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ABSTRACT
Cashew pseudoapple was noticed to decay rapidly due to infection by Gilbertella
persicaria after harvest. Attempt was made to control the decay by exposing whole
cashew fruits at the full yellow ripe and green unripe stages to ultraviolet light
(UV-B) for 1 to 5 minutes before or after inoculation with 4. 5 x 104 spores ml -1

suspension of the fungus. The fruits were then stored at 28°C and 98% relative
humidity and observed daily for rot progression. Rot was not significantly reduced
on ripe pseudoapples that were exposed  before inoculation with the pathogen while
there was slight reduction in disease by 4 - minute exposure in those treated
post-infection. Significant decay reduction was observed on unripe pseudoapple
exposed for 1 and 2 - minutes pre- inoculation and those exposed for 2 and 3
minutespost-inoculation. Results showed the germicidal effect of UV light on fungus
and also suggest inducement of host defense mechanism by UV light in unripe fruits.
Fruit quality was partially impaired by UV treatment as ascorbic acid decreased in
both ripe and unripe pseudoapples and brown spots appeared on UV-B treated unripe
fruits during storage. Total soluble solids content however remained unaltered by
treatment. Overall, UV-B light has potential for controlling the decay by this fungus.

Keywords: Cashew pseudoapple, UV-B light, pre-inoculation, post-inoculation,
rot severity, storage

INTRODUCTION
Cashew (Anacardium occidentale L.)

is an economic crop in Nigeria. Most
research effort on cashew is however
concentrated on field diseases which
may affect fruit particularly the nut

development while postharvest attention
is only on the nuts (Esuruoso, 1974)
because of the economic potential. Not
much attention is focused on postharvest
disease control on the pseudo apple
which is thesoft, fleshy, juicy part of the
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fruit. This part, a succulent structure,
rich in vitamin C (Pereira et al., 2011)
and sugars, is however, itself a potential
source of income as it could be useful
for juice, vinegar, wines, jam, candied
fruit, canned fruit, chutney, and pickles
(Bidaisee and Badrie, 2001). The
pseudoapple is susceptible to a number of
fungal diseases including Lasiodiplodia
theobromae, Geotrichum candidum and
Botrytis cinerea (Freire et al., 2002).

The fungus Gilbertella persicaria
has been reported on tomatoes in India
(Mehrotra, 1963), peaches in South
Carolina (Ginting, Zehr and Westcott,
1996) and also commonly in other fruit
orchards (Hong et al., 2000) but has not
been reported on cashew in Nigeria. It was
noticed in Akure, Nigeria on the flesh of
fallen and harvested cashew pseudoapples
kept at 28°C causing complete rot within
36 hours of harvest. The mould is more
common on ripe fruits but also develop
on injured unripe fruit. Fruit sanitation
(Pineros-Castro et al., 2009) and chemical
use (Umana-Rojas, 2009) are the major
methods of disease control for tropical
fruits and vegetables after harvest. Among
the alternative methods of controlling
plant disease is the use of shortwave
ultraviolet light (UV-C). Stevens et al.
(1996) and Gonzalez-Aguilar et al. (2001)
reported on the control of decay caused
by various fungi on tree fruits by low
hermetic doses of UV light. Marquenie et
al. (2002) also observed significant

retardation of fungal growth on UV-C
irradiated strawberries at doses of 0. 05
J/cm2 and above. UV-B radiation was
reported to affect fungal disease
development on Cucumis sativus (Orth et
al., 1990). UV light has been reported to
act by inducing the production of
phytoalexins in citrus fruits thereby
improving decay resistance (Rodov et al.,
1992) but no appreciable changes were
reported in the epiphytic population of
filamentous fungi on irradiated grape
berries while the population of yeasts and
yeast-like fungi and bacteria on irradiated
berries increased (Nigro et al., 1998).
These reports show that decay control was
by induction of resistance in the host rather
than a germicidal effect of UV-C on
pathogen. The effect of ultraviolet light on
various aspects of fruit quality such as
organic acids (Charles et al., 2015), sugar
content (Gonzalez-Aguilar et al., 2001;
Vicente et al., 2005), and antioxidant
capacity (Erkan et al., 2008) has also been
investigated. This study was designed to
investigate the possibility of controlling
G. persicaria rot on cashew apple by the
use of ultraviolet light.

MATERIALS AND METHODS
Fungal isolation and identification

Test fungus was isolated from fallen
cashew pseudoapples in the orchard using
acidified malt - extract agar medium. The
isolate was maintained on the same
medium and sent to CABI Genetic
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Bioresource Centre, UK for identification.

Source and preparation of plant
material

Cashew fruits were hand harvested at
the green (unripe) and full yellow (ripe)
stages of maturity. The fruits were
harvested once in 2015 (Trial 1) and one
month apart at two different times in 2016
(Trial 2 and Trial 3). The harvesting was
from separate trees at Ilara Mokin, a
distance of 7. 9 Km from The Federal
University of Technology Akure and
located between latitude 07◦21′16″and
07◦22′20″N and longitude 005◦05′58″and
005◦07′ 12″E in Ondo State of Nigeria.
Preparation was done by washing disease-
free fruits in portable water then surface
disinfecting in 0. 385% m/v sodium
hypochlorite for 10 minutes. They were
then allowed to drain dry before
subsequent treatments which were carried
out within 12 hours of harvest.

Inoculation, ultraviolet light treatm-
ents and storage

Half of the apparently healthy fruits
(ripe and unripe separately) were
individually inoculated with spore
suspension of G. persicaria (Eddy)
Hesseltine IMI 504964 containing 4. 5
104 sporangiospores ml-1. The inocula-
tion was done by using a sterile needle
dipped in the spore suspension to make
a superficial laceration on the shoulder
of the fruit. After inoculation, fruits were

incubated at 28°C for 30minutes before
exposure to the appropriate dose of
UV-B (post-inoculation treatment). The
other half of harvested fruits were
exposed to UV light prior to inoculation
with the same fungus (pre-inoculation
treatment). The controls were set up by
inoculating fruits but without UV-B
treatment. All fruits were then stored at
28°C and 98% relative humidity in
sterilized glass desiccators. Ripe fruits
were stored separately from unripe
fruits. The treatment was done at
ambient temperature in a chamber fitted
with one UVtube (Sillvernia, Japan) of
2. 5cm diameter, 90cm length and
nominal power output of 20Watts
providing UV-B radiation. The various
doses were obtained by exposing fruits
for 1 to 5 minutes at 1 minute intervals.
Each treatment was replicated three
times. The fruits wereobserved daily and
individually rated for severity of rot
development on a progressing scale of
1 – 5 (Aborisade and Ojo, 2002
modified). By this rating, 1=no rot; 2=
rot on 20% fruit surface; 3= rot on 40%
fruit surface; 4= rot on 50% fruit surface
5= rot on ≥60% fruit surface. Three trials
of the experiment were carried out
during the harvest season in 2015 and
2016 from January to March.

Assessment of fruit quality
The control (unexposed to UV-B)

ripe and unripe samples and UV-B
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treated samples (treatment that reduced
decay most) were randomly selected
from each lot and the juice extracted to
assess quality parameters – titrate-able
acidity(TA), total soluble solids (TSS)
and ascorbic acid contents. Freshly
extracted juice was used for analysis. TA
and ascorbic acid contents were
determined by standard analytical
methods (AOAC, 2005) while the TSS
was measured with a Japanese
ATANGO hand refractometer (Brix
capacity, 0 – 32%).

Data analysis
For presentation, analysis of

variance was used to compare means of
disease severities pre- inoculation
separately from post- inoculation and
where significant differences occurred,
the means were separated by Duncan’s
New Multiple Range Testat α= 0. 05.
Severity ratings being categorical
(ordinal) data necessitated the use of
Kruskal-Wallis non- parametric test to
test the significance of trials, treatments,
period (UV treatment pre- or post-
inoculation) and length of storage. The
means of quality parameters were
compared by Student’s t-test.

RESULTS
Severity of Gilbertella rot

For ripe fruits exposed to UV post-
inoculation, there was very little disease
development on day 2 of storage but

there were significant differences
between treatments in trials 1 and 2 by
day 4 by which time there was complete
rot for all treatments in trial 1 while
control pseudo apples were the healthiest
in trials 2 and 3. There were significant
differences between treatments in trial 2
with control fruits being significantly
different from all other treatments in trial
2. By day 6, all ripe pseudoapples had
reached maximum level of decay (Table
1). There was slight advantage of UV
treatment for 4 minutes in suppressing rot
in both trials 1 and 2 observed on day 2.

For unripe pseudoapples, there was
no significant difference in the response
of fruits to all treatments in all trials by
day 2 but by day 4, the effects of
treatments were obvious. By day 4, it
was obvious that 2-3 minutes’ exposure
resulted into more rot reduction in trials
1 and 2 while 4 minutes’ exposure did
the same in trial 3 although there were a
few brown spots on the pseudoapples.
There were significant differences in
treatments in trial 1. By day 6, most
fruits had rottened up to 50% in trials 1
and 3 while in trial 2, the pseudoapples
were just showing the first signs of rot
on 10-30% fruit surface including
control (Table 1). For trial 3 however,
apples exposed for 3 minutes were
healthiest while control fruits had
completely rottened. There was
significant difference between
treatments in trial 3.
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Ripe fruits exposed to UV pre-
inoculation remained largely healthy by
day 2 although all of them had showed
the first symptoms of disease in all trials.
There were no significant differences
between treatments in all trials (Table 2)
but by day 4, significant differences had
occurred between treatments in trial 3
with control pseudoapples showing the
least severity although they had decayed
up to 50%. By day 6, almost all ripe
fruits were completely rotten. All were
rotten in trials 1 and 3 but control was
still at 4. 66 severity in trial 2 (Table 2).

For unripe fruits, rot was totally
absent or very minimal on day 2in all
treatments although control fruits had
showed first symptoms of rot. There was
significant difference between treat-
ments in trial 1 but not in 2 and 3. By
day 4, all fruits were at advanced stage
of rot in trial 1, while for trial 2, disease
was still minimalalthough the control
and those exposed to UV-B for 1, 2 and
5 minutes remained rot free. There was
significant difference between
treatments in trial 2 but no significant
difference between treatments in trial 3
on day 4 although fruits exposed for 2
minutes remained rot free. By day 6, all
unripe fruits had rottened completely in
trial 1 while decay was still on 10-30%
fruit surface in trial 2. For trial
3however, fruits exposed for 3 minutes
were healthiest, while control fruits had
completely rottened. There was

significant difference between
treatments in trial 3 (Table 2). UV
treatment was more effective in reducing
decay post- inoculation in unripe fruits.

By Kruskal-Wallis test, trial was
found to cause significantly different
effects inboth ripe and unripe apples
while the timing of treatment (pre- or
post- inoculation) was not significant.
Treatment was statistically significant
for ripe fruits (p=0. 046) but not
statistically significant for unripe apples
(p=0. 626) even though there was a clear
advantage of 2 to 3 minutes’ exposure
in reducing rot severity on unripe apples
(Tables 1 and 2). Rot severity increased
with days in storage showing significant
effect of length in storage.

Significant differences were obser-
ved in titratable acidity of treated and
control in both ripe and unripe fruits. UV
treatment decreased TA in ripe but
increased it in unripe. For total soluble
solids, there was no significant
difference between control and treated
in ripe but there were significant
differences in unripe (Table 3). Ripe
treated and control fruits had the same
TSS level while unripe control had more
soluble sugars than treated (Table 3).
Ascorbic acid was significantly less in
ripe fruits than in unripe and UV
treatment decreased ascorbic acid
significantly in both ripe and unripe
fruits (Table 3).

Reduction of Cashew Pseudoapple Storage Rot Causedby Gilbertella Persicaria in Nigeria Using Ultraviolet Light.



Nigerian Journal of Mycology Vol. 9 (2017) 81

DISCUSSION
UV-B treatment did not appreciably

decrease rot in ripe fruits treated pre-
inoculation, although exposure for 1
minute caused a slight but insignificant rot
control noticed between days 3 and 4 of
storage in trials 1 and 3. This suggests that
UV treatment itself on ripe cashew did not
elicit significant resistance by the fruit to
infection. The observation that treated ripe
fruits showed more severe rot than control
in all trials although insignificantly could
in fact indicate that the potential
effectiveness of UV-B on ripe cashew will
depend more on its germicidal effect than
on induced host resistance to infection.
This suggests that no antifungals were
induced in ripe fruits. This suggestion is
supported by observations on ripe fruits
treated post- inoculation. In those fruits,
there was only a slightly significant
reduction in decay severity at 3 and 4
minutes’ exposure in trial 1 on days 2 and
3 of storage respectively. It appears
therefore that UV treatment at the tested
doses was ineffective in controlling G.
persicaria rot on ripe cashew fruits
contrary to the report on ripe strawberries
(Marquenie et al., 2002). This could also
indicate that the fungus is not easily
susceptible to UV treatment. Being a fast
growing fungus with extensive
myceliumand UV light being a non-
penetrating radiation, mycelial growth
within the host tissues was probably not
effectively inhibited by the UV light.

Rotem andAust (1991) also reported that
though ultraviolet light decreased the
survival of spores, spore aggregates,
sclerotia and pycnidia of fungi, protection
from the detrimental effects of UV
radiation was provided by infected host
tissue with succulent date palm (Phoenix
dactylifera L. ) fruits providing the best
protection. The treatment in the present
study could therefore not be sufficiently
germicidal on the pathogen and thereby
cause highly significant rot reduction on
ripe fruits.

On the other hand, UV significantly
prevented rot development in unripe fruits
treated pre-inoculation but only within the
first 48 hours of storage. This occurred at
1 and 2 minutes’ exposure, and
moderately extensive exposures of 4 and
5 minutes in trials 1 and 3. This rot control
did not however extend beyond two days.
This suggests the involvement of
antifungals in decay control on unripe
fruits, although probably only trace
amounts were produced in host. This
supports a temporary effect of UV
treatment. Nigro et al. (1998) also
obtained a reduction in percentage
infected table grapes and lesion diameter
on berries within 24 to 48 hours after
irradiation. The effect was temporary
because it did not last beyond 48hours.

Unripe cashew pseudoapples exposed
to UV for 2 and 3 minutes post-
inoculation showed the greatest rot
severity reduction as significant control
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was observed up till day 6 of storage with
3 minutes exposure being the most
effective against decay. In trials 1 and 3
respectively, exposure for 3 and 5 minutes
was most effective in rot reduction. At the
early part of storage (up to 48 hours) no
significant differences were observed but
by day 4, the differences became more
significant in comparison with control in
trial 1. This suggests that UV induced
resistance in host which restricted G.
persicaria development in addition to
eliciting a slightly germicidal effect on the
fungus. Castagna et al. (2014) reported
more evident increase in antifungal
compounds in mature-green Money
Maker (MM) tomatoes exposed to UV-B
treatment. Ghasemzadeh et al. (2016)
opined that the observed increase in
antifungal compounds in leaves of sweet
basil (Ocimum basilicum L. ) was in
response to injury, infection and UV.
Cashew pseudoapples were exposed to
those same conditions in this study. The
observed variable effects of UV-B on ripe
and unripe cashew apples in this study
agrees with the report of Orth et al. (1990)
that the effect of UV-B depends on plant
age in addition to duration of UV-B
exposure among other factors. Unripe
cashew pseudoapples probably produced
antifungals. Ward et al. (1975) also
observed that unripe eggplants (Solanum
melongena ‘Black Beauty’) produced five
types of antifungal sesquiterpenes in
response to infection. Rodov et al. (1992)

reported that ultraviolet light induced the
production of scoparone in citrus fruits.
Ballare (2014) confirmed that UV-B is a
positive modulator of plant defense Future
investigations should focus on identifying
the antifungals induced and determining
whether they are produced in response to
infection or by UV or both in unripe
cashew pseudoapples.

The observed significant decrease in
ascorbic acid with UV treatment in both
ripe and unripe fruits is contrary to that
reported by Charles et al. (2015) in
tomatoes but the higher titratable acidity
and lower sugar in unripe agrees with their
results. Gonzalez-Aguilar et al. (2001)
also reported lower levels of organic acids
in UV-C treated ripe mangoes similar to
the present observation on ripe
pseudoapples. The unaltered total soluble
solids in ripe cashewagree with Vicente et
al. (2005) who observed no changes in
sugar content of UV treated and control
peppers (Capsicum annum L cv. Zafiro).
The brown spots on unripe pseudoapples
exposed to ultraviolet light post-
inoculation show quality loss in terms of
appearance even though decay was
reduced. Further investigations on storage
conditions after UV treatment may be
necessary as this may affect quality of
fresh fruits.
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Table 2: Severity of rot on cashew fruits exposed to ultraviolet light pre-
inoculation with Gilbertella persicaria.
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