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Combining Ability Analysis of Kernel Dehydration
Related Traits in Maize Inbred Lines
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Abstract: Excellent inbred line serves as foundation in commercial breeding. Combining ability is an
important index to evaluate the heritability and breeding value of inbred lines. By analyzing 182 hybridized
combinations that derived from 14 inbred lines from home and abroad following complete diallel crossing,
we analyzed the kernel dehydration related traits combining ability in maize. The results indicated that:
(1) significant differences on kernel dehydration rate, kernel moisture content, husk number and husk area among
different inbred lines, which were environment-dependent, ( 2 ) through combining ability analysis, we found that
Zheng12,Zheng645, PHR55 and LH202 as parents can easily mate combinations with rapid kernel dehydration or
low kernel moisture content at mature, especially Zheng12 x LH202, ( 3 ) The phenotypic value of 182 hybridized
combinations for kernel dehydration related traits were all respectively significantly positive related with the sum
of their parents general combining ability. The results might provide useful resources or theoretical basis for the
genetic improvement of maize varieties which are suitable for mechanical harvesting.
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Table 1 Source of 14 maize inbred lines used in this study
Hs E4 SRR Hs E4N p 3
Code Name Source Code Name Source
1 PHR55 F R IR FTAE 8 ZhengA88 H B R
2 LH202 Fe ] IR AT 9 ZhengH71 ER-ERlS it
3 PHJ65 5 E IR 10 Zheng645 ER=E[RL YRS
4 Chang7-2 o AT A 11 Zhengl2 M & IRFERE
5 La619158 H [ TR 12 Zheng6 ER=ilgEsits
6 Zheng58 A& B 13 Zheng1798 [ & IRFTRE
7 ZhengT22 ER-EIale i 14 Zhengl1 H B AR RA

1.2 REHE

2017 4F 6 H 14 oK A28 R S 182 MRAc 4
B 53 AR A AT B A8 A MRk G T BH 0 e b 2
PR ARl B g 5 . [ 142 5% I BERLIX 2H 3%
T, 2 17X, R 2 IR, 25 B RIEAS A28 R o TP
T, 225 G474 6 m, 1 7iE 60 cm, #REE 25 em; [ 22
ZA7H 6 m, A7HH 30 em, PRFE 25 cm.  HH [ PSS
MR AR P2, R, ZEA BB I 22 1, e
TR S Bk, LS e, Rl 5 , 1
INXGE—TE A —RIEMN T HH, I sk 5k H
1.3 HRNZEFE

FEAL B 7K 7K 3 5« I Y E 7K 430

A (H A HB-300 T K FFAL K 430 2 A3 ) 43500 %k
Bk g 35 d R (e BE R R OK KR 50 4K
PR FIEARUE LU/ N X 909% LA b SR frkFr H B
) ) AR S KRBT E . BN
DX YRR 3 A , 43 J31) 7 SR A v 308 0 A0 ) e 25
1R R K 3 (%/d ) =[ B — I &K
R(%)- TG —RFKFE (%) ]/ WU 8] B K E
(d)FATGETH T A )2 BRI AL T R A
BEAS/NXE S il % R i A AR ) BRAR YR G i |4
I J2 5 e B RO g R A B (A A
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Zheng645, H: ¥k &y Zhengl1 , Zheng12 . Zheng1798 .
PHRSS5, 1 PHI65 /K B0 5 BUBIIRFRL 5 /K58, 4%
FAARLRZIAFE B 25 (£ 2), Hh LH202
Fl Zheng645 A2 FFRL & 7K R AR, 1 PHI6S B
155 5 R KR 7K 2 DR DG Y A - )2 8RN A
A, AR AL RZHMZSARE(E2), AR
PHRS55 Fil Zhengl1 ) 45 M JZ % % /b, ZhengT22
& %; [ 3¢ & PHRS55 Hl Zheng645 fit &5 i 1] FR 4%
/N, ZhengH71 fe Ko 228G T7 2 Wrds 3 won
(3R 3), KPR iK% R & KR AL JZ ER AL
i FRAE AN ) PR EE AR 4H & D R SR B & 1A
Z 2SI B . LRI, B RRERE I KA DG
PR B 2 [ A7 3 22 5, FLAZ IR B 5
AP B [FI BESBOT A REV (£ 4), 5
Sk ZE AR HOEE FPRL I KB R R B K R i
JEBORV R TR Ty 25 34 e IR e 5 A J2 450RN
A TR RS 1, 70 79.68% . 85.10%

Table 2 The comparison of the kernel dehydration rate related traits of 14 maize inbred lines

FIZE % FPRLBE K HA (%/d ) KPR A K (% ) B R AL AR (em®)
Inbred line Kernel dehydration rate Kernel moisture content Husk number Husk area
LH202 0.66BCbc 23.15Ed 7.25DEFde 5879.75Fg
PHJ65 0.11Dd 48.43Aa 10.25Bb 12108.50Cc
PHRS55 0.88ABab 28.58DEcd 6.50Ff 3845.50Gh
Zheng1798 0.90ABab 29.28DEcd 7.75CDEcd 7284.75EFef
Zheng645 1.11Aa 23.33Ed 7.00EFef 3028.75Gh
La619158 0.77ABCb 33.30BCDEbc 7.75CDEcd 7737.00DEFe
Zhengl12 0.91ABab 29.10DEcd 8.25Cc 6388.25Ffg
Zheng6 0.76ABCb 33.65BCDEbc 8.00CDc 9164.75Dd
Zhengl1 0.92ABab 29.80CDEcd 6.50Ff 6326.00Ffg
Chang7-2 0.68BCbc 35.98BCDbce 11.00ABa 15369.00Bb
Zheng58 0.48C 41.13ABab 6.75Fef 7414.00DEFef
ZhengA88 0.49Cc 40.00ABCb 7.00EFef 8313.50DEde
ZhengH71 0.45Cc 41.18ABab 11.00ABa 17215.75Aa
ZhengT22 0.81ABCb 37.70BCDb 11.25Aa 15648.25ABb

ANEK VNG FHREFIRTE 0.01,0.05 K F2257 8%, TR

Different capital and small letters followed by data within a column mean significantly different at 0.01, 0.05 levels, the same as below

R3O PHEFK

HEFERFFHHKER MR T ESD

Table 3 Variance analysis of the kernel dehydration related traits of 182 maize hybrid combinations

S A KPR K FFRL KR L =S R THIFR
Variation source df Kernel dehydration rate ~ Kernel moisture content Husk number Husk area
X 4[] Block 1 20.40" 5.45 0.41 1.63
FRHE[A] Environment 1 267.70" 70.89" 295.45" 49.46”
2045 18] Combination 181 286" 4.80" 6.76" 6.78"
Wi x AE 181 2.40" 3.87" 2157 2.99”

Environment x Combination

T FORTE 0.01 KPR BIE, T

" means significantly different at 0.01 levels, the same as below
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Table 4 Estimation of genetic parameter for kernel dehydration related traits in maize

Ji ZEM 5 FPRL LA R HPRL B K L E AL A
Variance component Kernel dehydration rate Kernel moisture content Husk number Husk area
Itk J5 % Additive variance 0.010 10.56 1.48 1170.76
1477 2 Dominance variance 0.003 2.53 0.31 649.33
1844 75 % Genetic variance 0.013 13.09 1.80 1820.09

] 354% 71 (%) Broad heritability 56.690 75.74 79.68 85.10

22 ERFFRIKEXMERES N3
BL & 175 250k (36 5), 14 1 FI S R FPRL
JE AR A KPR K AR B2 R S A T AR — B

RS ERIFRBRKEXEREE NTESN

B IAFHERR 75 22 5 5 FPORIBC & 1 B SR Ay
TEM 255 . Ik, dE— AN S ook — B &
DALY IR IEIRE BRI Ve WAL SRS

Table 5 The variance analysis of combining ability for kernel dehydration related traits in maize

A IR — A1 FEAIC S 1 SLAERLN
Variation source GCA SCA Reciprocal cross effect
i K i 4 oy 0.07 0.02 0.01

Kernel dehydration rate F- (i 2801 812" 305"

FERL K2 Sy 153.64 5.77 3.18

Kernel moisture content F- i 146.58" 5507 303"

A =E oy 21.46 0.70 0.32

Husk number F- i 187,457 6.09" 2787
A BJ5 17676.19 1292.22 250.32

Husk area F- i 221.80" 16217 3147

— A IR MR (3R 6 ), ARPEIRE F
LR LG TIRAFAE .25 55 ASC R Zhengl2,
Zheng645 FERIAR K 3R GCA R, 43514 0.085,
0.054, Tl PHI65 &5 7 £z /N, 24 0062 8 24 3] FF A
£ K GCA, H 28 £ LH202 f50 /)N, N 4485, ok Hy
Zheng12, Zheng645, 43 1| k1 —2.529 . -2.417, Tfif PHJ65 X
MR, A 3.198; AL 2 E GCA 3/ A 28 KK
Zhengl1, Zheng58 . PHR55 } Zhengl2, 43 5l i -1.171,
-0.876.-0.778 . —0.644, T F 2¢ & ZhengT22 fiz K,
41 1954; [ 3¢ % PHR55 ., Zhengl2 il Zheng645
() &L i T B GCA L R # /N, 43 il R -38.842.,
-29.925.-19.217, ZhengT22 £ K, H 56.613, Hi L 7] LA
F i, Zhengl2 , Zheng645 , PHRSS . LH202 1 2% A<
WA RHEE G Be it B R PR B 7K SRR R s R 7K 458
P 2a A, 7E EALCHRE TR B AR AIESE R A

FEORIEC & 120 tr RA(ERT), 4 &
Zheng12 x LH202 ¥f %7 il 7K # %8 SCA £ K, 4 0.23,

H ¥k 4 LH202 x ZhengH71 . PHJ65 x ZhengT22,
¥ oM 021; i 2H 4 LH202 x La619158 it SCA %
I AE B /N, A =035, BUEVBIRERL S OK 3 A G
PHJ65 x ZhengT22 ) SCA #x /N, i -4.25, T
ZhengH71 x ZhengT22 [ SCA fz K, N 5.76, il
JZ %0 SCA, 4 & ZhengT?22 x ZhengA88 & i #¢ /)N,
HAOWAE N -1.25, 1141 A LH202 x ZhengT22 %
& K, 132, 41 B SCA, 4 5 ZhengT22 x
Chang7-2 /)N, &4 =78.71, LH202 x ZhengT22
% K, O 59.52. FH AT T, RE R K AR PR B 2R
A 2] A ok R G K B 3 SCA I AR =, H R
A — WA B, HA A B RRIR L A T
LS 2. JiAh, LR H B — R A 1 Ry
PRTC & J1 R0, & B A 28 £ Zhengl2 7E Ff AL it
KRR, BTN AR S A
H A28 R AR A58 4 A 1 s (R 4% 2%
A —BEA )5 HAGRKRE S I ZH) BK
T 0,
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Table 6 Effect of general combining ability for kernel dehydration related traits of 14 parents in maize
HACHR APRLIE K R FPRLE KR B EEL A TH AR
Inbred line Kernel dehydration rate Kernel moisture content Husk number Husk area
PHRS55 0.050Bbc -2.359F¢g -0.778EFgh -38.842[j
LH202 -0.038EFGfgh -4.485Gh -0.028Dd -1.702DEef
Zheng1798 0.028BCcd -0.865Ef -0.091Dde -8.010Fg
ZhengA88 -0.054FGh 1.943BCb -0.564Ef -1.857DEFef
Zheng58 -0.048EFGgh 1.262Cc -0.876Fh -4.807EFfg
ZhengT22 -0.026DEFfg 2.073Bb 1.954Aa 56.613Aa
La619158 0.002CDde -0.676Eef -0.242De 1.846De
Chang7-2 -0.017DEef 1.977Bb 1.177Bb 29.232Bb
ZhengH71 -0.061FGh 2.891Aa 0.784Cc 23.944BCc
Zheng645 0.054ABb -2.417Fg -0.162Dde -19.217Gh
Zhengl2 0.085Aa -2.529F¢g —-0.644EFfg —-29.925Hi
Zheng6 0.048Bbc -0.173DEde -0.108Dde -7.995F¢g
PHJ65 -0.062Gh 3.198Aa 0.749Cc 18.238Cd
Zhengl1 0.040Bbc 0.161Dd -1.171Gi -17.518Gh

R T 182 HHIZ A G TR KR MR BRES & JIRURL

Table 7 Effect of specific combining ability for kernel dehydration related traits of 182 combinations

AR K KRR FERLIEK PRI
Ao E R BE b || a E RE AR
Combination Kernel. Ke.:rnel # Husk Husk area Combination Kerne? Ke.:rnel H Husk Husk area
dehydration moisture number dehydration = moisture number
rate content rate content

1x2 0.04 -0.54 -0.82 -18.41 3x6 -0.01 -0.05 0.38 0.97
I1x3 0.01 0.62 -0.10 -4.55 3x7 0.21 -4.25 -0.13 -9.94
1x4 0.00 0.28 0.85 14.92 3x8 -0.04 1.03 0.63 15.75
1x5 -0.17 0.45 -0.48 1.33 3x9 0.02 -1.84 -0.13 -11.93
1x6 0.01 0.88 -0.10 -8.45 3x10 -0.03 0.55 -0.50 -4.21
1x7 0.01 -0.62 0.95 4.52 3x11 -0.03 1.04 -0.13 -11.66
1x8 -0.02 0.69 0.47 10.85 3x12 -0.01 0.13 -0.25 -16.67
1x9 -0.03 0.73 0.62 2.67 3x13 0.01 0.04 -0.13 -9.66
1x10 0.00 -1.12 -0.06 -4.19 3x 14 -0.13 2.05 -0.33 -15.27
Ix11 0.04 -0.92 0.42 20.21 4x1 0.01 -0.10 0.00 4.20
1x12 0.02 -0.27 0.26 14.10 4x2 0.06 -0.90 0.25 19.98
1x13 -0.07 1.24 -0.51 -5.09 4x3 0.00 0.09 -0.18 6.46
1x14 0.10 -2.28 -0.30 -5.62 4x%x5 0.00 0.05 -0.25 -5.97
2x1 -0.06 0.90 0.13 8.73 4%x6 0.01 0.25 0.13 3.08
2x3 0.20 -0.32 0.03 -2.74 4x7 0.02 -0.53 0.13 -9.63
2x4 0.20 -1.02 0.85 42.51 4x8 0.05 -1.24 -0.25 -16.14
2x5 -0.35 1.78 -0.36 -3.00 4%x9 -0.02 0.98 -0.46 -31.01
2x6 -0.22 0.22 0.28 9.50 4x10 -0.08 1.12 0.23 1.04
2x7 0.14 -0.62 1.32 59.52 4x11 -0.05 0.66 -0.28 0.78
2x8 -0.03 0.07 0.22 -13.19 4x12 -0.04 0.00 1.18 46.80
2%x9 0.21 -1.06 0.87 28.36 4x13 0.03 -0.70 0.00 -2.21
2x10 -0.13 -0.05 -0.31 -13.54 4x14 -0.01 -0.07 -0.51 -9.14
2x 11 -0.12 -0.43 -0.20 -17.36 S5x1 0.13 -0.75 -0.50 -7.08
2x12 0.13 0.16 -0.49 -20.98 5x2 0.04 0.48 0.63 15.01
2x 13 -0.12 0.57 -0.26 -5.63 5x3 0.10 -1.86 -0.13 -12.75
2x 14 0.05 1.54 0.82 31.20 5x4 0.02 -0.13 0.06 14.57
3x1 0.01 -0.06 0.13 2.88 5%6 0.05 -0.60 0.50 14.22
3x2 -0.01 -0.28 0.00 0.35 5x7 -0.10 2.26 0.38 -5.39
3x4 0.03 -0.18 0.00 3.56 5x8 -0.01 -0.01 -0.50 -19.79
3x5 0.01 0.14 0.13 -2.84 5%x9 0.05 -1.42 0.71 18.72
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FPRIBRE K FPRE FPRLBE K KPR
A o AR m || as BE R TR
Combination Kernel. Kf?rnel # Husk Husk area Combination Kerne% Ke.rnel H Husk Husk area
dehydration moisture number dehydration = moisture number
rate content rate content

5x10 0.06 -1.70 0.65 11.80 9% 8 -0.01 0.31 -0.25 1.76
Sx 11 0.02 1.25 0.26 7.59 9% 10 -0.04 1.32 0.25 8.38
S5x12 0.03 0.63 -0.90 -22.28 9x 11 0.05 -1.77 -0.89 -20.60
5x13 -0.08 1.06 0.38 13.70 9x 12 -0.03 -0.45 -0.30 8.37
Sx 14 0.09 -1.15 -0.59 -24.82 9x13 0.02 -0.76 0.75 21.53
6x1 0.02 -0.31 0.00 9.05 9x 14 -0.16 3.64 -0.74 -15.69
6x2 0.16 -0.40 0.38 10.55 10x 1 0.10 -0.64 0.25 1.40
6x3 0.13 -3.32 -0.25 -0.84 10x2 0.10 0.03 0.25 4.33
6x4 -0.03 -0.34 -0.18 22.45 10x3 0.00 0.86 0.41 22.73
6x5 0.06 -0.62 0.62 23.29 10x 4 0.01 -0.81 -0.50 -13.80
6x7 0.03 -0.95 —-0.08 5.19 10x5 0.00 -0.49 -0.25 -4.78
6x8 -0.03 0.78 0.38 7.98 10x 6 0.04 -0.61 -0.13 -4.76
6%x9 0.03 -1.30 0.34 22.96 10x7 0.03 -0.69 0.25 7.65
6x10 0.07 -0.76 0.16 6.24 10x 8 -0.01 0.75 0.25 -5.72
6x11 -0.02 0.05 -0.36 -3.59 10x9 0.00 -0.28 0.63 11.33
6x12 0.00 0.10 0.11 -2.15 10x 11 0.03 -0.43 -0.45 -5.06
6x13 0.00 -0.26 0.50 14.15 10x 12 0.02 -0.57 -0.36 -2.48
6x 14 0.05 -0.55 0.42 1.67 10x 13 0.02 -0.76 -0.13 -1.40
7x1 -0.01 0.50 0.38 11.37 10x 14 -0.06 1.06 0.33 6.42
7x2 0.03 0.53 —-0.50 -20.04 11x1 0.01 -0.45 1.00 21.83
7%3 -0.15 1.95 0.17 29.03 11x2 0.23 0.89 -0.13 0.96
7x4 0.07 -1.13 -0.76 -78.71 11x3 0.04 -0.96 0.27 8.41
7%x5 0.06 -1.21 0.66 35.04 11x4 0.02 0.56 0.00 -2.53
7%x6 -0.03 0.66 0.00 -14.32 11x5 -0.05 1.30 -0.13 -0.29
7x8 0.01 0.34 -1.25 -35.76 11x6 0.00 -0.39 0.88 15.83
7x9 -0.18 4.07 -0.74 -55.07 11x7 0.00 -0.13 -1.00 -21.43
7x 10 -0.16 3.25 0.71 20.14 11x8 -0.01 0.28 0.13 -2.41
7x11 0.03 -1.05 0.19 20.23 11x9 0.00 0.25 -0.25 -3.41
7x12 -0.03 -0.43 0.40 36.85 11x10 0.02 0.68 0.25 331
7%x13 0.00 0.19 -0.63 -19.31 11x12 0.00 -0.15 0.63 -6.19
7x 14 0.01 -1.31 -0.53 -10.03 11x13 -0.02 0.54 -0.25 -2.60
8x1 -0.01 1.45 0.63 23.16 11x 14 -0.01 -0.10 0.31 18.89
8x2 0.07 1.41 0.13 0.71 12x1 -0.09 1.90 -0.38 -1.89
8x3 0.08 -2.42 0.44 0.63 12x2 0.02 0.36 -0.63 -11.22
8x4 0.02 -1.29 —-0.11 18.55 12x3 0.03 -1.66 0.11 -10.73
8x5 0.02 0.74 0.55 24.05 12x4 0.01 -0.49 0.00 -2.00
8x6 0.04 0.24 -0.69 -30.35 12x5 0.02 -0.49 0.00 -4.63
8x7 0.05 -2.66 -0.14 14.56 12x6 -0.02 0.55 -0.13 -6.57
8x9 0.08 -3.03 -0.22 15.67 12x7 -0.04 1.35 0.25 4.07
8x 10 -0.05 1.89 -0.03 2.15 12x8 0.03 -0.48 -1.00 -23.41
8x 11 -0.02 1.46 -0.17 -3.38 12x9 -0.04 0.70 0.13 -1.52
8x 12 -0.05 0.72 0.42 -1.15 12x 10 -0.04 0.28 0.13 1.01
8x 13 0.01 0.03 0.25 8.52 12x 11 0.05 -0.98 0.13 11.73
8x 14 0.01 -0.70 0.23 14.91 12x 13 0.09 -2.03 0.00 4.07
9x1 -0.02 0.94 -0.13 -3.17 12x 14 -0.02 0.38 0.28 16.79
9%x2 -0.01 1.08 -0.38 -23.43 13x1 0.03 0.28 -0.63 -6.53
9%x3 0.16 -2.91 -0.16 13.18 13x2 0.02 -1.80 -0.63 -9.90
9x4 0.09 -3.83 -0.50 -13.98 13x3 0.05 -1.73 0.22 20.28
9x5 0.01 -0.25 0.00 -4.38 13x4 -0.06 1.26 -0.09 -6.00
9% 6 0.02 -0.86 0.50 15.20 13x5 -0.01 1.02 -0.04 -8.77
9x7 -0.22 5.76 -0.25 -3.38 13x6 0.00 0.18 0.47 8.76
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a1 o AR m || as BE R R
Combination Kernel. Kf?rnel 3 Husk Husk area || Combination Kerne% Kf?rnel 3 Husk Husk area
dehydration moisture number dehydration = moisture number
rate content rate content
13x7 -0.01 -0.40 -0.24 1391 14x4 0.05 -0.48 -0.50 -5.64
13x8 0.01 0.59 0.15 -1.70 14 x5 -0.04 0.81 0.25 -0.48
13x9 0.04 -1.77 0.55 18.25 14x6 0.00 0.15 0.13 -0.27
13x 10 0.06 -0.61 0.38 16.09 14x7 0.06 -0.58 -0.25 -9.74
13x 11 -0.01 0.68 -0.02 -5.23 14x8 0.03 -0.79 0.00 -1.10
13x12 0.02 -0.04 -0.30 -26.14 14x9 0.13 -3.63 0.13 -1.12
13x 14 -0.02 0.44 1.01 30.84 14 x 10 -0.05 1.71 0.50 6.20
14x1 -0.02 0.78 0.25 12.86 14 x 11 -0.01 -0.19 0.00 -3.78
14x2 0.04 0.25 0.13 3.63 14x12 0.04 -1.20 0.00 -13.62
14x3 0.13 -2.94 -0.25 -8.04 14x13 0.01 0.39 0.00 -6.88
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