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Abstract: A two-year field trials and agronomic performance analysis were conducted in 179 foxtail millet
accessions which are homonyms of the four famous landraces (Qinzhouhuang, Taohuami, Longshanxiaomi and
Jinmi) , as well as exploring the genetic relationships between the materials. Fifty-one accessions including the
four original varieties were subjected for nutritional quality analysis. The significant differences on quantitative
traits were detected in 179 accessions, while the quality traits were detected without much differences. Through

the correlation analysis, a highly significant positive correlation between kernel weight of single ear and ear
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weight, as well as stalk weight and ear weight, were found. Principal component analysis showed that the first
three principal components contributed to 89.414% of the cumulative variation. Gained from the composite score
F-value calculated based on the results of principal component analysis, we observed the highest and lowest
composite scores in Bocaigen-30 (F=7.42) and Yintianhan-27 (F=-9.17) , respectively. Cluster analysis based
on agronomic traits revealed that the 179 accessions were classified into four clusters with relatively concentrated
clustering within homonyms varieties and greater similarity of agronomic traits. The results of phylogenetic
relationships indicate that there are diverse evolutionary relationships among different varieties with the same
name, and there may be gene exchange between different varieties with different names. The differences in
nutritional quality among the four categories of famous foxtail millet were small, and the differences in all
nutritional quality indexes except crude fiber were not significant. The crude protein and crude fat was positively
correlated, while starch negatively correlated with protein and fat. The first six major components explained
88.414% of the cumulative variation and could basically cover the information of the 10 nutritional qualities.
Based on the principal component analysis of nutritional qualities, the top ranked varieties were Bocaigen-77,
Bocaigen-33, Bocaigen-44, Papocao-15, Jugenqi-25 and Yintianhan-13, combined with the comprehensive
scores of different accessions. This study identifies and studies the agronomic traits, quality traits, and

phylogenetic relationships of the four famous foxtail millet groups, which is of great significance for the

protection and utilization of germplasm resources, as well as the excavation of excellent resources.

Key words: Chinese traditional foxtail millet accessions; agronomic traits; nutritional quality; correlation

analysis; relationship
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Table 1 Six assignment standard for quality traits in foxtail

millet

(eI TRAE bR IE Assignment standard

Traits 1 2 3 4 5
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—:No assignment; LSC: Leaf sheath color; PC: Plant color; CC: Chaeta
color; NS: Ear neck posture; SD: Spike density; SS: Ear shape; The
same as below
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20214 Year 2021

20224 Year 2022

Eﬁ; fafi SRR A5 ZB(%) AR A5 R %)
Mean+SD cv Mean+SD cv
¥k (cm) PH ek 194.95+10.75 5.51 190.45+11.88 6.24
JURSF 162.66+13.85 8.51 164.08+13.32 8.12
FRE 196.55+28.41 14.46 195.73+28.88 14.76
TSR 165.14+11.30 6.84 165.11+11.69 7.08
£ (cm) EL T3S fik 34.91+3.89 11.14 34.73+3.77 10.84
JUIRSF 33.01+5.38 16.30 33.08+5.51 16.64
PR 22.99+3.35 14.58 22.87+3.40 14.87
PSR 25.31%5.01 19.80 25.15+4.83 19.21
il (cm) ED (8320 3.51+0.39 11.23 3.37£0.46 13.57
JURS% 3.18+1.12 35.18 3.16+1.21 38.43
FIR 5 2.83+0.58 20.52 2.85+0.63 22.16
TSR 2.53+0.65 25.70 2.51£0.62 24.60
R E (g) KW eI i 30.38+8.97 29.52 29.78+8.74 29.36
JUIRSF 23.00+10.11 43.96 23.00+10.13 44.02
PR 17.79+4.92 27.65 17.56+4.97 28.32
TSR 16.48+6.29 38.15 16.26+6.35 39.06
FHH (g) EW e ik 53.60 £12.87 24.00 55.42+10.98 19.81
JURLSS 36.51+15.17 41.54 40.94+12.13 29.63
PR 27.38+6.80 24.85 33.79+5.69 16.82
SRR 24.70+8.71 35.28 31.58+7.23 22.89
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Traits Name PR A5 750 %) I EER 2 5 F5(%)
Mean+SD cv Mean+SD cv
B (g) SW el ik 137.87422.18 16.09 136.26+22.96 16.85
JURSF 83.98+32.21 38.35 82.37+32.85 39.88
AR 71.60+21.35 29.81 69.99+21.62 30.88
TESRAR 58.21+21.00 36.07 56.08+20.58 36.70

PH:Plant height; EL: Ear length; ED: Ear diameter; KW : Kernel weight of single ear; EW : Ear weight; SW: Stalk weight; The same as below
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Fig. 1 Quantitative trait statistics of the participating materials
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Grading criteria reference table 1;PPC: Papocao; JGQ: Jiugenqi; YTH: Yintianhan; BCG: Bocaigen
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Fig.2 Statistics of quality characters of homonyms accessions
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positively correlated, blue is negatively correlated, with darker colors representing larger correlation coefficients; The same as below
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Fig. 3 Correlative coefficient of tested accessions
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Table 3 Principal component analysis based on quantitative

traits
T4y Principal component
PR Traits
1 2 3

FHE EW 0.954 0.063 -0.016
TR E KW 0.909 -0.045 -0.204
HEH SW 0.873 0.302 0.1
FEHLED 0.768 -0.195 -0.436
K EL 0.686 -0.208 0.654
¥k PH 0.009 0.978 0.013
EEZNRIE 3.561 1.135 0.669
Eigenvalue
FikR (%) 59.348 18.919 11.147
Contribution rate
Rt vk (%) 59.348 78.267 89.414
Cumulative

contribution rate

MRS IRk 1
Material serial number as in supplementary table 1
B4 BETFTRZHEROETFRFABEDIN

Fig. 4 Cluster analysis of 179 foxtail millet accessions based on agronomic traits



4 14

PTG S5 - 251 PO R A A i P REAR 22 b SRR IR AN 55 2R O R

551

22 EFEmMKR

221 EFBRWUE ABIENET SURESTFH
BHIK A3 GE SR T R BE R A R 3R 10 48
P (E5) . ZRMEK S B RN T 8.13%~9.50%, °F-
11 8.86%. SAVER T AT 68.84% (i 2 HL-44) ~
78.84% (AR -6) , -1 73.91%, & & 7E 73.00%~
75.00% IREH G [ 49.02%, FHE & HA4T9.61%
(CHkE-3)~13.73% (JUIRFF-23) , ¥ 3 11.70%, % i
F£11.00%~12.50% IR EHY L 41.18% s MR I
F3.02%(JUHEF5F-7)~5.05% (JUIRF5-14) , 344 3.94%,
TrHETE 3.40%~4.00% WML 11 49.02% K535t
A F 2.23% (B K 5-3) ~3.09% (3 %M -72) , F-
2.68%, 5 B AE 2.60%~2.90% AR5 H 50.98% 5 HL
21 45 S N 5.26% (CHEAE-15)~12.24% (BH K
B.3), -1 8.32%, 5 HETE 7.00%~9.00% AT RS L
66.67% ; EH FE A T 33 (JUHE 55-10)~160 mm ( JLAR
3-25), 744 62.12 mm, 7F 40.00~60.00 mm FIA1EHE
b 45.10%. BEHEER &R T 0(JLRFF-25)~27.59%

14 7\ 14

%8 Count

- \ / | k N

(PEHAR-2) , 1 19.31%, S BAF 15.74%~19.88% 1Y
MBS E 47.06%; $0H TE B & N T 0.72% (JUAR
F-21)~9.13% (BH K 5--10) , “F 14 4.09%, & & 7E
3.05%~4.70% [IATRL 5 39.22% ;s DUk T AL e FIfE:
B AL TER A ARG L3 312 17.819% (JUIRSF-23)~
88.72% (BH R 5--1) F12.97% (132 H3-78)~52.82% (L
HE55-23) , F-24143 511 49 68.16% 1 19.62% , Hrk Ik
¥y BEAE 70.10%~88.72% B K5 e 60.78%, 12 18
THALTERY & HHE 5.68%~20.00% FREL L 1 54.90%
VUK 24 K [F] 44 SRR ] 7K 43 | ST A TR 43 5 i
AT LB 11 CHLAG 5 HLET A Ae 25 5, Hoh JuAR
FEI) 24 R AR 11 et TSR [ 44 R )
FELE 5 ko g, PR R 5[] 44 it o 0 AH 21 4 5 1 e
o M TE R AR S R BRI R B R R R A
(1.9652%) , e K 1) /2 C YRS B 44K (3.4535% ) 5 ML 2R
1 E AR 5 R B /N I R LR S A (6.1027% )
i R 2 O R 1A (9.4584% ) 5 ML 7 & 725 57
FEE /N BRI (10.3554%) , i KA 2 L

|
/ g k

%8 Count

-

6
4 /
2 /'"
0 : 0
8.0 82 8.4 8.6 88 9.0 92 94 9.6 68
KIEE (%) WAC

70 72 74 76 T8
BlehEE (%) sC

S = N WA L9 ® O

10 11 12 13 14 5.0

HEAER (%) PC

3.0 35 4.0 4.5

HHER S & (%) FAC

25

20

N

B

%8 Count
>

S

#& Count

—
w

o

[

2 24 26 28
EYER (%) AC

3.0

32

5 6 7 8 9 10 11 12 13

HAHESE (%) FC

4 |

Vi
A
/

g
20 40 60 80 100 120 140 160 18
BAE (mm) GCC

[

¥ & Count
NOA o

0 2 4 6 8
Pt S & (%) RSC

10

0 20 30 40 50 60 70 80 90
TREIH LIRS R (%) RDSC

0 10 20 30 40 50
@B LIEm SR (%) SDSC

0 5/ 10 15 20 25 30
HitlehEE8 (%) AMC
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Fig. 5 Nutrient quality test of foxtail millet
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Table 4 Nutrient composition between four groups of foxtail millet accessions

PR 24 el it JUIRFF SR 5 TSR
Traits Parameter PPC JGQ YTH BCG
Ko 85 (%) WAC P EAR 2 8.8975+0.2187a 8.948+0.289a 8.8943+0.2623a 8.7453+0.3254a
5 ZE (%) 2.4580 3.2298 2.9491 3.7209
RIEH & (%) SC SEHELRR R 73.247442.5296a 73.0918+1.8176a 74.6781+1.4676a 73.9564+2.1412a
AR RE (%) 3.4535 2.4867 1.9652 2.8952
HEAS T (%)PC AT 11.6975+1.1064a 12.224+0.746a 11.2643+0.8411a 11.8089+0.966a
5t FRE (%) 9.4584 6.1027 7.467 8.1803
HNE T & 1t (%) FAC AR E 2 4.1275+0.5536a 4.0880.6098a 3.7729+0.4283a 3.9168+0.4056a
(%) 13.4125 14.9168 11.352 10.3554
KAy it (%) AC EEE R 2.6163+0.1851a 2.716+0.1601a 2.6436+0.166a 2.7184+0.2278a
A5 FH (%) 7.0749 5.8947 6.2793 8.3799
FHEF2E 2 it (%) FC PR E 7.0306+1.1061b 8.035+0.6429ab 9.0014+1.5151a 8.4882+1.0393ab
AR RE (%) 15.7327 8.0012 16.8318 12.2441
JEeHEE (%) GCC SRR 54.2500£13.1601a  57.4000+34.9548a  63.2143+13.6391a  67.6316=11.0034a
5t FRE (%) 24.2582 60.8969 21.576 16.2696
PUMEVEH & i (%) RSC PR 3.8400+1.5327a 2.9100+2.0084a 4.1300+2.4135a 4.8700+2.2882a
5 (%) 39.9316 68.9591 58.3939 47.0260
HHETER B it (%) AMC IR E2E 17.4600+2.7136a 20.4200+4.8167a 18.6900+3.3055a 20.1100+3.1237a
A5 ZH (%) 15.5376 23.5923 17.6852 15.5310
P TER % i (%) RDSC SERMEEFRAEEE 60.8600£23.9225a  60.3200+22.2359a  72.1200£10.6289a  72.2500+14.3252a
5 FE (%) 39.3072 36.8662 14.7368 19.8269
M TER & i (%) SDSC SEREERRAEZE 21.2300410.1137a 23.7300+17.8876a  18.6400+5.7149a  17.4400+13.9395a
5t FRE (%) 47.6583 75.3942 30.6524 79.9064

R AR NG T 5 2 542 0.05 K- %

Different lowercase letters in the same row indicate that the difference is significant at the 0.05 level
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Fig. 6 Correlation analysis of nutritional qualities
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Table 5 Principal component analysis based on nutritional qualities
Pk F 4> Principal component
Traits 1 2 3 4 5 6
P L TE R % i SDSC -0.366 0.723 0.049 -0.023 -0.253 0.137
P AL TE R 2 it RDSC -0.335 0.790 0.206 0.063 -0.136 0.119
PUtETEN: & RSC -0.616 -0.294 0.092 -0.138 -0.068 0.073
HAEETEN & & AMC 0.052 0.650 -0.086 0.404 0.218 -0.156
JEERRE &5 i GCC -0.145 0.216 -0.539 -0.392 0.523 0.403
HEF4E 5 1 FC 0.382 -0.229 0.255 0.382 -0.163 0.732
K5y E it AC 0.876 0.052 -0.054 -0.204 -0.090 0.036
HLIG 5 7 i FAC 0.420 -0.034 -0.114 0.518 0.478 0.004
HEN YR PC 0.830 0218 0.251 -0.220 0.079 -0.058
SIER O SC 0.913 0.114 0.058 -0.204 -0.067 -0.032
FFF{E Eigenvalue 2.691 1.789 1.509 1.103 1.061 0.689
Bifk% (%) Contribution rate 26.906 17.889 15.088 11.028 10.605 6.890
B oTilkE (%) 26.906 44.796 59.883 70.911 81.517 88.407
Cumulative contribution rate

x6 SINBFERMEFMRESES

Table 6 Comprehensive score of nutrition quality of 51 foxtail millet accessions
e L 7
Accessions Fi P, B F Fs Fo Fsynthesis Ranking

value

JAR-77 Bocaigen-77 1.28 243 1.58 2.12 -0.68 0.20 1.19 1
Wi ZEAR-33 Bocaigen-33 2.84 2.07 0.25 -1.34 0.75 0.39 1.13 2
W EHR-44 Bocaigen-44 2.03 1.38 0.53 2.12 0.35 -1.27 1.06 3
&Y k-15 Papocao-15 325 1.01 -1.01 -0.88 1.36 -1.20 0.87 4
JURFF-25 Jiugenqi-25 2.61 -3.33 5.57 -2.05 -0.24 -0.21 0.68 5
BIR5:-13 Yintianhan-13 2.04 0.75 1.08 -0.82 -0.96 0.27 0.67 6
JURS%-21 Jiugengi-21 2.39 1.99 0.06 -2.35 -0.65 -0.21 0.66 7
JURFF-23 Jiugenqi-23 4.05 -1.86 -2.26 1.62 0.15 0.69 0.66 8
W3 HR-72 Bocaigen-72 -0.01 1.23 1.07 0.50 1.20 1.39 0.66 9
[ -38 Yintianhan-38 0.95 0.90 0.48 0.65 -0.10 1.50 0.65 10
JEZEME-50 Bocaigen-50 0.40 1.39 1.53 0.31 -0.02 -0.01 0.62 11
JEI HE-10 Papocao-10 1.66 0.88 0.40 -0.01 -0.45 -0.05 0.61 12
3 HL-23 Bocaigen-23 0.48 1.73 0.19 0.15 0.67 0.42 0.58 13
FHK5E-16 Yintianhan-16 -0.06 0.98 1.15 0.47 0.13 0.24 0.41 14
e k-11 Papocao-11 2.49 -1.47 -0.04 -0.69 0.34 -0.58 0.32 15
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Accessions ! . 3 ¢ s 6 Ranking
value

[ % 5--8 Yintianhan-8 -0.41 0.58 0.51 1.94 -0.51 -0.14 0.22 16
JE3EHR-53 Bocaigen-53 0.40 -0.08 -0.20 0.19 0.61 0.40 0.18 17
J3E41-2 Bocaigen-2 1.09 -1.83 -0.83 0.98 1.98 0.09 0.17 18
1522 HR-95 Bocaigen-95 0.02 0.10 0.48 1.57 0.70 -2.49 0.17 19
WEEAR-13 Bocaigen-13 -1.48 0.93 0.35 1.15 1.30 0.41 0.11 20
JESEML-65 Bocaigen-65 -0.39 -0.20 0.57 0.78 0.07 0.83 0.10 21
JURFF-14 Jiugenqi-14 1.74 0.25 -1.98 0.31 -2.04 -0.75 -0.02 22
P HAR-19 Bocaigen-19 0.51 -1.30 -0.74 -0.37 0.91 1.52 -0.04 23
JUBRFF-26 Jiugenqi-26 -0.47 1.01 -0.67 -0.53 0.47 -0.31 -0.08 24
FUHEFF-16 Jiugenqi-16 -0.15 0.72 -1.25 0.35 -0.48 0.14 -0.10 25
JUMRFF-8 Jiugengi-8 -0.21 0.57 -0.49 -0.45 -0.38 0.01 -0.11 26
WESEAR-75 Bocaigen-75 -1.63 0.46 1.32 0.42 -0.34 0.14 -0.14 27
P AR -42 Bocaigen-42 0.55 -2.77 0.04 0.47 0.65 0.97 -0.15 28
[ 5:-1 Yintianhan-1 -0.94 133 -0.83 -1.09 0.24 0.92 -0.17 29
[ % 5:-10 Yintianhan-10 -1.46 -0.65 1.83 1.45 -1.00 0.05 -0.18 30
T3 HR-78 Bocaigen-78 -0.63 1.77 -0.06 -1.11 -1.70 -0.57 -0.20 31
JSF - 12 Papocao-12 -0.04 0.41 -1.04 -0.69 -0.17 -0.53 -0.23 32
JURFF-11 Jiugengi-11 -1.23 0 -0.91 1.45 1.26 -0.86 -0.23 33
JUMRS¥-7 Jiugengi-7 -1.32 0.72 -0.48 -0.40 0.88 0.21 -0.24 34
[ K 5:-5 Yintianhan-5 -0.37 0.13 -0.73 0.68 -1.35 0.20 -0.24 35
JUHRF%-10 Jiugengi-10 1.04 -1.88 -2.31 0.01 0.01 1.76 -0.28 36
[ 5:-21 Yintianhan-21 -0.63 -1.07 0.25 0.19 -1.45 1.26 -0.37 37
[ % 5--37 Yintianhan-37 -2.42 0.05 0.09 0.12 2.14 -0.06 -0.39 38
JSKE-13 Papocao-13 0.65 -0.82 -1.35 -0.73 -1.01 -0.86 -0.42 39
[ K 5:-32 Yintianhan-32 -1.79 -0.64 0.70 -0.54 1.56 -0.50 -0.42 40
JE3 k-2 Papocao-2 0.65 -3.17 -0.05 0.78 -0.67 -1.54 -0.49 41
[ K 5:-29 Yintianhan-29 -1.41 -0.83 0.62 -0.63 0.46 -0.58 -0.50 42
[k 5:-30 Yintianhan-30 -1.28 -0.33 -0.03 -1.27 -0.11 0.49 -0.53 43
& k-9 Papocao-9 -1.28 0.51 -1.03 -2.17 0.99 0 -0.54 44
JSEHE-80 Bocaigen-80 -1.15 0.44 -0.85 -1.11 0.06 -1.35 -0.57 45
JE5EHR-41 Bocaigen-41 -1.41 -1.08 0.03 -0.38 -0.07 0.43 -0.59 46
[ K 5:-4 Yintianhan-4 -1.06 -0.85 -1.19 -0.96 -0.35 -0.15 -0.77 47
[ % -3 Yintianhan-3 -1.65 -0.06 -0.34 0.48 -3.56 0.62 -0.79 48
P AR-6 Bocaigen-6 -3.17 -0.23 0.61 -0.15 0.18 0.21 -0.79 49
P52 -84 Bocaigen-84 -1.40 222 -0.62 -0.17 -0.74 -0.97 -1.03 50
&Y k-3 Papocao-3 -3.69 -0.04 0.01 -0.34 -0.42 -0.55 -1.12 51
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