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Original Research Article

Estimation of general and specific combining
ability between two groups of tomato for the
production of hybrids resistant to bacterial wilt

ABSTRACT

To estimate the combining abilities between two groups of tomato genotypes for the production of
resistant hybrids to bacterial wilt. Phytobacteriology Laboratory and in greenhouse at Department of
Agronomy of Federal Rural University of Pernambuco, between June and September 2010. A
parental group was composed by the cultivars Yoshimatsu and Hawaii 7996, while the second group
consisted of 10 lines and the cultivars IPA-6 and Santa Clara. The diallel analysis was according to
the method of Geraldi and Miranda Filho, type G2, estimating the general (CGC) and specific (CEC)
combination capacity, besides the genetic parameters estimative. The crosses that showed the
highest performance for resistance were the hybrids Yoshimatsu with the line LO4 and Hawaii 7996
with the line L125, because they obtained a positive CEC for the period of latency and negative for
the other characters. It was observed that non-additive effects are involved in the four resistance
components and that the additive effects are involved for bacterial wilt index (BWI), incidence (INC)
and area under the disease progress curve (AUDPC). For the genetic parameters, the bacterial wilt
index and latency period with the isolate CRM 74, and area under the disease progress curve for
isolates CRM 74 and CRM 77 had the coefficients of genotype variation above the coefficient of
environmental variation, with CVg / CVe above 1.0 and high genetic variance. The highest
heritabilities were for the AACPD character for both isolates with 88.24% and 75.90% respectively.
The L125 line presented greater CGC to main resistence components for isolated CRM 74 and
CRM77. The hybrid YOS x L04 combination stood out for having a higher CEC.

Keywords: Solanum lycopersicum L.. Ralstonia pseudosolanacearum. Top cross. Combination ability.
1. INTRODUCTION

The tomato (Solanum lycopersicun L.) is cultivated in all Brazilian regions, being the solanacea most
produced in the world, second only to potato. In Brazil, 3.7 million tons of tomatoes were produced in
2016, with an average yield of 63.8 t ha”, including tomatoes for the processing and consumption
industry in natura [1].

In the North and Northeast of Brazil, bacterial wilt is the main disease of the tomato, limiting its
planting in several areas. Specifically in the Northeast, the disease is more severe in plantations
carried out during rainy summers and in protected crops. It is very important that the genetically
improved cultivars of tomato to the cultivation in the humid tropics of Brazil have the character of
resistance to the disease [2].

There are no tomato cultivars with an adequate level of resistance and agronomic characteristics that
the market requires, this is due to the resistance being strongly influenced by environmental
conditions and linked to other undesirable characteristics such as nematode and begomovirus
susceptibility , besides small fruits and with concentric cracks [3].

Seed companies provide producers with materials resistant to bacterial wilt, but without desirable
commercial characteristics, indicating their use as rootstock. Despite the existence of these materials,
some authors affirm that the use of resistant rootstocks does not dispense the other care, since they
have not complete resistance [4].




In Brazil, in the last years tomato production has been undergoing great technological
transformations, being worth highlighting the use of hybrid cultivars, bringing the increase of desirable
quantitative traits, including resistance to diseases [5]. To obtain hybrids resistant to the disease, it is
necessary to identify the source to determine the genetic control, to establish strategies and to
estimate the efficiency of use of this source, in breeding programs [6].

For the development of hybrid combinations with high potential, it is necessary the identification of
genitor lineages with good combinatorial capacity, based on obtaining estimates of the general (GCA)
and specific (SCA) of combining ability [7].

The GCA is related to the additive allele effects [8], representing the average behavior of the parents
in hybrid combinations, while the SCA is related to the nonadditive gene effects, characterizing the
deviations of hybrid combinations in relation to the average behavior of the parents [9]. The better
hybrid combination is that with the highest SCA, in which at least one of the parents has a higher
GCA and is divergent from the parent. According in literature, the resistance to R.
pseudosolanacearum in tomato is controlled by more than one gene or a gene block with dominance
[3].

We aim was to estimate the general and specific of combining ability between two groups of tomato
genotypes for the production of resistant hybrids to bacterial wilt, in addition to the estimation of
genetic parameters.



2. MATERIAL AND METHODS

The experiments were conducted in at Phytobacteriology Laboratory and in a greenhouse of the
Department of Agronomy of the Federal Rural University of Pernambuco (UFRPE), in Recife-PE, with
an average temperature of 26 + 5°C and relative humidity of 80.4 + 5.5%.

The cultivars bacterial wilt resistant Hawaii 7996 and Yoshimatsu were used as testers in Group |I.
Ten lines with the highest level of resistance to bacterial wilt (LO4, L12, L42, L49, L53, L79, L82,
L120, L125 and L128) and the two susceptible cultivars IPA -6 and Santa Clara were used as female
genotypes in Group I, resulting in 24 F1 hybrids.

CRM74 and CRM77 isolates , both belonging to phylotype | and sequevar 18 of Ralstonia
pseudosolanacearum, were obtained from cultures collection of at Rosa Mariano of the
Phytobacteriology Laboratory of the Federal Rural University of Pernambuco.

Seedlings were produced in expanded polystyrene trays with 128 cells, containing commercial
substrate based on pine bark, peat, charcoal, vermiculite and enriched with NPK and micronutrients.
In order to have enough pollen to perform the crosses, the proportion of pollinator plants for female
plants was 1: 4. Testers were sown two weeks before the female plants to ensure availability of pollen
from the start of the crossing operation.

After 21 days, the seedlings were transplanted in pots (5 L) containing coconut powder. The
nutritional requirements were supplied with nutrient solution, according to the stage of development of
the plants, daily through a pressurized drip system. The plants were conducted with tutoring and with
only one main stem for the female parents and without sprout removal for the male parents, favoring a
greater number of flowers.

Hybridization was performed manually, involving emasculation and collection of pollen, touching the
pollen grains on the stigma of the emasculated flower, repeating the process for two consecutive
days. During emasculation the flowers had the sepals cut off and after pollination were marked for the
appropriate identification of the pollinated flowers and the corresponding male parent.

Unused flowers were eliminated from the plant. Fruits from the crosses were harvested mature and
the seeds extracted manually.

Seeds of the hybrids and the parents after extracted and dried were seeded using the same
methodology described previously and with 21 days were transplanted to plastic pots of 500 ml with
commercial substrate and soil containing earthworm humus and coconut powder in the ratio of 1: 1.

For the preparation of the bacterial suspensions, the isolates were rescued from water preservation
and cultured in TZC medium [10] for 48 h at 30 + 2°C and transferred to agar nutrient-dextrose-yeast
extract medium (NYDA). Then the bacterial growth was suspended in sterile distilled water (SDW),
adjusting the suspension concentration to 5x108 UFC ml-1in photocolorimeter (Analyzer 500 M,
Brazil). All isolates used were previously tested for pathogenicity in seedlings of IPA-6.

After a week, when the roots developed and were distributed through the vase, a half-moon cut, about
two centimeters above the transition zone between the root and the stem of the plant was carried out
with the aid of a stylus to cause damage in the root system to serve as input of the bacteria, and soon
after was added 15 ml of the suspension. The experimental design consisted of completely
randomized in the factorial scheme (38 x 2), with three replications, with 10 strains, two susceptibility
cultivars (IPA-6 and Santa Clara), two resistance cultivars (Hawaii 7996 and Yoshimatsu) and the 24
experimental hybrids inoculated with the two bacterial isolates CRM 74 and CRM 77. Each plot
consisted of four pots with one plant each.

The evaluations were performed daily for 15 days on the incidence and severity of the disease (SEV)
using a descriptive scale of scores varying from 0 to 4 [11], where: 0 = absence of symptoms, 1 =
plants with 1/3 of the wilted leaves, 2 = plants with 2/3 of the wilted leaves, 3 = totally wilted plants 4 =
dead plants.

Following components of disease resistance were determined according to the data obtained:
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a) bacterial wilt index (BWI) at 15 days [12] was calculated by the formula: BWI = 2 [(C x P) / N],
where C = symptom score given in each class; P = number of plants in each class of symptom and N
= total number of inoculated plants;

b) incidence (INC) of the disease, determined by the percentage of infected plants in relation to the
total inoculated plants;

c) latency period (LP 50) determined by the number of days required for the onset of wilt in 50% of
inoculated plants [13];

d) area under the disease progress curve (AUDPC) calculated by the expression: AUDPC = [Z (y; +
vi+1) | 2.dg}/n, where y; and y;.1 are the values observed in the severity of consecutive measurements
and dy is the interval between evaluations [14].

The data collected were submitted to analysis of variance, considering the fixed model. Experimental
hybrids were analyzed according to the diallel scheme according to the method of [15], type G2
analysis of Top cross with lines and testers, estimating of the general (GCA) and specific (SCA) of
combining ability. The significance of the analysis of variance for GCA and SCA were tested by the F
test. Genetic parameters were also estimated as phenotypic, genotypic and environmental variability,
genotypic and environmental coefficient of variation, ratio between the genotypic and environmental
coefficient of variation, and broad-sense heritability. Statistics genetics analysis was performed
through the Genes program [16].

3. RESULTS AND DISCUSSION

Estimates of the mean squares relative to the contrast between the group of testers and the group of
female parents showed a significant difference by the F test (P = .01) for all resistance components
for each of the isolates (Table 1), indicating that the genotypes used have different expressions
according to the variation of the pathogen.

About the mean squares estimates of the combination SCA were significant by the F test (P = .01 or P
= .05) for all characteristics evaluated with the two isolates (Table 1).

Estimates of GCA mean squares for the group of testers with the CRM 74 isolate were significant for
all variables, except for INC. For the female parents only the variable LP 50 did not present
significance. Using the isolate CRM 77 the GCA mean squares of the testers were significant only for
AUDPC and for the GCA of the female parents were significant for INC and AUDPC (Table 1).

The significance for GCA and SCA indicates the existence of variability between the effects of GCA
(Gi), associated with additive gene effects, and between the effects of ACS (Sii and Sij), associated
with non-additives [17]. This significance also implies that the performance of the hybrids depended
on both the GCA and the SCA of the parents.

Table 1. Estimation of the mean squares of the general (GCA) and specific (SCA) of combining
ability, mean and coefficient of variation (CV) for four components of bacterial wilt resistance
for two isolates of Ralstonia pseudosolanacearum.

Mean Squares

SV DF CRM 74 Isolate CRM 77 Isolate

BWI" INC® LP50® AuDpPC® BwI" INC® LP 50®  AUDPC®

Treatments 37  2.92*¥*  4580.68*%*  94.90**  161.39**  2.98**  4864.27**  101.65**  133.22%*

Groups 1 24.80%* 4392422+ 936.16*%* 1052.27** 27.21** 46783.63** 1067.30** 966.74**

(IXII)



GCA 2.58% 527.34™ 27.09* 201.75* 0.47"™ 104.17™ 25.01™ 200.54*

Group [

[

GCA 11 1.03* 1549.81** 7.93™ 74.13* 1.08™ 1710.86** 8.06™ 52.03*
Group 11

SCA 24 2.89%  4499.40**  102.54**  161.95% 2.95%*  4761.28**  107.50*%*  132.89%*

Residual 74 0.47 396.75 6.69 35.30 0.7 425.32 8.16 49.97
Mean 2.17 78.08 8.70 16.37 2.11 77.69 10.12 13.90
CV (%) 31.61 25.51 29.72 36.28 38.88 26.55 28.22 50.81

166 *and ** significant at the 5% and 1% levels, respectively, of the probability by the F test and "ns" not significant
167 by the F test. T: testers; F: female parents. (1) BWI: Bacterial wilt index; (2) INC: incidence; (3) LP 50: latency
168 period; (4) AUDPC: Area under the disease progress curve.

169

170 For the CRM 74 isolate the mean squares for the BWI and AUDPC characters were significant for the
171 GCA and SCA of the testers and female parents, revealing the existence of variability resulting from
172 the additive and non-additive gene action in the expression control. However, the gene actions
173 favored more the manifestation of non-additive gene effects of the studied characters, since the mean
174 squares of the SCA were superior to those of the GCA of the testers and the female parents for BWI,
175 INC and LP 50, and superior to those of the female parents for AUDPC. For CRM 77, the variables
176 BWI and LP 50 had their mean squares significant only for SCA, predominating the non-additive gene
177 effects, that is, dominance.

178

179  Coefficients of variation presented values from 25.51% to 36.28% for the isolate CRM 74 and from
180  26.55% to 50.81% for the isolate CRM 77 (Table 1). In other hands, the differences between
181 treatments were highly significant for all variables, showing that the differences between treatments
182  exceeded the experimental error. This is due to the fact that the character of resistance to bacterial
183  wilt is controlled by several genes, being highly influenced by the environment, contributing to raise
184  the coefficient of variation [3].

185

186 Other authors also observed very high coefficients. In studies for identifying tomato progenies
187  resistant to bacterial wilt, was found coefficient of variation for LP 50 of 34.55% [13]. According to [2],
188  studying the adaptability and stability of tomato in soil infested with R. solanacearum, was verified
189  coefficients of variation from 18.76% to 29.00% for INC.

190

191 Hybrids should be produced from parents with positive and high magnitude GCA estimates for the PL
192 50 variable, unlike that required for BWI, INC and AUDPC.

193

194  The average CGC estimates of the four resistance components for the 12 genotypes inoculated with
195 two bacterial isolates are shown in table 2. Several lines showed negative CGC indexes for IMB, INC
196  and AACPD, demonstrating the capacity to contribute to the increase of resistance to bacterial wilt.
197

198 Table 2. Estimates of general combining ability (GCA) effects for four bacterial wilt resistance
199 components in 14 tomato genotypes for two Ralstonia pseudosolanacearum isolates. Recife,
200 UFRPE, 2017.

CRM 74 Isolate CRM 77 Isolate
Genotypes (3i)
BWI INC LP 50 AUDPC BWI INC LP 50 AUDPC
Yoshimatsu 0.16 2.34 -0.53 1.50 0.07 1.04 -0.51 1.45
Hawaii 7996 -0.16 -2.34 0.53 -1.50 -0.07 -1.04 0.51 -1.45
LO4 -0.36 -18.75 -0.53 -2.77 -0.42 -20.83 -0.75 -2.69
L12 -0.39 -17.37 -0.53 -3.04 -0.41 -18.06 -1.08 -2.60
L42 0.04 2.08 -0.42 0.50 0.28 6.94 -0.36 1.99

L49 0.26 9.75 -0.59 2.01 0.05 2.78 -0.02 0.12
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L53 0.11 2.08 0.52 0.79 0.06 417 0.14 0.83

L79 -0.08 4.86 0.69 -0.89 0.31 6.94 0.31 1.45

L82 -0.09 6.97 0.19 -0.97 0.09 6.94 -0.69 0.95

L120 0.04 -0.70 0.41 0.01 0.13 6.94 0.31 1.35
L125 -0.25 -4.87 1.30 -2.10 -0.21 -4.17 1.09 -1.66
L128 0.32 7.63 -0.98 3.54 -0.09 -1.39 0.92 -1.28

IPA -6 0.01 3.47 0.25 1.00 0.01 5.56 0.48 -0.38
Santa Clara 0.28 4.86 -0.31 1.94 0.21 4.17 -0.36 1.93

BWI: Bacterial wilt index; INC: incidence; LP 50: latency period; AUDPC: Area under the disease progress curve.

According to [18], when GCA is negative and of high magnitude, demonstrates the potential to
contribute in the reduction of the characters when used in crossings. Therefore, the L0O4 and L12 lines
showed the highest negative effects of GCA for the BWI, INC and AUDPC characters in both bacterial
isolates, and the L04 line was highlighted with the largest contribution to decrease INC (-18, 75) for
the CRM 74 isolate, and to decrease the BWI (-0.42), INC (-20.83) and AUDPC (-2.69) characters for
the CRM 77 isolate (Table 2).

For PL 50 the lines L79 (0.69) and L125 (1.30) showed the highest and positive values were for the
isolate CRM 74 and the lines L125 (1.09) and L128 (0.92) for the isolate CRM 77, with greater ability
to transmit favorable alleles for the expression of character.

The L125 line with the CRM 74 isolate, in addition to the high and positive estimate of CGC effects for
PL 50 (1.30), had its negatives estimates for IMB (-0.25), INC (-4.87) and AACPD ( -2.10). This fact
shows that there is a good concentration of alleles that are favorable to the increase of days for that
50% of the plants exhibit symptoms of wilt and that there is no concentration of favorable alleles to
increase the other characters. The same occurs with the lines L125 and L128 inoculated with the
isolate CRM 77, can be indicated in crosses, since these are extremely important characters in
resistance to bacterial wilt in tomato.

Still in relation to the isolate CRM 74 the lines L49, L42 and L128 presented negative estimates of the
effects of GCA for PL 50 and positive estimates for BWI, INC and AUPDC. Such values favor
undesirable allelic frequency for those who are looking for materials that favor resistance. In the same
way they occur with the L49, L42 and L82 lines when inoculated with the CRM 77 isolate.

Low absolute SCA values mean that the F1 hybrids obtained between the parents in cross behaved
as expected based on the GCA of the parents, while high absolute values of SCA demonstrate that
the behavior of a particular cross is relatively better or worse than expected from the GCA of the
parents [19].

According to [8] the better hybrids are those that have high effects of the SCA, positive or negative,
depending on the characteristic of interesting, and that originate from the cross in which one of the
parents has a high GCA. It is important to emphasize that not always two parents of high general of
combining ability, when crossed resulted the best hybrid.

SCA of the crosses of the lines with the testers positive and negative values were observed for all
components of resistance to bacterial wilt, demonstrating that there are genes that increase the
expression of the character as by others that reduce it (Table 3).

Table 3. Estimates of specific combining ability (SCA) effects for four bacterial wilt resistance
components in 14 tomato genotypes for two Ralstonia pseudosolanacearum isolates. Recife,
UFRPE, 2017.

Genotypes CRM 74 Isolate CRM 77 Isolate

BWI INC LP 50 AUDPC BWI INC LP 50 AUDPC

YOS x L04 -0.08 -17.16 9.40 -3.13 -0.23  -23.73 9.09 -3.20
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YOS x L12 -0.97 -35.22 -6.27 -6.24 -0.91 -34.84 -6.24 -6.29

YOS x L42 0.68 28.67 -1.38 6.85 0.98  40.16 1.04 6.73
YOS x L49 0.88 37.67 1.45 6.71 0.38 19.33 1.70 2.23
YOS x L53 1.03 20.33 1.67 7.52 0.70  34.61 0.54 7.90
YOS x L79 0.22 17.56 4.51 0.62 112  31.83 2.37 6.02
YOS x L82 0.11 28.11 2.01 0.88 0.76  23.50 0.37 6.90
YOS x L120 0.35 14.78 478 -0.90 0.80 31.83 1.37 7.13
YOS x L125 0.22 27.28 2.90 -0.18 -0.27 9.61 4.92 -3.24
YOS x L128 0.32 14.78 1.17 3.68 0.19 -1.50 542 -0.25
YOS x IPA-6 0.79 18.95 2.28 6.85 -0.16  16.55 5.20 -3.14
YOS x SC 1.20 25.89 0.51 10.03 122  34.61 -0.96 10.55
HAW x L04 -0.67 -29.14 -7.33 -3.50 -0.76  -29.98  -7.60 -3.31
HAW x L12 0.11 -5.53 8.33 -1.48 -0.02 -7.75 6.40 0.14
HAW x L42 0.18 8.36 3.89 -0.40 0.87 17.25 2.01 5.50
HAW x L49 0.84 30.02 0.39 5.78 0.52 21.42 2.68 2.50
HAW x L53 0.11 16.69 4.61 0.07 0.26 11.69 4.51 -0.33
HAW x L79 0.13 30.58 2.44 0.25 0.84 2558 3.35 4.04
HAW x L82 0.22 28.47 2.94 -0.31 0.31 33.91 1.35 1.17
HAW x L120 0.51 11.13 1.06 5.35 044 2558 4.35 2.52
HAW x L125 -0.53 -18.03 6.50 -3.80 0.12 3.36 3.90 0.86
HAW x L128 1.65 44.47 -0.89 14.93 016 2558 2.74 -0.61
HAW x IPA-6 0.29 23.63 2.89 1.60 0.90 3550 1.18 5.87
HAW x SC 0.61 22.25 2.44 2.16 0.36 11.69 4.01 1.44

BWI: Bacterial wilt index; INC: incidence; LP 50: latency period; AUDPC: Area under the disease progress curve.
YOS: Yoshimatsu; HAW: Hawaii 7996, SC: Santa Clara.

It was observed that the hybrid YOS x L12 presented the highest negative values of SCA magnitude
for three resistance components: BWI, INC and AUDPC in both isolates. This fact is expected when
we observe the GCA values of the L12 line for such characters, with the greatest negative effects for
BWI, INC and AUDPC, with the isolate CRM 74 and the second largest negative GCA effect of the
same three characters with the isolated CRM 77.

For the BWI variable, the greatest negative effects of SCA were observed at the crosses between
YOS x L12, HAW x L04 (-0.67) and HAW x L125 (-0.53) for CRM 74 isolate and between HAW x L04
(-0.76) and YOS x L125 (-0.27) for the CRM 77 isolate. When the GCA for IMB was observed, the
L04, L12 and L125 lines appear among the greatest negative effects, indicating that the additive gene
effects also contributed to the good performance of these combinations for the two isolates.

In relation to the INC variable, the greatest negative effects of SCA were observed again in the YOS x
L12 hybrid with a value of -35.22 for CRM 74 isolate and a value of -34.84 for CRM 77 isolate, in
addition of the hybrid combination HAW x L04 with the second major negative effects of -29.14 and -
29.98 for SCA with the isolates CRM 74 and CRM 77 respectively. In addition to presenting the major
negative effects of SCA, the LO4 and L12 lines presented high and negative GCA values for both
isolates (LO4 = -18.75 and -20.83, L12 = -17.37 and -18, 06 for CRM 74 and CRM 77 isolates
respectively).

For the variable LP 50, the YOS x L04 and HAW x L12 hybrids with the CRM 74 isolates (9.40 and
8.33) and CRM 77 (9.09 and 6.40) presented the highest positive values of SCA. For this variable, it
was observed that there no significant difference in the estimation of the average squares with
respect to GCA of the female parents, besides the effects of GCA negative for LP 50, but it was
observed that the lines L04 and L12 participated in the hybrid combination with the highest values of
SCA, behaving differently than expected, since they presented negative GCA estimates, which may
have a contribution of non-additive gene effects on the formation of higher hybrids for this variable.
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According to [7], working with tomatoes observed hybrids that presented high SCA and the parents
with low or negative GCA estimates and concluded that the non-additive gene effects were of greater
importance in the determination of the characteristic in relation to the additive effects.

Regarding the AUDPC variable, both additive and non-additive gene effects were present, with non-
additive gene effects with a greater magnitude in relation to GCA in the group of female parents.
However, the hybrid combination YOS x L12 had the highest negative effect of SCA (-6.24 and -6.29)
with both isolates. In addition, the L12 lineage was highlighted with a greater contribution towards
decreasing the AUDPC with values of -3.04 and -2.60 for CRM 74 and CRM 77 isolates respectively.

The crosses that presented the greatest potential for resistance were the YOS x L04 with the two
isolates and HAW x L125 with the isolate CRM 74, since they were the only ones with positive SCA
for LP 50 and negative for the other characters, presenting intermediate to superior values, because
in addition to a high value for SCA, at least one of the parents had a high GCA value, which is
desirable.

In the literature, there are few results on the combining ability of tomato genotypes for resistance to
diseases, especially in relation to bacterial wilt. However, it was observed in this study that the gene
expression of the resistance phenotype in tomato is due to the action of additive and non-additive
gene effects, in which the non-additive gene effects are involved in the four resistance components
and that the additive effects are involved for BWI, INC and AUDPC.

The components of phenotypic, genotypic and environmental variance, as well as broad-sense
heritability, genotypic and environmental coefficient of variation, and the ratio between the genotypic
and environmental coefficient of variation are shown in table 4.

Table 4. Estimates associated with the phenotypic variance (O-i), genotypic variance (UZG)

and environmental variance ((y,), genetic coefficient of variation (CVg), environmental

coefficient of variation (CV.), ratio between the genotypic and environmental coefficient of
variation (CVg/CVe) and heritability (h?) for four bacterial wilt resistance components for two
isolates of Ralstonia pseudosolanacearum. Recife, UFRPE, 2017.

(1)

Characters
CRM 74 isolate CRM 77 isolate
BWI INC LP 50 AUDPC BWI INC LP 50 AUDPC

O'i 0.77 417.48 10.25 100.04 0.67 416.87 7.07 69.10
Ui; 0.61 285.23 8.02 88.27 0.45 275.10 4.35 52.45
GZ 0.16 132.25 2.23 11.77 0.22 141.77 2.72 16.66
CVe (%) 36.11 21.63 32.55 57.38 31.68 21.35 20.61 52.12
CV. (%) 31.61 25.51 29.72 36.28 39.11 26.69 28.23 50.60
CVG/CVE 1.14 0.85 1.10 1.58 0.81 0.80 0.73 1.03
h*a(%) 76.65 68.38 78.26 88.24 66.58 65.99 61.53 75.90

BWI: Bacterial wilt index; INC: incidence; LP 50: latency period; AUDPC: Area under the disease progress curve.

The estimated values of the genotypic variance were higher than the environmental variance for all
the resistance components studied and for both bacterial isolates. This indicates that there are
favorable conditions for genotype selection and breeding for the studied trait and breeding for the
studied trait, since that a greater influence of the genetic components than the influence of the
environmental components [6].

The environmental coefficient of variation indicates besides the magnitude of the experimental
precision, the variation within the blocks. The values obtained for the environmental coefficient of
variation for the four characters evaluated were greater than 20%, ranging from 25.51% for INC with
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CRM 74 isolate to 50.60% for AUDPC with CRM 77 isolate, showing that the resistance to bacterial
wilt is influenced by environmental conditions.

The genetic coefficient of variation is used to make inferences and compare the genetic variability
existing in different genotypes, environments and characters [20]. The genetic coefficient of variation
ranged from 21.63% to 57.38% for the isolate CRM 74 and from 20.61% to 52.12% for the isolate
CRM 77. According to [21] values above 25% indicate that the genotypes have high potential for the
selection of the character studied and significant selection gains.

Values greater than 1.0 were observed for the CVg / CVe ratio for almost all the resistance
components studied with the isolate CRM 74, with the exception of the INC. Regarding the isolate
CRM 77 only the AUDPC variable was higher than 1.0, but the values were from 0.73 for the two
isolates, indicating that the selection for these characters presents more favorable conditions in terms
of immediate genetic gains.

The highest value for the CVg / CVe ratio was 1.58, found for AUDPC with the isolate CRM 74, and
also this variable that obtained a ratio greater than 1.0 for the CRM 77 isolate, indicating that the
selection for this character presents conditions in terms of immediate genetic gains. The CVg / CVe
ratio reflects the predominance of genetic effects expressed for the characters evaluated, and there is
a very favorable situation to obtain gains in the selection when the CVg / CVe ratio is greater than
unity and, therefore, provides a favorable situation for the improvement of its selection [22].

The CVg / CVe ratio results indicate that AUDPC for the two isolates presented the best indexes, with
the highest genetic contribution in the phenotypic manifestation. For the LP 50 variable with the CRM
77 isolate, there was the greatest contribution of environmental factors, which requires more stringent
selection.

It is important to emphasize that heritability is one of the most important genetic parameters, since it
reflects how much of the phenotypic values are due to genetic causes, since it quantifies the fraction
of inheritable variation that can be explored, indicating the possibility of success with selection [23].

Broad-sense heritability values were moderate to high, varying from 68.32% to 88.24% for CRM 74
isolate and from 61.53% to 75.90% for CRM 77 isolate. The heritability more stood out for the AUDPC
variable for both isolates with 88.24% and 75.90% respectively. It was observed that the heritability
values of the resistance components were higher in the use of the isolate CRM 74 in relation to the
isolate CRM 77.

The heritability is of great importance in the selection of superior materials, since it expresses the
reliability of the phenotypic value as estimator of the genotypic value, in such a way that the greater
the heritability the greater the genetic gain by selection, besides indicating that the selection of
genotypes has great probability of expression in the next generation [24].

However, the BWI and LP 50 characters with CRM 74 isolate and AUDPC for both isolates can be
selected by simple methods, such as mass selection, since the genotype coefficients of variation were
above the environmental coefficient of variation, with CVg / CVe above of 1.0 and high genetic
variance. In the selection of the remaining characters, a more precise methodology should be
adopted, since the genotype coefficient of variation was considered low.

Considering the two bacterial isolates, it was observed that the L125 line presented the best GCA's
for most resistance components, standing out in relation to the other lines, as well as the hybrid
combination YOS x L04 was highlighted in SCA and could be used in future research related to
bacterial wilt resistance.

4. CONCLUSION

The L125 line presented greater CGC to main resistence components for isolated CRM 74
and CRM77. the hybrid YOS x L04 combination stood out for having a higher CEC.



377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436

REFERENCES

1. IBGE Instituto Brasileiro de Geografia e Estatistica. Levantamento sistematico da producado
agricola (LSPA). Rio de Janeiro; 2017.

2. Pena MA, Noda H, Machado F M, Paiva MSS. Adaptabilidade e estabilidade de genoitipos sob ko
soya ke saalos ke liye ke liye ee dhe furme e ayuraje da Amazobnia infestados por Ralstonia
solanacearum. Bragantia 2010; 69 (1): 27-37.

3. Souza NM, Blind AD, Silva Filho DF, Rodrigues HS, Noda H. Avaliagédo de linhagens e cultures of
tomate resistantes in bacteria (Ralstonia solanacearum) desenvolvidas na Amazonia. Enciclopédia
Biosfera 2013; 9 (16): 400-410.

4. Lopes CA, Boiteux LS, Eschemback V. Eficial Relations from the Port-auxiliaries of the city without
a bargain-to-bacterium Horticultura Brasileira 2015; 33 (1): 125-130.

5. Schwarz K, Resende JTV, Preczenhak AP, Paula JT, Faria MV, Dias DM. Desempenho
agrondmico e félédéque fisico-quimica de hibridos de tomateiro em rocio rocheiro. Horticultura
Brasileira 2013; 31 (3): 410-418.

6. Juhasz AC, Silva DJH, Zerbini Junior FM, Caneiro PCS, Soares BO, Cruz CD Base genética is
used to prevent you from scrambling to silence the mosaic-amarelo do pimenta. Pesquisa
Agropecuaria Brasileira 2008; 43 (6): 713-720.

7. Andrade MC, Silva AA, Conrado TV, Maluf WR, Andrade TM Capacidade combines the lunagens
with tomateiro in the tip of Italiano. Bragantia 2014; 73 (3): 237-245.

8. Cruz CD, Vencovsky R. Comparado de alguns métodos de analise dialélica. Revista Brasileira de
Genética 1989; 12 (2): 425-438.

9. Cruz CD, Regazzi AJ, Carneiro PCS. Modelos biométricos aplicados ao melhoramento genético.
4th ed. Vigosa, 2012.

10. At kelman Colonial Appraisal and Tertrazolum Medium in the Relationship Relationship of
Pathogenesis of Pseudomonas Solanarérum. Phytoplasia 1954; 44: 693-695.

11. Lilson Law, Hynes Fruit. Resistance in Solanum Tubarosum pasidomonas solanararum. US
Potato Journal. 1960; 37 (8): 2660-267.

12. Empig LT, Calub AG, Katighak MM, Deanon Junior JR Screening tomato, eggplant and pepper
varieties and strains for bacterial wilt (Pseudomona solanacearum) resistance. Phillippine Agriculturist
1962; 46: 303-314.

13. Silveira EB, Gomes AMA, Ferraz E, Maranhdo EAA, Mariano RLR. Identificagdo de progénies de
tomateiro resistentes in murcha bacteriana. Horticultura Brasileira 1999; 17 (1): 6-10.

14. Shane C, Fina Ray T effect of nitrogen fertility is also expressed in the form of slow-millennial
resolution in conex-hot. Phytoplasm .1977; 67 (8): 1051-1056.

15. Geraldi IO, Miranda-Filho JB. Adapted models Revista Brasileira de Genética 1988; 11: 419-430.
16. Cruz CD Programa genes: versdo 2016.6.0 Windows Vigosa: UFV, 2013.

17. Lorencetti C, Carvalho FIF, Oliveira AC, Valério IP, Benin G, Zimmer PD, Vieira EA. Distributed
genes are the associa of how they are deployed in the city. Pesquisa Agropecuaria Brasileira 2006;
41 (4): 591-598.

18. Souza Neto IL, Pinto RJB, Scapim CCJ, Figueiredo AST, Bignotto LS Analise dialélica e

depressdo endogamica de hibridos forrageiros de milho para caracteristicas agrondémicas de
qualidade bromatoldgica. Bragantia 2015; 74 (1): 42-49.



437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454

19. Gomide ML, Maluf WR, Gomes LAA. Heterose e Capacitade de linhagens de pimenta (Capsicum
annuum L.). Ciéncia e Agrotecnologia. 2008; 27 (5): 740-748.

20. Cruz CD Principios de genética quantitativa 2th ed. Vigosa, 2012.

21. Correa AM, Braga DC, Ceccon G, Oliveira LVA, Lima ARS, Teodoro PE. Variabilidade genética e
correlagdes in caracteres de feijao-caupi. Revista Agro @ mbiente On-line. 2015; 9: 42-47.

22. Vencovsky R. Heranga quantitativa In: PATERNIANI, E. Melhoramento e Produkdo de milho.
Piracicaba: Fundacao Cargill, 1987. p. 137-214.

23. Moraes CB, Carvalho EV, Zimback L, Luz OSL, Pieroni GB, Mori ES, Leal 'J'CAB Variabilidade
genética em progénies de meios-irmaos de eucalpatos parara tolerance Revista Arvore 2015; 39 (6):
1047-1054.

24, Borém A. Melhoramento de  Espécies cultivadas.  Vigosa: UFV,  2013.



