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ABSTRACT

Fungal diseases of strawberry are important worldwide and occur
in all parts of the plant. Alternaria alternata and Botrytis cinerea are the
major causal agents of the leaf spots.

Survey and distribution of strawberry leaf spot were carried out in
EL-Sharkia and EL-Ismailia governorates. 12 and 20 samples were
collected from two governorates with 25 and 35 average of disease
incidence, respectively. Isolation and identification of the causal
pathogen. Alternaria alternata and Botrytis cinerea were identified as
the causal organisms of strawberry leaf spot disease.

Pathogenicity test show that A. alternata was the most effective on
inducing strawberry leaf spot disease followed by B. cinerea.
Susceptibility of different strawberry cultivars to A. alternata and B.
cinerea showed that Fortuna and Winter star were the lowest infected
cultivars whereas Festival and Sunsation were the most infected cultivars
and also, Florida cultivar was the moderately infected.

All the tested fungicides for controlling leaf spot disease gave
sufficient control against the causal organisms, in comparison with
control in vitro. The results indicated that the fungicide Topsin M70 has
the superior effect followed by Captan.

Conclusively, concerning phenolic compounds, it was found that
total, free and conjugated phenols and oxidative enzymes peroxidase,
polyphenol oxidase and catalase occurred at high levels in resistant
cultivars in comparison with susceptible one. The accumulation of
phenolic compounds occurred more rapidly in inoculated resistant leaves
than in inoculated susceptible one.

Key words: Botrytis cinerea, Alternaria alternata , Strawberry cultivars,
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INTRODUCTION
Strawberry (Fragaria x ananassa Duch.) plant is a widely grown of
family Rosaceae. Egypt produce 460245 tons from 11772 ha of the cultivated
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area. Egypt, also exported 38543 tons with currency value estimated with
88million Dollars in the same year.

Cultivated area of Strawberry was 31606 Fed. and produce 539.482 tons
(Agriculture Ministry) ( Anon, 2020).

Observation of leaf spot symptoms on strawberry plants which was
collected from EL- sharkia and EL- Ismailia governorates motivated us to find
the causal agents of the disease.

Alternaria alternata and Botrytis cinerea are the most causal agents of
the leaf spot. (Fekri khan et al., 2021). Alternaria alternata is common as
parasite and worldwide distributed. (Yan et al., 2022).

Botrytis cinerea affects more than 200 plant species. All parts of plant
organs include leaves and fruits. (Guo et al., 2021).

Therefore, the objective of this work aimed to survey and distribution of
leaf spot disease, Isolation and Identification the causal pathogen. As well as
effect some fungicides and susceptibility of strawberry cultivars for leaf spot
disease. Also, the relationship between chemical compounds of strawberry
plants such as phenolic compounds and oxidative enzymes associated with
different disease reaction on strawberry cultivars were studied.

MATERIALS AND METHODS

1. Survey of strawberry leaf spot in EL- Sharkia and Ismailia governorates.

Strawberry (Fragaria x ananassa Duch.) has recently become an
economically important crop in Egypt and is cultivated on approximately
31606 Fed. A survey and investigation for leaf spot of farmer's fields located
across EL-sharkia and El-1smailia governorates was carried out.

Survey studies on distribution and severity of leaf spot diseases was carried
out at two growing seasons 2018 and 2019.

Observation and measurements of disease development were recorded as
percentages of infection ( number of infected plants ), and as severity of
infection by measuring the infected area ( compared with the total area of each
leaf as illustrated in Fig.1 of 100 randomly selected leaves with typical leaf spot
symptoms.

2-Isolation and identification of the causal organisms:

Diseased strawberry plants showing leaf spot symptoms were collected
from the selected fields.

Collected samples were subjected to isolation trails, Botrytis sp. and
Alternaria sp. were isolated from the lesion appeared on diseased plants. The
infected tissues were cut into small pieces and surface sterilized with sodium
hypochlorite (0.5%) for 3 minutes. Then washed several times with sterilized



J. Product. & Dev., 28(2),2023 87

distilled water and dried between sterilized filter papers and transferred directly
to the PDA medium in petri dishes 9 cm. The plates were incubated for 7 days
at 22 + 2 °. The fungal grown from the lesion pieces were transferred to potato
dextrose agar PDA slants. The fungus was purified by single spore and or
hyphal tip techniques. The isolates were kept on slants PDA medium in a
refrigrator at 5 ° C. as stock culture for further studies.

Identification of the isolated organisms was don ten days post inocubation
at 25 ° C and was made on the basis of culture characters and microscopical
examination considered by Clements and Shear (1957), Gilman (1957 ) and
Ramnath et.al. (1970).

Figure.(1): Severity of infection to evaluate leaf area diseased.
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3- Pathogenicity test :

Strawberry cultivars Fortuna, Festival and Winter star were used in the
pathogenicity test of Alternaria alternata, Botrytis cinerea, Fusarium sp. and
Rhizopus sp. isolates.

Strawberry cvs. sown in post (10 cm Diameter) in greenhouse to obtain 3
weeks old plants. Fungal inoculum for each isolate was prepared from 15 days
old cultures which were thoroughly homogenized with 10 ml distilled
water/each colony, for one minute in a blender. Then three pots each containing
5 strawberry plants, two weeks old, were inoculated by spraying with
homogenized isolate inoculum at a rate of 15 ml/pot. This insured a uniformly
heavy layer of inoculum on all leaves. Control plants were similarly treated
with medium free from fungus. The inoculated plants were placed in a humid
chamber at 100% relative humidity and at 20 °C to 25 °C for 24 hours post
inoculation and then were transferred to open glass cages in the greenhouse.

The pathogenicity of these isolates, was determined according to Cook
and Timian (1962) as follow :

1 (R) = resistant, small brown spots.

2 (MR) = moderately resistant, small heavy spots.

3 (MS) = moderately susceptible, mediate brown spots.
4 (S) = susceptible, heavy brown spots.

Resolution of the pathogenic isolates was don made as before and compared
with original cultures.

4- Susceptibility of strawberry cultivars :

Two isolates of A. alternata and B. cinerea were used to inoculate the plants
of five strawberry cultivars. Data were recorded post 10 days inoculation.
Fortuna, Winter star, Festival, Sensation and Florida Strawberry cultivars were
used. Inoculation, incubation and results were done as mentioned before.

5- Effect of different fungicides on the linear growth of tested pathogenic
fungi in vitro:

This study was designed to investigate the inhibitory effect of two
fungicides i.e. Topsin M70 and Captan, on the linear growth of A. alternata and
B. cinerea in vitro Table 1. The used fungicides were tested at three
concentrations as follow: 1%, 2%, 3%.

The amount required for obtaining a known concentration of any fungicide
was calculated and added aseptically to known amount of warm sterilized PDA
medium and poured before solidification into Petri dishes (9 ml/plate) then
plates were inoculated at the center with equal discs (5 mm) obtained from the
periphery of 10 days old cultures of A. alternata and B. cinerea . Plates
contained media without any fungicide inoculated with A. alternata and B.
cinerea was served as control treatment. Three plates were used for each
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Table 1: The commercial name, chemical composition and active
ingredients of the tested fungicides.

Fungicide Chemical composition Active
ingredient,
%
Topsin M70| 1,2-Bis (3 methoxy carbonyl-1,2-thiourido) benzene. 70
Captan Cis-N( trichloromethyle thio)-4-cyclo-hexan1,2dicarboximid 50

concentration. All plates were incubated at 25 + 2 ° C. The experiment was
terminated when mycelial mats covered medium surface in control treatment.
All plates were examined and growth reduction was calculated.

6- Determination of phenolic compounds:

Two resistant cultivars i.e. Fortuna and Winter star and one susceptible i.e.
Festival were used to determine the activity of both phenolic and oxidative
enzymes. Uninoculated and inoculated strawberry plants with Alternaria
alternate or Botrytis cinerea were used.

Leaf samples were taken from each cultivar plants uninoculated and
inoculated with either A. alternata or B. cinerea were used to determine the
activity of both phenolic compounds and oxidative enzymes as follow:

Phenolic compounds were extracted and determined using the
colorimetric methods as described by Snell& Snell (1954 ).

Sample extraction:

A sample of 5 gm of leaf tissues was cut into small portions and
immediately stored in ethanol solution ( 80% ) in brown bottles and kept in
dark at room temperature for one month until the tissues were colorless. The
ethanolic extracts were filtered and evaporated to near dryness in a mild water
bath at 60°C. Then the extracts were quantitatively transferred into 5 ml. of
50% isopropanol and stored in vials at 1 °C till the determination of phenolic
compounds.

A) Determination of total phenolic compounds

One ml of extract was transferred into a measuring flask (10 ml) and treated
with 0.25 ml HCL and boiled in a water bath for 10 min then cooled.

One ml of Folin — Denis reagent and 6 ml Na2co3, were added. The mixture
was completed to 10 ml with distilled water and the color density was measured
at 520 nm using Spectronic 20. Total phenols were obtained from a standard
calibration curve as mg Gallic acid equivalents/100g DW as shown in Figure. 2.
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B) Determination of free phenolic compounds:

One ml of extract was transferred into a test tube, 1 ml distilled water, 1 ml
folin-denis reagent, and 3 ml Na , co 3 20% ( w/v ), were added. The mixture
was completed to 10 ml with distilled water and the color density was
measured using a spectrophotometer (Spectronic 20) at 520 nm. Free phenols
were obtained from a standard calibration curve as a Gallic acid (ppm) as
shown in Figure. 2. EI-Ghamry (Massarut) A. M. (1980).

O.D
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1
0.8 o
0.6 o 0.D
0.4 y=0.0008x+0.4063 Linear (0.D)
0-2 R20.998

0 200 400 600 800 1000 1200
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Figure(2): Standard curve of phenolic compounds

C) Determination of conjugated phenolic compounds:
The difference between total and free phenol concentration gave the
concentration of bound phenol.

8. Determination of oxidative enzymes activity:

Determination of both peroxidase and polyphenol oxidase activities were
measured in both inoculated and un inoculated strawberry leaves in adult
plants. Crude enzyme extracts were prepared by triturating leaves in ordinary
10 ml 0.2 M. sodium phosphate buffer at pH 6.1 for 10 minutes at the rate of 5
ml per gram fresh weight. After straining through cheesecloth the triturates
were centrifuged for 20 minutes at 3000 rpm. Allam, and Hollis (1972).

A)Determination of peroxidase enzyme activity:

Peroxidase activity was determined according to the method
suggested, Which was measured at 430 nm. Reaction mixture of 0.1 ml of
0.2 M. pyrogallol solution, 1.0 ml of sodium phosphate buffer at pH 6.1 ,0.5
ml of 0.01 M hydrogen peroxide (H202). 0.05 ml of crude enzyme
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preparation and distilled water to make a total volume of 3 ml. In the
blank H,0, was substituted by an equal volume of phosphate buffer at 5.1
pH. The increase in optical density at 430 nm was measured over a
period of 5 minutes, at 30 seconds intervals. Peroxidase was expressed as
change in absorbance at 430 nm per gram fresh weight of barley tissues
per minute.

B) Determination of polyphenol-oxidase activity:

Polyphenol oxidase activity was determined according to Esterbaner
et al., ( 1977 ). The reaction mixture contained 2 ml enzyme extract, 1.0 ml of
10 M. catechol and 1.0 ml of 0.2 M. sodium phosphate buffer (at pH = 7) then
the reaction mixture was brought to a final volume of 6.0 ml with distilled
water. They activity of polyphenol oxidase was expressed according to the
following equation:

Enzyme activity [unit (mg. protein) ] = Kx( AA/min).

Where: K (extension coefficient) is 0.272 mu/cm at 490 nm for catechol.
AA/min is the change in the absorbance of the mixture every 0.5 minute for 5
minutes period at 490 nm.

C) Determination of catalase activity:

Catalase enzyme was assayed according to the method of Kato and
Shimizu (1987). In the sample cuvette, 0.1 ml crude extract was mixed with
0.5 ml of 0.2 M. sodium phosphate buffer (at pH 7.6) and 0.3 ml of 0.5% H,05.
Then the mixture was brought to a final volume of 3 ml with distilled water.
The breakdown of H,0, was followed by measuring the absorbance at 240 nm.
Moreover, the enzyme activity was calculated according to the following
equation:

Enzyme activity [unit (mg. protein) ] = Kx( AA/min).
Where: K (extension coefficient) is 40 mpy/cm at 240 nm for H,0, . AA/min is
the change in the absorbance per minute

RESULTS AND DISCUSSION

1. Survey and incidence of leaf spot disease:

Date in Table 2 show that the collected samples from EL-Sharkia
governorate were 12 while the collected sample from Ismailia were 20 with 25
and 35 average of disease incidence respectively. The obtained fungal isolate
were 19 from EL-Sharkia while 34 from EL- Ismailia.
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Table 2: Survey of disease incidence in EL-Sharkia and EL- Ismailia

Governorates
Governorates Sample Number | Isolate Number Average of disease
incidence, %
EL-Sharkia 12 19 25
Ismailia EL- 20 34 35
Total 32 53 60

&

Figure.(3): Symptoms of leaf spot disease of natuAraIIy infected strawberry.
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2. Isolation and identification of the causal organisms:

Samples of diseased leaves from strawberry plants showing typical leaf
spot symptoms were collected during the two season (2018 -2019)  from El
Sharkia (Belbis and EL-salheyia) and Ismailia (EL-kassassin and Abo-swear)
governorates of Egypt Fig.3.

The fungus can survive as mycelium or conidia for a long time and
provide a source of infection (Fekrikohan etal., 2021). Pure culture of
Alternaria alternata, Botrytis cinerea, Fusarium sp. and Rhizopus sp. were
obtained from single spore or the hyphal tip techniques. (Riker and Riker,
1936), The isolates were used for pathogenicity test.

The identification of the isolated fungi was based on the description
referring to (A key of Simmons 2007). Morphology of the isolates was
examined, colonies were initially white, then turned light to dark brown
produced abundant hyphae. Conidiophore straight or flexuous. Conidia were
pale to brown, with beaks at tips. Conidia had 1-6 transept. Based on
morphological characteristics of representative group, the fungus was tentively
identified as Alternaria alternata (Simmons, 2007). To fulfill Koch's
postulates, pathogenicity test were conducted by choosing one representative
isolate from each regions on detached trifoliate strawberry leaves collected
from healthy plants. Each of 10 disinfected leaves was inoculated with conidial
suspension whereas to additional Leaves (controls) were inoculated with water.

3.Pathogenicity test:

Alternaria alternata, Botrytis cinercea, Fusarium sp. and Rhizopus sp.
were isolated from strawberry leaf infected with leaf spots. Fourteen days old.
isolates of the obtained fungi ( grown at 25 °C and 12-12 photo period) were
used to investigate the pathogenicity on the leaf of strawberry Festival cultivar
(susceptible to leaf spots). Strawberry Festival cultivar plants were grown in
pots under greenhouse conditions.

Table 3:- Pathogenicity test of the isolated fungi:

Fungus Severity % of infected leaves after different
periods.
5 days 10 days 15 days
Alternaria alternata 55.30 65.20 75.30
Botrytis Cinerea 35.20 40.50 45.20
Fusarium sp. 30.75 32.40 35.60
Rhizopus sp. 15.25 17.30 20.10

Pathogenicity test ( % infection and % disease severity ) were carried out for
the isolated fungi i.e Alternaria alternata, Botrytis cinerea, Fusarium sp. and
Rhizopus sp. Table 3 and Figure 4
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Data in Table 3 indicate that A. alternata was the most pathogenic
fungus on inducing strawberry leaf spot disease.

- 80
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B Severity % of infected - 60
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periods. 5 days - 50
H Severity % of infected
leaves after different - 40
periods. 10 days 30
Severity % of infected
leaves after different ~ 50
periods. 15 days
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L} T T T 0
Fusarium  Rhizopus Botrytis  Alternaria
sp.- sp.- Cinerea alternata

Figure.(4): Severity % of infection leaves after different periods, 5,10 and 15 days.

4. Susceptibility of strawberry cultivars to leaf spot:

One of the symptoms brown spot with the yellow margin. Many plant
pathogens can cause this symptoms. Botrytis and Alternaria are the major
causal agents of the leaf spots. Despite of the numerous reports about two fungi
from different hosts.

Species of Alternaria are known as the serious plant pathogens, causing
major losses in wide range of crops. The genus distributed worldwide as
saprophytes, entophytes and plant pathogens (Peever et al., 2004 &
Woudenberg et al., 2013). Infection by the Alternaria species typically cause
the formation of necrotic lesions. One of the most Common species of the
genus Alternaria is A. alternata that was reported as destructive plant
pathogens and affect the wide range of the host plants causing leaf spot, blight
and blossom rots. Botrytis is a fungus destroys the tissue of the living plants
and can grow and continue to live on the host plant even after the tissue
destruction (Wada, et al., 1996 ).

Result in Table 4 and Figure 5 indicated that A. alternata and B. cinerea
were pathogenic to strawberry causing leaf spot disease. Strawberry cultivars,
i.e. Fortuna and Winter star were superior in resistance for pathogenic fungi,
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and the percentage of leaf spot reaction were recorded at the lowest grade (1).
The cultivars Festival and Sunsation were susceptible at the higher pathogenic
(grade 4 and 4), respectively, while the cultivar Florida was moderately
susceptible ( grade 3 ) with pathogic fungi. These results may be due to the
genotype character in these characters and had ability to resistant the
pathogenic fungi. Some chemical compounds of cultivars led to susceptibility
for infection with A. alternata and B. cinerea.

Table 4: Susceptibility of different strawberry cultivars to A.alternata and

B. cinerea
Cultivars Type Disease Reaction
B. cinerea A. alternate
Leaf spot % Leaf spot %
Fortuna R. 5 5
Winter star R. 10 10
Florida MS. 60 50
Festival S. 90 90
Sunsation S. 90 80

Disease reaction are given on 1 to 4 basis.
1 = (R) = Being resistance.
2 = (MR) = Moderately resistant.

3 = (MS) = Moderately Susceptible.
4 = (S) = Susceptible.

- 100
“+ 80
H Disease Reaction A.
alternata - 60
Disease Reaction B. cinerea - 40
%leaf spot
- 20
T T T T T T == U
& > 0 ? &
£ & & &S
5\5& « « SO

Figure.(5): Susceptibility of different strawberry cultivars to A.alternata and B.
cinerea.
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5. Effect of different fungicides on strawberry leaf spot disease:

Data in Table 5 and Figure 6 show in general, that all the tested
fungicides gave sufficient reduction in linear growth of strawberry leaf spot
pathogens A. alternata and B. cinerea in comparison with control. Topsin M70
was the most effective fungicide, at low concentration (1%). One the other
hand, Captan was the least effective one for inhibition of growth (79.44 and
87.40), respectively. An conclusion Topsin M70 is the best fungicide tested that
showed the highest inhibition of fungul growth, (Mass, 1970; Clark, 1976 and
Yehia, et al., 2011).

Table 5: Effect of some fungicides on the linear growth of A. alternata and

B. cinerea.
Fungicide A. alternata B. cinerea
Conc. Growth % Growth %
% measurement Inhibition | measurement | Inhibition
of growth of growth
Topsin 70 1 0.00 100 0.00 100
2 0.00 100 0.18 97.96
3 0.00 100 0.00 100
Captan 50 1 2.10 76.66 1.92 78.70
2 1.35 79.44 1.25 86.10
3 0.58 66.52 1.13 87.40
Control 9.00 9.00
[ \
e N C
M.C
Figure 6: (A) (B)

6-  Effect of Captan on the linear growth of A. 96 lternate
B- Effect of Topsin M70 on the linear growth of B. cinerea.
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6. Effect of phenol compounds and some enzyme activities on strawberry leaf
spot:
a) Phenolic compounds:

Chemical analyses were carried out on three strawberry cultivars
differ in their reaction to leaf spot diseases to focus the light on the
dynamic nature of disease resistance. EI-Ghamry (Massarut) (1980).
The importance of a biochemical study of defence reaction in the
physiology of disease resistance is widely accepted. Phenolic compounds
in plants as considered, by many authers, as major agents of both
chemical resistance against disease incidence (Maick and Singh 1980;
Mahmoud, 2004 and Mahmoud et al., 2012).

Union -collated strawberry plants (control) in Table 6 and Fig. 7
indicate that the levels of total phenol (7.99 and 7.80), Free ( 6.63 and
6.52) and conjugated Phenol (1.36 and 1.28) were higher in resistant
strawberry cultivars Fortuna and Winter star as compared with
susceptible one, Festival. These results are in agreement with those of
many workers with host-pathogen combinations (Maick and Singh,
1980). Inoculation with leaf spot causal pathogens (Alternaria alternata,
Botrytis cinerea) led to rapid increase in total, free and conjugated
phenols in the resistant cultivars than in the susceptible one (Mahmoud
et al., 2012). However, Farkas and Kiraly (1962). were not able to
establish a clean-cut relation between the phenolic content and
resistance. The increase of phenolic compounds may result from either
the synthesis of new aromatic compounds (Biehn et al. 1968) and / or the
acceleration of accumulative phenol from neighboring cells
(Tomiyame, 1963).

Data in Table 6 and Figure.7 indicate that the inoculation of Fortuna
and Winter star (resistant strawberry cultivars) with either Alternaria alternata
or Botrytis cinerea caused noticed increased on total phenol, free phone and
Conjugated phenolic compounds in comparison with the with the susceptible
cultivar (Festival). On the other hand, inoculation with Alternaria alternata or
Botrytis cinerea caused cleared increase on total, free and conjugated phenolic
compounds in both resistant and susceptible cultivars in comparison with
union-collated (control) plants. It was noticed that from Table 6 and Fig.7
inoculation with leaf spot pathogens led to rapid increase in total, free and
conjugated phenol in the resistant cultivars i.e. Fortuna and winter star more
than in the susceptible cultivar Festival.

However, data in Table 6 and Figure7 show also that the inoculation with
leaf spot pathogens caused decrease of total, free and conjugated phenolic
compounds in Festival susceptible cultivar in comparison with the resistant
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ones. Similar results were found by Tomiyama (1963) in potato tubers
infected with phytophthora infestance. The decrease in phenolic compounds in
the inoculated susceptible cultivar can be attributed to then utilization or
splitting by the parasite. Another possibility is the decrease of metabolic
activities of the susceptible host by pathogen products result in reduction of
phenolic compounds.

b) Oxidative Enzymes:

The correlation between induced resistance and some biochemical
changes in plant tissues. like the increased the activity of Enzymes and
appearance of new polypeptides protein has become a model in study of plant
disease resistance, this biochemical, change become a Morton to inducer
resistance. Allam, and Hollis (1972).

Data in Table 7 and Figure8 show the content of peroxidase, polyphenol
oxidase and catalase Enzymes on the three used strawberry cultivars. The three
strawberry cultivars, two resistant (Fortuna and Winter star) and one
susceptible (Festival) were used before and after inoculations with either
Alternaria alternata or Botrytis cinerea.

Data presented the Higher content of peroxidase, polyphenol oxidase and
catalase enzymes in resistant cultivars (Fortuna and Winter star) in comparison
with these in the susceptible cultivar (Festival).

Inoculated Fortuna cultivar with either A. alternata or B. cinerea
showed decrease in the activities of the three Enzymes the in comparison with
the control (without, inoculation) The same trend was noticed for Winter star
cultivar when inoculated with either Alternaria alternata or Botrytis cinerea.

Inoculation of Festival cultivar (susceptible one) with A. alternata
or B. Cinerea caused clear increase in the activity of the three enzymes
except in case of peroxidase enzyme when inoculated with A. alternata
(0.005).

Phenolic compounds and oxidative enzymes in plants are considered, by
many authors, as major agents of host chemical resistance against disease
incidence.

Results indicated that total, free, conjugated and enzymes activities were
found in higher amounts in the resistant cultivars than in susceptible ones.
These results are in agreement with those of many workers with other host-
pathogen combinations, i.e. Farkas and Kiraly (1962) ; EI-Gamry (1980) ;
Abo-Shosha (1977) and Rizk (1982).
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Table 6: Phenolic compounds expressed as mg Gallic acid equivalents/1g
in inoculated and un inoculated three strawberry cultivars.

Strawberry Total phenolic | Free phenolic | Conjugated
cultivars compounds compounds phenolic
ungus compounds
1-_Fortun ( Control) 7.99 6.63 1.36
- Winter star | 7.80 6.52 1.28
( Control)
3- Festival ( Control) 4.56 3.43 1.13
4- Fortuna + Al. 16.24 11.87 4.37
5- Fortuna + Bo. 12.97 10.87 2.10
6- Winter star + Al. 26.16 17.06 9.10
7-  Winter star + Bo. 14.31 10.95 3.36
8- Festival + Al 5.75 3.42 2.33
9- Festival + Bo. 12.87 8.77 4.10
L.S.D(0.05%) 0.16 0.53 0.01
1- Fortuna R Al. Alternaria alternata
2- Winter star R Bo. Botrytis Cinerea
3- Festival S
- 30
- 25
- 20
H Total phenolic compounds r 15
- 10
-5
H Free phenolic compounds : -0
5 = + = 6 =T . & ©
sis5TelzE53® §
Conjugated phenolic 2 =0 = ; T . E E >
o = = [T =
copounds E = ,E & E 2 E "“ 3
gtz ggenm s~
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Figure.(7): Phenolic compounds expressed as mg gallic acid equivalents/1g in
inoculated and un inoculated three strawberry cultivars.
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Table 7:- Enzymes activities expressed as unit in mg. protein in inoculated
and uninoculated three strawberry cultivars.

Strawberry Peroxidase Poly phenol Catalase
cultivars Oxidase
Fungus
1- Fortuna ( Cont.) 0.011 0.0009 0.544
2-Winter star ( Cont.) 0.009 0.0009 0.416
3- Festival ( Cont.) 0.006 0.0005 0.168
4- Fortuna + Al 0.007 0.0016 0.328
5- Fortuna + Bo. 0.009 0.0005 0.232
6- Winter star + Al. 0.010 0.0004 0.152
7- Winter star + Bo. 0.008 0.0008 0.184
8- Festival + Al. 0.005 0.0006 0.208
9- Festival + Bo. 0.007 0.0020 0.384
L.S.D (0.05%) 0.065 0.040 0.012
1- Fortuna R Al. Alternaria alternate.
2- Winter Star R Bo. Botrytis cinerea.
3- Festival S
- 0.6
- 05
B Peroxidase
- [ - 04
H Poly phenol ] P | - 03
_ . r .
- 0.2
Catalase | jjjj j_ -
— to1
’b\x", q}x" & @& Rk, .&} & \)sz- ¢$§, . R
w@ «e‘§\ '\'\é * Q&\(\«o&){\&o&}(\ Qz} 53} “06 ¢ 03{3\
o & 4 B "J'v\x&\ Y

Fig.(8): Enzymes activities expressed as until in mg. protein in inoculated and
uninoculated three strawberry cultivars.

Conclusively, concerning phenolic compounds, it was found that total,
free and conjugated phenols and oxidative enzymes peroxidase, polyphenol
oxidase and catalase occurred at high levels in resistant cultivars in comparison
with susceptible one. The accumulation of phenolic compounds occurred more
rapidly in inoculated resistant leaves than in inoculated susceptible one.
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