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Table 1 The tested soybean materials
s st A 4% FR =2 il 44 R =2 vt oft 44 B s I I
No. Varieties No Varieties No. Varieties No. Varieties
1 R 26 12 BF 4T 23 R/ T 5 35 B9 5
2 HE%T 65 13 Hk 60 24 ML 30 36 M 31
3 B 40 14 7 14-758 25 [ 43 37 o 51
4 R 52 15 PR 38 26 PR 42 38 HEL 56
5 HHE 25 16 2y 48 27 154 5 39 HLTI1-27] 13
6 o 17 7 09-95 28 F i 24 40 o 21
7 HH 204 18 W 09-95 ¥ 29 SR 53 41 B 37
8 Kariyutaka 19 HLT4-2m] 13 30 M 27 42 MY 50
9 &F51 20 FAE 09-343 31 A 45 43 1 e
10 Ak 76 21 MN0201 32 B 45
11 HREE 25 22 HLT8- &4 13 33 BT 18
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TENEF, ZF AL R Sk ZEFF
SR KR R R R B A RO R IR S R L
TN A A N N W 7 @ VAP L £ e
ST VAL A
1.2.4 #¥E2>H K Excel 2010 475098 %%
BRA» B R ] SPSS 22. 0 B4 4T 32 801 SR & eR
B R 0. R ¢ K Oy s i AT MR AR
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Table 2 Changes of main characters and indexes of soybean at high and low density
1R 4 B Ak B BB B b B [ A e S [ i} %5 4 44
1o kR High density Conventional density The average value Density index
Index - {H 8 R -2 {E 8 5 R of 7 test under high T {E S R
Mean CV/% Mean Ccv/% and low density Mean CV/%
HRRRLTE /g 7.94 13.23 13. 40 11.90 —16.72%* 0. 60 13.24
INK = kg 1274. 47 8.96 1181. 68 9.70 3.76% 1. 08 10. 39
ZEF O 2.30 25. 14 2.83 9.97 —6.92% 0.81 23.28
R B 0.09 298. 40 0.45 111. 40 —4. 157~ 0.09 238. 45
O /em 50. 80 12.78 48.12 15.48 1.78 1. 06 9.39
M5 /em 89. 48 12. 65 87.85 15.91 0. 60 1.02 7.12
B S R 14.26 13. 26 15.53 15.32 —3.21%~ 0.91 5.65
JEJEE B /em 20. 99 27.26 15. 05 31.97 5.22** 1. 44 30. 82
R6 8] R 2531 3.00 51.43 1.47 45. 54 5.99% 2.12 107. 59
RS {8 R 2.5 2.05 48.81 1.12 29.06 5.81%+ 1.88 91.18

W M B FR R P<<0.05 Fl P<<0. 01 (9 B K. T,

Note: *

®3 AEAXE

and * * indicated significant difference at 0. 05 at and 0. 01 level, respectively. The same below.

e M & B IS AR T 2 15 A X S 4T

Table 3 Correlation analysis of the density resistance index of each individual index

of different

soybean varieties

;ii\ X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
X1 1
X2 0.197 1
X3 —0.232 0.063 1
X4 0.054 0.035 0.195 1
X5 0.256* 0.172 0.167 —0.025 1
X6 0.172 0.182 0.16 0.162 0.679* 1
X7 0.137 —0.151 0. 004 0.097 0.496* * 0.567"* 1
X8 —0.217 —0.058 0.092 —0.051 0.56"* 0.462** 0.343" 1
X9 0.038 —0.169 —0.497** —0.314~ —0.171 —0.108 0.09 —0.014 1
X10 0. 045 0.019 —0.598" " —0.211 —0.198 —0.219 —0.011 —0.109 0.517 1

TE X1 g BpRORLE s X2 D/ X s X3 g ZEAT 9 BE 5 X4 D A A0 BRI X5 D L BT 5 X6 bl i 5 X7 O 2R R X8 R S

X9 S R6 IR0 5 X10 g R8 BRI .

Note: X1 is grain weight per plant; X2 is plot yield; X3 is stem strength; X4 is effective branch number; X5 is gravity center high;

X6 is plant high; X7 is main stem node number; X8 is height of pod; X9 is R6 lodging level; X10 is R8 lodging level.

2.3 ERHSW

FIH SPSS 22. 0 B4 XF HL b 7 Yok E L /N X
PR VEFFERE bR R . BRI RLCA R B LR
JE W B L H 0 B R6 AR L R85 AR G
10 A~ BRI PE R T 5% 48 B AT 32 8053 43 B 1 4 A4
I R 4> T omk R 4r A 28, 30%, 20. 66%.

13.92%,10. 41% , BT simk %Kik 73. 2900, H4F
EEE R F 1(F 1), KMO K 0. 68, 5 & F i
A3 B BRI
Ii) B} 308 3 B 43+ PR 45 R0 0 R (0. 860)
Pk w0, 842), FE ZE B (0. 769) K K =
BECO. 711D 5505 — = i o AH e MR, Ul B 2 —
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Table 4 Coefficient of the conposite indicator
principal component analysis, the conribution

rate and the feature vector

Wi H F 14} Principle component
Itens F1 F2 F3 F4
A 1 2.83 2,07 1. 39 1.04
FkE/ % 28.30  20.66  13.92  10.41
Bitsika/ % 28.30  48.96  62.89  73.29
5 AE 17 £ EOHEE 0.860 —0.133  0.267 —0.028
3] 0.842 —0.148  0.14 0.143
EENH 0.769  0.125 —0.282  0.251
[ E31 0.711 —0.096 —0.138 —0.448
RT3 0.075 —0.834 —0.024 —0.113
RS IR —0.131  0.802  0.034 —0.058

R6 FEIfRgH  0.008  0.792 —0.184 —0.142

NI R 0.023 —0.106 0.879 —0.003
B R 0.021 —0.399 —0.211  0.681
MMWOEH R E 0,171 0.273 0.466  0.645

SEFFIR B (—0. 834) . R8 4k 9% 51 (0. 802) ,
R6 BRI (0. 792) 558 — F i or MG HEAL i
LIS — F T DA X 3 R AR AR S .

NI PO, 879) 528 = F L A S PR
5 = 35 B0 Al LA G 38 b 115 L .

AR B0, 681) . BLRR - ¥ kr H (0. 645)
5555 04 3 1 A3 A DGR A i D) D 3 4y W] AR
BelL b2 MR IE R .

AR 10 S I AR A8 AR S R 4 S HE X
MST B LE A PR TE AR (F1~F4) , BA 8 K5 &

x5

HFEME . % 4 DL RARXT 43 i R B AT
— it S I
2.4 EmMmHBREESITENINT

2.4.1 FKBE2HEHH WREFEXXEF (2)=X
7Xmin)/(anx7Xmin)i;[‘%:{ﬁ*j*%%/l\%%*g

PRA SRR BREE (R 5) . X TR —ZE AR Fl
M5 - 2B 45 F () fH i K. 8 1000, 48 3 B
45 16 F1 3X — 35 b b 22 PO 25 1 fie 4. T 2B 3]
TEFxOMEN 0,4 F % 5 Bl 76 X — L5 A5 F5 b
TP M A 22

2.4.2 BREHE WWSEHEWRITIREKLR
INCAE ) K 28, 30% ., 20. 66%. 13. 92% F
10.41%0) W 2 4 THF 1 4 D25 A T8 bR AL
&, 0 O 38, 61%. 28. 19%. 18. 99% 0
14.20% (F£5),

2.4.3 ZAEMASE DEFRSKEMHF
ZEAY T PR BR E5  D A K UE B R 1 e
2z, k5 s, B 42 1 DEHE K, N
0. 699, Ui BITE 43 4 b L rp BRI 42 T 25 P f5 58 5
i HLTA4-M9 13 (9 D 4/, 4 0. 226, Hoi 3
PEf 25 . O T A AR D (R R R 2
55 PEAT I W0 43 GPEAY AR 9 SR FH K X 8 4
(] SF- S5 B2 6 DA HEAT R 2 b (B 1), \T LA
W 43 0y T R E R R 5 4 o 4 K2k,
S5 T 2ETEAT W A0 R, 43 00 ok R 42, HLT8- R
13, 1R 2 BE 7 i L J& T 4 2R, 4 R AY
4.65%0 55 LA 12 i Fp, il % A
F 60 4, il 25 68 S Ao, B TR B 2R A L 4
AR 279100 55 TIN5 20 {4y v Fp, 433y 2
[ 30, 58 09-95 45, i 2% 6 1 — ML, J| Tl By,
SRR 46. 51 %055 TV 288 9 O S F, 4 5
A dE 42 . MN0201 4§, it % 68 1 B 22 . J/ TR
WAL, A ER S AN 20,93 % (& D,

EmMEEERENEF(x) . DERESTN

Table 5 The value of each varieties comprehensive index.,index weight,F(x) ,D value and comprehensive

evaluation
V:if:m F1 F2 F3 F4 F(xp) F(x2) F(x3) F(x,) D {4 ;iiifn
A4 26 —0. 388 1.790 —0.126 0.019 0. 325 0.758 0. 422 0. 454 0. 483 R
FEE 65 2.568 —0.656 —0.429 1. 427 0. 900 0.203 0.362 0.772 0.585 B %
B 40 —0.959 —0.103 1.148 —0.368 0.213 0.328 0.673 0. 367 0. 354 v ] 7
g4 52 0.508 0. 251 1.498 0. 634 0. 499 0. 409 0.742 0.593 0.533 B %
HF®mg s —0.012 —0.179 2.808 —0.676 0.398 0.311 1. 000 0.297 0.473 55 i 2%

10
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Vifics F1 F2 F3 F4 F(x)) F(x) F(x3) F(xy) D i ;ijuijfn
455 —1.519 1.067 0. 460 0. 682 0. 104 0.594 0.537 0. 604 0.395 o [ig] 751
HH 204 0.120 0. 250 0.814 0. 687 0.423 0. 409 0. 607 0. 605 0. 480 55 2%
Kariyutaka —0.128 0.172 0.578 1.703 0. 375 0. 391 0. 561 0. 835 0. 480 i %
4351 1.548 0.209 —1.149 —1.470 0.702 0. 399 0. 220 0.118 0. 443 B
4R 76 —0.471 —1.195 0.510 —0.706 0. 308 0. 081 0.547 0. 290 0. 287 ENEA
PRER 25 0.060 —0.855 —0.376 1.633 0.412 0.158 0.372 0.819 0.391 o ]
Y —1.371 1.275  —0.461  —0.531 0.133 0. 641 0. 356 0. 330 0. 345 o Ji] %
44z 60 1.514 —1.057 1.592 1.863 0. 695 0.112 0. 760 0. 871 0.569 BT %
7 14-758 0.299 —1.341 0.112 —1.556 0. 458 0.048 0. 469 0.098 0.294 ENEA
M 38 —0.527 —0.088 —0.212  —0.459 0.297 0.332 0. 405 0. 346 0. 334 e [i] 750
T 48 —0.613 0.721 —1.556  —0.341 0. 281 0.516 0. 140 0.373 0.333 o Jig] 751
7 09-95 0.304 —0.363 0.484  —0.498 0. 459 0. 269 0.542 0.337 0. 404 o i) 71
7 09-95(#) —1.239 —0.501 —0.026 —0.365 0. 159 0.238 0.441 0.367 0. 264 ENE
HLT4-¥3 13 —0.706 —1.037 —1.309 —0.274 0.263 0.117 0.188 0. 388 0.226 ENEA
AT 09-343 —0. 641 0.276  —0.199  —0.263 0.275 0.415 0. 407 0. 390 0. 356 e Jig] 750
MNO0201 —0.305 —0.992 —0.430 —0.035 0. 341 0.127 0.362 0. 442 0. 299 YNE
HLTS8-H1if 13 0. 812 2.133 1.809 0. 866 0.558 0. 836 0. 803 0. 646 0. 695 it 2%
w7 —2.054 0. 460 1.019 0.617 0. 000 0. 456 0. 647 0.589 0.334 o [i] 7
W 30 0. 068 1.428  —2.156  —0.049 0.413 0.676 0. 022 0. 439 0.416 e Ji] 750
T 43 0.697 —0.385 —0.900 —0.587 0.536 0.264 0. 269 0.317 0.378 o ] 78
[ 42 1. 467 2.856  —0.817 1.067 0. 686 1.000 0. 285 0. 691 0.699 it 4%
LT S 0. 422 1.448  —0.277  —0.465 0.482 0. 680 0. 392 0. 345 0.501 e 2%
F il 24 —0.658 —0.789 1.110  —0.439 0.272 0.173 0. 665 0. 351 0.330 e [i] 71
SR 53 —0.055 0.028 —0.413  —0.439 0. 389 0. 358 0.365 0.351 0.371 o ] #
ol 27 0.178 0.994 —0.966 —1.035 0. 435 0.578 0.256 0.216 0.410 o ] 78
ol 45 3.079 —1.026 0.066  —1.098 1.000 0.119 0. 460 0. 202 0.537 i 2%
w4 —0.025 —0.146  —0.564 0. 240 0.395 0.319 0. 335 0. 504 0.378 o i) 71
Ly 18 —0.173 0.168  —0.010 0. 437 0. 366 0. 390 0. 445 0. 549 0.414 v Jig] 7
&F 42 0.219 —1.207 —0.077 —1.109 0.443 0.078 0. 431 0. 199 0. 304 NIE
a9 2 —0.061 —0.227 —0.558 0. 088 0. 388 0. 300 0. 337 0. 470 0. 365 o Jia] 751
i 31 —0.527 0.158 0.742  —0.885 0.297 0. 388 0.593 0. 250 0.372 o ] 78
Wy 51 0.001 —0.133 —0.006 —1.285 0. 400 0.322 0. 445 0.160 0.353 v Jig] 750
WAL 56 0. 059 0.678 0.504 —0.066 0.411 0. 506 0. 546 0. 435 0. 467 55 it 2%
HLTI1-%3# 13 —1.109 —0.896 0. 281 0. 828 0.184 0.148 0.502 0. 637 0. 299 ENGES
o 21 —0.213 —1.390 —0.631 1.662 0. 359 0.036 0.322 0. 825 0.328 o ] 78
My 37 —0.953 —1.550 —2.265 2.436 0.214 0. 000 0. 000 1.000 0.227 ENIEA
M) 50 —0.341 —0.392 0.032 —1.991 0.334 0.263 0. 453 0. 000 0. 289 N
Wil s 1.124 0.150 0. 344 0. 100 0.619 0. 386 0.514 0.472 0.513 55 it 2%
A H 38. 61 28.19 18.99 14. 20
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Abstract; The paper discussed the difference of anti-lodging characters of maize hybrids differing in maturities
in Heilongjiang province,so as to provide reference for the anti-lodging cultivation and breeding in black soil ar-
ea. In the experiment,sixteen maize hybrids differing in maturities were used as test materials: four early matu-
ry hybrids, three medium matury hybrids and nine late matury hybrids, the planting density was 60 000 plants
per hectare. And eight stalk morphological characters were investigated,such as plant height, ear height, inter-
node length,diameter, quality,density, puncture strength and breaking force. For maize hybrids differing in ma-
turities, the results showed that plant height, ear height and ear height coefficient increased with the delay of
maturities,and the changing tendency was late maturity hybrids > medium maturity hybrids > early maturity
hybrids. Ear-height coefficients of early, medium and late maturity maize hybrids were 0. 33,0. 39 and 0. 43, re-
spectively. The first,second and third internode lengths and diameters of early maturity maize hybrids were sig-
nificantly different from those of medium and late hybrids, while the difference between the medium and late
hybrids was not significant. The internode qualities of the first and second internode and the internode densities
of the first and fifth internode of early maturity maize hybrids were significantly higher than those of medium
and late hybrids. The means of internode quality and density of all nodes under ear were as follows: late matu-
rity hybrids >>early maturity hybrids > medium maturity hybrids. In terms of the different internodes of the
stalk, with the increase of internode position, the internodes diameter, density, puncture strength and breaking
force decreased. The internode quality and length of medium and late maturity hybrids showed a single peak
curve,and the maximum value appeared at the fifth internode and sixth internode. In general,early matury hy-
brids were lower plant height and ear height, higher internode quality, density and puncture strength than the
medium and late matury hybrids,so it was conducive to stalk aiti-lodging resistance. While the medium and late
matury hybrids were less internode length, higher internode diameter,and stronger breaking force than early
matury hybrids. Therefore, the stalk anti-lodging resistance of maize hybrids differing in maturities needs com-
prehensive evaluation.

Keywords: maize; stalk; lodging; maturity; hybrids
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Evaluation on Density Tolerance of Early-maturing
Superior Germplasm Resources of Soybean

HU Kai-feng,ZHANG Yong,DONG Quan-zhong, XUE Hong,ZHANG Ming-ming, LI Wei-wei,
WANG Lei, YANG Xing-yong
(Keshan Branch of Heilongjiang Academy of Agricultural Sciences, Qigihar 161600, China)

Abstract; In order to promote the high-yield and high-density cultivation of soybean in northeast China,43 main
varieties of soybeans were treated under two different planting density conditions in a field experiment of
450 000 and 250 000 plants per hectare. The lodging grade at peak grain stage (R6) ,lodging grade at maturity
stage (R8) and stem strength were investigated. Plant height, main stem node number, effective branch num-
ber, bottom pod height, branch position, branch length, barycenter height and so on were measured during the
mature period. Then we carried out a plot production test. Through principal component analysis, subordinate
function method and cluster analysis, forty-three samples of soybean were evaluated, and the relative density-
tolerant soybean resources were selected. The results showed that 10 individual indexes could be transformed
into 4 relatively independent comprehensive indexes,and 43 resources were divided into 4 categories according
to the density-tolerance by using the methods of membership function and cluster analysis, 13 varieties such as
Heihe 42 and HLT8-Heihe 13 had high density-resistance,12 varieties including Jiamidou No. 6 showed higher
density-tolerant, twenty varieties including Heihe 30 were medium towards density-tolerant stress, while nine
varieties including Heihe 37 were not density-tolerant.

Keywords: soybean; density tolerance; membership function; principal component analysis



