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Abstract In vitro chromosome doubling from hypocotyl
segments of yellow passion fruit (Passiflora edulis Sims.)
was carried out in the presence of either colchicine (0, 25,
250 and 1,250 uM) or oryzalin (0, 5, 15 and 30 uM).
Murashige and Skoog (in Physiol Plant 15:473-497,
1962)(MS)-based regeneration medium containing 250 or
1,250 uM colchicine markedly affected explant develop-
ment leading to browning and death of the hypocotyl
segments. Oryzalin has similar effect to colchicine in
inducing polyploidy. In vitro regenerated autotetraploid
plants induced by 25 uM colchicine or 15 pM oryzalin
were further acclimatized and cultivated in hydroponics
system in greenhouse. Autotetraploids plants were more
vigorous than the control diploids. The chromosome
number of diploid plants was 2n = 2x = 18, whereas that
found on autotetraploid plants were 2n = 4x = 36. The
stomata sizes of the autotetraploids were significantly lar-
ger than those on the diploid counterparts, while the fre-
quency of stomata was significantly reduced. Similarly, the
chloroplast number of guard cells of autotetraploid plants
increased significantly. Two albino plants (4%) were gen-
erated in medium with 25 pM colchicine, indicating phy-
totoxic effects. These plants are being grown to full
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maturity in order to test their potential to use in a breeding
program.
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Abbreviations

MS  Murashige and Skoog (1962)
B5 Gamborg medium (1968)
BA  6-Benzyladenine

Kin  Kinetin

IAA Indole-3-acetic acid

Introduction

Passiflora edulis Sims, the yellow passion fruit, is the
species with one the highest economic importance in the
Americas, Australia and Africa (Oliveira 1987). Brazil is
the major worldwide producer, with an area of approxi-
mately 50,795 ha destinated to this crop production IBGE
2009). The fruit is consumed either as fresh or processed
for juice. Most the commercial passion fruit varieties
available are susceptible to a large number of pests and
diseases with considerable negative effects on the yield
(Bruckner et al. 1995).

Passion fruit is a diploid species with 2n = 2x = 18
chromosomes (Snow and MacDougal 1983). The flowers
are perfect and hermaphrodite, but self-incompatible (R€go
et al. 1999, 2000).

Polyploidy naturally occurrence had only been previ-
ously found in a cultivated form of P. incarnata
(2n = 4x = 36) (Lloyd 1963), although the diploid form is
more common found. Melo et al. (2001) reported the
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occurrence of octoploids (2n = 8x = 72) in an unidentified
species within the genus Passiflora, while all other mem-
bers displayed 2n = 2x = 18.

The first polyploid plant produced by cross in Passiflora
genus was described by Knight Jr (1991), a diploid hybrid
F, (Passiflora incarnata L. x P. edulis Sims), which was
pollen-sterile and no fruitful. Nevertheless, fertility was
restored in some individuals after doubling the chromosome
number of emergent F, seedlings treated with colchicine.
However, all plants showed strong self-incompatible and
several of them had low pollen viability. Crossing colchi-
cine-treated plants, which had been converted to amphip-
loids, produced an allotetraploid hybrid group of four
seedling progenies that had some degree of cross-compat-
ibility. Juice of the amphiploid hybrid was lighter in color
than that obtained from P. edulis fruits, but is sweeter,
strongly aromatic, and may have use as the only ingredient
or blended with other juice sources. Other allopolyploids
plants also were obtained by somatic hybridization in
Passiflora (Dornelas et al. 1995; Otoni et al. 1995).

Polyploidy, defined by the presence of more than two
chromosome sets in a single individual, and it is widespread
among the angiosperms. Polyploid origin can be divided
into autopolyploids, which are derived from a whole-gen-
ome duplication event of the same ancestral chromosome
set; and allopolyploids, which are derived from a hybrid-
ization event of alternate parental genomes followed by the
genome duplication (Grosser and Gmitter 2011; Pignatta
et al. 2010; Yang et al. 2011; Ochatt et al. 2011).

Polyploid fruit plants include commercially successful
cultivars because of their favorable horticultural charac-
teristics, such as large fruit size, sturdiness, high yield,
disease-resistance, seedless or fewer seed production
(Predieri 2001). In addition, the leaf, stem and root, which
can all be useful in many crop plants, are usually bigger in
polyploid plants than in diploid plants. Thus, polyploid
plants may increase biomass or fruit production (Zhang
et al. 2008; Leitch and Leitch 2008; Dubcovsky and
Dvorak 2007).

Plant breeders have taken advantage of polyploidy in
order to improve several important agronomic traits, some
of which have been generated by allopolyploidisation of
interspecific hybrids or by autopolyploidisation within the
species (Bennett 2004).

Particularly the tetraploidy event, has several potential
advantages because the organisms can result to a bigger
number of genes and higher number of allelic variants. It is
believed to be advantageous for plant metabolism in terms
of elevated rates of synthesis or a higher variability of
metabolically relevant compounds (Osborn et al. 2003;
Yang et al. 2011).

Passion fruit breeding and selection goals emphasize
traits related to fresh fruit production and supply for the
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juice industry. For fresh fruit production, the criteria
include fruit size, firmness, pulp content, shape, colour,
flavour and aroma. However, yield, acidity and total sol-
uble solids are important traits for juice production. For
both destinations, the development of cultivars includes the
following objectives: yield (early maturity and self-fertil-
ity); fruit quality (uniform size, yield of pulp and juice,
sugar: acid ratio, aroma and colour of pulp and pericarp,
and turgescence), and disease resistance (Coppens D’Ee-
ckenbrugge et al. 2001).

Colchicine is a compound that effectively arrests mitosis
at the anaphase stage, and is widely used to induce poly-
ploidy in plants. In vivo treatment of shoots, smaller axillary
or sub-axillary meristems, seeds or seedlings with colchicine
is traditionally employed to generate polyploid plants.
However, low efficiency of polyploid plants production and
a high frequency of chimeras are often associated with this
method. With the development of adventitious organ
regeneration techniques, in vitro induction of polyploidy has
become the main method for several plant species, including
Morus alba (Chakraborti et al. 1998), Punica granatum
(Shao et al. 2003), Bixa orellana (Carvalho et al. 2005),
Zizyphus jujube (Gu et al. 2005), Platanus acerifolia (Liu
et al. 2007), Carica papaya (Sun et al. 2011), Actinidia
chinensis (Wuetal. 2011), Gerbera jasmesonii (Gantait et al.
2011), among many others. It shows that in vitro induction
increases efficiency and decreases occurrence of chimeras as
compared to in vivo methods.

Recently, Dhooghe et al. (2011) reported several method-
ologies for mitotic in vitro chromosome doubling, which
consists of several sub-processes. The initial process com-
prises the treatment of the plant material with antimitotic
agents. After one or several multiplication cycles, the effi-
ciency of polyploidization can be estimated. Besides, there are
differences on antimitotic agents efficiency and the in vitro
chromosome doubling protocols varies among the explant
types, exposure time, concentration and application method.

However, colchicine is very harmful to human health
and in some cases, shows undesirable mutagenetic activity
on plants too (Van Tuyl et al. 1992; Carvalho et al. 2005).
Oryzalin also inhibits mitosis activity and is one of the
main chemicals used for chromosome doubling in lily (Van
Tuyl et al. 1992; Allum et al. 2007), tobacco (Ramulu et al.
1991), and many other species. In lily, oryzalin effectively
induced polyploids and can be considered as an alternative
to colchicine (Van Tuyl et al. 1992).

The determination of ploidy levels is essential for
breeding asexually propagated and polyploid crops that
may have ploidy chimeras in their tissues or have several
polyploid series. The different method for ploidy deter-
mination include root tip squashes, mother pollen cell
squashes, pollen grain size and germinal pore counts, sto-
mata size and density determination, and gross morphology
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(Dolezel et al. 2007; Hodgson et al. 2010; Dhooghe et al.
2011). Recently, Yu et al. (2009) optimized conventional
methodologies and developed a novel strategy for fast
generation and identification of polyploids based trichome
branching patterns. Nevertheless, flow cytometry is the
most efficient tool to detect the ploidy level of plants
(Dolezel et al. 2007; Ochatt et al. 2011; Lema-Ruminska,
2011).

The present study aimed to develop an efficient means
to induce autotetraploids in vitro by treating hypocotyl
segments of yellow passion fruit with colchicine and
oryzalin on the regeneration and development of tetraploid
plantlets induction.

Materials and methods
In vitro induction of polyploidy

Seeds of yellow passion fruit (Passiflora edulis Sims.) were
collected from adult plants growing in an experimental
field plot at the Federal University of Vigosa, Minas Gerais
State, Brazil. The coat of the seeds was removed
mechanically with the help of a Mini-Vice Swivel 50 mm.
Then, embryos and endosperm were dipped into 70% (v/v)
ethanol for 1 min, followed by 2.5% (v/v) sodium hypo-
chlorite and 0.1% (v/v) Tween 20 for 10 min. Afterwards,
the seeds were rinsed four times with sterile distilled water.
Embryos were germinated in test tubes (150 x 25 mm)
containing 10 ml half strength MS medium (Murashige and
Skoog 1962), supplemented with BS vitamins (Gamborg
et al. 1968), 2% (w/v) sucrose, 50 mg 1! myo-inositol and
2.8 g 17! Phytagel® (Sigma Chemical Co., USA).

In vitro-grown seedlings (15 days after germination)
were used as source of explants. Hypocotyls segments of
10 mm long were cultured horizontally in Petri dishes
(60 x 15 mm; J. Prolab, Brazil). The experimental design
was completely randomized with eight treatments and five
replicates, comprising five Petri dishes, each containing ten
explants.

The polyploidization induction culture medium was
composed by MS salts, with BS vitamins, 100 mg 1~ myo-
inositol, 3% (w/v) sucrose, 1 mg 1! BA, 0.7% (w/v) agar
(Merck, Germany), and different concentrations of micro-
tubule depolymerising agents, colchicine at 0, 25, 250, and
1,250 uM or by oryzalin at 0, 5, 15, and 30 uM. The
explants were kept on this medium and after 15 days, the
explants were transferred to a fresh medium lacking anti-
mitotic agents and remained on in this medium until the
full regeneration of shoots.

The experimental design was a complete randomized,
with six treatments three with colchicines and three with
oryzalin plus the controls,. Each treatment was constituted

by five replicates and each replicate by 10 explant/Petri
dish, which was considered as an experimental unit.

The data after transformation by (x + 0.5)"2, were
subjected to the analysis of variance ANOVA and signifi-
cant differences among the treatments were tested by Tu-
key’s test at 5% level using GENES software package

(Cruz 2008).
Elongation and rooting media shoots

Regenerated shoots were excised from the original explants
and then transferred to elongation and rooting medium
consisted by MS salts, plus BS vitamins, 100 mg 1~! myo-
inositol, 3% (w/v) sucrose, 2.15 mg 17! Kin, 0.88 mg 1!
IAA and 0.8% (w/v) agar (Merck, Germany). Elongated
shoots (average 10 mm length) were individualized and
transferred to a rooting medium with half-strength MS
salts, supplemented with BS vitamins, 3% (w/v) sucrose,
100 mg 17! myo-inositol, 2.8 g 17! Phytagel® and 5 pM
IBA. The medium was dispensed in 10 ml aliquots per test
tube (25 x 150 mm) covered with polypropylene lids.
Unless otherwise stated, the medium pH was adjusted to
5.7 £ 0.1 prior to autoclaving at 121°C, 1,05 kgf.cmZ, for
15 min. Solutions of 125 uM colchicine and 10 UM oryz-
alin in 10% DMSO (v/v) were filtered through 0.22 pM
pore size Millex-GS (MilliporeTM). Colchicine, oryzalin and
BA were added to the medium before gelling occurred.
Cultures were maintained at 27 &+ 2°C under a 16/8 h
light/dark regime with 36 pmol m* s™' light radiation
provided by two fluorescent lights (20 W, Osram, Brazil).

Stomatal analyses

To access the polyploidy level, oryzalin- or colchicine-
treated plants we screened for the number of chloroplasts
present at stomata guard cells. Two leaves from each
established plants were sampled, from which, paradermic
hand sections and abaxial epidermis imprints with the help
of a nail polish. The preparation was mounted on slides for
further microscopic observation. Images were captured by
using a camera connected to a microscope, (Model Axio
Image, Carl Zeiss, Germany), and to a computer, equipped
with a digitalizing board. The determination of the number
of chloroplasts per guard cell was carried out from the
captured images, obtained with a 40x objective lent. For
each leaf, four fields of 1 mm? were randomly sampled to
determine number of chloroplasts per guard cell.

Chromosome counting
The ploidy level was determined by chromosome counting

in metaphasic cells. Under a stereo microscope (Model
Stemi 2000, Carl Zeiss, Germany), meristematic regions

@ Springer



454

Plant Cell Tiss Organ Cult (2011) 107:451-459

from the root apices were removed, fixed in a methanol/
acetic acid (3:1) solution, and kept in a freezer at 20°C until
the analysis. The apical roots were then washed with tap
water for 10 min, and then rinsed with distilled water for
5 min to remove the fixative solution. Slides were prepared
by cellular dissociation, air-dried and then placed on a hot-
plate at 50°C for 20 min. The slides were stained with 3%
Giemsa solution in phosphate buffer pH 6.8 for 4 min, and
then washed with distilled water and air-dried. An average
of 200 cells were sampled and analyzed per bud flower.

Morphoagronomic characteristics

In order to compare diploid and tetraploids plants, we
evaluated the following morphological, floral and fruit
characteristics. Leaves were evaluated for the following
traits: leaf length and width, leaf index (length/width),
number of stomata (mmz), and number of stomata guard
cell. For the flowers it was determined diameter (cm). The
fruits were evaluated for the following traits: fruit weight
(g), volume of juice per fruit (ml), soluble solids content
(%), volume of juice/aril (ml), ripe fruit size (length and
diameter) and number of seeds per fruit (black and white).
Each evaluation was based on samples from 10 fruits.

Results and discussion

Survival and growth of colchicine-treated explants

The effect of different concentrations of colchicine and
oryzalin on the survival rate of the explants was assessed 7,

15 and 30 days after of growth (Table 1). The survival rate of
the explants decreased with the increasing of colchicine

concentration and time of treatment. Colchicine treatment at
250 and 1,250 uM for 7 days proved to be highly toxic
resulting in the death of all the explants. On the other hand,
almost all the treated hypocotyls segments (94%) survived at
25 puM colchicines, regenerating diploid (2%) and autotet-
raploid (8%) plants (Table 1). Colchicine treated shoots
along with the controls were maintained in a sustainable
manner with regular subcultures at intervals of 15 days.
Similar results were reported by Gantait et al. (2011) work-
ing with the induction of tetraploids using in vitro colchicine
treatment on Gerbera jamesonii Bolus cv. Sciella.

In attempts to induce tetraploidy in banana resulted in
negative effects on shoot regeneration and development
when grown in medium with high colchicine concentra-
tions (Van Duren et al. 1996). Likewise, Carvalho et al.
(2005) induced tetraploid plants on Bixa orelana using
hypocotyl segments, and also reported similar results to
banana when using the same concentrations of colchicine.
Phytotoxic effects of colchicine on Tripsacum dactyloids
L. (Gramineae) had been previously reported by Salon and
Earle (1998). According to De Jesus-Gonzalez and
Weathers (2003), the efficiency of colchicine on polyploidy
induction of Artemisia annua was low and at about 25% of
the hairy root-treated tips died, regardless of the concen-
tration used.

Two albino plants (4%) occurred among autotetraploid
plants induced by colchicine. Albino plants were also
reported in vitro induced polyploids of Nicotiana tabacum
(Devreux, 1970), Datura sp. (Narayanaswamy and Chandy
1971), and Oryza sativa (Sun et al. 1979). According to
these authors, the albinism results from deletions on the
plastid DNA.

The treatments with oryzalin were less phytotoxic than
the colchicine ones. The highest oryzalin concentration

Table 1 Effect of different concentrations of colchine and oryzalin on induction diploid, autotetraploid, and albino plants of yellow passion fruit

(Passiflora edulis Sims.)

Treatments Average number and percentage (%)

No of inoculated No viable No of Shoots/ Regenerated Ploidy level Albino

explants explant explant plants plants

2% 4x

Control' 50 0.2982 (96)* 0.2711 (74)° 0.1089 (8)™ 0.1089 (8)* 0.0707 (0)° 0.0707 (0)°
Colchicine (LM)
25 50 0.3144 (94) 0.2707 (70)* 0.1367 (10)* 0.0811 (2)° 0.1089 (8)* 0.0914 (4)*
250 50 0.1218 (12)° 0.0707 (0)° 0.0707 (0)° 0.0707 (0)® 0.0707 (0)° 0.0707 (0)°
1,250 50 0.0707 (0)° 0.0707 (0)° 0.0707 (0)° 0.0707 (0)® 0.0707 (0)° 0.0707 (0)°
Oryzalin (UM)
5 50 0.3240 (100)* 0.2913 (80)* 0.0811 (2)° 0.0811 (2)° 0.0707 (0)° 0.0707 (0)°
15 50 0.3209 (98)* 0.2842 (76)* 0.1018 (6)™ 0.0707 (0)® 0.0985 (6)* 0.0707 (0)°
30 50 0.3209 (98)* 0.2525 (60)* 0.0811 (2)° 0.0707 (0)° 0.0811 (2)° 0.0707 (0)°

! Culture medium not supplemented with colchicine or oryzalin. Means followed the same lowercase letter in column not differ between them

by Tukey’s test at 5% of probability level
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(30 uM) applied for 15 days, resulted in a survival rate of
98% viable explants, regenerating 2% autotetraploid
plants. At low oryzalin concentration, shoot proliferation
was statistically similar when compared to the control,
reaching 100% of viable explants. Oryzalin has been
reported to be less phytotoxic than colchicine and more
effective for chromosomal duplication in several species
(Chalak and Legave 1996; Viinold 2000; Carvalho et al.
2005).

In relation to the antimitotic action of oryzalin, we did
not observe any significant effect on the production of
tetraploids (data not shown). Hebert et al. (2010) which
reported the polyploid induction and regeneration of Rho-
dodendron ‘Fragantissimum’ observed that treatment
duration also did not influence ploidy level using 30 uM

Fig. 1 Chromosomes number
of roots tips and stomata in
yellow passion fruit. a Diploid
(2n = 2x = 18)(x1,000),

b autotetraploid

(2n = 4x = 36)(x1,000),

¢ Guard cell of a diploid leaves
showing four chloroplasts
(x400), and d Guard cell of a
autotetraploid leaves showing
eight chloroplast (x400)

oryzalin. In this work, oryzalin was not more effective in
inducing changes on ploidy level than colchicine.

Chromosome number determination in root-tips

The level of polyploidy from in vitro regenerated plants
was determinated by chromosome counting on root-tip of
metaphasic cells. Cytological analysis revealed that out
from the 14 regenerated plants, 6 were diploids (2n =
2x = 18) (Fig. la) and 8 autotetraploids (2n = 4x = 36)
(Fig. 1b). Single spontaneous duplication was induced by
in vitro culture in control plants without the help of any
antimitotic agent (Table 2). And according to Snow and
MacDougal (1983), the complement of chromosome
number of Passiflora edulis Sims is 2n = 18. We also
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Table 2 Morphological, floral and fruit characteristics of Passiflora edulis Sims. diploid and tetraploid plants

Ploidy Leaf length Leaf width Leaf index Mean number Mean number Flower
(cm) (cm) (length/width) of stomata/mm?> chloroplasts diameter (cm)
per guard cell
Diploid 11.40 9.01 1.26 685.0 8.4 9.10
Tetraploid 15.01 11.80 1.27 385.0 16.3 11.3
Significance * * ns * * *
Ploidy Fruit Juice per Soluble solids Juice/Seed Ripe fruit size Number of seeds in fruit
Wt. (g) fruit (ml) content (%) (ml) - -
Length (cm) Diameter (cm) Black White (aborted)
Diploid 172.00 29.10 13.0 0.16 8.93 7.8 182 06
Tetraploid 254.81 39.93 17.2 0.31 12.10 9.5 139 15
Significance * * * * * * * *

* Represents significant at the P = 0.05 level by two-sample test ¢ and ns not significant by the same test

found a total chromosome number of 18 in diploid plantlets
and 36 in the tetraploids.

Chloroplast number in guard cells

The chloroplast numbers present in guard cells was suffi-
cient to identify the diploid and autotetraploid plants.
Leaves from diploid and tetraploid plantlets had 8.4 and
16.3 chloroplasts per pair of guard cells, respectively
(Fig. 1c, d), but the frequency of stomata was lower in the
latter (Table 2). Diploid plants tend to have smaller sto-
mata than their tetraploidized derivatives (Hodgson et al.
2010; Tang et al. 2011). Similar results was obtained by
Otoni et al. (1995) using this technique to screen somatic
hybrids on Passiflora species grown at in vitro conditions.
The authors found an average number of stomatal chloro-
plasts of 10.7 & 1.5 in diploid plants of P. edulis f. flavi-
carpa Deg. and 20.4 £ 2.8 for their somatic hybrids
(allopolyploid). In the present study, tetraploids plants also
had a higher number of stomatal chloroplasts (almost
double) than diploids ones (Table 2). These results indicate
that this methodology of chloroplast counting in guard cells
was an effective and rapid way to determine polyploidy
level. The polyploidy level based on chloroplast number
has also been related in previous reports (Yu et al. 2009;
Gu et al. 2005).

Morphoagronomic characteristics analysis

Six months after transplanting plants began to flower.
Variants on the morphological characteristics of leaf,
flower and fruits set were observed between 2x and 4x
plants grown under the same conditions. Tetraploid plants
present significant increased (P < 0.05) for the most traits
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evaluated, except for leaf index (leaf length/leaf width)
which was 1.26 (Table 2).

The fruit size (length and diameter), amount of the juice,
seeds number were evaluated in diploid and tetraploid
plants of passion fruit (Table 2). Fruit weight in diploid
plants was 172.0 g and for the autotetraploid 254.81 g. The
number of seed per fruit in diploid was higher than tet-
raploids plants. This character is very important due the
high positive correlation between the amount of the juice
and number of seed per fruit. The amount of juice in fruit
from 2x plants was of 29.1 ml while in the 4x plant was
39.93 ml (Table 2). Total soluble solids content for the
tetraploids was significantly higher than the content found
in fruits from diploid plants. In the present study, tetrap-
loids fruits also had a higher amount juice per seed (almost
double) than diploid plants. The juice was pleasant in fla-
vor and strongly aromatic than juice of P. edulis f flavi-
carpa in this respect. Thus, there is a reason to expect that
juice of selections from the tetraploid can have many uses
for the same juice like for the purple or yellow passion
fruit.

Different results were obtained by Knight Jr. (1991)
working with 10 clones allotetraploid hybrid group of
Passiflora incarnata L. x P. edulis f. flavicarpa Deg.,
which were compared for specific attributes. The number
of seeds per fruit determined ranged from one to 129. And,
the amount of juice per fruit ranged from 0.5 to 31.5 ml,
except for total soluble solids content for the allotetraploid
plants, which ranged from 13.2 to 17.2%.

Tetraploid plants grew faster, they were more vigorous,
and had flowers with longer duration and size when com-
pare with control diploid plants (Fig. 2). According to
Samford (1983) and Predieri (2001), the effects of poly-
ploidy on plants, include significant enlargement of fruits
and flowers, longer lasting flowers, overcome barriers for
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Fig. 2 Yellow passion fruit plants regenerated in vitro. a Tetraploid
oryzalin induzed (left), diploid (center), and tetraploid colchicines
induzed plantlets. b Diploid (4) and autotetraploids (1, 2, 3 and 5)
plants cultivated in hydroponic system, after 60 days. Barr = 4 cm

hybridization, no seed or fewer seed, enhanced pest resis-
tance and stress tolerance.

Large fruit size, sturdiness, high productivity, disease-
resistance, no seed or fewer seed are attributes of poly-
ploidy in many plants (Predieri 2001), as well as increase
biomass or product yields (Zhang et al. 2008). Effects of
gigas expression were described for several characteristics
of agronomics interest in Capsicum annuum (L) by Kulk-
arni and Borse (2010). As observed by Bennett (2004),
polyploidy should be utilized by plant breeders because of
the advantage from polyploidy to improve agronomic traits
of economically important plants. Some of these plants
have been generated by allopolyploidisation of interspecies
hybrids or by autopolyploidisation within species, as
occurred in this work.

In this work, it was determined that stomata length and
chloroplast number in guard cells is a suitable parameter to
identify putative yellow passion fruit autotetraploids.

In conclusion, this study presents the first report of
autotetraploid plants of yellow passion fruit derived from
hypocotyls segments in vitro cultivated. The protocol
described here was effective with 16% of the plants being
autotetraploids, suggesting that their chromosomes were
doubled.

This study is a novel and successful attempt to use
polyploidy to demonstrate targeted trait improvement
throughout the selection for improved juice fruit produc-
tion and better soluble solids content in yellow passion
fruit, as well as, to increase the size of this beautiful flower,
which is the most important characteristics as an orna-
mental plant.

The developed genetic material in this present work is
being used for further selections throughout the segregating
generations. Hybridization of these novel tetraploids with
other breeding material, with commercially important
traits, is also being carried out.
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