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Combining Ability Analysis of Main Agronomic Traits of Soybean Backbone

 ECNTHMRGETHEATE 32 FEA LRSS, UhE 32 K& 9 AR E R (R R4 R
ANTEEWHNZA R 30 NS A, S bT LU S 2238 A A 10 A= B M5 B AH S MR L& 1 B i S8, Bl G
TR AT 32 AR — RIS (GCA) B AR A (& B GCA NS, Kb 8 NIk GeA
1Ry IEAA, JUICAE A 300 B SR SEE AR BRI bk 8 4 MR B RIS . e 32 MY R A R
RIS, BA B S FRRBCA 71 (SCA) ,30 NE3c A, W 32 x K 8516 H T 32 x HHE 13 T 32 x i PUR BT |
T 32 x TH5 SHIMPT 32 x i1 319 PRt AH IR0 SCA YRS . BB R M, B Ha bk 2208 A &%
AYRE AR ORI EORIEE | BRI R A i RIIR DT A T 2 A DR PR S ), TR 3 v W 37 Bk
IR FR AR N S R, BRI T 32 BAFRAFIEC G ), B R R A A 2R R C A R s
FIF, G AR R B G .

FER H T EA R E 32 REMIR BLA T

Parent Zhongdou 32

SUN Shuai', YI Zhi-jie*, YUAN Song-li*, HAO Qing-nan’ ,CHEN Shui-lian®, CHEN Hai-feng’, WANG Xian-zhi',

ZHOU Xin-an®

(1. School of Agriculture, Yunnan University, Kunming 650504, China; 2. Oil Crops Research Institute of Chinese Academy of Agricultural Sciences/

Key Laboratory of Biology and Genetic Improvement of Oil Crops, Ministry of Agriculture and Rural Affairs, Wuhan 430062, China)

Abstract: In order to dissect the combining ability of main agronomic traits of backbone parent Zhongdou 32, nine soybean
cultivars ( germplasm resources) and Zhongdou 32 were selected to make 30 crosses by incomplete diallel crossing design, and
ten yield and quality related traits were evaluated to assess the combining ability and genetic parameters. Combining ability
analysis indicated that Zhongdou 32 showed high general combination ability (GCA) effects for main agronomic traits except
for 100-seed weight and protein content, and had the highest GCA effects for number of effective branches, number of pods
per plant, number of seeds per plant and yield per plant among all parents. Zhongdou 32 showed high specific combining
abilities (SCA) , Zhongdou 32 x Zheng 8516, Zhongdou 32 x Zhonghuang 13, Zhongdou 32 x Xinsilihuang, Zhongdou 32 x
Ningdou 5 and Zhongdou 32 x Zhonghuang 319 had high SCA for yield related traits among 30 combinations. Genetic analysis
showed that plant height, number of main stem nodes, number of effective branches, number of pods per plant, number of
seeds per plant, 100-seed weight, yield per plant, protein content and oil content were dominated mainly by additive effect.
However, the bottom pod height was controlled by additive and non-additive effects. These results indicated Zhongdou 32 had
high combining abilities, and superiority combinations could be achieved in breeding.
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Table 1

Information of parental materials

AP Cultivar

B AL Breeding institute

7 2 IF[E] Registered year 2045 Cross combination

1529 Zhongdou29 o gL B B i EME B 5 T 2000 M 78-141/ Merit

i 7 32 Zhongdou32 o [ gL B B i EHE B i 5 T 2006 MES 10 S/84 18
M4 1204 Youchunl204 o B gL B B i EHE B i 5 T 2017 Q1259//(Q1140/Q1295 F1)
¥ 13 Zhonghuangl3 op ROV B B E R 2B 5T T 2001 %3 8 5/ 90052-76
#5196 Zhengl 96 TR R B2 BE L BAE AT 58 B 2008 #100/%5 93048

#8516 Zhneg8516 T 28 AR B2 B 22 DR VR 9 T - TR
FVUARLEE Xinsilihuang - - Hu 5 IR

T%2.5 5 Ningdou5 TEE-Z B0 1995 DB64/T372-2004
13% 319 Zhonghuang319 op E AR B B AR R o 2019 HFfE X08110/ HH{E X12644
58 28 Wandou28 LA R BBV BT BT 2008 1 90-1/5 92-1

TE: -7 FR A R BRI 1 R E

Note:“ -7 indicates that the variety was local germplasm resources and has not been approved for registration.
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Table 2 Trait value of parents and the cross combinations

BRES RGN EZETEC ARUME BRI SRR

FA KA E HRE  BEMTR ERREE BIEE
Parents and cross Plant Bottom - Number of - Number of - Rumber of - Number of 100-seed  Yield per  Protein  Oil content/

combinations height/ pod height/ main stem  effective  pods per  seeds per woight/y  plant/g  content/% o

cm cm nodes branches plant plant

32 48.1 17.3 13.9 4.3 55.3 78.1 17.1 13.4 41.7 20.0
29 30.0 16.4 10.1 0.1 11.1 13.3 15.2 2.0 42.6 17.1
W 1204 42.1 13.4 12.9 3.6 40.5 27.0 19.9 5.4 45.2 18.3
13 43.5 16.3 14.0 1.9 27.9 45.5 25.0 11.4 43.7 21.4
#5196 52.5 22.0 14.1 2.9 40.5 55.1 21.1 11.6 43.9 20.9
#8516 51.4 22.6 13.5 1.0 29.3 46.6 23.6 11.0 45.2 19.3
P Ay 34.6 14.7 13.0 1.5 20.9 30.7 26.4 8.1 43.9 20.9
THES 5 47.1 19.0 11.3 2.0 26.7 29.8 30.3 9.0 44.5 20.7
T 319 39.4 13.6 13.2 2.5 30.9 58.4 18.5 10.8 42.2 21.9
e 28 45.7 21.0 14.6 1.2 31.7 49.3 23.1 11.4 46.6 19.1
FiE 29 x XK 196 36.4 15.5 11.3 0.9 20.5 29.7 17.6 5.2 43.8 18.4
HiT7 29 x ¥R 8516 36.9 15.3 11.6 0.7 20.5 31.9 19.6 6.3 43.0 19.7
HiE 29 x i 13 33.5 14.9 12.0 0.9 16.9 27.2 18.9 5.1 41.9 17.5
H T 29 x BT DUk 33.2 10.9 11.7 1.1 18.9 30.1 19.1 5.7 42.8 19.7
HE29x TFHS S  41.5 16.6 11.3 1.5 27.1 46.1 18.3 8.4 42.9 19.2
HiE 29 x 1 319 42.5 12.0 12.8 2.1 31.4 50.9 18.0 9.2 43.5 19.5
HE 29 x 528 45.8 11.8 13.1 2.7 39.7 64.9 19.3 12.5 45.9 19.8
HTE 32 x FE 29 42.6 15.0 12.7 2.8 37.1 57.9 16.9 9.8 2.2 19.8
H 32 x ¥ 196 43.5 16.5 12.9 3.1 54.9 77.1 19.3 14.9 43.2 19.1
Hig 32 x #8516 43.7 14.5 13.1 3.6 54.3 84.6 21.2 17.9 44.4 19.5
FRTE 32 x i 13 38.2 14.1 13.9 3.3 45.6 82.1 21.4 17.6 43.0 20.9
R 32 x BT DU B 39.2 15.0 13.4 3.4 43.8 85.1 19.7 16.8 42.2 20.1
FERxTESS 450 16.3 12.9 2.9 44.5 81.3 22.1 18.0 43.0 21.0
FE 32 x i 319 46.9 13.6 14.9 4.1 60. 4 109.7 17.3 19.0 42.7 21.4
W 32 x 28 43.1 14.8 14.1 3.1 47.7 79.0 19.2 15.2 44.8 18.8
WA 1204 x FE 29 43.7 13.0 13.2 2.9 43.3 40.9 16.7 6.8 42.0 18.5
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Parente and cross Plant Bottom  Number of ~Number of Number of Number of 100sced  Yield per  Protein il content/
combinations height/ pod height/ main stem  effective  pods per  seeds per woight/s  plont/g  content/% o
cm cm nodes branches plant plant
T 1204 x £ 196 45.6 14.7 13.9 3.3 46.7 59.2 21.4 12.7 44.4 16.7
WA 1204 x K5 8516 47.1 12.6 14.0 3.8 56.2 66.6 21.8 14.5 45.0 15.6
M 1204 x B 13 39.9 12.0 14.1 3.0 45.2 68.8 23.1 15.9 44.2 19.4
A 1204 x H VUKL 41.8 11.5 13.4 3.1 42.7 62.5 20.2 12.6 43.2 16.0
A 1204 x TS5 4501 12.3 13.1 3.2 43.9 53.9 26.1 14.1 44.8 19.4
I 1204 x 319 46.6 15.0 13.8 3.6 39.8 61.9 20.9 12.9 44.6 20.0
AR 1204 x BT 28 46.6 14.4 14.1 3.0 47.3 73.1 21.3 15.6 44.5 16.9
13 x R E 29 43.0 12.6 13.5 2.5 30.6 28.2 23.0 6.5 44.1 20.4
HH 13 x X8 196 48.7 17.5 14.5 2.7 37.7 49.4 25.8 12.7 43.9 21.7
HH 13 x ¥R 8516 45.0 15.7 14.3 2.5 38.4 56.9 25.6 14.6 44.4 19.8
PR 13 X BT PR 39.3 16.3 13.9 1.7 25.5 36.6 25.5 9.3 43.9 20.6
PR I3x THSS 464 15.6 13.5 2.3 34.5 52.5 29.3 15.4 44.5 19.3
13 x 1 319 46.6 14.4 14.7 2.5 37.6 63.7 23.8 15.2 44.1 21.0
T 13 x g5 28 45.1 15.9 14.8 2.8 43.4 67.9 24.6 16.7 45.3 20.1
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Table 3 Variance analysis of agronomic traits for different cross combinations

. JEIEREE BT AROTEEL BRI BABRRIEL ,
78 S R . X FRE SBRUR EARUE R IREE
e Bottom Number of Number of Number of Number of
Sources of 100-seed  Yield per Protein 0il
Plant height  pod main stem  effective pods per seeds per
variation weight plant content content
height nodes branches plant plant
HE 49.4""  8.3"" 3.0°" 2.47" 38317 1220.2*"% 29.7"" 54.9"* 3.5 6.8""
Combination
EHZ 162.8* " 22.8"" 20.6" " 17.5**  2677.5"* 8053.8" " 206.2"* 346.0" " 6.8"" 31.9°7
Female line
LA 96.2"* 8.8 3.2 0.9"" 240.7"*  1316.2*" " 32.8"* 8l1.2"* 7.1 4.0"
Male line
FEAR x AR 11.5 5.8" 0.4 0.6" 95.6™ " 229.4 4.0 8.8 > 3.97"
Female line x Male line .
R7E
11.1 3.0 0.3 0.3 37.9 137.7 1.5 8.5 0.9 1.7
Error

WLV RIRIE P<0.01 K L 2EREE ;" FRREP<0.05 K FLERBE,

R

Note:“ ™ *

2.3 BXFEXA—MES N (GCA) D

X A AE SR AR AR ) — e A S AT A B
W, i 32 ARk IS B | TR A U R
B0 BAPR IS B, BB AR 7 i ANR D A A T
B 1R AE RN, e AR 1A D A A 1) K
BEo 10 ASPEAR Y, b 319 BIkK S (6.8) HlfE Iy
T (5.8) GCA R H By, KB 196 11 IS 36 /5 )&

indicates significant difference at P <0.01 level; “*” indicates significant difference at P <0.05 level.

(11.9) GCA B AE e, #E 13 i 25 1%k(6. 1)
FIERIE (19.5) GCA RO {E fe i, BEE 28 MY M
FT i (3.2) GCA B fH e, 2 32 A &4
ROE(25.1) FARRIERL (23.8)  HLBRRL A (38. 4) I
FARR (28 4) GCA BN AH ey, Ui B TP &2 32 7
FERRR T IR A B S — LA T (£ 4)
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Table 4 GCA of 10 agronomic traits for the parents
32 RE29  Jh#EFE 1204 PE I3 K196 #8516 L. THESS O HE319 BEE28
PR ks
Zhongdou Zhongdou  Youchun  Zhonghuang Zheng Zheng Ningdou  Zhonghuang ~ Wandou
Trait Xinsilihuang
32 29 1204 13 196 8516 5 319 28
3
0.1 -9.8 4.2 5.0 1.9 1.0 -10.3 4.1 6.8 5.6
Plant height
JREFE RS 2
4.4 -3.4 -8.0 7.5 11.9 1.3 -6.4 6.1 -4.1 -0.9
Bottom pod height
1.1 -10.4 2.6 6.1 -1.4 -0.8 -1.8 -4.9 5.3 4.9
Number of main stem nodes
ARG
25.1 -46.7 22.4 -7.6 -5.3 -0.1 -11.6 -5.3 16.8 10.3
Number of effective branches
AR IERL
23.8 -36.2 16.4 -9.7 1.9 8.0 -16.6 -4.4 7.9 13.6
Number of pods per plant
HboRIEL
38.4 -32.4 2.6 -14.5 -9.2 1.1 -9.7 -1.5 20.6 20.1
Number of seeds per plant
AR
-7.5 -12.0 0.9 19.5 -1.0 3.7 -0.5 12.9 -5.7 -0.7
100-seed weight
gk
28.4 -40.3 4.5 2.7 -9.5 5.8 -11.5 11.2 12.0 19.2
Yield per plant
HEAR AR
-0.4 -1.1 0.5 1.0 0.1 1.1 -1.7 0.2 -0.1 3.2
Protein content
Jig s
3.9 -1.1 -7.9 5.7 -1.9 -3.5 -1.1 2.1 5.8 -2.2

Oil content

2.4 BEZERISHREA T (SCA) R HHT

X ZRAE AR AR B R IR T 5 1 AT 43 B R
W, W e 32 AR A4 25 LA b, R T 32 x BT Uk
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32 x HPE 319 1 2R R A AU RE, B
BOFERRIEL SCA RO i i =, THF2 32 x i 13

B E R EE RN IR B 7 i SCA BN (B fec i, HH 7 32 x R
8516 MY 5 7 & SCA UV (HE & (£ 5), L
732 ABREA KR 8516 P 13 B IURIEE  TH. S S
s 319 RAA M A AT 44 e Bk = I ¥ Bl
VA R R L & 1, U 32 7E = iR [
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Table 5 SCA of 10 agronomic traits for different parents

TR AROTEE PRI SR gk

HeE e R i C ERE RMoTR EmaRas

Cross Plant Bottom Number of - Number oft - Number - Number of 100-seed ~ Yield per  Protein Al

combination height  pod height main stem - effective of pods  sceds per weight plant content Off content

nodes branches  per plant plant

FE 29 x ¥ 196 -8.5 -0.5 -3.4 -15.2 -13.4 -8.3 -4.0 -8.5 0.7 -1.6
HR 29 x ¥R 8516 -15.9 8.6 -2.0 -25.5 -19.4  -15.0 0.4 -15.9 -1.9 6.5
R 20 x i 13 -21.2 12.2 0.4 -11.0 -12.2 -21.9 1.3 -21.2 -2.0 -7.9
5L 29 x BT VDR B -2.4 -14.3 0 1.2 0.9 -7.2 2.5 -2.4 0.3 4.3
FEH 29X THEHS5 5 -3.6 13.2 -0.4 10.1 9.7 11.6 -14.5 -3.6 -1.3 -1.7
529 x 1 319 1.4 -8.7 0.9 8.2 8.4 -2.4 2.6 1.4 0.3 -4.1
5 29 x e X 28 20.7 -13.4 3.3 37.4 23.9 21.7 3.5 20.7 2.7 5.6
5 32 x R 29 -11.6 5.8 -4.2 -22.6 -23.5  -12.1 -1.6 -11.6 -0.1 -2.6
32 x ¥ 196 -0.5 -1.4 -2.9 -1.1 14.2 0.8 -0.6 -0.5 -0.1 -3.3
i 32 x ¥ 8516 8.5 -4.3 -2.0 11.4 6.6 3.1 3.6 8.5 1.7 0.4
FE 32 x 13 8.8 -1.5 3.3 8.8 0.9 -0.1 8.6 8.8 1.2 4.6
FP 32 x HT VR E 16.8 6.6 1.0 15.3 4.5 14.7 0.9 16.8 -0.6 1.2
FE32x THS S 3.7 3.0 0.6 -8.7 -5.9 0.1 -1.1 3.7 -0.6 2.9
P 32 x 13 319 10.6 -5.4 5.4 14.7 22.4 25.9 -5.3 10.6 -1.1 0.8
132 x g 28 -27.2 -0.3 -0.8 -16.2 -15.6  -25.3 -1.6 -27.2 0.5 -4.2
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HE e R B RSB AT SRR TR kTR EAbER

Crone Plant Botton Number of ~ Number of ~ Number mmmmflm%M Yied per  Protein g

combination height  pod height main stem - effective of pods  sceds per weight plant content Off content

nodes branches per plant plant

M 1204 x 1T 29 -11.5 4.6 -2.3 -17.4 -0.4 -5.0 -11.2  -11.5 -2.6 2.2
AR 1204 x ¥ 196 5.7 -1.3 3.2 6.6 0.9 6.4 0.8 5.7 0.5 -4.0
I 1204 x ¥B 8516 49 -52 2.9 19.7 18.9 8.5 -2.2 4.9 1.2 -1.7
A 1204 x Hi 13 19.8 -3.8 2.9 1.3 7.3 13.3 8.6 19.8 1.8 8.4
T 1204 x H7 Pk E 7.3 -5.1 -0.5 7.9 9.0 12.5 -5.5 7.3 -0.4 -8.1
M 1204 x THS5 5 -3.9 -12.2 0.6 4.1 -0.1 -10.3 9.0 -3.9 1.6 6.0
A 1204 x F#E 319 -13.4  16.6 -4.6 -2.9 -22.7  -18.9 3.4 -13.4 1.2 5.5
AR 1204 x BET 28 0.2 9.0 -1.8 -17.8 -9.4 0.6 0.1 0.2 -2.3 -2.6
FRH 13 x FE 29 -14.3 1.2 0.3 -30.0 -32.7  -26.4 18.4 -14.3 2.1 12.3
R 13 x K 196 8.0 2.8 .6 16.5 4.0 6.9 2.9 8.0 -1.1 8.3
g 13 x ¥ 8516 7.2 0.4 1.5 1.2 -0.3 9.2 -2.7 7.2 -0.9 0.3
T 13 x T TR B -17.0  12.3 0 -17.6 -8.6  -14.2 1.0 -17.0 0.7 2.0
P13 x THS 5 8.5 -4.5 -0.3 1.3 2.0 4.4 5.8 8.5 0.3 -7.7
g 13 x 13 319 6.1 -3.0 -1.1 -13.2 -2.3 1.3 -1.5 6.1 -0.4 -2.9
g 13 x g 28 11.0 4.2 -0.2 3.4 6.8 8.9 -2.9 11.0 -0.8 0.7
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(RIS 5 B 55 3555 éﬁt AT B RS R
7SR OISR G R I Yy S S i PRI 3 8 i
thjjﬂjj(ﬂ: 50% , LI LE AR A i AR T8 AL 1 e o
T R, BAE A AT e 5 IR e i B ViR
TS MRS 54 4 Bk SO A5 11348 TF 50% , il
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Table 6 Genetic parameters of 10 agronomic traits

. e TEEWE ARUTEE AR AR
Brim RS R AR HARE R RS
WiH Number of Number ~ Number of Number of
Plant Bottom 100-seed  Yield per Protein 0il
[tem main stem  of effective  pods per  seeds per
height  pod height weight plant content content
nodes branches plant plant
M 22
0.14 0.94 0.03 0.10 19.22 30.57 0.83 0.11 0.22 0.75
Dominant variances
IR r 2%
11.08 2.99 0.30 0.28 37.93 137.69 1.49 8.48 0.95 1.69
Environmental variances
iy 2%
13.36 0.96 1.08 0.73 119.67 416.58 10.82 20.08 0.68 1.17
Additive variances
AT 2%
13.50 1.90 1.11 0.83 138.90 447.16 11.66 20.19 0.90 1.92
Genetic variances
Ty %
24.58 4.89 1.40 1.12 176.82 584.85 13.15 28.67 1.84 3.61
Phenotypic variances
— B 175 %
98.95 50.49 97.70 87.66 86.16 93.16 92.84 99.46 75.34 61.16
Variances of GCA/%
FRIRIC & 15 2
1.05 49.51 2.30 12.34 13.84 6.84 7.16 0.54 24.66 38.84
Variances of SCA/%
I SGEE
54.93 38.79 78.91 74.57 78.55 76.46 88.69 70.44 48.63 53.14
Broad heritability/ %
Be St 71
54.35 19.59 77.09 65.36 67.68 71.23 82.34 70.06 36.64 32.50

Narrow heritability/ %
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FA AR IR R B £ B Z R AR GCA 4l A SCA
(RIRZI , 43 BT 35 A RN ZH A I L5 ) B HL s AL R AE
AR TE X MR e 28 R A, A B L AL G 3R
SR A R B R, BB R 458
HERMUERED 1A GCA B E#H SCA B3
A AEBF P GCA Fil SCA B A& 54, B4
AIREZN B SR AL AR AR AR R R, T
AT 32 BATENEIY GCA , Ju HAEA R A
PRIEE SRR BORN SRR 77 i 4 PR BRI
1E30 N2 H AT, T E 32 x S 8516, 1 15 32 x
HEE 13 R 32 x HT IR EE R T 32 x TERL 5 S A
W 32 x W EE 319 ARG AR BRRR T i R AR T A
FHOCHRAR LR B B = 1 SCA , U BH A v 7 32
VEFEARK G R G R e A%, BAR T 32 By A
MR 5, (H 2 kL AR B
RIS, IR GCA BN AE 2RI K 11
i, 238 A1) SCA BN A 2 300 i, Ut
W rh e 32 FEAE HORLEE G /0N, AR 1T A A AR Y ]
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PRI E A (RS GCA RIS Ay S A kAT
I8 HR G PARRM B G T RS A

AWFTE KRB, SEA M GCA FILL A1) SCA J&H
HMSL, ZE R —3, FEAN GCA %L
REASJE AT 2 A3 40 A5 19 SCA U, 540 /5 ok B
W R 32 [ GCA RN {E R - 7.5, 8 DU KL ¥ () GCA
WONME R - 0.5, H1 7 32 x J DUk 8 2250 41 A =
Y SCA ZUNAE R 0.9, TEHRRET, e 32 /Y
GCA B N {H A 38. 4, e 52 28 1Y GCA %N A K
20.1,/Ah T 32 x 52T 28 243 2H 4 1Y SCA BUmiE
J9-25.3, BEHASEZAR GCA FRIMIR, 4H 4 SCA JF
AW, EA GCA R HEAR , & SCA A —
FEAR, EAR) GCA SH G/ SCA Z IR ToHf 2 &
R, XHETA TR EE R — 5 R TR
YA FIFERAH AR, 265 B R AT e Bl
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