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Combining Ability Analysis for Pb’* Content in Maize and the
Corresponding Breeding Strategy

ZHAO Xiong-wei' ,JIN Feng”,CAO Yan-hua ', LI Lu-jiang' ,ZHANG Yong-zhong',
ZHANG Zhi-ming' ,SHEN Ya-ou' ,PAN Guang-tang', LIN Hai-jian'
(' Maize Research Institute of Sichuan Agriculture University ,Chengdu 611130;” Environmental Protection Bureau of Xingyi ,Guizhou 562400)

Abstract; 66 hybrids(F, ) were got by crossing 12 selected typical inbred lines according to Griffing 4 model.
The analysis of combining ability and genetic parameters were conducted for Pb” " contents in leaves and kernels un-
der 3 Pb>* contamination levels via pot cultivating method in the greenhouse. According to the results, there were
significant differences between general combining ability and special combining ability of Pb>* content in maize
leaves and kernels,and the non-additive variance was larger than the additive variances. The genetic variance was
larger than the environmental variance,as well as the broad-sense heritability was larger than the narrow-sense heri-
tability , indicating that this trait’s variance is mainly from genetic factors with a higher hereditary capacity. During
the germplasm screening process,when the soil Pb’" concentration was lower than 333. 32 mg/kg, Using combina-
tions crossed by parent strain Zheng58 would focus on not only the Ph>* content of kernels in standard , but also the
high enrichment of Ph>* content in leaves,the main purpose was to conduct bioremediation for Ph>* contamination
in soil while taking feed and food security into account. When the Pb>* concentration was higher than
715. 46 mg/kg, using combinations crossed by parent strain 178 should focus on selecting germplasm of low Pb**
accumulation in leaves and kernels, and this would offer some certain guidance for screening maize varieties in Ph**
contaminated soil in the future and selecting breeding strategy of avoiding pollution.
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Table 1 The tested maize inbred lines and their heterotic groups

G5 HAZ A& Eiid G AR EAiid ETRe) HA AR eSS
Code Lines Heterotic group || Code Lines Heterotic group || Code Lines Heterotic group
1 5 58 HCR Reid B || 5 RO8 PR Reid B || 9 Mol7 Lancaster F
2 E7-2 JEI-SLRE | 6 ES40 JEIF-SLEE || 10 178 PB ¥

3 231 i 7 478 Reid ¥ 11 S37 RRLL B

4 7 319 PB #f 8 137 PB #f 12 B73 BSSS #f

1.3 RWAHE

2012 4 4 A AET IR R 50k 42 2 8 43 1
RN AT IS, K il 1 A 42 28 em,
W25 em IR A 1 15 kg, MABRIZK L
A bR E, IR E 3 A PhY 5 QKO TS
BeAKF 1 AU Ph(NO, ), W, 15 Je 7K 2 FKF
3 W45 A E B Ph(NO, ), i, IRAR &
SEME YK 1,23 W40 R 50. 65 mg/kg (-
HEAS 5 Ph? U ) (333, 32 mg/kg F1715. 46 mg/kg,
P AR KN — B R R B WA E 0

I YK ER 2 ~3 R R HE—Fn 4
M ARG, BIE = MIBHES, B4 3 bR, A
PORVRPAE 4 25, /KT B BRI H LA BRAIEA T
1.4 HREXES5PY SENE

TR 5 Y LA R AR T R, TR
FIGJETE 105 C AT, REWRBUR S 7E 65 °C T4t
ZEE, HE5 T BRI ENL (B . 2-750 ) By i, O ot
40 B ARSI Fom AR IR IO
MERESS P2 S P> Ry TR B AR,
BAFES 3 ER, B0 R me/keg, 25 FRE (5%
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Table 2 Joint analysis of variance for Pb’* contents in leaves and kernels among different pollution levels

A S R IR [£hi:05 A Pb** &4 Leaves'Ph?* content T Ph2* 4t Kernels'Ph®* content
Source of variation df MS F MS F

1544 7KF Pollution level 2 491120. 21 1842.75 ™ 3300. 43 727.05 ™
BB Genetype 65 8215.39 30.82* 351.42 77.42%
PR x 1554 IKF- Genetype x Level 130 3643.20 13.67* 308. 42 67.94 ™
IR IR 2 Experimental error 390 266. 52 4.54

* LM IERRTE 0. 05.0. 01 KR BE, T
*, ™ :Significantat 5% and 1% level ,respectively,the same as below
2.2 BXREREHAFEFHIEHE PV EEK TR PO R ZE TR 3, AL R LAE
£ R P A A B E 19 % 2.
TE 3 NG KFET Bk A 32 R S A e #l

®3 BXRARHAGHAEMTFHS PV SEHTL

Table 3 Changes of Pb’* contents in leaves and kernels of the inbred lines and hybrids

M H Leaves FHi Kernels
FeAl Wi
Type Programe HYAKF- 1 15 YK 2 1Y 3 YK 1 YK 2 VYK 3
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
EEEA He KAE (mg/kg) Max. 77.56 235.58 202.92 0.15 0. 84 4.32
Tnbred line  #/]MH ( mg/kg) Min. 10. 61 61.87 76.2 20.10 pg/kg 80.00 pg/kg  0.13
F-#{H ( mg/kg ) Mean 32.83 101. 88 132. 54 0.12 0.25 2.25
Frif2E SD 17.57 47.26 41.45 25.20 pg/kg 0.12 0.70
BRRK(%)CV 53.52 46.38 31.28 20. 83 48. 00 3111
F 17.41* 50. 68 ** 59.71* 5.63 13.14 " 87.49 **
MNE e KAH (mg/kg) Max. 140.97 214. 90 288. 82 0.19 1.95 9.62
Combination  F2/MH ( mg/kg) Min. 3.89 27.37 56. 14 40.10 pg/kg 10.00 pg/kg  0.13
F-H1H ( mg/kg) Mean 49. 84 105. 94 149. 21 81.90 ng/kg 0.28 3.38
brifE2E SD 30. 06 46.2 50. 24 7.48 0.13 1.18
BRZE(%)CV 60. 32 43.61 33.67 9.13 46.43 34.91
F 22.98 ** 29.01 * 80. 44 ** 4.68 64.47 " 159. 68 **

163 MG YUK T 12 B RBYME 258, i
F Pb** E AR S BB B R 53.52% (46. 38% il
31.28% , F KL [ Pb** & & A8 5 R B 4l K
20.83% 48.00% 31.11% ., TEI54KF-1 T, 0tk
Ph>* & BN 10. 61 ~77. 56 mg/kg, TR Pb** 5
RS, A R B F Ph> T F it 25 Fik w2,
MiFAL Pb** 2R AR, 5K 2 N

Fla) Ph* I E RS YK 1 T 3,10
i 54 PMAKLER(E 7-2,E340 178 ,S37) T ki
Ph** S AR, A RN B FIFRL PH? T 5 &
SR E A FEEYKE 3 R, MR Ph T A
BUSYoK -2 BT 1.30 1%, A28 & 178 \ES40 .,
S37 FRIIY Pb* T Fr ik A bR (B 1), A ZE R I Fr
FIFRL Ph> S ZE TR E .,
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Fig.1 The Pb>* content changes in kernels and leaves of inbred lines under 3 Pb** levels
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Fig.2 Distribution of Pb’>* content in kernels and leaves of combinations under 3 Pb** levels
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Table 4 Variance analysis for combining ability of Pb*>* content in leaves and kernels

PR -3 Pb?* S (mg/kg) AR 5B H ¥i5
Trait Soil Ph?* content Source of variation df MS F
nfR P2t ARk 15YKF 1 Level 1 — AL A1 GCA 11 1267. 41 35.33*
Leaves'Pb2* content TR A T SCA 65 774. 88 21.60 *
%2 Error 154 35.87
154K 2 Level 2 — it G )1 GCA 11 2048. 25 17. 12
FRIRECE 1 SCA 65 1602. 15 9.30*
1R2Z Error 154 172. 21
V5 YLK Y- 3 Level 3 — A 1 GCA 11 2841. 02 39.49 *
FREREC A JI SCA 65 2487. 45 34.58*
%2 Error 154 71.93
FH Ph i 15Y4 K1 Level 1 — A 1 GCA 11 63. 14 1.99
Kernels'Ph?* content FRIRECA T SCA 65 15.53 0.74
2 Error 154 20. 81
V5 UK 2 Level 2 — it G )1 GCA 11 93.26 3.37
FRIRILA T SCA 65 71. 62 1.49
%% Error 154 14.72
154K 3 Level 3 — A 1 GCA 11 123.72 14.05 ™
FRIREC A JI SCA 65 63.73 8.48 ™
R2% Error 154 71.93

2.4 FREPYIREFRAKETEXRMAMFR  SHBNMEZEILEEGIRILE S, /154K,
Pb’* EEHN—REE N & ASCHRM AR Ph* T E i i — RS ) R
X 12 AN AR TR P SRR 22ROk, HAFTEIE SRR 0N

RS HRMFHPY AEN—RESHENESELR

Table 5 Multi-comparison for GCA effects of Pb*>* content in leaves and kernels

- F 75 42 7K - Leaves level RS YLK 3 M Fr 75 97K Leaves level TR YK 3
[SEER SRS

1 2 3 Kemels level 3 1 2 3 Kemels level 3
5 58 17.72a 36. 67a 31.70a 11.43a i 478 -2.96d  -7.79de  7.73bc 2.16d
72 -12.37e 16. 68b 2. 71cd -2.79f 137 5.92¢c  -7.99de -0.66e 3.26¢
2331 10. 41D 10. 78bc  —8.53f 1.29d Mol7 5.20¢ 11.95b 0. 86de -0.95¢
¥ 319 3.35¢ 1. 1led 0.22de -5.06h 178 5.77¢  -11.82¢  11.08b -5.72h
RO8 -6.01d  -22.41f  -19.23h ~2. 96fg $37 -13.12¢  —13.12¢f -15.40gh ~1.37e
ES40 -6.94d  -8.50de -10.41fg 4.51b B73 -6.96d  -5.54de  0.46de -3.79¢

) — B80T 5 BRAS [l 5 B 5 R 25 5 3% (P < 0. 05)

Date followed by different letters within a column indicate significant difference at 0. 05 level
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Table 6 SCA effects of Pb>* content in leaves and kernels of the combinations
iRy I 15 44K Leaves level ERARET SEE o 575 LK Leaves level THRLHOKE 3
o Kernels o Kernels
Combination 1 2 3 lovel 3 Combination 1 2 3 lovel 3
58 x & 7-2 -33.74 21.13 49. 18 -11.47 35319 x k137 49.92 -6.35 121. 65 -5.35
58 x &% 31 -0.57 -10.73 -17.28 56. 56 35319 x Mol7 32.49 36.27 15.55 -1.14
¥R 58 x 3% 319 -25.24 1.72 -85.93 -13.52 35319 x 178 -10.01 -2.72 -19.38 3.63
¥R 58 x RO8 44.10 19. 16 -16.73 -13.33 35319 x S37 -28.72 8. 12 0.92 1.72
F 58 x ES40 35.90 52.02 85.73 66. 02 3% 319 x B73 -6.95 -19.00 -11.38 1.70
R 58 x #1478 21.63 59. 08 119.71 -20.74 RO8 x ES40 0.73 -9.51 -14. 81 -7.19
HB 58 x W 137 14.75 -12.13 -66.11 45.90 RO8 x % 478 -3.07 3.60 -29.73 -6.35
¥R 58 x Mol7 9.39 -8.48 -84.25 -6.01 RO8 x Ik 137 -7.47 14. 86 -69.11 -8.34
58 x 178 21.49 84.73 74.20 -12.87 RO8 x Mol7 -30. 37 -26.37 113. 10 -2.12
58 x S37 20. 16 28.32 13.55 -15.71 RO8 x 178 -6.84 -19.04 34.49 1.53
58 x B73 27.03 -37.44 17. 49 -14.80 RO8 x S37 -1.24 8.56 -26.99 -1.32
B 7-2 x %31 -16.09 42.93 -31.33 -5.65 RO8 x B73 -2.96 -9.31 21.37 -0.40
B 7-2x37319 47. 84 14.77 53.60 0.70 ES40 x i 478 -26.22 9.20 -5.72 -12.31
B 7-2 x RO8 -12.52 -28.23 -37.90 -1.40 ES40 x It 137 2.13 -23.35 -30. 85 -13.42
B 7-2 x ES40 -21.30 -65.82 —-58.68 -7.36 ES40 x Mol7 27.48 66. 67 12. 20 11. 59
B 7-2 x {478 11.84 -55.90 -28.98 -6.51 ES40 x 178 15.24 -19.87 -53.32 -4.44
B 7-2x7k 137 6.11 -12.94 -29.52 -7.62 ES40 x S37 -13.98 -26.29 -13.27 5.79
B 7-2 x Mol7 -7.84 11.51 -37.23 -3.41 ES40 x B73 5.67 3.30 56.21 -6.36
E7-2x178 19.51 -37.42 39.31 1.36 478 x 137 -23.11 -29.35  -52.78 -12.57
B 7-2 xS37 19. 50 -1.17 -1.37 -0.93 W 478 x Mol7 -7.21 -1.45 12.72 32.82
B 7-2 xB73 10. 43 83. 84 -18.92 11.07 478 x 178 -9.95 -5.59 3.86 -3.59
2% 31 x 57 319 -41.53 -43.43 -36.78 -3.38 478 x S37 10. 32 -30.10 20.22 -6.43
27 31 x RO8 -17.50 -21.82 19. 00 3.09 478 x B73 11.36 27.44 -16.53 17.74
25 31 x ES40 -18.03 -9.10 44. 06 -8.36 137 x Mol7 30. 57 24.93 59.33 -9.47
2531 x L 478 .72 -21.36 -79.93 6.32 137 x 178 44.02 35.45 -20.03 2.25
2531 x Ik 137 42.05 23.16 45.00 -11.70 137 x S37 -35.48 6.52 -6.16 27.61
25 31 x Mol7 78.14  -76.55 -32.27 -7.49 W 137 x B73 6. 00 19.83 62.77 -6.62
2531 x 178 3.78 -76.92 59.85 0. 26 Mol7 x 178 -37.17 48.99 -26.24 -0.49
25 31 x S37 -30.55 -4.17 81. 64 -5.56 Mol7 x S37 -16.78 -3.92 -26.51 -3.33
£ 31 x B73 -20.46 -19.39 17.43 -4.65 Mol7 x 178 -8.08 -12.50 -26.70 -0.41
3% 319 x RO8 10. 88 10. 01 -13.01 11.61 178 x S37 20.79 27.42 -0.47 1.44
3% 319 x ES40 -14.06 21. 61 41.21 2.34 178 x B73 -8.65 —45.87 -12.43 2.36
37 319 x I 478 23.97 38. 47 -18.89 -4.25 S37 x B73 37.75 21. 14 35.65 -0.49
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Table 7  Estimate of hereditary parameter for leaves

and kernels

BEBH - F 75 44K Leaves level ij){:\;(:jé

Genetic parameter | 5 3 Kernels
Level 3

JnpE gy 2% 70.36  318.07  50.51 8.57

Additive variance

e 0 Jr 22 739.14  1324.76 2415.52 259.88

Non-additive effect

WAL Ty 2% 809.37  1642.82 2466.03  268.45

Genetic variance

Wy 2% 107.62  516.44 215.79  11.55

Environmental variance

FATy 2% 881.79  2000.23 2656.56 275.72

Phenotypic variance

I SGBRAE R (% ) 83. 81 66.23  90.93  94.26

Broad heritability

B SGRLERE(% ) 7.98 15.92 1.91 3.11

Narrow heritability
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5 AR Ph> B 2 B AH 56 RECR TAC R A A
S A SR B, RIIRCE ) — BB 3t A
G R RIFRL Ph 5 i 1 R I AR A — 2 5 5 Y
MGE R 7 FI TR Ph** & it 13— B & ) 2
B A A ) BN ) A K T R 4 I s i R
P> SR 225 P, R ZIRR . H T ACREAR ) —
FBERC A 1800 X AR I e AN TR Ph* T i A Bk
A3, AR 25 SRS — M BC A 1 300 R [R)Bsf 3
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2.8 HESFH PV EENXER
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To.oscan » TS FRLE] PO S o6, 456K 3,78
Ny O N W S ¥ S R N Tl = S S K [
49. 84 mg/kg, TRi Pb** S AR MAR; 7575 YLK F 2
LA AR R PY S IE 105, 94 me/kg,
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Table 8 Correlation coefficient between Pb** content in leaves and kernels and GCA effect

PR 3 Ph? 5 YLK T —BLA 1 GCA
Trait Level of Pb2* pollution in soil -5 Average B Female parent A7 Male parent
IH-J Ph? * £ it Leaves'Ph®* content V5 YK 1 0.56 ™ 0.41* 0.38™
YK 2 0.62* 0.32* 0.54*
75 YLK 3 0.36 ™" 0.19 0.29 ™
F-ki Ph2* & Kernels'Ph?* content 15 YLK 3 0.68 ™" 0.49" 0.53™
3L IEA A R P S 4149, 21 mg/kg,  BEXM
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