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ABSTRACT - The methodology of self-pollination of passion fruit flowers at anthesis after stigma excision 
was proposed. This method was compared with self-pollination procedures at anthesis and at the stage of 
flower bud. Two genotypes (M7 and N9), propagated by cuttings were studied. Self-pollinations were 
performed at 1 pm, 1 pm and 5 pm or 5 pm.  Fruit set (%), fruit mass (g), pulp mass (g), pulp/fruit ratio and 
seed number per fruit were evaluated and compared to fruits derived from M7 x N9 and N9 x M7 crosses. 
No fruit set was obtained from self-pollination at anthesis, which confirms the self-incompatibility of both 
genotypes. Self-pollination after stigma excision was the best procedure, reaching average fruit set of 73.61 
% (13 hours) and 81.94 % (double self-pollination at 1 pm and 5 pm). Although two self-pollinations after 
stigma excision at anthesis is more efficient, performing only one self-pollination at 1 pm requires less 
labor. The amount of seeds produced per fruit is satisfactory to generate inbred population.
Index terms: Passiflora edulis, pollination, selfing, endogamous progenies.

MÉTODO PARA SUPERAÇÃO DA AUTOINCOMPATIBILIDADE 
DO MARACUJAZEIRO

RESUMO – Foi proposta a metodologia de autopolinização de flores de maracujazeiro no estádio de 
antese, após a excisão do estigma. Este método foi comparado com os procedimentos de autopolinização 
na antese e no estádio de botão floral, ambos sem remoção do estigma. Dois genótipos (M7 e N9), 
propagados por estaquia, foram estudados. As autopolinizações foram realizadas às 13 e 17 h ou às 17 h. 
Foram avaliadas a frutificação (%), massa do fruto (g), massa da polpa (g), relação polpa/fruto e número de 
sementes por fruto, e comparadas às características de frutos derivados dos cruzamentos M7 x N9 e N9 x 
M7. Não houve frutificação da autopolinização no estádio de antese, que confirma a autoincompatibilidade 
dos dois genótipos estudados. A autopolinização após a excisão do estigma é o melhor procedimento, 
que atinge médias de frutificação de 73,61 %, com apenas uma autopolinização às 13 h, e 81,94 %, com 
dupla autopolinização às 13 e 17 h. Contudo, apesar de ser mais eficiente fazer duas autopolinizações, 
após a excisão do estigma na antese, é menos trabalhoso realizar apenas uma autopolinização às 13 h. A 
quantidade de sementes produzida por fruto é satisfatória para gerar nova população endogâmica.
Termos para indexação: Passiflora edulis, polinização, autofecundação, progênies endogâmicas.
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Passion fruit (Passiflora edulis Sims.) 
is an allogamous plant due to sporophytic self-
incompatibility (BRUCKNER et al., 1995). The 
incompatible pollen tube growth is inhibited at 
the stigmatic surface (RÊGO et al., 1999; RÊGO 
et al., 2000). Suassuna et al. (2003) proposed the 
presence of a gametophytic locus associated with 
the sporophytic system.

Passion fruit breeding can be done by 
methods that increase the frequency of favorable 
alleles through selection procedures such as mass 
selection, selection with progeny testing, but also 
by heterosis enhancement with hybrid, synthetic or 
composite varieties (BRUCKNER et al., 2005).

The development of inbreed lineages is 
essential to achieve good hybrids. Homozygous 
contrasting plants are needed to heritage studies. 
Self-fertilization in passion fruit is hampered due to 
self-incompatibility.

The overcoming of self-incompatibility 
barriers has been reported by the use of some 
procedures such as use of auxin in Theobroma cacao 
(HASENSTEIN; ZAWADA, 2001), application 
of CO2 in Brassica campestris (LEE et al., 2001), 
gibberellin application on stigmas in Eruca sativa 
(SUN et al. 2005), and self-pollination at bud-stage 
in mustard (CABIN et al., 1996).

In passion fruit, self-pollination at anthesis 
did not reach fruit set (BRUCKNER et al., 1995), 
although some authors (AKAMINE; GIROLAMI, 
1959; KNIGHT; WINTERS, 1962; CHANG, 1974) 
reported small fruit set. Self-pollination at bud 
stage provided 14.8% (BRUCKNER et al., 1995) 
and 16.67% (RÊGO et al., 2013). Rêgo et al. (2013) 
obtained 10% fruit set after double self-pollination 
at anthesis, with an interval of four hours between 
them. 

Although pollination at bud-stages and 
double pollination allow self-fecundation in 
passion fruit, these methods demand considerable 
labor and time by choosing the appropriate flower 
development stage and with flower protection to 
avoid cross-pollination. 

This work aimed to propose a more efficient 
self-pollination method for passion fruit genetic 
breeding.

MATERIAL AND METHODS

The study was carried out from October to 
December 2011 in a greenhouse at the Department 
of Plant Science, Federal University of  Viçosa 
(UFV), Viçosa, Minas Gerais, Brazil. Two passion 
fruit genotypes, M7 (LIRA JUNIOR et al., 2014) 
and N9, belonging to the Passion Fruit Breeding 
Program of UFV were used in this study. 

Semi-hardwood cuttings with three branch 
nodes propagated the plants. Leafless cuttings were 
planted in plastic pots (6 x 20 cm) at depth of 4 
cm, containing commercial propagation substrate. 
Rooted cuttings were transplanted to 30L pots and 
one branch per plant were vertically conducted on a 
line up to a 1.8 m high horizontal galvanized wire.  
Al lateral shoots were eliminated up to 1.8 m high. 
Passing the wire, the main stem was bent down and 
the formation of secondary branches was allowed.

The methodology of self-pollination at 
anthesis after stigma excision was proposed. The 
thickness of the excised layer was approximately 
1.5 mm, and the style tissue was pollinated.  This 
method was compared with self-pollination at 
anthesis and at the stage of flower bud. Self-
pollinations were performed at 1 pm, 1 pm and 5 
pm or 5 pm.

The experimental design was a factorial 
design (2x3x3), in randomized blocks with two 
replicates. Each plot consisted of nine plants 
with two flowers per plant. The first factor was 
two genotypes (M7 and N9). The second factor 
was three self-pollination procedures: pollination 
at anthesis, pollination at flower bud stage and 
pollination at anthesis after stigma excision. The 
third factor referred to three times: self-pollination 
at 1 pm, 1 pm and repeated at 5 pm, and 5 pm.

The chosen floral buttons or open flowers 
were healthy and well formed. Flowers were bagged 
before anthesis to avoid undesirable pollination. 
The pollen of these flower was used to pollinate 
flowers at anthesis and pollen of other flowers of 
the same plant was used to pollinate flowers at bud 
stage. Bud pollinations were made on 40 mm length 
buttons. Buttons were transversely opened with 
the aid of a manual retractable cutter, eliminating 
together, bracts, petals and fimbriae, preserving 
the female reproductive system. The anthers were 
removed, although immature. For stigma excision, 
flower buds were bagged just hours before opening, 
and after anthesis. stigmas were excised with the 
aid of a manual retractable cutter and immediately 
self-pollinated. The thickness of the excised portion 
was approximately 1.5 mm. Before cutting, the 

INTRODUCTION



Rev. Bras. Frutic., v. 38, n. 4: (e-477)                  DOI   10.1590/0100-29452016477                  Jul /Aug   2016  Jaboticabal - SP

3METHOD FOR OVERCOMING THE PASSION FRUIT...

cutter blade was sterilized in 70% alcohol. Stigmas 
or pistils without stigmas were pollinated by 
rubbing dehiscent anthers over them with the help 
of tweezers.  After selfing, flowers and buds were 
bagged again.

 The fruit set was evaluated at 7 days after 
self-pollination and expressed as percentage. Three 
fruits at maturity were sampled per plot, about 
70 days after self-pollination for evaluation of 
fruit mass, pulp mass, pulp/fruit ratio and number 
of seeds per fruit. In some plots, only one or two 
fruits were available for analysis. The traits of fruits 
developed of self-pollinated flowers were compared 
to fruits derived from M7 x N9 and N9 x M7 crosses, 
obtained outside the experiment.

Fruit set percentage data were transformed 
into √( Y + 0,5) , and submitted to factorial analysis 
of variance and means were compared by Tukey 
test (p ≤ 0.05). The original data of fruit mass, pulp 
mass, pulp/fruit ratio and number of seeds  were 
submitted to analysis of variance and the mean 
values of treatment were presented as standard 
errors of the means. Treatments without fruit 
set were excluded from the statistical analyses. 
Statistical analyses were performed with the SAS 
software (Statistical Analysis System).

RESULTS AND DISCUSSION

Fruit set was not dependent on the effect 
of genotypes; however, it was influenced by the 
effects of self-pollination procedures and the 
pollination time. The interaction between procedure 
and pollination time was significant (p ≤ 0.05), 
indicating that the effects of procedures on the fruit 
set percentage depended on the time when flowers 
are self-pollinated (Table 1).

The worst fruit set was obtained from self-
pollination at anthesis, which confirms the self-
incompatibility of both genotypes studied.  The 
double self-pollination procedure (13 and 17 h) 
has led to some fruit set, 5.56% on genotype M7 
and 2.78% on N9. The average fruit set after self-
pollination at flower bud stage ranged from 6.94 % 
(17 hours) to 20.83 %  (double self-pollination at 1 
pm and 5 pm). By single self-pollination, the fruit 
set was better at 1 pm (13.89%) than at 5 pm (6.94 
%).  

Self-pollination after stigma excision was 
undoubtedly the best procedure, reaching average 
fruit set of 73.61 % (1 pm) and 81.94 % (double self-
pollination at ), but excision and self-pollination at 
5 pm showed to be damaging, because no fruit set 
was obtained. 

The fruit traits of both genotypes are very 
similar when produced after cross pollination, 
around 170 g per fruit and over 330 seeds per fruit 
(Table 2).  Self-pollination lead to a reduction of 
fruit traits, mainly in M7 genotype (74.33 g fruit 
mass, 30.37 g pulp mass and 58.33 seeds per fruit). 
There is a tendency for obtaining larger fruits from 
flowers self-pollinated after stigma excision and 
two self-pollinations.

RNAase in style in gametophytic self-
incompatible system (TAKAYAMA; ISOGAI, 2005) 
and glycoproteins in stigma cause self-incompatibility 
reaction (SI) in sporophytic system (HISCOCK; 
MCINNIS, 2003). When a gametophytic locus is 
associated to the sporophytic system, as found in 
Brassica (TOCHIGI et al., 2011) and proposed for 
Passiflora (SUASSUNA et al., 2003), gametophytic 
locus acts in certain genotypic combinations, enabling 
the development of the pollen tube and fertilization 
when incompatibility is expected (LEWIS, 1994). 
Even with association between systems, the 
sporophytic system is considered predominant, with 
the presence of glycoproteins, causing SI reaction on 
the flower stigma. The rejection of pollen tube grow 
of Passiflora occurs predominantly in the stigma 
(RÊGO et al., 2000).

The highest concentration of glycoproteins in 
stigma occurs at anthesis (ROBERTS et al., 1979). 
According to Rêgo et al. (1997), the concentration 
of self-incompatibility glycoproteins in the stigma 
of passion fruit increases two days before anthesis 
until anthesis, when concentration is the highest. 
Procedures to overcome self-incompatibility were 
studied in several species. Self-pollination at bud 
stage, with pollen of flowers at anthesis of the same 
plant are feasible in Brassica (DEWAN et al., 1998), 
passion fruit (BRUCKNER et al., 1995; RÊGO 
et al., 2013), cacao (DIAS; KAGEYAMA, 1995). 
Self-pollination at bud stage aims to enable self-
fertilization before the glycoproteins reach levels 
that prevent the development of the pollen tube 
(ROBERTS et al., 1979). Self-pollinations performed 
at bud stage resulted in average fruit set of 13.88% 
(Table 1). These results are similar to those observed 
by Bruckner et al. (1995) and Rêgo et al. (2013), 
respectively of 14.8 and 16.67%, demonstrating 
the feasibility of selfing at bud stage. However, bud 
selfing at 5 pm leads to fewer fruit set, compared to 
bud selfing performed at 1 pm. The concentration of 
glycoproteins probably increases in the stigma over 
time, possibility suggested by Roberts et al. (1979).

Successive self-pollinations are able to 
generate self-fertilization probably because the first 
self-pollination neutralizes glycoproteins, so that 
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subsequent pollinations may generate pollen tubes 
capable of fertilizing the embryo sac. There was no 
fertilization resulting from self-pollination performed 
at anthesis at 1 pm and 5 pm in both genotypes. 
However, when two successive self-pollinations 
are performed at 1 pm and 5 pm, there was a small 
self-fertilization percentage, 5.56% on genotype M7 
and 2.78% on N9 (Table 1), confirming the possible 
neutralization of glycoproteins  by the first self- 
pollination, which enabled a small percentage of 
fertilization at the second self-pollination. In addition, 
at the bud stage, two self-pollination increased fruit 
set from 11.11% to 19.44% in genotype M7, and from 
16.67% to 22.22% in genotype N9. Shivanna (2012) 
observed a similar effect in the absence of pollinators. 
This author described self-fertilization caused by the 
wind rubbing of anthers on the stigmas of passion 
fruits in India. These results suggest emasculation 
in controlled hybridizations, even though passion 
fruit is self-incompatible, mainly for genetic studies.

Self-pollination held at anthesis but after 
stigma excision generated the highest fruit set 
average: 51.85% (Table 1). The data obtained support 
the hypothesis that stigma excision can remove 
glycoproteins, and that pollen is able to germinate 
and start the pollen tube growth in the style tissues. 
Two self-pollinations on flowers without stigmas 
also increased fruit set from 75 % to 83.33 % in 
M7 genotype and from 72.22 % to 80.56 % in N9 
genotype. Stigma self-pollination excised flowers 
at 5 pm, on the other hand, it did not reach fruit 
set. Probably, some tissue dehydration in the late 
afternoon avoided pollen germination or pollen 
tube growth.   According to Souza et al. (2004), the 
stigmatic receptiveness in passion fruit significantly 
decreases after 5 pm, to 55% in April and 11%, in 
December, in Brazil. These results show that season 
and late pollination hour adversely affect fruit set.

Similar fruit set averages (Table 1) indicate 
that the procedures and scheduled self-pollinations 
affected M7 and N9 genotypes in the same way. 
However, fruit mass, pulp mass, pulp yield and 
number of seeds per fruit derived from selfing 
differed among genotypes (Table 2). Self-pollination 
procedures and schedules did not alter significantly 
fruit traits within each genotype, but the effect of 
self- fertilizations was more drastic on reducing fruit 
and pulp mass and the number of seeds per fruit in 
M7 genotype.  

Although means within genotypes were 
similar, pulp mass and the amount of seeds   were 
somewhat higher when resulting from two self-
pollinations (13 and 17 h). Both self-pollinations 
probably made   possible the growth of a higher 

number of pollen tubes, and consequently, higher 
amount of seeds. Akamine and Girolami (1959) and 
Hardin (1986) verified correlation between fruit 
weight and seed number.

Fruits originated from self-fertilizations 
were smaller and had fewer seeds than fruits of the 
same genotypes obtained dfrom M7xN9 or N9xM7 
crosses (Table 2). The reduction is most noticeable 
in M7 genotype. These results suggest that there 
are differences between genotypes in the self-
incompatible reaction. According to Hatakeyama 
(1998), there is a dominance relation among 
self-incompatibility alleles in sporophytic self-
incompatibility and the intensity may vary among 
alleles according to their degree of dominance. Self-
fertilizations are important to obtain lineages for the 
production of commercial hybrids in allogamous 
plants and for genetic studies.
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TABLE 1- Fruit set percentage reached in two Passiflora edulis genotypes by three times and three self-
pollinations methods.

Genotype Flower stage and procedure
Self-pollination time  

Average
13h 13h and 17h 17h

Fruit set (%)

M7

Anthesis 0.00   5.56 0.00   1.85c

Bud stage 11.11 19.44 8.33 12.96b

Excised stigma 75.00 83.33 0.00 52.77a

Average    28.70A1   36.11A   2.77B     22.53

N9

Anthesis   0.00   2.78 0.00   0.92c

Bud stage 16.67 22.22 5.56 14.81b

Excised stigma 72.22 80.56 0.00 50.92a

Average   29.63A   35.18A  1.85B     22.22

M7 and N9

Anthesis     0.00Bc      4.17 Ac    0.00 Bb  1.39
Bud stage   13.89 Bb    20.83 Ab    6.94 Ca     13.88

Excised stigma   73.61 Aa    81.94 Aa    0.00 Bb     51.85
Average  29.16 B   35.64 A   2.31 C     22.37

1/ Same capital letters in the line and lower case in the column mean absence of significant differences (Tukey test, P<0.05).

TABLE 2- Fruit mass, pulp mass, pulp/fruit ratio, and seeds per fruit reached in two genotypes of Passiflora 
edulis by three times and three self-pollination methods

Genotype Flower stage and 
procedure

Self-pollination time  
Average VC (%)Self-pollination

 time  1 pm and 5 pm 5 pm
Fruit mass (g ± standard error of the mean)

M7
Anthesis - 69.89 ± 3.98 -
Bud stage 63.91±3.21 84.18±1.01 71.44±0.98 74.33 9.85
Excised stigma 77.24±5.62 79.39±2.72 -

M7 x N9 173.49

N9
Anthesis - 136.46 ±5.72 -
Bud stage 117.64±3.60 148.19±3.55 124.22±2.48 135.03 5.60
Excised stigma 132.38±1.71 151.33±2.85 -

N9 x M7 169.78
Pulp mass (g ± standard error of the mean)

M7
Anthesis - 29.31±1.99 -
Bud stage 27.91±1.50 32.97±3.18 27.32±3.76 30.37 18.55
Excised stigma 32.89±2.29 31.82±1.95 -

M7 x N9 102.26

N9
Anthesis - 64.47±2.25 -
Bud stage 52.03±1.18 73.48±0.94 56.61±2.07 64.15 5.20
Excised stigma 61.83±1.02 76.52±2.67 -

N9 x M7 105.33
Pulp/fruit ratio (mean ± standard error of the mean)

M7
Anthesis - 41.93±2.08 -
Bud stage 43.67±0.57 39.17±0.52 38.24±2.24 40.94 8.32
Excised stigma 42.58±2.08 40.09±1.37 -

M7 x N9 60.91

N9
Anthesis - 47.25±1.97 -
Bud stage 42.22±2.17 49.58±2.21 45.57±1.06 47.31 8.22
Excised stigma 46.71±0.67 50.56±2.19 -

N9 x M7 62.15
Seed number (mean ± standard error of the mean)

M7
Anthesis - 59±2.82 -
Bud stage 51±4.94 66±4.45 55±2.82 58.33 13.33
Excised stigma 58±2.68 61±2.28 -

M7 x N9 339.33

N9
Anthesis - 167±12.72 -
Bud stage 159±9.89 174±12.22 142±9.78 164.33 8.74
Excised stigma 159±4.94 185±14.84 -

N9 x M7 333.66



6

Rev. Bras. Frutic., v. 38, n. 4: (e-477)                  DOI   10.1590/0100-29452016477              Jul/Aug   2016 Jaboticabal - SP

J. S. de LIRA JÚNIOR et al.

CONCLUSION
The most efficient procedure to obtain self-

fertilization is to perform two self-pollinations after 
stigma excision at anthesis.   However, less labor is 
necessary for one self-pollination at 1 pm, and the 
effort is only slightly fewer. Saving time, a higher 
number of flowers can be handled without the need 
to preserve and protect extra flowers, or to come 
back to the same flowers in the late afternoon for the 
second self-pollination, facilitating the process and 
minimizing eventual risks of pollen contamination. 
Seeds yielded per fruit are satisfactory to generate 
lineages or inbred populations.
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