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Abstract

To screen foxtail millet varieties suitable for summer sowing in southern Xinjiang, explore the re-
lationships between major agronomic traits and grain yield of different foxtail millet germplasms,
and provide a theoretical basis for variety selection, breeding improvement and regulation of
matched cultivation techniques for summer-sown foxtail millet in southern Xinjiang. A field exper-
iment was conducted using 25 foxtail millet varieties (lines) as test materials. The growth period,
main agronomic traits and grain yield were measured, and comprehensive evaluation was performed
by correlation, principal component and cluster analyses. The results showed that the coefficients
of variation of 13 traits ranged from 5.26% to 23.10%, with the highest values for grain weight per
panicle and panicle weight. Panicle weight was extremely significantly positively correlated with
grain weight per panicle (P < 0.01), while grain yield was extremely significantly negatively corre-
lated with the days from seedling emergence to heading (P < 0.01). Four principal components were
extracted, accounting for a cumulative contribution rate of 70.855%. The germplasms were classi-
fied into three groups via cluster analysis: early-maturing compact type, light-panicle type, and spe-
cial late-maturing type. Based on the comprehensive consideration of growth period, yield perfor-
mance and principal component scores of agronomic traits, Line 10 and Lutong Jinxiangyu were
recommended as the preferred varieties (lines) for summer sowing in southern Xinjiang, with grain
yields of 6130.45 kg/hm?2 and 5226 kg/hm?, respectively.
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1. 5|15

BT RAAFHIRFBIEY, RIGTHE, FEETLEA, HAPURRE . RIS S, Koy
FIHZCR S WIERZAGHED, REBI KL EER K EEIEY), EFRMEDME. inERE, wT
BROEANE IR A ), $R T AR R 1]-[5]. 37 5% rg AR A HOMER (RO VR B, &Nl
PERRAIRE AL, HEREE BRI RKME, ZEERA TR “—FEmA, —hz
W7, BEERE LR R A RALT A A 6] TR, BEEFERAEA AR AL R, E R TR
MHFZLY K, EIRa OO E R MRS Bk RN E ZHR 42 7].

2021 LK, Hr A FAE A 2PEFHE KSR, BT 1.33 x 10*hm? (20 /i a)bh L, FifE
XIRFEAALEICERM S IR AL I BT AR SE X, magmsitI e . WA B o 5 A5 H X [8]
2025 FERG S X B IR TH LN 6.67 x 103 hm? £ 47, HATEERRS 7470, B2 d 528 1
PRI, A BEHSIMIERE, HIA TR S REE RN E R SR X RS T R A AL
Bz, 477 Fav)EE G U AR R SR . B SN S h 5 3 R A3 7 b, 76 RS s X 1T H
ARG %8, O I 08 B Y SR IR e R, R 2T W B 0T RIS Je 45
GVEY, N E RS AR R A, FIRCVE RS RAEE . MR R R R s R
BB .
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2. MR EA*%

2.1, REMR SR

REEG 2025 FEAE R H /R 12 B 21 #E(E 81°37', N 40°53)#H4T, ¥##1k 1008 m. JEIEM KHET 5%
BRI, FHIREKE 40.1~82.5 mm, >10°CHLE 4000~4500°C, 4EH)SIE 10.7°C, THEY 220 d. +1%E

REL, HIEESPER L, AP 124 gkg ' KRR 54.1 mgkg . H R 77.3 mgkg .

T

168 mg'kg ' % 3.35 gkg's pH 8.14. HEAEY 25 DT A R), 35 23 NE LA (R)M 2

AR 1)

Table 1. Tested summer-sown foxtail millet varieties (lines)

#* 1. ERETFEAEMH)

G m (R 2 e i P/ ST
1 WA HH 95 LS — A R A A
2 WA ‘s 35 VAL AR AB R
3 WA & K7 PEABRAMF R
4 G BER 105 LS — A R A A
5 W WBER 185 B — Al A R A E]
6 WA ol A £ b KA B o Aol A BR A
7 B S 35 L1 PG T KA X 4 Pl A PR AL 2 ]
8 W &K 27 LR A
9 A K 13 B A
10 R S K1 LR AR
11 ZRAE T HR3 T B R
12 R XK 02 NN
13 R KA 07 P AR K2
14 WA KA 35 i FE A KA
15 R K4 38 Ny
16 R R mhA 1 PR R 2
17 AL R iR 2 iy N
18 SRS A3 iy
19 5 NS WA 4 PG K2
20 TS AR 5 My
21 WL R R 6 PR R 2
22 SRS iR 7 i FE A K2
23 R R A 8 iy
24 WL R AR 9 PR R 2
25 AL R A 10 gAY K
DOI: 10.12677/hjas.2026.1610179 1499 Ab Rl 2


https://doi.org/10.12677/hjas.2026.1610179

KM 5%

2.2, REE

KA e aBENLIX H B, 3 RER .. DX 10.25m? (5 m x 2.05m). SRR iR K B HoR.
—JENAT =AY, BATARE, ATEEQ0 + 55+ 20 + 55 +20) cm, JEEE 40 cm, #REE 14 cm.

2025 4 6 H 19 HEE L fiFl, &K 2em, B SRAL, AEL. B SS kAL . 6 H 20
HizK, 10 H 2 H~22 HUEk. AF K 11 &, ESHKE 2700~3000 m¥/hm?. 7K B4 7% it R 2
390 kg/hm?. IR —%& 240 kg/hm?. BRERHH 240 kg/hm?.  HAhE H i 7] K H

2.3. MEIEIRSFHE

AHEH: CBARA. W SOWIL AR, Rl
ARV BRAIHRE/NXE 5 pk, IE B2, B, R ZEHL RS, s Bk, 9

4

FREMR DE AR, RRIE . TRIEAE. DXSRTSRI, R R
24. ERSGEROVTERZE

DA AR AR 32 550 %o RERFAE (B A A S T Pl (R ) SR B 1 A 5 L

F %% =(AFACI_1+2FAC2_ 1+ A3FAC3 1+ J4FAC4 1)/(A1 + )2 + 13 + 14)

K A1 220 A3 A4 NERS BIRHMEE, KON 4.063. 2.643. 1.329. 1.175 (WL5E 4).

FAC1_1. FAC2_1. FAC3_1. FAC4_1 735 9 & it fh(R) E 37004 5), HrpeT ok H8kZ
PR REARFAE 7] BB AR B DA T 58 R

FACI 1=0.8X1+0.764X2 + 0.675X3 + 0.645X4 + 0.639X5 + 0.59X6 + 0.558X7 + 0.528X8 + 0.349X9
+0.405X10 + 0.436X11 — 0.232X12 — 0.303X13;

FAC2 1 =-0.447X1 — 0.233X2 — 0.464X3+0.062X4+0.077X5+0.354X6+0.397X7+0.096X8+0.808 X9 +
0.798X10 +0.582X11 + 0.454X12 + 0.191X13;

FAC3_1=0.194X1 —0.02X2 + 0.254X3 — 0.258X4 + 0.502X5 — 0.001X6 — 0.435X7 + 0.069X8 —0.099X9
—0.071X10 + 0.131X11 + 0.795X12 + 0.223X13;

FAC4 1 = —0.182X1 — 0.143X2 — 0.197X3 + 0.158X4 + 0.006X5 + 0.218X6 + 0.292X7 + 0.485X8
—0.392X9 — 0.372X10 + 0.384X11 — 0.017X12 + 0.5X13.

25. Gt E

KM Excel BEH I, SPSS25.0 BB RGT AT T Z o br. MRS T B bir. KD
e

3. GROh
3.1. FRIZBETEMBP)EERZHRERESH

AFEE BT (R FER ZIRZE S TR 2), SEHBA T M A& 8 F479(108.68 £ 6.91)
d, ¥REF9(134.59 £ 15.31) em, FEKSFE (22,50 + 1.88) em, 22K T-#5°5(8.43 + 0.88) mm, K
FIYN(23.20 + 3.17) em, FAEHESFHIH(23.69 + 5.19) g, FARERLESFE (20.09 + 4.64) g, FEEFEIA
(4800.66 + 699.95) kg/hm?. M\AE 7 RECKRE, AREBEE MRS HREIRN Ny BRI, R,
T S 16 SN R o N 7 =N = AN ¢ N 1S <15 N =& SN 2Rl 1 o s SNRS  FI T I 1
W Rk AT SRR R (AR S R K N 23.1% 21.92%, FEEIAR T R 14.58%, PR R TAR
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FRBEER, SRR, PAHE. MR R R IOKRIE . S - R e m AR
FI) T EERUE, A BOS PR B R, TR R AE A I R B

Table 2. Differences in main agronomic traits among different summer-sown foxtail millet varieties (lines)

2. FAEEBETRMBEBZRZHRERM

Lo - WUH- RN be K B OBEK L B0 B o T
fabr JhEd R d d em (cm) (mm) (cm) Rk {/((cm) ﬁ(cm) FATHEH R E kg-hm™

/ME 4250 5050 97.00 96.40 1840 620 1600 10.80 26.40 2.50 14.64 11.86 3147.90

I AKME  56.00 66.00 122.00 185.60 27.80 10.40 29.40 16.80 4120 4.80 38.86 32.89 6480.90
¥IE  49.02 5574 108.68 134.59 22.50 843 2320 1330 3593 322 23.69 20.09 4800.66

PRfEZE 258 490 691 1531 188 0.88  3.17 1.25 298 037 519 464 699.95

%) 5.26 8.80 636 11.37 837 10.50 13.68 941 829 1153 2192 23.10 14.58
()

3.2. FTRIZBETEMBP)REERIBRMES

AFEERER T R R)R SRR M WA 3, MR R E/ B E A K. thm 5 2205
PR, RRRIE . ARRKIINE R M. PR, TEUEE, FMITIRROCRE. EmEARRiE, (ke 5
BLEEMR, (UREFER MRS ICE LI, R # o, @ M SE & EA R, U]
RUHEZEAT . DUREM R A T AR . BT Y - iR 28 OO MR R 2 2 IEAR G AN
PPEEREMG, MEREAERIGEE. B 8 TS R A T IR S 2 R R 25 e
P2 IR, BHTE FRAE K B S [aBC,  Thgrt i BlBoR; (EE i Bl =58 5 80
WEMK, PORFERGINE KA RER M AR TR PAE SR R ARG, R
PRI SR WERE B, EREE, MR E SRR EMNG, WYEERIE T, RAHE,
FORLE (RS THIF A RE B O RER T B, SO A T B R R A L . e DGR S5 2 A BR
PR - SRR BN R O AR . R 2R RERLEE . DhREM NAE AR VIR T
WK, U R IR AR A RIS, B IR AERIIREI B, B4 5 R R e A B R
AR, ARMTFERETE. TG - R M - SR E R 2 IEHSE, SHbRE - Rk
HOHRAZBIE 0931, WIS AT W L2 dim il - KRB E . v - RS, &4 F
Moy S B R RRE . BEIMK. WHEHS TARIEMEFNE RS, SKEFTHRESEEE
WG, AT R

Table 3. Correlation analysis of agronomic traits among different summer-sown foxtail millet varieties (lines)

* 3. FRIZHBETRIM(R) REMREX I

o - AR - AEEW Mm BEK 2R i%j%r;{t R (TR Ty S Y A N

d  pd d cm cm mm c Kem Fem g g kghm™
v -
1
Rt d
4
%;2;‘ d 0.489%* 1

AEHEM A 0.759%*F 0.931%* 1
Bidiem 0211 0.009 0.114 1
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B em  0268* 0.171 0.235*% 0.386%* 1
M mm  0.401%* 0.245% 0.337%* 0.13 0362%* 1
FHZEK cm —0.301%* —0.184 —0.238* 0.296**—00.052—0.254* 1
FH 0.288% 0121 0.201 0.593%* 0.265% 0.415%*—0.283% 1

7 — I e
Mzmirk 0.457** 0.397** 0.467** 0.222 0.374**(0.397** 0.216 0.196 1
om 0.356** 0.504** 0.519 0.146 0.306**0.370 0.267* 0.149 0.268 1

FAEE g 0.4 —0.012 0.018 0.444** 0.136 0.265* 0.186 0.404** 0.250* —0.036 1
FERIE g 0.085 —0.048 —0.029 0.391** 0.091 0.254* 0.18 0.389%* 021 —0.087 0.988** 1
FeE
kg-hm™
7R 0.01 ZHRUE), MHRIEEZE, *7E0.05 Z(RE), MHRIEEZ.

—0.300** —-0.191 —0.270* 0.055 —0.135 —0.085 0.212 -0.011 —0.074 —0.156 —0.088 —0.062 1

33. TRIZBETEMEBP)EEMERERST S

XA E R T A (R) EZR ZPEREAT F 8 b, $EHGH 4 N ERr, RATTEREE N 70.855%
(# 4)o PC1 (B — T )AL AN 4.063, TTHRZ 31.255%, PCl m#RatRa g - iR H. ffs -
FREAKRE AF W dhsr B, 2%, PCLAHMEE N EK KB 46 FAERIES 5E E HIE 7.
PC1 Hh RMUEY) A G R KA S AR S @ R E . B i e E, REEFHEK, &
FRAE KB BORF S, MM S . ZEFTEHE . R RO . ZF R EEX S ANE SR IR A K
MRS AEF KR BN, REEVEEMAKIE ). B EMBREE PC1 ERE MM, UHE
FAEKGEBERKZ BFERERS KRR, BFE “K” SB0™.

Table 4. Principal component analysis of agronomic traits among different summer-sown foxtail millet varieties (lines)

® 4. FEEBETRMFP) REERERT T

PR PC1 PC2 PC3 PC4
i - i d (x1) 0.8 —0.447 0.194 -0.182
e - AR d (x2) 0.764 -0.233 -0.02 —0.143
AFHH d(x3) 0.675 —0.464 0.254 —0.197
P& om (x4) 0.645 0.062 -0.258 0.158
FK: cm (x5) 0.639 0.077 0.502 0.006
254 mm (x6) 0.59 -0.354 -0.001 0.218
FZEK em (x7) 0.558 0.397 —0.435 0.292
FIH(x8) 0.528 0.096 0.069 0.485
8 =& em (x9) 0.349 0.808 -0.099 -0.392
8] — 38 cm (x10) 0.405 0.798 -0.071 -0.372
PR g (x11) 0.436 0.582 0.131 0.384
FERLE g (x12) -0.232 0.454 0.795 -0.017

{5

»
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77 B kgthm 2 (x13) -0.303 0.191 0.223 0.5
FRIEME 1 4.063 2.643 1.329 1.175
HEBF 31.255 20.333 10.226 9.041
BT Y% 31.255 51.588 61.814 70.855

VE: PCl1 B—Fmsr, PC2 5 ~FE s, PC3 =S, PC4 HIUE 4.

PC2 (35— E M)V EHIEME N 2.643, TTHRZE N 20.333%, PC2 midim A K. 8] 5. 5
Tl  PC2 R PRI b & 5 Rl B e R 1/ R & R 7. PC2 R B3] I SRR 32 5.
BATRIE, UL ROCE AR, BAE R TR TR R . i - R BRI AR I 2 R,
BRI P 8 DK (0 2 B AR AR 0 0 7 B D it P O 77 AR K A ), 3K 5 a8l ot P 75 B2 B KA i TR L SR M
BAEAEE]. REREREET.

PC3 (BB="F ) AEE N 1.329, TilRE A 10.226%, PC3 m#ifr R A BRI E . PC3 F5AEME Al #x
AR (K AFFRLIE R F o PC3 A% o B o A2 AR B3 T HA MR, AR RBE b PR il 5 ME S FE S
71, BEARRBAFRLE RN, B RUGRAEFFRLE IR R . 45SERe ), e e kPR s i G4 4y

PC4 (VY X BB EAE A 1.175, TIBREN 9.041%, PC4 IR E 7 & . PC4 BRI I FR A
BMRRET/RE PRI T . PC4 HDRATCREAR KT F R &I . PCA PRI AR 4610 R RIse
BrRr=fe, 256 S RBIE BRI T I SRSCILRE . T - SRR BORI AR B R 55 SR A, UL ZEFT
THOE . G5 BRI — E T BRI RS IR AR IR AT ST e

3.4. TEIEBATRMBP) IS FIHFRZEEN

LR G BE A R A B K, ER R E R A VR IR RO, SRS E R A
1355 e LSS RS A e, WA G AR B W, PRI RGA A . FER ST S EHET WLk 5.
MRS 250 144 64 1. S SRGHEFEENT, HaMgm 5o 14 £ FIH 122 R, EARMEHFAGRS, A
EEEARMERE: SFgT R 25, 6. 1. SAEBFUES, MREETENARME RS R XEEMEE
ISP 104~111d, #REF34 121.53~149.2 cm, FEKCT308 20.27~24.07 cm, Z24F35°4 8.01~-9.24 mm,
FESR K14 22.0~27.13 cm, FAREE I 21.53~25.43 g, HAFERIE P 18.60~21.90g, P& VA
5226.20~6130.45 kg/hm?, A 25 (IR #E R 149.2 em, Ak & B 75 209% & KAk i B8R .

Table 5. Principal component score ranking and yield ranking of different summer-sown foxtail millet varieties (lines)

5 TRIEHRATRMBPEXN B OHFR~EHF

A R FACI 1 FAC2 1 FAC3 1 FAC4 1 LEE 185y HEF e
1 —0.8188 0.4657 0.7333 -0.7070 -0.2119 19 3
2 —0.0280 0.8594 0.5211 -1.0107 0.1805 7 15
3 0.0828 0.6372 —1.1044 0.4670 0.1196 9 14
4 0.1096 —0.3083 —0.2543 0.0114 —0.0753 16 11
5 —0.3047 —0.1804 —0.4766 -0.2761 -0.2902 20 2
6 —0.1886 0.9762 —0.1974 —0.2754 0.1333 8 6
7 -1.1337 -1.2107 —0.9306 —0.0133 —0.9835 24 7

{5
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8 0.9635 —1.3414 —-0.0173 0.3592 0.0834 11 19
9 —2.3263 —0.3667 —0.1465 0.1741 —1.1304 25 12
10 —1.1981 —0.0316 —0.1709 0.7982 —0.4605 22 5
11 —0.4225 1.0623 0.1689 —1.1652 —0.0058 13 9
12 2.1646 —0.4726 —0.8084 -1.2522 0.5429 5 25
13 0.9669 —2.2359 0.0528 —0.8377 —0.3143 21 24
14 1.5886 0.0636 0.9039 0.1282 0.8659 2 10
15 —0.3322 0.6380 —1.1280 0.0447 —0.1205 17 13
16 —0.4624 0.3801 —0.0503 0.6102 —0.0243 14 8
17 —0.2416 —0.0347 0.6963 0.8172 0.0882 10 21
18 0.8635 2.7274 -1.2118 —-0.1310 0.9721 1 20
19 0.3799 —0.6609 —2.2044 1.0056 —-0.2119 18 23
20 —0.4042 —1.1838 —-0.2232 0.5580 —0.4790 23 4
21 —0.2035 0.2210 1.0856 —0.7989 0.0284 12 17
22 1.3452 —0.4048 0.9978 —0.4798 0.5601 4 18
23 0.0649 —-0.0172 0.9802 0.4872 0.2273 6 22
24 —0.7044 0.0742 1.3898 0.2684 —0.0547 15 16
25 0.2393 0.3439 1.3941 1.2178 0.5608 3 1

1E: FAC1_1 /i 1485, FAC2 1 E4r 2 184y, FAC3 1 E/4r 3 1545, FACA 1 £ 41857

3.5. TRIEBATHEMFR) BHERRESH

AR EFHER T MR EEZR ZERIT R R LS, WERE(E DRW: LERIKEEA 10 B,
BER A TR 3 AN, ANFIZRBER MR AR S, RIS E S R AR B B, it
B IR TP RAAAE B BB A At . B8 T RBE(R RS, aMdmS: 1. 64 5. 105 7. 20, 17, 23,
4, 24, 16, 11, 21, 2. 15, 25MEAKERZ, LPERIE LR, WFRRGER /DN, RZMRE
AR B IXRE A TR 2 i - AR .. &g WmE, ERE B R AT R, e,
Koo 250, PRETE, BT EBERAIR . 55 1 RBEEEA, SRS 9. 3. 19)RI N HHE,
FERIE SN, JB TR AR 2 I BB (RS AL, Mdn 5 14, 22, 8. 13, 12 IQ)FFIEZ N
TR R ORI (A A I bR IR E R T R AR B IR, A SR, R E
AR, ANE B A B 3R A

M, SRR, LR SRR VR s, ERE OGRS A = &, ATHER
AT EMMROLIEAR: 8 0 KE THRME, pilE, fkE/, oH Tl RIERAE: 8 KL
NEEBARL, BAE B MK, EERESTEERNIZR, EEENERMRART.

4. #ig

MEEEEA TUZEERNT, S EEIER N & BB S Tk. ZEERST2EWE
FIRFBLLI A, A2 F W PRI 0 1 ZEH 20 560, 1X 5 2 (023)TEHT iR A1 22 J5 Ik & Tt A e
—8, FWEAETIEA IR, S HIE T ICE X AR A AE[5]. AWFA 25 iRl 16 DN E
<111 d, FEARHH & Mt E R RUH T K.
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Figure 1. Cluster analysis of various traits among different summer-sown foxtail millet varieties (lines)

1. TREBETRMFR) BIERBLTHT

2 5 B GA T ARSI AT T, $R T 1 A PR IR ) S B MU DA S R 27 B ) S BV IR 5
ERI T BRI ITEZ TG AT Z M T4 T S ER SN [9] [10]. ASHT LS KR, Hk
L RIRECRL B PR A 8] AR 5 R o, W IR VIR B = A AR AR S, I i O e S B v R Y
BIBK, 2SR EREAN B2 NH AR, ESIREAAR R ZE R [10]-[13].
FEAC, 2R AR AR LA U, FEANF fh A R BB AEE . il - i e A = 0
FORIR, B BB, A EREE S E TR E AN, 5B @SR TS L it
B SRR B S S AR IR AR, AETE A KD A U SR R [12] [14].

FSREIRSRAE N, ARBTRAETN. EEREVRR I B 225 B R 2% 2= 5. A
AR, HORREE SRR AR AR SC, PRI AR T AT AR E R, U SR . B
A DT FU LG R ARy — B HAT ORI = FH SRR B R B, USRS F
ANBEE R OB 8 (7] [15]. i - SARRT BORHC 5 8 B R ORI G, 40 R H vy = il AR 4 et
AT, RSEEA T R REHEAE R 2R, SRR BT TEs e — 2 16]
[17]. FSEEARG T/ B EZHAE L. JFHDERFMHRZ): fom. B, 22 DhRem R/ BT oles
MEKRE, EAEENERES T ARSI R .

FRA L 13 BUR SR IF A B -EMREE . i Rea - B, MR . A & 4 N T
BB B E AR AFIRK SIERE RS AERE RS, MIERBTIR, XM
R I AE R T4 18 —B18]-[20], HMWE FRAERK SATAERKFAETRIEHFRR, EREKFSELES
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