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ABSTRACT

Botryodiplodia theobromae, Fusarium semitectum, Fusarium
oxysporum, Verticillium theobromae, Alternaria alternata and Aspergillus
niger were recovered from samples of banana fruits, showed symptoms of
banana fruit rots, collected from markets in different localities in El-Behera
Governorate during 1999/2000 period. These fungi were recovered in
frequencies of 52%, 56%, 19%, 23%, 72% and 21%, respectively.
B. theobromae, F. semitectum, and F. oxysporum were significantly
nathogenic and incited rots ranged between 94 mm and 78 mm on the
tesicd banana cultivars (Hindi, Baiadi, Willlams, and Paradica).
V.theobromae was only pathogenic to cv. Hindi and did not incite a
significant rot on the other banana cvs. Alfernaria alternata and Aspergillus
niger, however, failed to induce rot on any of the tested banana cvs. Hindi
fruits were extremely susceptible to the tested banana fruit rots fungi.
Williams and Paradica were moderately susceptible while Baladi fruits
exhibited the highest resistance. That resistance was linked to the high
firmness of fruits, high wax content on peels, high phenolics and starch
content, but low sugars content. Salicylic acid (5000 ppm), acetic acid (100
ppm), lactic acid (10000 ppmy), hydrogen peroxide (10000 ppm), sodium
nypochlorite (5000 ppm), and calcium chioride (15x104ppm),asdipping
treatments, sigmficantly decreased amount of rots (75-95%) developed on
banana fruits. Such non-fungicidal, non-residual treatments should be
considered for a safer control of banana fruit rots fungi.
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INTRODUCTION

Losses due to post-harvest and fruit rots of banana ranged between
10% and 30% with much bigger figures in the developing countries
(Bourne, 1981). No accurate data are available concerning losses due to
nost-harvest banana fruit rots in Egypt (Nour El-Din, 1985). Several fungal
pathogens were reported to be associated with banana fruit rots around the
world. That included species of Fusarium, Botryodiplodia, Verticillium,
Colleiotrichum, Cladosporium, Cephalosporium, Nigrospora, Phomopsis,
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Cylindrocarpon, Alternaria, Penicillium, Aspergillius, Rhizopus, and Mucor
(Griffee, 1976; Shillingford, 1976; Knight et.al, 1977; Knight, 1982;
Slabaugh and Grove, 1982; Vesonder er.ql, 1995). Physical and chemical
characteristics of banana fruits were found to be affecting varietal
susceptibility to fruit rots fungi (Nour El-Din, 1985; Wasef and Naseria,
1990; Singh, 1993; Oh et.al, 1999; Modafar er.cl, 2000). A number of
fungicides such Benomyel and Topsin-M where successfully used to control
banana fruit rots. However, toxicity, safety and residues were always
considered (Eckert, 1990). A number of non-residual, non-fungicidal more
safer chemicals were recently introduced to control a variety of post-harvest
diseases. That chemicals were such salicylic acid, acetic acid, lactic acid,
hydrogen peroxide, sodium hypochlorite, and calcium chloride (Helton and
Dilbeck, 1982; Link and Riley, 1988; Michail et.al, 1988; Conway et.al,
1992&1994; Al-Zaemey et.al., 1994, Frey and Carver, 1998; Hussain et.al,
2002). ‘

Consequently, the present study was conducted to focus on banana
fruit rots in El-Behera Govermorate through the following approaches: a).
Isolation and identification of the pathogens responsible for banana fruit
rots. b). Studying the varietal resistance to banana fruit rots fungi. c).
Studying the efficacy of some newly intioduced non-fungicidal chemicals to
control banana fruit rots fungi.

MATERIALS AND METHODS
Isolation and identification of the causal organisms:
Banana fruits, showing rot symptoms were sampled from markets in

different localities in Ei-Behera Governorate during the 1999-2000 period.
Banana fruits were washed in tap water and surface sterilized with 95%
ethyl alcohol. Small portions of the inner rotted tissues were transferred
onto PDA plates and incubated at 24°C for five days. Pure cultures of the
recovered fungi were obtained by the hyphal tip technique. Identification of
the isolated fungi were conducted according to Barnett and Hunter (1972),
and Booth (1577).
Pathogenicity tests :

Green mature fruits of Hindi, Williams, Paradica and Baladi banana
cultivars were obtained from orchards in El-Behera Gowvernorate. Fruits
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were in a good physical conditions, uniform in size and in the second stage
of maturity which is green, trace of yellow (Nour El-Din, 1985). Fruits were
ripened by dipping in 1000 ppm acetylene solutions for five mins, rinsed in
sterile distilled water and kept to dry in air. Pores of 5-mm in diameter were
prepared in banana fruits using a sterilized cork borer. Inocula of 4-mm
discs were taken from the advancing margin of 7-day-old PDA cultures of
the tested fungi and inserted into fruit tissues through the prepared pores and
covered with peel plugs. Then, inoculated tissues were sealed with a thin
layer of wax to avoid contamination. Each treatment was consisted of five
replicate fruits and incubated at 24°C. Maximum diameters of rotted. areas
developed on banana fruits of the tested cultivars were recorded in mm, ten
days after inoculation.
Physical characteristics associated with varietal resistance to banana
fruit rots fungi: \ '
That was assessed in randomly selected healthy fruits in five
replicate fruits for each tested cultivar as follows:
- Firmness, was measured according to Youn and Howard (1999) using the
5/16 Effegi-Plunger pressure tester (Italy) and expressed as pound/inch’.
- Wax content, was determined on peels of the tested banana cultivars
according to Freeman and Turner (1985) as :

WAX CONTENT ( glcm?)= WAX CONTENT OF PEEL SURFACE ( g)

_ PEEL SURFACE AREA (cm?)
- Acidity of peel and pulp, was determined as pH values using the Digital-

Jenco meter (Model 5001, USA) according to Nour El-Din (1985).
Chemical characteristics associated with varietal resistance to banana
fruit rots fungi :

Fresh samples were taken from peel and pulp of the tested banana
cvs non-inoculated and inoculated with B. theobromae, F. semitectum, and
F. oxysporum, ten dayes after inoculation, for the chemical composition
determination as follows:

- Total phenoiics content, was determined in fresh samples of peel tissues
according to Johnson and Schall (1957).

- Total sugars coitciit, was determined in fresh pulp samples according to
the Association of Official Analytical Chemists, USA, methods (1980).
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- Starch content, was determined in fresh pulp samples according to El-
Shennawi (2000).
Chemical control :

A variety of chemicals recently introduced to control post-harvest
diseases were tested in the present study to control banana fruit rots and
their causal organisms. The obtained effects were compared with the
commonly used Topsin-M fungicide. The tested chemicals, their sources,
and concentrations tested, were as follows, salicylic acid (99%), El-Nasr,
company (1000, 3600, 5000 ppm); acetic acid (99.5%), El-Nasr company
(10, 50, 100 ppm); lactic acid (88%), El-Nasr company (1000, 5000, 10000
ppm); hydrogen peroxide (33.3%), El-Gomhouria company (100, 1000,
10000 ppm); sodium hypochlorite (Chlorax, 0.05%), El-Gomhouria
company (100, 1000, 5000 ppm); calcium chloride (95%), El-Gomhouria
company (5,10,15 x10*), and Topsin-M (70%), Kafer El-Zayat company (1,
10, 50 ppm).

In vitrz esis: The above mentioned chemicals and concentrations
were in vitro screened for the most effective ones to be used in the in vivo
tests. Concentrations were freshly prepared in sterile distilled water and
incorporated into PDA just before pouring the medium. Discs 5-mm in
diameter were taken from advancing margins of PDA cultures of the tested
fungi and transferred onto PDA medium supplemented with different
concentrations of the tested chemicals. Check treatment without chemicals
was performed. Each treatment was conducted in five replicate plates and
incubated at 28°C. Plates were monitored until an isolate colonized the
whole plate, then, radial growth rate of the tested fungi was calculated in
mm.

In vivo tests: Mature banana fruits of cv. Hindi wcre prepared in
five replicate fruits for each treatment and inoculated with B. theobromae,
F. semitectum, and F. oxysporum isolates as described in pathogenicity tests,
no wax sealing was performed for the inoculation sites. Fruits were dipped
in the required concentrations, freshly prepared in sterile distilled water
according to (Michail et.a/., 1988). Similar inoculated fruits were immersed
in sterile distilled water and served as a control. Treated fruits were kept at
room temperature (20-26°C) for ten days, then, maximum diameters of the
rotted areas developed on the fruits were measured in mm, ten days after
inoculation.
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Statistical analysis: The obtained data were statistically analyzed
according to the Gomez and Gomez (1984) Costat computer program.
Means were compared using LSD test at the 0.05 level of probability.

EXPERIMENTAL RESULTS
The recovered isolates :
Different fungi were recovered from the surveyed banana samples

(Table 1). Fusarium spp were most prevalent as recovered from 75% of the
plated samples. F. semitectum constituted 56% while F. oxysporum
constituted 19%. Alternaria alternata was recovered at a high frequency of
72%, while Botryodiplodia theobromae was recovered at a frequency of
52%. Verticillium theobromae and Aspergillus niger were also recovered
but at lower frequencies of 23% and 21% respectively (Table 1).

Table (1): Frequency of fungi recovered from banana fruits, showed
* symptoms of banana fruit rots, collected from different localities
in El-Behera Governorate during 1999-2000 seasons.

Fungi Frequency*
Botryodiplodia theobromae 52
Fusarium semitectum 56
Fusarium oxysporum 19
Alternaria alternata. 72
Verticillium theobromae 23
Aspergillus niger ' - 21

* Number of isolates recovered from 100 samples plated on PDA.

Pathogenicity tests : _

Pathogenicity tests showed that B. theobromae and Fusarium spp
isolates were pathogenic to all tested banana cultivars ie, Hindi, Baladi,
Williams, and Paradica and incited rots on banana fruits ranged between 9.4
mm and 78 mm (Table 2). Rotted area, however, was greater (12-78 mm)
for B. theobromae. Verticillium theobromae was only pathogenic to cv.
Hindi and did not incite a significant rot on the other banana cvs. Alternaria

Iteranata and Aspergillus niger, however, failed to induce a significant rot
on any of the tested banana cultivars.

Hindi was the most susceptible banana cultivar to infection with the
tested banana fruit rots fungi, while Baladi was the most resistant as mean
of the rotted areas developed were 28.7 mm and 5.4 mm respectively.
Williams and Paradcia, however, intermediately reacted {Table 2).
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Table (2): Maximum diameter of the rotted areas (mm) developed on
banana fruits of the tested cultivars, ten days after inoculation.

cultivars

Fungi Hindi  Williams Paradica  Baladi Means
B. theobromae 78* 25 22 12 342A
F. semitectum 43 15 18 8.7 214
F. oxysporum 37 10 14 9.4 11.93
V. theobromae 11 0.8 0.7 0.6 33D
Alternaria alternata 23 0.0 1.1 0.0 085D
Aspergillus niger 1.3 0.2 09 1.0 085D
Control (non-inoculated) 34 0.0 2.0 0.0 1.35D
Means (inoculated). 287A  85B 94B  54C

LSD of varieties at 0.05 = 2.1 - LSD of fungi at 0.05=2.2

*Data are average of rotted areas developed on five replicate fruits. Values
sharing a common letter in the same column or row are not significantly
different at 0.05 level of probability.

Physical ard chemical characteristics associated with varietal resistance
to baiana frnit rots fungi :

Baladi and Williams cultivars (T able 3) exhibited the highest fruit
firmness ie., 3.3 and 3.5 _pound/n:nch2 respectivily, while cv. Hindi had the
lowest firmness ie., 2.6 pound/inchz. Meantime, cv. Baladi had the highest
content of wax on peel surface (300 pg/cm?) followed by cv. Williams (260
pg/ein?), cv. Hindi (90 pg/cm?) and cv. Paradica (43 pg/cm?). No obvious
variations were detected for acidity (as pH values) of peel and pulp of the
tested cultivars of the ripe banana fruits (Table 3).

Table (3): Physical characteristics associated with resistance of tested
banana cultivars to banana fruit rots fungi.

Firmness Wax content

Banana c¢vs.  pound/inch? pg/em’

Hindi 26+0.1*% 90.0 + 2.0 6.5+ 0.4 5.3+0.4
Williams 35402 260 £ 5.0 6.1+0.6 5.140.3
Paradica 30£05 42020 6.1+05 5.1+£0.3
Baladi 3.3+0.i 300 £ 10.0 6.140.3 5.1£02

* Standard Deviation value. ** Measured as pH values.
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Meantime, cv. Baladi exhibited the highest total phenolics content in
both non-inoculated and inoculated banana fruits while cv. Hindi had the
lowest (Table 4). Williams and Paradica, however, were of intermediate
phenolics contents. Besides, cv. Hindi exhibited -the highest total sugars
content but lowest starch content in both non-inoculated and inoculated
banana fruits, and on the contrary -were Baladi and Paradlca Wllhams
“however, was of intermediate values (Table 4). . _

A reversible relationship was detected between severity of rots
developed on banana fruits and firmness of the fruits, the wax content on
peels, and the phenolics content, and on the contrary was the relationship
between rots severity and the total sugars content. For the starch content, a
proportional relationship was revealed in the non-inoculated banana fruits
while in the inoculated ones a reversible relationship was obtained with
much higher regression value (Fig. 1).
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Fig. (1): Relationship between physical and chemical characteristics of
banana fruits, of the tested cultivars, and severity of fruit rots
developed due to artificial inoculation with the tested banana fruit
rots fungi. ®& ~ =non-inoculated. 4 & -- = inoculated.
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Chemical control:

The in vitro screening of the tested chemicals and concentrations
revealed that salicylic acid, acetic acid, lactic acid, hydrogen peroxide,
sodium hypochlorite, and calcium chloride were effective and inhibited
mycelial growth of the tested fungi at 5000, 100, 10000, 10000 5000, and
15x10* ppm, respectively (Table 5).

The In vivo tests proved that the effective concentrations revealed in
the in vitro tests were still effective when, applied as dipping treatments,
against the tested banana fruit rots fungi. Severity of rots developed
significantly decreased compared to the untreated control. The obtained
effects, however, were lower than that of Topsin-M fungicide (Table 6).

DISCUSSION

Several fungal pathogens were found to be associated with banana
fruit rots in El-Behera Governorate. Alternaria alternata, Fusarium
semitectum, boiryodiplodia theobromae were recovered in high frequencies
of 72%, 56%, and 52% respectively. Verticillium thcobromae, Fusarium
oxysporum and Aspergillus niger were also recovered but at lower
frequencies of 23%, 19%, and 21%, respectively. These results are in
agreement with reports from Egypt and other parts of the world (El-Helaly
etal, 1955; Abo El-Dahab and El-Goorani, 1969; Lantican and Quimio,
1976, Shillingford, 1976; Knight et.al, 1977; Nour El-Din, 1985; Wasef
-and Naseria, 1990; Johnson and Blazques, 1992; Singh, 1993; Vesonder
et.al, 1995; Oh et.al, 1999; Modafar et.al., 2000). However, B.theobromae,
F.semitectum, and F.oxysporum were highly pathogenic and incited -
significant rots (9.4-78 mm) on banana fruits of the tested banana cultivars
ie, Hindi, Williams, Paradica, and Baladi. V. theobromae was only
pathogenic to cv. Hindi and did not incite a significant rot on the other
banana cultivars. Alternaria alternata and Aspergillus niger, however,
failed to induce rot on any of the tested banana cvs. Potential of B.
iheohromae and Fusarium spp in inducing banana fruit rots could be due to
production and activity of macerating enzymes such pectin methyl esterase
{(PME) and polygalacturanase (PG) produced by B.theobromae and
Fusaruim spp. (Ali, 1977; Shillingford and Sinclair, 1980). Hindi fruits
were extremely susceptible to the tested banana fruit rots fungi, Williams
and Paradica were moderately susceptible while Baladi fruits, surprisingly,
exhibited the highest resistance. That variation could be due to one or more
of the physical and chemical characteristics of banana cvs. The highest
firmness of banana fruits and the high content of wax on peels were linked
to the resistant cv. Baladi, while the lowest firmness and the low:content of
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Table (6): Maximum diameter of rotted areas (mm) developed on cv. Hindi banana fruits, artificially infected with

banana fruit rots fungi and treated with certain non-fungicidal chemicals, ten days after inoculation.

Treatments &

Fungi

B. theobromae
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M c acid acid acid | chloride | peroxide hypochlorite
4
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2007 (#)8Z “aaup) vpun] say 18y

Means **

.* Data are average of five replicate fruits.
** Means followed by the same letter are not significantly different at 0.05 level of probability.

LSD for fungi =0.5

LSD for treatments = 1.67.
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wax were linked to the susceptible cv. Hindi. Firmness of peel tissues were’
taken as a parameter for softening of banana fruits and consequently, its
susceptibility to post-harvest pathogens invasion (Youn and Howard, 1999).
Meantime, cuticle was generally accepted as a physical barrier (Martin,
1964). Waxes on cuticle prevent the penetration by the fungi or it might
contain substances that inhibit fungal growth, or, both factors might be
operative (Oh et.al, 1999). Acidity of peel and pulp, however, was not
found to play a significant role in this respect. It has been indicated by
Lakshmaan and Mohan (1992) that the more starchy fruits the less
susceptible, while the sweet varieties were more susceptible to fruit rots
fungi. The obtained results confirmed that hypothesis as the susceptible
Hindi cultivar had the highest level of total sugars and the lowest level of
starch and on the contrary was the resistant cv Baladi. Sugars content,
“however, decreased when fruits showed symptoms of rots, probably because
of the sugar consumption by the invading fungi. Meantime, the resistant cv.

Baladi had a total phenolics content greater than the SUSL.c:ptlble cv. Hindi.

Moreover, total phenolics significantly accumuiated in the resistant Baladi
iruits as a response to the artificial infeciion with banana fruit rots fungi.
These results are in harmony with Johnson and Schall (1957), Griffee
(1976), Lantican and Quimio (1979), Knight (1982), Freeman and Turner
(1985), Nour El-Din (1985), Brown (1989), Wasef and Naseria (1990),

Singh (1993), Meyer et.al. (1997), Youn and Howard (1999), and Modafar
et.al. (2000).

For the control of a number of post-harvest diseases salicylic acid
was introduced (Mills and Wood, 1984). Salicylic acid had long been
known as an exogenous inducer for the systemic acquired resistance (Frey
and Carver, 1998). The present study supported that proposal; dipping of the
artificially infected banana fruits (cv Hindi) in 5000 ppm salicylic acid
significantly controlled banana fruit rots. Acetic acid and lactic acid, were
thought to have antiseptic effects aganst nathogens of the post-harvest
diseases (Michail et.ql, 1988; Al-Zaemey et.al, 1994). Acetic acid at 100
ppm and lactic acid at 10000 ppm, surprisingly, controlled rots of the
artificial infection with banana fruit rots fungi. Similarly, hydrogen peroxide
and sodium hypochlorite were known of having antiseptic effects against a
wide range of plant pathogens (Helton and Dilbeck, 1982; Link and Riley,
1988). The present study confirmed that hypothesis. Treatment of banana
fruits as dipping in 10000 ppm hydrogen peroxide, or 5000 ppm sodium
hypochlorite significantly decreased amount of rots developed in the
artificially infected banana fruits and similarly did the treatment with
calcium chloride at 15x10* ppm. Calcium effect was probah'y 4 - to t..
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complexity of calcium ions with the ceil wall of fruit peels that may reflect
in more firmness and 2 consequert less rot (Conway et.al., 1992). These
findings are in harmony with Nour El-Din (1985), Michail et.al. (1988), Al-
Zaemey et.al. (1994), Conway er.al (1994), Frey and Carver (1998), and
Youn and Howard (1999). Consequently, such non-fungicidal, non-residual
treatments should be considered for a safer control against banana fruit rots
fungi.
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