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Genetic Diversity of Agronomic Traits of Foxtail Millet( Setaria
italica( L. ) Beauv. ) Mainly Bred Varieties in Xinjiang Province , China
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Abstract ; Sixteen agronomic traits of 274 genotypes of foxtail millet ( Setaria italica (L. ) Beauv. ) have been
comprehensive evaluated of genetic diversity by using cluster analysis and principal component analysis. The results
showed that the genetic diversity index of all the 11 quantitative traits was greater than 2. 000, and test materials
showed a wide range of genetic diversity in Xinjiang. Two hundreds and seventy four foxtail millet germplasm re-
sources were clustered and classified into 6 groups based on the genetic differences of morphology markers among
them. Group 1 contains 105 materials, has a shorter growth period, belongs to early maturity type, but the other
traits perform poorly. Group II ,which includes 19 materials,the growth period is shortest,so is the duration between
emergence and heading stage ,and the uppermost internode length of it is longer than other groups. Group I had
shorter growth stage,which consists of 10 materials,the main spike length of it is relatively long,but the other traits
are all at low level. Group IV, including 58 materials, is superior to other groups in main spike length and single
panicle weight,and the growth stage of it is shorter. Group V had the longest growth stage, which contains 26 mate-
rials , belongs to late-maturing type,all the traits of it is better than other groups, except main spike length. Group VI

includes 56 materials, has a longer growth stage, belongs to mid-late type,the plant height is low. The result of prin-
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cipal component analysis of 9 quantitative traits shows that the cumulative contribution rate of the first three princi-

pal components is 70. 41% . The load values of each principal component trait reflect the selection potential and di-

rection of each trait in breeding. The comprehensive analysis of agronomic traits of germplasm resources provided

some scientific basis for the collection,evaluation and utilization of Xinjiang foxtail millet resources.
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Table 1 The code,name and origin of millet varieties used in this study

w5 RhEARK KR |45 R i |5 RhEARK HKiFM |45 RhEARK S
No. Genotypes Sources || No. Genotypes Sources || No. Genotypes Sources || No. Genotypes Sources
1 H4Y 58 PEWLP (|9 £ 0302 REWLP (17 RIE22 -23  HENST| 25 K175 hELPY
2 TR 13 FELTE |10 R 22 -31  TPEN |18 ARl 22 -22 T E N SE||26 17 CAENIT
3 K34 TE LG |11 TR 22 -30 P EISE|[19 ARl 22 -21  PE N EE||27 KFI34%5  fEILPE
4 WE—%  FEILPE |12 TR 22 -29 P EIYSEl||20 JRE22 -20  PEIN S ||28 KFE395  HEILTE
5 YraksS EILYE (|13 T 22 -27  PEPNSET|21 22 19 PEIN 5|29 FRA3S hEILE
6 ot PE WL |14 W22 -26  HE NS E||22 W22 -17  hENSE|30 W45 pRELY
7 A 11-727  PEILE (|15 22 =25 EIAFE]23 K155 HELPY |31 TH 14 T E L
8 K25  PELW |16 TRl 22 -24 v [E Y 5E || 24 Kik165  PEILVY (32 421 SR
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HiS FRARR kit | w5 MRS KiFi |45 AT KIFHL (|45 AT p 3 1)
No. Genotypes Sources || No. Genotypes Sources || No. Genotypes Sources || No. Genotypes Sources
33 T 27 PEWLPY (|73 ar2s PEILZR (113 FREE 11 rRrEm e (1151 B v
34 KA 04 PEWLP |74 aH51y EILILA (114 TRAE 12 rEmIE (152 i3S T E L
35 KAz 06 PE WL (|75 B 74 PRI (115 RTE 13 fpENTE (153 216 R 1Ly
36 KA 07 sPELLTY (|76 =¥k 69 PEILZR (116 TR1E 14 PENETLE (154 94 - 80 L
37 KA 10 cpELY (|77 B 62 PELILZR (117 HRTE 15 P ENATE (155 94 -86 rh R Ly
38 K11 LY (|78 7r8062 -8  HEILIA |[118 R 16 RENTIL ([156 L F3-9(#E)  FEILVE
39 K418 PE LY (|79 7 8787 PEILZR (119 RIE 17 PRl (157 S/ SN
40 Kk 40 FEWLTE |80 A 15 FEILA ||120 RTE18 rrEwIE (158 (I BSawes rhE Ly
41 KA 3s PPy (|81 WA 14 PRI (121 TRAE 19 YT (159 W38 R Ly
4 CN2011 -3 HhEIL7E |82 HH 13 PEILZAR (122 7R1E 20 L (160 Wihas i 1L P
43 CN2011 -2 PPy (|83 K514 PEd s (123 R4 21 tpERdE (|16l 89 - 19 T E L
44 14/WY034  BABP S |84 B9 5 PR (124 TRAHE 22 PN (162 K24 R LY
45 14/WY032  PAF#5iliri||8s Fes  hENSN| 125 K18 23 rrETE (163 WA34E pELF
46 14/WY031  WE¥ 5wl | 86 ] 637 PEILT ||126 H1E 24 FPEYE (164 HTA365  hELTE
47 14/WY030  BABE 5 iiH |87 LA 8 PETE AR (127 K78 25 fPENETE (165 W45 pELPY
48 14/WY029  WEB¥ 5 fi7iH |88 Je#v 30 PEBIEIT| 128 7R1E 26 FrENTL (166 W4 s pELPy
49 TR 21 -40  PEPNSEL |89 ANE3 S REEMAK (129 AL 27 ENL (167 EASLYS PEILTE
50 21 -9 TPENSE |90 K8 TE RS |[130 HRAH 28 FrEL |[168 BA1S hERE
51 Ml 22 -6 HEIANZE L (|91 BT AL (|131 HR1E 29 FPETE (169 AT R Ly
52 g 22 —45  HENGE (|92 HPHEA FPE LT (132 7R1E 30 AL (170 WA 5T Ly
53 22 44 PENSE 93 S&FE  PEMNZE|133 A 31 AL ||171 ¥ 09 SIS
54 ARl 22 —43  HENGE (|94 78 -0625  HEEIRIT| 134 w661 FRE WL (172 Hr 02 w17
55 AW 22 -40  E IS (|95 R85 AL (135 23 LY (173 KA 39 i 1L
56 Wi 3 = PELER |96 Hn2%5 hEdEE ||136 EARG RS PEILLYE ||174 THR25 i EA L
57 Wige 15 PEILEK (97 KRER TE NS | 137 20 FREWLYE (175 A 18 i AR
58 a5 FIE LA (|98 UNV'S HE S |[138 n— FEWLVE (176 Kk 38 Hh R Ly
59 B843%5  PEILE |9 INELAR PEINTE ([139  RAH < #X8H PEILTE |[177 W12 hERSY
60 Ba15  BELZK (100 LaIBT FEVATL (140 BAE FELPG (178 FAH105 PFEASEN
61 WA 22 FEILA (101 R PEAE R (1141 87 —151 x sPE P ||179 8T HENGEE
62 A 21 PEILAE (102 216 Hh [ BRI HO6xRK 180 12 T 4R
63 A 20 PEILZR (103 R 1 PN (142 W35 LY (181 KA 44 rhE Ly
64 A9 PEILZR (104 TR 2 rPETE (143 ey LY (182 TEAY 16 HriE AR
65 HA 18 PEILZR (105 HRIE3 FrEVE (144 KREH L PE (183 Je 34 SUEEEYAIN
66 A7 10 PEILZR (106 KT 4 AL |[145 EA205 RELY 184 JE 31 LRIESEEy AN
67 BHROS PEILZR (107 RIS P ENTE (146 BEN PP (185 1% 32 SRESLEy/ AN
68 BHT5 PEILZR |[108 LB 6 L (147 WAL FELVE |[186 T 35 SHEEEEYAiN
69 a56% PEILZR (109 R 7 PPETAE (148 FAR €08 LY (187 Je 33 SRIESEEy AN
70 BHRSS PEIILZR (110 KT8 PN (1149 RO\# LY |[188 1z 25 SHEELEy/ A2
71 a4 PEILAR (|11 TRTE9 EAE 150 87 —151 x RS (189 EA395  HEIL
72 “BR35 PEILZR (112 AL 10 rp L B x 412 190 K295 EILF
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HS R K | w5 FERARK K | w5 RS KM | w5 FRARK KR
No. Genotypes Sources || No. Genotypes Sources || No. Genolypes Sources || No. Genotypes Sources
191 KIF 375 EILPY (212 FA38 AL (233 A28 LT (254 iy 135 hENTL
192 WA3S pEILPY (213 13H681 rPENTE (1234 WA 145 PETER {255 AR 125 prE Ry
193 2 11-5365  HFETTE |[214 13H643 sPEAE (235 A 20 REILTE ||256 A 135 ER
194 WA 25 LY |[215 K2466 P ENATL (1236 Ry 12 P ENSE| 257 A6 5 PEFEM
195 W335 hEILPY 216 M1976 rPETE (237 2887609 AR |[258 ARTIE PETEK
196 e 115 W {217 13H662 PEALL ||238 2P ¥r3-2012 PEILTE |[259 AHRTAS HEEAK
197 Besr 125 hREHER (218 K2905 PEPE (1239 A0S EFEM (1260 6012 SREELEy/ A2
198 By 13 %5 hEHGR {219 13H650 PENTAE (240 Amel s hETEA (261 6013 SHEEREy AN
199 A HE NS |[220 K2652 FENL ||241 AR625  EEK (262 6014 SHEEEY AN
200 VLT T E 5 || 221 13H616 PN (242 A 635 hEEA (263 6017 SRESLEY/ AN
201 %13 -5415  PEWF (222 AR3S PEEK (243 K655 HEEK (264 6021 SHEELEy/ AN
202 %08 -4129  HPEREG ||223 Je 4y 31 TEMEIEIT|244  AB6TE PEEM ||265 6022A SHEEEYAiN
203 % 8251 R |[224 15 FPEE R (245 A 685 HEEMK (266 6024 LRIESEEy AN
204 % 4240 RENTR (225 Bk S PEILTE |[246 A6 5 FETEH (267 6032 SHEELEy/ 42N
205 B 16 PETR (226 K= LT |[247 ART0T  PEEM ||268 6033 LRESLEy/ 41N
206 BA 18 FPETR (227 FHS55  PEAG| 248 ARTLE REEA (269 6036 i ] 2 YT
207 B4 19 PETRT |[228 WA 29 PEILPY (249 AR5 5 EEK (270 6042 SHESLEy/ AN
208 WA 31 PV (1229 LA 19 PEEA 250 A®T6H hEREMA (271 6043 SHEEREYAIN
209 435 FrEAIE (230 A TR FRETAR (251 NESS O PEEK (272 6044 CUEEY/AUN
210 HA 36 PN (1231 HA 13 FPEILPY (252 NE2 S rPETE A (273 6046 SREELEy/ AN
211 HA4 37 P (1232 JU4 20 FPE AR |[253 By 105 pENdE (274 6053 SHEEREy AN
1.2 Kwigit ARIHT AR I3 AT FIS AL Z2 FEVEFR B 56 2 82 ¥

Tl A7 T A B B 2R

iﬁgﬁ%y

R ALE BT HR AT R bR

43°59'62"N ,89°45'03"E , 1§ 1k 824. 0 m; ik 4E -3
SR 6.7 C A I KR 181 mm, H R 2832 h,
RYGHL A K GEH, HE + ) AT E LT (2015 4F) L B oK
(2016 4F) AE Sy 4,

IRIR BB AL IX 4 331, 3 IWEE ; /N IX 2
7,07K 2 m, 47808 40 cm, BREE 4 em, VEIE 6 AE T
PR T i AE - AR AR
1.3 MHRAEAE

FH [P R 9 2 B A~ o 0 D 1 3R 5
BOPRAREY S UEAT, H AL EE -k A H g 4
BRSO Ak ghint g BSR4
025 FE AR D) T TR0 o 2 A bk 2R R R
K BRI E K B AR, R i AN X %
S 10 PRUAAT PARE R PRRRAT E PR AE YRR =
P FPHORL( OR 55 5 IR Gt AT Rk
Gy RIS A 1 R R, A S R A
g BRI ARG E 5 ANMER, P

ZEHL L FHEEK BT R FEER RS R
PRFTEE  BARRA W25 11 NPEIR, SR B — e R
Gt N il 22 REHEFR BT

A 5 i oK A5 PR 2 S T 7 A B R
ARG = 50,2 = 4160, 3 = B, W,
1 =402 = ¥%% 3 = %45t Ghint%.1= 122
=p b2 3 =R 4 = THGEEERAR 1 = B2
= 3 =2, 4 = A EAHE 1 = E(E
waRfn) 2 =03 = Ba(FIRED) .,
1.4 HIBEAERSITSHT

S H Microsoft Excel 2013 %% P %% #%, v F
SPSS 19. 0 THEMRR AP SHMH (X ) FRifE2E (s) A2
SRE(CV) E, R LE SR ST A
RN 10 DR FH 1R X, < (X -25 )] 5]
EI0R[X, >(X + 25 )], 50.5s W1, H1H
AR (P,) T 2 A e B, st il Z4¢
PEFEECED Shannon-Wiener index ( H') {5 EL 5 %' |



MoY o fe

236

Y,

TR ¥ 19 %

WHEAXH = - X P, x Ln P, X P RyEEAR
551 BN AP RMR B BB E S EE X O 1 G
W B . IR BT RN 32 4 43 AT R B SPSS 19. 0
By R B R TR AR ST o
BUEE el TR AL e 3 (2 50850 B PR 7
DIGRAEL ol o [B) 382 £ 1 25 R KR PGB 8, TR %
JH Ward B

2 #ERSHMH
2.1 WEERMENH

M2 2 FTLUE 1, AR B Z AR R 22 5%,
ANTRIPEARTEAS R4 det 0] 32 B0 1 S [ A2 B8 1 2 Rk
ZAM BN S A B g e 5
SR 52, 19% s HRCH 210208 58 (8 A i
b A AR AR SR 48. 54% ;
FR R @R g @ A8 i, 4 b L
JRFA L | (SR 46. 35%  HR 2k 2%
HHRY (5 31.75% 5 LSRR PRI 235l i 5. 84%
1 16.06% , Tl 25 JE R DLl 28 A Ok F=,
56.93% ; WA ALK AL, i 30. 66% 5 H1 725 FIEL 3T
TR 43505 11.68% A1 0. 73% , 4625 B {6 LU
o (FER ) KA, 1 63.50% ; Hk b #Efak
AU 35.40% ; A (SRS ) KRR, 5 AR
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Table 2 Assessment on genetic diversity of 5 qualitative ag-

ronomic traits of millet genetic resources

PR WAE LR BRI Ratio of distribution
Trait BB H 1 2 3 4
L EREN 0.935  52.19 37.96 9.85 —
Leaf sheath color

i, 0.916  43.43 48.54 8.03 —
Leaf color of seedling

P AS 1. 180 5.84 31.75 46.35 16.06
Seedling leaf attitude

[E-SIZIN 0.970 0.73 11.68 56.93 30.66
Peduncle shape

g, 0.705 1.09 35.40 63.50 —

Anther color

SEBAAARE 11 AECR PR BT I AE 2RV S B
(3 3) IGSRRW L 2R RSB KT 2. 000, H
A F I (2. 075) e HUO=R EEERR(2.060) 5
R B S Z AR SR /IN (2. 003) . G 2R
BoEE b bW > FREA > B I YRKE > £
TR > 28 > 20 > ORRFFER > HREER > Fkk
AW > - H > MR

F3 BFMEEREREL NMEEERNEESHEEDHT

Table 3 Assessment on genetic diversity of 11 quantitative agronomic traits of millet genetic resources
PR T RBME B bR &= BRRE(%) e ZRAERREL
Trait Average Min. Max. SD Range cv H'
-3 B $0(d) Emergent to heading days ~ 69.27 51.00 91. 00 6. 80 46. 18 9.81 2.010
2 H W (d) Period of duration 124.67  108.00  148.00 8. 64 74.57 6.93 2.075
F=2£795%K Node numbers of main stem 13.06 9.70 15. 60 1.07 1. 16 8.23 2. 040
##5 (cm) Plant height 171. 69 94,79  213.10 14.18 201. 10 8.26 2.003
25H1 (em) Diameter of main stem 0. 82 0.52 1.01 0.08 0.01 9. 85 2.035
F A K (em) Main panicle length 25.99 17. 54 39.58 3.03 9.20 11. 67 2.042
TR AKE (em) Peduncle length 31.54 21.03 51.87 4.28 18.31 13.57 2.053
FREH 42 (ecm) Diameter of main panicle 2.40 1.17 3.23 0.30 0.09 12.53 2. 060
i (g) Spike weight per plant 23.29 9.58 32.94 3.87 14. 96 16. 61 2.031
FARRAFH () Culm weight per plant 28.52 7.19 53.68 7.22 52.06 25.30 2.034
FRA W) i () Biological yield per plant 56. 40 19.70 97.67 10. 59 112.21 18.78 2.016

AN RHE] MR WA AR R 22 5, Horh AR AT
YR 5 2R 25. 30% e K, B SR IRE 7.19 ~53.68 g;

FLWR g B bR A ) AR S R A 18.78% , AR S R B
19.70 ~97. 67 g, HAHRMK K 2 51y . B AR



244 TS A AT B A BB SR A AR RIS 237
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9.81% ,78 5 IE FEF 51.00 ~91. 00 d; bk 2r % 28
8.26% , 75 SEWREE 94,79 ~213. 10 em; FETHEH
F2HB8.23% ,EFIREE 9.70 ~ 15. 60 ; 4L 7 AR
FEE/NH 6.93% , A% F 0 B 108. 00 ~ 148.00 d,
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238 2l
3 37
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34— 206
40 L
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0 5 10 15 20 25 0 5 10 15 20 25
Kk EE  Euclidean distance KR EEE  Euclidean distance
1 BFHREEET 16 MERMHBERE
Fig.1 Cluster dendrogram of foxtail millet genetic resources based on 16 agronomic traits
R4 BFMRBESEBHREHEREE
Table 4  Statistics of agronomic traits in different groups of millet germplasm
[EIN 15 § TR Germplasms groups
Trait [tem 1 I m I\ A% VI
FRiE (em) YA X 173.72 173. 64 142. 57 177. 39 180. 18 162. 60
Plant height BRFE(%)CV 6. 64 8.31 15. 64 6.31 5.30 6.46
FEEATHL PIE X 12. 49 12. 41 11.25 13.40 14.32 13.74
Node numbers of main stem BRERE(%)CV 6.15 9. 66 10. 82 5.12 5. 60 4.71
ZEM (em) HE X 0.79 0. 80 0. 67 0. 84 0. 88 0.86
Diameter of main stem ﬁﬁ%ﬁ(( % )CV 8. 10 9.28 21.87 6. 68 7.37 7. 66
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R4(E)
PR i § T 2EHE Germplasms groups
Trait [tem 1 i m I\ A% VI
FHEK (em) e x 26. 56 26. 58 24. 61 27. 14 22.67 25.32
Main panicle length 5 RE(% ) CV 9.49 12.27 9.19 12.37 11.27 10. 09
FEFWEKE (em) ¥l X 32.97 34.04 23.51 32. 80 31.50 28.13
Peduncle length BRZE(%)CV 10.32 11.15 7.20 13.28 8.58 10. 96
FHEEAE (em) WE X 2.30 2.26 2.18 2.49 2.74 2.39
Main panicle diameter 5 RE(% ) CV 10.95 9.49 10.35 10. 20 10. 54 13.31
HREE(g) Y x 22.40 23. 14 14.15 26.27 25.12 22.69
Spike weight per plant ASEREB(% ) CV 12. 60 13.49 25.42 11.03 14. 41 14.71
HRRFFE (g) ¥ X 24.98 27.70 13.52 32.33 38.72 29.41
Culm Weight per plant 5 RE(% ) CV 18.51 21.88 37.18 15.62 19. 11 15.26
HRRAY T (g) YIE X 51.10 54. 44 30. 44 64.28 69.79 57.26
Biological yield per plant ’fxﬁﬁi?\’;&( % )CV 10. 77 15. 14 30.02 11.97 12.54 10. 93
- H () ¥iE X 65. 46 62.97 65. 40 69. 16 76.71 75. 88
Emergent to heading days A RE(% ) CV 6.59 10. 65 11.32 7.47 5.30 5.96
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x5 BATFMRABEETERZERNERS S
Table 5 The principal components of millet genetic resources

by analysis of main agronomic traits

AR HF1 FF 2 HF3

Trait Factor 1 Factor 2 Factor 3
PR Plant height 0.263 0.739 -0.221
FETH 0.828  —0.132 0.105

Node number of main stem

254 Diameter of main stem 0.743  -0.042 0.109
F A Main panicle length 0.028 0. 364 -0. 696
FEF A E KB Peduncle length  —0. 117 0. 883 0. 048
F AL Main panicle diameter 0. 264 0.169 0.781
FRETE Spike weight per plant 0. 498 0. 493 0. 398
BARRAT 0. 842 0.253 -0.013
Culm weight per plant

kA M) 7 Biological yield 0. 833 0. 344 0.188
per plant

FEHE{H Figen value 3.569 1.709 1. 058
Tk (% ) Contribution rate 39. 66 18.99 11.76
R (% ) 39. 66 58. 65 70. 41

Accumulated contribution rate
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