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ABSTRACT: Combining abilities for nutritional quality content were examined in tomato to understand the
inheritance pattern of total soluble solids, titrable acidity, carbohydrates, proteins, carotenoids, ascorbic acid,
potassium, lycopene and fruit yield plant™. This experiment comprising a total of 64 treatments (28 F,+28 Fy+
8 parents) was evaluated in RBD. The results indicated that most of the traits were governed by additive gene
action however non additive gene actionwas also important. The parent Pusa Ruby was found to be good
general combiners for yield and nutritional traits and hence could be utilized in multiple breeding programs in
future. The cross Pusa Ruby x Arka Vikas was desirable for fruit yield as well as nutritional characters since it
inherited all nutritional traits except TSS content in F;generation and carotene content in F, generation in
desired direction.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is being produced in most of the countries of the world with an estimated
global production of over 162 million metric tons from an area of 4.83 million hectares (FAO 2014). The
United States, China, Turkey, Italy and India are the major producerswhere tomato is consumed as salad,
cooked or processed into several preferred by products like ketchup, juice, puree, sauce and whole canned
fruit. It isthe second most important vegetable crop next only to potato in India. During 2012-13, tomato was
cultivated over an area of 8.88 lakh hectares with a production of 182.28 lakh tones (Anon 2014). “Hidden
hunger” or micronutrient and vitamin deficiencies is a pernicious problem around the world that is caused by a
lack of vitamins and minerals such as vitamin A, iodine and iron in the human diet. It affects the health of
between 2 and 3.5 billion people in the developing world and increases the risk of illness or death from
infectious diseases and children do not develop to their full physical or mental potential (Dias 2012 a). Tomato
is a rich source of antioxidants (mainly lycopene and S-carotene), Vitamin A, Vitamin C and minerals like Ca,
P and Fe in diet (Saleem et al. 2013).1t is a rich source of lycopene antioxidant that reduces the risk of prostate
cancer (Hossain et al. 2004).

Regular consumption of a vegetable rich diet has immense positive effects on health since phytonutriceuticals
of vegetables can protect the human body from several types of chronic diseases. Various phytonutriceuticals
with antioxidant properties may work directly by quenching free radicals or indirectly by participating in cell
signaling pathways sensitive to redox balance. Nutrients such as potassium contribute to blood pressure
regulation.Research on the health benefits of vegetables, from a horticultural and breeding perspective, needs
to focus on key areas in the near future to continue the evaluation of phytonutriceuticals content among older
versus newer major cultivars (Dias 2012 b). Nutritional quality as understood by the consumers and available
at a moderate price may encourage enhanced consumption, thereby conferring an important marketing
incentive to vegetable breeding.Successful breeders need to anticipate these changes and develop vegetable
breeding strategy that is dependent on market trends by developing new cultivars which will be released to the
growers when their demand increases.However within cultivated tomato, genetic variation is very low thus,
there has long been an interest in searching for genes in exotic and primitive germplasm.
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Landraces are heterogeneous, genetically dynamic populations that have evolved under low inputs of soil and
agrochemicals and have been subjected to selection pressures for hardiness and local adaptability, rather than
for productivity (Frankel et al. 1995). Also these landraces have shown large and significant variation in
flavour volatiles (Ruiz et al. 2005) and nutritional constituents (Andreakis et al. 2004).

Since vegetables are rich in vitamins, minerals and other micronutrients, and therefore vital for health,
breeding objectives should include improving their nutritional value. Historically vegetable breeders have
applied selection pressure to traits related to agronomic performance, particularly yield and quality, because
these are the traits important to the producer. Rarely have growers been paid for nutritional factors, so there
have not been economic incentives to pay much attention to these traits. However, consumers are becoming
more aware of these traits (Dias 2012 c). By the phenomenon of heterosis in 1907, many studies on the hybrid
approaches, heterosis and combining ability estimates in tomatoes were conducted. But this hybrid seed
technology prevents growers from saving seed from their harvest, thus forcing them to return to the
commercial seed market every year. If the farmers wants to save and produce own seeds, segregation and
reduction in heterozygosity adversely affect the quantity and quality of the produce in F, generation. Hence
residual heterosis, if manifested in the F, generation would offer further scope as the grower need not get the highly
priced F, seeds every year. Manifestation of hybrid vigour in F; and its retention in F, generation of tomato has been
earlier reported by Choudhary et al. (1965) and Kanthaswamy and Balakrishnan (1989) and Dagade et al. (2015 a
and b).Combining ability studies are more reliable as they provide useful information for the selection of
parents in terms of performance of the hybrids and elucidate the nature and magnitude of various types of gene
actions involved in the expression of quantitative traits. In this context the present investigation was
undertaken to generate information about combining ability which would help to assess the prepotency of
parents in hybrid combinations in F; and F, generations.

MATERIALS AND METHODS

Materials

Present investigations were conducted at Junagadh Agricultural University, Junagadh (Gujarat).
Geographically Junagadh is located at 21.5° N latitude and 70.5° E longitudes with an altitude of 60 m above
the mean sea level. The experimental material consisted of eight genetically diverse tomato inbred lines viz., Py
(Gujarat Tomato 1, GT 1), P, (Pusa Ruby), P3 (H 24), P, (Ec 490190), Ps (Arka Vikas), Ps (Ec 163599), P; (Ec
177371) and Pg (Ec 398704) which were crossed in half diallel fashion to get F; seeds (Table 1 and Plate 1).
All the F; seed was sown and at the time of pollination 10 plants were selfed to get F, seeds. The parents, F;
hybrids and F, population were field evaluated using randomized complete block design with three
replications. All the 64 genotypes (8 parents, 28 F; hybrids and 28 F,) were evaluated; the seedlings were
transplanted in a randomized block design with three replications at the spacing of 75 c¢cm x 60 cm.
Recommended cultural practices and plant protection measures were followed. The observations were
recorded for eight fruit nutritional quality parameters viz., total soluble solids (°Brix), total titrable acidity (%),
carbohydrates (mg100 g™), proteins (%), carotenoids (mg 100 g), ascorbic acid (mg 100 g™), potassium (g
100 g%), lycopene (mg 100 g™) and fruit yield plant™ (Kg).

Statistical analysis

The observations were recorded on sample fruits randomly selected from five plants of each parent, F; and
check variety and 30 plants of F, genotypes were compiled and averaged values of the replicated data were
used for statistical analysis. The mean of each replication were tested for significance by the method suggested
by Panse and Sukhatme (1987).

Biochemical analysis

Analytical method suggested by Ranganna (1977) was followed for the estimation of total carbohydrates,
protein, ascorbic acid and potassium content. The Befa carotene content was estimated as per Saini et al.
(2001) and lycopene as per procedure of Adsule and Ambadan (1979).

Combing Ability Analysis

Combing ability analysis not only helps in identification and early assessment of breeding potential of parental lines
to be included in crossing programme but also provides specific promising cross combinations to exploit heterosis
or mop up the favourable fixable genes. Mean of 28 of each F; and F, progenies were arranged in a diallel table
and data obtained were subjected to combining ability analysis by using model I, method 2 as described by
Griffing (1956). It included parents and one set of F;s without reciprocals. In this method, the experimental
material is considered as a population about which the inferences are to be drawn and combining ability effects
of the parents could be compared when parents themselves were used as testers to identify good combiners. In
model I, it was assumed that the variety and block (replication) effects were constant but error was variable
and was normally and independently distributed with zero mean and (o) variance.
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RESULTS AND DISCUSSION

Significance of analysis of variance

Mean squares due to genotypes were highly significant for all the characters studied indicating existence of
considerable amount of variability among the genotypes (Table 2). The block effects were highly significant
for all the characters except for protein content and Vitamin A content indicating homogenity of the
experimental block for these traits and heterogeneity for rest of the characters.Further a partitioning of analysis
of variance revealed that parents, F; and F, differed significantly among themselves for all the characters
except protein content for which genotypic differences between parents were non significant. The parents’ vs
F, comparison was highly significant for all the traits. Whereas, parents vs F, portion was highly significant for
all the traits except protein content.

Significance of analysis of variance for combining ability

Analysis of variance for general and specific combining ability was carried out to ascertain the nature and
magnitude of gene actions involved in the inheritance of different traits. The mean squares due to both gca
(parents) and sca (F; and F,) were significant for all the characters under study, indicating that both parents and
their 28 cross combinations in F; as well as in F, generations significantly differed for their combining ability
effects. The estimates of gca effects of parents and sca effects of F; and F, for characters studied are presented
in Table 4 and 5, respectively.

The estimates of variance due to general combining ability were larger in comparison to variance due to
specific combining ability for all the 21 characters studied in both generations, indicating greater influence of
general in comparison to non additive gene action in the control of traits. The ratio estimates were greater than
0.50 for all the character under present except for the character fruit yield kg plant® in both generations
indicating importance of additive genetic variance in the inheritance. While, for ascorbic acid and carbohydrate
content, importance non additive variance was revealed due to less than 0.50 estimates of predictivity ratio in
F, generation. Tomato fruit nutritional quality charactersare discussed in following pages

Total soluble solids

Mean squares due to both gca and sca were significant indicating involvement of both additive and non additive
gene action (Shende et al. 2012). However, greater proportion 6°gca than 62 sca and greater than 0.50 estimates of
predictivity ratio confirmed additive inheritance of TSS content in the present study; which is in conformity with
earlier studies (Dhaliwal et al. 1999, Thakur and Joshi 2000 and Kumar et a/.2013). In general, all the parents
except Ps in F; and Ps in F, had highly significant gca effects in positive or negative direction. Two parents
viz., P, (0.357 in F; and 0.326 in F;) and P6 (0.065 in F; and 0.163 in F,) had consistently stable positive gca
effects desired for higher TSS. Whereas, Pg had consistently significant negative gca estimates desired for
lower TSS content.

Perusal of gca effects over both generations revealed constantly higher combining nature of parent P, although its
rank magnitude differed among the estimates. This parent contributed significantly for TSS content when crossed
with Pg in both generations constantly. In addition to P, x Pg, cross Py X P7 also had high sca effects. Both these
crosses involved high x high combining lines. However, among these two crosses, P, X Pg is favoured since it
expressed significant increase in TSS content in F, generation.

Fruit acidity

Titratable acidity, pH, fruit firmness are important fruit quality characteristics of tomato. Organic acids give
the fruits sourness, and affect flavour by acting on the perception of sweetness.Acidity influences storability of
processed tomato. Lower pH reduces the risk of pathogen growth in tomato products, such as Bacillus
coagulans, which is found to be completely inhibited by a pH below 4.1. For this trait preponderance of additive
gene action was confirmed from analysis of variance, greater magnitude of 6%gca and predictivity ratio. Trinklen and
Lambeth (1975), Singh et al. (1980)and Kumar et al. (2013) also reported additive inheritance of this character in
tomato.Parent P; in F; and P3 in F, were identified as good general for higher acidity content and Ps in F; and
Ps in F, for lower acidity.

Amongst, 14 and 20 significant crosses, noticed in F; and F,, eight and nine had positive sca estimates,
respectively. Of which two cross combinations viz., Py X Pg in Frand Psx P; in F,generationemerged as best crosses
for fruit acidity. Theses crosses involved high x lowand low x high combining lines, respectively. Thus, crossing
between medium x small fruit lines appears to be essential to get high acid fruit in the present study. Similar results
were observed by Gaikwad ez al. (2003) for correspondence for TSS content in tomato.

Carbohydrate content

In plants the main carbohydrates of nutritional value are glucose, fructose, sucrose, polysaccharides and starch.
Ahmed et al. (2004) emphasized that sugar are an important qualitative trait that deserves due attention in the
quality breeding programme especially in vegetables like tomato. Carbohydrates in vegetables are responsible
for sweetness and flavour and supply about 110 K cal calories, which is about four to five per cent of daily
requirement.As in the case of most of the other vegetables, tomato also has lower carbohydrate content.
Chakrabarti (2001) reported 4.70 per cent carbohydrates 100 g of tomato edible portion.
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Significance of both gca and sca, greater proportion of 6°gca and more than 0.50 estimates of predictivity ratio
revealed importance of additive genetic variance in the inheritance of carbohydrate content in F; generation in
present study.In general, the entire parents except P; in F, had significant gca effects in both generations. Its
range varied from -0.222 (Pg) to 0.314 (P,) and -0.265 (Pg) to 0.232 (P¢) in F; and F,, respectively. The parent
P,was the best general combining line for this trait. Similarly, in cross combinations also parent P, contributed
constantly with parent Ps when per se performance of top ranking crosses combinations in F; and F, coupled with
their respective sca estimates were considered together. Hence, heterosis can be employed in F; and as well as
selection of desirable segregate can be followed in F, generation for improvement of carbohydrate content.

Protein content

Proteins serve as building blocks of living cells. The essential components of protein are the 20 amino acids.
Ahmed et al. (2004) reported that the average protein content in vegetables is lower (2.5 g 100 g™), than the
legumes (25 g 100 g*). However, the quality index of protein is rated high among common plant foods.
Chakrabarti (2001) reported 1.1g proteins 100 g™ of edible portion in tomato. The Indian Council of Medical
Research (ICMR) recommended 55 g daily intake of protein for a man engaged in moderate work.

Data over both generations revealed importance of additive genetic variance in the inheritance of protein content in
the present study. Nanda and Rao (1975) in sorghum and Sumberg (1978) in alfalfa reported similar results.
Significant maximum gca effect in both generations was noted in parent Pg (0.145 in F; and 0.092 in F,). No
relevance was noticed among gca and sca effect since none of the cross combinations displayed significant
positive or negative sca estimates among 28 F;s investigated under present study in F, generation. However, in
F, generation all 28 crosses were significant. In that 18 crosses had sca effects in desirable direction. Among
them the cross Pg x P; (0.186) and P, x Pg (0.117) had higher sca estimates in which former was significantly
superior over the later hence identified as best specific cross. Thus there is enough scope for selection of
desirable segregates in F,generation.

Table 1. Source and some diagnostic features of homozygous parental lines of tomatoes

Cl\?ge Parent Source/Origin Salient features
Gujarat Vegetable Research Indeterminate plant habit, popular in Gujarat
P Tomato 1 Station, J. A. U, high yielding, fruits are red round, pulpy
! (GT1 Junagadh (Gujarat) consistency and have green shoulder.
Indian Agricultural Pqpular variety produced py hybridisation of
Pusa . Sioux x Improved Meeruti. Plants are early,
P, Research Institute, . . . . .
Ruby New Delhi indeterminate, spreading, hardy. Uniform light
red, medium sized and have flattish round fruits.
Harvana Aaricultural Fruits are red, round, medium sized and pulpy
P3 H 24 yana Agricu but susceptible to cracking. Plants tolerant to
University, Hisar
TLCV.
National Bureau of Plants are determinate with potato leaf shape.
P Ec 490130 Plant Genetic Fruits are orange red in colour, medium in size,
4 Resources, New roundish, firm, have few locules and thick
Delhi pericarp.
Indian Institute of Indeterminate type does well in stress condition.
Arka . . AN .
Ps Vikas Horticultural Fruits are medium in size, flat round, uniform
Research, Bangalore red colour and have high TSS.
NatF:I(;r:]a;I(BBeunrsgg of Indeterminate plant habit. Fruits are flattish
Ps Ec 163599 round, small to medium in size having deep red
Resources, colour and are pulpy
Hyderabad '
National Bureau of | Plants are early, spreading with good branching
Plant Genetic habit. Produces 4 to 5 fruits in cluster. Fruits
P, Ec 177371
Resources, New small oblong shaped, orange red coloured,
Delhi pulpy.
NagI(;r;]a;IGBeunrsgg of Indeterminate and spreading plants. Fruits are
Pg Ec 398704 flattish round, deep red coloured, slightly lobed,
Resources, New -
Delhi pulpy and are small to medium in size.
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Table 2 Analysis of variance for nutritional characters of tomatoes

Total . . . .
Fruit Protein | Ascorbic acid | Hefz carotene | Potassium Lycopene o
Source [DUF S;iﬁzlse acidity C;a:;zﬁ?;ﬁe content content content content cotitent (mg (Pk;u llzlgﬁld)
CBrix) {*0) %) | (mg 100g") | (mg 100g-1)| (mg 100 g) |  100g™)
Feplications | 2 | 3.00%F [ 0.075%* 161+ 0.013 T, BE** 0.0169 0.044%* 222.46%* 3.90%%
Genotypes | &4 | 1.16%F | 0.0B0F* 0.50%* D.058% | 10536 0.0d44** 0036%* 285 90%* 0 35**
Parents T 070%F | 0067 [0.57%* 0.03 48, 23%* 0.015%* 0.040%* 130.080%* 0. 12%*
IH 27 | 0955 | 0.036%* (0.65%* 0. 080** 97T 0.027** 0.026%* 300.02%* 0, 34**
Fae 27 | 1.52% | 0.085%* 1. 14%** 0.045% | 124 90 (.06 2% 0.041%* 309 474 0.41%*
RS . . . . . X ) . .
PV:E 1| 0.10%* | 0.004** 0.46%* 0.088* 188,06 0. 122%* (. 195%* 417 93+* A
b . . . . . 5 5 . .
PVsF 1| 039 | 0005%* 0.76%* 0.054 287 95 0.266™* 0052%* 41 28%* 1.01%*
Error 128 | 0007 | 0001 0.025 0.022 117 0.0034 0.0009 0212 0.023

*, ** Significant at P <0.05 and 0.01, respectively

Table 3. Analysis of variance forgeneral combining ability for nutritional characters of tomatoes

. Total Fruit Carbohy dr Protein| Ascorbic Beta Potassium Lycopene Fruit
Generati soluble o ate . carotene .
Effect on df solids acidity content content amdconter%t content content1 content1 yleldl
. ! i ) !
(Briz) (%) %) (¥ |(mg 10027 mg 100z-1) (mgl00g™) | (mg100g™) | (kg ha)
GOA F 7 0613%F | D.054%+  0.312%* | 0.047*% 37857%* 0027 0019 252.515%* 0.236%*
F, 7 0.562%% [ 0.039%*  (0340%* | 0029%4 19112%* 0027+ 0019%* 252.515%* (1 245%*
SOA F 27 | 0.223%* [ 0.006%*  0.255%* | DOO3*Y 29745%* 0.005%* 0010** 54 TRE* 0.095%*
F, 27 | 0417 [ 0.026%* 0372%F | 0.010%* 44 352%* 0.005%* 0.010%* 54 TEEF* 0. 095%*
Error F 70 0.004 0.001 0.001 0.00% 0395 0.001 0.001 1.536 0.011
E, 70 0.004 0.001 0.012 0.01 0028 0.001 0.001 1.536 0.005
¢ F 0609 0.053 0311 0.038 37462 0.026 0.018 250.979 0.225
gea F 0558 0.038 0.328 0019 15083 0.026 0.018 250.979 0.24
¢ F 0219 0.005 0254 0.001 28351 0.004 0.009 53252 0.087
sea i 0405 | 0.025 036 0001 | 44323 0.004 0.009 33252 0.09
(Predictivity F 0736 0.914 0.55 1.027 0561 0867 0.6&7 0.825 0721
ratio) E, 0577 0.603 0477 1 0301 0867 0.6&7 0.825 0727
*, ** Significant at P <0.05 and 0.01, respectively
Table 4 Estimates of general combining ability effects in 8 parents of tomatoes
Tatal so]uhlle salds Funit acidity (%) Cathchydrate Protein content (%) Asc:;bgn:cid Be;;tit:m Potassmm contert Lyrcopene content Frmit yield
- (0B i) contert (%) (me 100g-1) (e 100 1) (mz 100 z-1) mg 100 &-1) (tha-1)
Fl F2 Fl 2 Fl F2 Fl 2 Fl 2 Fl R Fl F2 Tl F2 Fl F
"E’PTUI D27 | D272 | DLLDMF | 0073 Q0%+ | 001 | -003 | -00deek| 032 |o2see| 000 |03k | D04z | 0l 118 | 1414+ | 48
Rui“;;j OI5P | 03260 0005 | o | D3048 | 02060 | 003 |D0AES | 0462% | D286 DI2SHY QA2 | DOSZE | DDISH | 7054 | 35 | BILIM s
H24(P) | 0001 |-D07+* | 0105 | 0080% |D075% |D1SP | 001 | 0.025% | 1425+ |O74ee 0020%| -0000e| 0 | 00| 016 092 | 3110w | 1241
Ec i ) ) i i ) ) -
49&1)90 ol | e | e | CDUEZY | DI85 | D175 002 | Q2| S| DDER 0123 D14 | D0 | QO3LR | S | 30
A.ﬂ:a . } i i i i j
'\E;c;s oo | B0 | ppage | 00 [ ope | game | 00 | opsae | 2gioe | 1oage] 001 | 002 | 0031% | DO | LEe | 004 | 051 | 046
E-
1?31;5)99 DLEFH ] OIEF™ | g | gogges | D02 | D22\ g pme | s | L5 | LESE e gpases | gosges | D001 | 30T 0065 opgi | 5 gsgm
Ec
1?;3]?1 DB | oy | DO22 | D045 L2 pore | ooz |omee | 250 1157 ool | ool poaes | DOOL [0S 038 | n | 095
J i ) ) ) i i i ) i i i ) )
39(?;)04 Dage | 03600 | opaze | oo | 02zze | ozase | O OO pie | 1ogeed goager| oo | DB | gonges | DY S gmie | ) s
SEGL;’i' 0Ol | ODIB | DDDET | 0004 | 00042 | DGEG | 005 | oo | 018 | 00305| 00095 | 0091 | 0004 | DOOIL | 03665 | DEEI3 | DETM | Désm
*** significantat5 % and 1 % level, respectively
P,-GT1, P,-PusaRuby, P3-H 24, P,-Ec490190, Ps- Arka Vikas, Pg- Ec 163599, P,- Ec 177371, Pg

- Ec 398704
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Table 5 Estimates of specific combining ability (SCA) effects for different nutritional traits of
28 F;and F; crosses of tomatoes

Tuatd scluble solids - Carbobrrdrate : Ageorhic acid content | Befa carctene cortert | Polassium comtert Lyropene cottent Fruit vield
Crosees (Bsix) Fruit acidity (%) contert (%) Pratein content (%) (mg 100Y (mg 100 g-1) (mg 100 2% (mg100 g4 (Kgplat ™
F F F F, R F R R 21 F F F, F F, R F F F

PEP, | 04354 | 04034 D026 | -0000H4% L300 1 334% Q002 | D3RR | BE33M ) D BARMH 0044 [ 0083k 011 SDADgk | AgZaRE [ T4 | AT | Q2RIR
PPy | 0233w 008 L077%| L0207+ -0007 012 | 0052 | D0a0Er | LEITH | 3T1ER 0041 0043% | 009w | Q07w | 143000 ) 13ETLR | 2008 | (0435
P XP, | 0081 0960%* | 0D047* | 0.163%*%| 0.173% | 0310% | 0017 | 0.125%* | 0.895 4070 nog1* 0.005 003 D070 | 5326 | 47400 | 13RI | 084

Py P | D448 | 0240%* | 0057* 0.02 0.186%* 0157 | -0029 | -0013%* | 2478+ | -0371* 0048 0.143%% | 0056** | DOA6** | -4454%% | 5287+* | 3005 | -0373%*
PP, [ 0843% | 1124% | 0113*%* | -0.191%*]  0.486* 0.203* 0.1 0030%* | -3902%* | B A34** 0033 0039 L0A0** | D025 | 2805 | 3039 3229 -0.066

Byl Py | 1243% [ LA12** | 0045% | -0110%*) 0001** | Da34% [ 000 | -0093%* | 2071%* | 1811%* | 0035%* 0.027 0022 056%* | 4Ta4%* 1.787 005 | 0357
B X, -0.03 -0206% | 0040% | D09A** | 0431%* | 0.190% | 013 | -D116%* | -G1a4%* | 2.010%* 004s 0.057% | -0040%* | DOL12** | BATLI** | -4831%* | L017a%* | 0.179**
Byl Py | -D.134% | .0135% | 0016 | -D099** 0003 0042 0059 | -0030%% ) 0019 -0 adg* 0024 DOgF** | 0110%* | -D.039** 1518 | -6238%* | 3442 0.036

BBy 0.044 O.176%* | 0.003%* | D266%*| -0017 0.427% | 0153 | DOLI** | 1T51%*% | 5041% 0.03 -0.002 O050% [ O031** | BTF02%* | 5202%* | ARG | 1190
By Py | 0250 | D3R3%* | Q0B4** | 0192%*%) 0289*% | 0540% | 0031 | 0046%* | 2427%* | JE9E™ | 0113* | D136* | 0.044% | 0069* | 2748 -134 1841 0.001
Byl Py | DE50% [ L2I8%** | D0E0** | DLI1T** | 075é%* | 0867** | D106 | D.117** | 2TFaT+* | T7255%* -0.02 0.008 O181** | 0073%* | 03219 0682 -1993 | Da5Ew*

Byl Py | -OL178% | (1238 | 0189%%) -0252%%) 0081** | -0562% | 005 | Q0L7** | -4878%* [ -2RAD** ont4 D10G** | 0197** | D256% | TOOT** | Z.107** | 4815%* | 0450%*

By Py | D249% 0046 0.107* | D077+ 0119%* | .0926%* | 0161 | DO73%* | -1498%* | B 151%* 004y D103** | -0040% | -D.112%* 1.841 B246%% | 1145%* | D IET*E
B IRy | DE29% | 0F19%* | 001 | -0039*% | 0382% | 0.432% | 0114 | Q037#* | 3431%* | _2550%* 00z 0122+ 0023 0055%* | 2429% 091 S325 | 05T
By P, | -0374%) 0503+ | 001 0086 | 0275 | Q4TI | 0021 | 00404 | 4040%¢ | 4 375k 0.001 0029 D08 [ 0030% | 3300% | 2501 | -10.40%* | 0140+
By P, | 0433% | 0428*%* | 0006 | -D081%* -0015 0.146% | 0082 | DO59** | 0563 3104 0053 D1t1** [ -0020% | -D.092%* 0 0439 00238 3231w | 052w
Byl Py | -0292% | -0423% | 0021 | 0.104%*%| -D120%* | -0310%* | D044 | D0B3** | 20098%* | 5121%+ | 0120% | 0.136%* -0.002 -0003  [-33A3%* | 33EI* | L0381 | 0087
By XPy | O116* | 0044 | 0103+ -0081%*| D220 L0010 [ 0105 | 00aa%* | 2 564%% 0192 0004 0014 0047+ | QO75* | 1525 | -6880% | ATIE% | | 5744

By B, | 0.27a% | 03584 | 000G 0115%+| 0335% | 1020 | 0006 | -0027* | D631 S3TagkE 0005k DATERE | DD4E% | D022 | A0B4%E | 13200 | LE550%K | 12004

By XP | 0087 | 0332% | 0007 | -0150%%) 0335 | 0381 | 0056 | 0053 0207 1063% | 00754 | D216% | 0067+ | 00104 SRR SR04 | 03144

10.240%

Py, | 01350 0582% | 082 | 0225 0560% | 0603% | 0035 | 0057 | 523%e | 0SIFE | 0012 | DASLM | 0420% | 0103 | on | 97T | 221950 | 0833%

Py | 01550 | 0400% | D021 | D045% D360% | 0134 | 0024 | 0123+ | 205 | L4IEe |00 | D04 | 005 | 0002 || 1519 | 334 | 124

[ B XF | 030" 06H™ | D09 0176 | D127 | 002 | 0077 | 006" | [eap* | 005 | D00 | 4128 | D050 | 0527 o079 | 380 | 09 | 0377
P,-GT 1, P,-PusaRuby, P3-H 24, P,-Ec490190, Ps- Arka Vikas, Ps- Ec 163599, P;- Ec 177371, Pg

- Ec 398704
*** significantat 5 % and 1 % level, respectively

Ascorbic acid content

The antioxidant potential of tomato is derived from a mixture of antioxidant biomolecules, including lycopene,
ascorbic acid, phenolics, flavonoids and vitamin E, and is especially high in cherry tomatoes (Kaur et al.2004).
For ascorbic acid content additive inheritance was noted since 6°gca> 6°sca and predictivity ratio had > 0.50
estimates in F; generation. Similarly Patil (1985), Bhatt et a/. (2004) and Kumar ef al. (2013) reported importance
of additive genetic variance in inheritance of ascorbic acid content in tomato. The study indicated that comparatively
small fruited parents P;, Ps, P3 and P, indicated significant stable positive gca effects both in F; and F;
generations. Twenty two crosses revealed significant sca effects in F; and 26 in F, generation. The crosses, P; X
P+, P, x Pewere found to be constantly good on the basis of sca effects in F; and F, generations.These crosses had
medium x high and high x high combining lines, respectively.

Beta carotene content

Colour is a major quality characteristic in virtually all fruits and vegetables and uniformity of colour within
tomatoes is a principal requirement of quality standards for this crop. In the present study,all the parents except
P, in Fy, P, in F, and Ps and Pg in both sets had significant gca effects. The range of effect varied from -0.037
(Pg) to 0.123 (P4) and -0.043 (Pg) to P, (0.142) in F; and F, generations, respectively. Parent P, recorded
highest positive significant effect in both the generations, suggesting stability for combining ability for this
trait. The importance of fixable gene effect was experienced in both generations in the inheritance of S carotene
content. Nanda and Rao (1975) and Synkova et al. (1997) also reported that # carotene content was inherited by
additive genetic variance in F; generation.

Eight and 20 crosses had significant estimates due to specific combining ability in F; and F,, respectively. As
many as 12 crosses in F, and six in F; had significantly positive sca value. However, only four crosses viz., P3
x Pz P, x Ps, P4 X Pgand P, x Ps exhibited significant positive and stable sca effects over the generations. In
that former most cross recorded highest sca effects therefore was regarded as specific cross in both sets.
However the cross P, X Ps involving high x medium combining lines had the constant expression of f carotene
content, hence, it can be exploited in both generations, for higher £ carotene content.
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Table 6: Top three parents identified based on per se (parenthesis) and gca effects of tomatoes
Best parent for gca Common parent on
Best parent per se per se performance
Character performance = F, and gca effects in both
F; and F, generations
Total soluble solids P, (5.61) P, (0.357) P, (0.326) P,
(OBrix) Ps (5.38) P, (0.217) P, (0.272)
Ps (5.33) P; (0.092) Ps (0.163)
o P; (1.330) P, (0.110) P; (0.090) Ps
Fr“'t(;f)'d'ty P, (1.00) P, (0.105 | P, (0.073) P,
P, (0.91) P, (0.022) P, (0.046) P,
P, (4.21) P, (0.314) Ps (0.232) P,
0,
Carbohydrate (%) P, (3.66) P, (0.185 | P, (0.260)
P, (3.23) Ps (0.052) P; (0.175)
. P, (1.04) Ps (0.145) Ps (0.092) Ps
0,
Protein (%) Py (0.96) P, (-0.01) P, (0.042)
Ps (0.87) P; (-0.02) Ps; (0.025)
. P, (35.00) P, (2.541) Ps (1.857) P,
Asco(rr?]'g fg:)dgc_?)me”t P, (34.74) P (1L606) | P; (L.157) Ps
Ps (33.99) P; (1.425) P; (0.746) Ps
Beta P, (0.39) P, (0.123) P, (0.142) P,
Carotene (mg P; (0.33) Ps (0.001) P; (0.001)
100 g™ Ps (0.24) P, (-0.010) P, (0.020)
Potassium content P, (0.54) P, (0.060) Ps (0.033) P,
(g 100 gV P, (0.52) P, (0.052) P, (0.031) P,
P, (0.48) Ps (0.031) P, (0.015)
Ps (45.84) P, (7.754) P, (6.559) P,
Ly?;%eggg(éﬂt)em Py (44.57) Ps (3.107) P, (1.180)
P, (41.28) P (1.124) P; (0.920)
o P, (1.14) P, (6.111) P, (6.241) P,
(Er“'ﬁ;’r:f'_‘i') P, (1.09) P, (3.111) | P, (4.033) P,
gp P, (0.981) P, (L411) P, (0.460)

P,-GT1, P,-PusaRuby, P;-H 24, P,-Ec490190, Ps- Arka Vikas, Ps-Ec 163599, P;-Ec 177371, Pg

- Ec 398704

Table 7. Top ranking higher yielding ten crosses on the basis of per se performanceof tomatoes

Cross Perse Gca effect of Gca effect of Significant sca effect for other
- performa Sca effect ; :
combination ce parent in F, parent in F, characters
Fi F, Fi| F Fi F, Female | Male| Female | Male Fi F,
Py XP3 | PoxPs | 44| 45 14 10 1 3 6 -1 1,2,89 1,7
P, x Ps P, xP, | 43 42 8 4 6 3 4 6 1 159
1131415!61
P,xPs | P,xPs | 42| 35 9 -4 6 1 6 0 789 12,345,69
P,xPs | P1xP, | 37| 34 7 -20 6 -2 4 -3 112346,8 1,2,3,4,5,6,9
P,xP; | P,xP; | 36| 32 7 1 6 -3 6 -1 1,489 157389
Py xP, | PixPg | 35| 29 -1 4 1 6 4 -2 9 1,34
PsxPs | PoxPg | 34| 29 4 -17 3 1 -1 0 1,48 13579
PsxPg | PexP; | 31| 28 5 -1 3 -3 -4 -1 1,8 1,358
PsxPg | P1xPg | 29| 28 5 10 1 -2 0 -4 1,6,9 1,45
P3; X Pg PsxP; | 28 29 2 -3 3 -2 -1 -4 2 1,9
1 Fruit yield (kg plant™) 4 Carbohydrate content (%) 7 Beta carotene (mg 100 g™)
2 Total soluble solids (°Brix) 5 Protein content (%) 8 Potassium content(g 100 g™)
3 Fruit acidity (%) 6 Ascorbic acid (mg 100 g™*) 9 Lycopene content (mg 100 g™)

P,-GT1, P,-PusaRuby, P3-H 24, P,-Ec 490190, Ps- Arka Vikas,

- Ec 398704

Ps - EC 163599, P;- Ec 177371, Pg
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Potassium content

An examination of data pertaining to gca effects revealed that parents P4, P, and Ps exhibited positive and
significant gca effects in both the sets for potassium content. Potassium content was found to be inherited by
additive genetic variance which hasearlier been reported by Sleper et al. (1977), Das et al. (1984) and Spehar
(1995).Estimate of sca effects indicated that 21 and 26 crosses had significant effects in F;and F,, respectively.
Out of these significant crosses, 13 and 14 had positive sca effect in the F; and F,, respectively. The cross P, x
P; recorded the maximum positive stable sca estimates among nine stable performing crosses over the
generations. However, the cross P, x P; was significantly superior to the rest hence, was considered as the best
specific cross in the present investigations.

GT1 (P1) Pusa Ruby {Pz)

H 24 (Ps) Ec 490190 (P.)

Arka Vikas (Ps) Ec 163599 (P:)

Ec 177371 (P,) Ec 398704 (Ps)

Fig-1: parents used in the study

Lycopene content

Thelycopene predominates among carotenoids and is mainly responsible for the red colour of tomato fruits and
their derived products (Valverde er al. 2002).Lycopene content and antioxidant activity of tomatoes varies
between cultivars and is highest in cherry or small, cocktail fruit (Kaur et a/.2004). For the consumer, it is
important to know that 52% of the total antioxidants (48% lycopene, 43% ascorbic acid, 53% phenolics) are
located in the epidermis of the fruit, which in consequence should not be discarded during consumptionsince it
combats free radicals that damage living tissues progressively (Khan et al. 2004). As in the present study Kumar
et al. (2013) also reported additive inheritance of lycopene content. However Bhutani et al. (1983), Kumar et al.
(1997) and Roopa et al. (2001) reported importance of non additive genetic variance for this trait. The gca effects
varied from -10.140 (P,) to 7.754 (P,) and -6.669 (P,) to 6.559 (P,) in Fyand F,, respectively. Estimates of gca
effects in both the generations indicated that parents P,, Pgand Pg were good general combiners for lycopene
content in Fy, however, former most parent was statistically superior to later parents hence was considered as
best general combiner in F;. However, considering both sets of data, parents P, was considered as best general
combiner in both first and second fillial generations.
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Estimates of sca effects revealed that 22 and 16 crosses had significant sca estimates in both generations,
respectively. Among the significant crosses proportion of significant positive crosses was higher than
significant negative sca effects in F; while in F, equal proportion noticed. The sca estimates ranged from -
10.260 (P4 x Pg) to 14.390 (P, x P3) and -9.778 (P4 x P;) to 15.671 (P; x P3) in F; and F, generations,
respectively. Considering both sets, six crosses expressed significant positive stable sca effects, of which the
cross Py x P3 was statistically superior.

GT1xH24 Pusa Ruby x H 24

Pusa Rubv X Arka Vikas H 24 X Arka Vikas

H 24 X Ec 398704 Arka Vikas X Ec 163599
Fig-2: Crosses desirable for yield

Fruit yield

For fruit yield plant™, significance of variances due to both general and specific combining ability revealed as
well as predictivity ratio indicated importance of non fixable gene effects for fruit yield plant™ in the present study
(Singh and Asati 2011, Shende ef al. 2012 and Yadav et al. 2013) in F, generation and with Singh and Mital
(1978) and Peter and Rai (1980) in F, generation. Perusal of per se performance of parents and their gca effects in
F, and F; revealed that, parent P, appeared to be best general combiner for total soluble solids, carbohydrates,
lycopene, and yield in both sets (Table 6). The crossGT 1 x H 24cross involving high x high combiners could be
considered as best cross over the generations when higher yield is desired.Perusal of data in table 7 revealed that
the cross Pusa Ruby x Arka Vikas was desirable for fruit yield as well as nutritional characters sinceit inherited
all nutritional traits except TSS content in Figeneration and carotene content in F, generation as opined by
Dias (2012 c). This cross involvedhigh x high combining lines for potassium, high x low combining lines for
TSS, carbohydrate and vitamin C content, medium x lowfor lycopene, medium x medium for protein content
and low x low combining lines for fruit acidity content. As observed in the present study, Kavita et al. (2007)
also found that the sca effect did not always coincide with the ranking based on per se performance.

CONCLUSION
Estimates of combing ability analysis indicated that variances due to both general combining ability (gca) and
specific combing ability (sca) were significant for all the characters. The estimates of predictivity ratio =

20°gca

3 > indicated high magnitude of non additive gene action for almost all traits indicting
20°gca + o sca
exploitation of heterosis breeding. Estimation of gca effects indicated that none of the parents was high general
combiner for all characters under present study. However parents GT 1 and Pusa Ruby were the best general
combiner for fruit yield and TSS content over the generations. Exotic parent Ec 490190 was good general
combiner for carbohydrate, £ carotene and potassium content in both generations. For exploitation of hybrid
vigour the performance of the parent H 24 was the best in F; generation for fruit yield, TSS and potassium
content.

International Journal of Applied Biology and Pharmaceutical Technology Page: 53
Available online at www.ijabpt.com




Dagade et al Copyrights@2015, ISSN: 0976-4550

The parent Ec 163599 was best for lycopene, protein and potassium content indicating its feasibility of
exploitation on commercial scale. The cross GT 1 x H 24 depicted highest sca effect for fruit yields and the
cross Pusa Ruby x Arka Vikas was desirable for nutritional characters (Plate 2). Present study revealed that
although exotic and domesticated parents had better nutritional quality content, their inheritance in Fiand F;
was partially expressed. Hence selection of desired plant type in segregating generations may be adopted.
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