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Bl FATERT ¢ FRIE EH

4

= S N — —nte 2
LA ERETT HEAE

N

RS

BELRZET (SPAD) JHIEERER S EE R By hnmdg o - ¥E&kZ (chlorophyll) & &
R WEE 2R — » “H85 > FEN GRS Prsk Sk G AN R IR Y
58 o RIS (color difference meter) SHIERS 2 AEAEEAE » B BUBIR S — 0 =
B MENLE BoE = B T ERAL B AEAE - L (E Tk 32.7811.99 < a* {H F-495-9.38
10.79 - b* {HF39 5 11.6020.86 « ¥ RS EELRZE a(chl-a) “F3I{E Ky 1.57610.1996 mg/g
TELEZR b (chl-b) “FH9{E Ry 0.4520.14 me/g - FEEEZRLEE (chl) FI{E K 2.1510.34 - &
EZE (car) FIIMERy 2.0810.57 - SPAD ZEAR R LAE SFHME F 50.6614.24  Fi|FHEE
SRt RO E DI IR M N E A o S B R B L U B =B AV HI5E
NLE (4555 12 BUALE ) - ZZEEEH /Y SPAD H R b5t L* ~ a* ~ b¥EEARRE R E
HIELEZ S ENKF -

REERT ¢ R R - EAREET  BEE

NSO WY

Al

Ml

FEAEEERE - NitHEESIERIRREENSHE > HIRESHE B - DUR/DRE
YA E - Ffeieiagny A HGRREAVHE D) 298 - BRIV & F 0 0221 - RIER I 52 H
2o SRR EECRGIEER B CEGR S E 2 IEIRENIESRZET - 2R ENEEE
- IAEEFRMMAEFLRTY 1992 FF iR T E— AL R EH A A B o e 5 A
B GERTENRE DEEE AR ML T B R EREEEE R E T T - AR
arasaT R AR AR Z (chlorophyll) TEEMZ R - FEAZE S EDEE T AT REERR -
HEBMES - H (1994) A HEGEHEAEGZESERER S&8HLE » &SR EE -

EEOHENITEA = — A HEOR S5—2F SR (ZEEEE > 1999 &% > 2000)
HAIRMAE GOz (Gonnet, 1999) » =751 BIEMISM: > HIE 7% - B A HEE R -
AIRR I - {5 R 5 R RRS 77 [ ROHIE F ] » HLRI{EEE el >~ (2R [E E > (HA0 0] sER AN ] {5 A
o MAFREERAIE (S 2000) « AR AR DU TIRER ML EEG R 2 B HUINA 2 R A
2=t (chlorophyll meter) 7=t (color difference meter ) (FEEHEGE » 1998) o

FHEEoRfBEEEAR (AIE2E) FREMNEY  IHEEHECLRSELZER (A H Munsell)
FalIriy - 7 2001 SRR s 883 - ERN DB SRS BTEHE » DA Tlais i » @1
JERY i FHERE S

y=81.5-8.049 x1+1.151 x24+6.203 x3-5.581 x4-1.415 x5+1.582 x6+0.715 x7-3.039xs
r (MRS =0.818 5 R* GREAED) =0.669

»

LITBIREEZE SR RIGE R DS AR - BIMEEREIERE - 68 65% -
QDI RPN ERELEEAII - 68 FAR -
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Ay BB E S TG

DL T EH AR - FrS4ER - R OE BN ES S B EETE
TRIFIVEEETS » ISR RRRZE 3.03 47 0 FHFERE £ 0.119 (8 > 2001) « ZABEAIZE (2000) HilFE
H - DS ZER Y S e S bR A T R e B B — - b B A B R S i FH RARO -

Hris (1992) JMEHRESFECRNE GBS EafdnvE (b WIRAVEZ
PR H AR B N D& R R s R P RV EE 2 BB HE - ZREENE B IEE LR
TREETTHIIRSE -

Yadava (1986) PAZE&EZET (SPAD-501) HIE 22 EEYNELEZ S E > B PIHHE 2 U
EEE S B ARG 8 R 0.692 5 Singha F1 Townsand (1989 ) DAn[#E7F 26 (tristimulus
colormeter ) JHIEAEE ~ & Rk EER €% (chromaticity) {8 (L* ~ a* ~ b*)» BLF]H DMF

(N,N-methylformamide ) ZEEY 24 /NIFLLES - SR GBS (R®) 43 AIE%EE 0.9 ~ 0.96 ~ 0.88 - BEZAZER
FECHITEE F AT ALY > FIFHIERHEME R > R (iR HEEGR S E  EAENIESRERS - F
B R AEYITEE M AR RIS -

e e T R SR SR B U ~ MRS - SRRAVEEAHIE » ML E - 77
EETEY A (JR 0 1996) - HABRE Z EH EAFTEREAE LR - W SRS ESHEN
JER (ALREE > 1975) ~ SFEERVIECEATEARZAVERIME (B > 1978) DURAIZEBUERFZE SR 1T
RIS E R (KRS > 1987) « AF 25T i S e IR R S R (F R E (L > H b E [&

(+) HEE (o) e E]) EefHmaE (hWE) FbRSESEaFEE E2% > JHit - FIFER®
B L EHER (F > 1996) ©

FRE G I ITESGR 70 SR EA - HUFELEE I — Lab %% - DU COBR
FI 14 /NSRBI S E SR L a b - 2L (AR © o (RFBLILE - TEIEERFRTAL
REE  FABERERGORE b ARHLEOE > FEERFREOREE  FAERERER
P2« [FIRFEE L~ a > b ZEEBREIASIOTAIRIE » 4100 (4b)" B BRI (Cab) > bL CablL %
OFEEFIE (Sab) > DL b/a Bfaif - Dltan' (bla) Bsfoifif (Hab) > BL (AL+ A+ Ab)"” Ryl
BLIZEYIRIEE (AE) (AE—) - FENEEEETUAN AR TR R EE - FTDIREE
HLARZ AR B S R (BESE > 2002) - fESE (2002) ¥ 29 {E4%RZS ~ 20 {ESFEZAN 15 EAL5E
e T T B ESEO AR E E > &msr H S M a2 28eE B W E Ry EAH
REME - HEOSMURBIKE MY (0% R KR fUR A% DR (4 -

Bl- ~ CIELAB ¢ % B (Gonnet, 2001)
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Fig.1 CIELAB color differences ( AE*) and its components :
(r=reference ) : a color standard ; ( s=sample ) : each the color point ;
AE*= ( AL*+Aa**+ Ab*?*) %% (rectangular notation) , or
AE*= ( AL**+ AC**+ AH*?) °® (polar notation) .
C*= (a**+b*?) ¥ (chroma) H*=atan (b*/a*) (Hue degree)

BEREHIE AR TE R A DR IE RS HEL - (emER ﬁ@m%ﬁmm%ﬁﬁﬁﬁiﬁ
WIAE L* a* b*REZF » L1E ~ afl ~ b E&ZEZ/D - M A AR SR ET S0 - DL
FIEFEESE (F 0 2005)

B T HOERISGE — AL > 1976 FFEMEIEEFZ & & (Commission International de I'Eclairange,
CIE) e #r=(mEgefi R EEz= A= > Bl CIE1976LAB (L* a* b*) Z4%t fﬁfaf{%ﬁﬁ%
BRI IEZCERAN » 5 J R 28 FH AR AR - LUH)}A%)J%/F BRI REETE

CIE 1976 L* a* b*22fiHH CIE XYZ Z & imm s e )7 A5 %] (CIE XYZ /%\%}EZ%E#D
ZRUR) ¢

DOMINANT
£e WAVELENGTH

0.0 , e " ' . '
00 o1 02 03 04 05 06 07 X

B=- ~CIE ¢ 5
Fig. 2 CIE chromaticity diagram ( & #74 - 2002)

LYW
L*=116 (Y/Yo) "-16
a*=500[ (X/Xo) - (Y/Yo) "]
b*=200[ (Y/Yo) - (Z-Zo) "]
AE= ( AL¥+Aa¥+Ab*¥)
(FE CI2EE T » Xo=98.073 » Ye=100 » Z=118.232)
gq: XY Z ZYREE = E 5 Xo ~ Yo~ Zo By CIE FEAERGHA B = HIS(E ; L om0 BB
bR LA
e ERERRP A DIEL X Y~ 28R L a¥ s bR EE A I G IRAY B > KA
IETEIERIP S AR - RO B e sl iz 5 EE%EEE%J:@%%%X%T TR T 1T
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SRR OB ZER - B —BIRAST > + a* ToRELE ~ - 2t FORGRE S + b FRE

- b* FORED > BACAYIHEH LMYE RN 0 BAR > 100 /A (202002 77> 2003)
FIYEREIIATIIE 12 R T AARAYAS W FEaS REORAE 400 F1 440 nm BRAYIEEAR Iy IS

1 ERE NI E AV IEARRR | Yeak i 2o G BRI E FE I AT DA R A5 ) (B 55 (SR8
ZETE 0 1991) -

£%(2003) FRAETERE SRR A ERERCRS > RS OHNEIOSEEE - ATk
R SERE (R AR TN R &k R R b > BRFE R B BilE - S5 FGE a5
Bl 205 U LR I T I SRRY - ELREAR DA E M R A ARSI B P R R PR 5

FE (191) A EEALRRS R > SSRGS - 1L T RELRAYS el
A EER IR T A TSI A B A > HLEHE R -

SEE4E5 (TQS) =49.63+0.43 amino acids +0.47 caffeine +0.19 AL+0.46 TF 3G

Hep AL BUAREREE > sHEEB R4S R AR %8 r=0.958 ~ AT AE R'=0918

HHEE SR AEG RO E T EG R S B HER S 25 8 M EEOEGEE R
(ZRERE - 1999 5 #5 > 2003 5 #5555 > 2003 » His 0 19925 ) > 1996) » BA— L =FAZFEF S
LRI AT B EIE - I 55 A EE i RE 2R ORNE - FRCHE BTSN R -
LRI B N E E R FER (4 o ML il BB DR  AtBa & st s
TRREESEF R R A E R E A B ARRR S -

LT

FHEEHERSEE > HEEUE#IL
—~ SEEAR
AFTEE SN B a0 52 ERE 16 A2 658 12 5556 -
— - Bk
HEH 92 FEEHBERBIEING 2 X FFEFE LR AEER 65
12 SRELAEZEEF > BEMREL 100 (B— 0 =858 » §—2F 0 & 13 (EEUIES (E=)
HEATHIE  BUNAEET 2B 100 (ERUE - 18 4 Kt B EI9E - fEEMAE - S8R
B8~ KRBT - HIEHEE B -
LS BEfe B R : D7 1 (Nippon Denshoku 22 NF-333 %Y Simple Spectrophotometer )
JHITE o DL CIEL*a*b* R kR s » WistEH h® (H*, Hue angle ) B C*H (Chroma ) »
SrRlARBIEZ AR BAEREAERS (4E) » AT (Nassau, 1998)
Hue angle = arctangent  (b*/a*)
Chroma = (a¥+b*) "
2.3 ZE SPAD {H © DLEEAEZEHIEF( chlorophyll meter, SPAD-502, Minolta Co, Ltd., Japan. )
HITE e
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1

12

13

e = ~ 2 BRI i E
Fig. 3. Some observe position on the shoot of tea.
(BB —0EE ¢ 255 A MY » 3B s A T © 4 BB EE
e BEBAL S0 B TMEE /S NERAL 5 6 B T IMEEREIENL 0 7 BEMEES B
fiz 5 8 BEMEELPEL > 9 B=WEEL NERL 5 10: FB=EEL BEL
11 SE=MMEEAS P ERAL 5 12: SB=IEEAE T 5 130 SE=WEE R RIS <)
3. #E&kZE (chlorophyll) FAGHZEEZE (carotenoid ) & & MIE
BT ER AL — L =55 5F ﬁ?%‘%ﬁﬁ% ( E— ) Sr AILLEAR 0.6 cmd TFLIEETEY
HEER &S F o aHEREEE 1414 cn’ - B2 (Ufin) AEBER  ARE
o B EE 4 K 0 FIIA 80% ethanol 10 ml » 1£ 80°C /KIASBEEHL 20 434 -
FEHUREJE % F 80%ethanol EEZE 10 ml > DSESEAREEE » BUERREOCELLE
B Sy BIERE B 440 nm ~ 645 nm ~ 663 nm Kz 652 nm FERIEIESEE (0.D) (B
%% 51992 5 Arnon, 1949, 1956) » HEATATT ¢

\Y%

w2 (mg) [FW= ( 127 (D663) -2.69 (D645) ) X
1000XFW
\Y%

b (mg) FW=( 229 (D645) -4.68 (D663) ) X
1000XFW
\Y

e e (mg) [FW=( 202 (D645) +8.02 (D663) ) X
1000XFW

A EEE (mg) FW = 4.695XD440-0.268XCX (a+b)
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it DA BESRERAHURAE A M RATEOEE
AR (nm)
Vi BEREER 80% ZEEZEAURAIASEGHE (ml)
FW @ R S AVEEEE (9)
C (atb) : BE&EER (ath) G E

Cc : SREEEIRATEE (mg)
=~ B
HREZFSHIHERFI12A3H

RS g

VA EHAENEEE - BT AT EEEREITERE - NILESEEET % 42 K
R A5 12 35— 0 =55 ok 13 (HEUIEE ([B=) 4 THEUHIESE 100 [EHE > £61E
BETTRTINGE— » R RFE= -

NIEZFEEBEN (0 2B (0 S E - 0 R B M PR R Ve AR E R SR EREARE
RENGEEER (R—) FMEEHGEER - F MR & - FoMERER - #R
R Rk o HI1S: SPAD {H 53 Bl B - 55 —fiEE 42.8512.361 ~ 55 i BE 50.44542.480 ~ 55 = #i#E 51.932
14.439 o (HEE—HEE A NG - AR I IR E TE R Y RAE I NGB 2R IRE - Bk
HFERN > EGR S EINBEENI - NHEOZETHEE o BERWERAVERS > AEAA (F
=) HEEEEIEE 2 -

HHEEE RSB SIS EENE IS BN N B M (HERREE (R
_) °

[E—F WEEREL ERMIE SPAD EELFF AR (FR—) » SERBIIERE 2= R AR -
(BT EE R ELEHME A EELRAFR S » (140 © SPAD {H 5 fMEEEE LR MIE (ELHIES 3~ 5) 50.25
14,391 ~ 54.55+4.648 KFAEE EEEERHIE (BURIES 2 - 4) 48.22545.827 ~ 48.72542.043 + 55 =
@ﬁ%ﬁ%g SHME (BUHIBE O ~ 12) 55.32512.439 ~ 52.725+4.528 AAEE = e BE 0 E0AE CHEHIRE

~ 10) 46.575%4.367 ~ 48.17514.188 (F—) - BEEM T » FH _MERZPVEHRUE = HES - ®
ﬁtﬁﬁﬁ%iﬁ R BEN M NS S B S g A > BERLETEL ORI EE R » IS A AR )
TRFESAEERES - FEEMEERAVEN S > EBRE MRS (IR SRR -

B — O =8 B28 12 985 IR 13 [EEVHIE LG HE X~ Y ~ Z (8 > WS HE
BEEEL L ~a~b R L*~a*~ b¥E () Lx {HEE R 30.35~37.88 » SPHI{E £ 32.75542.012 - a* {H
HiE F5-7.68~-10.36 > “PHIE F5-9.385+0.785 - b* {EHHIE 10.02~12.69 » “FHI(E Fy 11.60420.859 » X {H
H5 By 8.49810.540 ~ Y fE B 10.42920.612 ~ Z 1 45 B 5.99640.548 - A 452 a 1Y
{8 5y 1.5760.1996 mg/g » TELEZ b FH5{E By 0.44610.1439 mg/g » AEIELEZSEI(E B 2.15240.3415 »
EHEE 2 Y (E Fy 2.08140.573 » SPAD BEAR R E FHIME B 50.66214.2383 (FF—) -

BRI, €0 22 B (0 SR i SXAR E T AT 2 BB (coefficient variance, c.v.%) (=) H&ERE
B 2 R BEE 16.15% » RINEE EE 2 P8 ST 15.12% » K EE = IEE 2 4ESF1Y
S 8.03% > JHLASE SIS BEEY - BE B P AR BENERELAE 0 EHHEER
IIHERAL ¢ 55 2 TERY 2~ 4 BUNELIE > B3 E T~ 10 %% B - Hg Ee{%;%’zﬁm [E A
By~ EERES 2 TEHY 3 ~ SEUHIBEAIE » 553 BEAY S~ 0~ 11 ~ 12 BUHIBEAr B - HE F B -
S BB E (A 2 8 EARMAE S LR - DUBUHIEL 3 > 17. ZO%Erjr EEHIEL 12 2> 4.88% 5/ ©

GrE Dl BB DB =B TR (BUHIES 12) HS R AEKA T EER - AHEE s
I E B -

FREEHERFOE > EEEMEZET R - ENE— = - ZENEGE . o
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AlEy 1.242mg/g ~ 1.608 mg/g ~ 1.576 mg/g ; EE&EZE b 47 AlE 0.281 me/g ~ 0.331 mg/g ~ 0.446 mg/g
BELRZR o/ b CLIEAY A 4.419 ~ 4.858 ~ 3.537 » 1847 Chl a/b LLE AR 4 > BE R34k © Chlab Ltk
B Ay 3 FEEALRE  Chlab tBE/NA 3 FEEEBGE (FE > 2004) - BRI A BIREN
SR THEE T BT - AV R RIERRME - ETRETTN - IRt T8 B iR S EEY) -
ENEFREGHEA T HEEN  ETrRHEAIERE IER R - BLEER BERTEE
ER - EfRRRE  MREEMERR  EREGESERS > BE4%E ab thESNR 1.5 &R
FRLS ST B ERVEE el TR A ERIRVEESE (BEEE » 2002) « R ZRmALE RV EEALE R oF e
FHRIAERYE—3E - pEAVE BRI E =85 By ENSRT KM ik askt > HE
Fobkt o BRI R ECRIEEL > Chlab RIEREZE (2002) Frig R AIEL(E -

RETEYIREER & E KB A ZE (photosynthetic pigments ) » FIFEEE4E ZAIJEEHSE E 2% -
REA RO U o] RYEH S o 8 B TR A E R O ERERRE R (LERRE DU FF - BHEPZEE R EE
FEEIRCREE > T EE SR 2R B AL SRR B R B3 RAV&REra I EF
BHSE%E > 2003) - BEaR R ETHE ERER FEE R A B IIMGI » EGE A2 L = METER
W — (R — ) R ORI s P AR A Sk (0 AW RERIE G 5R( 32 ). FEAIAZ(2003)
FIFREISE (2003) 23 AIFIHEELEZ SR KRS - B B it Bpst L —5 -

Ry T HE— P UCEMG— L > 1976 FEIEIRIAZ B gty E e R a2 A
B[ CIE 1976 LAB (B¢ L* a* b* ) Z47 » B T Aot SR B IESCERAN ~ 1 Kol 428 R R EAgete o
EHEAN—UREROEYE R REE R

CIE 1976 LAB (¢ L* a* b* ) Z2fEHEN CIE XYZ 24 mEE 0 AEpS s Lt X~ Y~ Z &Y
RSV =RIE 5 Xo~ Yo~ Zo &y CIE fEXEREBHASHY =HMME s L ROHEAE  a b ROHEEE (&
2002 5 {A] » 2003) » Hrf a (ARALLFESE > FIEEFRRLLORE  FRERRGOREE S b RFH
Bl FEERAEHOER FRERTEGER - FEFHEL - a b EEBEAGCIRTITAETEE

(BESE > 2002 ) 1 a* {EAHMIT 2 & fEARE Lr (HH b* (HEISREE 2 RR aEAHER  L/b*

ZEEEBRA T HertEEiloR - W 7 IESrE 7 BHEIE o 2@ ERAK b* HEEAEZH
& (fa] - 2003 ) o L* {H 39K 32.78 « a* PH9{E F-9.38 < b* FHE K 11.60 (R - HIEHNSE
GRZ a PHIME By 1.576 me/g - BELEZE b SPHME By 0.4460 mg/g - 4EEELSZFEGME By 2.152 me/g - FEEH
FEEZIME B 2.081 me/g - SPAD EELEZEWHEAEN-IIME Ky 50.662(F=— ) JE&E R BT HE (1992)
A EER GBSV A EUR R skt (a* EAE- [ Bisth (b* EIE+ /D) PRV EnaE -

[E]— R AR FI PV AT 2 BE DR [B]— 3R (B 09 2 fHAH AR A SRR 35 FE S AR/ NS R AHTE] 1
ERPTFAREEMEL > MR K 25 mm’ » BEEEE R EE - B EREUIIAE R ESE (%> 1968) -
RS N RN A A S0 8 S PR AR ENI R [E A 240 > BRAIZE (2000) #5H BRAERYZE
T E R YA — SN SRAILNE - 3R (1968 ) {ERFFE AR TETE SR A5 L DA TH AR
5 7 i (R 2 5 = T R BRI 52« ANl DR = fEE s 1 e (B 528 S A e > 18
M (=) LB (1968) AU 5 HH {1 » S0 DL S8 = BEACH] 2 48 S (0 sl B AR - H H =5 (1992 ~
1993) B IE ORI ST IR AR =T R MERERY » (RIE - e st A H e EE L E
TENF PR BEA SR =853 FOHIRE -

&iliam
RIS R e TR MR E 2 S 0 (0 » 0 (i PR T 3o

MEEEL » FERF L= LIS B NER RN 2EER /)N » BRI R YR
72 BOHOHME B RBOR - WA » T & VHUE (r BRI RS | RE S =
AAERZGES MIE (9L 12 E) - SINF U ARSET MIE (G5 S irE) -
HEHER Y SPAD {H Kzt L* ~ a¥ ~ bMERAARENEHEGR S EBAVKY © HEORKE
BRAERABUS - B E R ] > SR GEBLRA PMEEGR SRR fPVElk S
L AN BEER RS - MR - BEEFEERRPY - 4RI - B8 SPAD ([HAVM ISR e E T
SIS - R CURIRSERN 2N - SR SERR > LMEME - kORREBORAD -
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Application of Color Measurement Technology on the
Measurement of Tea Bud Color

Horng-Jey Fan  Hun-Yuan Cheng  Ming-Shaiun Guu®

Summary

The measurement value of chlorophyll meter (Soil-Plant Analyses Development unit, SPAD)
would increase along with the number of tea shoots. The chlorophyll content has emerged first in the
third leaf. The shoot color also would transform from yellowish green to heavy green. The standard
sampling is one bud and three leaves, and the measured location is the lower left of the 3" younger leaf
when use colorimeter (color difference meter). The averages of L™ value, a* value, and b* value are
32.78 + 1.99, -9.38 £ 0.79, 11.60 £ 0.86, respectively. Corresponding measured averages of chlorophyll
a, Chlorophyll b, Chlorophyll are 1.576 + 0.1996 mg/g, 0.45 + 0.14 mg/g, 2.15 + 0.34 mg/qg,
respectively. The averages of carotene and SPAD chlorophyll absorption value are 2.08 + 0.57 and
50.66 + 4.24, respectively. The best measured location is the lower left of the 3™ younger leaf (location
of No.12) by the non-destructive determination of tea leaf and bud color with chlorophyll meter and
colorimeter to use non-destructive determination of tea leaf color changes. in the best position to the
left of the leaves on the lower third position (No. 12 position). The SPAD value and L*, a*, b* values
can basically reflect the chlorophyll content.

Key words: Tea tree, Tea leaf and bud color, Chlorophyll meter, Color difference meter
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Table 1. The pigment content of different locations of leaf and bud

B E A o CUSEH Y

61

TEAir (VA=Y Tk a  BEHERL  EGR HHZEEE  SPADH
Leaf position location  chl-a chl-b chl car cmr
------------- mg /gFw
B—EE 1 leaf 1 1.242d 0.281de 1.573e 1.574cd 42 .85f
5 MEE 2" leaf 2 1.478¢c 0.242¢ 1.843de 1.297d 48.225def
3 1.652bc 0.465abc 2.243bc 2.033bc 50.25bcde
4 1.614bc 0.246e 1.989¢cd 1.074d 48.725¢cde
5 1.788ab 0.437bc 2.440ab 1.919¢ 54.55abc
6 1.509¢ 0.265de 1.793de 1.359d 50.475bcde
Avg. 1.608 0.331 2.062 1.536 50.445
10.124 %0.110 0.274 10.417 12.489
BMMEE 3 leal 7 1.631bc 0.536abc  2.267bc 2.456ab 46.575¢f
8 1.568¢ 0.580ab 2.264bc 2.544a 52.125bcde
9 1.641bc 0.569ab 2.359bc 2.574a 55.325ab
10 1.917a 0.607a 2.731a 2.551ab 48.175def
11 1.686bc 0.598ac 2.445ab 2.561ab 49.200cde
12 1.595bc 0.568ab 2.324bc 2.574ab 52.725bcde
13 1.171d 0.409cd 1.702de 2.542a 59.400a
Avg. 1.601 0.552 2.299 2.543 51.932
10.222 *0.067 %0.308 10.041 14.439
mean 1.576 0.446 2.152 2.081 50.662
£0.200 *0.144 10.341 £0.573 14.238

The mean values in each column follow by the same letter are not significant different at 5% level with Duncan’s

multiple range test.

Chl-a=chlorophyll a, chl-b=chlorophyll b, chl=chlorophyll (a+h), Car=carotene, Spad= spectral absorbance of

chlorophyll.
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Table 2. The color difference of different locations of leaf and bud

B firE L* a* b X Y 7
Leaf location
position
BE 1 31.90ab -9.34bc 11.91abc 8418 10.425 5.684
1" leaf 11.062 11.196 £0.253
BIWEE 2 33.12ab -9.04abc 11.42abcd  8.81 10.709 6.235
10.102 *1-076 11.410
2" leaf 3 30,88b -9.25bc 10.73bcd  7.98 9.802 5.673
10.764 *0.878 10.546
4 35.48ab -7.68a 10.516cd  9.92a 11.803 7.598
13.358 £3.903 13.049
5 31.15b -9.08abc 10.78bcd  7.935 9.694 5.768
10.474 10.64 %0.175
6 30.35ab -8.44ab 10.02d 7.738 9.466 5.843
%0.586 *0.745 0.217
Avg. 32.196 -8.698 10.6932 8.4766 10.2948 6.2234
2.114 *0.646 £0.505 £0.906 *0.967 %0.798
BEWE T 37.88a -8.93abc 12.21abc ~ 8.722 10.808 5.752
10.853 11.158 10.272
3" leaf 8 32.52ab -9.95bc 12.16abc  8.524 10.572 5.707
+0.709 *0.974 10.143
9 33.20ab -10.35¢ 12.19abc  8.707 10.804 5.845
£1.065 *1.268 10.452
10 32.78ab -9.60c 12.41ab 8.209 9.893 6.586
11.257 12222 12.165
11 32.37ab -10.29¢ 12.43ab 8.387 10.412 5.679
10.634 *0.787 £0.199
12 32.776ab -10.36¢ 12.69a 8.642 10.682 5.843
10.519 *0.636 10.219
13 31.43ab -9.69bc 11.38abcd  8.476 10.503 5.735
*0.717 *0.947 %0.195
Avg. 33.277 -9.881 12.210 8.524 10.525 5.878
2.102 *0.523 0.410 £0.186 *0.316 £0.319
mean 32.755 -9.385 11.604 8.498 10.429 5.996
2.012 *0.785 %0.859 £0.540 *0.612 £0.548

The mean values in each column follow by the same letter are not significant different at 5% level with Duncan’s
multiple range test.

L*, a*, b* : This is one of the color spaces that perceptively has nearly the equivalent pace as that L* shows the
luminosity, and a* & b* show the hue and chroma. X, Y, Z: This is the tri-stimulus value for the tri-chromatic color
specification system based on the isochromatic function recommended by the CIE.
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Table 3. The cv % (coefficient variance ) of pigment and color of different locations of leaf and bud

BEAY fir'g L¥ a* b¥ chl-a  chl-b  Chl Car Spad  Mean
Leaf Location

Position

B

1" leaf 1 462 13.02 1495 90.02 3737 19.52  25.22 5.51  16.15

BEWEE 2 10.99  10.28 715 1448 2893  16.60 7.86  12.08  13.55

2" leaf 3 4.69 794 1237 1465 3634 1877 3414 874 17.20
4 17.37  17.15 9.51 713 41.87 920 15.74 419  15.27
5 2.28 3.77 5.62 794 40.27 1061  36.27 8.52 1441
6 1.52 5.39 3.77 9.61 4491 1344 3252 6.09  14.66
Avg. 7.37 3.90 7.68 1076 3846 13773  25.31 792  15.02

BEWEE T 29.18  19.00 8.40 8.89 1045 8.29 8.35 938 12.74

3" leaf 8 3.73 8.72 9.10 7.46 8.62 8.13 6.96 378 7.06
9 2.64 4.81 7.54 536 1441  10.77 .70 4.41 7.33
10 11.29 8.98  13.01 3.65 10.05 5.42 9.68 5.68 8.47
11 3.02 6.36 830 1097 1137 11.33  12.07 8.51 8.99
12 2.44 5.32 7.23 3.20 3.70 3.40 5.17 8.59 4.88
13 1.18 5.89 5.11 948 11.25 8.58 10.82 1.55 6.73
Avg. 7.64 8.44 8.39 7.00 9.98 7.99 8.82 5.98 8.03
Mean 6.54 1012 10.34 8.93 28.60 13.74  19.78 6.47 13.07

L= luminosity (0 is black , 100 is white ) , a=color coordinates , + is red , - is green; b=color coordinates , + is
yellow, - is blue; Chl-a=chlorophyll a, chl-b=chlorophyll b, chl=chlorophyll (a+b); Car=carotene; Spad= spectral
absorbance of chlorophyll; 2 avg= the average of the all locations of the 2nd leaf ; 3 avg = the average of the all
locations of the 3rd leaf; mean= the average of the all locations of all leaves.



