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The Numerical Classification of Chrysanthemum Flower Color Phenotype
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Abstract: In order to accurately define the different flower color phenotype of chrysanthemum,
colorimeter was used to measure the various flower colors of 811 chrysanthemum cultivars. And the
different methods of color classification (Q cluster analysis and ISCC-NBS color name chart) were
compared. It was found that the results obtained from statistical methods couldn’t fully describe the
characteristics of plant color, while the definition of plant color from the color point of view was more
accurate. According to the standard, all cultivars were divided into nine groups and the distribution range
of flower color parameters of each color group was summed up. On this basis, the distribution analysis of
the phenotypic color of chrysanthemum cultivars was completed.

Key words: chrysanthemum; flower color phenotype; numerical classification; ISCC-NBS Method
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FAE AN > B A GRAMR I 22, 2009).

WAL R IR 32K T78, BT NHAT I VE 2 440 Mo 2RE 9T, ST T AN IR0 2R R G okt
R, 19655 AP AIAREE ST, 1990; FEAGAEWITT2sy, 1993), SRIMIXLLIF R ARGALMREAZ 1K i A
AR SN AEAE 0 IR BR R o 6 SRR bR e SO IR, AN T ST R RSP PR AN 6 st A A i 2 TRV IR
RAIATHE G, 2007; RN 55, 2011, B[ A5G4 Aok 2RI ) 50 A RS ff (1) Kt 23 2R 07
) K JEBE RLA CRIFFIENI S S, 1995; 3EF, 2002; VA ME, 2005; HEHHE 55, 2009; AT
HFIFEE 2%, 2010),

et R R B R AR, R SR R BRI . IRA LK, MFEEDE AR
AR e M s A B T Lb 5 (Royal Horticultural Society Color Chart, R.H.S.C.C.) HEATll&E.
B A € 7 VEAE I FE R A el s R V2 N, AR R B A LASEE (Voss,  1992)
HUAER e R R A L, (e R BB s R, R TS, A —Ei kAT 7 8t
FUs KT R EAEY SR SR S BT S br 2 e AR, IR 20903 DAe (L R B (B ok JE Al
X FEAEYIE O TE M LEETT 2 T K= 9T T/E (Gonnet & Fenet, 2000; Hashimoto et al., 2000,
2002; Uddin et al., 2001; Gonnet, 2003; Kazuma et al., 2003; Tatsuzawa et al., 2005a, 2005b;
Torskangerpoll et al., 2005; Z=52M %%, 2007; Boase et al., 20100, MiXffE R E A EHIT I
KETE, WPWAMEA S CEOEE 55, 2006b; = E 55, 2008; KA 45, 2008), {HAjAZR
BRI KRG

ARSI A0 3o R AN B A S I A s A R 5 [R] (Color space) o fEALTAMIE T,
i 55 by 6 IR 2 CIELab B8R40 ((IBHE %%, 2006a). CIELab —4Eta M a[ LA L™, a Rl b
23 18] LA AR AR RO NG LA W] 5, P4 IEAS APl &7 b Fal, 2 IR MRS 4
JEFIEE R (Gonnet, 1993). fiZE€/REIA 2 S (Munsell Color System) & AP AN R B RS, H
FZIEFE S I IH S (Munsell Value). 41 (Munsell Hue) FUEE (Munsell Chroma) — ZEAR bR X K
PIBEAE S REATHEY , A AH QB I B EAE S A X S =i AR AR T ) B B S kg CREl4E,
2004). ISCC-NBS &4 3 7~iZ 2 i 35 [ [ ) B9 2% 2¢ (Inter-Society Color Council) F#fi i #€ /K
BRI  0a42 KoRyk, el E ZK bR (National Bereau of Standards) P A, & 45
FI A R AR AN B B Ty 0 R SR R B SUIA 51, FEATHT 6 AN7KSE XS A4 Ceolor solid) HEATXI4)
R e Rl HE . SRR DAL =S5 7 5K

AT R 811 AN Wag LAl fEH GO E A&, RH ISCC-NBS {44 %Kik
(Kenneth & Deane, 1976) XJ Bl KI5 b6 (Ldb AT w44, H0 e Ae (LR AT 08 R 432K X
— W FUACA SR R o S R b e it T2 H KGRI Ekh O SR e (R B A

PENTIVIIEE R

*

QY ZE SRS DARE

11 E

2006 4, T H A6t M X BEA T A 18 S Rl s PR AR, R BE TS RS T 154 N ARE
TEERIE CHBME, 2007); 2008 4EH1 2009 4F 3% £ P - AE AL MOl R 40 16 P M b AT I =, A
SE IR 800 434N di R AR B H A (o R AR E 1 128 AN A AL R UM (P 1L, 2010a); 2010 4
X AR T K AR I 1 ] 46 A i o % 9050 7B 4 PO 190 656 AN B A6 S Rl b AT s SR AL (e R A . JLT 3k
137 811 Mo fe i ML (0 R AUE .
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i 8,724 (NF333, Nippon Denshoku Industries Co. Ltd., Japan) LLYGIE C/2° 4 440 & ik
FERIERED o BEAS S S ANASRIBRR, BN FRARII R 5 K. BUEICIRAE P h 3 IRAE I T, P& T
T A4l b, B PO TR AL TR A B AT I, e O I ARG SRR R B (P D A,
2010b). f§ ] Color Mate 5 ¥ AF4fi Wt 224X, [l € CIELab {E A & $8 /K B R G (N 2 BUEHAT 47
o

1.3 HIESRTE

FIH PASW Statistics 18 A, WHTHI €422 AT (1) 54 46 5 IRAE IR 46 4 R B H 1EAT Hierarchical
AT FNADN 34T o BT 711k B dm A7 (Furthest neighbor) .

14 BB aEAE

FH ISCC-NBS {144 %7575 (Kenneth & Deane, 1976) % FrillEi a7 dr 4. o BAE A
B A2, AR5 LB B B R AR, DR FE Sk A A s o AN [7) P € X A3k 4 7 Rl 43 Rl i 42
B 0, 22 S0 B PP A (09 B S AT AE 2 AL by b, T GHE— AN B I s 304 T IR R Ay 42 o

2 HIR 50

21 FRABESHAENFRSMIEERERITHE

FIH] PASW Statistics 18 #cft, f I 3RAFH 811 Mg ALmAlh Ly a" b EUHTEREM . 155
FHON 10 K2 hlphAr Lk, Flet R0 10 28 AR . mOMESE, K4, Rt
FIERErth. R, P, S, 6. B, B,

SR B AT I, B 2 FIEE S SRR, nPR LG IO SRR B 6 FIEE 8 KILR
P, " HGF RO G Gk . 851K, K iete R AT R MR M5, i
RPN 8 AT AR (1, WFRAEMERE). mEaR (1, mifEamiEsgin,
LR D, HEGaR (IV, SRR arEat). S0R (V, SIEIERETR L ORI
), AmR (VD BER (VD AfEazi (D,

R1 FUAECRIEBESHER

Table 1 The clusters of flower color of chrysanthemum cultivars according to the flower color parameters

HRI PIREEK P4 RV AR 1 43 E /%
Color group Color description Number of species Percentage of species
I PRI H (% White and pale pink 284 35.02

II HORIFLGED Yellow and yellow green 143 17.63

il R4 Purplish red 138 17.02

v AL S (D Light yellow and light green 74 9.12

\ {4 Dark red 61 7.52

VI 414 Red 58 7.15

VI P& 4 Orange 25 3.08

Vil F# €8 Brown 28 345

Bt Total 811
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2.2 {EF ISCC-NBS B R RTFAEMN WML BRAEHAITHE
221 HpALERESELER

K H ISCC-NBS 1,42 26 730 ) (0 2240 58 1 811 AN A4 it b e (0 R AUEHH AT fir 4, JERT
IREES RIS, R 66 FIEE AR (R 2).

F 2 {KIE I1SCC-NBS R4 811 MMM IER WS
Table 2 The color name of 811 chrysanthemum cultivars based on the ISCC-NBS system

A PR AR AR A PR AR AR
Number Color name Number of species Number Color name Number of species
1 Light brown 4 35 Deep red 4
2 Light reddish brown 1 36 Grayish purplish red 17
3 Light yellowish brown 5 37 Grayish red 13
4 Moderate reddish brown 1 38 Light grayish purplish red 9
5 Strong reddish brown 1 39 Light grayish red 4
6 Dark reddish orange 3 40 Moderate purplish red 25
7 Grayish reddish orange 11 41 Moderate red 14
8 Moderate orange 2 42 Greenish white 9
9 Moderate reddish orange 5 43 Pinkish white 13
10 Brownish pink 1 44 Purplish white 1
11 Dark pink 3 45 White 41
12 Dark purplish pink 8 46 Yellowish white 105
13 Dark yellowish pink 2 47 Pinkish white 14
14 Deep pink 2 48 Brilliant greenish yellow 16
15 Grayish pink 10 49 Brilliant yellow 20
16 Grayish purplish pink 44 50 Dark orange yellow 6
17 Grayish yellowish pink 9 51 Grayish greenish yellow 3
18 Light pink 2 52 Grayish yellow 6
19 Light purplish pink 1 53 Light greenish yellow 37
20 Moderate pink 4 54 Light yellow 48
21 Moderate purplish pink 9 55 Moderate greenish yellow 3
22 Moderate yellowish pink 5 56 Moderate orange yellow 2
23 Pale pink 6 57 Moderate yellow 28
24 Pale purplish pink 49 58 Pale greenish yellow 19
25 Pale yellowish pink 10 59 Pale orange yellow 3
26 Strong yellowish pink 1 60 Pale yellow 17
27 Pale purplish pink 2 61 Strong greenish yellow 2
28 Light purple 1 62 Strong yellow 10
29 Light reddish purple 24 63 Vivid yellow 4
30 Moderate reddish purple 12 64 Light yellow green 3
31 Pale reddish purple 4 65 Moderate yellow green 1
32 Dark purplish red 4 66 Pale yellow green 32
33 Dark red 34 RSN 811
34 Deep purplish red 2 Total

ISCC-NBS 44 K/R RGN 44504 6 ME, BSERMT s, RIS TEd, B
ARRIECE BB 0. 25 1 S GO SRR TR C AR A B RRRE U A 13 MRS 5 2 SS9 E
BREIGT 29 AR, DU SR ) (At £ Xk — 22X 53 T I eaAl f s 58 3 S840 T B s i 1
SO EE RV BE R IA, R0 R 267 ANEth . TAEEE 6 5540, 0B IR Hifi s st R R FH A I €4
e AR R e A F] T o IRPEXANZE M, ARE b B e B R R Bt A R AL
9 ISCC-NBS 8 2 KR RGN E 3 SF MBI R 78, HRAGIER BEH AR B A, &G
8 KfaZ: EE & (brown group). PS8R (orange group). #3f4& (pink group). K4 AR (purple
group). ZL4 & (red group). HAZ (white group). 34 % (yellow group). #iZE{A R (yellow green
group)o FEXTIIEAEREAT /28 R, A AN RHBE IR 20T A A R, HOMMmEafn
FAAYEEN, BEEEERK, X570 (2010a) X280 R MSFARLL FEik, K EiE i Hue <
3.5 BRI 2K, s st R (dark red group) (K 3 750 9 I R), X ZEH LM



1334 P S "3 39 ¥

P b BN SRR IR I — At Rl o DI, AEIXAN IR G h At i Al 70 0 9 KR (3R 3D,

% 3 K ISCC-NBS ARGt {THiEMMERI A

Table 3 The classification of chrysanthemum flower coloration based on the ISCC-NBS system

s [ ot i it ARG E3UREItA R Munsell color system
Number Color group Number of SrEe/% i H il 7 R
species Percentage " Hue B Value #J5 Chroma
1 Bt R Brown group 11 1.36 9.15R ~ 0.98Y 3.63 ~7.45 3.62~6.25
2 P58 & Orange group 21 2.59 7.57R ~ 6.02YR 3.94~6.92 5.13~10.03
3 HH{4 2 Pink group 168 20.72 0.05RP ~ 7.04YR 425~8.73 1.53~9.23
4 2144 & Purple group 41 5.06 8.42P ~ 2.74RP 4.38~7.43 3.78 ~ 8.50
5 218 % Red group 83 10.23 0.64RP ~ 7.80R 3.52~7.49 2.82~10.13
6 9% & White group 183 22.56 2.68R ~ 5.96GY 3.98~9.79 0~1.40
7 W4 R Yellow group 224 27.62 0.02Y ~9.89Y 5.60 ~9.41 1.64 ~12.90
8 H4E R Yellow green group 36 4.44 9.05Y ~4.25GY 7.21~9.13 1.02 ~4.96
9 S0 R Dark red group 44 5.43 5.90RP ~ 9.40R 2.04~3.47 6.45~11.20
&t Total 811 8.42P ~ 5.96GY 2.04 ~9.79 0~12.90

2.2.2 CIELab AR &4k % 2 ISCC-NBS & % & =ik T X5 & 2 49174

CIELab FUEA /& 52 SR 8 50 A 5 T B 2R, R TX — 592 mT DURAI 4G fE Pl - R
TS E AL (R 4) o R 5 F PR 50 280775 0 LR s, A 9T o Fi CIELab i & & %} ISCC-NBS
{040 2 RESRAF (R 3 6 SR L (00 2K 45 RIEATVRM . W & (5 221 CIELab BiA R4S (L', a'v b
E) AT RBL, FERKL, & b EFEAEFEE (8D, SRS ARFGRE D IT.
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#H Classification
H1l HESHERRL. 2, b HEZE
1: BREOR; 2: BFOR: 3: BOR: 4 BER: 5 46GFR: 62 AMR: 7. HEAR: 8 WHAGER: 9. HAOR.
Fig. 1 The box plot of different color group of chrysanthemum cultivars accordingto L", a*, b”
1: Brown group; 2: Orange group; 3: Pink group: 4: Purple group; 5: Red group:; 6: White group; 7: Yellow group;
8: Yellow green group; 9: Dark red group.
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F4 ISCC-NBS BARTEEXWHFLERMECREGRE L, o', b EAHERE
Table 4 The distribution range of flower color L, a”, b”parameters of each color group of chrysanthemum
cultivars based on the ISCC-NBS method

i [EES CIELab it &4 CIELab coordinate

Number Color group WiEE L )% a Wb ElE C AN/ hap

1 KRR 36.94 ~75.23 3.01~25.13 13.93 ~32.03 20.89~33.49 4134 ~83.11
Brown group

2 B R 40.08 ~ 70.07 14.92 ~37.01 16.44 ~38.91 25.12~53.7 34.88 ~ 66.44
Orange group

3 MR 4336 ~87.52 3.23~39.93 -11.76 ~33.01 434 ~46.76 0.43 ~359.36
Pink group

4 KER 44.68 ~ 75.01 13.80 ~ 35.60 -12.17~-3.78 14.32~37.23 -30.92 ~ - 14.42
Purple group

5 AREEA 35.75 ~75.62 9.34 ~ 44.79 -9.65~242 9.38 ~ 46.24 -2223~292
Red group

6 HR 82.92 ~97.88 -411~3.83 -0.99 ~15.85 1.32~16.09 - 4837 ~125.91
White group

7 HOR 57.02 ~94.2 -16.11~15.91 13.74 ~ 88.67 13.83 ~ 88.69 70.37 ~ 11.45
Yellow group

8 WA R 72.92 ~91.47 -14.40~ -2.90 8.75~36.14 9.22 ~38.5 105.73 ~ 115.76
Yellow green group

9 BEOR 30.11 ~47.17 3.23~25.21 -5.58 ~38.39 31.83~59.16 -7.01 ~40.46
Dark red group

(D AR, WOR, EEORN UMEEK, HAMET, MHRaR LSO
g HAhE R AL

(2) AMAR. WEOR. WO RM a HALE RN, AL R K a A fE IEAE P .
Horh, BORK a K

(3) HORK b HAE AL FAENEE . B R AL R M b A8 IE S FE A Ao
At 2R ) b B3 A A AR Rl P 5

(4) BFERSBORZE, BFORKN a HEBORAD, b EEBORK,

(5) MREERORZ N, BORK  MEEORD, b HREORK;

(6) RGO AN LS a KAl eL, (HEE R bl Bk T 340 R b .

IR e R UE B, ISCC-NBS (44K /R4 M1 CIELab B a4k 5 2 [0 BAT BT (R0 5%
R, ATLLHAE A RIAT R 75, PRl RGBT, AT S 2 At (0 R IR

23 HitMMEERES RS

MAFIF CIELab Bla & R 45 ol LA, 2e B ie G aEs £ .

811 MM FIEAAE @'y b kM br b, BB e [ [T, VHE, 7E5II%E GE
) WHMI (B2, Ao 765 1 MW EENMLM, RO, BOMNEG 4 DMERAMSM, H1%R
PR B AT RIS G 2 M RIS FP; SBIVERIRE AR ORNPG BT RS E F 25
AR 2 MO RIS R a EHATTEE K - 16.11 ~47.17; b (E A TE A : - 12.17 ~ 88.67;
hap T3 AT TEFE A 0.47 ~359.68

BERFIELOAE L @' b YRR RRIG A R = ARG (B 2, BDo Jb L E M T L «
20.66 ~94.20; CAH/MTIEHK: 1.33 ~88.69,

FE AT @7 b AR KR b, A58 SRR K6 (O R R AR BRI 4 b = 15.2415 - 2.1829a +
0.0978a - 0.0012a” (r=0.7164) M54, FRIAE N 283,
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A: a*\ b%‘?ﬁl&l, B: L*\
1. BRA R 2: BER; 3. BOER; 4
7: ﬁﬁ%. 8: ﬁéilﬁ/%v

a’s bk
REOFR; 50 40FR; 6: AR
9: HMAR,

Fig. 2 Flower color distribution of chrysanthemum cultivars

A: coordinate systems ofa’, b’;

B: coordinate systems of L*, a", b’

*

1: Brown group; 2: Orange group; 3: Pink group; 4: Purple group; 5: Red group;

6: White group; 7: Yellow group; 8: Yellow green group;

9: Dark red group.

e s R Rt R W B LS5 C 2 Il
KRR . HHE 811 MMAG L M Fh LA C
HAE e AAAR I 50 AT, WKL 53 R PR AN C
3).

— S L ERE C KA, HR R E
ANy BOSILTEAT T x oA 58 280 LMY
N O R N 2 S

FRBOE OO, EORES0E 3 M
Fo WP LS C TSR T Sl A a3 vk
Kras, el tEmaE (B4, A, SrHTarsa,
W% LME A5 R 1% CAE AR DT Sl A KT AR
B (rr=0.25),

SRR, 0. R, SR,
AR 6 AN R WX 6 MR LY
'5 IS CAHRMTH O (K4, B), 2L

FIAHIEC R, W LS RE C 2
éﬂ%‘@lﬁuﬂﬂnﬂ@%wﬂ (r=0.77), £
A BoRBE R ARG, e LR PRI

0 20 40 60 80 100

3 FWiEmih LES C E-SHAR

A 2. BEAR; 3. BEAR; 4 BOR; 5. 0K,

6: HMAR; 7: WOR; 8 WHMR; 9: HER.
Fig. 3 The scatterplot according to L"and C among
chrysanthemum cultivars
1: Brown group; 2: Orange group; 3: Pink group;
4: Purple group; 5: Red group; 6: White group;
7: Yellow group; 8: Yellow green group;

9: Dark red group.
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c c

4 HEHMHLUESCEXR
A: R, WERNMGEEENF LES CHXR: B: BER. LAR, 26K, BAR, BARM
BREOR AR A LS C R R,
Fig. 4 Relationships between L"and C among chrysanthemum cultivars
A: Relationships between L™ and C among chrysanthemum cultivars in white, yellow and yellow green group;
B: Relationships between L™ and C among chrysanthemum cultivars in pink, red, purple,

dark red, orange and brown group.

3 e

WFRBL, WAEERM L, &' b BT RT3 2 45 B AL 58 4 R AL Y6 (5 1 /) Ak
2is ISCC-NBS {144 %7kt e (o1t 58 SO ERf o A% 7 B 3 et B 8 L, a™s b
0 9 KR, FHHEEH T ARGRLOSESMIGE . fEICEERE F, X5 e R 1) 4
ARE ST T 08T o IXEERIFT 45 SR o W B A A 5 38 R I e B b S Lo R U it TR Bk,
YT AR BRI 5 SO HRAS B IR )8, AN A AN [RIFE 8 S R s e F oy 25 ARt B ik
PLERFSE . 8 e fe th it PP 8 LA B )RR 0 S5 9T TAER It T ) T R
31 MUEEYELaREHAITHENLNAE

DAFE I 9T 3 248 SRS B (R 7 o AE (R B IEAT 40 28, (H R B T SRS RENG (1 5 R AR
O RERO RIATIX I . R5H0E (20100 EH SR AT RAI AT 454 RH.S.C.C.LL 1)y
VAT T BRI, S A PR MR R R o 8 KR R Lh RO,
R, AR ERO), RORBIREAE (i) ANREE. KA G, REAO (WD, 4
BRI ], ATILZIFO R REAR AP X o B E ARt R . FIHTAE (2007) XF 281 AN LRSS Fh (14
ERMIATHE SR, FEIMER . wA., BE. A6, b, 20, 2608607 KR, 1
o SR M BRI O I, T B B B gL, KR WA gl AR
VEEAS F ZR 3 i R 0 43 AT R 7 VR 3G A R A 43 0 8 2 108 38 CRLAE P (R () L B0 R (1
TR EFBSE), BABR, REAR (WHFRHEKRSEE). BOR (UREIERENELA
FEERLLEE), LR, BOERMBER. 200N, 4R FFEA GRS AU RAE A L R
R BRI K SRR M T IEAFAEAS BRI A Bl I AL LA T /0 R s (At fik e, e
Fggea),

{4 ] ISCC-NBS 844 R /m AT 43 5] LR A FE XA [FPREAE BT IX 43, A 3B X
ST AR, RGOS AR, BT LR R, (HXROT AR B,
AR Z AL . I N SRR S At R A 7 R4, S ISCC-NBS (444 K miE gt 2 i) R 40
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32 FhEMIEERENS TS

TR 811 ANH WAL M AL R L™, 'y b EdAT IR R B, SR dis Fe, it
K T AR, HEMBDEOR, BT —A F 2R S A RS A G
FF. AR AT R, AT A R IER (Ph 1, 2011a). IR AR
BRI, AL 8 A T G IE N F3'5'H R IA (S 5. Ik, 7EAfEfe st RN
BR LR, B EEH P ATE RIS ROR RIS R, Sl I KA S s, N
M B S A 0K S AR B A & .

33 FHEHBRISHMEXME

SACAC AR B R R I DG OC &R, RITBERE B IR 38 I BH 2 B (K . Hashimoto %5 (2000)
X210 ANEE . K. ORI (O 50 R I T SRR AL LE S C 3T AHSCHE i &
B, ZHIREIAA (P = 0.980). LIMEMIBIFTIERIL, Helederh i RET 15 & BRG]
B NEG RS EE SR SR 2 OHOC CEUBE, 2007; #h 1, 2010a; 4231, 2010).
MR FEAR RN oG R I e 1) CEFTE, 2007).

BATE R I — LR A BN G, BUAREAR F A0 R e ([ B BRI B A OCOR &R, (H
TER R B — Ak br BB o LAy AN EHE: BB — R O, sOMmeRen 3 MR, 5
TR A, A, R, RO BOMEG 6 MR, XA RS E S B RN EEM AR
AKX HALTIOE MR ORN AR AT Z T RPN REF AT, mTHESESS, &
TR, PRI AE fE D R 20 (8 R A (Nakayama et al., 1997; #h1 %%, 2010c); IMHkE
HEREBRMEAZEMERIAY P ERWERE, DI RIS (EOHE 55, 2006b), Fths{k
TR AP R AT P, RR R IR AN G . S R RSB 1) 45 18 0 TR RS HE 1) €8 3 K
IR A et — A
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