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c SR B RIMYERDAIE 7774 © SR EERBIE R AAE CNS 15022 - N 6384 [ H2EZH
Z 1&g 777% o LLHPLC 325 R iEiR K Gl A R LAY
(-)-Catechin (C), (-)-Epicatechin (EC), (-)-Epigallocatechin (EGC),
(-)-Catechin-3-gallate (CG), (-)-Epicatechin-3-gallate (ECG),
(-)-Epigallocatechin-3-gallate (EGCG), (-)-Gallocatechin-3-gallate (GCQ),
(-)-Gallocatechin (GC) » KHEF R S BINEH BEMGENESE -
d. Z5pEE &= 00 E (Henderson et al., 2000 ) :
(a) EFE The Zorbax Eclipse-AAA column150-mm length columns Sum °
(b) Detector: Aglient 1260 Fluorescence Detector, Wave length: 338 nm, Injection volume:
10 puL - Eluent A: 10 mM Ammonium ethanoate, Eluent B: methanol: acetonitrile: water
=45:45:10, Flow rate: 2 mL/min -
(1) Bl tE R BT
A~ FEREEHL:
AR TR 0.5g LA 5 mL 7Y 50% 9B (& 0.1% FEE) LIS % 30 min
% MRS HIERERESE SmL -
B fEER GRS | BT ZEE (b)) llmb e ftER (2% HLeeetal,
2005)
a.fic B AR
(a) pH1 KCI &K% (0.025M)
1.86 g KCI1+980 mL EEfET-/Killi E&= £ 1,000 mL{& » FFLL6N HCl FH#EpHZE] -
(b) pH4.5 CH;COONa4E{E A& (0.4M)
54.43 ¢ CH;COONa + 960 mL EEfET-/Killi &= £ 1,000 mL% > FLI6N HCl FH%EpH
F45 -
b. A1 mLASSAERK > 1 A4mL pH1 KCIEEEDAR - F5pHED » FFE 20 38R HIN
ZE 520 nm 57700 nm 2 WHEAE ©
¢. Bl mLASSAEHUE > A4 mL pH4.5 CH3COONaSR & 720K - JH%EpHZE4.5 » FFE 20 47
FEEITHIAE 520 nm k2700 nm  ZEAE -
d.EE /0= © Anthocyanin content (mg/g) = (AXMWxDFx103%) / (ex L)x(V/W)
= (Ax449.2xDFx10%) / (26,900x1)x(0.005/0.5)
(a) A (Absorbance, IZ5%{E) = [(As200m=A7000m)pH1 - ( A5200m-A7000m) pH 4.5]
(b) MW (Molecular weight, 471-&) =449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu).
(c) DF (Dilution factor, Ff%2R) ERURANA B AR 2 FiRiE®)
(d) 103 = factor for conversion from g to mg.
(e) € (Molar extinction coefficient, EH M348 = 26,900, in L & mol™ cm™, for
cyd-3-glu.
(f) L (Cell path length in cm, BE{EEE) =1
() V HEHURRACE BEERT = 0.005 L
W EEmER =05 7%
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Fo— ~ 2R 25 SRACATEM (12 457> F15E)(108 4F)
Table 1 Prediction of the male parent of TTES No. 25 (12 groups of molecular markers) in 2019

anfd/5 [ 2R 255k 2R 13 5k
A 126/129 129/138
B 197/209 197/209
C 261/261 261/264
D 153/162 144/162
E 229/229 216/229
F 265/265 265/277
G 116/127 127/129
H 159/159 159/169
I 240/249 240/249
J 104/110 101/110
K 159/167 159/159
L 252/260 252/252

T BranfEER 25 SRES IR S 18 SR RN ARG (100 ££-5)
Table 2 Investigation on the agronomic characters of tea buds and leaves of the new cultivar TTES
No. 25 and the control cultivar TTES No. 18 (2011-spring)

A FHEHHE B2 2598 =75 18 55
= (cm) 6.52+0.76 6.80+0.70

2 (cm) 2.87+0.21 2.73+0.15

P £ (mm) 0.25+0.04 0.23+0.02
—7R 1-2 i & (cm) 2.08+0.13" 1.54+0.26
1-2 EfifE L (mm) 1.89+0.19 2.2140.15"

HEFHFE (cm?) 13.1242.10 13.05+1.95

% (cm) 7.18+1.60 8.67+1.21

2 (cm) 3.61£0.51 3.70+0.42

I [Z (mm) 0.27+0.01 0.27+0.01
R 2-3 i & (cm) 3.61+0.56 3.13+0.50
2-3 HifEfE (mm) 2.49+0.35 2.71+0.18

TEFEFE (cm?) 18.44+6.02 22.65+5.36

£ (cm) 10.60+0.46 10.68+0.43

- 2 (cm) 4.54+0.34 4.71+0.21
T [Z (mm) 0.31+0.02" 0.27+0.02
TEFEFE (cm?) 33.73+3.84 35.1942.10

R E Ry BIE S%KAE » FXE Ry B 1% KA
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R=~ 109 FHranfE s 25 SREIRAAE S 18 ST RS R HE
Table 3 Investigation on the survival rate of cuttings of the new cultivar TTES No. 25 and
the control cultivar TTES No. 18 in 2020

R TE H ZHK25 5% 218 5%
FHERER (%) 92% 85%

DU ~ 108 FEranfEE A 25 SRBU IR iR E S 18 SRATRIE o R & (16 F:4F)
Table 4 Survey on tree height and canopy after pruning of new cultivar TTES No. 25 and control
cultivar TTES No. 18 in 2019 (16 years old)

FHEIEH 23525 9% =25 18 5F
B (cm) 7742 69+4
& (cm) 110+£10 105+13

R E Ry BIE S%KAE  F**E Ry B 1% KA

T~ 2019 FEHaniEE S 25 SRE IR AL TEE R 18 SRR FEREI TR E A R Z L
Table 5 Comparison of the yield of hand-picked fresh tea leaves in different seasons between the new
cultivar TTES No. 25 and the control cultivar TTES No. 18 in 2019

#5UE (kg/ha) N
fho E =

2K 25 9% 1,200~1,380 1,000~1,180 850~ 990 350~390  3,400~3,940

27X 18 9% 1,280~1,480 1,100~1,260 920~1,050 360~420  3,660~4,210

S PR Ry — L 3

TN~ WronfEECR 25 SRR IR EER 18 SR A B MEERE (107 £5%F)
Table 6 Investigation on the reproductive characteristics of the new cultivar TTES No. 25 and the
control cultivar TTES No. 18 (2018 Spring)

FHEEE 2552598 25518 5%
BRERRE (H/H) 3/22~4/7 3/20~3/30
BHHFE (A%) (—L=5) 117 116
FEEFEE (30x30 cm?) ZFEY 35+1 36+2
AR 8 GE

fit i i ]
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T W MEEK 25 SRBLH IR R R 18 Bt s S AR A (108 4F)
Table 7 Investigation on the occurrence of pests and diseases of the new cultivar TTES No. 25 and the
control cultivar TTES No. 18 (2019)

S )
At B R NI emepee mmmig ﬁgfﬁﬁ i
£
22558 + — — + + + +
ZE4185%F  ++ — + ++ + ++ —

— L (0%) 5 + B (< 10%) 5+ (10~30%) 5 +++ 1 B (=30%)

)\~ BrEnfEE R 25 St R IR RS 18 SR A E R EALRRUE P ELE AT
Table 8 Comparative analysis of sensory evaluation of black tea in different seasons between the new
cultivar TTES No. 25 and the control cultivar TTES No. 18

JBVE fhe I H
ZHf miE ik @iE K R R HE

(1057) (1057 (051 (2571 (2541 (1047)
HIE ZZ2557  7.3+£0.1  7.5%0.1 11.7£0.6 13.240.7 13.320.7 4.5£0.5  57.4+2.4

(108 4F)  Z=Z£ 1888 73+03 74+02 11.7+03 13.9+0.1 13.9+0.1 5.5+04  60.1+0.5

B EZ8255F  7.5+£0.1  7.5+0.1 12.5#0.5% 16.1£1.3 15.5+1.3 4.8+0.5  63.9+3.7

(107 )  Z=Z£ 1888 73+0.1 74402 112403 172403 149+12 6.0£0.6 63.9+1.5

Bzt EEE25%F 7.640.1 7.5+0.1 14318 168404 17.0+2.1 5.8+0.1  68.8+4.5

(107 4F)  ZZE18%E  7.540.1 7.5+0.1 13.320.4 19.3+0.4" 18.9+0.1 6.6+0.1"* 72.9+0.1

&S EZL255E 65 7.0 14.0 17.0 17.0 5.4 66.9
(107 ) =189 68 7.0 13.0 19.5 19.0 6.2 71.5

RPFER ~ BR - DORMARER* & Rz B S% 2 /KHE » F** 5 Ry B 1% 2 KA
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T FronMEER 25 SR IR ESR 18 5RR  EATAORIEE matEhi ot
Table 9 Comparative analysis of sensory evaluation of green tea in the spring and summer seasons of the
new cultivar TTES No. 25 and the control cultivar TTES No. 18

BB maPEE
T @MW Pk em o Am o oask &R
(1053) (1053  (2043) (3043  (30747)
B EH5HE 6501 62+0.17  140£04 20302 19902  66.9:0.5
(1104F)  ZZ18%F 6.5+0.1  6.0+0.0  13.9+0.3 19.7+0.3 19.4+0.5 65.5+1.1
Bk BEIR255F  6.5+0.177 6.1+0.17  144%02  19.6£02 19.6£0.2  66.2+0.5

(110 4F)  ZZE18%F  6.0+0.1  59+0.1  14.3+02 19.7+02 19.3+0.2 65.1+0.4

R E Ry BIE S%KAE  F**E Ry B 1% KA

Ft ~ WrmiEEAS 25 SERECS 18 SRAR AR bRy e B 2 iR (105 FERZFR) (B ¢ %DW)
Table 10 Comparison of biochemical components in green tea made from new cultivars TTES No. 25 and
TTES No. 18 (2016-spring)(unit: %DW)

Ty IR R SRR AR S Eoiie
AL 25 57 9.56+0.79 2.38+0.17 2.09+0.17 11.6041.05
=18 5 12.01+0.73 2.77+0.16 2.160.22 14.77+1.17

Tb—  BrinfREETR 25 SRR ES 18 SRALRALR T & B ZEEE (105 FEZF)(BAL © %DW)
Table 11 Comparison of biochemical components in black tea made from new cultivars TTES No. 25
and No. 18 (2016-summer)(unit: %DW)

rfE QGRS ]3P QR R R I
=525 58 3.57+0.29 3.37+0.27 2.00+0.16 12.27+1.28
=L 18 98 8.32+0.49 3.84+0.22 3.0.440.23 19.80+0.97

T BRI 25 SR RESR 18 SRE AL & B ZEHE (110 F-RAEF)(EA{L + %DW)
Table 12 Comparison of biochemical components of the new cultivars TTES No. 25 and No. 18
(2021 -autumn)(unit: %DW)

Ty WEUREE RN ST R AR FHE WE T
2558 12432005 2.84+0.02  1.46+0.03 2.21£0.38 18.33+0.06

Z7K 18 98 24.22+0.10 4.18+0.02 2.41+0.09 3.06+0.09 26.15+0.08
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T = B iR 25 SERESK 18 SRZACHE RS BELEL (110 F£55%)
Table 13 Comparison of anthocyanin content of new cultivars TTES No. 25 and No. 18 (spring

tea in 2021)
w V. pHIUIA pH4.5 WyE(E Anthocyanin -
o S #HlE# DF tHFE Py Rk
© g% M s20n0m 700nm 520nm 700nm  (mg/g)  mglg
(L) (RS DW
05 0.005 5 12314 0.2916 0.6056 0.2486  0.49
EIE259E 05 0.005 5 1.2466 0.2980 0.6116 0.2492  0.49 0.50 0.02
05 0.005 5 1.2939 0.3106 0.6066 0.2506  0.52
05 0.005 5 03611 0.1807 0.3446 0.1744  0.01
EX189E 0.5 0.005 5 03689 0.1861 03488 0.1792  0.01 0.01  0.00

0.5 0.005 5 0.37510.1834 0.3573 0.1808 0.01
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Table 15 Comparison of the advantages and disadvantages of the new cultivars TTES No. 25 and No. 18
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Fig. 1. Shoot of TTES No. 25 in four seasons and comparison of fresh leaves with RHS color card
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Fig. 2. Main vector analysis of the new cultivar TTES No. 25 in blue block
(other colored block are the sample to be tested)

B = ~ WIS RETR 18 5% (fo) ROFTanfiEsR 25 5% (h) BREMINE ok tF Gt

Fig. 3. Comparison of plants of TTES No. 18 (left) and the new cultivar TTES No. 25 (right) in spring
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Fig. 4. The tea liquor of TTES No. 25 (left: green tea; right: black tea)
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The Breeding of New Cultivar TTES No. 25

Bi-Kuei Tsao"" Fei-Shuang Hsu' Cheng-Chung Huang! ~Chui -Feng Chiu?
Jin-Chin Lin>  Meei-Ju Yang®  Chih-Yi Hu?

Summary

The new cultivar of tea tree "TTES No. 25" is a hybrid descendant of Burma, a large-leaf species in
1992 by the Tea Research and Extension Station, the Council of Agriculture of the Executive Yuan. After
single plant selection, strain comparison and characteristic verification test, the nomenclature was passed
on April 26, 2021, and obtains breed rights on June 6, 2022. According to the results of kinship analysis, it
is biased towards the hybrid population of large-leaf species and small-leaf species in the principal
component vector analysis diagram. In addition, according to the results of the genetic distance and the
parental prediction analysis of the paired genes, the genetic distance between TTES No. 25 and No. 13 is
the closest. Because the paired genes of TTES No. 25 in the 12 groups of molecular markers are consistent
with TTES No. 13, it is speculated that the male parent is TTES No. 13.

The tree type of TTES No. 25 is semi-arbor type, intermediate tree type, strong tree vigor, young buds
and leaves are purple-red in four seasons, it is the first purple bud cultivar in the Taiwan Tea Experiment
Station (TTES) number and member series, and its anthocyanin content is 50 times that of the control
cultivar TTES No. 18. It has a floral fragrance and is suitable for making black tea and green tea. Green tea
is light purple in color. When it is dripped into an acidic drink, the tea liquid immediately turns colorful and
charming pink. This is one of the major features of this cultivar. It can be used for hand shake or developed
into a natural pink color drink. It has great potential for development; the purple-red buds and leaves can
increase the diversity of landscape colors, and can be used in horticulture and landscape construction. It is a
new cultivar with both ornamental and drinking value.

Key words: TTES No. 25, Anthocyanin, Black tea, Green tea

1. Assistant Researcher, Assistant Researcher & Researcher and director, Yuchih Branch of Tea Research
and Extension Station, Nantou ,Taiwan, ROC.
2. Researcher and deputy director, Chief of Industry Service Section, Associate Agronomist & Chief of Tea
Processing Section, Associate Researcher, Tea Research and Extension Station, Taoyuan ,Taiwan, ROC.
* Corresponding author.
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B RBEF RS S RRER
LRBt IR TN ZHR

LYl AT BROF ! REEEEL BrEAS? A A

IS

{ERE T A B 2 R B A EREE A [ i & s iR B S =R AU (TTC) Y
BT EE - AEELLZE S R 2 AOR & S IR & S5 REUT » et ~ AHEELLISR R s
TER B TP BRI T i 100 g L FEME+150 mg L #f2+200 mg L A5 FEES 0 SR Kok i
FACR) TTC BT i EE R T 100 g L M+ 5 g L' TTC > FlIF TTC Fytkn] 22 2 A7 > fE
W E SR RIS S EUNIIRENE o] 4EFRFfER o MeE 2 Sedet: » 5 (R RIS AL & - K 75 (E25 6!
arfE DL TTC ZYEUERM] - 47 80%miEEA S 10%HFEkE ST » SalmiEEEZS 19 5% ~ /KAl -
INEESRIE 2 AEK S TR BRI Bt B El IR R s e -

BHSRSE © Z5fel ~ oofE ~ fORE T ~ fEMEEEF ~ S(L=F0R0UE (TTC) Fytok

ulll

Al

REN B IRE HARHHLIRRI BT (R FtThnfEfEE - DUE Rl il 5 i
Ao AT - NI TS A B SO (G ERR » 1999 5 £5F » 2008) © MK
i B E RN RE BUEIIAR —EHY R - ReBas i Oy E e S S R 2 R E
Lo BIITRRUR - S U ER T D S B RS B B SO RS A S 45 TR R B AR B B SO
HIFECEHE (5% 0 2010) ¢

FEEARGREZT » TEHIenE MR W 2 IRIE RCRIERTs - e Gk E IRy AR TERe s
A BERS R A SRS LR AE (BRELR » 2007) o WESRFCAEJIRYITE - AR BDRIFE e
WHRIRIE ST ~ EEERI O -EIEAE I AE ST BRI A SIS ( Dafhi, 1992) © #241
TEAR ARG AT P R E AR B3 oF 38 0 m] R e — B HRr T I B 88 SR AR B R B Y R
(Shivanna and Mohan Ram, 1993) ° 7% & f& 1 {5 H & # 1Y J7 A K ke E {Eh VG J1 2 IR W
(Radicevi¢ et al., 2013) °

L TBIRERZ R G REN RS BNt SRR - BV RS - BUEVIER - BIFTEE R
It o 28 HE -

2. PESUEARSZEEEEVRINSE 2 B2 - 28 =1L -

3. MIIZBREESEEFEE A #dv - 28 =10 -

*OHEENER
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HeFERERIEM B A RITH - Z2MEZAEN » Ca? 1 H' Bt E4HALEE b3 HE 2
F  (Hepler et al., 2006; Brewbaker and Kwack, 1963) * il i] HAZE #EAERE (4dreca catechu) FEXEH
% (Liu et al., 2013) ° fESTEICH A RIFFEHLCE Y BK (Brewbaker and Kwack) F&EAEHE
10% JEME (sucrose) * 100 ppm H3BOs * 300 ppm Ca (NOs3)24H20 * 200 ppm MgS04+7H20 1 100 ppm
KNO:; (Brewbaker and Kwack, 1963 ) » HRIERC T3 7ME R BN HE S 203 fe Bl £ 2 LU RORTESR
TEREFER S SIH9E (325 0 2009 5 {7155 > 2020)

TERZEEIEENT » (LB E AT HIRE A S JIHITEM KL (Peterson et al., 2010) © Ffb=
FRHLVUME (2,3, 5-triphenyl tetrazolium chloride, TTC) FYEUA T LIREF ZAEIHVAAEZL . (Brown,
1954) > TTC BELAEK thI A SR R R A R AL > BRI 20 E 8 - By
4L EFENF RIS TER NS (5% > 2002) - TTC HFyEMlE T AR EEEYIH R HY
JEST T TTC HIERAVAS REHT EFEZE 2% (Lansac et al., 1994; Sulusoglu and Cavusoglu, 2014) °

MELFETE K EZE (Camellia sinensis ‘Fuding-dabaicha’) ST » FRAR EUREEAVRENE ~ B
B~ THEESSREE AL - CLERECHASEE ~ TTC FEZk - BRET R G E TR TR ECAIE J77% - &R
7 e HR G R R BB O RS B SR RN ER A ERE RN B R A EE -
R ER RS I S R ERFE A By 150 g L' JEEME+150 mg L WHlE+100 mg L' WHI&ES > DAL 10 g
L TTC R TS I R A - {UHBERSHA AN TTC ZLeEMIE B C ST
HETTEEEGERARE (M5 0 2018) « H94h » FflimfE B2k 1 50 fEM A R B AR 5%
% +0.001%f% +0.005% %055 (OT5 » 2017)

TERTE IR R 2R EREAERAN TE 2 A - AT E RSS! AR IZE ~ Hamh e E
Tl 777k » WERER 75 (EESEHAE (F) ZATKES] TTC ARG - 1 A2 S tEfERI 9T 2 &
—}% o

PRHEETT A

— BRI
—  TERE TR AIRE 178
(—) AHERI R LAY CERIRRERIAD) HET » SRURBIEIIME R
B~ B - B 12~ 20 B - WG 2 SALURAISELE 2 S5 - SUSRAITERHLE &
R 8-10 BB » A6 B 3 2 » DURTRHER PSR RS - LApiBize -

(Z) Teirias s o st -

AHRB I FPERENEMNE (2018) 258 - WHHEVE SR BEYITH B EE 2R
JE&E o A B P PUREAS R Ry + (1) 100 g L JREAE ~ (2) 200 g L JEEHE ~ (3) 100 g L JEEAE+150
mg L % (H:BOs) ~ (4) 100 g L' FEHE+1ISO mg L BfifE (HsBO3)+200 mg L GH &S5
(Ca(NOs),'4H20) » Br#LAR Fysfdets pH AH 5.5 2 — 50K - DUBE R HUSER » THEREHCH
ZEF R 0 WE EER 4 NEHRBHITT 5 o BUAIRAR 100 & (FAHEEAISE Microtech
D1500) - DUssZastfiiEi H 5 - Tnimiats e ehsidi A o8 5 (EAREGE 210k (S =) - 1w
Alftigse - DB RERT G WA LT RO - S0 1EhE REE
ABAEA ML B FE I B 1 Ry 3 oF
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(=) 1EkES TTC ZetthaMliztEs

AEEs(E > TTC 5V (2.3.5-Triphenyl-2H-tetrazolium chloride, 98%) £y Alfa Aesar 7\ ]
i > GEFRARGEINE MRS 2 AR o VOSSR & - (A) 5 g L' TTC~ (B) 10 g L
ITTC~ (C) 100 g L' JEHE+S g L' TTC ~ (D) 100 g L' JEHEH10 g L' TTC » FeBUEIR Ry #E1%
pH{H 5.5 2 —FJUK « DUBMBERHL TTC Z4tul » M ERE L) 2 &8 R - 5 EEHR - 4/0
FHEEUHIE 2yt o BOHIEER 100 % - DURsZak i B - TOmErs anse: & fo6 5 (i
FEREFZFC8 (5 EHE) - iR s DB RE R g  WA TR -
Fet ORI e TTC Fyeatg I E iR AL B AL i /IS T -

T R R S B S T T

SR ERPRIE H 2R R - se e e & H 5= 8-10 Bz [ - JRfsE
HBFRAE 3 2% LR TRHEM P AR RS - DIFEIZE - ARl A ERECTT R 100 g
L FERE+S g L' TTC > FLBUEIR Fyaf%e1% pH {H 5.5 2 —Z0K » LUBEWRAL TTC 2+t > 2
HREACRy 28I - WE BER 0 4/ NRHERBUIIER AL - BUHIER 100 % > Diax s
HBHE > BRI i 5 (ARG 21tk (5 EHA) - mlfafsc®E - DB
FRUTAR > WA TETRAIERE - @itk TTC Ftta Ity MRl eify 4l
iR RS -

= HEHTA

ZRBEYC S R B akEe - SRR BEYICn o - (AR
PEREZC (General linear model ) #ETERER » FOIEAREGLTE (F) HISZE R ALIETRET S HEZEHY
FEME R - DUEETHEEE . (Estimated marginal mean) JZAZE#EZR (Standard error) EIRNFE
K& o BERERAH T 2B LR (Multiple comparison ) 5 - {1 ] Bonfferroni J7/AH#EFTHIIE © fif
FHBIEIIET 2 By T RS20 5 (R E i SR E N &mlE () &/ 5 ([HEE >
RIE - (EFREERR IR 2 » (HF Bonfferroni J77AMEITRCIE » T2 b Ryl Ry B A& RS (75
e

TSR E e R ER 7 E T DL TTC U lic 77 (100 g L ERE+S g L TTC) ol > 72
R N AR (SR BB O B Ay O MR BN AE kAT B B ngE » ST RHZEF
Hp= FAEOBVECHEX100% WA o, =sqrt[ P* (1-P)/n] sHRZHLFER p HUFEAEZE
(n= FEREEH) - N RE—mIE 5 81 WDIEECE9ERATEEZE « Gat AT
Hieetn e & AR - DL p=0.05 KA /KAE » (R 2 53 H#kEe £ IBM SPSS Statistics 25.0

SR BT o

— ~ SR~ QHEELLIRS R A A f O D P ke T T R
(—) i Besh st iRt

FEZ R ER T - (1) 100 g L EERE ~ (2) 200 g L EEHE ~ (3) 100 g L7 jEHE+150 mg L 8% = {ElE
HIHHIIER SR A BRE 2R - JEERA (4) 100 g L EEAE+150 mg L Aff#%+200 mg L~ &S5 {E
PR AR S ELM =2 (EETHERRITEL - 56.20% vs. 33.51% ~ 32.31% ~ 41.56%, p HE R
<0.001 ~ <0.001 ~ 0.004) - [Nt » £ 4 fEpZE S - AIIA 200 mg L B EEF5 R BEIG AT S 5%



28 A 41 1 (2022)

TER B - pREEAH (4) 100 g L' FERE+150 mg L ifif%+200 mg L' B EEEYS - 2520 B T RERY
KA EEHERE > SHTHICHE AR REN (F—) - ILEME (2018) Z{FH=fEAE
T EESEDL - R R RR 858 B SR ER 38 2F -

HEELL S ERAS SR BRI, > (1) 100 g L ki ~ (2) 200 g L e ~ (3) 100 g L™ iffE+150 mg
L G S = (E g BRAH A ERy 38 S0 QR BEE 2 5 > JRIEAH (4) 100 g L' EERE+150 mg L #fifiE+200
mg L GHIEES » T 55 SR R RIS S A HA =4 ([HETE IR 1 26.46% vs. 7.35% ~ 3.66% ~ 0.00%,
p fE# 55 0.001 ~ <0.001 ~ <0.001) ; {E& Mz EEaT - SRR ERERESTFE (F—) -
LR O R REC T 0 [HE P -

() 1EkETT TTC ZettalztER
Ftstatbattard - pREAE (B) 10 g L' TTC fOMZyEREE R (A) 5 g L' TTC
(21.81% vs. 46.36%, p E.5<0.001) ; FEFE4H (C) 5 g L' TTC+100 g L' > {EM e BB S i
FEEFHAH (A) 5 g L TTC (78.5% vs. 46.36%, p B £5<0.001) - fEHH4H (D) 10 g L' TTC+100 g L' JEfE
AT A ERBAE(R A (C) S gL' TTC+100 g L' i (39.87% vs. 78.50%, p {H/5<0.001) °
et o BIELE| TTC fREER A (O 4 /NEHR & Riaa - HEHZEUKBI T R 2%
EFZEARA R o sNBAE AR - 4 5 X miEstEags R - 5 g L' TTC Z MRy =
10 g L' TTC - fism{ H&H/KEL 100 g L' FEREAR © MAIAREER - 185 TTC JRE MBS 1%
HME B S A ElzKAH - HERI o] REBEREARA R G 2 BB R » DURMERORYE TR - B TTC
A FEAEHE 2 A B SR NI TR & ) (=) -

Lmh SR bE Tt o JEHEE4H (C) S g L TTC+100 g L il - (D) 10 g L' TTC+100 g L' jF
HER (A)S5 gL' TTC Zxm# 51 (B) 10 g L' TTC (89.71% ~ 65.95% ~ 66.98% vs. 24.80%) » FH.rif1l)
(C)5g L' TTC+100 g L FEfEA 2 H#r S - SHAEE L atigtbic - JEH4H (C) 5 ¢ L' TTC+100
g L' FEMESL (D) 10 g L' TTC+100 g L' » FyER(EECRIIARENE Ry - (HRZBGGTHEE 2R (R
=) o MER NS Ok E e - (EF 5 g L TTC+100 g L FEMERC T - AHEELLIZRATH
FeORLEATE 00% DL B CRERE) » HEN A ARG BRI EE L C A U SR A B o -

= FERHRFETCRE TR

ZER SRR CR)E ] TTC Fytafgfl] (=) > As{Eatafl 75 (@55 et infi 2 {0k E 17 > DAECTT 100
g LV EEME+ 5 g L TTC #EfTE » R 2 B A EAE ] o slBasEREUR - 12 73 (@25 ehinfE
t > 95.9% A5t fE HAEME T2 50%LA b (3 70 {EffE ) H )\ DL b Sl HAERE ST 0T 70%
PLE (3 60 {6 5FE - {5 82.2% ) - fEKNE RSN E4LRF R EME A TE - 10k IE T % 100% » 28
TEPE AREfCEE P EN R/D - TEREIHESR 3 1 24 1Y 22 (EZSRH R ERE It s 95%LI L -
& © Assam indigenous ~ = ~ oK ~ FHOGEHE ~ EBUES ~ BUELES ~ B3R - 830 - 445 -
Kyang ~ &L0KST ~ KAT ~ ADCVSHE ~ 18N ~ 225 13 9% - Manipuri ~ B FAE ~ 1507 - sgiElzs
HRE ~ BT R AIRE o fERE SIHES 25 2] 41 1Y 17 (EESH R EN TE T2 85%-95% & « BESE -
IESELLZS ~ HEME ~ R~ Jaipuri ~ FHEEREES ~ EEULLZS ~ T ~ B OFE - ipfE - UFE - F
Y~ G~ OB - S 21 9% SRS R ERE - TERTE TIHES 42 F1] 60 1Y 19 {EZMetinTE 0 H
TEMETIE 70%-85% » BEEE - KEEAER - HO0KT - KR - A& - =205 ~ &fF
PUHEM - B IS~ 22520 9% LS - KREsE - % HE - 22518 9% - £ - B
BElfF K K Shan 55 » AT #Ef Tl BEHY SRR (£ = (E SRS JMER 50% > 43R AESE 19
5% (36.31%) ~ ZKAill (33.43%) R/NESE#EE (30.81%)  sls T R R E A% T RFITE - %
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SERETER -

SR 2021 42 1 HToH) » SRERMEELI LB 810 BERSRIE H B 162K » i B
PR B ERETER) » 51 TR BHE A TTE B2 - IR ETERR T/ » Rtk - RESERITER
R IB  F RARE -

& W

AEah - B PR ERAC i EE By 100 g L' FEMET150 mg L fif%+200 mg L' 64
Weds o ek TTC RO R EEE R T 100 g L EERE 5 g L TTC | - SRR B FERC T (e 34 25F
IEL 56.2% > B{EFERy TTC JE MM ERC T 2 78.5% » INIE - SBasEsR - ZREHERE IR
MIEER 75 g L' TTCH100 g L ERE , BT > REZEEIELEETCE A HIKAE - AHEELLIZE DR L
Z(EM 1100 g L REFET150 mg L Aii%+200 mg L B IES5 | B8R - S o RN EAl A -
tfy TTC ZLtfcTs" 100 g L jFERE+ 5 g L' TTC ({E2k DU S B EE B R = s (o R -
TTC Ze b AN 10% 08 il ERF RSN Z Se B > T (F RIFEBIEACH 2 iE i -

RS CHE TR Se 75 duflEt > BEER T0%LL EAVIERET > SelmiEEEs 19
5t~ KA~ NS AR TRHE - SRR ZBORRIHT IR AT AT 1E BBt 2 -
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T~ R~ AEEUCE ~ EEHAEDO(E R A ER SRR (%)

Table 1 Pollen germination rate of C. sinensis, C. tenuifolia and C. oleifera in the four treatments (%)

(1) 100gL"! (2) 200gL!  (3)100 gL' jEEfE  (4) 100 gL JERE (sucrose)
P JEERE JEERE (sucrose)+150 mg L' +150 mg L' #fifiz (H3BOs)
(sucrose) (sucrose) Wiz (H;BOs) +200 mg L fiff%$5
(Ca(NOs),*4 H20)
Fetot 33.51 (3.50) b 32.31(3.50) b 41.56 (3.50) b 56.20 (3.50) a
EELEE 7.35(3.75)Db 3.66 (3.75)b 0.00 (3.75) b 26.46 (3.75)a
TEHAS 056(5.04)a 0.09 (5.04) a 7.75(5.04) a 20.16 (5.36) a

¥ ERPMGETEEIE (Estimated Marginal Mean) fAZE#EzR (Standard Error) 23R,
[EHRE S R E R 2 A B (n=5)
Note: the data are presented as estimated marginal mean and standard error. The same English letters in
the same row indicate that the difference is not significant (n=5).

T~ A~ TR~ H AR AEU(E R B A R A R (%) FLEL

Table 2 Comparison of pollen staining rate (%) of C. sinensis, C. tenuifolia and C. oleifera in the four

treatments
(A) ®B) © (D)
MEVEE SgL!TTC 10g L' TTC 100 g L' i (sucrose) 100 g L' i (sucrose)
+5g L TTC +10g L' TTC
hst 4636 (430)b  21.81(430)c  78.50 (4.30)a 39.87 (4.30) b
AIEELIZE 6.51(737)a  13.91(10.00)a  27.13 (737)a 29.88 (7.37) a
TEMEE 6698 (824)b 2480 (824)c  89.71 (8.24)a 65.95 (8.24) a

5t BRLUEETEMEISE (Estimated Marginal Mean) J7AE#E25R (Standard Error) 238 - [GHEILSL
FRHEER TERAERE (0=5) °
Note: the data are presented as estimated marginal mean and standard error. The same English letters in
the same row indicate that the difference is not significant (n=5).
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BRI R

F= TTCREHLHE M (%)
Table 3 TTC tea pollen viability test (%)

%5 41 Hi (2022)

Spefas (R
Hig i R " pe s

Staining rate

REOR (IREE)

Staining rate

Ranking Varieties Ranking Varieties

(Standard deviation) (Standard deviation)
1 HfE o TE 100.00 (0.00) 39 R 89.86 (2.57)
1 LT 100.00 (0.00) 40 25521 9% 88.05 (1.45)
3 = 99.25 (0.53) 41 i) 87.59 (1.99)
4 Assam indigenous  99.24 (0.75) 42 REFTIEER  85.25(2.62)
5 SEAK 99.22 (0.45) 43 IS= 84.04 (3.78)
6 JEVELLLIZ 99.10 (0.45) 44 RVSIESS 83.92 (3.07)
7 (h{SEaRIAEZS 98.80 (0.49) 45 KEEHERF 83.33(3.17)
8 LM SHE 98.74 (0.51) 46 RIARE 81.71 (4.27)
9 KR 98.69 (0.75) 47 e Efd 81.60 (3.04)
10 Kyang 98.50 (0.86) 48 =S 81.15 (2.50)
11 ELLRAT 98.49 (0.75) 49 ZX 12 5% 80.98 (2.74)
12 Manipuri 98.10 (0.84) 50 FfdH 78.61 (3.12)
13 At 97.99 (1.15) 51 TEETE 78.26 (4.30)
14 b3 97.59 (0.84) 52 Ki5%E 77.78 (4.38)
15 FABLLIZ 97.28 (0.74) 53 [g= 77.72 (3.07)
16 BEE 97.28 (1.34) 54 B 76.67 (7.72)
17 S[ES 97.24 (1.22) 55 LRI 76.19 (9.29)
18 275 8 5k 96.96 (0.75) 56 27520 5% 75.90 (3.06)
19 5 96.94 (1.74) 57 &5 75.81 (3.85)
20 LS RE 96.69 (0.94) 58 TEFE 75.76 (4.31)
21 B FE 96.65 (0.88) 59 SHEL 75.00 (4.51)
22 @M 96.58 (1.19) 60 RSN 74.67 (5.02)
23 E75 13 5% 96.26 (1.11) 61 E 73.39 (3.97)
24 FRUALR 96.03 (1.12) 62 27518 5% 73.19 (2.89)
25 i [Ea] 95.37 (2.02) 63 Shan 70.09 (4.43)
26 EfF 94.68 (2.31) 64 H L SHE 68.49 (3.14)
27 HEM 94.19 (2.52) 65 FEELLZS 67.65 (5.67)
28 S 93.81 (1.60) 66 (ME: 66.98 (4.57)




4= (Table 3 Continued )
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29
30
31
32
33
34
35
36
37
38

Jaipuri

PN

HHtF

Fh

RIT
AL
R
e

EtE RIS

LENSIHIPS

93.51 (1.16)
93.48 (1.38)
92.92 (2.41)
92.48 (2.29)
92.00 (2.43)
91.82 (1.67)
91.61 (1.61)
91.46 (1.67)
91.39 (2.28)
90.91 (8.67)

67
67
69
70
71
72
73
74
75

BEEAZ A0
iy e
ALLEH
EH 1T 5%
P fE
219 57
ZKAL
INEESRIB S

66.67 (4.25)
66.67 (9.07)
63.97 (4.12)
61.75 (3.07)
59.14 (3.60)
54.59 (2.45)
38.02 (3.50)
31.25 (3.66)
28.30 (4.38)

suAEFCRVE SRR 5 BB (n=5) -
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» AEIEFEREC T EAE - AU DU O 3 2R 2 52 8 (100X)

Flg. 1. Effects of different culture medium formulations on pollen germination of C. sinensis,
C. tenuifolia and C. oleifera (100X)
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B — ~ R [E TTC Fetafic 7 $2M ~ ML DU B i HRfC At 228 (100X)
Fig. 2. Effects of different TTC staining formulas on pollen staining of C. sinensis, C. tenuifolia
and C. oleifera (100X).
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Study on Optimization of Pollen Viability Test
Formula of Camellia Plants and Pollen Viability of
Tea Varieties

Shi-Kai Lo!  Chih-Yi Hu!  Chiou-Fang Liu!  Jian-Hsing Shiau!
Su-Fen Roan?  Iou-Zen Chen’

Summary

Pollen viability detection is very important for breeding. This experiment compared the effects of
different pollen germination culture medium and 2,3,5-triphenyl tetrazolium chloride (TTC) staining
formulas on pollen viability detection of tea (Camellia sinensis), C. tenuifolia and C. oleifera. The
results show that, the better formula of pollens germination culture medium for tea, C. tenuifolia and C.
oleifera is "100 g L sucrose +150 mg L' boric acid +200 mg L' calcium nitrate", The better formula of
TTC staining for tea and C. oleifera pollens is "100 g L' sucrose + 5 g L' TTC". Using TTC staining
method can achieve ideal results of pollen viability detection, and adding sucrose can maintain the
integrity of pollen, which is convenient for long-term observation of pollen staining. The pollen viability
of 75 tea varieties was detected by TTC staining, and about 80% of them had higher than 70% pollen
viability, but only TTES No. 19, ‘Shui Xian’ and ‘Xiao Ye Tie Guan Yin’ had lower pollen viability,
which indicated that most tea varieties could be used for cross breeding.

Key words: Camellia sinensis, Variety, Pollen viability, Pollen germination, TTC staining
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BRHA" PRfEER !

S

PORA BRI - BARBE NI Z A B AR R R EROhRE R - & 25 ATavEkEA
1 ATHZOE » ZMEZOEFFIA - ZOERIIARBIE T THME - AR R - SRR
EA AL HE EEEGRERAER - 1 108 FAFERIE - BB 17.120.8 kg MHEEE S IR
4H 13.8+1.7 kg © 109 FHELREFHRILE > 5A53AL 35.5+7.6 kg FHEEZE SR BIE4H 23.849.9 kg o B
FAHR R BRI TGS R » BRI AE B A TR - (R TRVE et 58
AEAHAE SR~ AR IRAR A RAFATRIA - Ut 2 B LB E R Y IR - TR
GEETEIS 2 R N e Y~ BAIECEIRAE S o £% EcoPlate TM JHIE IR 26 1%
Gy sBRAE IR YIRS Z i AKA E A R R B A 1= o SRR R E MR R RS
Sy BEUNHE A ERERREAE > H A SR YIRS e A AR -
BHEET ¢ AE - TR ~ BEEME - KBS

il

Al

EEEEIRRITT E R BRIEYZE SRS EIaR P E A 2 RN E - 85 2/0F 3
EMELLF > 2R E R R e DL S S e B > HLS A E K - R ZOA B R — TR A
APkl > ANSRBEAI DR S BRI - K T I8A s AR ~ Bt R 2P AR - MR SR
BLSEAE BRI HERE -+ 2 (o P SR R s g RF 398 4 B e i FH D - S e B s P (B - BRI
RETEHF AR AR » FITAE R EREEZE KR BUER AR A - S % L
BAEE  DIANE A RSN HEMRENEE (AR AL R WIEY 4 EE S wE
R RO E RIEY PR PR AY TR -

INIITERG RS R RAVHEEE A » al i+ A E DU B B R R R R Y i
Vg o (EFEASTRIE R YA - OB R R LR A AR E FIE 0 Xu 2014) FR TRVIRE
Tz A N2O HIHEIE - Al KRR S I H 55 R BUAZ HRAVEE (sweet potato starch wastewater,
SPSW) * AKREIE (Trichoderma viride) HETTH#5IE 12 BUBEIEMUR EHE - 45 R BURHE A ALY ZE
N20 FEA BRI INE R EAEH AR - HESIMEEER » Xu (2017) FE P AIREEK
HE—FRM RN - SRR NSRBI % HY A PALR TR IR NOs BYIRZE - 30
Firi FH EAERIFI AR BURABIE TS DR ZERIE YN S E A AR R IE R VBT - MRS T H R
B 2 T RN E 7 B > Morikawa and Saigusa (2011) HREASERINZE K@k Hh i TR - B2

I TBIREEZ B GAEN RS 7Y PR - BB E - 28 it -
* HEERREE -
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SPKAERHIHIE ~ 5% - SMIsREE T2 ER 8 - IR ARG [REAVRIZHEE pH (EEME - SULEFEM
LIRSS, (EEEE T ORI &Y - TR A RIS IR T SRS AR - HE
AR e BRI -

Saeed (2016) E N ERHEVILEE (Cyamopsis tetragonoloba) #E{TER BRI > SEFRIIAEHE
MR BRI E 0 - S EE R (RGRRE - BEREE -~ SFERZE) AEAR T
B) DIRESR - HPREERESE T - 07 - BIERRERLIRIE A F H AL F 5
B TR A A RHERET © Mangwandi (2014) 5 AT T BREAZE SRS AR A A TR IS
BHNEAT AT Z BT » B S K t& AEYUR T IREREREIE ] - MRS REV4HRE - FRKGREAE 0.2 &
1.8 MPa Z ] » EINISRVENEE - RREECR R TR - 500 T RERIHY A BR4ETE © Zaini and Syafi
(2021) FMIAIZEMGIFE 3% (Vermicompost) $SiBMHERNRRIRAE R » FrAYELEE - AVINIEEE2HL
a7 KD ER - moR - AREEMECEYIRER: - HERC TP RUAEYRER 5 ot - 4l
Ry 60% * HE Ky 40% © BLEE BEEVMHELE - 0BV A B siiErE: - GIE s g - 2 -
ARG AT EIREMEAVEN: - 10 TAA ~ SEEEES - BB ATIA R ES - 308
oz 851 32 - S v £ F SRR AR W R MR TSRy TR A S AR AR mTaRAh R A A S ()

RER > FIR D EIEE T
MRHERTT A

—  slBBIERE ORI AR ERIEY) - REREFTELARE  NAELNRSETREY)
AEREE > AR 1 50 JRFEASRAE > AR EEF AR ~ fE AR R ROt R AR
PR SREE - RIRHVPRGE EAEREII L - BFPRim iR 10 25 IR RSERIEY)
TR ~ B Em AR IR o SRR RIS R R R EGERAE - e AR T =
HEM (N-P20s-Ko0 : 6-3-2) » 5e ISR RIRATRAL - #RFER R ERFELEIER - #E
{7/ & 500 Bt EAERE - ATIIAZREE R &2 EWOREIE (1X107 CFU/g JR& ARM
) WEEME Trichoderma asperellum J; Trichoderma gamsii » DL R AEYERNE » NaH
Bacillus amyloliquefaciens ~ Bacillus subtilis ;. Bacillus licheniformis e

Z o~ 108-110 SR FISIEEER © U5/ O SRERE Rt Btk - slBatt (i popr Ib i & s &
R HEERALEL  BEEIE o R ¢ 1. Rl (B B - 2. AT IR -
T &R AIERE A E (5 400-BHEF 100-5E(L5F 140 A fr/AE/AF) - BRI ESIRIEH —K -
iRl PRoE R EERET - B/ NEIUTA (35 ARAT » 4950 FIIAR) - f9iEH 3 5K - 5k
B EF RPN R R TR TRV E e

[l

+ o\BREE E R S TR B TR B L B O EEREE > AT -40°C{ROR 22 /% SREZ R 24
INEF Z PR B2 IR o JREFEUE G L R o BE BRI 0.02 AER 2ml EEOE 0 0
ALK #E10 syt SR /KRR IUEIER 0.3 ml P #dn 10 mg/L (P-Hydroxybenzoic acid ) %
0.2 ml JeAERGR 0.5 ml > (i =R TR 20 mM fiEZ3% K2 80mM iz~ pH & 9.2 > fRI&R S
4K 0.22um HEJERARHEIT T - BAIEEIK ARG (P/ACE MDQ) > {HJlZs PDA (diode array
detector) Z3HTR Ay 200 nm - BLUIERUS KR 60 cm - AL 75um > (ERI/TEERERE 25 kV
JRIE 20°C > HERRIFE] 5 FD o BEOTEERFE] 15 7
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EcoPlate TM 96 il L& ot » f5—flif LSS 150 uL - BEfd{% - B 30°CIRE B i -
BRI AL 120 /NS - 28 AR I O EEE - e E ST (Thermo ScientificTM MultiskanTM GO) L
£ 590 nm FEES 24 ~ 48 ~ 72 ~ 96 F1 120 /NEFAIERE BN E BT RS LE
MR E BRI -

SR EEET o

AREERFE R R EM R KB AVERE - BARE I 2 A E HER b I BR 4 B IR B
HE > & 25 ATHIERIER | ATHERE - REORIBCR ERIEYI AR IR R A TRk - (MAEYITE
FHSARD R 53 1% - ERRAIRER 46 A6 (8 —) - SRR SRS HIRARIMEY
FEBRIARE S S B R AER (OB BR R AR E R Z B - AR
FAAEEDUEA (B —) - FREBRBEIRRINESR - TEARSE > Hibh A 2 BRRR AR 2L
FIRERHEA (=) > SUBRHE S RS » &8 R SE H 3R A SR OBt R i Tl (R—) -
BRI E PR VRO B S M T H R - BRI SR ACAE 21 RAR B SR HALIRAE &
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HOBRERBICRHEESFEGSREUR (B - s IR = RO FE 2
B £ 108 XA RRUCE » SUBRAL 17.120.8 kg FHEIRIZ ST E 0G4 13.8£1.7 kg © 109 FEHHA
EHRRICE - BUBRAC 35.5+7.6 kg MBI E I ER4H 23.849.9 kg » HIE KT EE R MEE SR
B E SR T A IS, - IR Xu (2017) FE AWM -

EACE R SRR R i EAR B A AT o] DR T SRR (NOs) Bk - HEAIATHE
FIEREEIA PR AL » A R YA RILE A TEFVET] - BEEIRR AL
R RD) BUR - HEAEERACE 108 FEASTMRE ~ B0 - IR BEEE s IR - 109
FHERE— - EMEE S EIRA - B 109 FARRRBREITRER 425% - SIREREE
St ofriEmgE R - (H8R LRI EN IR - 1 110 ST RIFEERE SR EIR > #
afi it PR 2 AN B BT T DU I iR R R AR R B - v el =R IUiR > BRI
R R E AR A IEEBER -

B LSEREBCSO B 2R GmENE meFBUr (R=) > it sUBRHEA e AR &SR A2
DRED T IR A A R R RIR > K AEIHEAR 252 - SURRACER LBy S B EER. (3R
P - BEUReE =TSR Rz ~ R g K S TR TR S T o MBI IR
REEFE/KAE > (B BORGIEEE 2RI S 2ok « BREBIR I m IR - ORI Ry ok
BTN ARE - TARSEEABE G RERRFENRELIMPRESSE > HEB 4> 1R
B2 > WRSR > £ 55 > BRI R0 > FEAEHR (BR> 2009) - it FH A BRACTE S oio ik = R 52 B Xu (2017)
FAWFHE - TR RN IIEE A B R B R R A TR T AR (R - SR . (NOs) HURR - 1
PUFTHE A SRR ARCR - ESHE -SRI IR S 88 -

£k EcoPlate TM JI7E SRV CEHZAEME (1) - LIRMEY)SRBRIR 2 PRI A > &8
HEA% 1 {8 5 EUEE » sXBaAtaE LI A VIR EE BB KA L& VIR FI RIS BT IIARRBERANE
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HEE
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JEEEW] > SRAUEE (Fusarium) fEERHUAH A 3% - BHEERFN BT IR4E 15% 5 ARy AR
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T BOrERE A SR O ER B R tER
Table 1 Test fertilizer analysis report by Soil Survey and Testing Center, National Chung Hsing

University
JriEE G ] EapH| Tl 7 AR R
s 90.9% 82.9% AFS2101-1
Al 6.0% 5.8% AFS2110-1
SRR 0.2% 0.2% AFSI1111-1
W R RE A 1.0% <0.1% AFS1112-1
STET 2.2% 3.5% AFS2120-1
=R larid 1.4% 1.7% AFS2130-1
&1L 1.2% 3.1% £ AFS2130-1
& bsE 1.0% 1.1% £ AFS2130-1
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x= - BICESR R E dmf &

Table 3 Effects of fertilizers on sensory evaluation of tea

K & R AN 4a oy
iz B

(20%) (20%) (60%) (100%)
S BEAe 12 17 33 62
EHIRAE 12 12 28 52

R ~ 5 = ISR Rz S TR T Y B (mglg)

Table 4 Effects of fertilizers on various components of tea during 3 years (mg/g)

108 £ A% 109 = 5% 110 £ F4

U

pasikail HiEsH R IHAH HHIEAH R IHAH IR
Caffeine 21.3+1.4 21.6+0.8 20.3+0.8 19.6£1.3 23.1£0.8 23.5+1.0
Theanine 9.7£1.5 7.2+1.7 2.3+0.5 1.6+0.3 7.0+0.7 6.8+0.5
ECG 8.2+0.6 8.6+0.5 8.7+1.7 7.4+1.4 6.1+0.2 6.3+0.6
EGCG 34.7+2.1 36.3+2.6 24.0+2.7 24.1+1.4 33.8+£3.6 30.842.1
GCG N.D. N.D 11.8+0.3* 10.9+0.8 4.8+0.6 4.1+0.7
C+GC 6.3+0.8 6.1£1.2 6.7+0.4* 5.7£0.7 8.3+0.4* 6.7£1.2
EC+EGC 33.3£11 34.4+£1.5 36.4+4.0 31.2+3.7 34.3+3.1 36.2+0.9
Total Catechins 82.5+3.5 85.3+3.3 87.5+5.8%  79.443.8 87.2+7.1 84.0+3.0

* FofE 95%E(E LKA T LSD ZEBHEFEAE (p<0.05) » N.D. BfEF AR -
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® R
Trichoderma asperellum
Trichoderma gamsii

® bk AT
Bacillus amyloliquefaciens
ELR o RS

Bacillus subtilis

LR SR

W Bacillus licheniformis

Bl— - EBEEEE () BETHFRREE (Bacillus amyloliquefaciens ~ Bacillus licheniformis ~ Bacillus
subtilis) BRI (Trichoderma asperellum ~ Trichoderma gamsii) 7 f5Hi{ERLAPGE (6)

Fig. 1. Tea residues implanted Trichoderma (7richoderma asperellum, Trichoderma gamsii)(left) and testing

antagonism with Bacillus (Bacillus amyloliquefaciens, Bacillus licheniformis, Bacillus subtilis)(right)

fEl — - EEGES TR AR E () - REEZEAHNE (F)
Fig. 2. Mass production after tea residues implanted Trichoderma (left) and granulated into granular
organic fertilizers (right)
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= - HERSISRHERACIRE (CE -~ E) > FEACE 21 K (AE)
Fig. 3. Fertilizing in the experimental field (left and middle) and 21 days after fertilization (right)

Bl

a0

10 ‘}_I_

a0

20

FUEFEER (k)

10

HiE SR HE S HE O S HE O B
108 F2-3 109 FHFH 109 FA5 1DFEHFE
VU ~ SABRACEE S AL = SR AR RR R 5 B B LR T

Fig. 4. The comparison of the weight of the tea leaves harvested during the three-year period
between the experimental fertilizers and the control fertilizers
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100%
90%
80% | )
B Amine
70%
60% - ® Amino acid
50% - M Phenolic compound
40% - m Carbohydrate
30% 1 M Polymer
20% n . -
M Carboxylic acid
10%
0% -

# 52 100X # 88 1000X & #£ 100X & £ 1000X

(a) HEACHT

(b) SEAETR 1 {8 H

100% -

90%

80% - .

= Amine

70% - ) )
60% - B Amino acid
50% - B Phenolic compound
40% - ® Carbohydrate
30% - W Polymer

20% - W Carboxylic acid
10%

0% -

# 42 100X #f 82 1000X 5 2 100X 4 #2 1000X

(c) HEHERR 3 fEH

100% -
90% -
80% -
H Amine
70% -
60% - B Amino acid
50% - B Phenolic compound
40% -~ m Carbohydrate
30% - W Polymer
20% - o
M Carboxylic acid
10% -
0% -

# 82 100X # 88 1000X & ¥ 100X 5% 2 1000X

T~ A EcoPlate TM JHIE H3EMAVIER S E 7 RBIFE Z (E R PR (2) HEREAT »
(b) HEAETR 1 EA ~ (o) HEAER 3 (EH
Fig. 5. Determination of the individual average utilization rates of the six carbon sources by the soil microbial
community using EcoPlate TM (a) before fertilization, (b) 1 month after fertilization, (c) 3 months
after fertilization
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(a) HEHE% 1 {8 H = AE5E 48 /N SEITRER FHAZ

Biplot (axes F1 and F2: 98.07 %)
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| ® Active variables e Active observations

(b) HifEfR 1 {8 H F LAEE 96 /NEF 2 SRR AR
Biplot (axes F1 and F2: 97.66 %)

2 -
15 o | D-Cellobiose
' °
1 ° + B3 _100X

F2 (10.15 %)

: L/

L-Phenylalanine | N-Acetyl-D-Glucosamine

| Pyruvic Acid Methyl Ester

°
| -As aral};rine

0 80~ e ® [-Galactutonic Acid
. [E= o
[ 1000% Wef”éf'—@iydrox Benzoic Acid
L4 | - ween 80 D—(\glucosaminic Acid
Phenylethyl-amine\gs5g_100X .v»Amino Butyric Acid
-0.5 L-Threonine #{® 1000X
. L4 ° 2-Hydroxy Benzoic Acid ®
° D-Mannitol
-1.5 -
-4 -3 -2 1 0 1 2 3 4

F1(87.51 %)

| o Active variables e Active observations |

fi&l 7 ~ FFH EcoPlate TM JIGE A&7 + T IRAEES 48 /NI (4 RV Z D)) BUESS 96
INEF (AR RBITRE) Z PRI A Ry o AriEl

Fig. 6. The PCA of using EcoPlate TM to determine the average carbon source utilization degree of
topsoil soil after fertilization at the 48th hour (the microorganisms with faster growth rate) and
at the 96th hour (the microbial growth tends to be stable)
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(A) $HfiEaH (B) FEHEIZH
Bt~ A ERFEIE B ME T 2 EE L (A) $iE4H (B) BEHE4H

Fig. 7. Next-generation sequencing analysis identified Fungi species. (A) Control, (B) Test fertilizer

(A) i (B) FEFH4H

B\~ A R AL R ACE i Z T BE T MELE] (A) HIRLH (B) FEEEAH

Fig. 8. Next-generation sequencing analysis identified Ascomycota species. (A) Control, (B) Test fertilizer
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Research on the Application of Tea Residues with
Beneficial Fungi and Granular Organic Fertilizer
in Tea Garden

Ming-Tzu Chiu” Bo-Jen Chen!

Summary

Using the mixed embedding technology, Trichoderma was added to the organic fertilizer and
compressed into a granular test fertilizer. Every 25 kg of fertilizer contained 1 kg of tea residues, and the
tea residues were recycled use. The tea residues were inoculated with Trichoderma species, and its
reproduction and growth rate is rapid. In the winter of 2019 year, the harvested amount of tea leaves of
the test fertilizer 17.1+£0.8 kg was significantly higher than the control group 13.8+1.7 kg. In the spring
of 2020 year, the test group 35.5+£7.6 kg was significantly higher than the control group 23.8+9.9 kg.
Comparison of agronomic characteristics, the growth of tea buds and shoots of test fertilizer showed
better performance. Sensory evaluation showed that the test group had better performance in aroma and
taste than the control group. Chemical composition analysis of tea, the theanine in the freshness of the
tea liquor is higher than that of the control group, whether it is winter tea or spring tea. Determination of
soil microbial metabolic diversity analysis by EcoPlate TM showed that the test group was higher than
the control group in terms of carbohydrate utilization. The PCA of average utilization from the carbon
sources of soil microbiology showed that soil microbial and enzymatic activities of the test group were
significantly higher than those of the control fertilizer.

Key words: Tea residue, Soil microorganism, Enzyme activity, Trichoderma

1. Assistant Researcher, Assistant Researcher, Wen-Shan Branch of Tea Research and Extension Station,
Taoyuan, Taiwan, R. O. C.
* Corresponding author.
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Table 1 Diet compositions of experimental geese with black tea residues added
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R X CERE ) AEEHE (9 & 13 HiEd)
TO T25 T50 T75 TI100 TO T25 T50 T75 TI100
BN 46.0 46.0 460 460  46.0 634 634 634 634 634
KA 28.1 281 281 281 281 180 18.0 180 180  18.0
T 43 43 43 43 43 2.0 2.0 2.0 2.0 2.0
i 3.2 3.2 32 3.2 3.2 2.0 20 20 2.0 2.0
KIEH 5.0 5.0 5.0 5.0 5.0 2.0 20 20 2.0 2.0
GIREE 1.0 1.0 1.0 1.0 1.0 0.7 0.7 0.7 0.7 0.7
k] 1.5 1.5 1.5 1.5 1.5 0.8 0.8 0.8 0.8 0.8
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
4R RS 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
L-Ffe e i - - - - - 0.2 0.2 0.2 0.2 0.2
DL-F 7 i 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
U tE EFERY) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
EE%E?EE% 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
AR - 25 5.0 7.5 10.0 - 2.5 5.0 75 10.0
*HW\ 10.0 7.5 5.0 25 - 10.0 75 5.0 2.5 -
& 3t 100 100 100 100 100 100 100 100 100 100
T INIIERERALAOE ~ fE EaARRAR R
Table 2 Diet compositions of experimental geese with microbial-fermented black tea residues added
J R i H
Con fBT2.5 fBT5.0 BT5.0
Ek 66.0 66.0 66.0 66.0
Kk 20.0 20.0 20.0 20.0
ik 3.9 3.9 3.9 3.9
iy 2.0 2.0 2.0 2.0
Tl E Y 1.2 1.2 12 1.2
G 0.7 0.7 0.7 0.7
0.3 0.3 0.3 0.3
L-Efe e 0.2 0.2 0.2 0.2
DL- R &I 0.2 0.2 0.2 0.2
WEZRTRY 0.2 0.2 0.2 0.2
TEYVE THRY) 0.2 0.2 0.2 0.2
FALHEER 0.1 0.1 0.1 0.1
ETER 5.0 25 - -
?*@%Z_I—_ﬁ—?fﬁyﬁﬁ - 2.5 5.0 -
KBRS - - - 5.0
& E 100.0 100.0 100.0 100.0
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Table 3 The chemical and nutrient contents of black tea residues before and after microbial fermentation

Sy RTEE K8 S

{EEERL S
A5 (%) 18.8 11.2
AL TTEYER (%) 6.7 2.1
IHER (%) 3.0 22
HERFERELTE (%) 0.8 24
#&E (keal/100g) 371.4 373.0
HEH (%) 26.2 29.2
FHARAE (%) 15.1 14.1
FERERE (%) 1.0 1.8
KL EY (%) 64.0 57.9
KA (%) 3.5 43

RV ~ ASRERRERTR 2 KR E IR &

Table 4 The hydrolyzed amino acid contents of black tea residue before and after microbial fermentation

sty Q0K BEEE A
Amino acid % %
KP4 ASP 1.90 1.98
KT HelEE THR 0.89 0.96
4MHel% SER 0.93 0.92
Bt GLU 2.36 2.32
ffifE % PRO 0.98 1.14
HhEE: GLY 1.07 1.15
PR ALA 1.14 1.25
Wzl CYS 0.14 0.12
fhfamE VAL 1.23 1.36
FtfifelE MET 0.25 0.39
H RS ILR 0.97 1.09
Hffs LEU 1.79 1.97
fighel%E TYR 0.60 0.67
A R#lE PHE 1.06 1.15
WS LYS 1.42 1.05
4HREE HIS 0.50 0.52
F5E ARG 1.19 1.27
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Table 5 Effects of feeding black tea residues on growth performances in White Roman geese 5-13 weeks

of age
H H Fr 3
TO T25 T50 T75 T100

kY EE (NR/&E/H) 372.98° 342.98% 326.36 316.77% 306.45¢
WE (N\T/E/H) 66.74% 66.57° 59.19° 56.13° 56.45°
BEEHE IR (%) 5.592 5.15P 5.51# 5.66* 5.43®

1. Means with different superscripts within the same row different significantly at p < 0.05.

2.n=18

N~ R FUNIIEEEEA L ZOE S 5 2 13 Bt O @ SIS R 28
Table 6 Effects of feeding microbial-fermented black tea residues on growth performances in White
Roman geese 5-13 weeks of age

HOH fe

Con fBT2.5 fBT5.0 BT5.0
R EE (AF/E/H) 279.35% 214.66° 225.27° 213.84°
WE (AT/E/H) 27.22% 17.91° 21.26° 20.59°
gERHEHRR (%) 10.26 11.99 10.60 10.39

1. Means with different superscripts within the same row different significantly at p <0.05.
2.n=18

F -~ ERETPNIALAERE 12 BROES BRIk 2 8
Table 7 Effects of feeding black tea residues on blood traits in White Roman geese 12 weeks of age

FREH

HH TO T25 T50 T75 T100
BAE, kg/bird 6.22° 5.90% 5.62® 5.53% 5.37°
#%&HE, mg/dL 254.00° 228.00° 239.67% 244.17% 242.50%
PR, mg/dL 3.80° 4.98 4.88° 5.50% 7.02°
KP4 i iaids, U/L 11.50% 11.00° 11.33% 13.50% 15.00°
PR R A RS, U/L 10.67° 9.17% 8.33b 7.50° 8.17°
FE[EIE, mg/dL 161.33 177.17 150.50 176.33 172.17
=& H s, mg/dL 219.832 144.50° 169.97% 164.17% 193.00%
S EES, UML 1.20° 1.26° 1.20° 1.12% 0.89°

1. Means with different superscripts within the same row different significantly at p < 0.05.
2. n=6
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Table 8 Effects of feeding microbial-fermented black tea residues on blood traits in White Roman geese

13 weeks of age

g B
H H
Con fBT2.5 fBT5.0 BT5.0

%%, mg/dL 2252 227.0 2243 236.8
B[R, mg/dL 156.8 166.5 160.7 150.5
=& M, mg/dL 143.0% 109.3° 128.7° 174.32
EEEIEEH, mg/dL 90.7 93.8 92.2 86.3
(KA FERSE 1, mg/dL 61.8% 69.0° 65.3% 58.0°

1. Means with different superscripts within the same row different significantly at p < 0.05.
2. n=6
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Study on the Effect of Black Tea Residues as Feed
Additive on the Growth of White Roman Geese

Ching-Hua Chien"" Sheng-Der Wang? Daniel Yuen-Teh Liu?
Cheng-Chung Huang'

Summary

In order to increase the diversified application of tea residues produced by beverage processing,
this experiment uses black tea residues and tea residues microbial-fermented by Aspergillus niger as
feed additive in White Roman goose feeding experiment. The first part of the experiment was to add
2.5%, 5%, 7.5%, and 10% of black tea residues to replace alfalfa powder in the diet. The second part of
the experiment was to add 2.5%, 5% of microbial-fermented tea residues and 5% tea residues replaces
alfalfa powder. The tea residues were added during the geese feeding period from 5 to 13 weeks old, and
the treatment with 10% alfalfa meal was added as the control. The results show that the average feed
intake and average daily weight gain of geese treated with 2.5% tea residues are not significantly
different from those of the control. The feed conversion rate was significant better than that of the
control; serum analysis showed that the blood sugar and triglyceride levels of the 2.5% added were
significant lower than those of the control; the carcass traits survey results showed that added tea
residues or microbial-fermented tea residues to the feed can reduce the weight of abdominal fat mass in
13-week-old geese as a percentage of slaughter weight. There is no difference of the live weight and
slaughter weight between 2.5% tea residues and the control. As the proportion of tea residues increases,
the slaughter weight of geese was significantly decreased. Based on the results, it is recommended to
add tea residues to the feed after the White Roman geese are 5 weeks of age, and the added amount no
more than 2.5% both tea residues and microbial-fermented tea residues. Tea residues can be used as a
partial feed alternative source without affecting production efficiency.

Key words: Black tea, Tea residue, White Roman geese, Feed additive
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B

Developments of Pesticide Reduction Management
Module for High Mountain Tea Garden: Case of Tea
Plantations in Meishan & Renai Townships

Shiou-Ruei Lin""  Yu-Ju Huang' Hsiao-Ying Yang?  Jia-Ru Dai’

Summary

In general, the pest management of tea gardens relies on the chemicals. The investigation showed that
Taiwan tea gardens use 34.72 kg of chemical product per hectare per year average. With the rise of
environmental awareness and food safety issues, it is one of the most important issues to reduce the use of
chemical pesticides. In this study, the tea plant diseases and insect pests were grouped, and the local tea
gardens were introduced for customized pesticide-reduction technology. The feasibility of
pesticide-reduction for tea management technology module was verified. This study took the tea
plantations in high mountain areas, included Meishan Township in Chiayi County and Renai Township in
Nantou County, as examples. First, investigate the pesticides utilization history of the previous year (2018)
of the demonstration tea garden, and then adjust the pesticide use by coupling with farmers’ habits and the
occurrence of pests. The result showed that there was no difference between the monitoring results of the
pests in the test area and the control area. The usage of the active ingredient of pesticide could be reduced
by more 42-47% in test area. The production cost of the test area was around 50% less than that of the
control area, it attained to 3,600 to 11,000 NTD per season per hectare. The tea pesticide residue detection
results of test and control areas were all meet the national standards. Furthermore, the types of detected
pesticides in the test area are less than the control area. There was no significant yield difference between
the test area and the control area. It reached the goal that to reduce the pesticides usage and maintain the
final yield at the same time. Furthermore, we built a self-directed inspection of capacity of
pesticide-reduction utilization in this study for starting the first step. With the characteristics of tea
plantations in high mountain area include stable climate, pests occur regularly, disciplined filed
management, and intensively pests control compare to lower altitude tea plantations. We command the
model of pesticide-reduction use of tea in high mountain areas would contain to choose the
broad-spectrum pesticides, not to use the same pesticide continuously, to avoid to choose the pesticides
with same mechanism, and to induct the prevention idea of prescription design. Reasonable pesticide
reduction management can not only lower down production costs, but also maintain yield. Moreover, it
could produce safer tea raw materials, which not only protects the environment but also protects the
health of producers and consumers.

Key words: Pest control, Alternation use, Mechanism, Customized
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2. Assistant Researcher, Dongding Station, Tea Research and Extension Station, Nantou, Taiwan,
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Table 1 The effects of different substances on inhibition the density of Jacobiasca formosana, the spring
test in Wenshan Branch, 2017

s gy o GBSO B R gl

VRS TIOEE ReE  THESE AR TERY Phek
KEEM A 10.3a 3.0a 0 1.7a 68.6% 4.7a 96.0%
=t -—% 3 B 10.0a 2.3a 0 1.7a 67.6% 9.0ab 73.2%
7K C 12.0a 2.3a - 6.3a - 40.3b -

it + RYVNEFSCFRIMER - FORERRE S%RE /KL -

T 107 LR FEER 2 R f R R e R e F
Table 2 The effects of different substances on inhibition the density of Aleurocanthus and Homona
magnanima Dialonoff, the spring test in Wenshan Branch, 2018
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REEM A 1.0 76.6a 46.5% 0.0 1.0a -
fEfFEE B 1.0 194.0a 0% 0.0 0.0a -
K cC 10 1433a - 0.0 1.3a -

it ¢ Rk S ER IR B 0 RIS R 0 & (HRIEGT R
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WA R 1

=107 FliERHAB 2R E&FE (B mg/g)

Table 3 The content of chemical compounds of the spring tea in Wenshan Branch, 2018 (unit: mg/g)
b H OB A i i . S

i e e R A S
Jpatad Al aE HREM FREM

REEM A 75  487+13b  S512%1.1a 99.9 +2.4b 202£03c  13.9+0.1a
BI7E% B 70 521+17a 52.5+0.6a 1046+23a  22.1£04b  12.8+0.5ab
7K c 72 534+13a  483+0.3b 101.7+ 1.6ab  23.1+0.2a 12.5+1.0b

it 1 RIVNEHESCF RS - FoRERRE S%HEKE - AEEIEHEER
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Table 4 The effects of different substances on inhibition th e density of Jacobiasca formosana, the spring

test in Wenshan Branch, 2019

WEEERTY S = UEEERT EUE/ e PRZEHT
e 4R . B & A
; FHHE PSR AR & Topmgy "7

—|—‘ =5
KEENM A 03a 0.0a 100% 2.0a 49% 1.0a 74%
Bi7EZE B 0.0a 0.0a 100% 1.3a 57% 0.6a 80%
7K C 0.0a 0.3a - 3.0a - 3.0a -

it T RYVINEFSCF MR FoRERARE %zaE%zﬂ@%
IS SERTEIR IS 2 IEEERIHEIE] - NPEHRHTEEERT S B R T - — B | HAETE -

RI 108 FXEFHEAB LS - EEMESEMIRZ ELEL
Table 5 The effects of different treatments on the growth, yields and agricultural characteristics of
tea plants in Wenshan Branch, 2019 spring

e ¥ OH FE F2 H3E BifEl
H

g kg mm mm um mm mm um mm mm

A 528 434 45 56.2+6.6 23.8£3.0 27.0+1.7 58.5+7.6 27.3£3.6 31.1+1.5 14.8+5.0  23.9+4.2
B 653 443 58 60.7+7.3 24.9£2.9 25.7£1.9 65.248.9 29.2+£3.5 30.6+2.0 13.4+4.1 23.2+3.6
C 562 48.0 5.5 58.4+7.523.943.226.0+1.3 60.8+6.9 27.6+2.6 30.9+1.2 12.9+4.3  21.6+3.7

it | ORFHE %””fﬁf%?ﬁ%ﬁ% (30 cm*30cm) A EELL B 7 IREFE FEFE R 100 {EEEE—

CHRSEE O NEERMFREZ B NERE FER -
it - %@U%\%E%;Ei’—ﬁﬁi% SYRTEIKAE -

N~ 109 FE30IE el s A F R ET A/ ek SRR

Table 6 The effects of different substances on inhibition the density of Jacobiasca formosana, the summer

test in Wenshan Branch, 2020

Gt 1] MEFEE ] B G EE ] E e = L 3 BRI —K
aAEt ‘ FHaa PEE P ERE PraZ SR eSS
KEEM A 0.0a 1.7a 0.3a 75% 0.3a 50%
BITEZE B 0.0a 0.3a 2.3a - 0.7a 0%

7K C 0.0a 1.3a 1.3a - 0.7a -

it - RYVNEFSCF MR > FoRERRE SYHEE /KA -
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Table7 the effects of different treatments on the growth, yields and agricultural characteristics of
tea plants in Wenshan Branch, 2020 summer

& ZF OBHSF E F2HE CERE: EHEIRS
HE & B BR R O¥E  OER W EE 128 2. 3%
g kg mm mm um mm mm um mm mm

A 622a 42.7a 73a 47.4+4.8 23.0+2.5 24.8+1.7 52.2+7.4 26.6+2.6 28.0+1.7 18.1+6.2  27.54¢7.7
B 60.9a 45.1a 6.7a 51.845.7 24.843.5 25.2+2.1 57.1£8.3 27.9+£3.3 28.5+1.7 21.5£6.7 30.1+6.3
C 58.9a 50.0a 6.5a 50.5+6.4 23.6+2.9 25.9+1.8 56.9£9.0 27.744.0 29.3+2.1 23.546.5 31.5+6.5

ik | RFE R BRALPEEEL (30 cmx30 cm) 03D EZIR5FE  HEFER 100 (EFEE—
ODEERTEE ) NEEERMEH I NEREHIESR -
it ¢ RIS RIRE S%BE KL -

/N~ 108 FES0LA B 2 506/ Nk B IRl s B 2 WUR
Table 8 The effects of different substances on inhibition the density of Jacobiasca formosana, the winter
test in Wenshan Branch, 2019

EEERY B UEEER] EelUtEIG=E i) A
SABES 415 B LR GERE
s Pask . PEan . wesn
55 %5 5
REEM A 0.0a 0.0a 100%  0.3a 67% 1.3a -
B4 B 0.0a 0.0a 100%  0.7a 33% 0.7a 33%

C 0.0a 0.3a - 1.0a - 1.0a
5 RIVNEFESCFEHERE 0 R AR S%BE KA o
IS SERTRR AL 2 IHEERTAHE 0 RIEGIAHESE R R T 0 —EHa RSN | BAETE -

T 108 HENAFHBARIE T - ER RS Z B
Table9 The effects of different treatments on the growth, yields and agricultural characteristics of

tea plants in Wenshan Branch, 2019 winter

e BT o F2EE FIE ERIEIASS
EE " " " " o e =
% = R BRE O OFE O OFR O OBH O OHE O OF12FFH2-3H
g kg mm mm um mm mm um mm mm

A 579 319 72 472457 20.3£3.0 21.2+1.4 57.0+4.9 28.7+2.8 24.6£1.5 8.9+3.3 21.1+5.7
B 63.1 325 7.0 472463 21.1£2.9 21.9+1.1 55.7£5.5 27.6+2.7 25.6£1.4 10.3+5.0 21.9+6.7
C 614 332 73 47.6+7.7 20.8£3.8 21.4+2.0 55.847.5 27.6+3.4 24.6+£2.1 10.4+3.9 21.7+6.9
S ¢ R BB BRIETE (G030 cm?) N— 0 3L b FCEERY  ETSFER 100 (BEE—)

“EEHER NG R R BB TR -
SREEYGETITE ST SV
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Table 10 The effects of different substances on inhibition the density of Tetranychidae (adult), the
spring test in Taitung Branch, 2018

Y i IEEE R 5B R SR 5 = RIE SR BASHT
PREE e R R o B R B

L3S i = e R =

frrt i Rl S F = Sy =
:-:é,f .va Ja (1) . (1) Ja (1)
REEM A 4.0 23 9% 0.0b 100% 0.3 90%
=l ?E; .Oa Ja 0 . () .Oa ()
EiTEEE B 5.0 0.3 90% 0.0b 100% 1.0 73%

7K C 27a 1.7a - 2.7a - 2.0a -

it T RYVNEFHSCF MR > FoRERARE SWRE KL -

Tt 107 FEREFHERI AR WS S8R
Table 11 The effect of different substances on inhibition the density of Tetranychidae (Nymph), the spring

test in Taitung Branch, 2018.

EERT i E S i 5 KIEEER] 5B = KSR BRZEHI
ot %U %@ eS| api: NS hapis: N3 yaps:
REEM A 83a 3.0a 35% 0.7b 87% 1.0b 81%
BITEE B 10.3a 1.3a 7% 1.3b 81% 2.3b 65%
K C 9.0a 5.0a - 6.0a - 5.7a -

it - RYVNEFSCF MR > FoRERRE SYHEE /KA -

T+ 107 FEREFHBVIERERINGER
Table 12 The effects of different substances on inhibition the density of Tetranychidae (eggs), the spring

test in Taitung Branch, 2018.

Y 4 TEEER] B RIEEER] 5B = RIE SR BRESHT

ot /%‘IJ SEg SEy g F e Py b=,
ety ety = ERE = 28 =

REEM A 10.0a 13.0a 42% 33a 82% 4.7a 76%

EiTEEZE B 11.0a 43a 82% 5.0a 75% 9.7a 55%

7K C 10.3a 23.0a - 18.7a - 20.0a -

it - RYVNEFSCF MR > FoRERRE SYHEE /KA -
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FK+= 107 FERERHABEIES - EE B
Table 13 The effects of different treatments on the growth, yields and tea qualities in Taitung
Branch, 2018 spring

B &A1 HIFHE (g) REER (ghl) BORIHE

=L A 74.4b 223.6a 65.4a
BT e B 97.9a 278.1a 63.3ab
K C 69.8b 133.0a 62.8b

it FIVNEF ST RS > FoRERARE S%RE/CE -
ittt BUREE DUV E SLaP R TR -

AU~ 108 FEARETHER PTG/ NR IR fk U w SR
Table 14 The effects of different substances on inhibition the density of Jacobiasca formosana, the spring
test in Taitung Branch, 2019

= = P

R 4

e i 15 eS| fve F5 five 5 yapie:
ZEM A 33a 3.0a 0% 2.7a 19% 6.7b 52%

BEITE®E B 23a 3.7a 0% 3.3a 0% 13.0a 0%

7K C 3.0a 2.3a - 3.0a - 12.7a -

i ¢ RN RHE R FRAE A S%RIE KA -

FTT 108 FERPKTRGER P76/ Nk TR i e L S
Table 15 The effects of different substances on inhibition the density of Jacobiasca formosana,

the autumn test in Taitung Branch, 2019

R TR L —%:yh\uﬁ%j . Lo .
SRR SRR apiEEEs e ER i ap=ES

REEM A 0.7a 0.3a 67% 2.3b 51%

BEITE% B 1.3a 0.3a 67% 6.0ab 0%

K C 1.0a 1.3a - 6.7a -

it T RYVNEF SRR > FoRERRE S%REE /KL -
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TN~ 108 FERUERABEIES - EE B 2L
Table 16 The effects of different treatments on the growth, yields and tea qualities in Taitung
Branch, 2019 autumn

el 4H A1 HIFE () EE (g/pl) o e BZELE
L A 87.1a 118.7a 65.9a 4.68a

TEITIREE B 80.4b 116.5a 67.7a 4.66a

K C 81.3b 115.3a 65.7a 4.54a

it + RYVNEFSCFRIMER - FoRERRE S%RE /KL -

FHE 109 FERFREE - WFREBIEAE - AR NmE Z R
Table 17 The effects of different treatments on the growth, yields and tea qualities in Taitung Branch,

2020 summer and autumn

e ol P HXHE (o) EH (9) an'E B
=L A 102.2b 284a 77.5a 4.08a
=5 BT B 110.5a 318a 75.0a 4.11a
K C 105.8a 268b 75.0a 4.07a
REE A 94.2a 188a 75.0a 4.00a
% TR B 90.5a 225a 75.0a 3.94a
K C 91.0a 208a 77.5a 4.02a

it FIVNEF TR > FoRERARE S%RE/CE -
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Table 18 Cost analysis of different substances for spring test in Wenshan Branch, 2019.

A K= B [E174H

B H W BE % H H W EH BE eE
B# #E (o (0o B8 ®E (o (0D

FHEERA (OT) 9,145 mBZZIK (on) 1,400

B — I dE 1,725 — i LE 350

fi B - 20 1,000 0.125 125 iﬁg 1,000 200 1 200

+HR/1§

AR 1,000 200 8 1,600 39.5%3k 2,000 100 1.5 150

B N 1,050

ZEH 1,000 200  0.65 130 YK e S

B=URA 5,565

M e dnt fB 7
ZEEUR ~
5 0H e 2588

5F ¢ DS 200 AFOKERTE o (FHEBERU AR sZT -
IR © SEETREHUR (2,500 7T/20kg) » 45HGH (630 75/1,000 ZEFF) -
ESteR TP (400 TT/50 ) » B2 (250 T/250 75 0 39.5%Ek R (750 TT/500 T -

T EHTE 108 FHEFHEBEM AT

Table 19 Cost analysis of different substances for spring test in Taitung Branch, 2019.

A K= B &174H

H H ke A BE &% H H W (EH HE e
B #HE O 0o B #E O (0o

FHEERLA (OT) 1200 FHEERA 80

(o)

B e 400 F—KgE 40

EHELZE R, 500 400 0.5 200 B 2000 100 0.4 40

SRS FLAER

Wi+ 55% 500 400 0.5 200

Eil 45% 5 e

EORER 800 5 T i G 40

g (FEE—R) (F5E—X)

s - DAY 200 AFHKERTR - (EHBE R A g ST ml -
SERIRA - Eﬁﬁ&%&ﬂﬂﬁam LA (500 7£/1,000 ZFt) -
B+ 55%H1 45% A HE (500 7T/1,000 Z71) - FAFEE (400 75/1,000 ZFT) -
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Table 20 Cost analysis of different substances for summer test in Wenshan Branch, 2020

A RTELH B 1E174H
(35t . (E SR
wrE  _ HE S e BE &%
" H Ly I8 =| gy
fZE B B RZE _ .
(g, ml) (v) (On) (ml) (ov) OO
FHEERL A FHEERL A
o 3,000 N 189
Ot/=H) T/=F)
BRIt 4 Bt 4
hy38E £ 55%E .
200 1,000 0.5 500 B 2,000 100 0.63 63
45% IS
HE A S EE
. 200 1,000 0.5 500
HAFRE R
B K S BBt 4
W35+ 55%¢ o
200 1,000 0.5 500 B 2,000 100 0.63 63
45%HFHE
HE A S EE
. 200 1,000 0.5 500
AR
B =W gE = EE
W38+ 55%¢8 o
200 1,000 0.5 500 B 2,000 100 0.63 63
45%HFHE
HE A S EE
. 200 1,000 0.5 500
AR
5F 1 DIgarit 200 AFKESTE o (FRBERA AT g 3iETF ml -

BRI L RUSET 55%E1 45% S (500 TT/1 AT 0
HERRE SFEEEFARLZE (500 JT/1 AFF) » BAF5 (315 J1/500 A%T) °
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Table 21 Cost analysis of different substances for summer and autumn test in Taitung Branch, 2020.

A ZELH B 1E174H
fEH A
- g Mite - BHE &% ke - HE S%E
=} H
5y GD) (D) my GO 6D
(g, ml) (ml)
FZERAR FHEERCA
N 1,166 o 5
Ot/Z=F) OT/ZF)
FH—K L% R EE
TRl §5 70 2,850 0.38 1,083 FERER 1,000 20 0.25 5
5B K 4
TR $5 70 2.850 038 1,083

it LIS 200 ATKESE - (EAEEBEM AL g 22T ml -
SERIRA © BRIEES (378 JT/1 AT) 0 FIREE (250 JT/1 AT ¢
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Study on Friendly-farming Substances for Pest Control
and Ecological-friendly Cultivation Model of Tea
Gardens

Chih-Yi Hu!  Guo-Zhong Hsiao>  Chin-An Yu? Bo-Jhen Chen?
Chien-Ju Liu!  Jian-Hsing Shiau?

Summary

The aims of this study were to establish ecological-friendly cultivation methods, and choose suitable
ecological-friendly substances used for pest control in tea gardens. Tea Research and Extension Station
(TRES) had tested many friendly-farming substances in Wenshan and Taitung Branches of TRES during
2017-2020. The results showed that the testing substances including soapberry extract, mineral oil,
diatomite, chitin and oil emulsifier were able to inhibit the density of pests including Jacobiasca formosana,
Aleurocanthus, and Tetranychidae, and these ecological-friendly substances showed no effect on the yields
of tea leaves and quality of teas in above tea gardens, and thus could be recommended to farmers although
they must be used in more times and cause higher costs. According these results, in Taiwan, the northern
tea areas with organic cultivation could spray soapberry extract and mineral oil in spring, while the
diatomite, chitin and potassium salts of fatty acids could use in summer and winter, and also suitably use
for the eastern tea areas. By establishing a tea garden cultivation management model, it provides Ecological-
friendly substance formulas as a basis for organic friendly farmers to use.

Key words: Ecological-friendly Cultivation Model, Camellia sinensis, Ecological-friendly substance,
Pest control, Diatomite, Mmineral oil, Chitin, Potassium salts of fatty acids

1. Associate Agronomist & Chief, Associate Agronomist & Chief, Tea Research and Extension Station,
Taoyuan, Taiwan, R.O.C.

2. Former Assistant Researcher, Assistant Researcher, Associate Agronomist & Chief, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan, R.O.C.

3. Assistant Researcher, Wenshan Branch, Tea Research and Extension Station, New Taipei City,
Taiwan, R.O.C.

* Corresponding author.
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FEI A HRGATFELIZHBEZARA
TR ERAIOTE

FIROT ' BEERE BIRE?Y EEMRES EER

4

W =

Rl V% FHEE R (R R EERREIIETY - 2021 FAEE AR SR TN i SRS AL I ahi4g H
BRI IBAT (PE) MAEE (RS) BeEmtm @ W=tk B S EFaas  SHHE
Wik EeEE B SR IERIETT RN EILL PE BE 2 iy HEE e s LR R B8 52
aae o BANAHEETERE LR - SIREUTESEME - A E A (RS iR S R ]
AAFIRYZEE  HANE BRI B Ry dd - ATEEEAE PE B RS B FRERIE 2R -
ZRTHENSEER PE BEHEZSN RS> BMELHEZRHMINES, - #EHEESE PE ¥ RS
PR LR E 5 - NpR B AR G BOE 2 HE H IR RHIEEES - SSRATH Y E SE TR TR
SR 7Y PE B S RS > BEEEEE SR RS (BENAREGT (11 A) /i@t
fEEFRREERE S B AR 2R % PE B RS e FREEEREASHEE =% B
IR ESUE TR e E A - SERAME T A e A R R EE T A S R A 2
BT HEHESEEERSNAVGH @ BETHEHE HREa T HEEEERR 0% 27
fEESA - PE B RS THOREHESEREUR » PERL (Sem) BGEEL (20 cm) HIRAKEIEF
[EFE R RS » H PE F{EMARIMERMES IR [ B ERE LR EF R AR E 2R
o PUA PR FHSE LR M ZE R B - DUHETES (o8 FH (B 0RO SRR > 1A% | REDHEEH At 2
RliERIBEEVER | JRREEEM U LUOIRE SR 2 a6 RE8E - HFREEE 7 RAFRR - &7k
GERATH > BEEMRIRIA SRS P G Bhih s S IR0 - EBEERE R D a3 4 HARIRK
THORIE © RACATAR S R SR Al - MERa e ~ 2R S KU S S st BRss
RUIFREEG SO -

BRERTF : Bk ~ B - rkER

i

Al

Biaa R RN B Z 8w (B FERE R & B (IR LER SRR A F RigimaE A &8
AUFERESER - TSR IEERE - FORMNERRFHRS » (EEorhiaEREE s 28 (Y

I TEIREEZEGCEN RS BTt E - Bl - e B 28 BhE.
2. THERZEGEREREN RS PHERE 28 mik

3. TBEEZE G RN RGER DY WA 28 2.

*

HHERIEE -
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2018) - MUAGATAFBZIVA LG o A T A N i SRR SRR A A 2= AR AR T FUA R
s R 8 (EH > 52 EFEE > FEUERETTHYNRE (Corythucha morrilli Osborn and
Drake) ~ #7d# (Aleyrodidae) * &% (Aphidoidea) * &% (Thripidae) * ZEI#HH (Tetranychidae) ~ %
A (Noctuidae) ~ #7717% &% (Pseudococcidae) A £ (FF > 2012 3 #R&E > 2015) - BIFIY (2011)
BRSSO AR BT 2 UM O A A R R E SRR R RS IR EEN A EMAERE
AEIETRERENE - WA EY AR & - MRS SN AR R ~ Kl aEE
& WO SO ERE o ARG B SR IR AR AR - MR A E E PO E A (R R
PR i B (MRS 2015 )« (H AT 28 AF- 38 TR 20 HH el 3 AR B R Y bt AL 28 B JE 5 WA A 2
HEACREHEEEER] > S (2014) LARE%DE/EMEE S8 ) TR 22 5 E 07 4G/
AR PR T AR T 5 F % sk 5 HH IV G BE R B 2 275 - A4 1 ke b0 H Al AR 42 -
RFEWEAITETTE o« AR R E GRS 7 BT A1 A R e BB AR AR U7 =R
SERLLE - DIEENS R SR RREE T2 E » e BRI AR b T B aa F0IBUIRE R E -
RGeS AT A ELA s P (B P BRI RS2 M » R & A EE R DL AR A 1

B -
MRHERTT A

—  HERERE SRS SR B
L BN RIRE A CE T AU H B BB E S 2 2
sl Bt G oy e SRS AT RS A A P56 H (GPS: 24.4983, 120.7850 ) » sl B K 110 ££ 5
AZE 11 AN EE 250 > sliRHE L) 24 & SRR EEAT (polyethylene, PE) Al
FEEE (rice straw, RS) Fy#% 12 & > DL RCBD JizUH5 I adBi & - B/ i 25 ~ 40 PR -
Pk e RBHGH s RGN - RO BRSO ~ o RS St 2 MBS 523 ARG 55
2% EHE 4 58 > BHEREOMEMEIES > (b PE fl RS FRBEHE > EX
MERMRECE RO PE FIfEE RS bEE -
2. B EBE T A ERER MR EER e EREEHRE
SR RN IR E ] 1.077% > el (EIEMRSTEeIns ) H U EUERES )N
15 10 PREU - SRAEEE ~ 7ritss  TEEEER R 6~ 11 ABHMRERE EERE -
T RER 1 (EEE) - 2 (EEREEE 25% T ) 3 (EEREE 25~50%) 4 (EEEE
F 50~75%) k¢ 5 (ERBHHE 75~100% ) 3 5 {FHFL : 10 A0 11 HEE M REseEEE
TRy B S 88 TRl R EaR 1 (FEEE) ~ 2 (RFRIEEE 25%LU T ) > 3 (RUBRIEE 25 ~ 50%) - 4
(FefRIEE 50 ~75%) K S5 (RFRIES 75~100% ) « EEHAERY 7~ 9 ~ 10 ARG LAl A&
TROETRNEERY > EREEER PSRN EERRE  PUPRTTAEE -
3. BEAT R AR RS T R AR 8
FE B SRR SRR RS A T a5 ERE 73 B PE FI RS 23K+ (5 em) MEMIRZ A
SRR EE N B #nEacikas (Cryopak iMINI MX-HS-S-16-L) : DIGTRHRE £ 55
ZA 20 em > WA —ZRE HERERCHES (Cryopak iMINI MS-ST-S-8) SRR AfALE K
5 &R J7 (R H B ECEORE — 2 SEHEE R EDR (4P 12 0%) RO/ (b 24 B ) EL#g
B -
o EITREEHE JUSRN) RABTEHE (IR ) fidE e AT HEE
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PHET A A 8 4 P B R iaa E N BERI 68U

Bt B Ry SRS SR AT U IR TT RS H (GPS:24.4667 120.7080 ) » £RYTHERS FHEEHY
FiAPTEmEE - PISHATEH (GPS: 24.4983, 120.7850 ) - & 3 & LUBRBAR IR AT
HH - TSR HEEFE IS A —HEHE 4 H5E - ERETREERK
EERERERBSUERER/NE 10 itk > LA 3 BEE - FREHZEEREE
FERITEIEE I -

R G TR R R S O,

L. 18T iy Rk ER .

2. tHEEM AR BRI EE M B OB SO R T4 a2 S5 J % R e R B aEM
{BEBEER{H F 20% 25 m /KA AR (3 1) (dinotefuran SG) 2,000 % ~ 20%5m 3K
BT GeER T ) (acetamiprid SP) 4,000 % 5 SRIEFE &G &M AIA A RbilE S 800
f& ~ 1,000 £ ~ 1,200 £% ~ 80 Y%or] MR KRl (3B 7) (sulfur DP) 800 £% - 49
Y Hal e ST ES R Cflll-f785 M-PEDE ) ( potassium salts of fatty acids SL) 100 {5 ~ 10%fH#
K AL (—1%51 ) (orange oil EC) 300 % ~ 400 % ~ 500 % ~ 92% 5 %0H LA (B &% ) (Neem
EC) 300 £% ~ 99.9 BEYIHALE (&R HZEE0H ) (petroleum oils EC) 800 £ -

3. BRI ¢ AR R IR I AR © B (Z0K) 4 30 Bk
HHH B B P EEZ - R B SRR E 1 2 o ks > BT ER BT  kas < Mg A
b U ERE SRR - 2 13 R 3 0 A 12 € SRR 13- 7 RiEEE
IR RG4S EER 2 a3 -

PraRst BTk -

P % B A A ERXHB R E D E ALK
FdL R W B om A B Bx YRR W E (LS A K

B ;;:’«(%)=£1- jxlOO
&Rt © BIEEIRE LIS ETEES SAS EG HETTEE T 0 (ANOVA) » I DIE R K i/ NEE =
FMHEE (Fisher’s least significant difference test) #E{TLRER -

SR EET o

HEREHESEB MM AE RS LB -
1. BEEMRHE U a2 e

APaH (HEsEEmR ) Dbt g dE5haa i ldE R » FHEERER > 77
AR 2021 526 H3 H~7HS5H 10 H 12 H~ 11 H 9 HECHIFAR] > RS AYRI&A ik # = 2
ZEHPE (F—) {H8 A5 H~ 9 H 7 HEMNHARM > PE FRH ~ fRIAUR & G #E =0
RS EHE  FEAORE - SHSER R - Wy daf& EHTEESE PE Ml RS R 2R - 21
AR ELSR SR /N E & 2 afE] S B EEE PE JRHEE S RS EHEAVES -
Frass 9 H 16 H~ 10 A 27 HEARST PE jEHEEEZE =5~ RS fE B ($2PU) - Powell F1 Stoffella
(1993) #HEisH > EHRIMNER S E KIFRINEREFME 2 BB A E SR - =it
h i & BB R E KR > F R E i SR (R CEIBRAR - BT R 1A A SOkt
TEA > TCHAEIS L RRAYIG% - 5RZUAYSOEEZE R RGN aa A FERES - KRl DAE R
EWNEE - BEERIDEBAAEZ IR AN TH I Eaaig A 1158 - WETE P bifnEE500
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VAR o $RESEARRIEE AP 1L bR s SR S B IR - PR - SRS
e EEBAR IREENE F TS HE PU B » B0 A R e s (50 R Y N R - R D R e AR ALY
EEYIRIRE (5R > 2010) - REERT RSB LA ZIREEEBAR (PE) EAZ S
Myt F 8 B 2 R AR U S N > HII4h s s S FE A D 2 1B -

FEE (1990) HIRHE SR SR (0 W BAR B IR AR B 5 55 e 28 { AR IRk DI s FI &l
feE » AIARMAIE R ENEEE (1990) 2R EE4ZE (12 AZRE3 A) #T0M
WHREEREKEEE (5~ 11 H) - Higfis=s 75 mid s e E - RrlsEdnias =18
A EMAARZEAS RAHEEN -

2. BOHAEEEABE T T EER AR ERREEREHAE

S EREEGIN 7 H8 H -9 H7H ~ 10 H 8 H PE [RHIEZE S~ RS I » 182
ISR L) E S T RE S E Ryl SRl > ke B RETELAIn 8 H 9 HM 9 B 7 HiLE PE
FRIEEE S RS R Tl EMR 10 B 12 H ~ 11 A 9 HEELFIAA R g
AR (R - WBEEEERNOH 7 H - 10 H 8 Hi&RF > PE fRHEE = RS EH
IrtaEEEFRANN 10 A 8 HE#Es - PE R385 1Y RS R » {HE 11 HEEEEHI
(X > H PE FI RS RHMATE AR (= B —) - ZRMGHEH - /&8l 7 l4gEE
EHPRAREEEHIZ 10 H 27 HAT - MRS s (RA) - FIAMEELSEET [
Bk aSAE R RSEHEF -6 H3H ~7THSH 10 H 12 H ~11 A 9 HZpkaEa55 %8
#% PE pRIEH S » (AR e EREEL O R FE R A 2R S » R 2 2h a8 B = RK
HZ B HERITTRE R R R R S B B &2 Te 1T RHBSE - TR D 4hasa BN 2 e

(R > 2012) - FEEHECHGESE TR ITEY)E & KRR E 2 %4 (Doring et
al., 2005 ) F M R BEE E M IR TR DR EAE B A 7 3RS T44fRE( Saha et al., 2020 ) -
RO ASE - BB EM Z (EH -

3. B RS Ag R E EOR SR &

MRELE (1995) B LUEHMBABMER RS E 50.5°C% I 2% SiiE

(Fusarium spp.) » WAEHE 2 1% FIEEIEY)  REFHERERAE - A ENG = AR O
B EVIFRHERE - AL AR E R EBIAA A ERVIR S - 2% (2021) #E3RFH
PREERAR E A BERE BB R E BN EZEFENA -

KB TR AR (EIERSE AN ) - B (FH 128F) £+ (5om) 7E
PE fEFH B 18.2 ~41.5°C>RS £y 17.6 ~36.1°C-PE &0§% 4L 177 R#EZ RS JE/E S 0.1 ~ 9.3°C »
RS B PE (#74 28 KhE 0.1 ~ 1.35°C + JiE+ (20 cm) 1E PE 35 19.2 ~ 34.2°C »
RS /% 18.6 ~ 34.6°C » PE 40$%3L7F 134 K RS JRE S 0.1 ~ 4.5°C » RS EE S A PE (&4
69 KB 0.1 ~4°C > %38 (4 H 24 1% ) F1+7F PE J 17.5~30.8°C > RS % 16.2 ~29.8°C »
PE £ 144 K RS A& 0.1 ~2.3°C > RSJEEE A PE 5 57 Ky 0.1 ~1.9°C €+
1EPE T By 18.7 ~ 32.7°C>RS 5 18.1 ~ 31.6°C>PE 40$% 3475 199 Kz RS JEE = 0.1 ~ 3.3°C »
RSCAE SN PE 75 4 Ky 0.1 ~0.6°C » #UR PE RN TA IR 2% #E (5~20cm)
ZARKETREFT SR RS (B =) » KEST RS FlEpk K RRE: PE RS S > H PE jEH
HErR HEZ  JRZEEH RS » BAFINIAIR AR R - (FEERE RN SRR - 7R
BRI LERAEL - 2RSS IR T RMEIR RS & - MREFR SRS > 1]
RE BRI #ERLE -

—~ EfTHEH (JUSKN) EAPEH (FGR) fiaEadaBris
TEITHEEMEE S - RIOURE - FHAREE - SHEER AT da S OB NS 29 S
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AP asRHr#EE - FE8 HS H ~9H 7THAM10 H 12 H ~ 11 A 9 HEHBARE - EfT
FIEEH Z RIS EE B S N AT aHE: FinmiiR 77 A5 B ~8 A 5 HIfHEmEH
e RSN HMEDIER - BT HSEHBESEES AV aHE SRRt EET A 5
H ~8 H 5 HiifEE 2% £8 H S H ~ 11 J 9 N - 192 BT HENHERE
SR aHE - FrEEENAE 8 H S H ~ 11 5 9 HENH > R BT HEEHERES
AP AHE  #IBEERIES A7H ~6 H 3 HYM  RppaH @B = 81T HEER &
JaEES o HoA B SR BT RS A TG HERES (F3) -

LINtAtE AR E S S APRE L PR & 4E REUT - B E E ERME ERBEL BT 4%
BEERAVTeHE (B=) @ B REaaSREELG] - JIEADEHERRE &5 8%
B Ji e R R E R R (R - N RE B L HEEEEARY - AR AT
5 FH 2 B Bty 515 B2 AER > 8515 R it BLE BB U B 2 5 RIPIEE IR TR
ERAIGHE SN R EE L DUEEN: SN R R A A S A E R
28N EEER R SRR - QAR 6% - B (2014) 2 K7 48 &
HIGEEET IS THYEZ M (Chen et al,, 2012) - H ISR EH e BNV #4
FER I EEH (R i E EE R 3 A B R - AR LA BB R el & T A
PRZER > FLE FITRHIE 2 BoRi A D23 B8 B iU AR BT G s g
FIEEREER A -

BT HREE SR EFUELYRS - EEREEREL - AR E REEE
WifahEs > MRS RIS BRAY R RREE - R Y ETT SR (E R SEHE PR SR
PRAHETE BRI IR 2RI R4 Hl R R B = g9 HUIE R - X HEFYAE SR —
HEERIR AR AR > S s o] frE & M 27 - 0BT USRS B i A R A1
BHEN > AR AR £ E R B ERER - R L EZREARER

(s CRAAR_EEDNEE R ] BT aH A HERRHOOR K « Fin R kie: - (BAEUATE IR
B - BRI RERSUR TS R EETHE R ERBIRIEEN > RER
fEEHER L4 IRET USRS ERET BRI, - TSl SRR R R E H e E BV IEE
AE XA RERRIOUE G E T RHITE IFER - A E e e EEMEEER -
MEAREIHE - ERIRERITT A AbiEE TR REE -

- REE R R H I EEM E NSO

DLERZAE S SO RT A D40 35 83 B IR A 5 5 ] -2 B8 1200 22 R B /KB P 12,0007 ~
20% /KA MR TI4,000 % - AR E SR BE 25T E 5 A B - btk S5~ 49%oHE R RE S EE -
10%FHFEAEH ~ 92% UM ~ 99% s e Kz iR MERR e A A1 Tl - Rl R R SE 1
RICEIRZ S ik da 2 PR s - LM R 2 E7E R S57TREF > 800~1,2001%
ZabithE S HIV 63 #90.3% L E > BUEERREE ARG - HKR300 ~ 400
i ZAH AR i R 25 B0r T S00f& Z AHABRAIH ~ o ~ s R mR MR i ISR i e (3%
J\D)e A E R (i ] 2 SERBLREL s R (E ] 2 B Z2 [F @ PR e & T#8 (neonicotinoids) ZE7)»
Rfed T 2Rt ssms FIEaETE (57> 2018) - [AbAMARAMRRESVIEEERIEE - R
HANE RSS2 2% - DIREbE SRR k@ A IR - AT AR R E &
HEHENEE

& am
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AOFEEIRBEM R G B e T A BP - EEGRETTE - IROPBAIE L Ea
(B~ i) BE - EEFRNEEREEERES - ZRtEALE/ NYE SR OhSf141%)
BEIVEIR OB E B E S PR EREEE - MERERL (5 em) fIEL (20 cm) i
JEE 2 SR SR 0 PRI R - O] > BB RN - FIREIE R #aE 5 5
FHIFA - Hid e iGaE G E 2 2R > BITHENERBERAV aHES - B8ITH%E
HIbTA9 H e G E R G SREBECA e H & - B REaR@H - FTRE R i AT sRAT
FJUBIR IR EZ SRR H —H A /M k@ N T AR E & 0 BUE S - RESTRELEE > H
T2 EE GRS AT RS N B AR P06 FHEE R CER SR AT SR /i e A 11 AR A 2R R E
HEENEE > MU RS T E 2ERETEE - iR R [FS R AT W
TEEERGRE H AR AFEE - BURA SR v TTHISRES - fik e 2o i
ERFEH RSB ENIERRE - HIEEERS | RtERESCR > HHEVERCRE » TR
ERPTG T 7Es > T FRRd FHEE  JEREEEMAIIa IR SRR & - HREE 7 XA H
SR -
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Table 1 The insect numbers of different mulching materials on chrysanthemum field bed in Tongluo

Township
B HE R R FEAIR LEERLTH 7y e 20
Fr A BAE
R (EAhEa (BFEms) (Bifas (B2/FE#4K) (B2/FE#4K)
PE 245+148a 150+8.5 a 20£3.0 a 26020 a
5/7 ~6/3
RS 295+21 a 7.5+0.7 a 9.0+ * a 340=x* a
PE 31507 b  7.0x42 a 190+28 a 1.5+2.1 a
6/3 ~7/5
RS 425+2.1 a 185+49 a 260+14 a 55421 a
s g/ PE 21.0£57 a 85+49a 265+35 a 240+x99 a 320%99 a
7/5 ~8/5
RS 21.0+85 a 11.0+28 a 36.0+85 a 17521 a 33.0+2.8 a
%5 o) PE 195+07 a 05+07a 17057 a 475+49 a 185+35 a
5~9/7
RS 65+35 b 15+21a 190+198 a 530+57 a 320+£57 a
PE 175+78 a 35+21a 350+£57 a 360+£170a 270457 a
9/7 ~10/12
RS 11.0+7.1 a 3014 a 370+127a 385+148 a 480+57 a
PE 85+07 b 30+14 a 195+21 a 1745+10.6 a 112.0+57 a
10/12 ~ 11/9
RS 165+2.1 a 45+35a 23.0+113 a 159.0+70.7 a 19254276 a
5f © 1. PE SREVEIEAR - RS fFE o SRAREEVCE B 174 > s F BRI Sl evE -

2. [FfET

R HE A FBERE 2 E

ERIREELD

&RITHSCT R FRAREE 5% LSD fy/ N RBIE /KA -

Table 2 The pest ratio of different mulching materials on chrysanthemum field bed in Tongluo Township

. WG I i
HEHE R -
FRBLL 1% BRELL 1% fEERBILLHI%

PE 1.3 £ 23 a 04 £ 14 a 0.0 £ 0.0 a
6 F 8 H

RS 04 £ 14 a 04 £ 14 a 08 £ 19 a

PE 92 + 13.8a 83 £ 11.1a 58 £ 6.7 a
7H 8 H

RS 00 £ 00 Db 6.7 £ 89 a 10.8+ 10.0a

PE 27.5+ 20.1a 342+ 26.4a 42 =+ 9.0 a
8 H9H

RS 31.7+ 14.7a 92 £ 90 b 00 £ 0.0 a

PE 17.5+ 14.8a 81.7+ 16.4a 0.0 £ 0.0 a
9OH7H

RS 1.7.£ 39 b 25.0+ 18.3b 0.0 £ 0.0 a
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PE 125+ 114a 983 £ 3.9a 00 £ 00a
10 A 8 H
RS 42 + 51 b 97.5 £ 8.7a 00 £ 0.0a
PE 142+ 29 a 58 + 42a 00 £ 0.0a
11 A 10 H
RS 108+ 3.1 a 08 = 08a 00 £ 0.0a
it © 1. PE $REOYAREAT - RS &
2. [FIfREF &IOS RHRI B TREE 5% LSD fir/ N2 REE /KA -

R FEHTR A FBERE

1—‘—r$
= R

fEEEFLH

Table 3 The pests harm degree of different mulching materials on chrysanthemum bed in

Tongluo Township

52 H A JFasil R G A IrikE G EER
PE 1.0£0.0a
6 HsH
RS 1.0£0.0a
PE 1.1+£0.1a
7H8H
RS 1.0£0.0a
PE 1.3+£0.2a
8HIH
RS 1.3+£0.1a
PE 1.2+0.1a
9H7H
RS 1.0+£0.0b
PE 1.1£0.0a 33 +0.1a
10 H8H
RS 1.0£0.0b 26 +£0.1b
PE 1.1£0.0a 1.1 £0.0a
11H10H
RS 1.1£0.0a 1.0 £0.0a

=¥ 1 PE $R & ¥AIEAR -

2. EEEFR

RS fHE -
T (R 0%) ~ B2 (B E 0-25%) ~ REL3 (5 25-50%) »

A4 (B8 50-75%) ~ GREL S (R 75-100%)
5% LSD f/ [\ FLEE /KA -

3. [EIfdE

"ITH TR EE RARE
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Table 4 The small pest numbers of different mulching materials on chrysanthemum field bed in

Taitung City
. . AES &l
S HIEARE WS IE
(/35 &:4%) (/35 &%)
PE 86.7 + 389 a 602+ 444 a
5/14 ~ 6/16
RS 653 + 167 a 242+ 116 a
PE 942 + 430 a 383+ 17.7 a
6/16 ~7/16
RS 68.0 £ 194 a 295+ 169 a
PE 359.7+ 161.2 a 42 £ 35 a
7/16 ~9/16
RS 2625+ 1155 a 20 £23 a
PE 421.8+ 30.1 a 35 £ 24 a
9/16 ~ 10/27
RS 2403+ 1254 b 1.8 £1.6 a

#E © 1. PE SRESVHIEA - RS FHEL -
2. B AR | (EEEERERE 0%) ~ 4082 (& 0-25%) ~ 48 3 (& 25-50%)
S 4 (BB 50-75%) ~ SR S (B 75-100%) -
3. [FINRE & T 9 - RIAR IR B R 5% LSD fir/ NS KAE -

T ERMHUAFREEE 2 Fia G E SRR

Table 5 The pest harm degree and ratio of different mulching materials on chrysanthemum field bed in

Taitung City
. A= 2 fE FHRBLELG%
1 - ——
il Tk JiidatE o ke TN
PE 1.8+ 04a 10+ 00a 1.0+ 00a 80 0 0
6/16 ~7/16
RC 1.8+ 04a 10+ 00a 1.0+ 00a 75 0 0
PE 1.8+ 04a 10+ 00a 1.0+ 00a 95 0 0
7/16 ~9/16
RC 1.8+ 04a 10+ 00a 1.0+ 00a 95 0 0
PE 23+ 05a 1.0+ 00a 10+ 00a 100 0 0
9/16 ~ 10/27
RC 23+ 04a 1.0+ 00a 10+ 00a 100 0 0

5 ¢ 1. PE $REVHIEAT ~ RS fEHL -
2. EEER R (BHEIEME 0%) ~ A2 (B8 0-25%) ~ 4% 3 (15 & 25-50%)
A 4 (5 E 50-75%) ~ 4RE 5 (HE 75-100%) ©
3. [EIETF R T H S TR EIE TR 5% LSD fy/NE BEE /KA -
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Table 6 The control or not affect pest numbers in chrysanthemum field in Tongluo Township

e R adi=s RHUR ik A EHSEIR ik Wy B
FrAEAE N N N N

FiE (EFERmg) (Eikag) (B (E2/35854K) (B2/F5524K)

piiia 245+ 148 a 150+85 b 20+28 a 255+21 a
5/7~6/3 .

18 268+54 a 83.0+20.7 a 13.0+87 a 167+250b

fit 315407 a 70+42 b 190+28 a 15+21 a
6/3~7/5 -

= 375+64 a 41.0+15.1 a 88.8+426 a 25+21 a

Py fHE 210+£57 a 85+49 a 265+35 a 240+99 a 320+99 a

7/5~8/5

EfT 298+40 a 37.0+33.8a 73.0+245a 368+13.0 a 395+13.0a

oy fHE 195407 b  05+07 b 17.0£57 b 475+49 b 185+3.5 a

8/5~9/7

EfT 298+35 a 680+248a 1260+74 a 650+61 a 228+48 a

fHE 17578 a 35+21 b 350+£57 b 360+17.0 b 27.0+57 a
9/7~10/12

& 215+£54 a 503+205a 103.8+16.1 a 1,645.0+6174 a 523+203 a

fie 85+07 b 30+14 a 195+21 b 1745+106 b 1120+57 a
10/12~11/9

87T 345+21 a 788+404a 1150+95 a 796.7+1973 a 1703 +454 a

it ¢ [ERE R TS - RAERIE R AR 5% LSD /N E SR /K -
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Table 7 The control or not affect pests harm degree and ratio in chrysanthemum field in Tongluo

Township
HE Pia fo FE L fe ERREEL %
HER 5% HH SRR s I s papriiElcs
iz 10 b 09+ 0.6 b 0.5+ 0.5 a 0+ 0 a
o8 EfT  22+0.1a 96.7+ 1.7 a 0+0 a 0+0 a
fiE 1.1£0.1b 9.2+ 138b 83+ 1.1 a 5.8+ 6.7a
" BfT 2.1+0.1a 933+ 58 a 0+0 a 0+ 0 a
fie 1.3£02b 275+ 20.1b 342+ 2.6 a 42+ 9 a
8 BfT 1.7+02a 733+ 208 a 0+0 b 0+ 0 a
itz 12+0.1b 17.5+ 148 b 81.7+ 16.4a 0.0+ 0.0a
o7 BfT  1.8+0.1a 70.0+ 0.0 a 0.0+ 0.0 b 0.0+ 0.0a
fitt 1.1£0.0b 33+0.1a 125+ 114 Db 98.3+ 3.9 a 0.0+ 0.0a
1078 BT 1.9+02a 1.0£0.0b 76.7+ 23.1 a 0.0+ 0.0 b 0.0+ 0.0a
fitt 1.1£0.0b 1.14£0.0a 142+ 100 b 5.8+ 14.4a 0.0+ 0.0a
H0 877  1.8+04a 1.0£0.0a 63.3+ 30.6 a 0.0+ 0.0 a 0.0+ 0.0a
#F ¢ 1. PE $REVHEAR - RS fEE -

2. EEER
SH 4 (%

3. [EfRET

B 50-75%) ~ R85 (BB 75-100%) -

& ITHCF AR TR 5% LSD B/ N2 BB KA -

PE 1 (T REEEE 0%) ~ A 2 (TR 0-25%) ~ &8 3 (R 25-50%) »
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Table 8 Indoor insecticide tests of mealybug

S| % = FITRIE  EIRKE  F1RKIE
T SECE (%) SELTE (%) JSELHE (%)
7K (CK) 54+67 d 00£00 e 0.0+0.0 ¢
@ AR A7 800X 903+168a 30.6+268bc 13996 b
= AR 1,000X 93.5+112a 36.1+173b 00+0.0 c
5 AREREE ST 1,200X 935+56 a 222+21.0bed 28+48 be
oz AR MRS 800X 316+456cd 42+36 de 3.9+68 be
g fil51-FE 55 M-PEDE (BSHilia $HE8 499%) 194+148d 56+48 de 28+48 be
3 FASAE (D FEREE%)10% 300 X 782+21.5ab 18.8+8.0 bede 6380 be
= FAEASH (D FEEEE)10% 400 X 80.6+262ab 63+80 de 42+48 bc
FAEAE (D FE15%)10% 500 X 183+21.5d 11.1£48 cde 11.1+4.8 be
# THOH 300X 161+112d 0.0+00 e 0000 c
7180 800 X 526+00 bc 83+144de 1.0+1.7 bc
e GDEEEAOOC 1000500 a 969+54 a 794+51 a
B EENRES 2,000 X 89.5+182a 844+143a 735+233a

it © RIS R T ST BRI RAREE 5% LSD iy NE RERE /KA -

& — ~ SREOBBA () NEE (h) BENH ZEEHEERRE
Fig. 1. Silver plastic cloth (left) and rice straw (right) cover chrysanthemum with different degrees of
pest harm
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fEl — ~ WREABIREECE T  FUAHVER L (5 em) HORBUKR T (20cm) SRR S HE 11 HZ %
Fig. 2. The trend of the topsoil (5 cm) soil temperature and subsoil (20cm) temperature of
chrysanthemum from May to November under the cover of plastic cloth and straw

- r 3 -P

B = BTHE (F) RS SR esr g (h) B&E

Fig. 3. Harmful degree of moths on chrysanthemum applied with conventional application is more
serious than that of non-application insecticide (right)
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Effect of Tillage System on Pests in Chrysanthemum
Fields and Control Effects of Mealybug

Chiou-Fang Liu!  Yu-Jen Chen!  Tung-Hsen Liu?  Hsuan-Jen Pan?
Hsien-Tsung Tsai!

Summary

In order to reduce using pesticides and pesticide residues, we laid silver polyethylene (PE) and rice
straw (RS) to cover the beds and hang yellow sticky paper and pheromone trap box in non-preventing
control chrysanthemum garden in Taitung City, Taitung County and Tongluo Township, Miaoli County
in 2021, investigate the harm situation of chrysanthemum pests every month. In addition, hang yellow
sticky paper and pheromone trap box on the PE mulching bed of using pesticides chrysanthemum field,
compare pests with non-control field. The results showed that there were different differences in the
number of cotton leaf worm (Spodoptera litura) in different months, There are no significant differences
in the number of cotton bollworm, beet armyworm, whitefly, and thrips in PE and RS treatments. The
number of whitefly in PE treatment was significant higher than RS in Taitung city, the number also
increased month by month. There was no significant difference between the number of thrips in PE and
RS treatments, and the number of thrips in the two treatments showed a trend of decreasing month by
month. Analysis of pest harm rates in Tongluo Township showed that moths and mealybugs had
significantly higher PE than RS, the harm degree was also significantly higher than the RS. However,
before the harvest (November), the harm rate and degree of mealybugs are naturally decreased; There
was no significant difference between the moths harm rate and degree of PE and RS in Taitung city, and
no harm of mealybugs or lace bugs occurred. There are different control methods and geographical
environment between conventional and non-control fields. The harm rate of moths in the conventional
fields was higher than that of non-control fields, but the harm rate of mealybugs and lace bugs in the
conventional fields was 0%, and no harm occurred. The results of PE and RS soil temperature showed
that the soil temperature of PE topsoil (5 cm) or subsoil (20 cm) was higher than that of RS for most of
the time, and PE would make chrysanthemum grow in high temperature environment for a long time,
which is the reason to weaken the plant and make more serious pests. Chrysanthemum recommends the
use of Acetamiprid and Dineotfuran, and the mealybugs are soaked in the liquid at the recommended
multiples, achieving a significant control rate on the first day compared with other pesticides, and
non-pesticide materials are also significantly effective in prevention and control rate of calcium
polysulfide, but it will only be effective until the seventh day. In conclusion, the results show that the
mulching materials and application conditions will affect the occurrence of chrysanthemum pests. Straw
mulching can reduce pests and the soil temperature effectively. In the future, you can plan the prevention
and control test of the mealybug fields. Confirm the results of the test results such as Acetamiprid,
Dineotfuran and lime calcium polysulfide in order to facilitate pesticide registration extension.

Key words: Chrysanthemum, Mulching, Mealybug
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Table 1 Comparison of Yung-Kang wild tea and large-leaf cultivars on the leaf color in different years and
tea seasons

wE FE ORKE ZISHIIES bt
Leaf Tea Yung-Kang wild tea Cultivars

color Year season .5 ik TN /N SRR =% =25 =%

(=1 7= (=1 (= HE 8 5% 18 5% 21 5%

Mean SD Max Min CV T8 T18 T21

L1 2012 &H 41.5 4.3 52.2 322 103 38.2 479 37.1

1 39.8 33 47.2 30.7 8.3 39.9 49.8 343

=Rl 42.1 42 49.5 343 9.9 34.9 473 31.7

Pk 45.0 4.1 52.3 34.6 9.1 40.1 49.6 36.9

2013 &H 45.1 33 51.5 37.1 7.1 41.5 46.2 31.5

=8I 442 4.3 56.7 36.3 9.8 41.9 52.2 37.9

=Rl 43.7 33 49.8 36.1 7.7 37.3 48.9 31.8

I 46.0 33 52.5 39.8 7.2 40.6 55.2 49.5

gl 50.2 3.8 59.2 40.6 7.5 45.6 58.2 442

L2 2012 &H 37.5 3.1 44.1 31.0 8.3 32.8 41.7 333

B 36.8 2.8 40.8 30.7 7.6 359 46.3 30.9

=8Il 39.6 4.1 46.2 327 103 36.5 43.7 32.1

Bk 41.7 3.9 49.0 34.0 9.2 35.9 44.0 34.6

2013 &H 41.1 32 474 34.2 7.7 36.3 40.5 29.6

=8I 42.0 3.5 49.9 36.2 8.4 40.7 47.1 36.2

=8Il 40.7 4.1 50.1 347 10.1 37.6 44.5 31.3

™I 41.7 3.1 48.2 36.5 7.4 394 52.9 429

.l 454 3.6 53.3 37.9 7.8 423 49.3 35.6

L3 2012 F=S 359 2.6 41.0 32.0 7.4 34.9 39.3 33.2

B 35.5 2.7 40.3 30.3 7.7 36.1 40.4 30.9

=R 37.0 3.7 43.0 31.6 10.0 36.9 39.1 30.5

Pk 37.9 3.5 453 314 9.3 37.5 41.6 35.2

2013 F=S 38.0 2.8 424 32.7 7.2 34.1 39.9 32.0

B 39.6 4.1 473 33.1 104 41.2 40.4 37.1

=R 37.7 3.6 44.7 32.2 9.4 38.0 41.2 31.2

I 38.6 3.1 43.5 32.6 8.0 39.6 44.0 35.1

.l 42.0 3.9 53.4 35.7 9.3 41.5 46.3 35.8

al 2012 &5 -11.4 32 -3.0 -157 285 -15.8 -15.4 -12.9

I -12.7 2.5 -7.1 -16.4  19.5 -15.8 -15.2 -14.1

=R -13.7 0.9 -11.6 -15.7 6.9 -14.0 -14.2 -12.9

Fk -11.6 3.1 -2.0 -149 27.1 -14.9 -15.3 -15.5

2013 F=3 -13.5 2.2 -6.2 -16.9 159 -16.0 -16.6 -13.9

I -11.7 4.7 3.6 -16.6  40.5 -17.9 -16.6 -15.6

=R -13.5 1.1 -10.7 -15.2 7.8 -14.2 -13.1 -11.4

k1 -13.2 2.2 -5.9 -159 17.0 -17.2 -12.8 -10.8

Pk -12.2 3.2 -3.0 -16.0 26.2 -14.2 -10.3 -12.6

St — B —— —fy

IR - A G | - e ¢
SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation
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Leaf Tea Yung-Kang wild tea Cultivars

color Year season P15 A TN TN BE =5 =5 =rE
= 7= fH B G 85k 185 215k

Mean SD Max Min CV T8 T18 T21
a2 2012 & -13.8 1.8 -8.3 -17.7 128 -13.4 -14.8 -12.6
g1 -13.8 1.2 -11.5 -164 8.4 -13.7 -15.4 -11.8
=8I -13.6 1.0 -11.9 -159 72 -14.0 -14.4 -10.9
tk -13.9 1.2 -11.5 -16.0 8.8 -13.2 -15.1 -11.8
2013 & -15.2 1.1 -12.2 -173 7.4 -14.6 -16.6 -12.2
g1 -14.7 22 -8.0 -183  15.0 -16.2 -16.3 -14.6

=8I -13.9 0.9 -123 -154 6.7 -12.4 -13.2 -9.2
kI -15.1 1.0 -12.9 -17.0 69 -16.0 -13.7 -11.5
kI -15.2 1.3 -12.5 -17.7 84 -15.1 -14.4 -12.5
a3 2012 & -14.6 1.0 -12.5 -172 6.7 -12.6 -13.9 -12.6
B -14.4 8.2 -123 -15.8 5.8 -14.0 -14.2 -11.1
=Rl -13.4 1.1 -11.3 -15.7 7.8 -14.4 -12.6 -10.4
Tk -13.1 1.1 -10.9 -153 8.8 -13.4 -13.9 -12.2
2013 & -15.4 1.0 -12.5 -17.5 6.4 -143 -15.8 -12.5
HI -15.9 1.1 -14.0 -179 7.1 -16.4 -15.5 -14.4

=Rl -13.5 1.0 -10.9 -153 73 -12.6 -12.7 -9.6
kI -14.9 0.9 -13.6 -16.7 6.2 -15.4 -15.4 -12.7
el -15.4 1.1 -12.9 -17.5 74 -15.9 -15.2 -12.8
bl 2012 &5 21.4 2.6 25.9 159 121 21.8 26.0 18.5
B 20.6 22 25.4 15.7 10.8 22.5 27.4 18.3
B 21.7 3.0 27.2 169 13.8 17.3 24.9 16.8
Tk 22.6 29 28.7 14.1 13.0 19.7 28.1 18.7
2013 & 24.2 2.5 30.9 17.5 104 22.0 254 16.1
B 21.9 3.7 31.1 124 171 25.5 30.1 20.2
B 21.7 2.6 27.1 17.3 121 20.1 26.9 14.8
kI 233 22 28.1 19.1 9.6 243 28.3 17.4
al! 24.6 3.2 29.9 18.5 129 24.5 254 20.2
b2 2012 e 20.3 2.0 26.0 16.7 10.0 16.4 21.6 16.4
g1 19.4 1.9 23.2 163 9.8 17.2 24.7 13.8
g1 20.3 3.0 25.9 16.3 147 17.5 22.7 13.3
tk 20.8 2.6 26.0 16.8 12.5 16.0 22.8 14.5
2013 &5 22.7 2.4 27.7 17.1 105 17.8 21.6 13.4
g1 22.2 2.8 28.0 183 125 214 25.7 18.1
g1 20.6 2.8 26.5 16.7 13.7 16.9 23.1 11.4
T 22.2 2.7 27.1 17.6  12.0 21.2 26.4 15.5
kI 23.8 2.9 314 18.1 12.2 22.0 26.7 16.2

i3 B BE 3 B A 1 BK

SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation



122

I

BB ERS  5 41 HY (2022)

%53%— (Table 1 Continued )

wE FE OKF KRR TR
Leaf Tea Yung-Kang wild tea Cultivars

color Year season P15 A TN TN BE =5 =5 =rE

= 7= fH B G 85k 185 215k

Mean SD Max Min CV T8 T18 T21

b3 2012 & 19.8 1.8 23.8 16.6 9.3 15.5 18.7 15.6

B1 18.7 1.7 21.8 15.4 9.3 17.6 19.8 12.6

=8I 18.7 2.7 22.9 149 142 18.6 17.7 12.5

tk 17.5 2.5 21.3 13.0 14.1 16.6 20.4 15.5

2013 & 21.0 2.2 25.5 16.2 107 17.0 20.4 13.9

BH1 21.6 2.8 26.8 17.7 129 21.2 20.6 17.6

=21 18.8 24 24.1 142 13.0 17.8 19.5 12.0

kI 20.3 23 24.4 165 114 19.9 24.0 15.5

kI 21.9 2.8 29.1 16.5 13.0 23.0 24.8 16.1

AE1 2012 & 57.0 29 63.7 49.9 5.1 60.8 53.9 60.3

HI 58.4 22 64.8 54.2 3.8 59.6 52.9 63.0

=Rl 56.9 2.7 62.5 52.0 4.7 62.1 53.6 64.8

Tk 54.4 2.5 60.5 50.8 4.6 58.3 53.4 61.0

2013 & 55.2 1.8 59.4 52.3 34 58.0 55.4 65.1

HI 55.0 24 58.3 49.8 4.3 59.6 52.8 60.5

=Rl 55.4 23 60.8 51.9 4.2 60.8 52.8 64.0

I 54.0 23 57.3 49.5 4.2 60.0 48.4 47.9

el 50.7 2.5 55.7 45.8 4.9 54.9 43.8 54.1

AE2 2012 &5 60.6 24 65.3 56.6 4.0 63.9 57.5 63.2

B 61.0 2.1 65.7 57.4 34 61.2 54.7 54.8

B 58.7 2.7 63.6 54.7 4.6 60.7 55.8 63.4

£k 57.0 2.7 62.6 52.2 4.7 60.7 56.1 61.3

2013 &5 58.5 2.1 62.7 54.2 3.6 61.2 58.9 66.1

B 57.5 2.0 61.2 53.6 3.5 58.5 54.7 61.3

B 57.9 2.8 62.0 50.0 4.8 59.2 55.0 63.6

kI 57.7 2.1 61.0 52.8 3.6 59.6 49.4 53.6

al! 55.1 23 59.3 48.9 4.3 57.0 52.8 60.9

AE3 2012 e 62.1 1.9 65.4 58.3 3.1 61.5 58.4 63.1

g1 62.0 2.1 65.8 58.4 3.3 61.2 57.7 64.5

g1 60.6 2.5 64.2 56.5 4.1 60.7 58.0 64.7

tk 59.4 2.6 64.1 534 4.3 59.3 56.8 61.0

2013 &5 60.7 1.8 63.9 58.1 3.0 63.0 58.8 63.9

g1 59.7 2.7 64.1 54.0 4.5 58.2 58.4 60.3

g1 59.9 2.5 64.0 55.7 4.2 59.2 56.6 63.8

T 59.9 2.0 64.1 56.8 34 58.8 56.3 61.2

Fr I 57.5 2.4 61.9 51.6 4.2 58.4 54.8 60.8

[RE s RV it RCRE ke AR G It/
SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation
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Table 2 Comparison of Yung-Kang wild tea and large-leaf cultivars on the SPAD value, chlorophyll and

carotenoid content in different years and tea seasons

123

FE GoE P2 KBRS FEE
Yung-Kang wild tea Cultivars
Year  Greenness TS Py EE mR mh BR 25 B BEXR
= 7= {H fH B 85f I85F 215

Mean SD Max Min CV T8 T18 T21

2012  SPAD2 P 26.7 3.89 32.8 17.1 14.6 31.0  21.6 345
B 29.7 2.81 36.4 24.8 9.5 274 167 404

O 289 4.47 39.5 19.6 15.5 32.1  19.1 431

Tk 24.8 3.71 31.5 18.6 15.0 321 228 456

2013 &5 23.6 3.21 30.9 16.5 13.6 320 220 374
B 24.2 3.76 30.1 17.3 15.6 242 173 337

EIO 30.1 3.79 38.6 21.9 12.6 343 206 596

k1 27.2 3.17 32.8 21.9 11.7 336 174 389

KD 23.6 3.51 30.5 17.1 14.9 250 17.8  39.2

2012  SPAD3 &5 31.9 3.89 39.1 24.4 12.2 362 28.0 437
B1 344 3.14 40.6 28.7 9.2 33.1 264 46.0

EO 360 4.53 43.7 29.0 12.6 344 305 490

Tk 323 4.78 40.7 24.1 14.8 347 342 48.6

2013 &5 29.9 3.24 37.2 243 10.8 325  28.0 422
g1 29.2 4.36 35.6 22.6 14.9 27.0 260 359

BEI 369 4.20 44.9 28.4 11.4 372 36.0 709

kI 33.7 3.85 41.8 28.3 11.4 347 249  46.7

IO 299 4.98 40.8 17.9 16.7 273 226 440

2012 EEXEE a e 13.6 1.8 16.9 10.1 12.9 247 156 143
(mg/g) g 13.6 2.2 17.5 9.6 15.8 7.2 6.8 9.8

tk 14.3 2.4 17.8 10.1 16.6 18.1 82 137

BEEZED & 52 0.7 6.5 4.0 12.9 10.5 6.5 6.7

(mg/g) g 55 0.8 7.1 4.0 14.9 34 2.8 5.0

K 6.4 1.0 8.2 4.7 15.0 8.4 3.7 6.5

etz ath F 18.8 24 23.5 14.1 12.6 352 221 210

(mg/g) g 19.1 2.9 24.0 13.7 15.2 10.7 9.6 1438

tk 20.7 3.3 26.0 14.7 15.9 26,5 11.9 20.2

iR R B 342 54 45.0 23.8 15.9 65.6 405 33.6

(mg/g) g 31.6 53 44.0 21.4 16.7 18.6 182 246

Tk 36.0 5.6 47.9 253 15.7 39.8 229 307

2B g3 R 1K K

SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation; TS: Tea season
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Table 3 Comparison of Yung-Kang wild tea and large-leaf cultivars on the tea color in different tea
seasons

M | R AKEELLGR e TE
Tea Color Tea Yung-Kang wild tea Cultivars
type  difference season 14 A BA =N sE =58 =%/ =4S
B 7= (=1 (Il %E 85%  185%  215%
Mean SD Max Min CV T8 T18 T21
GRS L & 47.1 2.9 51.2 40.6 6.2 42.8 49.7 48.5
(R B 38.7 1.3 41.4 35.4 33 40.4 42.7 42.6
Green =8 37.3 1.2 39.5 354 3.1 38.0 38.9 39.2
tea k* 18.9 2.0 22.8 15.7 10.7 14.4 13.0 15.6
(powder a &5 -4.19 0.6 -2.86 -5.20 13.0 -5.00 4091 -4.93
shape) B -2.58 0.4 -1.94 -3.37 15.2 -2.04 -1.39 -2.38
=8 -2.72 0.4 -1.95 -3.41 14.6 -2.87  -1.66 -2.09
k* -0.40 0.2 -0.11 -0.80 544 -0.25 0.42 -0.42
b 5 19.2 1.8 21.7 13.9 9.4 17.1 19.8 20.4

21 13.7 0.7 15.3 12.6 4.8 12.9 12.9 13.1
=R 14.1 0.8 15.6 12.5 59 12.6 13.1 13.2
Fk* 8.5 1.3 11.0 6.3 15.1 5.0 43 54

AE & 56.5 23 61.5 53.2 4.0 59.9 543 55.6
21 62.8 1.1 65.8 66.5 1.8 61.0 58.8 58.9
=R 64.4 1.0 66.0 62.5 1.6 65.3 62.5 62.2
Fk* 81.6 1.9 84.6 78.0 23 85.8 87.2 84.6

4K L P 11.9 1.2 15.3 9.6 10.4 10.9 11.5 11.6
(&) BEI 11.9 1.2 16.2 10.5 10.0 11.0 13.0 12.3
Black =R 14.5 1.2 17.7 12.8 8.0 13.7 16.6 14.0
tea kI 13.4 1.5 19.0 11.8 11.3 12.3 11.6 14.6
(strip kI 11.2 1.4 15.4 9.1 12.6 10.7 10.9 14.1
type) a P 2.07 0.4 2.87 1.60 17.0 1.42 2.04 1.69

g1 1.68 0.3 2.26 1.15 20.1 1.25 1.84 1.68
= 1.88 0.5 3.10 1.07 23.9 1.34 2.32 1.37
kI 2.52 0.6 4.69 1.74 24.1 1.68 1.22 1.31
kI 2.70 0.5 3.86 1.88 19.7 1.75 2.06 3.39

b & 231 0.6 4.44 1.37 25.5 1.71 2.11 1.99
21 2.35 0.6 4.97 1.52 26.7 2.09 2.79 2.56
21 1.99 0.5 3.40 1.09 25.5 1.64 2.61 1.46
K1 2.67 0.9 5.52 1.58 324 245 1.47 2.07
gl 2.98 0.7 5.16 1.85 24.4 2.46 2.18 3.83

AE P 88.2 1.2 90.5 84.9 1.4 89.1 88.5 88.4
g1 88.2 1.2 89.6 84.0 1.3 89.1 87.1 87.8
21 85.5 1.1 87.3 82.4 1.3 86.3 83.5 86.0
K1 86.7 1.5 88.2 81.4 1.7 91.1 88.5 85.4
Bk I 88.9 1.4 91.0 84.9 1.5 89.4 89.0 86.1

IR IR #RIR
SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation
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Table 4 Comparison of Yung-Kang wild tea and large-leaf cultivars on the liquor color in different tea
seasons

FE BE FRE KERLLZE ISR
Tea Color Tea Yung-Kang wild tea Cultivars
type  difference season 15 fEAE TN /N R =25 =25 =%
Iz} 7= (=1 " %8 8%  185% 21 %5%
Mean SD Max Min CV T8 T18 T21
&5 L &H 91.1 1.41 92.8 86.1 1.5 90.7 90.9 86.0
Green 1 89.2 3.38 92.0 74.7 3.8 89.9 89.3 86.1
tea =3I 89.2 1.79 92.3 84.7 2.0 89.9 90.2 87.4
k 89.7 1.97 93.5 85.9 2.2 81.5 84.9 82.1
a & -1.62 0.42 -0.85 -2.61 26.2 -1.04 -126 -0.98

H1 -1.88  0.64 037 -2.86 343 -1.17  -1.19  -0.50
21 -3.17  0.55 -2.00 412 172 -2.16  -2.70  -0.92
Fk -2.770  0.58 -1.55 -3.87 215 -1.03  -247  -1.28

b & 9.9 1.63 133 7.0 16.5 8.4 10.4 13.1
B 11.8 1.78 14.8 8.3 15.1 10.2 11.9 11.3
21 15.6 2.14 19.2 10.3 13.8 12.8 17.1 10.5
£k 14.0 2.38 18.1 8.7 17.1 13.0 19.3 16.3

AE & 9.5 2.38 19.1 6.7 25.0 8.0 9.7 14.4
B 12.3 2.90 23.7 8.8 23.6 10.1 12.0 13.2
=R 16.1 2.17 19.6 10.5 13.5 13.0 17.2 11.8

£k 14.5 2.68 18.6 8.4 18.4 17.7 21.1 19.9
a7k L =S 71.8 4.43 79.3 62.5 6.2 59.2 59.4 61.7
Black BI 67.8 5.10 77.5 56.0 7.5 66.0 62.9 62.1
tea = 74.7 3.05 81.6 69.0 4.1 68.3 67.3 62.3

kI 68.7 3.45 76.6 63.9 5.0 65.5 65.6 513
kI 67.2 3.89 77.1 60.7 5.8 70.2 68.9 66.1

a =S 9.1 2.51 14.0 4.5 27.6 12.2 14.0 11.1
BI 13.6 3.78 22.5 5.8 27.8 13.4 19.7 11.0
= 6.6 2.47 12.6 23 37.7 9.2 11.9 16.0
kI 11.2 3.02 15.9 5.6 27.1 15.5 15.5 23.5
kI 17.4 4.09 24.7 7.8 23.5 15.3 17.1 14.0

b S 37.0 2.20 40.3 30.6 6.0 32.7 347 324
21 37.8 2.44 40.9 30.0 6.5 36.3 38.0 354
21 36.7 2.24 40.5 31.6 6.1 35.1 37.6 36.4
K1 37.0 1.38 39.8 34.0 3.7 38.5 36.2 325
BRI 40.5 0.80 42.2 38.5 2.0 42.3 42.7 38.4

AE P 43.0 3.20 48.3 36.6 7.4 47.7 494 45.6
g1 47.5 3.57 535 38.2 7.5 47.1 52.0 459
21 39.6 3.47 46.5 32.1 8.8 42.1 453 48.8
K1 42.0 3.46 474 34.6 8.2 46.1 443 54.7
Bk I 52.8 3.32 58.0 43.8 6.3 51.7 53.0 50.8

U= IR # iR
SD: Standard deviation; Max: Maximum; Min: Minimum; CV: Coefficient of variation
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Table 5 Correlation coefficients for leaf color, SPAD value of Yung-Kang wild tea and liquor color, color, chlorophyll
and carotenoid content of green tea

jEsh= HKE L a b SPAD
CD TS 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
LC-L & -0.063 0.041 -0.256 -0.250 -0.061 0.055 0.418* 0.266
21 0.459%*%  0.437* -0.159 -0.402* 0.397* 0.469**  -0.248 -0.303
=Rl 0.282 0.318 -0.320 -0.280 0.250 0.231 -0.183 -0.315
£k -0.263 0.006 0.133 0.096 -0.208 0.031 0.238 0.233
LC-a & -0.422% -0.464**  0.150 0.458**  -0.368* -0.505**  0.227 0.303
B -0.386* -0.399* 0.100 0.304 -0.303 -0.402* 0.232 0.298
=8I -0.397* -0.475%*%  0.245 0.354* -0.452%*%  -0.482**  0.531**  (0.546**
K -0.476%*  -0.577**  -0.015 0.371* -0.346 -0.512%*%  0.421**  0.284
LC-b & 0.334 0.286 -0.055 -0.193 0.267 0.235 -0.347* -0.323
HI -0.221 -0.174 0.091 0.255 -0.211 -0.239 0.094 0.099
2 0.252 0.344 -0.094 -0.161 0.338 0.375%* -0.486**  -0.435%*
K 0.493**  0.417* -0.044 -0.296 0.343 0.352* -0.460**  -0.314
GC-L & -0.331 -0.379* -0.348 -0.058 0.052 -0.252 0.273 0.353*
B 0.186 0.239 -0.428* -0.234 0.339 0.194 -0.087 -0.201
=8I 0.697**  0.707**  -0.566**  -0.648**  0.677**  0.650**  -0.660** -0.661**
K 0.626**  0.762**  -0.593**  -0.577**  0.679**  0.701**  -0.733**  -0.681**
GC-a & 0.140 0.297 0.466**  0.100 -0.145 0.268 -0.168 -0.219
B -0.389* -0.452**%  0.291 0.197 -0.337 -0.511**  0.221 0.258
B -0.388* -0.477*%*%  0.430* 0.397* -0.388* -0.371* 0.290 0.475%*
K 0.091 -0.051 0.027 -0.168 0.004 0.043 0.161 0.139
GCb & -0.446**  -0.500**  -0.446**  -0.022 -0.022 -0.380* 0.481**  0.517**
21 0.574**%  0.662**  -0.629**  -0.517**  0.614**  -0.140 -0.343 -0.504**
2 0.770%*  0.789**  -0.705** -0.791**  0.750**  0.750**  -0.660**  -0.717**
£k 0.619%*  0.779**  -0.549** -0.519**  0.646**  0.680**  -0.731**  -0.715%*
Chl-a % -0.541%*%  -0.450**  0.151 0.497**  -0.593**  -0.591**  0.567**  0.550**
B -0.441* -0.489**  0.225 0.613**  -0.588**  -0.723**  (0.553**  0.547**
51 -0.775%*%  -0.781**  0.637**  0.756**  -0.782**  -0.765**  0.784**  0.797**
Chl-b & -0.453**%  -0.449**  0.127 0.442* -0.510%*%  -0.597**  0.443* 0.500%*
B -0.308 -0.358* 0.256 0.534**  -0.502**  -0.609**  0.406* 0.405*
51 -0.745%*%  -0.764**  0.637**  0.779**  -0.764**  -0.779**  0.787**  0.789**
Chl & -0.529%*%  -0.461**  0.148 0.494**  -0.584**  -0.607**  0.546**  0.550**
atb B -0.413* -0.462**  0.239 0.604**  -0.577**  -0.706**  0.523**  0.518%**
B2 -0.774%*%  -0.783**  0.643**  0.770**  -0.784**  -0.776**  0.792**  0.802**
Caro & -0.715%*%  -0.626**  0.156 0.574**  -0.693**  -0.748**  0.634**  0.691**
B -0.432% -0.481**  0.325 0.607**  -0.559**  -0.663**  0.423* 0.480%*
B2 -0.688**  -0.705**  0.635**  0.757**  -0.691** -0.695**  0.663**  0.680**

n=30 p0.05=0.3494, p 0.01=0.4487
I 15— 0

Caro: Carotenoid

*, ** denote significance at 5% and 1% level, respectively

* B8 3K, CD: Color difference; TS: Tea season; LC: Liquor color; GC: Green tea color; Chl: Chlorophyll;
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Table 6 Correlation coefficients for leaf color, SPAD value of Yung-Kang wild tea and liquor color, color of black tea

jEsh= KE L a b SPAD

CD TS 2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd

LC-L P 0.096 0.173 -0.019 -0.030 -0.005 0.121 0.026 -0.146
BHI 0.218 0.236 -0.152 -0.248 0.206 0.245 -0.005 -0.206
=8I -0.171 -0.138 -0.001 0.040 -0.194 -0.185 0.219 0.239
K1 0.102 0.036 -0.215 -0.211 0.043 -0.033 -0.114 -0.004
Q! -0.041 0.031 -0.463**  -0.252 0.300 0.144 -0.319 -0.122

LC-a & 0.033 -0.009 0.071 0.057 0.077 -0.051 -0.032 0.160
B -0.177 -0.174 0.201 0.234 -0.198 -0.194 0.021 0.149
=8I 0.236 0.248 -0.065 -0.129 0.255 0.277 -0.294 -0.375*
I -0.093 0.014 0.181 0.177 -0.011 0.079 0.046 -0.064
Bk 0.123 0.000 0.402* 0.167 -0.223 -0.077 0.254 0.082

LC-b P 0.224 0.320 -0.066 -0.068 0.226 0.196 -0.169 -0.042
BHI 0.140 0.213 -0.028 -0.096 0.105 0.124 0.023 -0.197
B 0.250 0.290 -0.116 -0.140 0.270 0.245 -0.300 -0.468**
I 0.040 0.206 -0.166 -0.190 0.285 0.360*  -0.181 -0.320
Q! 0.127 0.150 -0.116 -0.130 0.147 0.155 -0.142 -0.103

BC-L & 0.156 0.186 0.122 -0.072 0.204 0.211 -0.277 -0.183
B 0.283 0.322 0.163 -0.098 0.172 0.275 -0.359*  -0.401*
B 0.004 -0.115 -0.134 -0.239 0.024 0.003 0.089 0.145
I 0.018 0.154 0.018 0.100 0.094 0.072 -0.160 -0.181
kI 0.265 0.090 0.092 -0.123 0.051 0.064 -0.067 -0.096

BC-a P 0.516**  0.631** -0.123 -0.325 0.429* 0.500%*  -0.524**  -0.499**
BHI 0.705**  0.702** -0.314 -0.568**  0.625%*  0.656%*  -0.580**  -0.720**
B 0.199 0.029 -0.314 -0.369* 0.239 0.155 0.038 -0.051
kI 0.277 0.451**  -0.251 -0.265 0.353* 0.388*  -0.337 -0.449**
K1 0.490**  0.458** -0.204 -0.336 0.426* 0.401*  -0.309 -0.386*

BC-b 7= 0.239 0.304 0.048 -0.073 0.222 0.209 -0.301 -0.214
B 0.177 0.187 -0.011 -0.059 0.131 0.130 -0.194 -0.213
=8I 0.001 -0.139 -0.151 -0.135 0.058 -0.068 0.176 0.072
k1 0.109 0.294 -0.131 -0.087 0.179 0.229 -0.192 -0.299
kI 0.355% 0.239 -0.073 -0.222 0.222 0.204 -0.127 -0.215

n=30 p0.05=0.3494, p0.01=0.4487

epe —

2 —2G 0562

¢, CD: Color difference; TS: Tea season; LC: Liquor color; BC: Black tea color

*, ** denote significance at 5% and 1% level, respectively
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Table 7 Correlation coefficients for leaf color and SPAD value of Yung-Kang wild tea

SSEStE FEOF L a b
Tea - = _ = - =
Greenness  Year season 2nd 3rd 2nd 3rd 2nd 3rd
SPAD2 2012 & -0.776** -0.616** -0.189 0.206 -0.525%* -0.564**
= -0.591%* -0.591** 0.286 0.691%** -0.690%** -0.774%*
B -0.869** -0.869** 0.695%* 0.779%* -0.873%* -0.885%*
k -0.651%* -0.875%* 0.482%* 0.551** -0.651%* -0.648%*
2013 5 -0.879%* -0.772%%* 0.556** 0.741** -0.824%** -0.831%*
B -0.803** -0.891** -0.069 0.532%* -0.736** -0.829%*
=8Il -0.782%* -0.848** 0.611** 0.678%* -0.792%* -0.803**
k1 -0.689%* -0.748** 0.623** 0.758%* -0.812%* -0.794%*
kI -0.811** -0.808** 0.567** 0.890** -0.898%** -0.917%*
SPAD3 2012 5 -0.811** -0.791%* -0.113 0.261 -0.580%* -0.702%*
= -0.784%* -0.829%* 0.538%%* 0.795%* -0.839%* -0.894**
B -0.876** -0.893** 0.778** 0.819** -0.892%* -0.874%*
Tk -0.668%* -0.680%** 0.488** 0.596** -0.641%* -0.660%*
2013 5 -0.842%* -0.822%* 0.472%* 0.766** -0.763%* -0.888**
B -0.874%* -0.941%* 0.127 0.693** -0.800** -0.928**
=8Il -0.791%* -0.881** 0.612%* 0.642%* -0.809%** -0.798%**
k1 -0.808** -0.901** 0.655%* 0.844%** -0.863%* -0.921**
q! -0.821%* -0.908** 0.423* 0.844** -0.839%* -0.959%*

n=30 p 0.05=0.3494, p0.01=0.4487 *, ** denote significance at 5% and 1% level, respectively
2R 3SR T IR
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Table 8 Correlation coefficients for chlorophyll and carotenoid content of Yung-Kang wild tea and liquor color, color
of green tea

EZS (EShE= HE R R E R
Green tea Color Tea Chlorophyll Carotenoid
difference season a b a+b
TKE L & 0.063 -0.031 0.038 0.077
Liquor color B -0.434* -0.253 -0.392%* -0.308
=4I -0.143 -0.036 -0.113 -0.109
a & 0.155 0.010 0.118 0.327
g1 0.273 0.161 0.248 0.155
251 0.290 0.246 0.280 0.075
b & -0.168 0.034 -0.115 -0.164
= 0.443* 0.324 0.419* 0.464**
2 -0.204 -0.256 -0.221 -0.005
jEsh=2 L & -0.020 -0.089 -0.040 0.086
Color BE1 -0.254 -0.320 -0.278 -0.270
=4I -0.732%* -0.628** -0.709** -0.657%*
a & -0.231 -0.322 -0.262 -0.217
g1 0.068 -0.029 0.042 0.102
=8Il 0.288 0.125 0.243 0.205
b & 0.179 0.076 0.155 0.272
21 -0.415*% -0.363* -0.409* -0.451**
21 -0.677** -0.573%* -0.645%* -0.615%*

n=30 p 0.05=0.3494, p0.01=0.4487 *, ** denote significance at 5% and 1% level, respectively
I SR ==
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Table 9 Correlation coefficients for green tea quality and leaf color, liquor color, made tea color, SPAD value,
chlorophyll and carotenoid content of Yung-Kang wild tea

HH F*F PR R Kea, R RS =5
Item Tea Liquor
season  Shape Color color Aroma Taste Total
B2BE = L 5 -0.174 -0.437* -0.268 0.022 -0.263 -0.319
() B -0.058 -0.445%* 0.389* -0.054 0.139 0.175
Leaf color =R -0.161 -0.620* 0.033 0.114 0.001 -0.098
(2nd leaf) Ttk 0.368* -0.271 -0.521** -0.319 -0.363* -0.489**
a = 0.233 0.193 -0.100 -0.028 -0.100 -0.056
B -0.058 0.274 -0.293 -0.126 -0.083 -0.183
=Rl 0.295 0.564** -0.152 -0.065 -0.150 -0.027
tk -0.181 0.334 0.218 0.116 0.113 0.191
b = -0.266 -0.434* -0.038 -0.099 -0.106 -0.186
B -0.121 -0.504** 0.472%* -0.143 0.243 0.236
=R -0.216 -0.629%* -0.028 0.109 -0.047 -0.167
e 0.279 -0.384* -0.398* -0.297 -0.268 -0.398*
FEKE L 5 0.133 -0.011 0.436* 0.015 0.333 0.382*
Liquor color B -0.330 -0.329 0.616%* -0.123 0.312 0.363*
=R 0.096 -0.268 0.299 -0.124 0.301 0.257
£k -0.170 -0.184 0.488** 0.366* 0.379* 0.481**
a 5 0.136 0.303 0.412* 0312 0.306 0.471%*
B 0.261 0.173 -0.265 0.256 0.107 0.075
B 0.026 0.330 0.386* 0.099 0.414* 0.530**
K -0.308 0.189 0.625%** 0.396* 0.563** 0.679**
b 5 -0.138 -0.187 -0.793%* -0.223 -0.502%* -0.700%*
B 0.380* 0.463%* -0.776** -0.054 -0.745%* -0.735%*
B 0.000 -0.111 -0.673%* 0.009 -0.710%* -0.771%*
tk 0.357* 0.017 -0.822%* -0.540** -0.671%* -0.831**
g L 5 -0.118 0.210 0.195 -0.123 0.321 0.253
Color of B 0.026 -0.269 -0.064 0.337 -0.111 -0.074
Made tea 21 -0.331 -0.745%* 0.194 0.061 -0.040 -0.128
a = -0.358* -0.289 0.054 0.109 -0.142 -0.110
1 0.110 0.386%* 0.032 0.088 0.190 0.262
B 0.097 0.441* -0.336 0.205 -0.257 -0.153
b 5 0.088 0.211 0.263 -0.058 0.365* 0.324
I -0.154 -0.522%%* 0.186 0.126 0.034 0.013
EII -0.317 -0.756** 0.243 0.041 0.225 0.070
SPAD 2nd 5 0.034 0.274 0.319 0.109 0.339 0.385*
I -0.048 0.192 0.246 0.421* -0.186 -0.117
B 0.050 0.607** 0.108 -0.047 0.281 0.347*
tk -0.072 0.544** 0.322 0.253 0.202 0.351*
3rd 5 0.210 0.444* 0.277 0.006 0.334 0.379*
BHI 0.097 0.400* -0.268 0.259 -0.159 -0.076
=R 0.086 0.587%%* 0.073 -0.054 0.148 0.240
£k -0.020 0.466** 0.262 0.276 0.116 0.277
LR a 5 0.361* 0.475%* -0.102 0.186 0.160 0.207
Chlorophyll B 0.260 0.468** -0.577** -0.095 -0.419%* -0.447*
21 0.154 0.632%* -0.063 -0.163 0.022 0.089
b 5 0.475%* 0.443* -0.179 0.108 -0.031 0.065
I 0.236 0.356%* -0.448%* -0.112 -0.239 -0.296
=R 0.156 0.537** 0.006 -0.178 0.086 0.137
a+b &5 0.402* 0.478** -0.126 0.168 0.110 0.172
B1 0.259 0.446* -0.553%* -0.102 -0.377* -0.414%*
EII 0.156 0.610%* -0.043 -0.169 0.041 0.104
FEEHEEE = &5 0.274 0.483%* -0.049 0.073 0.145 0.177
Carotenoid B 0.229 0.480%* -0.592%* -0.179 -0.352%* -0.430%*
E 11 0.191 0.567** -0.214 -0.121 -0.105 -0.052

n=30 p 0.05=0.3494, p0.01=0.4487 *, ** denote significance at 5% and 1% level, respectively

IR0 EIR
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Table 10 Correlation coefficients for black tea quality and leaf color, liquor color, made tea color, SPAD value of
Yung-Kang wild tea

HH FKE TR [Ep K R TS a
Item Tea Liquor
season Shape Color color Aroma Taste Total
BE A= L 5 0.126 0.201 -0.006 -0.064 0.192 0.092
() B -0.376* -0.365* -0.300 -0.028 0.062 -0.324
Leaf color B -0.081 -0.065 0.133 0.094 0.079 0.117
(2nd leaf) K1 -0.149 -0.260 -0.204 -0.319 -0.286 -0.470%*
PRI 0.251 0.089 0.006 0.125 0.185 0.218
a = -0.276 -0.323 -0.002 0.103 -0.097 -0.084
B -0.006 -0.037 0.355% -0.208 -0.464%*  -0.234
B 0.268 0.147 -0.019 -0.128 -0.038 0.015
k1 0.134 0.033 0.270 0.111 -0.105 0.166
kI -0.231 0.027 0.278 0.021 0.015 -0.038
b 5 0.285 0.302 0.035 -0.210 0.019 0.017
B -0.315 -0.297 -0.356* -0.004 0.135 -0.259
B -0.136 -0.065 0.131 0.078 0.002 0.053
k1 -0.152 -0.095 -0.130 -0.308 -0.032 -0.246
KT 0.351* 0.078 -0.243 0.053 0.080 0.123
FEKE L & -0.377* -0.118 -0.518%* 0.169 0.093 -0.150
Liquor color B -0.333 -0.485**  -0.603**  -0.014 0.387* -0.275
=8I -0.422% -0.530%*  -0.791%** 0.343 -0.039 -0.496**
k1 -0.290 -0.330 -0.869%** 0.326 -0.035 -0.557**
gl 0.142 -0.038 -0.732%* 0.054 0.071 -0.088
a & 0.365* 0.196 0.827**  -0.013 0.114 0.414*
=8I 0.225 0.309 0.681**  -0.045 -0.421%* 0.191
=Rl 0.508%%* 0.568%* 0.839*%*  -0.336 -0.014 0.525%*
el 0.276 0.326 0.913**  -0.352% -0.025 0.533%*
il -0.104 0.064 0.730%* 0.013 -0.034 0.165
b 5 0.111 0.145 0.488** 0.040 0.180 0.294
B -0.014 -0.394* 0.183 -0.295 -0.003 -0.149
B 0.482%* 0.529%%* 0.734*%*  -0.034 -0.095 0.414*
k1 0.291 0.368* 0.727**  -0.363* -0.036 0.438*
K 0.252 0.299 0.015 -0.328 -0.048 0.004
IR L = -0.120 -0.191 0.430* -0.225 -0.285 -0.107
Color of B -0.416* -0.267 -0.073 0.251 -0.212 -0.242
Made tea B 0.281 0.255 -0.069 -0.273 0.196 0.076
k1 0.305 0.165 0.195 -0.197 -0.140 0.100
kI -0.249 -0.123 0.405* 0.121 0.072 0.185
a & -0.194 -0.300 0.244 -0.216 -0.187 -0.159
BHI -0.312 -0.237 -0.176 0.003 -0.216 -0.379%*
B -0.035 0.022 -0.019 -0.282 0.238 -0.004
el 0.206 0.071 0.072 -0.159 -0.061 0.039
el -0.098 -0.178 0.147 0.209 0.091 0.248
b 5 -0.349* -0.391* 0.395* -0.244 -0.307 -0.204
B -0.301 -0.080 -0.137 0.421%* -0.109 -0.046
B 0.115 0.119 -0.031 -0.229 0.213 0.056
1 0.323 0.153 0.124 -0.098 -0.008 0.170
PRI -0.241 -0.215 0.231 0.255 0.036 0.245
SPAD 2nd = -0.170 -0.148 0.078 0.243 0.015 0.091
B 0.302 0.266 0.157 0.138 0.218 0.442*
B -0.124 -0.169 -0.199 -0.110 0.259 -0.073
k1 0.124 0.173 0.103 0.237 0.096 0.255
kI -0.266 0.012 0.278 -0.058 -0.163 -0.084
3rd 5 -0.099 -0.046 0.264 0.143 0.074 0.160
B 0.389* 0.383* 0.280 0.083 0.085 0.445%*
B -0.111 -0.092 -0.309 0.023 0.284 -0.044
k1 0.048 0.144 0.055 0.268 0.177 0.255
I -0.185 -0.017 0.172 0.011 -0.070 0.039

n=30 p 0.05=0.3494, p0.01=0.4487 *, ** denote significance at 5% and 1% level, respectively

s

L% 1 HR
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Appendix 1 Characteristics description of Yung-Kang wild tea and large-leaf cultivars

ProppE BHmE e 5177 BER R EEZ
Wild species/  Single plant/ Bud Leaf Leaf Tree
cultivars variety color shape characteristics vigor
KRR 1 &L Bt N SEZT:S
Yung-Kung 2 &r 1] EEYN T
wild tea 3 4k Pt E YN

4 Tk el TR

5 ERmAL ivEan fafEhn

6 &L ivEan

7 4L et TN

8 &L Bt

9 &k et TR

10 &k iiEan

11 AL frs[El 574

12 &k et £

13 AL fheE W fathon

14 AL et E

15 AL el

16 &L et TNGH ~ BEEEROR

17 Bk sy

18 &% et

19 Bk et JEH

20 &L Bt Edl & - BEIIR

21 SRiEL fhEIE]

22 bk Peit paiiil

23 GRAL et e

24 SRPHEL Pest

25 &L Bt LI/ INER

26 AL &l

27 Ekfmal Bt

28 &k ivEan /¢

29 &L et

30 &L Bt e [EAEE
CK1 Xk &k Bl TR~ BEWOK [IEAT=
CK2 2R 185 A (Bl TEGRIR SEZT:S

CK3 EOR 215 Gk BRI EGI REZEE
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Study on Variation of Leaf, Tea and Tea Liquid Color
Difference and Their Relationship with Quality of
Yung-Kang Wild Tea in Taitung

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

This experimental research was used Taitung Yung-Kang wild tea collected from Taitung Branch,
Tea Research and Extension Station as the experimental material to carry out investigation and analysis of
leaf color, tea color, liquor color and chlorophyll content, and hope to establish color and liquor color
variation and correlation data of Yung-Kang wild tea, as well as the relationship between it and the tea
quality, were used as a reference for the selection of individual plant on the tea tree breeding,
development and utilization for the numerical application of color. The experimental results show that the
variation size of the color difference of Yung-Kang wild tea leaf was b>L =a>AE. The color and tea
liquid of green tea and black tea were a>b>L>AE, a=b>L>AE and a= AE>b>L. a>AE>L =b. The higher
the green tea chlorophyll and carotenoids contents, the higher the leaf SPAD and a value, and the lower
the L and b value. The higher L and b values of color and tea liquid of green tea and black tea, the higher
the leaf L and b value in most tea seasons, and the lower the a and SPAD value, the higher a value of
green tea color and tea liquid, the lower the value of leaf L and b, a and SPAD value were higher. The
higher a value of black tea color, the higher the leaf L and b value, the lower the a and SPAD value, and
the a value of black tea liquid had almost no significantly correlation. The leaf color L, a and b value were
greater effect on the green tea quality than that black tea, especially the color and liquor color. The SPAD
value, chlorophyll and carotenoids contents were positively correlated with the green tea quality and its
various evaluation items in most tea seasons, and they have a significant or extremely significant
relationship with the color. The L, a and b values of green tea were greater effect on the color than that
black tea. The L and a value of green tea liquid and color, quality reached a significant or extremely
significant positive correlation in most tea seasons, the b values of tea liquid mostly had a significant or
extremely significant negative correlation. The L value of black tea liquid and liquor color, quality was
showed a significant or extremely significant negative correlation in most tea seasons, the a and b values
of tea liquid had a significant or extremely significant positive correlation with shape, color, liquor color
and quality in some tea seasons.

Key words: Yung-Kang wild tea, Color difference, Quality

1. Former Associate Agronomist, Former Associate Biochemist, Assistant Agronomist, Taitung Branch,
Tea Research and Extension Station, Taitung, Taiwan, R.O.C.
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Table 1 Effect of different drying treatment on the sensory quality of raw material and made tea for
compressed tea of Yung-Kang wild tea

sl Iy M HZ M K "R VAU &t
Tea Liquor

Experiment  Storage type Drying color Aroma Taste Total

Years ---%--- Score

I i P HLRZ 14.2a 19.5a 20.5a 54.2a

=i 12.9b 20.0a 20.5a 53.4a

I 12.0b 18.3b 18.5b 48.8b

g 12.0b 18.0b 18.0b 47.7b

— jes 13.0a 20.0a 19.5a 52.5a

Tz 13.0a 20.0a 19.0b 52.0b

IR 13.0a 20.0a 19.5a 52.5a

LR 13.0a 20.0a 19.5a 52.5a

- jes 13.7a 19.5a 18.5a 51.7a

Rz 13.2a 19.8a 18.8a 51.7a

I 13.2a 19.8a 19.0a 52.0a

LR 12.9a 19.8a 18.8a 51.4a

I 4it 4EIR etz 12.9a 19.5a 19.3a 51.6a

ELHRE 12.5ab 18.0b 18.3a 48.8ab

i 12.0ab 16.5¢ 17.3a 45.8b

PLigE 11.5b 16.5¢ 17.3a 45.3¢

ESIEASIY =0 G i 7 11.9a 19.5a 19.5a 50.9a

ELHRE 12.0a 17.8b 19.0b 48.8ab

i 11.5a 17.0b 18.0d 46.5b

PLigE 11.0a 18.0b 18.5¢ 47.5b

A0S ez 13.9a 21.0a 20.5¢ 55.4a

L HRE 12.9b 20.3a 21.0b 54.1ab

e 12.7b 20.5a 20.0d 53.2b

PrigE 13.4ab 19.5a 21.5a 54.4ab

— AN e 12.7b 20.0a 19.0b 51.7b

L HRE 13.0ab 19.5b 18.0c 50.5¢

e 13.2a 19.5b 17.5d 50.0d

PrigE 13.3a 20.0a 19.5a 52.8a

BREafELE HE 13.0a 19.8a 20.5b 53.3b

L iRE 13.5a 19.5a 21.0a 54.0ab

I 13.7a 19.5a 21.0a 54.2ab

g 13.5a 20.3a 21.0a 54.8a

YIRS HkRZ 14.0a 19.5b 21.0b 54.5¢

L HRE 14.0a 19.8b 21.5a 55.3bc

I 14.0a 20.5ab 21.5a 56.0ab

g 14.0a 21.0a 21.5a 56.5a

L slBal : BIRACEK - B9 1-2 4F - BlBRll © SUREBR - ey 1 4F - BlBalll « Bpcs > IrfF 12 48 -

2. R PRERTROIRZ PRS- PRRZ © PRERIR ELPEHEZ - MU © ERECRMEZ T IR - W © PRARIRWIRZ AT I -
PRI - SRR BRI -

R ETAMRFSCF R FORAE R AR R 5% B -

Values followed by the same letters are not significant difference at 0=0.05.
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4&7%— (Table 1 Continued)

s LSRN S LTS K R HER ai
Tea Liquor
Experiment  Storage type Drying color Aroma Taste Total
Years ---%--- Score
I 4t ESSAS Lz 13.2b 21.0b 21.0c 55.2¢
S 13.7ab 19.5d 19.5d 52.7d
e amEs 11.5¢ 21.3b 20.8¢ 53.5d
L 11.4c 20.0c 18.5¢ 49.9¢
&L Hkiz 14.2a 22.5a 24.0a 60.6a
LS 14.0a 21.0b 22.5b 57.5b
- ESSAS JSin-72 12.9a 19.5¢ 19.3b 51.6b
L 12.7a 20.0b 19.8ab 52.5b
&R AR JSin-7 11.4b 19.5¢ 18.0c 48.9c
L 10.9b 20.0b 18.5¢ 49.4c
arK Jeinsiz 13.5a 21.0a 19.5ab 54.0a
L 13.3a 21.0a 20.0a 54.3a
- ESSAS jeiniz 10.0b 19.8¢c 19.3a 49.0b
L 10.0b 19.5¢ 19.8a 49.3b
(SN EESS JSin-7 10.0b 19.5¢ 19.8a 49.3b
L 10.2b 19.5¢ 19.0a 48.7b
arK Jeinsiz 12.0a 20.8a 20.3a 53.0a
LI 12.2a 20.3b 20.8a 53.2a

L slBal : BIRACK - B9 1-2 4F - BlBall © SURERR - ey 1 4F - BlBRlll « SRk > IrfF 12 46 -

2. R PRERTROIRZ PRS- PRRZ © PRERIR ELPEHEZ - MU © ERECRMEZFT IR - W © PRARIRWIRZ A LI -
PRI - SRR BRI -

R ETAMRF S FREFORAERARRE 5% #BE -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 2 Effect of different drying treatment on the tea liquor color of raw material and made tea for
compressed tea of Yung-Kang wild tea

B [SREa I HZJER Z5KE
Tea Tea liquor color
Experiment  Storage type Drying L a b AE
Years
I i oo jain=i4 83.9a -1.53a 13.7a 16.7a
HeHz 85.5a -191a 15.0a 16.6a
YIHE 82.2a -0.50a 15.5a 18.2a
IR 85.9a -0.41a 16.3a 17.2a
— ks 71.5a 4.49a 27.7a 35.5b
ez 66.9a 4.39a 24.1a 36.2b
Y& 69.7a 5.25a 29.3a 37.8a
LI 70.6a 5.69a 27.8a 36.4ab
- HtEz 81.6a 3.27a 27.1a 29.3ab
Hz 84.0a 2.99a 26.3a 27.5b
YIE 80.6a 3.27a 26.8a 29.6a
IR 83.6a 3.31a 27.7a 28.9ab
il i s iz 84.4b -1.19b 14.7a 16.9a
JILHRE 84.4b -1.00b 14.6a 17.0a
YIE 87.9a -1.05b 16.7a 17.1a
PLigE 87.7a -0.15a 16.8a 17.2a
B afELRE s 82.6a 0.14b 19.4a 22.0b
peasiiy 78.3a 1.31a 21.2a 25.6a
YIE 83.9a 0.46ab 18.9a 20.9b
R 82.6a 1.17ab 20.7a 22.9ab
AR S5 64.1a 18.4a 38.6a 51.4a
JILHRE 59.5b 19.2a 34.7a 51.8a
VIE 60.3b 16.8a 30.5a 47.7a
7 61.3ab 17.9a 35.7a 50.9a
— 438 iz 73.6a 3.26b 26.2a 30.8a
LR 74.1a 3.93a 27.3a 31.6a
YIHE 73.4a 3.83a 25.7a 30.4a
S 74.5a 4.24a 27.0a 31.3a
I afERS s 68.3b 6.21a 27.6a 35.5a
JILRRE 68.9ab 7.03a 29.9a 37.1a
YIE 71.6a 6.07a 29.0a 34.7a
S 70.2ab 6.34a 28.4a 35.1a
S ez 50.2b 23.6b 30.4b 57.7a
JILHRE 50.0b 23.9ab 30.8b 55.7a
YIHE 48.2b 26.3a 30.6b 57.9a
LI 54.8a 22.8b 34.2a 53.8a

L. SABRT : BIRRHCER » I 1-2 4 o BRI - BpBE, - JIfF 1 4R - SUBRII - BUBGHC > Iy 12 4F -

2. BEHZ : SRR WIZFIMLZ - BRRZ © FRIRIRERRAHLZ o KU © SRR 0 - )0 PRI i -
I - SRR ERE O -

RPETAMERRSIF B RORERRE 5h #% -

Values followed by the same letters are not significant difference at 0=0.05.
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4&3% . (Table 2 Continued)

s e R LA CE FEKE
Tea Tea liquor color
Experiment  Storage type Drying L a b AE
Years
1 it S Jein=iZ 89.8a -2.06¢ 11.3¢ 10.7¢
P 85.4a -1.49¢ 11.0c 12.5¢
B EELR e 72.2b 0.18b 20.2b 27.3b
T 70.9b 0.76b 19.9b 28.2b
IS Jein=i 56.6¢ 12.0a 31.4a 48.0a
P 58.4c 11.5a 33.3a 47.8a
— (SISAS HtE7 75.3a 1.08d 14.7¢c 18.2d
FHE 75.0ab 1.49d 16.2¢c 19.4d
B EER e 64.8c 4.79¢ 24.9b 32.9b
P 70.0b 4.10c 24.6b 29.3¢c
S HtE7 53.7d 17.0a 32.0a 48.4a
FRHE 56.2d 15.5b 32.6a 46.6a
- S HEeZ 83.9a 2.19¢ 16.1d 17.8¢
LR 81.7a 2.27c 18.0d 20.6¢
R afEs 69.8bc 5.33b 25.1c 34.0b
L 72.2b 5.75b 28.7b 35.3b
&L HiEz - 62.6d 16.8a 36.8a 50.0a
FEHE 62.8cd 15.5a 36.2a 49.0a

1. SABRT : BISRHCR » I (F 1-2 4 o BRI - BUpBE, - JIfF 4R - SUBRII - BUBGHCR > Iy 12 4F -

2. MEHZ : ARG OIZFIMLZ - BRRZ © FRIRIRE RANLZ - KU © SRR 0 - )0 - PRI 0T i -
PRI - SRR B E g -

RO ETAMERRSIF B RORERRE 5% 8% -

Values followed by the same letters are not significant difference at 0=0.05.
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Table 3 Effect of different drying treatment on the chemical components of raw material and made tea for
compressed tea of Yung-Kang wild tea

28 IFE M R WAL %fn@ﬁ %?1—{? DR RDARE RN

Experi- Storage  Tea type Drying Soluble Poly- Catechins  Caffeine Soluble Amino

ment solid phenols sugar acid
Years ---mg/g---

I 4t ESSAS jeinig 354.0a  120.6a 118.6a 34.8a 49.2b 14.3b

Bz 340.8b  130.0a 113.6a 34.5a 48.7b 16.6a
YIHE 3409b  122.0a 1158a 34.7a 53.9a 13.8b
R 3333c  129.1a  117.0a  33.2a 50.7b 14.9b
- itz 3323a 120.7a 953b 34.3a 49 4a 10.5ab
i) 336.1a  118.9a 95.0b 34.9a 49.1a 9.5b

IR 3432a  124.7a  11l.7a  34.9a 47.9a 9.7b
R 3442a  1194a  109.4a  34.6a 44.8a 11.0a
I fp s TN 362.7 — 156.8 33.5 52.5 9.0
fHE S JEiETa 354.6a — 145.7a  37.7a 33.7a 8.5a
peini 341.2a — 135.6b  33.8b 37.4a 8.6a
IR 336.6a — 133.5b  353ab  37.2a 8.3a
g 335.2a — 137.2b  35.6ab _ 35.5a 8.5a
&I HtE7 321.5a — 120.1ab  33.7a 34.0a 9.7ab
FREZS Wk 327.1a — 126.5a  33.9a 36.9a 9.2b
IR 328.0a — 117.0b  34.3a 31.0a 10.4a
R 332.3a — 1154b  36.2a 36.2a 10.4a
AR ALz, 281.3a — 553a  323a 44.8a 10.6a
et 276.8a — 5282 31.8a 43.6a 10.9a
IR 288.1a — 57.6a 34.7a 44.6a 11.7a

TR 279.0a — 50.2a  34.6a 42.8a 11.3a
— G LRz 3344a 154.1a 133.7a 344a 35.5a 7.8a
AR 328.7a  151.6a 140.8a 34.5a 32.3a 7.8a

i 334.0a 156.3a 135.9a 34.4a 39.7a 8.0a

LR 3314a  1562a 137.7a  36.2a 33.9a 7.1b

BRI JiLEZ 318.0b 149.7a  106.3a  35.6a 33.0a 8.5a

BfEZ HLiE 330.4a 150.6a 115.3a 37.1a 29.1a 7.6a

TIIHEE 315.6ab 145.8a 115.7a 36.3a 32.5a 8.8a

LR 316.8b  1444a 119.9a  36.1a 28.9a 8.0a

AR HLiZ 265.0b 75.2a 41.0a  32.6b 37.0a 8.7a

Jeni 268.7ab  72.1ab  41.2a 33.6ab 37.5a 9.3a

1T 282.9a 78.2a 4252 359a 39.7a 9.2a

T 263.1b 65.3b 33.8b  35.1ab  39.5a 9.1a

T ik 273 Mz 331.5a - 134.5a 39.9ab 35.9a 13.6b
Sy 317.1ab  — 128.3ab  35.1b 37.0a 11.5b

I e 337.4a — 123.0b  39.5ab  35.5a 13.5b

BIFEZS R 327.6a — 122.5b  38.5ab  38.2a 13.7b

AL e 293.1bc  — 61.8c 42.5a 36.2a 17.4a

B 282.7¢ — 57.8c  41.7a 37.4a 17.6a
- R HtEZ 32252  1304b  1059a  36.9d 30.0ab  11.7bc
IR 326.0a  137.0a  108.8a 373cd 30.8ab  10.3d
%I ez 313.5a  128.6b  103.8ab 36.7d 28.3abc  11.7bc
RS HEE 321.0a  132.4ab  98.7b  39.1bc  27.7bc  11.3cd
arzs Sz, 289.0b 89.5¢ 45.5c  40.6ab  25.9c 12.7ab
L 291.0b 88.8¢c 48..8c 4l.4a 31.0a 13.0a
L &tBRl - BURHCE - BfF 12 4F - BRIl - BURERERSE - frfF | 4 - BRI« BT - 7 1-2 48 -
2. R PR ROIRZFIGZ - BRRZ © PR IR E AR - MR - FRECRMEZ T L0 - W0 © PRI EIRC AT EI I -
PRI © PRESR BRI -
TR ETAMRFSCFREFORAERAREE 5% B -

Values followed by the same letters are not significant difference at a=0.05.
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Table 4 Effect of different drying treatment on the chlorophyll and carotenoid contents of raw material
and made tea for compressed tea of Yung-Kang wild tea

BV It ZM HZJ LR MR E R
Experi- Tea Chlorophyll Carotenoid
ment Storage type Drying a b atb
I Years ---mg/g---
it 4EAS Lﬁz 12.5a 5.6a 18.0ab 30.8a
13.7a 6.9a 20.6a 30.8a
%}]H@E 11.6a 4.1b 15.6b 26.5a
bl 11.6a 4.1b 15.6b 27.4a
— iz 10.1ab 2.1a 12.2ab 29.9a
Pz 11.3a 2.52 13.7a 31.0a
IR 8.8b 2.1a 10.9ab 29.0ab
g 8.6b 2.0a 10.5b 21.6b
I fif T TRz 5.8 2.3 8.1 15.9
4t 4R JEi ﬁz, 9.8a 3.9a 13.8a 24.5a
jaust 8.6a 3.3a 12.0a 21.1ab
%}]Hﬁ 6.7b 2.4b 9.1b 17.0¢c
P 6.9b 2.3b 9.1b 18.5bc
& Rz 9.7a 43a 14.0a 29.0a
B R 7.6a 3.2a 10.8a 23.6a
FIIEE 7.0a 2.8a 9.7a 21.8a
P 8.1a 3.1a 11.2a 27.9a
AR [ 9.8ab 5.3ab 15.1ab 67.7a
LiRE 8.6b 4.8b 13.4b 71.2a
i 9.5b 5.3ab 14.9b 73.5a
bl 12.0a 6.4a 18.4a 82.4a
— %ER et 9.2a 1.9a 11.1a 19.2a
Jesai 9.3a 2.1a 11.4a 14.0a
I 8.5a 1.9a 10.4a 16.8a
g 8.2a 2.0a 10.2a 16.9a
& kﬁﬁz, 9.8a 2.4a 12.2a 29.8a
BIFEZS 9.2a 2.2a 11.4a 26.0a
%}]E@E 8.1a 2.1a 10.2a 23.5a
bl 7.4a 2.0a 9.3a 22.2a
AR /ﬁa 9.0a 3.8a 12.7a 52.1a
jausi 6.2a 2.8a 9.0a 40.3a
)]H% 7.4a 3.3a 10.8a 47 9a
P 7.2a 3.4a 10.6a 47.9a
111 4t 4K S 12.8a 6.2cd 19.0a 30.4b
g 11.2a 5.5d 16.7a 27.1b
& RS 11.9a 6.5bc 18.4a 30.2b
afEZE  EE 12.3a 6.6bc 18.9a 31.8b
YRS itz 13.1a 7.9a 21.0a 76.2a
P 13.3a 7.5ab 20.8a 70.2a
- XSS WLEZ 10.0ab 2.0b 12.0bc 23.0b
b=l 9.8ab 2.2b 12.0bc 27.8b
& et 8.9b 2.0b 10.9¢ 21.5b
afEZ  EE 10.6a 2.4b 13.1ab 28.0b
YRS et 10.0ab 44a 14.4a 57.6a
L 10.4a 4.3a 14.7a 58.1a

L wtBRl - BURHCK - BfF 12 4F - BUBRIT - BRERERSE - HrfF | 4 - BRI - BT - IfF 1-2 4F -

2. JHRZ - PR OIRZ PRS- BRRZ © PRRIR B2 - M - FRECRMEEZ T IO - W0 © PRARIRPIRC AT LI -
PR - PR EREE N -

TP ETAMRFSCFREFORAERAREE 5% B -

Values followed by the same letters are not significant difference at a=0.05.
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Effect of Different Drying and Storage Methods on the
Quality, Liquor Color and Chemical Components of

Raw Material and Made Tea for Compressed Tea of
Yung-Kang Wild Tea

Hun-Yuan Cheng  Horng-Jey Fan ~ Chin-An Yu!

Summary

The purpose of this experiment was to understand the effects of different drying and storage methods
on the quality, liquor color and chemical components of raw material and made tea for compressed tea of
Yung-Kang wild tea, so as to serve as a reference for the processing of different tea types of Taiwan-made
compressed tea materials. Green tea, strip type Paochong tea and black tea were made from Yung-Kang
wild tea. Different drying methods include hot air drying, hot air drying directly after rolling, sun drying
after hot air drying, sun drying directly after primary drying and sun drying directly after rolling. The
results show that the quality of Yung-Kang wild tea without storage of different teas type by hot air drying
was better than sun drying directly after rolling, while the quality of sun drying directly after rolling was
significantly better than hot air drying after storage for one to two years, or the difference was not obvious;
and the quality of sun drying directly after rolling was better than that of other drying methods. The sun
drying directly after rolling quality of different teas type was transformed from green and astringent taste
to sweet, mellow, fruity or plum fragrance, which was suitable for making compressed tea. Although the
liquor color of the tea soup after sun drying directly after rolling tends to turn red to yellow, the L, a, b
and AE values of the tea liquid between the drying treatments before and after storage were mostly not
significantly difference. The chemical components of different drying treatments were different level due
to the tea types. Only some of the results reach significant difference, with or without storage had the
same results. Among them, the contents of caffeine and soluble sugar were hardly affected by the drying
treatments.
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UTERES Ry AL TS 2 Rk - BE B AP B, - BEERFER BHORIEZSME ~ 7K
B FR A% BRZSEET O - REISULEERRIE b RIEEE - R 108 FEFRLLE
AR SRRIRARETH SUK T - SEREGEREDT « IS/ K AL E (ax) Bis Sk
ERARUR R AR Y LLE AR > AIESATRRAYHEES - 6 B DAL 2 SR AT B & o Y AE R - 2R ME
RELEARBAIEAA B BEcR - SO — TS AR b a2 oot > OTaERETR -
Benzaldehyde * 2-Ethylhexan-1-ol * Benzeneacetaldehyde * 3-methylbutyl hexanoate * B-Pinene * Geranyl
butyrate 52 Dodecane FISUATEARIER Y - A& RBUEIRIREE - SFERTlalinss R - B8
A EAEFEIEAY B-pinene 2 2-Ethylhexan-1-ol * AGFEHC a* ~ L B4R e B AU LLE [ o] A Ri&
IAEELg Z SOERES » S E A E RRE LR 2K -
BRgEY : SOLEREDS ~ GWE - BERROT ~ FERMEAREEY)

allg

Al

SRR Rl S WA A BRI B o S8 08 SRS O AT hElE ~ FRARE  SPIR1E
FEEREREE D OSREEEMME - Bmy MRS S - (RERE - el KEESY
= OBETE 0 ADVZREDEHERRVENE - DU - BUHERERHUTER R R bih - HERE B R
MRIETH Y ZER - ENZESEE - U - SRR -

ERIIT 2R T E T S BHERE b SR RE ana P E 2 5 5T A\ BHYSE ~ 1
B2~ RAE R S AR R AR IR E R IE S o RN Z TR - R - 3 40 R F B
AL OGO PRGE ZHER R R OH S TR RRDEE - ATPREREHE R e &
Uk ~ P2 ABS o M AT R A T R R SR S S LI R R (e > 1995) - B
MEFEEENELWERIHE RREE > MBS MRS - BHE A% - 25 - BEEK -

REALER T BN AR ~ FERE iR R B S B 2R B (R U > T RE diat
BESEERTEAE ZEEREE (RS 2015 ) MURER LSRR Bl E A B MR RA N (H - 1985

Liang et al., 2003, 2005 ) - H e GiRFIHI 2 E W) SHEEFERERR ~ 2% ~ KO OES
BAZE TR A BB 2 2 AHRHTE (SREASR - 1979 5 Chen etal., 2015 ) » HARRR Z 4Efitian C ~ B]7A 5y ~

1. TBIREEZEGRENRY PHEVEER - PEPER - Bt R - 28 HkE -
2. PIRREMLE A tHLA - 208 BhE -
* EEREE o
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R E SRR AR R AR IR Ry & B S R BT A i B ik (Fukatsu & Hara, 1971;
Nakagawa, 1975 ) HFEEIEE ] E= R 70%0TH R (Nakagawa, 1975 ) » WFSEGE H RIS EAS B A
GETFIE RN ~ R RORE E B R S B B [ 4R ERA A (Mukai et al., 1992; Yan, 2005) ; [
% (2015) HHTTIEH  BE S EERGISELAMEILELE - ABEER S S ERE
HEBEAY SR B ] 7 253 EGCG  (epi-gallocatechin gallate ) & & &8I S iEIRHE - FEHE
AR R, - GEBET SRS B - )9 B F#E - EGC  (epi-gallocatechin ) ~ EGCG 2 #E IEAHR
SRR E S A S ~ 8 A% T ES &S (Takayanagi et al., 1984; Syu et al., 2008 ) >
225 (1990) f5H A0S SRR R R A B SRR B A AR EREER 5
FREFEGER & 2 AIE AR JENAE 2 AL S HT S EAS R B s B S A B4 (Hilton and
Ellis, 1972) »

FREEZ{HE AL EY) (Volatile organic compounds, VOCs ) BLLEEZS G BLRHHENME - 57
ENLERGEE GAEE - 58 - =58 WESAR (LY » BRI - J51E
FRY R ESHBEENEEEE B EE S s LaYESa8EEERS - M
AEEHEECEYEE &8RS 5 16 i BE RAAHS EEE AR L a0
FERE R ~ ROSTREEEALY) ~ ZEO5REE - /KiGlk Pl R 507 > /A A SR FAVER (b
2013) »

EELIERRIEE S > REMEEE R EIER I BER RNV FTZR  $E 0B KRR
EME - BB HE RS T B - AIHSHEHFULRIEE O H - 4035570k ULsE:

(B > 1995) » REZEZ BB & 28BN AR AE -

AT HEE 108 A FESR A 2 SISO EFEASERIL SRS » BT LB oy B4R A1 BE 14 > B

AT SRS E S R BRI (E R 2R EE o AR R B 2 2 2RI -

PRHEETT A

— ~ g

(—) Z5kE ¢ 108 b E GRS B ELEE AR » B 26 {1+ Hp A%E 12 i (5
LA BESE - 2F5E) - BR 6 - &K 6 -

(7)) & a0 ¢ (H)-epi-gallocatechin (EGC) (> 95%) - (-)-epi-catechin (EC) (>98%) -
(—)-epi-gallocatechin gallate (EGCG) (= 95%) > (—)-catechin (C) (= 98%) ~ (—)-gallocatechin
gallate (GCG) (= 98%) ~ (—)-epi-catechin gallate (ECG) (> 98%) ~ (—)-gallocatechin (GC)(>
98%) ~ (-)-catechin gallate (CG) (> 98%) ~ ;4 & Ti& (gallic acid) ~ IIYELR (caffeine) ~ 5
1% ( Theanine )~ Polyvinylpolypyrrolidone (PVPP ) E7i# H Sigma-Aldrich (USA) /5] > SnCI2
I H Alfa Aesar (USA) » Ninhydrin ~ Acetonitrile (LC grade) ~ formic acid (LC grade, 85%) -
Potassium sodium tartrate tetrahydrat  FeSO47H>O -~ di-Sodium hydrogen phosphate
dodecahydrate Fz Potassium dihydrogen phosphate E5[i#%H Merck (Darmstadt, Germany) °
Borate ~ o-phthalaldehyde (OPA) ~ 9-Fluorenylmethyl chloroformate (FMOC) £ H Agilent
(USA) 22F]

= BBTA

(—) BRALZEHL : SR I B R PR IR FEAL 0.5 g 55k » LL 45 mL 90°C #FUKZEH 20 77 -

HREERF2ANIE &2 S0 mL » FREMEEZEN=IOET M FIIEE R
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FHZK I ERAE - Y 3 g REEER SRR TRTE R/ NI =1L - 1 105 °CHEFERZER 2

TRERTTE  SEEHE T =8 -

Kt : DIHAE B NE4000 EUE i ENIE - SRAIBIRIREAZ B g E %&£~ CIELAB 5%

ZEf-L*a*b* » LMEBAKFRFOGHUEE AT - 2 HEEE > a*H1EE (>0) FR{RELE

Al (<0) BRRESHE bMEEEERMERD > BERRRER -

Wl A 2 B E (Tkegaya and Masuda, 1986 ) @ Z5#<HURHL 1S mL A 0.15 g 2

PVPP» 78736 & 30 7388 » DL Whatman #11 SEJEARETE - JEEHiFE 4 2 5 512> U 1 mL »

IHURFFIOA 0.5 mL &(bm#naii (0.1 ¢ E(LaE#HfiA 50 mL 2M pH 5.2 FE 4% 7

%) ~ 0.5 mL Ninhydrin 7] (3 g Ninhydrin fj[ A 100 mL 95% 2[5 ) - 78508 A& LUK

T7K8 15 4388 > BAHENIA 10 mL 50%;85k - DAY et HlE 570 nm 2 EAH -

SRR E S EMNE © HUFESSHE PVPP fRBE 2 5505 1 mL > fiIA 3,5- i E/KIGHE R E

A (1 g3,5-HEUKIGEE ~ 30 g ARSI ORI - 1.6 ¢ @80 =2EmiIA

100 mL —Z/KIEFE RS20 ) » 100°CHAGRNNER 5 778 > 2alH&IIA 6 mL — /K777

EE]  BLT R EETHIIE 540 nm 2 W EAH -

&A1 52 45 22 R IEER 2 HPLC 73 ik s 25 thEE REIE 22528 (CNS) 15022 %57 N6384

"BEREBA- AR ZNE ) 2R - R E IR AS SRR M AR TR
fF EOBEEERRERfE > 2006) ©

(1) %&#F¥ : Merck CART 250-4 PUROSPHER STAR RP-18(E) 5 um

(2) Detector: Agilent 1260 DAD ~ Wave length: 280 nm ~ Injection volume: 10 uL -

(3) Eluent A: 0.1% formic acid ~ Eluent B: acetonitrile ~ Flow rate: 1 mL/min > [@H75>BkAyE &
B LRHE 0 75EE] 5 4388 - LA T B =100:0 EEFIEPEE(LE A:B = 90:10 » 4EFRfZ LG
REEZE 15 4048 BEEDIARESEE AB = 80:20 % 29 4348 » DISHESEE AB = 78:22
235 98 > DISRMEEHMEE AB =75:25 F 40 434 -

. Fhgls&=HE (Henderson et al., 2000 ) :

(1) %% The Zorbax Eclipse-AAA column150-mm length columns Spm -

(2) Detector: Aglient 1260 Fluorescence Detector ~ Wave length: 338 nm ~ Injection volume: 10
uL °

(3) Eluent A: 10 mM Ammonium ethanoate - Eluent B: methanol: acetonitrile: water =

45:45:10 ~ Flow rate: 2 mL/min °

1SS A LAY TG © DL HP-Agilent 5890 GC 2§32 5975B MSD ( Agilent, USA )

FAHETERGEE T T - (EH T EAL S HP-SMS (30 mx 0.25 mm ID) » H{ 0.1 g %

BRENER T - R =5 > DL 60°C fZk 15 7rf8 - DUEHHFSEEHEEAE (solid phase

microextraction fiber, SPME, DVB/ CARBOXEN/ PDMS, Supelco, USA ) » ZZEYTHZS S5

ey 15 738 o JESTCUREE 210°C » SRR HERE IR - THRIEEIAIRIT £y 35°C » 4ERF 1 o #Et%

LUor## 15°CTRRZE 120°C - FFLAE 188 6°CT IR 2 220°C » F148 2 18R 45 - HR R

B Ry 4l A (He 99.999% ) it o7 88 1 mL » B s or (AL Ry BB T 1 %A (ED -

B TEIRER 70 eV EEfmiEE 50~450 amu ; BRI Ry 200°C > HEBECURE Sy

280°C - FEAEEFSELLE TRV E L Z B E Wiely 275 Bl NISTOS -
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LSSy R =R TaRE T B8 2 T (AE Bk ABESEEE -/ % -2
FEBR)3IEFEHR (AFE-EBR &L AFEEHE - &A% 2%) R5SHEER (HE &% -
S5 BR - EIK) BT B S EUSETHEE CoStat (version 6.400) #ETT 8 FLEY
(ANOVA) ~ [HEF#T (Correlation) % Fisher’s least significant difference test 2 4555347 @ A LLI&KEET
# g XLSTAT (BASIC 2021.5.1 version) ¥#E{TF R8T

SER AT A

FRaT BB A R FE L SRR K QST 2R R A =R B —
HOBUARIEESR T R 2 SR - AE (BEaFHE A% 2F5RMER) K EESHENEE
BRI TS BN BUES BELENERET TEBR ) T8 T ABEREAS Wi #&
ANBFRBETF AL (B2E%  AE 2% HER B ASE - BRI ZRN 5
=RAERRALEE D > o REE - 8% - 2% - BRI S EEY -

—~ Kf
B RN E SR B A S K BRI » TGS (FR—) « SR HE
2 FHS UK AL SEE (a*) FEEEMEMR (p<0.001) : 3 F4 I ABUK AL SR EBIEE 55

6 (b%) HEEEIEEHEN (53515 p<0.001 B p<0.01) » 5 S IPEBUKEIIERE (L*) R
W (p<0.05) ~ AT4KIE RS #1H s B ME IR (p<0.001 B p<0.05 ) » BE/RASSH/K (B FLAT
HHH GRS -

e 2 SRR i (227 » SCUEREACE A BEAEHE 2 AT kA B SRR AERE 73.70%
(p<0.01) » HEFEREEES S AABEE S 5 BETor IR K B At
IRAL LGSR & A BT & K Bt | 2 35K bl 3 S Uk e (B
DSBS S (p<0.05) » ALKREBUEE SIAIRIE (571% p<0.001 B p<0.05) » 8 BELH
SRRBEE I » BT A R PR (T R o 10 BL 2SRRI A S 26 S % - P4
HPH S R (R2)  TRBAGENES RS - HNBS% - BRAER
SEARA » BT K (I 5 SR AU (RALHIESS -

o FEET ISR EATRRE (a* ) 1ER LAY BERUR T o EU R 5y 4 R, AL -
A AT -

o ABERR o BIEERE ¢

PRET S BIRERAR B S 4 BB LB Ry 2 AHRRE - s RER (FR—) 1 3 F4RIA
S R AR A B MR EAHRE (P<0.05) 5 5 Fah o AR SR - WERWSE AR EE
&5 BE R LB HY BB (B ( Total catechins / Total free amino acids, TC/FAA ) 875 M IEAHRE ( &5
By p<0.05) > #E—FLLICAREER T SFRLER T EEERN (R=) ) 5 FERABGEHIS
ZHH ~ YRR & & K TC/FAA JREEBRZEMEZ S (P<0.05) » BHEART AL SRER SRS H 2Ty
A B E2VEE (Takayanagi et al., 1984; Syu et al., 2008 ) » Y& [FE & B FZAZ RN E S H
TEAHRA 2 #E AR EB EIE (F05F - 2021) -

XU BEEA B G NEE mat - SEELAMNERY - (2 - MUK - HYME S E KAV
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8 » ZIEA RS & B RN BEEE S (5155 > 2017) » (Rl » 480 5Ll B 5 5 Re e ok 2 PR &
B HASEBHEEH AR ZE S BN (REE > 1977) > L HNREESE T - EREEEE
S H A REEEE > SEE etk - DEUE SRS TEIS IR > SURRE T8RS -
TC/FAA B4R 2 IEARRARI IR A

BB PR A 2 A I B 0 > SRRl R B I B I R RS 184 > 2 e U2 D (=20
%5 2017) > PEFEZIEFEERF R - RS B SLHE . HAMMERREZ i iy
> SRERN RN S E g R  HA R RS IR S SR AR a0 fy Bl
FREEMNRER ~ S AE/KRE SR Iea R (3RS > 1995) » (Nt » DI G BaR sk Bl 2 =
HJEE{E (Theanine / Total amino acids, TAA/FAA) H#E{THRES o INEIRHEABREEEE T > ZH K
FAHEZNEE - FAIFREERA o R AR - ZEERR) o RRXELE SR - HE =R
IEREEAS LB E LUEAE 0.3040.04 B 572 AZEHE 0.23420.03  (p<0.001 » [ > 2021 » K&
FERL) SRR DNEE RS AKE KR RIRZELEES TR iRz » DA
HEF 0.46+0.06 HHE S EINF 0.3720.14 (p<0.05) - {IFTRTE (1995) IH9T - HEALEEENS
FEZSARIT i ) B A 2 e 2 B g B R ) H M AL G = & RIE RS I - & TAA/FAA A
ST ENEN T aiy) - SNBSS R R SRR E - 2R s - X
UM TAA/FAA 1F 3 TSGR A S EABEME AR S EEIERG AN AR RIF74k
R BUR TAA/FAA REm R BIE R 8RS SRS B AR R HE S 7B

R SeRTE R K EAERE M s IALEE(E - o7 RIEESE TAA/FAA > fRCBER s3] ([E—) >
o] DA MBS LR S R B 7y B RUET » BUREL 2 THSEUE nlE R A AV RS - 7
Fo DL 3 ER A BMRRGR AEE (B BB A E AN EEEN SR S e ER
RIDAAEE BRSNS - AME REDERE T RRRCR M ANE - B E IR UERER
WU — TS AR L a2 e -

= EEUERLLEY)

SR 2 A A R &Y HETT M o WERE HAHRBAME - 1 Benzaldehyde
2-Ethylhexan-1-ol ~ Benzeneacetaldehyde - 3-methylbutyl hexanoate ~ B-Pinene - Geranyl butyrate fz
Dodecane /& BABFAHRANERY (=) > 2-Ethylhexan-1-ol £ B-Pinene Sy EAHRANE: - $tHIEHHEE
A R AR -8R Ay IEAERE > At Ry E AR o

BEIHFEHEAY 2-Ethylhexan-1-ol Bl B-Pinene {f 2 ZF&k o3 AN HA & MHRBAME D IS 2 -0.627

(P<0.001) B -0.656 (P<0.001) > BURAEE G & KB —(EHE s EEMEMmS > = (2020)
b7efaH + ZRTERY AR RIS (R R e B S ErRE s e % (NItE » s A FAER
JHIBRAY B-pinene B#AE A MR /K SR :HY 2-Ethylhexan-1-0l( #£>2013 > Burdock, 2005; Robinson & Owuor,
1992; Wang et al., 1994; Wang et al., 2008; Wang et al., 2011 ) & &#% 5 - ¥iNd# K S5 LT LE
A HIRANE SO - g AR ERATREE - SR 2 EEK -

PHEFTAGE IR A R LAY 3 T4 AT R ([ =) RIS BUE R ER(P3 )
BEETNE LR - I HE A HFERE B-Pinene i R [E—5RIR - M AZEREE (P1) 28 (78%) &
RS — ~ FIURIR - A6 H B8 S {#1E R fSEEAEE —{E J715 - Benzaldehyde (#{= ~ ##k)
Benzeneacetaldehyde (4% ~ fE3 ) ~ 3-methylbutyl hexanoate (FEFE - JBIZL) ~ Geranyl butyrate (EZ
BH ~ & ) Kz Dodecane (#£>2013 > Robinson & Owuor, 1992 » Wang et al., 1994; Wang et al., 2008, Wang
etal, 2011) - fi{E BAHE (P2) AIZ PEEHREGFRPNE =R - /R IE B & [ s iEny R i E -
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HE 3 FRAUKCHE S TTRMES AE (PD) 6 (Bl—) @ #EEEARESYRIATE
SRR (P3) B &K ~ oy RIESMEAR e T 2k ot - HEAERES
PIEPKEEAFTETT B-pinene £ 2-Ethylhexan-1-ol » {E{GLUARIE Y 3 FEFAR 24 HE (B =) -

&

EEEEZRAY I R EUA I B E e PAAS SR - TRV E i PR Al B s B R B b iy & B
AR EEYAER - ORISR KE - 3052 S5 - SRl Bl - 20t - 408
FiEaE  DURFENEZEEAHKILSEY & Benzaldehyde - 2-Ethylhexan-1-ol -
Benzeneacetaldehyde ~ 3-methylbutyl hexanoate ~ B-Pinene ~ Geranyl butyrate Jz Dodecane B] i Fyf5i=
PRy - 3l H & 50 B-pinene Kz 2-Ethylhexan-1-ol AHE Y IEMEFEIEAE B PR AV AR ZE L A A B
HIZEE » LIRS IRVE Sna PRI AR - R DA E R F R HIE (R - S Aelimat R - DL
AT4H[ (a*) - TAA/FAA + B-pinene J 2-Ethylhexan-1-ol T {E By AL FRERH ST LIl AT 265657
RS o AR R E BN & » BUELL 108 FHEIEIER/IIL ST - By
BSEER > BEETREEBHERE » $HEREEERRET O RIRST A RENR -
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Table 1 The correlation of chemical components of Wen-Shan Paochong Tea with different grades

oy I RE ! 2EH 3 E& 5 4k
L* ns ns ns

a* -0.525%%*2 -0.702%** -0.743%%**
b* ns -0.516%** -0.535*
Total catechins ns ns 0.421*
Total free amino acids ns -0.439% ns
Theanine ns ns ns
Gallic acid ns ns ns
Caffeine ns ns ns
Total reducing sugars ns ns 0.466*
Total catechins/Total free amino acids ns 0.431* 0.499*
Theanine /Total free amino acids 0.436* 0.462%* 0.507*

1. 2 54 - FEEN oy B AR > ABERFEETEE - 8% - 25 REREN - 3 FE4
FEER T BAE - BREL AEXFEEHE - ERSE 5 F4 o BHEEST R
BHE 7% - 2% BEROAK

2. *FIR p<0.05;**FIR p<0.01;*** FIR p<0.001;ns TrRMEEIEEZE (non-significant ) -
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Table 2 The tea liquid color of Wen-Shan Paochong Tea with different grades

(—)

FERVKE L* a* b*

AEE! 96.66 = 0.672 a -041+0.13 b 850+ 1.31a
EIR 96.56 £ 0.79 a -023+021 a 944+ 192 a

L ABERREaEE A% 25 RERFR -
2. [F—H- P ER TR R FRE RN RERE 2R (P>0.05) -

(=)

FHVKE L* a* b*

AFE! 97.12+ 0512 a -0.52+0.09 b 7.65+1.05b
BR 96.21+£0.59 b -0.29+0.08 a 935+ 1.18a
EIR 96.56 £ 0.79 ab -023+02la 944+192a

L SR AT SRS -
2. [F— I T T AR R R AR B R (P>0.05)

(=)
FRKE L* a* b*
HHEE 97.33 +0.80! a -0.59+ 0.05 ¢ 716 193 a
AE 97.03 £0.40 a -0.53 + 0.06 ¢ 7.90 £0.39 a
25 97.00 +0.49 a -0.44 + 0.08 be 7.90 £0.99 a
BR 96.21 +0.59 a -0.29 £ 0.08 ab 935+ 1.18a
IR 96.56 +0.79 a 023+ 021 a 9.44+192a

L FE—M-FEER G HE TR R RRZRE R (P>0.05) -
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R ~ AEFEGC AR S AT SV BLIAR [F450 7y B AHRE

Table 4 The correlation of volatile organic compounds of Wen-Shan Paochong Tea with different

grades

HHEEEEIEEY\EE ! two grades  three grades  five grades note
%2 *

Benzaldehyde ns 0.438 0.452 sweet almond cherry
2-Ethylhexan-1-ol -0.627%** -0.456* ns oily fatty fruity
Benzeneacetaldehyde ns 0.446* 0.507** green sweet floral honey
3-Methylbutyl hexanoate  ns 0.411* 0.419* banana apple pineapple green
B-Pinene -0.656*** -0.572%* -0.468%* woody fresh pine hay green
Geranyl butyrate 0.468%* 0.531** 0.392%* sweet fruity rose raspberry
Dodecane 0.476* 0.498** 0.59** gasoline-like to odorless

1.2 S5+ FRRE oy By NBBLER - ANBERRE ST - 8% - 2FREREH 3 F4h
FHEERT /AE - BRREK  AFEFRREEHE AERSE S FHR FHEERT R
%~ A - 25 - BREK

2. %FR p<0.05; **¥FET p<0.01 5 ¥ FET p<0.001 ;
ns TN A E (non-significant ) °
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Biplot (axes F1 and F2: 59.98 %)
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Fig. 2. The principal components analysis of volatile organic compounds of Wen-Shan Paochong tea with
different grades
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Research on Scientific Grading Indicator of Wenshan
Paochong Tea

Chih-Chun Kuo!  Ya-Jou Huang® Hsuan-Han Huang' = Meei-Ju Yang!”

Summary

Wenshan Paochong tea is a unique tea in Pinglin District, New Taipei City. It belongs to the fragrant
strip-shaped Paochong tea. Professional tea tasters grade the tea according to the qualities of tea
appearance, liquid color, aroma, taste, and the infused tea leaves. In order to establish the scientific
grading indicator of Wenshan Paochong tea, different grades of tea samples from the 2019 spring
competition were collected for composition and liquid color analysis. The results show that if the tea
sample has the higher a* value of liquid color and the lower ratio of theanine to total free amino acids, the
grade would be lower. These two indicators can significantly distinguish the tea samples of awarded tea,
but the merit award and eliminated tea samples couldn’t have a good separation effect. Therefore, we
further analyzed the volatile organic compounds. The results show that Benzaldehyde, 2-Ethylhexan-1-ol,
Benzeneacetaldehyde, 3-methylbutyl hexanoate, B-Pinene, Geranyl butyrate and Dodecane can be used as
indicator components, which can effectively distinguish the merit award tea samples from the eliminated
tea samples. Based on the above research results, the negative indicators B-pinene and 2-Ethylhexan-1-ol
are selected, and the value of a*, the ration of theanine to total free amino acids can be used to effectively
distinguish the different grades of Wenshan Paochong tea. Therefore, these indicators can be used as a
reference basis for scientific grading.

Key words: Wenshan Paochong tea, Quality, Chemical composition, Volatile organic compounds

1. Assistant Researcher, Assistant Researcher, Associate Researcher & Section Chief, Tea Research and
Extension Station, Taoyuan, Taiwan, R.O.C.

2. Master, Department of Chemistry, Chung Yuan Christian University, Taoyuan, Taiwan, R.O.C.

* Corresponding author.



164



165
BB 410 165-172 (2022)
Taiwan Tea Research Bulletin 41: 165-172 (2022)

FEAGHM LN T EBE R Z B R

EER Y FNEE? RIEME! MER!

S

FARTE R EESS S EEE - AR ANEZE A INEERE T B E - Bl E
BUEERRP AL OB RARPERES)  SBEUHAZEARER 15%E 20% ° &
SFE TR 40 2 50 S8 FAEBUCEEDL 10 3 B8 100 4 EREZOWE B FRETERIE
RIS A RS E > HURDEFELE 115°C Lh 105°C AR{ENEFRELZFFEIR - M BRI
KIS MR GR TS REUR » B SR 2R 1 0 3 B2 EERIERE K 105°C 2 bR
RIS - Chiet BRI B LA SRR AR A B SRR RS R & B LR
ERRI B S 2B TR RyER DA R EfE S S o i RV AR B R IR R
HUERSS > SEIRHER > BREETCE o A H AR -

BT TR SR

Ik

Al

SISO IERREIEE IS RSN ERMIRE - NERE R A ETHEER
42 [FINFEAZE SR AN - RS R (K AR - AR T B 5 E A R
A ELJEER -

FE S IEER S EREN - HEBINEZ BRI T2 SN kAR S
BRESRREE - MRS MO T - FRE AR TR S R R ] NS ESTRTEAYRR S - B ERK
REVEM KR EPHES S R T RERRE R IER Y DR R e - WA ER S
B - PN R T R s 23 -

MRHERTT A
— BB AT DA FDEE IR S%~8% R SUBPEISRT 1015 98 (AL

INEARE - ZEEEURIERZ ST N — R -
= BEARP BRS¢ DI AIRE R 15%~20% K AT E 40~50 733 - {FR%

I TBIREEZ B GAEL RS0 BIZt B - BiESTE - LA S - 28 it
T

2. TR EEZ B GASEN BRISEAGER BIEEISTE - 278 HhE -

* HERNEE -



1 e MR A = s
66 EEICEIRTE 5F 41 H (2022)
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80°CRH#s > & 4 /NRFFR S°CHYTE > B IR E R > SR THUREEERS -

(—) AEZFFEREOTA LRGSR © DI 10 3 RO - BT R e
AT B R AT -

(Z) AEERERICR LRSS © LFER 10 3 BER TR 10 4 3555 BT EARPR
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(2) FRRAHUERE LRGSR « HUEERET > 12 105°C (FOfE) K 115°C (S0ifE) R
FERUEE - AETT A E Rt -

[1]

LB HT

(—) FREKERME © B 3 R BN e TSP EE B/ NIEE =M 1° 105°CHERHEZ
BRI EIGTTE - SEREET =5 -

(&) {ERIFERRB YR HPLC e © 25 PERBIEIZERE (CNS) 15022 JH5%E
N6384 T &gl "R ZHE o ZEHTIRIE - IR IR 4SRRI AR 7y
UINCSEE

1. &FE + Merck CART 250-4 PUROSPHER STAR RP-18 (E) 5 um °
2. Detector: Agilent 1260 DAD ~ Wave length: 280 nm -~ Injection volume: 10 pL o
3. Eluent A : 0.1% formic acid * Eluent B: acetonitrile ~ Flow rate: 1 mL/min > J@H 43 BEHIfHE
BLRE 0 7885 5 5388 > DLA - B=100 : 0 LLBI4RMEE(EZR A1 B=90: 10 > 4%tk
DI R 15 7pg - BEELIGRIEE(EE A B=280: 20 £ 29 748 » DISRMHE(EE A B=
78 122 % 35 7y 0 LASRMEEEEE A B =751 25 £ 40 735 -
(=) ZHig& 8 0% (Henderson et al., 2000 ) :
1. &1¥ The Zorbax Eclipse-AAA column150-mm length columns 5 pm °
2. Detector: Agilent 1260 Fluorescence Detector ~ Wave length: 338 nm ~ Injection volume: 10
uL °
3. Eluent A: 0.1% NaH,PO4~ Eluent B: 100% methanol: acetonitrile: water = 45:45:10 ~ Flow rate:
2 mL/min °
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Table 1 Sensory evaluation of tea with different roasting temperature

o 1 jsiyes A K & TR W P
. SERE (20%) (20%) (30%) (30%) =
e 105°C 17.5509a  17.3%0.1a 22.540.8 b 22.5409 b 798 a
=R

1258 |1soc  157:06b  147£0.7b 2424132 247+14a 793 a

Mean values in a column followed by the same letter did not significantly different at Fisher’s
Least Significant Difference tests at 5% level.

R FEFREREREEERNE meF o raER

Table 2 Sensory evaluation of tea with tea leaves of different picking length

o 1 * F g K& R AN o
T mmEE Q%) (20%) (30%) (30%) o
. 103 %E 175:07a  17.5402a  225:15b  255+l4a 86 a
=R

1798 | as 126:06b  149:06b  24.0£07a  203+12b 71.8b

Mean values in a column followed by the same letter did not significantly different at Fisher’s Least
Significant Difference tests at 5% level.

£ REE T AR T T

Table 3 Sensory evaluation of tea with tea leaves of different harvesting methods

5 1 PRUk A Bl K & R NS s
e S0 (20%) (20%) (30%) (30%) e
AL 1934054 17.240.1 a 26.0£1.2 a 27.540.8 a 90 a

2 PRIL
12 5% T
PRUL

15.7+0.7 b 14.7£0.7 b 24.2+0.7b 24.7+1.4 b 79.3b

Mean values in a column followed by the same letter did not significantly different at Fisher’s Least
Significant Difference tests at 5% level.
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Table 4 Analysis of chemical components of fragrant strip type paochong tea and modified

strip type paochong before and after roasting (unit: mg/g)

==p%s) - L . , .
Chemical HEL BRI B2 BHE &I R
components (ESICERS (ESIFACI B (ESIZSNEES
PpP? 122.11°+2.92 a 97.5242.01 b 89.71+6.64 b
TGC 68.25+396 a 55.224820 b 49.46+352 ¢
GC 3.16£0.02 a 2.48+0.06 b 3.4£0.09 b
EGC 42.43+0.71 a 32.64+1.29 b 30.34+0.14 b
C 1.95+£0.31 a 1.88+0.13 a 1.49+0.81 a
EC 6.33+0.33 a 5.3240.24 b 5.02+0.56 b
EGCG 59.1749.81 a 46.67+7.34 b 41.95+3.01 b
GCG 0.36+0.01 a 0.34+0.01 a 0.45+0.04 a
ECG 8.47+0.99 a 8.01+£0.25 a 6.87+0.23 b
CG 0.25+0.07 a 0.2+0.06 b 0.19+0.08 b
Theanine 2.35+0.08 a 2.12+0.05 a 1.15+0.07 b
Gallic acid 0.36+0.69 b 0.79+0.80 a 0.824+0.94 a
Caffeine 28+0.99 a 32.01£0.86 a 26.41£0.14 b

a. PP, total polyphenols; TGC: total galloylated-type catechins; GC: gallocatechin;
EGC: epi-gallocatechin; C: catechine ; EC: epi-catechin; EGCG: epi-gallocatechin gallate;

GCQG: gallocatechin gallate; ECG: epi-catechin gallate; CG:catechin gallate.

b. Mean values in a column followed by the same letter did not significantly different at Fisher’s Least

Significant Difference tests at 5% level.
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Improvement of Processing and Roasting Technology
of Fragrant Strip Type Paochong Tea

Wei-Cheng Pan!”  Chih-Chun Kuo? Cheng-Huan Chang! Yu-Liang Chien'

Summary

In order to improve the quality and stability of the fragrant strip type paochong tea, this experiment
was made by increasing the degree of withering and increasing the stirring time, and combined with the
roasting technology to produce the fragrant strip type paochong tea (collectively referred to modified
strip type paochong tea). The weight loss rate of the test tea leaves was 15% to 20% with solar withering,
and the cumulative stirring time was 40 to 50 minutes. The harvesting length of tea leaves is better with
1 bud and 3 leaves than 1 bud and 4 leaves. The quality of hand-picked tea leaves is better than that of
mechanically harvested tea leaves. The aroma and taste performance is better when the roasting
temperature is 115°C than 105°C. The results of a questionnaire survey on the preference of modified
strip type paochong tea show that the interviewees prefer the processing method of 1 bud and 3 leaves of
the tea leaves to harvest length and the roasting temperature of 105°C. Comparing the chemical
components difference between the modified strip type paochong tea and the fragrant strip type
paochong tea, the contents of catechins and theanine were higher in the fragrant strip type paochong tea,
and the contents of gallic acid and caffeine were higher in the modified strip type paochong tea. The
appearance of modified strip type paochong tea is characterized by oily and tightly knotted strands,
bright amber liquid color, and high aroma with floral flavor, sweet taste and obvious aftertaste.

Key words: Tea Processing, Roasting flavor

1. Associate Agronomist & Chief, Assistant Researcher, Contract Employee, Wenshan Branch, Tea
Research and Extension Station, New Taipei, Taiwan, R.O.C.

2. Assistant Researcher, Tea Processing Section, Tea Research and Extension Station, Taoyuan, Taiwan,
R.O.C.

* Corresponding author.
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Fe— ~ FEMEEVE MaTASE R
Table 1 The sensory evaluation results of roasted teas
e SN KB TR M NEF .
DDE\EFEH?T_E
[ 20 20 30 30 100
CK 1467 1467 1933 20 68.67 W~ %R
T1 1467 1533 1933  20.83  70.17  {HfH - BEAFETEHLE
T2 14.5 1533 20.67 21.17 71.67 AHE - Z5E0EIE
T3 1417 1467 2067 2183 7133 TR K - KEE - Jok
T4 14.17 1567 21.83 22.17 73.83  E&H N -~ @k EAf - 508
T5 13.67 16 22,83 2317  75.67  OKE - HEF - i2EEEHE 0 KEEEE
T6 13.67 1333 20.17 205 67.67 Kk~ FHEEE - HiEil > KER=E

T REEEEE AR

Table 2 The analysis results of chemical composition of roasted teas

85 HRIEER T (%)

AL CUTERR AR, ORRETR ZIH RERER HEA
CK 2.2310.12a 1.10+0.08a 13.10+0.29a 13.57+0.17a 1.67+0.05a
T1 2.40+0.14a 1.23+0.09a 12.73+0.05ab 13.47+0.12ab 1.67+0.05a
T2 2.27+0.17a 1.1740.09a 12.33+0.05bc 13.2040.08bc 1.67+0.05a
T3 2.27+0.17a 1.10£0.08a 12.63+0.29ab 13.2340.17bc 1.70+0.08a
T4 2.37+0.05a 1.1740.05a 12.13+0.05¢ 13.07+0.05¢cd 1.63+0.12a
TS 2.53+0.31a 1.2040.22a 12.5+0.43bc 12.83+0.26d 1.63+0.12a
T6 2.50+0.16a 1.23+0.12a 12.13£0.12¢ 12.93+0.12cd 1.5+0.01a

RO ETAMRPSIF A RORERRE S%80% -

Values followed by the same letters are not significant difference at a=0.05.
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Fig. 1. Tea roasting machine with monitoring system
A tea roasting machine
B: human machine interface
C: operation screen
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Fig. 2. The monitoring system of tea roasting machine

A: temperature and humidity sensor

B: signal converters and communication modules

C: remote monitoring screen
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Fig. 3. Operation data and sensing data records of tea roasting

A: batch information of tea

B: records of tea information

C: roasting program

D: data of sensor
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Fig. 4. Temperature and humidity graphs of remote monitoring tea roasting
A: temperature and humidity curve graphs
B: values of temperature and humidity display
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Developments of Remote Monitoring System of Tea
Roasting Machine

Cheng-Hou Chang"”* Jih-Chih Lin? Tien-Lin Liu?
Summary

The tea roasting operations are mainly used cabinet-type electric roasting machine, which is
time-consuming and labor-intensive because it needs manpower to operate and record roasting parameters
for a long time and the tea roasted quality affected by personnel fatigue. Due to operating time and space
constraints of the roasting machine, manpower cannot be used effectively, so it is necessary to improve.
This study re-designed the structure of the traditional tea roasting machine, and integrated information
communication and automatic control technology to develop a new type of tea roasting machine with
monitoring system, the prototype machine which main size of 79X65X 162 cm and tea roasting capacity
about 25 kg, the monitoring system uses RS-485 transmission and 4G-LTE wireless communication
module to integrate human-machine interface and automatically transmit and store data to cloud computer.
The operator can remotely monitor the status of the roasting machine, operating parameters and sensing
data in real time, download and analyze the historical data, and can set or adjust parameters of machine
according to the needs. The new type of tea roasting machine can improve the functionality and
convenience of tea roasting operations and reduce the manpower and operation time to achieve the
purpose of saving labor and time.

Key words: Tea, Roasting machine, Human machine interface, Remote monitoring

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

2. Chief of Industry Service Section, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
3. Chief of Tea Machinery Section, Tea Research and Extension Station, Taoyuan, Taiwan, R.O.C.
* Corresponding author.
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Table 1 Comparison between the tea leaves automatic stirring machine and bamboo-made tea leaves

stirring machine
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Fig. 1. The specification and appearance of the tea leaves automatic stirring machine
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B — ~ A R A AR s e R E R L S
Fig. 2. Installation of a magnetic rotary encoder to
monitor the height of the rotary tea rake

B =~ F55F 25 AT A EL A A SRR

Fig. 3. 25 kg of tea leaves can be poured directly into the stirring machine
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Fig. 4. The tea leaves poured from the center of the stirring machine can be automatically and evenly
dispersed after stirring

@7~ SRR SE R R

Fig. 5. The discharged tea leaves after stirring
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An Evaluation of the Applicability of Tea Leaves
Automatic-stirring Machine

Tien-Lin Liu ~ Wei-Yang Hwang" Tern-Feng Huang Chin-Liou Lee
Cheng-Hou Chang!

Summary

In the production process of partially fermented Oolong tea in Taiwan, the withering operation
mainly adopts the Multi-tier withering rack. Although it is a semi-automatic operation, the stirring
operation of tea leaves still needs to be carried out manually. Therefore, the repeated withering and
stirring operations of tea leaves cannot be automated. The automatic discharging mixer developed by the
predecessors can achieve the functions of convenient feeding, automatic stirring and discharging tea
leaves. After modification, the automatic adjustment of the rotary rake can control the tea leaves
discharging speed and stacking thickness. However, there is still the problems of overflowing and
remaining of tea leaves in the rear side of the machine. In the future, with some structural improvements
of the stirring machine, it is expected to be suitable for serial connection to the Multi-tier withering rack
for automatic withering and stirring operations.

Key words: Oolong tea, Automatic, Withering

1. Associate Researcher, Assistant Researcher, Retired Associate Researcher, Retired Senior Researcher,
Associate Researcher, Tea Research and Extension Station, Taoyuan, Taiwan, R. O. C.
* Corresponding author
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Table 1 The left and right plant spacing by tea planting machine (cm)

BRI R

%5 41 Hi (2022)

2223
A B C D E
il
1 40 36 40 39 40
2 38 45 40 40 39
3 46 40 43 36 43
4 40 46 40 35 42
5 38 50 37 46 43
6 40 37 40 37 40
7 40 40 40 40 40
8 38 40 40 46 35
9 38 42 38 36 38
10 38 44 40 37 37
iy 39.6 £ 2.33 42 £ 4.07 39.8 £ 1.47 39.2 £ 3.76 39.7 £ 245
SRS 40.06 + 3.17
T TR Z TR RREE (397)
Table 2 The front and rear distance plant spacing by tea planting machine (cm)
2223
A B C D E
HiE
1 50 33 54 50 36
2 36 83 40 20 73
3 34 47 40 46 70
4 38 48 35 38 46
5 44 55 45 25 46
6 50 70 30 43 52
7 40 33 40 24 43
8 80 20 80 48 53
9 33 70 30 40 36
10 40 30 50 35 40
S| 445 + 13.11 48.9 + 19.48 444 + 13.97 36.9 = 10.11 49.5 + 12.30
“ESEE 44.84 + 14.99
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Table 3 Planting depth by tea planting machine (cm)

B [HRRHE AR R IS R

199

[R5
A B C D E
EEg
1 3 -4 2 6 -1
2 2 0 2 8 0
3 3 1 4 8 0
4 2 -3 2 10 2
5 0 1 5 9 5
6 7 5 3 3 6
7 8 4 3 6 5
8 3 6 7 2 5
9 4 2 10 10 6
10 5 5 3 5 4
g 3.7 £228 1.7 + 323 4.1 * 247 6.7 £ 2.65 32+ 256
HEE 3.88 * 3.15
FVU ~ FEAHERERE 2 BRI (BR)
Table 4 The success ratio of tea planting by planting machine (tea plant)
g8
A B C D E
H1i
PREL 30
(EZS 1 1 1 0 0
st 2 1 1 0 3
F st 3 2 2 0 3
FThAEET 27 28 28 30 27
(ERlDeZIES 90% 93% 93% 100% 90%
Lt IDanES 93.3%
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R~ LREARI AT E 28R (BHHETE)

Table 5 Comparing the efficiency of different manpowers to put seedlings (single row planting)

fem  fOEEE REEC E FEESCR MEEReR EEPISeR REPHIReR
AT (BRI () ) ) (RUNEE)  (RAREINE) - (BRAES)

0.261 12 23 0.521 1,878

1 0.273 12 22 0.545 1,964 1,941 1,941
0.275 11 20 0.550 1,980
0.429 18 21 0.857 3,086

2 0.404 21 26 0.808 2,908 3,054 1,527
0.440 22 25 0.880 3,168

& — ~ N TR EE BT

Fig. 1. Artificial tea planting operation

L

&~ R R EE (HIED)

Fig. 2. Schematic diagram of each mechanism of the tea planting machine (side view)
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Fig. 3. Schematic diagram of the each mechanism of the tea planting machine (above view)

&V ~ EEhHE RS R i R R E

Fig. 4. Schematic diagram of the adjustment gear on the transmission mechanism
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&7 T??T%%EGTE%I%%ETE%% (EEHRHERE)

Fig. 5. The tea planting machine planted in Ruisui, Hualien county (double row planting)
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Fig. 6. Schematic diagram of one people putting tea seedlings
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Fig. 7. Schematic diagram of two people putting tea seedlings

[\ ~ FEAHRIE 3R B SR SRS
Fig. 8. Structural points that are easily damaged in the operation
of the tea planting machine
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Fig. 9. The deformation for the main body of the tea planting machine
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Fig. 10. The next-generation tea planting machine strengthens the main body
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&l -+— ~ SRE R AR E
Fig. 11. The exploded diagram of tea seedlings stuck during planting operation
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B (AR R AR
Fig. 12. The unpacking operations of plastic bag seedlings
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l+: : ﬁﬁ*‘*”ﬁ%@?ﬁﬁ%ﬂ%@%ﬁ
Fig. 13. The plastic bag seedlings are taken off the bag, the soils of the
root system are easy to fall off

00 ~ USR5 S R R A 8
Fig. 14. The soil scattered on the tea planting machine can make the mechanism
unable to operate easily
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&l +7 Tﬁ%ﬁz&‘“*
Fig. 15. Tea seedling in decomposable paper bag

I —l—/\ » SRESEE AR ESRIBTE

Fig. 16. Paper bag seedlings used in the operation of tea planting machines
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Test and Improvement of the Hanging Tea Planting
Machine Attached to the Traction Machine

Wei-Yang Hwang” Tien-Lin Liu!
Summary

The purpose of research which design and develop a semi-automatic tea seedling planting machine,
that can prompt the mechanization of tea seedling planting, reduce the labor cost, and solve the problem
of labor shortage in rural areas. The main structure of the planting machinery in this study includes
transmission mechanism, a seedling turntable and a ditching planting mechanism. The seedling turntable
has two groups, left and right, designed as six cylindrical seedling cups with a height of 15 cm and a
diameter of 10 cm. The operator can take out the seedlings and put them in the seedling cups. The
shutter will open automatically, and the seedlings in the seedling cup will fall into the trenching planting
mechanism. There is a plowshare in front of the seedling opening of the trenching planting mechanism.
It wills backfill automatically, and the tea seedlings can be buried upright at the bottom of the ditch. The
tea seedling planting machine is powered by a traction machine with more than 40 horsepower. The tea
planting machine is 120 cm long, 180 cm wide and 180 cm high. It is suitable for planting double rows
of tea seedlings at the bottom of the trench with a width of 160-180cm. The left and right row spacing of
the plants can be adjusted by 20-40cm, and the front and rear plant spacing can be adjusted by 40-60cm.
The tea planting machine can operate 1 hectare a day. The planting efficiency of single row can be
increased by five times than labor working, and the planting efficiency of double rows can be increased
by six times than labor working.

Key words: Tea planting machine, Labor shortage, Tea seedling

1. Assistant Researcher, Associate Researcher & Chief of Tea Machinery Section, Tea Research and
Extension Station, Taoyuan, Taiwan, R. O. C.
* Corresponding author
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BHZEGERE ) ~ SAERRIS( RIS HIE N PVA CBEOMGES) FER - 2RI D2 B in T4
B AR - KRHIER I 2 B & 225 (Mokwena et al., 2012; Yildirims et al.,

2018)
AWt RO EE R [FESE R a A WA HPTIEYIEER I EAER
PHPEME: R TR > HE S E NI AESnAEHE o W& B REEE TR R EVE e

ST > (RS ERE R -
MRHERTT A

— =R EEM R
(—) PUELL EVE ¥ (LLDPE (&% %5 Z5%)/EVOH (Zf- L %z 2 1))/LLDPE)
FAEREGEE RS IERREE S PR R —  EITTEREMIE -
1. SFHPEMEREA R EGEE © $1E] PA (JERE) » BOPA (B [HIJEFEHRY) ~ EVOH K7k
% PET CEBAE_MRL L Fg) PSS TS FE TR e ARG R
2. CHEAMERE IS
() K~ ERFER
IKRIEHERAERIE - ASTM F-1249 GEEUHIEAIA R & HIE - A
KLAN ECHIESHITE 7K 28 SR AR YRR RN 3 - Y B R IS T %) -
ESRIEBRHIRIE - ASTM D-3985 (RELHIEAAEHE G HIE - F
s T ECHIES HIE SR B B B AN R B RN T7E) -
(2) Hif5RE : ASTM D882-18 (FEELHIFEAIA FHE & hiIE - HIEH A FLHHE (&
FE/NTY 1.0 20K TRV IR PR RERVERAE G TTE) -
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EfHRE M B AR IR a2 e

(3) FAEPEERFAG R IE BRI MEENR - FI A & e s R s UR B A
FHISIE > HERE © BAnRIEEEEE 300 mm/min -
(4) BEREEENE - RO EARSSRACR R RG] BRI RER
1.8 N REE R TR MR 3 2k a2 -
(&) EBEERNE - BRI A-Rid R - B - BeiR)A- 2
B el (107 £ 10 H 4 HEREFS 1071901983 5R4dE) » DURKE
/e s - EREAEUTE - RidsE - Ay - BERETITERZ
i (PE) B Z el (107 429 H 17 HER&FEH 1071901780 /4)
= AR R S R B
(—) BBt - SULERES: ~ BIRRASR « BRELSHETR
(2 FFEHEESE R TERIIE IR EEES D I E — R s A= RIRE (100%%5E ~ 1
HRIE96%) 0~ 1~ 3~ 6~ 12 HAR - HEITRENIRIT REE fmab ot > 3H
ERIIRNGIZNE
L oy tiaH - KK & E  FRGKE ~ FURES - UIYEA AR -
2. B mEFOMT - BRSBTS NG - K~ BRI IR
FRE dREY -

SR B

— ~ SRS T EE

{#/ EVE 2 (LLDPE/EVOH/LLDPE =gV =) WELH B RMEERD - 2 H rafE
HA EVOH &EfEnTfgfa S5 masss » Wl BN EEIEs Gt A« IS AAEREB 1 &
PESRSERE) Mt (R— - B—) > ETKEREEE - BERE - TSR R Z 25 iY)
PELE# -

EAKERBBEFRAFEGER AR " » /KERBEBR A HE R S B A TE SR A RE UM
HEEH > KERBEREEAK > [HiEMatatE  EFKRERS TS mEEe s N m B A
FRIEAELS > EFWEIENSE - SRTEL > REEHELSHEHF EVOH 451E - HK
FRSHFEME R T UER T E 2~ VMPET (BB MnSASEREREIAEEaEELs  fludmst 13
ZEEASEN A RIA KT NE » THE > VMPET FEAHESEE AR 1.136 co/m>day » FH7
A o

RIffsRE (SRR RAPTRIRE) & HETEAERRER TR ARINIAIIREE » — R AL LA
[ i AR FEMEEE >300 keflem? A E B/A [ FIEE - PSR HEEERNFR = Hh8ER
RHY Fsdmat A THEZIEESER-ERTE45HE (392 keflem?) - RS HASHE P ARYSETE G 26~ B fiLfh
SR > HomfE HRE BESEEREM B AN 1 © THTh s 2 PURE R EE A8 » Hop i a s B Re gk
FL >300 kgf/lem?® (YEEK > (HH AN EHEYIERE RN ERVSERE - Hhnv4mss 3 SRt aa e
SEfg > {HZ25E% EVOH K PET 458 » ZREFRFAI SR 486 kefiem? » AH{ETATHE R EHLS
TERARTE A EEELS -

DUEREA RN R B e - sBR S BE A AES B EE  BEPRE (R KHIEEaE) -
GERAIFRIY - ARFTFHS VIR BE ALY » LOHEHAESEE >35 N/15 mm - HE R i ER S
BIESLSAEAEEE (32-34 N/15 mm) - HEZRZE A EVE 45186k T REW IITHFE M2 - HEESEH R
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HE 5 -

HeBBELRAEGER RN SR A R R N TR R R N E 8 A
Fil - FEMHERE N - &5 EVOH Z VUSRI RS - BEERA RAFAVINERS K& R - fe
Pl R 2 R AR H 2= S ZRHIE -
o TR AR T R S R S

()~ BEMT

HibHs Ll EVE R AR @ FRLSaEfiatt 2R AR O BB R - S BER R IRIE S
FRIFFERIEF R SRS E IR THEGR - B e ERNE - Gl SR
T BRT4R5E 4 & B (TTEREES-ZAFEMER) OSSN ES 6 (B HEhE LRk S
MRS - BRRERER TS > e | SR EIR > SRR - /KEREI0E 555N
O Rt A (TERERIERIEERN RET 1 2 3 RAEHE v fRESR LR K
TR AL ER AR 25 6 8 3 RS 12 (8 H 2558 - st 4 e B (TR IR AR 280
Safiie) ALY SRR e A R B R OLIR NS R IR o HIRER R - IR R
SR o bt e B A E R |~ 2~ 3 BB i S T R T AR IR (4
9t A~ B TEREQLRLY) REAMIRERELE -

(&) BKE

[ BRI R AR » SO RENP SRERITE 4Rt B (T B R R B RS 2R a)
K A SREBESHAE IR IR T - BEE IR g 0 > SReZE/KEN I - HAVUfE B LS AR
8 ERRSEERET > @i A (TEREORELS- A & 3 sta AR M2
WPREFHRAE - E/KER G B EAVURE RS INEE - CHLGRIE 4 & B (TERER
HAR-R RGBSR A E - BN HE R S iR o HE R E AR
SN KRB A BERSRA - WIREZ20KE - s ERENE -

(=)~ FEKE

BERGCR  WIEER RV SRR TEFREERE R SRS ERE T N
KERVE(ELE = > SRR =RERBURE KB LE (B EEFEENT - mEEEAEER - M
FEEREEEE T - rifts s HiaiE R ERE 4 98 - RS KEAEEEREEY - =
FETrFERSARE T ANEAESEHKEE a H)7H > BEFFREEI 498 4 kB (1
BRI ZAERET) BRENrEIRENKE [ HE AT KEARLZESEL
REFG/KOENE 2 E e oE A -

(V) ~ BRI ~ SRR R IR b

BRRGATENEERE SRS SR T 6 (8H - HgEA - ZHeE - S RFEEL
WEDY - GEREUR - FrA B RN B A 2 - FERIRRE - BIR R = RS AR
BN it s e E B E R 3 - 4 BLEEEE TIREIE -

FERSERRRIA b BIRRGCRAEIEF IR MivfF 6 (B H - HEGUORFTmAEEE - H
FERREHAIRE T 25 6 (0 H 2550 - 4RIk 4 & B (HEREQLEE- ARG BENEEE

B2 G SR ZIRE MR B AR EBRE S PaE R R K EE L A HEREE -
& G

PSRRI R BB KR ERIERRME « ArRsRfE ~ BRI - INFEHE > SERE
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R EHREaLS  WAGEEFRZMERERK - HERRI R R ESE - EEMH LEZE
fERE - 7T RAFHSRERESARHFAMERE | (—) ACRIERRME - (2) E5RERME - (5)
MR (U) BB - FIFPEBIEASOR - SUIERER NP SRR ER ERBRR e R s SRR
TR R T B B P R T e 2 5oy R E akE oA R - TS S RE IR A E B
BEmst 1~ 2 3 RAEI TS (SRESR) MEERE T IR (GRSt A - B BRI
B BERANIRER TR MAwTT 4 9Tk B (TTEREEELS ZEIGEH) S Ea s
FREERI R 2 E5ER - KA TR - - — ~ (B EVOH =& (LhY PR fdnlHfmi
o FERCESR IO SR MR - FREERC 2 n - BATDE ~ BUKKIEEFEMELE - WA Al
HRAEE S EALRIEaEES - RSV E R AR AR SRS E N - 5T
ARAER & B R SRR B SRR A R L SR B I S RFRE A PG LGRS LUBRS MR A S8 8
RS TT 2 -

SHE

1 AfEREL ~ Z5Kk 4 ~ SOk 1992, FIFRG AR IRIFAEE S 2 BT A RS 80 4.
pp.146-149

SRR 1988. ZRiE E 2 B ARBITROR T 9T SR SR B 76 SF¥#. pp.49-61
SR 1989, FREERH R BACBIITET 2 9T (=) JREN RS 77 F-#t. p46-52 -

o

ZORAE ~ TRANEE. 1995, ZREEZ G TR, AEROITHEE FM-ERRE. SR RS, pp.65-80

BIEEk ~ A - BREIME - BA AL 2013, rpdis s e B R LAy 2 50 . B8 e
FERHLHET G pp.169-182 -

6. Lagaron, J. M., Catala, R. and Gavara, R. 2004. Structural characteristics defining high barrier

A

properties  in polymeric materials. Materials Science and Technology. 20: 1-7.
7. Mokwena, K. K. and Tang, J. 2012. Ethylene Vinyl Alcohol: A Review of Barrier Properties for
packaging Shelf Stable Foods. Critical Reviews in Food Science and Nutrition. 52 (7): 640—650.
8. Robertson, G. 2006. Food Packaging, Principles and Practise. Chapter 7.
9.Yildirim, S., Rocker, B., Pettersen, M., Ayhan, N., Rutkaite, R., Radusin, T., Suminska, P., Marcos,
M. and Coma, V. 2018. Active Packaging Applications for Food. Comprehensive Reviews in
Food Science and Food Safety. 17: 165-199.
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Table 1 The structures and characteristics of the test packaging bag

#h f%@;@@mﬁu s W) ﬁm;; ks

A ONY/AL/LLDPE 900 FROE S FEX
VMPET/LLDPE 9040 R@ak - RELE

1 EVE % &6 & # R & 4% 8545 em ek o~ REAF

2 EVE % 5o & i 4% &5 4% 9045 FEOE - RERF

3 EVE 2% At & # % 6 4% 8015 F@mEE ~ RER

4 EVE & &6 & # R & 4% 8545 HHEK

Had% 1 RS IR 2 Hhon R

IR 3 Hhdu R Hadk 4 u R

fEl— ~ 4 L2 EVOH &iEhY @i Us i B A5 M
Fig. 1. Packaging bag appearance with EVOH layered structure
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Table 2 Water and oxygen permeation test for packaging bag
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KRB AR
4% 5t &
(gm/m?2-day) ( cc/m?-day)
ok S Van [& 1]
A T B EE AL SRSH 4 ~0.010 0.636
ERE AL 2L sRAE 0.018 1.136
[E1] 2]
1 EVE ARt @ iR osstig ~0.010 ~0.100
=3
2 EVE B Rsssts ~0.010 0.102
(1) (2]
3 EVE ARt @ iR oestig ~0.010 ~0.100
4 EVE AR ERGSsEH ~0010" " 0.386

KRBT © ASTM F-1249
S 1 AT B

R= > AEERE LSRR
Table 3 Tensile strength test of packaging bag

ARBER

SRR - ASTM D-3985
=R (LOQ) » 7J<T‘\Lﬂi}|‘: LOQ =0.01
ik 2 1 MBS REAT s E R (LOQ) »

FEHR LOQ = 0.1

4 5% & fLf5RE (kgflem?)
A R B A P E i 392
B R EE AL 2R SR AE 657
1 EVE RERt e fssssis 649
2 EVE AR e fasits 595
3 EVE R A e st 486
4 EVE SRR fEfEssdif 645

R RIS R CE

BRI gL PERERTARAEHIEUT7X) © ASTM D882-18
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AR B TRE

Table 4 Heat seal strength test of packaging bag

G 9k & 1 BEf5REE (N/15 mm)
A R PR Th 4G 32.1

B Fﬁ RIS 2SR n At 343

1 E Ry E bR esttg 37.0

2 EVE R e esitE 35.7

3 EVE R esits 35.8

4 EVE AT Efassts 38.2

*HE R © B SmRIEE 2 300 mm/min

R~ EfERIBERE

Table 5 Heavy metal and plasticizer testing for packaging bag

TR MIGER (BAELSEwSR)

MEE EEMER

A 1 2 3 4 ppm
?]EigH:P)Eﬁ B—(-ZECE) B n. d. n. d. n. d. n. d. 1.5 0.05
W HRE s (DBP) n. d. n. d. n. d. n. d. 0.3 0.05
HE TR T EHEs (BBP) n. d. n. d. n. d. n. d. 30 0.05
W FRs — E55Hs (DIDP) n. d. n. d. n. d. n. d. 9 0.5
HE T HR ST (DINP) n. d. n. d. n. d. n. d. 9 0.5
CoETQ-ZH0HE) B (DEHA)  n.d. n. d. n. d. n. d. 18 0.05
HeE (CAEh- < 1 <1 <1 1 )

(4%EEE§a 950C, 30 ﬁﬁi)

*n. d.: not detected.
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Fig. 2. Changes of tea moisture content in different tea bags stored in general and high humidity and
high oxygen environments
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Fig. 3. Changes in tea liquor color (L, a, b value) in different tea bags stored in general and high
humidity and high oxygen environment
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S HE M SRR S EE RS 2 FEA
40 25
Coffeine( mN Theanine( BN
™ ) @ - )
mO mO
0 15
AB 12 3 4 AB 1 2 3 4
100 20
EGCG(mg BN ECG(mg/g EN
/) 20 y 10
mo mo
0 0
AB 12 3 4 AB 12 3 4
10 10
ceeime/ 5 "N | comers) s =N
|_Ne] mo
0 0
AB 1 2 3 4 AB 12 3 4
50 10
EC+EGC( BN C+GC(mg/ 5 mN
mg/g) g
mO mo
0 0
AB 1234 AB 1234
00 A T SORA IR MRS
B : i SRR R0 SRS
Totol 14 © Bl LEVE B AR R LS a e e o R A S
Catechins 100 EN | G ruE&sLE
(mg/e) mo | N HGEEIEO: FURMERUE
0
AB 1234

1T ~ 06 0 55 SR — B R S T T/ B H 2 B R S 2
BRI 2008 ~ Fem RRER

Fig. 4. Changes in total catechins, catechins, theanine and caffeine of Green tea in different tea bags
stored in general and high humidity and high oxygen environments for 6 months
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* 6~ NEPREAEN SR e ST M BB e R
Table 6 The sensory evaluation of tea quality in different tea bags stored in general and high humidity
and high oxygen environments

HWEFELEZS Green tea

EHRE  FROEWw dE R mREA TR OE% #Er R
N (50)  (50)  (100) 0 (50)  (50)  (100)
G-A-1{EH 450 450  90.0 G-A-1{#H 443 450 893
G-B-1{#H 450 450  90.0 G-B-1{EH 443 450 893
G-1-1{#H 450 450  90.0 G-1-1{#H 450 450  90.0
G-2-1{#H 450 450  90.0 G-2-1{#H 450 450  90.0
G-3-1{#H 450 450  90.0 G-3-1{#H 450 450  90.0
G-4-1{#H 450 450  90.0 G-4-1{#H 450 450  90.0
G-A-3{HH 413 400 813 G-A-3{#H 398 400 798
G-B3{#lH 413 383 797 4R G-B-3{EH 407 400  80.7
G-1-3{EH 403 403 80.7 G-1-3{&H 403 410 813
G-2-3{HH 428 41.0 8338 G-2-3{#H 403 402 805
G-3-3{EH 408 410 818 G-3-3{EH 393 390 783
G-4-3{#H 432 403 835 fHpH G-4-3{#H 378 388 767 [EXE
G-A-6 {EHH 397 397 793 G-A-6{EH 373 375 748 [f
G-B-6f#lH 400 395 795 G-B-6{#lH 375 375 750
G-1-6{EH 400 388 788 G-1-6f8H 395 377 712
G-2-6{EH 40.0 400  80.0 G-2-6fHH 375 387 762 [
G-3-6{EH 393 397  79.0 G-3-6fEH 39.0 390  78.0
G-4-6{EHH 41.0 375 785 G-4-6fEH 350 350 700 [HifE
G-A-12{#H 39.0 390  78.0 G-A-12 {EH 355 352 707 [
G-B-12{#H 37.5 365 740 fHpH G-B-12{#H 32.5 327 652 [
G-1-12{EH 39.0 39.0  78.0 G-1-12{8H 372 375 747 {4
G2 12{#H 387 375 762 G-2-12{#H 37.0 360  73.0 U
G-3-12{#H 37.5 380 755 G-3-12{#H 373 380 753 &
G-4-12{8H 369 357 726 fHpH G-4-12{EH 342 320 662 [HEE




45732 6 (Table 6 Continued)

efHRE M B AR 2RI B 2 e

221

Bk S FEAX High mountain Oolong tea

ERBE  FR OE% dEt EREA BR EE gt
N (50)  (50)  (100) o) (50)  (50)  (100)
H-A-1{#H 440 440 880 H-A-1{HH 440 450 89.0
H-B-1{EH 440 450  89.0 H-B-1{EH 450 440  89.0
H-1-1{@H 450 450  90.0 H-1-1{EH 440 440 88.0
H-2-1{#H 440 450  89.0 H-2-1{HH 440 440 88.0
H-3-1{#H 440 440 880 H-3-1{HH 440 440 88.0
H-4-1{H 450 440 89.0 H-4-1{HH 440 440 880
H-A-3{#H 397 400  79.7 H-A-3{#H 377 403  78.0
H-B-3{#H 40.0 403 803 H-B3{#H 382 390 772 fHbH
H-1-3{#H 403 407  81.0 H-1-3{#H 403 407  81.0
H-2-3{H 40.0 403 803 H-2-3{8H 393 393 787 Pf
H-3-3{#H 400 393 793 H-3-3{EH 395 397 792
H-4-3{H 407 385 792 {#Fk H-43{#H 360 375 73.5 [k
H-A-6 #H 41.0 403 813 H-A-6 {EH 385 383 768 [&
H-B-6 #H 39.7 37.0 76.7 H-B-6 {#H 362 368 73.0 [H%E
H-1-6 {HH 403 403 807 H-1-6 {#H 398 393 792

H-2-6 (H#H 39.7 39.0 787 H-2-6H 390 382 772 [
H-3-6 {6H 395 397 792 H-3-6 {EH 395 392 787

H-4-6 {HH 382 358 740 H-4-6 (EH 340 325 665 [BFERE
H-A-12 #H 39.2 393 785 H-A-12 {#H 382 373 755 [
H-B-12{#H 36.7 365 732 [ H-B-12{#lH 32.0 308 628 [Hixkms
H-1-12{8H 393 393 786 H-1-12 {8 H 392 392 784 fHpf
H-2-12{#H 38.7 380 767 H-2-12{#H 382 372 754 [f
H-3-12{8H 38.7 392 779 H-3-12{#H 377 382 759 [#&
H-4-12{8H 362 352 614 [ H-4-12{EH 30.0 29.5 59.5 [H5klz
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%57% 6 (Table 6 Continued)

EfEZS Wen-Shan Paochung tea

EFRERE  FR OE E fis EURER BR B ST fiEE
N (50)  (50)  (100) 0] (50)  (50)  (100)
P-A-1{EH 450 450  90.0 P-A-1{EH 450 450  90.0
P-B-1{lH 420 450  87.0 P-B-1{# 42.0 450  87.0
P-1-1{EH 420 450 870 P-1-1{EH 450 450  90.0
P-2-1{HH 420 450 870 P2-1{EH 420 450 870
P-3-1{HH 450 450  90.0 P-3-1{EH 420 450 870
P-4-1{HH 450 450  90.0 P-4-1{EF 450 450  90.0
P-A-3{EH 42.0 405 825 P-A-3{EH 39.0 395 785
P-B3{HH 41.0 400  81.0 P-B-3 ) 39.5 388 783
P-1-3{HH 413 413 827 P-1-3{EH 407 398 805
P-2-3{#H 385 395 780 [k P-2-3{EH 385 385 770 [
P-3-3{HH 410 397 807 P-3-3{EH 405 405  81.0
P-4-3{#H 385 375 760 [k P-4-3{EH 375 375 750 [FFE
P-A-6{HH 410 413 823 P-A-6 {H#H 380 380 760 [
P-B-6 {HH 40.7 380 787 P-B-6 (HH 355 365 720 [
P-1-6 {HH 410 403 813 P-1-6 {@H 398 39.7 795

P-2-6 {HH 400 393 793 P-2-6{HH 385 378 763 [
P-3-6 HH 408 393 802 P-3-6 {@H 393 393 787

P-4-6 (HH 378 365 743 P-4-6 (HH 33.0 315 645 [EERE
P-A-12{@H 39.0 39.0  78.0 P-A-12 {EH 38.0 38.0  76.0 fHpH
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Application of High Barrier Packaging Materials
in Tea Packaging

Cheng-Huan Chang’ Wei-Cheng Pan!

Summary

This project used EVE film (LLDPE/EVOH/LLDPE) and matches with other materials to produce 4
kinds of composite film tea packaging bags with EVOH structure, which were compatible with
commercially available tea packaging bags (Structure A: Aluminum foil structure and Structure B:
Evaporated aluminum structure) for comparison, same physical property analysis such as water and
oxygen permeability, tensile strength, heat sealing strength, drop resistance test and safety were conduct.
The composition and sensory evaluation of the packaged and stored tea were also conducted to verify
the product performance and the film structure with better barrier properties and impact resistance was
suggested to be suitable for tea packaging bags.

It meets the properties that a good tea packaging bag must have: 1. water vapor barrier, 2. oxygen
barrier, 3. impact resistance and 4. heat seal ability. The results showed that the developed 4 kinds of tea
packaging bags were superior to the comparison commercial tea packaging bags in the tests of water and
oxygen barrier properties, tensile strength, heat sealing strength, and drop resistance, which meet the
needs of the industry. Using green tea, Wen-Shan Paochung tea and high mountain tea stored in normal
and high humidity high oxygen environments to conduct composition and sensory evaluation analysis
and verification, No. 1, 2, and 3 packaging bags can effectively preserve the quality of tea in the more
extreme (high humidity, high oxygen) storage environment. No. 4 and Structure-B bags are not suitable
for long-term storage of teas.

Key words: Tea packaging bags, High barrier material, Tea storage

1. Assistant Researcher, Associate Researcher, Wen-Shan Branch, Tea Research and Extension Station,
New Taipei City, Taiwan, R.O.C.
* Corresponding author.
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Fig. 1. Research architecture diagram
F—  100-109 F 2 RER &S B AH
Table 1 Number of trainees at farmers’ academy in 2011-2020
B . &l R LR Sl . 53
L memm omm BEERON o T
Y AR N BEPEETEAE £
1 T 8l 12 344 71 200 271 271
2 M & 5 138 33 43 76 347
3 WP 11 320 53 148 201 548
4 AR 17 625 413 63 476 1,024
5 ZEL 7 235 75 50 125 1,149
HREE AT
6 37 947 330 54 384 1,533
(B FA)
7 JEARTE 7 243 168 11 179 1,712
& i 96 2,852 1,143 569 1,712
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T BUIFEEIAREZ KMO X Bartlett’s BRIP e &5 IR

Table 2 KMO and Bartlett’s spherical test results for each research variable dimension

W KMO HukE#E D)1= Bartlett’s ERIZ A ESRGT & P{E
PN L= 0.767 1878.185 0.000%
(eS| 0.847 604.810 0.000%%**

ffiaE © ***#p<0.001 -

R= - MBFFERZRZEREER

Table 3 Factor extraction results of personality traits

ZAME

=} T
e R % NE= WE REL

BN —FEERERIT A - (B D 0.711
BRpER— = - (B S) 0.679
WP EEAGHEHE - (Bt 6) 0.546
BOE(EE B R - shiahm @A - 0.696
(B 7) ‘

TR R - (BGEEEME2) * 0.685
RN REERE AR O R
(BB 3) *

KEENEEENA - (BREFEME4) * 0.733
TS B ffnhruny - (BaEEErte) * 0.671

0.790

BAERIRPAAEAFT 2 - (ShEfe 1) * 0.780
PAEREB A fLtm s - (S 2) 0.856
PR I7e - (SN 3) 0.630
PEMEDIRFFHIA - ShEtE4) * 0.704
BEEEFRBIANIRFT = - (Shatts) 0.808
WEE Y 2 B IS - (ShETHE 6) 0.627

WEZHRHOMA - GRAIME 1) 0.636
TR A BB SER R G REE 1 - 0.745
Rt 2) ’
BREFEERCERIA > TOLSER IR -
R 4)
WEAFH S NEERE 2R - AT 6) 0.591

0.570

BB - BEAEREBAIA -
(F&CE 1)

Fo—EHEE OZAIA - (HHEE 2) 0.588
WEF A ANHIREE - (FHEEE 6) 0.621
BIE(EEE R BERAI N - (FHEEH 0.696

0.671

BEUE 7.020 2.245 1.763 1.665 1.228

R E (%) 31911 10205  8.013 7566  5.580

FrEEEEREE (%) 31.911 42116 50.129 57.695 63.276

*JZ [
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R ~ RSN ZREEHEER

Table 4 Factor extraction results of grit

B I RZEEHE
RE— HEZ

st IR A AR E S B R A B L IR AT E - (BE 1) * 0.741

EREANTEERESETE 1% » gl - (BE2) * 0.789

FEFE LN —EEAE > E&E—fE % LGB EHE - (BUE3) * 0.810

FAREH X B SRR &8 A A REE Vet & L - (BE 4) * 0.792

75 BB A SR TR I SERT R BB O IAIRARY TIE - (BB 5) * 0.788

P AR ERREE - B 1) 0.526

FREBE TN - (FJ12) 0.864

e T - B TS E - (%71 3) 0.870

PARSIE - (F14) 0.904

70 B RE R e I AR A e PR SRS » (360 5) 0.855

BT EHBE  RGHNHE - e EAAE LIEHEE - (J16) 0.799

FiEuE 5.370 2.100

fErERs (%) 48.820  19.094

FIEREEEREE (%) 48.820 67914

*[Z ]

R ~ BT 2 (SRR (Cronbach’s o (4%

Table 5 The results of reliability analysis in each research variable dimension (Cronbach’s o)

W ] [iEsTEL Cronbach’s a {E
B 8 0.716
S, ERE R EME 8 0.828
)(\thgg) AN 8 0.798
a M 8 0.785
FHIZE 8 0.584
BRI 4 0.735
i o . s

g 7 .

(BiEGhlE) S 4 0.778
s 4 0.614
S 5 0.867
TR 5] 6 0.905
s 11 0.891

HEEE ps 12 0.907
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Table 6 The attributes of respondents

5 41 H#Y (2022)

EH M | ER SO B4t (%)
| 5 68 81.9
PER1 o 15 18.1
(e 50 60.2
HES 4 Fe 4 31 373
TR 2 24
26-35 5% 22 26.5
G 4
L 36-45 5% 44 53.0
Eils 1 1.2
o SENE ) 15 18.1
HBEEE K ELER] 56 67.5
WiFEATLLE 11 133
= 3 3.6
JF{ER = 80 96.4
=
e o 2 16 19.3
BEEMBR A % 67 80.7
o = 69 83.1
BRTH e 14 16.9
RIIA 9 108
AESHPT 28 33.7
= 33 39.8
A S HEEE 39 47.0
() EfEr: 8 26
INEr 3 3.6
AT 19 22.9
B 5 6.0
e 42 50.6
s FIRUE 32 38.6
B Al /7 K
B AE L OARTS 5 6.0
ZRANE 4 4.8
s IR 69 83.1
W FREIt ERE [EEISTON 14 16.9
TRk 1 12
. G FH R R 19 22.9
e AN B E’f e
RABHEMSITE — B B A 1 133

Ede; 52 62.7
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DA S R A B R TS0 P B8 (S BT 51
45757~ (Table 6 Continued)
H H A [ERE dON Horkk (%)
5T 25 30.1
BEEE 6-10 £F 23 27.7
(SE9 114 6) 11-20 4 22 26.5
21 DL E 13 15.7
i s U 1 1.2
B S HIE 1 ABEA 22 26.5
(3F453.55 /N 1.1-2 A\ 18 21.7
2.1 NHEDL 42 50.6
N 52 62.7
. H it 18 21.7
%;:gf R 46 554
- EHSRI TR 0 0
fth A s &b it 4 4.8
HEES 61 735
PR 2@22%% . .
() ST EEER 26 313
AEFTERITS (FHEEETE) S 6.0
BEZM 50 60.2
FEEENN T B FH A2 28 33.7
(¥E5Ee) HEZHEM AN TAE 18 21.7
EERERERR CGEF) 6 7.2
fi 8 9.6
FHE T A% 1-3 A 53 63.9
(BHZ%T) 4-10 A 20 24.1
11 ALLE 2 2.4
it 13 15.7
FafAE T A% 1-3 A 22 26.5
(BHZ%T) 4-10 A 32 38.6
11 ABLE 16 19.3
fie 29 34.9
FESHIERE 27 32.5
B0 15 18.1
v e REFE 8 9.6
”i;f; RS AEH I 13 15.7
I1SO 4 48
HACCP 3 3.6
kB (13 24 11 13.3
ftE B (4-5 28 4 4.8
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&% 7 (Table 6 Continued )

=
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H H B (EE N B4kl (%)
ENCES R 2 2.4
SHLTAEIHE - GikrfsiEE 8 9.6
—R A E BICEBE 12 14.5
(WFREEHESE) KHEEICHE 6 72
TEIT(EE 55 66.3
ENCE 2 24
SHBITAEHE - GikrsiEE 6 72
ZAREMIIT BICE 11 133
(A EERLSE N T ) KHEEITHE 7 8.4
FETIESE 57 68.7
ENE i 3 3.6
SEITIREH “iprEiE 2 24
=ERATEEIR S BEICE 4 4.8
(WARETTHE) KHEEITHE 17 20.5
TEIT(EE 57 68.7
EN i 18 21.7
SBIT(FHEE - GikrsiEE 1 1.2
NSRS BICEE 11 133
(WSFHEE - BhEe%s) LEETHE 13 15.7
TETAEE 40 48.2
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T MERE 2RO EET 8T (n=83)

Table 7 The results of descriptive statistical analysis about personality traits (n=83)

WS 1 T 8L A 7 #
Fia)i3€Es 3.94 0.404 8
- EE AR AN 3.78 0.582 8
MR S 322 0.630 8
(R PRI 3.81 0.480 8
THESE 2.76 0.477 8
BRI 4.17 0.497 4
I T ;ﬁé%%’fﬁ‘@ 3.61 0.773 4
ST RHSED NEES 3.42 0.771 6
HAIME 4.05 0.464 4
THERE 2.79 0.653 4

R/ NSFYE Z BB I 2 B S T o3 i (n=83)

Table 8 The results of descriptive statistical analysis about personality trait - openness to experience ( n=83 )

T m R IE s MR i (BIEREEF
LR — A EERGHT L - 4.39 0.537 2 1
2 IRAERE R B EN R UAEIRYEE 3.96 0.633 5 -
3B AEGETIHIN - * 3.47 0.992 7 -

BE 1 4 R EFRERAEETIA - 443 0.567 1
SIRUERER—Z = - 3.95 0.714 6 4
6. FREENRITEIEAFHITTHE - 4.29 0.672 3 2
1HREEEEEA R > Sisha S A - 4.07 0.729 4 3
8B E— R —IR - * 2.95 0.923 8

*RZ ]

TS~ NMBFFE 2 BRI R RO ST 04 (n=83)

Table 9 The results of descriptive statistical analysis about personality trait - conscientiousness (n=83)

Hm G IH L BREE iy BEREEE
9. B MEMMEATCRAIA - 3.99 0.773 3 -
10 MRS EGR = R - * 3.54 1.016 7 3
1L AR EBREZ RO L - * 3.67 1.037 6 2
BE 2B ENEBEA - * 3.48 1.086 8 4
FEME 13 FRNREBEETR - 3.80 0.793 4 -
14 BB g B HEHEAL ALY - * 3.72 0.860 5 1
15 FRARE A R B A AT B E Y S - 4.00 0.663 2
16. B ([ A 4HEReY A - 4.02 0.698 1

*JZ [
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Tb o MERE ZSNa R ROl Seat o8 (n=83)

Table 10 The results of descriptive statistical analysis about personality trait - extroversion (n=83)

E I 8 R Py (BIEREET
17 AR AFTACHE - * 3.13 1.124 5 5
18 FABREH A fiL (M x - 3.42 0.899 4 4
19 48 2RSS S 700 - 3.63 0.837 2 2
ShatE 20 I IBRBESFHIA - * 3.04 1.173 6 6
R L R BRI AR TR - 351 0889 3 3
22 FEEEmT S LS TEEE) - 3.81 0.876 1 1
3 WM FREEAIA - * 233 0.734 8
24 BB EAEHERELNN - * 2.89 0.963 7
* 2 [l

Tt NSRBI IEETHE Z gt o (n=83)

Table 11 The results of descriptive statistical analysis about personality trait - agreeableness (n=83)

W E 8 I FER iR HiE  (BIEEHE
25 G LEREOMA - 3.99 0.615 3 3
26 FE R I N\ BB SN EIRG BEEE - 4.20 0.558 2 2
27 FREE R B A N BRI - * 3.81 0.772 4 -
s BHREMEFEI AT LTERTIER A 427 0.520 1 1
29 A (EHE TEHFEFR AR A « * 3.29 1.185 8 -
30. R FE AR N RCE AR YRS - 3.75 0.696 5 4
3LIRERANEEERAEAMEEE - 3.67 0.783 6
32. AT —AEFEFRINRSZHIA o * 3.49 0.980 7
*KZ I

Fob T R W R RO 5T (n83)

Table 12 The results of descriptive statistical analysis about personality trait - neuroticism (n=383)

W mE - E IH g EEE B (BIEREF
BB EEIENSS  E5BREENA - 2.83 0.985 4 2
4T EEE LA - 3.27 0.938 1 1
35 A G EERMAVEE REDEIEE L - * 3.01 0.994 2

R 36. &N ZEEERGFERETHR - 225 0.794 8

T 3T AR B B R R ERE - * 2.92 0.965 3
38R AR 2.39 0.986 7 4
39 F R BT AAIA - 2.66 0.928 6 3
40. A E(EEERA A o * 2.76 0.983 5

*JZ [
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F1 = R RS SHT (n=83)

Table 13 The results of descriptive statistical analysis about grit (n=83)
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i L5 1 m L R H #
HE 3.62 0.669 5
TS % 1 4.03 0.683 6
B i 3.85 0.573 11

00 ~ AR 2 BB RO RS T RO ST 3 A (n=83)

Table 14 The results of descriptive statistical analysis about grit - passion and perseverance (n=383)

& w8 A PR FEEE
LAt BV A A I 5 G R A LR B A HE ] - * 323 0.831 11
2ERAAN T ESGE T E 1% - (FE LR - * 3.70 0.808 7

BdE 3EEFEIIT—EEE - A8E—E R LSUER AR E R - * 3.65 0.833 10
4 FAREHEE R IR TER A48 H A BESE R T# L - * 3.67 0.912 8
5.t \ATR TS YRR RO > SRRSO A RY TAE - * 3.84 0.757 6
6. PTG EPIREE - 3.67 0.964 9
7RSI LA - 4.16 0.757 2

24 8. fEGm (TSR - B T E 3.96 0.876 5
9. BAKSIE - 4.02 0.897 4
10,85 5 REE st 3 g 10 L Y e 0 P A SRS - 4.23 0.770 1
UL TEI A g S SE] e SE kAR LIEEE - 4.16 0.740 3

*JZ [

TTH - HEEEBEHEZBEESET 2T (n=83)

Table 15 The results of descriptive statistical analysis about willingness to stay in agriculture

i | @ A g R HEE
LA A EEE AN EEBIFE AL - 3.96 0.818 5
2AEF TR BRI E T AR SE TR AR - 3.94 0.755 6
3TERES NI TIEREIRFENRE - 4.07 0.620 2
AKRBEEERERETIE  SHTIRTE - 3.99 0.724 4
SHESEEYTEEETE 2 (FEHENE - 4.00 0.733 3

e OBMETLIEMRIFEE - WEEREERELE - 377 0860 10

;i TEE RTINS - BRI - ¢ 3.11 1.115 12

B R BN RS0 )T R R 3.86 0.857 9
9B GHCHNEERA —ENRIE - 4.19 0.671 1
104N FIRAEHERARESE » FAGREINIK - * 3.40 1.059 11
1L RAEERETIEETRR - 3.90 0.850 8
1258 EH A SRR M R RN TR TE - 3.93 0.808 7

S 3.84 0.564
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TN~ 512 BACETUN RGBT (20 RE NIRRT ISR )
Table 16 The results of the follow-up survey on the current status of the trainees ( compared to before
Farmers’ Academy training )

H H A [\ & (AN Btk (%)
ainds 1 1.2
PRIFOR—H% (CREEARIED 25 30.1
B0 1-20% 26 31.3
7 i B A AR B 21-40% 20 24.1
HE 41-60% 4 4.8
40 61-80% 3 3.6
W 819% LA 4 4.8
FZ TP 1 1.2
PRIFZR—1% CRFHAREE) 5 6.0
I 1-20% 26 31.3
i B RS FEFF 21-40% 31 37.3
2T 41-609% 8 9.6
127} 61-80% 7 8.4
eIt 81% LA 1 5 6.0
ISAi{iE >y 21 253
PRIFAR—EE (CRFHARE) 37 44.6
[ 1-20% 20 24.1
BB RAR FAE 21-40% 4 4.8
FEAE 41-609% 1 1.2
[%1E 61-809% 0 0
PRI 819 LA 0 0
ISdiinp; 4% 3 3.6
PRIFZR—% (BRI 30 36.1
B 1-20% 32 38.6
Ko FEE IR B 21-40% 10 12.0
H4N 41-60% 3 3.6
111 61-809% 2 24
Wahn 81% LA E 3 3.6
ISdiinp: %% 1 12
PRIFAR—EE (R A 43 51.8
1w 1-20% 17 20.5
KZEEN IR B 21-409% 7 8.4
1 41-60% 10 12.0
11 61-80% 5 6.0
S 819% LA 0 0
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gE175 (Table 16 Continued )

HH =7
BHEE
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H H sl & # CA) o7tk (%)
STk D 2 24
PRIFAR—EE (R A 29 34.9
A0 1-20% 27 32.5

Wl A R R 21-40% 18 21.7
1 41-60% 2 2.4
1111 61-809% 3 3.6
W 819% LA E 2 24
ISdiinp; 4% 3 3.6
PRIFZR—E (CREEARIED 64 77.1
B 1-20% 9 10.8

BEE 8 THIGIMEE N 21-409% 4 4.8
11 41-609% 2 24
111 61-809% 0 0
S0 819 LA 1 1.2
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Table 17 The results of the follow-up survey on the current status of the trainees ( the impact of

COVID-19 for 2021 )

H H 5 R @ # AN Hatk (%)
RZifnsghn 6 72
PRIFOR—H% (CREEARIED 19 22.9
BV 1-20% 18 21.7
FE i B H B AR VAR S /Y 21-40% 22 26.5
D 41-609% 11 13.3
D 61-809% 3 3.6
/D 819% D F 4 4.8
Isdiing; 4% 6 7.2
PRIFZR—% CREEAIRD 40 48.2
1T 1-209% 22 26.5
AR IR 140 21-40% 11 13.3
a1 41-609% 3 3.6
11 61-809% 1 12
W 81% A E 0 0
ISR 9 10.8
BRI CREEARD 19 22.9
B 1-20% 20 24.0
KRR IR D 21-40% 21 253
H/V 41-609% 8 9.6
D 61-809% 3 3.6
B 81% LA E 3 3.6
Sy 5 6.0
PRIFZR—% (BRI 65 78.3
BV 1-20% 10 12.0
B B TR IR BV 21-40% 2 2.4
D 41-609% 1 1.2
H/D 61-809% 0 0
kD 819% LA E 0 0
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Table 18 The results of relevance analysis between attributes of respondents and personality traits (T-test)

WHoe e ] HH $EH (L S t{E BEEME
N (53)
, [ 50 4.17 "
BRI ey e 31 385 3.085 0.003
NS % " P
HEE 51 o s 390 -2.823 0.006**

e : #*p<0.01 -

T BAER IR AR E 2 2R ESR (ANOVA)

Table 19 The results of relevance analysis between attributes of respondents and personality traits (ANOVA)

Wi HE  JEE ER @8 T P EEM EALRRE
S8IE CONRC)) (LSD)
(DAE2EE 3 4.58
TE  QaisES 488
B JEE QERtEDE 4 N (O SO ZOR
1 =5 OEEEE 17 4.01 ' ' (2)>(4)
T8 OFETEE 5T 420
1l 83 4.17
(1)diE 13 3.10
i, 45 HA 2)1-3 A 22 3.75
ff?i BT (3)4-10 A 32 377 2879 0.041*  (2)>(1) - 3)>(1)
FHE e @l 16 3.50
NS 4B 83 3.60
FE OEESEN 25 4.11
. (6-104F 23 3.93
?’%’f (3)11-20 4E 22 424 3023 0.034*  (3)>(2)~ 3)>(4)
T gpin 13 3.83
4EFI 83 4.05
s OkUSHE 3 458
TIE  QuilEESE 4.50
HE  QRUEBE 4 375 . ()>0)~ (1)>@) -
=g @amusErs 17 s o0 MOBT opg
T OFEIMEE ST 4.10
4EF 83 4.05

fHiEE © *p<0.05 -
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R BAER AR ER R 2 2R e R (T fasE)

Table 20 The results of relevance analysis between attributes of respondents and agricultural

characteristics in grit (T-test)

oesEEE  HmE HE =Yl {85 Sy t{H B
N (5
, , =] 68 3.57 .
i PRI b s 385 -2.058 0.047
D B4 50 4.14
BT VEY i 3 3:83 2.015 0.047%*

iz * *p<0.05 -

Kot BAER RN EERER
Table 21 The results of relevance analysis between attributes of respondents and agricultural

B 2 A= 5 E A4S (ANOVA)

characteristics in intention of staying in agriculture (ANOVA)

e HH =Wl {(EEs S FE HFEM Frttime
S5 () GD (LSD)
(1)f 8 3.45
)13 A 53 3.96
R (3)4-10 A 20 376 3434 0.021%  (2)>(1)~ 2)>(4)
LK D11 ALLE 2 3.17
_— Gl 83 3.84
it (KM SHE 3 231
= QuikEEHE 2 354
TfE¥HEH QEICEEE 4 3.25 i ‘
ST GEERTE 17 368 208 004t (1XG) - 5G)
G)FETIEE 57 3.92
HEA 83 3.84

s« *p<0.05 °

R NSRRI 2 =R wEE R CEER 1)

Table 22 The results of relevance analysis between personality traits and grit (regression analysis)

R R R GE(B) tE B F g HEM R’ FEL% R
BRI 0.472 4.819  0.000%** 23221  0.000%** 0223 0.213
BrsE s M 0.626 7224 0.000%** 52,181  0.000%** 0392  0.384
PN S 0.569 6.235  0.000%** 38879  0.000*** 0324 0316
AT 0.621 7132 0.000%**  50.869  0.000%**  0.386  0.378
FEE -0.442 -4.439  0.000%** 19707  0.000***  0.196 0.186

ffEEE © #*#%p<0.001 -
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A= MESFFERREES (BMEHEE) ZERRERER (R
Table 23 The results of relevance analysis between personality traits and grit (passion dimension)
(regression analysis)

REBIH « 2E AR GRE (B) t{E FEMN F1H HEE R FE% R?
B 0.260 2419  0.018* 5.854 0.018*  0.067 0.056
BrEsEEME 0.593 6.622  0.000%**  43.847  0.000%** 0.351 0.343
eANEfE 0.343 3285  0.002%* 10.793  0.002**  0.118 0.107
ORI 0.350 3.360  0.001%* 11.290  0.001*%*  0.122 0.111
FPEE -0.451 -4.545  0.000%**  20.658  0.000%** 0.203 0.193

fEEE © *p<0.05 > **p<0.01 » ***p<0.001 °

AU MSRFERINST) GO ) ZERRESSR (T
Table 24 The results of relevance analysis between personality traits and grit (perseverance dimension)
(regression analysis)

WRETH - %) HERGRE (B)  tE B F{E B R? AEE% R?

Fia)isges 0.514 5393 0.000%**  29.087  0.000%** 0264 0255
BEEFEME 0479 4911  0.000%** 24115  0.000%** 0229  0.220
PANES 0.596 6.679  0.000%** 44611  0.000%** 0355  0.347
FRIME 0.670 8.116  0.000%** 65869  0.000%** 0448  0.442
THARE -0.312 -2.960  0.004%* 8.761 0.004%* 0.098  0.086

fEEE 1 **p<0.01 » ***p<0.001 ©

T NMEFFEE R REEZ ZRREAR GBI
Table 25 The results of relevance analysis between personality traits and willingness to stay in agriculture
(regression analysis)

RET: WEEE FREGEB) tff B FE BEE R SE% R?

Fia)irges 0.276 2.583  0.012% 6.671  0.012% 0.076  0.065
B 0.270 2.521  0.014* 6.353  0.014* 0.073  0.061
S a 0.289 2714 0.008** 7367  0.008**  0.083  0.072
ORI 0.429 4278  0.000%** 18302  0.000*** 0.184  0.174
FHEE -0.272 -2.543  0.013* 6.469  0.013* 0.074  0.063

fHEE 1 *p<0.05 » **p<0.01 » ***p<0.001 -

RAN - WRIHERER R eSS (R

Table 26 The results of relevance analysis between grit and willingness to stay in agriculture (regression

analysis)
WEIH i ElE  HER AR (B tfHE  BEM F{E BT R? %% R
ZE 0.482 4948  0.000%** 24.480  0.000%** 0.232  0.223
7 0.449 4521 0.000%*%* 20.443  0.000%** 0.202 0.192
(eI 0.548 5.889 0.000*** 34.685  0.000%** 0.300 0.291

i © **%p<0.001 °
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Research on Evaluation Effectiveness of Training in
The Farmers’ Academy and Influencing Factors of
Willingness to Stay in Agriculture: the Case of Tea

Field Management and Processing Advanced Classes

Ting-Mei Kuo  Yi-Hao Lin  Cheng-Nan Lai  Jin-Chin Lin!
Summary

This study investigates the training effectiveness of tea field management and processing advanced
classes in the Farmers’ academy and influencing factors of willingness to stay in agriculture of operated
by trainees who participated in the Farmers academy’s tea industry class in 2011-2020. An online
questionnaire was distributed to 347 trainees. A total of 83 valid questionnaires were collected, with an
effective recovery rate of 23.9%.

According to statistical analysis, there are significant differences between the basic information of
the trainees and their agricultural characteristics (including gender, marriage, number of long-term
employees, participation in work projects, etc.) and personality traits, grit and intention to stay in
agriculture. There is a higher linear relationship, but compared with personality traits, grit has a higher
explanatory power for the intention of staying in agriculture. In addition, according to the follow-up
survey on the current business status of the trainees, the performance levels after the training are as
follows: 19.2% of the trainees expressed that the number of employees was increased after the training,
30.1% of trainees expressed that operating costs have decreased, 46.9% of trainees have expressed that
business area increased, 60.2% of trainees expressed that operating profits have increased, 62.6% of the
trainees expressed that the total production increased, 68.6% of the trainees expressed that product sales
increased, as high as 92.6% of the trainees expressed that product quality has improved. The results of the
investigation of the impact of the "COVID-19" pneumonia epidemic showed that up to 69.9% of the
trainees expressed that product sales decreased, 66.1% of trainees expressed that operating profits have
decreased, 44.6% of trainees expressed that operating costs have increased, but only 15.6% of the trainees
expressed that the number of employees was decreased. In General, most of the trainees' business
conditions have grown after the training, but the pneumonia epidemic still has a great impact on the
operating conditions, especially the decrease in product sales and operating profits. The results of this
study can be used as a reference for the selection and admission of trainees of the Farmers’ academy in
the future, so as to facilitate the effective use of training resources.

Key words: The Farmers’ academy, Personality Traits, Grit, COVID-19 pneumonia

1. Assistant Researcher, Assistant Researcher, Junior Specialist, Senior Agronomist, Tea Research and
Extension Station, Taoyuan, Taiwan. R.O.C.
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AWTFE Ry TR R R Zent il ISR R ina PSR A ZAlIGREER, - $1E 105-107 SEFEHHE
ZOIRDTEITIEHERE > FERERGT REE SnaHEE « BB mna PRI - ZRIEEII T SRR - E
S SAL FBE AR S ORI > 25t 35 (ERETE - A0 1,120 [r 20182 B TR LRGSR - ]
W 263 {3 AREE - ARIER Fy 23.5%  Siat oS REIRE SR (EREMEL - Fik - L2
TSR TG ) BIIRIREET] ~ ISR RE IR - TREEM: - BEESE - JIRHE
R TAFREBRE S S AR - o] (F R 2 PR E PR ERI 2 275 - SOfRIRaETIE2 R ECE TR
RUBHEHE - SE 85.6 %0 BRI man B RS » 69.2% 52 BN M EFIAN - 65.0%F R4
BRI - 441 % FoRAEE RN > 34. 2% FORCE TIRBE N - 30.090 58 RALE A TE(K > 20.2
%FoTI R B THUENN - BEET S > B2EIREEIRNN RS AERKE - A1 - (REFREEH
ARELER > il =y 2 AR RRE S E AR M A SR EE R E ST OaRaI R - B 2 B EE R
B i PSR BRE > A (54.4% ) SRFRESN > 418%ERFONHEMSM > M
HN 2 BUREERVE SLET P E R ek 2 B - S 87 8% B ER A BHSI B BRI 2B
TERE s A B SRR = Z TR - A& SRR A ] O SR IR B s VR SR A e DS e AR
Z22%  DFFERERE Sz HAY -

BREETF © ISR ~ RERE MY - RRESE

il

Al

RERHEEER 2 SOREERAFEY - (1B 109 FREGEHERERER > REFEER
14,341 g > FEFE(ESEE 82.4 (80T - SRR EBRAEMAENE 3.19 - INREEEEE Z IMATE
Yy - JRERET 109 SERTESNEELY 9,414 NE - SMNHEERY | BT (TTEBiREERAS - 2021)
B 30 (8T -

1M Ry TSy KA EZR IS > SGTHBUR ~ 4REAFT ~ BE ~ EHDL » R A E kel
% FEENEE RS - SEME RORIEE KO B 100 55X RERTE
AN BRI R - E8h > RNIES RIS AR T » MR RN R EEEBRZTR KL
RI51E 100 SEECRIFRAAAT EIHEBN A TE RV E SraPAHRBEHIE - &B A IRaT o - ST E A L HAE

RENES PENITA - BEPER - 5k - It R R - 28 PRET -

L ITBiEEZ R Y
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BRI - FREERVE e ECE A AR TR - ARIRE S IHERE - BEIEE S EAE R - FREERE maT R
EAA BRI EE HIE R0 R ERVE maPE e A Bt i KR EERVE e PECE A IRAE B BT
M2 IR OB R EE R E e aE B R - SEAEIWIAR ~ el - Edk - S
WETPRERE P HE A e N 2 PR R E matee I8 B2 2R A Aiaihl
5 BERDHERN A R R EIR BLEE E BV BIBCE AR s B E A\ 258 - AR aR - R i S s
JE Sna R A B SR E S 2EET 30 /NIFWIARERAE - MR 2 R 2 s, (4% ~ (R B -
HEMSHER - AERSHER ~ BT L - WITEANGS  NERELL ROREEMRAL A% 8 faFF ()
BFCARENE (B ~ &~ & ~ W) SRR S 2 70 73 DA B3 AR E R E e e E
AT BESIBEEEr8:8E (MEE > 2017 ) - WH 105 FEREtAEIFESE R E e85 3 SoMEs > 72 106
IS EE R S R ARSI SIS - SR 109 FEFE SIS BE R S = AR A S -
BT R EERVE e P EA -

Hiat 105-108 FEAARCHNERZ M N BGT 1,542 A &8 ABET 1,280 A GH8247 83.0% 5 106-108
AR A BT 1,458 A > SR AEGET 457 A > AF&REY 31.3% (F—) » M ERFER L
5z 5L B R WA R B 8 = R 1Y 108 AR E R E P EAA RN e EZEE
SEmik o BEUGE o oRRAERAZS  RIEE - 108 T 4oHIER ~ SFE S FREFERE 14y 109 » FhAk
106-108 4F- AR EERVE dna Pl SRE T RS 2 AR RA B A 51 8 % > Hirp 4 R M
MAZE Ry " VIR ERE Tty | (EEBEERE LY - GBRERT - SO0RHK
RERZILNTRHCRE) » oI B TR R IR E fna Tl akall ok - B2 B5epdl%kiE - T2 hnss
FE RS 2 IR BT RE S8 M - HE M AT R A E SRR E e Zal| A Bi 2 2 iR -

Kirkpatrick (1975) ¥ E &K E (Reaction) ~ 75 (Learing ) ~ 7/ (Behavior) K455

(Results ) 7 VO3l SRttt » Horp S FE R 2 T 5 R i = [ i & R G sk e 2 = ol B
FI > BRI FEHE RSS2 B R EE - (T ABRAT T/ EEZE M
MG A HETERZ » SR &S R B AT R H 1 %h1e ~ BIE TIE BRI 2 B el A
W9E B RSt 281 105-107 R RN R TRt R 2 R E SeE oIt 2 2278 17 5 Jesh R
[T BRETA EIEAE R a4z B RIRE ST ~ JISRRE IRAIRE - TIFEEN: - BEE% S Y
FHEETEEMEEEER  DERFIEHEIZ BEKE eSS ElE LT EEAT S
i E I o

MRS A

— ~ ARBFERL 108 g 105-107 R RE N N BRI T R ERE dnaP oIt | 45318 A
HeA T E R 2 B2 B LIEREATE R > L3 1,120 (35l RpCsua Rt & 4R L& 2
SR AR 108 -8 H 19 H ~8 H 30 H ~ 10 A 3 Hiz 11 H 18 HIEE VUK EEHEAT -
& R SRR A S5 TR FH RS A 82 11 H 30 H LB 313 (3 RI&[E1E - fIRRA R
S R 515 0 FLEIUL 263 (AR S - AREERR 23.5% -

= MEAEEEEARR (WMEE - HAF - AERE - BRIEGE - REEEER - BEK
B30 EEEiEst () 8 - LIFEH R TIEFES) - dIskigae et (AR B s
TIFHE ~ AISRIRRE DERT R ~ TAFEE M - SRS KIS TR TEHEEESE) - dl
SizaCEBEIENE (WEMMEEH  EnaE -~ LENRA - LEFE - LEmE - HAER
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HEERUE fna PEEE A RE T T sl SR -- AR SR DL AE e 2 Ry 51

PE B T8EE) KISERMEES (BN ERE SR ek eshall o 2 SRR - 3I8i%
W TAE LR 2 25~ BEHERE M A SIS R SRR S i) FEURH G -

=~ JISRIRRESTEHR TR R AL B E SR (Likert scale) - DL 1 535 5 53 FE BIEHISGT
MRS > EEEUREATRES) ~ BEJEHEE - HEM: - SR SCE RS o L
FASHERESE (2018) 1A 105 FEHE SN REFAERE St IR & » IS5 M
BTG RERE 2 G - HI GG S B E R E et e g A BRAE R AT A
BARGRETEE » DINZSERE e A A BE 8 E 252 » B BEVE PR AE - BB LA
i ZREEINT - ZERIEES - RS S b R AR S T HET 35 RE (R .

g~ MEEREST
(—) KRBERELL Cronbach’s o ¥ > Cronbach’s o HE AN 0.9 (£=) RIS
PFEHIE S E - BRATRRAEREA T EENNS —BEHEREE -
(Z) ARESERIAME (FF > 2018) ZGHEE > AGEEKE " AENESFAR
TREERESR | HiE ) WEREREREE  HHGNEEERYE -

i~ FIIF SPSS ##S UGS iT SRR T A8 ~ 88 75 53471 Analysis of Variance, ANOVA ) ~
L# % (Scheffe’s method ) A% LLH e E F TV AHE T3 -

SR

— ~ BUIESET 7 Prah S
(—) EAR&FR

LR SZ2HIE G DUB ML s A 20t (551 57.09 ~ 2014 43.0% ) (RIU) -

ARG R N BB R 23 B SRR R 2 2B Ry 69 5% 0 19 40.1 5% (30 BELLT 14.89%
31-45 5% 58.29% ~ 46 pRLA | 27.09% ) (FPH) -

3HEREE  DREBER RS » HX e (BlH 2.7% - Sk 17.1% ~ KREEFR] 65.0
9% ~ WHZCRTLLE 15.29% ) (=) -

A FEEEIFE  BABESEISIE A By 6.9 1F (AL 39.29 ~ 5 FFELLR 19.89% ~ 6-10 4F 17.99% ~ 11-20
HF15.2% ~ 21 4FEDLE 8.0% ) BSREEERYSEIgHEER A 11.3 4 (RIU) -

5AEELCS NG © BERSFITEIELY 2.9 AHE (fE13h 39.29% ~ 1 AR 14.8% ~ 1.1-2 AH
12.59% ~ 2.1 ABEPAE 33.59% ) » &KEF-FITHEE A 4.8 A (R~ FH) -

6.50 (Bp) &g« WP (53.6% ) HsFmEEEMEMEE () 58 HEEAEHER
(32.7% ) ~ RS (13.3%) ~ KEHHE (7.29% ) ~ EHEEIA (19.0% ) ~ ISO (7.6% ) ~
HACCP (6.19) FfiiEZr2Bcm (1-3 24k 11.09% ~ 4-5 24k 7.6% ) & (RM) -

7R REGEZEERIF £ ¢ R RELFIE(RE 10 AL 3.8% » BFEMERR ZRANL 10.3% -

SLEIEE AN SREEANT « 453 EDL 3 5% (89.0% ) » HZk 1 4F (9.5) » 453 2 FFH(K
(1.5); FSREEA B RE T & 33.19% > ZEtalll9ids 66.99% -

9.BFELETTH  IFIERE RS (373% ) ERBBESKE (27.8% ) HAzth (18.3% ) #
HESRBE » SCRKEEEMMESE > MZEAR (11.0%) KREELE (5.7%) Zttb
Bl (=) -

10 EH R EHARE T A% RIFE T AR 1-3 N A% (40.3% ) > HRKF £ 4-10 A (31.6
%) MR T (26.29% ) 11 AL /b (1.9% ) 5GHHRE T ABUUEE T A5 (36.9% )



254 e L s s
EEICEMIT R 5 41 1 (2022)
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BAK S IS EE TFE ST B 4.01 4 > DIOSEAITREE 4.1 &S > DUFES b
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BB > JISHEAT HATAE S ~ BEJHRTHERE « TIE B R B B IR T AE B BhRE RS B DASSEE
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11 JFE SE A LR T A TAF BB M KAl ki P BB TAEE BIAE S VB (o Ry (S > BEAN  BUE fn s R palS
HEIEREEHE S 1S Ryl > AIRERIARENS A AP Talll 4k > B ERANA AR -

PEAN > B 105 FEFEIESTHEHE RSB E )RR & sebbi CF% > 2018) > HATAE
TIDZSEENN TRE T Fyfi s SIS RE TP TR DI RS IR Fo e > TAFEE M DA EE N TS
Tl fytere ~ FESESULAETA Ry (I > EXEEE S DI E e s (/O HBEHEE -

= IR T RRUE ~ ANOVA -~ Scheffe SHigtaE iR (RILERTN)
PR R AL AR Gl efi& B ATRE ] o I RIRRETIH M T TR SN T SRS
Fe VRl T EIE TR R | ETRIBMART( PR R AR (EfREMH - ik - 5
TS BRER - eI RSEE T30 TR Aalina A S ) B A MRE S5 IRFy
SR Z AW o A T e SN T ERTER > 2REAATREE R ERE A RS R
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B TR ) A B T RE SaPAERREE ) MR R T B B Tl ) SR RIEE -
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Fol N - SISRER ARy " RRREDE | #¢ " Zentall o ) wO Rl RIS - A8 R T30 BREAT L 8 T 46 BRDLE
o ¢ Y TR MR R T B B T2 ) SRRIREE - SIRERALE T RRRERRE ) B2

"Ztileh ) SR RNEE - TEESE (Bp) B BT AR (B 5L ANE > BELEREL T ELD
fh # T2 AEMLE ) SRANE AR T A TEET ) BT 1AL SRANE T
S ) MERIR T B W T 2t ) RN - SISREEAL R T RRRERRT ) B T Bt R
PRIEE - i R T30 BRUAT 82 46 BRLA L ) SRR IR ¢ Y TIETEARUSE L MR T B T
M SRR INEE > SRR Ry T30 BREAT ) B2 T 46 BRLL L ) SR RN -

B TSR B IR IR BN ) A 1Y T RNE SRR PRREREE L K | RUE e PRI T
&ETHA R T ZEAR R T HAM B TR, BRAEEES T 112 A Sk T E
it o EEHRAE TR st THA -

= SRR ACEBUBHIET R (R
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11-20% ) > HiE % 85.6% 2 BFNEmmin B e ST (LT 1-1096 Ry » HAR 11-20% ) + {(H/2(E
30.0%6 5 BRR R AUB R (LU 1-109% B %) - R 65.0%22 SFraCEFER N (LA
BEAN 1-1096 Ry 25 » HLZRy 11-2096 )5 thAh 34.29622 BFR & TR i ( DA 1-10% Ko %% ) »
H 44.1% 2 8Ford B maEiin (DUgI 1-109% % » HRE 11-20% ) ; HEBRETEEAR
202%E2 BFORIN (LA 1-10% Ry ) - BREEAEEIRE BEEIRNKZ AN E » Hf
LU S B HR T ~ 2 i E5 ARG O R A8 = FIRE RS i 5 25 -

VY ~ BARBGUETHR &R
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SR ERE dha IR I SRtk WHER B TR ERR 2580 [MIE RS IR MR ERE
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F— ~ 105-108 FIREERVE dua P 080 b rP&FCHIBR <2 0 N B ke S8 A8
Table 1 Number of tested and qualified examinees about elementary and intermediate tea sensory
evaluations in 2016-2019

s FIEIER I
ZHANB GRAE SR ZHANB GRAE SR
105 1,205 1,051 87.2% - - -
106 28 17 60.7% 612 178 29.1%
107 144 99 68.8% 489 139 28.49%
108 165 113 68.5% 385 153 39.7%
& 1,542 1,280 83.0% 1,486 470 31.6%
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T FRFERE I MBI
Table 2 Constructs and items about the abilities of tea industry
& A
SRRSO BRAE
FREREEETRRESN
FEEHUBRRE
HEELRASRE ST
} STEM AR RE
- TREERPR SRR
FREESHRBRIR R RE
IREARARE ] (R (SRR FE )
FAREEYEREE ST
=8 T SO
ARG B RN B B B A e M1 RE
SRR F SRR R HIRE
FREESHRERIR IR AIRE
PRI R BT (e AR
=08 F IR B A R AR
AP RERIBE S
A RO A A
R FHREHAIRE
REMNT REMTEATE (P REHIRE
208 F USRS AR SRR
SRR R A B R R RE
BB B A RIRE T
AR PR A AE
REEEE - BSRBIMEIE S AIRE
HTE R E R B E R AIAE
SRR T AR AIRE
FABHE BY S PR I L BV R S0 A
FEVK EORFFEEAIRE
28T IORE D AR AIEE
REERLR LS e sR HIRE
RS AL EEIESRE RIRE
B R RIT T HIRE
SR N BIVEARE - BEE S mERt AR
EIEEM BanZ B AT RHIEE
EE B A Rt tH B A AR SRR AE
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R= - B IEE ZEE TSR (Cronbach’s o (1#)

Table 3 The results of reliability analysis in constructs about the abilities of tea industry (Cronbach’s o)

Fllskt& slll Rz ISR E IR TAE

" E iy ehrbiy et BEERR e
RIS AT 0952 0.958 0.966 0.957 0.972
RIS EATAEE 0964 0.976 0.971 0.971 0.979
SEEENN T 0.950 0.961 0.969 0.965 0.967
Sk 0.969 0.976 0.977 0.975 0.982
= 0.948 0.977 0.963 0.964 0.978

A 0.907 0.939 0.941 0.924 0.944
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Table 4 The attributes of respondents
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H B $8 Al ER 40N T4k (%)
=] 150 57.0
/ [
R 578 113 43.0
30 BT 39 14.8
e
e 31-45 1% 153 58.2
CHF 40150 46 LI I 71 27.0
B 7 2.7
s = (D) 45 17.1
AERE FEBEF] 171 65.0
el B 40 15.2
R 103 39.2
. SAEDLTF 52 19.8
AL EEEL =
%if&ii ) 6-10 4 47 17.9
A 11-20 4¢ 40 15.2
21 DL E 21 8.0
i 130, 103 39.2
R B H R 1 AEDIA 39 14.8
(329 AN ) 1.1-2 N 33 12.5
2.1 ANEDLE 88 33.5
fie 122 46.4
FEETHIE R 86 32.7
EHEReE 35 13.3
S A mese RERHE 19 7.2
EE\(:?RE) B ST 50 19.0
(#22) 1SO 20 7.6
HACCP 16 6.1
2B (1-3 2480 29 11.0
e BN (4-5 250 20 7.6
=2 10 3.8
RER = 253 96.2
o L RE 27 10.3
PSR & g 236 %01
1 4 25 95
GEIFE 24 4 1.5
34E 234 89.0
N EERER 87 33.1
|11 45k BS
AL F23l % 176 66.9
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N

S ST AR

41 5 (2022)

H H A [ER dON) B4kl (%)
R = 98 37.3
WELKE 73 27.8
oI BEKE 15 5.7
ZEANE 29 11.0
HAth 48 18.3
i 69 26.2
FHE T A% 1-3 A 106 40.3
(BHZ%T) 4-10 A 83 31.6
11 AR 5 1.9
i 97 36.9
FEfAE T A% 1-3 A 63 24.0
(BHZ%T) 4-10 A 74 28.1
11 ABLE 29 11.0
e 135 513
BUZCAN 84 31.9
Zrs 92 35.0
FRERET 62 23.6
HEAE 66 25.1
REFHEANE 130 49.4
TS FREERRIEA B 52 19.8
(E#) FREEHLE N B 86 32.7
FRERTAE () 6 2.3
REARTAE CGREEHD) 39 14.8
FERTAE CEHEEL) 38 14.4
FERTAE CREER) 9 3.4
ER i PN =] 44 16.7
Einne A& 49 18.6
KT~ ZITEEAER (GREEHEE)
Table 5 The attributes of respondents (tea garden area)
ZEE HIE BT EEH AR L=l

it 120 A (45.6%) 176 A (66.9%) 103 A (39.2%)
1 AEMA 58 A (22.19%) 30 A (11.4%) 39 A (14.8%)
1.1-2 A 39 A (14.8%) 19 A (72%) 33 A (12.5%)
2.1 AEDE 46 A (17.5%) 38 A (14.4%) 88 A (33.5%)
T LT 1.5 /N 1.44 NHE 2.94 N
A A TN 2.76 /N HH 436 )N\H 4.84 )N\ HH
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= - e SRR AT (57)

Table 7 The average cognitive score of each ability after training

Fllskt& slll iz ISR E IR TAE

e Hitte)  ehigrb et SPEERR gpee
BVE DSPREE 3.55 3.75 3.90 2.64 3.95

BV E e PRI 3.69 3.88 4.14 2.73 4.09
FEET. 3.72 3.90 4.19 2.70 4.11

B Ser 3.34 3.72 3.97 2.92 3.95

FRE 5S4k 3.38 3.75 3.89 2.67 3.92
A 3.59 3.81 4.06 2.69 4.01

St 3.55 3.80 4.02 2.73 4.01
)\~ SISk AR S TERETRRAI I (47) OB > 2018)

Table 8 The average cognitive score of each ability before and after training

i S o, TAFTEE SE
RS LS A 2.52 4.16 431 2.62

B S 2.65 4.23 436 2.67
FREEMT 2.90 424 4.41 2.70

B e 2.59 4.13 4.29 2.87

R 52 S04 2.49 4.18 4.00 2.54
AR 2.65 4.23 4.35 2.58

SFiy 2.63 4.20 4.29 2.66
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T~ BEAAERERAEmAE RS MBAR M o aE R (T fRE)
Table 9 The results of cognitive relevance analysis between all kinds of ability and attributes of
respondents (T-test)

sl T | =l & # iy tE B
N (57
B o B ey
I - 1551 7 87 3.56
RE S STE o 211 035%
BB S EF IR S35k 176 375 5 0.035
fi o g e 87 355
P ERERE 2.632 0.009%*
AL Fa13|58 176 3.80 ' '
5 150 3.43
2.158 0.032*
# 113 322
2l 47 e B e B e 87 3.17
R R SR R 2511 0013
AE FEti sk 176 3.42
2 (B E 141 347 oo 00034+
mm () 58 122 3.18 : :
HH, *EN =4
e R e 87 3.26
i o8 2165 0.031%
LA Feta 176 343
e AL (B 5% 141 3.68
3 i : 2.132 0.034*
HRAR e () B 12 3.49
N (BB 141 3.83
= e S D .
e AR 2.171 0.031%
RO e (w12 3.65
|| 4 7% 4 150 3.80
Hl SR BET 7 2263 0.024*
iy # 113 361
P e
2 (B E 141 380 oo 0.041%
Ry (Bg) 5% 122 3.62 ‘ :
N Bl () & 141 4.01
BUE S e . 2.463 0.014%*
RO e (w12 3.77
TAEEZE M

150 4.06

%
2.125 0.034%*
B8 113 3.86

RIS
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457271, (Table 9 Continued )

41 5 (2022)

e Al 1 | A & S tE BEM:
N, (53)
. H 150 2.85
BVE A 2913 0.004%*
EEEREIE i 113 257
1 2.81
7 30 8 2.541 0.012*
# 113 2.55
AT, P—
M 87 284 025 0.044%
ZEEtallsk 176 2.63
5 150 3.01
2.164 0.031*
# 113 2.80
HH, =R =4
- [ E AR 87 3.07
BT e SRR N 2.294 0.023*
B D TR A RS | 176 584
(B B 141 2.
ﬁib (%fdf) - B 3 0.002%*
sy (Bg) 55 122 3.07
5 150 2.77
2.542 0.012*
# 113 2.55
JiE st sk R
=l 87 2.82
E:Ef‘ P 2.597 0.010%
Zatallak 176 2.60
e B 150 2.84
5 3.578 0.000%**
AR 7 13 251

5t @ *p<0.05 > **p<0.01 > ***p<0.001 °
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Table 17 The results of the follow-up survey on the current status of the trainees

A (

2022)

H H Al (ER AN Btk (%)
3G A HE 81 30.8
W 1-10% 94 35.7
JEE A BRI AR R B0 11-20% 51 19.4
B 21-30% 19 7.2
0 319 LA _E 18 6.8
L=t iyan 38 14.4
2T 1-109% 114 433
FE i B RS T 11-20% 65 24.7
2T 21-30% 22 8.4
B 319% LI 24 9.1
g =GN 184 70.0
1 1-10% 53 20.2
KA R RIS PR 11-209% 17 6.5
F1E 21-309% 2 0.8
FE% 31% DL E 7 2.7
e =Ryl 92 35.0
11 1-109% 96 36.5
KK R e B0 11-20% 49 18.6
A 21-309% 14 53
W 319% DA E 12 4.6
G 173 65.8
11 1-109% 51 19.4
K AN IS HEhm 11-20% 19 7.2
B 21-30% 6 23
W 319% DA E 14 53
SGA RN 147 55.9
11 1-109% 73 27.8
WA E IR HEhm 11-20% 26 9.9
w1 21-30% 4 1.5
A 319 DL 13 49
G 210 79.8
11 1-109% 36 13.7
P B T8UN e HEh 11-20% 8 3.0
1 21-309% 4 1.5
S0 319% DA 5 1.9

T/ I BHTORERE fhaP U s 2 BUETY KRR
Table 18 The willingness to participate in the preliminary training and intermediate training of tea sensory
evaluation of the trainees

H H $8 Al R ON) Hkk (%)
S 143 54.4
Hh&k HERE 110 41.8
RERR 10 3.8
. HEEE 231 87.8
P ey =i 32 122
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Research on Training Effectiveness of
Professional Talent of Tea Sensory Evaluation:
the Case of the Elementary Class of Tea Sensory
Evaluation

Ting-Mei Kuo! Wei-Cheng Pan? Yi-Hao Lin' Cheng-Nan Lai'
Jin-Chin Lin'

Summary

This study investigates the training effectiveness of professional talent of tea sensory evaluation by
students who participated in the elementary class of tea sensory evaluation in 2016-2018. The
questionnaire is designed about total of 6 constructs and 35 items which about tea sensory evaluation
knowledge and skills, tea manufacturing technology, tea tree cultivation, history and culture, moral and
regulations. An online questionnaire was distributed to 1,120 trainees. A total of 263 valid questionnaires
were collected, with an effective recovery rate of 23.5%.According to statistical analysis, after training
the abilities are actually increased, and students’ backgrounds (ex. gender, age, farming area and mode)
possess significant relationship for ability, working requirement and learning difficulty, and the results
could be references for courses planning. In addition, according to the follow-up survey on the current
status of the trainees ’results, as high as 85.6% of the trainees expressed that product quality has improved,
69.2% of the trainees expressed that product sales increased, 65.0% of trainees expressed that operating
profits have increased, 44.1% of the trainees expressed that the total production increased, 34.2% of
trainees have expressed that business area increased, 30.0% of trainees expressed that operating costs
have decreased, and 20.2% of the trainees expressed that the number of employees was increased. In
general, most of the trainees' business conditions have grown after the training. In addition, according to
the results of the open-ended questionnaire survey, more than two-thirds of the trainees are willing or
have recommended others to participate in the preliminary training of tea sensory evaluation, and more
than half (54.4%) of the trainees ’willingness to participate in the intermediate training of tea sensory
evaluation have expressed that they have participated, 41.8% of the trainees expressed their willingness to
participate, and as much as 87.8% of the trainees expressed their willingness to participate in the
advanced training of tea sensory evaluation. The results of this study can be used as a reference for
reviewing and planning of future training courses, and provide key reference points for tea sensory
evaluation tasters’ training.

Key words: Evaluation of training effectiveness, Tea sensory evaluation, The Farmers’ academy

1. Assistant Researcher, Assistant Researcher, Junior Specialist, Senior Agronomist, Tea Research and
Extension Station, Taoyuan, Taiwan. R.O.C.
2. Associate Researcher, Wenshan Branch, Tea Research and Extension Station, New Taipei City. R.O.C.
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Table 1 Basic information of respondents for young tea farmers
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AR R RECIRTT R B E T R Z PR

Discussion on Accounting Behavior and Counseling
Needs of Young Tea Farmers of the Agriculture Second
Generation

Cheng-Nan Lai  Ting-Mei Kuo  Jin-Chih Lin  Yi- Hao Lin!*
Summary

In order to make more tea farmers willing to adopt and learn more innovative technologies or take
the initiative to cooperate with other tea farmers across domains to assist them in the improvement of tea
business management, investigates the concept of tea farmers’ financial management and uses
semi-structured questionnaire interviews to sample in 2021. The subject is investigating the motives,
current situation and needs of agricultural bookkeeping in the current business process, as a reference for
counseling from farmers. The survey subjects used the method of " purposive sampling" and randomly
selected 4 young farmers from Nantou County, 1 young farmer from Chiayi County and Taipei City (all
they are 28 to 40 years old) from the two classes of 2021 intermediate sensory evaluation class. All are
the second generation of farmers. The results of the survey and analysis show that most young farmers or
their family members have the habit of bookkeeping. The young farmers agree that the basic concept of
farm accounting is very important to them and that any method of bookkeeping management has many
benefits, but the demand for bookkeeping is insufficient. The expectation for using information software
to bookkeep is that there are many functions and input interfaces, and the input interface should be
user-friendly, changeable, expandable functions. Young farmers put forward several requirements for the
use of the "Nonglaiji" software (or other application software) developed by the Agriculture and Food
Administration, such as: the software should provide teaching functions, data record analysis, and basic
functions of cost-benefit analysis, and the fee of accounting software should be low, and the function does
not need to be too powerful, but it needs to have a warning function and provide instant online customer
service. The counseling needed by the government to assist young farmers in financial management
includes providing software teaching services, reporting learning status to counselors on a regular basis,
explain the amount of government subsidies, assist manufacturers in matchmaking, conduct training
courses in various tea districts, and set up online consultants, etc.

Key words: Farm bookkeeping, Accounting information software, Financial management counseling

1. Junior Specialist, 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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