
SUMMARY

Papaya meleira virus (PMeV), a double-stranded
RNA (dsRNA) virus present in the latex of papaya (Car-
ica papaya L.), is the causal agent of ‘meleira’ or ‘sticky
disease’, which prevails in eastern Brazil. Disease man-
agement strategies in the orchards are impaired by the
lack of knowledge on PMeV transmission. We have
therefore evaluated inoculation methods (five mechani-
cal and one biological) for virus transmission to differ-
ent papaya cultivars using crude latex collected from
symptomatic plants. Inoculated plants were kept under
observation for symptom development and checked for
the presence of viral dsRNA for over three months. Test
plants wounded by cutting or abrasion, which resulted
in latex exudation, were not infected, whereas PMeV
dsRNA was detected 15 days after inoculation by latex
injection into the stem apex. The whitefly Trialeurodes
variabilis was unable to transmit PMeV from diseased
to healthy papayas, even though the presence of the
virus was ascertained in adults and nymphs. These data
confirm previous field observations that failed to associ-
ate sticky disease with this whitefly species.
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INTRODUCTION

“Sticky disease” or “meleira” is an important disease
of papaya (Carica papaya L.) in Brazil, especially in
northern Espírito Santo and southern Bahia States, the
main areas of papaya cultivation. The disease is charac-
terized by intense and spontaneous exudation of latex 
that oxidizes and darkens. The fruits are visually imper-
fect and their flavour is compromised, making them un-
marketable (Ventura et al., 2001, 2003, 2004). Detection
by Kitajima et al. (1993) of a single double-stranded
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RNA (dsRNA) molecule in extracts from infected
plants, suggested that the disease had a viral aetiology.
Subsequently, latex from affected papaya was consis-
tently found to contain a large number of spherical par-
ticles 50 nm in diameter, which were also present within
the laticifer cells of leaf and fruit tissues. Inoculation of
healthy plants with purified Papaya meleira virus
(PMeV) particles resulted in the development of disease
symptoms (Zambolim et al., 2003). PMeV is widely dis-
tributed in infected papaya plants, and is present in
high concentration in flowers and fruits (Kitajima et al.,
1993; Barbosa et al., 1999; Ventura et al., 2003; Ro-
drigues et al., 2005). 

Observations on PMeV infection in papaya orchards
revealed a distribution of infected plants suggesting the
involvement of a vector in virus transmission, although
the distribution pattern of diseased plants along the
rows suggested that PMeV might also be disseminated
during pruning and harvesting (Ventura et al., 2003).
Laticifers, which extend throughout papaya plants
(Esau, 1976), exude abundant latex after incision
(Moutim, 1999). The exudation commonly occurs from
wounds caused either by harvest tools (e.g. ladders and
knives) and tractor movements during field work, possi-
bly causing mechanical inoculation of healthy plants. 

The whitefly Bemisia tabaci is a pest and possible dis-
ease vector to papaya in Brazil (Vieira and Correa, 2001;
Culik et al., 2003). In March to July there is the highest
incidence of sticky disease, a period that follows directly
a peak in whitefly population density, which occurs be-
tween February and April (Ventura et al., 2003). More-
over, it was shown that the presence of dsRNA and
sticky disease symptoms occurred six and eight months,
respectively, after healthy papaya plants were exposed
to PMeV-infected B. tabaci (Vidal et al., 2000).

Another whitefly species, Trialeurodes variabilis, has
recently been shown to be a pest to Brazilian papaya
and other fruit trees (Picaço et al., 2003). This was first
documented in papaya orchards of Espírito Santo in
2004, where the proliferation of saprophytic fungi on
papaya fruit and leaves was associated with whitefly
presence (Culik et al., 2004). 

In this study, we have investigated the relationship
between mechanical damage to papaya plants and
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PMeV infection, using different methods to simulate
the damage observed in vivo and have also assessed, un-
der controlled conditions, the ability of T. variabilis to
act as a vector of PMeV.

MATERIALS AND METHODS

Plants and inoculum samples. Inoculation experi-
ments were carried out at the Incaper Experimental
Field, Linhares, Espírito Santo, using either three-month-
old papaya plants (cv. Sunrise Solo) in 8 kg containers in
an aphid-protected greenhouse, or stems of 18-month-
old plants in the field. Crude latex containing virus parti-
cles (Kitajima et al., 1993; Zambolim et al., 2003; Ro-
drigues et al., 2005) was collected by wounding the sur-
face of green fruits from plants showing typical sticky dis-
ease symptoms. Presence of the virus in the latex was
confirmed through nucleic acid extraction and analysis
(see below). This crude latex was used as inoculum. 

Mechanical inoculation. Five three-month-old pa-
paya plants (cv. Sunrise Solo) were used for each inocu-
lation. Healthy control plants were kept in a nearby
greenhouse. Latex from plants was collected before and
after inoculation and every 15 days over 90 days to be
analyzed for the presence of dsRNA. Five mechanical
inoculation methods, designed to simulate injuries
caused by work tools and the movement of tractors,
were tested. The first three methods all resulted in latex
exudation; this was removed prior to abundantly brush
painting the site of injury with inoculum. These meth-
ods were: cutting the leaf (method 1) or the leaf stalk
(method 2) to a depth of 0.5 mm using a sterile blade,
or manually scraping the leaf surface with washed sand
(method 3). Alternatively, 500 µl of inoculum was inject-
ed into the stem apex at irregular depths of less than 10
mm using a sterile syringe (method 4). Additionally, five
18-month-old papaya trees in the field had their stems
abraded with a harvest ladder under the fruit column
(method 5) prior to inoculation.

Whitefly transmission. To investigate whether T.
variabilis whiteflies could transmit PMeV from diseased
to healthy plants (method 6), 13-month-old papaya
plants were divided in two groups in the greenhouse. A
total of 24 plants was inoculated by stem injection with
infected latex, with 8 plants being inoculated with phos-
phate buffer pH 6.0 as a control. One month post-inoc-
ulation, a large number of T. variabilis (>1000 units),
collected from a papaya field showing no sticky disease,
were introduced into the greenhouse. The virus acquisi-
tion access and/or virus inoculation access periods were
optimal (Vidal et al., 2000; Ventura et al., 2003). A sam-
ple of these insects was analyzed for the presence of
dsRNA prior to their introduction into the greenhouse.

Thirty days after insect addition, healthy papaya plants
of different cultivars (cvs Golden, Sunrise Solo and Tai-
wan), were also placed in the greenhouse. Three plants
of each cultivar were placed approximately 1.5 meters
from the inoculated plants. Twenty days after addition
of the plants of different cultivars, latex was withdrawn
and adult whiteflies as well as nymphs were collected
for dsRNA analysis. 

Nucleic acid extraction and analysis. Viral dsRNA
was extracted from papaya latex and from entire white-
flies as described previously (Rodrigues et al., 2005).
Briefly, latex was diluted with 0.1 M citrate buffer, pH
5.0 before being extracted twice with 1:1 (v/v)
phenol:chloroform and once with chloroform before
being precipitated with ethanol. The pelleted viral nu-
cleic acid was dissolved in ultra-pure water, digested
with DNase 1, and analyzed by electrophoresis using
1.0% (w/v) agarose gels, which were stained with ethid-
ium bromide and photographed. Diagnosis by dsRNA
extraction from plant latex was validated by RT-PCR
analysis as described (Araújo et al., 2007). 

RESULTS

Nucleic acid extracts from sticky-diseased papaya
samples presented an intense 12 kbp band in agarose
gel (Fig. 1a). The band was previously demonstrated to
be composed of dsRNA (Kitajima et al., 1993; Ro-
drigues et al., 2005), associated with PMeV particles
(Zambolim et al., 2003). To validate this result, the sam-
ples were submitted to RT-PCR (Araújo et al., 2007).
Sticky-diseased samples presented a band of about 506
kb, equivalent to amplification of the PMeV RNA-de-
pendent RNA polymerase gene (Fig. 1b) (Araújo et al.,
2007). These results indicated the equivalence between
the two diagnosis methods. Thus, we decided to use the
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Fig. 1. Comparison of PMeV diagnostic methods. Sticky-dis-
eased latex (SDL) was collected and submitted to PMeV diag-
nosis by (a) dsRNA extraction; (b) RT-PCR amplification.
Healthy latex (HL) was used as negative control. The samples
were separated on: (a) 1% agarose gel, where MW indicates a 1
kbp DNA molecular weight marker; (b) 1.5% agarose gel,
where MW indicates a 100 bp DNA molecular weight marker. 
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dsRNA extraction method in the next steps of the work.   
The inoculum used for all the mechanical inoculation

tests was crude latex from diseased plants. Healthy pa-
paya plants, which tested negative for the presence of
PMeV prior to the start of the experiments (Fig. 1a, b),
were inoculated with this crude PMeV-containing latex
using different methods. Latex from all experimental
plants was analyzed for the presence dsRNA at 15 day
intervals post-inoculation. Experimental plants wound-
ed by cutting or abrasion, with resulting latex exuda-
tion, remained free of PMeV symptoms and no dsRNA
was found in their latex (Fig. 2). In contrast, when the
infected latex was directly injected into tissues at the pa-
paya stem apex, PMeV infection was obtained as indi-
cated by the recovery of a dsRNA band after agarose
electrophoresis (Fig. 2). The dsRNA was detected in
two of the five inoculated plants after fifteen days and in
a third plant after thirty days. Such plants had a more
watery and translucent latex than the healthy ones and
marginal scorching of the young leaves. These symp-
toms were similar to those of sticky-diseased papaya in
the field (Ventura et al., 2003). 

The plants used in this work could not be monitored
until their complete maturity as they grew under green-
house conditions. However, we have already used
PMeV-infected latex injection as an infection method in
field experiments. In this case, mature plants showed

Journal of Plant Pathology (2009), 91 (1), 87-91 Rodrigues et al. 89

Fig. 2. Outcome of mechanical PMeV transmission trials to
three-month-old cv. Sunrise Solo papaya seedlings inoculated
by different methods. Latex was collected just before inocula-
tion (control) and 15, 30, 45, 60, 75, and 90 days afterwards,
and nucleic acids were extracted and digested with DNAse 1.
Lane 1: negative control (non inoculated plants). Lanes 2 to 6
inoculated seedlings. Lane 2, inoculation with phosphate
buffer, pH 6.0; lane 3, inoculation into razor blade cuts on the
leaf; lane 4, inoculation into razor blade cuts on petioles; lane
5, inoculation after manually abrading the leaf surface with
washed sand; lane 6, direct injection into the stem apex. The
only successful inoculation method was by direct injection in-
to the stem apex. MW, 1 kb DNA molecular weight marker.

Fig. 3. Outcome of biological inoculation trials. Thirteen-month-
old healthy papaya seedlings of cv. Sunrise Solo were divided in
two groups which were inoculated via latex injection (lane 1) and
phosphate buffer pH 6.0 (lane 2), respectively. One month later,
both groups of seedlings were infested with T. variabilis adults.
Thirthy days after insect addition, healthy papaya of cvs Golden
(lane 3), Sunrise Solo (lane 4) and Taiwan (lane 5), were placed in
the greenhouse. Aliquots of latex from these plants and extracts
from adult whiteflies (lane 6) and nymphs from healthy (lane 7)
and infected plants (lane 8) were analyzed 20 days after exposure
to whiteflies. dsRNAs were recovered only from plants inoculat-
ed by latex injection, from adult whiteflies, and nymphs from in-
fected plants. MW, 1 kb DNA molecular weight marker.
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the complete symptoms known for the naturally PMeV-
infected papaya (unpublished information). 

To investigate whether PMeV could be transmitted by
T. variabilis, 24 healthy papaya plants were directly in-
jected with infected latex at the stem apex and left in the
greenhouse for one month prior to the introduction of
an massive population of whiteflies. Viral dsRNA was
found in the latex of these plants (Fig. 3). In parallel,
eight additional plants were injected with phosphate
buffer as control. One month after the exposure to
whiteflies, healthy papayas of cvs Golden, Sunrise Solo
and Taiwan were introduced into the greenhouse. Three
weeks later, latex, adult, whiteflies and nymphs were col-
lected and analyzed for the presence of PMeV. All pa-
payas remained uninfected throughout the experiment
despite the presence of a large whitefly population (Fig.
3). Adult whiteflies and nymphs collected from the
greenhouse showed the presence of viral dsRNA, indi-
cating that they had acquired PMeV during the course
of the experiment (Fig. 3). In contrast, nymphs collected
from control plants as well as from introduced plants of
the different cultivars failed to show the presence of
dsRNA indicating that they did not carry PMeV (Fig. 3). 

DISCUSSION

Normal papaya orchard management often results in
mechanical injury to the lactifer-rich tissue, and it has
been proposed that such wound sites might facilitate
PMeV infection (Ventura et al., 2003). Although some
of these injuries are accidental, for example those
caused by tractors and from ladders used for pruning
and harvesting, others are deliberate, like those caused
by pruning. Since knives are not disinfected between
plants, we investigated whether such injuries allow the
spread of PMeV infection. 

We show that such injuries are not the reason for
spread of PMeV infection throughout a plantation since
none of the methods used to simulate possible mechani-
cal injuries resulted in plant infection. We believe that
this failure is due to the rapid coagulation of the latex
exudate. The interconnected duct system (Esau, 1976)
maintains papaya lactifers under high turgor pressure,
which results in abundant latex exudation occurring im-
mediately after damage to any tissue. The exudate poly-
merizes rapidly (Moutim et al., 1999), forming a barrier
between the lesion and the environment, which has
been proposed to protect injured tissues in lactifer-rich
plants (Mahlberg, 1993; Datta and Iqbal, 1994; Hunter,
1994). Infected latex had to be injected into stem apex
tissues in order to overcome the laticifer-based defense
system, presumably because this method only causes
moderate tissue damage. It also places the injected
PMeV particles adjacent to viable plant cells, a pre-req-
uisite for the establishment of plant virus infections

(Carrington et al., 1996). Using this method, PMeV
dsRNA was detected 15 days post-inoculation, with the
amount of the dsRNA present increasing over the 90
days of the experiment.

T. variabilis and other whiteflies are major agricultural
pests, as they feed on plant sap, causing increased plant
susceptibility to abiotic and biotic stress (Berlinger,
1986). Most plant virus arthropod vectors, such as T.
variabilis and other whiteflies, have a common feeding
mechanism, whereby their mouthparts pierce the plant
cell wall by mechanical force, possibly with the help of
salivary and gut enzymes (Gray and Banerjee, 1999).
Since this method of feeding is similar to the artificial in-
oculation described, it was surprising that no whitefly
transmission was observed, especially as papaya was their
only source of food. Moreover, adult whiteflies tested
positive for PMeV, as did nymphs collected from infected
plants. We would postulate that T. variabilis inject little
into plants when feeding as they may not interact effi-
ciently with the virus (Gray and Banerjee, 1999). Low
virus titres on insect mouthparts and/or the time of feed-
ing have also been proposed to be factors influencing
virus transmission (Grill and Holt, 2000). PMeV-contain-
ing material injected by whiteflies might be countered by
localised latex polymerization, peptidases (Moutim et al.,
1999) or by polyphenols present in the tissues. 

The present data confirm our two-year field observa-
tions where no correlation between T. variabilis popula-
tion density and the occurrence of sticky disease was
found (unpublished information). Other insects that oc-
cur in papaya orchards are currently being investigated
as possible vectors.
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