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Abstract: The purpose of this study was to analyze the relationship between yield and other traits of 46 bred soybean cultivars
in different stages for three years test. The results showed that the yield of those cultivars had significant difference. The yield
in 1983-1985 was 2 000-2 500 kg-ha™',in 1989-2004 was 3 000-3 500 kg-ha™',in 2004-2011 was 3 5004 500 kg-ha~'.
Seed weight per plant and 100-seed weight of cultivars bred in 2004-2011 were significantly higher than those of cultivars bred
in 1983-1985 ,the growth rate were 44.34% and 14.70% respectively. Correlation analysis showed that yield with number of
nodes on main stem and seed weight per plant had very significant positive correlation. There were closely related among plant
morphological traits, grain shape traits and quality traits. Principal component analysis showed that the most important factor
was plant height, the more contribution factors were number of nodes on main stem, effective pods,seed number per plant,seed
weight per plant. In the breeding process,yield, plant height,seed weight per plant and seeds number per plant had higher im-
proved potential , protein content had lower potential ,broad sense heritability of plant height, number of nodes on main stem and
100-seed weight were higher than 85% , those traits were suggested selecting in the early generation. Therefore, the breeding di-
rection in Hebei province were suitably increasing plant height and grain weight. But the main factors related with yield should
coordinate with other traits at the same time.
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Table 1 Name and source of soybean cultivars in Hebei province
- LA HE AR a2 TR T RAL HEAEDY
o g Breeding Approved Cultivar Breeding Approved
Cultivar name o o
nstitutes year name nstitutes year
HE3 5 LA AP A 1983 HE4 5 LA AP 22 B 2009
Jidou 3 HAAFS Wuxing 4 HAAFS
HG 4 L MR B 1984 fAE1%5 AR FETTARAL R BE 2007
Jidou 4 HAAFS Shidou 1 SAAFS
BHS 5 AL A R AMR 2 B 1984 A52%5 AR BR B 2008
Jidou 5 HAAFS Shidou 2 SAAFS
HH 6 LA AP B 1985 AE3% AR T BB 2000
Jidou 6 HAAFS Shidou 3 SAAFS
WHT S WAL AP B 1992 fE4%5 AR ENARN BB 2009
Jidou 7 HAAFS Shidou 4 SAAFS
AR Hh [ B B 199 (S5 AR T BB 2000
Jidou 8 CAS Shidou 5 SAAFS
HEI T HIE T Al B2 1994 (565 AR ET AR BE 011
Jidou 9 HAAS Shidou 6 SAAFS
HE 105 LA AR 1996 wE45 TN T AL 2000
Jidou 10 HAAFS Cangdou 4 CAAFS
HE 11 BN TAIREL 2B 1996 BELS 5 WM AR B 2003
Jidou 11 CAAFS Cangdou 5 CAAFS
W12 W ALE RAMEBLE B W6 B M T e MR
A LA AR B 19962001 HBE 65 TN T AL e 2008
Jidou 12 HAAFS Cangdou 6 CAAFS
HH 13 AL A LB B 004 WET5 TN T AR B 2007
Jihuang 13 HAAFS Cangdou 7 CAAFS
FE 1S LA BB 004 HEEL3 %5 HIS R Tl e Ml o2 B 1999
Jidou 15 HAAFS Handou 3 HAAS
HE 16 LA AP B 2005 545 s T Al B2 B 2003
Jidou 16 HAAFS Handou 4 HAAS
17 LA AP B W5 5 SR Al B2 B
2006 2004 ,2005
Jidou 17 HAAFS Handou 5 HAAS
18 LA AP B 2007 =7 % SR T Al B2 B 2007
Jidou 18 HAAFS Handou 7 HAAS
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o Breeding Approved Cultivar Breeding Approved
Cultivar name o o
nstitutes year name nstitutes year
T 19 T AP B 2008 Rl6 = o R 050
Jidou 19 HAAFS Kefeng 6 CAS
3L 20 LA AP 2008 Lk 542 I RR 2 B 1999
Jidou 20 HAAFS Huayou 542 CAS
E 21 LA AP A B 2010 e 4120 P ERR 2B 2003
Jidou 21 HAAFS Huayou 4120 CAS
3 nf37 LA RAE A B i s = o R E B
2004 2005
Ji nf 37 HAAFS Huayou 5 CAS
3Z nf58 LA BB 2005 Fhitk 93 BT Al B B 002
Ji nf 58 HAAFS Kexuan 93 TAAS
HE1E LA BB 13 B2 Be
s TREBE 001 2008 i LR 2001
Wuxing 1 HAAFS Zhonghuang 13 CAAS
HE2S WA AR B 2004 FIg 15 AR Al B2 B 2001
Wuxing 2 HAAFS Zhonghuang 15 CAAS
LR35 LA AP A B 2005 Wikl BB TR 2006
Wuxing 3 HAAFS Qingxuan 1 SQBF

HAAFS:Hebei Academy of Agricultural and Forestry Sciences ; SAAFS; Shijiazhuang Academy of Agricultural and Forestry Sciences; CAAFS; Cang-

zhou Academy of Agricultural and Forestry Sciences; HAAS ; Handanshi Agriculture Academy of Sciences; CAS: Chinese Academy of Sciences; CAAS; Chi-

nese Academy of Agriculture Sciences; TAAS:Tangshan Academy of Agriculture Sciences; SQBF ; State-Qingxian Breeding Farm.
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/NK PR, SR FEE Bruker 23 A Matrix21 f# 37 i
SURAR A ntiws K ) QUL ek s = Doiwitl = i =8
1.3 BURSH

FIFHER BV 7 40 B 45 A 2R AR K i B ptk, H:
e RV AT

MR T = (Bl - FIME) /~F391E x 100

X MERBEAT T 2250 W, R FHEAAS A B o B
LA PRAR 1 22 5, OF R O 22 43 B Ak B A%
71,85

Ve=(M,-M,)/r;V, =M,;h; =V./(V. +V,)
x 100

Hrr M, 825 M, ARG 25 r iR,
Vo M 25,V 22 hy &) SGsE T

FIIFH SAS 6. 12 SPSS 17. 0 %243 51 %5F 5 41 13k

RV E = IINE V5% o g VI | EP S 5
2 HREHH

2.1 AEAEWHMEBERMmERERETL

2.1.1 =% X[ 46 AF MU FOELL 3 AR i
(3R 2) AT 20001 , A FAEEE (P =0.000 1) AR
A A (P =0.000 1) 7= 5 22 Al 1 2, il > A0 (P
=0.1999) " EF B E, W= HEREN, ME
AR AR AL 2 LB AR IR A (& 1), R B
WALA KRG E BRI W0, R4 7 ARG #l
FEEKE, 231 3 000 13 500 kg - hm 7 gk o
PR, Ks 46 4B BLA Rl 48 3 AN B Br, 1983 ~ 1985
ARSI A] G B SRR 4 S, PR RETE 2 000 ~ 2 500
kg-hm ™, PR R KOEHA 5 1989 ~ 2004 4F 5 22 i ff 21
A PPREE 3000 ~3 500 kg-hm ™ S H) R AT
M BeddP= 664. 17 kg« hm 732004 ~2011 45 & 21
Al PERTE 3 500 ~4 500 kg-hm PR R LY
B —r B i 248. 85 kg-hm ™2,
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Table 2 Variance analysis of varieties in different years and different repeats
P 3 A S5 ¥ F 1 Wi
Source df Typelll SS Mean square F P
AEA)y Year 2 82182815.8 41091407.9 93.36 0. 0001
AhFh Variety 45 100355138.2 2230114.2 5.07 0. 0001
H 4 Repeat 2 487316. 1 243658. 1 0.55 0.5759
4y x HE Year x Repeat 4 15096266. 1 3774066. 5 8.57 0. 0001
B X f AP Year x Variety 90 45985089.2 510945. 4 1.16 0. 1999
ftFl x FJE Variety x Repeat 90 35126529.4 390294.8 0.89 0.7364
45007 xk3 EEMHBEEREREEESN
% 4000+ Table 3 Traits difference analysis among
;o different breeding stages
243500+
=
E S0 PR 1983 ~ 1989 ~ 2004 ~
-
il Traits 1985 2004 2011
A 2500+
e PH 89.42 a 82.54 a 89.51 a
EEEEEEEEEREEEEEEEEI JIE3% % PHB 13.01 a 14.26 a 15.43 a
E Year
. SR8 EBN 2.25 a 2.27 a 2.41 a
M1 RREREHSTROGHE 2595 % NNMS 17.81 18.61 19.30
Fig.1 Trend chart between yield and e o o e
year of breeding varieties AR EP 43.72 a 46.90 a 47.34 a
2.1.2 REFMHNEF RSB RLERG T BT SWPP 14.75 a 19.82 b 21.29 b
3 AT SR MBS VRS T o A 45 R R T < bk TR 100SW  17.41a  19.04a 19.97 b
e B B AR (RS e RIS 3 s IR S S B HUBRRIEC SNPP 101,68 a 110.90 a 112.00 a
BT I HERS AN WIS 5 5 o3 ASCEOR 251 B B3 OSP 7.32a 6.24 a 6.28 a
2 \ fdy b B A it S TR N
ﬁﬁﬁz/ﬁj B’J?ﬁ*&m%ﬁiﬁgo {Eﬁjk: l‘i’ljﬁﬁ?’ l ﬁ*l:l:l :*jjé TSP 1715 a 1892 a 1896 a
/\ )—L‘El B ! —E N, H E /\ ) NED t
BHBLIE 2 A 5 WA 5 4 AR HEAR s teere  1933a .09
Iy A G N i e SRRl D AR L Y A o
. o S Lo ke o . Uk JE FSP 2.06 a 2.25a 1.94 a
PEARGE R B, B pfoRL 838 K B2 05 K, 1989 4E L -,
8 ™ N P 43.26 a 43.19 a 42.38 a
J5 B L Y B E AT S T 1983 ~ 1985 4F
AN . gHi O 19.63 ¢ 19.46 : 19.94 :
F) B BROR T, 1989 4 LR A7 B 1 40 K 03 8 : : ‘
e Y 2607.02 a 3271.19 b 3520.04 b

SR 34.37% Fl 44. 34% 5 FURJ2 E 831G R B Al
R ,2004 ~ 2011 A F MR By A kL E W2 T
2004 AELIRTE B A A RS AR, [ ok EE A 1983 ~
1985 4E1 14.75 g #8KF] 19. 97 ,2004 ~2011 4F &
FIEY BE R K 2R5A 5] 14.70% o sk 1,3 A~ F AP
B B 2 115 R 7 i AR RN R

2.2 AEAEMHBEXESRMREERNBXSH

BERDDH

2.2.1 AEHAH 4 AR, F2ETRC ARk
57 i A E A OC IR i AR R R =
RN R S e e L R A, BRI
A2 25T B0 A 8] 410 S A0 B 3 IR A O, T A A S
NN SR Y TE Y D S TR NIV DS
MR, BRRRI RS R YE A R B IE M
Ko A RIS — R I T ARIE R B A, S

[FIFT B G AR/ NG bk 22 5 2

The values in the same row followed by different lowercase letters are
significantly different.

PH :Plant height; BPH; Bottom pod height; EBN; Effective branch
number ; NNMS ; Number of nodes on main stem; EP: Effective pod num-
ber; SWPP; Seed weight per plant; 100SW : 100-seed weight; SNPP; Seed
number per plant; OSP: One-seed pods; TSP: Two-seed pods; THSP.
Three-seed pods; FSP: Four-seed pods; P: Crude protein content; O: Oil

content; Y ; Yield. The same below.

DU & 1 Bl 8 2 SR AH OG5 — e 5 R R A B
TERHOG, T — R0 5 = POk 38 52 A 2% fA A
Ko HAhBMEIRAR G 70 45 21, 2 H 5 B RUIR A
RN R RO OC, H A S A G R AU
I8, 4350k - 0. 172 F10. 107, &5 U560, 7= & A
MACS IR TR AR Z AR AR B IR AR
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Table 4 Correlation analysis of agronomy traits
PR e RIEE R 3?% AR T HRLE E?* —Ri¥E TR =R R EA MR
Traits PH PHB  EBN i EP R 100SW R osp TSP TSP FSp p 0
NNMS SWPP SNPP
e PH
JEJE PHB 0,406 *
YR EBN -0.4537*  -0.12
FEHHNNMS 0.82% * 04267 0.388% *
HRHEP -0.107 0.02  0.409" " 0.037
Bk SWPP 0. 191 0.19  0.201 0.331"* 0.349*
TPRIEE 100SW -0.012 0.038 -0.175  -0.004 -0.310* 0.515**
IR SNPP 0,357 * 0.212  0.139 0.436** 0.767* 0.458** -0.355"
—HiFEOSP -0.388**  -0.167  0.277  -0.310" 0.483* *-0.090 0.03  -0.058
TRIETSP -0.62* 0144 0.59%F -0.448% % 0.75* 0.104 -0.1%2 0.173  0.600"*
SREETSP 0657 015 -0.128 0.614** 0.219  0.312*  -0.230 0.700*-0.486 " *  —0.419* *
PUAESE FSP 0.464% * 0333704347 % 0.410"*-0.390* " 0.078 0.03 0.124 -0.446"* -0.609** 0.169
BEAP  -03n** 0.0 0190  -0.216 -0.054 -0.02 0.126  -0.277 0.214 0.247  -0.4711"* -0.075
B0 04 0173 -0.2%0 0.341**-0.017  -0.070 -0.213 0.261 -0.263  -0.3%4*  0.478** 0.175 -0.84**
FEY 0248 0.360* -0.018 0.4117* 0172 0.608°*  0.38"  030°-0.207  -0.009 0.33* 002 -0.172 0.107

2.2.2 Zmaood BTSN BREBCE D
R 14 ASPRIRIEAT TR 04T, 15 3045 B R B BT
SRS R E AR . B S TIHN, 1983 ~ 1985
AET AP B A T A R 1 B Tk A B
T 80.20% , 43k 46.90% F133.30% , E 451 1y
FEERAT TR IE R (0.97) 2515 80(0.92) |
PR (0.86) , F A3 2 1Y 3k N A 80K
(0.84) . =k 3%(0.94) ;1989 ~2004 EF Fh B,
4 A F R X ) BT DTk EE N 76.09% |, 3 AT

or L E A T bk (0. 86) L AL RIFRRRIE

RS KERZHEKBERS S

Table 5 Analysis of principal components of agronomic traits of soybean

(0.77), F s> 2 Ay B8 A7 N T N A K
(0.81) FABRAIEL(0.77) , T 3 19 24 [
T HLBRRLE (0. 84) 52004 ~ 2011 4EF Al BB, 3
AR ) R TR 75. 04% , F Y 1
A = B2 R T kg (0.92) L EZET#(0.83)
TR 2 1 E BTN T A R (0. 92) | HARRKL
$0(0.87), F L4y 3 1Y 32 E A Kk B ORL
(0.85) . Zidy 3 ANE M BLAI AL, b e s 7
R B A, LU 2 25 R A K R R

1983 ~ 1985 1989 ~2004 2004 ~2011

Traits EMSL O EMSY BRSBTS BRS4 BRI EMS2 B

PC1 pC2 PC1 pC2 PC3 pc4 PC1 pC2 PC3
R PH 0.86 0.45 0.86 -0.09 0.19 -0.06 0.92 0.07 -0.01
JEEJZ = PHB 0.97 0.03 0.35 -0.26 0.44 0.30 0.32 0.31 -0.33
k% EBN -0.93 -0.04 -0.55 0.10 0.21 -0.02 -0.41 0.66 0.25
FZEFTH NNMS 0.92 0.28 0.77 -0.02 0.24 0.25 0.83 0.12 0.11
HIER EP -0.33 0.84 -0.40 0.81 0.31 0.20 -0.22 0.92 -0.07
HkRkIE SWPP 0.53 -0.33 0.21 0.31 0.84 -0.28 0.16 0.31 0.85
EORLEE 100SW 0.19 -0.93 0.22 -0.27 0.64 -0.63 -0.25 -0.82 0.24
PRI SNPP 0.04 0.83 0.37 0.77 0.25 0.34 0.39 0.87 0.15
— i IE%L OSP -0.92 0.27 -0.60 0.13 0.42 0.06 -0.60 0.22 -0.37
ORISR TSP -0.73 0.66 -0.88 0.38 0.13 0.07 -0.78 0.53 -0.15
ki E%L THSP 0.34 0.94 0.75 0.40 -0.13 -0.18 0.80 0.44 0.25
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1983 ~ 1985 1989 ~2004 2004 ~2011
LEIN
Traits Tyl EW2 ERorl B2 ERS3 B4 Bl TEUR2 Fpisr 3
PCl PC2 PC1 PC2 PC3 PC4 PCl PC2 PC3
PUR; SR FSP 0.60 -0.34 0.70 -0.19 0.18 0.49 0.65 -0.44 0.16
EHGEP -0.53 -0.70  -0.39 -0.63 0.28 0.33 -0.71 -0.06 0.38
Wil & ik O 0.79 0.17 0.49 0.57 -0.44 -0.17 0.75 0.09 -0.53
FHE(H E 6.50 4.60 4.73 2.59 2.12 1.22 5.18 3.66 1.66
TR CR/ % 46.90 33.30 33.76 18.48 15.17 8.68 37.00 26.17 11.87
LTk CCR/%  46.90 80.20 33.76 52.23 67.41 76.09 37.00 63.17 75.04

CR ; Contribution rate ; CCR ; Cumulative contribution rate.
2.3 EHMMEEUHRNERFEARBENRE
ZESH

WAL T 46 3 B LA PR A SRR R
AR ESEOT AN (3R 6) , R H WU Fh 24K
Bty JBE PR 7 S R R, R e Y A S R R
K, M 54.48 ~105.37 cm, B 5 R FGAF| 18.08% ,
78 S i B2 A /D B R S i, 8 40.09% ~
46.96% ,E 55 RZBALA 4.30% . H A MR A
FHAE6.28% ~13.89% . VLW REAEE MR,
FIAR RIS T it B ) S R8N, 8 8 R ) RS E
PERC . R MR —E B b Rk R Ak

R FEE(25.56) bR (25.07) FABRKIEL (25.89) |
BRI (27. 51) Bt R I BOR, H S B R T
TBUIN, 57 5 BRI EE RIEAR— L

B SR E A B SR, R
177 22 5RBUTT LR LR, 335 T 8L 300 BRI
SIORE AR XS BB R (93.58% ) 2RV
(89.68% ) Al i (86.49% ) By it A% F1Ak i,
15 85% LI, Hop MR B 38t 15 37 65% LR, R
T by G T e R R X A R 2 2R RO R R
(FR vz

R6 AEMKERFHEIUREHNFIEESH

Table 6 Variation characteristics,,improved potential and genetic parameter of soybean traits

PR R/ ME R ERFEE MR AL T 22 Mgy 2% 1% g
Traits Min. value  Max. value CV/ % Improved potential ~ Genetic variance Environmental variance Heritability/ %
PERY 2215.07  4131.87 13.11 25.56 133531. 54 84216.59 61.32
Bk PH 54.48 105.37 18.08 25.07 230.04 15.78 93.58
F2ZEF 40 NNMS 12.67 22.07 13.78 19.20 5.34 0.61 89.68
R4 EP 35.17 58.38 12.20 24.46 53.36 71.16 42.85
HRI T SWPP 13.24 25.04 13.89 25.89 11.69 16.32 41.73
TR E 100SW 15.36 23.18 8.32 19.85 4.85 0.76 86.49
ki %k SNPP 83.82 139.93 11.61 27.51 300.23 409. 80 42.28
HEEP 40.09 46.94 4.30 9.05 1.79 5.54 24.42
Sl O 17.12 22.30 6.28 14.07 1.08 0.67 62.76
o AL BRI S S B P
3 HRSWiE 3.2 FREMEETHER

3.1 AEEMHEERTE

A E AR R, 72 R BERE 1983 ~
1985 4F] 1989 ~2011 AEF R BIAHMRIE S SERIE
BRI T WAL, WA 8 22 704, IOFFRE /)
FIFFRIR,2004 ~2011 4F 7570 B SR 52 M1 7ok 2
W I AR S ISR S AR A S ORI Y
PRk, kPR S R BB R 2B
PEANE S R BE 1 P R AR e U
A B AR B R 7, B X 7 R AT AR R S
LM, SRR PR L8] P00 980 R i o, DR P SR AT B

TEAHSE M H v, 5250 B Bk B 5 77 & 1F
FIOG, Sk ) 2 A — 8, R TS
BR TR E P T R R T, Hk R 2R
ARE AR BRI SRR T L [R]I  RR B
BB E | BARRRIE BV R, 7 1989 ~ 2004 4
HRBEL, B A AR AR G, B R T R
128 A AR S B 130 g M AR Ak il Bk
Fedit SMV g1 & 2 5%, 8 2004 ~ 2011 4EF Fif
BB E IR T E s A 6 S 17,

CEATALAE & R TR R A R T &R
TEVMEIFEEE G 2 0 560l b, Wb 48 A5 B R
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