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Abstract: In order to understand the heterosis of yield-related and quality characters in two-line hybrid progenies
of Setaria italica, 18 hybrid combinations were designed with three male sterile lines (Al, A2, A3) and six
herbicide resistant restorer lines (R1, R2, R3, R4, R5 and R6) by using incomplete diallel cross (NCII), the

WeRE H 3 2020-08-18 52 H#: 2020-11-01

ZETH  LFERA AT A WL R R AR L E 5K s = PRI H (202105D121008-2-4); 1L AR MV K2R M) &R T2 H (YZGC052): B
R BRI H (2019NYZDYF20); o B AR ML A A 8 B XA AL P R R RIUE 5 1L 76 48 & 45 2 RORH B 9 H (2019L0367); 1L P44 1
F ARG TR %t R H (SXYBKY2019006) ¥ B

This work was supported by the Project of State Key Laboratory of Integrative Sustainable Dryland Agriculture (in preparation), Shanxi Agricultural University
(Grant No. 202105D121008-2-4); the Project for the Project for Biological Breeding Engineering of Shanxi Agricultural University (Grant No. YZGC052); the
Project for Key Research and Development in Lyuliang City (Grant No. 2019NYZDYF20); the Project for China Agriculture Research System of MOF and
MARA,; the Project for Scientific and Technological Innovation of Higher Education Institutions in Shanxi (Grant No. 2019L0367); and the Project for
Excellent Doctor’s Work Award Fund in Shanxi Province (Grant No. SXYBKY?2019006).

fEF T Lo, L, IR, FEMNERTLPRBFI M. E-mail: jzsguanyan@126.com

* J@{%{E# Corresponding author. E-mail: xwzhao@sxau.edu.cn; nkypzs@126.com



350 P AT ) 22 4R 29 4%

eleven phenotypic characteristics of combining ability and the hereditability were analyzed, such as plant height,
grain weight, protein content, and so on. The results showed that there were significant differences in quantitative
traits among two parents and their combinations. Among all the traits, the plot yield of hybrid combination was
significantly correlated with thousand-seed weight (TSW), ear weight (EW), plant height (PH), and ear length
(EL), but not significantly related with quality traits, such as crude protein, crude fat and total starch. The general
combining ability (GCA) effect values of different characters varied significantly in different parents. Meanwhile,
Al (male sterile line) and R1 (restorer line) had high positive effect values of GCA among most of yield and
quality traits, which was potential parents for improving the high yield and quality of foxtail millet. However, it
was noteworthy that the presentation of specific special combining ability (SCA) in combinations was not
completely consistent with effect values of GCA in their parents. Among eighteen combinations, A1 xR5, A1 =R,
A2xR1, A2xR4 displayed high SCA effect, and showing excellent combinations. Furthermore, the broad-sense
heritability and narrow-sense heritability of all quantitative traits were more than 65%, mainly co-controlled by
additive effects and non-additive effects. PH, EW, and vyield of S. italica hybrids had significant mid parent
heterosis, and some combinations had strong super parent heterosis. In addition, the narrow-sense heritability
value of PH, EL TSW, ear code, and crude fat content were higher than that of other traits, while the non-additive
genetic effects of EW, stem node number and protein content were more prominent. Although the heterosis
characteristics of yield and quality traits were different, they were determined by additive and dominance effect in
the total genetic variation.
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Fig. 1 Yield and quality characters of different parents. A1-A3 and R1-R6 see Table 1. Different letters upon column indicate significant differences at 0.05

level. The same is following Figures and Tables.
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Table 2 Variation analysis of mid- and over-parent heterosis of yield and quality characters in hybird combinations of Setaria italica

%7 Phenotype

REfL# Mid-parent heterosis /%

SRS Over-parent heterosis /%

rE BREH gy AR Ry O LAEH
Trait N Variation N Variation Number of T Variation Number of
Mean coefficient Mean coefficient pos_ltlvg Mean coefficient pos_ltlvg
combination combination
¥k Plant height 143.50 34.88 12.95 2.69 18 -2.73 -11.14 8
21740 Node number 1491 2437 3.02 4.68 12 -5.27 -3.47 2
FEHL Ear diameter 2.99 23.96 -0.36 -68.26 10 -5.18 —-4.23 5
4 Ear length 27.97 26.34 10.07 277 17 1.93 20.42 8
fHE Ear weight 38.49 61.24 31.84 2.77 18 14.64 6.44 11
TR 1000-Grain weight 3.04 15.80 -3.58 —4.95 2 -7.79 -1.72 0
A% Ear code 115.60 37.77 7.06 3.89 14 -5.45 -5.84 3
FEE Yield 4.33 37.81 50.40 1.48 18 4.38 14.06 10
KA Protein 14.01 20.09 -4.79 -3.90 -10.44 —2.44 2
VER Total starch 75.50 18.33 -1.46 -11.69 -6.79 -2.97 2
fEW; Crude fat 4.35 3755 343 6.37 12 -4.50 -4.37 4
3 BT RGBT EIR IR R 34(%)
Table 3 Over-parent heterosis (%) for yield and quality characters in combinations of two-line hybrid of Setaria italica
351 ESE: K ) L THi L . ¥ BYER HELAE W
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height number length diameter weight weight code starch fat
Al xR1 477 -13.38 -8.54 0.82 6.98 -9.18 -2.15 1299 -1421 —4.94 -4.98
Al xR2 1.25 -5.93 -14.59 -7.81 -9.97 -8.59 -3.80 8.48 -9.47 311 5.47
Al xR3 1.38 -2.15 -1.08 -3.03 20.83 -6.84 3.85 -0.36  -10.08 -8.72 -2.19
Al xR4 10.44 -0.05 -8.11 -6.22 44.34 -5.08 -5.75 46.03 -14.42 —4.57 -11.64
Al =R5 2.87 -0.67 -4.32 -7.52 27.76 -8.40 -8.60 4.95 -14.78 -10.89 -8.56
Al <R6 10.05 213 -5.95 -0.74 31.30 -3.13 -10.74 17.96 —9.65 -9.93 -8.16
A2 xR1 9.39 -5.61 1.01 -7.21 75.68 -8.24 -4.34 8.79 041 -9.42 4.61
A2 xR2 -11.98 —3.56 -12.04 2.30 -16.11 -5.35 13.63 —13.05 2.56 -11.76 5.02
A2 <R3 -10.43 —4.72 2.62 16.68 25.85 -1.93 -4.17 6.32 -3.19 -8.86 248
A2 x<R4 0.51 1.29 -1.57 24.23 29.18 -4.63 -1.99 30.49 -0.86 —6.36 ~7.78
A2 %xR5 -3.96 -9.70 -7.33 15.04 -8.19 -8.02 2.45 -921 -16.51 —-7.96 -9.95
A2 <R6 -2.39 -3.51 0.73 -6.48 -8.99 -3.96 -10.69 -7.34  -10.72 -9.01 -6.19
A3 xR1 -8.06 -16.15 -17.59 -15.19 4.05 -10.58 -15.53 -10.71 -15.09 8.37 -9.23
A3 x<R2 -19.99 -9.81 —4.84 -0.17 -18.61 —12.38 -4.03 —15.59 -9.02 -9.48 -2.30
A3 xR3 -18.83 -11.37 4.30 10.34 14.10 -8.88 -3.89 0.28 -11.15 -8.92 -2.36
A3 xR4 -3.48 -2.50 —7.53 16.05 68.80 —15.37 —15.66 17.70  -10.55 -5.87 -4.55
A3 xR5 -9.49 -8.19 -9.14 10.26 -11.48 -10.78 -8.50 -10.57  -18.22 -9.56 -14.17
A3 xR6 -1.21 -1.03 0.81 -6.61 -11.96 -8.98 -18.22 -8.27 2292 742 -6.53
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Table 4 Variance analysis of phenotype and combining ability of 11 traits of 18 combinations

PEIR X4 ikEy

Trait Block Combination MSg MSs MSg/MSs
¥ik# Plant hight 421.12 437.87 2091.59™ 707.84" 2.95
257540 Node number 1.70 163" 8.82" 217 4,06
AU Ear diameter 0.00 0.07 0.20" 0.12"* 1.70
K Ear length 211 12.317 45,00 15.42* 2.92
FiE Ear weight 8.56 75.79 163.40" 130.53* 1.25
TFHiE 1000-Grain weight 0.03 0.04* 0.07* 0.05* 1.39
FfY Ear code 56.75 378.48" 1083.09™ 452.42* 2.39
R Yield 0.88 0.35 5.86™ 0.56™ 10.40
A Protein 0.00 147 3.00™ 14.72* 2.04
YERY Total starch 1.04 24.30™ 32.91™ 24.30 1.35
fIE/; Crude fat 0.00 0.44™ 0.45™ 0.44* 1.01

MSs: —fRACH /1877, MSg: FFIREC & /13477, **: P<0.05; *: P<0.01.
MSs: Mean square of general combining ability; MSg: Special combining ability; **: P<0.05; *: P<0.01.

5 SRA BN T MR (K — ARTC & 79 (GCA) R
Table 5 Effects of general combining ability (GCA) for yield and quality characters of parents

Sk 731 ENEE SIS FaofH FAH TRE TR R OMEN MuEky IR
parent Pl'ant Node Ear ) Ear E_ar 1000-_Gra|n Ear Vield  Protein Total Crude
height number length diameter weight weight code start fat
Al 14.14 0.29 -0.09 2.78 3.22 0.14 11.75 0.45 0.46 0.66 0.42
A2 -1.71 0.18 0.13 -0.83 0.27 -0.07 -0.05 -0.08 -0.10 -1.67 -0.11
A3 -12.44 -0.47 -0.04 -1.96 -3.48 -0.07 -11.7 -0.36 -0.36 1.00 -0.31
R1 15.12 1.37 0.05 0.87 1.32 -0.06 6.29 -0.18 0.10 0.74 0.06
R2 3.43 -0.42 -0.20 -0.06 -2.45 -0.04 -0.03 -0.06 0.80 1.27 0.64
R3 -7.18 -0.32 0.19 0.46 1.22 0.06 8.37 -0.09 0.36 -0.96 -0.03
R4 4.50 0 -0.05 -0.04 -0.38 0.01 1.60 0.15 0.27 -0.26 -0.26
R5 -11.88 -0.36 -0.09 -1.13 2.74 -0.05 -6.47 005 -0.92 -0.70 -0.32
R6 -3.99 -0.27 0.09 -0.11 —2.44 0.08 -9.76 012 -0.62 -0.09 -0.09
2.4 FRAT=EA G TR — R & 13N M3EA A2. A3. R3. R5 fll R6 [{IHIN GCA 2

P EMBRMERER TSR TEMBAE N E SRR AL GCA ZNAR i =1(14.14),
BBEMR, SRR EMMA ARG — R SRR A2 [RK(-12.44). KE R RS ARA, RE
G IVENAEAT 08, AR B AT WAFSEARRIFE— &R A2 A3 BEARAB A G Fubkm B RIKT
PEIR F—SEARANFEMIR K GCA BNAEAAER KR 10%~21% (K 2: A). RE R A3, A2 FIkE & R2.
R, EINARERM6 MEKE AT, EA AL, R4, RS YR, B, BE. TRE. BEGM/N
R1.R2 Fll R4 FIpkm AIZE 14 GCA RUNAE M IEAE, X5 GCA MMNAEAMENEZ , 1 Al R1. R3,
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Fig. 2 Plant height, node number (A) and general combine ability (B) for yield traits of parents
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Table 6 Specific combining ability effect values for yield and quality characters in 18 combinations of Setaria italica

= ENGE: K 5y YN TR E Al S Wi 7E RVER) FEL AR 17
height number length diameter weight weight code starch fat

Al xR1 -9.89 -0.60 0.09 0.70 -0.02 -3.11 -0.07 0.04 -0.45 -2.95 -0.06
Al xR2 4.66 -0.21 -0.07 -1.13 -0.02 1.00 0.25 -0.02 -0.37 6.82 -0.12
A1 xR3 1.90 0.32 -0.04 -0.13 -0.05 2.80 -0.55 -0.05 -0.03 -0.57 0.17
Al xR4 -2.66 -0.23 -0.02 -0.65 0.05 -3.22 0.05 -0.01 -0.65 0.16 -0.07
Al xR5 1.79 0.57 0.14 0.03 -0.01 1.05 0.01 0.04 0.48 -1.84 0.14
Al xR6 4.21 0.15 -0.09 1.18 0.05 1.47 0.31 0.00 1.01 -1.61 -0.07
A2 xR1 13.14 0.94 0.18 0.30 -0.05 3.03 0.29 -0.08 0.64 -4.11 0.23
A2 xR2 -1.14 0.26 -0.12 0.33 0.02 2.87 -0.21 -0.06 0.29 -3.01 0.13
A2 %R3 -0.01 0.03 -0.04 0.25 0.03 -7.40 0.26 0.12 -0.14 1.65 -0.09
A2 x<R4 -1.15 0.07 0.06 0.36 0.11 4.25 0.05 -0.04 0.29 1.06 -0.13
A2 x<R5 —2.60 -0.73 -0.08 -0.10 -0.06 -0.55 -0.11 -0.02 -0.81 2.92 -0.08
A2 x<R6 -8.25 -0.58 0.00 -1.14 -0.05 -2.20 -0.28 0.07 -0.27 1.49 -0.06
A3 xR1 -3.25 -0.35 -0.27 -1.00 0.08 0.08 -0.21 0.05 -0.20 7.06 -0.17
A3 xR2 -3.52 -0.05 0.19 0.80 0.00 -3.87 -0.04 0.08 0.08 -3.81 -0.02
A3 xR3 -1.89 -0.35 0.09 -0.13 0.02 4.59 0.29 -0.07 0.17 -1.07 -0.08
A3 xR4 3.81 0.16 -0.04 0.29 -0.15 -1.03 -0.10 0.05 0.36 -1.22 0.20
A3 xR5 0.81 0.16 -0.05 0.08 0.06 -0.50 0.11 -0.03 0.33 -1.08 -0.06
A3 xR6 4.05 0.44 0.08 -0.04 0.00 0.73 -0.04 -0.07 -0.74 0.12 0.13

BT B THRAAE KB R S5l i

Table 8 Estimation of genetic parameter for yield and quality characters of hybrid combinations in Setaria italica

Pk i J5 % T 7 WAL T 7% FATy % B LA )1 1% IS ST 1%
Trait Ad(_jltlve Dorr_unate Gen_otype Phenotype N_elrro_V\_/ Broa_d'
variance variance variance variance heritability heritability

¥ Plant height 249,51 24.58 274.09 338.18 73.78 81.05
221744 Node number 0.48 0.23 0.48 0.99 37.39 71.09
U Ear diameter 0.02 0.01 0.02 0.07 16.86 37.51
K Ear length 6.22 0 6.22 6.95 67.85 89.39
fHE Ear weight 4.57 10.29 4.57 104.84 2.35 14.18
TF-RiE 1000-Grain weight 0.01 0 0.01 0.03 44,50 7221
Tt Ear code 172.02 0 172.02 264.18 48.27 65.11
P Yield 0.16 0 0.16 0.39 25.32 40.45
1 Protein 0.38 0.41 0.38 0.81 45.79 97.37
VERY Total starch 0 11.97 0 12.32 0 97.12
Ji§li Crude fat 0.25 0.02 0.25 0.29 80.3 92.37
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Fig. 3 Correlation between yield and quality characters of hybrid combinations of Setaria italic. Upper right: Correlation coefficient; Left lower: Scatter

diagram; **: P<0.05; *: P<0.01.
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