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ABSTRACT

Purple passion fruiRassiflora edulig. edulisSims, known in Colombia as “gulupa”) is an increasingly important
crop in Colombia, as seen by an increase in the area under cultivation. This recent prominence coincides with a low
number of existing technologies related to the cultivation of the fruit, resulting in a lack of knowledge about its associated
pathogens and the absence of rapid and precise diagnostic tests. The objective of this study was to determine the
pathogenicity of distinct microorganisms isolated from purple passion fruit samples, some of which had not been
previously reported in Colombia. The sampling was performed in seven plots located in two regions of the Colombian
Antioquia.With the use of field symptomatolagdiie isolation of microganisms, morphological characteristics, molecular
analysis, and pathogenicity tests, the pathogen spBtigmphthora nicotianaear. parasitica Colletotrichum
gloeosporioides sensu laendPhytophthora drechsleviere identified for the first time in Colombia. These pathogens
cause lesions in fruits, with an incidence of 10.9, 7.6, and 2.8%, respediielg also the first report on a global level
of Phytophthora drechslegausing a disease in this plant species.

Key words: gulupa disease®hytopthora nicotianagar. parasitica; Colletotrichungloeosporioides sensu lato;
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RESUMO

Identificacdo e patogenicidade de microorganismos que afetam maracuja roxo na Colémbia

O Maracuja roxoRassiflora edulis. edulisSims, conhecido na Colémbia como gulupa) € uma cultura cada vez mais
importante na Colémbia, como visto por um aumento da &rea de cultivo. Esta proeminéncia recente coincide com o baixo
namero de tecnologias existentes relacionadas ao cultivo da fruta, resultando em falta de conhecimento sobre seus
patégenos associados e da auséncia de testes de diagndéstico rapido e preciso. Com o objetivo de determinar a
patogenicidade de microorganismos distintos isolados de amostras de maracuja roxo, alguns dos quais nao tinham sido
previamente relatados na ColdmbBiaamostragem foi realizada em sete lotes localizados em duas regiddisgeia
Coldbmbia.Através da utilizagdo de sintomatologia campo, o isolamento de ngarosmos, as caracteristicas
morfoldgicas, a anédlise molecular e testes de patogenicidade, a espécies de agentes p&bgtapbtisora
nicotianaevar. parasitica Colletotrichum gloeosporioidesensu late Phytophthora dechsleriforam identificados
pela primeira vez na Colémbia. Estes causam les8es nos frutos, com uma incidéncia de 10,9, 7,6 e 2,8%, respectivamente.
Este é também o primeiro relatério em nivel glob&kigtophthora drechsledausando uma doenca nesta espécie de
planta.
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lato; Phytophthora drechsleri

Submitted on March 10 2015 and accepted on April 1,92017

* Universidad Nacional de Colombia, Departamento de Ciencias Agronémicas, Medellin, Antioquia, Colombia. jgramireg@unal.edu.co; jgmoraleso@unal.edu.co
2Centro de Investigacion La Selva de Corpoica, Rionegro, Antioquia, Colombia. ptamayo@corpoica.org.co

*Corresponding author: jgramireg@unal.edu.co

Rev CeresVicosa, v64, n.3, p. 250-257, mai/jun, 201+



Identification and pathogenicity of microorganisms affecting purple passion fruit in Colombia251

INTRODUCTION Fusarium solani and nematodes belonging to the
genusMeloidogyne(Camelo, 2010; Benitez & Hoyos,

Eurple passion frw_t, also kr.10wn as guliupaassmora 2009; Riascost al,, 2011; Ortiz & Hoyos, 2012). Other
edulisf. edulis Sims), is a tropical fruit cultivated between

. o : ossible pathogens in purple passion fruit, which have
600 and 2,000 masl. The purple passion fruit is native Po P 9 . purpie p .
. . . not yet been verified, ar€olletotrichumsp. and
southern Brazil, Paraguagnd northerArgentina and is . .
. . . Botrytissp. (Riascost al., 2011).
currently grown in four continent&frica (lvory Coast,

. . . . This study was performed with the objective of
Kenya, SouthAfrica, and Zimbabwe)Asia (India, determinin ):he caEsaI agent of variousJ roups of
Indonesia, Israel, Malaysia, anfletnam), Oceania ¢ g group

. : ) symptoms associated with purple passion fruit diseases.
(Australia and New Zealand), adnerica (Agentina, P);thpogenic microorganismspwepre isentified causing high
Brazil, Colombia, Peru, EcuaddParaguayand Hawaii

. L incidences of disease in purple passion fruit in the field.
(USA)) (Ocampo & Morales, 2012). This fruit is consume burp'e p . .
. o : ) wo of these had not been previously reported in
domestically mainly in SoutAmerica and is also grown . .
. . Colombia, the presence of one had not been confirmed,
for exportation (Nakasone & Paull, 1998; Riasebal,

h t lobal level.
2011; Ramireet al, 2015). In Colombia, the area cultivateda nd one had never been reported on a global leve
with purple passion fruit has grown in the last decade,
particularly in the departments of Cundinamarca, Calda ,ATERIAL AND METHODS
Antioquia, Huila, Boyaca, and Santander (Riastoal, Location

2011; Gutiérretal, 2011, Ocampetal, 2012; Ramiregt gy mntoms were examined and samples were taken from
al., 2015). This increase in the planted area, coupled wigh, o, plots with purple passion fruit crops located in
the market demand for high qualityeates challenges andy,ihest Colombia, iantioquia (Figure 1)Three of these

limits for production. One of the main problems in regarg{,ere located in the southwestAtitioquia, in the city of

to maintaining competitiveness and sustainability is thfardin, and four in the eastern regionfioquia, two in

diagnosis and management of diseases. Purple passjQicity of La Unién, and two in the city of EI Pefiél. Microbial

fruit is affected by various diseases with economigyensification and pathogenicity tests were performed in the

implications, which can generate production losses. Laboratory of Phytopathology at CORPOICA C.I. La Selva
On a global level, various pathogenic microorganismend Fitotecnialropical Laboratory in thé\gronomical

have been identified in purple passion fruit crops, includingciences Department at Universidad Nacional de Colombia

Xanthomonas axonopodis. passiflorag Cladosporium  at Medellin. Molecular characterization of microorganisms

cladosporioides sensu latéresen,Alternaria spp., was performed in the laboratory “Laboratorium Zeeuws-

Fusarium oxysporurfi sp.passiflorae, Fusarium solani Viaanderen Zandbergsestraat” 14569 TC GRAAUW in The

(teleomorph:Nectria haematococgaColletotrichum  Netherlands.

gloeosporioide®enz (teleomorplGlomerella cingulata

Stoneman),Phytophthora nicotiana&ar. parasitica Sampling and isolation of microorganisms

Phytoplasmespp.,East Asian passiflora visl(EAPV), From each plot, 30 plants were selected at random, such
Maracuja mosaic tobamovirugMarMV), Okra mosaic that 15 had unripe, green colored fruits and 15 had
tymoviwus (OkMV), Passiflora latent carlavins (PLV),  physiologically mature fruits of a purple cal&rom each
Passiflora virus YPaVY),Passion fruit crinkle virugPCV),  plant selected, 10 randomly distributed fruits with or
Passion fruit mottle virugPFMoV), Passion fruit jthout lesions were collected. The fruits were washed in
rhabdovius(PRV), Passion fruit ringspot virus (PFRSV), the |aboratory with water from the aqueduct and then air
Passion fruit vein-clearing rhabdovirug®assion fruit gried. Five of these were brought to a moist chamber for
woodiness potyvirus (PWVRurple granadilla mosaic - sporylation (85-95% humidity and 18-%). The fruits that
virus and the nematode Meloidogyne incognita (Gardnesresented lesions, whether these were identified in the
1989;Yocktenget al, 2011). field or generated by incubation in the moist chambere
Studies performed in Colombia have identifiedivided into 1 cripieces. These pieces were placed in a
various agents that cause diseases in purple pass#arile laminar flow cabinet and the surfaces were
fruit, such as the bacterddanthomonas axonopodis disinfested with ethanol (70%) for 30 s. They were then
and Stenotrophomonasnaltophilia; the viruses washed in sterilized water for 30 s. From these samples,
Cucumber mosaic virllCMV), Soybean mosaic virus small pieces were taken (3 rfjrand placed amid cultures
(SBMV), Cowpea aphid-borne mosaic virusof potato, dextrose, and agacidified with lactic acid
(CoABMV), and apotyvirus that has not been clearly(PDAA pH 5.5); potato, dextrose, agar + streptomycin (100
identified; the fungiCladosporium cladosporioides pg/L) (PDA+S); V8® juice (180 mL/L) + agar (14 g/L) +
sensu latqWeir et al, 2012) Fusariumoxyspoum,and kanamycin (50 pg/L) + Benomyl® (50 pg/L) (V8-A);
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Nutritious Agar (Merck®), prepared according to thePhytophthoragenus and species. F@olletotrichum
manufacturéis instructions (NA) and NutritiouAgar species identification, recent concepts fravair et al
(Merck®) + Benomyl® (50 pg/L) (NAB) for bacteria. The (2012) were used. Bacteria were identified using the process
Petri dishes with these substances were incubated@t 28lescribed by Benitez & Hoyos (2009). Morphological
for 15 days, with a photoperiod of 12 h of light and 12 h afharacterization of the microorganisms was performed by
darkness (Ramirezt al, 2014). The pathogens not reporteaneasuring the length (L) and width (W) and calculating
previously in Colombia (Buritica, 1999; Camelo, 2010the relationship (L:W) in 20 conidia for each isolate of
Benitez & Hoyos, 2009; Riascekal, 2011; Ortiz & Hoyos, fungi or oomycete sporangia.
2012), were identified using taxonomic keys and positive For molecular identification, diseased fruits showing
pathogenicity tests typical symptoms obtained from sampling lots (Jardin,
Antioqua, Colombia) were sent to the molecular
Taxonomical identification of microorganisms diagnostics laboratory “Laboratorium Zeeuws-Vlaanderen
Micro-assemblies were created using tissue samplandbergsestraat 14569 TC GRAAUW?”, located in The
that underwent sporulation in the moist chamber ardetherlands. Isolates were identified based on the DNA
isolates obtained from the cultures. These micro-assemblisiltiscanVegetables®, molecular analysis method, which
were observed under the light microscope (Nikon® Eclipises PCR amplification and specific DNA membrane
se E200) to identify them using the criteria described in thgy/bridization revealing black spots for sensitive pathogen
manuals for fungi genera by Barnett & Hunter (1998), Seifetietection (http://wwwelabdenhaan.com/Pages/Content/
et al. (2011) and by Erwin & Ribeiro (1996) for theDefault.aspx?L=2&P=133 accessed on March 05, 2015).

@ CARIBBEAN SEA

VENEZUELA

ECUADOR
BRAZIL

Figure 1. Geographicdbcalization of sampling regions where disease symptoms were identiRadsiflora edulig. edulisSims
(gulupa) crops
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Pathogenicity tests using the DNAMultiscanVegetables®, the microgainism

The isolates obtained were inoculated into healtpg associated with this pathology was identified as
fruits, which had been disinfested as described previousifytophthora nicotianagar. parasitica.
Inoculum for each microorganism was quantified in a 1he incidence of the symptoms caused Ry
Neubauer chamber and dissolved in an agar-water solutidi§otianaein the field was 12.9% in the southwestern
of 2% (w/v). Five drops of 20 L were placed on eacfggion and 8.9% in the eastern region. This type of symptom
inoculated fruit and the fruits were then incubated und¥f@s associated with fruits in all states of matubgt was
the conditions described earliEor thePhytophthoraspp., MOSt extreme in the youngest fruits, located mainly inside
the mycelia grew in PDA media incubated under athe plant between the lowest part and the middle third.
incandescent light suspension of 3,000 sporangia/mes The farmers who were consulted stated that these
prepared. Fo€. gloeosporioides sensu latihe mycelia Symptoms were new to them and occurred most intensely
grew in the PDA and a suspension of 15ctidia/mL was during periods of high precipitation.
prepared. Each pathogen was inoculated into five fruits. The presence @t nicotianaevar. parasiticahad not
The variables evaluated after inoculation (a.i.) were: averag@en reported previously in ColombiéeatingP. edulisf.
symptom appearance time (ABAand average fruit edulis(Buritica, 1999)At a global level, it has been reported
sporulation time (AST)Additionally, the characteristic in P. edulisf. edulisin India, SoutiAfrica, Australia, and

symptoms associated with each isolate were registered.New Zealand, where it causes serious diseases with
symptoms characterized by foliar blemishes, root rot, and

Incidence fruit rot. It causes outbreaks mainly in periods of high

The pathogens not reported previously in ColombiBrecipitation (Coleet al, 1992). The incidence of disease
were identified using taxonomic keys and positivéaused byP. nicotianaevar. parasiticain land plots
pathogenicity tests. For each one, the incidence wg¥aluated inAntioguia was 10.9%, indicating its
calculated as a function of the number of fruits collectedfgnificance; howeverthe farmers dirmed that the
with microorganisms present divided by the total numbéssociated characteristic symptoms have appeared recently

of fruits collected. in commercial crops, linked to the periods of increased
precipitation that occurred in 2010 and 2011, during the
Satistical Analysis meteorological phenomenon La Nifia.

T.he average and gtandard deviation f_or the information Colletotrichum gloeosporioides sensu lato
obtained by measuring the morphological structures of o . ] ] o
the microorganisms identified was determined using A similar microorganism was isolated from fruits in all
Microsoft® Excel. For theASAT andAST variables, Stages of maturity in the field, which exhibited light colored

ANOVA test and th@ukey means separation test Weré)atches of_an irregular shape. Uporr being harvesterj and
performed, with a significance level of 95%. incubated in a moist chambehe fruits showed a rapid

advancement in symptoms until the lesions became large

RESULTSAND DISCUSSION and dark colored and took on a depressed shape. In
o N advanced states, pathogenic structures were observed,
Phytophthora nicotianae var. parasitica represented by fructiferous bodies of a black and pink

This microorganism was isolated in the V8-A culturesolor (Figure 2 D, E and F). From these lesions, a fungus
using fruits that presented lesions of varying sizes, withveas isolated, which presented rapid growth (2 mm/day) in
rounded shape, a green to light brown ¢alad a stronger the PDAA and PDA+S media culture. The mycelia
tone around the edgéss it is characteristic in advanceddisplayed a soft gray color on the outer part, which became
stages, the lesions coalesced until they covered the entitere intense near the center (Figure 3 C). In both the
fruit (Figure 2A, B, C).The pure isolates were compared irdiseased tissue and the mycelia grown in the culture
the PDA general growth medium, where they exhibited slomedium, unicellularrounded hyaline conidia were
growth, irregular submersion, many swellings and hyphabserved (Figure 3 D). The morphological structures
vesicles, and unbranching, monochasially branched observed and the results reported from the DNA Multiscan
monopodially branched sporangiophores (Figuke Ihe Vegetables® molecular test were consistent with the
sporangia were abundant, terminal, sporadically intercalatehgusC. gloeosporioides sensu la{Barnett & Hunter
or lateral, symmetric, and of an ellipsoidal, ovoid, or pirifornr1998; Urefiat al, 2002 Weir et al, 2012) Recent studies
shape, with very prominent hemispheric papilla (Figure 3 Bave indicated that th€olletotrichumgenus is more
Table 1). Chlamydospores and sexual structures were abseatnplex than was previously believed. The name
Based on the morphological characteristics of the isolatglbeosporioidesensu latamr C. gloeosporioidespecies
(Erwin & Ribeiro, 1996) and the molecular diagnostic repotomplex, has been given to the taxonomical group that
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Figure 2:Phytophthora nicotianaear. parasitica Colletotrichumgloeosporioides sensu lagmdPhytophthora dechsleriassociated
symptoms irPassiflora eduli$. edulisSims (gulupa) fruits a, b, andrRhytophthora nicotianaear. parasiticaassociated symptoms;
d, e, and fColletotrichumgloeosporioides sensu ladéssociated symptomg and hPhytophthora drechsledssociated symptoms

displays morphological characteristics typical @f
gloeosporioidesas it has been known for the past 5( a
years and which is grouped within the phylogenetic trejif s
of the ITS gene genetic barcodediv\ét al, 2012). In the
present studythe causal agent identified will be referred
to by this name.

The incidence of plants with symptoms of this diseag
was 10.6% in the eastern region and 4.6% in th
southwestern region. Passion fruit farmers identified the -
symptoms as a common problem and their technic€ ' -
assistants have associated them with the fur@us /
cladosporioides sensu lafbhe fungusC. gloeosporioides
has been reported as causing anthracnosis in purple pas
fruit in New ZealandArgentina, Brazil, and Japan. In
Colombia, no reports exist that clearly demonstrate, t
fulfilling all of Koch’s postulates, th&l. gloeosporioides
causes any diseases in purple passion fruit (Rizs@ds
2011; Wolcan & Larran, 2000; Rheinlangd&010).

Despite the fact that. gloeosporioides sensu lato
was found under field conditions in immature states of th
fruit, the greatest presence and associated symptomsg
this pathogen were found in fruits with an advanced stg
of maturity, especially in the post-harvest stagieis was
confirmed with the pathogenicity tests, which showed
slow appearance of these symptoms, compared with thg
of other _pathogen_s eval_uated in the present St[_my Figure 3: Morphological structures identified in isolates of
observation coincides with that reported by Rheinlandghytophthora nicotianaar. parasitica Colletotrichum
(2010), who proposed that this pathogen commonly cagloeosporioides sensu latmdPhytophthora drechslertollected
ses an asymptomatic infection in the figddcording to ~ from Passiflora edulisf. edulis Sims (gulupa) fruits a and b:
Beno & Prusky (2000) and Rodrigueizal (2009), in the Phytophthora nicotianaear. parasiticacolony growing on PDA

. . . culture media and sporangium (400x)and d:Colletotrichum
diseases caused by species of the g&uligtotrichum gloeosporiodes sensu latolony growing on PDA culture media

quiescent behavior is common in the field, followed by @nd conidia (400%)e and f:Phytophthora drechslertolony
greater incidence of symptoms in the post-harvest periagtowing on PDA culture media and sporangium (400X)
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This could be associated with the physiological chang&#is microorganism had not been previously reported in
that occur in the fruit in this stage, which may facilitate théhis host on a global level (Inch, 1978; Buritica, 1999;
penetration of the pathogen in the fruit tissue. Manicomet al, 2003; Fischer & Rezende, 200®ckteng
. et al, 2011). P. drechsleriaffects a wide range of hosts,
Phytophthora drechsleri among them native forest species, cultivated and non-

In fruits in all stages of development in the field, smallgultivated flowers, citrus plants, melons, tomatoes, and
rounded, well-defined lesions of a light brown color werethers (Pratt al, 1974; Cotherl975; Lamouet al, 2003).
observed. Upon incubating the fruits in the moist chamberhis pathogen usually causes symptoms such as foliar
the lesions developed rapidiyntil they took on an irregu- blemishes and fruit rot (Cothér975).
lar shape that was depressed in the center and of a moist
consistencyIn advanced stages, necrosis was observed Other microorganisms
on the edges, as well as coalescence and extensive deadh this study the bacteria&anthomonas axonopodis
tissue (Figure 2 &). Isolates from the diseased tissue wergnd the fungu€ladosporium cladosporioides sensu lato,
obtained only from the8-A mediumAfter purification, they ~ which cause damage to fruits, were also identified. These
exhibited growth in the form of a chrysanthemum in thenicroorganisms had already been reported previously in
PDA medium (Figure 3 E). The isolates exhibited sympodiatolombia (Riascost al 2011).
unbranched sporangiophores, and ovoid or oviform, o
unpapillated, and persistent sporangia (Figurdaiite 1). Pathogenicity tests
Chlamydospores and sexual structures were absent. TheThrough the use of pathogenicity tests performed with
morphological structures observed and reports from the DNAe purple passion fruits, it was possible to reproduce
MultiscanVegetables® molecular test corresponded to tleymptoms for the microganismsP. nicotianaevar.
oomycetd®. drechsler{Erwin & Ribeiro, 1996). parasiticg C. gloeosporiodes sensu laemdP. drechsleri

The incidence of this microorganism was 2.8% for théTable 2).The isolates>. nicotinaevar. parasiticaandP.
area evaluated and it was only observed in two plots dfechsleriwere the microorganisms that induced the
land in the southwestern regionAgftioquia.The farmers appearance of symptoms in the shortest average time (12.15
and technical assistants consulted associated thesal 17.8 days, respectively). The shortest time for
symptoms with the fungus. cladosporioides sensu lato sporulation was observed with the isol&enicotianae
or with the disease called scab, caused by the bacter&a parasitica (23.1 days) (able 2). Kochs postulates
Xanthomonas axonopodis were fulfilled for the isolates of these three microorganisms.

P. drechsleriwas found to déct P. edulisf. edulis In Colombia, there have been few studies performed
fruits only in crops located in southwesténtioquia. aiming at identifying diseases that affect purple passion

Table 1:Quantification of morphological structures identified from the migganisms isolated frofassiflora edulid. edulis Sims.
(gulupa) fruits

Microorganism Morphological structure?! L2 We Lw4

Phytophthora nicotinaear. parasitica Sporangium 45 £ 25 31+£20 1.4+0.5
Colletotrichumgloeosporiodes sensu lato Conidium 148 +2 43+1 34+1
Phytophthora drechsleri Sporangium 34.8+20 25.2 +15 1.3+0.5

1 Taxonomic determinants identified from fruits and culture media.

2Lenght of the identified structure jmm.

3Width of the identified structure ipm.

4Length:width ratio.

Data are presented as the average of 20 independent measurements for each morphological structure + standard deviation.

Table 2: Pathogenicity test results

Microorganism AASAT AAST Symptom

Phytophthora nicotinaear. parasitica 12.15b 23.1b Fruit rot exhibiting pronounced edges.
Colletotrichumgloeosporiodes sensu lato 45.9a 53.2a Tissue necrosis showing depressed lesion in advanced stages.
Phytophthora drechsleri 17.8b 26.3b Depressed lesion light brown colored.

Pathogenicity tests were performed on healthy fruits collected during physiological mafiviyfruits were inoculated with each
microorganism.

ASAT - average symptom appearance time in days;
AST: average fruit sporulation time (AST)
Different letters indicate statistical differences according to the Tukey test (P < 0.05).
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CONCLUSIONS

In this study the pathogerPhytophthora nicotinae
var. parasiticawas identified for the first time asfafting

purple passion fruit. Ocampo J & Morales G (201&spectos generales de la Gulupa
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