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Abstract

Different essential oils, fungicides and biocontrol agents against Aspergillus niger the causal agent of fruit rot in pomegranate. The importance of survey and sampling
were done and the pathogenicity test against Aspergillus niger was performed. The antifungal potential of different essential oils like Laung, Turpentine, Castus root,
Neem, Gulab and Khashkhas was carried out at different doses i.e. 5% 10% and 15% find out the effective oil for the growth inhibition of Aspergillus niger effect of some
fungicides viz., Melodyduo, Topsin-M, Prevail, Antracol, and Cabriotop against the causal pathogen by food poisoning method at 3 different concentration (100, 200,
300 ppm). Disease incidence was recorded in Killi Oryagi (40%) followed by Killi Murtath (20%), Killi Pattankot (18%) and Killi Zangiwal (14%). Minimum disease
incidence was recorded in Killi Lashti (8%). Injection method of inoculation showed a higher percentage of rotting (7.0%) as compared to the cut method of inoculation
(4.05%). Minimum colony growth of Aspergillus niger (0.10, 0.20 and 0.30%) examined Laung at the dosage Turpentine (57.33, 45.52 and 25.13%), Gulab (41.50, 35.50
and 29.50%), Castus root (65.57, 44.45 and 32.96%), Neem oil (45.00, 42.00 and 37.00%) Maximum colony growth of Aspergillus niger (49.00, 45.00 and 41.00%) was
observed Minimum linear colony growth of Aspergillus niger as observed for Prevail (13.20, 4.72 and 0.25%) at various concentrations respectively followed by Topsin-
M (28.50, 20.50 and 11.50%), Cabriotop (33.00, 26.50 and 13.50%), Antracol (49.84, 33.54 and 21.96%), Alliete (44.09, 32.65 and 22.83%) and maximum growth of
fungus were determined under Melodyduo (57.16, 45.31 and 37.42%). The fungus growth was observed up to 90% under control.
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Introduction

Pomegranate (Punica granatum L.) is an important
fruit of tropical, sub-tropical and arid regions. It
belongs to the family Punicaceae the name
pomegranate comes from a Latin word meaning apple
with many seeds and is believed to the native of the
middle East (Iran, Pakistan and adjoining countries)
and spread to most tropical and subtropical countries
of the world. The yearly production of pomegranate in
Pakistan is 50109 tons. Balochistan being the major
producer counts for 65% of the entire production
(Gross, 2007, da Silva et al., 2013). It believed to
originate from the Middle East (Iran and adjoining
countries) and spread to most tropical and
subtropical countries of the world. It is widely
Egypt,
Afghanistan, and India and in some place of

cultivated in Iran, Pakistan, Spain,

California, and Bulgaria. Approximately 7990
hactares land under pomegranate are cultivated in
Balochistan during 2014-15, in Balochistan the main
districts where pomegranate is cultivated are Loralai,
Zhobe, Khuzdar, Kalat etc. (Aly et al., 2011).
Pomegranate has a high medicinal value.
Pomegranate seeds are used to make pomegranate
seed oil, which has many positive health effects both
internally and externally. It is a good source of
and C,

pantothenic acid and potassium and also reduces

vitamins B antioxidant polyphenols,
systolic blood pressure by inhibiting serum of
angiotensin-converting enzyme. Pomegranate fights
against many diseases like cancer, heart diseases,
fertility problems and improves immunity,
cholesterol level, bone health, arteries and also
improves the dryness of skin and hair (Tomas-
Barberan et al., 2013)Pomegranate has been used for
ages in many civilizations for the prevention and
treatment of a varied number of health maladies such
as cancer, diabetes, inflammation, dental plaque,
dysentery, and to fight malaria parasites and
intestinal infections. It is an important source of
bioactive compounds such as Ellagitannins and the
Punicalagin (Bharani & Namasivayam, 2016).
Pomegranate has been described by the Holy Quran
as the fruit of heaven and has been mentioned twice.

Local varieties of pomegranate grown in Balochistan
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are Red Kandhari, Zalari, Bedana, Metha Anar, Sofaid
Anar and Khata Anar. Pomegranate is being attacked
by several insect pests and diseases. The diseases
included Alternaria fruit rot, Aspergillus fruit rot,
Botrytris fruit rot, are the major limiting factors in
terms of yield losses both qualitatively and
quantitatively. Among the above-mentioned diseases,
fruit rot of Pomegranate caused by Aspergillus niger
is one of the major post-harvest infections in which it
may cause considerable losses in some cases up to
94% to the pomegranate growers. In Pakistan, this
disease invariably appears every year in the
pomegranate orchards causing significant yield and
quality losses. The disease is more severe in the rainy
season and fruit symptoms appeared in two forms;
spherical depressed spots occurred in the scattered
form on the pericarp only and black rot restricted to
internal fruit tissues. Worldwide fruit rot of
pomegranate caused by fungi A. niger, Aspergillus
spp., B. cinerea, C. gloeosporioides, P. versicolor,
Penicillium spp., Nematospora spp., Coniella spp., S.
racemosum, P. granati and Rhizopus spp. (Bardas et
al., 2009, Jamadar et al., 2011, Mirabolfathy et al.,
2012, Sharma & Jain, 1978, Snowdon, 1990, Thomidis
& Exadaktylou, 2011, Hebert & Clayton, 1963)
essential oils viz. Terpentine Cstos root oil
khashkhasoil neem oil and (Mint)were tested on A.
niger in vitro condition. All the essential oils
significantly inhibited the radial mycelia growth of
the test pathogen (A. niger). (Munhuweyi et al., 2016)
Five fungicides viz., carbendazim (0.05%), mancozeb
(0.25%), companion (0.25%), copper oxychloride
(0.3%) and captan (0.3%) against fruit spot and rot
diseases of pomegranate were conducted. Bio-control
agents like Trichoderma viride and other biocontrol
agents were evaluated against aspergillus niger
causing fruit rot of pomegranate. For this purpose,

dual culture technique was used (Jain & Desai, 2018).

Materials and methods

Survey and sampling of pomegranate infected fruits

To record the disease incidence of pomegranate fruit
rot, six different locations were selected (Killi
Pathankot, Killi Zangiwal, Killi Oryagi, Killi Lashti,
Killi Murtath and Killi Pathankot) in district Loralai,
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Balochistan. The collected specimens were brought to
a mycological laboratory at Faculty of Crop
Protection, Department of Plant Pathology, Sindh
Agriculture University Tandojam for isolation and
identification of the causal agent. The diseases
prevalence was obtained by applying the following
formula.
Total mumber of fruits

Disease incidence % = X 100

Diseased fruits

Isolation and identification of the causal fungus

Diseased specimens showing the symptoms of fruit
rot was brought to mycology laboratory at Faculty of
Crop Protection Department of Plant Pathology,
Sindh Agriculture University Tandojam. The infected
portion including fruits was cut into small pieces of (3
to 4 mm) length and was surface sterilized with 5%
commercial bleach (sodium hypochlorite) for 2
minutes. The sterilized pieces were washed two times
with sterilized water and shifted sterilized filter paper
for drying and then sterilized portions were kept on
Petri plates containing fresh potato Dextrose Agar
(PDA) medium. Usually, five pieces of infected
samples were kept in every plate and another
isolation method i-e carrot discs method as described
by (Moller & DeVay, 1968). All Petri plates were kept
in an incubator at 25°C+2 temperature for 7 days to
observe sporulation of the fungi. Meanwhile, diverse
fungal colony appeared which was purified using the
single spore isolation technique and hyphal tip
method. The colony growth of the fungus was
recognized on the basis of their morphological
characteristic as reported (Pitt & Hocking, 1997)The
information on the frequency of isolated fungi from

different plant parts was calculating this formula:

Number of pieces colonized by the fungue
Frequency® = X 100
Total no of pieces cultured

To perform the pathogenicity test

The pure cultures of the fungi isolated were
maintained on PDA in culture tubes which were
stored in the refrigerator at 24°C and used frequently.
These were multiplied on 2% PDA for two-three
weeks. The inoculum potential of each isolate was

prepared by taking 1gm culture in 20 ml distilled
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water. Pathogenicity tests were carried out. The
suspension was inoculated in 10 healthy fruits to see

the severity of the disease.

Pure culture of the causal fungus

After identification, the pure culture of fungus was
made and maintained for future use and the colony
growth response of fungus was also be observed

against media on potato dextrose ager (PDA).

To evaluate the efficacy of various essential oils on
linear colony growth of fungus

The efficacy of different essential oils was examined
under in-vitro conditions against the causal agents of

fruit rot of pomegranate.

The essential oils were used, with two different doses
with enough replications. The pathogen was cut from
8-10 days old culture plate by using sterile cork
borer (5mm) and placed in the centre of the PDA
plate and incubated at 28°C. Petri dishes without oil
was treated as control. The radial colony growth of
test pathogen (Aspergillus niger) was recorded by
drawing two mutually perpendicular lines on the
back of the Petri plates crossed each other in the

center of the plate.

The data on colony growth was recorded along with
these lines in millimeter after every 24 hours until
the plates were completely fill in any treatment.
Similarly, the efficacy of essential oils was also be
evaluated through food poisoned method. In this
method, the essential oils were added aseptically to

the PDA medium with a drop of Tween 20.

The resulting media were immediately dispensed (20

ml/ Petri dish) into sterilized Petri plates. After.

To test the effect of different biocontrol agents
against Aspergillus niger under in-vitro conditions

Bio-control agents like Trichoderma viride and other
biocontrol agents were evaluated against Aspergillus
niger causing fruit rot of pomegranate. For this
purpose, dual culture technique was used (Rajendiran

et al., 2010).
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To evaluate the efficacy of different fungicides
Furthermore, in-vitro studies of some selective
chemical fungicides viz., Melodyduo, Topsin-M,
Prevail, Antracol, and Cabriotop fungicides were
evaluated against the causal pathogen by food
poisoning method. For this purpose, 3 different
concentration (100, 200, 300 ppm) was incorporated
in the PDA medium before the poring. Medium
without fungicide served as control. After solidifying
of the medium, 5 mm diameter agar disk of test
fungus was cut from 8-10 days old culture plate by
using sterile cork borer and placed it in the centre of
the PDA plate.

The inoculated plates were incubated at 25 °C. The
radial colony growth of test fungus was recorded by
drawing two perpendicular lines on the back of the
Petri plates crossed each other in the centre of the
plate. The data on colony growth was recorded along

with these lines in millimetre after every 24 hours
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until the plates were filled in any treatment.

Results

Isolation and identification

The diseased specimens were treated at the
laboratory for the isolation and identification of the
disease-causing organisms. For this purpose, the
specimens were cultured on the artificial nutrient
media (PDA) and kept under observation for seven
days. The isolated fungi were then sub-cultured for

purification of the actual cause of the disease.

The isolation and identification process reveal the
association of different fungi from the infected parts
of the pomegranate i.e. Aspergillus niger, Botrytis
cincerea, Penicillium spp. and Rhizopus spp. Among
all the isolated fungi, A.niger remains the most
frequent and pre-dominant fungus and identified on
the basis of their morphological characteristics with

the help of electronic microscope (Fig.1).
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Fig. 1. Frequency of different fungi isolated from rotted parts of the pomegranate fruit.

Disease incidence (%) in different locations of district
Loralai, Balochistan

The results (Fig. 2) showed that the disease incidence
from different locations of Loralai was observed as 18,
14, 40, 8 and 20% in Killi Pathankot, Killi Zangiwal,
Killi Oryagi, Killi Lashti and Killi Murtath,

respectively. Maximum disease incidence was

recorded in Killi Oryagi followed by Killi Murtath,
Killi Pattankot and Killi Zangiwal. Minimum disease

incidence was recorded in Killi Lashti.

Rotting (%) through cut and injection inoculation
methods

Results regarding the rotting (%) through cut and
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injection inoculation methods are presented in Fig.3.
The data shows that 4.05%, 7.0% and 2.6% rotting of
A. niger in pomegranate was observed by cut,

injection and dip method of inoculation. On the basis

of percentage, it was observed that the injection
method of inoculation showed a higher percentage of
rotting as compared to cut and dip method of

inoculation.
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Fig. 2. Disease incidence (%) of fruit rot of pomegranate caused by Aspergillus niger in various locations of

district Loralai, Balochistan.
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Fig. 3. Rotting (%) through cut, injection and dip inoculation methods.

Linear colony growth of under different essential oils
The results regarding linear colony growth of
Aspergillus niger under different essential oils is
presented in Fig. 5. The data clarified that minimum

colony growth of Aspergillus niger (0.10, 0.20 and

0.30%) was examined under Laung oil at the dosage
of 5%, 10% and 15% followed by Turpentine oil
(57.33, 45.52 and 25.13%), Gulab oil (41.50, 35.50
and 29.50%), Castus root oil (65.57, 44.45 and
32.96%), Neem oil (45.00, 42.00 and 37.00%) at the
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dosage of 5%, 10% and 15%, respectively. Maximum
colony growth of Aspergillus niger (49.00, 45.00 and
41.00%) was observed under Khashkhas at the dosage
of 5%, 10% and 15%. Under control, the Aspergillus
niger showed (90 mm) colony growth. On the basis of
means, Laung oil ranked 1%t, Turpentine oil ranked

ond Gulab oil ranked 314, Castus root oil ranked 4th,

2020

Neem oil ranked 5%, Khashkhas oil ranked 6t for
controlling colony growth of Aspergillus niger under
in-vitro conditions.  Statistical analysis of the
obtained data reveals that there was a significant
difference in linear colony growth of Aspergillus

niger among the essential oils at different dosages.
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Treatment Control
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Dip Method

|14 »
# e
’
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Control

Fig. 4. Fruit rotting through cut, injection and dip inoculation methods.
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Fig. 5. Linear colony growth (%) of Aspergillus niger at different concentrations of essential oils in comparison

with control.

Linear colony growth of Aspergillus niger under
different fungicides

Results (Fig. 11) showed that minimum linear colony
growth of Aspergillus niger was observed for Prevail

(13.20, 4.72 and 0.25%) at various concentrations i.e.

100, 200 and 300ppm, respectively followed by
Topsin-M (28.50, 20.50 and 11.50%), Cabriotop
(33.00, 26.50 and 13.50%), Antracol (49.84, 33.54
and 21.96%), Alliete (44.09, 32.65 and 22.83%) and

maximum growth of fungus were determined under
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Melodyduo (57.16, 45.31 and 37.42%). The fungus
growth was observed up to 90% under control.
Minimum growth of the fungus was observed under
Prevail followed by Topsin-M, Cabriotop, Antracol
and Alliete and maximum growth of the fungus was
determined under Melodyduo. Minimum linear

colony growth of A. niger was observed at 300% ppm

2020

and maximum linear colony growth of A. niger was
observed at 100 ppm for all fungicides. Statistical
analysis of the data revealed that there was a
significant difference between the fungicides at a
different level of concentration for linear colony

growth of fungus.

Fig. 6. Colony growth (mm) of Aspergillus niger at different concentrations of Long oil in comparison with

control.

Terpepmine

Fig. 7. Colony growth (mm) of Aspergillus niger at different concentrations of Terpentine oil in comparison with

control.
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Linear colony growth of Aspergillus niger under
different biocontrol agents

The results (Fig.16) indicates that minimum linear
colony growth of A. alternata was observed for
Fusarium sp. (40.33%), followed by Neurospora spp.

(41.75%), Chactomium subaffine (46.82%),

2020

Lasiodiplodia theobromae (65.1%) and Hypoxylon
Sp1 (67.67%). Maximum mycelial colony growth
(90%) was recorded in control. Statistically, there was
significant (p<o0.05) difference in mycelial colony
growth between the

biocontrol agents.

Ccslus Reed

Fig. 8. Colony growth (mm) of Aspergillus niger at different concentrations of Castus root oil in comparison

with control.

Fig. 9. Colony growth (mm) of Aspergillus niger at different concentrations of Neem oil in comparison with

control.
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Pomegranate is being attacked by several insect pests
and diseases. The diseases included Alternaria fruit
rot, Aspergillus fruit rot, Botrytris fruit rot, are the
major limiting factors in terms of yield losses both
qualitatively and quantitatively. Among the above-
mentioned diseases, fruit rot of Pomegranate caused
by Aspergillus niger is one of the major post-harvest

infections in which it may cause considerable losses in

some cases up to 94% to the pomegranate growers. In
Pakistan, this disease invariably appears every year in
the pomegranate orchards causing significant yield
and quality losses. The disease is more severe in the
rainy season and fruit symptoms appeared in two
forms; spherical depressed spots occurred in the
scattered form on the pericarp only and black rot

restricted to internal fruit tissues.

Fig. 10. Colony growth (mm) of Aspergillus niger at different concentrations of Gulab oil in comparison with

control.
m 100 m200 300
a
__ 100 -
£ 90 -
= 80 -
g 70+ C 0
m 60 - q d
— 50 1 f e
S 40 - f I f g
& 20 - i i
W
,5 10 - T T l T T T T T 1
R X S () @ N S
[®) 3 e . -
S & \‘.\%0 b"\b @ BN &
K Q o e Q (JO
& ¥ & <0
Fungicides

Fig. 11. Linear colony growth (%) of Aspergillus niger at different concentrations of fungicides in comparison

with control.
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Discussion
Findings of the current study revealed that maximum
disease incidence was recorded in Killi Oryagi and

minimum disease incidence was recorded in Killi

Lashti. The results are in agreement with (Li et al.,

2009) reported that marigold Tagetes erecta is an
important commercial crop. A leaf spot disease of T.
erecta was observed during 2012 and 2013 in the
Beijing district. The disease was widespread, with 60
to 75% of the fields affected.

Fig. 12. Colony growth (mm) of Aspergillus niger at different concentrations of Cabriotop in comparison with

control.

200ppm

Prevail

Fig. 13. Colony growth (mm) of Aspergillus niger at different concentrations of Prevail in comparison with

control.

The crop suffers from many diseases, out of which
leaf spots, leaf blight, powdery mildew, flower bud rot

and damping-off are important diseases of marigold.

Leaf spot caused by A. alternate is one of the major
diseases of marigold. The leaf spot disease was
widespread, with 60 to 75% of the fields affected.
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Leaves of the affected plants had small, brown,
necrotic spots on most of the foliage. Yield losses of
flowers of up to 20 to 30% were reported (Li et al.,
2009). In our study Laung oil ranked 15t, Turpentine
oil ranked 2nd, Gulab oil ranked 34, Castus root oil
ranked 4th, Neem oil ranked 5th, Khashkhas oil ranked

6t for controlling colony growth of Aspergillus niger

under in-vitro conditions These results are in

2020

accordance with the findings of Pawar and Thakar,
2006 they stated that most of the other essential oils
were found challenging to combat A. niger,
suggesting their use as strong aromatherapeutic
agents. Minimum rotting (12.53%) was recorded for
Laung oil followed by Neem oil (13.30%), Tarpin oil
(13.42%), Roghan e Gul (Rose oil) (14.27%), Castor oil
(15.16%) and Chamomile oil (17.25%), respectively.

Antracol

Control

Fig. 14. Colony growth (mm) of Aspergillus niger at different concentrations of Antracol in comparison with

control.

Control

Fig. 15. Colony growth (mm) of Aspergillus niger at different concentrations of Melodyduo in comparison with

control.
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These findings agree with other studies reported by
(Guynot et al., 2003; Suhr & Nielsen, 2003). Several
investigations showed that the antifungal activity of
the volatile compounds by vapour contact is better
than that obtained by broth dilution or by agar
diffusion (Suhr

al.,2000). The results obtained in our experimental

and Nielsen,2003; Inouye et

2020

conditions showed that the antifungal effect of the
essential oils and their major components limited the
growth of fungus to a higher concentration. Even if
this method is easy to use and widely utilized, it is
principally a qualitative test which gives no more than

an idea about the volatile fraction of the essential oils.
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Fig. 16. Linear colony growth (%) of Aspergillus niger under different biocontrol agents in comparison with

control.

It has been reported that the large inhibition of
colonial growth of pathogen (Aspergillus niger)
observed with some essential oils is not only due to
the effect of their diffusion, but it is also due to the
vapor effect of these oils in the agar medium (Inouye
et al., 2006). In addition, the scientists, who have
evaluated the antimicrobial activity of the essential
oils by the agar diffusion test, have frequently
dispersed essential oils in detergents and solvents
such as dimethyl sulfoxide (DMSO) (Sabulal et al.,
2006), ethanol and Tween 80 (Inouye et al., 2000).
These dispersing agents increase the diffusion of the
essential oils in the agar medium. In the present
study, essential oils and their major components were
dispersed in an agar viscous solution (0.2%) without
using any detergent or solvent. It has been previously
demonstrated (Remmal et al., 1993) that the
habitually used (Tween 8o,
TritonX-100 and ethanol) have an inhibitory effect on

dispersing agents

the antimicrobial activity. This inhibition was

confirmed later by other authors (Cavanagh &
Wilkinson, 2002; Inouye et al., 2000). Therefore, this
widely used test does not allow accurately measure of
the antifungal activity of the essential oils and their
major components; it is a qualitative method which
can be used as a preliminary test to select efficient
essential oils. Many publications have reported the
antifungal activity of the essential oils (Tantaoui-
Elaraki & Beraoud, 1994; Chami et al., 2005). It has
been demonstrated that this property is essentially is
due to the presence of some major phenolic
components such as thymol, eugenol and carvacrol
(Inouye et al., 2000). This is in agreement which has
been previously published using the same oils (Suhr &
Nielsen, 2003). Rosemary oil showed a weaker
activity on Aspergillus niger growth compared to
oregano, thyme and clove oils. These findings parallel
those already reported by (Inouye et al., 2006). The
results we have obtained with the phenolic major

components using the broth dilution method revealed

62 | Jatoi et al.



that thymol and carvacrol have a more potent anti-
Aspergillus effect than eugenol, mentioning that in
our experimental conditions, thymol had a better
fungicidal effect than carvacrol. The discrepancy
between the last results and those concerning the
fungicidal effect of essential oils would be explained
by the fact that the oregano oil used in this work
contains both carvacrol and thymol, while the thym
oil contains only thymol. Several publications have
previously reported that the antimicrobial activity of
essential oils is due to the presence of these major
components (Jeff-Agboola et al., 2012; Dorman &
Deans, 2000; Pina-Vaz et al., 2004).The antifungal
activity of these agents in the micro atmosphere
method and agar diffusion method is limited to high
concentrations, while the broth dilution method is
more sensitive, and the anti-Aspergillus effect is
observed at very low concentrations. So, in our
experimental conditions, the anti-Aspergillus
efficiency of these agents was better appreciated when
they were applied directly into liquid medium than
when they were applied as volatiles or diffused in a
solid medium. These results are in agreement with

those obtained by (Suhr & Nielsen, 2003).

Conclusion

On the basis of present investigation, it was
concluded that Lung oil, Prevail and Fussarium spp.
produced high efficacy in controlling the target
pathogen. Laung oil, prevail fungicides and
Fussarium spp. should be used for controlling
Aspergillus niger in pomegranate fruit. Further
studies may be conducted on the efficacy of essential
oils, fungicides and biocontrol agents against other

fungal species on various fruits and vegetables.
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