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Purpose of this study was to identify heterotic hybrids of tomato resistant to leaf curl virus disease.
Eleven parental lines and their 55 one-way F; crosses produced in a diallel mating design were
evaluated for fruit yield, fruit quality, tomato leaf curl virus (TLCV) resistance and other important traits
at Research Farm of the Department of Vegetable Science, Punjab Agricultural University, Ludhiana
(India) during autumn of 2012. Parent 2-1 showed no TLCV symptoms throughout the growth period
under natural epiphytotic conditions. The remaining lines showed mild to very severe disease infection.
Seventeen of the crosses were completely free from TLCV symptoms under natural field conditions.
Heterosis was worked out over mid-parent, better parent and commercial resistant check NS 524. The
hybrids outperforming the best check (NS 524) included 102-13-6-1 x 2-1 for marketable (66.15%) and
total fruit yield (63.12%), Punjab Chhuhara x 58-18-1-1 for dry matter content (43.89%), 58-11-1-1 x 102-
13-6-1 for fruit weight (34.14%), 102-1-6-1 x 115-1-8-1 for number of locules (-45.15%), 56-14-7-1 x 58-18-
1-1 for lycopene content (61.06%), 102-1-6-1 x 58-18-1-1 for TSS content (19.32%), 58-18-1-1 x 55-26-1-1 for
pericarp thickness (49.56%), 102-1-6-1 x 115-1-8-1 for polar diameter (32.07%) and 115-1-8-1 x 55-26-1-1 for
equatorial diameter (19.07%). Based on the overall performance, four crosses viz., 102-8-5-1 x 7-5-1, 102-
13-6-1 x 55-26-1-1, 58-11-1-1 x 58-18-1-1 and 102-13-6-1 x 2-1 were identified as promising. These
hybrids recorded fruit yield of 2.22, 2.29, 2.70 and 3.24 kg plant'l, respectively, which was either at par
with or significantly better than the resistant check NS 524 (1.95 kg plant™). The hybrids also had
acceptable fruit shape index (0.97-1.20) and fruit size (36.66-96.66 Q).
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is a major vegetable 161.79 million tonnes (Anonymous, 2012). India is the
crop grown throughout the world including tropical, third largest tomato producer in the world after China and
subtropical and temperate regions. On global basis, it is USA, accounting for about 8% of the world tomato
planted on 4.4 million hectares with a total production of production. It is cultivated over an area of about 0.905
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million hectares with the total production of 19.10 million
tonnes and productivity of 21.10 t ha™ (Anonymous, 2013).

Leaf curl virus is a serious disease of tomato and its
incidence can reach up to 100% with yield losses often
exceeding 90% (Saikia and Muniyappa, 1989). Tomato
cultivation, especially in autumn season in North India
and in summer season in South India is adversely
affected due to high incidence of TLCV. The disease is
caused by different species of genus Begomovirus
(Family Geminiviridae), which are transmitted by whitefly
(Bemisia tabaci Genn.). Managing the disease with
pesticides has been a difficult task because of the rapid
development of pest resistance to most insecticides
(Horowitz et al., 2005). In recent years, the hybrid
cultivars of tomato have become very popular with the
growers due to their superior per se performance, which
is manifested due to better plant vigour, faster growth and
development, earliness, increased productivity and higher
levels of resistance to biotic and abiotic stresses
(Yordanov, 1983). Punjab Agricultural University has
recommended three hybrids of tomato viz., TH 2312, TH
802 and TH 1 for cultivation in the state. However, all the
three hybrids are susceptible to TLCV and are, therefore,
not suitable for cultivation in the rainy season. Recently,
the university has developed some breeding lines
possessing high degree of resistance to TLCV. These
lines will serve as the potential source for the
development of TLCV resistant hybrids suitable for
cultivation in rainy season.

Choice of parents for hybridization is one of the critical
and most important tasks for plant breeders. The
common approach for selecting the parents based on per
se performance does not necessarily lead to desired
results. Therefore, the present investigation was
undertaken to identify tomato hybrids resistant to TLCV
and suitable for cultivation in rainy season.

MATERIALS AND METHODS

The present investigation was carried out at the Department of
Vegetable Science, Punjab Agricultural University Ludhiana, India
during 2011-12 and 2012-13. The material for the present study
comprised of eleven parents viz., Punjab Chhuhara, 58-11-1-1 , 56-
14-7-1, 102-13-6-1, 102-1-6-1, 102-8-5-1, 115-1-8-1, 58-18-1-1, 55-
26-1-1, 7-5-1, 2-1 along with one resistant check hybrid NS-524.
Fifty-five F1 crosses (excluding reciprocals) involving 11 parents
were made in a diallel fashion during February-March 2012. The
parents, except Punjab Chhuhara, were selectively chosen for their
resistance to TLCV. The experimental material comprising 55 F;
hybrids, 11 parental lines and check NS-524 were sown and raised
in plastic trays in July and transplanted in August in an Augmented
Randomized Block Design. All the cultural practices were followed
as per the recommendations in Package of Practices for Vegetable
Crops (Anonymous, 2013a). To increase inoculum pressure, one
row of TLCV susceptible cv. Punjab Chhuhara was planted after
every fifth row of the experimental plots. Plants were examined at
weekly intervals for TLCV symptoms. Disease spread and the
severity of symptoms were recorded according to the disease
severity scale described by Muniyappa et al. (1991). Data for
various horticultural traits were recorded from five randomly
selected plants excluding border

plants. Observations were recorded on 10 economic traits viz.,
marketable yield (kg plant™), total fruit yield (kg plant™), equatorial
diameter (cm), polar diameter (cm), dry matter (%), total soluble
solids (%), lycopene (mg 100 g of fresh weight), number of locules
per fruit, pericarp thickness (cm) and average fruit weight (g). Mean
performance of parents for different characters is presented in
Table 1.

RESULTS AND DISCUSSION

There were significant differences in the performance of
parents, hybrids and checks for fruit yield, horticultural
traits and TLCV resistance. The genetic differences
exhibited by the hybrid progenies could be exploited
through heterosis breeding with the identification of
superior performing F; hybrids.

Estimation of heterosis

The available literature on heterosis in tomato provided
evidence that this phenomenon is not limited to cross-
pollinated crops. One of the theories of this performance
was that natural cross-pollination predominated within the
wild forms of tomato in the centers of their origin.
Therefore, crosses between tomato lines might be
considered as F; between inbred lines of a species,
which is naturally cross-pollinating. The exploitation of
heterosis phenomenon can prove a potential tool in the
hands of plant breeders for the improvement of this crop.

The results pertaining to mean performance and
percent heterosis over better parent, mid parent and NS-
524 are reported in Table 2.

Marketable yield (kg plant™)

Four cross combinations viz., 102-8-5-1 x 7-5-1, 102-13-
6-1 x 55-26-1-1, 58-11-1-1x58-18-1-1 and 102-13-6-1 x
2-1, exhibited positive heterosis over NS-524. These
crosses outperformed the resistant check NS 524 hy
13.85, 17.44, 38.46 and 66.15%, respectively. Cheema et
al. (1996) also reported significant positive heterosis for
marketable yield.

Total fruit yield (kg plant™)

Four cross combinations, namely 102-13-6-1 x 55-26-1-1,
102-8-5-1 x 7-5-1, 58-11-1-1 x 58-18-1-1 and 102-13-6-1
x 2-1, were identified as promising for total fruit yield.
These crosses outperformed the resistant check NS-524
by 14.81, 30.12, 39.20 and 63.12%, respectively.
Heterosis for fruit yield was also reported by Dod and
Kale (1992), Kumar et al. (1995), Chaudhary and
Malhotra (2001), Tiwari and Lal (2004), Mahendrakar et
al. (2005) and Premalakshme et al. (2005) and Gaikwad
et al. (2009).
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Table 1. Mean performance of parental liness for different characters.
Parents Marketable Xield Total fruit Yileld Diameter (cm) Dry matter TS_S Lycopen(_el Number of ~ Percarp Fruit weight
(kg plant™) (kg plant™) Equatorial  Polar (%) (°Brix) (mg 100g™) locules thickness (cm) (9)
Punjab Chhuhara 0.44 0.50 441 5.84 4.73 4.85 3.2 3.13 0.53 30.12
58-11-1-1 1.07 1.12 4.40 4.77 5.37 4.04 2.53 4.07 0.25 65.26
56-14-7-1 1.02 1.17 481 4.49 3.77 4.15 3.78 2.12 0.59 29.86
102-13-6-1 0.85 1.33 5.53 4.68 3.97 3.64 1.82 3.84 0.53 70.48
102-1-6-1 0.09 0.37 6.20 511 3.95 4.26 2.09 4.28 0.58 117.14
102-8-5-1 1.48 1.61 5.09 4.04 3.90 4.09 3.73 2.10 0.49 61.88
115-1-8-1 0.88 1.34 5.13 4.43 4.09 4.34 4.67 3.00 0.35 47.33
58-18-1-1 1.30 1.41 494 3.67 4.26 4.09 2.00 3.63 0.77 65.79
55-26-1-1 0.59 0.73 4.61 4.22 4.73 4.30 2.89 3.21 0.53 76.87
7-5-1 1.05 1.38 4.73 5.16 4.28 4.06 1.63 3.52 0.44 67.87
2-1 1.67 1.89 4.49 5.57 3.84 4.89 3.96 2.88 0.52 59.41
NS524 (Check) 1.96 2.09 5.52 5.16 4.18 4.57 3.10 3.63 0.59 91.40

Table 2. Mean performance of F; hybrids and percentage increase / decrease (heterosis) over better parent (BP), mid parent (MP) and resistant check NS 524.

Marketable yield (kg plant-) Total fruit yield (kg plant-) Equalarial diameter (cm) Polar diameter (cm) Dry matter (%)

Hybrids Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over

Ve o gt 24 MM w4 MM o o NS Men ol M o e M
PCx58-11-1-1 128 1963*  6954* 3436 143  2788*  7654"*  -3159 505  1451* 144" 848 529  -942* 028 259 424 2104*  -1604* 151
PCx56-14-7-1 076  -2549* 411 6103 086  -2650* 299 5886 496 312 759+ -10.11 549 599 6.29" 647+ 445 592+ 471 6.54*
PCx102-136-1 078 824 2093 6000 103  -256* 1257 5073 451 1844~ 926" -18.26 544 685" 342 550™ 44 £98* 115 534
PCx102-1-6-1 120 17273%  35283* 3846 146 19200 23563* -30.16 446  -2806% -1593*  -1947 474 -1884%  -1342% 807 381 -1945% 1221 878
PCx102-8-5-1 142 405 4792 27118 154 4.35 4597 2633 511 039 758 739 4.1 2979 700* 2049 401 -1522%  -707* 399
PCx115-1-8-1 108 2273*  6364* 4462 118 1194 2826% 4355 461  -1014* 335 -1645 504  -13.70% -185 226 437 761+ 091 463
PCx58-18-1-1 101 -2231% 16.09 4821 116 773" 2147* 4451 526 648" 1251 467 569 257 1966  1035* 601 2706™  3370" 4389
PCx55-26-1-1 074  2542*  4369* 6205 121  6€575%  9B75™ 4212 422 846" 643" 2352 526  -993* 457 201 415  -1226" 1226 064
PCx7-5-1 197 8762%  16443* 1.03 211 5290% 12447 093 5271  1142%  1532* 449 505  -1353* 818" 206 421 -1099* 655" 079
PCx2-1 049  -7066* 5355 7487 079 5820 -3389% 6221 602 3408 3528* 9.10* 44 466" 2287 1467 399 1564 688" 447
58-11-1-1 x56-14-7-1 126  17.76 2057 3638 137 1709 1965*  -3446 521 832 13.14% 558 657 3774 40" 2742% 489 B4+ 700% 1707
58-11-1-1x102-136-1  1.14 6.54 18.75 4154 146 977 1918 3016 447 1947 Q97 -1899 52 901™ 10.05* 085 46 1434 150 10.13*
58-11-1-1x102-1-6-1 175 6355%  20172* 1026 194 7321* 16040 720 454 2677 4347 ATT2 457 1057 -749% 1137 454 1546 258 870"
58-11-1-1x102-8-5-1 181 2230 4196 718 193 1988 4139  -768 587  1532%  2871* 6.38" 53 1A= 2032* 279 4271 2048~ 187" 223
58-11-1-1x115-1-8-1 206 9252  111.28% 564 216 6119  7561* 333 52 1.36 9.13* 5.76 518 860™ 1261 046 517 7457 2199% 384"
58-11-1-1x58-18-1-1 27 10769*  12785%  3B46" 291 10638 13004* 3920 614  2420%  3148* 1128 507 6.29" 2044~ 167 511 484 613 24"
58-11-1-1x55-26-1-1 188  7570% 12651 359 202 8036 11838~ 337 3% 1453+ 12547 2859 397 67 -1168% 2301 492 838" 2571 17.79%
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58-11-1-1x7-5-1 147 3738 3868~ 2462 177 2826™ 460" 1533 484 233 6.02 1228 512 0.78 312 0.71 458 471 508" 965
58-11-1-1x2-1 1271 -2395" 730 3487 167 164 1096 2011 421 490" 39 2261 443 2047 431" 1409 454 -1546™ 141 8.70"
56-14-7-1x102-136-1 123 2059™  3155™ 3692 14 526 12.00 3303 487 1193 580" -11.74 464 085 120 -10.01 429 8.06™ 10.85™ 2.1
56-14-7-1x102-1-6-1 1.09 6.86 9%640™ 4410 123 513 5074~ 4116 481 242" -1262% -12.83 45  -10.76™ -5.00* -11.57 522 32157 323" 2498™
56-14-7-1x102-8-5-1 125 1554 0.00 3690 134 1677 -360 -3690 446 1238 990" -19.47 499 1114~ 17,00 323 459 1769 1969™  9.89™
56-14-7-1x115-1-8-1 078  -2353* -17.89 £000 083 -3806™ -338"™ 6030 553 780" 1.2r* 0.22 458 200 269 -11.18 398 269 127 4.7
56-14-7-1x58-18-1-1 118 923 1.72 3049 135 426 465 3642 478 324 195 1337 473 5.35° 1693 827 416 235 361" 040
56-14-7-1x55-26-1-1 101 098 2541 4821 128 940 Mra~ 3877 513 665" 892 -703 508  13.14* 16.65™ -148 395 1649~ -7.06" 543
56-14-7-1%7-5-1 175 7s5™  1739™ 1026 199 7009™ 10947~ 481 547 1372 1614 086 493 9.80™ 13.20" 439 368 2220 13417 1189
56-14-7-1x2-1 137 179" 1.86 2074 143 -2434™ £.54 3159 466 312 022 -15.54 478 -1418™ 497 -1.30 438 14.06™ 15417 486"
102-13-6-1x102-1-6-1 138 6235™ 19362  -2023 151 13.53* 7765 2177 539 -1306™  8.10™ 231 564 1037~ 1622 9.38™ 405 202 227 304
102-136-1x102-8-5-1 153 338 3133* 2154 179 1118 217 1431 579 4.70* 904~ 493" 511 9.19™ 17.20% 090 418 520" 623" 008
102-13-6-1x115-1-8-1 051  4205* 4104~ 738 084 3731 3708 5982 643  1085% 1501 1110 464 085 187 -10.01 398 269 124 471
102-13-6-1x58-18-1-1 078  -4000" 2744+ 6000 111 2128  -1898™ 4690 526 488" 048 467 447 449 707 -13.31 405 493" -158 304
102-13-6-1x55-26-1-1 229 16941  21806™  1744™ 24  8045™  13301™ 1481™ 584  561* 1519 5.84* 54 1538 2135 472™ 434 -8.25™ 023 391*
102-136-1x7-51 149 4190 5684~ 235 163  18.12" 20.30* 2203 574 380 11.89* 403" 52 0.78 569 085 448 467" 861" 126™
102-13-6-1x2-1 324 9401 157.14%  66.15™ 341 8042~ 11180 63.12* 52  -561* 419 540 537 -359 478 414 439 1058 1242 510
102-1-6-1x102-8-5-1 176 1892* 12420 974 213 3R30™  11515% 189 466  -2484™  -1745% -15.54 449  1213* -1.86 1292 378 -4.30 -369 950
102-1-6-1x115-1-8-1 134 5227 17629  -3128 147 970 793* 2968 473 2871 -1650™ -14.28 681  332r~ 427 3207 43 513" 697" 2.95

102-1-6-1x58-18-1-1 102 2154~ 4676™ 4769 11 -2199%  2360% 4738 53 -1452% 485 395 555 861™ 2642%  763* 408 423 061 232
102-1-6-1x55-26-1-1 123 10847~  26176™ -3692 136 8630 14727~ -494 57 806" 546" 3.30° 46 998" -1.39 -10.79 493 423 1359 18.03"
102-1-6-1x7-5-1 122 16.19 11404~ 3744 13 580 4857 3181 486 2161 107" 1192 531 291 3M 298 404 561 182 328
102-1-6-1x2-1 06 6407 3182 £923 073 6138  -3540" 6508 516 -16.77™ -346 £48 548 -162 262 628" 447 13.16™ 14.76™ 702

102-8-5-1x115-1-8-1 163 10.14 3814~ 1641 169 497 1458 1916 445 1326 -1292" -19.35 412 -100" 212 2010 415 147 388 064
102-8-5-1x58-18-1-1 078  4730" 4388~ 6000 11  -3168* -2715% 4738 48 5.70* 429 -1301 481 1906™ 4.7 6.72 443 399* 858 6.06
102-8-5-1x55-26-1-1 092 -3r&4” 1111 5282 125 -2236™ 6.84 4020 56  1002*  1546™ 149 521  2346™ 2615 104 406 1416 591™ 280
102-8-5-1x7-5-1 222 5000 7549  1385™ 272  6894™  8194™  3012™ 611 2004™ 2444~ 1073 556 7.75" 2087 783" 445 397* 880" 6.54
102-8-5-1x2-1 081  5150™ 4857~ 5846 092 5132 4743 5599 437 1415 877” -20.80 49 1041 385 323 426 923~ 10.08* 199
115-1-8-1x58-18-1-1 134 308 2.94* 3128 177 2653+ 2873 1533 581  1326®  15.39* 5.30™ 596 3454~ 4716™  1559% 481 1291 1521 15.16"
115-1-8-1x55-26-1-1 146 6591  9864™ 25613 168  263r*  6232" 1963 657 2807*  HN* 1907 649 4650 5006  2586™ 456 -3.59* 340 917

115-1-8-1x7-5-1 075  -2857" 2228 6154 112 1884 1765 4642 582 1345  1805" 548 616  19.38™ 2847 1946" 43 047 275 295
115-1-8-1x2-1 200 1976 5686 256 223 1799"  38.08™ 668 467  BIr™ 291 -15.36 582 449 1640™ 1287 424 367 6.94* 151
58-18-1-1x55-26-1-1 093  -1308 12.05 5231 145 246" 5676 3064 55 2061  2342" 0.77 591 2390™ 3148 1462% 443 750" 1228 6.06
58-18-1-1x7-5-1 171 5981 61.32% 1231 188 3623 5040 1007 547 1564 1982~ 086 522 1.16 5.14* 123 405 2458%  -1606" 304
58-18-1-1x2-1 12 -2814~ -19.19 3846 137 2751 1697 3446 535 830™ 1347 304 528 521 14.29" 240 495 1620 222"  1851"
55-26-1-1%7-5-1 087  -17.14" 6.10 5538 12 1232 1469 4212 454 402 -2.78 A7.72 402 200" 142" 2204 333 2960 -2608™  -20.27
55-26-1-1x2-1 153 838 3540 2154 169  -1058 2001 1916 462 022 154 -16.27 387 30527 -2094% 249 48 148 12027 1492
7-51%x2-1 122 -2695" -1029 3144 197 423 2049 576 429 930" 694~ 2225 467  -1616™  -1295" 943 455 6.31™ 1207 893"
CDat5% 0.95 14.56 215 752 0.88 12.66 15.74 6.97 1.02 401 372 294 085 452 457 3.36 069 352 322 303

CDat1% 130 1948 3044 1006 121 1693 21.06 933 140 537 498 393 1.16 6.05 6.1 449 0.95 47 430 406
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Table 2. Contd.

TSS (*Brix) Lycopene (mg 100 g) Number of locules Percarp thickness (cm) Fruit weight (g)
Hybrids Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over Percentage increase/decrease over
Ve o gt 0 T o paent 26 M e MS® Men DR 20 M oo e NS

PCx58-11-1-1 38 2165 1451 -1681 377 781 3159% 2168* 334 565 667 584 064 2075 6410  877* 6203 495 3007 -3213
PCx56-14-7-1 458 557" 1.78 027 332 217 487 716 3% 2588~  50.10% 859+ 035  4068™ 3750 4052 5103 6942~  7016™ 4417
PCx102-136-1 389 1979 836" -14.84 34 6.25 3546" 974 264 -3125" 24257 2124 061 15,09" 15.09* 367 5587  -2073*  11.07* -3887
PCx102-1-6-1 39 1959 -1438% 1462 348 8.75 3157 1232* 289 -3248* 200"  -20.35" 048 724~ 1351 1842 7337  -31.37™ 0.35 -19.73
PCx102-8-5-1 465 412 403 1.80 302 -1903%  -12.84* 252 255 1853 249 -29.72% 032  -3962% -3725% 4562 6003 299 3050" 3432
PCx115-1-8-1 445  825* -3.16 258 174 6274~  -5578™ 4384 3 4.15 212 4731 063 1887  4318* 707 8562  8090* 12110 632
PCx58-18-1-1 473 247 582+ 355 264 -1750% 154 1479 359 -1.10 6.21 -105 066  -14.29% 154 1217 5757  -1249*  2005*  -3701
PCx55-26-1-1 422 -1299* 776" 761 216 -3250*  2906* -3028 325 125 252 1042+ 078 4747 4747* 3256 5284  -31.26™ 122 4219
PCx7-5-1 404  -1670% 932" -1155 308 -3.75 2754+ 059 246 -0 26027 -3220% 030 4340  -3814% 4902 5162  -234* 536 4352
PCx2-1 419 1431 -1396* 827 374 556 447 2072 43 3738 4309 18.52% 059 11.32* 12.38* 027 444 2520* 073 51.38

58-11-1-1 x66-14-7-1 453 9.16™ 10.62" 0383 265 2089 -1601™ 1447 379 688" 246" 446 067  1356™ 5952~ 1387 %697 1270  1979™ 3767
58-11-1-1x102136-1 437 847 1380 433 167 -3399%  -2322% 4610 381 £.39% 367 501 039  -2642" 0.00 3372 126 739%™ 8064 3414
58-11-1-1x102-1-6-1 375 19t 964 790 175 3083 2424 4352 336 -2150% 195" -7.39% 075  2031™  8072™  2746™ 7253  -3808™  -2047"  -2065
58-11-1-1x102-8-5-1 42 269 332 805 268 2815 143%™ 1350 273 3292 -M51™ -2476™ 069  4082™ 8649~ 1721 747 1447~ 751" 1827
58-11-1-1x115-1-8-1 445 253 6.21™ -2.58 308 -3405% 1444~ 059 475  1671™ 343 3092~ 065  8&71™ 11667 1047 11586 7754~  10581™  26.76™
58-11-1-1x58-18-1-1 415 147 209 915 221 -12685" 243 2867 382 6.14* 0.78 529" 061  -2078™  1961" 367 1042  5838™  5002%  14.00™

58-11-1-1x55-26-1-1 417 -3.02 0.00 871 469 6228~ 7306  51.38* 359 179" 137 -105 06 1321*  5385% 197 68.7 -10.63* -3.33 2484
58-11-1-1x7-5-1 37 887 864" 1900 325  2846™ 565" 490 343 1572 962" 546 064 4545 8551  877™ 897 216" 3476™ -1.86
58-11-1-1x2-1 418 1452 638" 849 19%6  -5051™  -3960™ 3674 263 3638 -2432* 27151 037  -2885% -390 3712 7253 114 1636™  -2065

56-14-7-1x102136-1 447 7.7 14.76™ 214 348 -194 2429%  1232% 346 990"  16.11* 464 0.58 -169 357 -143 5696  -19.18"  1353" -3768
56-14-7-1x102-1-6-1 456 704 844 017 377 026 2845 2168™ 279  -3481™ 1281 -2310™ 040  -3220"  -3162F  -3202 5279  -B493™ 2818 4224
56-14-7-1x102-8-5-1 433 434 510 520 37 212 -146 1942 312 4747 4787 14017 053 1047 -185 993 4896  -2088™ 6.74 4643
56-14-7-1x115-1-8-1 39 806™ 601" 1265 338 2762 2000 9.10* 235 2167 820" -35.23" 057 339  21.28™ 313 4483 528 16.15™  -50.95
56-14-7-1x58-18-1-1 39 602 534 1462 499 3201 7266  61.06™ 285 2149 087 -2145™ 05  -3606™ -2647"  -1503 76.1 1567 5912  -16.74
56-14-7-1x55-26-1-1 389 953" 793" 1484 478 2646™ 4333 548" 235 2679 1182 -3B23" 063 6.78 12.50* 7077 8258 743 54.75™ 965
56-14-7-1x7-5-1 369  -1419™  -1266% 1922 404 6.88 2114 3040™ 33 280 2383 905" 0.58 -169 357 143 5583  -271.37™ 462 -3892
56-14-7-1x2-1 38 2229 -1593*  -1681 2.1 4697 4574% 3222 22 2861 -1200*  -39.36™ 038  -35659"  -3153* 3642 3066 4839~ -3131™ 6646
102-136-1x102-161 339 2042~ 1418~ 2578 305 4593  56.01™ -1.56 258  -39727  -3645™  -28.80™ 041 2031 2613 -3032 6243 4670  -3345%  -31.70
102-13-6-1x102-8-5-1 374  -856™ 323 1812 489  31.10*  7622*  5783* 326  -1510 976" -10.15™ 035  -3396™ 3137 4052 9066  2863*  3699* 081

102-136-1x115-1-81 334  -2304™  -1629® 2688 357 28355 1002 1623% 259  -3255™ 2421 28617 051 377 1591 1333 8399 1947 4250* 811

102-136-1x58-18-1-1 437 6.85™ 1307+ 433 282 4100 4764 898 513  3359%  37.35%  41.39" 0.79 260 2154 3426™ 9929 4088~ 4573 863"
102-13-6-1x55-26-1-1 389 953 202 1484 399 3806  6943*  2879* 379 -1.30 752 446 065 2264 2264 1047 9279 271" 2595 152

102-13-6-1x7-51 429 567 1143 6.08 39 11429 12609™  2588™ 393 234 6.79° 832~ 0.50 566 309 1503 8946 2693 202" 212
102-13-6-1x21 513 491 2028% 1231 226 4293~ 2180 2705 313 1849 685 -13.73* 0.57 755 8.57 313 3612 4875%  4438™ 6048
102-1-6-1x102-8-5-1 452 6.10™ 8.26™ -1.04 307 -1769" 550 091 313 2687  -188 -13.74" 041 2031 2336™ -3032 6446 4497 -27.99" 2048
102-1-6-1x115-1-8-1 435 0.23 1.16 AT 363 221" 740 747 199 -5350™  4533™  4515* 0.59 1.72 26.88* 027 7814 -3329" 498 -14.51

102-1-6-1x58-18-1-1 545  2793™  3054™ 193" 328 564"  60.39™ 587 348 -1869™ 1201 408 053  -31A7™ 2148" 093 9548 1849~ 4.39 446
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102-1-6-1x55-26-1-1 424 -140 093 147 387
102-1-6-1x7-5-1 3N 751" 529" 1374 281
102-16-1x2-1 45 116" 0.77 061 413
102-8-5-1x115-1-8-1 3N 92" £.52" 1374 374
102-8-5-1x58-18-1-1 43 513" 513™ 586 482
102-8-5-1x55-26-1-1 44 233 489 -367 368
102-8-5-1x7-5-1 398 269 233 1287 347
102-8-5-1x2-1 306 3763~ -0 -3B28 3A
115-1-8-1x58-18-1-1 53  2350™  2716™ 1735 21
115-1-8-1x55-26-1-1 438 092 1.39 411 3.75
115-1-8-1x7-5-1 41 553" 238 1024 352
115-1-8-1x2-1 31 -3p61™ 3283 -R13 136
58-18-1-1x55-26-1-1 3% 814~ 528 1352 263
58-18-1-1x7-5-1 44 862 889~ -345 272
58-18-1-1x2-1 421 4391 624" -183 204
55-26-1-1%7-5-1 464 791 11.00™ 158 2.16
55-26-1-1x2-1 394 1943~ -1425™ 4374 282
75-1%x2-1 425 1309~ 503" £.96 291
CDat5% 053 342 330 2.76 1.66
CDat1% 0.75 458 441 369 2.28

3391 55427 2491™ 323 -2453™ A375% 1097 047
3445 51.08" 930 231 4603™ 40777 3633 0580

429 3653 3330 336 2173 642 167 045
1991 1095 2072* 273 9.00% 706 2476 067
20227 6824™  5558™ 328 964"  1449™ 960 044

-1.34 1118 1878 464  4455™  7476™ 2789 038
1501 18.28™ 232 287 18471 214 2090 067
1894 1651 361 256 1111 281 -2044% 053
H482* 3673 3190 3N 220 11.92" 226 0.74
-19.70* 0.79 2104~ 321 0.00 338 -1153% 070
2463"  11.75* 13627 443  2685™ 3B 210" 063
-7088™ 6848~  -56.10 26 1333 -1156™  -2834™ 038

9.00 295 1511 393 344 797* 832 088

751 3077 1221 287 -2048" 2437~ -2090™ 076
-25.76™ -1.34 511 401 1047 2320™ 1052 060
-25.26" 442 3028 288  -1818™ 1441 2062 035
-2879%  -17.66™ 898 379 1807 2447 446 048
-26.52™ 411 £.07 245  -3040™  -2344™  -41™ 040

938 1040 751 101 6.02 646 519 031

12.56 1392 10.05 1.39 8.06 864 6.4 043

1897 -1532* 2012 10298  -12.09* 6.16 1267
-13.79% -196 1503 7381  -3699" 2021 1925
2417 818" 2352 5048  -5691™  4282% 4477
36.73*  5052% 1387 5298  -14.38" 298 4204
4286™  -3016™ 25622 6048 -8.07 526 -3383
2830™  -2549" 3542 8381 9.03 2081 830
36.73" 4400 1387 10853 5991 6729  1874™
192 495 993 56.87 810 622 -37.78
-390 244~ 25676 10687  6244™  8895™  1693™
3208™ 5909 1896~ 1152 498"  8551™  26.04™
4318™  5049™ 707 10437  5378* 8120  14.19"
2692% 1264~ 3542 5853 148 967 -35.96
66.04™ 12564 4956 7757 091 9.15 -15.13
7273 12029 2016™ 7853  1571™ 791 1408
2208 £.98 197 7495 1392 1973*  -1800
3396 27184~ 4052 4820 -37A8™ 332 4747
043 857 1842 4429 4238~ -3500" 5154
-2308™ 1667 3202 2829  -B832%  -B5S5™ 69.05
857 1157 6.38 36.79 10.36 10.73 6.82
1146 1548 854 5046 13.86 14.36 9.12

* ** significant at 5 and 1% level, respectively.

Equatorial diameter (cm)

Four cross combination, that is, Punjab Chhuhara
x 2-1, 102-8-5-1 x 7-5-1, 102-13-6-1 x 115-1-8-1,
58-11-1-1 x 58-18-1-1 and 115-1-8-1 x 55-26-1-1,
were identified as promising for equatorial
diameter. These crosses outperformed the
resistant check NS 524 by 9.10, 10.73, 11.10,
11.28 and 19.07%, respectively. Kumar et al.
(2006), Ahmad et al. (2011) and Shende et al.
(2012) reported heterotic hybrids for equatorial
diameter.

Polar diameter (cm)

The potential tomato fruit shape and size depend

on cell number established in pre-anthesis stage
but the final fruit size depends on the rate and
duration of cell enlargement. Seed number and
competition among fruits also affect the final fruit
shape. Five cross combinations viz., 115-1-8-1 x
58-18-1-1, 115-1-8-1 x 7-5-1, 115-1-8-1 x 55-26-
1-1, 58-11-1-1 x 56-14-7-1 and 102-1-6-1 x 115-
1-8-1, were identified promising for polar diameter
and outperformed the resistant check NS-524 by
15.59,19.46,25.86,27.42and 32.07%, respectively.
Ahmad et al. (2011) and Shende et al. (2012)
reported significantly positive heterosis for this trait.

Dry matter (%)

The importance of fruit dry matter content is well

recognized for the preparation of various products
made from tomato. The cross combinations
namely, 56-14-7-1 x 102-1-6-1, 115-1-8-1 x 58-
18-1-1, 102-1-6-1 x 55-26-1-1, 58-11-1-1 x 115-1-
8-1 and Punjab Chhuhara x 58-18-1-1, were
identified as promising for dry matter and
outperformed the resistant check by 24.98, 15.16,
18.03, 38.14 and 48.89%, respectively. Significant
heterosis for dry matter was earlier reported by
Gaikwad et al. (2009) and Garg and Cheema
(2011).

Total soluble solids (oBrix)

The major constituents of TSS are glucose,
fructose and sucrose. These parameters are of



major interest of the processing industries as cultivars
with high soluble solids give more finished product per
unit weight of raw fruit. Three cross combinations
exhibited significant heterosis over NS-524. The cross
combinations, that is, 102-13-6-1 x 2-1, 115-1-8-1 x 58-
18-1-1 and 102-1-6-1 x 58-18-1-1, were identified as
promising for total soluble solids and outperformed the
resistant check NS-524 by 12.31, 17.35 and 19.32%,
respectively. Heterosis for this trait was also observed by
Gunasekera and Parera (1999), Anitha et al. (2007),
Sharma and Thakur (2008) and Dod et al. (1995).
However, Wang et al. (1998) noticed that hybrids were
intermediate between their parents for total soluble
solids.

Lycopene content (mg 100 g'l)

Increased lycopene content has proven nutritional value
as an antioxidant, which is associated with a low
incidence of certain forms of human cancer. Recently,
high-lycopene tomatoes have been sold as specialties in
the fresh market. High lycopene content imparts dark red
colour to the tomato, which is preferred for table as well
as processing purpose. The hybrid combinations, that is,
58-11-1-1 x 55-26-1-1, 102-13-6-1 x 102-8-5-1, 102-8-5-
1 x 58-18-1-1, 56-14-7-1 x 55-26-1-1 and 56-14-7-1 x 58-
18-1-1, were identified as promising for lycopene content.
These crosses outperformed the resistant check NS-524
by 51.38, 57.83, 55.58, 54.28 and 61.06%, respectively.
Gaikwad et al. (2009) reported significant heterosis for
lycopene content.

Number of locules per fruit

The locular proportion of tomato fruit contains more
organic acids and less reducing sugars than the pericarp
portion (Grierson and Kader, 1986). Locule number is
also important from the fruit firmness point of view.
Lesser the number of locules per fruit more is the fruit
firmness and the vice versa. Four cross combinations,
that is, 115-1-8-1 x 2-1, Punjab Chhuhara x 7-5-1, 56-14-
7-1 x115-1-8-1 and 102-1-6-1 x 115-1-8-1, were
identified as promising for number of locules per fruit and
desirable heterosis over the resistant check. Heterosis by
these hybrids over the commercial check NS-524 was
worked out to be -26.92, -32.20, -35.23 and -45.15%,
respectively. Sundram etal. (1994), Srivastava etal. (1998),
Anitha et al. (2007) also reported heterosis for locule
number. Significant negative heterosis for number of
locules per fruit was also reported by Singh et al. (2005).

Pericarp thickness (cm)

Thicker pericarp is another trait that imparts fruit firmness

Kaushik et al. 2769

and is, therefore considered desirable for processing and
distant transportation. Five cross combinations viz., 115-
1-8-1 x 58-18-1-1, 58-11-1-1 x 102-1-6-1, Punjab
Chhuhara x 55-26-1-1, 102-13-6-1 x 58-18-1-1 and 58-
18-1-1 x 55-26-1-1, were identified as promising for
pericarp thickness. These crosses outperformed the
resistant check NS-524 by 25.76, 27.46, 32.56, 34.26
and 49.56%, respectively. Cheema et al. (1996), Tiwari
and Lal (2004) and Sharma and Thakur (2008) reported
positive heterosis for pericarp thickness.

Average fruit weight (g)

Fruit weight directly contributes towards total yield and
serves as an important factor for consumer preference
and for processing suitability. Cultivars are classified
based on their fruit size and shape from the cherry
tomato (<20 g) to beef tomato (fruit weight > 200 g).
Three cross combinations namely, 115-1-8-1 x 55-26-1-
1, 58-11-1-1 x 115-1-8-1 and 58-11-1-1 x 102-13-6-1
showed highly significant and positive heterosis over NS-
524. These crosses outperformed the resistant check
NS-524 by 26.04, 26.75 and 34.14%, respectively. The
heterosis for fruit weight was also reported by Sharma
and Thakur (2008).

Screening of and hybrids for TLCV

resistance

parents

The data related to screening for TLCV under field
conditions are given in Table 3. The parent 2-1 did not
show any disease symptoms throughout the growth
period under natural conditions where as Punjab
Chhuhara and 102-1-6-1 showed severe disease
infection. Of the remaining eight lines, seven showed mild
and one showed moderate infection. Mild symptoms of
TLCV were exhibited by the lines 58-11-1-1, 56-14-7-1,
102-13-6-1, 102-8-5-1, 115-1-8-1, 55-26-1-1 and 7-5-1,
whereas, 58-18-1-1 showed moderate infection. In
general, it was observed that the genotypes, which
showed early appearance of TLCV, resulted in severe
yield losses as compared to the genotypes which showed
late appearance of TLCV.

It was observed that out of fifty-five cross combinations,
seventeen crosses were completely free from TLCV.
Twenty-three cross combinations showed mild infection,
thirteen moderate infection and two were susceptible.
Tomato germplasm/hybrids were extensively screened by
Rattan and Bindal (2002), Shekara et al. (2003), Castro
et al. (2007) and Mazyad et al. (2007), and reported
differential response of genotypes/hybrids against TLCV.

Significant differences that emerged from tomato
hybrids on the incidence of disease could possibly be
attributed to the fact that the whiteflies had affinity with
some particular accessions than the other accessions
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Table 3. Screening of tomato parents and hybrids against TLCV disease
under field conditions.

SIN Genotype Reaction to TLCV
Parents

1 Punjab Chhuhara (PC) S
2 58-11-1-1 M
3 56-14-7-1 M
4 102-13-6-1 M
5 102-1-6-1 S
6 102-8-5-1 M
7 115-1-8-1 M
8 58-18-1-1 Mo
9 55-26-1-1 M
10 7-5-1 M
11 2-1 R
Crosses

1 Punjab Chhuhara x 58-11-1-1 Mo
2 Punjab Chhuhara x 56-14-7-1 S
3 Punjab Chhuhara x 102-13-6-1 Mo
4 Punjab Chhuhara x 102-1-6-1 Mo
5 Punjab Chhuhara x 102-8-5-1 M
6 Punjab Chhuhara x 115-1-8-1 Mo
7 Punjab Chhuhara x 58-18-1-1 Mo
8 Punjab Chhuhara x 55-26-1-1 M
9 Punjab Chhuhara x 7-5-1 M
10 Punjab Chhuhara x2-1 Mo
11 58-11-1-1 x 56-14-7-1 M
12 58-11-1-1 x 102-13-6-1 Mo
13 58-11-1-1 x 102-1-6-1 M
14 58-11-1-1 x 102-8-5-1 M
15 58-11-1-1 x 115-1-8-1 R
16 58-11-1-1 x 58-18-1-1 R
17 58-11-1-1 x 55-26-1-1 R
18 58-11-1-1 x 7-5-1 R
19 58-11-1-1 x 2-1 M
20 56-14-7-1 x 102-13-6-1 M
21 56-14-7-1x 102-1-6-1 Mo
22 56-14-7-1x 102-8-5-1 M
23 56-14-7-1x 115-1-8-1 M
24 56-14-7-1x 58-18-1-1 R
25 56-14-7-1x 55-26-1-1 R
26 56-14-7-1x 7-5-1 R
27 56-14-7-1x 2-1 R
28 102-13-6-1 x 102-1-6-1 R
29 102-13-6-1 x 102-8-5-1 Mo
30 102-13-6-1 x 115-1-8-1 M
31 102-13-6-1 x 58-18-1-1 Mo
32 102-13-6-1 x 55-26-1-1 R
33 102-13-6-1 x 7-5-1 M
34 102-13-6-1 x 2-1 R
35 102-1-6-1x 102-8-5-1 M
36 102-1-6-1x 115-1-8-1 Mo
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37 102-1-6-1x 58-18-1-1 M
38 102-1-6-1x 55-26-1-1 M
39 102-1-6-1x 7-5-1 M
40 102-1-6-1x 2-1 S
41 102-8-5-1x 115-1-8-1 R
42 102-8-5-1x 58-18-1-1 M
43 102-8-5-1x 55-26-1-1 M
44 102-8-5-1x 7-5-1 R
45 102-8-5-1x2-1 Mo
46 115-1-8-1x58-18-1-1 R
47 115-1-8-1x55-26-1-1 R
48 115-1-8-1x7-5-1 M
49 115-1-8-1x2-1 R
50 58-18-1-1x55-26-1-1 M
51 58-18-1-1x7-5-1 R
52 58-18-1-1x2-1 M
53 55-26-1-1x7-5-1 Mo
54 55-26-1-1x2-1 M
55 7-5-1x2-1 M
Checks
1 NS-524 M

R, Resistant; M, mild Infection; Mo- moderate Infection; S- severe infection.

and resulted in some hybrids being more susceptible to
virus than the other accessions. The accessions that had
less number of infected plants could be explained by late
occurrence of TLCV infection related to whitefly
population variation. Moreover, this difference in reaction
could be due to the virus strain, vector genotype or
altered feeding conditions of the vector.

These genotypes were further used in the breeding
programme for the development of tomato
cultivars/hybrids resistant to TLCV.

Conclusion

Heterosis was observed for all the characters studied.
The minimum heterosis was exhibited for equatorial
diameter, whereas, the maximum hetrsosis was exhibited
for marketable yield (over MP, BP and check). For fruit
weight, nineteen and seven hybrids exhibited significantly
positive heterosis over BP and NS 524, respectively. The
best performing cross was 58-11-1-1 x 102-13-6-1 exhibiting
73.95 and 34.14% heterosis over better parent and NS-
524, respectively. For total fruit yield, twenty-three and
four hybrids exhibited significantly positive heterosis over
BP and NS-524, respectively. The best performing cross
combination was 102-13-6-1 x 2-1 with 80.42 and
63.12% heterosis over better parent and NS-524,
respectively. The cross combination 58-18-1-1 x 55-26-1-

1 (0.88 cm) exhibited maximum pericarp thickness. The
hybrid showed 66.04 and 49.56% heterosis over the
better parent and NS-524, respectively for pericarp
thickness. The cross combination 102-1-6-1 x 115-1-8-1
recorded the minimum number of locules per fruit. The
hybrid exhibited 53.50 and -45.15% heterosis over better
parent and NS-524, respectively. The cross combination
102-1-6-1 x 58-18-1-1 exhibited maximum heterosis for
total soluble solids. The hybrid exhibited 27.93 and
19.32% heterosis over better parent and NS-524,
respectively. The cross combination 56-14-7-1 x 58-18-1-
1 exhibited maximum heterosis (61.06%) over NS-524 for
lycopene content. The cross combination Punjab
Chhuhara x 58-18-1-1 exhibited maximum heterosis of
43.89% over NS-524 for dry matter content. The cross
combination 102-1-6-1 x 115-1-8-1 exhibited maximum
heterosis of 32.07% over NS-524 for polar diameter. In
case of equatorial diameter, the cross combination 115-1-
8-1 x 55-26-1-1 exhibited the maximum hetrosis of
19.07% over NS-524. The lines showing minimum or no
symptoms of TLCV disease under natural field conditions
and mild disease infection under artificial inoculation
conditions could be used to breed true breeding lines or
commercial F; hybrids tolerant to TLCV. The best
performing hybrids  include 102-13-6-1 x 2-1 for
marketable yield (3.24 kg plant™), Punjab Chhuhara x 58-
18-1-1 for dry matter content 6.01%), 58-11-1-1 x 102-
13-6-1 for fruit weight (122.60g), 102-1-6-1 x 115-1-8-1
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for number of locules (1.99), 56-14-7-1 x 58-18-1-1 for
lycopene content (4.99 mg/100g), 102-1-6-1 x 58-18-1-1
for TSS content (5.45°Brix), 58-18-1-1x55-26-1-1 for
pericarp thickness (0.88 cm), 102-1-6-1 x 115-1-8-1 for
polar diameter (6.81 cm) and 115-1-8-1 x 55-26-1-1 for
equatorial diameter (6.57 cm).

Four cross combinations with resistance to TLCV,
namely 102-8-5-1 x 7-5-1, 102-13-6-1 x 55-26-1-1, 58-
11-1-1 x 58-18-1-1 and 102-13-6-1 x 2-1, were identified
as promising. These hybrids recorded fruit yield of 2.22,
2.29, 2.70 and 3.24 kg plant™. Their yield performance
was either at par or significantly higher than the resistant
check NS 524 (1.95 kg plant'l). These hybrids need to be
confirmed over years and locations for before
recommending these for commercial cultivation.
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