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Correlation Analysis of Flower Color during
Flower Development of Rosa hybrida

CHENG Yi,ZHANG Yunting, WANG Qingming, MA Jianwei, ZHANG Yong”

(College of Horticulture,Sichuan Agricultural University, Ya’an,Sichuan 625014 ,China)

Abstract ; Floral color, petals structure, pH value,anthocyanin,flavonoid, soluble sugar and protein contents
of Rosa hybrida were studied to explain the chromogenic mechanism of floral color. The floral color in dif-
ferent blooming stages was measured by the Royal Horticultural Society Color Chart(R. H. S. C. C. ) and a
CR-10 spectrophotometer. The results demonstrated that: (1) The anthocyanins content of petals was the
highest before the flowers were completely in blooming,and the same time the color was the most strong.
(2)The lower pH value, the darker flower red color. (3)Flower pigment mostly concentrated on the upper
epidermis,the upper epidermis distribution of conical structure and the lower epidermis is flats lead to the
color of upper epidermis stronger and the brightness is less than lower epidermis. (4)ay and pH value,an-
thocyanin and soluble sugar,a; and Ly ,Lj ,by are positively related; Ly and by ,L; and b; are negatively
related. (5) Among many factors influencing of color,front(bank) petal’s color is directly controlled by an-
thocyanin(bank of I.* ) ,other factors indirect influence of floral color by influencing the anthocyanin(bank
of L™).
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Table 1 The CIE value changes of front and back petals during the blooming season

A S RHSCC L a* bt c he
Position Development stage
/N Bud occurring colour stage 58B 35.43+4, 94c 53.93+2.54d 8.434+2.69ab  54.6443.51c 8.5641.51cd
K# W Initial opening stage 53B 30. 9442, 90¢ 75.0442.28ab  14.46+1.53a 76.4542.09a 10.9+1.51c
i #1738 Initial full opening stage N57A 38.47£3.50bc  78.5341.59%a 9.97+2.63ab  79.54+3, 44a 7.31£2. 54cd
Front petals 4 314 Full opening stage N57A  41.1840.22bc  78.9140.90a 4,840.96b 79.14£0.95a 3.45+1.08d
JEIF ] Final full opening stage 61C 49,21+1.26ab  71.2+1.32b —5.67+1.87c 71.4741.40a  355.27+1.86a
M Wilting stage N57C 52.98+1.82a 61.8+1.67d —11.32+1.56¢ 64.084+1.74b  349.8+1.50b
/NFE ] Bud occurring colour stage 29D 66.89+2.80b 13.84+1.48a 10. 0642, 40ab 17.64+2.33a 32.63+3.31ab
KW Tnitial opening stage 49C 67.64+1.33b 14.63+1.04a 12.08+1.07a 19.024080a 39,5442, 46a
R i #) I Initial full opening stage 56C 73.07+2.27ab  15.77+1.06a 6.17+£2.12bc  17.09%1.36a  25.9943.34b
Back petals s 5t Full opening stage 65D 73.81+1.59ab  16.58+1.21a  5.41+1.43bc  17.48+1.13a  17.19-+3.03c
FEFF 1 Final full opening stage) 5D 75.94+1. 25a 16.5+1. 19a 3.4440. 98¢ 16.88+1.38a  11.56+2.81c
M) Wilting stage 69C 76.5310. 8% 17.1540. 38a 0.974+0.09¢c 17.17£0. 34a 2.9+0.95d

AR R PR AR =5 AR /NS TR L E L SNK BRI AE 0. 05 BEFEHAKTF TR 25 8% TH.
Note: Data showed mean= standard deviation n=5; The different normal letters in the same column show the significant differences among development stages at

0. 05 level in SNK test, The same as below.
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Fig. 1 Cross-section of upper epidermis(A) ,lower epidermis(B) and petals(C)
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Table 2 The pH value,flavonoids,anthocyanins, soluble sugar and soluble protein
content changes during the blooming season of petals
P ZE B UAuE iy ) P ‘”ﬁﬁ‘ﬁfﬁlﬂ
Development stage pH /Flavonmdﬁ Amhocyanlms bol/uble sugar Sol?ble p/rotem
J(Ueg ) J(Ueg 1) /(mg/g) /(mg/g)
NE#] Bud occurring colour stage 4,650, 03b 212,042, 42¢ 70.142.73¢ 0.6340. 03¢ 2,090, 07a
K7W Initial opening stage 4.4240.01c 229.1+1. 11c 97.6+3.11ab 2.3740.02b 0.90£0.02b
1 JF 1 Initial full opening stage 4.4140.01c 245.34+2.62b 110.3+4.23a 2.39+0.05b 0.7240.02¢
I Full opening stage 1.4240.01c 256.2+3.23a 112. 442, 26ab 2.4140.03a 0.7240.01c
JEJF 8 Final full opening stage 4.46+0.05¢ 230.8+1.70b 94,2+3.42ab 2.3540.02a 0.78%0.02¢
M Wilting stage 4.78+0.03a 240.143.50b 89.8+5.41b 1.7740.04b 0.73£0.03¢c
R3 AEFAHESEIREMEBREUIEIRANBEXERR
Table 3 Correlation analysis among indicators during the blooming season of Rosa hybrida
145 Index Lg* Lp* ap ap * bg * bg * pH FL SS SP
L™ 1
L™ 0.90* 1
ap —0.17 0.26 1
ap " 0.84" 0.97 % 0.34 1
bg * —0.98* % —0.82* 0.31 —0.76 1
by * —0.97*~ —0.96** —0.0001 —0.91*~ 0.91* 1
pH 0.49 0.13 —0.85" 0.10 —0.60 —0.38 1
AN 0.01 0.43 0.96* 0.52 0.15 —0.21 —0.669 1
FL 0.30 0.63 0.75 0.75 —0.16 —0.50 —0.35 0.90* " 1
SS 0.11 0.47 0.93** 0. 55 —0.02 —0.22 —0.69 0.90* * 0.73 1
SP —0.42 —0.72 —0.77 —0.80 0. 30 0.53 0.37 —0.83" —0.81 —0.92* 1
He o e x AP BIFORAE 0,05 F1 0. 01 KF EHIEHERE . Le* (Lp* )iar ™ Cag* ) be* (e ) Ce ™ (Cp* ) he * Chy ™) 43 B ER IE 0 O ED 316 54

L* . a*.b* . C* . h" ,AN.FL.SS.SP 733l /R L (0 24 & B A T kb ATtk B (s i TR .

Note: * and * * mean significant correlation at the 0. 05 and 0. 01 level, respectively; Lp * (L * ) ar * (ap* ) bg * (bg* ), Cg* (Cp* ), hg * (hg* ) stand

for front( back) indexes of L* ,a* ,b* ,C* ,h* ,while AN,FL,SS,SP stand for contents of anthocyanins, flavonoids, soluble sugar and soluble protein, respective-

ly. The same as below.
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Table 4 Stepwise regression analysis between above
indicators and floral color during the

blooming season of R. hybrida

HMXFRH
AL %A 3 F1{g Multiple
Position Stepwise regression equation F value  correlation
coefficient
i) a* =71.913 75+0.989 24A—
Front petals 0.410 54B 135.18 0. 989
a* =—5.926 8540.299 69C 63.63 0.9409

Back petals

T A NEERT T B AREM S ChRm L,
Note: A refers to anthocyanins; B refers to flavonoids; C refers to L* of
back petals.
PRI 28 2 e I3 ) 52 o 4 £ ) 2 B (3R 5.6
BT a" BT a® ) 45 2% 45 b ] 19 2R 50 2R A I
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Table 5 Path analysis between above indicators and front petals color during the blooming season of R. hybrida
e B3 A 8] 54 ] Direct and indirect effect [ ﬁéﬁ—ﬁﬁ\f‘% *ﬁﬂé%’ﬁ(
Index Tpta} capacity of Lorrgle_ltlon
Lr Ly ap bg * bg * AN pH FL SS SP indirect effect  coefficients
Lg™ 0.7279 —0.6707 0. 347 —0.2631 —0.1308 0.0097 —0.2461 —0.1042 —0.0454 0.210 4 —0.893 21 —0.165 31
Lp* 0.6589 —0.7409 0.3984 —0.2188 —0.1301 0.4128 —0.0645 —0.2195 —0.202 0.362 3 0.997 6 0. 256 76
ap * 0.615 —0.718 6 0.4107 —0.2041 —0.1237 0.5075 —0.0499 —0.2595 —0.2356 0.402 7 —0.066 3 0. 344 38
bp*  —0.714 6 0.604 7 —0.312 8 0. 268 0.122 6 0.141 7 0.141 7 0.302 —0.006 7 —0.152 6 0.039 8 0.307 77
bp* —0.7037 0.7123 —0.3755 0.242 8 0.1353  —0.2019 —0.2019 0.189 8 0.0935 —0.2659 —0.1354 —0.000 12
AN 0.007 3 —0.316 3 0.215 6 0.0393 —0.0282 —0.5047 0. 348 —0.3136 —0.3843 0.422°5 —0.346 3 —0.850 98"
pH 0.355 —0.094 6 0.040 6 —0.1604 —0.0509  —0.666 7 0.966 8 0.120 5 0.2951 —0.1849 —0.009 7 —0.957 07 *
FL 0.218 —0.467 2 0.306 1 —0.0428 —0.067 3 0.871 0.174 6 —0.3481 —0.3119 0.412 6 0.109 31 0.745 0
SS 0.0774  —0.350 6 0.226 7 0.004 2 —0.03 0.870 5 0.348 9 —0.2544 —0.426 8 0.465 9 1.359 0.932 2"~
SP —0.302 4 0.53 —0.326 6 0.080 8 0.071 —0.806 6 —0.184 2 0.283 6 0.3927 —0.506 4 —0.268 1 —0.7682 4

I R T FR B AR AR T A

Note:Bold figures show that the direct effect,and the rest to indirect effect; The same as below.
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Table 6 Path analysis between above indicators and bank petals color during the blooming season of R. hybrida
ki M #E4E ] Direct and indirect effect |‘ﬂ1§ﬂffﬁ'éji‘ *ﬁ?&%ﬁ(
Index < . Total capacity of = Correlation
Lg* Lp* ap * br * bg * pH AN FL SS SP indirect effect coefficients

Lg” 29.7653 —45.470 8 —2.262 4 2.820 5 18.879 3 —1.447 8 0.186 —3.1712 —1.4198 2.965 6 —28.920 4 0.844 87~
Lg* 26.945 6  —50.229 3.514 2.344 9 18.775  —0.379 1 7.8927 —6.6786 —6.3212 5.105 7 51,198 9 0,969 98 * *
ap " —4.9205 —12.8968 13.6858  —0.884 2 0.002 3 2.526 17.6918 —7.889 6 —12.453 3 5.483 2 —13.341 4 0,344 38
bp*  —29.223 40,998 4 4.2121  —2.8728 —17.692 1 1.776 2 2.7087  1.6922 —0.21 —2.151 2.1111 —0.761 68
bp*  —28.775 48,2897 —0,001 6  —2.6026 —19.529 1,116 3 —3.8588  5.2665 2.9279 —3.7475 18.614 9 —0.914 33*
AN 14,5174 —6.4152 —11.646 3 1.719 7.3443 —2.9684 —12.7477  3.664 6 9.236 3 —2.6055 3.067 2 0.098 85

pH 0.2994 —21.446 3 13.098 3 —0.421 4.076 7 2.047 18.4854 —9.5411 —12.027 9 5.954 8 —17.960 5 0.524 9

FL 8.9132 —31.676 9 10.1959 0. 459 9.712 1.027 2 16. 654 4 —10.59 —9.763 6 5.814°5 11,3355 0.745 41

SS 3.1635 —23.7674 12.7579  —0.045 2 4.280 2 2.052 3 16,643 5 —7.739 8 —13.359 6. 566 6 13,9115 0.552 04

SP —12.367 5 35.931 3 —10.514 —0.8658 —10.2537 —1.0836 —15.4226  8.6271 12.290 5 —7.137 4 6.342 3 —0.7950 9
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