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ABSTRACT

The use of several strategies for estimating genetic parameters in passion fruit (Passiflora spp.) segregating populations 
has important implications for understanding the nature of variances, especially the traits of resistance to collar rot. The 
objective of this study was to estimate genetic parameters and predict gains with the selection of genotypes resistant 
to collar rot in a population of interspecific passion fruit hybrids. For the analysis of restricted maximum likelihood/
best linear unbiased prediction (REML/BLUP), 40 interspecific hybrids obtained by crossing resistant wild species with 
Passiflora edulis Sims genotypes were analyzed. The Comstock and Robinson Design II methodology used two male 
parents (P. nitida Kunth and P. quadrangularis L.) and two female parents of P. edulis. The evaluations took place for 33 
d and 10 variables of resistance to collar rot were characterized. The expression of most variables was due to the genetic 
effect. Dominance effects predominated. High estimates of heritability based on clone average and selective accuracy 
were observed, which provides favorable gains in reducing the severity of collar rot by selecting the genotypes 115-5, 
115-4, 115-7, 115-6, 115-3, 115-1, 128, 115-9, 115-4.
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INTRODUCTION

Passiflora edulis Sims, also commonly known as sour passion fruit, it is cultivated in various countries as Brazil, 
Australia, New Zealand, India, South Africa, Kenya, Ecuador, Colombia, and Peru (Martínez et al., 2020; Wang et al., 
2021). However, Brazil is the largest producer and consumer of sour passion fruit in the world. But, in recent years, this 
production has dropped significantly. Among the causes of such a drop in sour passion fruit production are phytosanitary 
problems, especially those related to soil fungi (Preisigke et al., 2015; Melo et al., 2020). Among the soil pathogens, 
Fusarium solani (Mart.) Sacc., responsible for collar rot, causes serious damage to passion fruit crops. Its colonization in 
the plant begins with the stem and evolves to the main root. As the disease progresses, the destruction of the conducting 
vessels occurs and thus interrupts the water flow, which causes the passion fruit to wither, collapse and die, regardless of 
the stage of development (Fischer et al., 2005; Amorim et al., 2016).
 This disease is difficult to control because, in addition to the fungus producing abundant resistance structures 
(chlamydospores) that are difficult to be eradicated from infested areas, F. solani is classified as a cosmopolitan fungus 
found throughout Brazil, causing diseases to a diversity of cultivated plants (Santos Filho and Santos, 2003; Agrios, 2004).
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 The damage caused by F. solani to the passion fruit culture is serious, resulting in reduced production, cultivated area 
and orchard longevity. In addition to Brazil (Preisigke et al., 2015; Marostega et al., 2019), other producing countries 
recorded economic damage caused by this fungus, as in Colombia, where they reported losses between 90% and 100% in 
commercial crops (Ángel-García et al., 2018) and China (Wang et al., 2021).
 The most efficient form of control of this disease is the use of resistant cultivars. There is no record of a sour passion 
fruit cultivar with this trait. However, there are reports of resistance in the species P. quadrangularis, P. nitida and P. 
cincinnata (Freitas et al., 2015a; Preisigke et al., 2015; Marostega et al., 2019). In this case, the breeder’s challenge is to 
bring together pathogen resistance, high productivity, and fruit quality in one genotype. 
 Genetic parameter estimates provide information for actions of genetic improvement programs since such estimates 
promote knowledge on the nature of the genetic action involved in character transmission. Several strategies for estimating 
genetic parameters in passion fruit populations are used. Among the methodologies used in parent plant selection is the 
genetic design II proposed by Comstock and Robinson (1948). Another increasingly common methodology for breeding 
perennial species, especially fruit trees, is the restricted maximum likelihood (REML) and the prediction of genotypic 
values by the best linear unbiased prediction (BLUP), which is an optimal procedure for selections involving the estimation 
of variance components and the prediction of genotypic values (Resende, 2016). This method has been used to estimate 
genetic parameters in Pennisetum purpureum (Stida et al., 2018), Capsicum chinense (Moreira et al., 2018), Psidium 
guajava (Ambrósio et al., 2021) and Passiflora spp. (Torres et al., 2019; Preisigke et al., 2020).
 Through Design II and the REML/BLUP methods, it is possible to determine the occurrence of additive and dominant 
genetic effects in segregating populations, heritability, and selection gains. Obtaining this information is necessary to 
understand the genetic effects involved in the inheritance of resistance to rot, since there is no such information in the 
literature to guide breeding programs more efficiently.
 Given this context, this study aims to estimate genetic parameters and predict the gains by the individual selection 
of collar rot-resistant genotypes using the REML/BLUP procedure and Comstock and Robinson Genetic Design II 
methodology in a population of interspecific passion fruit hybrids.

MATERIALS AND METHODS

The experiment was conducted in Cáceres (16º11’42” S, 57º40’51” W; 118 m a.s.l.), Mato Grosso, Brazil. Forty genotypes 
distributed into 10 complete sib families from interspecific hybridization (IH) between a resistant wild species (Preisigke 
et al., 2015; 2017) and Passiflora edulis Sims families (Table 1).
 Of the 10 families, four of them were obtained by the Comstock and Robinson Genetic Design II (1948), and two male 
parents (P. nitida Kunth and P. quadrangularis L.) were crossed with two female parents (Families 51 and 113) (Table 2).
 The F1 seeds were placed in 72-cell polystyrene trays containing substrate. The seedlings were kept in a greenhouse 
until they reached the ideal size (± 40 cm) for transplantation to the field. Soil preparation and cultivation followed 
methods normally adopted for cultivation: monthly fertilization with 25 g N and 30 g KCl and semiannual fertilization 
with 30 g P2O5 per plant.

Passiflora edulis Sims (51) × P. nitida Kunth (B3P2) 122 1
P. edulis (80) × P. nitida (B3P2) 124 3
P. edulis (113) × P. nitida (B3P2) 128 1

P. edulis (UFV50) × P. nitida (B3P2) 142 1

P. edulis (UFV50) × P. nitida (B3P1) 143 2

P. edulis (22) × P. quadrangularis L. (B3P1) 113 9
P. edulis (51) × P. quadrangularis (B3P3) 115 9
P. edulis (113) × P. quadrangularis (B3P1) 125 3
P. edulis (51) × P. quadrangularis (B3P1) 126 3

P. edulis (22) × P. cincinnata Mast. (B3P2) 121 8

Table 1. Passiflora spp. parents involved in interspecific crosses to obtain a full-sib family aiming the genetic resistance 
to Fusarium solani.

Parent/Crossing Families Total of genotypes
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 After 6-mo in the field, cuttings of all genotypes of full-sib families were rooted for the resistance test. The cuttings 
were planted in 72-cell trays containing substrate and kept in a greenhouse with controlled irrigation and two weekly 
applications of leaf fertilizer to stimulate plant rooting. After rooting, cuttings were transplanted into 400 mL containers 
containing commercial substrate (PlantMax, compost de sphagnum peat moss, rice husks, pine husks and vermiculite) and 
kept in a greenhouse.
 Inoculation was performed by the method described by Fischer et al. (2003) using a mycelium disc inserted into a small 
wound in the plant stem. The isolate used for the test belongs to the Universidade do Estado de Mato Grosso (UNEMAT, 
Cáceres) fungi collection. Fusarium solani FSUNEMAT40 was considered the most aggressive according to the reports 
of Marostega et al. (2019). 
 The evaluations took place over a period of 33 d, beginning on the fifth day after inoculation (DAI). Ten resistance 
variables were characterized: lesion expansion, length and width (LL and LW), number of plants where the lesion reached 
less than 50% of circumference (NPL-50%P), inoculation period until the lesion reached more than 50% of the injured 
plant stem circumference (PILA+50%), inoculation period until the lesion reached 100% of the plant injured stem 
circumference (PILA100%S), normalized area under the lesion area expansion curve (NAULEAC), normalized area 
under the lesion width expansion curve (NAULWC), normalized area below the length expansion curve (NAULEC), 
number of dead plants (NDP), and survival period (SP). To calculate the variables NAULEAC, NAULWC and NAULEC, 
the equation proposed by Shaner and Finney (1977) was used.

REML/BLUP
The experimental design was randomized blocks with 40 treatments (genotypes), three replicates and three plants per 
plot. For the analyses of parameter estimates and genetic gain prediction, the restricted maximum likelihood/best linear 
unbiased prediction (REML/BLUP) model and the Selegen-REML/BLUP software were used (Resende, 2016). The 
statistical model used was thirty, y = Xr + Za + Zd + e, where y is the data vector, r is the vector of repeating effects 
(assumed to be fixed) plus the general average, a is the genetic additives effect vector (assumed as random), d is the vector 
of dominance genetic effects (assumed as random), and e is the vector of errors or residuals (random). Uppercase letters 
represent the incidence matrices for these purposes.
 The following variance components (individual REML) were estimated: σ2g: genotypic variance, σ2a: additive genetic 
variance, σ2d: dominance genetic variance, σ2e: residual variance, σ2f: individual phenotypic variance, h2a = h2: individual 
heritability in the narrow sense, that is, of additive effects, h2mc: heritability of the clone means assuming complete 
survival, and Acclon: accuracy of clone selection assuming no loss of plots; overall average of the experiment.

Comstock and Robinson Design II
The experimental design was randomized blocks with four treatments (families) and three replicates. Variance analyses 
were performed for each trait evaluated using the Genes program, according to Cruz (2013). The model was established 
with all random effects as follows: 

Yijk = μ + Mi + Fj + MFij +Bk + εijk

where Yijk is the observation regarding the crossing between the male i and the female j; μ is the general mean; Mi is the 
effect relative to the male parent of order i; Fj is the effect relative to the female parent of order j; MFij is the effect of the 
interaction between the male parent i and the female parent j; Bk is the effect of the repetition of order k; and εijk is the 
experimental error. 
 To estimate the components of genotypic variance, additive genetic variance (σ2a) and dominance genetic variance (σ2d) 
among individuals in a population, the components of variance associated with the random nature effects of the statistical 
model among male parent variance (σ2m) and among female parents (σ2f). The variance of the interaction between male 

Female (Family of Passiflora edulis)                                                             Interspecific hybrid
(1) PE 51 1.1 (122) 2.1 (126)
(2) PE 113 1.2 (128) 2.2 (125)

Parent

Table 2. Relation of crosses to obtain interspecific passion fruit hybrids aiming the resistance to Fusarium solani 
in a group of males and females according to the Comstock and Robinson Design II. 

(1) P. nitida
Male

(2) P. quadrangularis
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and female parents (σ2mf) will be expressed in function of σ2A and σ2D. Estimates of these parameters were obtained from 
equations involving the mean squares of the ANOVA. For all calculations performed, the Genes program (Cruz, 2013) was 
used.
 The variances associated with the random effects of the statistical model, the effects of male and female parents, and 
the effects of the interaction between male and female parents were estimated by: 

σ2m = (MSM – MSI)/nf
σ2f = (MSF – MSI)/nm
σ2mf = (MSI – MSR)/n

where MSM is the mean square of the effect of the male parent, MSF is the mean square of the effect of the female parent, 
MSI is the mean square resulting from the interaction between male and female parents, MSR is the mean square of the 
residue, nf is the number of females; nm is the number of males; and n is the number of blocks (replicates).
 The expressions for the calculation of genetic variance components are: 

σ2a = 2 (σ2m + σ2f) and σ2d = 4 σ2mf

 Genetic variance components are indicators of variability among individuals in the reference population. Genetic 
variances between progeny averages can also be broken down into components attributed to mean gene effects and mean 
dominance deviations. The heritability was calculated by the expressions:

RESULTS

Estimation of genetic parameters by REML
Phenotypic variance estimates (Table 3) ranged from 2512129.40 to 0.936. The highest values were found for NAULEAC 
(2512129.40), NAULEC (22673.52) and NAULWC (3722.65). The lowest values were found for NPL-50% (0.93), NDP 
(1.04) and LW (18.51). Estimates of genotypic variance (σ2g) ranged from 1762990.37 to 0.23. The highest values were 
obtained for the traits NAULEAC (1762990.37) NAULEC (12804.714) and NAULWC (2017.330). On the other hand, 
the traits with the lowest values were NPL-50% (0.230) and NDP (0.694).

SP 85.06 40.98 39.40 1.57 0.018 0.736 0.85
NDP 1.04 0.69 0.67 0.02 0.016 0.856 0.92
LL 63.51 22.87 22.30 0.56 0.008 0.628 0.79
LW 18.51 8.54 3.75 4.78 0.258 0.719 0.84
NPL-50% 0.93 0.23 0.21 0.01 0.015 0.494 0.70
PILA+50% 67.62 17.75 3.65 14.10 0.208 0.516 0.71
PILA100% 43.47 5.15 2.49 2.70 0.062 0.289 0.53
NAULEAC 2512129.40 1762990.30 75847.20 1687143.10 0.671 0.875 0.93
NAULEC 22673.52 12804.71 12555.58 249.12 0.010 0.795 0.89
NAULWC 3722.65 2017.33 1974.13 43.19 0.011 0.780 0.88

Table 3. Estimates of genetic parameters for traits of resistance to Fusarium solani by restricted maximum likelihood 
(REML) in 40 passion fruit genotypes from interspecific crosses.

Variable

σ2f: Individual phenotypic variance; σ2g: genotypic variance; σ2d: dominance genetic variance; σ2a: additive genetic 
variance; h2a: individual heritability in the narrow sense; h2mc: heritability based on clone means; Acclon accuracy 
of clone/genotype selection; SP: survival period; NDP: number of dead plants; LL: lesion length; LW: lesion 
width; NPL-50%: number of plants in which the lesion reached less than 50% of the circumference; PILA+50%: 
period of inoculation until the lesion reached more than 50% of the plant circumference; PILA100%S: period 
of inoculation until the lesion reached 100% of the plant circumference; NAULEAC: normalized area under the 
lesion expansion area curve; NAULEC: normalized area under the lesion expansion length curve; NAULWC: 
normalized area under the lesion expansion width curve.

σ2f σ2g σ2d σ2a  h2a  h2mc Acclon

h2mf =
2 (σ̂ 2m + σ̂ 2f)

(σ̂ 2m = σ̂ 2f = σ̂ 2mf = σ̂ 2)

h2f =
σ2f

(MSF/nm)

h2m =
σ2m

(MSM/nf)
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 For most variables, the gene action is dominance, i.e., the estimates of dominance variance were higher than additive 
variance (Table 3). However, for the traits NAULEAC, PILA100%, PILA+50% and LW, most of the genetic variation is 
due to additive effects.
 Estimates of individual heritability in the narrow sense (h2a) ranged from 0.008 to 0.671. The highest values were 
obtained for the traits NAULEAC (0.671), LW (0.258) and PILA+50% (0.208). On the other hand, the lowest estimates 
were obtained for CF (0.008), NAULEC (0.010) and NAULWC (0.011) (Table 2). However, for heritability estimates 
based on clone/genotype mean (h2mc), the highest values were obtained for almost all characters, ranging from 0.289 to 
0.875. The variable NAULEAC again showed the highest value (0.87), followed by NDP (0.856) and NAULEC (0.795). 
The lowest values were obtained for the traits PILA100% (0.289), NPL-50% (0.494) and PILA+50% (0.516) (Table 3). 
 Regarding the accuracy of genotype selection, all variables, except for PILA+100%, obtained values above 70%. The 
NAULEAC resistance trait presented the highest value (0.93), and PILA100% presented the lowest value (0.53). 

Genetic parameters by Comstok and Robinson Design II
There was significance by F test in the analysis of hybrids for most evaluated traits, except for PILA+50%, NAULEAC 
and NAULWC (Table 4).
 Estimates of variance components (Table 4) show that σ2f presented negative values for all resistance variables 
analyzed, i.e., null variances. This was an expected result because there was no significance by F test. Hybrids obtained 
the highest significant values of the variance component (σ2m/f) for most variables, except for PILA+50%, NAULEAC and 
NAULWC. 
 For the evaluated traits, most of the genetic variation is attributed to dominance deviations. However, for the variable 
NAULWC, the genetic variation is due to the additive effect. 
 There were additive genetic effects in the genetic control of NAULEAC (603.51) and NAULWC (1.72). For the other 
variables, no additive effect was observed. The heterosis predicted by variance by dominance effects can be observed for 
all traits, except for NAULWC, which presented a negative value. 
 In general, heritability values were null or low (Table 5). The highest values were obtained for hybrids with the traits 
NAULEC (7.87), PILA100% (5.10), LL (2.25) and SP (2.21). 

Selection by BLUP
Selection by the estimates of genetic gains predicted by BLUP (Table 6) allowed ranking the 10 best genotypes (25% of 
the evaluated genotypes) with the lowest additive genetic values for the four traits that presented the highest heritability 
based on the average of the clones and selective accuracy.

SP -41.36ns -41.84ns 79.88** -166.418 319.5504
LL -73.37ns -65.3092ns 145.65** -277.365 582.6326
LW 6.87** -45.17ns 96.31** -76.5913 385.2694
NPL-50% 0.33* -0.3333ns 0.61** 0.0 2.4444
PILA+50% -8.80ns -13.95ns 36.55ns -45.5138 146.2033
PILA100% -31.32ns -26.08ns 52.32* -114.8302 209.3028
NAULEAC 415.65** -113.89ns 238.43ns 603.5194 953.7549
NAULEC -5.37ns -4.32ns 8.3749* -19.4175 33.4997
NAULWC 0.8752* -0.01ns -0.17ns 1.7227 -0.6798

Table 4. Estimates of variance components of collar rot resistance characters in four families of interspecific passion fruit 
hybrids evaluated by Comstock and Robinson genetic design II.

Trait

σ2m, σ2f and σ2f/m: Estimates of the variance components associated with the genetic effects of the statistical 
model: male, female and male/female crossing effects, respectively. σ2a and σ2d: estimates of genetic variance 
components among population individuals: additive genetic variance and genetic variance attributed to dominance 
deviations, respectively; SP: survival period; NDP: number of dead plants; LL: lesion length; LW: lesion width; 
NPL-50%: number of plants in which the lesion reached less than 50% of the circumference; PILA+50%: 
period of inoculation until the lesion reached more than 50% of the plant circumference; PILA100%S: period 
of inoculation until the lesion reached 100% of the plant circumference; NAULEAC: normalized area under the 
lesion expansion area curve; NAULEC: normalized area under the lesion expansion length curve; NAULWC: 
normalized area under the lesion expansion width curve.
*, **Significant at 5% and 1%, respectively, according to F test; ns: nonsignificant.

σ2m σ2f σ2m/f σ2a σ2d
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 Regarding genotype selection for the evaluated resistance traits, it was possible to obtain relevant negative gains in 
selection by estimating individual BLUPs for NAULEAC and NDP. For the trait NAULEAC, five selected genotypes had 
negative gains ranging from -11% to -0.70% (Table 3). The genotype 115-5 had the lowest gain. Note that genotypes from 
three families were selected (family 115, 113, 128) for this trait.
 For the NDP trait, there was a negative gain only in the selection of the genotype 115-1. On the other hand, for the 
NAULEC and NAULWC traits, there was no negative gain. However, they are considered low.

  1 115-5 -11.34 1509.91 115-1 -1.84 2.25
  2 115-4 -9.79 1536.36 115-4 0.33 2.30
  3 115-7 -6.42 1593.75 128 2.62 2.35
  4 113-2 -4.58 1625.11 115-6 7.22 2.46
  5 115-6 -0.70 1691.23 115-7 7.22 2.46
  6 115-3 1.41 1727.10 115-9 8.88 2.50
  7 115-1 3.67 1765.53 115-3 10.64 2.54
  8 128 6.05 1806.17 115-2 12.15 2.57
  9 115-9 11.30 1895.48 115-5 13.75 2.61
10 115-2 14.19 1944.81 113-8 15.45 2.65

  1 128 3.27 332.37 115-7 2.80 107.76
  2 115-3 10.83 356.70 115-6 5.16 110.23
  3 115-4 12.76 362.90 115-4 6.36 111.49
  4 115-1 13.76 366.13 122 7.61 112.80
  5 115-6 14.82 369.53 128 8.88 114.13
  6 115-5 17.06 376.74 115-5 10.22 115.54
  7 115-7 18.23 380.51 115-1 12.91 118.36
  8 122 19.51 384.62 115-3 19.01 124.75
  9 115-9 20.82 388.84 115-9 24.37 130.37
10 113-2 23.80 398.43 113-2 30.87 137.18

Order

NAULEAC: Normalized area under the lesion expansion area curve; NDP: number of dead plants; NAULEC: 
normalized area under the lesion expansion length curve; NAULWC: normalized area under the lesion expansion 
width curve. 

Table 6. Ranking of interspecific hybridization genotypes of Passiflora highly resistant to Fusarium solani based 
on the lowest estimates for additive genetic values and the lowest estimated genetic gains using the REML/BLUP 
methodology.

NAULEAC

Genotype Gain % New mean Genotype Gain % New mean

NDP

NAULWCNAULEC

SP -83.28 -2489.91 2.21 -20.33
LL -79.33 -7.26 2.25 -17.56
LW 0.11 -7.14 -1.92 -0.98
NPL-50% 0.48 -24.00 0.00 0.00
PILA+50% -0.50 -1.12 -1.16 -0.73
PILA100% -20.85 -3.86 5.10 -3.28
NAULEAC 0.69 -1.64 0.49 0.65
NAULEC -22.70 -3.36 7.87 -2.68
NAULWC 0.90 -0.17 0.65 0.97

Trait

h2m, h2f, h2mf and h2i: Heritability of males and females resulting from the cross between males and females, and 
of individuals, respectively; SP: survival period; NDP: number of dead plants; LL: lesion length; LW: lesion 
width; NPL-50%: number of plants in which the lesion reached less than 50% of the circumference; PILA+50%: 
period of inoculation until the lesion reached more than 50% of the plant circumference; PILA100%S: period 
of inoculation until the lesion reached 100% of the plant circumference; NAULEAC: normalized area under the 
lesion expansion area curve; NAULEC: normalized area under the lesion expansion length curve; NAULWC: 
normalized area under the lesion expansion width curve.
Negative heritability values should be considered as a null estimate.

 h2i h2mf

Table 5. Restricted heritability coefficients in relation to traits of resistance to collar rot in interspecific passion 
fruit hybrids evaluated by Comstock and Robinson Design II.

Heritability coefficient (%)

 h2m  h2f
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 For all traits, there is a predominant selection of the 115 family genotypes, which belong to the crossing with the male 
parent P. quadrangularis. It is also noted that the genotypes 115-5, 115-4, 115-7, 115-6, 115-3, 115-1, 128, 115-9 were 
selected for the four variables analyzed, and only one genotype does not currently belong to the family 115. 

DISCUSSION

Nature of variances estimated by REML
Estimates of genetic parameters are essential for breeding programs as they assist in the selection and choice of breeding 
method. In this study, the estimation of the phenotypic variance component found for passion fruit genetic variables 
of resistance to collar rot may be due to a greater environmental influence or to genetic differences. In this context, 
there was a great genetic influence on the phenotypic variation for most traits, highlighting the variables NAULEAC 
(70% of σ2g), NDP (66% of σ2g), NAULEC (56% of σ2g) and NAULWC (54% of σ2g), with greater genetic variations 
compared to phenotypic variance. This result indicates that the evaluated genotypes have a high genetic variability and 
little environmental effects on the expression of these traits in relation to resistance to collar rot, a fact that contributes to 
the increase in heritability estimates and selective accuracy. This high estimate of genetic variance is related to the genetic 
structure of the evaluated genotypes, since they come from crosses between species of Passiflora. 
 Freitas et al. (2015b) also found a high genotypic vs. phenotypic variance for the resistance variable fruit hardening 
virus in an interspecific hybrid crossbreeding population (P. edulis × P. setacea) × P. edulis.
 The observed genetic variation is the result of the sum of additive dominance and epistatic genetic effects (Vencovsky, 
1987). In this study, the genetic variance found for most resistance traits is the result of a greater influence of dominance 
effects, which was expected for this population due to the genetic distance between parents. However, for the traits 
NAULEAC, PILA+50%, LW and PILA100%, the highest proportion of genetic variation is due to additive effects. 
 Trait-based genotype selection with the highest additive effect is most effective because it is the part of phenotypic variation 
that will effectively be passed on to the next generation. However, genotype selection should not be based on this genetic 
parameter alone, since the variables PILA+50%, LW and PILA100% presented low values for the other genetic parameters. 
 Although additive genetic variance is considered the most important parameter for genetic improvement (Vencovsky, 
1987), it is necessary to consider the deviations of dominance in the selection process of traits under its influence to 
avoid possible errors in breeding programs attributed to overestimation of heritability in the narrow sense (Cunha et al., 
2010). Thus, the traits that obtained the highest values of genetic variance, heritability and selective accuracy should be 
considered for selection. 
 Regarding heritability estimates, the traits that presented the highest values for additive genetic variance are those that 
obtained the highest heritability values in the strict sense (h2a). However, except for NAULEAC, they presented lower 
values for the heritability based on clone average (h2mc). This contrast in the heritability results is related to the magnitude 
and unfolding of the values of σ2g. 
 In general, estimates of h2mc had a high magnitude, except for the variables NPL-50%, PILA100% and PILA+50%. 
This shows a favorable situation for the selection of genotypes that can contribute to the reduction of the lesion caused by 
F. solani in passion fruit.
 These high estimates of heritability are due to the occurrence of a greater variation in genetic causes and little 
environmental influence on trait expression. This result indicates that the resistance character can be influenced by few 
traits because, according to Costa et al. (2019), high hereditary values may mean that character inheritance is oligogenic, 
that is, controlled by few genes. However, a specific study is needed to estimate the number of genes involved in the 
expression of the resistance character. 
 There are some studies that have already identified a probable oligogenic inheritance as a resistance trait, such as 
resistance sunflower resistance to downy mildew (Qi et al., 2015), and common bean resistance to rust (Viteri and 
Linares, 2019). 
 Knowledge of the genetic inheritance of resistance is indispensable for a good development of strategies that allow its 
transfer in breeding programs faster and more efficiently (Kpoviessi et al., 2019). Thus, another indispensable parameter 
is the accuracy of the selection that refers to the quality of the experiment. For selective accuracy, values above 70% 
should be sought (Resende and Duarte, 2007). In the present study, only the PILA100% trait (Table 2) did not reach this 
value. The other traits are highly accurate, making it easy to identify and select resistant genotypes.
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Comstock and Robinson Design II
As expected, heterosis occurred for most evaluated variables as there was significance by ANOVA (Table 3) for the hybrid 
value σ2m/f. The evaluated genotypes are from interspecific crosses, which allows obtaining heterosis. Consequently, the 
expression of these traits has a greater attribution of genetic variance due to dominance deviations (σ2d). However, the 
variables NAULEAC and NAULWC showed higher additive genetic effects. 
 The values of σ2d obtained in this study are in accordance with those observed by Santos et al. (2011), who found high 
results working with yield traits in 12 passion fruit hybrids using Comstock and Robinson Design II. A high value of σ2d 
was already expected because the genotypes studied originated from interspecific crosses.
 For the variable NAULEAC, additive genetic effects (σ2a) were predominant. The same result was obtained using 
the REML methodology, confirming the additive genetic nature of this trait. Thus, it is possible to succeed in selection 
based on this variable because the additive action provides the best response to selection since the progeny is similar to 
the selected genotypes (Paterniani, 1966). A similar result was found by Rosado et al. (2010), who evaluated eucalyptus 
resistance to Ceratocystis fimbriata. The authors reported additive effects controlling the resistance trait.
 As reported by Ramalho et al. (2012) in studies on early generations, as is the case of this work, heritability estimates 
are important since they allow predicting the possibility of success in selection and allow reflecting the proportion of 
phenotypic variation that can be inherited, contributing to the correct conducting of the breeding program.
 In general, the heritability obtained was negative, i.e., null. Negative results have been reported in studies such as 
Santos et al. (2011) using the Comstock and Robinson Design II for agronomic traits of passion fruit, and Maurya et al. 
(2014) using the design NCD-I and NCD-III for Papaver somniferum. The occurrence of negative heritability may be 
related to the size of the study sample or the inappropriate choice of methodology (Gill and Jensen, 1968). 
 The REML/BLUP methodology was more efficient in parameter estimation than Comstock and Robinson Design II 
due to negative parameter estimations. This result is possible depending on the experimental design adopted (Kumar and 
Wehner, 2013). Negative estimates have been reported in several studies (Bainade et al., 2014; Kalola and Pandya, 2016).
 The inefficiency in using the Comstock and Robinson Genetic Design II may be justified by the size of the sample 
evaluated. Because they are interspecific crosses, it involves several problems such as incompatibility of species, low 
number of fruit sets, unfeasible seed production, total or partial sterility, low vigor, among others (Santos et al., 2015).
 Finally, according to the variance component estimates and the heritability observed using both methodologies, it was 
possible to understand some genetic mechanisms that control the inheritance of traits of resistance to collar rot. They help 
to guide the breeding program aiming the development of resistant genotypes. Thus, the expression of most variables is due 
to the dominance genetic effect. However, for the trait NAULEAC, there was a predominance of additive genetic variance. 
High heritability estimates based on clone mean and selective accuracy were also observed, which provides a favorable 
gain with genotype selection. It also enables the use of backcrossing in future generations. According to Badu-Apraku and 
Fakorede (2017), traits with a high heritability controlled by few genes are more easily transferred by this method. 

Selection of collar rot-resistant genotypes
The success in breeding programs depends on choosing the best genotypes to be the parents of future generations. 
Selection should be based on the additive genetic values of individuals that will be used in future generations (Sturion et 
al., 2017). Thus, the 10 most resistant genotypes were selected for the four traits with higher heritability based on clone 
mean and selective accuracy. 
 Negative gains from selecting the genotypes 115-51, 15-4, 115-7, 113-2, 115-6 and 115-1 for the traits NAULEAC and 
NDP reduces disease severity. Achieving negative gains for strength traits is ideal as it provides reductions in the average 
of the trait in the next generation. Negative gains were also observed by Rosado et al. (2010), who evaluated eucalyptus 
resistance to Ceratocystis fimbriata, by Vivas et al. (2014), who evaluated papaya resistance to phoma spot. 
 The predominance of genotype selection of the cross between P. quadrangularis and P. edulis shows a good ability of 
this species to transfer resistance genes to the offspring. 
 Finally, in order to reduce the severity of the disease, it is suggested to select the genotypes 115-5, 115-4, 115-7, 115-6, 
115-3, 115-1, 128, 115-9 as part of future stages of the breeding program as they are in the top ten ranking for the four traits. 
Among them, the genotype 115-4 is the most promising because it is the best ranked considering all traits. In addition to 
continuing the breeding program, these genotypes can be launched as a rootstock cultivar, thus benefiting from all genetic 
variance because, with asexual reproduction, all genetic variation (additive and dominant) is passed to the clones. 
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CONCLUSIONS
The expression of the traits of resistance of interspecific passion fruit hybrids to collar rot suffers a greater genetic 
influence, with predominance of dominance effects. However, for the variable lesion area expansion curve, there is a 
greater influence of additive genetic effects, which enables more effective gains in genotype selection.
 Given the positive results of genetic parameter estimates, it was possible to select the most resistant genotypes to 
Fusarium solani, namely: 115-5, 115-4, 115-7, 115-6, 115-3, 115-1, 128 and 115-9, especially the genotype 115-4.
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