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Abstract: In this study, green-center characteristics of spray cut chrysanthemum and the key factors
influencing green-center quality were systematically investigated for the purpose of establishing
foundation for the breeding of green-center spray cut chrysanthemum. It was found that L*, 4, C"of
inflorescence center color at the beginning of full flower stage were 37.18 - 54.05, 93.69° - 114.76° and
42.84 - 64.09, respectively. The relative area of green center at the beginning of full flower stage was
13.05% - 100.00%, and the duration of green center was 0 - 15 days. In addition, the weights of five
parameters (i.e. the inflorescence center color at the beginning of full flower stage, the relative area of
green center at the beginning of full flower stage, the duration of green center, the yellowing time of

inflorescence center, and the ornamental value of green center at the end of full flower stage) were 0.273,
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0.237, 0.252, 0.136, and 0.101, respectively, by comprehensive scoring method and principal component
analysis. Furthermore, 49 cultivars were divided into 4 groups of excellent, good, medium and poor, and
the numbers of cultivars in each group were 10, 12, 16 and 11, respectively by grading and scoring of each
index, weight calculation and cluster analysis of weighted total scores. Taken together, these results
suggest that green-center characteristics are mainly determined by the inflorescence center color at the
beginning of full flower stage, the relative area of green center at the beginning of full flower stage, and
the duration of green center. The green-center comprehensive evaluation standard will be useful for
evaluation and development of green-center spray cut chrysanthemum.

Keywords: spray cut chrysanthemum; green-center; CIELAB; evalution; principal component

analysis; clustering analysis
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Fig.1 Inflorescence morphology of spray cut chrysanthemum during different flowering stages
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Table 1 The clusters of spray cut chrysanthemum cultivars according to the inflorescence center color at the beginning of full flower stage

PR SEIE Measured value SE 46 Grading range

AR Number of B B B ¥ * * AL o
Cluster cultivar AL a  HWEED WE L B C AR h L C hr Feature  Scoring
I 5 -18.65~ 3944~ 37.18 ~ 42.84 ~ 111.80 ~ <43 <47 >111 ek 4
-16.72 43.60 42.62 46.95 114.76 Dark
green
I 7 - 1838~ 4245~ 43.03 ~ 44.83 ~ 106.85 ~ 43~50 44~52 106 ~ k4t 3
-13.56 48.25 49.78 51.63 112.08 113 Light
green
I 12 -17.28~ 5041~ 38.56 ~ 52.46 ~ 102.76 ~ 38~45 52~57 103~ s 2
-11.93 54.85 45.14 56.87 107.84 109 Dark
yellow-
green
v 18 - 1832 ~ 50.19 ~ 4430 ~ 51.75 ~ 104.08 ~ 45~ 51 52 ~63 103 ~ kISR 1
-12.59 59.84 50.96 62.58 108.36 109 Light
yellow-
green
\Y 7 - 1334~ 5653~ 47.85 ~ 57.55 ~ 93.69 ~ > 47 >57 <103 0

-394 63.39 54.05 64.09 102.68 Yellow
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Fig. 2 The distribution of the inflorescence center color at the beginning of full flower stage of spray cut chrysanthemum cultivars
A: Coordinate systems of L*, a"andb”; B, C, D: The box plot of different clusters of the inflorescence center color at

the beginning of full flower stage according to L*, / and C”.
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Table 2 The grading and scoring standards of the relative area of green center at the beginning of full flower stage

RLELE HEAEA O AR TR 2 23 /%

Rt Number of Grading range of the relative area of green AL i 6).
Cluster . . Feature Scoring
cultivar center at the beginning of full flower stage
I 25 > 80 160> 4x4¢ Flower center full of green 3
Il 13 60 ~79.99 £k Center green edge yellow 2
il 9 30 ~59.99 HLOT4E Center yellow edge green 1
I\ 2 <29.99 160423 Flower center full of yellow 0
F3 BUOBERERESEERSGIMRE
Table 3 The grading and scoring standards of the duration of green center
Jeht Hh L SO RSN 2 SEE AL 351
Cluster Number of cultivar Grading range of the duration of green center Feature Scoring
I 2 = 13 & Extremely long 5
I 5 10~12.9 R Quite long 4
I 11 8~9.9 K: Long 3
v 17 41~179 — % Medium 2
v 7 2.1~4 Ji Short 1
VI 7 <2 . J5 Extremely short 0

224 Fo8 BEFHEE IR 4R AR BT AT

PRI AL Lo AR I 0] 5 AL I DG 2R, K LAY g 4 NS (R 4D, 49 NIRRT 38 NER0 i Fl,
FERACIATF U 2 J5 A3, e A5 I ONEFSEIEAR) BRI MM 23 1, BEARFrE0 B
AR G FAT 4 4, 435 K: ‘Noa’. ‘Neva’. Qx-115 Fil Qx-168.

F4 BOTEMENEREERBIRE

Table 4 The grading and scoring standards of the yellowing stage of inflorescence center

S i P4 FELAZ B I () S AR ) 52 6 353

Grade  Number of cultivar Grading range of the yellowing time of inflorescence center Scoring

I 4 AR S YL B 3
Yellowing at the end of the full flower stage or the senescing flower stage

1l 23 BACE I CRESRREAER) 225 2
Yellowing at the full flower late stage (excluding the end of the full flower stage)

1 11 AR OO Ae)) A28 1
Yellowing at the full flower early stage (excluding the beginning of the full flower stage)

I\ 11 HEAEH) S AE Y] 2 AL 0 0

Yellowing at the beginning of the full flower stage or before

225 BIARLGSYLR AT 48 AT AT KAT R

X EEAE AR S A AR B AT RS, IR 3 REHE: 2.00% ~ 34.81%. 37.76% ~
41.62%- 46.22% ~49.36%, Hi—RJLTFICMENE, J5 PR TEZENE B IRAE L& AR Sk e . M
FSOAD B A5 A 4 SRk — 2 W e O A

GAEHEIE, BRI R GO M R ETRPR 18 A3 bl (<35%, 35% ~45%, >45%, & 5).
REI R, 75.51% AN BAT BAER SO M B M, BEAER T R 10 A 3 AN, 3 il J&: “Noa’ .
‘Neva’ Ml ‘Qx-1157,



Zhao Qianru, Fang Weimin, Guan Zhiyong, Chen Fadi, Teng Nianjun. Analysis of green-center characteristics and establishment of
green-center comprehensive evaluation standard for 49 spray cut chrysanthemum cultivars.
2344 Acta Horticulturae Sinica, 2017, 44 (12): 2338 - 2350.

*5 BRERFOREEEROELEERSSRE

Table 5 The grading and scoring standards of the ornamental value of green center at the end of full flower stage

HEAEARGEOANTHRY%  RECEIRIEAE

[} ¥ Hspe M\ /25 | Lot
37 R The relative area of green ~ The corolla of the HUBY - RAEALTE . 45y
Number of . The corolla of the tubular flowers loosing .
Grade . center at the end of full tubular flowers without Scoring
cultivar . powders
flower stage loosing powders
I 3 > 45 N i, BOW, MRS R 2
Green Partial green, none or a few pollen
quantity and high ornamental value
II 9 35~45 it Sl s, WomE, WK 1
Yellow-green Partial yellow, moderate or vast pollen
quantity and medium ornamental value
il 37 <35 il W, fhE, WHIER 0
Yellow Yellow, moderate or vast pollen quantity

and medium ornamental value

2.3 PIENFESEOEIRTEN R ERNHE

XS E A REAE AL DB . BRI 20O TR SR8l A8 O AR S I TR AR AL AR 2 o
TS 5 AN SRBER PR, 1 6 L L SN EENMAT 0 R 6).

i (GR6) MILIX 5 Da IR ARA S VR O T EVE A AR 22 57, 5 BT S FE AR A 1 T A
XBL KT bR AEA, BEAT T8 b, HER 7 WA W, A STk L F] 96.472%,
REM LR RZHE KM, PIIEI A T B i, BIORE 6 LK 2 D Ekor.

Fo6 BLIEMERERITOR

Table 6 The experts scoring table on the green-center evaluation indexes

fatr LK Expert

Index E, E, E; E4 Es E¢
AR E LT 5 5 5 5 5 4
The inflorescence center color at the beginning of full flower stage

REAEAT R AR THIAR 5 4 4 5 5 5
The relative area of green center at the beginning of full flower stage

GRLFR] 4 5 5 5 4 4
The duration of green center

AL LA N ] 3 2 2 3 2 2
The yellowing time of inflorescence center

HEAEAR ST 2 2 1 2 1 1

The ornamental value of green center at the end of full flower stage

Fe S—FWEZL 4—HWET, 3—WEZ; 2—AKEL; 1—AEE,
Note: 5 - Extremely important; 4 - Quite important; 3 - Moderate important; 2 - Little important; 1 - Not important.

R EHASFRBREEE

Table 7 Total variance explained of PCA (principal component analysis)

WIUEFFAEAH Initial eigenvalue

EN 2 ~ — —
o et Ji 22 M DTk 26/ % BT ZE/%
Principal component . . L .
Total Contribution rate of variance Contribution rate of variance
1 4.546 75.774 75.774
2 1.242 20.698 96.472
3 0.174 2.892 99.364
4 0.024 0.397 99.761
5 0.014 0.239 100.00
6 8.88E-17 1.48E-15 100.00




B, IR, AR, BRK, BEE.
PITE /N 49 AP LR R PE W N8 G AP AR v IR R 2.
24, 2017, 44 (12): 2338 - 2350. 2345

HIE 8 152 2 AN T LR MEP S LRI iR AR L Kot ik R EURA A 205043 21 2 AT
YNGR ME Fy B P fE AT A 5

£8 HOEIREER

Table 8 Component score coefficient matrix

F g LK DTk 2L Expert contribution coefficient

Principal component E, E, E; E4 Es E¢

1 0.471 0.383 0.205 0.127 -0.098 -0.267

2 -0.256 -0.116 0.098 0.183 0.381 0.501
F1=0471E,+ 0.383E,+ 0.205E3+ 0.127E4 = 0.098E5 = 0.267E¢ ..o oveeeiee e, (D
F,=-0256E; - 0.116E,+ 0.098E;3+ 0.183E4,+ 0.381E5+ 0.501Eg ....ccovviiiiiiiiiiiiiinnn, (2)

B 6 TRIEFRINL AT /MEH A AT (D FA (2), WIT3&38hs FEM Fo{i. H#k
7R F. Fo (H BRI #3 3] S48 hR 0 45 S 1300l F,= 75.774/96.472 x F\ + 20.698/96.472 x F».,
B F, RN T A RS HNE o

1y
wiszszm
i=1

Hrbs o B i MERIBCEAE, n A¥EREL n=5.

B w1 won w3+ w4 @53 HH 0273, 0237, 0252, 0.136. 0.101, BIEAEWIAECEG . K
TEANZR A TR ZROFREEI . e OB B ). BRAE AR SR OB S TR AR A EE 2973l 2 0.273
0.237. 0.252. 0.136. 0.101 (£ 9),

HILEH, FBEEEHEYL, KOO BEAEYIE DI . SROFrs . AEyI st oM . 1
(Lo 7R VE INF (AR AR AR S o B 4R bR, TP AR OB . SO FR SRR AR A /oA THTAR AL
HACK B ARG, AT aeORrvEr 3 AN 2R, WaOotERNEE TR G CHEH . X5
SRR S BUAH AT -

®9 HFLEMERBESRSERNEITE

Table 9 The synthesis score and weight of the green-center evaluation indexes

F F

- N N Fz ®
EL7D 8o 1 A 8 2 Ao y
£z By VAROME 15 2 130l L et W
Index Score of Score of . .
Synthesis score ~ Weight
component 1 component 2
HAERIELEE 4372 3.454 4.173 0.273
The inflorescence center color at the beginning of full flower stage
AL S DA IR 3.517 3.973 3.613 0.237
The relative area of green center at the beginning of full flower stage
Zx0FFSE ] The duration of green center 3.999 3.329 3.853 0.252
10T 8] The yellowing time of inflorescence center 2.240 1.509 2.082 0.136
AR SO B E 1.802 0.602 1.544 0.101

The ornamental value of green center at the end of full flower stage

25 YINFFOERESTENERRERX 5

AR E AR TS U6 /N & dh MO 7B, XTI T RGER R, 7593
RRER (R 100, 49 ML/ AT 31 4 28, B ZHEROR, b MoRESR G PR B, e
4 AN MBS AME RN, WO T (D). 2 CRDL 3 (DL 4 () 445,
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Table 10 The clusters of the weighted total score of green-center traits and the scores of green-center evaluation indexes

BAEREG D
TEOAZ BT MEAE

HEAEHIAE B FRAEA) AR

o= kg
s o é The HTTBL . ERLEFEIN The yellowing ~ The ornamental  JIBLE 4>
=¥ 1 inflorescence The relative area  The . .
. . time of value of green Weighted
Group Cultivar center color at of green center at  duration of .
the beginning of the beginning of  green center inflorescence center at the end  total score
center of full flower
full flower stage full flower stage
stage
14 Noa 4 3 4 3 2 3.39
Excellent B0 4 3 4 2 1 3.15
Nannong Jinguang
Neva 4 3 3 3 2 3.14
FARIKE] 3 3 5 2 0 3.07
Nannong Bingxue
Classy 2 3 5 2 1 2.93
R = 3 3 4 2 0 2.81
Nannong Biyun
Qx-163 4 3 3 2 0 2.80
MRz 4 3 3 2 0 2.80
Nannong Feiyun
tAT7T Ay Ry 3 3 4 1 0 2.68
FAR TS 2 3 4 2 0 2.58
Nannong Fangzhou
2R AT AY oL 3 3 3 1 0 2.42
Good Qx-115 2 3 2 3 2 2.41
Bacardi 3 3 2 2 1 2.41
Qx-168 1 3 3 3 1 2.32
Qx-213 2 3 3 2 0 2.32
AR 3 3 2 2 0 231
Nannong Hongxia
PRI 1 3 3 2 1 2.19
Nannong Cuimei
Qx-093 2 3 2 2 1 2.17
R = 3 2 3 1 0 2.15
Nannong Hongyun
AR NI B 1 3 3 2 0 2.09
Nannong
Xiaoqingxin
ALFHTEYY 1 3 3 2 0 2.09
Grand White 2 3 2 2 0 2.07
3 Grand Rose 2 3 2 1 0 1.93
Medium Qx-098 1 2 3 2 1 1.91
PR UK 1 3 2 2 0 1.83
Nannong Bingquan
Celisa 1 3 2 2 0 1.83
Qx-096 2 2 2 2 0 1.80
Grand Qrange 1 3 2 1 0 1.70
Qx-008 1 2 2 2 1 1.66
Qx-097 1 2 2 2 1 1.66
AR 2 2 2 1 0 1.66
Nannong Hongcheng
King Fisher 1 2 2 2 0 1.56
Ju R 2 2 1 2 0 1.55
AR 1 2 2 1 0 1.42
Amadea 1 2 2 1 0 1.42
FAR RS 1 2 2 1 0 1.42
Nannong Feizi
Biarritz Red 2 2 1 1 0 1.41
B i 2 2 1 1 0 1.41
Nannong Fenyan
4 7% [EESERE 1 1 1 0 0 0.76
Poor Nannong Fengshou
AR AT AR 1 1 1 0 0 0.76
Nannong
Jinningmeng
MR 1 1 1 0 0 0.76

Nannong Xuancai
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BAATEOE BRI e AR
& The AT iy LU BT \
sy o . . ~ The yellowing ~ The ornamental IR 4y
HH fi inflorescence The relative area  The . f
. . time of value of green Weighted
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Fig. 3 The representative cultivars of all groups of the evaluation standard of green-center spray cut chrysanthemum

and the dynamic variation of inflorescence center

‘Noa’:

The first group; ‘Nannong Hongyun’: The second group;

‘King Fisher’: The third group; ‘Xiaoli’: The forth group.
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