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Abstract: Fungal activities of food additives, potassium sorbate, methylparaben, sodium benzoate,
propylparaben, sorbic acid and plant activators harpin-protein and potassium dioxide were comparatively
examined with ipradion i vitro conditions on two isolates of Botryvtis cinerea obtained from strawberry fruits.
Food additives and plant activators showed mnlubitory effect at different levels on the mycelial growth of
fungus isolates. According to the Minimum Inhibition Concentration (MIC), sorbic acid (300 pg m1.~" for each
isolate) and comparison fungicide ipradion (10 pg m1.~" for each isolate) displayed the highest inhibition effect
on the radial mycelial growth of fungal isolates. Similar efficacy was obtained at the highest dose (1000 pg mL™")
from other additives propylparaben (for both isolates), potassium sorbet and methylparaben (for isolate 1) and
from plant activator potassium oxide. Tt was detected that all alternative substances has high inhibition activity
according to ED,, values. Methylparaben, harpin-protein and potassium oxide revealed efficacies similar to
ipradion. While harpin-protein did not have any effect on B. Cinerea germination, other alternative substances
excluding potassium sorbate inhibited germination completely at differing doses. Potassium oxide and food
additives except potassium sorbate mhibited the spore germination of isolates by 50% at doses between
25-345 ug mL~". MIC value of ipradion on spore germination of isolate-1 and isolate-2 was determined as
10 and 30 pg mI.~", while ED,, values were determined as 2.9 and 12.5 ug mL. ™, respectively. Data obtained from
the research verified that food additives may be used in traditional and organic agriculture individually, or n
appropriate combination with each other or with fungicides. Moreover, the study put forth that harpin-protein
and potassium oxide not only activate plants against pathogens, but they may also have toxic effect on
different growth periods of fungus. Although ipradion works only with two isolates, its MIC and ED,, values
were considered noteworthy in terms of the resistance risk of B. cinerea.
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INTRODUCTION

Botrytis cinerea Pers: Fr. is an important pathogen
that has a broad host range including vegetables, indoor
plants, bulbed plants and fruits. If grey mould disease
(B. cinerea) cannot be prevented adequately, it may
cause 1mportant losses 1n efficiency and quality
(Coley-Smith et al., 1980; Erkan et al, 1997, Body-
Wilson et al., 1998, Baraldi, 2002). The disease may be
controlled m classical fungicides, however, most of
the traditional fungicides embody the risk of leaving
remnants on products and have negative effects on
human beings, animals and environment (Erkan et af.,
1997). Furthermore, B. cinerea may easily develop races
with high resistance against many synthetic fungicides
(Aboulawdah and Itam, 1994, Erkan et «al, 1997,
Knight et al., 1997; Palmer et al., 1997, Vallejo et al., 2003).

On these grounds, recent studies have focused on
alternative chemicals and biologic agents in the control of
pathogens (Antonov et al., 1997, Archbold et al., 1997,
Boyd-Wilson et al., 1998, Reddy et al, 1998;
Ntirampemba, 1998). Plant extracts, sodium and potassium
salts and some antimicrobial food additives have gained
importance in the control of pathogens.

In this study, the effects of food additives, potassium
sorbate, sodium benzoate, methylparaben, propylparaben,
sorbic acid and potassium dioxide and harpin-protein
in vitro on the mycelium growth and comdia germination
of B. cinerea were determined in vitro.

MATERIALS AND METHODS

Origin of B. cinerea isolates: B. cinerea 1solates (11, 12)
were 1solated from infected fresh strawberry fruits (C1;
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Table 1: Some properties of the test chemicals

Formulation and

Commarcial name Active ingredient ratio of a.i. Firm

Mesenger Harpin-protein 10 A.M.C. Chemical, S.L.
Bioclean Potassium oxide K,0, 94.2 Green Solutions Co. Ltd.
Mass rodin Ipradion WP, 50% Mass Tar. Ilaglar Ltd.
Potassium sorbate Potassium sorbate C:H,(O,K, 150.22 Selen Kim. Tig. Ltd.
Methylparaben Methyl-p-hydroxybenzoat CgHg O, 152,15 Tianyu Fine Chem, Ltd.

Sodium benzoate
Propyl-p-hy droscybenzoate
Sorbic acid

Sodium benzoate
Propylparaben
Sorbic acid

C/H,NaO,, 144.11
CioHiy05, %6100
CsH,0,, 112,13

Selen Kim. Tig. Ltd.
Tianmyu Fine Chem, Ttd.
Acetic Acid Chem. Ltd.

Camorosa ve SC2; Sivic Charli) obtained from a
greenhouse in Aydin (Turkey). Tsolates were developed
in an incubator at 21°C m PDA environment and
were transferred into tubes with PDA in order to obtain
stock cultures.

Natural chemicals: Potassium-sorbate, methylparaben
(methyl-p-hydroxylbenzoate), harpin-protein, potassium
dioxide, sodium benzoate, propylparaben (propyl-p-
hydroxybenzeate), sorbic acid and ipradion as comparison
fungicide were tested in vitro so as to determine the
efficiency of altemative chemicals against B. cinerea. Test
chemicals were used at doses of O (control), 0.3, 1, 3, 10,
30, 100, 300 and 1000 pug mL ™. In the experiments,
streptomycin sulfate (0.3 pg mL™") was added to the
culture environment (Delen ef al., 1984). Some properties
of test chemicals and comparison fungicides are given in
Table 1.

Efficiency of test chemicals on mycelium growth: Stock
1solates were developed on PDA environment and agar
discs (@4 mm) cut from fungal culture using a sterile cork
borer were planted on the surface of MM environment
with and without test chemicals by placing the side with
fungal culture against the bottom. After inoculatiorn, petri
dishes wrapped with parafilm were incubated at 25°C in
the dark. Colony diameters were measured at the widest
point for 3 days at 24 h intervals. Inhibitory effects of
chemicals were detected by comparing the diameters of
the control group with the diameters of colonies
developed in nutrition environment treated with
chemicals. ED;;, values were found using semi-
logarithmic graphics. The trials were established three
repetition and coincidence blocks trail design.

Inhibition of conidia germination: Efficiency of test
chemicals on the conidia germination of B. cinerea was
tested in MM environment and it was compared with the
efficiency of ipradion. For this purpose, isolates were
transferred from stock cultures to MM environment and
they were incubated in the incubators for 10 days at 21°C
in the dark for 12 h and in the light for 12 h alternately.

Later, MM enviromments with and without test chemicals
were inoculated in a glass tower (0.35x0.70 m* high) with
conidia obtained from fungus cultures (30 conidia mm ™).
Conidia obtained from cultures were given to the
environments by means of an air current provided by an
air pump. Inoculated petry dishes were incubated at an
optimum temperature of 20°C in the dark for the
germination of B. cirerea comdia. In order to stop
comidial growth at the end of 24 h after moculation,
blotting papers pasted mside petry stoppers were treated
with formaldehyde (7%). Conidia germimation percentage
was determined by observing 200 spores
microscope for each recurrence. Comdia germination was
verified if the length of germ tube was equal to or more
than the spore (Vicedo et al., 2006). Treatment was
established four repetition and coincidence blocks trial
design. Inhibitory effects of chemicals were determined
by means of Abbot Formula and ED., values were found
using semi-logarithmic graphics.

under

RESULTS
Efficacies of chemicals on colonial growth of
B. cinerea (isolate-1) are given in Fig. 1 and 2. Colonial
growth of both isolates was generally ntubited to a
significant extent even in the lowest doses of test
chemicals (Fig. 1 and 2).

Tt was detected that ipradion at low doses
{0.3-3 pg mL.™") with a minimum 3% and maximum 100%
inhibition rate is the most effective chemical in inhibiting
colonial growth and it is followed by methylparaben,
bioclean, harpin-protein and others respectively (Fig. 1).
Sorbic acid at 1000 pg mL™" dose reached the highest
efficacy (100%) on colonial growth of solate-1. On the
other h and, harpin-protein at 1000 pg mL ™" dose revealed
the lowest efficacy (74.7%) among test chemicals.

Efficacies of test chemicals on the colomal growth of
1solate-2 were similar to the efficacies of that of 1solate-1.
Ipradion, methylparaben, harpin-protemn and potassium
oxide at low doses displayed important efficacies on
colonial growth of isolate-2; however, other chemicals
were effective on colomial growth only at doses over
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Fig. 1: Effects of the chemicals on colonial growth of Botrytis cinerea (Isolate-1)
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Fig. 2: Effects of the chemicals on colonial growth of B. cinerea (Isolate-2)
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Table 2: MIC and EDs; values of test chemicals on mycelial growth of Botrytis cinerea

Tsolate-1 Tsolate-2
Test chemicals MIC (ugmL™") EDs (g mL™!) MIC (ugmL™") EDs (ug mL™h)
Potassium sorbate 1.000 120 >1.000 65
Methylparaben 1.000 <0.3 =1.000 <0.3
Harpin-protein =1.000 0.8 =1.000 0.8
Sodium benzoate =1.000 220 =1.000 352
Sorbic acid 300 157 300 63
Potassium oxide >1.000 <0.3 >1.000 22
Propy Iparaben 1.000 110 1.000 52
Tpradion 10 <0.3 10 .85
Table 3: Efficacies of chemicals on Conidia germination of B. cinerea (Isolate-1) (%0)
Dose Potassium Methyl- Harpin Potassium Sodium Propyl- Sorbic
(ugmL™h sorbate paraben protein oxide benzoate paraben acid Ipradion
0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 56.1
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0
30 1.1 0.0 0.0 0.0 0.0 0.0 64.4 100.0
100 4.0 0.0 0.0 0.0 65.7 4.0 757 100.0
300 85 62.3 0.0 100.0 100.0 31.5 100.0 100.0
1000 6.2 100.0 0.0 100.0 100.0 100.0 100.0 100.0
Table 4: Efficacies of chemicals on Conidia germination of B. cinerea (Isolate-2) (%0)
Dose Potassium Methyl- Harpin Potassium Sodium Propyl- Sorbic
(ugmL™hH sorbate paraben protein oxide benzoate paraben acid Tpradion
0.3 1.0 0.0 0.0 0.0 0.0 1.04 3.08 0.0
1 2.0 0.0 0.0 0.0 0.0 3.08 4.10 0.0
3 1.5 5.0 0.0 1.5 0.0 3.08 5.10 0.0
10 11.5 15.5 0.0 85 0.0 4.10 9.20 20.4
30 15.5 51.5 0.0 14.5 73 810 11.20 100.0
100 16.5 T6.5 0.0 15.5 9.5 100.00 100.00 100.0
300 18.5 94.0 0.0 39.0 100.0 100.00 100.00 100.0
1000 24.0 100.0 0.0 100.0 100.0 100.00 100.00 100.0

30 ug mL™' (Fig. 2). Minimum Inhibiticn Concentrations
(MIC) and ED; values of test chemicals on radial mycelial
growth of B. cinerea are introduced in Table 2.

Ipradion (comparison fungicide) at a dose of
10 pg mL ™ completely inhibited the radial mycelial growth
of both isolates of B. cinerea. Tt was followed by
sorbic acid at a dose of 300 pg mL.~". MIC values of other
alternative chemicals were detected at 1000 ng mL ™" and
higher doses (Table 2). On the other h and, ED,, values of
methylparaben, potassium oxide and harpin-protein were
close to the values of Ipradion. ED,, values of other
altemmative chemicals were shightly higher than that of
Ipradion (Table 2). Ipradion at a dose of 3 ug mL™'
reduced conidia germination of B. cinerea (Isolate-1) to a
signmficant extent, whereas alternative chemicals at low
doses failed to inhibit conidia germination of B. cinerea
(Table 3). Sorbic acid at a concentration of 30 pg mL™
inhibited conidia germination considerably and it was
followed by sodium benzoate at 100 pg mL~" dose,
potassium oxide at 300 pg mL.~" dose and methylparaben
respectively. On the other h and, while harpin-protein did
not show any efficacy on comdia germination of
B. cinerea (1solate-1), potassium sorbate could not reveal

sufficient efficacy on conidia germination of B. cinerea.
Potassium oxide,
at 300 pg mL ™" completely mhibited conidia germination
(Table 3).

While comparison fungicide Ipradion inhibited
conidia germination of Tsolate-2 to 20.4% at a dose of
10 pg mL7, it had a complete inhibitory effect at
30 pg mI. ™" and higher doses (Table 4). Tt was determined
that sorbic acid and propylparaben at 100 ug mL. ™" dose,

sorbic acid and sodum benzoate

among alternative substances, have the lowest mimmum
wnhibition  concentration on comdia germination of
Isolate-2 and these are followed by sodium benzoate
(300 nug mL™"), methylparaben (1000 pg mL™") and
potassium oxide (1000 pg mL™") respectively. While
harpin-protemn did not have any efficacy on conidia
germination of isolate-2, MIC value of potassium sorbate
was detected to be above 1000 ug mL ™" (Table 4).

ED.; values of test chemicals on conidial germination
of B. cinerea isolates are introduced in Table 5.

Among test chemicals, ipradion at doses of 2.9 and
12.5 pg mL™" had the lowest ED,, values on conidial
germination of both solates and it was followed by
sorbic acid (Table 5). ED,, values of methylparaben,
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Table 5: EDs’s of test chemicals on  Conidial germination of

Bolryiis cinerea

Isolate 1 Isolate 2

Chemicals EDg (pg mL™b EDy (ugmL™)
Potassium sorbate =1000 1000
Methylparaben 272 29
Harpin-protein =1000 1000
Sodium benzoate 90 135
Sorbic acid 25 40.5
Potassium oxide 172 340
Propy Iparaben 345 42
Ipradion 2.9 12.5

propylparaben, sodium benzoate and potassium oxide
revealed differences depending on the isolates. ED,,
values of potassium sorbate and harpin-protein were
determined to be 1000 pg mL ™" higher for both isolates.

DISCUSSION

In this study; potassium dioxide and harpm protein
besides  potassium  sorbate, sodium  benzoate,
methylparaben, propylparaben and sorbic acid, which are
food additives that may be altematives to classical
fungicides, were analysed in vifre conditions in
comparison with a classic fungicide ipradion regarding
their efficacies on mycelium growth and conidia
germination of Botrytis cinerea.

Among altemative substances, food additives
potassium  sorbate, sodium benzoate, methylparaben,
propylparaben and sorbic acid and harpin-protein and
potassium oxide showed strong mbubition effect on
mycelial growth and conidia germmation of B. cirerea at
increasing doses. Food additives are being used widely
for a long time in cosmetics and in the field of medicine, as
well as in food preservation due to their anti-microbial
effects and they have lugh efficacy against yeast and
mould (Wade and Weller, 1994). Effect mechanisms of
sorbic acids, benzoic acids and parabens against yeast
and fungi rely on two factors: decreasing of pH in the
mtracellular part because of becoming ionized of fungi’s
non-decomposing acid molecules or damaging of
substrate transporting due to changing of cell-
membrane’s permeability (Liewen, 1991; Khan et af., 2001,
Vicedo ef al.,, 2006). Enzyme activation in fungi depends
on pH value and performance of extracellular enzyme
catalysis decreases at pH levels that are not within
optimum levels (Dix and Webster, 1995). Therefore,
fungus cammot provide the sufficient energy for tuf
development (Skirdal and Eklund, 1993).

Tt was verified in the study that especially sorbic
acid 1inhibits mycelial growth of both  isolates
(1solate-1, 1solate-2) of B. cinerea at low doses.
Similarly, it was noted that different forms of sorbic

acid play a considerable role in the inhibition of
fungal  growth  of chrysogenunt,
Cladosporium cladosporicides and Ulocladium atrum
(Palmer et ai., 1997). Sorbic acid at doses of 100 and
300 pg mL~! completely inhibited conidia of both isolates
of B. cinerea and proved to be successful in the inhibition
of mycelial growth. It was also detected that sorbic acid
has low ED,; values, such as 25 pug mL™" (for isclate-1)
and 40.5 ug mL ™" (for isolate-2), besides low MIC values
on chemical germination. Although sorbic acid effectively
intubits radial mycelia growth and spore germination of
B. cinerea, its hydrophobic structure makes 1t difficult to
use it in practice as antifungal agent. Dudman (1963)
notes that using water-soluble salts of sorbic acid, such
as sorbate and sodium sorbate, may provide a solution in
practice. Although potassium sorbate in this study could
not show sufficient efficacy on conidia germination
(ED., and MIC values for both isolates were higher than
1000 ug pg mL ™", it inhibited mycelial growth of fungus
to a great extent. When the sigmficance of mycelial
growth in disease development is taken into
consideration, potassium sorbate may be regarded as
successful.

Other  additives,  parabens  (methylparaben,
propylparaben) and sodium benzoate, showed high
inhibitory effect on radial mycelia growth and conidia
germination of both 1solates (1solate-1 and 1solate-2) of the
pathogen. Sodium benzoates and parabens are used in
additives to inhibit fungal mould (Khan et af., 2001).

Sodium benzoate could not totally inhibit mycelia of
1solates i vitro, but ED., values were found to be at a low
level (220 pg mL " for isolate-1; 352 g mL " for isolate-2).
Sodium benzeate displayed a higher efficacy on conidia
germination of B. cinerea isolates. Clausen and Yang
(2003) noted that sodium benzoate and potassium sorbate
at doses of 5% mibited the spores of Pemicillium
chrysogenum, Aspergillus niger and Trichoderma viride
and also stated that sodium nitrate at dose combinations
of 0.3%, 1n addition to especially these two chemicals,
totally mtibited the spores of all three fungi in malt agar
environment.

Other additives, methylparaben and propylparaben,
had important intubitory effects on radial mycelia
growth and comdia germmation of B. cinerea isolates.
Tt was observed that efficacy of methylparaben on
mycelia  growth of fungus was close to that of
comparison fungicide ipradion. While LD, value of the
chemical in isolate-1 (ED;<0.3 ug mL™") was the same
with the value of ipradion, it was noteworthy that this
value was at lower doses (ED,<0.3 pg mL™") than
ipradion (ED., = 0.85 ug mL.™") in isolate-2. However, ED;;
values on spore germination were observed to be slightly

Penicillium
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higher than ipradion in both isolates. MIC values of the
chemical were determined to be 1000 ug mL ™" on mycelia
growth and spore germination of both isolates. In a
study carried out with mould fung, it was observed that
methylparaben displayed different MIC values depending
on fungus type; for example, 600 pg mL~" against
Aspergillus oryzae, 1000 ng mL™" against Aspergillus
niger and 250 pg ml ™" against Trichoderma lignorum
(Haag and Longerini, 1984).

Tt was observed that propylparaben at low doses had
a higher inhibitory effect on mycelia growth of B. cinerea
isolates than the effect of sorbic acid and sodium
benzoate. Yet, MIC value determined as 1000 ug mL™"
agamnst both 1solates was higher than sorbic acid.
Propylparaben completely mhibited conidia germination
of isolate-1 and of 1000 and
100 ug mL™", respectively. ED;; values on germinations
were simnilar to the values of methylparaben.

Apart from the food additives included 1n the study,
potassium oxide and harpin-protein displayed a medium
level of inhibition effect on mycelia growth of fungus.
While ED,, values of both substances on mycelia growth

isolate-2  at  doses

were detected to be quite low, their MIC values were
above the dose of 1000 ug mL. ™. Harpin-protein did not
have any efficacy on conidia germination of B. cinerea
1solates, whereas potassium oxide showed efficacy only
at high doses. ED;; value of harpm-protemn was above
1000 pg mL™" for both isolates as observed in mycelia
growth, but the values of potassium oxide were detected
to be lower. Although it 15 known that harpin-protemn 1s
not directly effective on microorgamsms, but stmulates
resistance against pathogens in plants (EPA, 2006); it was
considered noteworthy that it intubited especially mycelia
growth of fungus in this study. This result indicates that
harpin-protein can have direct toxic effect on mycelia
of fungi.

Similar to harpin-protein, potassium oxide also
strengthens the defence mechamsm of plants rather than
providing a direct effect on the pathogens. The efficacy
of potassium oxide on fungal growth may be considered
as a direct toxic effect.

In the study, comparison fungicide ipradion revealed
high mhibitory effect both on mycelia growth and conidia
germination of B. cinerea. BErkan et al. (1997) determined
in their study, in which they examined the sensitivity of
B. cinerea isolates obtained from vineyards towards
dicarboximide fungicides, that have high
sensitivity towards ipradion and their EDy values on
mycelia growth of fungus and MIC value on spore
germination are both lower than 0.3-1.7 ug mL~". However,
it 1s significant that ED., values obtained on spore

isolates

germination (2.9 ug mL. ™" for isolate-1; 12.5 ng mL ™" for
1solate-2) indicate that 1solates are sensitive to ipradion at
low and medium levels (Erkan et al., 1997).

Data obtained from the study have proved that food
additives in vifro inhibit mycelia growth and spore
germination of B. cinerea to a significant extent especially
at high doses. This shows that food additives, alone or in
combinations, may replace classical fungicides in organic
and traditional agriculture in practice. Furthermore,
synthetic fungicides may also be used in combination
with food additives in order to increase their efficacies.
Yet, in the first place, it requires researches to be carried
out on plants. Subsequently, it has been determined in
this study that harpin-protein and potassium oxide not
only activate plants against disease factors in practice,
but also have toxic effects on pathogens.
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