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ABSTRACT

Five different Trichoderma isolates and three different
bacterial genera (Serratia marcescens, Bacillus subtilis,
Pseudomonas fluorescens) were used in the present study
either separately or combined with compost to evaluate
their biocontrol potential against Sclerotinia sclerotiorum
either in vitro or in vivo. The results showed that all tested
bioagents significantly affected the radial growth of the
pathogen under laboratory conditions. The highest
reduction (61.85%) was detected with isolates T.
asperellum followed by T. album which inhibited the radial
growth by 60.74%. The combination between T. viride + T.
asperellum + T. album was the most effective in reducing
disease severity during both seasons and increased yield up to
2.5 kg/plant. The influence of the tested biocontrol fungi
and bacteria on essential lysis enzymes activity i.e.
chitinase and Beta 1,3- glucanase was investigated. The
results showed that both tested fungal and bacterial agents
alone or combined with compost affected the activity of
both enzymes positively. Similar findings were observed
with aspect to three different oxidative enzymes activity
i.e. peroxidase (PO), polyphenoloxidase (PPO) and
phenylalanine ammonia lyase (PAL). The profiling of
peroxidase activity was induced in treated cucumber
plants. Moreover, the results revealed that treating
cucumber plants with the investigated bioagents expressed
new protein bands.
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INTRODUCTION

Cucumber (Cucumis sativus) is among the most
widely grown vegetables all over the world (Paris et al,
2011). Sclerotinia sclerotiorum (Lib.) de Bary is a
worldwide pathogen that can infect more than 400 plant
species. This pathogen causes severe yield losses of
many economic crops (Lu, 2003). Traditional
management techniques such as crop rotation and
cultural practice are not enough alone to stop the disease
damage due to the host wide range and the ability of the
pathogen to survive for a long time in the soil as
sclerotia (Purdy 1979, Bolan and Hall 1994 and
Elkahoui, et al, 2014). The low cost and eco-friendly
application of biological control methods are gaining a
high attention among all methods used to control plant
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diseases in general and Sclerotinia diseases particularly.
Biocontrol depending on using either antagonistic fungi
i.e. Trichoderma hamatum, Gliocladium virens,
Trichoderma viride or bacteria, Pseudomonas
fluorescens, found to be important in recent integrated
pest management techniques that, can reduce the radial
growth of the Sclerotinia sclerotiorum respectively
(Abhiniti et al, 201land EL-Kafrawy 2008). Soil
treatment with T. hamatum, G. virens or B. subtilis
gave the maximum protection against the fungal
infection followed by T. viride and P. fluorescens.
Moreover, this treatment improved plant height and
increased both flowers number and fruit yield. The
biocontrol agents tested were nearly as effective as the
fungicide Topsin. M. Helmy; 2016 also found that,
Streptomyces sp., followed by P. flourescens and
Bacillus subtilis significantly reduced mycelium growth
of  Sclerotinia  sclerotiorum.  Moreover, they
significantly reduced the severity of the disease on
cucumber plants as well as they enhanced the
morphological and physiological parameters of treated
plants compared with the control. Control of root rot
and Sclerotinia diseases using biofungicides have been
investigated in many types of researches (Li GQ, et al.,
2003, Domenech, et al., 2006, Abdullah, et al., 2008,
Berry, et al., 2010, Zeng, et al., 2012, and Rodriguez, et
al., 2015). Oxidative enzymes such as peroxidase and
polyphenol oxidase enhance the formation of lignin, while
other oxidative phenols contribute in formation of defense
barriers for reinforcing the cell structure (Avdiushko, et
al., 1993). Chitinase and B-1, 3 glucanase enzymes play
a significant role in plant defense against fungi by
hydrolyse their cell wall (Tian, et al., 2006 and Barilli,
et al., 2010). Ahmed, et al., (2017) found that,
integration between T. album + B. subtilis + Ps.
fluorescens and compost was the most effective
treatment for reducing tomato Sclerotinia rot disease
incidence and disease severity. As well as, this
treatment increased the fruit weight per plant.
Moreover, all treatments increased the phenols and
flavonoids content in tomato plants. The addition of
10% compost to the soil significantly decreased the
incidence of many diseases on different crops i.e.
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Aphanomyces root rot of peas; Rhizoctonia root rot of
bean, Sclerotinia drop of lettuce, Fusarium wilt of
cucumber and phytophthora crown rot of pepper
(Lumsden, et al., 1983).

The objective of current work is the controlling of
cucumber Sclerotinia disease by the compatibility of
compost in combination with bioagents in the
greenhouse and protected house conditions in addition
to estimating some biochemical parameters as a
response of treating the plants.

MATERIAL AND METHODS

1- Isolation and
organism

Diseased samples of cucumber plants showing
Sclerotinia rot symptoms were collected from Qalyubia
governorate (Moshtohor) and subjected to isolation
trials. Sclerotinia was isolated from the lesions that
appeared on diseased plants. The infected tissues were
cut into small pieces, surface sterilized with sodium
hypochlorite (0.5%) for 2-3 minutes, washed for several
times with sterilized distilled water, dried between
sterilized filter papers and transferred directly to the
PDA medium in in the plate 9 cm. The plates were
incubated for 1-2 days at 22+2°C. The mycelium grown
from the lesion pieces were transferred to potato
dextrose agar (PDA) slants. The fungus was purified by
the hyphal tip technique (Brown, 1924). The purified
fungal isolates were identified according to Singh,
(1982). PDA slants from the fungus were kept in
refrigerator at 4°C for further experiments.

2- Laboratory experiments

Effect of antagonistic fungi on the growth of
Sclerotinia sclerotiorum in vitro

Two discs (@ 5 mm) of 4 days old plain agar culture
of antagonistic fungi; Tricoderma harzianum, T. viride,
T. asperellum, T. album and T. lignorum (these isolates
were obtained from plant pathology Dept., Fac. of
Agric., Benha Univ. Egypt) and S. sclerotiorum were
inoculated simultaneously each opposite the other 1 cm
apart from the plate edge in individual plates (& 9 cm)
contained 10 mL PDA medium. In the control
treatment, each plate was inoculated with 1 disc of
mycelial growth of a given isolate of S. sclerotiorum.
Three plates in the middle were used for each treatment.
All dishes were incubated at 22 +2°C for 10 days. The
percentage of the fungal growth reduction (X) was
calculated by using the following formula suggested
(Abd-El-Moity, 1985).

X=G1-G2/G1x 100

Where: X= fungal growth reduction.

G1= linear growth of the pathogen inoculated alone.

identification of the causal

G2= linear growth of the pathogen inoculated
against the antagonistic fungus.

Effect of antagonistic bacteria on growth of S.
sclerotiorum in vitro

Studying the effect of antagonistic bacteria isolates
(Serratia  marcescens,  Bacillus  subtilis  and
Pseudomonas fluorescens) on the growth of S.
sclerotiorum were conducted as follow; individual
plates (@ 9 cm) contained PDA medium were streaked
at one side (1cm apart from the plate edge) with a loop
full of the antagonistic bacteria (48 hrs- old) grown on
nutrient broth medium (NB) and incubated for 24 hrs at
22°C then the same plate was inoculated at the opposite
side 1cm apart from the plate edge with 5mm disc of 4-
days-old plain agar culture of S. sclerotiorum. All plates
were incubated at 22+2°C for 5 days (Maurhofer et al.,
1995).

3-Greenhouse experiments

The inoculum of S. sclerotiorum was grown for two
weeks on sand barley medium (3:1, w:w and 40%
water). Inoculum of S. sclerotiorum fungus was added to
the potting soil at the rate of 3.0% w/w, mixed thoroughly
with the soil surface of each pot then watered and left for
one week to ensure even distribution of the inoculum.

Effect of treating cucumber seedlings with some
antagonistic on incidence with Sclerotinia mould
disease

In this experiment, healthy cucumber seedlings of
Barracuda hybrid f1 20- days-old (from Qaha nurseries,
Qalyubia governorate) were inoculated. In each hole
containing a cucumber plant, 30 ml of individual spore
suspension (3x10%° spore/ mL) of Trichoderma isolates
and bacterial suspension (10%ells / mL) were drenched
at the collar level. After one week the plants were
transplanted into pots (30 cm) (Benchabane er al,
2000). After two months of inoculation and treatment,
the disease severity was assessed using 0-5 scale where:

0 = no symptom, 1= 0-25% of root browning, 2
=26-50% of root browning, 3 =51-75% of root
browning, 4 =76-100% of root browning, and 5 = plant

death according to Abdeljalil et al., (2016).

Disease Severity %=X (axb) /N x K x 100

Where: a = Number of infected plants in each
category.

b = Numerical value of each category.

N = Total number of examined plants.

K = The highest degree of infection category.
4. Experiments of commercial protected house

In two experiments (during 2017 and 2018) healthy
cucumber transplants of Barracuda hybrid f1 were
individually treated with T. viride, T. asperellum, T.
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album, T. viride, + T. asperellum, T. viride + T. album,
T. asperellum + T. album, T. viride + T. asperellum+ T.
album, Ps. fluorescens, B. subtilis and Ps. fluorescens +
B. subtilis as pervious in greenhouse. Transplants were
planted in pots (30 cm in diameter) amended with
mixture of soil and compost (was obtained from El-
Nile Company, Giza, Egypt) at 5% or without compost.
Soil was infested with inoculum of S. sclerotiorum
fungus at the rate of 3.0% w/w. Untreated transplants
were used as a control. One transplant/pot and five
replicates for each treatment were used. Disease Severity
was recorded as mentioned before and average weight of
fruits (kg)/plant was recorded.

5. Determining of enzyme activities:

Leaves sample of cucumber plants cv. Barracuda
hybrid that treated with different treatments under the
study in greenhouse were taken 30 days after
transplanting. Leaf samples were ground with 0.2 M
Tris HCl buffer (pH 7.8) containing 14 mM -
mercaptoethanol at the rate 1/3 w/v. The extracts were
centrifuged at 10,000 rpm for 20 min at 4°C. The
supernatant layer was used to determine enzyme
activities (Tuzun et al., 1989).

Determination of Peroxidase (PO):

Peroxidase activity was determined according to the
method described by Allam and Hollis (1972) and
Abdelsalam et al. (2020). Peroxidase activity was
expressed as the increase in absorbance at 425 nm/gram
fresh weight/15 minutes.

Determination of Polyphenoloxidase (PPO):

The polyphenoloxidase activity was determined
according to the method described by Matta and
Dimond (1963). Polyphenoloxidase activity was
expressed as the increase in absorbance at 420nm/g
fresh weigh/min.

Determination of phenylalanine ammonia lyase
(PAL):

The activity of PAL was determined according to
the method described by Dickerson et al., (1984). PAL
activity was expressed as pmol trans-cinnamic acid min-
1 g1 protein.

Determination of chitinase

Determination of the activity of chitinase was
carried out according to the method of Boller and
Mauch, (1988). Chitinase activity was expressed as mM
N-acetylglucose amine equivalent released/g fresh
weight tissue/60 minutes.

Determination of B-1,3-Glucanase:

Determination of the activity of the B-1,3-glucanase
was carried out according to the method of Sun et al.,
2006. B 1-,3-glucanase was expressed as mM glucose

6-Activity gel electrophoresis

Sodium  dodecyl sulfate-polyacrylamide  gel
electrophoresis (SDS-PAGE):

Eighty microliters (80 pL of protein) of leaves
sample were subjected to SDS-polyacrylamide gel
electrophoresis was performed in 12 % acrylamide slab
gels following the system of Laemmli (1970) to identify
their protein profiles. Gels were photographed scanned,
analyzed using Gel Doc VILBER LOURMAT system.

Peroxidase.

Activity gel electrophoresis of peroxidase was
carried out to study the expression pattern of different
isoforms of PO with various treatments. For native
anionic polyacrylamide gel electrophoresis according to
the method of Sindhu et al., (1984).

7. Statistical analysis

Statistical analysis of experiments was done as given
by Snedecor and Cochran (1989).

RESULTS AND DISCUSSION

RESULTS

1- Effect of some bioagents on the growth of S
sclerotiorum under in vitro conditions

It is clear from the data in Table 1 and Fig. 1 that
all applied biological fungi reduced growth of S.
sclerotiorum. Trichoderma asperellum was the most
effective antagonistic fungus that inhibited the radial
growth of the pathogen giving (61.85%) followed by T.
album which inhibited the radial growth by 60.74%.
However, T. harzianum and T. lignorum reduced the
growth of S. sclerotiorum by 54.44 and 53.71%,
respectively.

Table 1. Effect of some bioagents on the growth of S.
sclerotiorum in vitro

Treatment Mycelial growth Efficacy %
(mm)
T. harzianum 41.00 54.44
T. viride 37.67 58.15
T. asperellum 34.33 61.85
T. album 35.33 60.74
T. lignorum 41.67 53.71
Control 90 00.00

L.S.D 0.05 2.85
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T. album

Fig. 1. Effect of some bioagents on the growth of S. sclerotiorum under in vitro conditions

2. Effect of some antagonistic bacteria on the growth
of S. sclerotiorum in vitro

Data in Table 2 show that all tested antagonistic
bacteria reduced linear growth of S. sclerotiorum.
Pseudomonas fluorescens was The most effective
antagonistic bacteria which reduced the linear growth of
the pathogen by 22.22%

Table 2. Effect of some antagonistic bacteria on the
growth of S. sclerotiorum in vitro

. Mycelial Efficacy
Antagonist growth (mm) %
Serratia marcescens 73.67 18.14
Bacillus subtilis 71.00 21.11
Ps. fluorescens 70.00 22.22

Control 90 0.00
L.S.D 0.05= 4.03

T. lignorum

T. asperellum

Control

3. Effect of biological agents and compost alone or
in combination on white mould severity of
cucumber plants under greenhouse conditions

Data in Table 3 show that adding vegetarian
compost to soil increased the activity of all antagonistic
agent treatments than the individual treatment.

In this respect, T. album and Ps. fluorescens in
compost-free soil reduced the disease severity by 85.26
and 83.13 % respectively. Trichoderma asperellum and
T. viride reduced the disease severity by 82.94 and
77.52 % respectively in the same soil (compost free).

As for soil amended with compost results show that
the highest reduction in disease severity was recorded
by T. album and T. asperellum which recorded 94.19
and 93.02% respectively. Whereas, compost only
reduced disease severity by 62.03 %.
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Table 3. Effect of biological agents and compost alone or in combination on white mould severity of

cucumber plants under greenhouse conditions

Without compost With compost
Treatment Disease severit
Disease severity % % of Reduction % Y 9% of Reduction

T. harzianum 15.11 73.64 6.67 88.37
T. viride 12.89 77.52 5.78 89.92
T. asperellum 9.78 82.94 4.00 93.02
T. album 8.45 85.26 3.33 94.19
T. lignorum 15.11 73.64 6.22 89.15
Ps. fluorescens 9.67 83.13 4.45 92.24
B. subtilis 17.33 69.77 6.89 87.98
Serratia marcescen 18.44 67.84 7.11 87.60
Compost 21.77 62.03
Control 57.33 0.00 57.33 0.00

_ Treatment Compost Interaction
L5D0.05= 4.87 2.30 5.97

4- Effect of biological agents and compost alone or
in combination on white mould severity of
cucumber plants under protected house conditions

The data in Table 4 reveal that all tested treatments
at both seasons (2017 and 2018) significantly reduced
the percentage of white mould severity compared with
the control. Adding compost to soil increased the
efficacy of all treatments.

The combination of Trichoderma viride + T.
asperellum + T. album was the most effective treatment
(average 3.34%) in aspect to reducing disease severity
during both seasons and increased yield to (2.5 kg/plant)
followed by T. viride + T. album (average 3.67% and 2.38
kg/plant), T. asperellum + T. album (average 4% and 2.29
kg/plant) and T. viride + T. asperellum (average 4% and
2.27 kg/plant) compared with control (average 34.34% and
1.59 kg/plant). However, compost treatment alone was the
least effective treatment at both seasons.

5- Effect of biological agents and compost alone or
in combination on oxidative enzymes

Results presented in Table 5 indicate that all
treatments increased the activity of peroxidase,
polyphenol-oxidase and PAL enzymes compared with

the untreated control. Generally, Trichoderma viride,
T. asperellum and T. harzianum + Compost were
superior for increasing the activity of peroxidase
enzyme where they increased the activity of
peroxidase by 213.70, 189.45 and 189.42 %,
respectively. Meanwhile, Serratia marcescens +
Compost was the lowest effective treatment, which
increased the activity of peroxidase by 110.64%.

Alternately, Ps. fluorescens + Compost followed
by T. album and Bacillus subtilis + Compost were the
most effective treatments and increased the activity of
polyphenoloxidase by 56.67, 50.63 and 44.17%
respectively. Whereas, compost alone increased the
activity of peroxidase by 16.25% and was the lowest
effective one.

As for PAL, Bacillus subtilis + Compost, T.
album +Compost and Serratia marcescens were the
most effective treatments and increased the activity of
PAL by 255.36, 157.21 and 155.36% respectively. T.
viride +Compost was the lowest effective one.
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Table 4. Effect of biological agents and compost alone or in combination

cucumber plants under protected house conditions

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 42, No.2. APRIL - JUNE 2021

on white mould and yield of

Disease severity % Yield (kg/plant) Mean
Disease Yield
Treatment 2017 2018 2017 2018 severity % (kg/plant)

W- W+ W- W+ W- W+ W- W+ W- OWH WS W
T. viride 1200 867 1467 1200 185 200 175 190 1334 1034 1.80 1095
T. asperellum 1067 6.00 1400 11.33 1.82 200 1.80 1.92 1234 867 1.81 1.96
T. album 1000 467 1267 10.67 190 210 1.86 200 1134 7.67 1.88 2.05
T. viride + T. 700 333 933 667 210 231 200 222 817 500 205 227
asperellum
L’b‘ﬁ;']de *T 667 267 867 533 220 243 210 233 767 400 215 238
L‘bisrﬂere"“m *T 733 400 1000 600 215 233 200 225 867 500 208 229
T.viride + T.
asperellum + T. 533 200 800 467 234 256 225 243 667 334 230 250
album
Ps. fluorescens 10.67 800 1467 11.33 187 205 173 1.86 1267 967 1.80 1.96
B. subtilis 1133 933 1600 12.67 1.83 196 174 1.90 1367 11.00 1.79 1.93
;S'Sﬂgglrie:cens T 800 467 1067 7.33 194 223 192 210 934 600 193 217
Compost e 1333 - 1733 - 174 - 168 - 1533 - 171
Control 3267 - 3600 - 162 - 155 - 3434 e 159 -

W- = without compost W+ = with compost

LSD 0.05 =
Treatment 156 067 185 080 028 012 025 .10
Interaction 2.21 2.28 0.68 0.56

Effect of biological agents and compost alone or in
combination on lysis enzymes activity

The effect of biological agents and compost alone
or in combination on the activity of chitinase and p-1,3-
glucanase is presented in Table 6. All the tested
treatments increased chitinase activity. The highest
activity of chitinase was induced by Bacillus subtilis
and Ps. fluorescens + Compost (188.44 and 164.89%
increase respectively), followed by T. asperellum

149.33% increase. The combination of Trichoderma
viride + Compost was the lowest effective one, which
increased the activity by 14.67%.

As for B-1,3-glucanase, the highest increase was
recorded by T. asperellum + compost (193.75%)
followed by Ps. fluorescens and T. viride (192.50 and
187.50%. respectively). Meanwhile Serratia
marcescens + compost induced the lowest increase
(8.44%).
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Table 5. Effect of biological agents and compost alone or in combination on oxidative enzymes

Treatment PO PPO PAL Efficacy %
PO PPO PAL

T. harzianum 51.25 531 314.90 121.27 2417 102.79
T. viride 61.07 7.07 257.12 213.70 40.42 65.58
T. asperellum 55.46 4.88 341.62 189.45 20.21 120.00
T. album 54.76 8.17 339.46 186.42 50.63 118.61
T. lignorum 42.82 7.09 273.73 134.89 40.63 76.28
Ps. fluorescens 46.68 6.41 366.18 15155 34.38 135.82
Bacillus subtilis 48.44 6.01 395.79 159.13 30.63 154.89
Serratia 48.09 7.02 396.52 157.62 40.00 155.36
marcescens
Compost 49.84 4.46 260.73 165.20 16.25 67.91
T. harzianum + 55.46 4.79 208.01 189.42 19.38 33.96
Compost
T. viride + 54.76 7.13 180.34 186.42 41.04 16.14
Compost
T. asperellum + ) oo 4.50 371.24 177.33 16.88 139.08
Compost
T. album + 44.93 5.31 399.40 143.98 24.14 157.21
Compost
T. lignorum + 47.39 4.52 225.34 154.60 16.88 45.12
Compost
Ps. fluorescens + 46.68 8.82 228.23 15155 56.67 46.98
Compost
Bacillus subtilis + ¢ 55 7.47 551.80 150.04 4417 255.36
Compost
Serratia
marcescens + 37.21 450 283.84 110.64 16.67 82.79
Compost
Control 11.58 2.70 155.28 0.00 0.00 0.00

6. Effect of treating cucumber plants with some
bioagents on PAGE of protein.

The results of SDS (PAGE) presented in Table 7 and
demonstrated in Fig. 2 showed that fifteen protein bands
with molecular weights ranging from 234.433 to 34.93
kDa are contained in cucumber plants. New protein
bands are expressed as a result of treating cucumber
plants with the bioagents. One band with 37.23 kDa

was appeared in plants treated with Ps. fluorescens,
while absent in other treated plants. Moreover, the band
with 159.517 kDa appeared in plants treated with T.
viride and absent in other treated plants. Also, a band
with 34.93 kDa appeared in plants cultivated in the soil
amended with compost while absent in all treated
plants.
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Table 6. Effect of biological agents and compost alone or in combination on lysis enzymes activity

Treatment Chitinase Beta 13- Efficacy %
glucanase
Chitinase Beta 1,3- glucanase
T. harzianum 5.37 6.36 138.67 98.75
T. viride 4.20 9.20 86.67 187.50
T. asperellum 5.61 4.90 149.33 53.13
T. album 3.71 6.91 64.89 115.94
T. lignorum 4.29 5.15 90.67 60.94
Ps. fluorescens 5.21 9.36 131.56 192.50
Bacillus subtilis 6.49 6.59 188.44 105.94
Serratia marcescens 2.93 4.17 30.22 30.31
Compost 3.00 4.83 33.33 50.94
T. harzianum + Compost 3.62 5.52 60.89 72.50
T. viride + Compost 2.58 6.96 14.67 117.50
T. asperellum + 4.95 9.40 120.00 193.75
Compost
T. album + Compost 3.63 4.83 61.33 50.94
T. lignorum + Compost 3.65 5.14 62.22 60.63
Ps. fluorescens + 5.96 8.52 164.89 166.25
Compost
Bacillus subilis + 4.67 5.03 107.56 57.19
Compost
Serratia marcescens +
Compost 3.15 3.47 40.00 8.44
Control 2.25 3.20 0.00 0.00

Table 7. Molecular weights of fractionated protein profiles of cucumber leaves treated with selected treatments

Bacillus Ps

Band No M.W KDa T. viride : T. album . ' Compost  Control
asperellum subtilis  fluorescens

1 234.433 + + + + + + +
2 159.517 + - - - - - -
3 155.793 - + + + + + +
4 133.304 - + + + + + +
5 118.734 - - + - - - -
6 112.191 + + + + + + +
7 91.783 - - - - - - -
8 85.101 + + - + + + +
9 54.844 + + + + + + +
10 50.017 + + + + + + +
11 46.267 + + + + + + +
12 41.996 - - - - - + +
13 41.699 + + + + + + +
14 37.23 - - - - + - -
15 34.93 - - - - - + -

Total 8 9 9 9 10 11 10

+ = bands appeared - = bands disappeared
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T. asperellum

T viride
T. album
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-

B. subtilis

Ps. fluorescens
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Control
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130
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Fig. 2. Effect of treating cucumber plants with some bioagents on PAGE of protein Electrophoretic analysis
of peroxidase isozymes

Table 8. Effect of bioagents and compost alone or in combination on Peroxidase isozymse activity

. Relative T. T. T. Bacillus Ps.
Peoxidase  Mopility viride asperellum  album  subtilis  fluorescens ~ Compost  Control

Px 1 0.55 1+ 1+ 1* 1+ 1+ 1* 1*
Px 2 0.65 1+ 1+ 1* 1+ 1+ 1* 1*
Px 3 0.75 1+ 1 1 1 1* 1 1
Px 4 0.85 1* 1* 1* 1* 1 1 1
Peroxidase isozymes results of enzyme extract from of PO isozymes. Moreover, the increased density of
cucumber plants treated with T. viride, T. asperellum, the induced PO was found in T. viride, T. asperellum
T. album, Ps. fluorescens, B. subtilis and Compost and B. subtilis compared with other treatments and
compared with control and planted in inoculated soil control. Also, band 4 was low density in Ps.
with S. sclerotiorum presented in Table 8 and Fig. 3 fluorescens, compost and control treatments.

showed different PO patterns and induced the density
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T. asperellum

-
|

T. album
B. subtilis

Ps. fluorescens
Compost
Control

Fig. 3. Effect of bioagents and compost alone or in combination on Peroxidase isozymse

DISCUSSION

Trichoderma asperellum was the most effective
antagonistic fungus and Ps. fluorescens was the best
antagonistic bacteria inhibiting the radial growth of S.
sclerotiorum in vitro. These results agree with those of
Abdullah et al., (2008), Amer et al., (2010), Baharlouei
et al.,, (2011) and Saraf et al., (2014). Trichoderma
album was the most antagonistic fungus in inhibiting
mycelial growth of S. sclerotiorum followed by
Trichoderma lignorum. Bacillus subtilis was the best
antagonistic bacteria in reducing growth of S.
sclerotiorum followed by Pseudomonas fluorescens.
Ahmed et al., (2017) reported that under greengouse
conditions, integrated treatments of bioagents with
compost were more effective than individual treatment.
In the soil amended with compost, the highest decrease
in disease severity was recorded by T. album and T.
asperellum followed by Ps. fluorescens. Under
protected house conditions all tested treatments at both
seasons of 2017-2018, significantly decreased the
percentage of white mould severity compared to the
control. Adding compost to the soil increased the
efficacy of all treatments. Trichoderma viride + T.
asperellum + T. album was the most effective treatment
resulted in reducing disease severity during both seasons
followed by T. viride + T. album and T. asperellum + T.
album. Compost individually was the least effective in
both seasons. The current results are in harmony with
those obtained by Ahmed et al., (2017). Under field
conditions, adding compost to the soil before
transplanting decreased the percentage of S.

sclerotiorum infection and increased the vyield.
Integration of T. album + B. subtilis + Ps. fluorescens
and compost was the most effective treatment and
decreased disease incidence and severity of S.
sclerotioum and also increased fruit weight per plant.
The effect of organic amendments, suggests that both
chemical and biological components of compost-
amended soils can contribute to disease suppression
(Abbasi et al., 2002; Metcalf et al., 2004; Elkobrosy et
al., 2020 and Youssef et al., 2020). Addition of 10%
compost to soil significantly decreased diseases such as
Aphanomyces root rot of peas; Rhizoctonia root rot of
bean, cotton, and radish, Sclcrotinia drop of lettuce,
Fusarium wilt of cucumber and Phytophthora crown rot
of pepper (Lumsden et al., 1983).

All treatments increased the activity of peroxidase,
polyphenol-oxidase and PAL enzymes in comparison
with the untreated control. Trichoderma viride, T.
asperellum and T. harzianum + Compost were the
superior for increasing the activity of the peroxidase
enzyme respectively. Meanwhile, Ps. fluorescens +
compost followed by T. album and Bacillus subtilis +
compost were the most effective treatments and
recorded the highest activity of polyphenoloxidase
respectively. On the other hand, Bacillus subtilis +
compost, T. album + compost and Serratia marcescens
were the most effective in increasing the activity of
PAL, respectively. The highest activity of chitinase was
induced by Bacillus subtilis and Ps. fluorescens +
Compost and T. asperellum respectively. Meanwhile,
the highest increase of -1,3-glucanase was recorded by
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T. asperellum + Compost followed by Ps. fluorescens
and T. viride respectively. The profiling of peroxidase
isoenzymes was induced in treated cucumber plants.
Results of SDS (PAGE) of protein showed that 15
protein bands with molecular weights ranging from
234.433 to 34.93 kDa were contained in cucumber
plants. New protein bands were expressed as a result of
treating cucumber plants with the bioagents. One band
with 37.23 kDa was appeared in plants treated with Ps.
fluorescens, while absent in other treated plants. Band
with 159.517 kDa appeared in plants treated with T.
viride but was absent in the other treated plants. A band
with 34.93 kDa appeared in plants cultivated in soil
amended with compost while absent in all treated
plants. These results are in harmony with those recorded
by Ahmed and EI-Sisi (2020). Ahmed et al., (2017),
found that, treating tomato plants with bioagents
increased the activities of Peroxidase (PO),
Polyphenoloxidase (PPO), Chitinase and f-1,3
glucanase enzymes in leaves of plants. Also, they
reported that adding compost to the soil increased the
effectiveness of bioagents. Ahmed, (2016) found that,
treating bean seeds with bioagents caused considerable
increase in the activities of peroxidase, polyphenol
oxidase, chitinase and B-1,3-glucanase enzymes that
play a significant role in plant defense mechanisms
against pathogens infection. Results indicated that an
increase in activity of the treated snap bean enzymatic
activity of treated the snap bean plants. Oxidative
enzymes such as peroxidase and polyphenol oxidase
enhance formation of lignin, while other oxidative phenols
contribute in formation of defence barriers for reinforcing
the cell structure (Avdiushko et al., 1993). Chitinase and
B-1,3 glucanase enzymes play a significant role in plant
defense against fungi by hydrolysing their cell wall
(Barilli et al., 2010).

CONCLUSIONS

Based on obtained results from the current study,
both tested bio control agents i.e. Trichoderma
isolates and bacterial strains were able individuality or
in combination to affect negatively the development
of Sclerotinia sclerotiuorum fungus on cucumber
plants and led to significant increase in yield.
Compost addition enhanced the biocontrol activity of
used biological control agents.
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