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Combining ability and heterosis of sorghum for biomass energy
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Abstract One of the breeding objectives of sorghum ( Sorghum bicolor L. Moench)is to obtain high biomass yield.
Fifteen different types of sorghum R lines and four male sterile lines were used to analyze the combining ability and
heterosis of 11 traits with NC I genetic mating design mating scheme. The results indicated that lodging percentage
was controlled additive effects;other traits such as aboveground biomass were contributable to both additive and non-
additive effects. Those parental lines of NW-21,Lvneng-3 and maternal parental line of A;Jinliang-5A with higher general
combing ability for the aboveground biomass were identified as potential parental materials for high biomass hybrid
breeding program. The two crosses of A;Sanchisan A X Lvneng-3 and A;Sanchisan A X Saccaline revealed significantly
higher aboveground biomass than that of A;Sanchisan A X Rio (check). Hybrids displayed over-standard heterosis in

aboveground biomass.
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Table 1 Origins and types of the germplasm used

Fob 5 4 JE 7 [ P A Hm
AH LA
12584 I o e A B A R 2 T it e 3
05206 i LI PG AR B v 3 i i
Brown Kaoliang K E USDA-ARS,PGRCU” HT o 3
Er pitou rh [ USDA-ARS,PGRCU it v e
MN-2907 EH o e B B A R 2 T it e B
NW-18 I Hy B VG S ] i A GE=E
NW-21 i SERE RN & S R
Saccaline WAHF  USDA-ARS,PGRCU e
San er sui ] USDA-ARS.PGRCU Rl
Sumac % = USDA-ARS,PGRCU e g
X097 i 1L 7Y [ i) it
Y= o [ USDA-ARS,PGRCU T
i BX i o A A} B A BT it v
okhg 3 5 i AU 3 S 18 28 A W) F 5% T il 5
o7 R [ LR AR Bk Bt A ) o PR 3
PR & B A
A;7501A XH Ll G A A B i S T RE &
A; Tx623A B o [ A B B A ) T ENEES
s Bk SA G L P AR Bt w5 5 i ANEFR
A, ZR=A i Ll G A A} B e S T RE &

A * USDA-ARS, PGRCU #§ 25 | 4l %8 4 v WF 58 IR 55 %5 A1 Plant Genetic Resources

Conservation Unit,

1.3 HEEHE
2010 4 5 H 2 H ACHE 7 #6555l 53 333

7¢/hm’ , f7EE R 0. 75 m,AREE-M 0. 25 m, #&F0HT it
H 72 kg/hm® N (JRZ),60 kg/hm® P, O: (R — 4
#¢),30 kg/hm* K, OB B4 . &7 WI5E G 48 kg/



28

hoE kR R R R

2012 4F 58 17 %

hm® N (JRZ) Ml 30 kg/ hm® K, OB #) .
S 7 RIS i ok R R0 ] Ry v AT M AR . 3 ~4
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1.4 AESHH
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2.1 BHRKBFTESH

A5 80 PR 11 AR A4 75 22 70 M7 45 21 WL
* 2, HAMAMARE TR R FH AR, BEA
(1) A AS 18] 2% P AR AL 1 3k 3] (2 35 K o SCAR FTREAR
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Table 2 Mean squares for variance analysis and combining ability analysis

EREE Hi- S Wewn/ M/ EEK/ BMRR/ R ZETE/ TR/ R R/ M R/

FFAE /4 F/d cm cm cm % ¥ (t/hm?®) (t/hm?) (t/hm?) (t/hm?)

HE 2 2.7 7.5% 529.8* 1.5 0.8 575.3 0.8 4.3* 0.4* 0.1 15. 8

FE X XH 27 1.9 2.1 124.9 0.6 1.0 450. 5 0.3 0.8 0.1 0.0 3.1

F (R A 79 366. 3 430. 9 10 981.0 8.6 102.5* 1792.3* 1.9" 45.5™ 2.6* 3.0 54.7

HE 59 365. 1 382. 7 7 515.8" 5.9 81.1"™ 1631.5" 1.9 44,2 2.6 3.3 52.0%

YN 3 45,3 130.0* 3 595.7* 6.3* 167.8* 4264.8* 4.7 76.1* 1.3* 26,9 39.7

N 14 1309.5* 1278.6" 20371.0 13.9 245.8* 2660.1* 3.7* 94,9* 5.1 2.9 106, 5*

A X A 42 16.8 28. 3" 1 845.2 2.7 8.9 992.9 0.8 21.0™ 1.8* 1.2 29.4 %

=3 80 2.1 3.8 109.1 0.5 0.8 779.7 0.3 0.8 0.1 0.1 1.9

T % R ZEFAE 0. 05 AKP I, ox KR ZFAE 0. 01 KFRF, TRM.
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AL 80 ASAFRE 11 AR A4 A1 5C 730 H7 45 2R WL
*3. 2EEM. e, EM ETEAMTEY

S bR AR AN O, Al LU Ak o A 25
PhAR A A A 07 1 Bl R R 7 25 20 B RO e 35 17
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Table 3 Correlation analysis for the 11 different quantitative traits
- 2AFY ke EM/ ERE AR e ETE/ HTE/ A7/ b ALY
FEAEW/d /d cm em  K/em /% (t/hm*) (t/hm*) (t/hm®) & /(t/hm*)
H - 46 3 1. 00 0.97 0.74 0.32" 0.39" —0.24" —0.41™ 0.62™ 0.32" 0.07 0.57™
LHEE 1. 00 0.69"™ 0.33"™ 0.38" —0.24" —0.34" 0.67" 0.39" 0.08 0.63"
b= 1. 00 0.27° 0.51"™ —0.17 —0.46" 0.64™ 0.34" 0.08 0.59™
ey il 1. 00 0.31 —0.22° 0.16 0.31" 0.26° —0.18 0.29"
TRK 1.00 —0.24" —0.40" 0.21 —0.04 0. 04 0.17
R R 1,00 0.04 —0.21 —0.1 0.11 —0.18
a5 &3 1. 00 0.02 0.2 —0.54" 0.05
EFE 100 0.85  —0.19 0.99"
o F .00 —0.09 0.90"
P RL 7= .00 —0.17
Mo A My 1.00
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Ho b ER AR AR AR T A = R= A R
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Table 4 Estimates of general combining ability effects of parent lines for different traits

ok - EHH = M/ FRK/ (KN - XTE/ MTE/ FPRTE/ M EEAY
KA J
Jel/d o W/d cm cm cm =/% (t/hm?)  (t/hm?) (t/hm?) 4% /(t/hm?)
LA
12584 —1.22~" 1.41 —21.34 —0.10 —4.52* —12.16 0.43 1.10* 0.41" 0.50" 1.59*
5206 —0. 84 3.16* —17.12 0.73" —1.85" —5.74 0.48 2.50 0.56 0.92* 3. 04
Brown
—38. 30 —10. 04 —31.69 0. 85 —4.42 5.76 0.10 —5.12 —1.01 0. 64 —6.49
Kaoliang
Er Pitou —11.80* —15.75* —32.00* —1.15* 0.24 —0.74 0.11 —4.49"  —1.05 0. 00 —5.65
MN-2907 —12.09" —13.17* —49,48* —3.36" —10.44* 26,18 0.67 —2.08" —0.42" —0.90" —2.61"
NW-18 —7.34" —8.13" —23.96 —1.11* 3.97 28.43* —0.06* —3.64™ —0.38" 0.25 —3.94
NW-21 42,287 36. 58 184. 72> 3.207  12.93* —21.99 —1.33* 8. 64 0. 50 —0.54* 8.63*
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ok - Erecy=1 B/ =M/ FRIK/ (RN P ETE/ WMTE/ KFR™E/ MY
FEAEw/d - W/d cm cm cm /% (t/hm?)  (t/hm?)  (t/hm?) 4 /(t/hm?)
Saccaline —2.26* —1.84* —15.09 0.51* —1.64* 19.68" 0. 64 2.98 0.79 —0.57 4.03
San Er Sui  —10.38* —11.88"  —38.43*—0.65 1,27 —20.74 —0.20% —4,22" —0.78" —0.33" —5,02"
Sumac —6.09" —7.25"  —48.35* 0.12 —4. 11"  13.76 0.48  —2.14% —0.43" —0.56*  —2.42*
X097 22,45 29,54 89.75% 0.24 6.36 —20.32 —0.97 3,17+ 0.10* 0.37 3.31
KR —8.05" —7.34" 1.90* 0.20 6.39"  2.18 —0.65" —3.77" —1.29* 0.09 —5.02"
i Bk —0.01 0.75 —20.80 —0.17 —2.97 —6.99 0.70 2.43 0.72 0.18 3.17
5kHg 3 10.53*  11.75* 42.63*—0.41 —1.56* 7.18 —0.58* 5. 46 2.01* 0.65* 7.97
1R —6.88* —7.79* —20.73  1.08* 0.35" —14.49 0.17* —0.81* 0.27* —0.70"  —0.58"
SED,, 0.59 0. 80 4,26 0.29 0. 37 11. 40 0.22 0. 37 0.13 0.13 0.56
BpA
A 7501A —1.09  —2.57*  —9.567—0.16* —2.81* 13.54* —0.31" —1.99* —o0,21* 0.77*  —2.45*
A1 Tx623A 0.42" 1,08  —12.70"—0.10"" 3,717 —3.34 —0.33" —1.25" —0.30" 1.02"  —1.40*
Ay HHSA 1,70 2. 84 17.86*—0. 49 ** 0.747  0.86% 0. 36 2,11 0.15*  —0.90 2,41
Ay =R=A —1.03 —1.35 4.41  0.75 —1.63 —11.06 0.29 1.13 0. 36 —0.90 1.44
SED; 0.31 0.41 2.20  0.15 0.19 5. 89 0.12 0.19 0.07 0.07 0.29

T AOA LLTR RCA AT B BEAR DL Ay = R= A XTI, SED g 22 80br vl i%

R B — RS T SOAXEREE 3 SR T E T E A A
2.4 AXAGHHRESN HURR IR IC & OV (B foe g » IR B K. Ay =

FERIC A 712800 B R F) 2 2% 28 4 G A Al ik R R = A XSaccaline {25 T 5 .M T 5 s L3549
PN, X FR RN N BERR E Mot i . 5 40 T BMFRIREE A IO EAOR T Ay =R = AXSEE
ERAE Y RRRIR LA OB 15 A A AL 35, BN Ay RERALM A A E YA
1 15 NG BHRE BREIRRAN L EWARAIR & I LURFRL™ 5 9 R B 150 65 1 2500 1 AS 58 B B FF
ZHEMHFRE A BN AAEREZES ., A =R R =R EEHE R,

£S5 MOESEMEKAHRES J(SCA) B

Table 5 Estimates of specific combining ability effects of selected crosses for different traits

hE- a4 i/ M/ ERK/ BER ZEFm/ M/ FPR L
M A ) I3 KO ] i/ AYE/
Fre/d F/d cm cm cm R/% (t/hm?)  (t/hm?)

(t/hm?) (t/hm?)

A1 7501AX 5206 —1.35 —5.55* —18.19* 0.74  —0.43 28.54 —0.26 —3.36"™ —0.33* —0.01 —3.,22%
A17501 A X Brown Kaoliang 2.24 5.16"  29.03 0.02 0.91 —1.29 0.03  3.08" 1,47 0.57* 3.71*
A17501AX ER PITOU —0.81 —1.64 19. 33 0.33 1.08 28.54 —0.39  1.30 0.23" 0.22 2.02
A1 7501 AX NW-18 1.15 2.57*  22.72 0.19 0.81 —8.96 0.35 2.35* 1.3l  0.59% 4,02*
A1 7501 AX NW-21 1.19 3.03" —8.53* 0.80 —1.91" —13.54 0.30  4.27*  0.94* —0.97" 2.72*
A1 7501 A X Saccaline 0.99 —0.05 —39.44™ —0.74" —1.43" —3.54 0.39 —2.80" —0.62* —1.06" —3.50"
AL 7501AX X097 —5.87* —13.43* 14,06 —0.66"  1.20 —15.21 —0.01 —2,09* —0.67* 0.45" —2.39"
AL 7501 A X i BR —0.97 —0.64 —16.58" —0.81* —3.96"  3.12 —0.29 —2.75" —0.23  —0.05 —2.63"
A 7501 AX 4jtfiE 3 % —2.31 —2.30 —52.80* 0.32 —0.13 7.29  0.11 —6.45" —1.62* 0.76* —8.22*
A1 7501AX ST 2.24 2,41 10.42 0.91  —0.25 —20.04 0.00  4.26 0.61 —0.18 5,15

A Tx623AX 12584 3.02* 2.04 9.24 —1.07*" —0.67" —6.49 —0.45 2.71% 1.01* 0.99™ 3.76™




513 AR 2T REURAT B0 SR A ) A R AL B o 31

- a4 = M/ ERK/ BUR ZTHE/ HWTE/ FoR L
g & A " SRR | N LY,
FAe/d FH#1/d cm cm cm /% (t/hm?)  (t/hm?)
(t/hm?) (t/hm?)
Ay Tx623AX NW-21 —9.02" —0.46 —25.31" —3,51* 3,97  3.34 0.36  4.18"  1.46*  —0.11 6.07*
A, Tx623A X Saccaline 2.04 5.29"  8.70  —0.79"—1.48* 13.34 0.16 —4.76™ —1.24"  —0.08 —5,20*
A, Tx623AX SAN ER SUI —0.17 0.67 —120.76*  2.78"—2,19*  2.09 1,84 —2.26" —0.73"  —1.59"=3,19*
Ay Tx623AX KR —1.71  —3.21  11.75 0.51 1.10 15.84 —0.18  1.90*  0.40 —0.19 2.24
Ay Tx623AX &g 3 5 0.92* —0.29  49.78* —0.36* 0.49  —5.82 —0.43 —3.47» —1.22* 0. 54 "5, 25
Ay T ¥ 5AX5206 —0.09 2.54* —0.82*  0.36 1.99 —17.11 —0.12  2.43* —0.09 —0.92% 2,15~
Az HF 5AXNW-18 —0.09  —0.67 —10.13" —0.40*—2.16* 12.06 —0.21 —3.79" —1.06"  —0.25 —5,13*
Az HH 5AXX097 —1.18 0.66 —26.55** —1.04" 0.04 —2.52 —0.20  6.07"  1.28*  —0.37 7.12*
Ay F R SAX IR —2.49* —2.05 6.57 0.72  2.82" —15.86 —0.25  3.74*  0.24 —0.18 3.76*
Ay HHRSAX L TR —1.68 —0.01 —10.36™ —1.90"—4.01" 19.98 —0.12 —2.42*  0.00 0.70*=2.57"
Ay =R = AX12584 —2.46"  —4.02 —9.73* 1,41  0.72 17. 89 0.65 —3.12* —0.88*  —0.50 —4.09*
Ay =R = AX5206 0.56 2.73 17.99 0.23  0.64  —5.19 1.21  2.31"  0.54 —0.92" 2.86"
A; =R = AXBrown Kaoliang ~ —0. 02 1.43—17.94* —0.17* 0.88 —16.69 0.27 —2.88" —1.62"  —0.64 —4,03"
A; =R = AXNW-21 7.44*  0.81*  5.36 1.77 —1.68* 11.06 —0.30 —7.22* —1,92* 0.54 8,63
Ay =R = AX Saccaline —1.27 1.73% 11.59 0.64 1.03 —12.28 —0.26  5.83*  1.61* 0.57* 7.18*
A; =R = AXSAN ER SUI —1.48  —0.73  24.15 —1.53"—0.63" 9.81 —1.00* 1.93*  0.91* 0.33* 2.85"
As =R = AXX097 2.88" 7.35% —1.74% 1.36 —1.30"  9.39 0.25 —3.99% —1,04*  —0.37 —5.07*
Ay =R = AXTRRK —0.06  —2.36  20.02 0.99  0.82 1.06 0.34 —0.05 0.30 —0.18 0.23
Ay =R= AXELHE 3 5 —4.50  0.14 —13.19"™  0.37 —0.94* —18.11 0.19  10.41* 3.61"  —0.65 13.51*
A ZR=AXO TR 0.31  —0.98 —22.12** 0.68 —0.18 4,22 —0.17 —2.73* —0.77* 0.70*=3, 46"
SED 1.18 1.59 8.53 0.58 0.73 22. 80 0.45  0.73 0.26 0.26 1.13

WA Ay R = AXWRCH X IR, SED 22 BUbR 1% .
2.5 ZTHAEZHRNWERMBNOERNR He A G B B o — 72% ~ 200. 8% . 1F It
ARWFFE I LA = e LA 25 T 5 F i 3849 46. 7% ARG 58.3% . Hb R AW A 2 sS AR
w2 WHR AR N IEMGR 6. X TEM PUERE N —67.6%~181.8% , IEHL# iy 40.0%, 11

R6 ONMRTHEERERNBIRME

Table 6 Standard heterosis value for different traits in 60 hybrids

P A3 A B IEfRE/ %
P IR S/ Y W g/ %%

F>SH F<SH i it
W -TF AR —7.9 —24.4~48.3 11 49 18.3 81.7
2EFMH —9.2 —25.4~19.6 10 50 16.7 83.3
MR —4.3 —56.1~65.5 13 47 21.7 78.3
2K —0.5 —25.8~31.3 25 35 41.7 58.3
FHRK —5.6 —48.0~61.8 21 39 35.0 65.0
ETE 13.3 —72.0~200. 8 28 32 46,7 53.3
it E —6.3 —67.1~153.2 21 39 35.0 65.0
FES by —67.5 —100.0~70.0 6 54 10.0 90. 0
AR AE ) A 5.8 —67.6~181.0 24 36 40.0 60. 0

- F O SH 235 38 7m 22 3 R AU B AR 2R A1
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AR — ML ROV E N IE(E . B R A,
200 I T R F R AT DA S v S BE VR 44 28 R Y
BIARE R, BRAFTREM D, FHEEE
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