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Abstract 
The objective was to compare the results obtained in the first and second year of production, with the aggregate 
production at the end of the two years of cultivation to determine the stage of the crop cycle most suitable for 
selection processes. We evaluated the fruits of 26 German-sib progenies of passion fruit during the peak 
production of the 1st year (December/2004) and the 2nd year (April/2006). There was little or no difference 
between the means of selected families in the two production years in terms of the evaluated traits. Selection 
should therefore be performed in the fist production year to reduce cultivation costs, making passion fruit 
cultivation more economically feasible. 
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1. Introduction 
The passion fruit (Passiflora edulis Sims) predominates the commercial fruit cultivation in Brazil. This 
predominance is attributed mainly to the quality of its fruit, the plant vigor and productivity, in addition to the 
excellent growing conditions it finds in Brazil (Meletti, 2011). 

Passion fruit production is concentrated in the South American tropics, highlighting the Brazilian production 
with 921,275 MT per year, although the national yield is relatively low with 13.6 t ha-1 in 2015 (IBGE, 2015). 
Despite of the high commercial demand for this fruit and its nutritional benefits, production is limited by the 
small number of commercial cultivars (Silva et al., 2014), with 21 registered commercial passion fruit cultivars 
available in Brazil (MAPA, 2016) and some local selections without registration. This number is relatively low 
considering the importance of Brazil as the largest global passion fruit producer and regarding the climatic 
variation throughout the different regions (Silva et al., 2016).  

Passion fruit breeding represents a promising research field, mainly because the great variability, the relatively 
short cycle, and the increasing interest in this fruit facilitate its cultivation, and according Ferreira et al. (2016), 
these factors can enable the rapid development of new cultivars. 

The passion fruit is a self-incompatible seed-propagated crop (Suassuna et al., 2003) with a large variation in 
terms of productivity and fruit characteristics. The improvement of genotypes with a high productivity and a 
high and uniform fruit quality is therefore necessary to make passion fruit economically feasible. 

Favorable genetic combinations occur by chance among segregating progenies. To increase the probability of 
selecting superior individuals, it is necessary to work with large populations. Additionally, fruit plants require 
more space per individual and evaluations during some years. The ripening period may be long, especially in 
passion fruit, whose harvest period can reach several months. To increase the breeding efficiency in such cases, 
the selection of plants and/or families in the early generations can be extremely helpful (Rosal et al., 2000) and 
maximizes the genetic gain per unit of time (Gonçalves et al., 1998). For example, the selection of eucalypt, 
based on the analysis of ecophysiological traits still in juvenile stages, has been reported by Chaves et al. (2004) 
and Massaro et al. (2010) as viable to obtain similar results, shortening the time and the extension of field tests. 

Pimentel et al. (2008) studied passion fruit selection in two production cycles and reported that the mean mass of 
the fruit was reduced from the first to the second cycle, indicating that plants with small fruits should be 
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discarded in the first production cycle, thereby reducing the labor input in the selection procedures in the second 
production cycle. 

This way, breeding programs, in general, should be dynamic, fast, and economically efficient, and the efficiency 
can be improved with constant upgrading of the selection mechanisms (Silva & Pereira, 2011). Gonçalves et al. 
(1998) reported that most of the costs of breeding programs for perennial species are a result of the long 
evaluation process. Any reduction in costs may increase the financial viability of the breeding program.  

Moraes et al. (2014) reported that the occurrence of high genetic correlations, significant for traits in evaluation 
periods, favor the holding of early selection. For example, for common bean, Pádua et al. (2015) report that the 
early selection for anthracnose resistance in the initial stages of the breeding program promotes benefits since it 
allows to eliminate the susceptive plants, which usually present low grain yields, in the first generations of 
selection and, consequently, to reduce the expenses in the advanced generations. 

In this context, this study compared the results obtained after selection performed in the first and in the second 
production year, with aggregate production at the end of the two years. The overall goal was to determine the 
most suitable selection stage of the passion fruit cycle in terms of saving time and resources. 

2. Material and Methods 
2.1 Site Characterization  

The experiment was conducted in the Plant Science Department of the University Federal of Viçosa, Viçosa, 
Minas Gerais. The municipality is located at 20º45′ S, 42º52′ W, 648 m above sea level. The climate is classified 
as type Cwa (mesothermal climate, Köppen), with an average annual rainfall of 1,200 mm and an average 
temperature of 19 °C. 

2.2 Biological Material 

We analyzed 26 full-sib progenies of passion fruit in a randomized block design with three replications. Each 
plot had four plants, with a row distance of 3.5 m and a distance between plants of 3.5 m, totaling 815 plants/ha. 
The plants were trained in a vertical support structure with one wire gauge 12, fixed at a height of 1.80 m. The 
usual cultural practices were applied.  

2.3 Evaluated Traits 

The fruits were harvested when more than 30% of the skin surface showed a yellow color. The evaluated traits 
were as follows: number of fruits per plant (NF), obtained by counting the fruits during the peak production of 
the 1st year (December 2004) and the 2nd year (April 2006), estimated production (EP) in kg/plant, estimated by 
the product of the mean fruit mass by the number of fruits per plant, mass of the fruit (MF), obtained by 
weighing the fruits on a digital balance in grams (g), mass of the skin (MS), obtained by weighing the skins on a 
digital balance in grams (g), mass of the pulp plus seeds (MP), based on the difference between fruit mass and 
mass of the skin (MP = MF – MS) in grams (g), length (LL), measuring the longitudinal axis of the fruit, using a 
digital caliper, in millimeters (mm), equatorial diameter (ED), obtained by measuring in the equatorial region of 
the fruit, using a digital caliper, in millimeters (mm), and thickness of the skin (TS), measured in the middle 
portion of the cut fruit by using a digital caliper in millimeters (mm). Except for the number of fruits per plant 
and estimated production, the traits were measured in a sample of 10 fruits per plant for each cultivation year. 

2.4 Data Analysis 

The data were submitted to analysis of variance based on the model in blocks, with information from individuals 
within the plot. The promising plants were identified by selection among families in unbalanced experiments; the 
percentage of selection among families in each year was 24%, totaling six better families. We compared the 
families selected according to evaluations from the first and the second year, and the results from both evaluation 
years were aggregated to determine the stage of the cycle most propitious for carrying out the evaluations. 

The factors estimated were mean of population, mean of families selected, and the selection gain in each year. 
The selection gain (SG) was estimated using the following equation:  

SG = (XS – X0) h2                                   (1) 

where XS is the mean of the families selected in each year and h2 is the heritability of each year.  

Considering that the selected family in a year amounts to selecting this throughout the cycle, the average values 
of the aggregate results were used to calculate the global gain projection (GGP), according to the following 
equation:  

GGP = (XSY – XSTotal) h2
total,                              (2) 
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where, XSY is the mean of the totals of the families selected in each year, XSTotal is the mean of the families 
selected on aggregate of years, and h2

total is the heritability of the two years combined.  

Analysis of variance and selection were performed using the software Genes; the selection procedure was 
combined for various environments, according to Cruz (2013). 

3. Results and Discussion 
According to the results of the analysis of variance, there was significant genetic variance among the families at 
1% probability by the test F for all traits. Santos et al. (2008) reported the occurrence of genetic variability in 
passion fruit for disease resistance and plant vigor and considered this an essential condition for the 
establishment of an effective breeding program in order to improve horticultural traits.  

Reducing the costs of passion fruit breeding programs through the ideal number of plots has been presented by 
Stork et al. (2014), who concluded that to assess properties in passion fruit, independent of the genotype, the 
optimum plot size is less than five plants. However, it is preferable to use less than five plants per plot to 
evaluate most of the properties of passion fruit. The number of replicates is calculated as a function of the 
desired accuracy. In addition, the number of plants per experiment is lower when using the optimal number of 
plants per plot. Although the reduction of plots results in decreased costs, progeny selection in the 1st year of 
passion fruit production has not yet been described. 

With this in mind, the selection was performed to increase the number of fruits per plant, estimated production, 
mass of the fruit, mass of the pulp, length and equatorial diameter and to decrease skin mass and thickness. In 
terms of the number of fruits per plant, nine families were selected based on data of the two production years, of 
which three were common among the years and for estimated production eight families were selected, being four 
were common among the years of production. The projection of global gains showed no difference in the 
selection between the first year and the aggregate result for both traits, but in the second year, there was a 
reduction in the average value (Table 1). 
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Table 1. Full-sib families of passion fruit selected by selection among and within 2 years of production to the 
number of fruits per plant and estimated production 

Traits Selection Family 

Selection  Means  Mean total of 2 years of production 

Year 
Total 

 Year 
Total 

 Year 
Total 

1st 2nd  1st 2nd  1st 2nd 

N
um

be
r 

of
 f

ru
it

s 
pe

r 
pl

an
t 

2 Yes No Yes 

 

94 89 183 

 

183 -* 183 

5 Yes No Yes 84 110 188 188 - 188 

11 Yes Yes Yes 96 137 233 233 233 233 

13 Yes Yes Yes 118 162 280 280 280 280 

15 No Yes No 40 113 148 - 148 - 

18 No Yes Yes 43 122 152 - 152 152 

19 Yes No No 71 100 149 149 - - 

20 No Yes No 31 123 128 - 128 - 

23 Yes Yes Yes 76 129 184 184 184 184 

    X0 53 96 140 XSY 202 187 203 

    h2 0.54 0.27 0.58     

    SG 19.9 9.4 36.5 GGP -0.58 -9.28 - 

E
st

im
at

ed
 p

ro
du

ct
io

n 
(k

g/
pl

an
t)

 

2 Yes No Yes 19.6 18.4 38.0 38.0 - 38.0 

5 Yes Yes Yes 18.8 25.2 42.6 42.6 42.6 42.6 

11 Yes Yes Yes 20.1 30.3 50.4 50.4 50.4 50.4 

13 Yes Yes Yes 24.6 39.2 63.8 63.8 63.8 63.8 

16 Yes No No  13.1 19.2 32.4  32.4 - - 

18 No Yes Yes 9.12 30.0 36.2 - 36.4 36.4 

19 Yes Yes Yes 16.4 22.9 34.4 34.4 34.4 34.4 

23 No Yes No 12.6 22.9 31.9 - 31.9 - 

   

 X0 10.9 20.0 29.0 XSY 43.6 43.2 44.2 

 h2 0.60 0.33 0.62     

 GS 4.74 2.87 9.42 GGP -0.37 -0.62 - 

Note. *Absent value indicates that the family was not selected based on data from the years in question. X0 = 
mean of population; h2 = heritability of each year; SG = selection gain; XSY = mean of selected each year. GGP 
= global gain projection.  

 

Similarly, for fruit mass, pulp mass, and skin mass, we selected eight families, with four families being common 
between the selection years (Table 2). However, the global gain projection was negative when the selection was 
performed in the first year, but the values were of low magnitude. 
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Table 2. Full-sib families of passion fruit selected by selection among and within 2 years of production to the 
mass of the fruit, pulp and skin 

Traits Selection Family 

Selection Means   Mean total of 2 years of production 

Year 
Total 

Year 
Total 

Year 
Total 

1st 2nd   1st 2nd   1st 2nd 

M
as

s 
of

 th
e 

fr
ui

t (
g)

 

4 Yes No No   230.1 202.1 216.1   216.1 - - 

5 Yes Yes Yes 229.1 229.7 228.3 228.3 228.3 228.3 

7 Yes Yes Yes 234.8 225.4 229.7 229.7 229.7 229.7 

13 No Yes Yes 221.2 235.7 228.5 - 228.5 228.5 

17 Yes Yes Yes 229.6 224.1 226.4 226.4 226.4 226.4 

18 No Yes Yes 227.7 245.6 232.6 - 232.6 232.6 

19 Yes Yes Yes 227.7 225.1 226.4 226.4 226.4 226.4 

24 Yes No No   228.7 220.3 218.3   218.3 - - 

    X0 212.7 201.3 204.7 XSY 224.2 228.6 228.6 

   h2 0.49 0.68 0.73    

    SG 8.4 20.1 17.4 GGP -3.2 - - 

M
as

s 
of

 th
e 

pu
lp

 (
g)

 

3 Yes No No  105.8 85.3 91.4  91.4 - - 

5 Yes Yes Yes  106.7 113.9 110.0  110.0 110.0 110.0 

7 Yes No Yes  109.7 95.5 102.3  102.3 - 102.3 

11 No Yes No  101.0 99.5 100.2  - 100.2 - 

13 Yes Yes Yes  105.5 109.8 107.7  107.7 107.7 107.7 

17 Yes Yes Yes  113.1 102.3 107.7  107.7 107.7 107.7 

18 No Yes Yes  105.0 114.1 106.9  - 106.9 106.9 

19 Yes Yes Yes  116.6 113.5 114.7  114.7 114.7 114.7 

    X0 96.0 87.6 90.7 XSY 105.6 107.8 108.2 

   h2 0.38 0.66 0.68    

    SG 5.1 14.0 11.9 GGP -1.8 -0.3 - 

M
as

s 
of

 th
e 

sk
in

 (
g)

 

1 No Yes No  109.1 98.6 103.1  - 103.1 - 

8 No Yes Yes  113.2 97.8 98.0  - 98.0 98.0 

10 Yes Yes Yes  93.1 90.6 91.0  91.0 91.0 91.0 

15 Yes Yes Yes  106.7 94.1 95.6  95.6 95.6 95.6 

20 Yes No No  107.2 99.2 103.2  103.2 - - 

21 Yes Yes Yes  98.2 94.0 94.0  94.0 94.0 94.0 

22 Yes Yes Yes  106.0 92.3 96.3  96.3 96.3 96.3 

23 Yes No Yes  97.0 101.5 102.1  102.1 - 102.1 

    X0 116.9 113.7 114.4 XSY 105.6 107.8 108.2 

   h2 0.61 0.70 0.78    

    SG -9.6 -13.3 14.2 GGP -2.0 -0.3 - 

Note. *Absent value indicates that the family was not selected based on data from the years in question. X0 = 
mean of population; h2 = heritability of each year; SG = selection gain; XSY = mean of selected each year. GGP 
= global gain projection.  

 

In terms of skin thickness, 10 families were selected, with two being common between the years; global gain 
projection of the first year was higher than that of the second year. For longitudinal length and equatorial 
diameter, eight families were selected for the two production years, of which four families were common 
between years (Table 3). The global gain projection of the first year in relation to the second was greater for 
longitudinal length, but negative for equatorial diameter, with values close to zero. 

Means of fruit number per plant and estimated production of the families selected based on the first year were 
similar compared to those selected based on the production of the two years, indicating the possibility that the 
selection for these traits can be made in the first year, saving time and resources (Table 1). The global gain 
projection estimated per cycle presents reducing for number of fruits per plant of first by second year, however 
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are similar for estimated production, but considering that the selection cycle will be reduced from two to one 
years, the genetic gain per year will increase. Another benefit is the possibility of recombining the selected plants 
after elimination of the less productive ones, increasing the expected genetic gain in subsequent steps of the 
program.  

Pimentel et al. (2008) reported a high positive correlation between fruit number and estimated production per 
plant; the selection for prolific plants indirectly enabled the selection for increased productivity. Bruckner et al. 
(2002) reported that the production of fruits increases from the first to the second year of production, but 
decreases in the third year. In terms of breeding purposes, the question is whether the early-selection plants are 
useful for the selection of more productive plants in a shorter time and with less labor consumption. Our data 
support a positive answer because the global gains projections per cycle were similar, but higher per year by 
selecting, based on the data of the first year. 

Melo et al. (2001) reported that in passion fruit production, the second year showed the highest productivity 
because the plants were in full vegetative growth and had a high number of fruit branches. 

However, the implementation of the selection of promising genotypes should be performed in the first year to 
reduce the costs of implementing the breeding program, allowing the selection of plants in the first year and the 
recombination of genotypes in the second year of production, as recommended by the methodology of recurrent 
selection. For Eucalyptus spp., with a rotation age of 7 years in tropical regions, Beltrame et al. (2012) and 
Pavan et al. (2014) suggest the early selection of hybrid clones in the third year after planting, maximizing the 
genetic selection gain with the same financial resources and human resources available. 

Rosal et al. (2000) reported that the early selection of families of bean were effective, especially in the 
elimination of the worst families, thus reducing the work of breeders in advanced generations. Similarly, 
Clement et al. (2015) report that selection in cotton from early generations, based on a single plant stage, 
provides subsequent population size reduction for fiber quality. 

In perennial species, such as rubber trees, selection procedures have been done after long periods of evaluation 
of the individuals. Gonçalves et al. (1998) observed for that specie that selection went with to 2 years showed 
better efficiency, providing a superior gain per unit time and proving to be an early selection strategy in the 
breeding of these species. 

Melo et al. (2011) reported that in any breeding program, reducing the time spent obtaining superior genotypes is 
of fundamental importance. Progeny selection in the 1st year of production could be an important strategy to 
reduce costs for fruit selection and to allocate resources within the second year in others stages of the breeding 
program for passion fruit. 
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Table 3. Full-sib families of passion fruit selected by selection among and within 2 years of production to the 
thickness of the skin, longitudinal length and equatorial diameter 

Traits Selection Family 

Selection Means Mean total of 2 years of production 

Year 
Total 

Year 
Total 

Year 
Total 

1st 2nd   1st 2nd   1st 2nd 

T
hi

ck
ne

ss
 o

f 
th

e 
sk

in
 (

m
m

) 

1 No Yes Yes  4.67 3.96 3.63  - 3.63 3.63 

2 No Yes No  5.07 4.17 4.62  - 4.62 - 

5 Yes No No  4.57 4.60 4.55  4.55 - - 

8 No Yes Yes  4.83 4.21 4.32  - 4.32 4.32 

9 No Yes Yes  5.01 4.25 4.51  - 4.51 4.51 

11 Yes No Yes  4.52 4.44 4.48  4.48 - 4.48 

13 Yes No No  4.60 4.80 4.70  4.70 - - 

17 Yes Yes Yes  3.95 4.10 4.06  4.06 4.06 4.06 

19 Yes Yes Yes  3.93 3.86 3.89  3.89 3.89 3.89 

26 Yes No No  4.57 4.77 4.70  4.70 - - 

    X0 4.88 4.47 4.58 XSY 4.40 4.17 4.15 

   h2 0.35 0.24 0.35    

    SG -0.18 -0.09 -0.15 GGP 0.08 0.01 - 

L
on

gi
tu

di
na

l l
en

gt
h 

(m
m

) 

5 Yes Yes Yes 100.9 96.0 97.5 97.5 97.5 97.5 

6 No Yes No  93.8 93.7 93.7  - 93.7 - 

7 Yes No No 95.3 93.3 94.1 94.1 - - 

11 Yes Yes Yes 95.9 95.2 95.5 95.5 95.5 95.5 

13 Yes Yes Yes 94.6 95.5 95.0 95.0 95.0 95.0 

16 Yes No Yes 95.7 93.7 94.7 94.7 - 94.7 

17 Yes Yes Yes 94.5 94.5 94.5 94.5 94.5 94.5 

18 No Yes Yes 93.0 96.4 94.3 - 94.3 94.3 

    X0 90.1 88.6 89.1 XSY 95.3 95.1 95.2 

   h2 0.83 0.83 0.87    

    SG 5.0 5.6 5.3 GGP 0.1 -0.1 - 

E
qu

at
or

ia
l d

ia
m

et
er

 (
m

m
) 

2 Yes No No 80.2 79.3 79.8 79.8 - - 

4 Yes No No 82.1 76.9 79.4 79.4 - - 

5 Yes Yes Yes 80.2 81.0 80.5 80.5 80.5 80.5 

7 Yes Yes Yes 81.1 81.2 81.0 81.0 81.0 81.0 

17 No Yes Yes 79.9 80.2 80.1 - 80.1 80.1 

24 Yes Yes Yes 80.3 81.1 80.8 80.8 80.8 80.8 

25 No Yes Yes 79.9 82.2 81.8 - 81.8 81.8 

26 Yes Yes Yes 82.7 80.5 80.9 80.9 80.9 80.9 

    X0 78.4 77.5 77.7 XSY 80.4 80.8 80.8 

   h2 0.55 0.68 0.60    

    SG 1.5 2.4 1.9 GGP -0.2 - - 

Note. *Absent value indicates that the family was not selected based on data from the years in question. X0 = 
mean of population; h2 = heritability of each year; SG = selection gain; XSY = mean of selected each year. GGP 
= global gain projection.  

 
4. Conclusions 
For all evaluated traits, we observed little or no difference between the means of selected families in the two 
production years. This indicates that the selection in the first year of production led to results similar to those 
found by selection in the second year. 
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