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Half diallel analysis of related traits to yield and fruit quality in tomato lines
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ABSTRACT

The selection of elite parents and hybrids could be used for the genetic improvement of quantitative and qualitative traits in
breeding programs of vegetables. In order to genetic evaluation of quantitative and qualitative traits of tomato lines, half-
diallel crosses were performed among eight lines C.JPS3, S.2274, H.1370, K.2274, S.L, C20, Primoga and A13012. The
obtained hybrids along with parents were planted in a randomized complete block design with three replications. Traits
including fruit shape index, no. of locules, fruit firmness index, brix, titrable acidity, pH of fruit juice, no. of inflorescence
per plant, no. of flowers per inflorescence, no. of fruits per plant, average fruit weight and yield were measured. Parent
K.2274 had the highest values of general combining ability (GCA) for the yield, number of fruits per plant and fruit
firmness. The highest specific combining ability (SCA) was observed in C20xC.JPS3 and A13012xK.2274 cross for the
average fruit weight, respectively. Among parents and hybrids, parent H.1370 and Primoga % H.1370 hybrid had the highest
yield. The highest relative heterosis percentage for no. of fruits per plant, average fruit weight and yield were observed in
A13012 x Primoga, C20 x C.JPS3, and Primoga x H.1370 crosses, respectively. Role of over-dominance and dominance
effects were more than the additive effect in controlling of yield, no. of fruit per plant, titrable acidity, and brix. However, the
additive effect was effective in the control of average fruit weight.
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Table 1. First origin and characterization of the
parental lines.

Characterization Origin __ Parents
Determinate- High quality fresh consumption- Italy C.JPS3
Early maturing- Dark red fruit with low TSS- (P1)
Low yield
Determinate- High quality fresh consumption Italy S.2274
-Late maturing - Light red fruit with low TSS- (P2)
Average yield
Determinate- High quality fresh consumption Italy H.1370
-Early maturing - Dark red fruit with average (P3)

TSS- High yield
Determinate- High quality fresh consumption ~ Russia K.2274

- Early maturing - Dark red fruit with low (P4)
TSS- High yield

Determinate- High quality fresh consumption  Russia S.L.
- Early maturing - Dark red fruit with average (P5)
TSS- High yield

Determinate- High quality fresh consumption  Russia C20
- Early maturing - Dark red fruit with low (P6)

TSS- Positional male sterility- Average yield

Determinate- High quality fresh consumption ~ Russia ~ Primoga
- Early maturing - Dark red fruit with average (P7)
TSS- Average yield

Indeterminate- High quality fresh  Russia  A13012
consumption - Very late maturing -Light red (P8)
fruit with low TSS- Average yield
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Table 2. Results of variance analysis effect of parental lines and hybrids for related traits to yield and fruit quality of tomato.
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ns, " and * Non-significantly difference and significantly difference at 5 and 1 % probability level, respectively.
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Table 3. Combining ability analysis, the ratio of GCA: SCA and heterosis percentage values in eight tomato parental
lines and F; hybrids for related traits to yield and fruit quality.
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* and ** Significantly difference at 5 and 1 % probability level,
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%= Specific combing ability variance.
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Table 4. Estimation of general combinability of parents for measured characteristics in eight lines of tomato.
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ns, *, **: Non significantly difference and significantly difference at 5 and 1 % probability level, respectively.

LSDy.0s5)-Least significantly difference at 5% probability level.
P1(C.JPS3), P2 (S.2274), P3 (H.370), P4 (K.2274), P5 (S.L), P6 (C20),P7 (Primoga), P8 (A13012).
The eight tomato lines used as parents: P1 (C.JPS3), P2 (S.2274), P3 (H.370), P4 (K.2274), P5 (S.L), P6 (C20), P7 (Primoga), P8 (A13012).
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Table 5. Estimation of specific combining abilities of evaluated characters in eight lines of tomato.

~ E b= " © 5 -
i £ 3 g 3 ¢ 58 E E
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s £ 3 £ E = E st &: 2 ¥ 3
= 7 ; = == < = Z o =8 A 52 o
E® ° £ £ o T <E 2 Z -
= g 2 = = z
S.2274 x C.JPS3 007 -1.117 113" 004 001 -0.11 5170 3617 23.37 -2.60 478.10
H.1370 x C.JPS3 0.06 025 -1.167  -013 004 0.197 1.08" -1.80"  -7.12 13.72 415.51
H.1370 x S.2274 001 037 094" 001 -002 -0.15 3.057 244" -1332  -738  -1099.94"
K.2274 x C.JPS3 0.06 -0.08 -071" 032" 008 013 078" 0.5 3.83 -13.97  -187.71
K.2274 x S.2274 0.07 093" -1.08" 005 004 003 0.19 1117 20.97 -3.93 553.54"
K.2274 x H.1370 0.09 025 -057" 020 -002 -0.18" 356" 3.097 2514 833 -1041.05"
S.Lx C.JPS3 0177 1.03"  -066" 009 -005 -033" 378" 041 9.67 -12.05 -449.52
SLxS.2274 0.01 009 003 -005 -004 008 -035 -1.04" -10.02 12.23 109.91
S.LxH.1370 002 -078" 009 -025" -005 014 48" 978" 6589 538 1851.13"
S.LxK.2274 -0.01 0.13 0.04 -0.06 005 009 3757 2217  -516 -10.09 -90.17
C20 x C.JPS3 0.04 -055"  -012  -0.14 004 -001 335" -077° 2498 35027 51324
C20x S.2274 005 064" 074" 012 002 005 312" 029 6.16 432 640.19"
C20x H.1370 004 093" -038 005 007 008 036 -238" 2601 0.11 -581.36"
C20xK.2274 001 -063" 1777 -011 008 -0.14 -1.997 379" 4228  -23.06° -141.06
C20xS.L 004  -011 110" 017 001 010 468" 221"  -797 5.12 -482.94
Primogax Cal JPS3  -0.03 0.2 070" 009 004 003 144" 013 4.19 2189  -787.13"
Primoga x S.2274 006 021 032 -032" 002 -010 091" -1.19" -19.68  -3.48 -710.79"
Primoga x H.1370 0.11 0.19 006 034" -003 002 4157 -1647 383 2210 2165.137
Primoga x K.2274 005 0527 L1177 -0.16 -0.05 004 -1.71" 247"  4622" 31817 43522
Primoga x S.L 0.01 007 063" 0367 005 015 1477 077 353 -13.06 40738
Primoga x C20 007 010 087" 014 -006 006 -1.78" 203" 4670" -7.13  -1353.45"
A13012 x C.JPS3 002  -016 041 021 004 008 938" 2117 -1480  -1002  -647.80"
A13012 x S.2274 0.01 012 006 008 001 010 -123" 0.6 240 4.11 185.10
A13012 x H.1370 022" 045" 052" 0277 001 009 -091" -399" 5383  -1659 -1834.11"
Al13012 x K2274 0.04 0.05 0.01 009 -008 005 323" 269" 3121 32777 734127
A13012xS.L 0.09 028 -003 -016 006 001 -5.097 2557 49.79° 1187  -830.81"
A13012 x C20 001 026 075" 004 001 -009 -034 324" 5631" -1248 152391"
A13012 x Primoga 0.04 019 025 -009 004 005 3557 7727 101.98" -1.79  758.60”
LSD (gs) 0.02 0.15 0.15 005 002  0.03 0.24 0.33 4.96 1.44 110.0

*, **: Significantly difference at 5 and 1 % probability level, respectively.

LSDy.0s)-Least significantly difference at 5% probability
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P1(C.JPS3), P2 (S.2274), P3 (H.370), P4 (K.2274), P5 (S.L), P6 (C20),P7 (Primoga), P8 (A13012). :iuls eolictul wlls lgie 4y o7 584268 p¥ cuia
The eight tomato lines used as parents: P1 (C.JPS3), P2 (S.2274), P3 (H.370), P4 (K.2274), P5 (S.L), P6 (C20), P7 (Primoga), P8 (A13012).
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Table 6. Mean performances of the different traits for eight parents, F; hybrids and two commercial hybrids of tomato.

¥ 5 5 g 8 g 8 @
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Q5 = b = 5] = = z2 8 = i =
Gnoure S 2 EEF 2 £ £ £ E EF %
=5 5 £ g = %5 °E s 2 =
£5 S E = 2 g 27 7 £ a
= Z = Z 2
<
C.JPS3 (P1) 1.0 32 6.0 3.9 0.6 4.1 15.5 10.3 69.5 16.4 1134.1
S.2274 (P2) 1.0 4.2 54 3.8 0.5 4.2 19.0 10.2 44.7 40.2 18244
H.1370 (P3) 0.9 6.3 5.8 4.5 04 4.5 17.0 8.7 48.0 60.1 2853.2
K.2274 (P4) 0.9 53 6.9 3.7 0.5 43 125 8.7 49.0 52.8 2576.2
S.L. (P5) 0.9 4.6 6.0 4.0 0.4 4.0 14.5 8.9 45.0 66.5 2687.7
C20 (P6) 0.7 49 54 3.9 0.5 43 20.0 10.1 85.4 22.8 1950.0
Primoga (P7) 0.7 6.1 5.6 4.5 0.5 43 12.5 104 573 39.2 2194.7
A13012 (P8) 0.9 4.3 5.9 3.9 0.5 4.3 14.5 13.8 114.0 26.8 22144
P2xP1 1.0 2.9 6.4 4.1 0.6 4.1 12.5 14.0 101.0 30.5 3082.7
P3xPl1 1.0 4.1 3.6 4.1 0.6 4.5 17.5 9.3 60.0 50.0 2739.3
P3xP2 0.8 49 5.8 42 0.5 4.0 19.5 9.6 72.7 27.5 1764.0
P4xP1 1.1 4.0 5.1 44 0.6 4.5 15.5 114 86.0 293 2523.6
P4xP2 0.8 5.9 4.8 4.1 0.5 4.2 16.5 13.2 122.0 37.9 3805.0
P4xP3 1.0 5.6 4.8 4.0 0.4 4.1 144 15.9 115.7 36.7 1929.6
P5xP1 0.8 5.1 52 4.1 0.5 4.0 12.5 11.6 72.5 31.2 2261.8
P5xP2 0.8 4.7 5.7 4.0 0.5 42 143 114 79.6 45.8 3080.1
P5xP3 0.8 4.4 52 4.0 0.4 4.4 8.5 229 145.0 314 4540.5
P5x P4 0.9 5.0 6.2 4.0 0.5 4.4 17.0 11.1 89.0 33.6 2986.8
P6x Pl 1.0 35 5.1 4.0 0.6 43 14.5 9.1 46.7 75.0 3080.2
P6x P2 0.9 5.6 4.7 4.2 0.6 43 21.0 104 96.7 42.8 3747.3
P6xP3 0.8 6.2 4.5 43 0.6 44 17.0 9.0 54.0 41.8 2245.0
P6x P4 0.9 44 7.7 4.0 0.4 42 144 153 137.3 25.6 3072.8
P6 x P5 0.9 4.8 6.7 43 0.5 4.4 19.6 9.7 75.7 45.5 2449.6
P7xP1 0.9 43 5.8 43 0.7 43 19.5 9.8 71.7 228 1761.5
P7xP2 0.7 53 49 3.8 0.6 4.0 19.0 9.7 72.7 39.7 2378.0
P7xP3 0.9 5.6 4.7 4.7 0.5 4.3 21.0 9.9 85.7 68.5 4973.1
P7xP4 0.8 4.6 6.8 4.0 0.4 4.3 15.0 9.2 50.7 852 3630.8
P7xP5 0.8 49 4.8 4.6 0.6 4.1 16.3 11.2 89.0 32.0 2506.9
P7xP6 0.8 52 4.3 4.1 0.5 4.3 164 8.2 39.7 429 1697.8
P8x Pl 1.0 3.6 5.6 39 0.6 4.5 28.0 8.1 64.0 27.7 1689.8
P8 x P2 0.8 4.6 54 42 0.6 4.4 174 113 953 322 3062.9
P8x P3 0.6 5.5 53 45 0.5 43 16.1 7.9 333 229 1762.9
P8x P4 0.9 4.8 5.9 4.2 0.4 4.5 20.5 9.3 71.0 79.2 3718.7
P8 x P5 0.9 43 55 4.0 0.6 44 10.5 9.7 41.0 50.0 1872.5
P8 x P6 0.8 4.5 4.6 4.2 0.5 4.3 18.7 13.8 148.0 30.6 4364.1
P8 x P7 0.8 5.1 4.9 4.2 0.6 44 154 18.4 195.5 46.0 3580.5
Commercial hybrid (2971) 1.2 2.8 4.4 4.1 0.6 4.6 15.7 94 142.0 24.6 4284.0
Commercial hybrid (Super) 1.0 44 4.0 4.0 0.6 4.3 14.3 15.7 72.0 23.8 1944.6
LSD (005 0.1 0.3 0.2 0.1 0.1 0.1 0.3 0.3 5.0 2.9 190.4

LSDg.0sy—Least significantly difference at 5% probability levels.
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Table 7. The average heterosis based on the average parent and potence ratio for evaluated traits in F; hybrids of tomato.

Fruit shape index

Fruit firmness index

Hybrids (length to diameter) No. of locules/fruit (gem’) Brix Titrable acidity
. Potence . Potence . Potence . Potence . Potence
Heterosis . Heterosis . Heterosis . Heterosis . Heterosis .
ratio ratio ratio ratio ratio
P2 x P1 037 -1.1 -0.87 1.7 0.7 2.1 027 3.6 0.17 1.7
P3 x Pl 0.6” 0.7 -0.7" 0.4 23" -17.4 0.17 0.5 0.1° 1.4
P3 x P2 -0.1" 22 -0.3" 0.3 0.2" 1.2 02" 0.1 0.6” 1.3
P4 x P1 03" 1.5 -0.3" 0.3 -1.4" 3.2 05" 5.0 0.7" 1.4
P4 x P2 -0.9" -1.6 12" 22 -1.3" -1.7 03" 5.4 02" 22
P4 x P3 0.1" -12.6 202" 0.4 -1.5" 2.6 0.1 0.4 0.2" 0.5
P5 x P1 -0.2" -1.6 12" 1.8 -0.9" -52.0 02" 3.6 03" 0.4
P5x P2 0.9 2.0 04" 2.1 -0.1" -0.1 0.1" 1.0 0.1" 0.4
P5x P3 -0.7" -10.8 -1.0" -1.2 -0.7" 5.9 03" -1.1 03" 1.9
P5 x P4 02" -1.2 0.1" 0.3 0.3 0.6 02" 1.0 0.1" 0.5
P6 x P1 04" 0.9 -0.6” 0.7 -0.6™ -1.7 0.1" -1.7 0.1" 1.4
P6 x P2 0.6™ 0.5 11" 32 -0.7" -81.0 03" 20.0 0.7" 25
P6 x P3 0.1" 0.4 0.7" 1.0 -1 5.5 0.1" 0.3 0.1" 6.5
P6 x P4 0.1" 1.7 -0.7" 3.6 1.6™ 2.1 02" 2.4 0.1 5.9
P6 x P5 0.2" 13 0.1 0.2 1.4 33 0.4 44 0.4 49
P7 x P1 -0.1" 0.1 -0.4™ 0.3 -0.1° 0.2 0.1" 0.2 0.1" 3.0
P7 x P2 0.1" -0.9 0.1" 0.1 -0.6™ 5.7 -0.4" -1.0 0.1" 29
P7x P3 0.1" 1.5 -0.6” 272 -1.0” 9.6 02" 9.0 02" 0.4
P7 x P4 0.1" 0.2 11" 2.6 0.6™ 0.9 0.1 0.3 0.1 4.2
P7 x P5 03" 0.2 -0.4" 0.6 -1.0" 4.7 03" 1.3 0.7" 1.4
P7 x P6 03" 704.1 -0.3" 0.5 -1.2” -11.8 0.1 0.4 05" -1.0
P8 x Pl 0.7" 0.3 -0.2" 0.3 0.4 5.3 0.17 1.0 02" 0.4
P8 x P2 -0.3" -1.2 03" 52 0.3 0.9 03" 5.7 0.1" 34.6
P8 x P3 0.7" -28.4 02" 0.2 0.5 1.5 03" 1.1 0.1" 1.4
P8 x P4 05" 55.6 0.1" 0.3 0.5 -1.1 0.4 3.5 0.1 -17.4
P8 x P5 05" 2.9 -0.1" -1.0 0.4 8.4 03" 0.6 0.1" 2.7
P8 x P6 05" 0.8 -0.1" 0.4 11" 4.0 03" 8.9 0.4 0.2
P8 x P7 04" 0.6 -0.2" 0.2 -0.9" 5.2 -0.8" 0.3 0.5" 2.7
The average Table Diallel 0.03 0.60 0.60 0.11 0.01
The critical difference 0.05 0.09 0.76 0.58 0.19 0.09
The critical difference 0.01 0.12 1.00 0.76 0.25 0.12

*, **: Significantly difference at 5 and 1 % probability level, respectively.
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Table 8. The average heterosis based on the average parent and potence ratio for evaluated traits in F| hybrids of tomato.

pHof No. of No. of flower per No. Average fruit weight Yield/plant
fruit juice inflorescence inflorescence fruit/plant (2 (2
] ) 2 ] 2 °

Hybrids 2 Ei 2 E 2 i 2 ] 2 ] 2 |

S o e o e o S o o o o o

2 2 2 2 2 g 2 2 2 2 2 2

= 2 = 2 = 2 = 2 = 2 = 2

=% -9 =¥ -9 -9 =¥

P2xP1 017 17 48 27 47" 4397 3.5 22 0.2 1603.4™ 47
P3x Pl 01" 1.0 13" 1.7 0.2 1.3 0.4 118" 0.4 745.6" 0.9
P3xP2 03" 25 157 15 L1 263" 158 227" 26 -574.8™ -1.1
P4xP1 02" 23 157 1.0 14" 26.8" 26 527 03 668.4™ 0.9
P4 x P2 01" 10 08 0.2 43" 752" 34.7 8.6™ 24 1604.6™ 43
P4xP3 03" 34 38 .14 6.7" 672" 1343 -19.7” -10.9 -785.2" 5.7
P5x Pl 01" 17 257 50 20" 153" 12 -102™ 04 3509 0.5
P5x P2 01" -1.0 257 -1 29" 348" 2086 76" 11 824.0" 1.9
P5x P3 01" w06 737 58 1417 109.4 98.5™ 65.7 319 -10.0 17700 214
P5 x P4 01" -12 35" 3.5 1.7 20" 21.0 260" 38 3547 6.4
P6 x P1 0.1 1.1 337 14 -1.2° -10.3 -30.8™ 39 554" 143 1538.2" 3.8
P6 x P2 01" 03 15" 3.0 13" 316" 1.6 113" 0.9 1860.1 296
P6 x P3 017 o1 -1.57 0 -1.0 03" . -12.77 0.7 0.4 0.2 -156.6™ 0.4
P6 x P4 01" 270 -1.8" 05 54 30.4 70.1” 39 1227 -1.0 809.6™ 2.6
P6 x P5 02" -15 23" 0.8 02" . 10.5” 0.5 0.9 0.4 130.8" 04
P7xP1 0.1" 1.0 55" 3.7 0.6 -10.0 143" 23 507 0.4 97.1" 0.2
P7x P2 02" 70 33" 1.0 03" 21.7" 34 0.1 -135 368.5™ 2.0
P7xP3 01" -13 63" 28 04" 33.0" 7.1 188" 0.9 2449.2™ 7.4
P7x P4 02" -10 25" 2.5 0.9 2.5 0.6 392" 43 12452 6.5
P7xP5 017 08 3.0” 3.0 1.6 X 37.8" 6.1 208" -1.8 65.6" 0.3
P7xP6 02" 18 03" 0.1 2.0 2120 3177 23 119" 15 -374.6™ 3.1
P8 x P1 03" 27 1307 260 397 278" -1.3 62" 2.7 156" 0.1
P8 x P2 01" 21 0.7" 03 03" 159" 0.5 -1.3 0.1 1043.5™ 54
P8 x P3 017 14 08 0.6 34" 477" 1.4 205" 0.9 17709 55
P8 x P4 01" 01 70" 7.0 2.5 -10.5™ 03 394" 12 1323.3™ 73
P8 x P5 01" <12 40" 40 -1.6 385" -1.1 34" 0.1 -578.6™ 24
P8 x P6 01" -10 137 0.5 19" 483" 34 58" 15.5 2281.9™ 17.3
P8 x P7 01" 50 207 2.0 63" 109.8™ 3.9 13.0" -1.3 13759" 1400
The average Table Diallel 0.1 42 -1.1 149.8 12.7 22.0
The critical difference 0.05 0.1 1.0 1.5 65.9 124 460.0
The critical difference 0.01 0.2 1.4 2.0 86.7 16.3 605.1

*, **: Significantly difference 5 and 1 % probability level, respectively.
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