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Abstract: Based on 220 maize inbred lines, 6 bract related traits were evaluated in field experiments at two
locations in two years. The genetic diversity analysis, principal component analysis, clustering analysis and
stepwise regression analysis were applied for statistical analysis and identifying the evaluation indicators. The
results showed that the genetic variations at bract related traits were abundant, with the coefficient of variation
ranged from 13.41% to 51.79% as well as the genetic diversity index ranged from 1.71 to 2.08. Principal
component analysis simplified the six traits into three principal components, showing the cumulative
contribution rate of 86.674%. The first principal component was mainly related to the bract mass and the bract
length. The second principal component and the third principal component were mainly related to the bract
wrapping degree and the bract number, respectively. The comprehensive evaluation D value ranged from 0.161
to 0.728, of which 101314 and 7026B showed the highest and lowest D value, respectively. 220 inbred lines
were divided into three groups by cluster analysis, among which 62 inbred lines were in group I, with few bract
numbers, shorter and narrower bracts, lower bract mass and wrapping degree. Stepwise regression analysis
showed that bract length, bract width and wrapping degree could be used as the important indicators for the
comprehensive evaluation of bract traits in maize. Collectively, these results provided a theoretical reference for
the accurate identification of bract traits in maize germplasm resources suitable for mechanical harvest.
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Table 1 Detailed information of 220 maize inbred lines

Hir's PR Dff He4 FFMRSAHRE | R Dff He4 AR FHE
No. Name D-value Ranking Heterosis group || No. Name D-value Ranking Heterosis group
1 207 0.258 206 2R 38 40554 0.506 84 IR
2 757 0.473 109 Sl 39 433-7 0.251 208 2RI
3 802 0.562 40 PHf 40 4676A 0.467 114 Ty i

4 926 0.474 108 EPOF-Sk 41 468-3 0.19 217 B flt

5 928 0.497 89 IR G S 42 698-3 0.594 29 KL
6 1145 0.378 167 22 RHRE 43 6M502 0.55 43 TRAH

7 1313 0.513 75 Pt 44 7026B 0.161 220 VS
8 1614 0.455 122 i 45 7903E 0.496 91 it

9 2369 0.295 198 Ty 46 806A 0.411 155 2RI
10 3189 0.44 134 Sttt 47 811A 0.544 52 P ¥

11 3335 0.385 163 i 48 98F1 0.419 150 Fii
12 4003 0.444 128 RR LT 49 A619 0.376 169 RRLTH
13 4722 0.422 147 i AR 50 A801 0.646 13 POk
14 6103 0.579 37 TRAHE 51 B100 0.18 219 R LT
15 7236 0.373 171 PR 52 B4 0.683 7 Ty
16 7922 0.434 138 i 53 B68 0.432 139 Fi
17 9058 0.426 144 i 54 B76 0.223 213 i 2
18 9706 0.526 66 2 RHRE 55 BS 0.233 212 RRLTH
19 9711 0.702 4 Fi 56 Beck 0.242 210 Fii
20 17564 0.532 59 2RI 57 BM 0.322 191 2R ERR
21 68122 0.549 44 PR 58 BSI110 0.676 8 RAHE
22 68202 0.527 64 i 59 C521 0.593 30 RAH
23 101314 0.728 1 TRAHE 60 C8605-2 0.443 129 i fit
24 A F 532 0.508 80 AR 61 CN104 0.463 118 2R
25 P53 & 0.412 153 PR 62 Col09 0.326 190 2R HER
26 178 ML K 7 0.488 97 Ty i 63 CRIHT 0.457 120 RN
27 2R R 0.672 9 IR 64 D1049 0.549 46 Fii it
28 5237 R 0.462 119 E Y-Sk 65 D1139 0.425 145 PRE
29 K35 1A 0.549 45 TRAH 66 d140 0.411 156 PR
30 HB S8R F 0.514 74 T 67 D33A 0.522 69 U3k
31 08-64 0.517 70 P 68 D864 0.688 5 P#¥
32 1205A 0.321 192 Ty i 69 D869 0.29 199 PHf

33 18-599 0.473 110 P 70 D881 0.512 78 T
34 2105 0.282 201 ARy 71 D883 0.542 54 RAHE
35 2FACC 0.486 99 IR S 72 D886 0.483 101 PR
36 3489a 0.486 100 Fi 73 D892 0.526 67 PRE
37 3H2 0.278 203 IS 74 DF20 0.365 176 Fiii {5
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F1(4)
s 2R DfH He# FAMRARE || G R DfH He# AR
No. Name D-value Ranking Heterosis group || No. Name D-value Ranking Heterosis group
75 DF24 0.554 42 Hhifi 114 Ms71 0.384 164 = SR
76 DF27 0.282 202 2RIk 115 N138 0.509 79 PHE
77 DF32 0.195 216 22 RHTRE 116 N42 0.548 48 RN
78 DH138 0.607 24 PRt 117 N68a 0.482 103 RAHE
79 DHI149 0.595 28 AR 118 NQ508 0.355 181 2RI
80 DH65232 0.373 172 Fiti 119 NS501 0.469 113 22 RITRE
81 DM101B 0.364 177 22 RE 120 P007 0.342 184 RRLTHE
82 E200 0.339 186 JeRLLE 121 P138 0.413 152 P
83 €220 0.611 22 PR 122 P25 0.414 151 BN i
84 E600 0.587 35 P#¥ 123 P39 0.302 196 I NAN S
85 E601 0.606 25 RRLTH 124 PH6WC 0.342 185 it
86 e M3 0.687 6 Pt 125 PHGS6 0.344 183 B
87 eft4 0.438 135 RAH 126 PHJ33 0.298 197 ERN S
88 F7584 0.532 60 Hhif 127 PHMI0 0.196 215 =
89 FAP1360A 0.327 189 2RIk 128 PHR62 0.254 207 PHf
90 GY3 0.543 53 2R HTE 129 PHT22 0.319 193 Tl
91 H21 0.378 168 U3k 130 PHW20 0.384 165 B
92 H004-2 0.547 50 RAHE 131 Q1261 0.529 63 IR S
93 1B014 0.313 194 SN KN 132 RO17 0.549 47 RAHE
94 K10 0.248 209 RRLTH 133 RI136 0.477 106 PR
95 K12 0.466 116 Y-k 134 R1656 0.609 23 iR LT
96 KP3130 0.472 111 2RI 135 R31 0.523 68 TERELLE
97 LOG61F 0.455 123 it 136 R548 0.441 131 S HINRESS
98 L127 0.235 211 22 REE 137 R98 0.592 32 RRLTH
99 L135 0.223 214 2Rk 138 S0082 0.618 18 Tl
100 1473 0.574 39 RRLLE 139 S22 0.371 174 DY 3
101 La2-4 0.536 57 2RIk 140 S8324 0.392 161 it
102 LD61 0.349 182 RRLTH 141 SC11-1 0.37 175 PR
103 LH150 0.643 14 RAHE 142 SC24-1 0.507 82 T
104 LH162 0.269 204 R 143 SC30-1 0.65 11 P
105 LH194 0.431 141 Fifi 144 SC9 0.556 41 PHE
106 Mol7 0.516 72 2RI 145 Sgl1533 0.65 12 iR LT
107 M1016 0.357 180 PR 146 $S99 0.482 104 it
108 M131-5 0.452 126 Pt 147 T24 0.329 188 Hiifl
109 M14 0.578 38 2RI 148 T7922 0.501 88 B
110 M22 0.467 115 Hhifi 149 T-Hz4-1-1-1 0.441 132 ISR ESS
111 M3 0.464 117 Ty 150 Va26 0.411 157 2RI
112 M7 0.483 102 RAH 151 w172 0.516 73 B
113 MDF-13D 0.361 179 2RIk 152 W222 0.47 112 B




1572 EIE 7/t S S S 4 24 45
F1(48)

£ PR D1 He# FEMLHAE || SRS PR D1 He# AR
No. Name D-value Ranking Heterosis group || No. Name D-value Ranking Heterosis group
153 W499 0.408 158 Sl 187 % 1495a 0.455 124 REGHE
154 Wo6da 0.374 170 2RIk 188 8 926 0.432 140 RS
155 W966 0.421 148 IR 189 %928 0.479 105 JE Y-Sk
156 W968 0.508 81 P 190 i€ 28 0.283 200 JiRR AT
157 W9706 0.45 127 ESNTERS 191 ¥ 68113 0.639 15 Fii

158 WIL500 0.394 160 2RI 192 M21-3 0.527 65 = NETERS
159 WIL900 0.493 93 ESNES 193 36 0.263 205 2RI
160 WIL901 0.504 86 2R 194 A 531 0.602 27 P ¥

161 WNIIH 0.183 218 i 195 7 5678 0.54 55 Fi

162 XF134 0.412 154 P#¥ 196 3205 0.547 51 2R
163 XF197 0.715 2 PHf 197 35319 0.548 49 PHf

164 XF27 0.536 58 P 198 B89 0.513 76 P

165 XF77 0.502 87 PR 199 w137 0.617 20 PR

166 XOP2 0.497 90 i 200 5005 0.605 26 i

167 Y223 0.532 61 2RI 201 K 1145 0.489 96 P

168 ¥9961 0.58 36 PR 202 F 1611 0.495 92 RAHE
169 Yd6 0.389 162 7 203 PEPOF-k 0.457 121 DUk
170 ys06 0.532 62 Fri il 204 31413 0.513 77 IR
171 731B 0.62 17 2RIk 205 i 109 0.429 142 it

172 A 2142 0.307 195 PR 206 T 230 0.443 130 Ty

173 72 0.706 3 Fi 207 478 0.589 34 Fi

174 #1598 0.33 187 i ARE] 208 i 488 0.593 31 i

175 71599 0.617 19 P#E 209 515 0.637 16 Tt

176 F19046 0.489 95 Ty i 210 52106 0.591 33 RRLTH
177 JFiE 02 0.364 178 iR KT 211 #8112 0.477 107 Firi ik

178 Jil 0.453 125 SOk 212 1 832 0.441 133 Fii

179 #$9-21 0.505 85 KL 213 iR 72-1 0.488 98 Fi

180 £ 592 0.517 71 Ty 214 #.87-1 0.667 10 PEE

181 HWED 0.507 83 PR 215 K3 0.492 94 2 RHE
182 HHFPY 3 0.438 136 RS 216 K72 0.421 149 i AR
183 LY 0.436 137 E Y-Sk 217 FB32 0.399 159 Bt

184 F 4112 0.424 146 it 218 58 0.384 166 Fri it

185 T 444 0.373 173 IR 219 H 330 0.537 56 2RI
186 7 846 0.428 143 2RI 220 283 0.615 21 2R iR
) EEELE #§§&mkﬁﬁmﬁﬂ+¥i JANIREE TP 1 S

R2EON 47.80% , e /B S AL M, T 15.64%

2.1 EESEMESN & VIR AR S RBCE B KR/ANRI, - gt T >

H1 6 2 AL, 220 £ 0K B 58 & AR P A 4%

PR A4 28 57

FHE K 13.41%~51.79% , $erp 7%

A I 9 J3E > A I T2 B> B > A i A > R
JE o 6 PR A 3845 22 B 4 JOME 1.71~2.08 Z



6 3] JBR— 145« FOKFh 5T

AT R SRR S E M G PR 1573

8], 4 AN PREE TP 208 AL 2 AR PR 4 B R R
M58 (2.00) , HR Rt K K it =

AW, 220 1y BOK A AR YRS PR A7 AR 8
B Al Z AR, A SC A ) AL M RIR R 22 S

BT, /N Oy A (1.83) 0 4

L3N

Fx2 AERETEMHBEXEREESHEES T
Table 2 Analysis of genetic diversity of bract-related traits in different environment
AR Hi A A SR Bfihrift2E rlEs Uiz TREH (%)  BHEZRMEEE
Traits Site Variation rang Mean+SD Skewness Kurtosis cv I
R (em) BDI 12.87~33.50 22.09+3.26 0.22 0.17 14.76 1.96
BL BD2 12.00~30.67 22.2242.98 0.12 0.06 13.41 1.97
XJ1 11.10~33.50 20.80+3.37 0.41 0.40 16.20 1.96
X2 10.50~28.27 18.5243.37 0.14 -0.40 18.20 2.07
SEH 11.62~31.49 20.91+3.24 0.22 0.12 15.64 1.99
AL e (em) BD1 4.20~15.23 9.49+2.09 0.05 -0.35 22.02 1.98
BW BD2 4.50~16.43 9.8142.18 0.49 0.19 22.22 1.96
XJ1 3.50~16.83 9.1842.30 0.25 0.03 25.05 1.97
XI2 3.43~15.37 8.65+2.41 0.44 -0.15 27.86 2.07
P 3.91~15.97 9.28+2.25 0.31 -0.07 24.29 2.00
R EE BDI 4.50~13.00 8.02+1.59 0.47 -0.06 19.83 1.92
BN BD2 3.33~14.33 7.52+1.94 0.61 0.28 25.78 1.93
XJ1 3.00~13.00 7.35+1.66 0.48 0.21 22.59 1.93
X2 3.00~13.67 6.85+1.64 0.54 0.61 23.94 2.08
SEH 3.46~13.50 7.44+1.71 0.53 0.26 23.04 1.97
BT H (g) BDI 2.15~27.72 10.57+4.56 0.89 0.93 43.14 1.89
BM BD2 2.54~33.10 10.23+4.85 1.18 2.82 47.41 1.86
XJ1 1.20~20.99 7.0443.44 0.89 0.96 48.86 1.85
XJ2 1.07~17.73 5.58+2.89 1.37 2.30 51.79 1.83
T2y 1.74~24.89 8.36+3.94 1.08 1.75 47.80 1.86
T (em) BDI 6.85~23.47 15.06+2.84 0.10 0.13 18.86 1.96
EL BD2 8.45~23.37 15.14+2.52 0.39 0.13 16.64 2.00
X 5.10~25.50 12.91+3.01 0.43 0.42 23.32 1.96
XI2 5.43~23.20 12.4243.06 0.48 0.30 24.64 2.04
SEH 6.46~23.89 13.89+2.86 0.35 0.25 20.87 1.99
[ENLRTE 3y BDI 0.97~3.06 1.50+0.28 1.61 493 18.67 1.71
BWD BD2 0.96~2.48 1.49+0.24 0.66 0.65 16.11 1.92
XJ1 0.99~3.73 1.66+0.32 1.54 5.69 19.28 1.76
XJ2 0.93~3.08 1.54+0.31 1.00 1.70 20.13 1.93
T 0.96~3.09 1.55+0.29 1.20 3.24 18.55 1.83

BD1 {35 2021 4F ; BD2 AR5 2022 4F s X1 - 4 2021 4F 3 XJ2: F4E 2022 4F
BD1: Baoding 2021; BD2: Baoding 2022; XJ1: Xinji 2021; XJ2: Xinji 2022; BL: Bract length; BW: Bract width; BN: Bract numbers; BM:
Bract mass; EL: Ear length; BWD: Bract wrapping degree; The same as below
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The histogram on the diagonal represents the phenotypic distribution of measured traits, and the values above the diagonal are the Pearson

correlation coefficients between traits; Below the diagonal plot is a trait scatter plot; The horizontal and vertical coordinates are the range of the

BLUE value of the trait at the diagonal line; *, ** and *** indicate significant differences at the levels of P<0.05, 0.01 and 0.001, respectively
1 &R BLUE BRI RS

Fig. 1 Correlation analysis of BLUE value of bract-related traits
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Table 3 Eigen values and eigenvectors of first three principal

components

[N 843 Principal component
Traits 1 2 3
I EFBN 0.121 0.509 -0.699
ALK BL 0.502 0.082 0.422
HESERE BW 0.466 0.088 0.160
BT #H BM 0.523 0.267 -0.228
K EL 0.483 -0.452 -0.071
B ZEE BWD -0.096 0.672 0.501

GAE (Y Eigenvalue 2.614 1.572 1.014
TR (%) 43.574 26.204 16.896
Contribution percentage

Ft iR (%) 43.574 69.778 86.674

Cumulative contribution
percentage
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The numbers are the same as in table 1

B2

RESHE

Fig.2 Cluster analysis plots

20 %] 3 AN A I A DG AR AT R
(3), 455 R W], 55 128 A 22 R T A AL PRIR Y B
EART H AR, A )2 506.977 )2 A K
18.734 cm A5 M- B8 7.670 cm F5 M 1 5.662 g il

1+ 12.966 cm gL B 1.485, %38 H & R At

JEHEUD At B AE At A A A, i)

YR 55 5 UL T K SR ) W A sk
ENEALRBREMZES IR LEEXES



1576 oW B L

O o

24 3

Hb AR B2 TS, B IR TR IS,
HAr 245 7.636 )2 IR 21.156 em i 55 B
9.570 cm Ei T 8.744 ¢ K 13.974 cm gL M4
1560, ZFK ARG ZHRZ, MAaH K
JE T E A A B A T A KO

FMZE AR, Rt 288, A 5 AR

S T 28, oAt 24007565 )24 K
23.626 cm  A5M- T8 10.845 cm &M T8 11.378 g
FE 14.965 cm AL ELETE N 1,631, K AL R
R I S22 A F R A5 KO- T A K A EE R
A B R A e i KO-

10 30 151
b b G

8t L 2 b o =
& ~ 20} £ a
m 6l g
£y S g
HM ~ N—
'i; 4+ M ‘Hﬁ
@ ﬁ 101 %§

2F B E

T 1 m S TR T

247#¥ Group 2K#¥ Group

15 .
= b )
2 10} o~ % ’
o a s -3
@ 2 2
+ 5+ [ =
® @

T " m m

25%f Group 25%¥ Group 25%¥ Group

RRIFHFFRTE P<0.05 /K- |- A7 7E 35 2 5

Different letters indicate significant differences at the levels of P<0.05
3 3N EEMREMEXEREIER

Fig. 3 Comparison of bract related characters in three groups
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