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Diversity analysis and comprehensive evaluation of agronomic
traits and quality of foxtail millet germplasm resources
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(1. Crop Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
2. Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract: In order to explore the excellent germplasm resources of foxtail millet, 126 foxtail millet germplasm
accessions were selected from national and provincial resource banks and relevant domestic institutions. A two-year
agronomic trait investigation was conducted, and 100 accessions were selected for nutritional quality analysis. Vari-
ous analytical methods were employed for research and comprehensive evaluation. The results showed that, in terms
of agronomic traits, there was abundant variation among the millet germplasm accessions. The coefficient of
variation for 16 traits ranged from 9.30% to 66.66%. The variation of main stem height was the smallest and the
variation of seedling color was the largest. Correlation analysis revealed significant positive correlations between
straw per plant mass and various factors such as spike mass per plant, community production, grain mass per plant
(P<0.05). Cluster analysis divided the materials into five major groups, each with distinct characteristics. Group |
was characterized by tall plants and large panicles, which could be used for screening forage millet. Group 11, with
the shortest peduncle, could be employed for selecting short-statured millet suitable for mechanical harvesting.
Group III had the lowest average main stem height and the highest average spike mass per plant, grain mass per

plant, and community production, making it suitable for selecting short yet high-yielding millet. Group IV had the
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largest thousand-seed weight, ideal for grain breeding materials. Principal component analysis divided quantitative
traits into four principal components, with a cumulative contribution rate of 77.493%. According to the comprehen-
sive score ( F value) calculated by the weight of contribution rates of each trait,the top 10 excellent materials, such
as ‘60-day hongjiugu’ and ‘ Huangjiugu’ , were selected. In the quality analysis, the coefficients of variation for
the trace elements Fe and Se were relatively large, at 44.97% and 70.00% , respectively. There was a significant
positive correlation between total starch content and amylopectin content (r=0.83) , while starch content and crude
protein content exhibited a negative correlation (r=-0.98). Principal component analysis divided nutritional
quality into three principal components, with a cumulative contribution rate of 72.559%. A functional expression
was constructed to comprehensively evaluate nutritional quality, and 10 resources, including ‘ Jinuogu No.1’ with
the highest score, could be used as excellent breeding materials.

Keywords; foxtail millet; germplasm resources; agronomic traits; quality ; diversity analysis; comprehensive evalu-
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Table 1  Basic information of 126 foxtail millet germplasm resources
P FHBAFR U P TR Al
No. Germplasm name Source No. Germplasm name Source
| FEH-1 HilteRs & 20 TR 55 TR A1 D
Baishanian—1 Dongxiang County, Gansu Province Fengte No.5 Guyuan City, Ningxia Hui Autonomous Region
) e =T Hrg b IRy A TR A D T
Huachisanzhuagu Huachi County, Gansu Province Chifeng local variety Guyuan City, Ningxia Hui Autonomous Region
-2 HiltaRs & EARIIERS TRl E DX 5T
3 31
Baishanian—2 Dongxiang County, Gansu Province Hongjiugu Guyuan City, Ningxia Hui Autonomous Region
. mwm i o WAT i
Bainiangu Gaolan County, Gansu Province Jiuguzi Chongxin County, Gansu Province
s ONGET Il I Py AT
Hongxiaoguguzi Huachi County, Gansu Province . Nianguhun—1 Inner Mongolia Autonomous Region
6 HENA el 2 HitR-2 M ATRX
Huangcaojiugu Huachi County, Gansu Province Nianguhun—2 Inner Mongolia Autonomous Region
LI T tebs HitHRE-3 MEHATRK
7 35
Hongjiugu Huachi County, Gansu Province Nianguhun-3 Inner Mongolia Autonomous Region
g LLEFTIRAY -1 Hrg b % FHA-1 S A
Hongziganjiugu—1 Huachi County, Gansu Province Daniangu—1 Inner Mongolia Autonomous Region
: A HilraEhe 57 B MEHTATARKX
Jiugu Huan County, Gansu Province Wosiniuniangu Inner Mongolia Autonomous Region
10 HlEEEY a8 8 Fr M M ATRX
Jiugu Ning County, Gansu Province Qitounian Inner Mongolia Autonomous Region
1 LI il T8 ” TR MEH ATRX
Hongjiugu Ning County, Gansu Province Erhandanniangu Inner Mongolia Autonomous Region
0 B e 0 FHA-2 MEH ATRIX
Huangjiugu Zhenyuan County, Gansu Province Daniangu—2 Inner Mongolia Autonomous Region
s s iR o T PRI
Hongjiugu Lingtai County, Gansu Province Qingmiaoniangu—1 Inner Mongolia Autonomous Region
L g Tl o T2 PSR
60—day hongjiugu Pingliang City, Gansu Province Qingmiaoniangu—2 Inner Mongolia Autonomous Region
s Hs TR 5 BB ST I
Huangjiugu Pingliang City, Gansu Province ) Wen33 bainiangu Inner Mongolia Autonomous Region
16 AR HArgaT m REFHRE MEEH ATRIX
Hongniangu Huining County, Gansu Province Dahandanniangu Inner Mongolia Autonomous Region
L ke Tk R o RS P ETAIK
Hongniangu Jinta County, Gansu Province Xiaojileniangu Inner Mongolia Autonomous Region
T Hrg b " ST M ATRX
Hongziganjiugu—2 Huachi County, Gansu Province Bainiangu Inner Mongolia Autonomous Region
19 LR LRy U=t P PNELT MEHATRK
Heijiugu Zhenyuan County, Gansu Province Dabainiangu Inner Mongolia Autonomous Region
2 LUK HAE R 48 JERSA RG2S LTI
Hongniangu Mingin County, Gansu Province Yapocheniangu Chaoyang City, Liaoning Province
. e o LS RN
Jinuogu No.1 Shandong Province Lachuweiniangu Chaoyang City, Liaoning Province
» TR 25 lIFRe) 0 ZIH -1 LTH
Jinuogu No.2 Shandong Province Hongniangu—1 Liaoning Province
I A o MR i
Jign No.18 Shandong Province Nianbocaigen Liaoning Province
n 3215 jaiel=) 5 M LT
Jichuang No.1 Hebei Province Niandaobaqi Liaoning Province
25 IR HEE KK AT s LDR -2 LTH
Heiruangu Zhangjiakou City, Hebel Province Hongniangu—2 Liaoning Province
% LAY T RN E36 X E 5T " TRLLIRAY LT
Lanxianhongjiugu ~ Guyuan City, Ningxia Hui Autonomous Region Xinghehongniangu Liaoning Province
57 Uk 8 = TR EA X 5T 55 KIS HAE
Fenxuan No.8 Guyuan City, Ningxia Hui Autonomous Region Nianergu Gansu Province
28 Ak TR A IR X % EITHE-1 il
Shiliunuo Guyuan City, Ningxia Hui Autonomous Region Baishanian—1 Gansu Province
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Continued table 1
T FlBAA R R e Gliie s Heit
No.  Germplasm name Source No.  Germplasm name Source
o HbKE-2 kg %6 BRI -1 LA KRZE AT
Baishanian-2 Gansu Province Huangniangu—1 Zhangjiakou City, Hebei Province
58 LTHRAGAY IS &7 IR MAE R AT
Hongyanniangu Shanxi Province Xiaohongniangu Zhangjiakou City, Hebei Province
59 AR IpiES) 88 R -2 LA KRZE AT
Shiliuniangu Shanxi Province Huangniangu-2 Zhangjiakou City, Hebei Province
€ PN R 89 AR TS LR KR AT
Dahuangnuogu Henan Province Hongniangu Zhangjiakou City, Hebei Province
61 LIRS TERARX %0 T2 WHLE KK AT
Hongnuogu Ningxia Hui Autonomous Region Nianguzi—2 Zhangjiakou City, Hebei Province
@ A R LLvE4s o1 PN LR RE AT
Maotibainiangu Shanxi Province Daniangu Zhangjiakou City, Hebei Province
6 LK -1 IS » THS k[ %2)
Hongniangu—1 Shanxi Province Maoniangu Hebei Province
" AR IEAEY) IS 9 TR -1 IR £2)
Hongniangu—2 Shanxi Province Hongniangu—1 Hebei Province
65 HEERE -1 WA KR AT o FIARELKG R <)
Heigaoniangu—1 Zhangjiakou City, Hebei Province Baigenhongnian Hebei Province
6 WZREREA~1 AR TR AT 95 PNLRCEES B )
Chigaoniangu—1 Zhangjiakou City, Hebei Province Dayeqingniangu Hebei Province
P WZRERA -2 Rl =K S ARTi} % LIRS -2 k| %<)
Chigaoniangu—2 Zhangjiakou City, Hebei Province Hongniangu—2 Hebei Province
3 HEER -1 WA IR AT o7 R OB <)
Qinggaoniangu—1 Zhangjiakou City, Hebei Province Nianpoguo Hebei Province
© BFRERIA -2 Wb T o8 AR EORY Ok <)
Huanggaoniangu—2 Zhangjiakou City, Hebei Province Xinghuangnian Hebei Province
- FRRR A1 LRI AT % REHA B )
Baigaoniangu—1 Zhangjiakou City, Hebei Province Dajinmiaoniangu Hebei Province
I LS o | R WA
Baigaoniangu—2 Zhangjiakou City, Hebei Province Huanggingmiaoniangu Hebei Province
» HBEERA -2 LR R AT 101 PN T pik[gs)
Heigaoniangu—2 Zhangjiakou City, Hebei Province Danianhuanggu Hebei Province
7 ok WILE KA AT 102 g HUR S tUE[R<)
Ruanniangu Zhangjiakou City, Hebei Province Hailiniangu Hebei Province
" BHHE -1 bR AT 103 R =[A00)
Heiruanniangu—1 Zhangjiakou City, Hebei Province Heiniangu Beijing
75 BERA -2 LA Tl 104 RERA Jestii
Heiruanniangu—2 Zhangjiakou City, Hebei Province Damaoniangu Beijing
% RoKA el =y 105 REELA5-1 L
Nuomigu Hebei Province Nianhonggu—-1 Hebei Province
7 SRS N WAL skE AT 106 IR -3 k| £2)
Baiminiangu Zhangjiakou City, Hebei Province Hongniangu—3 Hebei Province
78 TR WHLERE AT 107 LIKR -4 R <)
Qingmiaonianguhun Zhangjiakou City, Hebei Province Hongniangu—4 Hebei Province
7 TH M Wb T 108 KL -2 R <)
Erqgingmiaoniangu Zhangjiakou City, Hebei Province Nianhonggu—-2 Hebei Province
%0 TSR WHLE KK AT 109 Hit-1 s
Bocaigenniangu Zhangjiakou City, Hebei Province Niangu—1 Hebei Province
81 ARFELLHY IRl =k S ARTj} 110 Hith—2 Ok <)
Langweibanian Zhangjiakou City, Hebei Province Niangu—2 Hebei Province
o TS WK T R e
Qingmiaoniangu Zhangjiakou City, Hebei Province Huangmaoniangu Hebei Province
3 71 WAL T m Tl Ees IR <)
Nianguzi—1 Zhangjiakou City, Hebei Province Shanxiniangu Hebei Province
o PN LR R AT 3 KRETHAH (OBl <)
Handanian Zhangjiakou City, Hebei Province Dahuangmaoniangu Hebei Province
25 IRBLAA AR AT 14 HRIA-1 IR )
Langweibaniangu Zhangjiakou City, Hebei Province Huangniangu—1 Hebei Province
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Continued table 1
Fes TR Al ¥ FhFA B He5
No.  Germplasm name Source No.  Germplasm name Source
115 HHIA-2 boplga) 1 Rk -2 R <)
Huangniangu—2 Hebei Province Nuomixiang—2 Hebei Province
16 AR EAE] Elg=y 1 Aok HA
Hongniangu—5 Hebei Province Chinuo Japan
17 EARTE OB %) 123 WK HA
Hongniangu—6 Hebei Province Zhaohenuo Japan
18 LIRS T k%) 14 A4 1 HA
Hongniangu—7 Hebei Province Tuanzinuo No.1 Japan
119 SN WA 125 HREEAy IINIES)
Zhushinuojiugu Henan Province Nuohuanggu Shanxi Province
R WL e S P
Nuomixiang—1 Hebei Province Bainuogu Shanxi Province
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Table 2  Criteria for assigning value to quality traits of foxtail millet

PEIR Mt{H Assignment
Trait 1 2 3 4
B4 Seedling color £ Green 4k Olivine 4% Purpie-green £ Purple
R Mature plant color £ Green £ Purple 24 Purpie-green —
JIE €4 Bristle color 24 Green H {0 Yellow 1% Purple —
HEAKJE Bristle length & Short H Middle K Long —
TJE Spike shape Zi#EIY Fusiform B fE)E Cylindrical He#EIE Stick-shaped MiTUE Cat’ s paw shape
FHFA B JE Spike compaciness 2 Loose 1 Middle £ Tighten —
TE =" FORAAE LR E
Note: “~" indicates the assignment does not exist.
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I i) 2 750 A BHLARUA 7 B i ) B U 100 103, AT
J B J I /N K K 43 B, /N A 0 s
BIEHT | SCREVEN HLER (L RLIR DG 2k A 6 355k 5
FehRA . 2 GB 5009.9-2016 o7 I 5 /N K
BIEM R B RERESE" WE KSR
PR /K S TE R 5 it S 1 GB 5009.5-2025 1
DR /KL A0 s 2 88 GB 5009.6-2016
A I S /N AR A 5 e 5 SRR R 71 £, TCP
-OES/MS M5EM ook &g,
1.3 HESH

H Excel 2016 #E47 5052 2 | 4% L2 FE I F8 4L
% F “ Shannon — weaver 15 B840 ( H' =- Z Pi x
InPi) "3HE A PSR —RIREE | A B
W Origin 2024 HE47 A0 M 20 BT RSB 22047
JH SPSS Statistics 26.0 #E17 5. [H 2 ANOVA 43 #1 #l

FHS T, EHA BTGB A P = VP, +
V2F2+“.+V71Fn5/ﬁ\:qj Vl \VZ\.“\V” ﬁ%u%‘%ﬁ%iﬁi
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2 ZER5HT

2.1 AFMRBFRREERESEN

2.1.1 FREHRGEE ZHEESH X126 0 HF
THORS e ik R BB R B B IR
FEMNERE 6 MR G R BN (£ 3), 40
o R RIB S L gk ok 3, o ) A TR A
B 61.11% 57.94% 69.84% , &0 1yt R4 /b, 7l
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156.22 ¢m.0.93 ¢m.25.32 cm.2.80 ¢m 31.02 cm,
35.26 £.29.70 g.19.73 ¢.2.95 g F13.34 kg;9 N
PRIR B i A48 7 R B T 9.30% ~24.85% Z ],
TR 16.75% , 78 5 REGRI N T 2515 <R F T
<PEIHK < FHA <BRBE T B < TRLE < M < 225
FL <ML e < /N X = o5 9 AR PR K™ e ) £
FEMFE B T1.2073 ~ 1.8715 Z[8], P2k 1.4814,
ZAEVERE B IR R <R T i <R SC <R T
i< ERM < F M <R R < TR E<FZER<
AN AT UL 10 AR bR /N X R R AR
S, R R

2.1.3 AXHESH WX 126 (T H 6 A E
PEIRFN O A H B R B /N X7 i AT A 5 1 4 B
(B 2,011 50) K3, 2 AR Z A7
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2.1.4 REHH X126 A TRIRIETRESY
Br(& 3,00 11 50,36 5) R A 43 o ORISR,
TS TSR 2 0 IR LI 9T BRI O 32, B 4R
JErhaE, 2R M B I 5 A
FREP R, SR LAY () B AT R 5 10 23k 8 17,
RHARTR 288 HA 146.69 om, BSR4, (HFE
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x4

=

MR R 55V ERERE 103 4y, 28R
I S BRI R IR

2.1.5 HEMIRG TR0 TN TE
WA TFFpERIR X SRk R 9 A MR T
FHA A (F6), 1 AERDHTTERE RN
26.043% , H FHAE TR i | 250 MR B R
SRR 5 2 A R R TTERE R 22.612% ,
FESTRE, M XS EEKEERSA
K5 3 B FEE TR MR R R
FZEM BRI PR DG, TTRRE N 15.364% ;55
4 FRrEEE TR F 200 E MR AR
K, TUBRFEN 13.475% , 5 F U Bt oilk R 5 3|
77.493% .,
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Table 3  Diversity statistics of quality traits in foxtail millet
SrAE Sy E %
U s EL Zp
VIF'H( Distribution percentage A5t AR % *JH&
Trait CV/ % B H
1 2 3
- Zj]EHé 61.11 0.79 7.94 30.16 66.66 0.9019
Seedling color
R 57.94 31.74 1032 — 44.48 0.9148
Mature plant color
i B3
*.J{w‘@ 69.84 3.97 26.19 — 56.34 0.7297
Bristle color
16K
ﬂi]%{:E 49.21 35.71 15.08 — 43.91 1.0019
Bristle length
HIE
. jwﬁ/ 65.08 2.38 2540 6.35 60.85 0.8917
Spike shape
VI [
PRSI 3.97 82.54 1349 — 19.50 0.5567

Spike compactness

TRk 1.2.3 4 UERA TR, EA R 2,
Note:The 1, 2, 3 and 4 in the header represent the characterization
standard of each trait, and the assignment standards are the same as those

in Table 2.
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Table 4 Diversity statistics of quantitative traits in foxtail millet

F2EE/em FEK/em FZEH/em FEHem BEK/em BRETE/e HHETE/g AR/ THRE/g /M7 E/kg

e
;j: uf/ " Main stem Main panicle Main stem Main panicle Peduncle  Straw mass Spike mass  Grain mass 1000—grain ~ Community
nae
cex length length diameter diameter length per plant per plant per plant weight production
o
M 156.22 25.32 0.93 2.80 31.02 35.26 29.70 19.73 2.95 3.34
ean
=N
H;/[j({ﬁ 191.90 36.40 2.00 4.50 45.00 47.42 39.74 28.51 4.10 5.37
ax.
/)N
E;IJ & 130.30 14.90 0.50 1.80 20.90 27.27 19.16 10.17 2.00 1.25
in.
$m;%i 14.53 3.95 0.17 0.50 4.16 4.64 4.72 4.44 0.49 0.83
RIN=EY)
AR 9.30 15.60 18.28 17.86 13.41 13.16 15.89 22.50 16.61 24.85
CV/ %
ZHME
1.7380 1.2073 1.5122 1.3998 1.3065 1.3288 1.2965 1.5170 1.6359 1.8715

HRCH
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Table 5 Mean analysis of quantitative traits of foxtail millet in different clusters

o ESESS S TR MSHC MRERTR HEESTE BRRIDTRE TROE BXTPR
Eaviie B0 M J‘[tﬁ" Main panicle M 'Lt Main panicle Peduncle Straw mass Spike mass Grain mass 1000—grain Community
Cluster Index lezlr:hs/ix length diafri;l:rjr(’rlln diameter length per plant  per plant  per plant weight production
e /em ; /em /em /g /g /g /g /kg
Rl 185.25 35.00 1.05 345 33.05 31.16 23.06 13.84 2.95 2.09
| Mean
zﬁ 8.10 2.80 0.10 0.30 0.70 4.06 7.80 734 0.30 1.68
S’E/Iijllﬁ 146.69 22.84 0.88 2.70 28.19 39.74 36.05 2548 2.70 4.48
I
liifj) 30.20 12.40 0.30 0.60 6.10 9.62 8.35 6.89 1.10 1.79
S’;Iiifnﬁ 146.10 25.74 0.81 2.51 31.94 30.83 36.54 25.91 3.27 4.56
11T
fsze 24.60 740 0.50 1.50 13.80 8.48 5.31 473 1.10 1.18
%;ii{nﬁ 150.58 26.48 1.03 2.80 37.60 38.78 24.85 15.01 3.37 2.46
v :
}zéi 26.90 8.60 0.40 1.10 10.60 14.30 7.76 692 0.80 1.44
%;iiflﬁ 157.40 2522 0.93 2.81 30.76 35.09 29.15 19.25 2.92 3.24
\
}tiéii 61.60 19.10 1.40 2.70 24.10 18.76 17.81 15.86 2.10 3.34
F6 WEERNERS D 216 HFWARGESFN FET 4 D ERITS
Table 6  Principal component analysis FERRXT IV B AR AE 7] = , FHEAREENEN , T PR
based on quantitative traits WA, EIERE FE R A ’ e
o B Pl compnent RGBTy 45 B4R TR, FkA N
Trait pcl P2 PC3 PC4 =0.260F,+0.226F,+0.154F,+0.135F, , 4 F {Ex}
Fae 126 (4§ AT ECR MR RO 22500, 1900 i, 25
e 0.638  0.447 -0.405 -0.135 A e N JE N A
Main stem length =) %:z I)[_, @ ﬁ‘fo 126 ’f]] H % E/‘J 1+ I}' gl 3: 60.415 ~
i ﬂﬁ]ﬁ] " 0388  0.653  0.044 -0.281 39.528 2 [a] ,“V-IME N 48.260, Zi-E 1553 TERHT 10 1L
e K VIR A2 7
Main stem diameter 0.333 0.374 0.243 0.556 2.2 @';?qlﬁﬁﬂgg%ﬂﬁz%ﬁiﬁ{ﬂ
Main piﬁ*%iameter 0341 0116 -0.378  0.739 22,1 BRERAAT 126 BrEEUE R
I— FIELF (4 128.75~8 136.45 kg - hm™) 9 100 14
e LIS
Peduncle length 0-318 0.5 0.397  ~0.381 ﬁ“}ﬂi s m”%ﬂ;“ﬁﬁ BUE E/‘J *%*jzﬂ(ﬁ/ﬁ\% , %{%Emu
Stra‘v*fiisﬁf ]anl 0.680 _0.022 _0.460 _0.141 ;’E’E‘ﬁ*ﬁ\i%ﬁﬁ*ﬁ\*ﬂ% EI \*‘H—EEH)‘]‘\%\M 6 Iﬁtﬁ]
Hﬁéﬁ:p B, MELR (3 8. K 4) W, ZlbHR BUFF
MR 0.685 -0.671 0219 -0.077 K4S ETERY LR i HE
Spike mass per plant *i7kﬁ\4w\ﬁ*ﬁj \il‘f‘l_mf*jj \*EEE[ \*EHEIH)‘:T Fe 1 Se
sy R A B LS S Y4 >
BRI o om ooss TIPS 8.44,74.93.6239,13.84.4.23
T‘*‘é P g - 100g™",81.23 mg - kg ' #181.23 pg - kg™',7 N
ML — s N
1000—grain weight 0.226 0.236 0.737 0.294 Ei?g‘*ﬂ‘ E‘JQE /% %ﬁﬁjl\ j‘l: 4.50% ~70.00% Z IETJ , %ﬂj
HEAE i 4310 sa10 sl oou 9 22.74% 785 FBRIUA K S < VM < S HEVE
Eigenvalues ’ ’ ’ ' WA s N > — >
iﬁﬂ_ Ky <HLEE H <HUAR T <Fe<Se; 7 A i B b 19 £ FE 1
DURAFE 2 v N N
Contribution rate/% 26.043  22.612 15.364 13.475 Eﬁfl\ﬂ: 1.1071 ~1.4024 ZIETJ , %ﬁjjﬁl.%ll , gﬁé
N, -k e I\ e WIRRIRIS N
B s oo e TESECEBK I I < R <Se<HLEFI <

Cumulative contribution/ %

Fe<BLIEHT, AT UL 7 A~ dh S48 bn rPoFFRL K 20 35 1 R
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222 BREBRGMERESN N LERS
FAIRVE FE AT Z (8] 0 OCHR AR B, X A U A9 100 17
BFH T A S TR bR R A OCHE b B IR, S A VE
3 RIS TE A & i (A AR FE A S 3 IE A OCOC &R HL R
5 EEVE R BTER S R AR B E O R
BN 5 Fe &R AFTEIEMH LR,

&7 HEER 10 MHMRBERNESTENER
Table 7 Comprehensive evaluation results

of the top 10 germplasm resources

75 BT 24 p 3 SZafs AR
No.  Germplasm name Source Score Rank
60 KL% L
14 60-d ;1 i Pingliang City, 60.415 1
ay hongpugu Gansu Province
SR HNAE -
15 H/“ . Pingliang City, 57.762 2
uangjugu Gansu Province
) . HikE R
LT BERTIPE 2 _
18 H’i"?“.ﬁ e , Huachi Comty, 5722 3
ongziganyust Gansu Province
s REELE
2 HT*h'“ i b Huachi County, 56.632 4
acsanzhiuagu Gansu Province
. A U L
19 I:I‘ Zhenyuan County, 56.174 5
eugn Gansu Province
ke TH
10 B4 Jiugu Ning County, 55.918 6
Gansu Province
ILPERE [k
12 Shanxiniangu Hebei Province 35552 7
AT HR A ER
32 5 . Chongxin County, 54.994 8
tuguz Gansu Province
WA kg e R
7 H( .. Huachi County, 54.756 9
ongnugt Gansu Province
bR | HikERS &
1 o Dongxiang County, 54.603 10

Baishanian—1 .
Gansu Province

223 BERBRG IR NEHMETEHA
()2 P SO R ) 3 B, 6 S ) 7 S R R
OYEAT ERIT T (R 9) o HRERL 1 T
5 RVE K, 3CHE UE M SF R AR A OG, ST ER RN
39.662% ;%5 2 FE 5T SHRNT Fe Se SFfanAH X,
TTHRFN 17.685% ;46 3 F M5 Fe MK, STk R
F15.212% , 45 1857 Rt vimk R nl ik F] 72.559%
BT T EFRMEE

224 AWM LA 3 A ML IR LI
fEm i 5L TREAE ) i, B g B RA X, 7
IR B A 32 o SR G AR Y R A B AL Dy
& EMHAF TR, KB Fropy =0.397F +
0.177F,+0.152F, , R4 F {HXT 100 AT #1758
IR B ZE G VRN 5B £ A R BLEGF . 100
BT B350 F 36.95 ~ 79.57 Z[a], -3 K
57.46, ZEEAHITTENT 10 44 (66.62 ~79.57) A ¥ IR
fFEILFR 10, AT 45 & R0 IR IR R o, BAEA1E R
R EFEI AR .

3 W ®

3.1 BEFEFREERMSFIGEFTEMR

PAE IR 52 4% Z2 R 3 A 2 A (AT i
BB 7, v L & AR 8L o BT
SR8 O T R AR F R AR B WS
ARTTTE ST, TR A ol BT 0 U5 St R A 2 R Y R
IE, T2 A8 S 0 M Oy AP OR A TE A  AR PR,
STV 5 ) Oy 5 A R R A T E Ml
R 2 ARBgEEE R 126 43 F
A A 15 A SR B e A TR A st A% &2
FEMEA T R IR, 10 DR bR b 28 B R BN
T, ARG ZHCR 9.30% , FEFRMER K ™ i AR SR
T, HAR S B0 590 16.61%F1 24.85% 3% —45 53
XI5 X 224 AT SRR PR BRI 25
FL BT K S0 A 2 245 2R B AT e BB 45 % 65
DY T iR A 2R 2 25 SR A — 2

RS ATFHHNERRANSHMEST

Table 8 Diversity statistics of nutritional quality of foxtail millet grain

sk Koy RYER SCHEVERD HEA MR 7S i}
B /(g 00g) /(g 10057 /(g 100g)  /(g-10057) /(e 100g")  /(mgeke) /(g k)
Grain moisture Total starch Amylose Crude protein Crude fat Fe Se
F-HfH Mean 8.44 74.93 62.39 13.84 4.23 81.23 91.47
e R{H Max. 9.20 83.82 70.58 16.50 6.06 217.70 370.07
#/IMA Min. 7.13 66.52 48.59 12.00 2.22 18.48 19.27
brifE2E SD 0.38 3.45 4.73 1.06 0.84 36.53 64.03
ARSI CV/ % 4.50 4.60 7.58 7.66 19.86 44.97 70.00
EA X 1.1071 1.4024 1.1583 1.3766 1.1475 1.3867 1.2490
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BC o o0 . BL

BL |0072 0073 0.100. SS 7S | 0018

‘ AMY
=
S5 |00 5210 Mo -0ned . SCN
SCN [0002 0037 0017 <0130 0.062 . MSL AMY | 0072 CcP
MSL [oo31 0018 50 0029 %20 ,‘,*m,. MPL
) cP | 0.001 ,
MPL [0006 0046 0.047 0.087 0008 -0.044 ‘o . MSD CF
-0.012 0.050 5 -0.018 0.140 0.018  0.140 %
MSD Ll | P . MPD cr | 0070 0091 0066 0.100
MPD|0130-0051 g1gg 0028 0031 ,‘0 0300 0.011 | glazo . PL Fe
2 P
0.120 0.110 0.070 0.01 0.100 -0.012 -0.160 & 5 &
PL 0 0070 0010 0100 dBko) @b dftoo 8 ® yr Fe | 0004 -0005 0053 0015 0200 .
0.043 -0.039 0,120 -0.051 g 180-0.018 0 0140 0079 ga3p 0.130 Se
SWp PWP

« Iy
-0.089 -0.078 -0.130 0.066 0.090 0.067 - N 3 -0.049 v
PWP ( 0,180 067 -0.091-0.006 0.033 -0.049 (320 GWP

Se | 0058  -0053 0079 0.033 0.140  -0.025 '
P
-0.093 -0.064 -0.120 0170 0080 0.075 0.070 -0.090 0.020 0.040 0.053 320 .) ' TGW
GWP #* # 5 % 23
TGW |02200064 d270-0035| dlo -0.041 -0.016 0160 ofm0 0084 dSbo 01150 0.094 0.110 . YPP - -
YPP -0.090 -0.085 -0.130 -0.170 0.069 | 0.086 0.072 -0.088-0.005 0.012 -0.048 Df;m .0.) 0.095 . ! ! ] ! !
—10 —08—06—04 —02 0 02 04 06 08 10

_ ; ; : " _ 13 £ 4 Correlation coefficient

—1.0 —0.8 —0.6 —0.4 —0.2 0 02 04 06 08 1.0 T OW . KA B s TS JATENS & 1 AMY . S HEVE M &

¢ &3 Correlation coefficient o 1 1 o i
JE-_;CP:- /‘\E—';CF;' A\JE_-;F: /»\EI_;S .
YE L SC AN €5, MPC BBk €25 BC. 1 20 615 BL, 1 B & N i A e PR AR e

A EL
2SS BB s SCN  HHiY 5% 12 MSL: 25855 MPL: EREK s MSD: e
FZEM MPD . EFEHML; PL. BT ; SWP . MR 2L B 5 PWP ., Rl Note ;: GW; Grain water content; TS Total starch content;
JEIE  GWP ARRLFT i ; TGW . TR E ; YPP  /NX =iy = Fll % = AMY: Amylose content; CP; Crude protein content; CF.

SrIFIRTE P<0.05 Fil P<0.01 7K 5 38 40 56 41 (4, /R IE A
X, AR AU G, B EBIR M R R B0k, FIH .,

Crude fat content; Fe:; Fe content; Se: Se content.

Note: SC: Seedling color; MPC: Mature plant color; BC: 5 Fs"“%’%.ﬁ':}i'iﬁ’\]ﬁ;é'&ﬁ*ﬁ
Bristle color; BL: Bristle length; SS: Spike shape; SCN: Spike Fig.5 Correlation analysis of nutritional qualities
compactness; MSL: Main stem length; MPL. Main panicle length;
I Y s D o e e %o BramHEASS
plant; GWP. Grain mass per plant; TGW. 1000 — grain weight; Table 9 Principal component analysis
YPP: Community production. * and * * indicate significant cor- based on nutritional qualities
relation at the levels of P<0.05 and P<0.01, respectively. Red color - —
indicates positively correlation, blue color indicates negatively corre- PR MY Principal component
lation, with darker colors representing larger correlation. The same Trait W3 1 1Y 2 1Y 3
below. PC1 pPC2 PC3
& 2 %Egg‘l‘ﬂg){k?fﬁ ;@'I‘iﬁ*ﬁ' 7K43 Grain moisture 0.042 0.180 0.647
Fig.2 Correlation analysis of phenotypic traits SAVER} Total starch 0.978 0.005 0.010
THEFER Amylose 0.919 0.116  -0.039
ML H Crude protein -0.977 0.003 0.017
MR Crude fat -0.139 0.789 -0.002
Bk Fe 0.002 0.641 0.292
fili Se -0.019 0.398 -0.748
FEHEMH Eigenvalues 2.776 1.238 1.065
FTHkZE Contribution rate/% 39.662 17.685 15.212

i

Cumulative contribution/ %

39.662 57.348 72.559

FHOCE S0 A A7 B T 1 i A 0 MR D) 1) A B G

R NTHE— 25 T fif AS TR PR D8] A Bl ) AR ARG R
ARG 1 A O 4 AT A B, 2l 8 5 Rk €
EUOZ RN B EEMCLR, FEGE M
L AR R ), BRI K S AR A], TR
i ERUH S S 2O ) ROk BT PR BT | PR
i 55 /N X7 d [ B A7 AE B 3 E A G, X 5 2%
VEAE X 3T (R4 T AR 2R AT AR G 43
ﬁiﬁf«iig ff:oa bean landraces are the same as table 1 )Fﬁ E/‘J%%*H{uo ﬁﬂﬂﬂg%mﬂ u 179 /ﬁ}@?%iit*jﬂq
TE3 16 1?&’6%%&%5:1%‘%1%‘%?@ ' S, AL 13 AN AR PR A AE DG & B, AH G R

Fig.3 Genetic cluster tree of the 126 millet germplasm resources AL R MY E A R H R S A0, i (0 5 (|




12 TR X AR WS 543 %
*10 BFEFRRESENFEFATR 10 TR
Table 10 Top 10 comprehensive evaluation score of nutritional quality of foxtail millet
5 T T K s r g GRS
No. Germplasm name Source Score
21 Piki4s 15 Jinuogu No.1 11%°4 Shandong Province 109.11 161.46  50.49 79.57
44 KEFERS Dahandanniangu M52 1A X Inner Mongolia Autonomous Region 130.20 104.02  23.51 73.67
39 THEENS Erhandanniangu M52 1A X Inner Mongolia Autonomous Region 134.37 103.19 13.25 73.62
78 HHHAR Qingmiaonianguhun WALk E AT Zhangjiakou City, Hebei Province 123.47 142.22 -11.79 72.40
NLS: T THE A% AEIX i
30 Chii;iﬁzIHSﬂety Guyuan Cit;%;faaﬁ?li[xAﬁfoﬂ;ouS Region 122.93 113.34 - 21.74 217
77 EP S E Baiminiangu WAL KK I Zhangjiakou City, Hebei Province 121.83 168.45 -47.64 70.94
59 AHAEA Shiliuniangu 117444 Shanxi Province 116.83  149.73 -20.04 69.84
75 PRBCRE Y -2 Heiruanniangu—2 LA KK AT Zhangjiakou City, Hebei Province 106.34 148.69 -4.38 67.87
34 KE4¥IR -2 Nianguhun—2 M HIAIX Inner Mongolia Autonomous Region — 127.99  102.52 -12.77 67.01
80 TSRARAE Y Bocaigenniangu WAL K O Zhangjiakou City, Hebei Province 126.18 116.57 -27.00 66.62

FESGHEK FHE S KSR EY R R E
IEARDE &R, 5 A 56 25 S LA M L5 1H s S G
T TR L R R S K B R
EYRBEAMEER, SARRB L RAT 2 —
B, I 5 0 A A L AR B0 PR B AR T K

RAEHA BT T A T 58 R ] Y SR 2% X R
LT IR . 22555 s 18 A~
PRI SRR 22 IR T R I M, K 398 13 %
VRS 4 28 B 27 3 T AR MR 179 347
TRRIEHATRIE 0, o1l 4 260 AWFFEARIE A
ZARIRF R 4 X 126 4 F R TR AT IS4y
B B 4 5 ORISR, BB A & A AR
REALHE 1 2SR TR, W 0 8 1 B 45 - R
PEATRR TR 5 575 11 AR S0 S, 32 25 3 AR
PR & BRAR T ORI i B /N P A 5 A
FEREh 558 A, T T I AR AT AL TR
PEATRP BT s 55 100 2871 32 25w e IX, PRER BT
MR /N X ) B Bk, AT T
EFF R A TR AT R SRR 55 IV 2R TR
FE 5 ANSERE R K, AR R A+ & Fhobh ki 2
FIH .

W3 BT AT R AL RN FE AR , I LURRAE ]
SRR, K bR R 1k O R IR AT 25 A R, A
T 2 1 P-4 v 1) I 9 D I 2 B8 B
Hj X # g IR E ke g HE Z FAEYD
Y ORERSESRECT 4 A E RSy, RIS
K 77.493% KRR 25 1 MR BT R R 0 AL TR S 1
LEAAR S FE, JL00BE R HEA BT 10 07 AT RHE
P S GER, m AR HAS [ PR i AR
3.2 BEFEFRRMERNSMIEEFTEN

AMFFE N 126 143 5% 5 v 58 B FH ] & B0 ™ it 5%
BRI B BEUR 100 13, 38 2 0 72 FFRE K 43 ETE RS

SCHEVERY AL E CHLAR DT BRSBTS
bR HRFRL K 4 i RO R, R B
B i, E i B T) 25 5 80N, TRLRR D7 L i T R
Fe Se M & AR R, 2 B4 5l il 2 5 A4
AHIL 15 A FRESR A B, 45 R R APRIK
3N 8.30% ~10.39% , S TEH & A 70.90% ~
82.75% , FEE 115 50N 10.09% ~14.35% , MLIR I & &
H5.2% ~6.6% , SAIREG K 3 #:(7.13~9.20 ¢ -
100g™") JEM 7 it (66.52~83.82 g - 100g™" ) HaA 4%
I BB SR (12.00~16.50 g - 100g™") fi s , LG
Wi i (2.22~6.06 g - 100g™") DR A ; F 30 6 25027 3
HMAE ST AT 2K MR I E SRS Sk, 1
FFRIK 3 & i 8.13% ~9.50% JE K & it 68.84% ~
78.84% M EH & H9.61% ~ 13.73% KNG I & &
3.02% ~5.05% , /K53 & & 5 A 45 SR AR, LR
R AR, 6 AR ] 22 55 0T B2 AN [R) BF 44 76 AN TR
B IA BT 3 35 o B B R i B, oy A
ST R L B, 416 A28 F SRR AR R
AT 10.00% ~ 13.99% 2 i) ; i 4iE 5255 I 52 e W,
REKE 4 A FESFAEBXM 270 NP A
SRR 11.18% + 1.14% ; 104% 25 Y W58
B, ILPE B AR FMAMEARSTERN
12.62%+1.15% , ASBEFE M 22 19 100 13 & F AP )
EAFRERNT 12.00% ~16.50% 2 8], 511 ABF5E
GERIA

AR M S M K B, BT A ) VR T S
vk, HI gt 2, S Em S E ARG &
[) UL AE AR S 2 AR DG OC 3R s Fe 25 it S5 OHLBR 7 [) £7
P M SR R, EWMAT M4 R, 3
A E WS BITF TR AT 3K 72.559% , HIEA A & B
FERMFEGER, 48 3 DTN 18R B AE 1)
HXT 100 (A F AT E M LRGN 25 R %
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I XF 126 45 TP IR A 25k B M Hp s
(1) 100 F345 11 iy Jo R 00 45 SR 2045 20 A & 3, AR TRl
m PRI TR ZHR B B3 22 5, R F 3Rk
SIHTRNZEA PEHY, 0 58 B AS [) e 1 %) B U, A = FF
RAAIGEIE (Ank @ H A feuh B« 2058 45 -
U R H A R B PR A ) RS R T R AL
WCHE IR (AN [ 30T 48 1 ORGSR T4 ¢ 4
Kits=5") JEF 7SI (Aisk A N5 AR XY
CRFEMGA M R CRAFRLBEIR Gk H
WS AR X K R-1 HRE RS B A
UHi=2" ) ATVE A T B R0 R AR L, Bl 2 AN [
MIE AN E AR TR oK, AR B IR A R G A5 2 X 45
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