1 Egypt. J. Phytopathol,, Vol. 34, No. 2, pp. 1-15 (2006)

Host Range and Control of Phyllosticta sp.
the Cause of Banana Leaf Spot and Bhght

M.AM. Kamhawy
Plant Pathol. Res. Inst., Agric. Res. Centre, Giza, Egypt. -

athogenicity test proved the ability of Phyllosticta sp. to cause

the disease symptoms on banana leaves and fruits. In addition, all
the tested banana cultivars were susceptibie to infection by the
pathogen but varied in their response. Host range test revealed that,
apple, date palm, grapevine, lychee, mango, plum, prickly pear, fig
and black mulberry were also attacked by Phyllosticta sp. However,
diseasc severity and disease symptoms varied according to plant
species. This is the first report about Phyllosticta sp. to attack some
fruit trees from different families.

Copral 50% WP. (Copper oxychloride) and Cabriotop 38% WG.
{Pyraclostrobin + Metiram) were the most cffective fungicidés against
Phyllosticta sp. followed by Nimrod 25%EC. (Bupirirmate) and Bellis
60%WG. (Pyraclostrobin+Boscalid), as mean of growth reduction
respectively. On the other hand, Kema-z 50%WP {Carbendazim),
and Mancoper 69.5%WP. (Mancozeb+Copper oxychloride) were the
Jowest effective. Under grecnhouse conditions the same fungicides
wmusedassprayumumdgavememem;doflabommy
screcning.

Three commercial biofungicides, ie. AQIlO (Ampelomvcc:
quisqualis), Bio-Zaid (Trichoderma album) and Bio-Arck (Bacillus
megaterium) were found to be cfficient in suppressing Phyllosticta
leaf spot of benana caused by Phyllosticta sp. The antagonists
produced mycolytic enzymes viz. chitinase and p-1, 3-giucanase.
Variations among the biofungicide were found in their ability 1o
produce these enzymes. )

Key words: Ampelomyces quisqualis, Bacillus mega!erium, banana,
chitinase, lcaf spot, Phyllasticta sp. and Trichoderma
album

Leaf spot disease does not kill plants immediately, but crop losses increase
gradually with the age of planting. The decrease in functional leaf area caused by the
disease results in a reduction in the quality and quantity of yield. Phyllosticta leaf
spot disease (PLS) one of the foliage diseases infect wild range of fruit and woody
trees as well as  ornamental plants (Singh, 1978; Adhikari and Asha Tiwari, 1991;
Madriz et al., 1991and Ali and Saikia, 1997). The disease was recorded first time in
Egypt on Banana orchards (Musa spp.) cv. Williams during March, 2005 in Bader
Centre, Menuofya governorate by Kamhawy et al. (2005). Symptoms observed as
fusiform or elliptical lesions in outline area on both leaf surfaces. The spots are dark
brown in the centre surrounding with water sosked faint brown tissue which
associated with bright yellow at the spot border. Several spots coalesced to each
other and cover large portions on the leaf, which gives a blighted appearance.
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Amusa ef al. (2001) recorded leaf blight symptoms associated with infection by
Phyllosticta hibiscini on roselle {(Hibiscus sabdariffa var. sabdariffa). Madriz, et al.
(1991) isolated Phyllosticta musae [P. musarum] from lesions on leaves and
inflorescences of Heliconia spp. grown in parks, gardens and indoors in Venezuela.
Herrera Isla (1993) reported that, Phyllosticta sp. is the causal agent of leaf spot and
blight in Sterculic apetala. Muthumary (1993) cleared the presence of
a mucilaginous membrane in SEM studies of a Phyllosticta sp. on Codiaeum
variegatum. The remnants of a sheath were seen on some of the conidia after partial
gelatinization. McMillan (1995) recorded Phlyllosticta sp. as a causal pathogen of
some diseases in Brazil. Saata er al. (1994) described 23 rare species of
Sphacropsidales, including Ascochyta, Phoma, - Phyllosticta, Septoria and
Stagonospora, occurting in Poland. Khan et al. (1995) recorded pathogenic
Phyllosticta spp. on forest tree and bamboo in India. Luc LuYi and Zhang XiaoYan
{2000) reported brown spot disease (Phyllosticta actinidia) seriously attack kiwifruit
leaves.

Chemical control using fungicides is still the main method for controlling leaf
spots discase of banana in different countries. Chemical treatments to protect fruit
trees from infection by certain diseases are routinely applied each year. Many
phytopathologiests used chemical fungicides to -.control the disease. Sujan Singh
et al. (1991) revealed that in laboratory tests, of 5 fungicides tested (Captaf,
Dithane M-45 [mancozeb], Captafol, Blitox [copper fungicides] and Bavistin
: {ca!bendaznm]) Bavistin at 0.05%and DithaneM-45 at 0.25% were effective against
P. adjuncta. Kamla Uniyal et.al. (2001) revealed that, Diathan M-45 and Radomil
 were effective in controlling leaf blight disease of poplar caused by Phyllosticta

adjuncta. Luo LuYi and Zhang XiaoYan (2000) reported that, spraying 5-6 degree
lime sulfur before and after flowering decreased the infection, Spraying brown spot
disease (Phyllosticta actinidia) during July-August with mancozeb, Thiophanate-
_ methyl or carbendazim gave good disease reduction. The aim of this work was to

determine possible inoculum sources of the dlsease s¢ as to be able to plan to
method of measures control. _ _ _ .

Materials and Methqu

Source of PMlmtida sp.:
A pathogenic isolate of Phyllosticta sp. obtained by Kamhawy er al. (2005) from
infected banana leaves (Musa spp.) cv. William was used in presented study.

Preparation of pathogen inoculum:

Phyllosticta sp. inoculum was prepared as pre\nously described by KerChung
and Hoch (1996). Spore suspension was strained though two layers of cheesecloth to
remove mycelial clamps. Pycnidiespore concentration was determined and adjusted
with a haemocytometer to reach10° spore / ml approxunately

Pathogenicity tests and cultivar reactions:

Three cultivars of banana plants, six months age, namely; Grand Nain, Maghrabi
" and Williams were used to study their response to infection by Phyllosticta sp.
Healthy leaves of banana were stirface sterilized with 1.5% mercuric chloride and
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then rinsed with sterile distilled water before treatment. Then, leaves sprayed using
an atomizer to the point of suspension run off. Inoculated plants were covered with
large plastic bags to maintain high humidity for two days. Control plants. were
similarly treated with only sterile distilled water. Five replicate plants were used for
each cultivar. '

Disease assessment:

Disease reading was determined for each leaf according to the disease severity
rating which was made to include the size and frequency of the lesicn / leaf. The
following numerical rates were suggested for dlsease severity:
0= No symptoms.
1= Few scattered lesions covering about 1-25% of the leaf.
2= Spots covering about 25-50% of the leaf.
3= Spots coalescing and covering about 50-75% of the leaf.
4= Severe infection with coalescing and covering more than 75% of the leaf.

Disease severity was calculated according to the equation suggested by
Townsend and Heuberger (1943} as follows:

Disease severity (%6)= sum (n x r) x100 / 4N,

Whereas: (n) is the number of leaves in each numerical grade(r) and (N) is the total
number of inoculated leaves multiplied by the maximum numerical grade.

Banana fruits inoculatim:

Unwounded immature fruits (cv. Williams) were used to study their response to
the infection by Phyllosticta sp. Spore suspension reach 10° spore/ml approximately
was atomized onto banana fruits from all directions until run off. After inoculation,
banana fruits packed into transparent plastic bag to serve as a moist chamber 48 h at
room temperature(28+2°C) to ensure high humidity during the infection process.
After 48 h. the inoculated banana unpacked and left incubated at room temperature
with a daily check for symptoms development.

Host range:

Fifteen plant spec1es belonging to thirteen genera, ie. apple (Malus domestica
Borth.); apricot (Prunus armeniaca 1.); banana (Musa spp.); black mulberry
{Moruse nigra L.); date-palm (Phoenix dactylifera L.); guava (Psidium guajava L.);
lychee (Litchi chinensis); prickly pear (Opuntia ficus-indica Mill }; fig (Ficus carica
L.), mango (Mangifera indica L.); grape {Vitis vinifera L.); pomegranate {Punica
granatum L.); peach (Prunus persica L.); sweet orange (Citrus sinensis Osbeck) and -
plum (Prunus domestica L.), were used to test their reaction to infection by
Phyllosticta sp. The plants were fertilized twice per month 10: 10: 10 (NPK) soluble
fertilizer, 2g/l water. Plants chosen for inoculation and disease development were
actively growing and had suitable number of leaves except Prickly pear used
cladodes. The plants were inoculated by spraying spore suspension and kept under
observation for 14 days. Disease severity was determined 14 days aflter leaf

incculation. Three replicate plants were used for each tested plant species. -

Inoculation methods as well as disease severity assessment were followed as
mentioned before.
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Disease control:
Chemical control:
_ Nine different fungicides namely; Nimrod 25%EC {Bupirirmate), Kocide 101
77% WP. (Cupric hydroxide), Amrtracol 70% (Propineb), Kema-z 50%WP
{Carbendazim), Mancoper 69.5 %WP (Mancozeb + Copper oxychloride), Copral
. 50% WP. (Copper oxychloride), Ridomil plus 50% (Mancozeb + Metalaxyl),Bellis
60%WG (Pyraclostrobin+Boscalid), Cabriotop 38% WG (Pyraclostrobin+Metiram)
were used in vitro to evaluate their inhibitory effect on linear growth of Phyllosticta
sp. Nine different concentrations, i.e. 0, 10, 50, 100, 200, 300, 400, 500 and 600ppm
based of the active ingredient of each fungicides were prepared in previously
calculated volume of awtoclaved PDA medium before pouring into Petri dishes,
Platés were inoculated with one disk (5-mm-diameter) of 14-day-old culture of the
desired fungus and incubated at 25°C for 14 days. Three replicates were used for
eachmnnentmdﬂnegrowﬂl(mm)wasrecordedwhmweﬁlllgmwthoftested
- fungus was observed in the check treatment. Percentage of reduction in fungal
-growth was calculated relative to the check treatment.

Greenhouse erperlmem T

Greenhouse experiments were achieved in greenhouse of Fruit and Woody Dls
Res. Dept., Plant Pathol. Inst, ARC. Giza, Egypt. Banana plants (cv. William),
" previous inoculated and exhibited varied degrees of disease symptoms, were used as
test plants. Disease severity due to artificial infection was recorded as mentioned
before. Banana plants were sprayed twice at 15 day intervals with the recommended
dose of the desired fungicide with enough fungicidat solution. Three replicates were
used for the evaluation of each applied trestment. Disease severity was recorded
30 days after fungicidal application as mentioned before. Decrease in discase
severity was calculated according to the following equation (thkvold and Morios,
- 1993): .

. . (Psy=(c-Iv/Ic) x 100
Whereas: 'Ps=disense reduction (%), Ic= proportion of increase in disease severity in
, control treatment and ]v= proportion of increase in disease severity in
each treatment.

When necessary, the results were statistically analyzed using factorial
experimental design suggested by Snedcor and Cochran (1982).

Biological control:

Biological control is considered one of the most prospective methods to control
-various diseases that affect fruit production. The possibility to use this method to
contro] leaf spot discases as safe and mlght be cheep method of comrol was
investigated. .

Evaluation of commercial blqﬁmgmdw on the control of Phyllosticta leaf spot: ,

The -efficiency of three tested commercial biofungicides, ife. AQIO
(Ampelomyces quisqualis), Bio-Zaid (Trichoderma album) and Bio-Arc' (Bacillus
megaterium) for controlling banana leaf spot disease under greenhouse conditions
were evaluated. - The biofungicides were prepared at recommended doses of
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producing company. Banana plants (cv. William), six months age, were used in this
study. The experiment was achieved according to the following regimen: spray the
biofungicide one day before inoculation, plants were inoculated with the causal
pathogen as mentioned before and sprayed with the tested biofungicides at the same
time of inoculation as well as 15 days after inoculation when plants exhibited
disease symptoms. All plants were covered with ‘sterile cellophane bags for one
week to maintain high relative humidity for spore germination. The bags were then
removed to exposc the plants to ambient environmental conditions for 30 days.
Fhree replicates were used for each treatment. Each replicate contained three plans.
Decrease in disease severity was calculated according tc Munkvold and Morios
{1993) as mentioned before.

Determination the activity of mycolytic enzymes produced by the microorganisms of
bio fungicides against Phyllosticta sp.:

Three microorganisms: i.e. Ampelomyces quisqualis; Bacillus megaterium and
Trichuderma album, were obtained by culturing spore suspension of the commercial
biofungicides previously used in order to determine mycolytic enzymes viz. 8-1,3-
glucanases and chitinase produced by commercial biofungicides against Phyllosticia
sp., the leaf spot pathogen of banana.

Determination of Chitinases:

Isolates of tested biofungicides were cultured in 250 ml conical flasks containing
50mi of chitin—peptone medium for bacterial isolates (glucose 0.5% peptone 0.2%,
colloidal chitin 0.2%, K2ZHPO4 0.1%, MgS04-7TH20 0.05% and NaCl 0.05%. pH
6.8) (Lim et al., 1991) or in liquid Czapek-Dox medium containing 0.2% sucrose for
fungal isolates, All tested micro organisms were incubated at 28°C for 96 h. in
a rotary shaker incubator. After the incubation period the cultures were centrifuged
at 12,000 rpm. for 20 min at 4°C and the supemnatant was used as enzyme source.
Colioidal chitin was prepared from crab shell chitin (Sigma) according to Berger and
Rewvnolds (1958). The reaction mixture contained .25m] of enzyme solution, 0.3ml
of 1M sodium acetate buffer (pH 5.3) and 0.5ml of colloidat chitin (0.1%) and
incubated in a water bath at 50°C for 4 h. Chitinase activity was determined by
measuring the release of reducing sugars by the method of Nelson (1944). One unit
of chitinase was determined as 1 nMol of reducing sugar released per hour/m!.

Determination of §-1,3-glucanase:

Bacterial isolates were grown in 250 m! conical flasks containing 50ml of
peptone medium and fungal isolates were grown in liquid Czapek-Dox medium.
Inoculated both media contained laminarin 0.2% (Laminaria digitata; Sigma) (Lim
et al., 1991), incubated at 28°C for 3 days for bacterial isolates and one week for the
fungal isolates on a rotary shaker incubator, Then the cultures were centrifuged as
previously mentioned and the resulted supernatant filtered though 0.22um Millipore
filters and preserved to be use as enzyme source. The reaction mixture contained
0.25m) of enzyme solution, 0.3ml of 0.1M phosphate buffer (pH5.5) and 0.5ml of
laminarin 0.2% (Lim er al., 1991) then incubated at 40°C for 2 h. in a water bath.
One unit of B-1, 3-glucanase activity was determined as 1 nMol of glucose reieased
per hour/ml
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Results and Discussion

Pathogenicity test and varietal reaction:

Three banana cultivars namely; Grand Nain, Maghrabl and Williams were
inoculated by Phyllosticta sp. Data in Table (1) and Fig. 1 (A, B and C) showed that
Percentages of the disease index revealed significant in the interaction between the
tested cultivars and pathogen. The highest disease index was always recorded on
cv. Williams being 32.86% followed by cvs. Maghrabi and Grand Nain which
recorded 20.51 and 16.43%, respectively.

Table 1. Pathogenic ability of Phyllosticta sp. on some banana cultivar

Tested Disease severity (%) after days
banana cvs. 7 i> 2i Mean
Grand Nain 04.17 18.75 26.58 16.45
_Mgghrabi 08.33 20.83 3238 20.51
Williams 14,29 35.42 48.7 32.86
L.S.D. at 5% for: Davs (D)=0.8. Cuitivar(C= 1.1 and DxC=16

Also, pathogenicity test indicated the ability of the pathogen to attack banana
fingers. Bunches spraved with spores of Phvllesticta sp. showed brown spots
characteristic of the fungus as shown in Fig. 1 (G). It appeared first as smali brown
spots, which graduaily enlarged. Although circular at first, the spots Jater became
irregular formed like cavity in shape. These results are in harmony with those of
Meredith (1968) and McMilian (1995).

Host range:

Fifteen plant species representing eleven families (thirteen genera) were tested
for their reaction to Phyllosticta leaf spot disease caused by Phyliasticta sp. isolated
from banana {Musa spp.). Obtained results (Table 2 and Fig. 2) show that
Phyllosticta sp. is wide spread pathogen, the pathogen was able to attack banana,
apple, prickly pear, date-paim, plum, ivtchee, black mulberry, mango, grape and Fig.
However, disease severity and disease symptoms varied according to plant species.
Banana was severely attacked (39.16% as disease severity), followed by Apple,
Prickly pear (27.40 and 26.24%, respectively). Meanwhile, date-palm, plum, lychee,
mango and black mulberry recorded 21.54, 18, 16.24, 14.11 and 13.81%,
respectively. Fig and grape showed slight infection, while other tested plant species
remained healthy, Such a non-host specific of the pathogen provides a variety of
sources for inoculum in nature. Symptoms on apple leaves can be seen as reported
by Tkase and Dumbravs (2004). They reported that Phviiosticta sp. was the causal of
apple leaf blotch. Disedse symptoms on prickly pear consisted of tiny circular, light
grey colured spots with pycnidia on them and a rusty halo. Spots became bigger,
tended 1w cealecce and darken (Fig.2 N} finally resulting in stem death. These results
are in agreement with those reported by Wright ef al. (2004) who stated that
Phyllosticta sp. is the cause of prickly pear stems blight. They also added that
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Fig. 1. Typical symptoms of Phyllosticta leaf spot
discase of banana leaves and fruits. Notice
differentiation in disease symptoms as well
as disease severity on tested banana cvs., 1.e.
William (A), Maghrabi (B} and Grand Nain
(C), resulting from artificial inoculation
with Phyllosticta sp. Close-up of typical
symptoms of Phyllosticta leaf spot discase of
banana Notice, Pycnidia arranged in circle
shape (indicated by arrows) (D). Vertical
view of pycnidium (X200) (E). Lateral view
of pyenidivm formed on leaf surface (X400)
(F). Symptoms on Banana fruits {G).
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Table 2. Reaction of plant species from different families to inoculation with
Phyllosticta sp. under greenhouse conditions

Plant species Family Disease severity (%)

Apple (Malus domestica, Borth) Rosaceae 27.40
Apricot{Prunus armeniaca l..) HAAH

Plum (Prunus domestica L.) 18.00
Peach (Prunus persica Batsch.) HEEE

Black mulberry (Moruse nigra L.) Moraceae 13.81
Fig (Ficus carica 1..) 12.33
Banana (Musa spp.) Musaceae 39.16
Date-palm (Phoenix dactylifera L.) Palmaceae 21.54
Guava { Psidium guajava L.) Myrlaceae FEEE

Grapevine (Vitis vinifera 1..) Vitaceae 12.77
Mango{ Mangifera indica l..) Anacardiaceae 14.11
Pomegranate (Punica granatum 1..) Punicaceae HHEA

sweet orange(Citrus sinensi Osbeck) Rutaceae FEEE
Prickly pear (Opuntia ficus-indica Mill} | Cactaceae 26.92
Lychee (Litchi chinensis Sonn) Sapindaceae 16.24

#*+ % No disease symptoms appeared.

Cucurbita maxima and Cucumis sativus seedlings and fruits that were artificially
inoculated showed disease symptoms. On the other hand, symptoms on date palm
firstly appear as shown in Fig. 2 (I), irregular red spot 2mm in diameter surrounding
with bright at the spot border. Several spots may coalesce to form large spots (Pitta,
1994 and Ramos Mariano et a/. 1998), Grapevine, fig and plum (Fig. 2 K, L and P)
were similar in symptoms against Phyilosticta sp. these symptoms can seen as dark
brown spots with darkness margin, the spots often detached to produce shot-hole
symptoms. Ferrcira ef al. (1989) reported that Phyllosticta sp. associated with
dieback and pruning wounds of grapevines in South Africa. Also, Prikhod'ko (1975)
reported that Phyllosticta prunicola the canse of shot hole spot of stone fruit trees.
Togawa (1998) revealed that brown leaf spot disease of cherry caused by
Phyllosticta sp. On the other hand, symptoms on lychee (Fig.2 M) appear as circular
red spot (McMillan 1995). Mango leaves exhibited disease symptoms as circular
necrotic lesions with tiny colour are shown in Fig. 2 (Q). Vala ef al. (1989), Madriz
et al. (1991) and Muthumary et al. (1993) isolated Phyllosticta musae [P. musarum)]
from lesions on leaves and inflorescences of Heliconia spp. grown in parks, gardens
and indoors in Venezuela. According to the available literature, this is the first report
about possibility of Phyllosticta sp. to attack several hosts in Egypt. Addition to host
rang of Phyllosticta sp., the obtained results may be illustrating the source of
inoculum.
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Fig. 2. Disease symptoms resulted from artificial inoculation by Phyllosticta sp.
on different hosts, i.c. apple (H), black mulberry (I), date-palm (J),
Grape (K), Fig (L), lytchee (M), prickly pear (N), mango (0Q) and plum (P}.
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Disease controi:
Evaluation of different fungicides on the linear growth of tested pathogen:

Data presented in Table (3) reveal that Copral and Cabriotop were the most
effective fungicides against Phyllosticta sp. being recorded 68.4 and66.9% followed
by Nimrod and Bellis being recorded 60.9 and 58.3% as mean of growth reduction,
respectively. The differences between Copral and Cabriotop as well as Nimrod and
Bellis were not significant and highly significant compared with the other tested
fungicides. On the other hand, Kema-z and Mancoper were the lowest effective
fungicides being recorded 27 and 17.7% respectively. Data also indicate that the
tested fungus varied in its sensitivity against the fungicides used. The growth of
Phyllosticta sp. showed more positive response to Copral 50% WP. and Cabriotop
60% where, complete growth inhibition was recorded at 100 and 200ppm followed
by Nimrod recorded at 300 ppm and Bellis38% at 400, respectively while, no
complete growth reduction for the fungus tested occurred when Kocid 101 was used
until 600 ppm. These differences between the fungicides tested in their fungicidal
effect on the pathogenic fungus tested might be due to mode or degree of the
antagonistic action of the fungal cell to specific fungicides (Watkins et al., 1977)
and chemical composition of the fungicides (Camegie et al., 1990).

Table 3. Growth reductien (%) of the tested pathogenic fungi resulted from the
in vitro tested fungicides

.. Growth reduction (%) at fungicide used concentrations {ppm)

Tested fungicide 5710 T 50 [ 100 [ 200 | 300 ] 400 ] 500 [ 600 | Mean
Anrtracol! 70% 0 0 0 48 55 62 77 100 | 100 [ 49.1
Copral 50%WP. 0 0 16 100 [ 100 ] 100 | 100 | 100 | 100 | 68.4
Kemazed 50% 0] 0 0 0 0 13 61 69 ] 100 | 27
Kocid 101 0l 0O 0 22 33 40 44 67 | 81 |319
Mancoper 69.5 0] 0 0 0 0 0 11 48 [ 100 | 17.7
Nimrod 25%EC 0 0 35 52 61 100 | 100 | 100 | 100 | 60.9
Bellis 60% 0 0 | 17 50 77 81 100 | 100 | 100 | 58.3
Cabnotop 38% 0] 0 32 | 70 ] 100 | 100 [ 100 | 160 | 100 | 66.9
Ridomil Plus50% | 0 0 50 50 50 61 83 100 ] 100 | 49.3
L.S.D. at 5% for: Concentration (C)=2, Fungicide (F)=3.19 and Fx C=44

Greenhouse experiments:

In vitro treatments indicate that Copral 50% WP and Cabriotop 38% WG
followed by Nimrod 25%EC and Bellis 60%WG. were the most effective fungicides
against the tested fungus. Under greenhouse conditions these four fungicides were
used as spray treatment to control Phyllosticta leaf spot of banana and gave the same
trend of laboratory screening. Data in Table (4) reveal that Copral and Cabriotop
were the best fungicides for controlling leaf spot which recorded the highest
percentages of decrease in disease incidence, being 86.57 and 84.16 %, respectively,
followed by Nimrod and Bellis recorded 71.51 and 68.28%, respectively. Many
plant pathologists recorded that several fungicides decreased the percentage of
Phyllosticta leaf spot disease severity (Sujan Singh et al., 1991, Luo LuYi and
Zhang XiaoYan, 2000 and Kamla Uniyal et al., 2001).

Egypt. J. Phytopathol., Vo, 34, No. 2 (2006)
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Table 4. Effect of different fungicides at the recommended dose in controlling
Phyllosticta leaf spot of banana

. . D.S. before* D.S. after | Increase in |Reduction in

Tested fungicide ) \reatment (%) | treatment (%) | D.S.(%) | DS. (%)
Copral 50% WP. 4233 46.00 3.67 86.57
Cabriotop 38% WG. 41.87 46.20 4.33 24.16
Nimrod 25%EC. 48.21 56.00 7.79 71.51
Bellis 60%WG. 53.33 62.00 8.67 68.28
Control {water) 48.66 76.00 27.34 00.00
L.S.D. at 5% for: Fungicide (F= 3.38. Disease severity (D)=4.11 and FxD=5.8

* D.S.= disease severity.

Biological control:

The biofungicides found efficient in suppressing Banana leaf spot disease caused .
bv Phvllosticta sp. Data in Table (5) reveal that all tested biofungicides prevent
disease incidence when applied at the same time of pathogen inoculation or one day
later. Bio-Zaid (Trichoderma album) was the best biofungicide for controlling leaf
spot which recorded the highest decrease percentage in disease severity being 94
.85 % followed by Bio-Arck (Bacillus megaterium) and AQI0 (Ampelomyces
quisqualis) being recorded 88.09 and 76.43 %, respectively.

Table S. Effect of different biofungicides with the recommended dose in
controlling Phyllosticta leaf spot on banana

Pathogen first, then biofungicide 15 days later
Tested biofungicide D.S.before* | D.S. after |Increase injReduction in
treatment (%) | treatment (%) [ D.S. (%) | D.S. (%)
Bacillus megaterium . n
(Bio-Arck) 29.16 33.00 5.84 83.09
Trichoderma album
(Bio-Zaid) 25.00 26.66 1.66 94.85
Ampelomyces quisqualis
(AQ10) 27.00 34.59 7.59 76.43
Control (water) 26.38 58.59 32.21 00.00
_L.S.D. at 5% for: Fungicide (F)~ 3.38, Disease severity (D)= 4.11 and F x D=5.8

* D.S.= disease severity.

Estimation of B-1, 3-glucanases and Chitinase activities:

The antagenists found to be efficient in suppressing Banana leaf spot disease
caused by Phyllosticta sp. were tested in vivo for their efficacy for lysing the cell
wall of the pathogen. The antagonists produced mycolytic enzymes viz. B-13-
glucanases and chitinase. Variations among the isolates could be referred for the
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production of these enzymes. The findings demonstrate mechanism of antagonism
by the tested biofumgicides though production of pathogen cell wall lysing enzymes,
chitinase and P-1, 3-glucanases. Data in Table (6) indicate clearly that, all tested
biofungicides released Chitinase and f3-1, 3-glucanases enzymes varied according to
biofungicide when grown in mixed culture with Phyllosticta sp. In this respect
Bacillus megaterium recorded the highest chitinase activity being 0.35 followed by
Ampelomyces quisqualis and Trichoderma album being recorded 0.31 and 0.13 unit,
respectively. On the other hand, Trichoderma album recorded the highest B-1,3-
glucanases activity being 0.372 unit followed by Bacillus megaterium and
Ampelomyces quisqualis being 0.172 and 0.101unit, respectively. Chitin is an
unbranched polysaccharide composed primary of beta 1,4 linked N-Acetyl glicose
amine residues. It can be regarded as a cellulose analog, in which the hydroxyl
groups have been replaced by N-Acetyl glucose amino groups. The degradation of
chitin is catalyzed by chitinase, which hydrolyze chitin to chitodextrins (Sundhein,
1992 and El-Tarabily ef al., 2000). Many bacterial genera as well as Trichoderma
spp. had a good bioagent activity against wide range of Oomycetes and others
(Elad et al,, 1982; Buchenauer, 1998 and Rajan et al., 2002).

Table 6. Estimation of B-1, 3-glucanases and Chitinase activities as Glucose unit

released per hour /ml
1 biofungici Chitinase activity B-1,3-glucanases
T bio cide ~unit/mlh, unit/ml/h.
Bacillus megaterium 0.35 0.172
Trichoderma album 0.130 0372
Ampelomyces quisqualis 0.31 0.101
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