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ABSTRACT

Gray mold, caused by Botrytis cinerea is one of the  important strawberry disease that causes losses before
or after harvest wherever strawberry .Effect of some volatile aromatic aldehydes as vapor or  solution on gray
mold disease of strawberry fruits were tested. Five concentrations of plant aldehydes were tested as a vapor i.e.
0.0,10,25,50 and 100 µl/l for 30 min in fumigation chamber. Results indicated that, completely inhibited of
linear growth and spore germination was obtained with Acetaldehyde and Cinnamaldhyde vapors at
concentrations of 50 and 100 µl/l. Moderate reduction in linear growth and spore germination was obtained with
Acetaldehyde and Cinnamaldhyde vapors at concentration of 25 µl/l. As for plant aldehydes solutions results
indicated that, all tested concentrations of Benzaldehyde  showed more effective against linear growth and spore
germination of B. cinerea as compared with other tested plant aldehydes. Benzaldehyde solution at 1.0 and 1.5
ml/l resulted in complete reduction of both B. cinearea linear growth and spore germination. Strawberry fruits
were fumigated  with four concentrations of plant aldehydes vapors i.e. 0.0,100,150 and 200µl/l for 30 min to
study their effect  against gray mold incidence. Results showed that, the most effective treatments are
Acetaldehyde at 150 and 200 and Cinnamaldhyde at 200 µl/l which reduced the gray mold incidence by 78.0,
90.0 and 70.0 % respectively. Treated strawberry fruits with  Cinnamaldhyde vapor at 150 µl/l resulted in
reducing gray mold disease by 65 %. Treated strawberry fruits with aldehydes solutions of Acetaldehyde and
Cinnamaldhyde at concentration of 1.5 ml /l reduced the gray mold incidence by 70.0 and 80.0 % respectively.
It could be suggested that some plant aldehydes i.e. Acetaldehyde and Cinnamaldhyde would  make  them  an
excellent treatment for controlling postharvest diseases of strawberry fruits.
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Introduction

Gray mold, caused by Botrytis cinerea Pers., Fr.  is one of the  important strawberry disease that causes
losses before or after harvest wherever strawberry (Fragaria  ananassa L.) ( Elad, et al., 2004; Williamson, et
al., 2007; Zhang, et al., 2007). Gray mold management is based principally on chemical control, but fungicide
application may cause problems such as toxic residues on the fruits and selection of resistant isolates of the
pathogen (Ma and  Michailides, 2005,  Myresiotis, et al., 2007 Pande, et al., 2010). Additionally, fungicide
application at ?owering may reduce pollen viability and consequently hinder fruit formation (Kovach, et al.,
2000). Certain plant volatile aldehydes i.e. acetaldehyde, Benzaldehyde and Cinnamaldhyde produced by fruits
during ripening also show antifungal activity. Acetaldehyde has been found effective in postharvest protection
of apples , sweet cherries  and stone fruits (Mattheis, and  Roberts, 1993 and Caccioni, et al., 1994).
Benzaldehyde, produced by ether one fruit metabolism, also have a fungistatic/fungicidal activity when utilized
in postharvest treatment against Monilinia laxa and Rhizopus stolonifer. Acetaldehyde has been tested against
decay micro-organisms commonly found on strawberry fruit such as B. cinerea and Rhizopus stolonifer
acetaldehyde has also been reported to inhibit postharvest micro-organisms such as Erwinia carotovora,
Pseudomonas fluorescens, Monilinia fructicola , Penicillium spp. and various species of yeast commonly found
on fruit and vegetables (Stadelbacher, and Prasad, 1974 and  Utama, et al., 2002). 
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Some plant volatiles, e.g.  acetaldehyde, Benzaldehyde, Cinnamaldhyde,  ethanol,  benzyl  alcohol,
nerolidol, 2-nonanone have also been found to have antifungal activity against the fruit and vegetable pathogens
P. digitatum, R. stolonifer, Colletotrichum musae and Erwinia caratovora during in vitro trials. Benzaldehyde
has been used in the laboratory to fumigate peaches and to protect them against Rhizopus rot, and it totally
inhibited spore germination of B. cinerea and germination of M.  f ructicola( Avissar, and Pesis, 1991.
(Cinnamon bark oil is rich in Cinnamaldhyde. Cinnamon extracts have fungistatic and fungicidal activity against
the anthracnose and crown rot pathogens and spraying them on  banana prior to storage, controlled crown rot
and extended shelf-life. The effects of acetaldehyde, Benzaldehyde, Cinnamaldhyde, ethanol, benzyl alcohol,
nerolidol, 2-nonanone, â-ionone, and ethyl formate vapors on the growth of Rhizopus stolonifer, Penicillium
digitatum, Colletotrichum musae, Erwinia (French , 1985 and Caccioni, et al., 1995 and  Utama, et al., 2002).

The objective of this study is evaluation the protective effect of some volatile aromatic aldehydes as vapor
phase or as liquid phase against B.cinerae mycelium growth and spore germination under vitro conditions . In
addition to study their effect on gray mold  incidence of strawberry fruits.

Materials and methods

Source of Pathogenic Fungus and Strawberry Fruits:

One Pathogenic isolate of Botrytis cinerea  the causal agents of gray mold disease on strawberry fruits was
kindly obtained from Plant Pathology Dept., National Research Centre, Giza, Egypt .Meanwhile, Fresh harvested
apparently healthy fruits of strawberry fruits cv. Sweet Sharly  was obtained  from El-Ebour commercial
principal market at Cairo, Egypt.

Plant Volatile Aldehydes Source:

The volatile aldehydes were purchased from National Research Center - Bio-Chem. Divition, except that
Cinnamaldhyde, which was purchased from Wilkinson-Vickers LTD. Imported by El-Nasser, Com. for
Chemicals-Supply Egypt.

Fumigation:

Fumigated was carried out in specially designed fumigation chamber 270 L in volume with fan to have
closed circulated air current (Morsy et al., 1999).

Preparation of Spore Suspension:

The surface plated culture of  B. cinerea in Petri dishes was sub-cultured by streaking the spores onto the
new potato dextrose agar )PDA media). New plated cultures were incubated for 10 days at 25 °C. The spores
of 10-day-old cultures of  fungus was dislodged by sterilized  water to which 0.1 ml / L of Tween 80 had been
added. The spores suspensions were then filtered with sterile filter paper )Watman ) No. 1 ) to remove debris
such as mycelia and condensed agar fragments, and the spore suspension was adjusted to  concentration of 106
spores/mL.

Effect of Fumigation with Some Plant Aldehydes  on Linear Growth of Botrytis Cinerea  in Vitro:

Five concentrations of some volatile aldehydes vapors i.e. 0, 10, 25, 50 and 100 ?l/l were tested against
linear growth  and spore germination of Botrytis cinerea .Disks 6- mm-diameter of 10 days old cultures of
fungus were fumigated with different volatile aldehydes vapors at previous concentrations for 30 minutes in
fumigation chamber, then transferred to plates containing potato dextrose agar (PDA medium). Fungus linear
growth was measured when the control plates reached full growth and the average diameter was calculated.
Twenty five replicates were used for each treatment. 

Effect of Fumigation with Some Plant Aldehydes on  Spore Germination of Botrytis Cinerea  in Vitro:

Drops of spore suspensions of B.cinerea were placed on PDA medium at five equidistant points on
Petri-plates, inoculated plates were uncovered and fumigated with different volatile aldehydes vapors at  previous
concentrations for 30 min. in fumigation chamber.
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Fumigated plates were covered and incubated for 24h at 25 C. Spore germination was determined by
counting 100 spores five times in each drop microscopically (Sholberg, and  Gaunce, 1995).

Effects of Some Plant Aldehydes Solution on Linear Growth and Spore Germination of B.cinearea under Vitro
Conditions:

Four concentrations of volatile compounds solutions i.e. 0.0, 0.25,0.50 and 1.0 ml/l were tested against
linear growth and  spore  germination of B. cinerea . Volatile compounds solutions were added to conical flasks
containing PDA medium to obtain the proposed concentrations, then mixed gently and dispensed in sterilized
Petri plates 9cm - diameter). 

Plates were individually inoculated at the center with equal disks 6-mm- diameter of 10 days old culture
of B. cinerea. Inoculated plates were incubated at 25±2C°. Fungus linear growth was measured when the control
plates reached full growth and the average diameter was calculated. Twenty five replicates were used for each
treatment.The percentage of spore germination for every treatment was calculated as mentioned before.

Effect of Fumigated Strawberry Fruits with Volatile Aldehyde on Gray Mold Incidence:

Volatile aldehydes vapors were tested against gray mold incidence. Fresh strawberry fruits apparently free
from physical damage and diseases were used. Fruit  inoculation  was carried out by spraying fruits with spore
suspension (1x106 spores/ml) of  B. cinerea then air dried at room temperature 23-25C°. Inoculated fruits were
fumigated with different concentrations of volatile aldehydes vapors i.e. 0.00, 0.25., 0.50 and 1.0 ml/l (v/v ( for
30  min in fumigation chamber. 

Fumigated - inoculated fruits were air dried, then stored inside unused carton trays) 40x25x10cm. All trays
were stored in cold room at 10-15C° for 7 days, and then examined daily. Decayed fruits were counted and the
percentage of diseases incidence was recorded at the last of storage time.

Effects of Some Plant Aldehydes Solution on Gray Mold Incidence of Strawberry Fruits:

Four concentrations of volatile compound solutions i.e. 0.0, 0.25,0.50 and 1.0 ml/l were tested against gray
mold disease of strawberry.

Fresh strawberry fruits apparently free from physical damage and diseases were used. Fruit  inoculation
was carried out by spraying fruits with spore suspension (1x106 spores/ml) of  B. cinerea then air dried at room
temperature 23-25C°. Inoculated fruits were dipped in different concentrations of volatile aldehydes solutions
0.00,0.25.,0.50,1.0 and 1.5 ml/l for one min. 

Treated - inoculated fruits were air dried, then stored inside unused carton trays (40x25x10cm). All trays
were stored in cold room at 10-15C° for 7 days, and then examined daily. Decayed fruits were counted and the
percentage of diseases incidence was recorded at the last of storage time. 

Statistical Analysis:

Tukey test for multiple comparison among means was utilized (Neler, et al.,1985 )

Results:
Effect of Fumigation with Some Plant Aldehydes on Linear Growth and Spore Germination of Botrytis Cinerea
in Vitro:

Five concentrations of plant aldehydes were tested as a vapor i.e. 0.0,10,25,50 and 100 µl/l for 30 min in
fumigation chamber. Results presented in Table (1) indicated that, completely inhibited of linear growth and
spore germination was obtained with Acetaldehyde and Cinnamaldhyde vapors at concentrations of 50 and 100
µl/l. Moderate reduction in linear growth and spore germination was obtained with Acetaldehyde and
Cinnamaldhyde vapors at concentration of 25 µl/l. Meanwhile, Benzaldehyde vapors at all tested concentrations
showed less effective.
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Table 1: Effect of fumigation with some plant aldehydes vapors on linear growth and percentage of spore germination of Botrytis cinearea
under vitro conditions.

Treatment Concentration µl /l B.cinerea
---------------------------------------------------------------------------------------------------
Linear growth (mm) Spore germination %

Acetaldehyde 10.0 35.6 b 80.0 a
25.0 20.3 c 45.5 b
50.0 00.0 d 00.0 d
100.0 00.0 d 00.0 d

Benzaldehyde 10.0 90.0 a 100.0 a
25.0 80.7 b 77.1 b
50.0 75.0 b 65.1 b
100.0 66.6 c 50.0 c

Cinnamaldhyde 10.0 86.0 a 81.8 a
25.0 56.8 b 40.0 b
50.0 00.0 c 00.0 c
100.0 00.0 c 00.0 d

Control 0.0 90.0 a 95.0 a
Figures with the same letters are not significant (P = 0.05).

Effects of Some Plant Aldehydes Solution on Linear Growth and Percentage of Spore Germination of B.
Cinearea under Vitro Conditions:

Five concentrations of some plant aldehydes solutions i.e. 0.0, 0.25,0.50 ,1.0 and 1.5 ml/l were tested.
Results presented in Table (2) indicated that, all tested concentrations of Benzaldehyde  showed more effective
against B. cinearea linear growth and spore germination as compared with other tested plant aldehydes.
Benzaldehyde solution at 1.0 and 1.5 ml/l resulted in complete reduction of both B. cinearea linear growth and
spore germination. Benzaldehyde solution at low concentrations of 0.25 and 0.5ml/l, significantly reduced the
fungal linear growth by 77.5% and 88.3% , respectively, and reduced the percentage of fungal spore germination
by 44.9% and 74.5%, respectively. Acetaldehyde solution gave a moderate effect against fungal growth and
spore germination of tested fungus. All tested concentrations of Cinnamaldhyde was less effective.

Table 2: Effects of some plant aldehydes solution on linear growth and  spore  germination of Botrytis cinearea under vitro conditions.
Plant Aldehydes Solution Concentration µl /l B.cinerea

---------------------------------------------------------------------------------------------------
Linear growth (mm) Spore germination %

 
Acetaldehyde 0.25 50.3 b 77.7 b

0.5.0 30.3 c 70.1 b
1.00 22.2 c 50.0 c
1.50 00.0 d 50.0 c

Benzaldehyde 0.25 20.2 b 55.1 b
0.5.0 10.5 b 25.5 c
1.00 00.0 c 00.0 d
1.50 00.0 c 00.0 d

Cinnamaldhyde 0.25 90.0 a 94.0 a
0.5 71.6 b 92.0 a
1 70.0 b 90.0 a
1.5.0 60.3 c 88.0 b

Control 00.0 90.0 a 95.0 a
Figures with the same letters are not significant (P = 0.05).

Effect of Fumigation with Volatile Aldehydes on Gray Mold Incidence of Strawberry Fruits:

Strawberry fruits were fumigated with four concentrations of plant aldehyde vapors i.e. 0.0,100,150 and
200µl/l for 30 min  against gray mold incidence. Results in Table (3) showed that, the most effective treatments
are Acetaldehyde at 150 and 200 and Cinnamaldhyde at 200 µl/l which reduced the gray mold incidence by
78.0, 90.0 and 70.0 % respectively. Treated strawberry fruits with Cinnamaldhyde vapor at 150 µl/l resulted in
reducing gray mold disease by 65 %. Meanwhile, other treatments were less effective.

Effects of Some Plant Aldehydes Solution on Gray Mold Incidence of Strawberry Fruits:

Four concentrations of volatile compounds solutions i.e. 0.0, 0.25,0.50 and 1.0 ml/l were tested against gray
mold incidence of strawberry fruits. Results in Table (4) indicate that the most effective treatments are
Acetaldehyde Cinnamaldhyde at concentration of 1.5 ml /l which reduced the gray mold incidence by 70.0 and
80.0 % respectively. Treated strawberry fruits with Acetaldehyde and Cinnamaldhyde solution at 1.0 ml /l
resulted in reducing gray mold disease by 58.0 and 65 %. respectively. Meanwhile, other treatments were less
effective.
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Table 3: Effect of fumigated strawberry fruits with volatile aldehyde on gray mold Incidence.
Treatment Concentration µl/l Gray mold incidence Reduction %
Acetaldehyde 100 37.2 e 62.8

150 22.0 f 78.0
200 10.0 g 90.0

Benzaldehyde 100 80.0 b 20.0
150 62.0 c 38.0
200 50.0  d 50.0

Cinnamaldhyde 100 48.5 d 51.5
150 35.5 e 64.5
200 30.0 ef 70.0

Control 100.0 a -----
Figures with the same letters are not significant (P = 0.05).

Table 4: Effects of some plant aldehydes solution on gray mold disease of  strawberry fruits.
Plant Aldehydes solution Concentration ml/l Gray mold incidence Reduction %
Acetaldehyde 0.25 88.0 b 12

0.50 71.0 cd 29
1.00 42.0 ef 58
1.50 30.0 g 70

Benzaldehyde 0.25 65.0 d 35
0.50 51.0 e 49
1.00 35.0 fg 65
1.5.0 20.0 h 80

Cinnamaldhyde 0.25 90.0 b 10
0.50 92.0 ab 8
1.00 81.0 b 19
1.50 66.0 d 34

Control 00.0 100.0 a G
Figures with the same letters are not significant (P = 0.05).

Discussion:

Gray mold, caused by Botrytis cinerea   is one of the  important strawberry diseases  that causes losses
before or after harvest wherever strawberry (Elad et al., 2004; Williamson et al., 2007; Zhang et al., 2007).
Although B. cinerea can infect almost all aerial plant parts, the most damaging infections occur at ?owering
stage (Mertely et al., 2002). Certain plant volatile aldehydes i.e. acetaldehyde, Benzaldehyde and Cinnamaldhyde
showed antifungal activity (Mattheis, and  Roberts, 1993 and Caccioni, et al., 1994). In the present study
showed that plant aldehydes  vapors with low concentrations for 30 min  in fumigation chamber significantly
inhibited mycelium growth and spore germination of Botrytus cinerae. Completely inhibited of linear growth
and spore germination was obtained with Acetaldehyde and Cinnamaldhyde vapors at concentrations of 50 and
100 µl/l . Moderate reduction in linear growth and spore germination was obtained with Acetaldehyde and
Cinnamaldhyde  vapors at concentration of 25 µl/l. As for aldehydes solutions i.e. 0.0, 0.25,0.50 ,1.0 and 1.5
ml/l were tested against linear growth and spore germination of B. cinearea . Results indicated that, all tested
concentrations of Benzaldehyde  showed more effective against B. cinearea linear growth and spore germination
as compared with other tested plant aldehydes. Benzaldehyde solution at 1.0 and 1.5 ml/l resulted in complete
reduction of both B. cinearea linear growth and spore germination. Benzaldehyde solution at low concentrations
of 0.25 and 0.5ml/l , significantly  reduced the fungal linear growth by 77.5% and 88.3% , respectively, and
reduced the percentage of fungal spore germination by 44.9% and 74.5% , respectively. Acetaldehyde solution
gave a moderate effect against fungal growth and spore germination of tested fungus. All tested concentrations
of Cinnamaldhyde was less effective. Several workers have demonstrated the ability of Acetaldehyde to inhibit
the development of postharvest rots on various crops. Thus, significant reduction of Botrytis cinerea and
Rhizopus stolonifer on strawberries and grapes and of Penicillium expansum on apples has been achieved by
Acetaldehyde treatment (Stadelbacher,  and  Prasad, 1974 and Utama, et al., 2002 ). The fungicidal effect of
Acetaldehyde and other aldehydes may be direct or it may be achieved through the augmentation of fruit
resistance via synthesis of antifungal materials. It has been reported that in oranges, Acetaldehyde is the
precursor, via acetyl CoA, of mevalonic acid, which is the precursor of all other monoterpenes, including the
phytoalexin, limonene (Caccioni, et al., 1994). Application of acetaldehyde or an anaerobic treatment with N2
or CO2 for 24 h, which increased limonene levels, protected orange fruit against fungal decay. It has been
reported that acetaldehyde vapor induced the leakage of electrolytes, sugars and amino acids from the fungi B.
cinerea and R. stolonifer, which suggests that cell membranes are irreversibly disrupted by acetaldehyde as a
first step towards inhibition of the fungus activity (Utama, et al., 2002). 
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The GRAS compounds cinnamaldehyde (at 30 ppm), acetaldehyde (at 70 ppm), benzaldehyde (at 50 ppm)
and potassium metabisulphite (at 250 ppm) either completely inhibited or significantly reduced the in vitro
mycelial growth of Gliocephalotrichum microchlamydosporum, Colletotrichum gloeosporioides and
Botryodiplodia theobromae, the causative fungi of brown spot, anthracnose and stem end rot, respectively, of
rambutan fruits, Nephelium lappaceum (Avissar, and Pesis, 1991).

Certain plant volatile aldehydes i.e. acetaldehyde, Benzaldehyde and Cinnamaldhyde produced by fruits
during ripening also show antifungal activity. Acetaldehyde has been found effective in postharvest protection
of apples, sweet cherries and stone fruits (Mattheis, and Roberts, 1993 and Caccioni, et al., 1994).

In present study, volatile aldehydes vapors were tested against gray mold incidence of strawberry fruits, at
low vapor concentrations. Results showed that, the most effective treatments are Acetaldehyde at 150 and 200
and Cinnamaldhyde at 200 µl/l which reduced the gray mold incidence by 78.0 , 90.0 and 70.0 % respectively.
Treated strawberry fruits with Cinnamaldhyde vapor at 150 µl/l resulted in reducing gray mold disease by 65
%. Meanwhile, other treatments were less effective.

As for  volatile  solutions i.e. 0.0, 0.25,0.50 and 1.0 ml/l were tested against gray mold incidence of
strawberry fruits. Results indicate that   the most effective treatments are Acetaldehyde Cinnamaldhyde at
concentration of  1.5 ml /l which reduced the gray mold incidence by 70.0 and 80.0 % respectively  . Treated
strawberry fruits with Acetaldehyde and Cinnamaldhyde solution  at 1.0 ml /l resulted in reducing gray mold
disease by 58.0 and  65 %. respectively  . 

In conclusion, our results indicate that the use of some plant volatiles aldehydes as a vapors phase and/or
liquid phase can be used as alternative of chemical fungicides to controlling gray mold disease of strawberry
fruits during transportation, marketing and storage.
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