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ABSTRACT

Penicillium oxalicum Curie et Thom isolated from
blossom of mango (var. Saddekia) was evalu-
ated against mango malformation incited by Fu-
sarium subglutinis. Both in vitro and in vivo con-
ditions. The mechanism of this isolate for con-
trolling Fusarium was the reduction of growth
development. The Penicillium oxalicum isolate
produced extracellular cellulolytic enzymes (exo-
glucanase or cellobiohydrolases and endo-glu-
canase, that possibly related to the biocontrol
process. Optimize and fermentation conditions
(growth period, carbon and nitrogen sources) for
spores and cellulolytic enzymes production were
determined. Liquid formulation containing (6 x
106) with sodium alginate (0.5%) and Tween 80
(0.01%) was used. For field evaluation, sus-
ceptible cultivars as Ewais, Saddika, Alphonso,
Taimour and Zebda were selected. Liquid bio-
formulations were sprayed twice and 30 days
intervals. The spray was initiated from pre-flower-
ing stage. Bioformulation was found to be sig-
nificant in reducing the malformation incidence.
Results cleared that spraying of liquid biofor-
mulations, substantially improved the fruit num-
bers and yield for the five mango cultivars and
suggested to be most promotive for fairly quality
in tested cultivars.

Keywords: Antagonist; Biocontrol; Fusarium

subglutinis; Mango Malformation; Penicillium
oxalicum

1. INTRODUCTION

Mango (Mangifera indica L.) cultivation is an impor-
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tant agribusiness in Egypt. Even though it has the largest
area, the productivity is very low due to various biotic
and abiotic strains Haggag Wafaa [1]. Of them, mangoes
malformation is the most notorious malady amongst the
animate problems affecting both vegetative and floral
parts of mango [2,3]. In affected panicles, primary and
secondary axes are shortened which result in fruit abor-
tion or no fruit setting [4]. Malformation is noticed on
seedlings and saplings organs. Vegetative malformation
is most serious on seedlings and small plants in nurseries,
especially where seedlings are grown beneath affected
trees, a common practice in the Middle East [5,6]. Veg-
etative malformation also occurs on mature trees. Api-
cal and axillary buds produce misshapen shoots with
shortened internodes and dwarfed leaves that are brittle
and recurve towards the supporting stem. Shoots may not
expand fully; resulting in bunched appearance, (i.e. the
“bunchy-top” symptom of the disease. Malformation is
the most threatening disease causing colossal losses in
yield every year [3] mangos are grown and causes the
most severe damage in Egypt [3,5]. The disease has been
reduced to insignificant levels in India, Israel, and South
Africa simply by removing affected shoots once flower
development allows the distinction of malformed and
non malformed panicles. After the second or third year,
malformation will be reduced to very low levels [5]. The
frequency of fungicide application per season has ranged
from one to sixteen sprays depending on the mango
grower. In recent years, occasional reports from growers
have indicated that the control efficacy of the fungicide
seems to have dwindled and concerns regarding resis-
tance of the pathogen to the fungicide have been in-
creasing. Biological control of plant pathogens could
reduce or eliminate some of those concerns. It is also
potentially more effective and much cheaper [7]. Penici-
lium oxalicum Currie & Thom is a promising fungal
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agent for biological control of soilborne diseases of to-
mato [8]. Application of a conidial suspension of P. ox-
alicum by watering the tomato seedlings in seedbeds 7
days before transplanting usually results in a significant
reduction of Fusarium and Verticillium wilts of tomato
plants [9]. Species of Penicillium are versatile organisms
and have long been known as producers of a wide variety
of extracellular enzymes, some of which are of industrial
interest such as cellulose and xylans [10]. These enzymes
are capable of degrading components that are normally
present in other species of fungi. One of the most inter-
esting aspects of these enzymes is their ability to degrade
components of fungi that produce diseases in plants and
crops. Because the skeleton of filamentous pathogenic
fungi cell walls contains chitin, glucan and proteins, the
enzymes that hydrolyze these components can success-
fully antagonize growth of the pathogen. Therefore, a
fungus that is able to produce and secrete such enzymes
can be envisioned as a natural pesticide. This type of
agents is known as biocontrol agents. The successful use
of such agents could reduce pollution produced by che-
mical pesticides.

This study was conducted in order to develop eco-
nomically and environmentally effective control strate-
gies of mango malformation caused by Fusarium sub-
glutinis through: 1) developing indigenous antagonistic
of Penicillium oxalicum; 2) as well as the optimal condi-
tions for antimicrobial formation, production; and 3) con-
trol mango malformation disease in vitro and in vivo.

2. MATERIALS AND METHODS
2.1. Isolation of Fungi

P. oxalicum was isolated from blossom of mango us-
ing potato dextrose agar (PDA) (Difco Laboratories, De-
troit) and stored on potato dextrose agar (PDA) slants at
4°C. Fresh conidia obtained after incubation were con-
centrated and resuspended in sterile distilled water for 10
min, and numbers of conidia were estimated with a he-
macytometer.

Isolation of the pathogen from Seddekia mango blos-
som with malformation symptom was performed by tis-
sue transplanting technique as described above using
potato dextrose agar (PDA).

2.2. Inhibition of Fusarium subglutinis in
Vitro

Five-day-old culture of F. subglutinis. (virulent isolate)
on PDA and 5-day-old fungus antagonists on PDA was
used in this experiment. A mycelial plug of F. subglutinis
was cut from colony margin by a 0.8 cm in diameter cork
borer and placed onto the center of a Petri dish contain-
ing PDA. Two days after pathogen transfer, a tested fun-
gus isolate was transferred to the dish at four spots in a
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cross manner, each spot was 3 cm away from the center
of the pathogen’ plug. The dish was sealed with a plastic
wrap and incubated at room temperature for 3 days. Per-
cent inhibition of mycelial growth of F. subglutinis was
recorded daily.

2.3. In Vitro, Antifungal Activities of the
Cell-Free Supernatants of Penicillium
oxalicum against Fusarium subglutinis
Development

Fusarium subglutinis was inoculated in 250 ml flasks
contained 50 ml of each specific medium and incubated
at 30°C for 10 days with continuous shaking conditions.
Colonized media were filtrated through sterilized mem-
brane (through a 0.45 pm-pore-size membrane) and then
centrifuged a 10,000 rpm for 20 minutes. The clear su-
pernatants were used for the following test. The antifun-
gal activities of cell-free supernatants of biocontrol agent
against pathogenic fungi had been carried out by using
diffusion method. The potato dextrose yeast agar seeded
with test pathogens (9 mm) were used [11]. The response
was observed as a clear zone (mm) around the paper
discs (diameter 0.5 mm) loaded with concentration of
active compound (20 pl) were spotted on paper discs.
Five plates without any culture filtrate were used as con-
trol and incubated at 26°C.

The conidia of the pathogen used in the study were
harvested separately by flooding with sterile water and
scrapping the culture with a glass rod.

2.4. Enzyme Assays

Endo-glucanase (CMC-ase) and exoglucanase activi-
ties were Determined as described previously [12]. For
endoglucanase, the total reaction mixture of 3 ml con-
tained 1 ml of carboxymethyl cellulose Na salt (CMC,
1% w/v) 1 ml phosphate citrate buffer (50 mM pH 7) and
1 ml of appropriately diluted enzyme. After incubation
for 30 min at 40°C, the reducing sugars were estimated
as glucose equivalent by the dinitrosalicyclic acid (DNS)
method [13]. Filter paper (FP-ase) activity was deter-
mined under similar conditions as described above ex-
cept that 6 x 1 cm What man No. 1 filter paper was used
as a substrate in place of CMC.

2.5. Production Conditions

2.5.1. Incubation Period

The optimization of composition of incubation period,
and cultural conditions was carried out based on stepwise
modification of the governing parameters for antifungal
production. The cultures were transferred to seed broth
(200 mL of Medium) contained in a 500 mL Erlenmeyer
flask and incubated at 30°C on a rotary shaker (175 rpm)
for 6 - 8 hours. A 500 mL Erlenmeyer flask containing
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200 mL of the same seed medium was incubated as
specified above. The seed culture was transferred to a 5
liter fermenter containing each one 3.5 liter of the three
liquid media.

2.5.2. Assay in Liquid Cultures

Bioagent growth was estimated directly by spectro-
photometric measurement of the OD600 (A,) using a
PM 2A spectrophotometer and dry biomass concentra-
tion (bp.x). Changing the pH 3 to 10 in the production
medium the effect of pH was observed. The effect of
cultivation temperature on the antifungal production was
examined at different temperatures starting from 25°C to
60°C with 5°C intervals.

2.5.3. Determination of Biomass by Cell Dry
Weight

The cells from inoculated flasks, each containing 50ml
fermentation medium, were centrifuged using a cooling
centrifuge (Biofuge. Primo R) Heraeus-Germany) in pre-
weighted centrifugation tubes of 50 ml volume (Falcon
USA) at 6000 rpm for 10 minutes. The cell precipitates
were collected, washed with sterile 0.9% saline solution
and re-centrifuged. The supernatants were discarded and
the centrifugation tubes were dried in an oven (Drying
oven LabTech LDO-080F, Korea) at 100°C till constant
weights were obtained. The weight of the dried cells was
measured by calculation of the difference between the
weight of centrifugation tubes before and after dryness.

2.5.4. Studying the Time Course of Cellulolytic
Enzymes Production by Isolate in Medium
under Shaking Condition

Erlenmeyer flasks containing the previously men-
tioned medium were prepared, inoculated and incubated
as described above. Over an incubation period of 7 days,
one flask was removed every 8 h, determination of bio-
mass (optical density and dry weight), residual substrate,
inhibition zone and metabolites products.

2.5.5. Effect of Different Carbon Sources

The effect of replacing glucose in the cultivated me-
dium with other tested carbon sources on antibiotic pro-
duction was investigated in Bacillus isolate. The tested
carbon source was added at a concentration equivalent in
carbon content to that of glucose (10 g/L). The tested
carbon sources were (D-glucose, D-fructose, sucrose,
galactose, Starch, Cellulose, treated molasses and none
treated). Erlenmeyer flasks (250 ml) containing 50 ml of
the medium devoid of its own carbon source and con-
taining the equivalent amount of other carbon sources
were prepared, inoculated and incubated as described in
descrybed above. At the end of the incubation period,
samples were removed for determination of biomass (op-
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tical density and dry weight), residual substrate and inhi-
bition zone.

2.5.6. Effect of Variable Concentrations of the
Selected Carbon Source

Flasks (250 ml) with 50 ml aliquots of the medium
containing different concentrations of the carbon source
that showed promising results were prepared. These car-
bon source was surose (5 - 30 g/L). The flasks were ter-
minally sterilized, inoculated and incubated as descry-
bed above. At the end of the incubation period, samples
were removed for determination of biomass (optical den-
sity and dry weight), residual substrate and inhibition
zone.

2.5.7. Effect of Different Nitrogen Sources

This was studied by replacing sodium nitrate of me-
dium with other tested nitrogen sources. The tested ni-
trogen source was added at a concentration equivalent in
nitrogen content to that of sodium nitrate (2.5 g/L). The
nitrogen sours were Peptone + yeast extract; Pepton +
trypton; Peptone + soyabean; Yeast extract + trypton;
Yeast extract + soyabean; Trypton+ soyabean; Soyabean
+ trypton; Pepton; Yeast extract; Trypton; Soyabean. In
case of urea, a stock solution was prepared; filter steril-
ized (0.22 pum) and then an aliquot containing the re-
quired amount of urea was incorporated aseptically. At
the end of the incubation period, samples were removed
for determination of biomass (optical density and dry
weight), residual substrate and inhibition zone.

2.5.8. Field Application

To determine the efficacy of culture filtrate of Penicil-
lium oxalicum on mango malformation disease, two field
experiments were conducted, using the susceptible culti-
vars Awais (10 yr-old) and Saddekia (10 yr-old) at Nou-
baria region, Behera Governorate and Ismailia Gover-
norate in 2010 season and five cultivars at Ismailia Gov-
ernorate in 2011 season . Treatment was applied twice at
20d intervals starting from February 15 (about one
month before normal flowering) on mango trees in one
year. Liquid formulation was prepared using 0.01% of
methylcellulose and tween 80. Liquid formulation of P.
oxalicum was sprayed by using a knapsack sprayer. Trees
were sprayed till run-off with approximately 10 L of
spray solution per tree. Treatments were assigned in a
randomized complete block design. Trees sprayed with
water served as a check treatment. Plots consisting of
three mango trees were replicated three times. Irrigation,
fertilization and other cultural practices were carried out
as recommended. The percentages of diseases incidence
were arcsin transformed before analysis of variance to
improve homogeneity of variance. The average yield per
tree in kg per treatment was determined at harvest stage.
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2.5.9. Statistical Analysis

The collected data were evaluated statistically using
the software spss for Windows (release 7.5.1, 20 Decem-
ber 1996; SPSS Inc., Chicago, IL).

3. RESULT

3.1. Inhibition of Fusarium moniliforme in
Vitro

Penicillium oxalicum was tested against Fusarium
pathogen. Penicillium was highly effective that inhibiting
the mycelial growth. The isolate exhibited the maximum
pathogen suppression (59 percent) and completely upto
tenth day (Figure 1).

In vitro, the efficacy of filtrate of Penicillium oxalicum
against F. moniliforme development, i.e. mycelium grow-
th, is showed in Table 1. In most cases, metabolite of
Penicillium oxalicum showed antifungal activity ag-
ainst Fusarium pathogen growth expressed as zone inhi-
bition. The conidial germination was recorded at differ-
ent intervals upto 24 h after. The data show that filtrate
extract tested significantly reduced the conidial germina-
tion over control.

3.2. Activity, Purification and Molecular
Weight of Native CMCase and 8-1,3
Glucanse from P. oxalicum

Enzyme specific activity is shown in Figure 2. Results
showed that in optimize conditions, P. oxalicum has
highest CMcase (11.4 u/mg) and $-1,3 glucanse (4.32
u/mg) enzymes specific activities (Figure 2). To purify
the enzyme, fungus spores were incubated in broth cul-
ture containing 0.5% (w/v) CMC as carbon source to
induce the synthesis of the enzymes. The molecular
weight of the purified enzyme analysed by SDS-PAGE
and stained with Coomassie Brilliant Blue showed a sin-
gle band of approximately 80 and 85 kDa (Figure 3)
corresponding to the CMCase and endo f-1,3 glucanase
enzymes based on its high activity on substrates, respec-
tively.

Figure 1. Antifungal activity of Penicillium oxalicum
against Fusarium subglutinis.
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Figure 2. Production of extracellular exo-glucanase
and f-1,4 endoglucanase (CMCase) in shake flasks.
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Figure 3. 12% SDS-PAGE of exo-glucanase
and crude CMCase ad for determination of
molecular weight.

Table 1. Antifungal activity of Penicillium oxalicum filtrate
against Fusarium subglutinis.

) Purified active substance
Filtrate

Concentration %

Reduction of spore

Inhibition zone (cm) germination %

25 2.49° 88.9°
50 2.55° 91.7%
75 2.73% 91.5%
100 2.85° 92.4°

Values represent the mean percentage of six replicates. Values in each col-
umn followed by the same letter are not significantly different (P < 0.05).

3.3. Optimization Condition for Antifungal
Metabolite Production

The kinetic profile of cell mass and cellulase produc-
tion by P. oxalicum grown in different media and growth
period was illustrated in Figures 4 and 5. The pH profile
shows that the value decreases with time to 4.2 after 50
hrs then starts increasing again during the rest of incuba-
tion time. Dry weight increases with time until it reaches
its maximum at 72 hrs then decreases slightly with time
(Figure 4). In the inhibition zone curve, F. subglutins
follow the same pattern whereas the inhibition zone in-
creases with incubation period till 90 hrs then starts to
decrease. Analysis of cellulase activity indicates that the
production of the enzyme is significantly influenced (P <
0.001) by the growth period, that increases with time
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Figure 4. Effect of different incubation time on the growth,
inhibition activity and production of antifungal of P. oxallicum.

until it reaches its maximum at 90 hrs then decreases
slightly with time. Analysis of f-1,3 glucanase activity
indicates that the production of the enzyme is signifi-
cantly influenced (P < 0.001) by the growth period. 5-1,3
glucanase activity also increases with time until it rea-
ches its maximum at 90 hrs then decreases slightly with
time. The maximum incubation period for the growth of
Penecillium is 50 hrs (Figure 5).

3.4. Effect of Various Carbon Sources on
Mass and Cellulase Production

For the growth of microorganism carbon source is the
very essential with other nutrient sources, etc. Various
carbon sources included D-glucose, D-fructose, sucrose,
galactose, Starch, Cellulose were examined. From the
experimental results it was noticed that by using different
types of carbon source, the biomass growth was maxi-
mum with sucrose as substreate. Also, the zone inhibition
(mm) and cellulose were maximum after 72 h incubation
with sucrose as a carbon source (Figure 6). So, the su-
crose was chosen as an optimum carbon source for P.
oxalicum. By using different concentration of sucrose for
the growth of P oxalicum, pH was maximum at 5 g/l
sucrose after 72 h and minmum at 25 g/l sucrose concen-
tration (Figure 7). The dry weight concentration in-
creased with increasing the sucrose concentration. Also,
the production of cellulase increased by increasing the
sucrose concentration till 20 g/l then decreased again.
The zone inhibition increased gradually by increasing the
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Figure 5. Effect of different incubation time on the growth, in-
hibition activity and production of antifungal of P. oxallicum.

sucrose concentration till 20 g/l then remained constant.
(Figure 7). From the previous observations, 20 g/l was
chosen as the optimum sucrose concentration.

3.5. Effect of Various Nitrogen Sources on
Mass and Cellulase Production

Nitrogen sources are very important for the microbial
growth and to maximize the final reaction product next
to carbon sources. For nitrogen sources the medium was
supplemented with peptone, yeast extract, potassium
dihydrogen phosphate, ammonium sulphate and ammo-
nium chloride in equivalent concentrations to the pro-
duction medium. By using different types of nitrogen
source for the growth of P. oxalicum it was noticed that
the maximum biomass growth, pH, zone inhibition and
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cellulose were obtained with yeast extract and soyabean
in equal ratio in the media (Figure 8). So, the optimum
nitrogen source chosen was an equal ratio of yeast ex-
tract and soyabean (Figure 8).

3.6. Field Experiment

The efficacies of the liquid formulation of P. oxallicum
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Figure 7. Effect of carbon concentrations on the growth, inhi-
bition activity and production of antifungal of P. oxallicum.

against malformation disease caused by Fusarium sub-
glutinis of mango under natural conditions were deter-
mined in seasons of 2010 using Seddekia and Ewais cul-
tivars in Boheara and Ismailia governorates in 2010 and
applied in large scale during 2011 season using local
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Figure 8. Effect of different nitrogen source on the growth, inhibition activity and production of antifungal of P. oxallicum.

and exotic cultivars in Ismailia governorate. Cultivars
Ewais, Seddekia and Alphonso were most susceptible to
infection. The percentage of malformation disease inci-
dence on mango vegetative buds and flowers blossom
clusters obtained by the liquid formulation of P. oxalli-
cum treatment compared to the control and fungicide
(Tobseen) is shown in Tables 2 and 3. The disease inci-
dence of malformation was substantially higher on flow-
ers blossom clusters than in vegetative buds in untreated
control. Significant reduction of disease incidence was
achieved by applying of liquid formulation of P. oxalli-
cum compared to the untreated control during growth
period in both seasons. The effect of liquid formulation
of P. oxallicum on fruit yield was determined (Tables 4
and 5). The reduction in yield was observed under dis-
ease infection. It is clear that, foliar spray of mango with
liquid formulation of P. oxallicum has significantly in-
creased the fruit yield compared to untreated control and
fungicide. Since, higher increase in fruit yield was ob-
tained when the trees were sprayed with fungicides by
kg/tree in compared with kg/tree in untreated control and
fungicide.

Copyright © 2013 SciRes.

4. DISCUSSION

Fusarium malformation of mango is an intractable
problem because management strategies such as cultivar
resistance and chemical control are not always appropri
ate [2-4]. It is not surprising that there is interest in dis-
covering a remedy based on biological control. Several
fungicide from chemical residue are presently used for
control of mango malformation but this material has tox-
ic effect also the control by this fungicide lead to the
resistance of the causal pathogen. Natural products may
serve as lead as structures for new safe biological fungi-
cide instate of chemical substance to participate in de-
creasing environmental pollution. Biological control of
plant pathogens could reduce of this concern.

This is the first time that the fungus Penicillium ox-
alicum 1is reported as an antagonistic microorganism of
the pathogen Fusarium subglutinis the causal organism
of mango malformation. Microorganism showed high- ly
antifungal activity against Fusarium pathogen. In most
cases, both Penicillium oxalicum and its metabolite
showed antifungal activity against F. moniliforme growth
that colonized spores and hyphae when it applied as
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Table 2. Efficacy of foliar sprays of liquid formulation of P. oxallicum on the incidence of vegetative buds and flower clusters mal-
formation of mango cultivars under natural infested conditions (season 2010).

Percentage of disease incidence %

Noubaria Ismailia
Treatment
Ewais Saddika Ewais Saddika
Vegetative Blossom Vegetative Blossom Vegetative Blossom Vegetative Blossom
Control 50" 61.3° 40.6" 45.5° 62.6 71.0° 50.7° 65.5°
P, oxallicum 3.3° 4.5° 2.4° 3.3¢ 4.5° 5.6° 2.4° 3.8°
Fungicide (Tobseen ) 30.7° 37.8° 22.6° 29.3° 39.1° 47.4° 22.5° 29.8°

Values represent the mean percentage of six replicates. Values in each column followed by the same letter are not significantly different (P < 0.05).

Table 3. Efficacy of foliar sprays of liquid formulation of P. oxallicum on the incidence of vegetative buds and flower clusters mal-
formation of mango cultivars under natural infested conditions (season 2011).

Percentage of disease incidence %

Treatment Ewais Saddika Alphonso Taimour Zebda

Vegetative Blossom Vegetative Blossom Vegetative Blossom Vegetative Blossom Vegetative  Blossom

Control 52.2° 66.4* 48.6* 61.2° 40.2° 49.4° 38.6° 46.2° 12.2° 16.4*
P, oxallicum 2.5 3.6° 2.1° 3.2° 1.3 2.7 L1 2.5 0.0° 0.0°
Fungicide (Tobseen) 33.4° 43.4° 20.4° 25.2° 24 .4° 22.7° 15.4° 20.2° 9.4° 13.5°

Values represent the mean percentage of six replicates. Values in each column followed by the same letter are not significantly different (P < 0.05).

Table 4. Efficacy of foliar sprays of liquid formulation of P. oxallicum on fruit yield of mango cultivars under natural infested condi-
tions (season 2010).

Fruit yield/tree
Noubaria Ismailia
Treatment
Ewais Saddika Ewais Saddika
Fruit number/tree  Yield/tree Fruit number/tree  Yield/tree  Fruit number/tree Yield/tree Fruit number/tree  Yield/tree

Control 11.5° 8.54¢ 12.5° 10.4° 13.4° 12.3 14.3¢ 12.4°

P, oxallicum 18.2° 16.4° 17.5° 18.3% 23.4° 18.6" 19.3° 18.0°
Fungicide (Tobseen) 12.1° 11.3° 14.6° 15.1° 16.5° 13.4° 17.1° 14.7°

Values represent the mean percentage of six replicates. Values in each column followed by the same letter are not significantly different (P < 0.05).

Table 5. Efficacy of foliar sprays of liquid formulation of P. oxallicum on fruit yield of mango cultivars under natural infested condi-
tions (season 2010).

Fruit yield/tree
Treatment Ewais Saddika Alphonso Taimour Zebda
Fruit number yield Fruit number yield Fruit number yield Fruit number yield Fruit number yield
Control 27.4° 24.3° 26.2° 24.4° 54.5° 83.6° 51.8° 92.4° 62.3° 98.6°
P, oxallicum 48.2° 40.6° 39.3 41.0° 65.7° 114.5° 64.7° 132.4° 77.3 136.3
Fungicide (Tobseen)  29.5" 26.4° 31.1° 27.7° 59.4° 94.7° 54.6° 101.5° 64.2° 113.2°

Values represent the mean percentage of six replicates. Values in each column followed by the same letter are not significantly different (P < 0.05).
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spores. When purified active substance applied, signifi-
cantly inhibited pathogen growth expressed as zone inhi-
bition. Mycoparasitism involving lytic enzymes has been
already described as the mechanism of action of Penecil-
lium isolates in the biological control of commercially
important plant pathogens [8,10]. Reports on glucanases,
cellulase, and the relative importance of any of these
systems in the antagonistic process as antifungal agents
are well documented [14]. Thus, the culture filtrate of
Penicillium oxalicum was against Fusarium subglutinis
the causal organism of mango malformation. Our results
show that Penicillium oxalicum produced exo-glucanase
or cellobiohydrolases and endo-glucanase when it was
grown with all of the carbon sources examined. The level
of production of exo-glucanase or cellobiohydrolases and
endo-glucanase varied depending on the carbohydrate
source, nitrogen sources and incubation period etc.
Changes in one of these parameters can have a dramatic
effect on the yield of cells and the stability of protein
product. The meaning of optimization in this context
needs careful consideration of the environmental and
nutritional parameters for growth and production. Opti-
mization of fermentation media ingredients and envi-
ronmental factors for enzyme production is a more con-
venient and effective strategy, compared to other recent
approaches like molecular techniques, to manifest the
physiological characteristics to synthesis enzymes. Peni-
cillium species in toxigenic capacity of the secondary
substances or metabolites excreted [15]. P. oxalicum has
been reported to be a biocontrol agent for Fusarium ox-
ysporum f. sp. lycopersici [16]. Leaf spot severity (Cer-
cospora canescens) on Vigna mungo was reduced by
spraying with P. oxalicum before inoculation of C. cane-
scens [17].

Foliar application of culture filtrate on mango trees
provided greater efficacy for controlling malformation
disease suggested that the fungus produce some antifun-
gal enzymes. Penicillium oxalicum promising fungus an-
tagonists for controlling mango malformation disease. P,
oxalicum has shown a good potential for development as
a commercial biocontrol product. Nondusty, liquid for-
mulations of P. oxalicum culture filtrate developed as
biofungicide for controlling mango malformation.
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