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Abstract:In order to improve the breeding efficiency and predictability on hybrid soybean, and finally realize
the the aim of higher soybean yields, 5 soybean cytoplasmic male sterile lines as the mother lines and 12 restoration
lines as the father lines were used to developed 60 combinations according to NCII method. Combining ability of
yield — related traits, heterosis of yields, pods and seeds per plant, and seeds per pod were evaluated. Among the
hybridized combinations, the positive mid — parent yield heterosis combinations accounted for 55% , heterobeltiosis
combinations accounted for 30% , and more than 20% of mid — parent and over — high parent heterosis accounted
for 15% . The mid — parent heterosis of pods and seeds per plant, and seeds per pod accounted for 55% , 56.67%
and 23.33% respectively, and the over — high parent heterosis rate was negative. The yield of general combining a-
bility (GCA) of 17 parent materials varied from —27.94% ~ 56.62% ,only 6 parental lines showed a positive
effect. In addition, special combining ability (SCA) of 30 combinations all showed a positive effect. Heterosis of
yields and seeds per plant were related to SCA; GCA was significantly correlated to yield traits. The seed number of

mid — parent heterosis was significantly related to the pod number of mid — parent heterosis, the heterosis yield of
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over — high parent heterosis, pods and seeds per plant, seeds per pod. SCA had no correlation with GCA in the 4

yield — related traits. The higher yield heterosis combination parents had a higher general combining ability and a

higher special combining ability.

Key words:soybean; heterosis; general combining ability; special combining ability; yield; pods per plant;

seeds per plant; seeds per pod
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Table 1 Origins of 17 soybean parents

5 AR e 5 AR e 5 AR e
Code Variety Origin Code Variety Origin Code Variety Origin
Al JLCMSI14A HJp VT Heilongjiang || Rl JLR1 Z[E USA R7 JLR124 2£[H USA
A2 JLCMS91 A LI VT Heilongjiang || R2 JLR2 ZE[F USA R8 JLR119 ZE[H USA
A3 JLCMS247 A My Heilongjiang || R3 JLR9 FE[E USA R9 JLR86 FE[E USA
A4 JLCMSI127A FHAK Jilin R4 JLR100 F[E USA R10 JLR4 HA Japan
A5 JLCMS232A F Ak Jilin R4 JLR98 ZE[# USA RI11 JLR316 2£[H USA
R6 JLR97 E[H USA R12 JLR258 P YT Heilongjiang
1.2 7k BT AT ORI . REBE B/ NXER Z AT
12,1 HRASHEA A w R 5L R SRk 2 Bk, SHOh E] AR T R
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1.2.2 RHEHH % PRILAFE GRS
HRTE:

Hr 35 HG # (mid — parent heterosis) HM (% ) =
(F, = MP)/MP x 100

e 2E L # (over — high parent heterosis ) HP
(% ) =(F, —=HP)/HP x 100

— % Wil5 71 (general combining ability, GCA) .
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Table 2 Heterosis of F, yield —related traits of 60 combinations/ %

5322 ZuRZ A P74 Yield P RRJE$ Pods per plant PARRARIEL Seeds per plant B IERIEL seeds per pod
No.  Testing combinations HM HP HM HP HM HP HM HP
1 Al xRI -32.50 —-38.48 -4.73 -22.23 1.12 -15.24 5.74 4.75
2 A2 xR1 -15.03 —-20.49 -1.34 -2.83 -2.97 -7.72 -6.56 -8.44
3 A3 xRl -12.64 -12.86 -8.30 -14.61 -14.80 -15.55 -0.95 -6.36
4 A4 x R1 32.95 3.72 1.06 -20.46 27.81 1.46 6.98 6.55
5 A5 xR1 -32.08 —-48.55 102.07 42.80 111.27 54.59 11.02 6.49
6 Al xR2 16.71 9.95 14.48 -3.61 2.34 -2.65 -1.42 -11.20
7 A2 x R2 36.78 11.75 11.63 5.87 29.55 8.57 8.22 -3.47
8 A3 xR2 55.31 33.86 49.07 44.02 50. 81 32.94 2.48 -11.48
9 A4 x R2 2.34 -9.43 -10.58 -27.54 -7.57 -17.55 15.28 4.34
10 A5 xR2 46.14 24.79 9.20 -20.99 56.97 27.02 13.07 -1.06
11 Al xR3 -9.62 -33.01 -20.20 -43.24 -18.25 -44.01 -2.60 -10.41
12 A2 xR3 18.73 -0.71 6.19 -10.32 -10.80 -28.37 -17.77 -23.59
13 A3 xR3 -26.21 -41.37 -4.07 -24.41 -33.98 -49.26 -15.24 -18.42
14 A4 x R3 -11.04 -40.91 -29.23 -51.05 -49.20 -66.44 -15.61 -22.76
15 A5 xR3 -42.65 -62.67 -15.63 -46.16 -19.13 -49.32 -10.07 -14.70
16 Al x R4 -25.12 -40.56 -13.84 -32.52 -15.87 -35.77 -12.50 -16.33
17 A2 x R4 -9.17 -17.37 -8.26 -11.78 -41.19 -45.20 -16.63 -19.43
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e ZeRZ A P2 Yield FARRIEEL Pods per plant FRRBIEL Seeds per plant BEIERIEL seeds per pod
No.  Testing combinations HM HP HM HP HM HP HM HP

18 A3 x R4 -48.62 —-55.87 -34.39 -41.87 -34.59 -42.28 -14.91 -15.13
19 A4 x R4 -36.88 -55.81 -31.11 -47.85 -52.70 -65.53 -14.63 -18.79
20 A5 x R4 -8.46 -37.40 -1.23 -32.34 -9.92 -38.70 -2.53 -3.75
21 Al xRS 7.22 -10.15 67.14 54.46 76.85 62.65 -7.16 -7.78
22 A2 xR5 42.61 5.87 -4.13 -27.13 2.74 -22.32 -30.27 -30.57
23 A3 xR5 24.94 -2.96 43.58 16.46 24.58 -1.70 -2.22 -6.13
24 A4 xRS 34.47 34.00 14.29 10.55 9.49 7.64 -8.23 -9.33
25 A5 xRS 33.15 28.21 121.54 96.11 108. 50 89.34 -7.40 -9.78
26 Al xR6 35.46 3.75 32.41 10.56 39.24 18.83 -0.29 -5.04
27 A2 x R6 18.89 -17.89 23.39 -12.96 16.45 -16.67 -2.67 -6.33
28 A3 x R6 5.06 -24.60 1.95 -23.97 6.22 -21.04 -5.43 -5.60
29 A4 x R6 32.99 18.43 46.03 26.91 23.41 11.90 -3.63 -8.70
30 A5 xR6 -2.91 -10.21 31.17 29.56 56.10 53.71 -1.35 -3.00
31 Al xR7 -17.71 -20.38 -7.94 -18.21 1.63 -9.02 37.80 35.80
32 A2 xR7 -27.85 -36.31 -33.94 -40.89 -37.19 -44.35 -12.79 -13.12
33 A3 x R7 -28.44 -32.95 -32.50 -34.38 -50.03 -53.24 -8.48 -11.46
34 A4 x R7 -34.47 -46.34 -47.37 -55.13 -35.07 -45.24 11.93 9.72
35 A5 x R7 -8.45 -27.39 14.63 -13.59 32.91 2.44 4.69 2.80
36 Al xR8 -36.74 -38.12 -13.50 -19.20 -16.73 -26.02 -0.47 -6.78
37 A2 xR8 -0.19 -12.67 2.25 -12.75 -20.36 -28.91 -19.74 -24.04
38 A3 x R8 -8.11 -14.73 -18.37 -24.70 -21.01 -25.50 -11.12 -12.80
39 A4 x R8 24.43 2.73 3.53 -17.45 0.21 -16.07 -14.39 -20.22
40 A5 x R8 12.51 -10.07 29.80 1.72 7.51 -17.63 -0.75 -4.07
41 Al xR9 -18.67 -19.17 -16.11 -18.83 -21.22 -29.56 4.70 -5.47
42 A2 x R9 51.28 30.55 39.61 15.59 45.33 28.91 -8.16 -16.26
43 A3 xR9 -19.28 -26.20 32.97 18. 64 -3.69 -9.78 -13.65 -18.51
44 A4 x R9 17.63 -1.63 5.51 -2.47 0.65 -15.21 -5.03 -14.67
45 A5 xR9 26.75 2.55 21.46 -2.16 1.90 -21.53 -0.35 -7.29
46 Al x R10 25.57 18.64 -3.68 -21.81 3.57 -17.43 -7.67 -13.42
47 A2 x R10 -18.54 -33.29 -3.47 -4.25 -7.34 -8.53 -10.98 -15.66
48 A3 xR10 12.05 -3.18 -5.45 -12.55 -8.52 -14.77 -7.05 -8.70
49 A4 x R10 55.16 36.96 54.53 20.99 50.39 14.04 3.83 -3.13
50 A5 x R10 -11.74 -24.82 -18.13 -42.39 11.21 -21.74 8.43 4.93
51 Al xRI11 43.06 23.96 57.31 27.89 29.94 1.84 -6.09 -10.85
52 A2 x R11 31.90 30.46 11.66 10.53 12.79 8.84 -3.86 -7.78
53 A3 xRI11 60.05 51.69 54.07 42.717 40.18 27.85 -1.81 -2.31
54 A4 x R11 34.09 0.51 5.40 -17.36 -14.13 -35.90 -6.42 -11.62
55 A5 xRI11 54.62 12.78 42.23 0.21 51.48 5.19 -4.94 -6.84
56 Al xRI2 1.02 -7.00 -12.45 -19.97 -23.07 -25.04 -3.86 -15.65
57 A2 x R12 4.30 -16.40 4.16 -21.46 -10.83 -26.74 -18.48 -27.80
58 A3 xR12 -19.50 -32.04 -19.28 -35.11 8.25 -6.59 -10.97 -18.48
59 A4 x R12 9.58 -0.86 97.72 89.09 90.81 74.05 9.73 -4.18
60 A5 x R12 0.92 -12.00 98.22 77.29 81.60 49.83 -11.04 -19.66

7#/Note; HM ; H1 35/ #" mid — parent heterosis ; HP ; i 5 2545 #% over — high parent heterosis

R3 60 NMRZHAFEBEREREY FHRMMLE

Table 3 Average heterosis of 4 yield — related traits of 60 combinations

etk R EME AR/ % Mid — parent heterosis HEM R/ % Over — high parent heterosis
Trait T L H Em A et/ % F- L EmAE et/ %
Mean Range HM >0 Proportion Mean Range HP >0 Proportion
7o Yield 5.7 —-48.62 ~60.05 33 55.00 -10.19 -62.67 ~51.69 20 33.33
BARRIERL Pods per plant 12.18 -47.37 ~121.54 33 55.00 -5.01 -55.13~96.11 20 33.33
BRI KL Seeds per plant 8.89 -52.70~111.27 34 56.67 -8.37 -66.44 ~89.34 20 33.33

FEIERI KL Seeds per pod -4.07 -30.27 ~37.80 14 23.33 -9.05 -30.57 ~35.80 8 13.33
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HIAS AT R - 27.94% ~56.62% , N & % RGCA

VBN —17.76% ~27.58% o EAH RN

ERN LA 6 A, 3 BRI 2 R11 (56.62% ) |
R3(22.91% ) R2(14.34% ) I R9 (2.85% ) , AN &
Z A2(27.58% ) Fl A3(4.69% )., —JEikHy, GCA
e, DU B A ) PRI 3 8y, FH G it AR ] 2H T
MRS A . RSCA R iFAE A 30 MHA,
50% . RSCA {HH# & 45 4 il & A2 x R3 A2 x
R9 A4 x R1 A3 x R2 fil A3 x R11, 43314 39. 42% .
37.52% 36.71% 31.83% F129.57% ., M 1 A4l
XU SCA = G RAS BIR B E N FE S, SEA
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Table 4 Analysis of variance of yield —related traits of 60 combinations
7R Sk ke Y 4 P= 4 Yield FARRIERL Pods per plant FARRKI KL Seeds per plant AFIERI B seeds per pod
Source of a B P BTy P BTy P BTy P
variation MS MS MS MS
[X 24 Block 2 16.32 0.47 0.62 1292.61 3.67 0.03 6 1496.67 75.56 0.00 0.46 49.67 0.00
YH A
'ﬂ.” . 59 266.62 7.73 0.00 1665.29 4.72 0.00 6888.73 8.46 0.00 0.10 10. 60 0.00
Combination
2=
A Q.’%(.A) 4 700. 39 2.50 0.06 5336.34 3.67 0.01 26382.08 4.30 0.01 0.34 3.84 0.01
Sterile lines
Y1
ng%(B.) 11 53.76 0.19 1.00 1181.74 0.81 0.63 2837.64 0.46 0.92 0.05 0.53 0.88
Restoration lines
\t: =}
A ﬁﬁ: i E—()E%‘ 44 280.41 8.13 0.00 1452.45 4.12 0.00 6129.38 7.53 0. 00 0.09 9.60 0.00
2z 118 34.47 352.59 813.88 0.01
Error
RS5 60 NMELHEEGFE—HES NBFHRE S N WEITRAE
Table 5 Relative effect of GCA and SCA of 60 combinations’yield

kA RSCA/ %

Lines Al( -5.40% ) A2(27.58% ) A3(4.69% ) A4(-9.11%) A5( -17.76% )
RI(-11.31%) -14.32 -13.98 4.83 36.71 -13.24
R2(14.34% ) -7.52 1.84 31.83 -31.35 5.21
R3(22.91%) 10.59 39.42 -15.46 -0.79 -33.76
R4( -8.01%) 6.72 10.15 -27.40 -13.51 24.04
R5( -1.49%) -10.23 10. 11 6.17 -5.26 -0.80
R6( -17.50% ) 18.59 —-4.45 -2.23 0.99 -12.90
R7( -27.94% ) 11.77 -17.70 -1.18 -10.10 17.22
R8( -9.20% ) -25.70 -6.04 0.63 17.40 13.71
R9(2.85% ) -21.96 37.52 -24.36 -1.87 10. 68
RI10( -4.31% ) 19.14 -37.45 8.72 25.82 -16.23
R11(56.62% ) 4.77 -16.36 29.57 -21.03 3.06
RI12( -16.97% ) 8.15 -3.06 -11.12 3.00 3.02

TE 55 T B R AS 1 — JBCC A 3 K X 2000

FEEXER. BEENHMESZMAEHEX
ST
LA WA EY AR L s e P S E RN ENED)
MRARBIN TR 6. &REM: (1) ik,
SCA 5 HM HP FIER(E AHH S R B0 51 0. 598,
0.531 F10.553, B B E A ; GCAs SPRAR(E A 2
FHAE, 5 HM FI HP S A BAM KN, (2) Hkkde

2.3

Note : The value in brackets is the relative effect value of the parent’s GCA

0 GCAs 5 HM By AHOC R %Ch 0. 291, 2 i 25 4H
Ko (3) HPRAIELH) SCA 5 HM HP MR{E Y 5 i
EMIR;GCAs 55 HP BEMIK, 5 HM Hr B M,
(4) BFFERiEL GCAs 5 HP MR{E W A0 ¢, 5 HAh
WIARMK, (5)4 MEIRAY SCA 5 GCAs #3625k
IR T 0, DB & 4k GCAs 55 SCA Z [ ANFF1E
FHICHE



760 P E R R AR

2018,40(6)

®6 60 NMAAFTEMEXMRK AMAEBIES N HHEX R

Table 6 Correlation coefficient between heterosis and combining ability in yield — related traits of 60 combinations

AR Trait SCA - HM SCA - HP SCA - F, GCAs - HM GCAs - HP GCAs - F, SCA - GCAs
7oA Yield 0.598 " * 0.531** 0.553** 0.11 0.04 0.535 * = 0.00
FARRIEEL Pods per plant 0.24 0.26 0.23 0.291" 0.19 -0.07 0.00
BMRRIEL Seeds per plant  0.270* 0.294* 0.316" 0.412** 0.306 * 0.04 0.00
TG YERIEL Seeds per pod -0.01 -0.03 -0.02 0.22 0.319* 0.258 " 0.00

7#/Note; * * Correlation is significant at the 0.01 level

3 itk

H WK 2 2B 8 R T A St e st
S SRR AR SE XK B AR A A )
AR 10 9E PRI s — AR TR 20,

M I3 BT AN il R YRR O % 50 RO E
HAT &0 E B, 0 HACRAE . ASCRAS—
P75l X 60 A A B ZR R IL I B, FEACBA
B T R GRPRL™ i A B I 28 R I 3, (HAN TR 2
BB I, I Ve 2 1 2R A58 42
FATREE T A LA AL & a5ie S ErEmS %
NPT RAN— . ABFTEAE R IR E RS 0 By
T BRI AR BOR B SR B A R A G AR
MBI OLHE JBE & IR0 AR R K FR o FEXT &
FRBC A H1 M, 5 ERBC S 1 RO AE w5 12 5 2
e [E AT E N AR 2R 5, U TR 2R A ) 2R 4
KA, HOEAR A 2 S AR i U 32l 5 R g, 7
60 NG HAT 1S AMRPR L 77 0 IR ROV, Her 2R
DI 70 25 O 3t g TE AR, 6 B 45 A
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