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Correlation Analysis between Major Agronomic Traits and Yellow Pigment
Content of Foxtail Millet in Shanxi Province
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Abstract: To explore the main factors affecting the yellow pigment content of millet, with a view to providing a basis for
the selection of superior germplasm in foxtail millet breeding, in this study, 292 local varieties from Shanxi were used as
materials which were planted at the Dongyang Demonstration Base of Shanxi Agricultural University in 2020 and 2022. The
genetic variation, correlation, and principal component analysis for two quality traits of cereal rice color, yellow pigment, and a
total of eight major agronomic traits, including plant height, neck length, leaf length, leaf width, main panicle length, main
panicle diameter, main stem nodes, and main stem diameter, were calculated and analyzed. And then the comprehensive scores
were calculated based on the principal component analysis. The results showed that the local Shanxi foxtail millet varieties had
the richest variation in neck length. The coefficient of variation of yellow pigment content was 22.42% , which was second to that
of neck length and higher than that of main stem diameter. Correlation analysis showed that yellow pigment content was
extremely significantly positive correlated with four agronomic traits of plant height, neck length, leaf length, and main stem
diameter and three rice color correlation indexes of a", b", and CCI, and significantly positive correlated with main stem nodes,
but extremely significant negative correlated with main panicle diameter. Principal component analysis showed that the
cumulative contribution of the four principal components reached 73.62% , which could be used to express most of the
information on yellow pigment content, rice color, and eight major agronomic traits in foxtail millets. In conclusion, millet rice
color was an important influence on yellow pigment content, and plant height, neck length, leaf length, main stem diameter,
main panicle diameter, and number of nodes in the main stem might had an effect on millet yellow pigment content. Based on the
composite score, the Number 266 local variety of Golden Spot from Fanshi county, Xinzhou city, was found the elite variety
with a yellow pigment content of 27.27 pg/g, a CCI value of 3.71, and an excellent performance of phenotypic traits.
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Table 1 Information of 292 Shanxi millet landraces
5 (frfﬁaﬁ; R cer | BB (*ifff; R cer | 77 (Triiﬁn R cCl
No. name Source No. name Source No. ame Source
1 JEH % KIF T 3.63| 14 ANSES KEATRER  3.76 | 27 “wH TWhdirE s 319
2 TAR AN TILBA S 3.07 || 15 AIRJCHiR KW RE S 265 28 NEEA S BT RIRE 3.50
3 B KIET RS 4.06 || 16 HIRA M LR 315 29 B2y PHRTTZBIX  3.74
4 KL 4 KEWTTRE 370 | 17 RECKAS  KEGTRE 3.19| 30 Ve EhTAAHE 361
5 SRS KR 331 18 R4 PrommiEgER  3.86 | 31 4 EH FHALHARIX 415
6 RN WML 329 | 19 PNAe iR R 377 32 TR AT BRmE AKX 3.96
7 TER WM TLBIE  3.00 | 20 FF 3k e i E 3.54 | 33 I 4 BEfims 3.90
8 AW LRSS KIF T 3.69 | 21 S PrommEERL 378 || 34 N H TR A 3.74
9 [EESSE KFEIMHER 348 | 22 BT Profmippsm 2 3.55 | 35 HUN A ERdih i 416
10 BREAR KRFEWH&E 375 23 A TR 2.78 | 36 I PHOR T PEE 3.4
11 ETEEE KEITAEBRERR 395 | 24 Kegsa WM HaE  3.07| 37 INEF HhdTRAEX  3.50
12 Rer#s KR RE 344 25 BRUP 25 BRmImE 347 38 FARC oy KIEdHIE  3.59
13 NP KEHRRER 322 26 —%= HrhmiEmE 335 39 A whlirE S 3.38
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Tab.1(Continued) Information of 292 Shanxi millet landraces
F5 Gﬁiﬁi kiR cer | 7 Gﬁiﬁi K cor |75 fofiﬁ; IR ccl
No name Source No. name Source No. name Source
40 £y KIETH B 3.59 || 86 TAES O KEMME 359 || 132 KW Tyl s 3.82
41 AR TRk 352 | 87 NGRS Hrpi AL 3.62 || 133 SPIIEEY KIgTn & 3.03
42 TR ERmEAKX 377 | 88 A4 Wrhm e 3.63 || 134 NEES KirmikFE 340
43 fil 4t HrhmAHEE 392 | 89 Ay WS 3.10 | 135 HOR B Kh b 2 3.60
44 A BRWY T 3.48 || 90 =24k KIFEH ML 3.56 || 136 — k4L Kiadid  3.64
45 KER iR 359 | 91 AR KREETER 340 | 137 INEERE KETMEREE  3.56
46 N BT 3.62 | 92 U WrhmirE A 347 | 138 HAT KRIFH R 3.66
47 ZMFEH EhWMIKX 348 | 93 IS FHR T A EL 3.58 || 139 AR 47 KIFH KL 3.61
48 Jutk A% EhmEHE  4.01 | 94 BIUBKE BRWEAX 3.04 || 140 HREAS KETHEE  2.66
49 BAa4 HmiK X 3.59 || 95 ThE TS JiR M A 3.26 || 141 INEEAR KRIFHRFE  3.26
50 B RAY Hrpifisk B 3.94 || 96 [ERiTRUY BRm A 3.78 | 142 KI5 KW KRR 3.03
51 Ik A% BRmmE 342 || 97 L H# B8 3.60 || 143 UNEES KETOF R 3.64
52 R HihiriER  3.65 | 98 KRR B 349 || 144 SEZEH KET MR 3.50
53 TRRE KIENHHE  3.58 | 99 KEAH ERmINE 341 | 145 IR KRIFHEREX 3.33
54 N——% BRmEE 3.78 | 100 FI R0 R MR EE  3.22 | 146 EZaRE KEHEAEX  3.05
55 KxtfEan BRmEME  3.62 | 101 HKUDEAE SRy E=Y 3.35 || 147 N KEHTRE  3.78
56 BRI Hriak e 3.79 || 102 LN HRMIGE  3.34 || 148 =754k KRIFHRE 295
57 g LAY Bk R 272 | 103 EA6E  BRATUHMHET 3.37 || 149 KA KEHTRE 292
58 —%= EHrhmEmE 3.29 | 104 Jii) B 4% W mE 3.67 | 150 &REE KFEH;TRE S 3.36
59 INEEAS TR 3.62 || 105 RIS B KRR 3.39 | 151 L/ AS| KEMRE 311
60 NS BT 3.91 || 106 X5 WHul&CEd o 3.19 | 152 ®ERM KRESTRE S 3.39
61 HX%dE  EhmvEesE 343 | 107 EZ LN KIgii P ge  3.60 || 153 ik 3 2 KEHTRE  3.05
62 ERHE KIEH S  3.59 | 108 Biaks  KIRTTRIE 3.87 || 154 AR 4T KEHREL  3.30
63 TEA HW AR 4.07 || 109 MR KIBTaEH 353 | 155 Mgk KFEWREHR 3.28
64 K— KIEA/MEX  3.99 | 110 NG F Kipmkg B 359 | 156 “PAEKSA M T R B 3.51
65 R4k, FHARTHZRIX  3.57 || 111 BRI Kipmikg B 3.4 || 157 WA PN T B 2.71
66 i K WA E 353 || 112 R A Kipmikg B 318 | 158 IAH KRFMiLE=H  3.21
67 K F i WA E 358 || 113 Bk KIRATFIRE  3.74 || 159 KA KW A= H 3.64
68 H T Bl Al 3.75 | 114 BEBEAT Kyl 3.68 || 160  —HmY  @MlAER 361
69 HRIE TRk Ix 3.53 || 115 LFFE RKipmiEEE 3.22 | 161 2 FMATIIB A 3.30
70 wEELD EHPWABE 317 | 116 K4 H KipmigEm e 3.60 | 162 pNAR ! MR 3.51
71 FRIESS BRI 3.57 | 117 s FHWABENE 320 | 163 JEMR 7 Pl g 3.43
72 — B PR R E 379 | 118  ZAWEAR KIAWTFINE  3.46 || 164 BB P 3.29
73 N EHrpiiriE s 344 | 119 ST Kigmared  3.60 | 165 TR IR Profdie s 2.90
74 awAs EhlAmE 3.63 | 120 Wik KAWAaEXRE 355 | 166 dbEAS M T 3.62
75 il AT EHrhmiAAmE 299 | 121 2T 4B Kk g B 361 | 167  HEKS FH AR Tl o B 3.57
76 i W AERE 344 || 122 NS KA ®EE 359 | 168 a4 BH SR T o B 3.38
77 DU Bl 3.71 || 123 s KBWE®EE 370 | 169 AR5 FH 5Tl o £ 2.98
78 JUR 32 BT 3.79 || 124 hEkAs K\BHOFIRE  3.83 || 170 I Bk A% FH 5% 1T e L 3.36
79 PNEES Hilifk X 3.53 || 125 s KRS B 3.68 | 171 FEka BH SR T B 3.92
80 (S EopioEaE L 3.42 | 126 PNEE KRRl 3.50 | 172 Y EE EhimEmHE 371
81 i KEMHME  3.50 | 127 @ARxgE KipmERE  3.83 || 173 75 BH ¥ KRIEWHmME  3.70
82 AEmY EhlRAE 3.80 | 128 HA g 281 | 174 oy KRR ITRIARIX 3.72
83 rhxt o) B I B 3.34 | 129 WYY KirmkFERE  3.80 | 175 Ay KT MRX 3.27
84 2T WA 353 || 130 Nk KiaKkFE 331 | 176 oA KIETWIRIMIX 3.78
85 B4 Hrh i ARE  3.55 || 131 AN KipmEE S 330 | 177 FANTES Hrhdifx X 3.34
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Tab.1(Continued) Information of 292 Shanxi millet landraces

P Gﬁprﬁ ?atiq ki CCLY 75 Jif élzlai;fn ki CCI L (jjrf ?&fffn R CCI
No. pras Source fi | No. plas Source ’ No. pras Source -
name name name

178 WEA  HHPImMKX 3.69 | 217 REEAT  HHaiakdlr o 321 255 FEBES Mg 3.27
179 UNTYR HhmiAMEE 312 218 AT HEA Hrhiifrikm 3.41 || 256 JOE mndizTH 274
180  Hfikesn  WrhmiAERE 343 | 219 EH RS WrhipRns 273 | 257 BFH Iyl & 78 3.42

181 AR ErhiT AR 3.35 | 220 [ Sy Hrhmiafkd 3.31 | 258 [ FF B shliE R 3.55
182 EBHRA HhmARL 3.89 | 221 ANE HhiR AR 343 | 259 e BRHREE 3,12
183 76 4% Tl AME  3.03 | 222 LA T RAE 240 | 260 WA BIATFREE 3,13
184 £LJp)THG4 & Hhili AORE  3.60 | 223 LA BRmAA 285 | 261 B BYTFRE 3.04
185 i BA  WHWAE 341 | 224 e B 3.07 | 262 IR BTG E 3.30
186 L W WA 3.45 | 225 JURF ik B XA 3.56 || 263 g Bl E 3.24
187 JIEES Hrp i AR 3.52 | 226 HER A Kipiiak g B 347 | 264 A KT REE 351
188 BEXGWE  Erhili AR 3.54 | 227 INELAS KAWL HE 380 | 265  #WHFH KIF T 3.22
189 s Wil AR 3.81 | 228 INIRAS KipmizmBa  3.78 || 266 G Pl g E 3.71
190 an Hrom AR 3.71 | 229 B Kipmigma  3.22 | 267 “MiAMA MHREHWEZEE 318
191 ok WWAME 342 230 BFFR KGR 3.36 | 268 NG Wi mE 359
192 ZRAw Bl ANE 379 | 231 A fili 4% KihhigeE i 3.63 | 269 HEEA Bl AmE 373

193 B Wil ZeaE 3.35 | 232 SRTRAES KipdikFH 363 | 270  Reban HhWOFEE 3.66
194 RiGEC HPWAAAE 3.76 | 233 BARA KIGmFIRE  3.30 || 271 meHaks BRGA#%E 3.29
195 Wby Erhmifnsk R 3.32 | 234 i B R4 IR 3.48 | 272 EAEAS BRm AR 3.81
196 RS TR X 3.69 || 235 HEFF 5 KImFIRE  3.52 | 273 fhEE34%5 BREWHHET 3.66
197 4k HhHHRAKX 3.65| 236 IR & TR T 3.36 || 274 FrR 345 BRWHMHL 3.74

>

=

198 “r Bl KA X 3.53 | 237 P AN Wl E el 3.79 | 275 FRR7S BRWHMEE 3.01
199 wME ERATRAK 3.77 | 238 SAEA TR 3.49 | 276 REF B WIS 3.17
200  EH21%  BRWHMAW 3.75 | 239 HH Myisis  3.05 | 277 KM15%  KEHzMX  3.57
201 KES Wi 3.60 | 240 EEEHDREA  WmpmWE 3.79 | 278 MyEls  RET/NEX 3.91
202 NEE:S W ARE 354 | 241 braeZq Ll My & 3.31 | 279 BT B ERE  3.61
203 SR W T ARE 343 | 242 AR IE Iwymid & 3.56 | 280 5T Pl KE 3.81
204 JONE HrhmikH 3.36 | 243 EARTIERS Gy s 339 | 281 H#AT W I 3.56
205 N HRTOPELS 3.60 | 244 HAA MG Es 3.07 || 282 BT BMWEL  3.60

206 SR EHHmiEiE R 3.76 || 245 KEBRES Iy 3.40 | 283 INELA KIEHHEFEE  3.80

207 TEH HhWFEE 3.49 | 246 FA S EREE A MG B 3.52 | 284 “F KETMHES 344
208 MRS EhlPEE 3.28 | 247 KES Iy Tise#fx  3.50 || 285 WA KETMFERERE  3.60
209 Fwy ETlirER 3.67 | 248 BERAS My s kB 3.41 | 286 INERAY WA IR 3.00
210 FEa EhiliPEE 3.29 | 249 X7 4 i B 2.96 || 287 INCLAS P 3.65
211 BOARSE EHhTmPER 3.44 | 250 INEL A Mtk & 3.45 | 288 W0 P AT ST 3.66
212 B EhlFEE 3.90 || 251 WA Iy ik B 4.02 || 289 i - 2 Pl s 3.27
213 H#A215 BREMmET 3.60 || 252 WA Gy i di 3.56 || 290 L€ e gL 2.98
214 = S i A 3.55 | 253 WA G TiAkm e 3.40 | 291 A P AT X 3.55

215 EBRA Hrhifr iR 3.51 | 254 KLEBH g m kT E 3.29 | 292 7R PG E 3.02
216 FTEEARS  Wrhili ARl 3.10

1.2 KW H* B AL 1T

1 2020, 2022 454 292 453 Ll PG 45 F Mo J7 & ot o 1.3 MEmB KA Z*
A AE LI PG A b R 2 o ol B PR 5% 8 AT 5 v o0 2R BH R 1.3.1 KRR L B 5 Fh 5T 5 I8 4 3R
B 3 M (37.6°N112.7°E) , BEAS S R AR 247 47K B AVECHE bn v ) 5 A 1 AR 2R A S R
0.5 m,f710.4 m,5 H rpa) # F | A 45 B it 4% R TR A M TE A
.30.
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Tab.2 Statistics of agronomic traits and yellow pigment content of local varieties in Shanxi

Efy LESN SR {E £ bRifE 2 i £ 0 2 5 R % 715 i
Year Trait Mean=+SD Skewness Kurtosis CV Range
2020 PH/cm 119.88421.00 -0.67 0.61 17.51 40.80~163.60
2022 119.744+17.41 -0.87 0.96 14.54 53.33~157.67
2020 NL/cm 31.554+5.51 0.17 0.06 17.47 15.20~49.20
2022 30.64411.2 6.19 57.57 36.55 12.00~142.00
2020 LL/cm 49.09+£6.69 -0.45 1.00 13.64 26.60~70.20
2022 47.31+6.73 -0.56 0.82 14.22 23.33~62.33
2020 LW/cm 2.8840.33 -0.32 2.14 11.59 1.44~4.06
2022 2.73+0.38 0.23 0.16 13.99 1.73~3.93
2020 MPL/cm 28.6945.36 0.11 0.91 18.68 13.60~51.60
2022 27.62+5.65 0.18 0.38 20.44 13.00~48.00
2020 MPD/cm 2.4740.53 1.44 7.10 21.35 1.01~6.04
2022 2.5240.52 0.90 1.47 20.61 1.47~4.87
2020 MSN 11.90+1.63 -0.47 0.40 13.69 6.60~15.80
2022 12.39+1.57 -0.40 0.29 12.65 7.67~17.00
2020 MSD /cm 0.724+0.10 -0.56 0.70 14.26 0.33~0.97
2022 0.69+0.10 0.17 0.80 15.06 0.39~1.12
2020 L* 66.0343.01 -1.45 4.45 4.56 53.25~73.24
2022 62.52+2.89 -1.92 10.78 4.62 41.62~69.6
2020 ax 5.49+0.82 -2.19 7.07 14.91 1.63~7.01
2022 6.00+0.94 -1.92 5.86 15.72 0.72~7.83
2020 b* 24.844+2.62 -2.59 8.96 10.55 11.84~29.56
2022 26.45+3.04 -2.35 9.48 11.50 6.07~31.63
2020 CCI 3.344+0.31 -0.26 0.40 9.33 2.46~4.23
2022 3.624+0.36 -0.48 0.44 10.05 2.22~4.43
YP/(pg/g) 25.16+5.64 -0.32 2.05 22.42 3.39~43.94

T PH. PR S NLL UK LLL K LWL 58 MPL. F 3K s MPD. £ MSNL F 258 MSD. B2 142 YP. (R, TR,
Note: PH. Plant height; NL. Neck length; LL. Leaf length; LW. Leaf width; MPL. Main panicle length; MPD. Main panicle diameter;
MSN. Main stem nodes; MSD. Main stem diameter; YP. Yellow pigment. The same as below.
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Fig.1 Frequency distribution of major agronomic traits and rice color of local varieties in Shanxi
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Tab.3 Correlation analysis between agronomic traits and yellow pigment content of local varieties in Shanxi province

T;iﬁ PH NL LL LW MPL MPD MSN MSD L a’ b’ CCl  YP
PH 1

NL 0.819” 1

LL 0.214"  0.1217" 1

LW 0.192"  0.3157  0.023 1

MPL 0.209”  0.2117  0.029 0.399™ 1

MPD 0.020 0.099" 0.272"  0.624™ 0.364™ 1

MSN 0.2977  0.1177  -0.042  -0.050 -0.041 -0.023 1

MSD 0.198"  0.035 -0.053  -0.068 -0.066 -0.049 0.942" 1

L -0.051 0.046 0.011 0.128" 0.105" 0.086" -0.484"  -0.480™ 1

a’ 0.250"  0.216" -0.075  -0.040 0.007 -0.164" 0.295"  0.2957  0.224" 1

b* 0.194™  0.145" -0.052  -0.025 0.002 -0.124™ 0.290"  0.293"  0.421" 0.885" 1

CCI 0.217"  0.167" -0.053 -.0870"  -0.02 -0.145" 0.3817  0.3787  0.4717 0.619" 0.235" 1

YP 0.206™  0.1677  0.179" -0.041 0.103 -0.213" 0.123" 0.200" -0.056  0.360" 0.360" 0.206" 1

2o 2 Bl R A P<C0.05 7K - i 2541 56 Al P<<0.01 7K -1 i 2 AT 5 o

Note: * and ** indicated significant correlation at the P<Z0.05 level and extremely significant correlation at the P<Z0.01 level, respectively.
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Tab.4 Principal component analysis of resource traits of 292 Shanxi foxtail millets local varieties

RN F 4> Principal component PR F 4> Principal component

Trait I 1 11 v Trait I I 11 v

MSN 0.81 -0.32 -0.35 -0.13 NL -0.15 0.53 0.08 0.48

MSD 0.80 0.07 0.11 -0.13 MPD 0.56 -0.03 0.65 -0.25
PH 0.79 -0.24 -0.46 -0.03 CCI 0.18 -0.53 -0.02 0.63
LW 0.65 0.21 0.48 0.06 FREE E 3.18 1.96 1.15 1.07
LL 0.56 0.54 -0.23 0.19 A%/ % CR 31.81 19.63 11.50 10.68
MPL 0.33 0.79 -0.12 0.23 ZiFH %/ % CCR 31.81 51.44 62.94 73.62
YP 0.23 -0.53 0.28 0.49

24 HEBSH

FE T R BT R AR XX 10 AR IR 48 bR
e fs R FIFRE R LGE A FIE(E£5) LS4
53 HE 2 T 10 (8 2% 7 Hiu 7 & Bl 0 ST 96 R, S BT K
B, ok AT 266 5 I M T IR & S s T
Lia s  HE A RN A RN 27.27 pg/g, CCI
B0 3.71; Hk A58 81 % K I i BH il 2 A9 i
b, ¥R & R 29.83 ng/g, CCIMH M 3.50; 46 3

N 65 SR AR X kAl , B E RS RN
23.99 pug/g, CCIMH H 3.58, X 3 Fl 4% F Fft ot ¥ Wi 15
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B AR B L B A o AR, LR R B, HE 4 T 10
B4 4 1t T i ) o S U v 2R G A5 A BT Y A
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Tab.5 Local varietal resources of Shanxi foxtail millets with top 10 comprehensive scores

PESR %5  Number
Trait 266 81 65 101 62 222 239 245 234 226
MSN 11.23 15.13 14.07 11.93 13.90 11.80 13.63 13.60 14.50 12.37
MSD/cm 3.71 4.90 5.55 3.97 6.01 3.91 4.40 3.50 3.93 4.50
PH/cm 118.50 157.03 154.97 138.80 139.20 128.50 135.83 148.97 136.13 135.87
LW /cm 2.87 3.03 3.09 3.04 3.38 2.78 2.97 2.55 2.46 2.97
LL/cm 63.67 52.27 50.83 57.77 55.60 56.37 58.57 57.73 56.00 41.20
MPL/cm 49.80 32.00 31.03 37.07 34.13 41.70 34.50 30.40 38.43 32.63
YP/(pg/g) 27.27 29.83 23.99 24.75 32.55 24.49 25.97 26.38 21.82 24.49
NL/cm 35.37 30.73 23.23 33.27 36.63 41.63 31.60 29.47 26.20 82.27
MPD/cm 13.25 14.95 22.11 14.59 17.48 12.26 14.44 11.03 11.80 17.32
ccl 3.71 3.50 3.58 3.35 3.59 2.40 3.05 3.40 3.48 3.47
HE4  Ranking 1 2 3 4 5 6 7 8 9 10

3 #Ziw5itib
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