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Screening and Evaluation of Superior Germplasm Based on Yield and
Quality Characteristics of Hemerocallis citrina

LI Zhou', TAN Fangxi?, ZHAO Yican?, ZHANG Dingshan!, HONG Jianji', WU Songhai'”

(1. Institute of Subtropical Agriculture, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China; 2. Department of Biological Science and

Technology, Minnan Normal University, Zhangzhou 363000, Fujian, China)

Abstract: The aim was to screen the superior germplasm resources of Hemerocallis citrina. The yield formation
and quality of 20 H. citrina germplasms were evaluated by using correlation analysis, stepwise regression, path
analysis and TOPSIS analysis. The results showed that variations in agronomic, yield and quality traits among
different H. citrina germplasms were rich with coefficient of variation (CV) from 1.9% to 75.6%. The CV of bud
chroma a” (redness) was the highest (75.6%), followed by total flavone content (67.9%) and bud weight (41.0%),
and water content of bud was the lowest (1.9%). Bud weight, bud diameter and flower moss number were
significantly correlated with yield with CV of 0.737, 0.583 and 0.517, respectively. The correlation among
nutrient quality traits was weak, while the correlation between appearance color index and some nutritional
quality was extremely significant. The results of stepwise regression and path analysis suggested that floral bud
weight and scape number were the main determinant of yield formation across all investigated germplasms, with
decision coefficients of 0.534 and 0.239, respectively. The combination weights of nutritional quality and color
parameters, calculated by using the method of coefficient of variation-entropy weight, were 0.523 and 0.477,
respectively, and the results could effectively distinguish the best quality rank of different germplasm resources

with application of combined the TOPSIS analysis method. Two-dimensional scatter distribution diagrams, a
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visualized overall assessment result simultaneously considering yield and quality, could be derived for use in the

high yield and bud quality quickly screening of H. citrina.

Key words: Hemerocallis citrine; Yield; Quality; TOPSIS method; Germplasm screening
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Table 1 Information of Hemerocallis citrina germplasm resources used in this study
ELRe ey i U T 2 H KR
No. Name Source No. Name Source
1 H1¢ Baihua i Hunan 11 #£%24% Huaanhua A% Fujian
2 M EAE Chonglihua #9179 Hunan 12 % 15 Lizhihai No. 1 Has Fujian
3 KEBE Dawuzui P9 Hunan 13 Bi% 1t Mingxihua #EEE Fujian
4 JfiF4% Mengzihua W1 Hunan 14 4+ )\#% Shibage &% Fujian
5 i Xuezhongxie #IF8 Hunan 15 K7 2 %5 Changtai No. 2 A Fujian
6 F 1 Qingchong VL7 Jiangsu 16 %t Zhaoanhua e Fujian
7 T9H H Siyuebai VL5 Jiangsu 17 %211 2 %5 Ziyunshan No. 2 @ Fujian
8 & 2 %5 Xingtai No. 2 it Hebei 18 IEJHEFAE Dazhouyehua P4JIl Sichuan
9 = 7% Sanyuehua 11 Shandong 19 il 1% Gaoshan No. 1 &7 Taiwan
10 PUHAE Siyuehua 1175 Shandong 20 A7 65 Taidong No. 6 &7 Taiwan
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Table 2 Yield and main agronomic traits of Hemerocallis citrina germplasms

T PH PW LL Lw SL SD FBL FBD SN FBN FBW wcC Y
No.  (em)  (em)  (em)  (em)  (cm)  (em)  (em)  (cm) (® (%) (g/m?)
1 108.0de 60.3ghi 46.7gh 0.92kl 924c 0.63bc  11.8bc  0.82fg  39.9defgh 16.0bed 2.52fg 83.8g 1 599.5¢ef
2 123.3ab 41.0j 44.5h  0.881 109.7a  0.46fgh 11.0ef  0.78gh  37.8efghi 14.5cde 2.22h 88.0def 1208.2ijk
3 1149bcd 57.0hi  56.0de 0.96jkl  98.9b 0.56cde 10.7f 0.76gh  35.0ghi 17.0b 2.53fg 89.1bcdef 1501.8efg
4 1248a 62.0fgh 53.5def 1.27ef 113.4a 0.46fgh 13.0a 0.80gh  45.5¢cd 13.9efg 2.96¢ 87.6ef 1854.9¢
5 92.6f 659efg 52.3ef  0.92kl 82.4def 0.42hi 11.6cde  0.76h 31.51j 8.8k 2.71def  86.9f 750.21
6 83.8g 54.61 44.0hi  0.95jkl  76.7f 0.45ghi 11.2def 0.79gh  40.3defg 11.5hi 2.62efg  89.1bcdef 1 205.4ijk
7 107.7de 65.3fg 39.0i 1.15gh 91.3¢c 0.54de 12.1bc  0.78gh  42.0def 11.7hi 293¢ 88.9bcdef 1 421.8fgh
8 95.3f 56.3hi  46.0gh 1.72bc 88.0cd 0.70a 8.4ij 1.23b 60.9a 11.5hi 3.23b 87.8def 2253.0b
9 110.5cd 68.3def 68.0bc 1.03ij)k 100.3b 0.43hi  11.7bcd 0.79gh  36.8fghi 16.2bc 2.79cde  88.7cdef 1 640.7de
10 94.5f 59.6ghi 70.0bc  0.99ijkl ~ 80.0ef 0.40hi  12.3b 0.75h 33.3hij 11.3hij 2.97¢c 89.9abed 1114.7k
11 100.0ef 61.8fgh 50.1fg  1.05hij 85.6de 0.55de 9.2gh  0.98d 24.2k 19.6a 247g 88.8bcdef 1167.0jk
12 729h 81.8b  71.4b 1.56d 62.3g  0.69ab 7.6k 0.89%¢ 36.8fghi 8.5k 2.08hi 88.0def 649.11
13 74.0h  72.3cde 54.3def 1.89a 66.0g 0.69ab  10.8f 1.48a 36.8fghi 9.6jk 7.53a 88.2def 2637.2a
14 118.8abc 88.8a 82.7a 1.78abc 102.0b 0.71a 11.1def 1.12¢ 44.1cde 11.1hijj 3.35b 88.3def 1 640.8de
15 74.6h  65.4fg 66.3c 1.82ab 66.4g 0.6lcd 8.1jk 0.99d 49.0bc 10.3ijk 2.26h 89.2abcde 1137.3jk
16 77.5gh 57.3hi 57.2de 1.68c 66.3g 0.50efg  8.7hi 0.44i 49.0bc 12.5fgh 2.15h 91.5a 1 306.3hij
17 929f 73.5cd 70.8bc 1.16fgh 82.8de 0.75a 9.1gh  0.87ef  32.9ij 15.7bcde 2.16h 88.2def 1110.2k
18 78.1gh 55.9hi  57.4d 1.32¢ 62.0g 0.63bc 8.4 0.86ef  55.3ab 12.0ghi 2.71def  91.1ab 1 798.4cd
19 73.6h  42.9j 49.7fg  1.08hi 63.2g 0.52ef 9.5g 0.87ef  27.3jk 14.2def 1.93i 88.9bcdef 748.21
20 72.0h  77.6bc  70.5bc 1.25efg  60.8g 0.39i 8.8hi 0.8%¢ 42.0def 11.5hi 2.89cd 90.9abc 1 387.4ghi
B 94.5 63.4 57.5 1.27 82.5 0.55 103 0.88 40.0 12.9 2.85 88.6 1 406.6
Mean
CV/% 193 18.5 20.5 27.1 204 208 15.8 239 22.4 22.8 41.00 1.9 349

PH: #kwy; PW: kifiE; LL: MG LW: 585 SL: 838K, SD: f6E08; FBL: 6% {K; FBD: f6#4; SN: 18224 FBN: BILELHH; FBW: 1L i
WC: 188 &KE; Yo 78 CV: A5 R 1~20 WK 1; FRFEEHEEA R 5B R 2 5+ i3 (P<0.05). T [H

PH: Plant height; PW: Plant width; LL: Leaf length; LW: Leaf width; SL: Scape length; SD: Scape diameter; FBL: Flower bud length; FBD: Flower bud
diameter; SN: Scape number; FBN: Flower bud number per scape; FBW: Flower bud weight; WC: Water content of flower bud; Y: Yield; CV: Variation

coefficient. 1-20 see Table 1. Data followed different letters within column indicate significant differences at 0.05 level. The same below
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Fig. 1 Correlation analysis between yield and main agronomic traits of Hemerocallis citrina germplasms

WERBRESTENRRAREY.
2.2 FERZHIRXT=EHZ P B A REZ 57
RN EBEARZVIR G 72 S R X 3 A
S IS B FOA BAOG &R, LA 20 PR {ESE
Pl BRI E RO AR R Y, RS bR
M) HHEXs)y 98X TEEEK(Xs) EEEH
(Xo)s TEEKX7) TEFEM(Xs) FEEH(Xo). HAE
BER(X0)s EREX A EKEX)IENH
AR, WEE RS MR B EE TR Y=
—2470.636+29.995X7+37.375X+83.652X10+349.866.X11 «
JrREIRII A O R AL FHE REL R 439908 0.993 Al
0.986, F{H}y 258.237, Durbin-Watson 4iit & d=
1.759, [EIAJ5FEIE B4 2 /K F(P=0.000 1), 453%
R X7\ Xov Xio Ml Xy RLEA M=) TS
¥ i NZ e A7 R rx 4 AR
Febrond = B R I AT AR T, 45 R R (R 3),
X A= EREEEA K, HEEELE RN

3 ARSI B ER ZMRRN 7 R s AR R B IR R

0.833, HTEEH X7 FEIEMKKRARXZRECH
0.218), 1M X7 % Y # HEIEARL, Fril X it
X7 6 Y B EERIN A 0.022; XX Y (B
> 0.500, HES Xo fl Xy ¥ EAMKHRK R
B N-0.370 F1-0.309), — & #x0f B L B
EFER, WIS X055 Y AR, &2
PR 55 7= 5 4 F R %o B A8 3 77 B ) R SR R HUHE
BN R2(11)>R*(9)>R*(7)>R*(10), H. R*(10)<0, ¥t
B Xy s fRFERKFEE, HICH Xo, 1
Xio &M RHIH R, ik, ffkEREKEL
(1 38 A S TR B2 R A BT SR I AR SR B R
2.3 mRERKHAMHERES T

TSR B T T A S B T 1Y) E 3R ORI A U
BUEFEFR AT T E M8, SRRMER 4), 5
(7 2% i T AR AR R DAV S B e, N 21,73~
51.78 mg/g, V314 40.85 mg/g, HU N HEEH & &,
9 0.72~5.94 mg/g, V3N 2.50 mg/g; E IR

Table 3 Path coefficient and decision coefficient of main agronomic traits on yield of Hemerocallis citrina germplasms

FIEREMR B A [H] 423812 240 Indirect path coefficient YesE 2R
Main agronomic trait Direct path coefficient —X; —Xo —X10 —Xi Decision coefficient
X7 0.099 —0.181 0.070 0.181 0.024
Xo 0.683 —-0.026 —0.185 0.045 0.239
Xio 0.500 0.014 -0.252 -0.257 -0.246
X 0.833 0.022 0.037 -0.154 0.534

Xy K Xo: TWEEL Xio: PALRELL Xy HHEME.

X7: Flower bud length; Xo: Scape number; X;o: Flower bud number per scape; X);:

Flower bud weight.
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FRIGAS 5 R BN 14.1%~67.9%, FH14 31.9%, Hrh
DLV & AR 7 KB R, HIRG A &R
C MM ERERASE, RRETENE/DN. JMUEIT
FEFR AL T R BN 21.3%~75.6%, T 318 37.3%, #
UONEE o B>t b E>E LME>RE CE.
XoF BEAE S5 dt T AR b 100 52 &5 SRk A T AH O 43
PFr(E 2). 6 N8 IR SRR A TEERE S S
PERR LLAPTER R M IEAH R R R, HARBREE R

R 4 VLR LR i BTTEIR

Table 4 Quality traits of Hemerocallis citrina germplasms

FKFs 4 DNHMUBUEARFR AR LME S O o8
EREFE AR, EEOE bEMRE CHEN
FAAERRSE 5 MR 2 O IEA DGR &R, (U MERIRZE
CHEIIAHR R EEIE 0.901, TRAEZEHAKT. 44
RO RESWE LMEMEAE A R BENHK,
1T Ak B 5 B S B LB AN o H 7 i AR AR
FERIEARRGAISRR R, WA RAS RSO o
TERI TR IR R R MK B E K

gl Ve TF TA ss SP SAR Bt Color
No. (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) L a b’ c
1 1.35fg 1.68g 1.15ef 57.28a 0.66a 49.87a 67.27d 2.951 59.55b 59.62¢
2 109 1.59g 1.13fg 38.37fg 0.41cd 34.07fg 67.31d 196m  52.38d 52.42¢
3 0.841 136gh 1.04gh 4112 0.38de 39.67de 75.55bc 6.87j 47.34f 47.84gh
4 0.98jk 1.17hi 1.09fg 49.95¢ 0.41cd 46.03b 81.24a 4.93k 54.32¢ 54.54d
5 1.85¢ 1.10hi 1.29d 48.33cd 0.43be 37.37¢f 76.79b 456k 46.85f 47.07h
6 0.59m 1.08hi 1.15ef 31.55h 0.46b 27 40ij 69.17d 3371 57.97b 58.06¢
7 1.65d 1.18hi 1.26d 32.07h 0.45b 25.53j 76.37be 5.07k 50.09¢ 50.34ef
8 224a 5.65a 126d 46.66d 037 37.17ef 43.73i 28.58de  32.51] 43 29ijk
9 1.14hi 0.72] 1.13fg 37.10g 029ghi  32.80gh 73.87c 4.59% 47.86f 48.08gh
10 0.96kI 1.18hi 131cd 21.73) 0.35¢f 16.601 74.05¢ 5.35k 43.55¢ 43 88ij
11 1.54de 4.98b 1284 46.82d 0.27hi 36.63ef 43.66i 28.18ef 3136k 4216k
12 1.81c 2.12f 1.30d 53.08b 0.32fg 40.80cd 36.40k 27.64f 26.391 38.221
13 1.18hi 3.17d 1.74a 56.38a 0.27hi 32.63gh 59.74f 39.67a 63.14a 74.57a
14 109 4.12¢ 1.29d 40.87ef 0.26i 31.70gh  47.95g 22.82¢ 38.31i 44.59i
15 1.99b 1.53g 1.41be 42.20e 030gh  29.97hi 39.40j 15.62i 2405m  28.68m
16 133g 275 1.25de 32.76h 0.26i 26.30j 63.81e 35.22b 62.10a 71.39b
17 1.46¢f 3.06de 1.46b 39.7lefg 029ghi  27.30ij 38425k 27.66f 30.57k 4122k
18 1.20hi 5.94a 1.11fg 24 47i 0.32fg 22.13k 46.05ghi  35.54b 38.13i 52.13¢
19 1.63d 4.67b 1.07fg 46.29d 0.28hi 43 43bc 46.56gh  29.11d 40.37h 49.77fg
20 1.62d 0.97ij 0.94h 30.29h 0.18 32.30gh 7543bc  19.26h 55.00¢ 58.28¢
¥ Mean  1.38 2.50 123 40.85 035 33.49 60.14 17.45 45.09 50.31
CV /% 30.20 67.90 14.10 24.50 30.10 24.50 25.80 75.60 26.60 21.30

VC: 4E4 5 C; TF: SIEMN; TA: SR SS: nlVAMERE; SP: nlA & A; SAR: MIfRLL; L™ BHE(E; o™ 205, b ¥|IE; C: ¥E. TH

VC: Vitamin C; TF: Total flavonoids; TA: Total acid; SS: Soluble sugar; SP: Soluble protein; SAR: Sugar acid ratio. L™: Lightness; a™: Redness; b™: Yellowness;

C": Chroma. The same below

2.4 TOPSIS ¥&EXT f BBV I ZR& 44T

R S AT, AR5 RECE S RAUE AT A3 3 b
BCE S IAH RS, HA LA o EHIBCEME R
i, HUUR SIETBCEE; TR REGEFE 6
ANE TR IRRR S 4 NN SRR B E 2 F14)
BN 0.562. 0.438; JEBLEFTTS & B E 2 5 A
90.478. 0.522, @it 2 MOTVERTIF R E A AE
o, FRELLERT o AL B B A A R, B9
fits JOFH A0 W2 6 A (B EE 2 R 4 5310 0.523

0.477. FHLLT S, & T8 5 KRECE AL E
1) 52 5 A B e AE A s W DE AN FE A ) BE X T
PEMMER AR

RAE FiAEAREE RN, KA TOPSIS %45 3|
1E 3 AR A RN B BRARRE 42 03 R 27=[0.026, 0.107,
0.007, 0.017, 0.029, 0.018, 0.018, 0.127, 0.019, 0.014];
Z =[0.007, 0.013, 0.004, 0.006, 0.008, 0.006, 0.008,
0.006, 0.007, 0.005], 20 ANFEAEEF T ZEIR T R Fabr
P 0 BEAE AR RN £ B AR AR B INALBE S Dyt Dy AN
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Fig. 2 Correlation analysis of quality characters among Hemerocallis citrina germplasms
R 5 WAL PR BUCE 1 €
Table 5 Determination of weight of quality traits in Hemerocallis citrina
PEIR A5t A HE RN HEWBGE
Trait Coefficient of variation method Entropy weight method Combinatorial assignment method
vC 0.089 0.059 0.075
TF 0.199 0.274 0.242
TA 0.042 0.012 0.023
SS 0.072 0.040 0.056
Sp 0.088 0.054 0.072
SAR 0.072 0.039 0.055
L 0.076 0.044 0.060
a’ 0.222 0.402 0.310
b* 0.078 0.047 0.063
c 0.062 0.029 0.044
6 WAL B R HER
Table 6 Ranking of quality of Hemerocallis citrina germplasms
%5 No. D}t Dy G /5 Rank %5 No. Dyt Dy G /5 Rank
1 0.141 0.036 0.203 12 11 0.047 0.115 0.710 4
2 0.145 0.024 0.142 17 12 0.082 0.088 0.518 9
3 0.136 0.026 0.160 13 13 0.055 0.130 0.703 5
4 0.142 0.026 0.155 15 14 0.069 0.091 0.569 8
5 0.143 0.027 0.159 14 15 0.114 0.050 0.305 11
6 0.148 0.021 0.124 18 16 0.064 0.114 0.640 6
7 0.141 0.025 0.151 16 17 0.070 0.093 0.571 7
8 0.041 0.125 0.753 2 18 0.030 0.143 0.827 1
9 0.148 0.018 0.108 20 19 0.046 0.114 0.713 3
10 0.142 0.019 0.118 19 20 0.114 0.059 0.341 10

Dt IEFEMRIIAESS : D SORARMRII BB G HIRTBEE .

D;": Euclidean distances of positive ideal solution; D; : Euclidean distances of negative ideal solution; C;: Relative closeness.
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Fig. 3 Two-dimensional scatter distribution diagrams of comprehensive
quality score and yield of Hemerocallis citrina germplasms. The horizontal
and vertical dashed line represent average yield and comprehensive quality

scores, respectively.
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