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ABSTRACT

With the increase of the production of pepper in protected
environment, pathogens began to cause serious damagesto producers
such as Leveillula taurica (Lév.) Arn., fungus that causes powdery
mildew. The systemic fungicides have not shown very satisfactory
results. Thus, considering that protected cropping of pepper in Brazil
is significant and growing, the incorporation of genes that confer
resistance to powdery mildew is important for the maintenance of
thiscropping system. Inthisresearch, carried out in 2007 in Campinas,
Sao Paulo State, Brazil, the agronomic performance and resistance to
powdery mildew was determined by triple hybrids of sweet pepper
through general and specific combining ability of their parents. For
agronomic performance of the triple hybrid, it was evaluated the
weight length and width average of thefruit, length and width ratio of
the fruit and wall thickness. For severity of powdery mildew ascale
of scoresfrom 1to 5wasused. For statistical and genetic analysis, it
was adopted Griffing’s method two, model |, adapted for partial
dialel. Theexperimenta design wascompletely randomized blocks,
with 17 treatments, including ten experimental hybrids and seven
parents, eight replications and four plants per plot. The additive
effects were greater than the non-additive effects for al agronomic
characters; ' P36-R’ and‘ Platero’ were highlighted asgood combiners;
‘Quantum-R x HV-12', ‘Rubia x HV-12' and ‘P36-R x HV-12'
presented the best specific combining ability; the mean square of the
specific combining ability for the severity of the diseasewassignificant
indicating theimportance of geneswith dominant and epistatic effect;
triple hybrids obtained by crosseswith ‘ Quantum-R’ and ‘ Rubia-R’
had negative general combining ability and the best reactions to
powdery mildew.

Keywords: Capsicum annuum L., Oidiopsis taurica (Lév) Arn.,
breeding, vegetables.

RESUMO
Capacidadedecombinagdoem pimentédo pararesisténciaaoidio

Com o aumento do cultivo protegido de pimentdo, patdgenoscomo
Leveillula taurica (Lév.) Arn., fungo causador do oidio, passaram a
causar sérios prejuizos aos produtores. Os fungicidas sistémicos néo
tém apresentado resultados muito satisfatérios. Assim, levando-seem
conta que o cultivo protegido de pimentdo no Brasil é importante e
crescente, aincorporagdo de genes que conferem resisténciaao oidio é
relevante paraamanutencdo desse sistemade cultivo. Nessetrabal ho,
realizado em 2007 em Campinas-SP, determinou-se o potencial agro-
ndmico e de resisténcia a oidio de hibridos triplos de pimentéo por
meio da capacidade geral e especifica de combinaggo dos genitores.
Paradeterminar o desempenho agrondmico doshibridostriplos, avalia-
ram-se 0 peso, comprimento e largura média do fruto, relagdo entre
comprimento elargurado fruto e espessuradapolpa. Paraaavaliagdo
da severidade da doenca utilizou-se escala de notas de 1 a 5. Paraas
andlises estatistico-genéticas, adotou-se 0 método dois, modelo | de
Griffing, adaptado paradiaelo parcial. O delineamento experimental
utilizedo foi o de blocos ao acaso, com 17 tratamentos, incluindo dez
hibridos experimentais e sete genitores, oito repeticdes e quatro plan-
tas por parcela. Os efeitos aditivos foram superiores aos efeitos ndo-
aditivos paratodos os componentes agronémicos avaliados; ‘ P36-R’ e
‘Platero’ destacaram-se como bons combinadores para os caracteres
agrondmicos avaiados, ‘ Quantum-R x HV-12', ‘RubiaaR x HV-12' e
‘P36-R x HV-12' apresentaram os mai ores ef eitos da capaci dade espe-
cificade combinacéo paraamaioriados caracteresavaliados; o quadra-
do médi o da capaci dade especificade combinaggo significativo paraa
severidade da doenca indicou a importancia de genes com efeito de
dominéncia e epistasia; hibridos triplos obtidos do cruzamento com
‘Quantum-R’ e'Rubia-R’ apresentaram capacidade geral decombina-
¢80 negativaeasmelhoresreagtes deresisténciaao oidio.

Palavras-chave: CapsicumannuumL., Oidiopsistaurica(Lév) Arn.,
melhoramento genético, hortalicas.
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I n Brazil, the production of vegetables
is the segment of agriculture that
employs the most, being mainly grown
by family farmers. In 2004 this segment
occupied an areaof approximately 776.8
thousand hectares with a production of
16,086 tons (EmbrapaHortaligas, 2008).
The sweet pepper (Capsicum annuum
L.) is among the ten most important
vegetablesinthe country (Maluf, 2001).
The cultivation of sweet pepper occurs
in amost al regions of Brazil, being
mainly concentrated in the Southeast
Region of the country in the States of
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S0 Paulo, and Minas Gerais. In 2001,
world production was approximately of
1.3 million hectares and Brazil gained
735.8thousand reais (Brazilian currency)
with the export of its products (Blat,
2004). In the country, about 1.5 million
dollars is involved in the
commercialization of seeds of hot and
sweet peppers (Carvalho et al., 2003).

In 2007, the State of S&o Paulo was
responsiblefor the commercialization of
54.6 thousand tons of sweet pepper, on
an area of 1899 hectares, exceeding the
production of 2006 in 9.6%, which was

49.8 thousand tons of sweet pepper on
anareaof 2103 hectares. Theproduction
vauefor 2007 was48.7 millionreais, well
abovetheresult for 2006 of 30.7 million
reais, representing an increase of 58.6%
(IEA, 2008). Regarding thefruit quality,
the difference in price of green pepper
ExtraAA and Extrawas46% until August
2007, suggesting the consumer’s
preferencefor the aspects of appearance
and size of the fruit (Agrianual, 2008).
The price of mature sweet pepper, in
general, is higher than the green,
however, there are no available data
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distinguishing the production and
marketing of these two segments.

The advent of the production of
sweet pepper in protected cropping
environment provided the conditionsfor
the development of pathogens causing
serious damages to producers, such as
the Leveillula taurica (Lév.) Arn., one
of thefungi that causes powdery mildew
(Reisetal., 2004 ; Reiset al., 2007). On
its anamorphic form it is known as
Oidiopsistaurica and in this phaseit is
virulent (Boiteux et al., 1994; Bergamin
Filhoet al., 1995; Stadnik, 2001; Reiset
al., 2004). They areeasily recognized by
forming colonieswith powder aspect on
the lower surface of the leaves of live
plants. They are obligate biotrophic
parasitic fungi, depending on the host
for their development and reproduction
(Bettiol et al., 1997; Reis et al., 2007).
Reports show that L. taurica can infect
several groups of plants, in addition to
sweet pepper, many vegetables and
ornamental (Stadnik, 2001; Reiset al.,
2004; Reisetal., 2005, Reiset al., 2007).

Currently, O. taurica occurs in the
main producing areas of sweet pepper in
Brazil with protected cropping
environment. The first symptoms are
alwaysobserved in adult plantsand ol der
|eaves, which are more susceptibleto the
pathogen (Souza & CaféFilho, 2003).

When powdery mildew started
appearing in sweet pepper crops,
farmers began to use systemic
fungicides with specificity; however, it
is not always efficient. Moreover, the
abusive use may induce and promote
the development of resistant breeds of
the pathogen to the fungicide. Taking
into account that the protected
environment cultivation of sweet pepper
inBrazil issignificant and increasing, the
incorporation of genes that confer
resistanceto powdery mildew isof great
importance for the maintenance of the
cropping system (Reiset al., 2005).

In abreeding program of vegetables
the main goals are related to the
introduction of genetic resistance to
disease, productivity and product
qudlity. The F, hybrids have been the
best strategy for an immediate increase
of productivity and improvement in the
quality of the fruit of sweet pepper, but
not excluding the possihility of selecting
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superior inbred lines in segregating
populations derived from F, progenies
or even from backcross (Stadnik, 2001).

One way to assess the genetic
potential of the parents and hybrids is
through diallel crosses evaluating the
characters of interest. Its application is
originated from the development of the
concepts of general and specific
combining ability, established by
Sprague & Tatum (1942).

The purpose of this study was to
determine the agronomic performance
and the resistance of triple hybrid of
sweet peppers through general and
specific combining ability of their
parents.

MATERIAL AND METHODS

The experiments were conducted in
a protected cropping environment, on
the Horticulture Center of Instituto
Agronémico (IAC) in Campinas, S&o
Paulo, Brazil in 2007.

For the evaluation of the hybrids, the
experimental design was randomized
blocks, with 17 treatments, including ten
experimental hybrid and seven parents,
eight replicationsand four plantsper plot.
The cultivation was carried out in four
beds with two lines of 30.6 m each.
Spacingwas0.45x 0.5x 0.6m, respectively,
between plants, lines and beds.

The triple hybrids were obtained
throughapartia diallel 5x2, inwhichfive
simple commercial hybrids of sweet
pepper, susceptible to powdery mildew,
withthick wall andlargefruit (* Quantum-
R’,‘RubiaR’, ‘Platero’, ‘Margarita and
‘P36-R’) were used asfemal e parent and
the genotypes ‘HV-12' and ‘#124’,
resistant to powdery mildew, were used
as male parents. ‘HV-12' isadihaploid
variety of sweet pepper obtained by
anther culture from a cross between the
pepper cultivar ‘H3’ and the sweet
pepper ‘Vania', respectively resistant
and susceptibleto powdery mildew. The
fruitsare early fruiting, red long conical
type and have no commercial value.
‘#124’ is a late fruiting pepper, with
conical, small (5to 10 cm) and red fruits
(Blat, 2004). Thefemaleand male parents
were adopted as referentia control for
comparison purposesin the evaluation,
monitoring the epidemic and

characterization of the reaction of the
genotypes to powdery mildew.

In the process of hybridization, the
emasculation of the flower buds was
done a day before the anthesis and the
pollination of each flower was done on
the next day. Thefruitsfrom the crosses
were harvested mature and the F, seeds
wereremoved manually, packed in paper
bags and identified by cross.

For obtaining and evaluating the
triple hybrid, the plants were conducted
inastaking system. Thefertilizerswere
added based on the soil analysis
recommendations, consisting of
plantation fertilization in the role and
coverage by using located fertirrigation
system. For the preventive control of
diseases and pests, products with the
active ingredients were applied
deltamethrin, imidacloprid, abamectin
and difeconazole, the last one being
used only in the stage of obtaining the
triple hybrid.

The characters evaluated during the
experiment were weight, length and
width average of the fruit, length and
width ratio of the fruit, wall thickness
and severity of the disease.

The analysis of variance was done
according to the statistical model Y, =u
+t +b +¢,whereY, =theobservation
in thejgh block recelving thei* treatment;
u = overall mean; t = the fixed effect of
thei™ treatment (genotype) b =theeffect
of the j" block; g, = random error. Data
note of the diseaseweretransformedinto
V¥ andtheaverageswere compared with
each other by the Tukey test (p < 0.05).

For the combining ability analysisthe
diallel model used isrepresented below
(Geraldi & Miranda Filho, 1988), this
model was adapted from the method two,
model | of Griffing (1956), in whichthe
parents areincluded in the analysis and
the experimental material isconsidered
afixed set of inbred lines.

Yij :“+1/2(d1+d2)+gi +gj+s”_+g-;ij

Where: Y, = mean of the crossing
involving the i"" parent of group | and
thej™ parent of group I1; u = overal mean
of thediallel; d,, d, = contrastsinvolving
the means of the groups | and |1 and the
overall mean; g, = effect of the general
combining ability of the i genitor of
group I; g, = effect of the general
combining ability of the j™ genitor of
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group Il; s, = effect of the specific
combining ability; g, = mean
experimental error.

The severity of the disease was
evaluated according to the scale of
notes proposed by Ullasa et al. (1981),
inwhich:

1 - resistant plant, no symptoms (R);

2 - moderately resistant plant, with up to
10% of theleaf areaaffected (MR);

3 - moderately susceptible plant, with
11-20% of theleaf areaaffected (MS);
4 - susceptible plant, with 21-50% of the
|eaf areaaffected (S);

5- highly susceptible plant, with 51% or
more of theleaf areaaffected (AS).

All statistical analysis was made
through the program Genes, version
2007 (Cruz, 2006).

RESULTS AND DISCUSSION

Within the parents, the reactions of
‘HV-12" and ‘#124’, used as source of
resistance to the pathogen, was,
respectively, resistant with average
score 1 and moderately resistant with
average score 1.86 (Table 1). These
results corroborate with those obtained
by Blat et al. (2005a, 2005b). The
commercial hybrids used as female
parents were highly susceptible. The
triple hybrids obtained by crosses
between the parents, presented an
intermediate profile, highlighting the
combinations ‘Quantum-R x HV-12',
‘Quantum-Rx #124' and‘ RubiarRx #124',
that were moderately susceptible to
powdery mildew, with the respective
averagescore3.23,3.37and 345 (Tablel).
According to Daubeze et al. (1995), the
delay on the expression of the
susceptibility suggests that the
expression of the resistant genes is
incomplete or partial and that it depends
on a secondary infection. An early
breeding evaluation can reveal
phenotypes with intermediate reactions,
but only an advanced breeding evaluation
can detect and identify highly resistant
genotypeslike'HV-12' (Blat, 2004).

The mean sguares of the treatments
were significant by F test (P< 0.01) for
al characteristics. In general, in these
types of analysis, significant mean
squares are evidence of the occurrence
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Table 1. Severity notes of the disease and reaction of the parents and triple hybrids of sweet
pepper to Oidiopsis taurica under protected cultivation (nota de severidade da doenca e
reacdo de genitores e hibridos triplos de pimentdo a Oidiopsis taurica sob condi¢des de
ambiente protegido). Campinas, IAC, Brazil, 2007.

Parent Score Reaction to pathogen(*)
HV-12 1,00 a R
#124 1,86 b MR
Quantum-R 498¢g AS
Rubia-R 4959 AS
Platero 5,009 AS
Margarita 4,98 ¢ AS
P36-R 4,96 g AS
Triple hybrid

Quantum-R x HV-12 3,23¢c MS
Rubia-R x HV-12 3,63d S
Platero x HV-12 390e S
Margarita x HV-12 3,69d S
P36-R x HV-12 4,19f S
Quantum-R x #124 337¢c MS
Rubia-R x #124 345c MS
Platero x #124 3,88¢e S
Margarita x #124 39%e S
P36-R x #124 4,00e S

‘R= resistant; MR= moderately resistant; MS= moderately susceptible; S= susceptible;
AS=highly susceptible; The meansfollowed by the samelettersare not significantly different

among themselves by Tukey at 5%.

of genetic variation between treatments,
which allows obtaining satisfactory
estimates of genetic parameters. There
was a good experimental precision,
demonstrated by the coefficients of
variation, whose valueswere below 10%
for most characters studied.

Considering the significance of the F
test, observed inthe analysisof variance,
thesum of squaresof thetreatmentswere
unfolded into sum of squaresfor general
combining ability (GCA) (groups | and
I1), and specific combining ability (SCA),
as the model proposed by Geraldi &
Miranda Filho (1988), adapted from
methodtwo and mode | of Griffing (1956),
in which the parents are included in the
analysis and experimental material is
considered a fixed set of lines. This
method was chosen because, for self-
pollinated specie like pepper, it is of
considerable interest to evaluate the
performance of the hybrids, using the
parents lines as default.

The mean squares values for
treatments, groups, GCA of group |1 and
SCA were highly significant for all

characters evaluated, except for wall
thickness, which was not significant for
SCA. For the GCA of group I, the
characters weight and width average of
the fruit, wall thickness and severity of
the disease were significant at 1%, and
length average of the fruit and length
and width ratio of the fruit were
significant at 5% by F test. The
significance of themean squarefor GCA
and SCA indicates that both, additive
and non-additive genetic effects are
involved inthecontrol of all characters,
except for SCA in relation to wall
thickness that was not significant. The
results suggest the possibility of
obtaining new hybrids from the
experimental material used, having in
view theavailability of additive and non-
additive variability for all the
components eval uated.

An important fact that should be
observed is related to the magnitude of
the mean squares of GCA and SCA,
showing that for al charactersanalyzed,
the GCA of group I washigher than the
SCA, showing a large contribution of
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Table 2. Estimates of the effects of the general combining ability of the group | for six
characters of the fruits from five genotypes of sweet pepper used as female parents (estima-
tivasdosefeitos dacapacidade geral de combinagéo (CGC) dogrupo | relativasaseiscaracteres
de frutos de cinco gendtipos de piment&o utilizados como genitores femininos). Campinas,

IAC, Brazil, 2007.
Character(*)
Parent
PF (g) CF (cm) LF (mm) C/L EP (mm) SD

Quantum-R g, -1,25 -0,03 046  -0,003 0,03 -1,71
Rubia-R g, -3,10 -0,35 -1,31 -0,002 -0,06 -1,71
Platero g, 1,35 0,14 -0,42 0,007 0,15 1,05
Margarita g ,, -2,84 -0,06 -0,17 0,002 -0,07 1,12
P36-R g 5,85 0,30 1,44  -0,003 -0,05 1,25
DPg, 1,65 0,13 0,35 0,002 0,03 0,03

"PF=weight average of the fruit, CF=length average of the fruit, L F= width average of the
fruit, C/L= length and width ratio of the fruit; EP= wall thickness, SD= severity of the

disease; DP= standard deviation.

additive gene action in controlling the
characters studied, and that, in the
inheritance of these characters, the
additive genetic effects are more
important. Miranda et al. (1988),
evaluating the combining ability of
pepper inadiallel, observed significant
differencefor GCA and SCA for various
charactersof thefruit and plant. Gomide
et al. (2003), evaluating the combining
ability between inbred lines of pepper,
observed that GCA was significant for
all components of production, whilethe
SCA was important only for total
production. Ahmed et al. (2003),
evaluating the gene action and the
combining ability in pepper, verified the
occurrence of only non-additive effects
for weight and width average of thefruit,
whereas in the present study, additive
and non-additive effectswere observed,
demonstrating the occurrence of good
GCA and SCA. For length average of
the fruit and wall thickness, the same
authors (Ahmed et al., 2003) determined
the existence of additive and non-
additive effects. Similar results were
observed inthiswork for length average
of thefruit, but not for wall thickness, in
which the SCA was not significant, in
other words, there was only additive
effect for this character. This variation
between the results occurs because of
the genetic variability existent between
the genotypes.

Gopalakrishnan et al. (1987),
anayzing the combining ability between
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peppers, also obtained significant GCA
for weight, length and width average of
the fruit and length and width ratio of
the fruit. For the SCA, there was
significance only for length average of
the fruit. In another diallel cross,
involving seven inbred lines of Serrano
type of pepper, Gonzélez et al. (2004)
noted significance of GCA and SCA only
for non-additive effects for weight,
length and width average of the fruit.

A restriction that should be
highlightedinthiswork refersto thefact
that the genetic parameters were
estimated from a single location and
environment (year). This forbids the
estimation of the effects of genotype-
environment interaction. Thus, these
effects were added to the effects of the
combining ability and may cause
changes in the estimation of GCA and
SCA effects. Therefore, the
extrapolations based on the results of
this work should take this observation
into account.

The choice of parents for the
formation of segregating populationsis
crucid for achieving successin breeding
programs, and the combining ability,
with the presence of complementary
genes, being the responsible for the
success. According to Miranda et al.
(1988), parents who have high GCA
should be preferred to constitute the
blocks of crosses, favoring the selection
of homozygous lines in self-pollinated
species.

Estimates of the effects of GCA
provide information on the
concentration of genes with additive
effects. Therefore, parentswith highand
positive GCA estimates are the main
contributors to increase expression of
the character, whilethose with high and
negative values contribute to the
reduction of its expression (Cruz &
Regazzi, 1997). For Cruz & Vencovsky
(1989), the greatest g will be presented
by the parent that has higher
frequencies of favorable aleles for a
given character. Therefore, these effects
indicate the importance of
predominantly additive effects (Sprague
& Tatum, 1942). Thus, the parents with
highest GCA will bethe most favorable
to be used in breeding programs, in
which thegoal isthe selection of hybrids
for agronomic characters or new inbred
lines in advanced generations. For the
selection of resistance to the pathogen,
the opposite occurs, because the
promising parents are those who have
low or negative GCA effects,
contributing to reducing the frequency
of favorable alleles for the disease
(Arabi, 2005).

Theeffectsof GCA of group Il were
not analyzed because of the restriction
of the model adopted, where the sum of
g equals zero.

For all the evaluated characters,
which are of great importance in sweet
pepper cropping for being linked to the
quality of the fruit, it is possible to say
that the effects of GCA of group | had
different behavior between the
commercial hybrids(Table2).

The parents ‘Platero’ and ‘P36-R’
showed the largest magnitude of
positive effects for GCA for weight
average of the fruit and length average
of the fruit contributing, respectively,
withg of 1.35gand 0.14 cmfor ‘ Platero’
and5.85gand0.30cmfor ‘P36-R’, inthe
crosses they participated in. The other
parents had negative valuesof g, for both
characters, in which the largest value
was -3.10 g for weight average of the
fruit and -0.35 cm for length average of
the fruit, both values from ‘Rubia-R’,
which helped to reduce the importance
of these characters in the crosses it
participated in. Regarding the GCA,
Gonzdezetal. (2004) inadiallel crossof
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different inbred lines of Serrano type of
pepper; they obtained for the best
parent, valuesof 0.9336 g and 0.5925 cm,
respectively, for weight and length
average of thefruit.

For the character, width average of
the fruit, the parent ‘P36-R’ had the
highest positive estimate of g,
contributing with an average increase
of 1.44 mm, followed by ‘ Quantum-R’,
with 0.46 mm. The other female parents
had negative effects, especially ‘ Rubia-
R’ with g, of -1.31 mm, leading to a
decreasein thewidth average of thefruit
in the crosses it participated in.
Gopalakrishnan et al. (1987), evaluating
the combining ability in pepper,
observed positive effect of GCA for the
genotype Jwala for weight, length and
width average of the fruit, which stood
out as the best combiner for these
characters.

For the length and width ratio of the
fruit, positive estimates were presented
by ‘Platero’ (0.007) and ‘Margarita’
(0.002), although with very low values.
In contrast, ‘ Quantum-R’ and ‘ P36-R’,
presented the largest negative values,
both with -0.003.

Asfor the character wall thickness,
‘Quantum-R’ and ‘ Platero’ showed the
highest positive values, respectively,
0.03mmand 0.15 mm. Theresults show
that these two parents are more suitable
for the production of hybrids, in which
the objective is to increase the wall
thickness. The other parents had
negative values, especially ‘Margarita
with the largest negative contribution,
whichwas-0.07 mm.

For the severity of the disease, the
parents ‘Quantum-R’ and ‘Rubia-R’
presented negative estimates of g with
values of -0.016 and -0.009, indicating
that these parents contributed to
reducing the severity of powdery mildew.
The other female parents showed
positive values, therefore, contributing
to the increase of the disease.

Estimates of GCA of group |, for all
genotypes and all the characters
evaluated showed a large variation in
the population used. This finding
reflects the caution that the breeder
should have in choosing the right
parents for a breeding program,
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Table 3. Estimates of the effects of the specific combining ability for five characters of the
fruits from ten triple hybrids of sweet pepper (estimativas da capacidade especifica de
combinagdo (CEC) relativas a cinco caracteres dos frutos de dez hibridos triplos de pimen-

t&0). Campinas, |AC, Brazil, 2007.

. i Character(*)
Triple hybrid
PF (g) CF (cm) LF (mm) C/L SD

Quantum-R x HV-12 -3,48 0,73 0,50 0,004 -0,36
Rubia- R x HV-12 -2,92 0,31 1,64 0,019 -0,55
Platero x HV-12 -3,65 -0,34 0,40 -0,008 -0,36
Margarita x HV-12 -10,55 -0,60 -1,04 0,018 -0,55
P36-R x HV-12 8,80 0,62 1,78 -0,016 0,11
Quantum-R x #124 -22,55 -0,62 -4,99 0,019 0,05
Rubia-R x #124 -22,53 -0,76 -5,39 -0,011 0,43
Platero x #124 -25,09 -1,00 -5,56 0,014 0,07
Margarita x #124 -17,64 -0,59 -4,56 -0,006 0,57
P36-R x #124 -27,26 -0,99 -5,45 0,009 0,37
DP(sij) 3,90 0,32 0,83 0,005 0,06

"PF=weight average of the fruit, CF= length average of the fruit, L F= width average of the
fruit, C/L= length and width ratio of the fruit; SD= severity of the disease; DP= standard

deviation.

especially when the intention is to
improve several characters
simultaneously. In practice, this is not
awayspossible, asshowninTable2,in
which none of the genotypes showed
good GCA for all the characters
evaluated. The genotypes with higher
GCA for the main characters of interest
should be preferred.

Inview of theresultson Table 2, the
parents‘Platero’ and ‘ P36-R’ stood out
as the best genotypes, due to the
significant presence of additive genetic
effects for most agronomic characters
studied. For the continuity of the
breeding program for resistance to O.
taurica, it isrecommended to use these
two hybrids as recurrent parents in
backcrosses, to recover the commercial
charactersof thetriple hybrid, advancing
Six generations, without considering the
possible need to backcross to the
resistant parent. However, * Quantum-R’
and ‘Rubia-R’ are the most suitable
parentsto be used in abreeding program
for the incorporation of resistance to
powdery mildew, for having presented
negativevalue of GCA.

Theestimates of the SCA effectsare
found in Table 3. For the performance of
the parents positive and negative values
of S, were observed for al characters
studied. These results indicate the
existence of bidirectional dominance

deviations regulated by genes that
increasesthe expression of the character
and other genes, equally dominant that
decreases. The effect of SCA is
interpreted as adeviation of ahybridin
relation to what would be expected
based on the GCA of its parents.
Therefore, the most favorable hybrid
should bethe onewith highest estimates
of the SCA, in which one of the parents
had the highest GCA (Cruz &
Vencovsky, 1989, Gomes et al., 2000).
According to Gomes et al. (2000), the
highest valuesarefor themost dissimilar
genotypes in relation to frequencies of
genes with dominance, although they
are also influenced by the low gene
frequency average of thediallel.

The results of SCA for weight
average of the fruit, showed that only
the hybrid ‘P36-R x HV-12' stood out
with a value equal to 8.80 g, whose
female parent was considered a good
general combiner, with the highest
positive estimate for GCA (Table 2).
However, when the hybrid ‘ P36-R’ was
crossed with pepper ‘#124’, the
same parent showed the highest
negative value of SCA (-27.26 q),
indicating the action of genes that
reduced the expression of the character
(Table 3). According to Cruz &
Vencovsky (1989), parents that
produces F, hybrids with low SCA
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valuesindicate that based on GCA they
are behaving as expected. On the other
hand, high values, positive or negative,
shows that some specific combinations
behaved better or worse than expected.
Therefore, the SCA is in large part,
dependent on genes that show effects
of dominance or epistasis, in other
words, it highlights the importance of
genes with non-additive effects,
emphasizing the importance of non-
additiveinteractions, resulting from gene
complementation between the parents.

The combination * Quantum-R x HV-
12" had themaximum valueof SCA (0.73
cm) for length average of the fruit,
followed by thetriple hybrids ‘ P36-R x
HV-12' and‘ RubiaRx HV-12', with SCA
values of 0.62 cm and 0.31 cm,
respectively (Table 3). It is noteworthy
that parents‘ Quantum-R’ and* RubiaR’
had negative effectsfor GCA (Table 2),
indicating that for these combinations,
the non-additive gene effectswere more
important, and gene complementation
occurred between the parents. These
divergent results are common, and
occurred also in the work of Souza
(2007), who obtained negative value of
GCA for some parents used in the
production of hybrids of tomato and
positive SCA for number of fruit per
plant, fruit width, fruit wall thicknessand
total acid title. The same happened to
some characteristics of pepper evaluated
by Mirandaet al. (1988).

For width average of the fruit, the
triple hybrids ‘P36-R x HV-12' and
‘Rubia-R x HV-12' showed the highest
values of SCA, respectively, 1.78 mm
and 1.64 mm, followed by ‘ Quantum-R x
HV-12' (0.50 mm) and ‘ Platerox HV-12'
(0.40 mm) (Table 3). For this character,
the parents ‘Rubia-R’ and ‘Platero’
behaved contrary to expected, since
they presented negative GCA (Table 2),
indicating that in these combinations,
non-additive interactions were more
important, in result of gene
complementation between the parents,
supporting the theory of Sprague &
Tatum (1942) and Cruz & Regazzi (1997).

The highest positive values of SCA
for length and width ratio of the fruit
were observed in the triple hybrids
‘Rubia-R x HV-12' and ‘ Quantum-R x
#124', both with average of 0.019,
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followed by ‘Margaritax HV-12' (0.018),
‘Platerox #124' (0.014), ' P36-R x #124'
(0.009) and‘ Quantum-Rx HV-12' (0.004).
The other triple hybrids showed
negative SCA (Table 3). According to
Mirandaet al. (1988), the demand of the
Brazilian market for length and width
ratio of thefruit should be between 1.75
and 2.00. For these authors, the best
combination would be the hybrid
produced from the parent with greater
GCA effect for length average of thefruit
with the parent with the highest GCA
effect for width average of thefruit, but
in their work, this “ideal hybrid”
presented low estimate of SCA effect.

Another restriction to bemadein the
evaluation of the length and width ratio
of the fruit is related to the meaning of
the positivevalue of SCA. It meansthat
thetriple hybrids showed a bigger ratio
between these characters than their
parents did before the cross. However,
in this study, the triple hybrids did not
achieve the commercial standard,
because they were obtained by crosses
with a pepper (‘#124’) and a sweet
pepper (‘HV-12"), whose fruits have no
commercia value. Whilethere hasbeen
a gain for this character, the fruits are
till small, having to be backcrossed to
recover the size. Therefore, this index
should be followed by the estimates of
SCA for thelength and width average of
thefruit.

Theresultsof SCA for wall thickness
were not discussed because this feature
was not significant at 5% by the F test,
of the analysis of variance of the partial
didldl.

For the severity of the disease, the
triple hybrid with positive estimates of
S”. were‘P36-Rx HV-12',  Quantum-R x
#124',‘RubiaaRx#124',‘ Platerox #124',
‘Margaritax #124' and ‘ P36-R x #124',
indicating theimportance of geneswith
dominant or epistatic effects (Table 3).
The results agree with the statements of
Blat et al. (2005b), Shifrisset al. (1992)
and Daubezeet al. (1995), which define
the inheritance of the reaction of C.
annuum to powdery mildew as
polygenic, due to at least four pairs of
recessive genes with dominant and
epistatic effects, which effects act in a
negative form if the objective is the
exploitation of hybrids.

Regarding the incorporation of
resistance, the triple hybrid that stood
out for SCA were those whose parents
were ‘Quantum-R’ and ‘Rubia-R’; that
occurred because these two genotypes
showed negative GCA for severity of the
disease, contributing to the reduction
of thedisease (Table 2). Linking Table 1
with Table 3 note that the triple hybrids
obtained from crosses with ‘ Quantum-
R’ and ‘Rubia-R’ had the best reactions
to powdery mildew except for * Quantum-
RxHV-12'.

In regard to agronomic charactersit
can beaffirmedthat, ingenera, al triple
hybrids crossed with the pepper ‘#124’,
showed negative SCA for al characters
evaluated, except for length and width
ratio of the fruit, which must be
considered with restriction, asdiscussed
above. The hybrid ‘P36-R x HV-12'
showed positive SCA effect for the
characters weight, length and width
average of the fruit and severity of the
disease. Thegood performance of ‘ P36-
R’ was expected, for it was considered
one of the best combiners by the
estimates of GCA. The triple hybrids
‘Quantum-Rx HV-12' and‘ RubiaR x HV-
12" had the opposite SCA effect of what
wasexpected, according toits GCA there
was greater influence of non-additive
genes effects in these combinations,
highlighting them as highly potential
hybrids, together with * P36-Rx HV-12'.
‘Platero’ was considered a good
combiner by its GCA, but had opposite
effect when used in hybridizations.
Miranda et al. (1988) obtained similar
resultsfor the character number of fruits
per plant. In the two crossesin which it
participated (‘Platero x HV-12" and
‘Platero x #124') the SCA was hegative
for all characters, except for width
average of the fruit when crossed with
‘HV-12', indicating that for ‘ Platero’, the
additive genetic effects had greater
influence on the studied characters.

For the conditions under which the
work wasdone, it ispossibleto conclude
that for most characters evaluated, the
additive and non-additive effects were
important and significant, however, the
additive effects of group Il were higher
than the non-additive effects for all
agronomic characters evaluated; the
sweet peppers‘ P36-R’ and ‘ Platero’ were
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highlighted as good combiners for
presenting greater GCA for most
agronomic characters evaluated; the
triple hybrid ‘Quantum-R x HV-12’,
‘Rubia-Rx HV-12' and ‘' P36-R x HV-12'
were highlighted as the best
performance among all genotypes for
agronomic characters with the best
SCA,; triple hybrids obtained from
crosses with ‘Quantum-R’ and ‘ Rubia-
R’ presented a negative GCA and the
best reactions to powdery mildew.
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