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An eco-friendly agent, hydrogen peroxide (H,0O,)-based compound,
peroxyacetic acid (PAA) gave efficiency against Sclerotinia
sclerotiorum growth and infectivity. Significant inhibitory effect for
PAA against linear growth (LG), sclerotial formation (SF) and
mycelial dry weight (MDW) by 0.4 g/l acetic acid +0.8 g/l H,O, was
recorded. Inhibitory effects were increased by enhancing H,O,
concentration (0.4 g/l AA +1.2 g/l H,0,) that caused 85, 91 and 83%
inhibition for LG, SF and MDW, respectively. In addition, carpogenic
germination measures of S. sclerotiorum sclerotia were significantly
reduced upon PAA treatments. Carpogenic germination was reduced
from 100% to 62% and 50% by 38% and 50% inhibition when S.
sclerotiorum sclerotia were treated by 0.4 g/l AA + 0.8 g/l H,0, and
0.4 g/l AA+ 1.2 g/l H,O,, respectively. Reduction of carpogenic
germination by H,O, based compound was accompanied with
significant lowering in number of stipes and apothecia/ sclerotium.
Drenching sclerotinia-infested soil with PAA, seven days pre-planting
provided significant reduction in root and crown rot diseases of bean
plants. When soil was singly drenched by 0.4 g/l acetic acid +0.8 g/l
H,0, or 0.4 g/l acetic acid+1.2 g/l H,O, protected bean plants against
root and crown rot by 47 and 67%, respectively. A substantial
protection was pronounced against white rot of bean pods. Post-
treatment by PAA was more effective to reduce white rot than pre-one.

Keywords: Peroxy acetic acid, H,0,-based compound, Eco-friendly
agent and Sclerotinia sclerotiorum.

Sclerotinia sclerotiorum (Lib.) de Bary is one of the most devastating and
cosmopolitan plant pathogens. More than 60 names have been used to refer to
diseases caused by this fungal pathogen (Purdy, 1979) including cottony rot, watery
soft rot, stem rot, drop, crown rot, blossom blight and, perhaps most common, white
mould. The fungus infects over 400 species of plants worldwide including important
crops and numerous weeds (Boland and Hall, 1994). Severe losses due to Sclerotinia
diseases can occur when the pathogen attacks the stem and entire plants are killed.
Wilting due to infection reduce plant vigor and yield. However, pods infection
reduces marketability and yield. Extensive crop damage, lack of high levels of host
resistance and the general difficulty of controlling diseases caused by S.
sclerotiorum have been the impetus for sustained research on this pathogen (Bolton
et al., 2006).
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Either active oxygen species or antioxidants compounds were considered as a
secret of life for all living organisms (Levine, 1985) and play a core role in plant
health (Sutherland, 1991). Moreover, these compounds have major role in plant
pathogen interactions (Adam et al., 1993; Galal and Abdou, 1996; Abdou and Galal,
1997 and EL-Ashmony et al., 2017). Both acetic acid and hydrogen peroxide are
reacted as bactericides and fungicides against many phytopathogenic bacteria and
fungi (Kang et al., 2003, Narciso et al., 2007 and Oso6rio et al., 2013). To increase
oxidizer effects of H,O,, mixing acetic acid with H,O, resulted in a new strong and
stable oxidizer called peroxyacetic acid (PAA) which approved in food industry as
sanitizer (Buschmann and Del Negro, 2012). PAA has been involved in plant
disease management (Hopkins et al., 2003; Wessels and Ingmer, 2013; Ayoub et al.,
2017 and Galal, 2017). Recently, Galal, (2017) found that PAA was effective to
reduce bacterial soft rot caused by Erwinia carotovora subsp. carotovora of some
vegetable fruits (cucumber, pepper, tomato, eggplant, squash, okra) plus potato
tubers.

The present study was planned to test the efficacy of H,O, based
compound PAA on S. sclerotiorum growth and infectivity either in vitro and
in plant, respectively.

Materials and Methods
1- Causal agent:
An aggressive Sclerotinia sclerotiorum isolate SS3 isolated by EL-Bana et al.,
(2006) was used throughout this study. However, pathogenicity test was confirmed
on bean pods before use.

2- Preparation of the peroxyacetic acid (PAA):

Stock solutions of two mixtures of acetic acid (AA) and hydrogen peroxide
(H,0,) were prepared with distilled water then left for at least 10 days before they
tested (EPA, 1993 and 2004). Different concentrations of AA+ H,O, mixtures, i.e.
(0.1 g/l AA+ 1.0 g/l H,0,, 0.2 g/l AA+ 2.0g/l H,0O, and 0.5 g/l AA+5.0 g/l H,0,)
were prepared for bean pods treatment, while 0.4 g/l AA +0.8 g/l H,O, and 0.4¢/I|
AA +1.2 g/l H,0, were used against Sclerotinia sclerotiorum growth parameters and
root and crown rot infection.

3- Effects of peroxyacetic acid (PAA) on Sclerotinia sclerotiorum growth
parameters in vitro:
3.1. Linear growth and sclerotia production:

Test solutions were added to the autoclaved nutrient agar medium in conical
flasks and then dispensed to Petri dishes (15 ml medium/plate) and left to solidify.
Plates were then inoculated with the desired isolate (SS3) of S. sclerotiorum by
placing agar disks (10 mm) taken from the periphery of fungal colonies grown 7
days after incubation at 20°C. Plates containing nutrient agar medium without test
chemicals were inoculated similarly to be taken for comparison (Abdou and Galal,
1997).
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Three plates for each treatment were used, and then incubated at 20°C. Data were
recorded by measuring the diameter of the fungal growth (two diameters) and their
means when the mycelial growth of any plate reached the edge of the plate. When
the sclerotia covered any plate of treated or untreated, after 14 days, sclerotia from
each plate were harvested, and their numbers were recorded (EL-Bana et al., 2006).

3.2. Mycelial dry weight (MDW):

The toxicity of the mixture of hydrogen peroxide and acetic acid, with different
concentrations, on growth of S. sclerotiorum isolate SS3 in liquid nutrient medium
was studied. Equal disks (10 mm in diameter) were taken from actively edges of 7
days old cultures of the tested S. sclerotiorum isolate grown on nutrient agar
medium at 20°C and used for inoculation of 250 ml. Erlynmeyer flasks containing
50 ml sterilized nutrient medium amended with the tested concentration of the tested
chemicals. Concentrations were prepared in sterile distilled water and aliquots were
pipetted to nutrient broth (NB) medium to obtain final concentration of 0.4 g/l acetic
acid+0.8g/l H,0O, and 0.4 g/l acetic acid+1.2 g/l H,0O,. For control treatment conical
flasks containing medium without test chemicals were inoculated similarly to be
taken for comparison. All flasks were incubated at 20°C for 7 days. Mycelial dry
weight (MDW) of different treatments was measured (mg MDW per 50 ml liquid
medium) after separation of fungal mass by filtration through Whatman No-1 filter
paper and dried at 60°C for 48 hrs. The following equation was used to calculate
percentage inhibition of fungal growth (Sutton and Starzyk, 1972).

Inhibition % = (MDW of the control — MDW of the treatment/MDW of the control)
x100

3.3. Carpogenic germination:

Based on the highest inhibitory effects of the tested solutions against S.
sclerotiorum growth parameters 0.8 and 1.2g/l for hydrogen peroxide were
individually combined with 0.4 g/l acetic acid and used for test on carpogenic
germination. The tested solutions at the rate of 50 ml tested solution/plate were
added to sandy soil containing Petri plates. Sclerotia of S. sclerotiorum were
removed from S. sclerotiorum SS3 infested barely grains incubated at 20°C for 30
days (Galal and EL-Bana, 2002) and transferred immediately (under aseptic
conditions) to autoclaved sandy soil in 16-cm Petri plates.

To each Petri plate, 20 sclerotia were set on the surface of sand and 5 plates were
used as replicates for each treatment. After 35 days incubation at 15°C under
darkness, the plates were placed under fluorescent light (2800 Lux, 14hr photoperiod)
at 15°C for 18 days (Casale and Hart, 1986). After that, the sclerotia in each replicate
were washed 3 times by distilled water then placed in a Petri plate (9- cm diameter)
with 15 ml distilled water. The water was replaced with fresh distilled water after 24,
48, 96 hr, and at 3 days intervals till the end of experiment. All sclerotia were
incubated under fluorescent light at 15°C. After 28 days, percentages of carpogenic
germination, number of stipes and apothecia per sclerotium were assessed (Galal
and EL-Bana, 2002).
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4- Efficacy of peroxyacetic acid on S. sclerotiorum infectivity:
4.1. Root and crown rot severity:

Test solutions of acetic acid and hydrogen peroxide were added, as soil drenching
(1.0 L/3 kg soil), to steam sterilized soils potted in 20-cm diameter sterilized pots, to
obtain a final concentration of 0.0 (control) and hydrogen peroxide combined with
acetic acid as previously mentioned. Soil was mixed with S. sclerotiorum infested
barely grains at 3.0 % w/w, which fungus free sterilized barley grains were added to
serve as control. All pots were irrigated regularly and kept under the greenhouse
conditions. Seven days later, pots were cultivated by seeds of bean cv. Giza 6 after
which had been surface sterilized. Ten seeds were planted per pot, three pots were
used per replicate and each treatment consisted of three replicates. After 10, 20 and
40 days of planting, percentages of root and crown rot severity were assayed.

4.2. Disease assessment:
Damped off bean seedlings, either pre- or post- emergence damping off, and root
rot severity were calculated as follows:

Root rot % = (N-DP /N) x 100
Where N is the total number of plants and Dp is the number of damped off seedlings.

To assess the crown rot severity, modified disease rating (0-4) scale (Lesovoi et
al., 1987 and Sansford, 1995) was used as follow: numerical scale description
/lesion length on stem: 0= healthy (no visible lesion), 1= 0.1- 2 cm lesion length on
stem, 2= 2.1-4 cm lesion length on stem, 3=4.1 - 6 cm lesion length on stem, 4=>
6.1 cm lesion length on stem or complete dried plant.

The length of lesion on infected stem was considered for recording the disease
severity (Sharma et al., 2016). The infected area was calculated from plants in each
pot and then average for each treatment was worked out. The disease severity was
calculated using the formula of (Wheeler, 1969):

Disease severity =[Sum of individual ratings/ No. of plants observed x Maximum
disease rating] x 100.

4.3. Pod rot severity:
4.3.1. Pre-inoculation treatment:

Three concentrations of AA+ H,0, i.e., 0.5 g/l AA +5 g/l H,0,, 0.2 g/l AA+ 2.0
o/l H,0, and 0.1g/l AA + 1 g/l H,O, were tested. Apparently healthy uniformed size
sample of bean pods were wetted in solutions individually for 30 min prior to
inoculation with the white rotting fungus Sclerotinia sclerotiorum. After wetting,
samples were air dried at room temperature and each sample was divided into 2
major groups, 1% group was wounded (punctured with sharp needle) and 2™ group
was left sound similarly as described by Galal (2017). Either wounded or
unwounded samples were divided into 2 parts, one inoculated and the other was left
non-inoculated. Treated and untreated fruits were inoculated by spraying of mycelial
fragments inoculum. Fungal inoculum was prepared from fresh fungal cultures
grown on PDA at 20°C for 4 days suspended in sterilized distilled water at 104
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mycelial propagule/ml. Untreated control was maintained for each pod, which was
inoculated with the fungal inoculum but not treated with the tested solutions. The
severity was measured in terms of percentage of rotted weight of infected pods by
white rot pathogen (EL- Bana et al., 2006), when the untreated inoculated fruits
gave 100% of white rot incidence, the bean white rot severity was recorded 4 days
after inoculation.

4.3.2. Post-inoculation treatment:

Inoculated and non-inoculated samples were left one hour then were wetted by
PAA at concentrations of 0.0 (control), 0.5 g/1 AA +5 g/l H,O,, 0.2 g/l AA+ 2.0 g/l
H,0, and 0.1 AA g/l +1.0 g/l H,0,. Each sample contains 30 bean pods were
sprayed by 10ml test solution in plastic bag, then bags were closed tightly for 30 min.
After that, plastic bags were opened, samples were dried and retagged into new
plastic bags. Each treatment contained 3 replicates.

Disease assessment was monitored when samples of inoculated water treated
pods showed 100% white rot incidence at incubation temperature 20°C. The severity
was measured in terms of percentage of rotted weight of infected pods by white rot
pathogen as mentioned before.

5- Statistical analysis:
Tukey test for multiple comparisons among means was utilized (Neler et al., 1985).

Results

1- Efficiency of PAA against S. sclerotiorum growth parameters:

Generally, all measured growth parameters of S. sclerotiorum were significantly

affected by the tested solutions (Table 1). A substantial linear growth (LG)
inhibition was recognized even at 0.4 g/l AA+ 0.8 g/l H,0, and the inhibitory effect
was increased by increasing H,O, concentration (0.4 g/l AA+1.2 g/l H,0,). Since
0.4 g/l AA+0.8 g/l H,0, caused 75% inhibition and 0.4 g/l AA+1.2 g/l H,0,
exhibited 85% inhibition in S. sclerotiorum linear growth.
Sclerotial formation for S. sclerotiorum was significantly suppressed when the
fungus was grown onto nutrient agar medium amended with the tested solutions of
AA and H,O, mixture as compared with control. The highest suppression value in
sclerotia formation was pronounced (93% inhibition) by 0.4 g/l AA+1.2 g/l H,0,
followed by (91% inhibition) when the medium was amended with 0.4 g/l AA+0.8
o/l H,O, (Table 1).

Adding AA+H,0, mixture to nutrient broth medium caused significant MDW
reduction as compared to unamended medium (Table 1). The 0.4 g/l AA + 0.8 g/l
H,0, concentration caused 72% inhibitory effect to MDW of S. sclerotiorum,
however inhibitory effect increased (83% inhibition) at 0.4 g/l AA+1.2 g/l H,0,
concentration.
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Table 1. Linear growth, sclerotia formation (SF) and mycelial dry weight (MDW) of
Sclerotinia sclerotiorum as influenced by various concentrations of acetic
acid (AA) + hydrogen peroxide (H,O,)

Linear growth | Sclerotia formation Mycelial dry weight
Treatments and —— - R L —
Conc. (g/l) mm/ | Inhibition [no. sclerotia| Inhibition _mg/50 ml_ Inhibition

' plate % Iplate % liquid media %
Untreated 80* 0.0 47 0.0 898 0.0
AA+H,0,(0.4+0.8)| 21 75 4 91 244 72
AA+H,0,(0.4+1.2)| 13 85 3 93 145 83
L.S.D at 0.05 5.9 14 77.8

*Data are means of 3 replicates of S. sclerotiorum cultures grown for 7 days
incubation at 20°C for linear growth and MDW, while sclerotia were counted at
14 days incubation at 20°C.

2- Efficiency of PAA against carpogenic germination of S. sclerotiorum sclerotia:
Under in vitro conditions, the tested solutions of AA+ H,0, mixture significantly
reduced carpogenic germination of S. sclerotiorum sclerotia (Table 2). At 0.4 g/l AA
+0.8 ¢/l H,O, combination, significant carpogenic germination inhibition was
expressed by 38% and increased to 50% inhibition at 0.4 g/l AA +1.2 g/l H,O,
(Table 2). Moreover, number of stipes/sclerotium was significantly reduced by AA+
H,0, mixture (Table 2).

Adding 0.4 g/l AA+0.8 g/l H,O, showed 60% reduction in the number of stipes
and greater reduction (64 % reduction) was recorded at 0.4 g/l AA+1.2g/l H,0,. In
addition to significant reduction, carpogenic germination and number of stipes/
sclerotium, number of apothecia per sclerotium were also significantly decreased
upon these treatments (Table 2). Since 0.4 g/l AA + 0.8 g/l H,0O, per liter gave 52%
reduction while 0.4 g/l AA+ 1.2g/l1 H,0, per liter increased reduction percentage to

64%.

Table 2. Carpogenic germination measures,
stipes/sclerotium and number of apothecia/sclerotium of Sclerotinia
sclerotiorum sclerotia as affected by H,O,+acetic acid.

i.e. germination%,

number of

Carpogenic Stipes/sclerotia | Apothecia/sclerotia
Treatments and germination
Conc. (g/l) % Inhibition | No. | Inhibition No. Inhibition
% % %
Untreated 100 0.0 4.8 0.0 34 0.0
AA+H,0, (0.4+0.8) 62 38 19 60 1.6 52
AA+H,0, (0.4+1.2) 50 50 1.7 64 1.2 64
L.S.D at 0.05 75 — 1.2 — 0.9 —
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3- Efficiency of PAA to control Sclerotinia sclerotiorum infection:
3.1. Root and crown rot:

Upon soil drenching by AA+H,0, mixture, a significant protection against root
rot and crown rot was pronounced (Table 3). Both root rot and crown rot severity
was significantly reduced when bean seeds of cultivar Giza 6 were sown in
Scleratinia infested soil drenched by AA+H,0, solution 7 days before planting. The

least root rot (12%) and crown rot severity (18%) were obtained by 0.4 g/l AA+1.2
g/l H,0, treatment which exhibited the highest protection percent (67%).

Table 3. Root rot and crown rot severity on bean plants, cv. Giza 6, due to Sclerotinia

sclerotiorum infection as influenced by hydrogen peroxide (H,0,) + acetic acid
(AA) combination soil as drench treatment.

Treatments and Root rot Crown blight | Total disease | Protection
Conc. (g/l) severity % severity % severity %
Untreated 33 60 93 0.0
AA+H,0, (0.4+0.8) 16 33 49 47
AA+H,0, (0.4+1.2) 12 18 30 67
L.S.D at 0.05 2.1 2.8 4.7 -

3.2. Sclerotinia pod rot:

Either wounded or unwounded, untreated or treated with AA+ H,O, at pre- and
post-inoculated bean pods showed significant white rot reduction (Table 4).
Unwounded post-inoculated treated pods provided the lowest white rot values (8%)
at 0.5 g/l AA+5.0 g/l H,0, combination, followed by unwounded pre-inoculated
fruits under the same concentration of AA+ H,0O, combination. Wounded fruits
showed significant white rot reduction when they were treated by AA+ H,0,

combination, when it was applied either pre- or post- inoculation with S.
sclerotiorum, but lesser than unwounded fruits.

Table 4. Sclerotinia fruit rot severity caused by S. sclerotiorum to bean (Phaseolus
vulgaris, cv. Giza 6) pods as influenced by peroxyacetic treatments.

Sclerotinia fruit rot severity %
Treatments and Unwounded — Wounded
Conc.(g/l) Pre- Post- re-. Post-
. . . . Inoculation . .
inoculation | inoculation inoculation
Untreated 100 100 100 100
AA+H,0, (0.1+0.1) 53 46 90 83
AA+H,0,(0.2+0.2) 28 23 56 46
AA+H,0, (0.5+0.5) 10 8 16 16
L.S.D at 0.05 12 9 14 13
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Discussion

Fungicide alternatives eco-friendly approaches to control plant diseases became a
must to avoid side effects of such hazardous fungicides from environmental
pollution and human health problems. Among fungicide alternatives H,O, based
compounds are worldwide as a disinfectant (Gomez-L6pez, 2012), fungicides
(Abdou and Galal, 1997 and Adam et al., 1993) and bactericides (Kachroo et al.,
2003). The present study showed significant antifungal effects against certain
growth parameters of S. sclerotiorum. H,O, combined with acetic acid led to form
strong oxidizer compound, peroxy acetic acid (PAA), is reported elsewhere (Kitis,
2004; Thipaksorn et al., 2012; Wessels and Ingmer, 2013 and Galal, 2017). The
present study showed that adding PAA to growth medium exhibited significant
reduction (75% inhibition) in linear growth, (91% inhibition) in sclerotia formation
and (72% inhibition) in mycelial dry weight at 0.4 g/l AA +0.8 g/l H,O,. The
inhibitory effects were increased by increasing H,O, concentration. Since 0.4 g/l AA
+1.2 g/l H,0, showed greater inhibitory reduction effects, being 85, 91 and 83% in
the linear growth, sclerotia formation and MDW, respectively. Our results are in line
with several researches reports on otherwise phytopathogenic fungi i.e., Rhizopus
stolonifer and Botrytis cinerea (Narciso et al., 2007), Fusarium oxysporum and
Didymella bryoniae (Hopkins et al., 2003).

In addition, H,O, combined with acetic acid showed significant inhibitory effects
to carpogenic germination of S. sclerotiorum sclerotia. Carpogenic germination was
reduced from 100% to 62% and 50% by 38% and 50% inhibition when S.
sclerotiorum sclerotia were treated by 0.4 g/l AA + 0.8 g/l H,0, and 0.4 g/l AA+ 1.2
o/l H,0,, respectively. Reduction of carpogenic germination by H,O, based
compound was accompanied with significant lowering in number of stipes and
apothecia/sclerotium.

In vivo trials, the results of the present study clearly revealed significant
reduction of Sclerotinia sclerotiorum infectivity upon PAA application as soil
drenching or pod spraying. Drenching soil with PAA significantly reduced root rot
/crown blight severity from 93% in control to 49 and 30% when soil was drenched
by 0.4 g/l AA + 0.8 g/l H,O, and 0.4 g/l AA+1.2 g/l H,O,, respectively.

Furthermore, PAA successfully decreased sclerotinia pod rot severity. H,O,-
based compound PAA as pod treatment had significantly reduced sclerotinia pod rot
of either wounded or unwounded pods. However, post-inoculation treatment was
more effective to suppress sclerotinia pod rot than pre-inoculation one. Additional
fact was that unwounded pods gave lower sclerotinia pod rot than wounded one. The
present data demonstrate that PAA is a promising eco-friendly H,0,-based
compound to be used against bean white rot exportable pods which cover Europe
GAP for exportation.
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