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ABSTRACT

The objective of this study was to evaluate the morphological and physiological characteristics of F. oxysporum f. sp. passiflorae. Isolates
were obtained from yellow passion fruit plants with fusariosis symptoms grown in four production poles. The pathogenicity test was carried
out on seedlings of this crop, under greenhouse conditions. The morphological characters evaluated were the size of macroconidia and
microconidia in single conidiophores or in false heads; number of septa, presence of basal cell in the macroconidia and chlamydospores,
and the aspects of the colonies of the isolates cultivated in potato dextrose agar (PDA) culture medium for aerial mycelium formation and
colony coloration. The carbon sources: starch, lactose, maltose and sucrose were tested for the three most virulent isolates obtained in the
pathogenicity test. The mycelial growth was obtained through readings every 24 hours of the diameter of the colony in two diametrically
opposite directions. Sporulation determination was performed by counting spores in a Neubauer chamber. The isolate Fusarium oxysporum
f. sp. passiflorae 4 (FOP 4) was the most virulent. There was variation in the morphological characteristics of all the isolates. The starch

provided the highest mycelial growth and the isolates showed preferences for a particular carbon source in the sporulation test.

Keywords: Fusariosis; Morphology; Mycelial growth; Sporulation; Yellow passion fruit

INTRODUCTION

The passion fruit belongs to the genus Passiflora, containing
15 cultivated and 12 commercialized species, being the
FPassiflora edulis Sims f. flavicarpa Deg. (Yellow passion fruit)
the most important (Yockteng et al., 2011). The Fusarium
wilt, whose etiological agent is the fungus Fusarium
oxcysporum f. sp. passiflorae is a important disease for this
culture because it causes great damage due to plant death
(Fischer and Rezende, 2016).

The Fusarium taxonomy is quite complex and has
undergone several changes since the first descriptions
made by Link in 1803 (Tapia and Amaro, 2014). Their
identification remains an important task for the diagnosis
of many plants in the laboratory, because as a genus,
Fusarium lacks alarge number of morphological characters
that can be used to easily differentiate species. This
problem has led to numerous definitions of less well-
defined species and has made it difficult to identify the
actual species, resulting in debates between individuals

with very different views of what could be a species
(Leslie and Summerell, 20006).

The F. oxysporum species is without a doubt the most
economically important in the Fusarium genus given
its numerous hosts and the level of loss that can result
when it infects a plant. Exhibits high degree of variability
in the morphological and physiological characteristics,
being considered the most widely disseminated Fusarium
species that can be recovered from most soils (Leslie
and Summerell, 20006), varying significantly with the
environmental conditions (Kumara and Rawal, 2008)
and occupying diverse ecological niches and geographic
regions (Islam, 2015). Thus, different substrates can allow
their growth (Godswill et al., 2015; Chougule and Andoj,
2016; Shinde and Hallale, 2016; Thaware et al., 2016; Nath
et al.,, 2017), among them, Potatro-Dextrose-Agar, Agar
Sabouraud, Carnation-Agar, Spezieller Nihrstoffarmer
Agar (Tapia and Amaro, 2014), glucose (dextrose),
D-fructose, D-manose, D-galactose, starch, D-xylose,
D-sorbose, D-mannitol, sucrose, D-lactose, D-maltose,
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citric acid, succinic acid, tartaric acid, D-raffinose, tannic
acid, melibiose and dextrin (Shilpa et al., 2015).

Fusarium species may be differentiated based on the size
and shape of macroconidia, presence and absence of
microconidia and chlamydospores, colony morphology
(Albores et al., 2014), mycelial growth and sporulation
on different substrates (Godswill et al., 2015; Shilpa et al.,
2015; Chougule and Andoji, 2016; Shinde and Hallale, 2016;
Thaware et al., 2016; Nath et al., 2017).

Nowadays, there is a tendency to ignore the morphological
characters of the fungi, which may make it impossible to
identify species correctly, since the absence of identification
of colonies by means of morphological characterization
prevents the subsequent construction of molecular
databases of these organisms (Lazarotto, 2013). Despite
advances in molecular taxonomy, the classical taxonomy
remains valid (Tapia and Amaro, 2014).

According to our knowledge, this is the first morpho-
physiological characterization of the F. oxysporum species
in the form specialis passiflorae. Therefore, the objective of
this paper was to evaluate the morphological characteristics
and the effect of carbon sources on the mycelial growth
and sporulation of F. oxysporum f. sp. passiflorae.

MATERIAL AND METHODS

Identifying isolates of F. oxysporum f. sp.
passiflorae

Isolates were obtained from passion fruit plants cultivated
at the production sites of the Cinturdo Verde (FOP 1 and
FOP 2), Quebra Pote (FOP 3), Panaquatira (FOP 4) and
Sitio Bom Jesus/Cidade Olimpica (FOP 5), all presenting
characteristic symptoms of Fusarium wilt.

The plants were collected and taken to the Phytopathology
Laboratory at the Nucleus of Agronomic Biotechnology
- NBA at the State University of Maranhdo - UEMA for
further analysis. Fragments of the intermediate part of the
lesions of the plant colon were removed and submitted to
desinfection with alcohol 50%, hypochlorite solution 1:3
and sterilized distilled water (SDW) and later transferred to
the potato-dextrose-agar (PDA) culture medium.

The identification of the isolates was done according to the
morphological aspects and with the aid of microcultures
(Menezes and Assis, 2004). This technique consisted of the
inoculation of a small block of agar (1 cm?) with mycelial
fragment of the fungus placed on the upper edge of each
side of block and covered with a coverslip. Microcultures
were prepared in triplicate and coverslips were putted on
supports inside Petri dish containing moistened filter paper.
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Incubation was performed under temperature of 25 £ 2
°C, for a period of 7 days and photoperiod of 12 hours
(Sousa et al., 2008). The coverslips were removed, placed
on slides containing Amann’s blue dye and examined under
the optical microscope for visualization of the formed
structures.

Pathogenicity test

The pathogenicity test was carried out in a greenhouse
at the Agronomic Biotechnology Nucleus of the State
University of Maranhdo - UEMA. For this, yellow passion
fruit seeds were grown in plastic pots with a capacity of
3.0 kg, containing autoclaved soil and keeping two plants/
pot.

For the preparation of the inoculum, isolates were
cultivated in Petri dishes containing PDA for 7 days. After
that, 20 mL of SDW were added to each plate and scraped
from the colonies with glass slides, and the inoculum was
adjusted to 10° conidia/mL with the aid of a Neubauer
chamber.

The inoculation was performed when the plants reached
20 c¢m in height or approximately 50 days of age, through
the wounding method on one side of the root system
(Alfenas and Ferreira, 2007), with 20 mL of the suspension
per plant. The controls were inoculated following the same
procedure, using only SDW.

The evaluation was performed 20 days after inoculation,
using the scale of notes of according to Cia et al. (1977),
with modifications, where note 1 = healthy plants; note
2 = plants with internal darkening only in the basal part
of the roots and 35% of the yellow leaves; note 3 = plants
with browning above the basal part of the roots and 75%
of yellowish leaves and note 4 = dead plants.

The experiment was carried out in a randomized complete
block design with five treatments corresponding to the 5
isolates and five replicates (5 isolates X 5 replicates). The
experimental unit was a pot containing two plants. Statistical
analyzes were performed by the statistical program Assistat
6.2 (Silva and Azevedo, 2002) and the means compared by
the Tukey test at 5% probability.

Morphological characterization

The evaluation of the morphological characteristics
was performed according to Menezes and Assis (2004)
to verify size of macroconidia and microconidia in
simple conidiophores or false heads; number of septa
and the presence of basal cell in the macroconidia and
chlamydospores and through the characteristics of the
colonies of the fungus cultured in PDA such as aerial
mycelium formation and colony coloration. For each
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isolate, the length and width of 50 macroconidia and 50
microconidia were measured, establishing a mean.

Physiological characterization

The effect of different carbon sources was tested on
mycelial growth and sporulation of the isolates. For this
purpose, the carbon sources lactose, maltose, starch and
sucrose were used in the amount of 10 g, having as the
basal medium that of Lilly and Barnett (1951) and as a
control the synthetic PDA nutrient medium.

Only the three most virulent isolates in the pathogenicity
test were selected for evaluation in this test, thus culture
discs with approximately 5 mm diameter were deposited
in the center of the plate containing each carbon source.

The evaluation of the mycelial growth was done by
means of readings of the diameter of the colony in two
diametrically opposed directions every 24 hours, with
the aid of a millimeter rule, defining an average for each
repetition. The readings were completed on the 7° day
when colony completely covered the plaque diameter in
one of the treatments.

The determination of sporulation was carried out by
preparing a macroconidia suspension of each Petri dish,
containing the different carbon sources and the evaluation
occurred on the 7° day of growth. To prepare the
suspension, 20 mL of SDW was added to each Petri dish to
remove the colony using the glass slide. After removal, the
material was filtered through a double layer of sterile gauze
and the concentration (X.10° conidia/mL) determined
through the Neubauer chamber to obtain a mean of two
readings for each replicate of the treatments.

The statistical design was completely randomized in
a factorial arrangement 3 X 5 (3 isolates X 5 carbon
sources) in a total of 15 treatments with four replicates
each. Statistical analyzes were performed by the statistical
program Statistica® 6.0 (Kuypets, 2001) and the means
compared by the Tukey test at 5% probability.

RESULTS

The pathogenicity of all isolates was confirmed, but
there was no significant difference between them (Fig 1),
although isolate FOP 4 caused besides yellowing and
darkening of the vessels, death in some inoculated plants,
being therefore the most virulent.

The diameter of the macroconidia in isolates ranged from
18.22 t0 30.56 um X 3.06 to 3.92 um. According to length/
width (/W) ratio, isolates FOP 2 and FOP 5 showed longer
and thinner macroconidia (9.34 and 8.41), respectively and
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Fig 1. Pathogenicity test and selection of the isolates of F. oxysporum
f. sp. passiflorae for virulence in yellow passion fruit plants. In each
series, mean values labeled with the same alphabetical letter are not
significantly different (at p < 0.05) according to Tukey. The standard
deviation for isolates were: FOP 1 and FOP 2 - 0.5477226; FOP 3 —
0.4472136; FOP 4 — 1.0954451 and FOP 5 — 0.7071068.

isolates FOP 1 and FOP 4 presented shorter and wider
macroconidia (6.40 and 5.22), respectively (Table 1).
Regarding microconidia, the diameter ranged from 5.35 to
8.75 pm X 2.32 to 3.25 pm. The isolate FOP 2 showed a
greater L/ W ratio (2.85), followed by isolates FOP 1 (2.30),
FOP 3 (2.28), FOP 4 (2.08) and FOP 5 (2.06) (Table 1).
The number of septa in the macroconidia ranged from 2
to 5 for isolates FOP 1 and FOP 4, from 3 to 6 for isolates
FOP 2 and FOP 3 and from 3 to 5 for isolate FOP 5.

There was variation in colony coloration of the isolates
in PDA medium. The white coloration was observed in
isolates FOP 1 and FOP 4, the salmon coloration in isolates
FOP 2 and FOP 5 and the pale rosy coloration in isolate
FOP 3. Isolates FOP 2, FOP 3 and FOP 5 formed aerial
mycelium and isolates FOP 1 and FOP 4 formed mycelium
cotonous. The presence of simple conidiophores and
basal cell were observed in all isolates. The presence of
chlamydospores was not observed in isolates FOP 2 and
FOP 3 and only the FOP 4 and FOP 5 isolates presented
false head formation (Table 2).

The three most virulent isolates (FOP 3, FOP 4 and FOP
5), selected in the pathogenicity test were utilized to evaluate
substrates in the physiology of I axysporum f. sp. passiflorae.
The results showed that, among the carbon sources, the
starch was the one that provided greater mycelial growth
in the three evaluated isolates, although the treatments
did not differ significantly for isolate FOP 5. Maltose was
considered the second best substrate for isolates FOP 3
and FOP 5. However, for isolate FOP 4, the synthetic
PDA medium was considered better after starch (Fig. 2).

In the study of sporulation, the three isolates evaluated
showed preferences for a particular carbon source.
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According to the results, isolate FOP 3 obtained a better
sporulation in medium containing starch, followed by
sucrose, lactose, synthetic PDA and maltose. The isolate
FOP 4 used better lactose, and then synthetic PDA,
sucrose, starch and maltose. The isolate FOP 5 was best
reproduced in medium containing maltose, followed by
lactose, sucrose, synthetic PDA and starch (Fig. 3).

The Table 3 shows the mean of mycelial growth and
sporulation of the isolates and standard deviation in each
treatment.

DISCUSSION

F. oxcysporum is responsible for a vast number of plant diseases,
usually involving vascular wilt (Leslie and Summerell, 2000).
In new plants, the leaves are pale green in color and a slight
wilting of the new branches is observed, followed by lower
leaf fall, general wilting and rapid plant death. In adult plants
the disease causes yellowing of the new leaves, followed by
wilt and death of the plant (Fischer and Rezende, 2016).

The isolates that cause this disease, most of the time,
are specific, infecting only a small number of plant hosts
and are differentiated based on pathogenicity as formae
speciales. The subdivision of this species into formations has
important implications for the diagnosis of the disease and
control measures such as quarantine (Leslie and Summerell,
20006) aiming to prevent its spread to other places where
does not occur.

The tropical race 4 (TR4) of F. axysporum . sp. cubense,
for example, was described in the early 1990s in South
Asia, and does not present in Brazil. Actually, this race
is considered to be the grestest threat to world banana
farming, as it is estimated that more than 80% of planted
bananas are susceptible to this race. Thus, the monitoring
of the occurrence and/or introduction of this race in Brazil
is very important for the sustainability of the culture, being
necessary to have laboratories capable of performing the
diagnosis of the different pathogens of economic and
quarantine importance (Andrade et al., 2013).

Diverse formae speciales of F. oxysporum have been described,
similar as F. axysporum f. sp. ciceri on chickpea (Thaware
et al., 2016; Nath et al., 2017; Farooq et al., 2005; Khilare
and Ahmed, 2011), F oxysporum f. sp. lentis on lentil (Altaf
etal.,, 2014), F. oxysporum £. sp. psidii on guava (Gupta et al.,
2010; Hussain et al., 2012), F axysporum. t. sp. cubense on
banana (Somu et al., 2014), F oxysporum t. sp. zingiberi on
ginger (Gupta et al., 2014).

It was observed variation in the diameter of macroconidia
and microconidia, number of septa, presence of basal cell
in the macroconidia and chlamydospores and characteristics
of the colonies of the isolates studied.

Species within the genus Fusarium were characterized
primarily on the basis of morphological characters as
such the shape and size of macroconidia, microconidia
and chlamydospores; the cells from which they originated,

40 a 50
a
a
35
~ ab ab _ 40 ab
b ] ab
BN o £
% £ 30 b
.
5% S
= =20
5 15 3
3 S
s 5
=10
10
5
0 0
Laciose Maliose Starch Sucrose _ Syntetic PDA Laciose Maltose Starch Suctose  Syntetic PDA
Carbon Sources B arbon Sources
60
_50
£
E
= 40
z
2
O 30
=
)
S 20
=
10
[
Lactose Maltose Starch Sucrose Syntetic PDA
Carbon Sources

Fig 2. Influence of carbon sources on mycelial growth (mm) of the isolates of F. oxysporumf. sp. passiflorae. A) FOP 3; B) FOP 4; C) FOP 5. In
each series, mean values labeled with the same alphabetical letter are not significantly different (at p < 0.05) according to Tukey.
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Fig 3. Influence of carbon sources on the production of macroconidia of the isolates of F. oxysporum f. sp. passiflorae. A) FOP 3; B) FOP 4;
C) FOP 5. In each series, mean values labeled with the same alphabetical letter are not significantly different (at p < 0.05) according to Tukey.

Table 1: Test of the mean of the length, width and length/width (L/W) ratio of 50 macroconidia and 50 microconidia and the number
of macroconidia septa of five isolates of F. oxysporum f{. sp. passiflorae grown in PDA medium

FOP 1 19.61 (13.20-39.60)  3.06 (2.64-3.30) 6.40 5.35 (3.63-6.60)  2.32(0.99-3.63) 2.30 .
FOP 2 30.56 (19.80-46.20)  3.27 (2.97-3.63) 9.34 8.75 (3.63-10.23)  3.07(2.64-3.63) 2.85 .
FOP 3 27.80 (14.85-56.10)  3.92 (2.64-6.60) 7.09 5.36 (3.30-6.93)  2.35(0.99-3.30) 2.28 .
FOP 4 18.22 (12.87-39.60)  3.49 (2.64-7.59) 5.22 6.77 (3.30-11.55)  3.25(2.64-3.96) 2.08 .
FOP 5 27.60 (13.20-39.60)  3.28 (2.64-3.63) 8.41 6.52 (3.30-10.56)  3.20(2.64-3.30) 2.03 .

"Mean of 50 macroconidia and 50 microconidia for each isolate. 2L/W=lenght/width.

with secondary characters including pigments and other  F. oxysporum presents significant variations between
produced metabolites, growth rate and morphology of the  isolates such as colony colour, colony size, dry mycelial
colonies (Leslie and Summerell, 2011). weight (mg), size of microconidia, macroconidia
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Table 2: Aspects of the colonies and structures observed in the isolates of F. oxysporum f. sp. passiflorae

Isolates Mycelial Simple conidiophores Formation of Formation of Colonies
characteristics and basal cell Chlamydospores false heads coloration

FOP 1 cotonous present present absent
FOP 2 aerial present absent absent -

@
FOP 3 aerial present absent absent .
FOP 4 cotonous present present present =

( (TR \)

,

FOP 5 aerial present present present

Table 3: Mean of mycelial growth and sporulation of the isolates of F. oxysporum f. sp. passiflorae and standard deviation in each

treatment

Isolates FOP 3 FOP 3 FOP 4 FOP 4 FOP 5 FOP 5
Carbon Mycelial Standard Mycelial Standard Mycelial growth (mm) Standard
sources growth (mm) deviation growth (mm) deviation deviation
Lactose 24,5 10.19168 31.1 14.26 38.2 18.36335
Maltose 28.1 12.31106 33.5 16.29 47.8 25.22992
Starch 34.8 16.37187 41.2 20.37 54.7 26.06029
Sucrose 28.0 12.24874 25.5 10.51 43.2 22.14326
Syntetic PDA 25.4 10.79088 39.2 20.37 421 20.78731
Carbon Sporulation Standard Sporulation Standard Sporulation Standard
sources (x. 105 conidia/mL) deviation (x. 10° conidia/mL) deviation (x. 10° conidia/mL) deviation
Lactose 14.25 8.867074 9.25 5.526452 9.25 6.913152
Maltose 8.75 4.641300 5.12 2.402256 13.87 17.668828
Starch 41.43 62.183993 7.61 4.815340 3.68 3.923089
Sucrose 20.06 11.275665 7.69 4.506361 5.58 1.626602
Syntetic PDA 11.69 12.200367 7.87 4.465143 4.92 4.849112

and septations (Chougule and Andoji, 2016), colony
coloration (Nath et al., 2017), mycelial types, presence
of chlamydospores, apical and basal cells among other
characteristics (Gupta et al., 2014; Hafizi et al., 2013;
Lazarotto et al., 2014).

The morphology of the F. axysporum colony in PDA varies
greatly. The mycelium may be flaky, sparse or abundant
and the coloration varies from white to pale violet. In some
isolates the appearance of the staining may vary from yellow
to orange when grown in PDA (Leslie and Summerell, 2000).

The formation of chlamydospores varies widely and
is a taxonomic criterion that should be used with care,
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because when present is a fully useful criterion, but
when absent, it should be evaluated along with other
characteristics, since it can vary from one isolate to
another or with successive repetitions of the same species
(Burgess et al., 1994).

In the test of the variability of the isolates in the carbon
sources, the three isolates evaluated showed a higher
mycelial growth in starch, followed by maltose, for FOP 3
and FOP 5 isolates. According to Cochrane (1958), a good
development of the fungus in starch is accompanied by
a good growth of the same in maltose. This is due to the
fact that maltose naturally occurs as a product of starch
hydrolysis. The author states that starch is a better source
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of carbon than other simpler sources, such as glucose,
because it is a compound that hydrolyzes slowly, giving the
medium less accumulation of acids than this. In addition,
polysaccharides and oligosaccharides are more efficient for
fruiting fungi, than simple sugars.

The maltose and starch showed significantly highest growth
of I oxcysporum f. sp. carthami among the sources tested
followed by glucose, fructose, sucrose and manitol (Shinde
and Hallale, 2016).

Although the isolates showed a relatively low growth rate,
as observed in the results, there was good sporulation in
some carbon sources. According to Dhingra and Sinclair
(1995) the concentration of its constituents determines the
quality and quantity of growth and whether sporulation or
growth will dominate. A good culture medium can provide
high sporulation and low mycelial growth.

Contrary to what has been mentioned above, it may also
occut, so the minimum nutrient concentration required for
mycelial growth is often not sufficient to produce spores,
that is, generally the optimum nutritional condition for
mycelial growth is not the better for spore production and
often inhibits reproduction (Veras et al., 1997).

The isolates are able to use different carbon sources and
demonstrate considerable variations in the efficiency of
their growth. Among seven carbon sources tested, sucrose
was the best one used by all F. oxysporum f. sp. cubense
(Somu et al., 2014). Testing eight carbon sources on the
physiology of soil fungi, among them F axysporumz, a better
performance was observed in maltose, glucose, lactose and
sucrose (Islam et al., 2015).

Fungi easily colonize organic substances in the soil. The
increase in inoculum potential and the severity of the
disease is possibly correlated with the organic substances in
the food. Cultured remains serving as food can also serve
as a source of infection. The fungi become active first near
to the soil surface and the fungal hyphae penetrates into
the roots, causing a severe blockage in the xylem vessels,
resulting in vascular wilt of the plants (Farooq et al., 2005).

The evaluation of a large number of structures, such
as the size of macroconidia and microconidia in single
conidiophores or false heads, number of septa, presence of
basal cell in macroconidia, formation of chlamydospores,
aerial mycelium formation and colony coloration is made
to confirm the species of Fusarium, due to the great
genetic variability to which it possesses. Besides these
characteristics, we can study the behavior of the isolates
in different substrates and thus verify their growth rates
and sporulation.

Emir. J. Food Agric e Vol 30 e Issue 1 e 2018

According to Khilare and Ahmed (2011), fungal growth
is totally absent in the absence of carbon sources. Carbon
is the major structural component of fungal cells required
for their growth and development.

CONCLUSIONS

The isolate FOP 4 of F axysporum £. sp. passiflorae was the
most virulent. There was variation in the morphological
characteristics of all the isolates. For physiology, starch
provided the highest mycelial growth and the isolates
showed preferences for a particular carbon source in the
sporulation test.
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