'ﬁ“ﬂ i*’ﬂfwfﬁféj/ 13.6-16.4
mg/g > EC ﬁ%'ﬂf‘ﬂf’{ﬁl o HiK 2 (2010) JJT’TEFFJ LS R 12 B AFEERE R i
45?%'&78/7}‘3{]_ [4 [/534{%;&! IE'I » J7[IEY 1404 ~ 129.7 ~ 115.8 ~ 138.0 % 135.3 mg/g »
*vHFf[!f‘E‘:Ai HEEE R ’E[ FloRsi % ECG #EH% 20.7 mg/g » FJ'J'J“”E[ [”ﬁlf[lﬁ 3-4
|3FF| ) _“EI’H{T fr[ﬁ’\ﬂ ]‘Bﬂﬁfﬁlﬁ] hd % A[EII Vit 'r‘J E[l[ "fgﬁzﬁm gl ' ;[lﬂ\’gl
u [4@55‘/*?7&"[[45}] RS A[EE‘E%'F“@IF‘EJ@E@%E:' R pIH R ﬁi'l?; T P -
7+ FRRE i%if Wéi?}%lﬁﬁﬁ’ﬁ‘lﬁﬁ'ﬁ”ﬂﬁﬁ QRS2 Th (- R ST PR L7 S
ﬁi‘rﬁb’?‘fﬂ ﬁjﬁﬁlﬁéiﬁ[@? [T AT > 2 Bt X LS U I RIS -

= (2004) fﬁflg&jﬁﬁ@ﬂ@ﬁﬂﬁ%ﬁﬁ' » Tt 23.0-28.7 mg/g I [ o | B S
w 149 199mg/g Ve I) 124 [[‘fﬁﬁ (7)) SRyt ~ WRR R JEER TR
fie +:1p3ppj]9;ﬂﬁ£} SYRIED 27.76+4.72-26.8242.18~29.2244.72 mg/g( )= 2015 )«
L) ﬁ?“?‘/iﬁﬁ IiRlRIRrE ) A EL?EU@FUPJDWFWF[}E'I&F N AN
[fil 3 A ?ﬁﬁwﬁﬁl FEFROURYAY o BT (2006) Frcl il s r,ﬁﬂf“ LA ”PW‘P?FE“FA[}E"
£% 44.4 mg/g - Lin et al. (2003 ) I'] HPLC 75 #Frop Ry T [ 2 Sy prumsdt Pjpﬂjﬁﬂﬁi{ £,
47.5 mg/g> B A 12 BEED 26.7 mg/g A< H TTH BL 49.8 mg/g B A 8 BEED 42.7 mg/ge
(2008 )I') HPLC 55 #o<5i ) 12 A£G 23.8 mg/g » (R4 NS AL R 8 Bl 33.4
mg/g 7FE' TR ﬁ?ﬁﬂ LRV 249 mg/g R ELRE 12 BV 23.8 mg/g - Bk 4 (2010)

IL rf SRLEE S B R 12 BF - A3 LR *)ngﬂv ARIR o PIEEA S BT AT 24.4 -
264 ~21.4~19.5 % 30.7 mg/g - 1 F*ﬂ\‘i [ BRI L IYEEN 5 By 47.5
mg/g > {5 23.8 mg/g > A FEEE R Fufﬁ*"ﬁ‘/ﬁﬁipjﬂPﬁ{ FA VARSI R H

S \

E
E
E
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ﬁljl%r VAR RS ?"?&i?, * xR~ BRI PRy ’E’?*’\’J‘ﬁ@iﬁ@f&
R AR -

#7207 (1993 I 46 118 €8 PO VHH (18 H 7 22.2-30.7 mgfe V-

B (2006) il Hﬂﬁ R mp ifﬁ% 2E147,30.7 mg/g - M (2008 I <

[ BURUPET 25.7 me/g > (SO Ryl 326mg/g ] P 2 o A R
ST HIAR A e e ﬂifi fup igm{ﬁ? E-URNI ﬁ FEAHFE > FITRS | B o

Y2007 )5 'wabﬂ“@%ﬁl&ﬁi{ h 17.8 mg/g [ 51 2% 5 < 91572006
it | F[[E;JJ LH U%ELE&’?E £ 41. Smg/g b (2008 ) 53Rl M“Fﬁ'ﬁ?‘sﬁi
FLPRED 24.5 mg/g » [ UF"éLA 8 B 35.6 mg/g > {EHELHE 12 5’7573'3 o B
Lmﬁ%nﬁx\‘*ﬁiﬁ g FEmT H’%&lﬁzﬁ%? * A *r#ﬁﬁ ’75 °

SR | ECREE S
(=) 2RIk

i i%if*fﬁﬁébw BRSO AR > ) RS RITS  eRy IR T
"fdzuﬁéik 38.8 mg/g » T ABFE D T (% o [ i&*f £ RS B SR
Jﬁfm VE 19 B RO > [ﬁgﬁrﬁw SIS 1S 2.40
) «ﬁz[jjgﬂﬁ@ﬁtﬁg]%ﬁ«ﬁﬁ o R R B o P ii}n’?‘ﬁﬁ i 41
ik ‘:* AR IS B ] B R RTEIRREN o R R
Pt GBI 20.8 mg/g o i3 PIREE Bl (BN - RS S ﬁ;&ggﬁf}%ﬂwf
PP BT R T RGEE © B! R R S50 1T 4.12 mefg » Pl
iiﬁfﬁgﬁémwiﬁﬁ' LIRS ffif&ifﬁ'ﬁﬁémﬁé%%ﬁéi?%iﬁ LET
AR HTRT eréfﬁéi £ 2.44 mg/g - ?E 7;$ﬁﬁiﬁr“j£i fi R R (]
4 - e T BIR sk EIREE (7 5(}’?13‘/‘655 14.46% V] (%A — ) > B F [
BRI PN e B SR IR ™ - o2 Sk 557 B! st -
(Z) MRk

B i%%ﬁ'ﬁﬁé% Eﬁi‘f%fﬁﬁi"{é-ljxiv?ﬁﬂglijl;g 18 SRy - 71 81.6
mg/kg > <R 'Zﬂ%ﬁﬁijf fé{t % 58.2 mg/kg » ﬁf;;?ﬂ PRSS S Bl AT A B
R o B RSETEY B G ORI SRR R ] B AR E ARG
B Syl y&?ﬂﬁﬂ Jra,;fg b 633.7 mg/kg > LT FARSS (B A ARV
[ ST PR [ RRE RO 18% < BB i%&?ﬁbi&iféﬁﬁi%%ﬁﬁfﬁii' FI s
A R e 18 B ply - B 20 BR8-S R TR PR 95T BT ED 15.1 mg/kg -
RS BI S P S SRS ) 0 AL R 19.6% - 55 535
FE Bk B ISHC AR R I B 18 BRI o B 20 BERS > Ry [4

[}

W
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> EIEG 27.9 mg/kg » E‘fﬁ%ﬁii[t‘%"‘g& 8 PR B R 18 Bk "\ﬁ‘}[mﬁfﬁi
R 21 BR( ST s = e PUFE SR ﬂi?ﬂﬁé@@[ TEIT RS 5.75-19.6%
P! TGO LA TR % 4B RS (R
(FA e
ﬁ%¢ﬂ w&%%ﬁ%%-%ﬁﬁﬁbﬂ%%\%\ﬁ~% @
; = Ejﬁ (S B & é%%%'ﬂﬁﬂ@oﬂ\’i V&?ﬁﬁé*ﬁ ?
i ;J&'ﬁﬁ‘ oy s
Fre T e Aﬁ??)miéﬂ'ﬁé}ﬁf‘fl » 5% 9.51 mg/g 0 H VAL
£ 5.65 % 1.73 mg/kg > I'] M:f C BRSBTS
HERER S R B B e *(2013) Y i Aﬁf}ﬂﬁ% Vg
E?fftéﬂ' £ 'E'u S HIIEE 54.7-66.5~4.10-5.02~9.66-11.23+0.97 -1.35~0.60-0.86 mg/g >
S~ gl Bl 5T WIS 50.55-71.25 ~ 8.46-10.86 ~ 22.91-36.51 mg/kg - = (1998)
7'?%@\[\[?,@% fr ﬁ’?#ﬂwﬁ‘ﬁ GRS T fé" L 18.5 mg/g o 7 AR i
P o 5 Eﬁiﬁ#F CSTATRERL » i RACHEA M AR
R R IR R ﬁ%—u—ﬁ$%4o
(2011) Pl iEE i A Eﬁ,r[@ ~ fif %w% FA'E |53 BIEL 37 -371

135- 1797 2.25-43. 66 3.93-90.05 mg/kg > i?xﬁéﬁhﬁaak SAE'ﬁ %ﬂlooo
mg/kg’ilﬁ??miﬁflﬁf@' BT - iiﬁﬁﬁ"ﬁ mECE ii&iﬁjﬁﬂ? AR

“‘%‘\HyiFﬁ@’@ﬂsEﬁWrﬁf** i (1992) Wz
AR AT B SBUTHIES 19.5 3.7 % 1.9 mglg » & ~ S B ED 1,038 - 254
25.6 mg/kg E8r iééfilglJﬁEF%f“‘ﬁ'J* WEJ 80% I') - pqﬁ‘fﬁ[}u 'F“ji}& 1.70-2.20%
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A ;@béﬁlﬂjfﬁ"@ﬂf Vs > s [l 5T p(LRL | iy 9~ 10 % 21 Ifl o 4 FEE
Pl fi'l £ TE‘ FIpvASE > Fpu%*ﬁ&?ﬂﬁ@?j A g ;%ﬂl@fajpjﬁi',ﬁaglﬁ{ .l

= feb | (i B ] PRl A R [Fil- %%Eﬂ [F R % f BRIV > B
| PIpIRYE o 4{[%'4 ﬁi %%%ﬂ?’ *PERR S RIRIEIFRVEYET o T PR

F AT PP L ekl s i A,E}ﬁ [ BIPUEIRI% -

= &7 (2007) ?FIL['T ﬁlﬁ'ﬁlﬁﬁﬁ?ﬁhif B A () e
&5 o Elﬁﬁj M tﬁg - NCIDRN- B JE[ 17k ré{ﬁ

2010) JHIE éﬁﬁ‘ﬁ [J’F’?’@’T‘w—:ﬁfglﬁﬁﬁ';n>~’fﬂ‘>ﬁ% §F>f,:§é>§—;{‘>
> & ool W(l998)]?”£ﬂﬁﬂ‘j |62 F' 11.8 6mg/g£ﬁﬁ A[E 19.56 mg/kg & {% >

”&E?Jﬁi “ffﬁ{ﬂiﬁ tJJﬁ > %’ > &> w > > ﬂﬁf’ [y = EEEAVET R Pﬁ
Fi > SIS o [ (1989) 1T E?% -SRI Fli'lﬁﬁl' » T 2.0 mg/g 0

s i 777.4 mg/kg ﬁﬁifﬁ FJ L EREE > & éﬂ > > Bk > it >
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W > G BB ROIET7 5 b+ L B SRR FUTBR R R

TRl (SR E PR 5 -
HE(1998) el SRS - S 5 Eﬁg\“,%ﬁféq’iﬁﬁ‘
ﬁ*&én%¢ywv*&ﬁyu &ﬁﬁwmﬁ&W*ﬁg VSRS

—T1

Ao ERRE RTINS 35% > B ﬁﬂ*ﬁmzﬁ Eak il uﬁii 1A I%Li]aif[ﬂ fugla
(2575 1998) « 45t &Aﬁgifjﬂi@b%ﬁﬁéﬁﬁﬁ[‘kj ﬁ[ fi RSN o BT (2011)
?T’T&;&%Fuiﬁﬁl AIJEEII £ 82.84 mg/kg > ﬁ[“’cﬁiit b 25.66 mg/kg > 7+ 27 {FF éf[l%
fY 2 BRI BT 55. 89 82.84 mg/kg > T ’Fdfi't b 66.94 mg/kg > T 46 [FEE HI%FUA
gl £ 25.66-51.70 mg/kg » Hﬁ%% b 56.61 mg/kg - 7} SFNEREAT Ff’}l?zl (]E'JFI'EF)
1%“31[%’ it 40 mg/kg ') 0 N % ik 20-40 mg/kg [ Qﬁﬁﬁ_ﬂ 3 ﬁ f[
VO + FL L S ST + | B B -

'Jgﬁﬁﬁ%%ﬁﬁh JEH 12 9RO o R R 2 ééfﬁl 2R I
w{v*[ikp EARE E'—*’ﬁjc Iﬂjz&_ﬁrﬁ 41:%1 74K ’%Qﬁf“' Bl 4 ;g;ﬁ
P I 9 o BB LR DR SRR - o SR
E%%§%mq?wnbﬁ%wiﬁéﬁgyﬁf%ﬁ%@ﬁ*amﬂk?
/wﬂp&%g\ B &;&?ﬁ?&ﬁ%ﬁf“?ﬁ&; A BIEPHER o ) SR R
@vﬁw Y PIRBCREER) ESVIR » It SSRTBINBHN e I B
e ﬁauémﬁﬁgbwgﬂ¢m\vmmﬁ I~ pIHA 7 B
B A A F‘r f [ﬂ FH@? R B ﬁ%%l&ﬁél P AH e V] o
Ei%%‘@%%AWﬁﬁb&#M LI s S S
Ejﬁ [ESERE 'Efﬁé%;——‘ F R PR o ﬂ\’i %?ﬁﬁz&ﬁyﬁq’ﬂﬁfr[é% ikt ARFELY
J zt:h&%l@ﬂ PRYIREZRI E&ybp%#*mfr[gl DS
[ TR S @qurrmmuy IFPo53 > S R TR R 53
ﬁﬁ@%ﬂ%ﬁf [y 2 ES= 1 ) R %Iﬁ\@ﬁjffi@fﬁ%ﬁ I@'EE
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= IR BRI BRI S B . 2007, Tl R B [T
(R VB RIS 35:4222-4223 -

-2 VE BRI TIPSR 2011, fEER R R Bl 14 TR S po) et

%, ll[a&«' Fﬁg[@rﬁm 23:265-269

.~1~;;$ TR s 8 S 2013, PR LR B 2 R
iy

Nﬂlﬁ??ﬂ?’rﬁélﬁfﬁ IR A B2 32: 138-143 -

FI=7=. 1984, TE 507 Pl S R S U]

R 2007, S A - ﬁﬁ%ﬁfﬁbﬁﬁ'(f)tﬂﬁﬂ ESUEEY T flfﬁi"
Vs Bt gg—?&‘ﬁkéﬁﬁ#_{ F]aud’ =0

A R ) T 1998, FUNR R R AR RS IR )

a:-t%—z'gﬁ’mz 15: 53-56 -
P~ = PRI~ RFY > 2B 1998, PN SR FEPAEIAT. RIS 16
182 186 -

ZEZ. 2001. 7[@"1?@[ éﬁ?fﬁlﬁ% FAE'IJNF’? FlIBSA B 23:30-31 -

9. 2T, 2002. Aiﬁf[lﬂjﬁ??lﬁ%ﬁ ?E‘@i’iu[ﬁ:” flIESE B 24:30-31 -
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14.
15.

16.

17.

[PEIELpH. 1995, 3 B O fp ko o 3k 3800 = IS BY. pp. 107-118. 237
&i{diiﬁ%ﬁﬁ

LU Fﬁﬁ?‘ﬂ% T BRI 2007, A RFE ARG BT RSO [
Wl b3 7 3k ﬁé" IR e R ffE'FTa [E3 '/}%d (BP0~ BUAEE & Povdt 4
161-172 -

RIS 2000 54 R TR S gul;r,rm~ TS ok
123-124 ~ 128 «

SFH B MRS RE S T 2 St
@fmiﬁém% WK RIS 49: 3173-3175

Tl ~ 5~ 4. 2006. [F,rs%%wpwf%j AffRIE 31:298-301 ¢

BTG~ A R 2010, PRI AR RS BT S ﬁiftﬁ’}ﬁam
iF JAgh [~ 1 Bl ;ﬁ FﬁJﬁaxxﬁE[%i?ﬁﬁfﬁrw . pp. 371 378 o

B~ R B~ B PR  BVDF - R Rl I 2016, SR IRET
’*%fﬁ@’rﬁ;{v[pk EORT IR RS 62 83 85 ¢
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fcpe . 1998, FABTRIFEEETIE G F AL OSHER ] RIS - Sk
Elyiliﬁmfﬂi{ pp. 7-14 -

Eﬁr’ﬁz\wfé%bﬁﬁsf 1998. YT R SR ETERAY TRV, TR R
20: 30-31 -

AR, 1989, BAHHFADFIEA VP, [IIBAR 6:27-29 -

FUTaRs ~ = AT £ ) 1997 i—ﬁnjéﬁfliﬁur%émimf’f (R T e R
7 14:36-38 o

2L BIE A AT (0. 2007, TR TR BRI SR I BRI SR
[P 24: 28-31 ¢

F=ER Y. 2000. % fiZH ljﬁéi’iﬂﬁi’” E‘F’Jﬁ‘l]‘qnlu 8 75 pp. 53-59. (TR R
RO HTR] o

IR 1998, THATETESAGT. B R IR P (S L5 pp. 125-140,
ESGXAREE Ch s TEIE

FIVE ~ PR IRPRE B s IR 5. 2003, SIAHSERRISS AR R
#"Jﬁ‘u% IEIERE 7 & @*@*l’ﬁ%ﬁvﬁmjﬁgf, 17:231-237 -

FHIREL 2008, <KL T3 AURRR [=50nY STl (2o 0 Uk, B B

%ﬁﬁfj Fud . B gL

Z0 i@‘Jﬂ'% * R R~ SR 2R 2015, (PR FRp R
B () amE. Dk AL 34 37-62 -

i PR 1987, B IIHHN DR AR ER V. B A
6:1-7

ZEop B ~ SEROAE ~ 9RYIE . 2003, TR EEA ((GFE R )J/Eﬂ?éiﬁéi. #*
¥ J@ 10: 8-9 -
S B A - 2 5 BeDANL 2004, B OB R A *E‘E”i; B
ﬁ@l’“i; [ ‘/Pa‘ft B A 23: 115-132

ERER 3 - [@,jﬁ ﬂﬁl?{}% 2003. SR R AT 2 TR
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Comparison of Wild Species and Cultivars on
the Chemical Component and Mineral
Element Content of Tea Trees

Hun-Yuan Cheng Horng-Jey Fan  Chin-An Yu'"

Summary

The experimental study aimed at understanding differences of the chemical
component and mineral element content in wild species and cultivars, which is as a
reference base for breeding selection, utilization and development of new products.
Differences of the chemical component was more significant between wild species and
large-leaf varieties, but also show significant differences, among which the single plant
was more significant than that of wild species populations, and close to comparing with
the caffeine, soluble sugar and amino acid content of small-leaf cultivars. Soluble solids,
polyphenols, catechins, caffeine content of fresh leaves and made tea in Yung-Kang wild
tea was significantly lower than that of large-leaf cultivars, soluble sugar content of made
tea was significantly higher than that large-leaf cultivars. The content of amino acid of
Yung-Kang wild tea single plant is between large-leaf cultivars. Nitrogen, potassium,
calcium, magnesium, iron, copper, zinc content of green tea and fresh leaves was not
significantly different between wild species and cultivars. There are something different
contents of mineral elements between Yung-Kang wild species and cultivars. Phosphorus
and manganese contents were more significantly different. Most content of minerals of
Yung-Kang wild tea single plant is between large-leaf cultivars.

Key words: Wild species, Yung-Kang wild tea tree, Chemical component, Mineral

element

1. Associate Agronomist, Associate Biochemist, Assistant Agronomist, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan, R.O.C.
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Table 1 Comparison of wild species and cultivars on the chemical component of tea shoots

it frifss ET R PRI PIUEN FRRE W
Soluble  Poly- Catechins Caffeine Soluble Amino

Cultivar solids phenols sugar acid

--mg/g--

f 2 7 318.0ab 119.7a 86.3a 36.6b 37.7a 17.1a

Wild species

A 3454a  128.7a 82.2a 54.3a 32.6a 26.0a

Large leaf Cultivar

|7 304.2b 98.6a 82.0a 36.2b 38.3a 16.7a

Small leaf Cultivar

ARYIE (L) 309.9bc 112.3bc  82.2ab 37.2bc  37.9ab  16.2cd

Yung-Kang wild tea (L*)

ARYITR () 3285b  1224b  93.8a 359bc  383ab  16.9cd

Yung-Kang wild tea (O)

EEINES 315.6bc 124.4ab  82.8ab 36.7bc  36.8ab  18.2bc

Nan- Fong wild tea

BA 8 B 3282b  1142bc  74.2b 54.0a 33.0b 31.1a

TTES No.8

B 18 BF 362.6a  143.2a 90.2ab 54.7a 32.3b 20.9b

TTES No.18

B 19 B 307.7bc  97.3c 79.2ab 39.7b 35.1ab  19.3bc

TTES No.19

B 20 5K 300.8c  99.8c 84.8ab 32.7¢ 41.4a 14.2d

TTES No.20

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
*L: lanceolate; O: oval-shaped
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Table 2 Comparison of wild species and cultivars on the chemical component of green tea

in different tea seasons

[~ 55 e 20107 2010 ¥ 2011 F'$ 2011 20117
Chemical Early
component Cultivar ~ Autumn  Winter spring Summer  Autumn
mg/g
RE. 2 Pl 2 7 365.3ab 355.1ab 351.0a 347.8b 343.9b
Soluble solids 7 390.0a 375.7a 359.3a 382.9a 372.4a
| BIE 338.6b 336.2b 335.7a 340.7b 326.3b
KAy BB 4 115.8ab 174.7a 149.1a 147.4b 155.6b
Polyphenols ARF 125.9a 184.0a 139.5ab 183.0a 193.4a
| R 94.0b 134.5b 118.8b 124.7b 123.4c
TRE=N] A7 108.8a 155.6a 127.1a 1452a  144.3a
Catechins A FE 106.2a 138.8a 110.9a 174.5a 146.8a
| BIE 91.4a 126.1a 126.9a 140.0a 119.0b
PRI S 36.1b 37.2b 37.2b 36.3b 28.1b
Caffeine A FE 52.2a 49.3a 48.1a 45.9a 42.0a
B 35.1b 34.5b 37.5b 36.4b 25.5b
PV?T"?F% R4 8 42.5a 34.7a 31.1ab 38.5a 46.0ab
Soluble sugar A 30.1a 28.8a 26.5b 36.8a 36.7b
B 37.4a 38.0a 34.0a 39.3a 56.0a
L PEdF 15.4a 14.0a 15.1a 177 10.1b
Amino acid A A 27.1a 18.8a 17.5a 18.5a 14.0a
| R FE 17.0a 14.3a 17.6a 20.1a 11.9a

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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F#.~  (Table 2 Continued)

(“5FR555 e 2011 % 2012%  2012f 2012FF Ty e
Chemical Cultivar ~ Winter Spring Summer  Autumn Mean SD
component
mg/g

[Rt:E2 Pl 2 7 318.7b 355.6b 359.6ab  358.5b  350.6 13.6
Soluble AT 333.3a 372.5a 377.5a 385.1a  372.1 17.0
solids

B 297.4c 332.4c 333.0b 340.6b  331.2 13.5
g i e ] 142.3a 149.0b 144.1a 150.2b  147.6 153
Polyphenols 3 7 151.6a 181.9a 154.5a 176.8a  165.6 23.4

|7 108.2b 120.0c 106.9b 122.0c 1169 12.0
pd % I R4 121.6a 149.1a 137.0a 124.9a 1348 152
Catechins A 110.1a 159.9a 127.9ab 1253a 1334 237

Y 98.7a 127.1a 105.5b 106.5a  115.7 159
I B4 7 28.5ab 33.9b 35.9b 346b 342 35
Caffeine A 24 .4a 47.0a 53.4a 479a 456 8.6

B 24.9b 34.5b 29.6¢ 352b 326 4.7
I 3?‘,*% S ] 36.8b 40.5a 32.3b 38.1ab 37.8 4.8
Soluble AT 35.4b 35.5a 24.1b 29.6b 315 47
sugar

| B 53.7a 40.4a 45.8a 404a 428 75
i 5 LA fi 2k 78 9.0a 16.3a 18.7b 13.6a 144 32
Amino acid AE A 13.3a 16.2a 27.8a 16.8a 189 52

| BT 13.0a 17.5a 17.4b 143a 159 26

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 3 Comparison of wild species and cultivars on the chemical component of green teas

[~ 53 fif7e TH fgeE @A @ @R
Chemical component  Cultivar Mean SD Max Min ()%
mg/g mg/g %
[R5 RYIECL) 3500 135 3652 3226  3.86
Soluble solids JRIR(E) 3531 143 3627 3184  4.05
GEIUES 3487 164 371.5 3152 4.69
B 8B 363.5 148 378.6  330.7  4.06
B R I8 B 380.7 205 4022 3360 538
BR 198 3322 161 346.0 2951  4.83
e 20 B 3282 124 346.0 2997  3.76
27 T RRIECL) 1445 167 1749 1119 115
Polyphenols RGIEGE) 1473 169 1774 1123 115
GEIUE: 1509  14.6 1717 1232 9.66
TR 8B 1573 23.6 1842 1149 150
R 18 B 1741 23.7 203.6 1368  13.6
B 19 5 1182 123 1372 97.0 10.4
B 20 B 1157  12.0 131.7 909 10.4
TR =] ASYIECL) 1388 182 166.7  105.1  13.1
Catechins ARIRRE) 1370 142 1584 1119 103
R 1288  16.0 1447 1078 124
B 85K 1226 22.6 1529 905 18.5
R 18 B 144.1 267 1960 1156 185
B 195K 1185 159 141.0 955 13.4
B R 20 B 1129  16.6 1394 872 14.7
Bl ARIERCL) 334 3.81 39.0 27.3 11.4
Caffeine AR R(E)  34.8 4.07 39.0 28.1 11.7
GEIUE: 34.4 3.20 38.5 28.9 9.30
B 8B 48.6 5.66 53.0 36.6 11.6
B 18 B 44.8 6.29 53.8 32.1 14.0
B 198 34.4 4.80 39.0 26.6 13.9
2 20 B 30.7 4.78 36.1 22.3 15.6
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#i#- = (Table 3 Continued)

[“5555 53 fifPE T e Bl ARG

Chemical

component Cultivar Mean SD Max Min CV

mg/g mg/g %

i T PRI (L) 378 6.61 49.4 294 175

Soluble sugar <Ryl [# (fF) 402 6.13 50.1 317 152
PR B # 35.6 5.20 43.5 262 14.6
= 31.0 4.72 385 248 152
R 185 32.0 5.47 40.7 234 171
R 195 40.2 6.28 53.5 340 156
R 20 5F 45.4 9.21 61.5 340 203

WL AR (L) 13.0 3.08 16.8 84 236

Aminoacid  GRIRA (FfF) 149 4.12 22.4 88 277
FHE R 15.3 3.65 21.9 99 238
B 214 6.16 32.9 143  28.8
B 185 16.4 4.59 26.0 10.7  28.0
B 195 17.7 335 213 129 19.0
B 20 B 14.1 2.40 18.9 109  17.0

N=9
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Table 4 Comparison of wild species and cultivars on the chemical component of black tea

in different tea seasons

[“2RY 55 Fﬁ,},*’gﬁ 2010 2010 2010 2011 2012 2012 A
fﬁh
Chemical il fv fv £ 9| il ig‘; ig‘;
component  Cultivar  ESpr Spr Sum Sum ESpr Spr  Mean SD
mg/g
[RE2 B FE 302.2b  329.2ab  293.3b  301.5b  270.8ab 285.0b 297.0 19.6
Soluble A 3284a  3433a  352.1a 3209a 283.8a 324.8a 325.6 23.6
solids P BFE 3102b  311.4b  288.0b 304.8ab 261.8b 276.9b 2922 20.1
K| R F 86.3b  107.8ab  93.9b 70.1b 90.2a 7776 87.7 13.1
Polyphenols A&7 107.2a  129.3a  132.7a  93.6a 94.1a 106.2a 110.5 16.9
P BFE 89.9b 85.9b 76.9b 76.7b 70.1b 65.7b 77.5 9.2
b 7 2 AR 62.7a 82.4a 68.8a 48.0a 58.5a 59.6a 633 115
Catechins AW 63.8a 88.4a 87.2a 53.9a 54.1a 69.0a 694 154
P BFE 68.1a 69.3a 59.9a 50.6a 54.9a 53.7a 59.4 7.8
IR R EF 428b 43.7b 39.9b 36.0a 31.2b 325 377 53
Caffeine ABFE 51.7a 50.9a 53.7a  43.9a 383a 45.6a 474 58
BT 455b  44.7ab 39.3b  389a 320b  337b 390 55
[ Wﬁ. P 356b 38.7a  30.8a  44.8a  39.7a  S5l.la 401 7.1
Soluble AHFE  36.7b 27.0b 27.2a 36.8a 34.9a 36.9a 333 48
sugar EFE 47.0a  34.6ab  324a  37.1a 458a 5052 412 75
L& BE 7 30.2b 24.5a 22.6c  22.6a 16.8a  20.5b 229 44
Amino acid ~#EFE  328a 252a 31.3a 28.5a 17.2a 312a 277 58
P BFE 31.0ab 24.2a 28.6b 24.8a 18.0a 27.0a 256 4.5

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

Espr: Early spring; Spr: Spring; Sum: Summer
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Table 5 Comparison of wild species and cultlvars on the chemical component of black teas
(55 53 fije T fgEx @A R R
Chemical component Cultivar Mean SD Max Min Ccv
mg/g mg/g %
[i'7f73 AR (R) 2954 215 3322 2692 7.29
Soluble solids ARUITE (ffF) 2984 16.4 317.1 281.0  5.51
HEINES 297.2 24.6 338.2 262.0  8.28
At 8B 319.5 21.4 340.8 281.5  6.68
B A 18 B 331.7 26.8 363.5 286.2  8.08
B 19 5F 288.0 19.9 3104 259.1 691
B A 20 B 296.4 20.9 313.8 264.5  7.05
i ARIRE (L) 829 10.7 101.7  71.7 128
Polyphenols R (M) 87.8 12.1 1020 718 138
HEINE: 922 19.8 119.8 64.5 21.5
A 8 B 103.4 14.1 121.0 85.3 13.7
A 18 B 117.7 21.0 144.4 90.1 17.9
2R 19 5 74.9 9.11 89.2 66.2 12.2
B 20 BF 80.2 9.77 90.6 65.2 12.2
TR AR (L) 629 11.2 84.2 51.6 177
Catechins ARUITE (ffF)  66.2 10.2 80.2 50.2 15.5
PR 60.9 15.3 82.8 42.4 25.1
it 8 B 60.9 11.0 74.2 47.7 18.0
2R 18 B 78.0 20.5 103.4 55.8 26.2
B A 19 B 58.3 7.92 68.5 522 13.6
R 20 B 59.8 9.02 70.0 48.9 15.1
EIEE ARYIE (L) 379 5.79 45.0 300 153
Caffeine ARUITE (ffF) 373 5.73 43.9 30.3 15.4
REINE: 37.9 5.12 43.9 31,0 135
it 8B 49.0 5.82 542 394 11.9
R 18 B 45.8 6.92 54.5 37.2 15.1
B 19 5F 39.6 5.17 46.0 332 13.1

B 20 BF 38.4 5.95 45.0 30.8 15.5
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Chemical component Cultivar Mean SD Max Min CV
mg/g mg/g %
FI?FL,#** AR () 377 4.84 44.3 332 129
Soluble sugar PRI (M) 455 11.4 63.9 312 251
PR 37.2 6.79 46.9 27.6 182
Bt 8 B 32.9 5.72 37.9 248 174
A 18 B 33.6 4.69 39.2 27.6 139
19 B 39.5 7.65 472 284 194
Tl 20 B 43.0 8.02 53.7 344 186
WL AR (L) 214 3.56 24.5 15.1  16.6
Amino acid JRUITE () 222 4.65 28.0 163 209
B LR 22.5 3.08 26.9 189 13.6
Bl 8 B 27.4 4.77 31.4 193 174
B 18 B 25.9 6.04 31.3 150 233
19 B 24.7 3.53 28.9 20.0 143
T 20 B 22.7 4.79 28.2 159 211

N=6
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Table 6 Comparison of Yung-Kang wild tea single plant and large-leaf cultivars on the

chemical component of tea shoots

Hi fﬁ?ﬁﬂ% [Rl:E2 K2 Pl REE RN Ik ?ﬁﬁ‘? LA
No. of Soluble Polyphenols Catechins  Caffeine  Soluble Amino
Single plant solids sugar acid
---mg/g---
1 352.8ef 148.0fgh 141.6¢cde 46.8d 26.7h 16.3b
2 344 .3f 141.3h 133.6ef 38.6f 46.5a 12.4f
3 374.4¢ 159.6¢cde 126.4f 38.5f 34.3de 17.0b
4 352.9ef 151.6efg 148.1abcd  41.2¢ 331ef 11.0g
5 348.6f 144.7gh 143.6cde 28.1j 30.7fg 9.9¢g
7 374.1¢c 162.8¢ 161.1a 34.1hi 28.9gh 12.4f
9 365.7¢cd 160.5¢cd 155.0abc 36.5¢g 28.2gh 14.9cd
13 353.9ef 148.7fgh 127.1f 36.2¢g 41.2b 13.3ef
20 361.8de 152.1efg 141.3cde 35.0gh 35.4cde 16.0bc
21 354.8def 147.5fgh 138.3def 35.5gh 37.8¢ 15.9bc
28 353.1ef 154.0def 154.1abc 32.61 37.1cd 10.4g
30 360.1de 147.5fgh 146.6bcde  35.0gh 35.4cde 14.0de
Mean 358.0 151.5 143.1 36.5 34.66 13.6
SD 9.5 6.6 10.8 4.6 5.7 2.4
CV (%) 2.7 4.4 7.5 12.7 16.5 17.9
Large-leaf
cultivars:
R 89K 409.3b 181.1b 137.5def 57.6a 26.5h 20.7a
TTES No.8
R 18 BF 419.1ab 179.5b 157.7ab 51.4c 35.1cde  20.4a
TTES No.18
LA 21 B 427.9a 206.9a 159.0ab 54.1b 32.6ef 13.1ef
TTES No.21

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 7 Comparison of Yung-Kang wild tea single plant and large-leaf cultivars on the

chemical component of green teas

e T D Z T T T T

No. of Soluble Polyphenols Catechins Caffeine  Soluble = Amino

Single plant solids sugar acid
---mg/g---

1 358.7hi 107.8fgh 107.91g 40.2cd 44.8cd 19.8bc

2 357.1i 105.9gh 99.0h 40.4cd 46.3bcd  24.8a

3 375.6ef 116.3de 101.5gh 42.0c 51.4a 19.9bc

4 361.6ghi 120.3cd 114.8def  37.2ef 48.9abc  18.0bc

5 367.6fgh 111.3efg 110.2ef 35.6f 50.7ab 16.6cd

7 367.1fghi  109.4efgh 95.5h 39.2de 48.6abc  25.2a

9 378.9de 127.6¢ 120.6cd 40.4cd 50.9ab 20.5bc

13 358.5hi 120.3cd 117.7de 35.0f 42.0d 16.6ab

20 363.5¢ghi 116.3de 111.7ef 36.6f 45.3cd 16.9¢d

21 387.0d 125.9¢ 127.6¢ 40.5¢cd 47.9abc  19.1bc

28 369.1efg 102.7h 93.8h 36.3f 52.4a 17.8bcd

30 376.8fg 113.8def 117.2de 47.2b 42.5d 25.9a

Mean 368.5 114.8 109.8 39.2 47.6 20.1

SD 9.4 7.8 10.6 3.4 3.5 34

CV (%) 2.6 6.8 9.6 8.6 7.3 16.9

Large-leaf

cultivars:

B 85K 416.3b 173.4b 147.7b 47.0b 27.7e 13.7de

TTES No.8

B 18 BF 434.0a 185.1a 182.1a 52.3a 29.2¢e 17.6bcd

TTES No.18

B 21 BF 397.8c 171.5b 147.2b 41.9¢c 28.8¢ 10.2e

TTES No.21

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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Table 8 Comparison of Yung-Kang wild tea single plant and large-leaf cultivars on the

chemical component of black teas

Hi fﬁiﬁﬁ% [RLE2 LK bR RET N i ??‘,7{% TR
No. of Soluble Polyphenols Catechins  Caffeine  Soluble Amino
Single plant solid sugar acid
---mg/g---
1 309.4de 82.3¢ 59.8de 46.0bc 45.8de 29.3bc
2 299.0fg 79.0fg 53.8efg 46.7b 44 .9de 28.7bc
3 294.4¢g 77.2gh 56.1def 45.0cd 37.5¢ 27.3¢
4 281.3h 72.9i 53.0fg 41.6f 47.1de 22.4d
5 282.7h 63.6jk 49.8¢g 37.2h 45.8de 28.3bc
7 318.8d 84.9d 61.5cd 44.7cd 57.4b 29.1bc
9 298.6fg 79.6f 57.0def 44.1de 43.5¢ 31.6a
13 279.8h 65.3j 54.2efg 38.9¢ 57.8b 22.9d
20 305.4ef 75.1h 59.6de 38.9¢ 51.4c 30.1ab
21 309.7de  78.3fg 66.3c 41.0f 67.6a 23.9d
28 282.6h 63.0k 50.9fg 38.5gh 45.8de 29.0bc
30 303.3efg  75.2h 60.8cd 43.0e 46.3de 29.4bc
Mean 297.1 74.7 56.9 42.1 49.2 27.7
SD 13.0 7.2 4.9 32 8.1 3.0
CV (%) 4.4 9.7 8.6 7.7 16.5 10.7
Large-leaf
cultivars:
2R 85 344.8b 123.0b 74.3b 44.5d 24.8h 18.4e
TTES No.8
A 18 B 364.3a 126.3a 92.2a 52.0a 31.7¢g 32.0a
TTES No.18
2R 21 5 333.3¢ 105.4¢ 75.0b 52.6a 32.2¢g 21.8d
TTES No.21

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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Table 9 Comparison of wild species and cultivars on the major and micro mineral element
contents of tea shoots

e z it & & Bz

Cultivar N P K Ca Mg
---mg/g---

U EN) 38.6¢ 2.41d 22.4ab 4.04b 2.75a

Yung-Kang wild tea (L*)

ARYITR () 36.8¢ 2.56d 20.8¢ 430ab  2.60a

Yung-Kang wild tea (O)

PR R IR 36.5¢ 2.59¢cd 20.8¢ 442ab 275

Nan-Fong wild tea

T 8B 51.4a 331a 21.3bc 4.58ab  2.71a

TTES No.8

TR 18 B 47.2ab  3.19ab 22.9a 5.25a 3.00a

TTES No.18

R 195 45.4b 3.15abc 18.3d 4.76ab  2.73a

TTES No.19

T 20 B 37.9¢ 2.74bed 17.0d 4.71ab  3.05a

TTES No.20

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
*L: lanceolate; O: oval-shaped
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s i 5 S5t o

Cultivar Fe Mn Cu Zn
---mg/kg---

ASIE (L) 60.7a 1117.4bc 10.4bc 21.5¢

Yung-Kang wild tea (L*)

RGIE () 109.0a 1110.1bc 11.5abc 19.9¢

Yung-Kang wild tea (O)

HEINE: 83.6a 1140.1bc 9.7c 23.8bc

Nan-Fong wild tea

R 8B 72.6a 1490.5a 12.9ab 27.6ab

TTES No.8

LR 18 B 80.5a 1364.8ab 13.3a 32.3a

TTES No.18

A 19 B 79.2a 953.4cd 11.2abc 30.1a

TTES No.19

B4 20 B 138.7a 809.8d 9.9¢c 28.0ab

TTES No.20

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
L: lanceolate ~ O: oval-shaped
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Table 10 Comparison of wild species and cultivars on the mineral element contents of

green teas
(RS i i e Bl el (R
Mineral element Cultivar Mean (%) SD Max (%) Min (%) CV (%)
Z. (mg/g) ﬂdgip[ﬂ 40.0 4.73 46.0 34.1 11.8
N A 189 448 8.33 53.2 29.3 18.6
A 209 404 4.68 45.7 334 11.6
Eﬁ (mg/g) ﬂ"gﬁp [3} 2.26 0.39 2.96 1.81 17.2
P B 185 292 0.45 3.55 2.30 153
LR 205F 255 0.38 3.04 1.94 14.9
&' (mg/g) 5]",\34[[?5 23.9 1.46 259 21.3 6.11
K 2R 185 247 2.82 27.3 19.7 11.4
2R 205 19.6 1.71 22.0 17.7 8.75
&5 (mg/g) 7?’34[ [“2; 3.34 0.83 4.52 2.34 24.9
Ca 2R 185K 3.54 1.05 5.14 2.08 29.6
2R 205 3.72 0.78 5.05 2.73 21.0
& (mg/g) ﬂdgip[ﬂ 2.43 0.24 2.71 2.09 9.91
Mg A 189 241 0.32 2.79 1.82 13.4
LA 209 243 0.26 2.79 2.06 10.6
& (mg/kg) ﬂ"éﬁp[% 67.3 28.7 107.7 433 42.7
Fe A 189 81.6 41.77 162.6 47.8 51.2
2R 205 63.1 24.6 105.2 423 39.0
& (mg/kg) ﬂdgip[ﬂ 1142.1 235.9 1582.7 900.3 20.7
Mn 2R 185 1209.3 170.5 1470.7 913.7 14.1
R 205 9524 109.9 1133.0 819.0 11.5
&t (mg/kg) ﬂdgip[ﬂ 13.3 4.17 21.8 9.8 314
Cu A 189 165 2.45 20.2 12.8 14.9
A 209 8.72 3.07 14.1 6.6 35.2
& (mg/kg) ﬂ"éﬁp[% 19.2 5.12 29.8 14.2 26.6
Zn B 185 28.0 3.41 32.8 233 12.2
R 209 175 2.59 21.9 13.9 14.8

N=7
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Table 11 Comparison of Yung-Kang wild tea single plant and large-leaf cultivars on the

major and micro mineral element contents of tea shoots

kRS B 1 = g5 G
No. of
Single plant N P K Ca Mg
---mg/g---
1 39.5¢ 1.93¢ 20.8ef 4.40abc 2.39b
2 44.2b 2.55abc 20.1fg 4.16bc 2.37b
3 40.9d 2.47abcd 22.7bc 3.66¢ 2.10cd
4 39.6¢ 2.76ab 19.6g 4.60abc 2.79a
5 35.9i 2.66ab 21.3de 4.24abc 2.78a
7 36.8gh 1.98e 18.6h 4.62abc 1.95d
9 44.9a 2.47abed 23.5ab 3.69¢ 2.38b
13 40.9d 2.60abc 19.8¢g 4.71ab 2.75a
20 35.7i 2.11de 21.7d 2.64d 2.33b
21 38.5f 2.41bcd 20.1fg 4.13bc 2.81a
28 32.7j 2.26cde 20.8ef 3.89bc 2.67a
30 35.51 2.53abc 20.2fg 4.69ab 2.00d
Mean 38.8 2.40 20.8 4.12 2.44
SD 3.6 0.27 14 0.60 0.32
CV (%) 9.4 11.1 6.6 14.5 13.0
Large-leaf
cultivars:
B 85K 42.9¢ 2.73ab 22.7¢ 3.93bc 2.29bc
TTES No.8
B 18 BF 37.0g 2.81a 21.1de 4.16bc 2.70a
TTES No.18
B 21 BF 36.4h 2.63abc 24.0a 5.15a 2.68a
TTES No.21

Values within column followed by the same letters are not significantly different at 0=0.05 by LSD
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s&7<1 — (Table 11 Continued)

kAR # & i o

No. of

Single plant Fe Mn Cu Zn
---mg/kg---

1 58.4ab 890.7a 19.0b 24 4ef

2 57.7ab 696.5¢ 13.3g 30.2bcd

3 56.3ab 610.0e 13.8fg 28.1bcde

4 57.6ab 551.4¢g 14.4ef 29.5bcd

5 57.9ab 693.2¢ 13.2¢g 26.4cdef

7 57.8ab 761.4b 14.8¢ 31.1bc

9 54.7b 521.6h 15.5d 31.3b

13 65.0a 511.8h 16.5¢ 32.3b

20 56.2ab 592.3ef 21.5a 23.5ef

21 54.0b 660.3d 16.2¢ 29.3bcd

28 58.5ab 512.4h 9.9i 22.8f

30 64.4a 603.2¢ 13.7g 25.7def

Mean 58.2 633.7 15.1 27.9

SD 33 113.9 3.0 32

CV (%) 4.8 18.0 19.6 11.6

Large-leaf

Cultivars:

B 8B 62.7ab 523.8h 14.9de 39.3a

TTES No.8

2R 18 5 58.2ab 762.2b 16.5¢ 37.0a

TTES No.18

LA 21 B 64.9a 577.7f 11.1h 22.2f

TTES No.21

Values within column followed by the same letters are not significantly different at a=0.05 by LSD
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9 7 7 (Beauveria bassiana) &* p F 2
MIEZAFBFicTHZIAE

w

H Pt PoEb S AP H AT g‘lgﬁwfﬁ PIURE o Bt o o (REST30 12
AR | s T o ,i)ﬁ*g[fﬁj-l S ) m&[@_—rf SRR G 7““/ :[J}“'i o TR % A
f[Ji[ & oo FIE Ejjﬁ JI RS Pagpt B (Trichoderma) ~ IR A (Beauvena) ST
(Sreptomyces) {5 P il ™ 15360 40 LI Jffag(r# it - Beauverla bassiana % Clavicitaceae
SEQER F:yf]m%[ﬁtr qupjigwﬂlw‘ﬁfa VR d R P F A NS S X
PRSI VBIPI VS AV SEY 'mEﬂ[ FEEENIEY IS rif*ﬁ%”l ‘/ﬁh’ﬁﬂzﬂ [f frlﬁ
A R AP VJ%«FT W R ﬁ”iﬁfﬂiwﬁ’%ﬁ TR = PyEE > SEjn ke IEEE ’Ff& Vi
[~ i o F7 | 7 FRF 3BT B. bassiana (ITCC 6063 ~ITCC 4512 ITCC 4563~ITCC 5562
ITCC 4796 ~ ITCC 5408 ¥ ITCC 4705) 34~ §5 my&ﬂ |9 P R e b B R |
’ﬁtﬁz"ﬁ&%}gﬁl’&g& (stem weevil) ;‘—j?’[‘%ﬁ/ BB T A AR S I’*f"ﬁ Jﬂ%u}* g ﬁj
B FFRE N Eiiﬁelﬂﬂfuff”fhaﬂ Eji”?ﬂi[%y@%g,l&éd/mﬁ Fl :Eﬂ fIJF' Utk (ATOO1 -
ATOOS EABb04/01-TP ATCC74040) FroTBEE 1 LAY F RIS S E SR 2 R 1

o VIO RIES AR R R o A }%Lﬁiﬁr 7% AN ﬁ'%ﬂﬁ%wﬁ}\ N
[“% El@?&lﬁif T IV Sl ~ 2RI 2 AEPrE R Y A [ﬂﬁf*ﬂj** &y

I = ﬁﬁuﬁﬁkﬁu@ [ (28] (% % ;;w T SR PR BT 4 O P‘/iﬁw . %
F e t:’if %ﬁdﬁ ﬁ”ﬂ%'?ﬁf = AP 2 il it S F’IJ. | BB T =
W”ﬁﬂﬁﬁ”ﬁﬂ P B P P A TS I B

g © s - &%@ TR - 4 fP

il

F4 d R (endophyte) fet!EL R E P50 de Bary i 1866 & HrHEfY {15 (Wilson, 1995) »
Lﬁ?%m&#m%:%h iﬁgWJﬁ@%ﬁiWéUﬁ&[%m&mqwfum%Fﬂﬁ
HIE EIJ}“F,_ PR (=P % 1 . F'E *‘\ﬂ‘vﬁﬂpu NHE; E"'Eeij 49 rir P F?‘ S ERY

gl

Gt SR Sl N e R T
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REESA] %‘zpﬂ ;ﬁg‘#ﬁ'ru)‘r‘ FURZSERIPRE (Siegel etal., 1987; Stone et al., 2000) » 9| l?&ﬂmi’itﬁ‘%
i ‘Alfﬁﬁéﬂﬁ fEprE & ﬁ@é@@@%)ﬁ N%,*‘“t ?; ) H FJH“*I/B@@@WM I ar%, ,i =PI
Y ?Jﬁuzf’fﬁ‘lé: '/* WU (Stone et al., 2004; Strobel et al., 2004) > || lﬁ;_ o |*~$ﬂ’ﬂ?"r )
?”j fRPrE s e = @*‘Jpﬁf' - %ﬁ‘f&iﬁ@w APHE- (feeding deterrence) ~ Fu il 2t Poft W IS
Pl Vs g B THJ{ (Dichanthelium lanuginosum) = ¥ 7&[*| % &1 % (Curvularia)
7 B B SIS P VA WO 0 EJ%ﬂ?pLHﬂJE'JB@ﬁl’ElT#%E@
i A Ee[“‘/JEL ;B [}ipl SR G N PifE (systemic acquired resistance, SAR) 39
jasmonate/ethylene pathway ’[/FLE%%L[*J (Conn et al., 2008) o [fiyz3— [FF[["][*|F L RHET % #’JB’WF
AU F1ELF]H | Phomopsis sp.i i S5 %Jﬁﬁﬁ“ﬂﬁ (Dutch elm disease, Cer atocystls ulmi) VIR /7 ELER
(Physocnemum brevillineum) B’WF EN R U?iﬁfﬂﬁ%lfr?ﬁﬁ‘ﬂﬁ (Webber, 1981) - [! rjul £ j [Fp fﬁ[
AT L S m )% G WA (Trichoderma) 1 178
(Beauverla) =
< B P B A S L O o RS RIPICLS B SRR - SR
f,‘fbj}_ll_@#Ji REH ﬁﬁ[i (Vega et al., 2009) » EUFIE B A IR e Eflf; 78
F,uiu FE HIFIJ"T'E%I PR r ﬁﬁ”ﬁééﬁl’ﬁﬁ[ T LR . *ﬂjﬁﬁ—%ﬁ??ﬁ Agostlno Bassi
UK 1835 & S ij“‘éml Ep4 (Beauveria bassana) F I]HHH;%?;?\H e ’“Jfffg”ﬂ‘c’fl
TRPATRHH— R« OB 2 2T [ % 50 700 e Jﬁéﬁéﬁl it 71
e A VLU S IR ff'%&él ff“f&é( Fﬁ‘v*\%‘ ST il 7@% UJ%“ fﬁl‘lﬁf{ﬁ” =V
Ao PP EpRRE R B A PORIE s A R [gzug = §F,wa “{t o A
S IF=HA L E“F = ]guﬁ]&jé%ii;lu E?Fﬁ#—Jf D E;lgﬁlcl*p%ﬁkguqu ,i’ iﬁfu;ﬁi%uﬁéﬁg{ El|
I 2L e« B G B TR B S R BT RN (SR S 3 4
QAR R SR b L é&é&m’ﬂﬁiﬂ F (Biswas et al. 2013)
PR R Bl 9'%’.&[ ~ EORREE ~ APETAED B SRR | OE R '% » EF T R
%[@T‘H’%IF&% ) 2 EER Eﬂfﬁﬁé&é&’ﬁ FUpA R LA Wf%l‘%"f%l -1 iﬁs[ il
'] P (White et al 2003) T‘ijJ%xVak1h(1990) V%F[?F'IH,E Ef* (B. bassiana) tﬁ;: K- AP
fﬁlf’fl [P=s ] 'EFSFJ\H?FE[TJ’MD E Vi = At R A [ &gu[‘eﬁﬁlﬁﬁéwﬁﬁ% (Zeamays) -
R4 (Solanum tuberosum) ~ [EE£34f; (Gossypium hlrsutum) B EY (Xanthium strumarium) ~ Ak
(Datura stramomum) ?i i (Lycopersicon esculentum) ~ fi' fi* (Theobroma gileri) ~ &% (Carpinus
caroliniana) ~ 3_[B — & f© (Pinus monticola) ~ % 5 (Papaver somniferum) ~ & % (Phoenix
dactylifera)~ F'E (Musa paradisiaca) - [I[JE (Coffeaarablca) W' ST (Theobroma cacao) 5 (Vega,
2008) °
F IR AIT B HEAWT AR 'JE@TJ‘Li‘ 7E|E<IME¥« P SR T A s FRE
m&li 7‘5%_**@ F'J*“F FAE 2 R AR F T Ju 7“"?' S N S EE ‘““‘ﬁ“f,r (i =R T
=R I/jt‘ﬂﬁfﬂ}'”sr%\' > Cherry et al. (2004) S5 = K F[[P i3 R34 354}@&33,%5&' MH RN TR s
e H)'J"‘*‘ﬁ‘f IR IE A 2 Fﬁlf&? F’WF Z RPN ek A BE R TRL i U R D f I e
Bl = gﬁ‘ﬁmfﬁ FEFANE T = i Z g P SRR RO R R = 7I~ﬂ=]L (B
[ [V £ ﬁiJ/fJ <o é/}?ljgv ﬁ[ﬂ;ﬁ%‘&ﬁui [EH | FIJ-F.JE’J‘ FIF rJul EF Y J’é}ﬁ*‘[q' @‘#Jy lyg,r;e[ﬂ%"gri
B Eﬁﬂffxﬁ?ﬁg‘#ﬁ ﬁ&g‘@/mﬁ[ ’ E[J?F'* * [/47,\[[.5, (Ostrlnla nubllalls) R IENAE (Sesamia
calamigtis)(Bing and Lewis, 1991; Lewis et al., 2001; Cherry et al., 2004) - *F':ﬁp B S PR,
(Helicoverpa zea)(Powell et al., 2007) ~ F“E I—J/—F“,E &gl (Cosmopolites sordidus)(Akello et al.,
2008a, b) ~ #5: =1 Iraella luteipes (Quesada-Moraga et al., 2009) ~ i} LV 4ill7 (Aphis gossypii)
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(Gurulmgappa etal., 2010) ® | l”fk V& L, (Apion corchori)(Biswas et al., 2013) & -

=5t %é%ﬁ#m@wWWWMWVWﬁEk’mmﬂw?%’ﬁﬂ
5= Jﬁ&l (Gaeumnnomycesgrammmvar tritici)(Renwick et al., 1991) ~ ¥ZB{A (Armillaria mellea)
R A (Rosellinia necatrix)(Reisenzein and Tiefenbrunner, 1997) ~ = ﬁ, PR (Rhizoctonia
solani)(Lee et al., 1999) - @éﬁgﬁ%ﬁfﬁf@ﬁﬁ (Botrytis cinerea)(Bark et al., 1996) » L% (Fusarium

oxysporum)(Reisenzein and Tiefenbrunner, 1997; Bark et al., 1996) =7~ (2) I [@'&Jf}*ﬂﬁ LA Ay %
B Z/D?f‘ﬁ]ﬁ@ﬁ[ (Pythium ultimum) ~ i%f"ﬂjﬁ@(ﬁl (P. debaryanum) * |- % %Elﬁ[)ﬁ (Septoria

nodorum)(Vesely and Koubova, 1994) o [ HEISE ’E,%\E'J[S’WF"[ Eéﬁéflﬂizlt ) %4[5};‘}‘1’1’ FIEIA | 1R 'i?
%‘& ;‘tﬂ‘fe R 7 [% =5p o ﬁfjufjpffﬁJI‘}l‘a’i/[ﬁi;FﬁﬁL_Hfﬁ?‘Jﬁ,vﬁﬁél (Xanthomonas axonopodis pv.
malvacearum)(anﬁn et al., 2006) - ﬁ 17 1J*'|J/j *FL[ AP < (R solani)(Ownley, 2004) ETEUF;]UFJ (P.
myriotylum )(Clark et al., 2006) =~

F SRS BP0 R o S LA BRI I AR R S S )
55 FEASHP o 'émﬂm%%FW%ﬁﬁﬁﬂﬁm% U A I
hlf%,l_mifj[imf AT ' Sl s ’_E[F S [EEH PF R A (e f’I*J[S’mFI’F‘JI*h I AHE -

PURT %f Gl }“' Endophytlc colonization of white jute (Corchorus capsularis) plants by
different Beauveria basiana strains for managing stem weevil (Apion corchori)(Biswas et al., 2013),
Grapevine leaf tissue colonization by the fungal entomopathogen Beauveria bassiana s.l. and its effect
against downy mildew (Lara, 2015), Endophytic colonization of squash by the fungal entomopathogen
Beauveria bassiana (Ascomycota: Hypocerales) for managing Zucchini yellow mosaic virus in cucurbits
(Lara and Nida, 2014), Inoculation of coffee plants with the fungal entomopathogen Beauveria bassiana
(Ascomycota: Hypocreales) (Posada et al., 2007) = F1= Ko7 HIIF[I™[F 5B A7 |+ 4 r =3 :[Eﬁ (ESETEe I’fr)'-?« ey
1B BB T S R A I R ’—m%ﬁ'm%~wwﬁﬁ{rﬂwﬁ
= R f R 2 PR V] W PR R S RPN AR
MRS 4 AP

— HEEPIE s%ﬁf FIE AR SB[ TSP 3R e * R v S
T ww%ﬁ#wﬁgwg@viéw?whmw%#ﬁ HIVf [ %ﬁ%i’émﬁﬂ%
BUHAF Fi 7 N SRR R A R E T P 5 Bei%”iﬂmpﬁ’bré FEIfoI =755

BRREER - TR

SNERL %l}j l’%"‘?“u%é IEE:’ELLBJWF[ %ﬁrlﬁ[

- ) IS R P iﬂ%“’“ el g=

K 9 MR lyg,rjeﬁslﬁi (ITCC 6063 ~ ITCC 4512~ ITCC 4563 ~ ITCC 5562 ~ ITCC 4769 ~ ITCC 5408 -
ITCC 4925 ~ ITCC 4644 % ITCC 4705) % BN L éb*b%@ﬁ“%%ﬁi b B R R
r%fﬂ# 1x108 conidia/ mL © ﬁ}{jﬁ l’fr)"ﬁl-’ ?ﬂ-%pwﬁ =} %puﬁ H EVFH EAT 0.5%5 F 172 55 &0 F
AW T0%ITIRG 2 5768 > feb ] IREATTETE KA R el p e =T imi e 9 i \M& [T 278
I T A ST GRS 2 AT SRS ﬁﬁfj U EARACR B 1 5T 60
NTRIRN R i FRAVE A SR BN R R Ii*ﬁéﬁl*ﬁ% MHH]5T bfs?ﬁﬂ’“ B[ 17
%lﬁslﬁétﬂ [ﬁfk l/ﬂi%"ﬂ}

I3 ﬁ%?ﬁ[ﬁj* ﬁi’ﬂﬁ:ﬁ W FAYPETRE > FHE JJ 1495 % SCAR & SCA15441 (forward
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primer: 5’TTCCGAACCCGGTTAAGAGAC3’ = reverse primer: 5
TTCCGAACCCATCATCATCCTGC 3°) £~ Jrf'[ﬂf % P“’é*éj[’lﬁéi?’ o
(=) %‘fﬁ_ﬁ‘%\% lﬁ’é@:\‘j‘gﬁlE I %hy I"_’T"E?[‘f}:[ﬁ{ [/yj?’]@
ﬁ%ﬁﬂﬁﬁm/ﬁﬁ?%fﬁiﬁﬁﬁﬁﬁ SH QBT  RTNE 60 SERH O
bE S

751?'* BT ;Tg@g}qﬁ TF f"b“ﬂﬁﬂfﬁ%‘ ﬁ’gifiﬁrfﬂﬁél’ﬁ, :
<07 BEF 1 ELR Y PIRRE lig&lfﬁ%ﬁ”ﬁ% Ay ﬁ%%%%ﬁlf P 25CH = E’E‘f* iﬁ% 33

?ﬁ%iﬁlmﬂ H10.1 % tween 80 G [Er& " Pk > (E[J:-i%ifl 3 FE 90% ,/E[f]’i‘ﬁm LV ?TQ%@X# 1x108
conidia/ mL % |TF Hl o

B » P SRR Y 7] - AR 7 14 A R
pEg’iE I7g|§lﬂ%‘%lﬁ”§‘b%ﬁlﬁlﬁy R T Ef&l‘%ﬁf AR R R AR A R
o A 25°C © TSRS S ORI 24 T » FURINHFES 2300C R ok
B 8 «’:Eﬂ&){ﬂ?gﬁi%l 20°C ~ HISRIS Bl 95% M & 2 BEN BURIRLE R BB % 4 -

3 AR T Y

,ﬂ;ﬁﬁ. | SRR Rl AR R %hﬁfzﬂﬂfﬁip[bjﬁ"" @ﬁ%g 7 S|P ) EEE
’Ii’f;E'FHE I R %”?Fﬁgfb%ﬁﬁﬁ‘w JirT ﬁ FE AR AP B I’““‘#W’F JW?F i Iﬁ[ Jey
H> IR S SR g SR o 51 2~3 M 2 R BIR > AR R o AR SR
PRIy [~ ;{jj‘%ﬁ‘lmmﬁz Pl 2342C ~ HISHIE 0% b - LY
@%‘%T‘?%«é&? o BT STRY 5 A 0 O AR (R ASVE G AR YA 1 2 2 B RIS
2GR [R AT 3 YR B NGRS 5 3 3R U R SRR E - = RS 5 4 5k
(U5 = FREA F | PIRHRVAGR & B & BN IRRE S IR § 5 Ak [ = AR PRIV = B
& 4 PR E A, SRR -

F RS ERAR D r B IR
%[JF' FIIEA -] &4 (Hypothenemus hampei (Ferrari)) f 57 BE1 PR AIPIFE - JAFR S 5E5T BIIED
1480 ~ CS16-1 ~ 5486 & 2687 > i‘ﬁ%ﬂ FEI P B i‘ﬁ%ﬁl (yeast malt agar, YMA) '—rﬂj‘ﬁ:“ﬂ )
IR tRIL S N ‘/ifﬁ%’ PR 1x10% 58" /2 1 3= Riaifle » SE IR 20 2250 il o3 IR
%ﬁFW‘%%~ﬁ A SRS ST 22426 7% 8 [HE) AERIVIRR S 7 53
pEgJPJDPﬂE&‘I A Al Iiguf%lﬂﬂf,r,& 177 -

ERER LS et rﬂélﬂ’&if,n, ,?“[’p‘, :
9#;1 e 7ﬁzﬂ ) i r?i F R () C[J;? ITCC 6063 ~ ITCC 4512 ~ ITCC
4563 ~ ITCC 5562 ~ ITCC 4796 ~ ITCC 5408 * ITCC 4705 > ﬁ%”:rl} 42,54 % 70.09% - F i
£% ITCC 6063 (70.09%) » £ 7% 1% ITCC 5562 (67.67%) ~ ITCC5408 (64.17%) » ITCC 4512 I faMizk
(%> £ 42.54% > [i] ITCC 4644 & ITCC 4925 :\jiﬁﬁyﬁJﬁ%“’HE TRBARF > S AR B R
PRI T O S s {;m%wﬁﬂﬁ(%wﬁ&vwam%)ﬂ“naﬁéﬂ#ﬁﬂ
M%ui ﬁlﬁ%?fﬁﬁ PR = YR Y e (2 RN T A R T ?E'[JWHH% JE‘F[( [ERUAES
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ﬁg LS S ;f%giq P2 S I ST qj:g,l FIAE R S P
ﬁ'i%'l'EHE‘II’?‘i?l: AP PRI ‘ETH ;fwf-ﬁ?ﬁurumfw O] FER
HE AP AT R ﬁgi36<? LA AR T B AR L (H] PCR 3;1”1;‘]'5,%7-
el AN J&i}‘ | ﬁ*'%ﬁ‘iﬁ%% lJé'Hir’J&E%EI B R > F I R
E‘aﬁéf}’ﬁ’ﬂ FJéfr'ii"ﬁ'ﬂJ‘”ﬂijﬁ[ o G Fy R B f?}[;}ag[ %Iﬁ%w N ygﬁﬁﬂ,g& N
TSR R B H 1] ITCC 5408 SPACTRE (R0 G cj:‘?}ﬁ%ﬁ% (=)

m

B RS A R A ’?@Eﬂ: ' l'““‘»'?*?? F’B?F’iﬁﬁ'g—‘l’ﬁl :

}Hn%“s LR B | R pA R R B EAp R ’%“f%“”?%}fiu"tpff 2 TR A E AR ﬁéﬁiﬂiﬁ%”ﬁ}‘
A (=) B ,Eﬂﬁzf ﬁ%%ri} L IS PaIFR ATCC 74040 ,ﬂ%ku BT 7 KT 14 I/ﬁ%&ri}g
Eiﬁﬁg s STHIE HE 48.5% % 40% » £ 7% E%, ATPOS = ATPO1 » I [ 1{t 75 57 - N%‘}éﬁ?ﬁl » FAkk ATPO1

FE%%*E‘E%F'EW?}*% VTSRS < SRR BB 10 T FI ) S P (R |
%l’?‘ﬁlﬂﬂf%ﬁmﬁ
41%%&@1”&#%%@ AT B AR 53 B - 1 RS AR Y B
lyg,gﬂ %@\ I/ﬁgfu} FEA (qgﬂ l“l) TN E&[ﬁagp g&ﬁjﬁgaqmﬁﬁﬁ 4 PHRRIE B B o
rﬂEUEijiv F Iy Eﬂﬁ%” £ VAR A *Umz%’ﬁ’%‘iff”l?ﬁ Jai i f [ (=) > HrE o p ‘h&lﬁ%%ﬁlay
AEAERE D g“g‘iiff Jg"% *ETEF“ o ﬂg%‘/r Bl H ngﬁi/ﬁ} (disease incidence) ﬂﬁ? A FItF ATCC
TA040 HEl i 1 By AR I B EU A AT R R S TR (disease severlty) %}3 [l 4 FKF 5B
%Eﬂﬁi TS| B iE A
1 F OB PR ey SR ) [ R Wﬁ“’/ﬂé%%jﬁ"?%\l (G2 ) BT pfS
Fll’““‘m’*ﬁ’? 5 (ptR e Ef’fff:“ SN ARy F“) T | R RIUGCE s AR
SRS R A B R J/éi@’ﬁ}ﬁ';yl%’“if 1A ripé?ﬁ“gﬁﬁfﬁﬁ%\'w ARl = llrir)J_'
Sl RO E T ORI - A Iﬁ%ﬁ;ﬁﬂ* e F' DAS-ELISA 3572k i €|
ffff‘%?"“ff%‘ AR - ﬁhﬁlﬁ?%@?? Jlfﬁ J/F'Jﬁiff I”‘IFW’F/W?%‘ FS‘%«“F[ ’?‘%\”’V@HH'ﬂ
S 3 ) RIS I [

* [ RRAIIYEEARD PR 2 ‘lfff]imé“a’

FHEMRN [ el o0 BEY FOBRF R 7S 28 o SRk g = T AN
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Tablel Isolates code and resources of Beauveria bassiana (Biswas et al., 2013)

Isolates Sources
ATOO1 Maize stem borer, Busseola fusca
ATPOS Sorghum chafer, Pachnoda interrupta
EABb04/01-TP Dead Timaspis papaveris
ATCC74040 Formulated product Naturalis®
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Fig. 1. Colonization frequency of different B. bassiana strains in white jute
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Fig. 2. Effect of endophytic B. bassiana on stem weevil infestation in white jute
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Fig. 4. Mean percent colonization of squash plants by different B. bassiana strains 7 days following
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Fig. 5. Mean (+SE) percent disease incidence and severity of downy mildew in grapevine plants
previously inoculated with different colonizing B. bassiana
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Table 2 Effect of endophytic B. bass ana on disease incidence of ZYMV in squash plants

(Lara and Nida, 2014)
Percentage of disease incidence (mean £ SE)
Treatment Week 1 Week 2 Week 3 Week 4
Replicate 1 ATPOIL 30 £ 0.16b 30 £ 0.16b 30 £ 0.16b 30 = 0.16b
ATPOS 30 £ 0.16b 30 £ 0.16b 30 £ 0.16b 30 = 0.16b
EABb04/01-Tip 10 £0.11b 10+ 0.11b 20 £ 0.14b 20 = 0.14b
ATCC 74040 20 £ 0.14b 20 = 0.14b 20 £ 0.14b 20 = 0.14b
Control 80 + 0.14a 80 + 0.14a 80 + 0.14a 80 + 0.14a
Replicate 2 ATPOIL 10 £ 0.11b 10+ 0.11b 20 £ 0.14b 20 £ 0.14b
ATPOS 10 £ 0.11b 10+ 0.11b 10 £ 0.11b 10 £ 0.11b
EABDbO4/01-Tip 10 £ 0.11b 20 + 0.14b 30 £ 0.16b 40 £ 0.17b
ATCC 74040 10 £ 0.11b 20 + 0.14b 30 = 0.16b 40 £ 0.17b
Control 90 + 0.11a 90 + 0.11a 90 £ 0.11a 90 + 0.11a

Note: Numbers represent the mean percentage of disease incidence (percentage of plant showing ZYMV
symptoms). Means (£SE) followed by the same letter within a column are not significantly different at
P =0.05 (LSD test after ANCOVA). Experimental Replicates 1 and 2 are presented.
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Fig. 6. Effect of endophytic B. bassiana on disease severity of ZYMV in squash plants
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Table 3 Infectlon rate of Beauveria bassiana isolates to coffee plants by using spray, injection, or

drenches
Isolate  n® Drench Injection Spraying Total
Leaves Stems Roots Leaves Stems Roots Leaves Stems Roots
+ % + % + % + %+ % + %+ % + % + % + %
Two months
1430 3 0 4] 0 Q 1 333 Q 0 3 100 0 Q 0 Q 0 0 0 Q 4 444
CS16-1 3 0 0 [} 0 1 333 0 0 1 333 0 0 0 0 0 0 0 0 2 222
5486 3 0 (4] 1 33.3 0 0 4] 0 1 333 0 1] 0 0 0 0 0 1] 2 222
2687 3 0 0 0 0 0 0 o] 0 2 66.7 0 0 1 333 0 0 0 0 3 333
Total 0 0 1 8.3 2 16.7 o] 0 7 583 0 0 1 83 0 0 0 0 11 306
Four months
1430 3 0 4] 0 Q Q Q Q 0 2 66.7 0 Q 0 Q 0 0 0 Q 2 222
C516-1 3 0 4] 0 Q Q Q Q 0 Q 0 0 Q 0 Q 0 0 0 Q Q 1]
5486 3 0 0 [} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o o0
2687 3 0 (4] 0 0 0 0 4] 0 4] 0 0 1] 0 0 0 0 0 1] 4] ]
Total 0 0 0 0 0 0 o] 0 2 16.7 0 0 0 0 0 0 0 0 2 5.5
Six months
1480 3 0 0 o} 0 0 0 0 0] 0 0 0 0 0 0 0] 0 0] 0 0 0
C516-1 3 0 4] 0 Q Q Q Q 0 Q 0 0 Q 0 Q 0 0 0 Q Q 1]
5486 3 0 4] 0 Q Q Q Q 0 Q 0 1 333 0 Q 0 0 0 Q 1 111
2687 3 0 0 [} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o o0
Total 0 (4] 0 0 0 0 4] 0 4] 0 1 83 0 0 0 0 0 1] 1 27

Beauveria bassiana was not detected eight months post-inoculation.
a There were three replicates for each isolate by treatment combination: three different plants were used, and within each plant, leaves, stems
and roots were assessed for B. bassiana presence.
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Introduction of a Bio-control Agent (Beauveria
bassiana) Accompany with the Endophytic Ability

Shiou-Ruei Lin!

Summary

Enodphytes are microorganisms living in the internal tissues of the plants without causing symptoms.
By definition, an endophytic fungus lives in mycelia form in biological association with living plants. The
definition includes virtually the entire spectrum of symbiotic interactions in which fungi and plants
participate: parasitism, commensalism and mutualism. Some endophytes, such as Trichoderma,
Beauveria, Sreptomyces, have been applied in greenhouse and field trails as biocontol agents. Beauveria
bassiana, a member of the ascomycetous family Clavicitaceae, is known as an entomopathogenic fungus
with worldwide distribution. This family of fungi is found in diverse ecological habitats and also
well-known for production of secondary metabolites with toxigenic property. This study aimed at
evaluating the endophytic ability of B. bassiana for applying to against plant pests and discussing the
affinity between B. bassiana and woody plants. It expects to apply on the tea, oil-tea and coffee plants in
advance to decrease the pesticides application during pest management in the field. Seven B. bassiana
isolates, ITCC 6063, ITCC 4512, ITCC 4563, ITCC 5562, ITCC 4796, ITCC 5408, and ITCC 4705, were
introduced through seed inoculation with spore suspension as an endophyte in white jute. The
colonization frequency varied among the strains. Endophytic colonization of B. bassiana reduced stem
weevil infestation under pot culture. B. bassiana isolates which isolated from insects, ATO01, ATOO05,
EABb04/01-TP and ATCC74040, showed the potential to protect cucurbits and grapevines against
Zucchini yellow mosaic virus (ZYMV) and downy mildew caused by Plasmopara viticola, respectively.
The influence factors of endophytic fungi colonization include growth rate of isolates, endophytic
abilities of each fungal strain, compatibility with different host plant species or cultivars and inoculation
methods. The mechanisms include direct modes, such as secondary metabolites (antibiosis), competition
for space and nutrients and mycoparasitism, and indirect modes which are induced plant resistance and
increased plant growth. The mode of action could be single or multiple occur in one endophytic fungus in
host plant. It might differ with the control targets.
Key words: Entomopathogenic fungi, Endophytic fungi, Induced systemic resistance, Woody plants

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
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Table 1 Comparison of preparation methods for five samples

A? B C D E
CfEIE (L)

170 170 100 100 100
Consume of ACN
CTUGRED) s ) , .

Time spent (hr)
I ’r?ifﬁ#éilfﬁ HEA B~ CD ¥ BT[N fEd¥ CNS-13570-2 ~ gEo 4k
iz}:@ THRRE HE  [IAFLTE-A R LT FTLEEB

RT3 SRBERE  RHE e

Table 2 Recoveries of 3 types pesticides with different sample preparation methods

ﬁiﬁ#[ [Hlfs=  (Recovery, %)

EHIF Qi RS R TR L PR
Preparation Organophosphate Organochloride and Carbamate

Method Heteroaromats

A? 8/28> (72.5-137.7%) ¢ 13/14 (72.3-120.1 %) 8/9 (80.7-97.1 %)
B 24/28 (62.7-104.8 %) 0/14 (-) 2/9 (92.9-135.3 %)
C 23/28 (65.7-106.2 %) 6/14 (62.2-774 %) 9/9 (65.7-119.0 %)
D 028 (-) 0/14 (-) 9/9 (76.9-119.4 %)
E 028 (-) 0/14 (-) 09 (-)

TFERILAIE E A~ B~ C > D W E S PRSI CNS-13570-2 ~ EE I~ BRI
F U PIAETEE-A R IRPTEEB o

b ST R [l 100 £ 40 %,V BLBER > 53R R B I/&ﬁm&‘p o

¢ 1) MRS S 100 £ 40 %V EBERVHTEIpUS SR F [plsRE 100 + 40 % L BEH
K50 Eﬁ s H R
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Table 3 The results of pesticide residues and violation reasons in 2" winter teas in different areas

AR
ke B Bk Violation reasons
P e s (%) A RN T
s Vilsion Viowion HITH T GEORT
Area Analysis Violation  Violation , B (%)
. CGEIF,%) (TR, %)
number number ratio Both in one
Over-MRL No-detected
sample
HlH]
. 7 24.1 4 (13.8) 4 (13.8) 1 (34)
Mingjian
]
CEL s 18 40 6 (133) 14 (311) 2 (44)
Chushang
fie 74 25 33.8 10 (13.5) 18 (24.3) 3 (4.1)

Total
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Table 4 The detected results of violated 2nd winter teas in different areas

123

£ =
BRI Figk Mingjian Chushang
Violati - R y L HEL,
folation - p _ficide g PORY gy WK
reason (mg/kg) (mg/kg)
Number . Number .
Residue Residue
P4 29T Chlorfenapyr 1 2.54 1 3.75
#1753 37 Bifenthrin 2 2.77-2.82 0 -
Ekl?’ﬁiiﬁ Acetamiprid | 2.03 0 -
%’ £l 33 7?‘,%! lambda-Cyhalothrin 0 - 1 1.01
Over-MRL % = & Fenpropathrin 0 - 1 6.55
Fi prop
Ty Deltamethrin 0 - 1 5.74
25533 ¥ Imidacloprid 0 - 1 5.19
Y[ Fk Carbofuran 0 - 1 1.42
TR Prothiofos 1 0.01 1 0.01
F |
}%Fdﬁ Prochloraz 2 0.01 0 -
1817 Terbufos 1 0.02 0 -
58447 Ethion 0 - 7 0.01-0.17
R
Z 7 Dichl 0 - 2 0.1-0.39
No-detected 247 Dichlorvos
['Zf@F"} [ﬁj Iprodione 0 - 2 0.16-0.17
%F"?;@iﬁ Bromopropylate 0 - 1 0.27
BE A Procymidone 0 - 1 0.23
17 Dicrotophos 0 - 1 0.01
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Table 5 The detected results of 30 registered pesticides in tea in different areas

] it fiat
L8k 7 Mingjian Chushang Total
Common name i y T T
0 0 0
Number Number Number
T
25 86.21 39 86.67 64 86.49
Chlorfenapyr
s
ﬁ}% ) 18 62.07 32 71.11 50 67.57
Imidacloprid
N
B ) 16 55.17 22 48.89 38 51.35
lambda-Cyhalothrin
LA
P ) 14 48.28 22 48.89 36 48.65
Chlorpyrifos
BE
f ) 11 37.93 22 48.89 33 44.59
Fenpropathrin
e
) ) 12 41.38 15 33.33 27 36.49
Bifenthrin
EME
E? Efﬁ ) 11 37.93 10 22.22 21 28.38
Acetamiprid
FUEEY
U 3 10.34 17 37.78 20 27.03
Methomyl
R
i 3 10.34 14 31.11 17 22.97
Carbofuran
Sy
. 5 17.24 10 22.22 15 20.27
Deltamethrin
M F
it 2 6.90 13 28.89 15 20.27
Carbaryl
Ll 8 27.59 5 1111 13 17.57
Cyfluthrin
ET
P 8 27.59 4 8.89 12 16.22
Flufenoxuron
EmaS L
P 4 13.79 5 11.11 9 12.16
Flonicamid
Fl‘?@%‘i‘ﬁ'
) 2 6.90 5 11.11 7 9.46
Permethrin
VAR
2 6.90 5 11.11 7 9.46

Methidathion
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IilEas
Buprofezin

T RERE
Chlorfluazuron
53 [F)
Fenvalerate

H P H]
Tebuconazole
Flucythrinate
2UE S
Pyridaben

Fi FU i
Pyraclostrobin
&=
Tau-fluvalinate
=%z
Triadimenol
Thiamethoxam
7 TF’} t
Fenpyroximate
TS
Tridemorph
e
Clothianidin
A
Halfenprox

2 6.90 5
6 20.69 1
2 6.90 4
0 0.00 5
2 6.90 3
0 0.00 5
2 6.90 2
0 0.00 4

3.45 2
2 6.90 0

3.45 0
0 0.00 1

3.45 0

3.45 0

11.11

2.22

8.89

11.11

6.67

11.11

4.44

8.89

4.44

0.00

0.00

2.22

0.00

0.00

9.46

9.46

8.11

6.76

6.76

6.76

541

541

4.05

2.70

1.35

1.35

1.35

1.35
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Table 6 The detected results of 9 non-registered pesticides in tea in different areas

& FlE el r=
gt ¢ o . Fist
c Mingjian Chushang Total
ommon name o T T
of pesticides e % R % e %
Number Number Number

g‘*&* 0 0.00 8 17.78 8 10.81
Ethion
A
- F £ 0 000 2 4.44 2 270
Dichlorvos
Rt =
il 0 000 2 4.44 2 2.70
Iprodione
A

Fif f 1 3.45 1 222 2 2.70
Prothiofos

.
e 2 6.90 0 0.00 2 2.70
Prochloraz
it 1 3.45 0 0.00 1 1.35
Terbufos

LL i
Pty 0 0.00 1 2.22 1 1.35
Bromopropylate

-
A , 0 0.00 1 222 1 1.35
Procymidone
S 0 0.00 1 2.22 1 135

Dicrotophos
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Table 7 The MRL of 39 pesticide residues in 2" winter teas in Taiwan, Japan and EU

SR HEERTIR Y 2 1

IR VR R R

B

REHFE (ppm)

[HE 2 MRL
Pesticide =B 0 FI ey FE
Taiwan Japan EU
P4 29T Chlorfenapyr 2 40 50
7%3% 1% Imidacloprid 3 10 0.05
12 iﬁfi,f-f lambda-Cyhalothrin 2 15 -
[&=r47 Chlorpyrifos 2 10 0.1
g ?} #Y Fenpropathrin 10 25 2
175 57 Bifenthrin 2 25 5
tl?%ﬁf’, Acetamiprid 2 50 0.1
A7) 9 tH Methomyl 1 20 0.1
[ FR Carbofuran 1 0.2 0.05
T3 Deltamethrin 5 10 5
|| Carbaryl 2 1 0.1
kA Cyfluthrin 5 20 0.1
4y 73 I Flufenoxuron 15 15 15
%ij Fd4F Flonicamid 5 40 0.05
V& 47 Methidathion 0.5 1 0.5
5447 @ Ethion - 0.3 3
Fl V%37 Permethrin 10 20 0.1
7]/7% 1% Buprofezin 1 20 0.05
7% [*#|| Fenvalerate 5 1 0.05
Juf&EkE Chlorfluazuron 10 -
t4 7 #]] Tebuconazole 10 25 0.05
FEE 8 Flucythrinate 10 20 0.1
T 1'% Pyraclostrobin 5 - 0.05
#15# % Pyridaben 5 10 0.05
1& (= #]| Tau-fluvalinate 5 10 0.01
= 3]? [# Triadimenol 6 20 0.2
~ ' *Dichlorvos - 0.1 0.02
IZV‘QF"[ [fil * Iprodione - 20 0.1
‘F‘"]fﬁ‘fr‘f #Prothiofos - 5 -
}éé"phﬁ aProchloraz - 0.1 0.1
4" Thiamethoxam 1 15 0.1
5 10 0.1

75 ¥ % Fenpyroximate
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%+ (Table 7 Continued )

= 75 Tridemorph 20 20 20
fi*747 Clothianidin 5 50 0.05
F’] 75 3 Halfenprox 5 10 -
4817 2 Terbufos - 0.005 0.01
Pl @ﬁ a Bromopropylate - 0.1 0.1
BEREET 2 Procymidone - 0.1 0.1

%“:‘*’%fr‘f' Dicrotophos - -

B (1 lwlwmI/a%o

r
- A F u:rilﬂfa
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Table 8 The risk assessment of 2" winter teas

=t "F",'EEYEE %ﬁl%ﬁj b (mg/day/person)

MPI? %MPI¢
s (mg/kg) (ppm) Exposure level
4* Residue MRL B OATE THE RN OAFE T
Pesticide . . . (mg/day i FL'D - e b FLID - e
BT B e A B fEC A HEMB HERC
Max.  Aver. Taiwan - FLI - FLI - FLI - ?LI - FLI - FLI
AT
3.75 0.23 2 1.2 0.01952 0.01041 0.00120 1.63 0.87 0.10
Chlorfenapyr
3= g
. . 5.19 0.67 3 3.6 0.02702 0.01562 0.00349  0.75 0.43 0.10
Imidacloprid
I
f ) 4.6 0.5 2 1.2 0.02395 0.01041 0.00260  2.00 0.87 0.22
lambda-Cyhalothrin
FE
. 0.73 0.14 2 0.18  0.00380 0.01041 0.00073  2.11 5.78 0.40
Chlorpyrifos
BT i
) ) 2.82 0.42 2 0.6 0.01468 0.01041 0.00219  2.45 1.74 0.36
Bifenthrin
Eh?@iﬁ
o 2.03 0.33 2 6 0.01057 0.01041 0.00172  0.18 0.17 0.03
Acetamiprid
IRC
0.05 0.02 1 0.6 0.00026 0.00521 0.00010  0.04 0.87 0.02
Methomyl
RIUIZESS
1.42 0.18 1 0.18  0.00739 0.00521 0.00094  4.11 2.89 0.52
Carbofuran
EREEY
. 5.74 0.94 5 0.6 0.02988 0.02603 0.00489  4.98 4.34 0.82
Deltamethrin
IR
0.42 0.12 2 048  0.00219 0.01041 0.00062  0.46 2.17 0.13
Carbaryl
FRHZ
) 0.17 0.05 - 0.06  0.00088 - 0.00026 1.47 - 0.43
Ethion
Y N
) 0.39 0.25 - 0.06  0.00203 - 0.00130  3.38 - 2.17
Dichlorvos
(il
X 0.17 0.17 - 24 0.00088 - 0.00088  0.04 - 0.04
Iprodione
Fifs
) 0.01 0.01 - 0.006  0.00005 - 0.00005  0.87 - 0.87
Prothiofos
Bt
d 0.01 0.01 - 0.6 0.00005 - 0.00005  0.01 - 0.01

Prochloraz
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g% * (Table 8 Continued )

i 0.02 0.02 - 0.012  0.00010 - 0.00010  0.87 - 0.87
Terbufos
P,

0.27 0.27 - 1.8 0.00141 - 0.00141 0.08 - 0.08
Bromopropylate
B

0.23 0.23 - 1.8 0.00120 - 0.00120  0.07 - 0.07
Procymidone

* 1 MPLE%S ADL A& BN ST - N ST 60 207 FHET -
b %I%E'* A’*“?{E%E@J‘};Vﬁé} P VAR N TSIV AEN 1.9 ) N EFERRT
c: %MPI =W (RLEREIEI] MPL) % 100% -

CTAC B COTR TR  RETAFRRE T SRR T -

=
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Risk Assessment of Pesticide Residues in Second
Winter Teas

Yu-Ju Huang! Shiou-Ruei Lin? Chia-Chang Wu?
Summary

To establish the completely pesticide residue analysis method of 2™ winter tea for the complete security
evaluation, the suitable sample preparation, instrumentation and the examination method is necessary. We had
evaluated five sample preparation methods for pesticide residue analysis of 2™ winter tea. It suggested that the
modified CNS13570-2 is the best sample preparation methods for pesticide residue analysis of 2" winter tea.
According to multipesticides residues analysis, it indicated that Chlorfenapyr, Imidacloprid, Cyhalothrin and
Chlorpyrifos were the most use pesticides in Mingjian and Chushang tea areas. However, all the calculation
results of exposure level are lower than the maximum permissible intake (MPI), it suggested that there should
be no harmful effect to human health when consumers buy teas which fit the standard of maximum residue
limits.

Key words: Tea, Pesticide residues, Food safety

1. Assistant Researcher, Tungding Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.

2. Assistant Researcher, Senior Agronomist, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
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PIEE L PSP BV Bk B 0P USSR o 55 e
B PR Y MR Y i « SREBepi 1 1 e
VA ik PRS0 P kY VB S PR )
FIISEEEE VSN 010 22 70 PR 9% 100 g a.i/ml §7fHE5] 8%
G ek SR T Y S T RIS B SRR R
& 1,500 FFﬁJ/ 5%?]5% Al [N AR = 3 I F‘é@’ﬁ?lﬁf =2 ARt %#ﬂﬁ’ﬂ?x‘ﬂéﬁ%iﬁﬂ}k&% o
At 5 60 A5 PV A AR [l s ST *[I%‘?D“f?féa'%ﬁﬁ;'f%lﬁﬂﬁ?’ﬁﬁ
]EIU SE R TR A =T FE B I/f&‘?" o
BB« 5 ) T

il

FIFELT IR (Rubiaceae) [fifHgf (Coffea spp.) F‘Ljﬁj'?ﬁéﬂ‘ 2 E}lﬂféﬁ?ﬁﬁ\ ﬂtl%?‘f&iﬁj“*i‘jﬁb ’
=1 Pl o BE A BRE 0 B LRI D - ?@@'ﬁﬁfﬁlflI@EIEIFWE@@ (FTEr
2011) - PpEgEfoRE PR E DY B8R - (RS & NS ﬁll’%?[’EIPﬁ['FiFP FUEE =78 > ST ELfr £
{7 (C. arabica) Efé"mi’%?ﬁr (C. canephora) PRES IS (C. liberica) » FELIIHES Rt 7
(FIFT > 2004) o i PR RUR OS> KR LT = ] WP?EFGEEWF' A 2 P RS e A
[ 70-80% » £l - ht“fgm# r&‘ (F lpl 2011) B ] Pjﬂpﬂz‘l\plﬁ%% AP R
= EOSTELIB SLpOR AN £ B Bl SR B R
500 (o 2009)

p'}]]PjHj-}‘;‘Vﬁ (coffee rust disease) FLEYAY = {l] WASHEEIfIf JJTF ) 1970 F FiRmS e T s
o BRI YRR K '#@ﬁf @&ﬁ”ﬂ#?wﬁ%%m % 4 2] P SR
Eﬁiﬁﬁﬁﬂpﬁp%ﬁ;ﬂﬁﬁ@@& ’ CIJ?FJIEP"*‘BE& PPV B ~ P Pl R ~ R RS F [ (Waller et al.,

Ik

SESTRELE 3 W SRR o B )
FISRELT (R B0 B R - B IO -
IS ELT (R R (R P _%?ﬁ w:'ﬂ’ :
FTSREAT Q8 H A FI - B

SR R -

¥ =
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2007) o pﬁppjl%%ﬂﬁ 1 Hemileia vagtatrix @icd [# iiﬁf%'l TP PES AR (Basidiomycota) ~ S5 AN
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Ho BB A TR
Table 1 Profiles of tested fungicides

- TR E 3R Sy K

ﬁ%ﬂjﬁ ] £ Common name ﬁﬁﬂﬁﬂfﬁ#l fi Fojmulatjion and A.l.  Classification
Trade name
concentrations (FRAC*)

P ] Tebuconazole = 25.9% 7= FL 3] 3,G1
?ﬁ il Difenoconazole PR 25%5| 3.Gl1
T Penconazole L 1 0.5%7 %] 3,G1
T ] Hexaconazole Gibag 5% I 3,Gl1
SR | Mancozeb A 80% i’ Y4 TR M3
B Myclobutanil hE 40% i g4 [R5 3,Gl
FIjusy Pyraclostrobin ARl i 23.6%5 11,C3
TuEWS Guazatine lf[ fEE 40% i’ 1541 M7
PH g R Qﬁ Chlorothalonil N T5% 1 W] M5
?’wﬂ]‘ g Metconazole g 'ﬁ £2 9% 3,G1
= zf [ Triadimenol o 23%< 53 ﬁ*’?‘ [ 5t 3,G1
=% Triadimefon Hi R 25% 1" W4T R] 3,G1
[’Z"‘lﬁ} 3 Epoxiconazole PR BT 75g/L 5| 3,G1
15 Bromuconazole T 8.93%~J< K| 3,G1
T W l'ﬁ Oxycarboxin T l'ﬁ T5% 1 1R 7,C2
Fr3llpa & Boscalid + Pyraclostrobin ?F'}\,%‘;‘%E—“ 38%7f< 73 e {Ept ] 7,C2+11,C3
PITS ?‘i 3 Carbendazim + Meproni R T5% fi' TR 1,B1+7,C2
%ﬁ’/ tH Flusiconazole Egy: 37%5 3,G1
ik Triflumizole 2 30% i B4 1R 3,Gl
FHFZBOl % Azoxystrobin + Cyproconazole == 28%(w/v)JEL Fﬁ' R 11,C3+43,G1
‘%} FF] Propiconazole = T 25%5 | 3,G1
ERlaE Flutriafol 2 11.8% <55t 3,G1

FFETAFSEEH TS 1) (Fungicide Resistance Action Committee, FRAC) < FRAC }{%’ FE AV [T iﬁ

i 53 0% 8 2O L 3T A -
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PO ISR (S TR

- AR L
Table 2 The program of mobile phase

R il Tl PERIARTAR
Time Flow rate Mobile phase
(min) (uL/min) FIpREF (A, %) wﬁﬁ (B, %)
0 400 95 5

1 400 95 5

4 400 40 60
14 400 0 100
18 400 0 100
18.01 400 95 5
19 400 95 5
20 400 95 5

0 400 95 5
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FE o [PFEEHEIER Y 1 ﬂ]ﬁfﬂf‘ﬁ
Table 3 Inhibition effects of fungicide on the spore germination of coffee rust
SEHITR € , , _ ,
Common name 1,000 pg a.i/ml 100 pg a.i./ml 10 pg a.i./ml 1 pga.i./ml
] 98.6+2.5* 96.4+4.5 3494278 26.6+11.9
B F] 100+0.0 100£0.0 89+13.7 18.6+15.1
T 99.1+1.6 100+0.0 66.3+19.7 41.6+11.1
TEfu A 100+0.0 98.4+2.8 54.9+8.8 29.9421.2
SRS 9| 100+0.0 97.3+5.2 100+0.0 96.7+4.8
ﬁ‘ﬁh rd 100+0.0 100+0.0 20.2+31.3 13.3£35.2
AT 100£0.0 98.5+2.4 99.4+1.4 96.8+3.7
PEWS 100+0.0 94.9+4.3 80.7+12 11.8423.4
P B 100+£0.0 96.9+3.7 100£0.0 100£0.0
Y 100+0.0 100+0.0 53£21.2 -4.5+16.8
=l 99.5+1.3 81.3+24.9 34.6£46.5 6.8+30.1
S 99.4+1.6 96.1+4.4 17+33.1 21.5+53.4
s 99.142.3 93.6+7.6 60.1435 30.3426.3
15 A 100+0.0 100+0.0 48.3+18.6 41424.9
Bt i 99.3+1.7 100+0.0 -8.9+18.4 11.4+22.3
Frillpust 100£0.0 100+0.0 19.2+1.9 80.4+22.3
f l*j»pe?v 100:£0.0 100+£0.0 99.1+2.2 28.7+18.4
EALy 100+0.0 98.7+2 38+15.6 19.7+16.1
R 99.1+1 97.3+1.6 23.2+19.4 6.9+25
EERE =i 100+0.0 1000.0 100£0.0 1000.0
FiAl 100+0.0 100+0.0 100+0.0 -10.6+14.5
E3IN 100+0.0 100+0.0 51.1+20.7 12.4423.2

*IgT LT #Hﬁ‘[l} = (BRI 3R B - SR TS B/ SRR A BrX 100% o
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[~ PIMEATE © (A) (B) (C)SFIBRAT R E L B (D) IINHEAR R

Fig. 1. Coffee rust. A, B and C: the symptoms of coffee rust on leaves. D: the spores of coffee rust.
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Fig. 2. Effects of fungicide field trial on controlling coffee rust
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= BB IISEA 17 o (MBS AR A T -
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Fig. 3. Effects of fungicide field trial on controlling coffee rust. A and B: control; C and D:
Chlorothalonil treatment; E and F: Hexaconazole treatment.
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x10 4 |+ESI MRM Frag=80.0V CF=0.000 DF=0.000 CID@35.0 (314.1000 -> 70.0000) OM25_E0918-S.d

0 S
x10 4 |+ESI MRM Frag=80.0V CID@35.0 (314.1000 -> 70.0000) coffee-25_F0105.d

x10 4 |+ESI MRM Frag=80.0V CID@35.0 (314.1000 -> 70.0000) sample-4C.d

x10 4 |+ESI MRM Frag=80.0V CID@35.0 (314.1000 -> 70.0000) sample-5C.d
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Counts vs. Acquisition Time (min)

P~ S AP ALV T RT3 47,0 4 S0 Tl (_E ™ [ e 0 25
ng/kg I %’[ﬁﬁﬁ‘:lﬁ [EELETE] I?{JJ[I 25 pg/kg I ﬂJF—“"# If R [T #] 1,500 Pfﬁb 3,000
AR

Fig. 4. Chromatograms of Extracted Ion Chromatography (EIC) of the MRM transitions of m/z
314.1-70 for hexaconazole by LC/MS/MS extracted from four samples, chromatograms from
top to down are standard in solvent and in matrix spiked 25 pg/kg, sample after hexaconazole
treatment by 1,500X and 3,000X, sequentially.



148 SR A 57 35 1 (2016)

x10 4 |+EI EIC MRM (265.8000, 266.0000 -> 133.1000) OM100-S.D
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Counts vs. Acquisition Time (min)
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Fig. 5. Chromatograms of Extracted Ion Chromatography(EIC) of the MRM transitions of m/z
265.8—133.1 for chlorothalonil by GC/MS/MS extracted from four samples, chromatograms
from top to down are standard in solvent and in matrix spiked 100 pg/kg, sample after
chlorothalonil treatment by 600X and 1,200X, sequentially.
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Fungicide Selection on Controlling Coffee Rust and
Residues Evaluation

Shiou-Ruei Lin'  Shih-Hao Weng? Yu-Ju Huang®*"  Sih-Ying Huang*
Jia-Ru Dai

Summary

Coffee rust is one worldwide important coffee disease. As the coffee drinking habit of compatriot
raises in Taiwan, the coffee plantations are gradually increasing. Therefore, there is the fungicide
demand of controlling coffee rust in plantation. However, there is no permitted fungicide on controlling
coffee rust in Taiwan so far. In this study, 22 fungicides which registered on other crops for rust
diseases control were tested the ability of inhibiting the coffee rust spore germination. All of the testing
fungicides showed the ability of inhibiting the spore germination with ECgo values < 100 pg/mL. It
chose two different mode mechanisms fungicides, hexaconazole and chlorothalonil, for field trail.
Hexaconazole 5 SC 1,500 folds diluted showed the efficacy of controlling coffee rust propagation and
infection in plantation by spreading twice at the beginning of the disease occurring. It tested the two
fungicides residual of coffee beans which washed and medium roasted after 60 days spraying. The data
showed there is no detection of these two fungicides.

Key words: Spore germination, Hexaconazole, Field trail
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PR EELR

CUJE UURIIE (8 SRR ek (LR S

w R

%ﬁWF$WﬁW§W%$§ﬂ§W%W§@\3WE% F FVRGLE] ﬂwﬁm“ﬁ%ﬁ@
«45@:@%%0%@ﬁ@@ﬂM¢?%H%#FHTWMﬂﬂWFmE 2100 (w i v) >
éﬁﬁﬁﬁ’#ﬁﬁﬁﬁwﬁﬁ(ml%ﬁ)ﬁfwﬁf(N6MM)ﬂ%ﬁWW$%@*?

P BEY R TR R IR SR A [ VR (A VIR - BERRRRPURE - TR B

IMCIE HmGlmGVﬂ%ﬂEﬁ@ﬁ F IV 70~80°C > ﬂ%ﬁ’loﬁ%»nﬁﬁfw
FREF = JiTIR ARG .V 3 2V EEREARI - 3 2VIER 100°C - VIR 60 32 » KRRl 2V
ﬁ

%ﬁﬂ%§W\ﬁ%i@~m%ﬁm

AT F

éiJE*FVF@ NI EVECE] ﬁ@iV*H%@ﬁﬂ7i ’¢A4'*fﬂJAP'1{?J LR
TEIET ~ F B3P ~ e ﬂlﬁ?ﬂﬁ (Park et al., 2002) - jI# iﬁi_zé,{ [ = é I 27 [ KRy 55 > 79
I"JT‘??TL EthIE&J} Bl AIE{EJ 75~80 9% (F[ > 1984) o ibZ 1= I T A ST (-)—epigallocatechin gallate
(EGCQG) -~ (-)-epicatechin gallate (ECG) - (-)-epigallocatechin (EGC) #I (-)-epicatechin (EC) » 35 ?‘&FJ
bl 7 = i’»’Fl oAy e Jiﬁ[)ﬁéi’}ﬂ MR AR IR K U1 (-)-gallocatechin gallate (GCG) »
(-)- catechm gallate (CG) ~ (-)-gallocatechin (GC) #I (&)-catechin (C) (Ananingsih et al., 2013) » i % 3
K B £ 0 FBIAG (2] (cpimerization) » IR (= 2 LELPY % K AP V3P| 5 SRR 0
ﬁ% ﬁ*%?ﬁ ﬁ%wé%ﬁﬁﬁﬁVWUrP WW‘diW@%U}%%ﬁ&@Wﬁﬁu
27 (Wang and Helliewell, 2000) -

RSB » PRI (e P e e - AT R
AT © 513 4 s P < bt 4 T P PR
P ~ ’JFJJ [Vﬁé? FHETIR (S 2012) Jﬁ ?‘f:@{ﬁ”’[ } 509 4 (Liang et al., 2007) ~ 50%

O PRIE(EF N (Wang and Helliewell, 2001) 29% Eﬁ%?ﬁ‘ “fk (Horie et al., 2002) ~ 709 F' It h’%
I (ISO 14502-2, 2005) FSEH 2V iRy ﬂ“’ifffz fk pH @ W[J 4 I']™ (Hirun and Roach 2011)
ik Ejiﬂ' “fv%i%ﬁlguﬁ%% KoMt g TE‘TJW' LA wj:&a 70/plgj' TUE AL gg; Af
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TR IO R U PR - SRR Y - B M -
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IV RIS G SRR (RS 2012) o S 8 1T SRR 05347 0 oL
9% TR (Khokhar and Magnusdottir 2002; Wang et al., 2000) » [y =" Rl = 5 BERUH S
s A MO L Sl S i
7 BT IR (SR E SR B (P17 2007) < PRI AP Vol
ﬂ[ﬁ?‘ﬁéﬂf’%ﬁfﬁﬁ\ %.\Lﬁ[[ﬁj > Y[170°C ”NF‘, 30 5564 (ﬂ%f’ 2007) ~ 80C ”NF‘, 20 5781 (£557 > 2004) ~ 80
T "h’?, 40 554 (Row and Jin, 2006) ~ 90°C 7J<$'F} 30 ;i&% (Lee and Ong, 2000; Hirun and Roach, 2011)
Al 100°C“’I‘i"ﬁ 45 3 (A 2012) - [4‘”# P R qWFW" %Aﬁ [Fil 3 ZVLER S o i ]
SIS AR 6 VR AL AT R S S

FRIZEHE
- ERRTOR
(=) IR EE P S B e AR
(:)@L[cpﬁ‘uﬁ EéE[;Q?J‘TFFﬁEﬁ,FLFl% \T;?J L B e

~ F Vi @Wﬁf*f*%’ (FET-F 125275 2004)

( ) Rl 4£ﬁﬁ:fﬁ[[, W@ﬁi ’ﬁjzﬁ} 35 mesh Eﬁ?l’ﬁ FEAT 1 “phpu.* % fg{ﬁ?‘?ilé?ﬁ} B4
LR 90 ZF A< o ST 70°C ~ 80°C ~ 90°C A1 100 C?HF‘ 20 F160 53 = o S R
Jﬁh AT AN - BV % 100 2] » 1) 0.45um - PVDF SR V! | HPLC 73

() mﬂ DRRARH TPERSRORE - R0 35 mesh T REFT 1 2 Ui sRs - R S g
L T 90 B L o SEIN 70°CHI 80T AN 10~ 20 + 30 + 40 ~ 50 A1 60 S3 I - K
T IR AR R = 100 2] 0 F 1 0.45um V7 PVDF Siiaifisfii - i) | HPLC
2L

(5) GRS RGN TPOREIRSEE » 3 35 mesh A - FERC 1 ‘FJF'J‘%J’?'*”;‘?TEJ‘*E
WL 90 B ol > STHIN) 90°CH! 1oo°cﬁ<1p 10 5388 > Y2 gy Il A5
Vi BRI E 100 2] > FII'] 0.45um 1 PVDF ETRGGEIR - YRafk! ) HPLC 2L

=RV
) RV PR 182 MQ-em VAP ¢
) fRE Pp’} -)- Eplgallocatechm gallate (EGCG) -~ (-)-Epicatechin gallate (ECG) ~ (-)-Epigallocatechin
(EGC) ~ (-)-Epicatechin (EC) -~ (-)-gallocatechin (GC) ~ (-)-gallocatechin gallate (GCG) -
(-)-gallocatechin ~ (£)-catechin (C) #! gallic acid monohydrate & I Sigma °
(=) acetonitrile ~ methyl alcohol f&[ I Spectrum > HPLC Grade °
(') formic acid ~ sodium carbonate #1 folin reagent & f | Merck °

IER 7’}4:1;?@[7;1;;&
(=) A %7 - I'] folin ciocalteu -1 o (ISO 14502-1: 2005)
(=) 1Ml # V?E‘H (f$T-F1 CNS 15022 N 6384)

HPLC (Agilent 1200). 75 frg ™ -
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Column: Merck CART 250-4 PUROSPHER STAR RP-18(E) Sum
Eluent A: 0.1% formic acid

Eluent B: acetonitrile

Flow rate: 1 mL/min

Detector: DAD

Wave length: 280 nm

Injection volume: 10 puL

¥ ?W}L\’@?‘Jfété s 3 IVIEPS 3 VR 3 IVESA S VR BT BT ﬂf"f%ﬁ?‘ﬁ B~
2Ry 55 ;‘/i'ﬁﬁ (2 S Yt’F‘JIZIﬁJ‘} ISR ?W*ﬁﬁﬂ  FIVESYIEL 1:100> — SFER IV R R E LT 0.5 mm
(35 mesh) e Ao IFfiEF gﬂpﬁ%ﬁﬁ‘eﬂ [ PRI 3 SV R BSE AT (foRr 4 )~ 3% Zimmermann
and Gleichenhagen (2013) PR kY 2| S G A SR ARV JUSsafe e VY > 1 8 ﬂﬁﬁﬁ]ﬁﬂ
EEN Fﬁ[’%f [ A 0.5mm [F - ?vj/?&iﬂp‘gfgjﬁﬂ?% SR FLRF A5 1.4 mm (12 mesh) iV 3
fit > pLpF @ AHT0.71 mm (24 mesh) /[#* 1.0 mm (16 mesh) [i¥ 2 ;’g, ) M%W:;V%ﬁ‘;}ﬁ:u | 35
mesh [VETAFLEET - F 2255 TVEER -

ARG ST 70°C ~ 80°C ~ 90CHI 100°CH-2V 20 A1 60 53 6. VAk N Yk~ i > & 70°C
[ EIH 1 EGC ~ EC ~ EGCG ~ ECG A E|[jI 7 % MA GC ~ C ~ GCG FEAE|[I R i3 v
20 F1 60 55 o B BT HEE U B o 5 80CHvEZEll1 - EGC ~ EC » EGCG ~ ECG 4
53R I IV 20 #1600 53 G - H BN BEREOE B 1 GC -~ €~ GCG EYFARII R
SRS RIS TV 20 ) SRR, (S0 ?\5 60 53 E8H o i 90°CPYBEEIFlT» 3V 20 S3 48 EGC A1 EC
O EIFTREH 4 50 60 5348 - EGCG A1 ECG {3 EIFI[E=4  60 o3 s B B v B > GC~ C »

CG EZEARIGTR S 5 BT 3 2V 20 5 SAPTRAE (SH°F 2V 60 518K « 7t 100°CpUsCE!fl 1 EGC ~
EC - EGCG - ECG %ﬂﬁ% SHT BT IV 20 3 SRR R 2V 60 S3EH - i GC~ €~ GCG
SYEARFI R K2 BG4 » Komatsu et al. (1993) gffgm‘g*@g—*,fgéia  ABPIH I T A
ﬁ"j (“IEEIFOFEEE A9t 82°C 5 P EIEE - A Féﬂ“lﬁ%‘ﬁ% ’ fg?i% F SVERE AT A
R IR Sk 2 B VIBELE 5, (Wang et al., 2000; i 2007) - 4 FURRAOAHN P ]
AUt 7 80CH *Iv 20 STEAITOCH 2V 20 F160 53 & = P Fl Y ZEA R pa 7 S A 5 BB F R0
12 B (E 80°CH 2V 60 ;}%EE{,%@%& F;ﬁ?ﬁqiﬁz FEEED T 90°C A1 100°C T%"L 3V 20 F160 55 &
FUIERREHI 50 5 B @ 80°CH FV 20 51 EA1 70°'CH 2V 20 A1 60 57 G = FE Rl -

T T [FREE 3 20 20 55 SRR F o B 5 TV Ul EGC AT EC [V 5 B E 38 1f
it » EGCG A1 ECG JIN [Rah R0 B o G ShERPOTH LR 5T SO0 - 5% BTRLIVHAT g
il (JI'EGC HIEC) » bl KARIRLIVHUTEGHIARE S () EGCG ~ ECG)(Labbe et al., 2006) » =" EGC
I EC #1§ih" EGCG #1 ECG R ¥LF FvEliss (Price and Spitzer, 1993) > [RIF= #E3H1% TV 20 j?%ﬁﬁ ’
EGC #1 EC I © 5 = f» Al | [ b ST » [Nk = (28] fi i85 EGC A1 EC iU fh" fxked
WS i 3 i) EGCG A1 ECG ol fiphiet gy Wﬁm o T R R pUSET ) > EGCG A1 ECG iyl ik
Eiﬁ'f I (R M@ﬁfﬂﬂﬁﬁ IR (AR [BRAAE & o R TR R R E R TR

0 S SV Py I 1R~ R A ORI F S IR R A

T IR A A8 2 A 3 SO 20 AL 10096 » [N SR S 38 A
=] WE\JJ‘:“ ) bR S BRSSP (degradation) (Komatsu et al., 1993; Wang and
Helliewell, 2000 ) o 4= ?Jﬁﬂﬁiﬁi‘:l‘%’ﬁ‘[} 100°CH 2V 60 5588V ﬁé?ﬁﬁ“% 124.3 mg/g > Hl {1
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I IR ShIFRUAFIIES 79.7 mg/g - ZEAT IR ShIFRVTAFIEE 44.57 mg/g - iy 70°CH TV 20 53 1A
b A Sk EVED 115.4 mg/g» AR [T 7 SR AIAVEAIEL 108.8me/g » ZFA B hI 4 R IFRVAAA 1L 6.55 mg/g >
HEARAR 7 “"FE‘ T IL'EMiZ‘E”’?‘P AR EHE 70°CH 2V 20 S5 YV AR ZERY JEM
%tﬂﬁibﬁm mocﬁng7¥¥wl37ﬂW18l S pr) Y Lwﬁféwlf“%% wﬁéﬁ'
FINEE A f'EﬁFé?fza,  HEEREN (D) = F.u S WW‘FL‘?W N ffwﬁ
%I} 70~80C L &  PEERPLSET 007) VPSR - b3 AT "WE B3 T0°C R S £ A%
EaPVEE Efv}kﬁf%'\' PR wfmf 55 > HIIRLI] 100°CH 2V 60 53 8.0/ ﬁé%:&ﬁféq

HL s ?fﬁ]ﬁ' SURGIE] ST 70CHIBOTH 2V 10 ~ 20 ~ 30 ~ 40 ~ 50 A1 60 538 » 3

BRAGET  EGC ~ EC » EGCG A1 ECG 19 EIFTT] 70°CH 3V 10 5361 80CH 2V 10 53 Sk i
e, ﬁvEﬁ ffsEr - 70 C%,%IEJEGC%IEC guﬁgm—goc&@ﬁj ] EGCG #1 ECG [ﬁsiﬁ'
SV RRIFOSET T > Pk e SRR E 2 B () o & SOCHCH > [ *‘VEﬂjF AUl - GC
C Al GCG [y EIF W » [ 70C&‘{u.%"GC C A GCG LIRS (] 4 (=) » g
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tfv 10 53 S 80°CH 2V 10 55 #Hs [% » FpI R HARE 27 [ vr 5 AR 13? IR () o
L N N “7%%% ﬁﬁVﬂJ *ﬁwﬁ%

i EeR T o A% VIR 1 90C AT 100°C R » ¥ Eﬂz&ii’:ppu%ﬁ%—ﬁ‘] (=5 |42 70°C #[1 80
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Effects of Extraction Temperature and Time on the
Contents of Tea Catechins and Total Polyphenols

Jia-Ru Dai'  Shiou-Ruei Lin'  Yu-Ju Huang?  Meei-Ju Yang®*
Summary

The extraction efficiency of tea components was usually influenced by solvent type, temperature, time,
ratio of material to solvent and sample particle size. In order to enhance extraction efficiency, the purpose of
this study was to discuss the effect of extraction temperature (70-100°C) and extraction time (10-60min) on the
contents of tea catechins and total polyphenols when used pure water as extraction solvent, one step extraction
and extraction ratio was 1:100 (w:v) for establishing the best extraction conditions of tea catechins and total
polyphenols. The results showed that for the extraction of EGC, EC, EGCG and ECG, the best extraction
condition was extracted in 70 ~ 80°C water bath for 10 min. For the extraction of tea total polyphenols, the
best extraction condition was extracted in 100°C water bath for 60 min.

Key words: Extraction, Catechins, Total Polyphenols

1. Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
2. Assistant Researcher, Tungding Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.
3. Chief of Tea Processing Section, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.

* Corresponding author.
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Study on the Difference between Pu-erh Teas and
Taiwan Unique Teas from Catechins Content and Tea
Liquor Color

Jia-Ru Dai'  Tien-Lin Liu> Meei-Ju Yang?  Kuo-Renn Chen*
Tou-Zen Chen®  Shiou-Ruei Lin!"*

Summary

The result showed that the main catechins in Taiwan Green tea, Wenshen Paochong tea, semi-ball type
Paochong tea were ECG and EGCG while sun-dried green tea and Pu-erh raw tea were C, ECG and EGCG. C
and EC content of sun-dried green tea and Pu-erh raw tea were higher than Taiwan unique teas. The a value of
tea liquor color of Pu-erh ripe tea was highest and significantly different from other teas. The a value of
Oriental Beauty tea and black tea were significantly different from sun-dried green tea and Pu-erh raw tea.
According to the result in this experiment, the relative content of C and EC + C should be the auxiliary factor
to distinguish Pu-erh raw tea from Taiwan non-fermented, light fermented and medium fermented teas. The
tea liquor color should be the auxiliary factor to distinguish Pu-erh ripe tea from Oriental Beauty tea and black
tea.

Key words: Taiwan unique tea, Pu-erh tea, Catechins
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Fig. 1. The individual catechin (C) content of dlfferent types of tea. G: green tea, W: Wenshen Paochong tea,
Sb: Semi-ball & fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong tea, O:
Oriental Beauty tea, B: black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea, Ripe-S:
loose ripe Pu-erh tea, Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95%
confidence interval of mean.
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Fig. 2. The EC content of different types of tea. G green tea, W: Wenshen Paochong tea, Sb: Semi-ball &
fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong tea, O: Oriental Beauty tea, B:
black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea, Ripe-S: loose ripe Pu-erh tea,
Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95% confidence interval of mean.
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Fig. 3. The ECG content of different types of tea. G: green tea, W: Wenshen Paochong tea, Sb: Semi-ball &

fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong tea, O: Oriental Beauty tea, B:
black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea, Ripe-S: loose ripe Pu-erh tea,
Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95% confidence interval of mean.
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Fig. 4. The EGC content of different types of tea. G: green tea, W: Wenshen Paochong tea, Sb: Semi-ball &
fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong tea, O: Oriental Beauty tea, B:
black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea, Ripe-S: loose ripe Pu-erh tea,
Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95% confidence interval of mean.
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Fig. 5. The tea liquor color of Taiwan unique teas brewed with standard brewing method (tea : water = 1 : 50).
a: green tea, b: Wenshen Paochong tea, c: Semi-ball & fragrance type Paochong tea, d: Semi-ball &
baked type Paochong tea, e: Oriental Beauty tea, f: black tea.
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Fig. 6. The tea liquor color of Pu-erh teas brewed with standard brewing method (tea : water = 1 : 50).
a: Sun-dried green tea, b: compressed raw Pu-erh tea (tea cake has broken), c: loose ripe Pu-erh tea,
d: compressed ripe Pu-erh tea (tea cake has broken).
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Fig. 7. The a value of tea liquor color ofF tea powders from different types of tea. G: green tea, W: Wenshen
Paochong tea, Sb: Semi-ball & fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong
tea, O: Oriental Beauty tea, B: black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea,

Ripe-S: loose ripe Pu-erh tea, Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95%
confidence interval of mean.
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Fig. 8. The b value of tea liquor color otf tea powders from different types of tea. G: green tea, W: Wenshen
Paochong tea, Sb: Semi-ball & fragrance type Paochong tea, Sb-T: Semi-ball & baked type Paochong
tea, O: Oriental Beauty tea, B: black tea, Sd: Sun-dried green tea, Raw-C: compressed raw Pu-erh tea,
Ripe-S: loose ripe Pu-erh tea, Ripe-C: compressed ripe Pu-erh tea. The error bars represent the 95%
confidence interval of mean.



BT iﬁﬁ%}‘uiﬁz 35:185-194 (2016) 185
Taiwan Tea Research Bulletin 35: 185-194 (2016)

T BT WL ATY

itﬁl‘J“’F&E"NJ BIFRVIR B9 ) ek 5y —’?*L?&HPE‘»‘H% F AT RPIE T TS5
g o ZRETHINAIRE L “fr“v%ﬁwﬁﬁ& VR SR 2 TV 4 [ +fp‘#ﬁ 3;@5@” R
K ﬂm%m}p? BYIEFRES ST HIEG 259 + 28 C 256 £ 10 C ;A SRR STHEE 185 £ 10 C
%T‘ 244 £ 3C o RBPRETEREN Fhfm*Jfﬁ?fi‘g‘mi‘F“éi%?%?ﬁ% T“F*E'*jé B AV EHEVY
TR e PR S R o i AR G R P BITREVT R RS R A R
F#TE»J%# FABE)  RET - BT

il

SISz IS N e S R A R e o S S R A N
PIRTE S0 o SR RO D (500 » 2R 502 = ol o ikl S S e R
HF A =1

A’jg_ﬁ:,;fjﬂl «s«ﬁgﬁ.g M IE'IFEEH;EEJ]: 7 W}ﬂﬁ‘ﬂ ?B@IHFJ FYSiH < %“szé L 3
(PSS Bf?‘ ik - ﬁ%fﬁi ﬁifﬂfﬂ*}ﬁ c'ﬁ‘ F}E%‘E SR (1989) MFIET (1990-1991)
S LR A B *FWE%H %ﬁﬂj TR R YRR SRR T (P 1 » Rt Il B OIRAS
gcﬂ [FIRTER S SR (TR © 26557 (1997 ~ 1998 ~ 1999) FJQ@T‘EAF » SRR LA ;%J}

TARFIE T 95 (2002) J Ewﬁf‘/h@@ﬁﬁ& Dgea c NG *Lﬁ ﬂ@rﬂﬂéﬁm%%

7 (2009) PRI IRV B G LYY RS yﬁ”ﬁ*hﬂ@ = T mcﬂﬂ'ﬁwiﬂf
P*E‘ I%‘ﬁli P 9RSET(2010) FEFIHPLIIT THE B GRS %‘Ffﬂr%(iézﬂf,&[fﬁﬂpp g
*UAT Flic s *Fr*ﬁgﬁwdﬁ '%*i‘{i Tlaﬁﬁldﬂwﬁg 9% 4 BARE %JF}EE FZT (2008 ~ 2010) P§J
BL o BV BRI RS S e T (2013) RISAVE IR B Y BL S L
[~ P R ) oS ﬁﬁbé@ﬁ@‘f FHIRE £t HIRE > A B BT A ﬁ’@%ﬂ['?ﬂ
EolNE: MD*%}H%@ AEST (015) K[ P HREAF RS ~ AR m’ﬁ”ﬁﬁ%@r%wﬁr@
(7P BB R B B P L XD B T 2 B R

i

_._f

L S EY T fz&#’gl'y;@% SRS PR UR (B - PR LR -
=R AT
* 1&1?—([’%?{ o



186 B A 2735 1] (2016)

AL 1989 HF BHSTE 1A #I*F'ﬂ%% (24 (2016) B0 RGBT S1H) 2 s
- WAL (p- A o 9 BP9 ESR ST ’ﬁ%"ﬁ%bi FAUBNEIETENY ~ B0
TR IRE L I S - u%ﬁ‘“’wﬁﬁf i I U*F“‘*&%F‘ A RTLS (f- B) - SRR
PN & B3 ) T 992 RUREY - RIS ﬁfnﬁafﬂ fu— wﬁ&&»ﬁu L LA
(= C o) P A= AR - i SRR S AT AR R FAC AR R o
PV FRREVE ST T TR S - 9 =R E?ﬁﬁkéﬁ%' 2 bl %FE‘J/%*J/FF HEFTE > TR T
HWERL Y B S - 7 2 AEE‘EF’EH*J’?J*@‘*&’ e LR FRE (B D) @ my Ry
:F%[&A 151‘ Rl JEIW“«‘EJJ: H]ﬁ-“ FL' BLFER ’iﬁ 5L J?)Jflj IS [-HH—‘L*;{F“‘F‘/*J,@‘ B ﬁzﬁﬁ@u Hj
15 S ﬁ'ﬁi fﬁfsﬁ[ %ﬁﬂ%ﬁfi%fﬂ R BTG EREE (- E) =
IS (CFER e T PR B R PROTSEE R A R BT B B R S SRR R

ki VFT;J%

WL V1
Nt _040=¢

o ol whoel ...‘“L -
- -

- bR ot Hfﬂ#&gal (AT RG] 7+@qa"3 AR BT
:ﬁ S PRSI 210G D ¢ A B R )

Fig. 1. The appearance of the traditional panning machine and firebox (A: The traditional panning

machine, B: Carbonization of the traditional panning machine, C: Carbonization of the fireboxes
indicated in the right red frame, D: Never-cleaned fireboxes, E: Periodic cleaning fireboxes).
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Fig. 2. Appearance of the new developed electrical panning machine.
(A: The first generation electrical panning machine, B: The new kind of the electrical
panning machine.)
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Fig. 3. Positions of temperature measuring in panning machine
(A: Position of temperature measuring in the wall,
B: Position of temperature measuring in the air of inner space.)
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Fig. 4. Comparing with the temperature of the traditional and improved panning machine

(A: Changes of wall temperature vs. position, B: Changes of air temperature vs. position,

C: Changes of temperature differences between wall and air vs. position).
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Fig. 5. Dlagram of the air flow in the panmng machme (A: The traditional panning machine,
B: The new kind of the electrical panning machine).
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Table 1 Variation of tea quality after different panning machine treatments
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Research of the Improvement for the Small Type
Electrical Panning Machine

Wei-Yang Hwang  Hsien-Tsung Tsai ~ Chia-Chang Wu !*
Summary

The temperature distribution is not uniform in the traditional panning machine, because the
combustion is not uniform in the fireboxes. We designed and improved the small type electrical planning
machine to solve the problem of temperature distribution. We measure the temperature of the machine
wall and air of inner space. The results show that the average temperature of the machine wall of the gas
panning machine is 259 28 °C, and the average temperature of the machine wall of the electrical
panning machine is 256 £ 10 °C. The average temperature of the air in inner space of the gas panning
machine is 185 * 10 C, and the average temperature of the air in inner space of the electrical panning
machine is 244 + 3 “C. The sensory evaluation results show that tea aroma become more clear and taste
become more fresh after electrical panning machine treatments. Electrical panning machine can make the
temperature distribution uniform of the machine wall and air of inner space. In the future, we will design
the big type electrical panning machine for the mass production.

Key words: Panning machine, Tea quality, Tea processing technology

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

*Corresponding author.
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FA T ERBFERR PRI BIR S 4 ST

Table 6 Cost analysis of plucking and manufacturing for hand-plucked and machine-plucked tea leaves

A TR 125K T R
FRERS % 557 ESFR TR FSFR iR
() 0.1 0.1 0.1 0.1
HEE () 803.9 588.4 306.4 305.5
4Rz (307) 284 0 110 0
iRz (B7) 241 125 93.5 109.3
BRI () 8,900 33,978 4,650 22,683
(B2 = ) 11,600 11,600 11,600 11,600
MR O8) (A5 R R AZIET) 4,360 3,220 1,750 1,740
TR S Y DY ()
(40 53 E7E) 11,360 8,320 4,400 4,372
FoRT A (2)(100 7 /R HiZ/27) 28,400 20,800 11,000 10,930
FERPRITS S| ()30 7 /87) 8,520 0 3300 0
AR (V) 73,140 77,918 36,700 51,325
=R G 180,750 156,000 112,200 131,160
=H V) 107,610 78,082 75,500 79,836

FEE (7401 /) 21,053 25,000
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The Evaluation of Probability for Machine-plucked
Spring Teas in High Altitude Area

Chiou-Fang Liu! Chien-Ju Liu!  Yen-Shuo Su?> Ru-Hong Lin?
Kuan-Fu Kuo?  Shih-Kai Lo**  Hsien-Tsung Tsai' Chui-Feng Chiu!

Summary

The problems that hand-plucked spring tea in south-central Taiwan high altitude area encountered
were concentrated harvest periods as well as the lacl of labor, which interfered with the best harvest time
for spring tea. Therefore, the experiment compared the effects of hand-plucked and machine-plucked on
plucking and processing of spring teas in order to evaluate the probability for high altitude area to carry
out machine-plucked during spring tea season. The experiment was conducted in a tea fields at Taiping
Village, Meishan Township, Chiayi County which was 1,200 meters high. Survey items included yields
per unit area, agronomic characteristics of flush, tea quality, chemical compositions, and nutritional
element contents and cost analysis.

The results showed that the machine-plucked Taiwan Tea Experiment Station Number 12 (TTES No.
12) tea leaves had significant difference in yields per unit area, the sensory evaluation score, the amounts
of theanine, caffeine and total catechin, and nitrogen contents compared to hand-plucked ones. As for cost
analysis, machine-plucked tea leaves made into primarily processed tea cost NT$ 505 per kg, and the
hand-plucked one was NT$ 1,039, which was almost the twice expense of the machine-plucked one.
Overall, the gross profit of machine-plucked primarily processed tea was NT$ 107,610 per 0.1 hectares,
while hand-plucked one was NT$ 78,082 per 0.1 hectares, the gross profit of the former was NT$ 29,528
higher than the later.

In comparison to TTES No. 12, Ching Shing Oolong showed no significant difference between
machine-plucked and hand-plucked teas, except for that the nitrogen, potassium, and aluminum contents
was higher and other elements as phosphorus, calcium, magnesium, ferrous contents had an increasing
trend in machine-plucked tea leaves. The cost of machine-plucked primarily processed tea was NT$ 654
and hand-plucked one was NT$ 824. However, the amounts of primarily processed tea were lower in
machine-plucked teas after stalk separating. The gross profits of machine-plucked tea and hand-plucked
tea were NT$ 75,500 and 79,836 per 0.1 hectares, the gross profit of the later was NT$ 4,336 higher than
the former. In conclusion, spring tea in high altitude area could replace hand-plucked with
machine-plucked method in response to the problem of plucking labor shortage.

Key words: Tea, High altitude area, Machine-plucked

1. Assistant Agronomist, Senior Agronomist, Researcher and chief , Researcher and deputy director, Tea Research
and Extension Station, Taoyuan, Taiwan, R. O. C.

2. Senior Agronomist, Senior Agronomist and Director, Yuchih Branch, TRES, Nantou, Taiwan, R. O. C.

3. Assistant Agronomist, Wenshan Branch, TRES, New Taipei City, Taiwan, R. O. C.
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206 B A 2735 1] (2016)



Eefi i i@tii@ 35:207-218 (2016)

Taiwan Tea Research Bulletin 35: 207-218 (2016) 207
RS REEFELASYF A 2 A

y b ES

s I I 1 oy B

w

FP L [xEE‘*EJZvi? R R EAE [ DL B RS D SR S RS TR e

F”w’ <?E'4@w Rlie 2Nl ﬁ%ﬂ%”f&”?ﬁ ‘/Iﬁ%‘ e F’ﬁﬂj‘f&ﬁﬁﬁ
EF""ELJ 4{#5{ ’FF]:[hHE%E; [ I/T,LIJPE_I 2 l‘fﬁfyF 5 1 61 gl [/Erl‘,E;< b1t J]:I I—J,;q%

ﬂ*iﬁt PRV ESF B L HEE 4 B FR RV AR I - Tﬂm’ﬁﬂ%ﬁ? 4'*
st B g g S A LS IR T AT ) UL
Ewpq oL ARG P SRR | o 1 < AUSEY AR ST ARG BRI R, %%A'i AEE E*

o FF’? 4 E,Lgug&ﬁpf (PR CROGII ~ R 2 g sedt]) 2o g e (RO~ R
?w TR ﬂﬂw PR s SRR R o 4 50O SH R R R 2
Eﬂfﬁ%ﬁ‘ﬁj[ﬂih D'ﬁﬁﬁﬁﬁﬁ*ﬁ”ﬁléﬂ * S I -
BHERT © ) B R AR RS TPk

R,F%

SURC I E['E/\:Tiﬁ?‘?b"?‘@l,{j 7H S ﬂi‘T ;[;El,if?f“ 1;\?\:“‘%{/4%'3 ) ARSI p—:f“ 53R 4&5@!
PE &t «F&}b@ﬂiﬁl ugn;w@ ?4{ ILIF{,A wﬂﬁ.ﬁ/ﬁ[rﬁﬁjﬁj;‘[]%& &iﬁlﬁﬁ SN }Elgu“[ L
lﬁ’;&’}ﬁ#;@j B ’—T:E?&éﬁﬁk'fﬁffﬁﬁﬁﬁ o YT= A Fs 4% l?ﬂﬁjbl#?lqéﬂ “?ﬁﬁigﬁgﬁﬂﬁ(w
trfﬂﬁl R R R 2 *j*ﬂﬁ[ pfﬂ%’?ﬁ(ﬂ 7 ESETH | ,i4l$\/““ “m [Jclsfi‘I > ﬁ%ﬁﬂﬁ
BRI RHRER R AR S S R - P
¢?%m@?Wﬁ“?%w%* W%?ﬁé&&ﬁﬁm%W%ﬁVﬂﬁ?W%WﬁV%%ﬂ#
BNk SRR E RS I BBE P B RS

1. ﬁﬁ%aiéﬁféiwﬁﬁﬁl USRI ED ~ CCRIPRED PO EVARER - SRR -
2 AR
*@?&I’Eﬁ °



208 B A 2735 1] (2016)

YRR

(=) HHFRAH -

HEIAE (2007) P Wﬁ#¢~¢¢@¢ﬁE% fﬁﬁ#ﬁﬂﬁu g,ﬂg%_rFQVﬁ%
ik | FUE] - 7]@[[@?@% AN (R N T %2003 # ©IE R - )
e H'f’“[@?ﬁ UEERRRY Tl Jﬁf&ﬁ%if, @fgbﬁgﬁﬁrﬂﬁm'?ﬁ%ﬁiy@ﬂjv%@%%ﬁﬂgjj [edsak -
=3 l%ﬁgfjtk’??-k'l:ﬁflﬁ 4%?%@ A ﬁlgﬂ;}ﬁsk*ﬁ% 1970 ,’:[:}-&?l?ﬁl SRS
1976 5 59, 52 F R R A - 1983 ﬁ”fh“"ﬁfé‘i [~ B i ISR B R R i A
RSHR R (FEIY > 2003) ¢

B 51 SRR A B B S 1 e LS g
PR AR - P12 o BRE o R R IEET 1981 F IM 1\7 L D 2B 11956

Fumz‘H@Jme1ﬁw128“' WRIT 34 () o B IR SO ES % > 3Z 2008
FI75=1 21 7S - R GRS - i Fw*%ﬁ%@W%F'omzw%ﬁﬁﬁbﬁéﬁﬁa@
T Pl SR GO (TR S [0 20125 BRI 2003 5 XIS 2008 5 9R0E
FE 1058 5 3R 2003) ¢

BT I R R TSI T K2 2009 5
2008):“)?’@?“@?3#?57 TSR B F ] ) R T R
FH I TR ERASR o et J’&'F”E‘Qﬁm SR ﬂ*yig?#ﬁui(*F FLEEER AORHAT - (2)
SR SRR — F T RPN AR [ [y % TR B pEE Tl o TR
HER ~ BER  PIRELERR o RURLE SN - @>4ﬁ“¢~%wﬂwﬁ@%@ﬂﬁﬁﬁﬂ’%%
PSRV FISLIEELE o (4) SR T R ALy IR R L Aﬁgﬂg AIVEE
%”W%WW”WHW&%(SNﬁﬁ ﬁ%MﬁL@ﬁwgﬂﬁi_‘j@ﬁmﬁﬁﬁ@ﬁ@mw_,
* @fﬁfﬁiﬁﬁuﬁﬁ R R PEAIEEOL 8 - (6) R FORERIFTTELS I R I ol
% f' i HF‘ AU SN EF 2 (7)) %ﬁég[}ﬁﬁlg%ﬁf‘@nm};, e [ B PR (SRR
AE_J‘FF#@? R I I =k ﬁ?,g?ﬁ%,{ﬁ@[

(Z) FHGER =R R

R F“%ﬁpm Iy ﬂ‘—“j*‘&i—‘*ﬁ%“ﬁg (=~ B TIRE S g FR AR - [P ﬁ“l
TSTE T B ST AR T A RETE R R R IR R Y LA R Wﬁjw
T PR %"%Zﬁ’iﬁ#i‘%? l’ﬁ%%%ﬁﬁ#?iﬁpﬁﬁ*iﬁ“ FIET) ﬁlﬂ**pﬁ#ﬁ%ﬁﬁl
*@%?‘%F,[‘P ﬂ‘ﬁ‘lf* FE (MR B %iﬁé*?ﬁﬁ,ﬂ (R e pr R a5 R e |
IR R H ﬁ'“%‘ﬁ“?[ » BRI P SRR E I o PS9E > R '*iﬁj i
%$Bbﬁi,@lﬁﬁgmuﬁuaﬁ¢p&1 C&?ﬁﬂ@i@ﬁé?ﬁ%jﬁﬁ&ﬁ?ﬂ
2> *Er PSRRI ER R [ I BRI TR AR E o SRR R - %’iﬁ']?[ * IR LT T
AR iip‘#@?F TR #IF%}% '/—dﬁ s RUSE il AL ’F‘J‘?E'*IJF'J"S“’J/%?‘? E‘a}z‘ﬁi’ﬂ ML e (F5
*ﬁ“ﬁr&‘% FE ) » *‘éffﬁ‘ﬁ**rﬁﬁfﬁﬁﬁﬂr*”rﬁﬂﬂjﬁ RTINSt ~ Frae o R d9i ) (2 &

> 2010) o " H T e o TR AR ST o PR A SR AR > A A e

Wﬁi B T PR R ) T TR R PR Al ﬁ?,ﬂﬁ?ﬁ%(“‘iﬂ“' FAe>
2 4 ﬁaﬁ%@ﬁrwf%@ﬁ%éﬁh}"ﬂ ﬁ*ﬁi"‘ ﬁki&*ﬁfﬁ L BT R BT [
TG R RHR B TR R e TR R a'féﬁﬁl*ﬁffﬁﬁliﬁiﬁm

:[/—rv{r[



W R ) BRI APk D R 209

oy P et HRl R DIFIRY S PR R R S 1 B (A 57> 2004 5 A4
2009 ; ﬁfj?ﬂﬁ: » 2009 ; Her, 2009 ; Rivera & Alex, 2005) °

SRR E %"# 102 & BEEIH ﬁﬁaq;ﬁﬁﬁi HIE S E]31FL FM;T gﬁgﬁ;ﬁﬁg
&414%““?%'(100 )6FJ?5‘*§*J’E“EF2?‘|PM‘F?|5“ V%ﬁlﬁt AL > 103 7 SR [ PN

by R 103 10 £ ;‘IZF;é;f:jzéqE*xﬁ?‘ FREIN (BT SR 82 ¢ EIIRAT 645 24 b > 5 *
5?106 1) 104 F 1 FJ’?”‘E*JF“EFJZEF;‘HE RAEEL o 1 R AT RT RO > [N R Y
[LEERE LB n*ﬁ?’ﬁﬂgﬁfﬁ“ BRESTE N T E%‘f uujﬁ#%”"'ﬁ*lﬁd%@&“‘/ﬁﬁw?é?
HFJ;EL A A et TR D R SN ek et L N N
S TIRRE ﬁrxﬁ’ﬂv’iﬁ [R5 B RARRMEE T TR - D 2hn s ‘ #HH‘
R T (Pl T [lu 2014) -

(=) FTJ%’?‘/WP‘Ji
FREHE (1993) ?F"EZ[“#F’[”’ - ﬁ%ﬁﬁi[ﬂi (Critical Success Factor, CSF) [yl & fst fil oL
1934 F 11 Commons || rf“»ﬁ’[][*“ 3V HHHATRERS o 2 Elifmji?”?%ﬁ@ﬁ@?%;ﬁﬂ » &= 1961
# Daniel ?ﬁ“"*ﬁf [if Uéé}\ﬁL 3 % 6 FIPVHUER NG o YN - W pIESY Y ’“"‘Efiiﬁﬁf
f kIR TR F' rpegu ]S | IAESEGE o Rockart (1979) F?Jt%;ﬂ:,’ wﬁ’ﬁ =0T
S e, E'F%J%LF@* iﬂ” i E'H‘“MF‘EJH 'Jpeixgﬁﬁﬁ’w AR A PIRI e El %ﬁ
T]Eﬂ‘ AEERS TPRFSETNR > RL SE SO pvAE 'F" ﬁﬁb‘uﬁ (2009) TFJIZ[ufF'[ : " Boseman (1986
ELf ﬁ%ﬁﬁi[ﬂiiﬂlwi fi Jépz}z}zmlf@k{%&ﬁn% (ERLER T AR GPS U ELRE - Aaker (1984) r:a‘ﬁ
tﬁﬁ‘/ﬁlfﬁ[ﬂi[ T BRI Jﬁ9ﬁ“5’[€¥§ WﬁJF]J%{ﬂF’?ﬁf‘ A9 EE 4% ¥ CSF
HIpvESE - ’?‘/ﬁllﬂ@f?ﬁfﬂzﬂlf chLigep CSFFIFSS - [ 5 N3 o [l P’j ZFTJ%%’?&W“%’FA
@%ﬁ%ﬁﬂ@l“ﬁ #55 o FI‘HM (1993) 535 ﬁ%ﬁﬁ[ﬂ AL 'ﬁ%hw:é?ﬁl‘ﬁ ELE S
e RS HVE I TR o fRIE (1988) gui% e FTS%‘?‘/ TP o HTRS Vﬁiﬁiﬁ*—ﬁii[
%‘,mﬁyﬁjpﬁﬁi ~EEA rfrﬁ‘T |fF uﬁﬂﬁﬁ‘&%ﬁggpi G IREIET (2013) ];a‘ﬂtj#/ BRSNS T 1
PSR P YR ORILR 0 D R A s
EHH %i’?’fﬁﬁiﬁﬁ'i'fﬁ P HEFH jf“?t YF”I%‘HEF?E*JHI%L“ °
FRAFT (2009) =R ﬁ]ﬂ‘%’?‘fﬂ[ﬂi VRV
L. ﬁ]ﬂ%’?‘ﬁJW% Wﬁﬁff—i il %' ’ '“ I HE AR F’Tf‘iﬁﬁ%ﬁﬁﬁﬂ : F}Fﬁ# [ RANOEE
Agh o
2. 'ﬁi'?ﬂ T‘gﬂ’j”"’?‘ u:]*[?“%“ﬁltfﬂﬁj%ffj% =& pE JJE"?ﬁ{iJI‘T”F‘/Fﬁ%* (B
Ao p_é“@i uﬁ%ﬁm&ﬁjﬂi
3. E‘@gf{u I Iﬁ[gf"ﬁ’l"?* ]t J/?\fé‘/‘l*ﬁfd%’?‘ﬂiﬁdj‘ ) ERV PSR gL
o
4. (FLT T HIE DRI W AR R DRVTRR - R
if/‘lrsrrﬁwiﬁ*y Vﬁliﬁfd%ﬁiﬂfl[
5. KT Sﬁ—‘/h‘ff R FE?JF' [EETRCRIN W?@iﬁﬁ“?ﬁ%@fﬁi’ﬁ'@ﬁ“%@ )
FPPIAIL S
/TJ%“@ PSR RS RL K P T VR o N P ITTRRYE F ERL LR p
ARE T E AR AP AT e R



210 B A 2735 1] (2016)

Pk

) R
T IESEOE-
¢fmu VS g A - RRLE ST B AW N B B AL
J;;;tngPE‘l Vi gjgf,{a‘ &ﬂ,igggzﬁ DR Gl I 2 1 (R
1 FIEal 1), Emgﬁg AR =R R SH% ﬁ’%ﬁ;ﬂﬁﬂﬁ%ﬁ"f’?ﬁﬂi Lok HFH 4
o 1 plRIBEAT G 2 f R 9T 18 B 45 T ?F“:Eﬁq DN E R RS T GRS
P
2. ?5%3?3/ A APEIR R A 1?7[‘%3555$i = ol RLPIERER ?ﬁ#ﬁ?ﬁ% ( semi-structured
interview ) [IUREIE [“Fid guvﬁ%?ffkl% ¢1mﬁrf_q|j {‘“—“‘[;F gHF:;gFé u%ﬁjﬁﬁ’* Bif ﬁfﬁg ) ‘a’éﬁm.ﬁg
ﬂ['fﬁéﬁfffl PO SRR R EAE B il BRI R - S S
HEsRI £ aﬂJEﬁﬁwu@ @i%%ﬂ%ﬁ¢5ﬂ#mﬁﬁwwwﬁf% ?bffﬁ Ll
B Pl ﬂﬂp;ﬁﬁ%k@%JW%f%wﬂwﬂbP#ﬁﬁ%%wd iﬁ@PW%ﬁ
ﬁru;ﬁ pé\%“r,sg?ﬁﬁ%gm I/@%{F 5 I *ﬂﬁ;; A #%FEEFM Tt A
L2 BT O (fe*{« 1 2006) < (M= SEEE A &”Eﬁ*”fiﬂ BRI FTRELY IR
IH%S,L&‘@JH: , J [/#A}Ej‘ %F—J‘_I: KKgl},"jJ [/FE%W% =50 I'llt U%‘F)FEIFT‘J%" ?FE%AJ

P10 #E‘xﬂbﬁgﬁlgl%ﬁj il > F 7 A AR PR R o
(Z) ﬁiﬂ"*‘\?ﬁ:’r“l’ﬁﬁ@ '
i B R Rt o S 4 ) R R S AN
L B4 %rh

(1) 7R 0
Al F B
B. RSPV - RL IR SRR

(2) "R

A. ElfS f[ﬁi'[;kgfm//vl’ :

B.  “IERHF FILJJI/’FI;"

C. FI< HIARE [

D. ¥t [Slaaguréf% -ﬂyﬁt SRER

E. fOFfiugiPopurdrd

(3) el 4 4E A

A. XE“W;‘F[ Jp@;@;ﬂ%&ﬁ\}iﬁébpfy[ﬁ%;

B. =% T*rff"llq a@ﬁ?iﬁéﬁﬁlfﬁﬁ@ ;

2. P

(1) BRI

(2) FIHE S B H VNS W
(3) 87 B REETELB ORI M s



B R P BRI ) AR P 21

3. FHPEF
(1) FUR g v FAEF T -
(2) i rJrZ,;iJ',Ai%éqiﬁﬁlﬁpJFF e i ‘/1;
W@&iﬁ%%%ﬁiﬁﬁbﬁﬁ
(1) & FHG R
@)%%1quﬁﬁ:
(3) HIF IRV HAIE
(4) DYFUEHER ﬁ;kﬁ
B. [t Ve
(1) By Al R R )
(2) Tl Vi i

4. 5L

(1) F 9y s EJ10 F VAEFTEAR S
u>ﬁﬁﬂa@m%'ﬁﬁwg%w%WWW%

(3) Fj&F RENEGR IV ERIFE] ~ {E - = -

ﬁﬁ&ﬂ/ (1999) FEET " W“ 'FL‘ FRS - ét,ﬁ@m PP TR R R
F %Wwﬁi%@ @P@ﬂﬁw[umP%;ﬁ PR P E (R
Fﬂtpqr S5 (‘[T,F THERET 1996 ; [@y FE 5 2002 ; 7%"*1%7??1] 2003) :

(1) eyt d5P o - el o v O (1 RRpeeivR] 4 o - 1k
VT%@%W ﬁﬂpﬁﬁﬁﬁiiFﬁﬂﬂ;’wfﬁéﬁﬁ¢ﬁﬁﬂ ﬁ%‘%% ° [Fill;
}{—j EﬁH Ihl%-rg‘ TR 1?77*’?13’5%\55&5_" TR o f* ljjﬁ 7J’Mutf%é’]ﬁﬁj ]JEF?J PR
1% o

(2) gt © 91 T 3578 o R [ ALY B TEPRIE | RS E R g
SR Y S PSSO R

[Pk rF U JETA

(3) firgfud® - f51° Jrilﬂ Lo AP SR NG YN IV et e PR
Eﬁ%ﬁfﬁg}ﬁ‘ﬁ@ﬁﬁﬁﬁﬁgoitﬁn@EitflﬁiﬁﬁlVd’%f?ﬁﬁﬁtﬁﬁiﬁﬁﬁiﬂﬁﬁ "Tﬂ?§ﬁ:iﬁi%ﬁh%ﬁ%U*JE?%Eﬁlﬁl
PR FIRE PR SR R RERRE A A SRR Y s R s
O TR V] AR ZOE TARR  FJH  ld A PR RL Y A R o

S
ﬁﬁﬁ%§$%

(~ ) AT
L 37RIFEr

4”%3%%“%5“@%#{”ﬁf*ﬁ*#ﬁmﬁiﬁﬁhﬁ “‘”W%ﬁ“ﬁé<ﬁ%?
RPN B i B R N ST ] 5T BRI 2 Gh RS EY e R AR 1 &S S [
STV RIS A R &E'U%‘:}’ VS EISCH 1 EPRIEERIIA - o [l ed o rﬂ**zﬁféﬂ
IR AR -



212 B PR 9735 9] (2016)

e PR RO R

Tablel The attributes of respondents

PR ERRGEDD = [ SR

BLE ) P BRI A R 327
g

wEE PR POSREEE (R # 3

B PR POSEE R (e 3|

1t 4:[?5]““' E3zh &ﬁ“”(ﬁ'ﬁﬁi) A 6] -

2. W“ﬁ’@’f‘

p@pﬂ@$ﬁﬁ’“miTiw?k@Wﬁ7% BRI bR
FOBHI L wfg SEAE o BT -
3. LR

F*W@ %'@%¥%EH3@%W%QQWEWﬁan%ﬁQ’ﬂ?mﬁﬁwg@?
H PR -

(: ) KA
L WP R G RURPIS AL 2 F R LI, -
TS R o PR R R 1 (2-1-A4-01)

RN A N N Bl Bl A J(21B402)
TEEmpe £ RUEERI FEF #F B (2-1-C4-03)
TEEA P REE ﬁ,ﬁ}fﬁ{g},ﬁﬂcﬁ m?#J (2-1-D4-04)

2E”ﬁ¥W4%B§§$ﬁ%TWW’@?%&W@fiﬁW@o

TR e WAPR AT AR P ROEF AP RE FE jEERE L
A& o (2-2-A5-01)

FTAPRAEffedar s FEF X Bhedir FEiz-BALE paAPRILLS
#ﬂuéﬁmiao+%$£%1m’ﬂnr“ﬁ%iﬂﬁﬂﬂ@ﬁmﬁﬁﬁﬁ’wu ERAE
?u’f7rmﬁ$m&ﬁmi’Wuﬂi4ﬁlﬁﬂiﬁﬁﬁﬁ%°JQQB&m)
"FAKRRLRE P e o ¥ RFLeS e | (2-2-C5-03)

"ThE o EAERE e 28 KR ARG, (2-2-D5-04)

Pﬁﬁ‘ﬂ%ﬁi\ﬁﬂﬁﬁwﬂﬁﬁwwﬁﬁmj’ﬂwf@ﬁﬂﬁﬁgﬂﬁﬁT%%‘m
ﬁ‘Tﬂ57liﬁﬂ?ﬁg’£ﬁ~'*E&Ef?4+*ﬁﬁﬁfJ
ER BN Tk‘{kﬁ‘mﬁlm_s G o — B A 2 B E apFEiE @J.’meym Téﬁt,’\fkw‘ﬁuﬁgﬁ fd%
HIFE E {-F\}&,T}q.‘ffr[éﬁa"? X)I} Ry ¥ 1Y ,JF'K”H# o B PR > ,T}uq.‘i'ljé“" NSRS A B T U s
o | (2-3-A6-01)
r@ﬁﬂ§1Mﬂ»a@’%uﬁﬂjﬁﬂwﬁ%ﬁi’ﬂéﬂﬁ’ﬁamﬁﬁﬁﬁ”@*ﬁ
{ET}.‘,{:}% P TR N A RAE B EAPLRE R LR S F A PRI RS RE, T



B 2 ) LRSI e S R 213

PR F AL B R A 5 4 S R iR R A R AP ORE doie R R
(2-3-B6-02)

TRATE AP HFE LB Y RS Rk R T B R B R R
TR S5 REHRSF o (2-3-C6-03)

TELE AR Lo G 3 F L (2-3-D6-04)

(=) FFFE

L EVR R RO R pTRAR St e -
Meid B APz A2 - g - 222 - Fp e 8o (3-1-A7-01)
TR AR a2 e (3-1-B7-02)
TEEF LW EL o S EAN KRR BFF &S o (3-1-C7-03)
TfEE g E Y (3-1-D7-04)

2. El*q’@:}w&i’““ﬁlﬁﬁ'gq 2o P B SR ARSI > B S R 3
TiB4F > § o Fﬂ*{iﬁ FEA S ,ijﬂ—;'i B AL R s AT A P geha A AR dtenE &
Mgk e R A - R E L BRGSO TURET S A Y R E S TR
ik i’r;jﬁ,? 14 IR o (3-2-A8-01)
TAPR B G P OR A AL Rtk A POR B R B F AR K o (3-2-B8-02)
PR A B 82 6 0 R - BB @A g A Tk S 2
B BRE - LR AR VAR AP 7 FE el 4 B o (3-2-C8-03)

3. ip%;/g‘}’é% I RS A

A AR ST R AR (TR L) - RIS B
'%iﬁéﬂéiﬁﬂﬁﬁﬁﬁiyﬁﬁ‘b&* ;W*ﬁ’ﬁﬁééhmﬁz?wéﬁm%E
= BT L o&hgtﬁ@fﬂ%@@ﬁﬂ» SO %

rf%”fj‘wr\’ GrESE A A AP G FAAM R E A - R LR g

5“?“4‘:{:&%“3“ > 1?» fe (T2 B R 0% )a N w:i%‘ip;’.:ﬂ‘ = B :':m?KJl‘*JIJ,im ’ 3\3’13%—% ) ’)% e
By FEIRE Lm’ B Zve % e "’K{?’K BEP ko ok e ks ¥ i 005
}’\-J"El“’miil' ST EAp T ?].El"’”‘lifpfuﬁéﬂm""’—"ubﬁ‘-ﬁﬁD-i-&:}’; * B R raHrie g
Keho R pREAFE mEE?nf GOOGLE #¥ » &% 3% 5 7 e 28 > sl KRR+ ¥ -
FRAFE I TEEFARS s\ﬂmﬁﬁgﬁt¢ D ERATRRIATA L o
(3-2-1-A9-01)

T e B T R vk angs > A nr*f{u Bipad s xR ﬂ*‘zah i k18 T B ATk 0 o
Figth o AL B AL £ FL PR ﬂ/ﬁw\ J) ﬁfuilwm’ # lr%,ﬂ*& @ 7
2B - BAER S q—\‘zﬂc *K{;\ 2R ek RS o et xr’furw Fesepr ¥ 2 5F 0 1]’“1?#3};‘3
EYSEER EU 3 ELEEE A EY ) LT ﬁﬁ%ﬁﬁ’wgw*— LR Fote
BAAP D HRAL B G A TG R F NN - genfh e R A R R 4 G
A e FILRAL W”ﬂdﬁﬁ :L?"fé Fend g B FRapdy - B ATIAE S G AR Ay K i
LEIRAPRAL RIS RAR ”LF'U‘\'I"”1 it »T*{J’é B 2 - BAER SRR - A ;T*{F’
fe '~'~’§_,.;Elﬁs;:m,f3‘r_;‘_hliv)"§w B e KB B-EH R B fF ‘?‘] ENNAN I T RT-A N <4
fEREEG " ENAPERAAFAT c eBR I R REFEIBE TS EEF SRR RR D F



214 B PR 9735 ] (2016)

MEEARS A - LERF FH PP E - (3-2-1-B9-02)

T blardl b A H s FAaE e - L FRhE AP e L & R ey §
P AU G A AR B R P RET ek Pt RAORERE 2 know- how ? 607048
FERERD VA R B ARt o T ot LLﬁh/x - BEMs B Eae TR
AR S A A P g AR S e B F - B ;}\\’ﬁ}u{; W FERINapd 32’#&”(3-2-1@9-03)

r’ﬁ P I S F LA SR ENE BRI g.ﬁx o F it A Y
o FE e - BFEFRFIET RFEOFECRELI L ESHTEY (ar: FEag) o F
MEEFAR S > A F B gAx S | (3-2-1-D9-04)

B. AETACHIHEI PHATAORE ™ 0 2 4 R RS 4 G ]
s -

TSRS R B RIS (R s b - R

L ERIT 2 A2 AR PR FLPRANE 2L FRET AR -
(3-2-2-A10-01)
Fﬂ:éfhfr°i$ﬁﬂi5§£{#¥i%M'WB RGP I E G AN PEER £ A

R {J}/{;ﬂ_ﬁ rpnEs A R 45 T 4 o ;1 (3-2-2-B10-02)
F*Q#ﬁﬁ?{£%E£~i%f“’?ﬁ¢ﬁ%5%*ﬁ°%%%%5%?3$ii%’
EE ,ﬁ s A A G }, Hiwhk3F o (3-2-2-C10-03>
TR s BEhE L gl e Z e Wl AR AR - JT;:)T\T—EE etz @ (3-2-2-D10-04)

(P4) 35
Lo e EH 5 VRIFTE RRLAT IR B~ A T RS
R AR E R A B % e (41-A1101)
RS L A YELE SEREEES S-S EN S S S TNICE S D)
ThipmtE N BB R SRS A K RERFTOI AT 25T o (4-1-C11-03)
TN meFEas p ik, (4-1-D11-04)

2. i R BRI FIRS IR 507 S R 1 (R A SR

TH A AE Y D e /H\J)T}LF B R AT R RGP E AT R R e 2 T
fr‘w&i g RV AR o AR ek ARG SRR B R T R LR AR
(4-2-A12-01)

V;T.%—&LLL@SZ Mas arapd o (4-2-B12-02)

"HEEAAYER G - LHFEIBAATER RS AP G TR A A gy
FHVUKE-FZFL L EL Pngs o | (4-2-C12-03)

Taps R4 PULRE ATER (4 2-D12-04)

3. T R R R RTRS GRE  SEPE R R R R R R
ﬁﬁ‘h*ﬁﬂﬁ(a‘o

rf]‘&éfﬂ@ PRT R E s RRPHOREGT I P R WRER S R
B LR A BR - ATR T S0 R GO T R g Aok IR L
R AR S R N e i ’#ﬂ%ﬁﬁd;ﬁf&~ ISR 1 AR NS



W R ) BRI APk D R 215

(4-3-A13-01)

PR S PEE S R AR PR A U RRORL LR R e
AFETHEE LA | (4-3-B13-02)

T4t el A B B IR RIS E F‘wg N EE RS o 9"{;%&‘.{-@;{?\;&{,’ i eh
AEE LR P AEKDE S LB AR KA enp D F ﬂavsbyaﬁ%}?%
AEBRY PR EREAMTEH J<4'3'C13 03)

"RRERE R FEWNTEARS B E WM A, (4-3-D13-04)

UL 4 SSEHSTY SRR W AT 0T
?3'733%? DTS l}\_ﬁ‘ Y& EILJT Llwﬁl%%ﬁf%iﬂ%&ﬁﬁ%' G o EpE f*‘dﬁ FRENEEHR
L PSR AL A A B XARTe $ e

ES Wfﬁ!vﬁ:ﬁ'ﬁfﬂ‘

;T\:LF—FU~ HE

(= ) i :
f?‘?%g%fff%% (2013) J/’Fﬂfé'ﬁ@ LRYA Al s Q}J%ﬁ,ﬂ%“i@ér AT A i R
I R B R J&%Fmiﬁﬁwyﬁﬁﬁ_FW% oty -
Lk
CL) ECPRE = 75 Rl R SVIRR o i RISl P AR Vel GO
8 )
(2) AP & TR T IV - RV - REBPRETEAT 1) CREE 8 -
w%*ﬁbﬁ@ﬁ%)
2. HFS -
(1) TR - AR Rl (ﬁ«%ﬁ}fﬁ:ﬁ? VR M AR ) o
(2) =XppEr: éiﬁﬁ&m’ﬁﬁfﬁlﬁ s (s 2 RIEVAERIR S HREEY ) ~ REET RIS
(fF‘[ ey ﬂ;iﬁ(% ,‘?éﬁjﬂjfg];l/ F %Eﬁj:)dy R ) -

(3) DTHIF 2 IR IR A0 issn) st by
ﬁﬂ(f“ﬂ?ﬁw4%wﬁ‘ﬁﬁﬁﬁ éiﬁﬁ#% ) -
3. P

(1) IR AR E R IR T (FR R R TR SR G T AR s

<2>m‘ﬂw RSk 12 R - JAE T i o) ey
f= VR Gl =] s ol GIE - BRI TR BURRIEE S TR o

(Z) #HF
FUFT | RO TR R4 R
L. YTfrEJuﬂﬂ‘tT%ll@é%*T)J#Fﬁ‘?#&#ﬂ:i%‘fﬁlg 'Jréi’ ’5 HlE e Dl’ﬁ%%’”’l‘lz
ﬂ"?‘/ﬁ (P9EE 18 %= 45 Bl & Apval & [ & R R S IF‘ TTFI@?J o] fib
BEVGAR - 1R ) W] '*?ia CEVSEIFO)~ 1By R (FIE g% - Ef?ﬁﬂflll 'if



216 B A 2735 1] (2016)

Els i#ﬂ? RN (TR R l—ﬂjg‘rﬁiy%\lf‘“@* o 4 fib 'ég:gtj-gf\ Yy éiégéﬁ“# glIR ?mﬁ;J
I 1 B R P I ULE) W#ﬂfwﬁﬂbwﬁﬁﬁww%WH
Fo 8 o AFBBIERE B0 5 R T A S S T R S B SRR S VI
AR 40 < (1 DB PR LTI YR I | IR

SR T2 113 B R BN O
2. ?‘ =3 4{ E%%H\ Jﬁ:{%l m‘ﬁﬁj s IIEI JH{T #%I%JL4‘7‘~ it ljﬁﬁjjﬁﬂ:l FEZBJE_[% i 40
FRCRRAY I Kotler 1k Féﬁifl"iﬁ'?@i) 7]‘E§"‘Ej‘r'$|§ﬁﬁ JﬁTﬂ* IO (ERUK - nﬂﬁ

%‘W'T@F“g‘ﬂ* LG ALA IR ﬁ‘* iy S *{E“TLE#E‘IJfLﬂJ??@ﬁ@%MIF?@ TETL L@ﬁ%&
{T\Elﬁ! uiff [FF[} o (o5 2006) © E‘“&ﬁiﬁkiﬁ I*’Eglﬁﬂf*@ G fiEvE &ﬁ)lﬂﬁiﬁfjﬁi
'*Vﬁ%rﬂ%'i[%ﬁif*ltﬁﬁﬁ VR IR o R ELA S ”%f‘ m?‘ (1o SRR

(1) SHEFR R 05 L P  is %ﬁﬁiﬁ%;ﬁﬁwﬁﬁﬁﬁﬁﬁzﬁ’
fﬁ P COprEi= s - TET%T LR AT ) IIJﬁI’%ﬁ!%@ﬁ'ﬁ%@%"lwiﬂﬁﬁﬁl "FE‘%%
%i*%@%@ﬁﬁéﬁ?EW¥@~°
(2) SFERAAYEH TP R ORI %“F,Z‘%lﬂﬂ ﬂf‘gi"ﬁ SIS "E[ A 1
T TSRS QbR FO R BT S B RR] R AT #ﬂaug% R
,jﬁf;ﬁ@gﬁl e L ( E,J;*I;J;iip%ljf ?}a? 7] meﬁﬁjlﬁﬁ—é‘,pﬁ}ﬁ@ SETE | Fﬁﬁé.vﬁﬁjﬁ\/ﬂjﬁ?mﬁﬁb
BT MR SR R R ?ﬁ
3 éiﬁé?ﬁ?ﬁﬁ”ﬂ?ﬁi’r’?ﬁ%s 47%%% mﬁf PP e 7 2 2 R0 S S
el
4. &%fﬂiﬁé VI E R R ORI R R o s 5 B Y STRE TR
W Hiz [Jj?ﬁ;'ﬁ E y@ﬂ#ﬁ@}iu }Eﬁ'gﬂ B g5 y@EF%Aj\w?ﬁﬁim;ﬁ@{w(%%w
BRI 51N BAES ) - ﬁ”f‘ﬁ“‘é"FL?rﬁﬁ'ﬁfdﬁFf'*”’”T?‘"ﬁﬂﬂiﬁm

il
e

_”K”

LYY R

I g T (2010) ¢ @#@I@pﬁwiﬂﬁ%ﬁﬁ RSV LT S e
(F1132-143) » Bef™f) @ PAEOE S A [CR2 [ Elff

2. (IS & Poplee (2014) © 512 R ?F&*J%J*%H?ﬁ%%i FVET
http://ifarm.cpc.org.tw/iFarm/Web/RB.aspx

3. g?ﬁﬁa;ﬁj H[fil ’?rﬁ (2009) > 2009 & (5722 "5y 2 7% » 2009 F 3 5] 31 [1) ﬁgﬁ*?ﬁ

@J“ﬂ D

4. mﬂﬂi‘a&i%‘ﬁ (2012) 2011 & REGRFF H o Be]) ¢ (Y -

5. FA s (2003) g@ﬁﬂi@ﬁ‘h%l W ETRTR e o EACE R (2 B AR SR
HW“@aﬁﬁﬂIU (1 41-50) = AP - ﬂﬁiaﬂlﬁi

6. PR 5 ~ [ ) (2004) o T T S SRR o BRIy (2 AR R 3L 2003
FE (F1275277) ° B ¢ R s L o

7. A FEETE BN (2009) o B B PSS R W*?Fﬁ ° I";F;ﬂ?f’%ﬁ(%‘ﬁ'lﬁ%ﬁ’
FERIFHE 2000 5% % = 2010 & 7§ 1 FEHFZPIF] - 45 - ﬁ%ﬂiﬁ%

8. T FRE M~ FUD PR ﬁﬁh& PG (2008) o By 7757 % Frjlfei--
B 215K (RT) fiag - RIFEHIT 40



1

=

I1.
12.
13.

14.
15. [
16.
17.
18.
19.

20.
21.

22.
23.
24.

Wi
:
=)
b
HE
)
bty
hriiks
&
10
q3l
Ty

»\?ETIE'H JIRe R R [/’U—T-ZJ“ 217

9. AN~ BRSE (1996) - — LT, TE PIORITE « BRASHIZDET (2 ap) » BV~ T

2 PP (F1 143-144) ")) ¢ SR 2l

- T gﬂﬁ’? BT R (2009) 0 A3 N%ggﬁ?&g@%gwﬁmvﬁ R f -

ﬁ?ﬁ%i’ﬂ” Ay 0 28 0 61-72 o

T (2006) o T%;F‘ﬁﬂ:}iﬁ;t 1= jj : F' = f;r;’g\ L Jﬁrir

e (1999) < FF[~Prk it - & ailELS B

FREIE (2003)  Tadift Bt AR o EVEORTH - Y (2 %eﬁ.}) P BE TR B f“”ﬁlﬁﬁj
A 1 10-19) < 0 R H el -

[@[ﬁ [FH (2002) - ﬁ?‘ iiga»@ﬂélffifﬁ.:’ Eb:l“ﬂ TS

AT (2009) © M‘FL]EE; ’??'“Efﬁiéﬁ%ﬂﬁd—i&‘/%ﬁ [IESEa sVl E*%"T’l‘ﬁ“’f’?ﬁ*4 i

J=2EEE (1958) - gﬁ%ﬁ i SRRV o B ]| ¢ BT rﬁ“’ﬁ% 57 E rF"

‘sf;%ﬂ(2003) VB B R I« 5 1 R o

HIETE (2007 ) - fLF I%El Fallp i PR RE [ 1 — iyt o [RTERT] 5 11 > 74-76 -

IR - @Tﬁi* Ffﬂﬁ (2013) - %A Tﬁﬁﬁﬁ?ﬁi“iﬁ YRR o 1 WFﬁ@'B?%‘%’
16 (2) 1- 17

BT~ B ~ 0~ FEE (2008) - ATy ﬁi T QA e -

AL (2006) o [R[FEISSEH 0 SEIAEAE e [F] o AEES FIE] (9 FIBE) 2UE
http://tw.f726.mail.yahoo.com/ym/ShowLetter?Msgld=1630_10693239 447973 1465 122860
0 18606 253091 3849659471&I1dx=0&Y Y=56604&inc=25&order=down&sort=date&pos=0
&view=&head=&box=Inbox

TR (2003) « BRI %F:‘P%E“’@' =S T

Her, K. (2009). Taiwan’s enduring brew. Taiwan Review, 59(5), 4-11.

Rivera, W., & Alex, G. (2005). Extension reform: the challenges ahead. AIAEE 2005: Proceedings of

the 21st Annual Conference, 21, 260-271.




218 B PR 9735 9] (2016)

The Study of the Management Competence and
Success Factor for Young Farmers in Taiwan Tea
Industry

Cheng-Nan Lai  Wei-Cheng Pan  Ting-Mei Kuo Jin-Chih Lin
Yi- Hao Lin®"*

Summary

The research objective is to understand what young tea farmers have encountered what kinds of
troubles and how to overcome them, and their critical success factors and future management goal. Then
utilize these results to use as reference for other young farmers involve in business management of tea
industry. The four respondents of this survey are selected from two members of team and one tea farmer
(who starts own business) who come from “2nd special case for guidance young farmers, COA”, one
local tea farmer (who starts own business, but does not come from “2nd special case for guidance young
farmers, COA”). This survey uses semi-structured interview method. The results show that when they
involved in the production and marketing lines of tea industry, all of them have full of hope, keep high
interesting, be willing to do continuing learning and accept new knowledge. But they also know that they
have insufficient funds, and they also should have filled in related technology and knowledge. We have
concluded that young tea farmers need to focus on key points include three stages and seven domains
based on reference information and analysis results. The four respondents consider the main critical
success factors are what they should possess enthusiasms and motive power, they are willing to do
continuing learning and accept new knowledge.

Key words: Young tea farmer, Tea Industry, Business Management, Critical success factor

1. Junior Specialist, Assistant Researcher, Assistant Researcher, Chief of Industry Service Section,
Assistant Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
*Corresponding author.
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Table 1 The attributes of respondents
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Table 3 Relevance analy51s result in all kinks of ability enhanced after training for trainee with different

education (T-test)
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Table 4 Relevance analysis result in all kinks of ability enhanced after training for trainee which
passed verification of agricultural products and have no any verification (T-test)

5] il i & &
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B R ¥ 321 0169 0866
i 3.04 ' '
ERBPRF R 1) 389
f
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EET T 367 1092 0278
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e ST YT ¥ 301 0850 0398
i - 375 ' '
IR PPt iEJ 3.64 0.980 0.330
i 3.78 ' '
. + 50 1208 0231
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il o 3.48
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Table 5 Relevance analysis result in all kinks of ability enhanced after training for trainee which

possess different farming seniority (ANOVA)
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FE# T (Table 5 continued)

Jiges — . 6 FI F >
GURFRMSAEE 250 19 350 3.625 0031
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AT [ﬁjﬁﬁf A f‘, %EIH: ik ngiﬂ?f [P="Ade! 5T P (ANOVA)
Table 6 Relevance analysis result in all kinks of ability enhanced after training for trainee which different

size of farm (ANOVA)
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%A (Table 6 continued)
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Analysis, IPA) 7} H |
Table 7 Distribution of IPA in improving tea knowledge and skill after training and importance of work
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%+ (Table 7 continued)
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Research on the Follow-up Evaluation of Training
Effectiveness (Skill of Tea Sensory Evaluation) for
Taiwan Tea Farmers - the Example of Primary
Training Courses of Tea Industry

Wei-Cheng Pan!  Yi-Hao Lin'  Cheng-Nan Lai*>  Jin-Chin Lin’
Ting-Mei Kuo!"*

Summary

The main issues of tea industry development at present are economic downturn, import competition
and climate change which impact on tea production. The purpose of this study is to investigate the current
knowledge, technical ability, working requirement of tea industry operated by tea farmers and the results
could be reference resources for future counseling. Follow-up survey can comprehend both problems and
assistance trainee required during tea management after completed the training courses. The results show
that the farming backgrounds (ex., Farming area and seniority) possess significant relationship for ability
enhanced after training. According the results show that the relevance in working importance and level of
ability enhanced after training through importance-performance analysis (IPA), they could provide
references for reviewing and planning of future training courses, and provide key reference points for tea
farmers’ guidance.

Key words: Tea farmer, Competence of tea tasting, Evaluation of training effectiveness
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