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En esta investigación se evaluó 16 híbridos de tomate bajo condiciones de invernadero y laboratorio para estimar principal-

mente la varianza genética, la aptitud combinatoria general (ACG) del macho, la aptitud combinatoria específica (ACE) de

cada cruza y la herencia de las características morfológicas, agronómicas, agroindustriales y de resistencia. Los resultados

mostraron una amplia variabilidad para los caracteres evaluados y se determinó que en las mismas están involucrados efectos

aditivos, no aditivos y dominantes.  Las variedades Platus y Rio Grande tuvieron mayor Aptitud Combinatoria General

(ACG) para rendimiento. La variedad San Marzano mostró los valores más altos para pérdida de peso y menor cambio de

grados brix. Platus y Rio Grande mostraron los valores más altos de ACG para menor pérdida de dureza de fruto y menor

cambio de pH. Las cruzas Martha x 89R Sw-5/Sw-5 y San Marzano x 895 Laching Sw-5 tuvieron los valores más altos de la

Aptitud Combinatoria Específica (ACE) para rendimiento, sugiriendo que estas combinaciones tuvieron para vigor hibrido

para rendimiento, menor pérdida de peso, grados Brix y pH. La herencia fue mayor para tamaño, ancho, forma, dureza,

número de lóculos y grados brix de fruto.
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Abstract

J Selva Andina Biosph.
2013; 1(1):45-54. In this research, 16 hybrids of tomato were evaluated under greenhouse and laboratory with the aim of estimating genetic

variances, general combining ability (GCA) of male, specific combining ability (SCA) from each cross and the heritabilities

for morphological, agronomics, agri-industries and resistance characteristics. Results showed a large variability for evaluat-

ed characters, defining that additive and non-additive effects as well as dominant were involved in the same. Platus and Rio

Grande varieties had a higher General Combining Ability (GCA) to yield.  San Marzano variety showed the highest values

for weight loss and a lower Brix degree values. Platus and Rio Grande showed the highest values of GCA for a lower fruit

hardness loss and a lower pH value.  The Martha x 89R Sw-5/Sw-5 and San Marzano x 895 Laching Sw-5 crosses had the

highest values of Specific Combining Ability (SCA) to yield, suggesting that these combinations had hybrid vitality for yield,

lower weight loss, Brix and pH degrees. The inheritance was greater for size, width, shape, hardness, number of locules and

fruit brix degrees.
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Introduction

In Bolivia, 6000 ha are cultivated, about 80% is

produced in the department of Santa Cruz. The

average yield is 11 t ha-1, equivalent to 500 boxes

of 22 kg (Ghezan 2000, Reque 2010). Most of the

tomatoes production is consumed fresh and the bu

siness value amounts to about 21 million (CNPSH

2001). The tomato production cost is estimated bet

ween 1500 to 2000 US$/ha-1 approximately, de-

pending on production areas.

The above background shows the increasing im-

portance of tomato and the need to achieve new

toma to hybrids production and resistance to dis-

eases. In the year 2007, the PROINPA Crop

Breeding Program evaluated 74 tomato accessions

from different parts of the world (Gabriel et al.

2008) but only eight varieties were selected. The

latter varieties were self-fertilized during three

agricultural cycles in order to achieve parental

lines partially homozygous which were later

crossed with two carrier lines of Solanum lyco-

persicum wild genes with resistance to tospo virus

(TSWV), achieving 16 hybrids.

Identification and selection of flexible parental

lines are required to be used in any hybridization

programme to produce genetically modified and

potentially rewarding germplasm by assembling

fixable gene effects more or less in a homozygous

line. Information pertaining to different types of

gene action, relative magnitude of genetic vari-

ance, and combining ability estimates are im-

portant and vital parameters to mould the genetic

makeup of tomato crop (Hannan et al. 2007). This

important information could prove an essential

strategy to tomato breeders in the screening of

better parental combinations for further enhance

ment. Exploitation of heterosis is primarily de-

pendent on the screening and selection of available

germplasm that could be produced by better com-

binations of important agronomic characters. The

entire genetic variability observed in the analysis

for each trait was partitioned into its components,

i.e. general combining ability (GCA) and specific

combining ability (SCA) as defined by Sprague

(1966) and reciprocal effects as sketched by Griff-

ing (1956). They stated that GCA effects were due

to additive type of gene action and SCA effects

were due to non-additive (dominant or epistatic)

gene action. Several studies of combining ability

for yield components are available in many spe-

cies. Some researchers found the predominancy of

GCA to be more important than that of SCA

(Khan et al. 1991, Yaqoob et al. 1997), while oth-

ers suggested that SCA was more important (Ortiz

2004, Biswas et al. 2005).

The current study was carried out to analyze some

important tomato cultivars/genotypes to ascertain

the relative performance regarding combining

ability effects for morphological, agricultural, agri

industries and resistance characteristics.

Materials and methods

The research was implemented in the 2010-2011

crop year in PROINPA Foundation facilities lo-

cated in El Paso in Cochabamba, Bolivia, at 17°

21'00.98" South latitude, 66°15'47.58" West longi-

tude and at an altitude of 2617 meters over sea le

vel. The area has an average annual temperature of

18 °C with 55% of RH and an average annual rain

fall of 569.9 mm, irregularly distributed between

the months of November to March. For hybrid
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transplanting (Table 1), level cover plates of 1 x

28.50 x 0.15 m. took place. Soil was prepared and

2.5 kg of Nitrophoska per cover plate was applied.

For seedling, plastic trays of 15 x 20 cm with

holes of 10 cm, previously disinfected with deter-

gent and water (50 mL of Cl/1 L of water) for 5 to

10 min, were used. Substrate was prepared in a

ratio: 1:1:1 of rice hull, soil and fine sand steri-

lized in autoclave for 35 min at 90 °C. The tray

holes were filled by compacting earth in order to

prevent air pockets. Seeds were sown in holes of

0.5 to 1 cm deep and 0.75 cm diameter. A seed

was placed in each hole and covered with disin-

fested lama, watered immediately at field capacity.

The trans plant system consisted in three rolls, in

holes of 0.15 m. depth, at a distance of 0.46 m

between holes and within the same row and at a

distance of 0.60 m between rows or furrows.

Weeds, pests and diseases were controlled.

According to growth habit, pruning was carried

out. In plants of determinate growth habit, three

main twigs were pruned and, in plants of indeter-

minate growth habit in two main twigs. In both

cases, the remaining twigs were removed. The

staking was performed after pruning. In determi-

nate hybrids, three stakes were placed and two in

the in determinate ones. The experiment was im-

plemented under the North Carolina II genetic

design in randomized complete blocks with four

replications. The 16 hybrids were treated. The

experimental unit consisted of 10 plants per hybrid

and three plants the sampling unit.

The response variables of the morphological, ag-

ronomic and resistance characteristics were evalu-

ated in all sampling units as recommended by

IPGRI (2008). To evaluate the agribusiness char-

acteristics such as: shelf-life during 16 days

(change in weight and fruit hardness) and chemi-

cal composition (pH change and Brix), 18 fruits,

per hybrid, was collected in phenological state of

1/3 green and 2/3 ripe, both of the same size. It

was also implemented two treatments (0 and 16

days in shelf) under a completely randomized

design. Based on the defined models, analysis of

variance were con ducted to test the hypothesis of

fixed effects and average comparisons using con-

trasts of a freedom degree to determine hybrids

with the best morphological, agronomic, agro-

industries and resistance characteristics.

The analysis of variance was also used to estimate

the variance components for random effects. The

indicated analyzes were performed by using Proc

GLM of SAS (SAS 2004).

The hybrid genetic analyzes were performed under

a Carolina del Norte II design, in which each male

p parent mated with females m (Martinez-Garza

1988). The analysis of this design allowed us to

estimate the genetic variances of the response

variables and to determine the general combining

ability (GCA) of male and the specific combining

ability (SCA) of each crossing. Also heritabilities

in narrow (h2) and broad (H2) sense were estimat-

ed.

Results

The analysis of variance for 12 variables (morpho-

logical, agronomic and resistance) showed visible

differences (Pr<0.01) in number of cells (NC),

plant height (pH) and tolerance to nematodes –
root Knot (Nacobbus aberrans) (TNa). Hybrids

with the highest number of cells (4 and 5) were

those from the crosses: Anasac x 89R Sw-5/Sw-5,

Arthalica x 89R Sw-5/Sw-5 and Magnus x 89R

Sw-5/Sw.
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Table 1 Agronomic and morphological characteristics of tomato parenteral lines uses to archive 16 tomato hybrids. El
Paso. Cochabamba, 2011

Treatments Female Male

Code Name Growth Fruit Code Name Growth Fruit

Cross Habit Shape Habit Shape

17 76 Anasac Determinado Redondo 70 89R Sw-5/Sw-5 determinado Redondo
29 76 Anasac Determinado Redondo 71 895 Laching Sw-5 determinado Redondo
6 40 Arthalika Indeterminado Alargado 70 89R Sw-5/Sw-5 determinado Redondo

22 40 Arthalika Indeterminado Alargado 71 895 Laching Sw-5 determinado Redondo
19 3 Magnus Determinado Redondo 70 89R Sw-5/Sw-5 determinado Redondo
21 3 Magnus Determinado Redondo 71 895 Laching Sw-5 determinado Redondo
7 41 Martha Indeterminado Alargado 70 89R Sw-5/Sw-5 determinado Redondo

23 41 Martha Indeterminado Alargado 71 895 Laching Sw-5 determinado Redondo
18 2 Platus Determinado Redondo 70 89R Sw-5/Sw-5 determinado Redondo
30 2 Platus Determinado Redondo 71 895 Laching Sw-5 determinado Redondo
1 19 Rio grande Determinado Alargado 70 89R Sw-5/Sw-5 determinado Redondo

15 20 Rio grande Determinado Alargado 71 895 Laching Sw-5 determinado Redondo
16 46 San marzano Determinado Alargado 70 89R Sw-5/Sw-5 determinado Redondo
27 46 San marzano Determinado Alargado 71 895 Laching Sw-5 determinado Redondo
11 35 Shannon Indeterminado Redondo 70 89R Sw-5/Sw-5 determinado Redondo
25 35 Shannon Indeterminado Redondo 71 895 Laching Sw-5 determinado Redondo
Hybrids (in bold) were selected as the most promising.

Moreover, the progenies with higher height were

the crosses: Anasac x 895Laching Sw-5, Arthalica

x 895Laching Sw-5, Martha x 895Laching Sw-5

and Shannon x 895Laching Sw-5. Besides, the

fruit width (FW), fruit size (FS), fruit length (FL),

a transversal cut shape (TCS) and yield (Y) were

not significantly different, suggesting that hybrids

had the same behavior when evaluated for the

variables mentioned.

The variance analysis for shelf-life showed nota-

ble differences (Pr<0.01) for the variable change

in Brix grades, suggesting that the change in fruit

Brix degrees of at least one of the hybrids, was

different. This indicated a large variability in the

variation of soluble solids in tomato fruits through

the time. By the other hand, the variables: change

in fruit weight, fruit hardness and pH, did not pre-

sented notable differences, suggesting that the 18

hybrids showed no change in any of the three vari-

ables through the time. This lack of variability

could be attributed to some degree of relatedness

by ancestors in common.

The GCA effect (female; male) and SCA (male x

female) was notorious (Pr<0.01) for TCS, NL and

PH, indicating that the inheritance of these charac-

ters would be governed by both additive and non-

additive effects. The magnitude of the latter ef-

fects would suggest that these three variables

would be effective for hybrid selection. On the

other hand, for variables FF, FW, CC, Y, and TNa

only the differences between GCAs (Pr<0.01)

were visible, indicating that the inheritance of

these characters would be governed mainly by

additive effects, therefore the selection through

generations could be effective to improve these

characters in our population.

Finally, for variables FC, FS, FL and TCS, the

GCA and SCA effects were not notorious. There-

fore, these variables would not be useful for the

selection of ancestors.
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The estimate of genetic variance components,

heritability and genetic effects (Table 2) for the

twelve variables showed that all they had values of

additive and dominance variance greater than zero,

suggesting that both genetic effects play an im-

portant role in the inheritance of these characters.

However, taking into account the importance of

gene tic effects (γ<1), additive effects would be
more important with respect to dominants in all

evaluated variables. Given the importance of these

additive effects, heritabilities, in narrow sense,

were high for all variables. Among these: FW, NL,

FSh and FS presented the highest heritability sug-

gesting that these characteristics would be highly

heritable for population selection, however, these

would not be useful for the selection of hybrids

because they would not be expressing hybrid

strength.

The estimated GCAs for ancestors (Table 3),

showed a wide variability in the behavior of an-

cestors on different response variables. The Mar-

tha, Shannon and Arthalica varieties showed the

highest GCAs for TG variable, suggesting that

these varieties would be a good source of genes

for an in determinate growth.  However, Magnus,

San Marzano, Platus and Rio Grande varieties

would be the best sources of genes for a specific

growth (higher negative GCA values). For varia-

ble FSh, lines 985 Laching Sw-5 and 89R Sw-

5/Sw-5 showed the highest GCAs, indicating that

these lines are a source of genes for FSh elongated

ellipsoid. The Anasac and Shannon varieties ob-

tained the lowest GCAs, being both good gene

sources for round fruits. For FC, San Marzano was

the best source of genes for the development of

reddish fruits. For FS, Arthalica, Rio Grande and

89RSw-5/Sw-5 showed the highest values and can

be the carriers of genes for large fruits.

Other variables that allowed a better understand-

ing of FS were FL and FW. For FL, Arthalica,

Magnus and Rio Grande had the highest values,

while for FW, Arthalica, Shannon and Magnus

had greater values, suggesting that Arthalica and

Magnus could carry genes for both a higher length

and fruit width; whereas Rio Grande and Shannon

would only be a source of genes for a higher FL of

the first one and, a higher FW, the last one. Mar-

tha, San Marzano and Platus varieties would be

important sources of genes for round fruits in the

transverse level. As to NL, the Martha variety

would be the carrier of genes for a lower NL (Ta-

ble 3) and Anasac, Arthalica and Platus varieties

for a higher NL. For Y, Platus and Rio Grande are

the ones that achieved higher GCAs, indicating

that these varieties would be a good source of

genes for a higher Y.

Since the PH depends directly of the growing type,

the indeterminate varieties Shannon, Martha and

Arthalica presented the highest GCAs and the

determinate Magnus variety, the lowest GCA.

Finally, as to the TNa, the Anasac, Platus and

Shannon showed the minor negative of GCAs

suggesting that these genotypes probably are car-

rying tolerance genes to rosary-nematode.

Martha crosses x 89R Sw-5/Sw-5 and San Marza-

no x 895 Laching Sw-5, presented the highest

SCAs for Y (Table 3), indicating that these com-

binations reflect a higher hybrid strength for Y;

likewise, the same combinations achieved the

lower negative values of SCA for TNa, suggesting

that their progenies would be more tolerant to

rosary-nematode attack than the remaining pro

genies evaluated.
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Table 2 Estimate of genetic variance components, heritability, GCA and SCA of 12 evaluated variables in 16 tomato
hybrids. El Paso, Cochabamba, 2011

Genetic Parameters TG FSh FC FS LF FW MC TCS NL Y PH TNa

218.14 0.28 2.93 2.08 58.43 461.68 0.14 1.17 0.84 1.91 0.04 3067.07

57.00 0.01 0.45 0.15 10.11 24.17 0.05 0.26 0.11 0.54 0.01 140.72

γ
0.51 0.23 0.39 0.27 0.42 0.23 0.57 0.47 0.36 0.53 0.49 0.21

0.79 0.87 0.71 0.85 0.69 0.91 0.69 0.65 0.87 0.65 0.79 0.81

0.99 0.92 0.82 0.91 0.81 0.96 0.91 0.79 0.98 0.83 0.98 0.85

Female CGA

ANASAC 0.896 -0.323 -0.492 -0.131 -2.908 0.916 -0.008 -0.021 0.133 0.008 0.008 -6.375
ARTHALICA 5.729 0.063 -0.325 0.202 3.258 3.083 0.003 0.312 0.085 -0.317 0.062 8.250
MAGNUS -5.104 0.063 0.008 0.035 2.425 2.249 0.003 -0.021 0.078 0.033 -0.070 -0.500
MARTHA 6.896 0.015 -0.492 -0.131 0.758 -1.417 -0.045 -0.188 -0.134 -0.117 0.075 0.625
S. MARZANO -5.104 0.322 1.175 -0.131 -1.075 -6.751 0.136 -0.188 -0.086 -0.405 -0.048 1.250
PLATUS -5.104 -0.063 0.108 -0.081 -2.308 -0.745 0.099 -0.188 0.095 0.908 -0.047 -4.250
RIO GRANDE -5.104 0.178 -0.325 0.202 1.425 -0.417 -0.045 -0.021 -0.086 0.133 -0.064 5.125
SHANNON 6.896 -0.255 0.342 0.035 -1.575 3.083 -0.141 0.312 -0.086 -0.242 0.084 -4.125

Male

895LACHING 0.604 1.03 -0.050 -0.119 -0.675 -1.541 -0.012 -0.104 -0.076 -0.020 0.013 0.000
89RSw-5/Sw-5 -0.604 1.00 0.050 0.119 0.675 1.541 0.012 0.104 0.076 0.020 -0.013 0.000

Crosses SCA

ANASACx895LACHING 5.40 -0.017 -0.283 0.119 -1.492 -0.626 -0.121 -0.063 -0.094 -0.142 0.057 6.875
ANASACx89RSw-5/Sw-5 -5.40 0.017 0.283 -0.119 1.492 0.626 0.121 0.063 0.094 0.142 -0.057 -6.875
ARTHALICAx895LACHING -1.77 -0.036 -0.117 -0.215 -0.325 -1.459 0.060 -0.396 -0.142 0.008 0.001 4.500
ARTHALICAx89RSw-5/ Sw-5 1.77 0.036 0.117 0.215 0.325 1.459 -0.060 0.396 0.142 -0.008 -0.001 -4.500
MAGNUSx895LACHING -0.60 0.099 -0.117 -0.048 2.842 -0.292 -0.036 0.271 -0.135 0.083 -0.019 -2.750
MAGNUSx89RSw-5/ Sw-5 0.60 -0.099 0.117 0.048 -2.842 0.292 0.036 -0.271 0.135 -0.083 0.019 2.750
MARTHAx895LACHING -0.60 0.051 -0.283 0.119 -0.825 0.041 -0.084 0.104 0.076 -0.217 0.013 15.375
MARTHAx89RSw-5/ Sw-5 0.60 -0.051 0.283 -0.119 0.825 -0.041 0.084 -0.104 -0.076 0.217 -0.013 -15.375
S. MARZANOx895LACHING -0.60 0.031 0.050 0.119 -0.658 1.041 0.097 0.104 0.028 0.320 0.004 -15.250
S. MARZANOx89RSw-5/ Sw-5 0.60 -0.031 -0.050 -0.119 0.658 -1.041 -0.097 -0.104 -0.028 -0.320 -0.004 15.250
PLATUSx895LACHING -0.60 -0.027 0.317 0.169 1.108 2.380 -0.036 0.104 0.114 0.008 -0.001 -3.500
PLATUSx89RSw-5/ Sw-5 0.60 0.027 -0.317 -0.169 -1.108 -2.380 0.036 -0.104 -0.114 -0.008 0.001 3.500
RIO GRANDEx895LACHING -0.60 -0.017 0.550 -0.215 -0.825 -1.292 0.108 -0.063 0.028 0.058 -0.017 -3.375
RIO GRANDEx89RSw-5/ Sw-5 0.60 0.017 -0.550 0.215 0.825 1.292 -0.108 0.063 -0.028 -0.058 0.017 3.375
SHANNONx895LACHING -0.60 -0.084 -0.117 -0.048 0.175 0.208 0.012 -0.062 0.124 -0.117 -0.039 -1.875
SHANNONx89RSw-5/ Sw-5 0.60 0.084 0.117 0.048 -0.175 -0.208 -0.012 0.063 -0.124 0.117 0.039 1.875

γ < 1=significant additive effects; γ = 1 important additive effects and dominants; γ > 1important dominant effects. TG=Type of
growth, FSh=Fruit shape, FC=Fruit color, FS=Fruit size, FL=Fruit length, FW=Fruit width, MC=meat color, TCS=Transversal cut-
ting, NL=Number of locules, Y=Yield, PH=Plant height, TNa =Tolerance to Nacobbus aberrans. The values (in bold) had the high-
est GCA and SCA.

In shelf, the estimate of combining aptitudes

showed that differences in males effect (GCA) as

well as females (SCA) were significant to Pr<0.05

only for variable change in Brix Grades, suggest-

ing that change in the amount of soluble solids in

males and the interaction females x males was

different and evidencing that the inheritance of

this character is dominated by genes with additive

effects as well as non-additives.

The importance of non-additive effects suggests

that this variable would be effective for hybrid

selection.

The genetic variance components (Table 3)

showed additive and dominance variances with

values greater than zero for changing variables in

fruit weight and hardness and brix grades, suggest-

ing that changes in fruit weight and hardness and

Brix grades would be governed by additive and

dominant effects. Instead, the variable change in

pH would only be governed by additive effects.

However, considering the importance of genetic

effects (γ), the additive effects would be more
severe for change variables in fruit weight, hard-

ness and pH. On the other hand, in order to change

in Brix grades, genes with dominance effects
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would have a higher intensity, confirming that the

seletion of hybrids would be more effective by

using this variable.

Table 3 Genetic effects analysis of shelf life for weight, hardness, pH and Brix in tomato hybrids, El Paso, Cochabamba,
2011

Variables Weight (g) Hardness Brix grades pH

6.36 0.71 5.98 0.04

0.44 0.20 6.12 0.00

Γ 0.26 0.53 1.01 0.00

0.88 0.48 0.46 0.70

0.94 0.62 0.93 0.70

Parents GCA

Female

Magnus -2.62 0.21 0.55 0.04

Marzano -9.98 -0.02 -0.56 0.02

Platus 7.31 -0.14 0.06 -0.03

Rio grande 1.23 -0.13 0.03 -0.03

Shannon 4.06 0.09 -0.08 -0.01

Male

895 Laching Sw-5 -2.45 -0.42 0.50 0.10

89R Sw-5/Sw-5 15.37 -0.39 -0.37 0.05

Crosses SCA

Magnus x 895 Laching 0.96 -0.23 -0.11 0.05

Magnus x 89R Sw-5/Sw-5 -0.95 0.23 0.11 -0.05

Marzano x 895 Laching 7.93 -0.09 1.42 0.03

Marzano x 89R Sw-5/Sw-5 -7.93 0.09 -1.42 -0.03

Platus x 895 Laching -4.80 0.35 -0.57 -0.01

Platus x 89R Sw-5/Sw-5 4.80 -0.35 0.57 0.01

Río grande x 895 Laching 2.32 -0.38 -0.50 -0.01

Río grande x 89R Sw-5/Sw-5 -2.32 0.38 0.50 0.01

Shannon x 895 Laching -6.41 0.34 -0.24 -0.06

Shannon x 89R Sw-5/Sw-5 6.41 -0.34 0.24 0.06

γ < 1=significant additive effects; γ = 1 important additive effects and dominants; γ > 1important
dominant effects, GCA  = General combining ability, SCA = Specific combining ability, The val-
ues (in bold) had the highest GCA and SCA.

The heritability estimate, as from genetic effects

(Table 3), showed higher values for both the herit-

ability in narrow (h2) and wide (H2) sense for

changing variables in fruit weight and pH, sug-

gesting that these variables not only have a high

genetic variability but also a high heritability from

father to son. On the other hand, the change varia-

bles in fruit hardness and brix grades presented

heritabilities in low narrow sense, suggesting that

the selection of tomato hybrids would be more

effective through change variables in fruit hard

ness and Brix grades.
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The San Marzano variety, presented a lower nega-

tive GCA value for changing in fruit weight and

brix grades, suggesting that it would be a genes

carrier for less weight loss and less change in brix

grades while it was subjected to a test of 16-days

of shelf-life. On the other hand, the Platus and Rio

Grande varieties presented GCAs of lower nega-

tive value for change variables in hardness and

fruit pH, suggesting that these genotypes would be

the carriers of genes for lower hardness loss of

fruit and less change of pH in the fruit pulp during

the 16 days (Table 3).

For hybrids selection through hybrid strength of

new combinations, SCA was estimated for hybrids

(Table 3). These estimates showed that crosses

San Marzano x 89R Sw5/Sw-5 and Platus x

895Laching had SCAs of lower negative values

for change variables in fruit weight and brix

grades, suggesting that these combinations had a

higher hybrid strength for less weight loss and less

change in brix grades for fruits shelf-life. Moreo-

ver, the crosses Platus x 89RSw-5/Sw-5 and Rio

Grande x 895 Laching Sw-5, showed SCAs of less

negative value for changing in fruit hardness, sug-

gesting that these crosses had more hybrid strength

for lower hardness loss of fruit during a period of

16 days. Finally, the crosses Shannon x 895

Laching Sw-5 and Magnus x 89RSw-5/Sw-5 in-

creased their hybrid strength for less changes of

pH, in the course of 16 days.

Discussion

In our study the GCA effect and SCA was im-

portant for TCS, NL and PH, indicating that the

inheritance of these characters would be governed

by both additive and non-additive effects. The

magnitude of the latter effects would suggest that

these three variables would be effective for hybrid

selection. On the other hand, for variables FF, FW,

CC, Y, and TNa only the differences between

GCAs were visible, indicating that the inheritance

of these characters would be governed mainly by

additive effects, therefore the selection through

generations could be effective to improve these

characters in our population. Similar reports were

also reported by Mirshamsi et al. 2006, Hannan et

al. 2007, Sekhar et al. 2010, Govindarasu et al.

1981.

For the variables FC, FS, FL and TCS, the GCA

and SCA effects were not important. Therefore,

these variables would not be useful for the selec-

tion of ancestors.

In our study the yield per plant, showed an im-

portant variation due to GCA as well as SCA indi-

cated the importance of additive as well as non-

additive types of gene action in inheritance of this

trait. This finding is in close agreement with Mital

& Singh 1977, Prata et al. 2003, Mirshamsi et al.

2006, Ahmad et al. 2009, Sekhar et al. 2010,

Akram et al. (2012).

The genetic variance components showed additive

and dominance variances with values greater than

zero for changing variables in fruit weight and

hardness and brix grades, suggesting that changes

in fruit weight and hardness and Brix grades

would be governed by additive and dominant ef-

fects. Instead, the variable change in pH would

only be governed by additive effects. Similar re-

sultants was found  by Hannan et al. (2007) en

Bangladesh whose evaluated a set of tomato. They

reported in this study that the magnitudes of vari-

ance due to general as well as specific combining

ability for Brix grades were highly significant

indicating the importance of both additive and

non-additive gene action.
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