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Diallel analysis of seedling shoot and root system characteristics in
maize'

Guang-Jauh Shieh, Chan-Lee Ho and Hung-Shung Lu

Taiwan Agricultural Research Institute, Taichung, Taiwan, Republic of China.

Abrtract. Six inbred lines and their thirty single cross hybrids were
evaluated for seedling shoot and root system characteristics in green-
house studies conducted in fall of 1991. Results of Griffing's method 3
model | diallel analysis indicated that both general (GCA) and specific
(SCA) combining ability were highly significant for all characteristics
Additive effects accounted for major part of the total variation. Recip..
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rocal effects (RE) were found in primary root number and root vol-
ume. Heterosis ranged from 11.46% for primary root number to 224.84%
for fresh root weight. Highly significant positive correlations were ob-
served between leaf number and root system characteristics. This re-

sult indicated that leaf number could be a useful selection index for
improving seedling root system.

Key words: Maize, General combining ability, Specific combining abil-
ity, Heterosis. jl-r22
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Table 1. Backgrounds of the six parental lines evaluated

Code Inbreds Pedigree Or'i‘gin kernel form
A Hi 25 (B14A X MV source) BC. Hawau: USA Dent
B Hi 31 (868 x MV source) BCs Hawa"u, USA Dent
c Hi 33 (Mo17 x MV source) BCs Havt/au, USA Dent
D Antiqua-2D Antiqua Can.bbean Flint
E SW 654 Suwan-1 derivative Thauland. Flint
F TA80-2598-44 (TAB0-2598 X suwan-1) BC, TARI, Taiwan Flint
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Table 2. Means for seedling shoot and root system characteristics of six parental lines and their diallel hybrids

Inbred Seedling Leaf Primary Fresh weight(g) Root Total dry Root
or height number  root number volume weight ratio
hybnd (cm) (No.) (No.) Root Shoot (cm?) (9) %)
A 318 5.65 9.2 1.72 3.45 2.44 0.61 30.6

B 24.4 5.90 7.4 1.45 260 235 0.46 276

C 29.8 5.83 6.8 2.33 5.06 3.40 0.86 254

D 27.8 5.35 7.0 1.90 2.68 2.96 0.54 31.3

E 39.6 6.03 7.1 3.84 5.41 5.42 1.20 29.3

F 28.8 6.15 6.0 1.99 3.14 2.85 0.47 25.6
Inbred x 30.4 5.82 7.3 2.21 3.22 3.24 0.69 28.3
AxB 323 5.70 9.7 2.40 3.53 3.52 0.70 32.3
AxC 34.4 6.20 8.8 4.03 6.02 5.21 1.08 31.9
AxD 36.7 5.95 9.9 4.28 5.76 5.17 1.15 325
AxE 39.9 6.23 10.5 5.49 7.91 7.09 1.48 30.9
AxF 36.2 6.43 9.7 5.80 6.09 7.10 1.10 39.0
BxA 27.8 5.83 8.8 2.61 3.73 3.53 0.63 327
BxC 31.1 6.20 8.7 3.79 6.01 4.71 1.06 29.3
BxD 32.1 6.50 10.5 4.05 5.41 5.02 1.06 31.4
BxE 28.5 6.55 10.0 4.07 5.66 4.92 0.93 325
BxF 28.6 6.85 9.1 3.76 5.14 5.39 0.83 335
CxA 335 6.27 9.3 3.99 6.69 5.39 1.17 29.2
CxB 30.3 5.95 7.1 2.80 4.94 3.98 0.87 27.0
CxD 34.3 5.90 9.4 4.11 5.95 5.47 1.20 30.1
CxE 295 5.95 8.0 3.36 5.78 4.52 0.75 256
CxF 29.4 6.48 9.0 4.05 5.41 5.72 0.84 33.2
DxA 35.7 6.23 10.5 4.78 6.06 6.16 0.98 340
DxB 33.8 6.15 9.1 4.12 5.19 5.44 1.10 329
DxC 37.1 5.98 8.1 4.31 6.28 5.50 1.22 30.1
DxE 335 5.53 7.5 3.79 5.53 4.99 1.04 30.8
DxF 41.9 6.48 9.3 6.06 6.57 7.88 1.12 39.5
ExA 45.3 6.48 10.4 6.32 8.65 7.69 1.75 31.8
ExB 423 6.23 9.0 5.13 7.22 6.71 1.40 30.5
ExC 42.7 6.35 8.2 5.46 7.93 7.28 1.44 295
ExD 395 5.98 8.3 4.47 6.83 5.55 1.35 294
ExF 415 6.10 8.2 4.73 7.39 6.22 1.40 28.9
FxA 37.9 6.53 10.2 4.99 6.53 6.70 1.24 34.4
FxB 34.3 6.45 8.4 4.23 5.13 5.44 0.92 33.7
FxC 337 6.40 8.8 4.93 6.12 6.25 0.80 35.3
FxD 40.1 6.40 9.0 6.56 6.92 8.15 1.34 38.0
FxE 34.0 6.20 8.5 4.07 6.60 5.30 1.07 294
Hybridx  35.3 6.22 9.1 4.42 6.10 5.73 1.10 32.0
LSD(5%) 3.4 0.58 12 2.27 1.1 1.24 0.33 4.0
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Table 3. Mean squares for seedling shoot and root system characteristics of a 6 x 6 diallel set

Source Seedling Leaf Primary Fresh weight(g) Root Total dry Root
of Df height number root number volume  weight ratio
variation (cm) (No.) (No.) Root Shoot (cm?) (9) (%)
GCA 5 51.84** 0.16** 2.14* 2.49* 3.88**  3.63** 0.18**  39.30*"
SCA -9 11.84** 0.12** 0.85** 1.33** 117 1.76* 0.06** 7.20""
R E 15 19.11** 0.03 0.37* 0.34 0.41** 048" 0.03** 2.00
Error 87 1.47 0.04 0.18 0.65 0.15 0.19 0.01 2.00
GCA/SCA 4.38 1.33 2.52 1.87 3.32 2.06 3.00 5.46

*,** Significant at 5% and 1% levels of probability, respectively.

Table 4. Estimates of general combining ability effects for seedling shoot and root characteristics of six parental
inbreds in a 6x6 diallel set

Seedling Leaf Primary Fresh weight(g) Root Total dry Root
Inbred height number  root number _— volume weight ratio
(cm) (No.) (No.) Root Shoot (cmy) (9) (%)
A 0.89 -0.04 0.09 0.06 -0.003 0.03 0.013 0.0110
B -3.95 0.03 -0.03 -0.89 -1.130 -1.08 -0.240 -0.0053
C -2.08 -0.06 -0.66 -0.41 0.018 -0.41 -0.031 -0.0227
D 1.52 -0.13 0.11 0.29 -0.061 0.25 0.078 0.0111
E 3.00 -0.07 -0.26 0.34 1.062 0.37 0.212 -0.0257
F 0.61 0.27 -0.05 0.62 0.113 0.85 -0.036 0.0316
S.E.(grg) 0.38 0.01 0.05 0.05 0.040 0.05 0.002 0.0001
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Table 5. Estimates of specific combining ability effects for seedling shoot and root system characteristics of thirty

combinations in a 6x6 diallel set

Seedling Leaf Primary Fresh weight(g) Root Total dry Root

Combination  height number  root number volume weight ratio

(cm) (No.) (No.) Root Shoot (cm>) (Q) (°o)
AxB 261  -044 -0.65 -1.081 -1.338 -1.15 -0.252  -0.0005
AxC -0.09 0.12 -0.25 -0.057 0.244 -0.05 0.003  -0.0028
AxD -1.46 0.05 0.12 -0.241 -0.125 -0.34 -0.044  -0.0094
AxE 3.44 0.25 0.76 1.087 1121 1.26 0.243 0.0085
AxF 0.28 0.03 0.12 0.293 0.098 0.29 0.050 0.0043
BxC 1.43 -0.11 -0.46 0.220 0.488 0.11 0.089 -0.0104
BxD 0.13 0.21 0.64 0.271 0.398 0.33 0.098  -0.0043
BxE 1.08 0.21 0.70 0.741 0.406 0.79 0.062 0.0259
BxF -0.48 0.13 -0.23 -0.151 0.054 -0.09 0.003 -0.0106
CxD 1.00 -0.09 0.20 -0.092 0.059 -0.08 0.018  -0.0071
CxE .0.08 0.07 -0.05 0.068 -0.324 0.21 0.022 0.0043
CxF 225 0.01 0.56 -0.139 -0.467 -0.19 -0.133 0.0161
DxE .3.27 -0.26 -1.02 -0.916 -0.920 -1.08 -0.241  -0.0040
DxF 3.60 0.09 0.06 0.978 0.597 1.18 0.167 0.0248
ExF -1.16 -0.26 -0.40 -0.980 -0.283 -1.19 -0.087  -0.0346
S.E. (§,-S,) 1.14 0.03 0.14 0.139 0.131 0.16 0.005 0.0002
S.E. (S,Su) 0.76 0.02 0.09 0.093 0.087 0.11 0.003 0.0001

Table 6. Heterosis for seedling shoot and root system characteristics of fifteen hybrids in a 6x6 diallel set

Seedling Leaf Primary Fresh weight(g) Root Totaldry  Root

Hybrid height number  root number volume weight ratio

(cm) (No.) (No.) Root Shoot (cm?) (9) (%)

AxB 6.8 -0.2 12.4 57.7 19.8 47.1 24.0 117
AxC 10.2 8.7 13.3 98.0 49.4 81.8 52.3 9.0
A x D 21.4 10.6 26.5 150.2 92.9 110.0 84.3 74
AxE 19.1 8.7 28.9 112.0 86.8 88.0 78.2 47
AxF 222 9.7 30.8 191.1 91.3 160.9 116.5 30.6
BxC 13.1 3.6 11.4 74.3 43.0 51.2 45.1 6.2
BxD 26.2 12.4 36.7 143.7 100.8 97.0 114.9 9.1
BxE 10.5 7.1 31.1 73.6 60.7 49.6 40.7 10.7
BxF 18.3 10.3 30.6 1325 78.9 108.2 87.4 26.3
CxD 23.9 6.2 26.5 98.7 58.1 72.8 715 6.1
CxE 4.0 3.8 16.3 427 309 339 6.5 0.8
CxF 7.7 7.5 385 117.3 40.5 91.8 22.7 343
DxE 8.2 1.1 12.4 43.7 52.8 25.9 371 0.6
DxF 449 11.9 41.4 224.8 132.0 176.1 141.9 36 1
~ ExF 10.3 1.0 27.2 50.8 63.5 394 47.9 6.1
SE. 10.5 4.1 10.1 54.1 30.0 44.3 39.0 120
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Table 7. Correlation coefficients among seedling shoot and root system characteristic of thirty-six genotypes

Leaf Primary root Fresh root Root
Characteristic number number weight volume
Primary root number 0.47*
Fresh root weight 0.63** 0.55**
Root volume 0.63** 0.51* 0.98**
Root ratio 0.45** 0.58** 0.59** 0.58"*

*** Significant at 5% and 1% levels of probability, respectively,
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