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VA7 R REAT BAIE , AT A4S 21— Fh A ] 22 AP
5 7 75 4 T AARAEAE IR I 3 R S R Tk, D R
3 753 e B R ST DG AN OIG R i Bt
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1 MBET*
14 HeE

PSR A RS 19 T 7550 F 28 SRS 75

AR ANFERA (LT, K1), #FE 148,
9906 L FERE . 6170.6210  F BEAL 0k A 0 &)
R 9904 5t I N AR B A6 )7 #5345 124~ SE R RUAE
20224F 7 A AR T 72900 8 A R R B &
XU SERL G, T e Ol R 2% A ' 5 b 2R A 7 R b
Fe i (30°28736.5"N,114°21'59.4"E) , W A B, #
ENR 6155 .GH 18 £ 44~ 3K BT 2023 4 7 A hA)

R AR B A PR I DR — 2L
Rl FAEAFFHEERBENPERER

Table 1 Basic information about different marigold genotypes

4ii*5 No JEH A Genotype 455 Abbr. AE{% Color i Source £ 7E Note
. R . Z2[H Ameriseed F At
1 - Vanill XC A Off-whit
h Vanilla K whte Thailand Ameriseed Filial generation
; . JeRtHT ARSI 5 B EEEA
2 148 148 & Light yell . . .
= et yetow Beijing Institute of Landscape Architecture Inbred line
e T el HA A&
3 9906 9906 H# Light yell, o N :
& et yerow Huazhong Agricultural University Inbred line
. et T FEE 2 F At
4 £ Milest LCB % Light yell . . - .
AR Milestone & et yetow Sainuo Gardening Filial generation
. . el 2 F AR
5 SEIF Old Inka LYK %% Light yellow ITHEZ R
Hongyue Gardening Filial generation
1k &5 B
6 6155 6155 #{a Yellow Frivlgess o
Huazhong Agricultural University Inbred line
Rl R EEEA
7 6170 6170 et Yell o N :
& Yellow Huazhong Agricultural University Inbred line
el HAZ A&
8 6210 6210 # i Yell o o .
& Yellow Huazhong Agricultural University Inbred line
. JemC T R AR ER AR A BT B Fift
9 % £ Cheng Y CY HE O -yell . . - .
B ene T s rangeryetow Beijing Institute of Landscape Architecture Filial generation
10 ) RS FSJ H4#% Orange-yellow HHAFL Shijie Seeds . At )
Fengsheng Orange Filial generation
1 RAEE FXC  H5# Orange-yellow I it
Discovery Orange Hongyue Gardening Filial generation
BIEE 0 , . F R
12 IDJ HH O -yell FEFE 2 S Gard . .
Jindun Orange = rangeryetiow HHHEZ Sainuo Gardening Filial generation
ferhgell KA SR
13 9904 9904 %21 Orange-red o o .
s rangenre Huazhong Agricultural University Inbred line
4 ) £ f_\‘/ R
14 GH GH 52T Orange-red RRARE M2
Huazhong Agricultural University Inbred line
15 BRAEH GFR 4T Orange-red EHEL it
Lady Pigment - Sainuo Gardening Filial generation
z 555 AFKE FoA
16 WAL JHWS]  FS4 Orange-red S L

Chrysanthemum Marigold

Jinqiu Gardening

Filial generation

12 AHEHERAEEBEHEZSENTE

B BIL 478 B0 AL 1 S IR A6 7 AR 48 1~2 2 TR IR AE
AL, T —80 ‘CRMR IR VKA R A7 25 H o i Gen-
esis SQ super ES-55 B8 VR T #L (SP Scientific, 58

[ F AR5 3 d L SCIENTZ-48 B w5 5 2 2L F
JE A% C72 R 2 A R I A BR A /DM TR S
() A6 IR it BIF B 2 JOURAR, , it 8 3R 5 o A T
Z: R[5 1 B R R G OR B 23 A AR U
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Fig.1 Flower colors of different marigold genotypes
T/CFAA 0005—2021 J-FETEME . Horr, Bt 2328
W I A I R R A - BT L A B R
1/10 000 K F-FRHL0.1~0.2 g Wk IR £ M RE i T 100
mL A AR (3IRAEY ¥ EE ), A 30 mL A1
FCIE e IR = B2 : JooK S BE=10:7:7:6) Fll
2 mL &4 40% KOH 1Y YB3 U 5 4 25 1 iR e TP~
080S I # 75 J% 1 e ML (BRI TT 35 B v TR 1BE 45 A PR
H))E 40 s, RGO 56 “C/K I #4 F2Ak 20 min; 2
58 B R R N E L A 30 mL 1E O 4, H
10%6 TCAK B BR A W0 25 JE R % 1 min, T 5 A0
1 hlb A7 68205 B 5 i SE 56 Jm 1 0 2 W R BRI
7748 St v Z R UR AR FR (50 mL) 5 1A M I
JZWEW 1 mL B3] 25 mL & &, AR Y
FE PRI (QF Ot ) 5 28 54850 A3 2R B IS 19 T 7548
SR RIBOR . KRS T 1 em LI
o, FHIE CBe/EAS OV IR, SR UV -1800 HY 28 4h-1] UL,
SR (e, HAS) M E A S e 474 nm ARG
Ho B EZ Y i E A= (D) FiR .
W,=AXV/(236Xm) (1)
(D), Wy B RRY RS E, g/kg;A:
474 nm B FRE OGRS 3 Vo B BAS A me BES B, g5
236 EHRE R 1 g/ L B B i R W) AR RAE IE
C i K 474 nm Ab Rl B8
K F SPD-M20A Y i 280 A 15 (58, H
A R I B R A R B R R B A LA
1 mL B3R Ty #5222 0.45 pm
VERE L uE S5 L AILREIN , 115 AH A 4.6 < 250 mm {4 gk

(ZHE, 2HE) WAl MM IEC K : LR L BR -
SN BE=73:27: 1.5, it 3 4 1.5 mL/min, FE#F 54
20 pl, AR A U R i 4 Sl 446 nm, A s R] Ay
20 min, MRS EITRAX WK (2) iR
W=W,XP (2)

K2, W E G, g/kg; Wo: ST ERE
YIS, g/kg; P B R I A/ B B R R T
TR
1.3 AHEHEEL a b ENE

FIH SPECTROPHOTOMETER CM-5 %I {1, 5%
0,22/ (KONICA MINOLTA, H A ) il & 5 % 35 &
RAER B, FE T 75 45 3 A B A6 W (I A7 /N 1 %
TE) LSRR 2 S RAE T RSN 1~2 )2 IR AL
AIAEIRE A Fr , BOAEAR TE T8 0 i AR LT " OB X
S SE 5 R X G AT B S AN B R a'/b
(a'/6")? A2 {H (chroma value, Cy) . 2, 78{H (hue val-
ue, Hy) A1 {256 {H (shade value, Sy) . 4 (EHACFE BT
N £, 1) 8 T 1 A R R, B R, R
K5 €0 AL S e s 20 A 1 SR AR (1 S T, 180°4 R
Faligg, 0MURALL A ; EOGIE AT LR B BT 3=
T R R L @R A R
(3)~(5):

Cy=(a"+b")" (3)

H,=tan '(6"/a’)(a™=>0,6">0)8 180" + tan '(b'/a")
(a"<<0,6™0) (4)
Sy=2000Xa"/L"X (a*+ b*)" (5)

1.4 HiELE

K H Excel 2022 84 #4788 2 00, A K 22
il s SR SPSS 26.0 J A4 E 47 I 25 M 43 B A DG 43
BE LA S B R R 56 . H b 8 3 3 B SR ) Dun-
can’s Hr AW 250k, B EMKF R 0.05; M 5 vE 2R
FHRAR 243 M1 7 f2 7K 2 (Spearman ) A1 5 R 5 7114
OB AR R R B L R = R R R R RO R 5 2
KR PR AT Y B B X o

2 HRE5HMH

21 AHEFREBHEZREE

K R A0 -0 UL Ay 60 B VA 45 A HPLC 35 I
T AR R o R NE 2 R, KAEE
TR EE R AR 0.087 3 g/kg, BEM T HAbE®
(7 54 5 3P B (A 7 5 45 0 88 2 A i TS (E
0.509 2 g/kg; ¥ (LY 1 7 45 M ¥ 2 & P Y E R
1.635 3 g/kg; it T A MM R T &N
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30r
O >k A {6 4E Off-white flower
O $3E A4E Light yellow flower a
251 m #HfEAE Yellow flower
B 155 {448 Orange-yellow flower
ook M HSALEAAE Orange-red flower b

IH-25 258 /(g/kg) Lutein content

¥ &
S

NS
77 7355 F H #Y Marigold genotype
ANR)/INE FB: R AN [ 3 PR B ] 22 57 i 3% (P<<0.05) . Different
lowercase letters indicate significant differences in different genotypes
(P<<0.05).
E2 AEAEHEFRBEBHHERSE

Fig. 2 Lutein content of petals of different

.
&£
@

marigold genotypes
4.277 8~10.091 5 g/kg; FE 4L 6 7 F A T B R &
h13.101 4~24.762 7 g/kg. JT 77 %5 1£ M0 (0 MR
B R S

22 AEFEBEBRH

L a" O™ A 45 Bt 2 B00T LU T 46 6 0 22 o
W LUERREM, L =0f0R B A, L'=1001tFE A
. KA EAFRR L EE K, R 83.83; Hk Mk
O 4, LEY KT 705 ¥ A% # s ety
FEH 0 LA (59.91~66.21) B F AL o IV FL/
gr Oz [\ AR, o >0 RRBUEAMLL , o <<0 R
sk, FELE ) 9904 5t R N FI4G 16 T 75 44
(1 & {EXME R 25.69, & & T HAbAL (L) 7 44 5 oK
IR S (L) 7 4548 a (E 34 0 S, R IR AR
HA GRS, b E R/ R E A,
FEZ I KRN T 755 0 H N 6.93, HAth1E {4
T 53RN by 22.48~38.81, 7EHAt 5416k
iR BT B T AR R R, a0 (a’/
O )AESAB BT 5 5 45 AR A0 10 7 7524 €0 B (i TG I ik
AR AL s K5 21 € U7 75 2 R E S/ P39 (E
0.83, Fc AT 0, BB (0 B 2T, 5 40 WA — 550 % o A
gL AN AR E B E & T &k A
P (F£2).

K2 TRAFHERMEBHBAERY

Table 2 Color coefficient of petals from different marigold genotypes

FEPR Y SEPEMH LLEH B - e R A oBH

Genotype L a’ b asb @'/87 Chroma value Hue value Shade value
XC 83.834+3.452 —0.694+0.14g 6.93+0.94¢ —0.10+£0.0lh 0.01£0.00e  6.9740.95h  178.534+0.01a —116.02+35.06gh
148 73.18+4.24c  —0.53+0.79g 34.424+5.50b —0.0240.02f 0.00+0.00e 34.4445.50d 134.234+81.88b —492.25+750.06gh
9906 74.73+£2.85bc  —2.314+0.59h 35.58+2.87b —0.05+0.01g 0.00£0.00e 23.73+2.89cd 178.4940.01a —802.50+648.08h
LCB 76.25+2.19b  —2.434+0.55h 38.81+2.39a —0.06+0.01g 0.00£0.00e 38.89+2.39bc 178.4940.0la —2471.30+551.78h
6170 64.58+2.93de  7.41+0.74e  29.33+4.62c  0.26£0.03d  0.07£0.01d 30.26+4.62¢f  1.324+0.03c 6972.10+1 397.19f
6210 62.5042.54e 2.204+0.50f  22.48+3.57d  0.10£0.03e  0.01£0.0le 22.60+3.56g 1.4740.03¢ 1594.85+-444.98¢
JDJ 66.21+2.28d  20.61+1.54c 34.73+3.77b  0.60£0.04c  0.36+0.05¢ 40.40+3.90ab  1.034+0.03c 25 195.19+3 391.83cd
FSJ 66.05+2.14d  19.66+£1.90c 34.33+3.52b  0.57£0.05¢c  0.33+0.06c 39.58+3.73ab  1.0540.04c 23 624.29+3 637.64d
FXC 62.67+1.45¢  14.60+1.65d 25.374+2.49d 0.57+0.02c  0.3340.02¢  29.27+2.97f 1.054+0.01c 13 717.39+2 531.34e
GFR 59.91+£1.51f 23.4842.26b 23.88+£2.45d 0.98+0.03a 0.97+0.06a 33.49+3.30de  0.794+0.01c 26 378.28+4 363.73bc
9904 65.70£1.51d  23.724+1.61b 30.1742.52¢  0.79£0.02b  0.6240.03b 38.38£2.95bc  0.90+0.01c 27 772.9643 379.59b

JHWSJ  63.90£0.82de 29.87+0.70a 30.43+1.21c  0.984+0.03a  0.97+0.05a 42.64+1.27a 0.79+0.01c 39 870.22+1612.42a

s AR [N SRE 2R 7R AN ] 56 R 48 ] 2 57 4 3% (P<<0.05) . Note: Different lowercase letters in the same column indicate significant

differences in different genotypes (P<<0.05).
23 AHFEFHEEHEZSESHBRENMELE
R 3TIAL, T AL R S S ol o'/
b (d"/6") RN EAE A B 3 1 A 56 (P<<0.01) , HiAH
2B RN 0.965.0.989.0.935 F10.944 ; 5 4 A}
FETEML 35 R 56 (P<<0.01) , M 5% B %k —0.995;
55 LUER 60 2 0 35 R 56 (P<<0.05) , M ¢ R B4y
R —0.685.0.643; 1 5 6" (H 2 8] Jo I 35 A1 5 1
(P>>0.05),

24 AEHEBHEAZRSEEHBRAHNOEA
712

VEREAH G W& o' 0’ /6 (a/67) " i
(EREIRER R EE SvAST e e S TS R
RWMRAT IR, T HFHALR D, H . /0.
(a'/b") MEJCE S ER T ENLANE R =R
GIEER Ep G BAE ey Y SNSRI N o S v ]
18 de A [0 VA D7 B2 249 Ry = R K, 435 o y=0.4917+
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Table 3 Correlation between lutein content and

color coefficient of marigold petals

DREEY HMRFRE Pli
Color coefficient Correlation coefficient P value
S L —0.685° 0.014
LI4HE o 0.965™ 0.000
HAH b —0.091 0.779
a/v 0.989” 0.000
@’/b') 0.935" 0.000
8 (i Chroma value 0.643" 0.024
iR {E Hue value —0.995" 0.000
618 Shade value 0.944" 0.000

HE R a3 ) e 7R 0.05 F10.01 K- I I 3 41 & . Note: * and

** indicate significant correlation at 0.05 and 0.01 levels, respectively.
0.0061x+0.01582°+0.00042 (R*=0.971) . y=
0.5906+3.9629x+8.46102"+9.47402° (R*=0.950) .
y=0.4618+23.784327—9.8562x*+8.0052r"  (R*=
0.949) Ml y=0.5276-+5.61482+2.3259 X 10 *x*—
2.0200X10" P2*(R*=0.948) ,

H e — A A b 4 A4S = R (A1 7 I A
Bk, 23 S LYK . 6155.CY .GH % 4 Fp J7 %5 55 4¢
M a8 .a’/6" (& /6" R EEE 2 BIAC A BE
TR A ) AH 7 1) Pt 2 28 A TN AEL  [) Ao 00 A R
MR WPR . HE 3T, T ol AR
43 SR ST () = K B U Oy FE AR 3] 4 - 2% R A
5 S0ME R A A R TR 7 7548 GH (i
BRI, X B R ST E A o E L G E AR
TINME AT ¢ K 50 B AR B B0 25 5 G 3 o M, 45
RMFLSPIR T o H OOGEES 5 # R A
S (R A [0 R AR AT A I 2R T 5 S 1Y
SRR ) 2 F R B (P>0.05) ; 7T o iR
AF Y 1=0.788 /N F- 3 T A6 (A AR A5 1) 1=
1.534; 5 T o HB ARG P=0.448 K TR T 0
(ARG A9 P=0.223, [HIL, F = WK s 50 ST )
M S (y) 5 e (2) Z 80 [BE D7 FE 15 208 J7
75 3 A6 I 2R I S I A A A R
T, AT AP A Ak i T T A A A6 R R

.

x4 FHEFHERHERHSHEZRIENDATE
Table 4 Regression equations of color coefficient and lutein content of marigold petals
e Esbygr el w77 7% R
Color coefficient Functional model Regression equation
2 Linear y=0.6303x—0.0812 0.848
., K Quadratic y=0.3396—0.14472+0.03222" 0.969
a P
=K Cube y=0.4917-+0.00612+0.01582+0.0004.2* 0.971
T84 Index y=0.5010¢" 147" 0.897
2k 1% Linear y=18.34412—0.0215 0.856
Sy K Quadratic y=0.4132-+0.06912+21.70952° 0.949
a /o
=k Cube y=0.5906-+3.96292+8.46102°+9.4740° 0.950
H8% Index y=0.5047¢"1968 0.912
2k 1% Linear y=21.59222+0.4373 0.948
@5 ZR Quadratic y=0.5146+20.47962+1.20492 0.949
a
=K Cube y=0.4618-23.78432—9.8562x"+8.00522° 0.949
T84 Index y=0.7044¢* 17 0.726
2tk Linear y=—0.0590x+10.3735 0.356
-t/ drati =10.5218—0.1358x+0.00042" 0.364
(i Hue value X Quadratic y 5 58zr+ x /
=k Cube y=10.5218—0.13582+0.0004.r"+0x* 0.364
HE% Index y=7.1774e= 00186 0.731
2tk Linear y=0.0005x—0.1135 0.898
K Quadrati =0.5400+0.0002x+1.1468 X 10~%2* 0.946
{6 Y6{H Shade value X Quadratic Y g :
=K Cube y=0.5276-+5.6148x+2.3259 X 10~52*—2.0200 X 10~z 0.948
B Index y=0.5411"001 0.853
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o W o BTG = W o/ b BRI
5 18F a Model prediction — g 18 a’l b' Model prediction )
S 16} DO SEME Measured value § 16F O SEMI{E Measured value
Q
£ 14F .E 14F
£ T
a 12F 3
gﬂ 10F ’%Z 10f
< g = 8
1 i)
41 oF (HI ofF
£ 2F = 2F

0 I_I 1 1 ] 0 _—.=_I_- |—| 1 1 J

LYK 6155 CY GH LYK 6155 cy GH
FEK Y Genotype FPH Genotype

20 [, 20r o
£ W(al by HAIHINE 2 gl WEREETEI
g 18} (al by Model prediction = g Shade model prediction ]
2 16 O 9MIH Measured value S 16 O 5l Measured value
T l4F £ 1l
3 12F E 12F
0 —

10 S0 10k
= 1
(m OF (HI OF
e 4 4k
ﬂg 2 ﬂ_:j 2k

olmmce— -I_I 1 1 J ol—me— .l_l 1 1 ]
LYK 6155 CY GH LYK 6155 CY GH

FEP A Genotype

FEK A Genotype

3 ANEPAERMEAHEERRETNES 4ANFHFHEFB M TRERT L
Fig. 3 Comparison of the predicted lutein content of the four regression models with the measured

values of the four marigold genotypes

*5 MEZSEXNESTNEZ BN REER
Table 5 Paired 7-test results between the measured and predicted values of lutein content
i {4 2 8% Color coefficient [E1J5J5 #2# Regression equation ¢ P{# P value
I8 H o y=0.4917-+0.00612+0.01582*+0.0004.x* 0.788 0.488
5608 Shade value y=0.5276-+5.6148x+2.3259X 10 %*—2.0200X 10~ "*z* 1.534 0.223
3 i it SR L G X AT T T A R RRIR Y 45 R

FTH €8 22 A0 AS (9 L a” 6™ (B 55 20 68 22 80T L)
LB E R R R g, HE &) 2 T 2
e 2V R T A R 532, 0 B /N 2 €
ZEASUREIN T AN [ A BE T AR SR 52 ) 4 (8 4L s Wang
ST L Q" bMEXE 24 A BRI AR AT T 4y
2 R R A TR € 2 1S 2 AL 1 2 58 J R
BEAT TAECATIN AN 7328 o ABIETE b T 77 5 AL S P
P51 o b EFBE R B E OEA—2, HA
[) A€ 47 75 4 1 A e B (0 2R 022 5 2, R BB
AR ] U T S lid 1 R AE 3R

ORI INGEAE P RAEFTREOR
oS & ARG o B AR B A SO 1 3 R
Sooh LR A R B b RS
B R SERAAE P AR E R A R S R

BRI R ER T RS L« OEZA
FSE R B9 —0.779.0.918 ,—0.258,, 5 AHFFT Y
S5 — 30, W7 77 45 46 v 23R O B RSt R AL
Z A AR AR (R R DG | P45 PR 30 LT I 355
M, ABFFE T T E RS S a /0. (d/67)%,
0 2R L €00 (BRI (3 0 0 55 A 230 6 3R B0 A e
PRI T 5 4 W FR S i S AR A 1 DGR R B L
TR AT A HELS AR

E F2 ST 0] 5y AR T €6 3R o T ] AR
SR FH 224 B0 2R 8000 0 ST R [ A ) R
iSRS T A 2T R AT T 5 R A Ay il Sy T 4T
R €0, T i R SE T 21 R B i 5 R 8 R K]
(i [ 51 7 A8 5 T BRI i PR L kL = R R RO
RUGi G 7 0] FH T T 45 et S E AR R B
FERA R . ARWFE I TR R St £ 5w
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W B E M o MH a'/b7 (a6 BT A E
5B R BH A T 22 PSR 1) ] U9 5 AR, 2R A
R T o (H AT 7745 8 R & b g iy =k [l 1
Ty FE AT B B 5 R S A S R
LSO W N s RN B s e VAR T aT W
SAEAS [R) AR5y BEAT | A6 6 255 SR 100 VA R P s A — o
JE b R by [ 05 7 R T2 M . A S BR R
o BT RAS BRI L1 A SR B R R T 55, AT L
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Correlation analysis of lutein content and color coefficient
in petals of marigold (Tagetes erecta)

LU Guifang!, ZANG Yunping®, PENG Yi', TAO Zhengguo®,
YAN Tianyi',ZHANG Huali*, LIU Jian’, HE Yanhong'

1.College of Horticulture and Forestry Sciences/ National Key Laboratory for Germplasm Innovation & Uti-
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2. Yunnan Lidar Biological Technology Co., Ltd., Wenshan 663100, China;
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Abstract The colorimeter was used to measure the values of L° (brightness) , @~ (redness-green-
ness) and 6 (yellowness-blueness) in petals of marigold ( Tagetes erecta) to establish a rapid method for
determining the lutein content in petals of marigold. The color coefficients including @'/, (a’/b")?, chroma
value, hue value and shade value were calculated. UV -spectrophotometry combined with HPLC method
was used to determine the lutein content in petals. The correlation between the lutein content and the color
coefficients was analyzed. The regression equation was established and confirmed. The results showed that
the lutein content in petals of marigold was significantly correlated with a".a’/6", (a’/b")?, hue value and
shade value. The regression equation between the lutein content and «" value constructed by cubic function
model had the highest degree of fitness, and there was no significant difference between the predicted value
and the measured value of the lutein content.It is indicated that the cubic function model based on a" value
can quickly and non-destructively predict the content of lutein petals of marigold.

Keywords lutein; marigold ( Tagetes erecta) ; colorimeter; color coefficient ; regression analysis
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