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RAY mold rot, caused by Botrytis cinerea, is one of the most economically significant

postharvest diseases in pomegranate fruits. The aim of the current study is to evaluate
Mangifera indica, Thymus vulgaris, Origanum majorana, Salix mucronata, Cinnamomum
cassia and Zingiber officinale extracts and biocontrol agents for controlling gray mold disease
on pomegranate. /n vitro results showed that 7. vulgaris (T.v), C. cassia (C.c) and Z. officinale
(Z.0) extracts possessed highly significant antifungal activities as they completely inhibited the
radial growth of B. cinerea at the concentrations of 30000, 20000 and 30000 ppm, respectively.
The combination of the aforementioned plant extracts and fungicide Flusilazole (Flu) overcomes
the potency of Flu or the plant extracts alone specially C.c+Flu at the rate of (2:1; v/v) since
it inhibited the radial growth of B. cinerea with 89.6% inhibition compared to the control.
The study also proved that using the aforementioned plant extracts alone or in combination
with Flu as well as the bacterial antagonists (Bacillus subtilis or Pseudomonas fluorescens)
significantly reduced the loss in fruit weight. Furthermore, they also prolonged the storage
period of pomegranate fruits and maintained high-quality parameters including soluble solids
content and titratable acidity after cold storage at 5£1°C and 90% RH. In conclusion, using
fungicides in controlling pomegranate fruit rots can be reduced by using the aforementioned
plant extracts, bacterial antagonists and by reducing the concentration of fungicide through
combining the plant extracts with half or one-third of the fungicide recommended dose to

maintain eco-system safety and human health.
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Introduction

Pomegranate Punica granatum L. (Punicaceae)
is known as one of the oldest edible fruits. Since
the time of the ancient Egyptians, the very old
pomegranate tree was cultivated in Egypt (Mars,
2000). According to the statistic of Agriculture
Directorates of Governorates in 2011 in Egypt,
the total cultivated area with pomegranate was
10866.24 hectare with a total production of 89035
ton (El-Qurashi et al.,2017). Pomegranate cultivar
“Wonderful” is known for its sweet taste, plentiful
juice and health benefits that may help with heart
disease, cancer and problems associated with
aging. It is loaded with antioxidants, vitamins,
potassium, folic acid and iron (Thomidis, 2014).
Pomegranates are predisposed to attack from
numerous pathogens at pre- and/or postharvest
stage, which has a major impact on fruit quality

and storage life. The most recognized fungal
pathogens of pomegranate include Botrytis
cinerea, Aspergillus niger, Penicillium spp.,
Alternaria spp., Trichoderma spp., Colletotrichum
gloeosporioides, Pestalotia brevista and Pilidiella
granati and the affected fruits are non-marketable
(Teksur et al., 2014).

Botrytis cinerea, the causal agent of gray
mold, which is usually the most economically
significant postharvest pathogen in pomegranate
(Palou and Del Rio, 2007). Based on the growing
season, it can destroy 30-50% of the pomegranate
fruits during cold storage (Teksur et al., 2014).

Currently, the use of synthetic chemical
fungicides is the primary means to control
postharvest diseases. However, there is a
necessity to develop effective, safe, compatible,
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and economical alternative techniques to control
postharvest gray mold of vegetables and fruits
(Wu et al., 2016). Satisfactory results have
been reported using bio-control or antagonistic
microorganisms and natural compounds including
various plant extracts (Fielding et al., 2015).

In this respect, the main goal of this study
was to minimize the use of synthetic fungicides
entirely or partially by natural ones.

Materials and Methods

Isolation and identification of the pathogens
associated with rotted pomegranate fruits
Diseased pomegranate fruits showing
rot symptoms were collected from orchards,
wholesale and retail markets as well as refrigerators
at El-Gharbia, Kafr El-Sheikh, El-Behira and
Alexandria Governorates. The diseased specimens
were used for the isolation of the causal pathogens
according to the methods adopted by (Brown,
1924). The isolated fungi were purified by hyphal
tip and/or single spore technique (Hansen, 1926),
then kept in a refrigerator at 4°C, for further
studies. The causal pathogens were identified
according to their morphological characters using
the description of (Ozcelik and Ozcelik, 1997).

Pathogenicity test

Apparently, healthy mature fruits of
pomegranate cultivar “Wonderful” were selected
and washed by dipping in tap water for 10 min,
then kept to dry at room temperature (20-25°C).
The fruits were surface-sterilized in 0.3% sodium
hypochlorite for three min. Then washed several
times in sterilized distilled water. Inoculation tests
were performed by inserting the fungal inocula
into holes (5 mm diameter and 4 mm deep) made
into the fruits, using a cork borer. Inocula were
taken from the growing margin of 9 days old PDA
cultures of the tested fungi. After the inoculation,
the holes were plugged with the removed pieces
(El-Arosi, 1960). Each treatment consisted of
three replicates with four fruits/replicate. Check
treatment was similarly treated, but without
fungal inoculation. The inoculated fruits were put
in opened polyethylene bags, stored at (22-24 °C)
and 65% RH. Disease development of infection of
the causal pathogens was estimated as diameter of
the external rot (Moline and Locke, 1993).

In vitro control of B. cinerea on pomegranate fruits
Plant material
Green, medium sized and healthy leaves of
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four plant species including Mangifera indica
(mango; Family: Anacardiaceae), Thymus
vulgaris (thyme; Family: Lamiaceae), Origanum
majorana (oregano; Family: Lamiaceae) and Salix
mucronata (Safsaf willow; Family: Salicaceae)
were collected from the farm of Faculty of
Agriculture, Tanta University. In addition, bark
of Cinnamomum cassia (cinnamon; Family:
Lauraceae) and mature rhizomes of Zingiber
officinale (ginger; Family: Zingiberaceae) were
purchased from local market. Samples were
washed thoroughly with detergent to remove dust
and were dried in an electric oven at 40°C for 4
days. Dried samples were separately powdered
and kept in refrigerator until use.

Preparation of plant extracts

Ten g dried powdered of each plant sample
were separately extracted with aqueous methanol
80% (3x100 ml) with 0.1% HCL for 2 hours at 50
°C with stirring (Mujica et al., 2009). After cooling,
different extracts were separately centrifuged at
4000 rpm for 15 min, then filtrated. The extraction
procedure was repeated again with the residue.
After centrifugation and filtration, all extracts were
separately collected and dried at 35-40°C to give
the dry crude extract. Subsequently, stock solution
of each extract was prepared by dissolving the
dried crude extract in sterilized distilled water and
kept in the refrigerator until use.

In vitro antifungal activity of plant extracts
against B. cinerea

Preliminary in vitro antifungal assays were
performed with the plant extracts on PDA using
the radial growth method against B. cinerea as
described by Latha et al. (2009) to assist in the
selection of the effective plant extracts for this
study. PDA medium was prepared by autoclaving
at 121°C and cooled to 45°C. Afterwards,
appropriate volume of each extract was added to
PDA medium to get several concentrations, while
sterilized distilled water was used as negative
control. PDA medium was thoroughly mixed with
plant extracts and the mixture was poured into
sterilized 9cm-Petri plates and allowed to solidify.
Three plates were used for each concentration as
replicates. The plates were then inoculated with
Smm-disks of 7-day old culture of B. cinerea
grown on PDA. The inoculated dishes were
sealed with parafilm to avoid the evaporation of
volatile compounds and incubated at (234+2°C)
until mycelial growth of pathogenic fungi covered
the surface of medium in control treatment (after
5 days). The percent inhibition of radial growth
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of B. cinerea was calculated using the following
equation (Latha et al., 2009):

C
Inhibition % = o < 100

where, C: is the diameter of hyphal extension (cm)
of controls and, T: is the corresponding diameter
of treatments.

The fungicide Flusilazole (trade name of
PUNCH® 40 EC) was purchased from Co., Kafr
El-Zayat, Kafr El-Zayat, Egypt to be used in this
study as a positive control.

In vitro determination of minimum inhibitory
concentration (MIC) of plant extracts and
Flusilazole

The plant extracts C. cassia, T. vulgaris, and
Z. officinale exhibited the highest antifungal
properties against radial growth of B. cinerea. To
determine the MIC of the three aforementioned
plant extracts and fungicide Flusilazole, serial
concentrations were prepared by mixing
appropriate volumes of each sample with PDA
medium. The antifungal tests were evaluated
as described above with three replicates. The
MIC value was defined as the lowest sample
concentration required for complete suppression
of mycelial growth of the tested fungus (Latha
et al., 2009).

In vitro antifungal potential of plant extracts,
Flusilazole and their combinations against B.
cinerea

Mixtures of fungicide Flusilazole and C.
cassia, T. vulgaris and Z. officinale extracts (v/v)
were tested against B. cinerea by using the radial
growth method as described above (Latha ef al.,
2009). All the assays conducted with mixtures
of the plant extracts and Flusilazole contained
an increasing dose of the extracts and fungicide
Flusilazole. Control contained sterilized distilled
water without the compounds. The mixtures
were applied at the rates of 1:1, 1:2 and 2:1 (v/
v) Flusilazole to plant extract, respectively. The
antifungal tests were evaluated as described above
with three replicates.

In vitro antagonistic effect of B. subtilis and P.
fluorescens against certain fungal pathogens of
pomegranate fruit

The antagonistic effect of B. subtilis and
P fluorescens against the causal pathogens of
pomegranate fruit rots (B. cinerea, P. expansum,

A. alternate, A. niger and P. rubrum) was studied.
These bioagents were previously isolated and
identified by El-Kot and Hegazi (2008) and tested
on petri dishes at laboratory conditions, using
standardized test described by Ibrahim et al.
(1987) as follows:

RPA=Z/C

where R.P.A= Relative power of antibiosis of
bacterial antagonists against the major fungal
pathogen of pomegranate fruits.

7= Diameter of inhibition (cm).
C=Diameter of spotted antagonistic isolate (cm).

In vivo control of postharvest diseases of
pomegranate fruits during cold storage at 51 °C
and 90% RH

Pomegranate fruits cultivar “Wonderful” were
purchased from private orchard in El-Alamein
city, Matrouh governorate at maturity stage in
2015 and directly transported to the laboratory of
the Department of Agricultural Botany, Faculty
of Agriculture, Kafr El-Sheikh University. Fruits
were harvested from similar trees. The selected
trees were grown in sandy soil under drip irrigation
system and planted at 2 x 3 m apart.

Only sound fruits were picked up, then washed
thoroughly with running water to remove any
dirties, surface-sterilized with distilled water and
air-dried. Afterwards, the fruits were treated with
the following treatments:

1. C. cassia, Z. officinale and T. vulgaris at
concentrations of 15000, 17000 and 17000
ppm, respectively.

2. Mixture of each of the aforementioned plant
extracts with fungicide Flusilazole at the rate 2
extract: 1 Flusilazole with concentration (100:50
ppm).

3. B. subtilis or P. fluorescens at 1 x 10® CFU ml".

4. The fungicide Flusilazole at 150 ppm was used
as a positive control.

5. Treatment of pomegranate fruits with distilled
water used as a negative control.

Fruits were floated in different sample solutions
for 3 min and then air dried again. After that,
they were put in polyethylene bags (previously
disinfected with 70% ethanol and exposed to
UV light for 20 min) containing 2 g of potassium
permanganate as ethylene adsorper then stored at
5+1 °C and 90% RH .The experimental design
used at this study was randomized complete block
design with three replicates in each treatment.
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Each replicate contained five fruits. Certain
quality indices and physiological properties were
determined after 4 and 8 weeks and at the end of
storage for each treatment such as storage period
(day), weight loss (g), soluble solids content and
titratable acidity).

Statistical analysis

The data were subjected to statistical analysis
by ANOVA using computer software WASP (Web
Agri Stat Package). The values presented are the
means of all measurements, and comparisons of
means were determined by Duncan’s multiple
range tests, at P < 0.05 (Gomez and Gomez,
1984).

Results

Isolation, identification and pathogenicity
tests of the fungal pathogens causing rots of
pomegranate fruits

Isolation trails which were carried on
pomegranate fruits showing different types
of rots collected from different locations,
i.e. wholesale & retail markets as well as
refrigerators, located at El-Gharbia, Kafr El-
Sheikh, El-Behira and Alexandria governorates
during 2015 season resulted in the isolation
of certain fungal pathogens. These fungal
pathogens were identified as B. cinerea, P.
expansum, A. alternate, A. niger and P. rubrum.
Results in Table 1 show the frequency % of the
fungal pathogens isolated from rotted fruits,
B. cinerea was the most frequently isolated
pathogen (30.6%), followed by P. expansum
(22%), A. alternata (20.9%) and A. niger (17.3
%), whereas P. rubrum was the least frequent
isolate (9.2%).

TABLE 1. Frequency of the fungal pathogens isolated
from diseased pomegranate fruits.

Isolated pathogens Freq;oency
Botrytis cinerea 30.6
Penicillium expansum 22
Alternaria alternata 20.9
Aspergillus niger 17.3
Penicillium rubrum 9.2
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The virulence of the fungal isolates was tested
using “Wonderful” pomegranate fruits by artificial
inoculation of healthy mature fruits with each of
the isolated fungi yielded similar symptoms as
those of naturally diseased fruits after 12 days of
inoculation at room temperature (25°C). Results
in Table 2 indicated that B. cinerea was the most
aggressive pathogen since the whole fruits were
completely rotted after 9 days of inoculation,
followed by P. expansum and A. niger, which
caused complete fruit rotting after 12 days of
inoculation. On the other hand, 4. alternata was
the least virulent pathogen, since the fruits were
completely rotted after 17 days of inoculation.

In vitro evaluation of antifungal activity of plant
extracts against B. cinerea

Preliminary in vitro antifungal assays were
carried out to determine the most effective plant
extracts against B. cinerea using the radial
growth method. It is obvious from the results in
Table 3 that Z. officinale, T. vulgaris, C. cassia
extracts exhibited higher antifungal activity than
those of M. indica, O. majorana and S. mucronata.
The results also showed that inhibition percentage
of mycelial growth of B. cinerea increased with
increasing the concentration of different extracts.
Different tested extracts varied in their ability to
suppress the mycelial growth of B. cinerea. The
most important point; however, is that extracts of
C. cassia, Z. officinale and T. vulgaris completely
controlled the mycelial growth of B. cinerea at
concentration of 20000, 30000 and 40000 ppm,
respectively.

Determination of  minimum inhibitory
concentration (MIC) of C. cassia, T. vulgaris and
Z. officinale against B. cinerea

Serial concentrations of Flu (10 to 100 ppm)
and C.c (10000 to 20000 ppm), Z.o (15000 to
25000 ppm) and T.v (15000 to 30000 ppm)
were tested against B. cinerea to determine
their minimum inhibitory concentration (MIC).
According to MIC values (Table 4), B. cinerea
was more sensitive to fungicide Flusilazole than
C. cassia, Z. officinale and T. vulgaris extracts
since it completely inhibited radial mycelial
growth of B. cinerea at 25 ppm while the
inhibition zone reached 60.3% at 10 ppm. On the
other hand, C. cassia extract had the strongest
antifungal activity compared to Z. officinale and
T. vulgaris extracts since it exhibited complete
inhibition of the radial growth of B. cinerea with
MIC value (20000).
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TABLE 2. Pathogenicity test of the isolated pathogens on “Wonderful” pomegranate fruits at different times after

inoculation.
Pathogenicity test after

Pathogens 3 days 5 days 7 days 9 days 12 days
Control 0.0 0.0 0.0 0.0 0.0
Botrytis cinerea 3.6 7.1 114 Completely rotted -
Penicillium expansum 23 4.9 8.1 10.2 Completely rotted
Alternaria alternata 0.0 1.4 2.1 3.8 54
Aspergillus niger 1.8 34 6.3 8.1 Completely rotted

- Values are means of three replicates.

TABLE 3. Evaluation of antifungal activity of certain plant extracts against B. cinerea.

Conc. (ppm)
Extracts 10000 20000 30000 40000 50000
Cinnamomum cassia 31.1a 100.0 a 100.0 a 100.0 a 100.0 a
Zingiber officinale 314 a 85.5b 100.0 a 100.0 a 100.0 a
Thymus vulgaris 222D 60.3 ¢ 100.0 a 100.0 a 100.0 a
Salix mucronata 4.0d 84f 69d 9.2¢ 75.8b
Origanum majorana 103 ¢ 18.1¢ 41.8 ¢ 66.2 b 100.0 a
Mangifera indica 92¢ 44.4d 48.5Db 100.0 a 100.0 a
LSD (0.05) 3917 3.442 3.44 1.349 1.224

- Values are means of three replicates.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).

TABLE 4. Minimum inhibitory concentration (MIC) of C. cassia and Z. officinale and T. vulgaris extracts as well
as fungicide Flusilazole against B. cinerea.

Plant extracts Concentration (ppm) Inhibition percentage

10000 31.1

12000 46.3

15000 62.5

Cinnamomum cassia 17000 71.1
20000 100.0

15000 44.4

o ) 17000 62.5
Zingiber officinale 20000 855
25000 100.0

15000 44.0

17000 55.2

20000 60.3

Thymus vulgaris 25000 88.5
30000 100.0

10 60.3
Flusilazole 25 100.0
50 100.0
75 100.0
100 100.0

- Values are means of three replications
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In vitro antifungal potential of combination of the
fungicide Flusilazole and plant extracts against
B. cinerea

To investigate the ability of C. cassia, T.
vulgaris and Z. officinale extracts to minimize
the use of synthetic fungicide Flusilazole
entirely or partially, they were separately mixed
with Flusilazole at rates of 1:1, 1:2 and 2:1 for
Flusilazole to plant extracts. The results in Table 5
showed that the combination of each plant extract
with Flusilazole improved the efficacy against B.
cinerea compared to that of each plant extract and
Flusilazole alone. The most effective combination
against B. cinerea was C.ct+Flu (2:1) followed
by C.ctFlu (1:2), C.c+Flu (1:1) and Z.o+Flu
(1:2), while the lowest effective combination was
T.v+Flu (1:1) and Z.o+Flu (2:1).

In vitro effect of the used bioagents (B. subtilis
and P. fluorescens) against fungal pathogens of
pomegranate fruit rots

B. subtilis and P. fluorescens were tested
against B. cinerea, P. expansum, A. alternata, A.
niger and P. rubrumunder laboratory conditions
(25-28 °C). The obtained results indicated that
B. subtilis and P. fluorescens were antagonistic
against the tested pathogenic fungi. It worth
to mention that B. subtilis and P. fluorescens
prevented sporulation of P. expansum and P.
rubrum, while it gave inhibition zone with
the other fungi. Results presented in Table 6
showed the relative power of antibiosis of
both B. subtilis and P. fluorescens against the
different fungal isolates. From such results,
B. subtilis was more effective against P.
expansum, B. cinerea and A. alternata than
P fluorescens. Generally, each of those two
bacterial bioagents had high antibiosis against
all tested pathogens; however, their effect
varied from pathogen to another.

Effect of plant extracts and their combinations
with Flusilazole or bioagents on pomegranate
fruits under cold storage

Storage period

Storage period of pomegranate fruits treated
with plant extracts (C. cassia, T. vulgaris and Z.
officinale), fungicide Flusilazole, combinations
between plant extracts and Flusilazole as well
as bioagents (B. subtilis and P. fluorescens)
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under cold storage at 5+1 °C and 90% RH
was studied. Results in Fig. 1 showed that all
treatments were effective in prolonging the
storage period of pomegranate fruits treated with
the aforementioned treatments compared with
the control that was totally rotted after 45 days
of storage. The mixture C.c+Flu (2:1; v:v) was
the best treatment in extending the storage period
of pomegranate fruits for 87 days while the least
treatments were the plant extract 7. vulgaris as
well as fungicide Flusilazole for 78 days.

Weight loss

Results in Figs. 2 and 3 illustrated that all
tested treatments significantly reduced weight
loss than in control after 12 weeks of cold
storage at 51 °C and 95% RH. Weight loss of
pomegranate fruits ranged from 3.6% to 6.2%
as a result of the used treatments compared to
the control (12.9%). However, no symptoms of
shriveling were observed. The best treatment to
reduce weight loss was the mixture C.c+Flu (2:1;
3.6%) followed by B.s (4%). After shelf life for
10 days, the weight loss in pomegranate fruits
was highly increased in all treated fruits. It ranged
between 7.1% in C.c+Flu (2:1) and 19.7% in Flu.

Soluble solids content (SSC)

Results in Table 7 showed that considerable
variation was observed in soluble solids content
(SSC) of stored pomegranate fruits for up to 12
weeks in some treatments at 5+1°C and 90% RH. It
increased rapidly during all stages of pomegranate
fruits cold storage. At the end of storage, it
reached at least 17.3° Brix in some treatments.
SSC increased in “Wonderful” cultivar from 14.3
to 17.3° Brix during cold storage. There were no
significant differences between the treatments and
control.

Titratable acidity (TA)

Titratable acidity (expressed as % tartaric
acid) in pomegranate fruits “Wonderful” cultivar
decreased during cold storage for up to 12 weeks
in some treatments at 5+1 °C and 90% RH. Results
in Table 8 showed that The TA level decreased
from 1.5% to 1.3%. Generally, there were no
significant differences between the treatments and
control.
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TABLE 5. Antifungal potential of C. cassia, Z. officinale, T. vulgaris and fungicide Flusilazole and their
combinations against B. cinerea.

Treatments Concentration (ppm) Inhibition percentage
Cc 15000 625e
Z.o 17000 625e
Tv 17000 552f
Flu 10 60.3 ef
C.c+Flu(1:1) 5:5 83.7b
C.c+Flu(1:2) 3.3:6.7 86.6 ab
C.c+Flu(2:1) 6.7:3.3 89.6 a
Z.o+Flu(1:1) 5:5 77.4 cd
Z.0 +Flu (1:2) 3.3:6.7 82.2 be
Z.0+Flu (2:1) 6.7:3.3 74.0d
T.v+Flu(1:1) 5:5 74.0d
T.v+Flu (1:2) 3.3:6.7 75.6d
T.v + Flu (2:1) 6.7:3.3 77.4 cd
LSD (0.05) 5.604

- Values are means of three replicates.

- C.c: C. cassia, Z.0: Z.officinale, T.v: T. vulgaris, Flu: Fludioxonil.

TABLE 6. Relative power of antibiosis (RPA) of bacterial antagonists against the tested fungal pathogens of
pomegranate fruit .

Antagonists Fungal pathogens
g B. cinerea P. expansum A. alternata A. niger P. rubrum
B. subtilis 2.74 3.00 243 2.15 2.95
P. fluorescens 2.50 2.36 2.25 2.00 2.20
100
92
»
= 80
=
= 70
.§ 60
g 50
v 40
£ 30
s 0
10
0
T.v Bs Flu C.ctFlu Z.o+Flu T.v+Flu
Treatments

- C: Control, C.c: C. cassia, Z.o: Z.officinale, T.v: T. vulgaris, B.s: B. subtilis, P.f: P. fluorescens, Flu: Fludioxonil.

Fig. 1. Influence of postharvest treatments on storage period of “Wonderful” pomegranates after 12 weeks of
cold storage at 5+1 oC and 90% RH.

Env. Biodiv. Soil Security Vol.1 (2017)



152 SAMAR A. ALLAM et al.

14
12
10
o~
o
n
E 8
=
o6
z
4
2 I I I
0
Tv Bs Flu C.c+Flu Z.o+Flu Ty+Flu
Treatments

- C: Control, C.c: C. cassia, Z.o: Z.officinale, T.v: T. vulgaris, B.s: B. subtilis, P.f: P. fluorescens, Flu: Fludioxonil.

Fig. 2. Influence of postharvest treatments on the weight loss of “Wonderful” pomegranates after 12 weeks of cold
storage at 5£1 oC and 90% RH.

20

?JIIISI||Il

Flu Coe+Flu  Z.o+Flu T.wv+Flu

Weight loss (g)

Treatments

- C.c: C. cassia, Z.0: Z.officinale, T.v: T. vulgaris, B.s: B. subtilis, P.f: P. fluorescens, Flu: Fludioxonil.

Fig. 3. Influence of postharvest treatments on the weight loss of “Wonderful” pomegranates after 10 days of shelf
life at 25+2 °C and 60% RH.
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TABLE 7. Effect of certain treatments on soluble solids content (Brix) of pomegranate fruits during cold storage
at 5+1 °C and 90% RH.

Treatments Concentration (ppm) 4 weeks 8 weeks End of storage
Control - 162a -
C.c 15000 14.7 def 152 cd 15.8 de
C.c+Flu 100:50 143 f 149d 155e
Z.0 17000 15.2 bed 15.8b 16.3 bed
Z.0+Flu 100:50 14.9 cde 15.5be 16.03 de
T.v 17000 15.6b 158b 16.8 ab
T.v +Flu 100:50 14.6 ef 152¢cd 16.2 bed
B.s 108 CFU ml- 14.7 def 15.1cd 155¢
P.f 108 CFU ml! 15.1 bede 15.5be 16.1cd
Flu 150 15.5 be 16.03 b 16.6 be
LSD (0.05) 0.551 0.528 0.572

- Values are means of three replicates.
- C.c: C. cassia, Flu: Fludioxonil, Z.o: Z.officinale, T.v: T. vulgaris, B.s: B. subtilis, P.f: P. fluorescens.

- All control fruits were completely rotted after 4 weeks.

TABLE 8. Effect of certain treatments on titratable acidity of pomegranate fruits during cold storage at 5+1 °C

and 90% RH.
Treatments Concentration (ppm) 4 weeks 8 weeks End of storage
Controdl | B
C.c 15000 1.5 1.4 l4a
C.c+Flu 100:50 1.5 1.4 1.3b
Z.o 17000 1.5 1.4 1.3b
Z.0 + Flu 100:50 1.5 1.4 14a
T.v 17000 1.5 1.4 13b
T.v + Flu 100:50 1.4 1.4 1.3b
B.s 108108 CFU m" 1.4 1.4 1.3b
P.f 108108108 CFU m" 1.5 1.4 l4a
Flu 150 1.5 1.4 1.3b
LSD (0.05) N.S N.S 0.018

- Values are means of three replicates.
- C.c: C. cassia, Flu: Fludioxonil, Z.o: Z.officinale, T.v: T. vulgaris, B.s: B. subtilis, P.f: P. fluorescens.

- All control fruits were completely rotted after 4 weeks.
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Discussion

An intensive survey of major postharvest
diseases of pomegranate fruits was carried out
during 2015 season from different pomegranate
orchards, wholesale and retail markets as well
as refrigerators, at EL-Gharbia, Kafr El-Sheikh,
El-Behira and Alexandria. Obtained results
indicated that the occurrence of different types
of fruit rots caused by B. cinerea, P. expansum,
A. alternata, A. niger and P. rubrum. Pathogenici
ty tests of the isolated fungi from pomegranate
fruits revealed that all the aforementioned fungi
were pathogenic and caused various degrees
of fruit rot symptoms. Many investigators in
different countries recorded one or more of
those pomegranate fruit diseases and their causal
pathogens (Pala et al., 2009). Application of
chemical fungicides to protect fruits from the
attack of pathogenic fungi was the primary means
for controlling fruit rot diseases. In recent years,
chemical fungicides have become less effective
due to the development of pathogen resistance
(Parveen and Dhandapani, 2002), this has
necessitated the search for replacement fungicides
by alternative non-chemical control methods.
Moreover, the reduction of total fungicides
application rates is one of the dominant trends
in agricultural production. This can be achieved
by different ways including the introduction of
new or more effective chemicals, the purification
of the chemicals and/or the combination of the
formulation with plant extracts or culture filtrates
of biocontrol agents.

The results showed satisfactory control of
fungal rots of pomegranate fruits by dipping
them in either cell suspension of B. subtilis and
P fluorescens or plant extracts of C. cassia, Z.
officinale, T. vulgaris as well as the combination
between the aforementioned plant extracts with
fungicide Flusilazole. The results showed that
all the aforementioned treatments successfully
extended the storage period of pomegranate fruits
during cold storage. It is clear from the results that
plant extracts of C. cassia, Z. officinale, T. vulgaris
exhibited high antifungal activity against fungal
rots of pomegranate fruits. This might be due to
that, cinnamon bark contains high percentage of
cinnamaldehyde (Lopez et al., 2007) or mixture of
cinnamaldehyde and eugenol (Ito, 2008) and they
arerichinbenzyl benzoate (Nathetal., 1996). Khan
and Ahmad (2011) reported that cinnamaldehyde
showed the most promising antifungal activity
and killing potency against Aspergillus fumigates
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MTCC2550 and Trichophyton rubrum I0OA-
9. Cinnamaldehyde showed strongest synergy
with fluconazole against 4. fumigatus and T
rubrum. Phytochemical investigation of the
rhizomes of several Zingiber spp. has revealed
the presence of bioactive compounds, such as
gingerols, which are antibacterial agents and
shogaols (Kim et al., 2008), diarylheptanoids (Zhou
et al., 2007), phenylbutenoids (Jitoe et al., 1993),
flavanoids (Dae et al., 2004), diterpenoids and
sesquiterpenoids (Dae and Seo, 2005). Singh
et al. (2011) also reported that alcoholic extract
of Z. officinale showed antifungal activity against
A. niger and Fusarium sp. isolated from naturally
infected citrus fruit. Moreover, combining
the fungicide Flusilazole with plant extracts
improved the efficacy against fungal pathogens of
pomegranate fruit rots. The results of our study
demonstrate the potential of using plant extracts in
combination with a fungicide to improve the efficiency
of the antifungal activity (Derbalah et al., 2012). In
decay inhibition studies on Granny Smith apples,
synergistic and additive effects were observed for
many of the combinations between plant extracts
used in that study and fungicide kresoxim-methyl
(Fielding et al., 2015).

The in vitro results indicated that the bacterial
isolates B. subtilus and P. fluorescens suppressed
growth of all the pathogens cultured on PDA
medium at laboratory temperature (25-30 °C). The
antagonistic activity of B. subtilus has been known
to be potent producers of many antibiotics, which
suppress both bacteria and fungi (Ibrahim et al.,
1987; Pusey et al., 1988). However, secondary
metabolites of B. subtilus have proven to inhibit
several plant pathogenic fungi (Asante and Neal,
1964; Burachik et al., 1964). Furthermore, the
genus Pseudomonas includes certain species and
strains that have been recognized as antibiosis
to plant pathogens. Pyrrolnitrin produced by P.
cepacia controlled gray mold caused by B. cinerea
and reduced blue mold caused by P. expansum on
pome fruits at 2-4 °C (Janisiewick et al., 1991).

The obtained results showed that treatment
with bacterial bioagents or plant extracts alone or
in combinations with fungicide Flusilazole had
significantly decreased weight loss of pomegranate
fruits. Weight loss is considered a major cause of
loss of visual quality of horticultural products:
excessive transpiration can lead to desiccation,
wilting, shriveling, reduced crispness and
firmness, and hasten senescence by lowering the
endogenous level of plant growth regulators and
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increasing those leading to ageing (Ben-Yehoshua
and Rodov, 2003). Artes and Tomés-Barberén
(2000) considered relative humidity the second
most important factor (after storage temperature)
affecting pomegranate quality, while exceeding a
5% weight loss was indicated as the threshold for
visible shriveling symptoms (Palou et al., 2007).
Loss of weight in stored pomegranate fruits is
mainly due to evaporation of water from the fruit
and becomes apparent as shriveling (Barman
etal., 2011). Pomegranate is highly susceptible to
weight loss due to the high porosity of the fruit
peel, which permits free water vapor movement
(Kader et al., 1984).

Conclusion

In conclusion, combinations between extracts
of C. cassia, Z. officinale and T. vulgaris with the
fungicide Flusilazole or the cell suspension of B.
subtilis and P. fluorescens effectively inhibited
the fungal growth of B. cinerea in vitro and also
prolonged the storage period of pomegranate
fruits for up to 12 weeks during cold storage at
5+1 °C and 90 % RH.
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