EEIRSENFTRR 37 1 1-12 (2018)
Taiwan Tea Research Bulletin 37 : 1-12 (2018) 1

=

2B GEBUEFEANURBEY . —  AHEUERESE - 28 RS i
st A RS  H—EHRHBHET FEE L E BEERE bR T ETEY 2NN > BT
(EEBZEA O T - B AEIER B EEUFALS W E R B2 AEZBEELLES  h2A
T P E  H o AR LSEY 0 S e L rEAIPE AR - 2244 Fy Camellia formosensis
HATEZELER T RN RIS EREEMR - BEA 18 552 K » A ST /SR IR &
FfR RO A/ D EER ) HNEEARRER  FER—EEED TR EREETFEEE
(& T © MEE Rl & FRAV K B - NEAPEE S8 U MR R S A R [E . B R
RyEELLR Ny —(E5EE - B2 fy C. formosensis var. yungkangensis » ‘& 5% HR BN RIE R
k> IR BRI o AP EE -

BT - =2 FFLEE

allg

Al

ZEUK O T EERALSE T BRI BT EERARS ) REELEFEAN
LKA - AT BB EAR R - MEAEE DR BB E I SRAY T e EIR RN A (BU9ES
SRR — 2 FAEPETT 1717 S A ZELLZRHYHR 2 > EEHLE] Robert Bruce /DFAE 1823
FFHIE IR HRREHE R (T 1992) - BAEZENRE T HFFAEEY)  REZFIRERTH
WEg 15| B AR it R S RT3 0 > 2 A R PR AR 5 [T AR = et an AR B AR F B AR EE
HIATZZEU SR A RHEA P R~ SRES KRR E - B2 A SR R -

55N ARAEEICRAEEY) RS FRRE » RADACRS GG - S2EMEAwLL - 2 2007
FEE RS RREBUE ALY ST ER S RV I o0 SR EEUCREIITE R - RIEY) Y
FH Ao E G (i R LRI R Bl — S Ry Rt - 1 BB L e & OB LS RS (B
BULLZR) 2oy - YR CRARIIANE - AT AR R BT - AU EBUIRAYE S
%~ P FREER BRI - SRR EE SR AR -

L TEEEEZE R R EL RSER DS VIR - IRERI SR - 28 25k -
*EEEE



) ST EE 378 (2018)

(GIE SRS PR AW

EE R FAEHEBERCEA SO - R ARTEERRY (EEEDHEC) > £ 1645 ££ 3 Ay
G Rl T ERE Y S I PP IRE B AR - (7T LS YR AR A T ISR
{EAE T BRI LR B i 2 3t 5 DA MRSt (36> 1989) - & NAHENFRIE T > IEfEE A&
Zeks (e > 1996) - A ERGEETE - A AR R B AT  ERUEAATEUKVE (SHE—R) ZIsk
HERE Gt > 2002) - R Rk scaE BRGERE (NERR) S rTRE R SRR KBS S
FF - TERBEZ A R E TR BRI - StHHEH > Rfarbi AFT RALECHLS - 2 R Al
ary
— BRIMKE - BHREFIRETEZEEEEREE > KEBEAONAS > HER
B - T8 1638 £ 12 H 22 H{s SR EIE A E E Sa AR H S =« EEEANWALH
—BEEE T A AW AS D EENRE - SEASIEERREE AR - 5 (B> 1979) ¢
iR IS HEEEZMN -« B > LER 24552 R A il s A RAE & E4
ORI  IBIES AR RE U O TRE - HIE B AUKVE - SEERSCEUE R ERREE
(NS WNGEESR S 2B = RN
= REHHEA R ER H E R 2 0 KERIE A ASRAEEORE > FIERR (Z2°FH8)
it X AR > EIEEEONGEE] - EEUCREFEAR > HER K MRFEAERE - £ &KE
M~ SNSRI SR A (PR E FTE AT RRA Y NERE A [F] - fe i A BRZARGE IR B 2 AE R
FOREERL > INECEIR IR AR ERFRR - SO R TP SR L2 RS [ N BE R A mT e PR

=
& I FEEHER EERO SRR - JELL (BRI AR ) =R
1792 FE3EFE (F] > 2008) -

BIARHHE BT E

BERYEE U CRAYVEIRBIA A - ASURE RADEREER 36 £ (1697) i - HSHE T Y ciz=E
FEKDE—E LS EZRBIEE (R 0 1970) > ZAEHER] 2009 FHFFEMRRL (HEL
) FHPATIAY TR S0 WARHESEHERIRCHE » SSMNESUREE 1697 FEAHIE

CHT S ) Hhait T AAEA D 2 /KONt Y B 1 - FREA LA TR | Otf - 2002) » K75 1980
(PRI ) FRIftEY MBS —230 @A HIRRZESCT » SO DA E R AR IR AR -
It > EEUCKIEE A ERECEE A REER 56 4 (1717) miEny (REEGE) - ZEZVET
SO T TOREL TR B EE R oo JLBR IR o KD e —E - BRI REVH B - U
fAZEstn > EEENM - o SOREEECER KD o BRBIGARAIIAZE - LI 2RIE -
B 0 REAN BRI - 2k > SRAHE  MUBRBAABASR » NAGEEORZE - S PR ReE e
fELERMIEY  EREWR LS - ) (B 1962) - HEEVEHIE 2 4 (1724) =REHATEE (ZEH1E
B =R TRk KUV > FERRILT o WOKEES - BEREE 0 BRI > TR - &
SRUTREE > MEMRTE - FREVERAY - B4 EENSEETAUMER - | (2> 1996) -

AR RTINS B ~ H R - foth SR A R ALY e - KD
H—ZHVHRAR > HRREPEERZ EER R EREERAWLEYREER R Sarian - JEHHE
Fo TVviE o 0B H FERVKHATE - FrEUSHROEA S E R P A Ll KK b - (GEEERE)



EEURHVEEE ~ HE - RS KB TRA R 3

N ER IR ERAFERZE > i EORE A E - SRR ERBERE(IREREEREE
ERoE G EE - IR B - BB RAEARERKERCE A E 1 WRHEICREERA
B RANTILEFIRZE PR - HEIEFRRE A AEdEE ALLBRE R R TR
BUE > AL AN EE © (BRI HE R S PR IS Lo B A B U R AT BRI WIRIR(ER » IRIRGE T
N ERRKEREEEZEAFR - R AR EEE 2 St R & -

1875 4 (R ) AuFTfailyacH: - " BRiEEN BB - (HILIMIR S B A > &5t - ¢
AR - DR R IES NS AIFAEFRTHAULR T E%EERH 2 - EREAVE A E
A RIS - FEE - IO - ORI - AIER (ST~ AEE (@SR - g#MEEAVE
AU O - B TR ZHY 1875 4 > AN 67.95 45 » LLEEILEIZEH I T ~ 2EE - B0
EENERETN - 5 (bF > 1997) - L ERIRIEERHEE P RHME - A UK EER
ZEUCK > REllB/MaAE VENEELDS » EEERNG - HABRDE T -

R E BRI E

HRFRER T fisg e 2B R s - WA A/ E T 2B U PREVE A > & e (AT R
SRR BIREEE P R EMILEE S - HEBUCRAERPEAFMNEE  BE
A EFEFEN (1921) Frafy T 2B iR, —0 0 Bk T ABEUCS Bt E ERK
B FRAEBRZENK  BERE  &oleh  KEFRE DL - A BEEREGEY > "
SEFES RET A E=STRD ERIHHEERVNER - BERG  ERTEERRV)
TG 2/ NEORIR - HE N8 - EARE P REER R - HINRHEEE 2R - SR 1A -
TEAELTR IMBZRET R MALRY > NEI =R 20 0OEGREH G - BEHH - i
FEELEERE S & HAEHE P =00 2 — PRI - REWA —RP R - Z2FB /BN D > FIAER
GEERTAE > BT EER U TE - — TRk 854 K (th » 1995a) -

HANGE R fE B B A B AR LR AT (DU P AR - S U FALR - BB B Tt SR AL UG B8 T
HEFTAERA R SRR - SR SO PRATREVALRA R R /K B HIRORGRS - B P AR s
HEA NGB R 05 R - ZAMEZEUCRFA Z RIFEY > EIEMpEmERFEIR A - Pt
RAMMERABUCRZ6RE: > HHER - KEOITE BB - CHAMERSE A wSE R - &l IR
TR i E EAR - RS AL R DR R R E (Th > 1995b) -

FEREBIIZRHIHE

1967 £ H NG AT FA T 2B URAVRE BT BINSEE A RN R LR EeR )
wo A HERENIRE 2 0B BHERREN RS Chls) SRATRESE ETHEHE (bt 1996)-
SRF (1970~ 1972) ~ 525E (1972) ~ {aHBE (1984) ~ 15 (1990) I (2003) [EUTERARMEE
UK Z FER e - M EE U CRH T E A IR R LR E R L7 ~ MRatpT7/ 8oy fr
Z AR RS ~ SRR AR 2 /K ~ HEH > M EFRIE AR BN 1 - St B A0
M RERR R AL > R LK ~ L NI REF UL AR EIRVRH > HoREF M sar e
TRES R4l th - BLHAE AR 25 A A= R -

7+>‘l-



4 BRI RR 5 37 ] (2018)

SHFUUZERE (Theaceae) &9 30 /& 700 GRIEMEY) - T2 AAIE AT ~ n ARV R Go I -
LUIZ5E (Camellia) 1617 > BIFFIEERKE - Easa0 T 255908 - B8RS FEEFELGAR
AKIEY) > BHFHAN=KEOR 2 — > [EXXE 44 Ky Camellia sinensis » H 1 ZAC LTS 0] & 75
Al/NEESEERE T 2% ) (var. sinensis) FRIESEfE [ [H[EMZE | (var. assamica) » /NEESEFEAVEE R )N -
T B OB AR KR BB REESEAVEER 80K BIPEE R/ NGAR e
BUELT A -

2EEY B EAUEEEREE - U TAERI BB (1895-1945 4F) » RZBEINIREALFRUR
EEREEYIEAEFIMEABFTEYIEAEE o tHis ZaEMVEERC T AT - 5540 1906 451 FResmAn&
HZ B RTEZ M > 1919 FEFAHZE A R IR SR PR & 1 > 1922 SRS — N E T
JNGEZEM > 1930 2 RE RN & MENTREL » 1931 F£ALUE Z BN E R N » 1935-1936 444
RS E— ~ B ~ BoARE RINEERL - SO > I RER 4 1B BHREANL ST -

2B PR HBEA A E B A i = AR U B RIS SR 32 B F S 17t o 8 LBl
ENFE Pl g R (L - 1937 4R IF SR e N RTdm N 2 BEYEE K= 8 U EX R Thea
formosensis | - BEEZFE R ARM BB BN EY EYma A AR - BE
RIT SO TEE 3 FR) - W HARRE S EE N HRRAE 2 0 R E R 2820 (2007) [0EH
Ay AN ITEA S R AVRHEELE: - FEINDA B HE - BHEASIINEEL - Mg
AR IATIT T S (BB

1. AHBARY YRR a4 AR/ D - (H2 A Tl K 1EE 4 (Thea formosensis £ C. sinensis f.

formosensis) -

R R B L L2 B A Sy SRR -
G AR P R F R A R [EIRY 73 B fE  (Taxonomic rank)
e R RE DL Z A - N R AL R 2T -
B RVIPHVRHEERES - MR AR R -
AR E YRR R > 85 DUE R TR By 152 2 e TR > AR EEENT
FHIA— BT o WEHRE (2003) Kl s (2004) FlFHZUoSE R BHAEATLLZ T 22 EAYY
BHRST - WIS ER T LSRR MR (5] (AIEBEP LU ~ FELHE B KR LLZS) BEEBILIEE
ZFIN (A7KH: ~ BEEEAITREFSS) » RS EARTER—(E )RR - BB/ 8l
REFHY NEEFERT R IEfE A PR - 2007 Fare RSN R R - TEMIPRE - RALUPRENEER
TEVIE RSN _E DNA EFE » BEETEEB U ET & 585 T A Bl Emss | RaG - HiRg
GEREREZEBUHN RS MENS AR AR R EBUIES T, 28 28 E
Camellia formosensis ; [G]H - 57 Ry 22 R/K BE & 2 IREFAESMES TR RE VA IR ML P DU B 2
L IZSAY S fE e 44y C. formosensis var. yungkangensis » 104 Ak BELLES ©

FHIL » SRS EE D IIRRENT > 56 "1 28R > M B AR
JEEVBRE - RRFEBOHIEBMSIEZE L2 B S 2 AR A B E 7R ~ K3
MEHELLZ N B 20 L LB AR N R R IESR LSS (C. furfuracea)(f#f » 2007) » XEZHALL
FANRMEAR S B B B A S A A R R R R IR ST IS RORE -

[V I SN US I ]



EEURHVEEIE - HE - RS KB TRA R 5

- RS R (BELLZE)

1918 FF{EE AR s — N S R RN — ML RHEY) 15 1931 FERVE By 2 el E s
2 a4 Ay EUEkLLIZS (Camellia buisanensis)(Efii K » 1931) o Z ATy FHER 52 BER A ) am UL
LB BRAT » HERR T IEUEAIRE LI - NN ERREIEEF NGRS - 19 H BSEEE T » t
HIF2ERRELZRY et - R BTAERENE - flileFa= (1936) IRBFEEARSE
—HYSERE A - G — TSR R E YRS LA (Camellia caudata) « &= 5e5 (1987) RIIEER B
USREBLEE 55 [E —(# R - BBk (Camellia sinensis) HYBARZ D) - 2 ELLHF AR
2 —HEEFE R SE 2 N HYSofE - B4k Camellia sinensis subsp. buisanensis -

HF 2003 FHBIEAERFHRES B R ANLEFEHEY) - A EFERHKE R A505
%R - VI8 E R BUElLLIZE - 2004 FFFFIUERERTR SUEAME 28 —hi (ZBHEYIEE) LRI E
BEANZEREHREBINE B A LA R R Ry B (R AR B e R s — UL L2
ey o A FH] BEHT T (Augustine Henry) 19 HE&CHEFE RS S PREEN - EHF
T R AN HIRALILZSE - BRI SR R E B 5 ARG " Henry123 5% | B2 525718
JBEITEEY) - 758 T /TR T RELLES ) SLER S IRE I NERIGEET - BRI 2B E Y22
S EAYARHTR

EREEE (2007) EHM LRSS —E T 2B L 2R o TSN > 58
B E T R RN [EIHE Y - Bl R i UElLLoR 2 IR RERHBUB N S R 208 - s UslLL & f2 %% (Pyrenaria

buisanensis) °
BB UCREIRH AN

UG IEFE RS2 E AN E L UEAVE AR L3S - AAE IS A i S 5 At R =R > EREE R3S
fEbrtlze (E—) ~ BURLLZS ~ BEFELLSE () ~ SEEFLLR ~ MRS ~ IR ~ Ak ERLLR (&
=)~ KHUES (EVY) ~ BEUEHIGR AR USRS R & - B EE AR EER (2007) BY535HT]
& S = HRNR— » KRGS R B2 B2y — (B » /KA ~ LSRR LR E B
FRUIZS o Bt [IZE B R AR 1R JBR A AR B Lt LLZE AR A ORI - BETHIL AT
HIFRARR » kBRI REER BT 2R E B L > I5R1ZE KA R
UIZSEE AR A RIERR @ (2 KERE R A FRAE  SHERD A N EEREREE (S
2009) -

HRTEE LIRS BRI A SA B R EOR S & B AU GE T 4L | E2 /A
FeontE o AT ER RIS B A 5 DU E S s Ry SOR B Qi) 5 [ #ERY Burma f&8 fy B}
AHETHECPTE AN o % oni@ iy 1999 fFFapfafet » Pridar ey NBI IR > Z05 KAl » kR
BREERE B A RN AR BN TR AL R BSOS A i A8 2R
ol o RSB 021 AMNEE - MEREI I ER T EANEE » Sl HhEREH AEE D ESE - B
MOGTEMRIC SRR AL A S » TP ARIRERN 4L RLLE ) JHEE B2 Y > ERPERNTS
wE) o R ENA R E GRS ENEEBRS O HEMBRNATER B - RIERMERE Rl
7% 0 2012 oAl R G RGN E 2 B LR B AL A B BASEHIE TR E - RSt el -

AN E EEZE R ERNERE LU - Z2EUZ MR PERE ST 1,100 £ 1,600
AREVER L~ IR FE BRI« S E R B R A S & A RS AT » 2B LI A e



6 ST EE 378 (2018)

AT R THRAEN Z 2 28 - B URATRICE 2 IFUAMIE RS - T2 EIMED
PREBUR @ A RAMITHETEY RIS A TR - ©F eeHEERRE - M NBEELCRA
ARFRE - AR — o R BARERESF B2 EmRE N AL ERREARER
Fsa TR AT R A TR E 25, - SREE AT A R ER L VB DIHEE
HEAACESRE - BB EREAYA 40 A > EEEEEAE/S BTSRRI E L
WEEGBDE ~ IRETTHH - BEENEEE USRS OOk - R NEZE USRI
AIRMESRERE LT - ERFEERE - HOUKSRERIIITINE  ERERG RS -
IR ER SR R & - AR AL 1-2 SRR LA REZRER A - B R T, RSER
S REHE - T EIEEIAE - N EREA RS LIRSS » BAERIR R ER
HEFRZRSESEATEEME /R » REU5EH SR 5 o ik 2 Bpoi il
QLA BASESAR(E - SETRE B EEHESS B RBIEEER A REE  HAlZEEREE
&EIR%Y 3,000 TT > L1 4,000 TT ©

11T SR it B2 B ARk R LU B RSy > DNERPE S L RSN I RE RS A N ] - 1w Ry
EEITRH— B o AR EE R PR K R AT A — B33 (LR EA AR A) - &
(2007) 52 FoiE ] RESE—(E A MERIRER - HEE mIRERFER Dt - S tE AR e E] H AT E Y
fir'® - BEZMARE DAHE B ERAEE - 2000 FAEURGERSY)  EAZ LM TE
A URHEBUET (55 > 2003) » AEHCEA R AT 7 N EFE MR SOR B R sl - SR
LAY AT - ERFHE AR LUBRE KBRS - EAR R AT B AR, - Fralry 2t
FRE R w7 B LT EEE LS RS B L E e T 2 A Y — KR
BEAh - SERGERBUOK R RN RN FEUE - HEES » FREREDRELRNGE (B1)
WEE (% > 2016) > BUYFRECRESIER - MERLEE o - PETRS O > BURHI
WS R ENE U - HEASENAER  AARESEUHESNHEZEUS > 5
LIBHEFI - H AR SUGE R SIEE T K BELCRAVER S TF - A AR B & P E A oh
Z o

=il
[ (5 {m]

HREEURER SRR AKOBRME > Rt RS TS R E SIS ERHE
BFRELL T JRAELZS ) ARSI R E - BREMTRAERERGHMEEZEL - HATR
AR EE U R BN T T OB TR B IR R B FY) PRI RTE 7 = A ke
FELESBEEL - SRR NG ~ (% ~ BER RAERBAVAE - BEEHEIINEC G E A — EREE
DU e R B - BRI P RARIEET A4S B (RRER) ~ AL HRE A
FHEHERE RHEEFRARS ~ 855 ~ B (BEER) MREBSREER T -

SHEIRR

L CPEGEEFIZEL 1992 BT RIRZ RN FEE (LM . p. 73, HHE © FRESCRUINTR -

2 FW% - U B A B - . 1000 ST AR TE LA L SREE
\LIBF A AR, BERCHETITRTR 91 16 -

3. S B BhFE GHEIR BN, 1972, SEEPERUEPA 6T S SRR 8: 193207 -



EEURHVEEE ~ HE - RS KB TRA R 7

4. IR 2002. EREE LHVRIREAR. 2EX. p4. FDUEHRARAE -

10.
11.
12.

13.

14.
15.

16.

17.
18.
19.
20.
21.
22.
23.

24.
25.

26.

AR SE—. 1931. Miscellaneous Contributions to the Flora of Formosa (X). Z /& {d& @ aray
21:221-226 -
B ~ E4. 1984, ZEHF TR . ZEFEMT R 3: 133-155 -
SIREE - HEH - JBEDE - 2HEIH. 1970. EEFFIUTATBIPEZEZ (). 28R o
1-13 -
AIREE BHDE - ZXEEH. 1972. ZEABERLUETATEIPEBZ (D). 28R 8:133-160 -
FriiH. 1996. ZEEFFHEN REE6E. pp. 3, 130. BKE © FKFELES -
S ~ B, 1987, EEHVEF AR ZSR- UL, FREEMRERZRT] 20(1): 101-107 -
MOTAE. 1980, SRR, PRIGERS. MR G 28t &Rt. E- -
FRGGAL. 1997. 25 ~ i ~ MRS A2 ortfr. 25 - W - ARRSE Bl B 2 1 h G KO8 (1860~1895).
pp. 59-60. =1L &K HIREZENE] -
EHET . 2004, EESRIEFEEEIEAR & DNA FPHI8 R 7 P85, BT 28 K2R EWT T ATH
T e
TRILFE. 1995a. 28 7 Fofolimid. 208 HIBIFHAZSESUMEREE. pp. 9-10. BkEE © BN RS -
TRILEE. 1995b. 208 [rfEMfE S YR LSS, 208 H B SESURGEEE. pp. 101-154.
BRI @ RFELRES -
HOKAL 1979, hERENEREZENGEZE. 28 RIS, p. 12. ZIbm © FHEHRE
FENH] o
TR HE. 2009. Hisk-F iR, PUBLIRORE. pp. 267-270. Z4EMT © B/ 4REEE
FPHE. 1989, gt HE05 . p.456. Btk 1 ZEAUMEZERE -
EEIRITEURATE E. 1962, PyEEHERCE. FEERE. pp. 194,295, &1L © EEIRAT -
EEITEBIAIE. 1996, JRiERS. ZFFESE. p.62. Mk  2EE UMEEY -
ZERE. 2003. ZESRIEFUEFHE R, BIr B8 KB RBAIATE R -
ERETT ~ SRR 2009. EEILIZE BSSEAIH. 2250 RS 97 4. pp.112-114 -
EURTT ~ SEEAR - R 2016 K IS ERHE - LRy REYI T E B 2R ZEER
ST 35:21-48
BRI SERAN BRSSP, 2003, =HUKFE LB AR E ME S HEE 2%, &
ERE TR 22:1-16 -
ZIER. 2008. ¢ (ZBEENASES) SE 85 FERINEREEL. EReE=ZE UMeESE
THE 141 -
FREEIRE. 2007, BEIELIZEZ P IHST. B 2B KR A an R R e A RRER B AR P B FU i
TR e



8 BRI RR 5 37 ] (2018)

T~ TR R R AT S R BLRAE Z L CREHEY)
Table 1 The Taiwan native wild tea plants were collected and planted as germplasm at Taitung Branch,
Tea Research and Extension Station

i By BRAEHD
BEIZE ZEZE Camellia formosensis var. formosensis R EELLE

E R =& %% Camellia formosensis var. formosensis ERrEH HEE

RL

EUELLZE =& Camellia formosensis var. formosensis PR EELS
FEOEILIZS  E=E([1ZF Camellia formosensis var. formosensis o S
seEy 1 ZE([ZX Camellia formosensis var. formosensis o g
BMELLZE ZEZE Camellia formosensis var. formosensis AR

IESELZ  ZE(ZE Camellia formosensis var. formosensis AR

ABELIZE  AKBELLZE Camellia formosensis var. yungkangensis 22 5 S & BE L&

KHLZE  JERLZEE Camellia furfuracea EEBEAEEE
MEELLZS JEFRLZES Camellia furfuracea FE R s Pl E
FELZE  IEHRUEE Camellia furfuracea FE T rs ] HiE

& — - fEbtts
Fig. 1. Dehuashe native wild tea plant
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e — ~ FEFELLISR
Fig. 2. Longtou native wild tea plant

[ = ~ kBRI
Fig. 3. Yungkang native wild tea plant
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[P~ KU (ERWLR)
Fig. 4. Shuijing native wild tea plant

7~ DUKRUCREEZALR (7)) Mgk ()
Fig. 5. Black tea (left) and green tea (right) were manufactured from Yungkang native wild tea plant
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The Discovery, Investigation, Taxonomic
Clarification and Resource Utilization of the Taiwan
Native Wild Tea Plants

Meng-Chin Hsiao! Sheng-Shun Wu!**
Summary

The Taiwan native wild tea plant belongs to Camellia and grows at Taiwan mountains could be made
to the different teas. Although there were reports in the Qing Dynasty, but the scholars and government
officials did investigate its plant taxonomy and assess the feasibility for tea production until the Japanese
colonial period. At that time, they considered the quality using India tea plant to make the black tea was
better than the Taiwan native wild tea plant. Planting Assam cultivar was appropriate for the black tea
production in Taiwan at that time. About taxonomic treatment on the Taiwan native wild tea plant, the
latest classification is positioned as species, scientific name Camellia formosensis. Today, in addition to
utilize for breeding material at Tea Research and Extension Station, the male parent of TTES No.18
cultivar, only Liouguei, Taoyuan Districts in Kaohsiung City and Yuchih Township in Nantou County use
Taiwan native wild tea plant to produce few teas. Because of its special flavor, unlike the general tea
products, some particular tea lovers are often going to production areas for purchasing. Yungkang tea
plant found at the mountainous areas in eastern Taiwan is currently classified as a variant of Camellia,
scientific name C. formosensis var. yungkangensis, because slightly different external morphology
compared with the west population. It emits a similar mushroom strong odor. That tea has a unique flavor
and commodity value.

Key words: Taiwan native wild tea plant, Yungkang tea plant

1. Assistant Agronomist, Senior Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung,
Taiwan, ROC.

* Corresponding author.
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AT AN THERS > BEgHEST/\5E (B> 2004) 5 2008 4 LAEIE K EERE A = 3 5 p 2 fufd Kyang

' TEIREEZ R EN RSN S B R - IR RS E - IR BRI &
BIWTSE BB - 208 Mtk -

THEEZEEEN RS VIt EFRE - 28 tE -

TRt R B g R R RIA L IEuh BITTE Sfh & - 208 Ffdhs -
TTEE R SR ZE R SR B 15 BINTSE RO (R - 208 b -

*HEEEE -

N I )
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ERAR P/ NERE S T T AN TRESS - SEBRREEI R & FKK-1 > ELFFEOCR S Z (R AUrh PhBE B
R FKK-22 sp 4 825% 21 5% (BR% > 2009) ¢ #atan VU ELLR AL TE -

AR LA R 2% 23 9% Rolf B TP 2B P AP SR 2 T B EH R AMESREE
SRR S TAHE 1 Ehupias R R 0e o REEALHEREIAKE - FRZIFER
BACRE - AR Byt - RSl B E /N ETBALR  HERE R P DA R S M A
RITEEREZHRT] -

BB KT A

— ~ FRESE
FoR TABEE 1) BABFI R RINHERCIERT - SSBEPREEI 2 i & - HETBIEIRA-Frr > 1936
5 HEILBIRBIIAZBIRATE R B Z 5 SE (LA > 1938) » 6 1938 4F 2 H R E B
BB E o idE T F R I AT oA B P (B ARG R85 ) ETHE
i o 2 1941 FEE A 5,000 BRE - LB % EM 300 FRAARSA » (3PS & B ATE I FY A = A
ZHEE 6 & > L T B AR BREKERRERAE TR (F 2B EE REERT
2002 TSR ERRMR B R R T ] T & i AR AL % o ST 1 AR R - 2F
EERKRE BRERES  HBUGFEIEKRESERE  MERRE]  EER  AOEET
KEFGGE - B TR S R E S IR AENL > 1 2003 i EEENG S T0H 1
FEETA A A 2004 FEFAE =174 369 BRI AT SAREF 11 EETAFEZL - FH 2015 42 2017
FELE.OEREEI Tm AL -
o i ARG T ARG R T A
o8 1 B IR O S RE B S 2004 AEFEAE A SBR H & - B 2015 42 2017 il Tim A EhE
shEg - (EAEAD HHIE T IRRE =T | LS  B—mAR&H 9 {E 20 m* 2 FHE /N - Bk
TIRTASHE 1 Z ARG R 5 S B R 2 2 AR ~ BB S E FE LR B i -
(—) HGR%
B8 1 Z BFASET5FI A 10 (& RS B RS FTE 20T CAPS 7y FREsS#E T 0T » J774
208 Hu et al. (2014) -
(=) MR
HERFHEE ST - 20 REER BEMER - R E
ARE Bt E 70k, 2 &I -
L B« F—FE/NE (20m?) FEEEE | #RiiE > S 4IF otk -
2. R RIER BEMIR ¢ B/ NEFEEREEL 30cm X 30cm 1EJT TP NZ R AAEE

{14
[mbt
T
il
4
W
e
}f>+
i
e
Bn
=
A

KSU 1 B T BUMEAT SRR B B IR 50-55 % » HRARRT 120 9748 > %
FEIFRE 120 5348 > BZKRIEE 90°C

2. AIEERTITA
GEF SR FE 5K 2 EREEE » DUt R e » TeR 4 (i ST A BRIEAT
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FEBE R IEETILE - fRERE Y THNE L TKE CTERER TR R TEE
FBY o HHTTERFY 150 mL $EEMEN - BIR 3 g FEER - AR 5 Fr8E
BEER A5 B AGEEMA » WAL TR & T8UE ) 289 » HaT
TR DK BT o AIRETEERE R L TR R EURRAS 10 53 ~ K5 20 53
BERSOEREASE 25 77 ~ BEEAL 10 73 » 5T/ 100 73 -
(M) FEIE(ER I EEST
o3 1 B AR A O S RE N B R AR 3 JOETT o » HORGAHUT A R A LA
o EEITENT
L. Z5FEAUTE © FREEENy e - HL0.5 g 556 » LA 90°C EfE+7K 45 ml » L 90°C /K%
ZHL 20 778 > EEIREE R S0 ml » BUEEHURHE3 4T -
2. YFEER BN E U704 | LET = (Ninhydrin ) Eb BUEMEFT 7347 - MDA HER ( theanine )
i (Ikegaya and Masuda, 1986 ) -
3. G R KMIYERDAE J774 © SR R B ZAF4E CNS 15022 - N 6384 [ 5iZ5Z | 2 s
§8777% - DLHPLC s h iR R BAEY)
(+) -Catechin (C) , (-) -Epicatechin (EC) , (-) -Epigallocatechin (EGC) ,
(-) -Catechin-3-gallate (CG) , Epicatechin-3-gallate (ECG) ,
(-) -Epigallocatechin-3-gallate (EGCG) , (-) -gallocatechin-3-gallate (GCG) ,
(-) -gallocatechin  (GC) - DA 7 ZE & EMAEETREEM A B AR EE » [
HYEA & & -
(71) #etoth
FIH R 4RaTHERRS 73 M & TR A B8 R T &R S AT R 2 » A 72 58t Wi
2 SRS TEINGEE - DIERCH t i e bl SR 5 2P ~ 2P - AR E R
BBy 2 SRR

— ~ HGR%

T8 1 Z REARACTE TS FIF 10 {E i E AR AT 20T CAPS 43 FREEE#EL T34 > Forh M02 57
FAEEEF DU 5 B 208 5B A A EEFE ( C. sinensis var. assamica ) (S By A ) 572/ NEEfE ( C. sinensis
var. sinensis ) (FE% %5 B) (Huetal., 2014 ) » [fif M02 73 FIEGE TS RAIFT — » BURTSHE 1 (YRR
JBIA/NEEFE -

— -~ MR

ToEE 1 2 24 hIg At (Bl — K@) » BEE < 1A 106 S5 AN fOh 50T
PEGERMFT R =R FOFEIRES 1.90 om > 55— B8 7 BEEIFEAS 535 By 4.51 cm?

o0 1 JB AR BARIFHFE 62.6 g PRI B EE Ry 43 | -

(=) ZRrfsetE

TRHE 1 R ARRD NEREZR - BPPREA > AREM (RIKE=) - TRER » &
THINE R AR > B 0 Rt S 8 o EREE ARG B U™ 700 | pREE > SIS EEAIE &y 23.98 em?
PURe R =) 158 1 FEARBYR % 2 SE3TteHE By 66 cm > SEITHEHHEIE 89 cm (FRIU) - 13
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| 2B RN (13 F£48) 2P THRAERST 9,280 kgha (RT1) - S8 HFTHE
BIEAIREUR o 1M | FHEROERTTEE 9096 DAL FHE—FR A 1 P& Ry 90 om

A REBHEFRA - (B - RAEEFRF 28T - BRESEHEIRER 2R
TEME ©
BORIE

W 1 A FE B EFAR Z BB fni PR AR N - FREEAIR R s A SRR -
ORRE S A BRI LGB ERE K E © FERRITE » 3 1 BAERE - LEE
FRRKF A BB AR T > HER RSN BUst st - Rl B A E BEE  BRUEL
MR RE - EXTEAVIRIAE ([E7Y) > LR REER R R - PRIEERARE - Dl
STESHEIN S - FELIRLL 76.9 7y Ry > HARER 75.7 77 « 13 1 SR 2= AR % - 4
REFESUFHVALRAYE - BRI S - 1M | BUSAUR 2K OIGALSEREI T - BAERE > H%
RIR RS 2t - Rl S ER A B E /NSRS -

CRETRE(ERS S 'O

HEEALERR ST I TS SREE  FSH | Z 8RS0 3R IR R SR A B 2 B o il By 2114
mg/g ~ 26.9 mg/g J 13.3 mg/g (FRt) - IS | BAMHE SRR LR & - #0%
DRECRIRR IS - RS /LS

* GroetE

(—) T0EE | B IR O SRR BRI e 2 P
1. EEMRERE
o3 1 255 245 PSTRAL 6 B O SRER SR Rl e R o (B — K E =) -
FEEFE— AR 1 339 1.90 om > FLEIESFES 2 176 em & 5 55— HE TEH
TR R 4.51 em? > LREFIESLAE 3.91 em? K - pEE 2 SEHIEEMEFE B 23.98 cm?
B H LVSHE 11,14 em® R(FE =) RIS Wk 1| 22 MIREIR KN B LSHE -
o 1 B A B LIRS O SRR 2 ) BRI S E LA
AR | SR E OERE (R) o HZCS 2 BiE 2 i gAR mT BB 45403
W1 B EREMNME (R) 228 -
U 1 B ARA NEERE SRS - ST R AR BEteh  BRE - B2
AR U ER SR R RETR (/) o 13HE 1 5 L SREE A SRR B A 5 2 fot
A REABEE AR > T 1 ZPEhE R 66 cm > H /0 SRERIE 59 cm
3 1 SPEEHENE 89 cm » /NAF LVSHEZ 101 em (FRIU) » wRIAASHE 1 B 5
HRfEAL S F O SRERI R A o[58 | 2555 UNE » TEROREA(12 F48) 2 P F4%
FFEERT 9,280 kg/ha > FHIAELSHEZ 6,900 kg/ha (FR1) -
2. FEREERM
S REUEALZE S Z SRR SHUR  f5HF 1 Z BRI bR A TR
5N HANZRETGFE SRR DA SR | HUaRABt | & RERA N RBAL
SEREIH K E > BHEEN S LSRR E D  IERRITH > 150 | AEMHREE
BREHERE » FOSFERIN B EL - CHDIEZE RS 2 8 72 F iy Ry BAE
U 1 2R H BB ES B sE - i O SRR R FilEE RN REE
HEEUELWEEIREE 2R (EN) - DU SFESHE S o NemTaZ=Esit 1
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EEEE LGREEE - E3RHE | B0 SHER BRI & A -
(Z) 1% | B IR e 7 00 SR HE 2 (BB LB
W 1 2B AEREALRE @ AT R ERE: - HEAEHESRE
> BESRAR - s EAEORAVRPIET > RFEE S HEMmRERS - G
RSB SR Al ERGE - S ESRFERER (R -
BRI L SREZ (BRE Ry B(E R 1 SR M B B B BRE BB AR B A A
W 1> SOREIAERSSY > PumaaEREIE - EERK -

BIEEEEEH

© REEREE ¢ BHEHUK R o 1% pH 4.5~5.5 (Yl b e 1 s R - -

© B U R AR TR

- FERREHEL RIS — AR R B R AR A

REENE ¢ RS EVNEA T 2 IEYIREE T - R EEERRZEE

s BEIR ¢ IR AR R BRI

B e LR PR - RS BAImE B LSRES > SRIEIRE T
AR RS EREAL -

3%

ML E 1938 FLEAE 1A - 20185 e pifinfiian £, T B2R235% | » SRRSO RATR
BRI > 2B BRSSPI - EARSER IR - s R - H R AR

AER R K DR EE B B RAE LR SOt - S AR R R PR B LA LI RofB Rin & > BESD - thiEFTAES:

g

—_—

TEERO3%E ) WIS A BE LR (R4 -
SH R

SR~ EIERL - SRBE. 1975, NFEFESElan R AL e i R e . ISR ERT
11(2): 37-43

- BEYIEtR . 2004, HEYIRERIE 2SR EtRE. 210  TREEZ A GEEYIiE

RIS
. DFEE ARGt~ B IESE ~ MRAEZE ~ 2B, 2009, LLZSHTanfE-22 45 21 BF. B e oe R 28:
1-18 -
ORFER. 2004, 2% 18 5% (544 4LE) . RIEEHT] 28:1 -
AT, 1938, STRZHEE ROV O3, BISLEZEICREY 2585, pp. 41-55 -

6. BAIEZB. 1938, GEEMITHNT Z 7 v ¥ AT BAEAB ORI T FREHERNL A+

JEEERC M SR pp. 81-94 -

7. fEIREECSZ A 1941, BEMT 16 SFRESESETE. KRR -

TR, 1940, BEEIIHNT 27 Y AR RS (—). BEE I JRSE 23(3):5-15 -
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A New Cultivar of Black Tea- TTES No.23

Shih-Hao Weng! Jin-Chin Lin*> Ju-Hung Lin** Cheng-Chung Huang!
Yu-Ju Huang! Yen-Shuo Su!  Chih-Yi Hu*

Summary

Taiwan Tea Experiment Station Number 23, (TTES No.23, line code: Chi-Ban-1) was a line selected
from natural crossing progenies of Keemun family. In 1938, Professor Yamamoto of the Imperial
University of Taipei collected the tea seeds from Keemun County, Anhui Province, China, and sent them
to the Yuchi Black Tea Research Branch, Central Research Institute (now the Yuchi Branch of Tea
Research and Extension Station) for seeding. After been cultivated and researched more than 80 years, the
small-leaf (or sinensis Type) tea cultivar which was suitable for making rich fragrance and excellent black
tea was selected. This cultivar has reviewed and approved on 24™ July, 2018, and officially named "TTES
No.23".

Taiwan climatic conditions are appropriate for the cultivation and growth of TTES No.23. The tree
type of this cultivar is shrub which possesses intermediate type of tree posture, strong vigor of plant
growth, oblong leaves, slightly undulate leaf, the mature leaf is 8 to 10 cm in length and 3 to 4 cm in
width, white hairy buds, early bud germinating date, green with red buds, strong disease resistance and
drought tolerance. The tea liquor color of black tea which made by TTES No.23 is bright and gorgeous
orange. The tea aroma is floral and fruity fragrance. Its taste is thick and slightly astringent. It is a
small-leaf tea cultivar suitable for making high quality black tea. This cultivar could increase the diversity
of local tea varieties and enhance the competitiveness of Taiwan tea industry.

Key words: TTES No.23, Natural crossing, Black tea, Small-leaf tea tree

! Assistant Agronomist, Senior Agronomist, Associate Agronomist, Yuchih Branch, Tea Research and
Extension Station, Nantou, Taiwan, R.O.C.

2 Senior Agronomist & Director of Industry Service Section, Tea Research and Extension Station,
Taoyuan, Taiwan, R.O.C.

3 Associate Agronomist & Director, Tungding Branch, Tea Research and Extension Station, Nantou,
Taiwan, R.O.C.

4 Associate Agronomist & Chief of Tea Agronomy, Wunshan Branch, Tea Research and Extension Station,
Taipei, Taiwan, R.O.C.

* Corresponding author.
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Fe— ~ B 1 KARRE S ZAE 10 {E CAPS 73 FREGER AT 45 R
Table 1 The results of 10 CAPS markers of Chi-Ban-1 and related lines

i\ FAERE COl Co2 Co03 MOl  M02 MO3 MO04 MO5 MO0O6 MO7

IS8 1 A B B A B B B A B A
3P A B B A B B B B A B
33 2 A B B A B B B B A B
3% 3 A B B A B B B A B A
18t 4 A B B A B B A B A

51 CO1~CO3 43 Tf2E5EH cpDNA FfHEE » MO1~MO7 4> THE5ErH mtDNA Fifi&s

5 2~ HinfE T &S EAAEEE DUMHE R - Hd A {FREEGY) - B KFRAEY] -

F13 ~ BB T RERARSHT - J77A2 08 Hu et al. (2014) - A1 10 A E B RRG ARG EE Y CAPS 7y TR E#E T
SYAT o ARIEZ SRR - MO25r FATRE O] F DU Sy B A R B A K BEFE (C. sinensis var. assamica)(FEZAYfyA)
BE/NEEFE (C. sinensis var. sinensis)(5E!fyB) » TIMO253 FATGE AT &G U fi S S fE S L BEA
[/ NEERE -

R B 1 B OSREZEFRIER
Table 2 The growth characteristics of Chi-Ban-1 and Chin-Shin Oolong

FHEIHH 3 1 HLEHE
FAmeRE (AH) 3/30~4/6 4/10~4/16
EiE (g) 62.6+ 14.6 51.4+20.2
FEEERERE (30 % 30 cm) 43.0 +10.0 37.8+6.7
LR G 55

e EHE] FEE

* fEN R IR R R A -
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Table 3 The survey of agronomic characters of tea buds and mature leaves on Chi-Ban-1 and Chin-Shin

Oolong
= iginA PHEEE T3 1 HIOSHE
E (cm) 4.2240.16 3.85+0.26
2 (cm) 1.53+0.04 1.45+0.04
L JE (mm) 0.20+0.01 0.22+0.01
£E .
& (cm) 1.90+0.11 1.76+0.25
EifEE (mm) 1.69+0.08 1.52+0.08
EEEIE (cm?) 4.51+0.25 3.91+0.28
£ (cm) 5.73+0.42 5.20+0.40
. H(cm) 2.15+0.06 2.04+0.11
B
£ (mm) 0.23+0.01 0.27+0.01
EEHFE (cm?) 8.66+0.84 7.46+0.83
E (cm) 9.40+1.10 6.54+0.45
o 2 (cm) 3.62+0.38 2.43+0.18
i3
Z (mm) 0.33+0.04 0.43+0.00
EEHFE (cm?) 23.98+4.33 11.14+1.39

U~ 10 1 B O SRERR s M e 2 R R ERE R (14 F4)
Table 4 Comparison in growth quantity of tea tree height and crown diameter between Chi-Ban-1 and
Chin-Shin Oolong (14-year old)

PHEIEE T 1 HLERE
fgfE (cm) 66+4 50+7

it (cm) 89+5 10112
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RIL -~ AFEZREIEHE | 85 O RRETHREEEZ LRI (13 F4)
Table 5 Comparison in the yield of hand-plucked tea in different seasons between Chi-Ban-1 and
Chin-Shin Oolong (13-year old)

Bl B mid (%) — — — — &t
4 BXR O OBKE Lo
3% 1 2,400 2,850 2,680 1,350 9,280
=eWiilbar:
HiLNSHE 2,150 1,950 1,700 1,100 6,900

TN~ A 1 BE LSRR [F R AR AL B e BRI

Table 6 Comparison in black tea quality in different seasons between Chi-Ban-1 and Chin-Shin Oolong

= BE&PEE
- nnz (f) IZIN g K@ R RS HEK sy
(1041 (1053) (2097) (2541 @541  (1047)

HABHE1 6.9£0.9  72+02 13.1%1.3 17.3+1.7  17.7+12 7.0£03  69.1+4.3
* AHLEHE 7.0£0.4 72402 11.4+0.5 159422 16513 53+04  63.3+3.3
t i EREENE  ns ns Hk ns ns ok ok

53 1 6.94+0.6  6.9+0.4 157+1.6  18.9+29 18.8+1.6 69+0.5  75.7£5.9
* AHLEHE 6.8£0.5  6.9+0.8 12.5%1.6 154424  155+2.1 5.7+0.6  65.7+4.2
t *@i%%@ ns ns ns Kk Kok Kok *eok
Bk A3 1 6.3+£0.6  6.7£0.5 13.9+0.9 19442.1  18.4+1.1 6.4+04  71.2+4.0
* AL 58+0.5  6.5+0.5 11.9+0.3 164+1.2  16.1+2.4 6.0+0.7  62.5+3.3
tiEREENE  ns ns ok ok ns ns Hk
S it 75404  6.8+0.5 17.4+0.5  18.6+1.8 19.4+1.6 7.3+0.6  76.9+3.3
* AHLEHE 59409  6.4+0.6 13.3+0.9 16.942.6 16.5£1.9 62+0.6  65.1£5.0
t fﬁﬁ%%@ *eok ns ok ns ns Kok *eok

ns: FoR IREEE
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Tt~ B 1 B O SHERE RO B2 R & B Z i

Table 7 Comparison in chemical composition contents between Chi-Ban-1 and Chin-Shin Oolong

HAGIAEER AP EER] W TR AL
(mg/g dw) (mg/g dw) (mg/g dw)
58 1 211.4422.2 26.9+3.8 13.3+£0.3
HLEHE 135.3+17.3 25.5+4.1 21.5£1.0
t i e ok ns ok

ns: oot igE N EEE

R/ A3 1 BB LSRR R E R A N ERERE

Table 8 Comparison in the resistance of disease and pests between Chi-Ban-1 and Chin-Shin Oolong

REHR RORIERDR NGREEE O BREZR BEEENR RHEhw R

58 1 + + + e + + +

HLSHE ++ ++ ++ ++ ++ ++ ++

— VSRR 4+ ERRY G 4+ EE S 4 EREE S 4+ fREE

TS~ 1B 1 B2 O S RE (B Z PR

Table 9 Comparison in advantages and disadvantages between Chi-Ban-1 and Chin-Shin Oolong

il (F) BB i Bl
33 1 I BREAICRE > R H IR L BUYEED SR AR -

2. BREEGSHHER -

3. PUREREEGR -

4. HRSERALR -

5. RUEE s HEImEERS

LR 1. SRR S EER B ER - L ARG - JUREEREIRGE -

2. BRIDRERGE -
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b 1 | BB 288 R TEHEE
Table 10 Participants and their works in breeding process of TTES Chi-Ban-1

FR TAFHEH E YN
1938 1.5 [fE LLIASE ~ SEHIT
1941 . EEETERITAE HHRS RR
2. ofERF A~ EE REP=BE ~ =I5 - ZER KB
3. gl BOR ORISR BEE
1989 1. EEILAnREE - FEREIRUCER T (SR - TRIE - BOERE - AR - B
W1, PRAF
2002~2006 1. /NEERECRREEEREER PR E R PRt - BRER
mng TR L
2. FREFEEE HAKAZ ~ Bl
3. PRITHEREEHN AR BRERE (B3R
4. R E BREHRE (BERAL) ~ MRET - BEEES - =
5. BB st~ MHE - A
2015~2017 1. HEETEHITHE] FOEE ~ PR~ Mgt - DR
2. bbb MRS ~ StitsE
3. MR AR ~ StiEE - e
4. PHEEEFHE NGV
5. BOREbE MEZE ~ LA
6. FRARGEE R - R
7. MGRRAROHT LIRS
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=

=
2. fnfEas

1.

(4831)(Table 10 Continued)

2017~2018
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R
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R R R A |'| R

]
7 = W w ~ @ o o rx.rc-')-:rm

i — A 1 () SRR ) ““j(/J\Zttix (14 F4)
Fig. 1. Comparison in size of tea young shoot between Chi-Ban-1 (left) and Chin-Shin Oolong (right)(14-year old)

M~ s 1 (7)) SRR OF) REFRIRREEE Y PRy (14 42)

Fig. 2. Comparison in agronomic characters and color of tea young shoot between Chi-Ban-1(left) and
Chin-Shin Oolong (right)(14-year old)

B =~ F3EE 1 AERRALAR
Fig. 3. The tree type and posture of Chi-Ban-1



ST imiE - 20K 23 5

cm

I S TR

Y~ A3 1 2 pliE s A R R
Fig. 4. The characteristics of leaf surface and blade back of Chi-Ban-1 mature leaf

i

IR S7 R Rk : - P N =i o7, 7
Fig. 5. The growth performance of Chi-Ban-1 cuttings

7N~ 33 1 B IR SRR AT SR BE R B /K € 7 PR
Fig. 6. Comparison in infused tea leaves and liquor color between Chi-Ban-1 (left)
and Chin-Shin Oolong (right)

27
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BB EHEML LI YRR
2B (% - EAF)

W MFERY Mesth? bfiEES &EESR!

=

BN H AT A YIREEHE B SC R S R M AR R SR iR > LS TE € BRI YIS MR ARG -
(5B S A PRt P e FH PRt FEI RS - 5 EH SR S L e i £ S » (S R T AE VIR = (5 Lo
RIE > AR LA & 2 AR R it U EER AU I Tt ses B B o~ S22k E
PRaTitE 7 R AR B A R e B A 2 28 - SRS REUT - MEF WA TR » #EZR
FREEIEES AR P 1 898 2 Dol o 3 S0 B St FH R B G I - (B E S B A R A BB M2 22 i
ARELEIE A EFERNRER S BV EEE R BERE SR o K P Sl =
Salm B DU A SBECHEE (R - S I EH - S Rl Pt 0.5 Bt
FIEARBEERE 0.75 [EWERAER) ZmMRE IR HeRBORE > SURBE IR IEENES
ZMAEYIRERA RERRERT R A E -
BRSEF : 7% - ARIERE - ABERALR

g

Al

BHEEYIER A RN ENETR L — GRS ERAHBE - AEYHI4IE RS
B BEEEIE - F5EE - BER THVAESR - e EFRIR/ER (Shenoy and Kalagudi, 2005;
Ahemad et al., 2009; Khan et al., 2009) - AHERNELAML 1 528 57 FERE BV LR - B HERS B)
HEEYHIARME R (Khan etal., 2007) - 358 o e [ E A1 Ol & 82 pH A HIRAIRE A S
R > R AERE M I il F B EE S BV ~ SV S S EYIFTIEDE © Mfede it IR ALE 4
e > A VEBCE A FZRIRE (Goldstein, 1986; Johns et al., 1991) - FY HIEHVEE(EA -
AL PERRAT A2 18 A0 5 AR R 5 o R e AR WS A5ty » SR E A ) EL R SOR A - Y
TEVINE ARRREHY E R E R 5~25% (35 > 2014) o Mt P Ay SRR A AT T =
SRR S B AR D ERAC (] B A RS (Bashan et al., 2013)» 7257 7l IR h AR L
Yy > Ry HERRRLA F R R — -

—_—

TR REUCR RS WENISEA - BIFTRR - BT R FORERER & -
=28 P -
- TEE SRR RO RN RS It BRI R - =8 phE -
CITHEEZEERCEN RS VI EREG R - 218 PkET -
R -

W N

*
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TEMAEY T > HE AW IR MAEYETRE R T AWM AEY) o (phosphate solubilizing
microorganism) B¢ " AMWE | (phosphate solubilizing bacteria) » T KF 4-3%8 Hr 1y FER5 P Bl 82 Ry A
Bk - HATC A RS A MR 2 (R B - BER R R EEE  — R DHESRAE R (5
2011) « ZEELFEAYIBR T (L FE RTAMERESSE YIS - WEEYINAE R A - HAFFREI SRS
it (IAA) ~ 4 #hZ (gibberellins) ~ 4MfErZ4Z (cytokinins) ~ Eff&lE (abscisic acid) ~ 1-fRERPIIE
-1-¥8MEHR &0 (1-aminocyclopropane-1-carboxylate deaminase) ~ Zk#¥)'&E (siderophores) FIE(LE
(hydrogen cyanide) (Khan et al., 2014) -

R R A A A M IR B AR ) B MR R R R B [El B AR R R TEIRIE R R A
B (Zhao et al., 2002) - EERRFRIFEENF > YRR T IEF AU CH ~ ARSI - HK - B8
B RBEER: AV S8t & 38 40 - BN B RifSA: YRk S so RS s b AR R
akBp s o PSR s i A FH T A o R R B s i i o S I » (Rt - e TRET &
A R EE dm P AR [ 2 3R+ ANE BB DA T B 2R R AY H  hgk B e vt FH 7 I M 2
RB(E o 2R ST AR E S4B R E P -

MRS A

BRI

LR - ZanfE R a0k 20 5% - MRETEIRE SRR (ZH) -
2. gl - SRR Ry B2k 20 9% 0 SRETTSRE A RE G -
3. bkl SR R EER 12 9% 0 SRE e AR E (2D -

o B AR

1. &5l A R Bacillus licheniformis (i x SEFEFRE) » 7AW E A XUEEEUA 1x10° CFU/ATE
(M EIZEETR) - 2% 1.0 % ~ 26EEF 0.5 % ~ 2% /L5 0.5 % -

2. B B : Rk o Bacillus licheniformis GIERZEFUFRE) @ /AR A IUEH B R 13108 CFU/ATE
(M EZEETR) - 2% 2.1% ~ 2WEF 5.1% 280 5.1% -

3. A BYE CORER A SORES S EORE (121°C 0 20min > 2AT » FEIRE 0 FRRE 3 20 ¢
MERIRR i BB 2K 1% - talERA -

4. I B AYE  RER B &OMEZ = ERRE (121°C » 20min - 24 FHE - HIHE 3 20 - 1
bR ZOK % Atalie ] -

s R e TR

LR —  EA A+ JEAE B - SPMREEHERA - Sl A e PR 0.5 SR HEE S/
{ERHRE T 0.75 (SR &)

2. BRI T A B+ A (R S EN A - S E N B AL PR 0.5 ki &/
ERBEIE I 0.75 R HEE &)

3. = EEA CRE) + AL R $MRHEE S5 - S5 A i SR 0.5 (%6
oS 2/(KBRIEHE 0.75 fEWEiEE &

4. FRIRPY ¢ A B CRE) + FEAE (R - $PHEB R ERA - sl N e/ R i 0.5 f55kE
e B/ RER I 0.75 Sk &

5. AR R SMRIEE A ERA > SEiE AN AL/ SRR 0.5 f2hEHEE & /KR i
0.75 fEWEHEE &

[l

Eno
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6. BRI RHEREAT (%~ SPHCHERE IRt D)
SRS 4 B - 5B RE RN 30m -
PO~ (LSRR R AR B M R BB 2
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1 BB HERS AL T (5 - 1999) HURMEAE 2 HEBE AR - AURMEE Rbiik ih ~ BRI FTAI0R

We—5% °
2. /xR R Z i B S S AR T
(1) B AGRIR) © BoritfiH 670 27 R - JFiRMFEE 800 % -
&7 30-40 25T ©

FERERIRRIRIH > BEEEE

(2) BRI B (RiR) « RgE aedfEE Fl B0 i 20 AT #EFRE A E - 1987

WIH - BEREE LR 30-40 530 ©
Q) AelBarEN i B A4 > REVER EZ AR BN -
(4) AR RS R B RS T2 S

B A 7 B
it PR R P HATR it PR e P HFATR
F—RK FIK W H A —x e 5 #H
{EBEE  2017.03.01 2017.03.30 2017.04.25 2017.03.01 2017.04.25
Rkl 2017.03.01 2017.03.30 2017.04.19 2017.03.01 2017.04.19
ShEE 2017.03.02 2017.03.30 2017.04.10 2017.03.02 2017.04.10
fi~ BRI RS
2 A 3 H 4H
o I o) I NG A G NG) A G NG|
FolC
A 14.9 13.9 14.9 166 17.9 21 222 197
/K& mm
HJ4EET 5 103.5 75 535 755 13.5 54 60
(10 X)

BRSO PR R REERR A > AR RS R -

N BREROTTTA

—)  BIEREEIERE - PRk -
1 FREE T BREEFSRIMENE T J7 i LI 0-10 22775 2 ARSI - W BRI Z A4l - 1

inn °

2. JEIRREL - BREESREHTH 0-10 Az Rkt 48 -
3. PRERIFRE © Ryt FHUABREHDR Z AT — R R BRIGAT—K -
ekl o WEH=RANGERIHT ©

4. ORfF © RFERERSFHVIRIE T B FAR FE i & 4°COK

() S

1. FEERIE ¢ DARRERAES

FENAL

VPSS

(WTW inoLab pH720) JI%E » 7K+-LE A 1:1 (McLean, 1982) -
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2. TR ¢ DIEEREET (SUNTEX SC-2300) SHITE » /KE-Fhk 101 -
3. A#E &R - ERK{EZE (Ben-Dor and Banin, 1989) »
4. %%~ §F - 85 - $F 1 AT 3 BRAEHUE (Mehlich, 1984) Z£HY » DL ICP (Perkin Elmer Optima

2000) HEZ -

(=) FEBONT © R AR HETT 0T > 2 E LR BE0TEE (ASTORIA
AAS-307) HITEZ » tf ~ 87 ~ #5 ~ % ~ 8 - 8 - 3 FERIERLLICP JIEZ -

(T9) AR AR - BT

BB E R g/L
#i&EfE (Glucose) 10
Wil #E (NHa)2SO4 0.5
F{L# (NaCl) 0.2
AJL#R (KCI) 0.02
Wiles%: (MgSO4+7H,0) 0.1
WilssE (MnSOsH,0)® 0.002
Wil (FeSO47H,0) " 0.002
BERHd ) (Yeast extract) 0.5
A5 (agar) 15
GBS (FePO4)

Bromophenol blue 0.015
&izK A% 1,000mL

S5 pH (% (6.5% 0.1) % » B 121°C TIRE 15 578 -

£ FPHL 100 mg FRBEnE S EnLss - A AZREKT - IRINZEEE/KE 100mL - FUplRRER -
R - ATHEEATIIAER L mL -
@ Rh0 5.0 g/L Bl (FePOu) - WiELIAEEIBAS Y BHARE1% - FFEHHEN - DI R BAsTE
e AR R /K AT R R AL T
£~ &Etort sk © DL SAS Enterprise Guide 7.1 &5t/ e Ba #E1T Fisher B/ NEIE 2 BUARRIE

SR BT B

— AT SR EAR S HIRARE A S E R
AWFFUEEEK -~ o~ S IR T RS - PR IR U & B e (KA W e SR

2R BT A E TR — o (KBRS AR S R Ry 13.4~27.9 mg/kg >~ 5 20.4
mg/kg : K AR S B R 64.3~112.3 mg/kg » 5 90.0 mg/kg ; SR AR SR
107.1~299.5 mg/kg > FH Ry 224.4 mg/kg - AR ARREEAVERIREINAE ) - TEZEMRAT R
MR » BB IRARE - B R AR - SUR - M S S A RS R A M R
RENTHIRZE (5 » 2009) - JREAES FoBElRTE A » (5 pH3.0 BF A3 (0 - St pHA.6 BB
PRIVl B IR AR A5 B pHL T e » (SR A M R B A e ERITT A2 B Y S B g 7 A s oy B
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R FEABREESE AR FONIDER B > o] 2 (FNEIZ2 (Gupta et al., 1994) - ATA5EIG BT
K FH 2 1R 2 AR RIS T » TR E R B AR Y S RIS TR
RILL - EHIE AR A -

TEABE R EYIAERE S » N E A REEYIIRBE SR A s A
NE (5 0 2016) > ZREIRRE AR E 2 5 R EMEE (Pseudomonas) k¢ 2 R I &
(Bacillus)(5F > 1991 : Sood et al., 2008) o AL H 2 ABRE AR 2 ff - W& 2 FEEHEE > B Ry
Bacillus licheniformis > MESIERAEIRL & sy & A > Bl A Rk > (ERBIEER - SIUE
F— > B % U - SR T A E A E RS A I AEBNERERIUR
PRS- B B Relinik > BOE R MUREEER - EEA—X > WERRWESRE - A
SRR VIR B oy & B R A AR X R R R s B 2 R B 77 L FE PSRy, -
PRIE » B = FIBR I DY PP A FIER B 7y nlRiE 1% B i

R G E RARME 8 > NI > AR 2 AR EEC 7 R llE A e o (K J - &bt
2% iR P 7 R P B3 AR Pl - B Pl R A S R B o AT 45 SR A0 3 — 2 R VTP » T FH W A v gl B A e
1% > BEZNIR ] 1T AR P 198 7 V7 kbl B XS0 ) e it P T B B 1 - B S i B R B
S o RERE I A TR AEYIRETR - (REERIPGR S E R R R A R £ A AR 2 3
S B 2 (1 0 2011) » M H TP AEBEAWE - A% EMNBEIDSE S EE AE
BENTAFARE T EA A= YAE i (Rodriguez and Fraga, 1999) - 8 A AE/ZIE R B EREEBE R < AR
HEUG AR AR HA -
=~ MRS E IR A R 2 R

B~ o~ ek = (A > et i - et AR ss B A B B e s REEEERL
Rt EELE— &R E R AT - SRR SR 2 REFEE T REEERE RA)
FEELGRAIN; (1999) ZakbassRtlE » At A EE S EERPEER - SR EREFEE
SR TEERZE > 6 SFEREFEENZEANEHE (R 1997) - ={E:RE 2 REES TSR
WEA~F/Frr &~ - SsEA RS E S E 2R - KEE Y REnS
ETAEE R > B EEEEEAN (R > 1999) > HE455EL Salehi and Hajiboland (2008) 2 45
FAIE] > T HE H25EHE kG = AR 2 0TS - ERE A A R i Y M (L
BRI s SIS A -
=~ it A R AR R S 2 R

EEIZEE Sy > BN SRR I > Z B ek s - T RVE Sl W DA - 455 A05%
JUFTR - MR A (BE—) BAOSEEN - HiEE > thiFhE—% > TR - f - Sl ss
FEIEEA HEFA B A BE (R =) ZEVE e - S E P e TR T R = -
BN A SRR AR E A (R SUR - BN RRE & 2 B A Bk > HEVE SatHEE
BN A RARE 2 i (REA - ) BUREH A IR Ry RS s G Y B pde s a8 B
FHRAZZEER 5 HHER B (EH ) ZOSESE ~ & 8 £ - SiilE 2 HEr S E R
Mo AR 2 BERR AR EE — 4% MR B RS (BHEMY) ZRE e - SEdea s
i —%  EREREHER AU » BURHEA E7 B B ER B AEE - BT - Skl
B B 2 RIELLAHAR S 28 (RHEA - 7)) 2 RS A et - B>
BVE S EERIME A AR AR 2 BE i - B A BRME - - EbiadlE - B REEARARER
e B &0 - Kt > MEYRRETHEH & S8 E - B A RS -
AR YIRS & P o
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& W

A EE R EE S T SR e B A — > ASERLIER A BECEADREH - £F
FAERMMZEMBRN R » W EARTIR - IR [ R ALHE H &2 25~50% - JABRE AR
TP E HI81% - AR S D UE BB RIThAE - SOt — BRI Rig - EEETER - HAE
TR RREFEE N A SRR - Wit - EREARERERG > N EICREE RGN - Lo
AR ATIERAS © 5551 > il b2 PE Wi AT (8 A Z AR A FE R - ELRIAY (iR ~ Rk ~ 7RRR)
g e AR R TEURE R AT - Wit FEESE MAEYIICE A AN A E
ZEET > HEMTRT R R Z Wz P (R ATA TR A -
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Table 1 Soil properties before experiment

pH (1:1) EC(1:1) OM Available P Exch. K Exch.Ca  Exch. Mg
dS m’! % mg kg!
{EBEE
J P — 3.840.1 0.44+0.22 3.540.46  26.9+36.3  92.14£21.4 141£18 12.3+£3.2
BRI 4.1£0.3 0.30+£0.11 3.4£0.24  21.9+1.4 96.1£7.5 176102 14.1+6.6
SR — 4.1£0.2  0.2440.07 344047 13.4+11.6  74.4£20.3 112+41 9.0£1.4

JEE Y 3.940.1 0.38+0.03 2.9+0.85 12.7+10.3  91.9+15.2 120+45 8.9+2.5
paAsiba 4.2+0.2 0.21+£0.08  3.5+1.1 2794225  84.8+12.8 146+8 13.0£2.8
[FRLiAN 4.1+0.2 0.2940.11 3.4+0.65  19.5£22.5 91.148.2 179+£36 16.3+£6.3

SHBRE

PRI — 4.1+0.2 0.60+0.32  4.0+1.1 81.2+58.5 16645 427+152  29.6+10.8
PRI 4.1+0.1 0.62+0.21  4.5+0.8 112+£37.2 189+26 497+88 35.2+6.8
BRI = 4.1£0.1 0.75£0.18  4.4+0.4 105+31.6 191£18 537458 35.843.0

Y 4.1+£0.2 0.64+0.35 4.7£1.0 64.3+£53.2 139431 404+147 27.249.3
A 4.1+£0.2 0.75£0.29  5.7+0.9 92.4+66.8 167+40 5354365  35.7+21.4
FRIE N 4.1+£0.03  0.74£0.50 5.1+1.3 84.7+64.0 150+40 4824353  34.4423.4

B

BRI — 3.74£0.2 0.31£0.21  5.2+0.2 107+£66 111+30 218+105 15.84£6.4
BRI 3.6£0.4 0.63+0.41  6.3£0.7 291486 164£56 233+162 16.7£6.5
BRI = 3.9+0.4 0.32+0.24  5.8£1.5 184+209 116+41 241+175 18.74£9.0

Y 3.94+0.3 0.59+0.64 5.4+2.0 240+195.3 135474 337+189 20.5+8.0
A 3.8+0.2 0.6240.40  5.5+1.3 300+161 134439 195+80 15.9+4.3

Treatment 1: PSB_A with fertilization (N and K were applied according to the recommended rates; high phosphorus
area with no phosphate fertilizer/medium phosphorus area with 0.5 times P recommended rate/low
phosphorus area with 0.75 times P recommended rate)

Treatment 2: PSB_B with fertilization (the same as treatment 1)

Treatment 3: sterilized PSB_A with fertilization (the same as treatment 1)

Treatment 4: sterilized PSB_B with fertilization (the same as treatment 1)

Treatment 5: fertilization (the same as treatment 1)

Treatment 6: no phosphorus (N and K were applied according to the recommended rates)
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T (R ERAR BT FAR R 2 D gt 1 3 AR
Table 2 Viable ferrous-phosphate solubilizing bacteria of rhizosphere and non-rhizosphere soils in tea

field with low available phosphorous content
B : X 10*CFU/ g#z+

SRBRAT it FH 12 U2 BARERUL
REE FEARE Rl FEARE R FEFRE
R FH— 16.5° 13.8° 128.20 93.8 135.4% 43.5°
BRFH 18.6* 16.9° 114.0° 85.5% 948 29.3
FRF = 12.12 11.6° 139.92 98.9° 88.8a 43.3
B EEIY 14.4° 12.12 127.4° 148.6° 175.22 41.8
st 20.1 9.8 108.7 145.5 61.8 50.0°
RN 19.1 10.72 162.6* 945 157.4% 85.7

Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

K= PR ERAR RS B R AR 2 A s R
Table 3 Viable ferrous-phosphate solubilizing bacteria of rhizosphere and non-rhizosphere soils in tea

field with medium available phosphorous content
Bfir : X 10* CFU / g iz 1

B it P& U BIRRIL

fREE FEIRE FRE FEARE fRE FEfREE
PR — 17.8¢ 17.3% 83.8¢ 108.3% 118.5° 73.9°
ks - 16.6° 12.2% 112.4%¢ 175.6% 87.1% 26.9%
PR = 16.8° 11.7b% 217.6* 143.2%b¢ 95.3¢ 43.2%
PRI 17.0° 19.7° 142.8% 71.3¢ 119.3? 4.6°
LAZER 22.4° 11.5b 154.9% 131.0% 34.0° 6.7°
LA 19.9° 9.8° 173.2% 219.28 86.6% 52.1%

Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.
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Table 4 Viable ferrous-phosphate solubilizing bacteria of rhizosphere and non-rhizosphere soils in tea

field with high available phosphorous content

Bfiz © X 10* CFU/ g 2+

BBl iAgERe A BIRIL
fRE FEIRRE fRE FEARE RE FEIRRE
PR — 28.4% 16.5° 161.0° 119.1° 138.9° 35.4°
4 21.3 22.3% 83.9° 113.4° 104.1° 65.1%
FRE= 22,7 15.6° 145.3% 150.6° 126.0° 55.7°
PRI 28.9° 23.4% 138.3% 108.8¢ 103.4* 66.0%
LSRR 22.5° 28.1° 97.3b 123.3° 93.4* 108.8°

Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.

R~ FEBRBEZEER

Table 5 Yield of fresh tea leaves in three experimental arcas

(KR R = A
g/30 m?

pR I — 24072 6078 19212
R 24243 5674° 18652
JRH = 26932 60032 17232
PRI 25812 60212 17182
PRI T 2034° 6894? 1938:
FRER S 28882 62262 -

Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.
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Table 6 Nutrient content of tea in tea field with low available phosphorous content
N P K Ca Mg Fe Mn Cu Zn Al
mg g’! mg kg -m-mmmmmmmmee e
JEE—  33.88  3.09°  10.4®  2.60° 1.58* 104.5* 580.5*  7.20° 22.8*  353.6°
EELT 33.8¢ 3.07°  103® 2750 1.592 96.7*  567.7*  7.18 222*  357.7*
EEL= 34,00 3110 102 2.70° .57 120.2* 595.2*  7.37° 22.5*  347.9*
FEEPY 33.6° 3.04° 102 2.63° 1.51*  128.5* 652.1*  7.17° 21.3*  360.5*
EREF 34.3* 3.06° 10.6* 2.622 1.60* 128.2* 600.8*  6.85 21.1* 3424
FRES 34.80 2,99 10.0° 2.69* 1.51*  113.9*  557.00 6.74 21.00  332.9*
Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.
xE - PEEEEZREE TSR
Table 7 Nutrient content of tea in tea field with medium available phosphorous content
N P K Ca Mg Fe Mn Cu Zn Al
mg g'! mg kg l--mmmmmmmmmemmeeeeeee
RE— 3220 3.64° 102> 2,55 1.47° 163.7°  594.5*  6.50® 21.2%  259.9%
2k - 36.4° 375 10.5°  2.53%  1.53%  119.6®  664.7°  6.78  21.9° 261.3°
BREL= 42,00 3.86™  11.0°  2.70®  1.59® 75.9° 631.2* 643"  21.6* 267.3"
R Y 43.6* 3.91° 113+ 2.89* 1.61* 78.5° 600.3*  6.22*  21.5*  257.8%
LN 33.3° 3.66° 10.4°  2.41° 1.45¢  129.7®  606.5* 6.27® 21.7*  252.9%
JERLLYA 32.5° 3.64° 10.3°  2.48 149  105.1® 597.8¢ 597°  21.4* 275.0°

Means within each column followed by the same letter are not significantly different at 5% level by

Fisher’s least significant difference (LSD) test.
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Table 8 Nutrient content of tea in tea field with high available phosphorous content

N P K Ca Mg Fe Mn Cu Zn Al
mg g’! mg kg
J P — 27.8*  3.02° 11.1° 3.74 1.34° 1356 12322 11.4 19.3*  417.0°
2k - 27.6*  3.05° 11.1° 3.80°  1.39%  136.4*  1223*  10.4° 18.6*  398.8
P = 26.6*  3.11° 11.4 3.87° 1.48  121.5* 1246 107  18.8*  401.0°
R Y 26.5  3.10° 11.22 3.85%  1.43%  114.6*  1230° 10.6®  18.5*  406.3

paAsia 27.1* 3.14* 11.2% 3.61* 1.35°  127.00  1113® 10.3° 18.2*  377.3*

Means within each column followed by the same letter are not significantly different at 5% level by
Fisher’s least significant difference (LSD) test.
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Table 9 Green tea sensory evaluation ranking and comments in different experimental treatments
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Effects of Phosphate-solubilizing Bacteria Fertilizers
on Tea Plant Growth and Tea Quality (Report of 1*
Year)

Jia-Ru Dai'  Shiou-Ruei Lin"* Jin-Chih Lin?> Chui-Feng Chiu?
Hsien-Tsung Tsai!

Summary

In Taiwan, it is not requested to submit an experiment report of fertilizer effect whenever application
for registration of microbial fertilizer. Furthermore, there is no regulation for the quantitative test of
activity indicators. All of these factors could explain why both of effective and non-effective responses
resulted from field trials. This contradictory response has made farmers lose their confidence for the
microbial fertilizers. Therefore, in this study, two commercial phosphorus-solubilizing bacteria fertilizer
products were selected for this study, applied to tea fields with low, medium, and high available
phosphorus levels and the effects of phosphate-solubilizing bacteria fertilizers with reduced phosphate
fertilizer on tea plant growth and quality were investigated. Results showed that after using two
commercial phosphate solubilizing bacteria fertilizers, population of phosphate solubilizing bacteria of
rhizosphere and non-rhizosphere soils were both higher than those before application but there were no
significant difference among treatments. There were of no effect on the yields of tea leaves and nutrients
content of tea with phosphate solubilizing fertilizers. For sensory evaluation, the treatment 1 was the best
consistently in the three different levels of soil available phosphate experimental areas, which means to
promote green tea quality. Therefore, the selection of a suitable microbial fertilizer based on soil
properties can effectively improve tea quality.

Key words: Tea, Available phosphorous, Phosphorus-solubilizing bacteria fertilizer

1. Assistant Researcher, Associate Researcher, Chief of Tea Agronomy Section, Tea Research and
Extension Station, Taoyuan, Taiwan, ROC.

2. Chief of Industry Service Section, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.

3. Researcher and deputy director, Tea Research and Extension Station, Taoyuan, Taiwan, ROC.
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Effect of Soil Moisture Regime on the Shoot Growth
of Tea Tree

Hun-Yuan Cheng!
Summary

The purpose of this experiment was to inquiry the effects of soil moisture regime and on the shoot
growth of tea tree (Camellia sinensis L.), and to use different soil moisture tensions as the moisture
management method for the irrigation starting point. In order to understand the optimum range of tea tree
water requirements, it could be as a reference for water saving irrigation. According to the experimental
results, the linear regression equation obtained from the reading of soil moisture tension meter and the
soil moisture content was y (soil moisture content) = 28.3-0.1107 x (reading of the soil moisture tension
meter). When the soil moisture tension reached more than 100 cbar, it had a significant effect on tea shoot
growth. Different tea tree cultivar showed different responses to soil moisture regime, and the degree of
influence was higher in Chin-Shin Oolong than in TTES No. 12 and grafted Oolong. When the soil
moisture tension reached 80 cbar and then supply water, it would have a significant impact on the shoot
growth of grafted Oolong and Chin-Shin Oolong, while TTES No. 12 could still tolerate higher soil
moisture tension. According to the amount of irrigation water and shoot growth, continuous (0) and 20
cbar water supply have the highest amount of irrigation water, which does not effectively save water
resources. If it is possible to conduct irrigation at 40-60 cbar, tea shoot growth will be almost unaffected.
Could also achieve the purpose of water saving irrigation. This shows that the use of soil moisture tension
meter for tea tree water management can effectively reduce the amount of irrigation water.

Key words: Tea tree, Soil moisture regime, Soil moisture tension, Irrigation, Shoot growth

1. Former Associate Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan
R.O.C.
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Table 1 Soil moisture content of different soil moisture tension

THEKITRT]

soil moisture tension

K EE

soil moisture content

THEKITRT]

soil moisture tension

TEKER

soil moisture content

cbar
50
100
150
200

%
22.76
17.23
11.69
6.15

cbar
20
40
60
80

%

26.09
23.87
21.66
19.44

T AR EERE 2 K E TR

Table 2 Comparison of supply water amounts in different soil moisture management for tea tree

RE TBIKIIRS] 2512 58 IEESHE HLEHE
Tea season Soil moisture tension TTES No.12 Grafted Oolong Chin-Shin Oolong

cbar ---ml---
HIE 0 5,400 5,400 5,400
Spring tea 20 2,200 1,800 1,200

40 1,200 800 1,400

60 1,600 1,000 1,400

80 1,200 1,000 1,200

CK 0 0 0
DIES 0 4,800 5,800 5,800
Autumn tea 20 2,400 2,400 2,000

40 1,600 2,200 1,200

60 1,400 2,400 2,000

80 1,400 2,600 1,600

CK 0 0 0

B 1 4/16-5/14 ~ KK ¢ 9/19-10/17
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Effect of Net House Facilities on the Growth and Yield
of Tea Tree

Hun-Yuan Cheng!
Summary

The purpose of this experiment was to understand the feasibility of using net house facilities in tea
garden, and hope could improve the unfavorable climate environment on spring and winter tea production,
so as to achieve stable production of spring and winter teas, and reference for production and application
of organic tea gardens. The experiment was conducted on the TTES No.12 tea cultivar of organic tea
garden in the Taitung Branch, Tea Research and Extension Station. The experimental treatment was
including (A) net house facilities (32 mesh), (B) net house facilities (24 mesh), (C) open culture (CK).
The experimental result showed that during the low temperature period, the night temperature in the net
house facilities plot has increased, and when the relative humidity was lower, the humidification
phenomenon in the net house facilities plot was particularly obvious. The growth and quality of tea leaves
were better. The spring and winter tea season was the most obvious, and the yield was slightly increased.
It has little effect on the made tea quality. It even has the effect of increasing, and increasing the
chlorophyll content, and almost no influence for the chemical composition and mineral element contents.
Infestation of tea mosquito bug in the open culture plot was significantly higher than that in the net house
facilities plot.

Key words: Net house facilities, Growth, Yield, Quality, Chemical component

1. Former Associate Agronomist, Taitung Branch, Tea Research and Extension Station, Taitung, Taiwan
R.O.C.
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cultivation
RRAT R pastil SR i A& gL
Climatic factor Tea season  Treatment Mean Maximum Minimum Cv
ot (C) & 4z 32 20.5 24.9 16.2 9.6
Air temperature 4 H 4= 24 20.2 24.3 16.1 9.6
N 20.5 24.6 16.2 9.2
=l 4= 32 26.9 28.3 24.4 3.5
78 4= 24 26.7 28.2 24.2 3.7
N 27.2 28.9 24.6 4.1
Tk 4= 32 23.2 25.0 21.5 4.2
10 A 4= 24 23.2 24.7 21.5 4.0
[N 23.5 25.2 22.0 3.9
=8 4= 32 17.4 21.4 12.8 11.1
12 H 4= 24 17.5 21.5 13.1 10.8
LN 17.8 22.1 13.2 11.2
HENRE (%) F 4= 32 91.4 99.5 74.1 6.7
Relative humidity 4 H 4= 24 90.9 99.7 75.1 6.6
N 89.7 99.0 75.4 6.5
=l 4= 32 93.2 99.7 86.7 3.8
7 H 4= 24 92.8 99.9 84.9 4.3
N 91.4 99.7 81.8 5.5
Tk 4= 32 93.2 100 86.1 4.8
10 A 4= 24 91.8 100 83.6 6.0
[N 92.2 100 81.5 6.8
A 4= 32 94.3 100 84.3 4.5
12 H 4= 24 91.7 100 79.1 6.1
N 90.8 100 76.8 6.3
SeE (Lux*1000) & 4= 32 19.8 43.5 6.1 55.9
Light intensity 4 7 4= 24 21.1 45.6 6.5 55.2
N 25.3 54.2 7.3 56.0
=l 4= 32 26.3 53.3 4.4 60.0
5H 4= 24 27.1 56.2 5.0 61.5
YN 33.1 67.8 6.0 60.0

RO AHENRE © 2011 ~ S © 2012
Air temperature and relative humidity: 2011, Light intensity: 2012
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Table 2 Changes of net house facilities and open cultivation on the tea shoot characteristic for TTES

No. 12
FEORE R ER# TR R SRR it
Tea Leaf Shoot Plucking  Internode diameter Internode length
Year  season  Treatment number length  length — - — -
1st 2nd Ist 2nd
no. cm cm ---mm--- ---CIm---
2011 & 4= 32 4.7a 18.4ab  12.8a 1.81a 2.16a 2.20a 3.05a
Spring  4gZE 24 5.l1a 20.6a 13.2a 1.82a 2.13a 2.18a 3.53a
EN 4.4a 15.7b 10.8b 1.63b 1.93a 1.41b 2.32a
=l 44z 32 4.8a 27.4a 16.3a 2.06ab  2.34a 2.97a 4.48a
Summer #4ZE 24 5S.4a 26.7a 15.8a 2.10a 2.42a 3.18a 4.52a
[N 4.9a 22.4a 13.6b 1.89b 2.23a 2.39a 4.02a
Pk 1 44= 32 6.4a 23.3ab  10.7a 1.82a 2.06a 1.30a 2.68a
Autumn #49% 24 6.5a 24 .4a 10.7a 1.84a 2.11a 1.30a 2.67a
Ist [N 6.3a 19.9b 9.2b 1.81a 2.05a 1.15a 2.13b
k2 44= 32 5.3a 19.6a 10.7a 1.69a 1.83a 1.44a 2.24a
Autumn #ZFE 24 5.2a 19.1a 9.8ab 1.72a 1.88a 1.32a 2.20a
2nd [N 5.0a 14.8b 8.9b 1.62a 1.77a 1.12a 1.86a
2012 H& 44= 32 4.0a 11.4a 9.3a 1.56a 1.78a 1.02a 1.55a
Early 44= 24 3.8a 11.2a 8.9a 1.55a 1.80a 1.09a 1.62a
spring  F&A 3.6a 9.4a 8.0a 1.51a 1.72a 0.89a 1.25a
&H 4= 32 4.2a 14.0a 10.9a 1.77a 2.01a 1.61a 2.44a
Spring  #dZFE 24 4.la 12.3b 9.8a 1.77a 2.00a 1.48a 2.04a
N 3.9a 13.2ab 10.5a 1.70a 1.95a 1.53a 2.44a
= 44= 32 5S.4a 23.2a 12.4a 1.81a 2.10a 1.69a 347a
Summer %z 24 5.la 22.1a 12.2a 1.74a 2.04a 1.88a 3.27a
1st N 5.3a 22.3a 11.3a 1.79a 2.05a 1.48a 3.19a
52 44z 32 5.5a 23.0a 12.7a 1.92a 2.20a 2.08a 3.6la
Summer #4ZE 24 5.6a 23.5a 12.4a 1.81a 2.11a 2.05a 3.45a
2nd EWN 5.1a 20.5b 11.5a 1.91a 2.18a 1.88a 3.18a
K 44z 32 5.4a 17.2a 8.6a 1.66a 1.87a 1.15a 1.88a
Autumn #4zZE 24 5.2a 17.4a 9.5a 1.75a 1.98a 1.29a 1.97a
EN 4.9a 11.1b 7.2a 1.79a 2.00a 0.96a 1.39a
A 4= 32 4.2a 11.1a 8.1a 1.54a 1.75a 0.81b 1.45b
Winter 49z 24 4.2a 12.2a 8.9a 1.57a 1.81a 1.09a 1.82a
[N 3.9a 8.9a 7.0a 1.56a 1.70a 0.70c 1.12¢

RMETAMRETSIFHERRERRES & 8% -

Values followed by the same letters are not significant at a=0.05.
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Table 3 Changes of net house facilities and open cultivation on the leaf agronomic characteristic for TTES

No. 12
FE RFE i R TE TEHIR HEE
Tea Leaf length Leaf width Leaf area Leaf thickness
Year season Treatment — = - = - = - =
2nd 3rd 2nd 3rd 2nd 3rd 2nd 3rd
--Ccm-- --cm-- --cm?-- --mm--
2011 #F 44z 32 6.8a 8.6a 2.7a 3.4a 12.9a  20.6a 0.241a 0.278a
Spring  #g= 24 64a  86a 252  34a 11.2a  20.5a 0.226a 0.274a
DN 5.4b 6.7b 2.2b 2.8b 84b 13.3b 0.232a 0.271a
=] 4= 32 6.2a 7.1a 2.7a 3.2a 11.9a 16.1ab  0.242b 0.286a
Summer #4ZFE 24 6.2a 7.3a 2.7a 3.4a 119a 17.2a 0.248a 0.290a
AN 5.5a 6.3a 2.4b 2.9b 9.2a 12.7b 0.239b 0.284a
k1 44z 32 5.3a 6.4a 2.3a 2.9a 8.6ab 13.2a 0.250a 0.288a
Autumn #ZFE 24 54a 6.5a 2.3a 3.0a 9.0a 13.7a 0.252a 0.293a
st DN 4.6b 5.5b 2.0a 2.5b 6.4b 9.8b 0.248a 0.290a
k2 44= 32 6.2a 7.1a 2.7a 3.4a 12.0a 17.4a 0.247a 0.290a
Autumn  4FE 24 5.5a 6.6a 2.5a 3.3a 9.6a 15.2a 0.237a 0.278a
2nd PN 4.9a 5.9a 2.3a 2.9a 7.8a 11.9a 0.243a 0.286a
2012 H& 44z 32 6.0a 5.9a 2.8a 3.0a 11.8a 12.6a 0.225a 0.264a
Early 44z 24 57ab 5.7a 23ab  209a 93ab 11.8a 0.223a 0.262a
spring N 5.0b 4.8b 2.2b 2.4b 7.7b 8.0b 0.227a 0.266a
E= 44z 32 6.1a 7.4a 2.5a 3.3a 10.7a 17.0a 0.250ab 0.289a
Spring 4= 24 5.8a 6.9a 2.3a 3.0b 9.5a 14.6a 0.245b 0.285a
SN 5.7a 6.7a 2.4a 2.9b 9.8a 14.0a 0.256a 0.292a
21 4= 32 59a 7.4a 2.4a 3.2a 10.2a 16.7a 0.243a 0.284a
Summer #ZFE 24 5.9a 7.5a 2.4a 3.3a 103a 17.1a 0.231a 0.267a
Ist N 5.2b 6.3b 2.1b 2.8b 7.8b 12.5b 0.233a 0.276a
=52 4gzE 32 5.7a 7.0a 2.4a 3.2a 9.6a 15.5a 0.230a 0.277a
Summer #4ZFE 24 5.5ab 6.9a 2.3a 3.1a 8.9a 15.1a 0.230a 0.267a
2nd FEON 5.3b 6.5b 2.2a 2.8b 8.2a 13.0b 0.223a 0.268a
k 44z 32 4.5a 5.6a 2.0a 2.7a 6.4a 10.7a 0.223a 0.262a
Autumn  4FE 24 49a 6.1a 2.2a 2.8a 7.8a 12.0a 0.222a 0.268a
PN 4.1a 4.5b 1.8a 2.2b 5.3a 7.1b 0.260a 0.301a
8 44= 32 49a 4.9a 2.3a 2.7a 8.0a 9.4a 0.227b  0.260a
Winter 44z 24  5.0a 5.3a 2.4a 2.7a 8.3a 10.2a 0.234a 0.270a
AN 4.3a 4.3a 2.1a 2.4a 6.3a 7.5a 0.227b 0.267a

RPETAMRERSCFHERORERRES & B -

Values followed by the same letters are not significant at a=0.05.
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Table 4 Changes of net house facilities and open cultivation on the shoot density, 100 shoot weight and
yield for TTES No. 12

FE RE ] HHEE  HAYFHE  AYWE 2KE FEE
Tea Shoot 100 Fresh 100 Dry Water
Year season Treatment density weight weight content Yield
bud/900cm? g g % g/plant
2011 & M= 32  59.3a 139.5a 32.8a 76.5a 151.8a
Spring 49z 24  43.9b 134.5a 32.8a 75.6a 153.6a
K 55.8a 88.7b 22.3b 74.8a 118.0a
= = 32  52.9a 162.9a 34.4a 78.4a 194.9a
Summer 4= 24 50.8a 168.8a 35.4a 79.1a 155.4a
PN 39.9a 125.1b 27.6b 77.9a 161.8a
k1 49z 32 57.3a 98.2a 20.8a 78.8a 148.2a
Autumn  4gZE 24 543a 101.3a 21.9a 78.4a 141.8a
1st A 57.9a 80.3b 17.2b 78.6a 146.1a
k2 4= 32 79.8a 113.3a 28.3a 75.2a 234.3a
Autumn A4ZFE 24 794a 95.3a 22.0a 76.9a 176.1a
2nd A 84.1a 78.4a 19.3a 75.4a 216.5a
2012 BE 4= 32 69.1a 87.4a 20.5a 76.6a 79.0a
Early 4z 24  67.8a 80.3a 18.2a 77 4a 73.2a
spring A 73.0a 65.1a 15.5a 76.3a 74.1a
&5 49= 32 68.6a 105.5a 25.2a 76.1a 189.2a
Spring 447z 24  64.5a 98.8a 22.6a 77.1a 159.3a
A 66.8a 99.7a 22.2a 77.8a 159.0a
H1 44z 32  69.0a 117.7a 23.1a 80.4a 177.3a
Summer 48z 24 69.4a 113.1a 24.0a 78.7a 195.4a
Ist [N 69.4a 98.6a 19.1b 80.6a 227.2a
B2 44z 32  60.1a 120.7a 25.4a 79.0a 262.4a
Summer 49z 24 57.1a 112.2a 22.7a 79.8a 200.0a
2nd AN 58.6a 105.3a 22.4a 78.7a 261.7a
Fk 4= 32  70.0b 81.8a 19.2a 76.5ab 163.3a
Autumn  #gZE 24  77.1b 91.0a 22.9a 74.9b 182.9a
PN 96.1a 63.8b 14.1b 77.7a 156.8a
A M= 32  75.0b 65.3a 14.2a 78.3a 101.7a
Winter 4= 24 7430 73.2a 16.2a 77.8a 92.5a
N 86.0a 52.5a 11.6a 77.8a 102.0a

RPETAMRFSCFRERORERRES % #E -

Values followed by the same letters are not significant at a=0.05.
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Table 5 Changes of net house facilities and open cultivation on the diseases and pests for TTES No. 12

71

FE XFE EH

INERIE

&5

Ve iEik

TR

L) 0 &3

Tea Jacobiasca Helopeltis  Homona Oligonychus Scitothrips
Year season Treatment formosana fasciaticollis magnanima coffeae dorsalis Aphid
2011 &/ 4= 32 ++ +++ + + 4+
Spring  49=E 24 +++ ++++ ++ ++++
BX +++ +++++ + 4
= M= 32 ++ + ++
Summer {4FE 24 + + + +
BX + ++++
k1 4= 32 + + +
Autumn 4= 24 + + +
Ist A + + + ++
k2 M= 32 + T+
Autumn 4= 24 + 4+
2nd [N + +
2012 B&F =32 + +
Early 4= 24 + + +
spring  FEK + + +
&5 4= 32 + +
Spring 447 24 + +
B + ++ +
B 4= 32 + + + +
Summer 4= 24 + + +
Ist [ZN + + + +
H?2 42 32 + +
Summer {4FE 24 + + + +
2nd Bx + ++ + +
K 4= 32 ++ +
Autumn 4E=FE 24 ++ +
B +++ ++
&S 4= 32 ++
Winter 44z 24 ++
TN + + +

+ IEEE B R b+ R A+ IEERE
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Table 6 Changes of net house facilities and open cultivation on the green tea quality for TTES No. 12

FEOEF [ HH I wE Kea R VAU =1
Liquor
Year Tea season Treatment Shape Color color Aroma Taste Total
---%--- score
2011 E=S 4= 32 6.4a 6.4a 13.9a 20.0a 20.8a 67.4a
Spring 4= 24 6.4a 7.0a 14.4a 21.3a 20.5a 69.5a
N 6.6a 6.8a 14.0a 19.5a 20.3a 67.1a
g 4= 32 7.0a 6.8a 13.5a 19.9b 20.1a 67.3a
Summer 4= 24 6.8a 7.0a 14.2a 20.5a 20.4a 68.8a
TR 6.6a 6.4a 13.4a 19.4c 19.6a 65.4a
k1 4= 32 6.7a 6.5a 14.1a 20.3ab 20.5ab 68.0ab
Autumn 4= 24 6.5a 6.8a 14.3a 20.9a 21.1a 69.6a
st PN 6.5a 6.5a 13.9a 19.3b 20.1b 66.3b
k2 4= 32 6.4a 6.6a 13.9a 19.8a 21.0a 67.6a
Autumn 4= 24 6.8a 6.8a 13.4a 20.5a 21.3a 68.6a
2nd PN 7.0a 6.7a 13.7a 19.8a 20.3a 67.4a
2012 B 4= 32 6.4a 6.4a 14.5a 20.8a 20.8a 68.8a
Early 4e= 24 6.3a 6.2a 14.7a 21.0a 21.5a 69.6a
spring PN 6.6a 6.4a 14.2a 21.0a 21.3a 69.4a
& 4= 32 6.5a 6.5a 13.3a 19.9a 20.5a 66.7a
Spring 4= 24 6.8a 6.3a 13.8a 21.0a 20.8a 68.6a
N 6.9a 6.7a 13.5a 20.3a 20.9a 68.2a
21 4= 32 6.6a 6.9a 13.7ab 20.8a 20.9a 68.7a
Summer 4= 24 6.9a 7.0a 13.8a 20.5a 21.3a 69.4a
Ist N 7.0a 6.9a 12.7b 20.1a 20.3a 67.0a
B2 4= 32 6.7a 6.8a 13.5a 21.1a 20.5a 68.6a
Summer 4= 24 6.6a 7.0a 13.8a 21.0a 20.4a 68.7a
2nd TR 6.7a 6.9a 13.4a 20.8a 19.6a 67.4a
K 447532 6.5a 6.3b 13.7a 20.6b 203ab  67.4b
Autumn 4= 24 6.6a 6.4ab 13.9a 21.1a 20.9a 68.9a
N 6.6a 6.5a 13.4a 19.9¢ 19.6b 66.0c
£ 4= 32 6.9a 6.6a 14.0ab 20.9a 20.5a 68.9ab
Winter 4= 24 7.1a 6.8a 14.3a 21.1a 21.0a 70.3a
N 6.9a 6.6a 13.9b 20.5b 20.3a 68.1b

RMETAMRETSIFHERRERRES & B -

Values followed by the same letters are not significant at 0=0.05.
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Table 7 Changes of net house facilities and open cultivation on the SPAD and liquor color for TTES

No. 12
R ORE S EH LRt FEKE
Tea SPAD Liquor color
Year season Treatment - = HE =2 AL4RE HEE(E =g
2nd 3rd L a b AE
2011 &/ 9= 32 49.2a 55.0a 92.7a -1.43a 9.13a 8.24a
Spring 4= 24 52.1a 57.9a 90.3a -1.09a 9.12a 9.28a
PN 44 5a 52.5a 92.0a -1.32a 8.89a 8.23a
g 4= 32 62.3a 63.2a 91.0a -1.26a 8.63a 8.39a
Summer 4= 24 61.9a 63.8a 91.5a -1.32a 8.85a 8.45a
PN 54.7a 58.4b 91.2a -1.34a 8.75a 8.48a
k1 4= 32 54.0a 56.9a 88.4a -0.83a 9.86b 7.69b
Autumn 44zFE 24 52.5a 55.2a 87.8a -0.58a 9.14b 7.25b
Ist AN 48.9a 50.9a 87.8a -0.80a 11.56a 9.47a
k2 4= 32 46.1a 51.7ab 87.8a -0.79a 11.82a 9.18a
Autumn 4E=E 24 50.7a 55.5a 86.6a -0.77a 11.64a 9.65a
2nd AN 43.9a 50.4b 87.3a -1.09b 12.02a 9.56a
2012 H&H gz 32 453a 47 2a 91.6a -1.23a 7.69a 7.32a
Early 9= 24 41.9a 47.1a 92.7a -1.20a 6.94a 6.32a
spring  §EK 43.5a 46.2a 92.4a -1.58a 8.89a 8.29a
P23 4z 32 42 .6a 47.0a 91.0a -1.02a 8.50a 8.41a
Spring  4d'=E 24 41.9a 41.9a 90.7a -1.01a 8.94a 8.82a
FEDN 40.3a 40.3a 90.3a -1.31a 9.48a 9.77a
21 4= 32 46.5ab 50.2b 89.6a -1.12a 9.94b 9.74b
Summer 4= 24 53.9a 57.5a 91.1a -1.39a 9.75b 9.75b
st PN 43.3b 49.3b 88.3a -1.41a 11.7a 11.54a
=) 4= 32 55.6a 57.9a 90.5b -2.11b 11.5a 11.5a
Summer #g= 24 52.5a 56.9a 92.7a -2.13b 9.9b 9.6b
2nd AN 49.1a 53.2b 87.5¢ -1.69a 10.5b 11.7a
k 4= 32 42.9a 48.5a 92.0a -1.69a 10.1b 9.7b
Autumn 44=E 24 46.2a 51.5a 89.0b -1.62a 10.9ab 11.5a
N 36.3b 44 .3a 90.5ab -2.01a 11.8a 11.8a
S 4= 32 39.8a 42 .9a 92.1a -1.16a 7.86a 7.56a
Winter = 24 40.1a 43.5a 90.8a -1.00a 8.09a 8.31a
SN 36.7a 42.5a 90.0a -1.25a 8.89a 9.61a

RPETAMERSCFHERORERRES & #E -

Values followed by the same letters are not significant at a=0.05.
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Table 8 Changes of net house facilities and open cultivation on the chlorophyll and carotenoid content of
fresh leaves for TTES No. 12

S S BGZEbL  BUE BT
Year Tea season Treatment Chlorophylla  Chlorophyll b Chlorophyll Carotenoid
---mg/g---
2011 &5 4= 32 14.5a 5.6a 20.1a 47.4a
Spring A= 24 14.9a 5.4a 20.3a 42.6a
FaA 10.3b 3.9b 14.2b 33.0a
=l a4z 32 21.9a 11.2a 33.1a 59.5a
Summer 4FE 24 22.0a 8.5a 30.5a 52.4ab
FEA 13.9b 6.1a 20.0b 41.7b
k1 4= 32 14.5ab 6.2a 20.7ab 41.5b
Autumn = 24 18.9a 8.2a 27.1a 58.2a
Ist FaA 13.1b 6.2a 19.3b 40.4b
tk2 4= 32 19.5a 9.8a 29.3a 58.0a
Autumn  4IFE 24 16.4a 6.4b 22.8a 47.4a
2nd FaA 16.2a 6.9b 23.1a 43.0a
2012 B& 4= 32 24.4a 10.0a 34.4a 66.8a
Early 4= 24 18.9a 7.8a 26.7a 60.2a
spring BX 19.1a 7.0a 26.1a 62.7a
1 4= 32 20.4b 9.3b 29.7b 45.9a
Summer  4gE 24 23.9a 11.0a 34.8a 52.7a
Ist Fa A 19.4b 8.7b 28.1b 49.3a
B2 4= 32 19.9a 9.1a 29.0a 52.2a
Summer 4= 24 25.9a 11.8a 37.7a 66.1a
2nd SN 18.5a 8.5a 27.0a 47.9a
k 4= 32 10.5a 5.1a 15.6a 28.5a
Autumn 4= 24 10.1a 5.1a 15.1a 28.4a
FaA 11.7a 5.4a 17.1a 31.2a
8 4= 32 12.0a 4.9a 16.9a 30.3a
Winter 4= 24 12.4a 4.8a 17.2a 35.1a
SN 13.8a 5.4a 19.2a 33.7a

RPTETAMHRSSIFRIERTERRES b BE -

Values followed by the same letters are not significant at 0=0.05.
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Table 9 Changes of net house facilities and open cultivation on the chlorophyll and carotenoid content of
green tea for TTES No. 12

R ORE FREH HiEE a HLEZE b AR HEHZEE R
Year Tea season Treatment Chlorophylla  Chlorophyll b Chlorophyll Carotenoid
—--mg/g----
2011 H 4= 32 17.1a 7.6a 24.8a 43.2a
Spring 4= 24 13.6a 6.3a 19.9b 32.4b
FEN 11.6b 4.6b 16.2b 29.8b
=) 4= 32 18.3a 8.2a 26.5a 45.5a
Summer 44%=E 24 17.9a 8.1a 26.0a 46.0a
FEDN 14.4b 6.2b 20.6b 37.2a
k1 4= 32 16.5a 8.2a 24.7a 45.9a
Autumn  44=E 24 17.6a 8.3a 25.8a 43.6a
1st SN 16.0a 8.0a 24.0a 45.4a
k2 4= 32 23.0a 10.0a 33.0a 44.5a
Autumn = 24 18.0a 7.9a 25.9a 41.9b
2nd FEN 17.3a 7.5a 24.8a 41.1b
2012 B 4= 32 16.7a 7.1a 23.8a 36.0a
Early 4e4zE 24 21.1a 8.9a 30.0a 51.4a
spring [N 17.2a 7.1a 24.3a 39.0a
&5 4= 32 16.9a 7.0a 23.9a 38.7a
Spring 4= 24 14.3a 6.3a 20.6a 34.3a
FEyN 16.9a 7.1a 24.0a 45.9a
1 4= 32 17.2a 8.5a 25.7a 38.8b
Summer 44z 24 15.6a 8.8a 24.4a 39.3b
Ist PN 19.8a 9.2a 29.0a 46.2a
B2 4= 32 18.4a 8.8a 27.3a 45.0a
Summer 4= 24 24.4a 11.0a 35.4a 53.0a
2nd SN 19.0a 8.5a 27.5a 41.1a
k 4= 32 14.5a 6.9a 21.4a 32.1a
Autumn  44FE 24 10.7a 5.3a 16.0a 27.1a
oSN 13.7a 6.1a 19.7a 32.6a
£ 4= 32 13.1a 5.3a 18.4a 27.2a
Winter 4= 24 12.2a 5.2a 17.5a 24.8a
AN 15.5a 6.1a 21.6a 31.4a

RPETAMRRSCFRHBEFRORERRES & 3 -

Values followed by the same letters are not significant at a=0.05.
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Table 10 Changes of net house facilities and open cultivation on the chemical component of fresh leaves
for TTES No. 12

FE KF FatL wEy Zoely SRR MIER AUERE Ak

Tea Soluble  Poly- Soluble  Amino
Year season Treatment solid phenol Catechin  Caffeine  sugar acid
—-mg/g---
2011 & 44z 32 305.4a 102.1b 73.8a 38.9a 45.7a 16.5a
Spring 4= 24 304.1a 97.8b 72.4a 39.5a 40.9a 18.9a
[N 319.8a 109.8a 80.7a 39.8a 45.1a 21.7a
=l 44z 32 324.1a 104.6a 88.4a 37.9a 39.4a 20.6a
Summer 4=E 24 321.3a 99.1a 85.0a 38.2a 38.7a 23.4a
N 322.7a 99.1a 81.7a 36.5a 44.0a 23.5a
k1 4= 32 318.2a 106.0a 93.4a 32.8a 57.6a 10.3a
Autumn 4= 24 291.5a 89.2b 72.9a 31.9a 58.2a 11.4a
Ist N 321.9a 107.1a 93.4a 35.8a 55.9a 11.6a
k2 49z 32 288.4b 90.4c 65.0c 30.7b 46.1a 14.2b
Autumn 4= 24 318.7a 118.8a 90.1a 34.9a 38.6b I1.1¢c
2nd [N 324.9a 102.9b 79.6b 30.4b 52.5a 14.7a

2012 HE 4= 32 249.6a 81.4a 47.1a 30.8a 39.4a 14.0a
Early de= 24 251.0a 84.6a 47.8a 30.0a 36.4a 13.2b

spring  FER 256.8a  88.3a 48.7a 34.9a 34.4a 14.5a
1 4gzE 32 303.5a 105.1a 100.3a 35.3a 34.3a 13.7b
Summer 4g=F 24 292.7a 90.6a 84.4b 35.1a 40.7a 19.1a
st PN 303.5a 97 .4a 90.3ab 36.5a 32.4a 18.8a
22 4= 32 296.6a 89.9a 82.3a 32.8a 37.8a 17.9ab
Summer 4G 24 285.8b 87.0a 75.3a 34.4a 34.5ab 17.5b
2nd [N 303.1a 96.6a 87.3a 36.3a 32.8b 20.0a
Pk 4= 32 330.2b 133.8a 129.2a 36.4ab 34.2b 9.2a
Autumn  {=FE 24 331.6b 119.1a 118.5b 34.4b 47 4a 12.6a
[N 337.3a 134.7a 122.0ab 39.9a 37.1b 11.5a
A 4= 32 303.3a 106.7a 84.8a 32.1a 47.1b 14.1a
Winter 4= 24 298.7a 102.9a 82.8a 31.7a 52.3a 13.1ab
N 297.9a 120.9a 100.1a 34.4a 42.3c 11.6b

RPTETAMHRSSIFRERTERRES b BE -

Values followed by the same letters are not significant at 0=0.05.
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Table 11 Changes of net house facilities and open cultivation on the chemical component of green tea for

TTES No. 12
FEORE FREH A %l RRE S YRR AUAHE R
Tea Soluble  Poly- Soluble  Amino
Year season Treatment solid phenol Catechin  Caffeine  sugar acid
---mg/g---
2011 &H 4= 32 339.7a 123.9a 111.5a 35.3a 51.0a 15.3a
Spring 4= 24 329.2a 120.1a 113.1a 37.4a 44.2a 18.5a
[N 348.0a 128.9a 111.3a 38.7a 43.4a 19.8a
=] 4= 32 332.9a 107.8a 102.4a 34.7a 41.7a 20.9a
Summer 4= 24 335.2a 109.5a 102.6a 36.0a 40.6a 22.1a
oSN 340.5a 113.2a 107.5a 33.7a 45.5a 23.7a
k1 4=z 32 332.1b 122.5a 125.3a 30.5a 57.2a 9.6a
Autumn  4FE 24 322.9¢ 124 .4a 123.1a 32.4a 62.1a 10.6a
Ist N 343.4a 123.3a 119.1a 34.0a 56.3a 11.1a
k2 4= 32 310.6b 113.1a 90.4a 30.0a 53.3a 12.6a
Autumn 4= 24 315.7ab  119.8a 93.5a 31.0a 45.9a 10.9b
2nd N 339.1a 120.8a 98.6a 30.6a 51.4a 13.4a

2012 BE 4= 32 311.0a 127.9a 112.8a 28.8b 37.1a 10.8a
Early 4= 24 303.5a 132.5a 113.1a 30.2ab 32.5b 9.5a

spring N 317.2a 134.2a 113.7a 32.7a 35.3ab 11.2a
E= 4= 32 324.0a 130.8a 128.0a 33.3a 36.5a 9.5b
Spring 48224  3294a  134.1a 12222  34.2a 33.6a 9.6b
FEN 341.4a 132.6a 122.3a 37.3a 36.3a 13.4a
1 4gz 32 324.7a 123.2a 121.0a 35.1a 35.3a 13.5¢
Summer 4= 24 324.4a 117.2ab 114.9a 36.3a 33.8a 16.5b
Ist AN 304.0a 104.6b 103.2a 37.1a 29.4a 19.2a
B2 4= 32 318.0a 112.0a 109.2a 32.3a 34.7a 15.1b
Summer 44=E 24 296.8a 102.2a 106.4a 30.4a 29.0b 16.2ab
2nd FESN 314.3a 105.7a 111.9a 32.8a 32.9a 18.9a
Tk 4= 32 332.9a 138.0a 134.9a 35.0a 29.9b 9.2a
Autumn  #4=E 24 350.0a 133.6a 136.5a 35.6a 45.6a 12.0a
DN 347.1a 140.5a 139.1a 37.0a 35.4b 11.0a
8 4= 32 315.9b 122.6b 116.4b 31.7a 46.5a 11.9a
Winter 4= 24 329.3a 127.6b 120.1b 30.7a 52.8a 10.6ab
SN 336.9a 141.7a 130.6a 33.3a 40.9a 9.4b

RMETAMRETSIFHBERRERRES % B -

Values followed by the same letters are not significant at 0=0.05.
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T WEERHEHBE AR ER T R EOTR S EEL
Table 12 Changes of net house facilities and open cultivation on the major mineral element of fresh leaves
for TTES No. 12

G353 FZE i A gk il 5 22
Year Tea season Treatment N P K Ca Mg
---mg/g---
2011 & 44z 32 45.1a 2.0a 24.7a 4.0a 2.8a
Spring 4= 24 40.8b 2.0a 24.1a 3.9a 2.5a
AN 44.9a 2.1a 25.5a 4.1a 2.7a
=] 4gzE 32 46.1a 2.2a 27.2a 3.2a 2.3a
Summer 4= 24 46.8a 1.9a 22.4b 3.6a 2.6a
N 42.8a 2.0a 25.8ab 3.3a 2.2a
k1 4d=E 32 34.6a 1.3a 22.5a 3.9a 3.1a
Autumn 4e=E 24 36.3a 1.4a 21.1a 3.2a 2.3a
1st N 37.9a 1.3a 22.0a 3.9a 2.9a
k2 4ezE 32 38.5a 1.6a 22.7a 4.4a 3.1a
Autumn 4= 24 38.8a 1.5a 24.9a 4.2a 34a
2nd N 36.9a 1.4a 23.5a 4.6a 3.3a
2012 HE 4gzE 32 41.0a 3.3a 19.4a 3.7a 1.8a
Early 4= 24 41.6a 3.5a 19.5a 3.6a 1.7a
spring N 41.2a 3.6a 19.9a 3.6a 1.7a
&H 4dzE 32 35.9b 24a 19.6a 4.5a 2.2a
Spring 4= 24 36.8b 2.5a 19.0a 4.4a 2.2a
N 39.7a 2.4a 19.5a 4.1a 2.3a
21 4= 32 41.7b 3.2a 20.9a 3.2a 1.6a
Summer 4e=E 24 44.9ab 3.4a 20.8a 3.1a 1.7a
1st N 45.5a 3.1a 21.0a 2.7a 1.5a
B2 = 32 41.5¢ 3.1a 21.5a 3.4a 1.8a
Summer 4= 24 45.1a 3.0a 20.6b 3.5a 1.7a
2nd N 43.8b 2.5a 21.4a 3.4a 1.8a
K 4= 32 35.3a 2.1a 19.7a 3.9a 1.9a
Autumn ag== 24 33.5a 2.0a 20.4a 3.6a 1.8a
N 38.2a 2.1a 21.1a 3.7a 1.8a
£ 4dzE 32 36.6a 2.3a 17.4a 3.7a 2.3a
Winter 4= 24 37.1a 2.6a 19.4a 4.5a 2.5a
N 37.5a 2.6a 18.5a 3.8a 2.4a

RPETAMEFSCFRHBEFRORERRES & B -

Values followed by the same letters are not significant at a=0.05.
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Table 13 Changes of net house facilities and open cultivation on the micro mineral element of fresh leaves

for TTES No. 12

79

G153 = FREH o5 $ift el 2
Year Tea season Treatment Fe Mn Cu Zn
---mg/kg---

2011 &H 4= 32 58.22a 286.50a 15.07b 29.57b

Spring 4= 24 56.92a 393.69a 15.53ab 29.75b

N 55.18a 383.44a 16.93a 34.43a

=) 4=z 32 53.95a 332.63a 15.16a 33.82a

Summer 4eE 24 60.47a 321.95a 16.16a 35.40a

AN 51.61a 329.50a 15.44a 33.65a

k1 4= 32 46.49a 328.85a 13.76a 31.83a

Autumn 4= 24 47.57a 307.22a 13.51a 28.23a

Ist N 42.92a 315.86a 15.29a 32.70a

k2 4= 32 76.29a 386.20a 14.41b 26.32b

Autumn 4= 24 85.50a 411.35a 17.15a 30.04a

2nd N 70.85a 381.51a 14.63b 25.05¢

2012 BE 4= 32 80.76a 309.70a 12.77a 24.44a

Early 4 24 85.56a 325.56a 11.84a 24.00a

spring K 80.55a 341.07a 12.78a 26.73a

&H 4= 32 120.6a 421.6a 12.78a 25.53a

Spring 4= 24 154.3a 389.6ab 13.14a 25.03a

AN 106.1a 327.4b 16.95a 24.17a

B 4= 32 91.54a 284.48b 11.27b 25.42a

Summer 4eE 24 65.2b 323.79a 10.62b 23.68a

Ist N 64.02b 253.86¢ 13.04a 26.48a

22 4=z 32 74.43b 355.16a 12.00b 24.51b

Summer 4= 24 106.01a 360.86a 13.66a 28.49a

2nd AN 71.54b 311.07a 12.06b 25.47b

Pk 4= 32 95.19a 390.61a 11.98a 22.61b

Autumn 4= 24 61.51a 482.32a 13.76a 21.20c

TR 76.69a 383.13a 12.07a 26.87a

=8 4= 32 54.77a 354.33a 14.29a 25.35a

Winter 4= 24 69.12a 427.94a 14.45a 25.96a

N 52.83a 348.40a 13.05a 25.38a

RPETAMEFSCFHBERORERRES & B -

Values followed by the same letters are not significant at a=0.05.
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Fig. 1. Daily changes of air temperature and relative humidity in net house facilities and open cultivation
FOB - FHEDEE (F.EFET) 1 2012/3/15 ~ 2011/7/27 ~ 2012/4/13 (BEE) ~ 2012/4/25 (BE )

M= 32 HH ¢ O~ YEEEN 24 HH ¢ ---0--- ~ BERRESY | -A--

Net house facilities (32 mesh): ---{>---, Net house facilities (24 mesh): ---0---, Open culture (CK): ---A---
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Fig. 2. Daily changes of air temperature and relative humidity in net house facilities and open cultivation

in different tea season

SEol ~ MEPRE (B LFET) £ 2011/3/26 ~ 2011//8/17 ~ 2011/10/23 ~ 2011/12/25 ~ 2012/1/27

sl 32 HgH * ---O--- ~ YR 24 HH ¢ -0~ BRI ¢ A

Net house facilities (32 mesh): ---{>---, Net house facilities (24 mesh): ---0---, Open culture (CK): ---A---
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Fig. 3. Daily changes of light intensity in net house facilities and open cultivation

_F 1 2012/2/3 ~ 2012/4/1 ~ |t 2012/4/14 ~ 2012/5/25

=g 32 M H ¢ ---O--- ~ Y8 24 HH ¢ ---0--- ~ BERRES | A

Net house facilities (32 mesh): ---{>---, Net house facilities (24 mesh): ---o---, Open culture (CK): ---A---
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X QuEChERS %#-Ek48 & £A48R8 #7
B ERETI XA IEFER S ERY
DI &

e MEE? MEER

W =

AWFEIETL 2 IR R EE L R 4T 0% - DL QuEChERS EFTHIEEEE - B &Rt @i 25
HFEEE (LC/MS/MS) K RAHEHT R E R (GC/MS/MS)  HEITHRIR AT © AR J77AT] o3 -3
311 JAREERRS > DURAR AT R B E RS i 195 TH (9 RHEE f 32.41-136.10% » HHEME
BRI INA 20%) ~ DUEAE BT R E R T 116 ITH (SR HEIE Ry 52.52-106.64% > fH
EHEE R A = e 22.88%) > Hirp 308 THE SR A2 0.02ug/mL > HER 3 TEH S 0.05ug/mL -
S3Hr 36 (EZSE TR - MBRE 46 TEELE DI TI AR EERES (30.56%)

BRET ¢ I - BEEREY - RMHIET R BNE R - RAEENT R E R

i

Al

F R EEORMEEZAEY) - RIB&ET > 2016 FFEEFREEMEL 76 (BT > HEEMEE
B 147% ((TBIREREZES » 2017) - BERRENSE RESE © BREEHE E 2L pE2EE
FlETReEENDE - BN EEHRLE » R T IENCREEMEEE ME - TR g SR E e
SETSR ~ T5EH K B ERE M AR TT (Gevao et al.,2003) « ZREE FAVEERIERY  BR T AKE #E
TR EP e B RS b - ] REsk B i i 18 fe 22 | P HYEEE (Paterson et al,
1994) o i Er &S AR BRI UL B FR AV LEEYE o FE HH S AH 8% B 7R B E A A BN T T - Al
AWFEIEH  fEIMEE 2 54y L - g 5 bR EE S A EYIREA (Yi et al,
2013; Juraske et al., 2009) o {RIEAE b FEAF AL BE R GRS A R MAE IR - TR 3R B ZE/] (035
) R EMC S EARE - EHAEE R E LNER M E R EERY -

A IR EE R R AR T T A SR E ZEHL (liquid-solid extraction, LSE) ~ 8 & R /ATIA<HY
(ultrasonic solvent extraction, USE) ~ JIEE/AEIZEEL (pressurised liquid extraction, PLE) + QUEChERS
(quick, easy, cheap, effective, rugged and safe) ~ {7 EHENZZEL (microwave assisted extraction, MAE)
“ (Durovic et al., 2012; Lesueur et al., 2008; Miyawaki et al., 2018 ) - QuEChERS & F.H

1. TEbE R B G RN BIGARIA LIFL BEIST A - BINE BhR - 208 Bt -
2. TTHEEEZ B EISEN BRI T YR AS - 28 B -

* EENES
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Anastassiades % AJ/® European Pesticide Residue Workshop €& Frig HAVEIR T » TR
=R BEE - FEELFE o P LT S BB HS H 52 R O 2 B E|
ERHE AR - RN EIfHZEE DA (dispersive solid-phase extraction, dispersive-SPE)(& °
2013 ; Anastassiades et al., 2003) - QUEChERS J5/2E A ~ i ~ HE ~ A ~ M RZEEE
BE o R DB R A AT E TR R o A B IR SR o BT HE T ROR D HER R A
HYEST « ARBHZEE DY 2013 FfEA QuEChERS  FIRERERAMT A EE 2 B RS2 TR BY 7 T
(5% > 2014) > 5 T H A E LR BRI SO D A RISEIER - AT —4
FIF QuEChERS Fij i B % 7 » BL &Rt R EEE (LC/MS/MS) KAMEN
R I FE R (GC/MS/MS) » Jd T T R BE S B TR R 3 AT 7 0%

PRI JT A

- R

VKT ~ BRI R B Ia s s PR SRR 4l PR B IE CUbe s PR R B 4R 2% B s ER AR 4K
fE/KEERE 8N ~ #E/KEREESE ~ primary secondary amine (PSA) - octadecysilane, end-capped (C18 EC) K%
graphitized carbon black (GCB) MR trak » Bk T/K (EEEFHRY 25C#EE 18 MQ - cm PAF) S
R IE AE S 3-FREINRIEE 311 THESE GERER—RFED)  BilE =7 5 (triphenyl
phosphate, TPP) Jy N EIEAE M o

=~ orATriREs B R
(—) AEENT R ERE#E (LC/MS/MS)

HERMEENTE (Agilent 1260 Infinity LC) K FRIF=UEEE (Agilent 6460C Triple Quadrupole
LC/MS) - f@irE1F{EH Poroshell 120 EC-C18 » ¥ 2.7 um » N{& 3.0 mm > fF& 150 mm - B+
TR Ry BB BT (electrospray ionization, ESI) » JEMHEIRE S0C @ HFLRAHER » FILRAEET
Fy 40 psi e BEIHIAER A FBEMir7KE SmM EEfgs:  BEIMHAK B AHFEES S mM [Eigss
BEEEEE IR R = - SR EIRE S E K EEHIFE= (dynamic multiple reaction monitoring, dynamic
MRM) E{TIFHEEMN] - Bem BN &Ry Sl -

() RAMEENTREEREE (GC/MS/MS)

HERMENTE (Agilent Technologies 7890A GC) K eRHf\E ik (Agilent 7000B Triple
Quadrupole GC/MS) - @ EFEE I DB-5MS Ul (Agilent) FE40ERE » NEERE 0.25 um JE 0.25
mm > fE& 30 m o @ITEARIET AUDE 60°C » 4ERF 1 7088 JRE EAE#SER 40C/78 % 170
C o JRE EFERER 10°C/osEE 310°C » 45 1.75 708 - BB THE%IFHE (electron impact
ionization, EI) - J¥ AZDRE 280°C - #F AR A AR M= RAg BER - BETLERESE 70eV >
PELURE 280°C » VUfADRE 150°C » B T-JE0RE 300°C < SRA 2 E R FE(DANEZC (multiple reaction
monitoring, MRM) #E{THEHE{EN] - BT S &F 1 ul -

=~ TEBERSAIREE A

£:°% Fernandes & Bruzzoniti % A (Fernandes et al., 2013; Bruzzoniti et al., 2014) &3> J5
% BB 22 TIERERE S 5.00 g0 JIAEBET/K 10 mL » 5FE 20 7388 IIA S 1%0GEE 2
ZREE 10 mL K 7.5 pg/ml NEEAE 7R 100 uL » BRI ARG 298 A LR (&



B QUEChERS FEFSHECTAE K AAHIEB T SR e st iy 2 IR R S L SR i 70 85

Kbt 4 g RADKEENESN 1 ) Dls AT Bz 9 B 1,000 rpm #R3% 1 738 FHNE
B GEN S riEtg e DO 157 3000 < g BELy 5 - B EJER 6 mL- B & PSA 300
mg~C18 EC 300 mg Jzfi/Kifilik#E 900 mg ZHE (VB T Dls ZRAH ST BRI E % 1,000 rpm ik
% 1 oysE > WREEOHE 15C > BL3,000 x g B0y 2 708 - FUEJSR 1 mL > DIEURIREREZ > 58
BYILL 1 mL & 0.05%H % 2 FHEARARE » €8 0.22 um PTFE JERSETE - DURAHENT SR E 5
(LC/MS/MS) F3#fr » SHEL /AR 1 mL > DLEGARWCEMIEZ - FEEEYILL 1 mL & 0.05% 2 PP -
ECkE (1:1, v/v) B0 €€ 0.22 um PTFE JEREAEIE > DURIHET SR E L (GC/MS/MS) 71
Uil

Y ~ BREE[ER K U7 AT BRI

DR S e AR e 722 1 TR VBRI - ININEERI L& 103 e Er A S ' M
TSR R AR ER T A — S EBRE T TE (U EMASIET) 2 310 TEEEH] (EEF]
H1-2014) K FfEErS (rotenone)~ AR, (flubendiamide) ~ JKHi & (dithiopyr) ~ BEFEZE (uniconazole) ~
{835 (tridemorph) « SEHLHR (propazine) - £ 317 JEEER] (AR ARSI 2 ) - R
DR G AT R 28 O TR (AR P RS R AR E Ry 0.02 Kz 0.05 pg/mL » 1T
S CLEUCRR R BRI 0.0025-0.25 pg/ml o SEGEL © KR 09801) - BARIATREN
&5 Al LURAR AT SRR S 5 4 S SRR B AT SRR E s 1T 0 i S TR [RS8 & R AT a U e
FHEMEAE R (relative standard deviation, RSD)- il DA =B mafligth (S/N) B KA HfEr 10
HRE Ry BE R 2 JT A E MR -

SERHEE

— ~ BV T IBEEERE R T A

BB Z TIERATA K TR ERZE AT R Sl T = N RIS Y - HH TR
B rh S TR R S 2 IR AR A/ N R > RIE > SBRL 50 H (FLIE 0.297 mm) ERggEET1% T
TTREEEHUER - ZEHUEIE T » Kol ) T IRAERERTR2 2L - TERfe Comi SR AR SR A T3 7y B DL B8
PV RS, (Fernandes et al., 2013) - S IHEER] 2 % R fEUHIBE 2 S H fHEEAE A S A
TUETTEEIE (BAEFIED » 2014) » GENER— KR - AWFEEILZ J77ALURAH EiT Sl E L 58
(LC/MS/MS) mIopAfr LA 227 THEER] » DURAENT R EFEE (GC/MS/MS) w3 174 5 ([E
— K E ) A 90 THEER B iE RS B mIinkR ot 2 THE o R DURHE AT SR E s A T
195 IEEE (CEYEUCEREEE 32.41-136.10% » {E25/G15 (fenbutatin-oxide) Kz % i 52
(propamocarb) “FEF[ESERAKTY 50% » 535y 32.41% k% 47.76% ; AHEHERERZS/ N 20%) ~ BL
RAHEMT R ERHE T T 116 THEEE (CEHnCREIERy 52.52-106.64% » MHEFEAERE i
=B 22.88% &) 0 HLEFE AT L 311 IEEREERRY - HigEH 4 JHEZE P-T ANt
(trans-chlordane) ~ #4582 (dieldrin) ~ £5:5¢Fl] (tebuconazole) Kz — &, (dichlorvos) FHEMEAE(GZEA
1 20% » BURATTARA RIFEMERBIETE (B=) - AJ7ERME 13 311 THEREER R E 8k
(R ErahZiss (bifenox) ~ KT (dicloran) FEEHLEE (cyfluthrin) £ 0.05 pg/mL 4p » Eax 308 1§
Bl 0.02 pg/mL - RGBT EER AR s A N INE AR A S AT Z 28 IH (f#
AEXEFIES - 2014) » {HER SRR AR - BURA#E G AR A T A EET
(chinomethionat) ~ T ZJIfEFk (carbosulfan) ~ K72l (dicofol) ~ Gk T (benfuracarb) ~ ZE & &%
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(metaflumizone) 4wl (bifenazate) 25 6 IJHZER o

T RETIEREREE

BT E HEERRAERR B - DERERERESEEIER TR L (R T 0-15 cm) » A=
NHEAERZ (TEFEREIRES » 2015) « ARHZEHLERE 36 (R TiERm - FaREamk
REAATEIAD ~ Prilish ~ RESAD ~ A0 GRI%) - MRS () ~ HLAT (Riehs] - fmE) ~ Bk
E it ~ Hrb i E - SRR AR E AR AR 2 DA T 1
SRR EERR T - 36 (R HiEEE Y 0 A 21 fRmIBESEY (KA 3 HREAERIHEE
o) > TEREEREYA IR 41.67% - LigkRT] 46 HELE - & I 2 AT = A8 B F]
(difenoconazole) (B2 5 30.56% » B {E G S 21.86-2339.51 ng/mL) ~ 25328 (imidacloprid)
(R 27.78% @ i B{EHIE & 26.47-196.35 ng/mL) ~ 5C FLJK (chlorfenapyr)(f t % K
22.22% » ki EEEE A 29.72-5841.39 ng/mL) ~ fFZ5F (buprofezin)(f iR By 22.22% - faH#g
{E#E[E /&y 26.39-260.63 ng/mL) ~ ifEHL (azoxystrobin)(fg Ry 22.22% - f i B E & & &
23.17-463.63 ng/mL) > §& RyZShat AZ SR SERIfEE (FRIY) - AWFE o 36 (F2RE 1%
B HiRERE| 46 MEGERY - F 7 EAXRE ERZAESIENZER - B&5 M5
(fenbutatin-oxide) ~ #&J# & (oxadiazon) - I 52 Fl] (propiconazole) ~ E£TEHI (prochloraz) - & 4&
(thiabendazole) ~ ¥#%lm (bromopropylate) K LL#EEEE (butralin) » DU H R R (11.11%) » H
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R=  IRAHENT SR E R R B R R R
Table 3 Solvent gradient program used for elution during LC/MS/MS analysis

k¢t (min) it (uL/min) BEHER A (%) BEIHER B (%)
Time Flow rate Mobile phase A Mobile phase B

0 400 95 5

1 400 95 5

4 400 40 60

14 400 0 100

18 400 0 100

R ~ 36 (R IR AR ha B4R -4 2 487
Table 4 Top ten detected pesticides in 36 soil samples

s S3Hr%) Analyte Wit (%) Tﬁﬁ.ﬁ%jﬁfﬁ (ng/mL) Tﬁ.ﬂj.ﬁ%‘d\{ﬁ (ng/mL)

Ranking 4 P Detection rate Maximum detected Minimum detected
Chinese English value value

1 £$5¢F]  Difenoconazole 30.56 2339.51 21.86

2 #m#ERF  Imidacloprid  27.78 196.35 26.47

3 Fe LK Chlorfenapyr 22.22 5841.39 29.72

3 1i%53%  Buprofezin  22.22 260.63 26.39

3 RERR:I Azoxystrobin  22.22 463.63 23.17

6 #S55F%  Flufenoxuron 19.44 684.46 23.42

6 BI85 Bifenthrin 19.44 727.59 21.52

6 =R Pyraclostrobin 19.44 623.93 25.08

6 HZ5%  Carbendazim  19.44 217.03 22.83

S
&
=
>

Chlorpyrifos  16.67 4818.29 33.01
Tridemorph 16.67 3205.09 27.40

=
[l
9
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Fig. 1. Total ion chromatograms from LC/MS/MS.

A: blank soil sample with internal standard (triphenyl phosphate);
B: soil sample spiked with 227 pesticides at 100 mg/kg.
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Fig. 2. Total ion chromatograms from GC/MS/MS.

A: blank soil sample with internal standard (triphenyl phosphate);
B: soil sample spiked with 174 pesticides at 100 mg/kg.
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Fig. 3. Mean recoveries and relative standard deviation (RSD, n=3) of 311 pesticides in soils

(Spiked level = 0.05 pg/mL)
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Development of a Multi-residue Method for Pesticides
in Tea Garden Soils Using a Modified QuEChERS
Method Combined with LC/MS/MS and GC/MS/MS

Hsiao-Ying Yang!® Hui-Chun Lin> Ru-Hong Lin'
Summary

The purpose of this study was to establish a multi-residue method for pesticides in soils. The
QuEChERS method was used for sample preparation and analyzed by LC/MS/MS (liquid chromatograph
tandem mass spectrometer) and GC/MS/MS (gas chromatograph tandem mass spectrometer). Totally 311
pesticide compounds were analyzed in this method, 195 pesticides analyzed by LC/MS/MS (recovery
between 32.41-136.10%) and 116 pesticides by GC/MS/MS (recovery between 52.52-106.64%). 308
pesticide compounds obtained limit of quantitation of 0.02 pg/mL, and the other 3 compounds were 0.05
pg/mL. Analyzed 36 soil samples, there were 46 pesticides detected. The highest detected rates were
difenoconazole (30.56%).

Key words: Soil, Pesticide residues, Liquid chromatograph tandem mass spectrometer,

Gas chromatograph tandem mass spectrometer

1. Assistant Researcher, Associate Researcher, Dongding Branch of Tea Research and Extension Station,
Nantou, Taiwan, R.O.C.
2. Contract Employee, Dongding Branch of Tea Research and Extension Station, Nantou, Taiwan, R.O.C.
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SEEESHEEERYE - METTR MRS - LEERASE vl T (y-aminobutyric
acid, GABA) - AHWTFTf T 57 Al LU ELHERZNR S BB R ~ ISRESR ~ AR UETIND - &R
0 DUERELE 100°C Epepitez AR B R L 7 iliih GABA &R - HARGRHE - KRR
RS BRIRE © I DS RUSRER BRI TSR EL M EZE SR - GABA &8 &Y
HSNRAZE R E R EA -
BRI © ST~ 0 v TR

Tl

Al

s=fif (Morus alba L.) Z5%f} (Moraceae) %@ (Morus) ZHEAEARAIEY) - AL Ko BT
il By W 4RHEY) > RIS RIS YIRS HEANEY) - SERIEE ST - ERIUSEEFERRE
(Bombyx mori L.) KNZEW)Z&Y) - —fE > RERERIEERAR - Ml Bt i RpTRL
ERFBRAEME - MRS EE/KD R B ES SRR 5 HER R s & B HER
FOtHRERREI o ML > (E Rtk S EE DN ESERYALRE (155 > 2010) -
BN R BT LTI > FRAE 1~ 2 ASh > RPRER ISR - Slm AR SR
b BT EREFIATEEE SN XRA 76 - % - EEBERERER A - REE
SEEEEYH - METTR R EMRENERY - B2 HIEY) - RIS (HRAELL) M
TRy DM BARE - SR - BN - mfTER B RFIR DR - TURES A SR v
5L Bz (y-aminobutyric acid, GABA ) > JZMH FLAHBNY) Tl (e St h iy — TR AN M a IR S
HIZIMER (PR > 2001) ~ fRIFIHEEZE ~ B RHEIRRER MG SRECIRTRE S AR (A (BERIMA - 2016) -
SRk > 100g #Z383E P95 GABA 226 mg (3455 » 2007) > A [EmfEHREE GABA S BE5E
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121 f&% 5 ghiEEm s (OB - 2014) o ZUFRE: 2 S=EAY 32 E 609% DL FEH » FRedEZE AT
SHFERYSEEESD - BASE RtRRE MR iV k) - 2 B AT E V& RS EA -

FRIEFE AR —THE & GABA WYZSIERENT » MEERER Y GABA T 225 (Glutamic
acid) FEERMZAR o FRIEFHVERR L R EARATL AR 518 (Glutamic acid decarboxylase, GAD) {EH] » g
Ji¢ GABA (Tsushida & Murai, 1987) ; £kl #4016 F—7& Pyridoxal-5’phosphate (PLP) {{¢HEAIIEZ
EZAFAEEIEY T - REL PLP &5&HFHY GAD Ty apoGAD - & apoGAD Ei PLP &5 &% AL
holoGAD (Chen et al., 1998) < #HEEIAZEFEH! » GAD JAJEE 30-40°C ~ pH {E %Y 4.0-6.0 B EL & M -
FEM GABA MREAHARRAGT » R g H&H GABA il ( GABA-Aminotransferase,
GABA-T ) /E - 8 sk B ARSI ( Succinic acid semialdehyde, SSA ) » 5453 AEBERETEER (TCA
cycle) “EALSZIE - ZAMAERRANRE T - GABA il < A& M - 1Y 2GR GABA K& 2% » K
FRER IS RS ERER Z BRI (52 0 2004) - MBI (R ERIUR - TR
SEEETINT > FEERSEMBEK » #iAE S GABA » (UHBEEFRSEARS - B AILHE -
FEXRGUESERERN TR IR AZSREHE - CrHEANEESRDE - TirEsEE
GABA - Wi E a4 fy GABA BHEZS -

RS B 2 SR B LS UG R 178 (B 4 - BFE 3 (EEELE (5 1 953
9% 0 B A ME— A& BT R B PO R 4 SRR A BT - RIS CUSHEE - BRI ER S
TR BRIIR ARHAR AR EZOMAR - B AR TS REZIEIN T - i E &% H GABA & &
AREIE - Wtk - AR EESCGERSOHILEETF - BAREEIN TRl - TR s - figE
B3 EkE HiE = GABA & ERYSREERINITEEE -

MRS A
— BRI -

FA1074E3 A S s S R SR B 2 olBa > s R UHR203 0 2 — 028 E R — 05
R T TR -

= olBRpa e
T IELIA FRR NI TR R B % - A TRUE mma P A LB 0 > a3 R - &%
BRERAIT

(—) E#EZME (CK) @ #REELI100°CHERZ -

() SRR (G) - E - -5 -

(5) ZFEGREIE (WO) © R ENZE -SRI 10k -

(M) SREREAE (0) : - H Ot Z H-2 N Z A K- & - FRe-Hak -

(1) &RHE (B) @ E-2NZH-THR-fe 3 FE-H2kE -

(78) GABALRZHEURE (GA-G) © BEIE-HZERA- WD -TRI- 108k -

() GABAZB&RHE (GA-WG) © fEEE-ENZ H-HEME-DE -1k -

(V) GABA SHEAHE (GA-0): fFEE- FDOvZE - E N Z M - 2R A 5 - e -520 -

=~ mEHT

()~ VBT FERBSOREE - LASOZF /KO - IS s sRIEHIRE « ArsTaEILE
mnat > #PTIHE PIOREKE » BREVEK BT - B LL0-100FR0R - S BilE FoRE PR
ZRERTE » IECER HEREE
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1. BEmmpR B ST ET - HL 0.5 STioR - JOA 90°C E#E+7K 45ml » BL 90°C /KIBZEHL
20 735 - HhFIBIERFRRE & 2 S0ml » HEEHUR LA -

2. Ky EEME © Y 3 wikmENsn @i EE 2/ N =01 0 1Y 105 CHUEEZIR
ZINEEIE - FERMHE 3 5 -

3. v-fERE T & & 578 (Henderson et al., 2000) : 5 & LLo-phthalaldehyde (OPA) Kz
9-fluorenylmethyl chloroformate (FMOC) #1774 k1% » DLlAglient 1100 2 5A8 HI 88
TR S BT > DBERRIEAT

Column : The Zorbax Eclipse-AAA columnl50-mm length columns Sum

Mobil phase : Eluent A: 0.1% NaH,PO4; Eluent B: 100% methanol : acetonitrile : water =

45:45:10

Flow rate: 2 mL/min

Detector wave length: 338 nm

Injection volume: 10 pl

SERHEE

aBRIRE (iR £ U5R203) S8 > AR BMIRME R AERSEFERS  CRAAZEILHER
T > A TREE T ERUNEREE - ABaPrid — 028 R —OSEZ 2hMEE (B —) 1ERaERIE > DIARE
REERLE T FUE TN > A EIN T U A FIPR R S ok T - v-le2k TR (GABA) & &
Bt BRI o
(—) NEITEFEHSIRGABAS EILE: (FR—)

L NEHREMTARZELEE  PL— U2 EE R - 3 RILLI100C ELRELED ~ 4008 ~ ZEER
ISHEZR ~ ADRHVBREHETII T > SRR FIRYSEERR, - SSRBUR - E R Ak
BB - GABAGBIES NGO » ZEGR SRR | BT M A4k
7 HGABAG BRI EZ BV SRR R HAVCGABAS B R(K - —fi&= >
FRIERVALRBE T e B EREREARSH > (RIEGABAERZEGIEA] - NIt - GABAZLX:
SRR - BREAE > AN DREFRHERGEREUR - ARBE 2 GABAS BAlR S » &k
FRZ > el HEMEISERS] - AR5 -

2. FERMERHE 28 MBSO RETHIGABAEZEHN N, (Glutamate) AEFEE
AL - FERREEREE FGABA R LR EE T » (Hitt » BIECGABASESHRE » GiE(T
RREGEIE © AN - MRE-AEE R ER IR S R E T CGABARE B (% > 1999) > |
% (2017) FIFH LR FEGETIRE - DIIRTIGABA S & - ARlBaLl— 0257 SREE R R} -
BEITER - ZPEOR SRR TR E AR - $5REUR - SREUEM— 8L
MHZERRE R 2 i > HGABAG B B e N EEZEREE I BURDEZREEE i et
S=IERGABAGE (B D)

3. AR EAELEEE ¢ Dl— 02 B R FURARR HAE - fEsmbr AU SR - HCGABAG B E SN —
OSHEREHE (B ) -

(Z) NEI TSRS 2 2
L AEEGRENTEAREE © BEmEraER > —0 2 EREERLL 100C itz - ZRSHE
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KR - (R - AE REREE - REDEGGRHE SR EREGOHREIR - FRIE
ik RIS R > Horp ] PAl—0 2 FEE AR SRR O - B AGRHE

B REMNEERGOIREIR - G EREZAKIR  THRTRSHER - SRR EIRE
IIEAEE - sEEEERRERBUE  SNBLE R B OIRRIR - G E RIALRESE - 2GS EHAY
o BIIRECRFFSEIER ZJBIR IR » —0 2 SESIEE DERBRRIN T - SN 25 4k

EREIR - WERGE REREE - H B BRI - Bk O R A2 -

2. FERERE P | FEETHERERER - FETEORIITPER MR ERE
SRORRIR - 5T RERIES - HESHREISRTE LR - FIELL GABA ZH4E R R
o BERAMEEREGERER - RE5TREERE T - TRk 2 fEESIERER R > B
H NS4k - FEED GABA SREFRBMEEM - Rz MNB 2R B4 0REIR - F5E Rk
HiEgmEeE (R— %= -

3. ANEPREAEAECEE - FEMHEIRVEAE TS » — 0 S EREMNM TR - B—0 2 Elim B A H(E
HIFRIAMEE: (R2) @ fEEm(TiERAE - —0 2 BERMIAZOS /KO SR —0 5 BERBART (&
= - [Epu) -

S

SEEEURIL 100°C B REHEZ s AR BRI Thliin - H GABA &8s » (HAEEMR ELL

KRBUEAIAN AR BUSRER BUE 2 S B - I IE > AW ERR S22 E P ey B3R -
A PAE R EZERAT R AR T3 s Bk R SRE R AR R A TR SR B P TR T 5538
1 GABA &8 ¢ MEEEVE aatER - BURSEIEE R YR E P -

SHEIRR
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Effects of Different Processing Methods on the Quality
and y-Aminobutyric Acid Content in Mulberry
Leaf Tea

Chiao-Sung Chiou! Chiu-Hsun Liao> Chih-Chun Kuo! Tzu-Hsien Wu’
Chia-Hung Shi >™* Meei-Ju Yang!*

Summary

Mulberry leaves are rich in many nutrients, trace elements and functional ingredients, especially rich
in y-aminobutyric acid (GABA). In this study, mulberry leaves by the various processing treatments of
direct drying, green tea, Oolong tea and black tea. The results showed that the contents of GABA were
higher when drying mulberry leaves directly by 100 °C and the processing of black tea. The second one is
the green tea processing, and the lowest is the Oolong tea processing. In addition, the contents of GABA
are higher by the processing of green tea and Oolong tea with vacuum and anaerobic treatments.

Key words: Mulberry leaves, Tea, y-Aminobutyric acid (GABA)
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T~ AEITEREZ — 0 2 3K GABA 28

Table 1 The GABA content of mulberry leaf tea with one bud two leaves made by different processing
treatments

Treatment GABA (mg/100g)

100°CEZEE (CK) 302.90

5 > (€] 184.88°

ZHkE (WG) 167.90%

SHEXS (0) 154.06°

4155 (B) 310.19°

ffiaE @ DL CoStat #0HG > Fy/ NEIE 725 (LSD) JEMEITHGET T - ST RIMAREFO R EREMER -

7 RN R — 0 2 SRR S5

Table 2 Sensory evaluation of mulberry leaf tea with one bud two leaves made by different processing

treatments
= o

(E"%riitment) ZJ/;%) ?li\T) fj;f) JREN A i A
100°CHZ 18 (CK) 5.67* 6.00° 6.50* BEE ~ KR
425 (G) 6.33 6.67° 6.50% SR« RYEE
ERLEE (WG) 6.00° 6.00° 7.00* SEIELRER - kTR
EFEZ (0) 5.00° 7.332 6.50° PoER ~ Ik
&k (B) 4.00° 3.33° 4.00° P -
GABA 443 (GA-G) 6.00° 6.33° 7.00° SHKES - (s
GABA ZH4:%5 (GA-WG) 6.50? 7.332 7.002 I EH
GABA EFEZX (GA-0) 6.00° 7.00° 6.50° LR EH

st TR 4 febE AN Bs¥r 2 F9ME > 0%k 0 5 10 73 EilE RONIRE S - DL CoStat #UAS -
g/ NERE AR (LSD) JREEITHREt T TS IR AR IR RS SR -
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il

K= AEMITREE Z —0 5 #5500 GABA & &
Table 3 The GABA content of mulberry leaf tea with one bud five leaves by different processing
treatments

=7 7 R gl .
Fastil K ER NS L
(Treatment) (57%) (53%) (73%)
100CHzZEE: (CK) 6.00 ® 533" 6.00 NAURTON
555 (G) 7.00 6.00 5.00° P ~ SHT
F &R (WG) 8.002 7.67% 6.00 2 SLEELE
EFES (0) 6.67 6.67 6.50 ¢ EIR R
45 (B) 3.50° 4.66° 4.50° AR
GABA 425 (GA-G) 7.33 b 6.67 6.50 ¢ HF5 A&
GABA FE 4% (GA-WG) 8.50° 6.67 ® 6.00 R
GABA E#E%5 (GA-0) 7.00 5.67® 5.50 2 NAAL R (L2

st - B FROR 4 et A BV 2 FEME 08 0 E 10 2 Bl FoORImE S - P CoStat U4 -
/NG R (LSD) JEEEITARET T - TS RIRER IR RS AR -
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B — ~ AEREEEZERE - AR —02%  AR—0S5SE
Fig. 1. Different plucking standards of mulberry leaves. Left are one bud two leaves.
Right are one bud five leaves.

G2 s —a0SE

GABA 3
(mg/100g) )

B ~ ERERHE A F PR E ST GABA BB P8 (PR CFMFRREABEIEER)
Fig. 2. Effects of anaerobic treatment and different plucking standards on GABA content of mulberry leaf
tea. (Means with different letters are significantly different by LSD test at p < 0.05)
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= - FREGOREERE KT - FELRZEERE - GEA=NZ AR -
&G B—LSE - Q&M@ H—02%E

Fig. 3. Liquor color of mulberry leaf teas by green tea processing. There is no withering treatment (left),
and there is indoor withering treatment (right). The samples are one bud five leaves in cup
(1) & (3), and the samples are one bud two leaves in cup (2) & (4).

RV - SEESREREE (FE) REORERE (BE) 205K -
R (5) & (7) B0 5 o #F (6) & (8) 2 BE
Fig. 4. Liquor color of mulberry leaf teas by Oolong tea processing (left) and black tea processing (right).

The samples are one bud five leaves in cup (5) & (7), and the samples are one bud two leaves in
cup (6) & (8).
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TR FFEE TN
P UAAREEL S £ 4 FELE
LU % —“% f;.]l

SEREW  Z5EEE IR

=

AKUFFE R TR A EAOR IR R B - DIst BAOR AL 2 IBHEE K] (Panel Data) J57% » BE5Y
FTGE 552 AR 8 BOREEEO R B BT 2 BifR - BRI R 2008 42 7 HZE 2017 4 7
F $HEHE 10 A BTG TT 32 R E R HHS B BLAYE N T o0 - &OBNT S ERERUR -
FTAE BORILERESE R - TR ERER - WITRRISEE 5 A H ISR i S50 7%
HERFGERNGHE BRI TE 2 BE AR - 5o T E RS RSEEE - TR ROREER S
FRETER TN S A PO EROR BRI TR E TR T E ARE R ILETER
FEE TEAHRE © ARIR LR FTAE SR RE SUIE ] - A S RA T R B B 2 (B BORTEE AR R i 3
RETE B R AR B B S R R 2 275 -

BRSRT © WTTTRR - ROTEACK - (B EOREEE - 5T(E - BHEER

g

Al

NEFFHERZ R GENF P UEFEIE&E - BT ERTE TS N e E
FRERERER GIRECERY - B A THEANA LAES) R NGEEEEZRE
DB AT TR SR — L8l 0 22/ N R E R 2 P8 LIRS PR
EtHEAZE R b WEUE OCARTHENH 2 REMERE  FEBREINT TR - H
NEM - ENEM - ENFERE ORE) - UF - DR GERE) - 52 - 52 - o Gk
4% > 2005) F o JTRERILEE S EE RE R T RN o

R R B E R T2 A E R RN LBk - BRI DL R T oy AR — 8 R b

VAR Ry KB B R T EE B As Fa Bl B ST AT i - sm S — 8B 97 -

? G KBIERTE S PRI RS L - =28 B -

P ERBIERTETE B IR A BB - =28 ¥ e

CTEPREZ BRI RS A s R Ef R B - 208 PRE -

S FEEEE (2004) /N&%IERE - B4 ¢ Jacobiasca formosana Paoli ¢ FERESANE R sk o S
B > BSR4V 3 A -

& FHEW E‘;% (FF5R) BEATF - B/ EEaERFHMRLERG > 2EEU RS
1990 » H 54-57 -
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I ERBRRICE - /NFEEERERIRAL - TIREIDR L2 R TT R AR BRI AT
BURORR T 57 - &0 ~ 4038 ~ A=~ #MR) (F303% 2019) 1R e TBRIVERTTEASS
HANE EEZRE - ReZiA4L - B 18 & BmELC RIRE MEdHEEIRR - IV T sk
HYSERE (REENE > 2003) - [N EACHIRERERR] - HATE2EEHdtniaies - shEm R - BTk
JCIERRE A - PR B - (EE TR RENE - KEMAVRES

ERREAZREERFEEF ~ AR EAE P SR G b R (R 2 A% RBEfRURY
B Zith  WUTE AT BB R - 2006 ~ 2017 AT IR DT 8 ASME BALEERE
IRRERy 14.60%~61.8% (R—) » EFMEBRFGIREEFFENR 4,193~8,376 7 > L 2016
FEEE PSR RS . B NS B 13,018,000 A THEEL BB RIS EAS I E B (h R L
WEELLEEM > EEMHEHD - fRIHE 2010) FFHEGENPEZEHE - & %> HA
APRE BT > BRSH  HZRERET B Edt - WL > TR CRERRE BERER &
RN > REER - RGFHET  BMRICOHEEEE °

TREER TTRAER T 2 A BREEERITIR S IR LRI > B 2006 4TI - HEF 2%
BEASREERAUAE 896 BhZE 2,219 Bh (R—) o IREE THITRR 105 SRR (WEGS) BRI
AHEE T ) SBIUFRETENE 2B ESE AR B2 IR 2R » RTE0RE > &—Hhie
it 12 Bpkanck > ZIL > SRt 2FERTTRE TR TR ATE RS FRGR 5376 &
T2 13314 A7 &) WRMTTIRRRITEAKE BARTEERE LIS REREI RS
Rz o NI KRR AHTER B S - PR R B MR (% -

SRR

P EREERNANRE AR AINE MG HTK > FKEIR /A X R AGTHE . e E
[ > BTG EER OIS - AR =08 1961 TR B - 2 E R ERIAT R I
BRI H 1994 RN EFEPIREFE © MR R AREIRIIRIAN - SRR EERR 725 T8
EEE AR B SN o R 2 NRAPE - DTSRRI R ARKE R RS2 EERE
N DT E FRTR KB ESRIEE /O (R1D) © 2010 F2EERS > HitHF 13314 &
Jro BT EEERNE 553,760 AT - ASEEHTTMOCEREILE R 24%  WiRH

PIAERFSEE TR > £ 2016 4 (#8F 7265 A7 > B2 EENE 4543%  SEE
BT 6,049 AT FESERIGHITTOCERERE /AR E 1.80% -
&F LPTAl > ISR BN TR T R AR B R SRR IR R B AR > H32

R T2 - MRS (2004) FoR > TR AR MGEZIRIER - B RF LA
AN IR B o T B B ERELERY  CEREREL A TFHESS(L W0 &
FHAIZAAIE R ~ GG > RERDS - (TRHEEVIEIER - Si8RE (2005) UIFeaERErs
KH/NFEEEEBR - UZEFRIVEEMEREITREAG T EAAREHEES > BHT%
NFFRBEERIP A EZNR - OIS (1990) o1 ZEVNFEEGEENRE > B H5
ZHEIA - MOREZE (2013) DISRSE RIS RRUERERER > 45t 2000 2 2012 FEfEEAR
EfE BRI B R TR AR ERAY S BUR 2003 £ 6 AoREEEFHH 2006 4
HEBHEN - B8 NGEEZ GEHN B A ETRER TR ATRE RSB E - EEE

T TEi R R R G B R RS E R -
8/ INGEEEURE DL B s A d P IR = B8 B A B P BE AR AR 2 T -
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J\INAT SRR 2006 F3 TGS EERE IIfE#E: 2007 22T 70 A - M 2006 2 Fri T (B R4S EEEE
SEEER 2007 F0T 2,898 AfT e

BRI (2003) F5 B TT 2 ASSRIRNY T /- N B 7E 2208 — 4 7 N A ER PR AL
INGREESER ONEAE AT N > A9 A— KPR - B A RRINE Rk s > M dn EHIS U+
SR EERRME R =1 e —(EE AR E - A0 - /NrEEE e E R
EEHAS AN AR 2T H 2/ - tRIEHE (2010) $5HERTTEAFERAER - D+ VUi +
HVCETE (BIREE 6 W) At —EsmEaiifE -

MAREE (2012) BRFAERHERBEENHRTZ — B AREAERNEELEZ
20°C-30°C - A& SFEIHT SR E £ /0 & 10°C » BAESEF KL 7°C A BRI S B 11°C -
EROREE 30°C > FARBIMEATERBEIBG TRE  BER0REM 35°C » td REE 22N
WREVRFFE AR > BN EAREREEHUKZ R > AEgRS A EMEE MR e EE
2 HNEEEEREIEC - REEEER K B2 EY - ZREFNAEEIREDL 80%-90% £
H EEIVERRES 1,500 Z2HA7E4 - &IEFEHFEREZR/VER 1,000 ZHE0EH 100 Z7 0 &)
SEITE (2015) FoRBHEHHEKEE 2.6~4.5 2=k 2R HBE Ay AR - flia 7 BirE
HE/K 10~13 2K - 8 BRIEZE 3.8~4.9 =X » FHEUEE AR E/ DT 50 25X BeEEE
HEROE o SR MR TEKS A RE R A R EHS -

AW BRI AR E RS HF RIS Z RN RER TR - B T A A FENLE
TERZ 4N » HESEFRMIZEES N SERIR 1% > 7 B AT RERF AT — B R AR - SOREHE
HIF T TR - FRER RS IR TR B EA LAV = AL I EZEEE R - (35 -
P BRENE — T — o T8 5 4YFE 45~50 RAURKER - It - IBEAE S HRER TR
RRGETTHICAI AR S AP T RA S BE 2 B ELFE (TR B EEE T 240 0 I
RHZEE TR T 2 ASE R RS BE . RIERT LA 2 E&F 5 HE9MEERR - H
HEHF Y - AR KR 2 R A s T S A BT i -

piEtifa g S Rl Ot s = e e NI |07 £ 3 R il e e N = B 0 - b P e S NGO i 2
FAMGFHERIEGE o SR AN G S0 M 55| SEE R AR E AR [E s > [EIRE R
BT ANV S R A [FE YT I AT A=A R LN AHRE 5 JRBEIR AR R A RE g 2 B
Gl PRI B R S DF R — B8 ST EDkbEE > R B INE % (OLS) $3% & Rl T Tl
=F (GR&HAEN > 2016) < DU 2B E RS E,

Yie = a; + BiXvie + BoXoie + -+ + B Xkie + €it (D
EAEROT -
Yi=a+ le§=1 BiXyit + i 2

WEREEE Y, © 55 1 (E(EAG/ERFRERL t ZROMEREE -

A1 AR a @ BEEEH - BRECE R -

- HE B = (BB Br) ¢ NEFTAMREER 2% BEERRRE -

- 302 PAVEREREEEL Xi 0 RSB 1 (E(ERSAERFETRE t IR K (E R -

- FE gt F 0 (EERRAER L ¢ 2 BRI
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Table 1 The total award and elimination ratios of famous tea competition for Oriental Beauty Tea,
Hsinchu county, 2006-2018

WoER SRR
R @SEEY UAF) s R
2006 896 5,376 4,193 78.00% 22.00%
2007 1,379 8,274 5,550 67.10% 32.90%
2008 1,273 7,638 6,522 85.40% 14.60%
2009 1,511 9,066 6,246 68.90% 31.10%
2010 2,219 13,314 8,376 62.90% 37.10%
2011 1,674 12,053 7,409 61.50% 38.50%
2012 1,536 11,059 6,552 59.20% 40.80%
2013 1,555 11,196 4,271 38.20% 61.80%
2014 1,288 9,274 5,983 64.50% 35.50%
2015 1,256 9,043 5,183 57.32% 42.68%
2016 1,009 7,265 4,522 62.24% 37.76%
2017 970 6,984 5,256 75.30% 24.70%
2018 1,115 7,610 5,487 72.10% 27.90%

ik [N 2011 2 i) - SEEEEERR 10 570 2011 FHERI R 12 57> 2018 SERIIR 11 57 6 WY
R RS TR ST IR R A T
BERHCR BRI R AR LTI R R B FEZE AT -
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T 1987201 7TECEEREE A - AR EHOR - GBS A DEEL B RYGTR
Table 2 Planted area, production, exports, imports, total population and per capita consumption of tea in
Taiwan (1987-2017)

g FEHAR [EIF HESE HO= HECE =8 N HE=E
() (A5 (ANE) (ANE) ACIE (AF/N)

1987 24,571 25,578 7,820 458 19,725,010 923
1988 25,595 23,557 7,633 867 19,954,397 841
1989 23,914 22,130 6,745 1,333 20,156,587 829
1990 24315 22,299 5,834 2,454 20,401,305 927
1991 23,864 21,380 5,136 5,795 20,605,831 1,070
1992 22,620 20,164 5,296 6,435 20,802,622 1,024
1993 22,934 20,515 5,142 9,929 20,995,416 1,205
1994 21,439 24,485 4,382 10,388 21,177,874 1,440
1995 21,554 20,892 3,172 8,065 21,357,431 1,207
1996 21,223 23,131 3,475 7,365 21,525,433 1,255
1997 21,199 23,505 2,918 7,692 21,742,815 1,301
1998 20,659 22,641 2,482 8,700 21,928,591 1,316
1999 20,222 21,119 3,072 10,885 22,092,387 1,310
2000 19,701 20,349 3,035 12,236 22,276,672 1,326
2001 18,938 19,837 2,451 15,301 22,405,568 1,459
2002 19,342 20,345 2,592 17,282 22,520,776 1,556
2003 19,310 20,675 2,713 18,513 22,604,550 1,614
2004 18,208 20,192 2,388 19,568 22,689,122 1,647
2005 17,620 18,803 2,175 20,775 22,770,383 1,643
2006 17,205 19,345 2,031 24,319 22,876,527 1,820
2007 16,256 17,502 2,004 25,055 22,958,360 1,766
2008 15,744 17,384 2,341 25,713 23,037,031 1,769
2009 15,322 16,780 2,400 26,484 23,119,772 1,767
2010 14,739 17,467 2,632 31,113 23,162,123 1,984
2011 14,333 17,310 2,815 29,268 23224912 1,884
2012 13,486 14,902 3,143 29,918 23,315,822 1,787
2013 11,903 14,718 3,919 30,203 23,373,517 1,754
2014 11,906 15,200 3,737 32,376 23,433,753 1,871
2015 11,780 14,405 4,744 29,934 23,492,074 1,685
2016 11,814 13,018 5,758 26,344 23,539,816 1,428
2017 11,765 13,443 7,653 30,210 23,571,227 1,527

BRACR © B T EERSEE, (BEZRAY) TR, EEBEECKTERFEAY) - TERR
BEZBEREERERSERE - WBE A O&ET4Ens -
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Table 3 The ratio of tea harvest areas for Beipu & Emei Townships to total tea harvest areas for Hsinchu

county, 1961-2016

gy ACHE W R et s BERS
R TR i oy T
) o) ) T e
1961 1,280 780 2,060 12,397 16.62%
1971 1,049 655 1,704 10,161 16.77%
1981 610 670 1,280 8,759 14.61%
1991 165 680 845 4,857 17.40%
1992 150 567 717 3,351 21.40%
1993 204 528 732 3,362 21.77%
1994 159 518 677 2,403 28.18%
1995 160 501 661 2,404 27.50%
1996 159 493 652 2,397 27.22%
1997 91 354 445 2,172 20.50%
1998 154 450 604 1,999 30.22%
1999 152 479 631 1,995 31.64%
2000 143 475 618 1,595 38.75%
2001 124 475 599 1,495 40.06%
2002 130 462 592 1,342 44.11%
2003 101 350 451 1,199 37.64%
2004 51 241 292 663 44.11%
2005 38 229 267 814 32.74%
2006 44 201 245 674 36.28%
2007 45 160 205 604 34.01%
2008 46 138 184 543 33.88%
2009 47 106 153 489 31.24%
2010 39 139 178 497 35.78%
2011 33 161 194 553 35.14%
2012 27 161 188 527 35.72%
2013 28 63 91 373 24.45%
2014 29 63 92 361 25.37%
2015 30 63 93 352 26.51%
2016 31 63 94 377 24.81%

BRHOR © BTG > T RR -
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& U0~ 1994 2 2016 FHITBRAEERGGEREREER

Table 4 The ratio of tea production for Hsinchu county to total tea production for Taiwan, 1994-2016

JCHEAD WEEE  WAE  EITRR EESRE WMEER WIThHEER

7AN
T ke E8  ER &R ) BEERE (SEEEE
G ) A (ovE)  wER WS e
1994 302 984 1,286 4,551 24,485 5.25% 18.59%
1995 224 601 825 3,109 20,892 3.95% 14.88%
1996 159 690 849 3,540 23,131 3.67% 15.30%
1997 124 482 606 2,959 23,505 2.58% 12.58%
1998 123 495 618 2,153 22,641 2.73% 9.50%
1999 152 575 727 2,186 21,119 3.44% 10.35%
2000 143 618 761 1,817 20,349 3.74% 8.93%
2001 124 618 741 1,709 19,837 3.74% 8.62%
2002 130 591 721 1,528 20,345 3.54% 7.51%
2003 81 280 361 963 20,675 1.75% 4.66%
2004 51 326 377 695 20,192 1.87% 3.44%
2005 38 309 347 851 18,803 1.85% 4.53%
2006 44 241 285 627 19,345 1.47% 3.24%
2007 45 192 237 641 17,502 1.35% 3.66%
2008 46 164 211 555 17,384 1.21% 3.19%
2009 47 127 174 475 16,780 1.04% 2.83%
2010 39 181 220 554 17,467 1.26% 3.17%
2011 33 167 200 571 17,310 1.16% 3.30%
2012 27 193 220 558 14,902 1.48% 3.75%
2013 23 76 98 390 14,718 0.67% 2.65%
2014 23 76 98 381 15,200 0.64% 2.51%
2015 24 76 100 372 14,405 0.69% 2.58%
2016 24 76 100 404 13,018 0.77% 3.10%

ERRE « B T EERRER , (THIREZRRY) - MMt El o s -
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Table 5 The total volumes of famous tea competition for Oriental Beauty Tea, Hsinchu county, in

summer season of 2006-2017

FE TR 25 SIS T BTG EE %%i1ﬁ¥ﬁ/ﬁ 4
E L SV (FT) EE (A7) REERL
2006 JRimgTEs G 896 10 5,376 627,000 0.86%

2007 gprEgTEd 1,379 10 8,274 641,182 1.29%

2008 LT & 1,273 10 7,638 555,298 1.38%

2009 igpEsTEREr 1,511 10 9,066 475,348 1.91%

2010 JpapgrEsdr 2,219 10 13,314 553,760 2.40%

2011 IS e 1,674 12 12,053 570,630 2.11%

2012 ALt dr 1,536 12 11,059 558,246 1.98%

2013 B 1,555 12 11,196 390,362 2.87%

2014 ApppgmEEer 1,288 12 9,274 381,340 2.43%

2015 B e 1,256 12 9,043 371,519 2.43%

2016 JpigmERdr 1,009 12 7,265 404,040 1.80%

2017 gEgred 970 12 6,984 423,900 1.65%
BRPOR - IR - WERE - TR - UirE R
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TN~ PR XS &Ll > GLS 2 Cross-section SUR G HULE
Table 6 The empirical model results of Cross-section SUR for GLS after eliminate the explanatory

variable X5

S fHRE TR t{E P{H
HEETH -95892.96  4461.00 -21.50 0.0000
X1 ¥ E B LLEESERE (D7) -0.73 0.07  -10.69 0.0000
X2 WA E RS LB E (A7) 0.67 0.12 5.50 0.0000
X3 HTRAIE B B & SR 8094.22  2366.69 3.42 0.0013
X4 TSR AREREE (A7) -0.04 0.00 -13.06 0.0000
X6 T REUNEE 5 H P RR 4182.25 158.38  26.41 0.0000
X7 FT R 5 A H R -57.47 522 -11.01 0.0000
X8 MR EBUEEE 5 AR E 604.60 39.52 15.30 0.0000
X9 HTREUEEE 5 AR E (2K) -23.07 1.16 -19.86 0.0000
Adj-R2 0.99

DWd {H 1.78

F i 847.7

R RSB TIAE RAC LB T 2 IE AR A
Table 7 The positive & negative correlations for explanatory variables vs. pricing of famous tea
competition for Oriental Beauty Tea, Hsinchu county

it e 2 s (R RZETE
BHEER s A ~ E AR
X1 VTG B R LLBRESERE () =ViEl

X2 WTisE RS EREIERE () TEAERH

X3 WA B R LB S ER SR TEAERH

X4 T EE () =Vl

X6 T REIEEE 5 A SFEROR n=iE

X7 W REUEEAE 5 A HIRRE =UiEl

X8 T REIEEE 5 B ERE N=iE

X9 HTPSRREEE 5 HEME (2F8) EAHE
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Table 8 The correlation between annual sunshine hours & precipitation in May of Hsinchu Weather

Station and the total volumes of the tea competition in Hsinchu county

PR T TRAE BRI T RGUEEF 5 H %ﬁ’rﬁﬁ%jif 5A
WSEER (BT)XI H IR () X5 PERE (22K) X9
2008 7638 216 210
2009 9066 223 25%
2010 13314 135 224
2011 12053 111 220
2012 11059 173 251
2013 11196 105 390
2014 9274 88 339
2015 9043 118 363
2016 7265 157 206
2017 6984 132 99*

it 1 1.2008~2017 £5035 5 HIEE Ry 232 20K » 8 5 F H IRIGET 145 /N -

2. *FoR 5 IR (KR 100 20K -

BRI © JLHAL ~ IREAPERE  SCEE TR RSE - RS AR PR -

R 9 HITAE RRIEBEESER - WITRRILEE 5 A PR BURERTE R

Table 9 The correlation between average relative temperature and relative humidity in May of

Hsinchu Weather Station and the total volumes of the tea competition in Hsinchu county

e TR ISR T REIEREF 5 H %ﬁ’rﬁﬁ%&ﬁfﬁ 5A
WSEE (BT)XI HHESRE (C) X6 SHIHHBNRE (%) X8
2008 7638 25 73
2009 9066 252 64
2010 13314 25 77
2011 12053 243 84
2012 11059 25.8 79
2013 11196 26 78
2014 9274 253 80
2015 9043 257 81
2016 7265 26.7 76
2017 6984 25.7 75

it 1 2008~2017 49 5 IR ROR 25.5°C » V9 5 A IMHEIRE 76.7% ©

BRI ¢ LA - RE AT E

OB ISRRT » R R o DT R



DUBHEE RS L EE A B BETEBI G 2T« UG E RS T7E AR E RALEEE RO 131

Using Panel Data to Investigate the Effects of Tea
Volume and Pricing: A Case of Famous Tea
Competition of the Oriental Beauty Tea in Summer
Season, Hsinchu County'

Li-Ching Lo? Mei-Hua Tsai? Cheng-Nan Lai*
Summary

In this paper, we use the panel data method of the econometric model as the main research object for
tea volume and pricing of the famous tea competition of the Oriental Beauty Tea in summer season,
Hsinchu County. The data collection source is July 2008 to July 2017. The main supply and quality
factors that affect tea pricing were analyzed.

The results of the study showed that the total tea volume of the famous tea competition in the
Hsinchu County, total tea productivity of Hsinchu County, annual sunshine hours and precipitation in
May of Hsinchu Weather Station, are significant negative correlation with the tea pricing in Hsinchu
County's famous tea competition of the Oriental Beauty Tea; Hsinchu County's total awards of famous tea
competitions of the Oriental Beauty Tea, a ratio of winning for each level of Hsinchu County's famous tea
competitions of the Oriental Beauty Tea, the annual relative temperature and relative humidity at Hsinchu
Weather Station in May have a significant positive correlation with the tea pricing in Hsinchu County's
famous tea competitions of the Oriental Beauty Tea. This paper compiles related suggestions for tea
garden managements and famous tea competition, and hopes to be references for the planning of tea
garden and development & extension of tea industry.

Key words: Hsinchu County, Oriental Beauty tea, Famous tea competition, Pricing, Panel Data
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