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Abstract 

Low heterosis is an indication of least infestation of ToLCV thereby resistance/tolerance of F1s. In 

present study, it was observed that the most of the cross combinations belonging to P12, P13 and P14 

used as a male parent exhibited low heterosis but higher resistant to ToLCV. The result indicated that 

cross P8 x P13 showed desirable negative heterosis over mid, better and top parent, cross P10 x P12, P11 

x P12 over better and top parent at 30 and 60 DPI while, cross P6 x P13 over better and top parent at 60 

DPI. It is find that among the line P10, P7, P8, P5 and P11 and tester P12 and P13 were found good 

general combiners as they exhibited negative and significant and low GCA effects which may be used as 

one of the parents while resistant breeding against ToLCV. Among the tested hybrid, none of them 

express negative significant SCA while all the crosses were at par with each other for SCA except P-7 x 

P-14, P-8 x P-14, P-9 x P-14 and P-11 x P-14.ce (б2 D) indicating preponderance of additive gene action 

for controlling ToLCV.. Therefore, the ToLCD management programmes could benefit from using the 

Ty-3 gene. 

Keywords: TLCV, TLCNDV, heterosis, combining ability, gene action, mutant 

Introduction 

Tomato (Solanum lycopersicum L) belonging to family Solanaceae is one of the most popular 

and widely grown vegetables in the world ranking second in importance to potato in many 

countries. It is a major vegetable crop that has achieved tremendous popularity over the last 

century and grown in practically every country of the world in outdoor fields, green houses 

and net houses. India is second largest producer of tomato after china with 87.9 m ha which 

share 18.8 percent of total area under tomato in the world with production of 1822.66 MT 

which share 11.2% of total tomato production in world with productivity 20.7 t/ha. (NHB Data 

Base 2018) [6].  

Tomato plants were susceptible to infection by TLCV at all stages of their growth. In tomato 

plants TYLCV symptoms begin to appear 2-3 weeks after exposure to a viruliferous whitefly. 

After a month of infection severe curling, cupping and yellowing of top leaves are visible, 

while plants stop growing completely and flowers and fruits are abscised (Lapidot, 2007)  [7]. 

TYLCV infections may lead to yield losses ranging up to 100%, and has been reported in 

many countries (Polston and Lapidot, 2007; Varma and Malathi, 2003) [7, 11]. Development of 

TYLCV-resistant tomato cultivars through resistant breeding, is an economically and 

environmentally sustainable alternate approach as a part of an integrated management, So far, 

resistance to begomoviruses in tomato has been achieved using wild species, and at least five 

resistance genes (Ty genes) have been studied. Hence, breeding for resistance to TYLCV has 

mainly been focused on the introgression of resistance/tolerance genes from wild tomato 

relatives. Several sources of TYLCV resistance have been reported including accessions of S. 

pimpinellifolium, S. chmielewski, S. glandulosum, S. lycopersicoides, S. habrochaites, S. 

chilense and S.peruvianum. Some of these resistant accessions have been used for 

introgression breeding and until now five major resistance/tolerance genes have been 

identified and mapped. In most studies the term resistance gene is used for these five loci. 

Recently, mapping of these loci (Ty-1 to Ty-5) conferring resistance to TYLCV has been 

facilitated with the release of the tomato genome sequence (Consortium, 2012). In this context 

an experiment on resistant breeding was laid out to develop TLCV resistant variety/hybrid by 

using a TLCV resistant mutant with altered inflorescence and ripening. 

Materials and Methods 

The experiment was conducted at ICAR-Indian Institute of Vegetable Research, Varanasi. 

Fourteen tomato genotypes (Table1) consisting germplasm, advance breeding lines and Punjab 

Chhuhara leaf curl susceptible variety were received from IIVR, Varanasi.  
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The advance breeding line H-88-78-2 which is a leaf curl 

resistant mutant with altered inflorescence and ripening 

carrying Ty 3 gene was used in present investigation. Eleven 

cultivars having six susceptible i.e. Punjab Chhuhara (PBC), 

EC- 538441, EC- 538411, VRT 2102-13-3, Punjab Barkha 

Bahar -1, Punjab Barkha Bahar -2 and 5 resistant lines which 

are carrying Ty-3 gene i.e. VRT 2103-1-4, 2103-1-2, 2103 -1-

8, 2103-3-6 and 2103-6-1 used as lines (female parents) and 

three resistant testers viz., VRT 88-78-2, D-2-2-3 both 

carrying Ty-3 gene and CLN-8-6-1 carrying Ty-2 gene were 

used as male parents. The crossing programme was designed 

to generate the F1’s in ‘lines x tester’ mating design 

(Kempthorne, 1957) [4]. Thirty days old seedlings of each 

season were transplanted in RBD with three replications 

separately in a plot size of 4.50 x 1.20 m at spacing of 60 x 45 

cm. A standard package of practices was adopted to raise 

good crop. No insecticide was sprayed in order to protect 

white fly population facilitating tomato leaf curl virus 

(ToLCV) spread and maximum disease incidence.  
 

Tomato leaf curl virus isolates 

Tomato-infecting begomovirus species used in this study 

comprised bipartite Tomato leaf curl New Delhi virus 

(ToLCNDV) was represented by DNA-A (GenBank 

accession HQ141673) and DNA-B (GenBank accession 

HQ141674) genome components of isolate ToLCNDV–

IN[IN:Pune:JID:2010] described in Jyothsna et al. (2013) [3].  

 

Agro inoculations 

The cultures containing associated viral components were 

mixed in equal amount before inoculation. The seedlings were 

inoculated following the needle puncture method as described 

by Hou et al. (1998). Inoculated plants were maintained in a 

greenhouse at 25 °C. All the plants were inoculated twice 

with a 1-week interval to maximize the infection efficiency. 

Agro-inoculation experiments were conducted with a sample 

size of 20 plants for each genotype. Fifteen plants were 

inoculated and five plant of each genotype remained un-

inoculated and was used as a control. These strains were 

cultured in LB medium at 28 oC in the dark for 24 h. The 

cultures of associated components were mixed in equal 

amount before inoculations. 

 

Disease resistance evaluation  

Disease symptom severity scores were recorded on individual 

plants following the scale described by Lapidot et al. (2006). 

Briefly, a 0 score was assigned to plants with no visible 

symptoms and growth similar to un-inoculated plants; 1 was 

assigned to plants with very slight yellowing of leaflet 

margins of the apical leaves; 2 was assigned to plants with 

moderate symptoms such as yellowing, minor crumpling and 

curling of leaves; 3 was assigned to plants that continue to 

grow despite wide yellowing, obvious leaf curling, crumpling, 

upward twisting of leaves, and decrease in leaf size, and 4 

was assigned to plants with severe symptoms such as severe 

leaf curling and crumpling, substantial reduction in leaflet 

size, and severe plant stunting. Test for homogeneity of 

variance, analyses of variance, t test and multiple comparison 

test based on Tukeys honestly significant difference (HSD) 

were performed in computing environment R 2.15.2 (R 

Development Core Team 2012). 
 

Evaluation of hybrids 

Thirty three F1 s with their 14 parents and check (Arka 

Rakshak) raised in nursery during rainy 2016 and about four 

weak days old 12 seedlings were transplanted in pots for 

artificial screening in net house.ly. Good agronomical 

practices were applied timely to take better crop. Data on 

horticultural traits were recorded All data collected were 

subjected to analysis of variance (ANOVA) at 5% levels of 

significance and the differences among the means were 

separated using Duncan Multiple Range Test (DMRT) 

(Duncan 1955). The analysis was done according to the model 

suggested by Kempthorne (1957) [4]. The design (Line x 

Tester) has been used to determine GCA (general combining 

ability) and SCA (specific combining ability) effects of 

different parents (lines and testers) and crosses, respectively. 

In this design random sample of ‘I’ lines is taken and each 

line is mated to each of the‘t’ testers (Singh and Chaudhary, 

1979) [10]. 
 

Result and Discussion 

Magnitude of Heterosis for Resistant toTLCNDV 

For knowing the extent of heterosis, combining ability and 

gene action of ToLCV and their direct effect on horticultural 

traits, data was subjected for analysis in line x tester mating 

design for 33 F1s along with their parents. Analysis of 

variance for ToLCV revealed that the mean sum of squares 

for parents, lines, testers, lines vs. testers, lines x testers and 

parents vs. hybrids were highly significant. 

Heterosis related to TLCNDV resistant through agro-

inoculums is presented in Table and the summary of range of 

mean values of parents; F1 hybrids and heterosis percentage 

are given in Table 1. 

Out of 33 F1 hybrids, a total of 12, 15 and 15 crosses showed 

significant negative heterosis over mid parent, better parent 

and top parent, respectively. At the 30 DPI the cross P-8 x P-

13 exhibited the maximum negative heterosis -93.54, -91.79 

and 91.65% over mid parent, better parent and top parent, 

respectively. The Cross P11 X P12 (-95.00%) showed the 

maximum negative heterosis over mid parent at the 60 DPI 

followed by cross P11 X P-13 (-86.68%). However, the cross 

P-8 x P-13 exhibited the maximum negative heterosis -86.20, 

-76.46 and -83.33% over mid parent, better parent and top 

parent, respectively. 

The line carrying Ty-2 conferred moderate resistance to the 

monopartite virus, but was not effective against the two 

bipartite begomoviruses while, tomato line carrying Ty-3 was 

highly resistant to both the monopartite (ToLCBV) and two 

bipartite viruses (ToLCNDV and ToLCPalV) (Prasanna et al. 

2015) [9]. According to (Yang et al., 2013) pyramiding of 

target genes which can be finding either by following a 

crossing or backcrossing scheme. In the present crossing 

scheme strategy, parental lines carrying target genes are 

crossed to achieve ToLCV resistant hybrids. Low heterosis is 

an indication of least infestation of ToLCV thereby 

resistance/tolerance of F1s. In present study, it was observed 

that the most of the cross combinations belonging to P12, P13 

and P14 used as a male parent exhibited low heterosis but 

higher resistant to ToLCV. The result indicated that cross P8 

x P13 showed desirable negative heterosis over mid, better 

and top parent, cross P10 x P12, P11 x P12 over better and 

top parent at 30 and 60 DPI while, cross P6 x P13 over better 

and top parent at 60 DPI. This may be due to the dominant 

resistant gene of male parent and support the dominant nature 

of heterosis, which was also supported by Prasanna (2004) [8]. 

This may be due to presence of Ty-3 (P12, P13) (Zamir et al. 

1994) [13] and Ty-2 (P14) (Hanson et al. 2006) [2] resistant 

genes for ToLCV.  
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General combining ability effects 

A diallel set comprising of fourteen parents and thirty three 

crosses were subjected to estimate the combining abilities 

(GCA and SCA) following the procedure proposed by 

Griffing (1956) [1]. General combining ability implies capacity 

of a parent to produce superior progeny or otherwise when 

crossed with another parent (Izge et al., 2007; Alabi et al., 

1987). The analysis of variances of combining ability was 

done for the TLCV resistant through agro-inoculums of New 

Delhi Viruses in tomato. The GCA and SCA variances were 

highly significant for all the characters under studied. The 

GCA variances were higher and prominent than SCA 

variances for all the characters under study. The estimates of 

general combining ability (GCA) of the parents for TLCV 

resistant have been shown in Table2 Among the fourteen 

parents desired significant negative GCA effect was observed 

in line P10 (-0.473) followed by P7, P8, P5 and P11 and tester 

P12 P13 (88-78-2) which were at par with each other. Positive 

GCA effect was observed in other parents whereas parent P2, 

P3 and P14 exhibited positive significant GCA at 30 DAI. 

However, after 60 DAI, seven parents showed negative GCA 

effect in which desired significant negative GCA effect was 

observed in P11 (Punjab Barkha Bahar-2; -0.219) followed by 

P12 (D-2-2-3; -0.186) while, other seven parent exhibited 

positive GCA effect, parent P9, P3 and P14 exhibited 

significant positives GCA effect. 

 

Specific combining ability effects 

At the 30 DPI, all the crosses studied none of the crosses were 

found to be significant positive and negative SCA effect for 

agro-inoculums test for TLCV New Delhi Virus isolate. 

Among the tested hybrid none of them express negative 

significant SCA while all the crosses were at par with each 

other for SCA except. P-7 x P-14, P-8 x P-14, P-9 x P-14 and 

P-11 x P-14. This may because of introgressions such as Ty-2 

and Ty-3 gene are present in all hybrids crosseed with tester 

P12 and P13. While hybrids derived from cross with tester 

P14 having Ty-2 gene and those lines who have not resistant 

gene. This may indicate that all crosses having only Ty-2 

gene showed positive SCA except P10 x P14. Similar finding 

has been reported by Prasanna et al, (2015) [9]. 

 

Gene action  

Data presented in Table 4 revealed that the estimate of 

additive variance (б2 A) was higher than that of dominance 

variance (б2 D) indicating preponderance of additive gene 

action for controlling ToLCV.  

 

Table 1: Magnitude of Heterosis for Resistant toTLCNDV 
 

Hybrids 

30 DPI 60 DPI 

Mean 
Per cent heterosis 

Mean 
Per cent heterosis 

M P B P C C M P B P C C 

P1 x P12 0.58 -6.64 -71.31 ** -70.83 ** 0.42 28.15 -70.60 ** -79.18 ** 

P1 x P13 0.58 -6.64 -71.31 ** -70.83 ** 0.67 105.08 -52.95 ** -66.68 ** 

P1 x P14 1.50 105.69 * 79.96 429.10 ** 1.17 135.30 ** 75.02 159.22 * 

P2 x P12 0.92 120.05 -54.93 ** -54.18 ** 0.42 -16.7 -70.60 ** -79.18 ** 

P2 x P13 1.50 260.14 ** -26.24 -25 1.08 116.70 * -23.51 -45.83 ** 

P2 x P14 1.08 73.36 29.99 282.19 0.83 42.82 24.98 85.11 

P3 x P12 0.90 116.09 -55.74 ** -55.00 ** 0.8 139.88 -43.52 * -60.00 ** 

P3 x P13 1.17 180.07 -42.64 * -41.68 * 0.92 174.81 * -35.3 -54.18 ** 

P3 x P14 1.50 140.00 * 79.96 429.10 ** 1.29 158.30 ** 93.77 * 187.00 ** 

P4 x P12 0.83 -58.33 ** 00.00 00.00 0.58 -70.83 ** 00.00 00.00 

P4 x P13 1.08 -45.83 * 00.00 00.00 1.17 -41.65 ** 00.00 00.00 

P4 x P14 0.67 -20.04 -67.22 ** -66.68 ** 0.75 12.53 -47.05 * -62.50 ** 

P5 x P12 0.40 379.04 -80.33 ** -80.00 ** 0.70 68.07 -50.58 * -65.00 ** 

P5 x P13 0.53 538.92 -73.76 ** -73.33 ** 0.60 44.06 -57.64 ** -70.00 ** 

P5 x P14 1.00 118.1 19.98 252.73 0.83 53.92 25.06 85.22 

P6 x P12 1.17 1297.60 ** -42.61 * -41.65 * 0.50 20.05 -64.70 ** -75.00 ** 

P6 x P13 0.42 399.4 -79.49 ** -79.15 ** 0.33 -20.05 -76.49 ** -83.35 ** 

P6 x P14 0.92 99.89 9.96 223.28 0.92 69.25 37.51 103.67 

P7x P12 0.58 -36.33 -71.31 ** -70.83 ** 1.00 33.33 -29.4 -50.00 ** 

P7x P13 0.33 -63.61 -83.60 ** -83.33 ** 0.50 -33.33 -64.70 ** -75.00 ** 

P7x P14 0.83 -4.74 -9.06 194 0.83 17.68 11.13 85.22 

P8 x P12 0.78 -69.67 ** -61.47 ** -60.83 ** 0.85 -64.83 ** -39.99 * -57.50 ** 

P8 x P13 0.17 -93.54 ** -91.79 ** -91.65 ** 0.33 -86.20 ** -76.46 ** -83.33 ** 

P8 x P14 0.92 -46.33 * -64.51 ** 223.46 0.75 -51.35 ** -68.96 ** 66.67 

P9 x P12 0.5 -83.31 ** -75.41 ** -75.00 ** 0.58 -82.02 ** -58.81 ** -70.83 ** 

P9 x P13 0.88 -70.52 ** -56.55 ** -55.83 ** 1.07 -67.13 ** -24.71 -46.68 ** 

P9 x P14 1.92 0.08 -36.04 ** 576.01 ** 1.67 -14.79 -48.64 ** 270.33 ** 

P10 x P12 0.28 -51.37 -86.06 ** -85.83 ** 0.35 109.58 -75.29 ** -82.50 ** 

P10 x P13 0.50 -14.24 -75.41 ** -75.00 ** 0.83 399.10 * -41.16 * -58.33 ** 

P10 x P14 0.25 -64.7 -70.01 -11.82 0.67 59.93 00.00 48.11 

P11 x P12 0.33 299.4 -83.60 ** -83.33 ** 0.10 -95.00 ** 00.00 00.00 

P11 x P13 0.37 338.92 -81.98 ** -81.68 ** 0.27 -86.68 ** 00.00 00.00 

P11 x P14 1.58 245.37 ** 89.98 458.55 ** 1.25 87.55 * -11.75 -37.50 ** 

DSI: Disease severity index as described in materials and methods section; DPI: days post-inoculation. 
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Table 2: Estimation of general combing ability effect for agro-

inoculums test in 14 Parents (line x tester) 
 

Characters→ Entries↓ 
DSI (30 DAP) DSI (60 DAP) 

Mean G C A Mean G C A 

Lines (Female) 

P1 0.58 0.071 0.17 -0.008 

P2 0.08 0.349 0.00 0.019 

P3 0.42 0.371 0.33 0.244 

P4 0.00 0.043 0.00 0.075 

P5 0.08 -0.173 0.42 -0.047 

P6 0.08 0.016 0.42 -0.175 

P7 0.92 -0.234 0.75 0.02 

P8 2.58 -0.195 2.42 -0.114 

P9 3.00 0.282 3.25 0.347 

P10 0.63 -0.473 ** 0.33 -0.142 

P11 0.42 -0.057 0.50 -0.219 * 

SE Line  0.1609  0.1077 

SE (Gi-Gj)  0.2275  0.1524 

Testers (Male)     

P12  -0.156  -0.186 ** 

P13  -0.156  -0.052 

P14   -0.156 0.238 

SE (GCA)   0.084 0.0563 

SE (Gi-Gj)   0.1188 0.0796 

*Significant at P=0.05 level, * Significant at P=0.01 level 

 

Table 3: Estimation of specific combining ability effect for agro-

inoculums test in tomato 
 

Characters→ Entries↓ 30 DPI 60 DPI 

Line (Female) Mean DSI Mean DSI 

P1 x P12 0.58 -0.15 0.42 -0.15 

P1 x P13 0.58 0.17 0.67 0.03 

P1 x P14 1.50 0.32 1.17 0.18 

P2 x P12 0.92 -0.10 0.42 -0.18 

P2 x P13 1.50 0.47 1.08 0.36 

P2 x P14 1.08 -0.37 0.83 -0.18 

P3 x P12 0.90 -0.13 0.8 -0.02 

P3 x P13 1.17 0.11 0.92 -0.03 

P3 x P14 1.50 0.02 1.29 0.05 

P4 x P12 0.83 0.13 0.58 -0.06 

P4 x P13 1.08 0.36 1.17 0.39 * 

P4 x P14 0.67 -0.48 0.75 -0.32 

P5 x P12 0.40 -0.09 0.70 0.17 

P5 x P13 0.53 0.02 0.60 -0.06 

P5 x P14 1.00 0.07 0.83 -0.12 

P6 x P12 1.17 0.49 0.50 0.10 

P6 x P13 0.42 -0.28 0.33 -0.20 

P6 x P14 0.92 -0.21 0.92 0.10 

P7 x P12 0.58 0.P 1.00 0.41 * 

P7 x P13 0.33 -0.12 0.50 -0.23 

P7 x P14 0.83 -0.04 0.83 -0.18 

P8 x P12 0.78 0.32 0.85 0.39 * 

P8 x P13 0.17 -0.32 0.33 -0.26 

P8 x P14 0.92 0.01 0.75 -0.13 

P9 x P12 0.5 -0.44 0.58 -0.34 

P9 x P13 0.88 -0.08 1.07 0.01 

P9 x P14 1.92 0.53 1.67 0.32 

P10 x P12 0.28 0.10 0.35 -0.08 

P10 x P13 0.50 0.29 0.83 0.27 

P10 x P14 0.25 -0.38 0.67 -0.19 

P11 x P12 0.33 -0.27 0.10 -0.25 

P11 x P13 0.37 -0.26 0.27 -0.22 

P11 x P14 1.58 0.53 1.25 0.47 * 

SE (Sij) 0.1866  

SE (Sij-Sik) 0.79 0.5278 

* Significant at P=0.05 level, ** Significant at P=0.01 level 

DSI: disease severity index as described in materials and methods 

section; DPI: days post-inoculation.  

Table 4: Components of variance, degree of dominance, additive 

and dominance components and heritability in narrow sense for yield 

characters in tomato 
 

Genetic component 30DPI 60 DPI 

σ2 Line 0.0247 0.0006 

σ2 Tester 0.0502 0.0388 

σ2 GCA 0.003 0.0014 

σ2 (SCA) 0.0571 0.0537 

σ2 e 0.0777 0.0348 

σ2 a(F = 1) 0.0059 0.0028 

σ2 d(F = 1) 0.0571 0.0537 

σ2 a / σ2 d 0.1037 0.052 

Degree of Dominance 3.1058 4.3835 

Heritability (NS) % 4.2077 3.0602 

Genetic Advance 5% 0.0325 0.019 

 

Conclusion 

Low heterosis is an indication of least infestation of ToLCV 

thereby resistance/tolerance of F1s. In present study, it was 

observed that the most of the cross combinations belonging to 

P12, P13 and P14 used as a male parent exhibited low 

heterosis but higher resistant to ToLCV. The result indicated 

that cross P8 x P13 showed desirable negative heterosis over 

mid, better and top parent, cross P10 x P12, P11 x P12 over 

better and top parent at 30 and 60 DPI while, cross P6 x P13 

over better and top parent at 60 DPI. It is find that among the 

line P10, P7, P8, P5 and P11 and tester P12 and P13 were 

found good general combiners as they exhibited negative and 

significant and low GCA effects which may be used as one of 

the parents while resistant breeding against ToLCV. Among 

the tested hybrid none of them express negative significant 

SCA while all the crosses were at par with each other for SCA 

except P-7 x P-14, P-8 x P-14, P-9 x P-14 and P-11 x P-14. 

This may because of introgressions such as Ty-2 and Ty-3 

gene in all hybrids cross with tester P12 and P13. While 

hybrids derived from cross with tester P14 having Ty-2 gene 

and those lines who have not resistant gene showed positive 

SCA except P10 x P14. Thus finding of this study showed 

that crosses with Introgression of Ty-2 and Ty-3 gene are 

good specific combiner for resistant against TLCND virus 

than crosses those having only Ty-2 gene Thus, estimate of 

additive variance (б2 A) was higher than that of dominance 

variance (б2 D) indicating preponderance of additive gene 

action for controlling ToLCV. Therefore, the ToLCD 

management programmes could benefit from using the Ty-3 

gene.  
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