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ABSTRACT

Forty isolates of Botrytis cinerea were isolated from pepper (1 0 isolates),
strawberry (15 isolates), and grape (15 isolates) collected from different governorates
in Egypt. All tested isolates proved tobe pathogenic to the hosts from which these
isolates were isolated. The current acquired fungicidal resistance level in the natural
population of Botrytis cinerea isolated from pepper, strawberry, and grape tothe
fungicides Sumisclex and Tecto was estimated. Resistance factors to the tested
fungicides obviously differed from one isolate to the other. The fungus proved to be
unspecific to a certain host which means all fungus isolates belong to only one
population. The recalculated resistance factors ranged from 1.0 to 30.7 for Sumisclex
but do not change for Tecto. Fungal acquired resistance to Sumisclex was negatively
correlated with the catalase enzyme, while it was positively correlated with polyphenol
oxidase, peroxidase and catalase enzymes for Tecto. The content of flavonoids
(antioxidant substances) was higher in isolates resistant to Sumisclex than in sensitive
ones. No clear correlation was observed between the sterol content of resistant
isolates and the resistance to Sumisclex or Tecto.

INTRODUCTION

The genus Botrytis is widely known as a group of fungi causing
destructive and economically important plant diseases. This is particularly
true of those forms grouped together as the species Botrytis cinerea. The
fungus B. cinerea infects a wide range of host plants either in greenhouse or
in the field world wide, whereas other species are much more restricted in
this respect (Smith et al. 1980).

In Egypt, B. cinerea attacks many different crops causing
tremendous pre- and post-harvest losses and has been isolated from several
crops (Hussein and Ali 1985, Hussein ef al. 1985 and Abbas, 1995). In
practice till now, fungicides are considered the most effective method to
control Botrytis diseases. Many specific fungicides were developed especially
to control Botrytis diseases and called Botrycides (Nakazawa and Yamada
1997). In Egypt, Sumisclex and Tecto are widely used to control these
diseases (Anonymous 2001 i

Recently, chemical control by using pesticides has faced criticism
due to chemical residues and acquired pesticide resistance. Botrytis cinerea,
which proved to be the causal organism of gray mold of strawberry,
developed resistance to Benlate fungicide (Hussein and Al 1885), and also
to Sumisclex (Mansoor 1996). The frequency of fungicide resistance reports
has accelerated since the mid-1960s, paralleling the introduction of new
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compounds that attack specific biochemical targets in the pathogen. Many of
these are systemic fungicides, but the systemic property is not a requirement
for resistance development, since several protective fungicides such as
Dodine, Fentin, and Ipodine have shared in the problem. Dekker (1983)
stated that problems due to acquired resistance to fungicides significantly
increased after the introduction of systemic fungicides in practice. This raises
the question whether the phenomenon of acquired resistance is related in
some way or another to systemic action. It seems, therefore, that the chance
of development of resistance to systemic fungicides is greater than for
conventional ones. Although, the resistance to conventional fungicides may
arise by the change in the permeability of cell membrane or by increasing the
ability to detoxify the fungicide. However, it doesn’t imply that resistance will
develop to all new systemic fungicides in the future. This will depend not only
on. the potential of fungi to mutate to resist a certain fungicide, but also on the
probability that a resistant pathogen population will readily build up in the
field.

The present investigation was carried out to spot light on the
relationship between the fungicidal acquired resistance and the changes in
some fungal physiological characters.

MATERIALS AND METHODS

1- Isolation and identification of the causal organism:

Infected samples of strawberries, grapes and pepper pods were collected

from different fields and retail markets located in different governorates of

Egypt as follows:

- Strawberry collected from Giza, Kalubeia, and Ismaelia Governorates and
retail markets in Cairo.

- Grape collected from Giza, Gharbeia, and Monofeia Governorates and
retail markets in Cairo.

- Pepper collected from Giza, Monofeia and Kalubeia Governorates and
retail markets in Cairo.

The samples were cut into small pieces, sterilized using a0.1%
solution of mercuric chloride (HgCl,) for one minute then washed in sterilized
water many times and dried between sterilized filter papers.

The sterilized pieces were directly transferred onto PDA medium and
incubated at 20°C.

Purification of the isolated fungus was carried out using the single
spore technique; and pure isolates were preliminarily identified according to
Menzinger (1966), Subromanian (1971) and Smith et al. (1980). The
identification was confirmed by The Department of Survey and Identification
of Fungi Researches, Plant Pathology Research Institute, ARC.
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Table 1: The different isolates and the crops isolated from and

locations.

Crop Locations Number of isolates
Pepper Giza, Behera, Kalubeia and retail markets 10
Strawberry Giza, Kalubeia, Ismaelia, and retail markets 15
Grape Giza, Gharbeia, Behera and retail markets 15

2- Pathogenicity test:

In order to insure the pathogenicity of the different isolates of the
fungus, a pathogenicity test was conducted under laboratory conditions.
Spore suspensions of the different isolates (1 x 10° / ml) were prepared from
two weeks old cultures grown on PDA medium.

Strawberries (Douglas var.), grapes bunches (Thompson seedless var.)
and pepper pods (California wander var.) were surface sterilized using Ethyl
alcohol, washed thoroughly with sterilized distilled water and dried in the
laminar flow hood. The fruits were artificially inoculated by spraying them
with the different spore suspensions using a manual atomizer (each isolate
was tested on the crop from which it was isolated). The barriers and pods
were kept in sterilized humidity chambers (covered plastic jars) for ten days
at 20°C+3. The isolates which established and produced any colony on the
fruits were considered pathogenic isolates regardless of the size of infection
zones.

3- Estimation of the recent acquired fungicidal resistance level in
natural population of Botrytis cinerea.
To estimate the resistance level for each isolate of Botrytis cinerea, the
percentage of spore germination in different concentrations of fungicides
suspensions was determined using the slide-germination fungicidal bioassay
technique (Sharvelle, 1979) and adapted by Aschmawy (1997). Then the
inhibition index, ECs,, and resistance factor were calculated as follows:
The inhibition index was calculated according to the Abbott formula (Frahlich,
1979):
Inhibition index (I1) = &~& x 100
A

Where, A = percentage of germinated spores in control (sterilized distilled
water).

B

percentage of germinated spores in treatment (fungicide
suspension).
ECso values were calculated using the Main trend sub-program of Excel
computer program Microsoft office.
The resistance index was calculated according to Frohlich (1979) as follows:
ECs, for resistant isolate
Resistance factor (R F) =

ECs, for the most sensitive isolate

4205



Belal, M. A. et al.

4. Tested fungicides:

Commercial name Sumisclex 50% wp.

Common name Procymidone

Chemical name N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane -1,2-dicaboximide.
<l o E2H 4
<: :>— \>_>
Pl | > Ciia

Commercial name : Tecto 45% fl.

Common name Thiabendazole

Chemical name : 2-(4-thiazolyl)-benzimidazole

Fungicide suspensions containing different concentrations (1.0, 2.0,
4.0, 6.0, 8.0, 10.0, and 20.0 ppm active ingredient) of the aforementioned
fungicides were used .The fungicide suspension (0.2 ml) was placed on a
slide using a micro plpette and allowed to dry. A droplet (0.2 ml) of spore
suspension (1 x 10° spore /ml) was added on the residue of the fungicide
exactly and the slides were mounted on two glass rods in a Petri-dish
containing sterilized water and covered. The Petri-dishes were incubated at
20° C for 24 h. and germinated spores were microscopically counted. The
inhibition index for each concentration of each fungicide, EC5, and resistance
factor were calculated as mentioned before.

5. Relationship between acquired fungicidal resistance and the changes
in some physiological fungal characters:

The effects of acquiring fungicidal resistance in different isolates of B.cinerea

on the activity of some oxidative enzymes as well as some biochemical

substances were studied. Some isolates with different resistance factors were

selected to be involved in these studies. Correlation coefficients among the

enzymatic activity and resistance factors of the different isolates were
calculated.

5.1. Effect on activity of the oxidative enzymes:

The crude enzymes were prepared and the activities of
polyphenoloxidase, catalase, peroxidase and ascorbic acid oxidase were
determined as described by (Maxwell and Bateman, 1967). The isolates were
grown separately on Czapek's liquid medium at 20°C for 21 days. After
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incubation the cultures were filtéred. The filtrates were centrifuged at 3000
rpm for 20 minutes and the clear supernatants were used as the crude
enzymes.

A portion of supernatants from cuiture filtrates and mycelium were
boiled to inhibit the enzyme activity to serve as a control, then the following
procedures were conducted to estimate the activity of each enzyme.

5.1.1 Polyphenoloxidase :

Reaction mixtures contained 0.5 ml enzyme extract, 0.5 ml (0.2 N)
sodium phosphate buffer at pH 7.0 and 0.5 ml (10°N) catechol brought to a
final volume of 3.0 ml with distilled water.

The activity of phenol oxidase was expressed as the change in absorbency of
1.0 ml of extract per min. at 495 nm, using a UV spectrophotometer.
5.1.2 Peroxidase :

Peroxidase activity was determined according to Allam and Hollis
(1972) by measuring the oxidation of pyrogallol to pyrogallin in the presence
of H,O, at 425 nm. The sample cuvette contained 0.5 ml (0.1 N) sodium
phosphate buffer pH 7.0, 0.3 ml enzyme extract, 0.3 ml (0.05N) pyrogallol,
0.1 mi (1.0%) H.0,, and distilled water to-bring cuvette contents to 3.0 ml.
5.1.3 Catalase:

Catalase activity was assessed by spectrophotometeric methods
(Maxwell and Bateman, 1967). The sample cuvette contained 0.5ml. 0.2 N.
sodium phosphate puffer at pH 7.6, 0.3 ml 0.5 % H202, and 0.4 ml tissue
extract, brought to a final volume of 3.0 ml. with distilled water. The data were
expressed as the changes in absorbance by 0.1 ml. of extract per min at 240
nm.

5.1.4 Ascorbic acid oxidase:

Ascorbic acid oxidase activity was measured based on the
disappearance of ascorbate at 265 nm. The sample cuvette containing 1.0 ml
0.2 N sodium phosphate buffer (pH 6.2), 0.2 ml 10™ N ascorbic acid and 0.2
ml enzyme extract was brought to a final volume of 3.0 ml with distilled water.
The results were expressed as the changes in UV absorbency for the first 2
min of the reaction per 0.1 ml extract.

5.2. Effect on some biochemical substances:

The effect of acquired fungicidal resistance on some biochemical
substances in the mycelium mat of the B. cinerea with different resistance
factors was carried out by assessment of the relative contents of flavonoids
and the sterols.

5.21. Flavonoids:

Ten gr. of dry mycelium were macerated in 50 ml. 1% hydrochloric
acid overnight, filtrated and filtrate was subjected to the following tests: 10 m.
of each filtrate were rendered alkaline with sodium hydroxide (15%).
Appearance of a yellow color indicated the presence of flavonoid
(Geissmann, 1962).

5.2.2 Sterols and Triterpenes:

1 gr. dry mycelium was extracted in 10 ml petroleum ether, then
filtrated. The filtrate was evaporated to dryness. The residue was dissolved in
Sml. anhydrous chloroform, and filtrated. After that, 0.3ml of acetic anhydride
were added to the filtrate, then a few drops of sulphuric acid down the side of
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the tube; the formation of a reddish viclet ring at the junction of the two layers
indicated to the presence of unsaturated sterols and triterpenes. (Hanoson,
1972). Since the color density is proportional to the concentration of the
substance, four degrees were visually distinguished, (-) = no color, (+) =
light color, (++) = medium, (+++) = strong.

RESULTS AND DISCUSSION

1. Isolation and identification of the causal organism

In order to estimate the present situation of acquired fungicidal
resistance in B. cinerea, samples of different crops showing gray mold were
collected from different governorates. After isolation and purification 40
isolates were identified according to their cultural morphological and
microscopic properties described by Menzinger (1966), Subermanian (1971)
and Smith et al. (1980).
The different isolates and their origins are shown in table ( 1).

2- Pathogenicity

All the isolates were subjected to a preliminary pathogenicity test to
determine which isolates were able to cause infection. The data obtained are
tabulated below.

Table ( 2): Pathogenicity test of different B. cinerea isolates from
different crops.

Tested crop
pepper strawberry grape
Isolate Infection Isolate Infection Isolate Infection
P1 + S1 + G1 +
p2 + S2 + G2 +
p3 + S3 + G3 +
p4 - S4 + G4 +
p5 + S5 + G5 +
p6 + S6 + G6 +
p7 + S7 + G7 +
p8 + S8 + G8 +
p9 * S9 + G9 +
p10 + S10 + G10 +
S11 + G11 +
S12 + G12 +
S13 + G13 +
S14 - G14 -
S15 + G15 +

(+) means that the isolate could cause infection and gray mold, regardless of the disease
severity.

The data indicate that regardless of the disease severity, all the isolates
could infect the fruits of the crop from which each isolate was isolated and
cause gray mold.
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3- Estimation of the recent acquired fungicidal resistance level in the

natural population of Botrytis cinerea .

To estimate the resistance level for each isolate of Botrytis cinerea, the
percentage of spore germination in different concentrations of fungicides
suspensions was determined using the slide-germination fungicidal bioassay
technique and fungicide efficacy of different fungicide concentrations. ECs,
and resistance factors (RF) were calculated. The data are set out in tables 3-
8.

3.1. Estimation of the recent acquired fungicidal resistance level in the

natural population of Botrytis cinerea on pepper.

Regarding the resistance level of the different isolates to Sumisclex
fungicide (procymidone), the data obtained indicated a notable variation in
the sensitivity oi the different isolates to this fungicide (Table 3). However,
this variation is divided into three groups; the first group contains 7 very
sensitive isolates with ECs, ranging from 0.4 to 0.9 ppm and resistance
factors (RF) ranging from 1.0 (P4 and P10)to 2.5 (P9). The second group
“contains two very convergent isolates P5 with ECs, of 6.4 ppm and resistance
factor (RF) of 16.0 and P6 with an ECs, of 6.0 ppm and a RF value of 15. The
third group contains only one isolate (P3) with ECs of 12.3 ppm and an RF of
30.7. This isolate is very resistant.

Table 3: Fungicide efficacy, ECs, and resistance factors (RF) against the
different B. cinerea isolates isolated from pepper grown on
media amended with different Sumisclex (procymidone)
concentrations.

Isolate Fungicide concentrations in ppm.
No. | 1 [ 2 4 [ 68 10 [ 20 | c»| RF
P1 59.7 | 635 71.3 | 7891866 | 94.3 100 0.5 1.2
P2 720 | 749 80.8 |86.6)|925| 98.4 100 0.5 1.2
P3 98 | 133 204 1275]1346| 417 1.2 12.3 30.7
P4 534 | 59.3 711 | 828|946 100 100 0.4 1.0
P5 0.0 0.0 0.0 308100 | 100 100 6.4 16.0
P6 9.2 17.3 33.7 | 50.1|66.5| 829 100 6.0 15.0
P7 70.7 | 731 779 [826|874| 921 100 0.7 17
P8 69.0| 723 79.0 [8571923| 99.0 100 0.7 1.7
P9 528 | 557 616 |676(735]| 79.4 100 0.9 2.5
P10 51.56| 543 59.8 |56.2|70.7| 76.2 100 0.4 1.0

On the other hand, no obvious variation was noted in the resistance
level to Tecto fungicide (thiabendazole) of the different isolates of B. cinerea
isclated from pepper. The ECs, ranged from 5.6 and 10.6 ppm with RFs of 1
to 1.8. No fungicidal resistance risk to this fungicide is expected (Table 4).
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Table 4: Fungicide efficacy, ECs, and resistance factors (RF) against the
different B. cinerea isolates isolated from pepper grown on
media amended with different Tecto (thiabendazole)
concentrations.

Fungicide concentrations in ppm.

Isolate No. |———5—7 6 [ 8 | 10 20| ECw | RF
P1 126 | 182 | 296 | 409 | 522 | 63.5 100 7.6 1.3
P2 0.0 0.0 0.0 10.5 | 59.7 100 100 7.6 13
P3 0.0 0.0 0.0 00 | 64 40.3 100 10.6 1.8
P4 239 | 295 | 409 | 522|635 | 748 100 5.6 1.0
P5 0.0 0.0 11.8 | 257 [ 396 [ 534 100 9.5 16
P6 0.0 0.0 11.2 18.8 | 465 | 64.1 100 8.4 1.5
P7 0.0 0.0 1.8 18.0 | 343 | 50.6 100 9.92 1.7
P8 0.0 0.0 18.0 [ 366 | 553 | 74.0 100 7.9 1.4
P9 130 | 178 [ 278 [ 378 | 475 | 573 100 8.5 1.5
P10 0.0 0.0 396 | 83.7 | 100 100 100 5.7 1.0

3.2- Estimation of the recent acquired fungicidal resistance level in

natural population of Botrytis cinerea on strawberry.
The acquired fungicidal resistance level in the natural population of Botrytis
cinerea on strawberry was estimated. The different isolates showed different
reactions to Sumisclex as shown in table 5. It was observed that the isolate
S3 was the most sensitive one where only 0.5 ppm were sufficient to cause
50% inhibition, compared with the isolate S10 which is considered the most
resistant one (9.2 ppm). Other isolates such as S2, S6, and S8 required 4.1,
54 and 2.3 ppm to achieve the same effect, respectively. Therefore, three
resistance categories could be distinguished. S3 was sensitive isolate; while
S2, S4, S5, S8, S12, S13, S14 and S15 represented moderately resistant
isolates. The resistant category includes S1, S6, S7, SS9, S10 and S11 (Table
5).

Table 5: Fungicide efficacy, ECs, and resistance factors (RF) against the
different B. cinerea isolates isolated from strawberry grown on
media amended with different Sumisclex (procymidone)

concentrations.
Fungicide concentrations in ppm.

Isolate No. i B 2 5 3 10 20 ECs RE
S1 0.0 0.0 0.0 | 11.3 |1 455 | 796 | 100 8.2 16.4
S2 0.0 0.0 [ 10.0 | 100 | 100 | 100 | 100 4.1 8.2
83 728 | 766 | 84.2 | 91.7 | 99.3 | 100 | 100 0.5 1.0
S4 19.3 | 29.2 | 489 | 68.7 | 88.5 | 100 | 100 4.1 8.2
S5 309 [ 374 | 504 | 63.4 | 765 | 895 | 100 3.9 7.8
S6 269 [ 318|418 | 51.7 | 61.7 | 716 [ 100 5.4 10.8
S7 0.0 0.0 00 | 175 | 428 | 68.0 | 100 8.5 17.0
S8 424 | 48.2 | 598 | 71.3 | 829 | 945 | 100 2.3 4.6
S9 0.0 0.0 0.0 | 28.3 | 58.1 | 87.8 [ 100 7.4 14.8

510 0.0 0.0 00 | 138 | 362 | 586 | 100 9.2 18.4
S11 0.0 0.0 0.0 0.0 | 81.7 | 100 | 100 7.3 14.6
512 44.0 80.9 | 100 100 100 100 100 1.3 29
S13 487 | 519 | 583 | 648 | 71.2 | 77.7 | 100 1.3 2.6
S14 269 [ 338|476 | 614|752 | 839 | 100 4.3 8.6
S15 0.0 0.0 | 100 | 100 | 100 | 100 | 100 4.1 8.2
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Regarding the fungicide Tecto, ECs, and RF values ranged from 3.1 to
10.2 and from 1.0 to 4.8 without any obvious groping. Values of ECs, ranged
from 1 ppm in case of S3to 10.2 ppm in case of S7. This increase in ECs,
was reflected in the resistant factors (RF) of the different isolates to this
fungicide. A gradual increase in RF values was obviously obtained. The
isolates can be arranged in ascending order according to their RF as follows:
S3, 81, 813, 812, S8, S5, S2, S4, S14, S15, S6, S11, S9, S10, and S7:
showing resistance factorsof 1,4,5,5.3, 5.7, 6.5, 6.6, 6.8, 6.9, 7.0, 7.6, 7.8
8.0,9.3 and 10.2, respectively (Table 6).
3.3. Estimation of the recent acquired fungicidal resistance level in the

natural population of Botrytis cinerea on grape
Concerning Sumisclex, G13 was the only sensitive isolate. This isolate
showed an ECs, value of 0.9 ppm. All other isolates showed higher ECs
values. These isolates showed two categories of resistance; the first one
containing 11 isolates (G2, G4, G5, G6, G7, G8, G9, G11, G12, G14, and
G15) and showing moderate resistance factors of 6.6, 9.5, 7.4, 7.6, 7.1, 4.7,
5.3, 6.7, 9.3, 7.8, and 6.8, respectively. The second category containing three
highly resistant isolates G1, G3 and G 10 and showing resistance factors of
11.4,14.1 and 11.7, respectively (Table 7).

Data also showed that there was a tight variation in the reaction of
the different isolates to Tecto, with ECs, values ranging from 3.9 (G13), which
is considered the most sensitive isolate, to 15.0 of the most resistant isolate
G10 (Table 8). According to the resistance factor, the isolates can be divided
into two groups. The first group contains sensitive isolates, G2 (RF =1.8), G7
(RF = 1.9), G8 (RF =1.2), G9 (RF = 1.5), G11 (RF = 1.5), G13 (RF =1) and
G15 (RF = 1.8). The second group contains isolates that demonstrate a
moderate resistance, G1 (RF = 2.9), G3 (RF = 3.8), G4 (RF = 2.5), G5 (RF =
2.0), G6 (RF =2.0), G10 (RF = 3.8), G12 (RF = 2.3) and G14 (RF =2.3).

Table 6: Fungicide efficacy, ECs, and resistance factors (RF) against the
different B. cinerea isolates isolated from strawberry grown on
media amended with different Tecto (thiabendazole)

concentrations.
Fungicide concentrations in ppm.

il 2 s | 6 B 10 ] 20 | ECs | RF
S1 323 | 381 [ 498|615 732 89.9 [ 100 4.0 4.0
S2 0.0 0.0 0.0 | 00 100 100 100 6.6 6.6
s3 502 | 513 [557 | 641 | 724 80.8 | 100 1.0 1.0
S4 0.0 4.1 232 | 422 | 613 80.3 | 100 6.8 6.8
S5 161 | 222 [ 343 [464 | 585 70.7 | 100 6.5 6.5
S6 0.0 0.0 0.0 | 0.0 78.4 100 100 7.6 7.6
S7 0.0 0.0 128 | 250 | 371 493 [ 100 | 10.2 10.2
S8 8.2 171 [ 349527 706 88.4 | 100 5.7 5.7
S9 195 | 238 [ 325] 412 | 498 585 | 100 8.0 8.0
S10 0.0 0.0 0.0 [ 285 [ 320 593 | 100 9.3 9.3
S11 132 | 187 [29.8 [ 4090 | 520 63.1 100 76 7.8
S12 0.0 | 003 [216 /678 100 100 100 53 5.3
S13 0.0 0.0 0.0 | 100 100 100 100 5.0 5.0
S14 0.0 0.0 81 | 364 647 93.0 | 100 6.9 6.9
S15 0.0 0.0 00 | 99 89.2 100 100 7.0 7.0
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Table 7: Fungicide efficacy, ECs, and resistance factors (RF) against the

different B. cinerea

amended

concentrations.

with

different

isolated from grape grown on media
(procymidone)

Sumisclex

Fungicide concentrations in ppm

Haolate No. ] 2 | 4 | 6 8 10 ] 20 | ECs | RF
G 00 | 00 | 00 | 00| 86 | 437 | 100 ] 103 | 114
G2 0.0 | 00 | 237 493 ] 748 | 100 | 100 | 60 | 66
G3 0.0 | 00100100 00 | 00 100 127 141
G4 00 | 00 ] 00 | 00 358 | 802 | 100 | 86 | 95
G5 0.0 | 00 | 180 [ 463 645 | 828 | 100 | 67 | 74
G6 00 | 00 | 137 | 388 | 640 | 891 | 100 | 69 | 76
G7 0.0 | 00 | 155 | 440 726 | 100 [ 100 | 64 | 71
Ga 262 | 333 | 474 | 614 | 755 | 896 | 100 | 43 | 47
G9 206 | 282 | 435 | 588 ] 790 | 893 | 100 | 48 | 53
G10 00 | 00 | 00 ] 00| 47 | 391 [ 100 | 106 117

Gi1 17.9 | 255 | 40.7 | 559 | 71.1 | 863 | 100 | 52 | &7
G12 00 | 00 ] 00 ] 00 00 | 100 | 100 84 | o3
G13 521 | 60.7 | 67.8 | 750 | 821 | 893 | 100 | 09 | 1.0
Gia 00 | 00 | 00 | 0.0 | 85 | 100 [100 [ 71 |38
G15 0.0 | 00 | 176 | 474 773 | 100 | 100 | 62 | 68

Table 8: Fungicide efficacy, ECs, and resistance factors (RF) against the
different B. cinerea isolates isolated from grape and grown on

media

amended with
concentrations.

different Tecto (thiabendazole)

Fungicide concentrations in ppm.

Isolate No. 3 - 2 3 10 20 ECso | RF
G1 19.0 219 (276 | 334 39.2 |449)| 737 [116] 2.9
G2 0.0 0.0 [18.0] 36.0 548 [73.0| 100 74 | 1.8
G3 0.0 0.0 0.0 0.0 0.0 0.0 100 [150] 3.8
G4 18.7 218 1290 36.3 435 |1507| 869 [ 98 | 25
G5 17.0 221 [324]| 426 529 [63.2]| 100 79 | 2.0
G6 13.7 19.0 [29.6 | 40.3 509 |61.5]| 100 78 | 20
G7 0.0 0.0 0.0 0.0 10.0 | 100 | 100 75 | 1.8
G8 0.0 54 [232| 406 580 (750 810 | 49 | 1.2
G9 12.9 20.2 | 348 | 493 639 |784| 100 [ 61 | 1.5
G10 0.0 0.0 0.0 0.0 0.0 0.0 100 | 15.0| 3.8
G11 0.0 16.7 [33.8| 51.0 68.1 [852]| 938 | 59 | 15
G12 11 70 |186 ] 303 420 |536] 100 | 93 | 2.3
G13 30.9 374 |50.2| 63.1 760 [888)] 100 | 39 | 1.0
G14 0.0 0.0 87 | 245 404 |1563| 100 | 9.2 | 2.3
G15 0.0 0.0 0.0 0.0 100 | 100 ] 100 | 74 | 1.8

Acquired resistance phenomenon is a world wide problem which
faces all specialists working on the field of medicine and plant protection.
Botrytis cinerea is one of the fungi that have been recorded as acquiring
resistance to fungicides all over the world (Moustafa, 1980, Dieter, 1983:

Beever et al.

1989; and Fabreges and Birchmore, 1998). This kind of

resistance may be due to the wide host range of this fungus. In addition, B.
cinerea is a heterokariotic fungus showing a great variability, which provides
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a very good chance for the emergence of resistant types (Menzinger, 1966).
These resistant types may become dominate under the selection processes
by the intensive use of fungicides. Generally in Egypt, the problem of
acquired resistance in B. cinerea has been studied earlier.

The data obtained in the present work indicate a noteworthy

reduction of the resistance level in B. cinerea to the benzimidazole fungicide
group since the lowest ECs, obtained was 0.1 ppm and the highest EC5, was
10 ppm. This fluctuation of the resistance level may due to the fact
benzimidazole fungicides were introduced for plant disease control research
in the 1960s and early 1970s. These fungicides were available in the
Egyptian market late 1970s and early 1980s. From that time the
benzimidazole fungicides, especially benomyl, were intensively used on
strawberry and many other crops, which enhanced the development of
different resistant types of the fungus to this fungicide group. In 1996,
benomyl was one of the fungicides that were banned in Egypt (Anonymous,
1996). Accordingly, that led to an obvious decrease in the benzimidazole
amount applied in the last few years, which may be the reason why the low
resistance level for this fungicide was observed in the present work.
In 1996, Mansoor estimated the resistance level to Sumisclex in B. cinerea
isolated from strawberry. He found that the ECs, ranged from 0.42 ppm to 4.3
ppm, representing RF values of 1 and 10.23, respectively. In our study the
estimated ECs, for the same fungicide ranged from 0.5 to 9.2 ppm
representing RF values of 1 and 18.4, which indicate continued increase of
the risk.

4. Relationship between the fungicidal acquired resistance and the
changes in some physiological fungal characters:
4.1. Effect on oxidative enzymes:

The effect of acquiring fungicidal resistance on the activity of different
oxidative enzymes of B.cinerea was measured by assessment of the activity
of 4 enzymes (polyphenoloxidase, catalase, peroxidase and ascorbic acid
oxidase) in the culture filtrates of different isolates with different resistance
levels. Correlation coefficients among the enzyme activity levels and
resistance indexes of the different isolates were calculated.

4.1.1. Effect on activity of polyphenoloxidase enzyme

Concerning the effect of acquiring fungicidal resistance on the activity
of polyphenoloxidase enzyme in B.cinerea (Table 9), the different isolates
can be classified into three groups. The first group contains 4 isolates with
low enzyme activity i.e.S3, S13, G4 and G6. The second grope contains 4
isolates which exhibited moderate enzyme activity i.e. G1, G8, P3 and P10.
Two isolates, S7 and 3UV, represent the third group and manifest high
enzyme activity. The calculated correlation coefficient between the enzyme
activity and resistance index of the different isolates to Sumisclex showed low
correlation in contrast to Tecto, where very high positive correlation was
found.
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4.1.2. Effect on activity of peroxidase enzyme

Regarding the effect of acquiring fungicidal resistance on the activity
of peroxidase enzyme of B.cinerea (Table 10). The isolates could be also
classified into three groups. The isolates G4, G6 and G8 composed the first
group, which demonstrated low peroxidase activity. The most isolates
showed moderate peroxidase activity, and could be classified into the second
group. Two isolates, S7 and 3UV evince high peroxidase activity and
constituted the third group. The calculated correlation coefficients between
the enzyme activity and resistance factors of the different isolates to
Sumisclex showed low negative correlations, in contrast to the corresponding
coefficient for Tecto which exhibited a high positive correlation between the
enzyme activity and resistance factor.

4.1.3. Effect on activity of catalase enzyme

In the case of catalase (Table 11), great variation in the enzyme
activity among the different isolates was recorded, which ranged from 1.77 to
68.46. The lowest activity was recorded by G1, which showed 1.77. The most
isolates showed similar rates of enzyme activity, which ranging from 11.34 to
21.96. The highest catalase enzyme activity was recorded by the 3UV isolate.
In spite of these great catalase enzyme activity variations, a moderate
negative correlation was found between the enzyme activity and the
resistance to Sumisclex, while a high positive correlation was found between
the enzyme activity and resistance to Tecto.
4.1.4. Effect on activity of ascorbic acid oxidase enzyme

The isolates were classified into two classes according to the
ascorbic acid oxidase enzyme activity (Table 12). The first class containing
two isolates G6 and G8 showed the highest ascorbic acid oxidase enzyme
activity, 104.54 and 124.61 respectively. The rest of the isolates formed the
second class with moderate enzyme activity ranging from 39.45 (S7) to 79.05
(G4). A low positive correlation was found to Sumisclex and a low negative
correlation was found to Tecto.

The last data indicate positive correlation between resistance to
Tecto and the activity of the polyphenoloxidase and peroxidase enzymes. In
contrast resistance to Sumisclex showed only low correlations with those
enzymes. It was also observed there is negative or low correlation between
catalase and ascorbic acid enzyme activity and the resistance to Sumisclex
was also observed. Resistance to Tecto correlated highly positively with
catalase enzyme activity, but moderately negatively correlation with ascorbic
acid oxidase enzyme activity. The last data confirm the data obtained by
Mansoor (1996), who reported a remarkable increment in the oxidative
enzyme activity correlated with the increased resistance to benzimidazole
fungicides. It can be supposed that, the oxidative enzymes
polyphenoloxidase and peroxidase play a role in the mode of resistance to
benzimidazole fungicides. Concerning Sumisclex Edlich and Lyr (1987),
reported that the content of intracellular lipid peroxidase in B. cinerea
correlated well with the dicarboximide fungicide concentration. They added
that catalase acts as protective enzyme by scavenging hydroxyl radicals and
by degrading lipid hydroperoxidase, besides functioning in hydrogen
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peroxidase cleavage. Superoxidase disinutase detoxifies mainly the highly
reactive superoxide catalase radicals. The presence of all the protective
components described above has been proven for B. cinerea. Since the
mode of action of dicarboximide fungicides is based on the generation of
active oxygen specimens, it can be speculated that changing the protective
system toward higher efficacy would lead to resistance. Indeed, alternation of
catalase, phenoloxidase, and superoxidase dismutase could be observed for
several dicarboximide resistant isolates of B. cinerea. In particular, the
increased levels of catalase in highly resistant isolates could account for
resistance. However, a conclusive correlation between levels of such
enzymes and the degree of resistance has not been found in resistant
isolates of B. cinerea (Edlich and Lyr 1992). The lack of correlation for our
data, since some dicarboximide resistant isolates in the present study
showed high levels of catalase activity and other isolates showed negative
reactions. The difference of catalase activity for different resistant isolates
may due to, that most tested isolates were resistant to Sumisclex and at the
same time to Tecto which lead to complicated interference in the different
enzyme's activity. This data indicates that the mode of resistance to Tecto or
Sumisclex depends not only on the oxidative and catalatic enzymes but other
components may be involved too in the mode of resistance. Moustafa et al.
(2002) found that resistance in Botrytis fabae to Antracol may beattributed to
increasing oxidative enzyme activity, in addition to one or more substances ,
of non-enzymatic nature, produced by the resistant isolates.

Table 9: Effect of the acquisition fungicidal resistance on the activity of
polyphynoloxidase enzyme.

Enzyme activity
solate| yss. | 30s. | 45s. | 60s. | 75s. | 90s. | 108s. | 120s. B o Tl B e
§7 | 0119 | 0120 [ 0121 | 0121 | 0122 | 0123 | 0.123 [ 0123 | ¥ =200k | 457
$3 | 0.005 | 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008 | 0.008 | ¥=09998x+ | g o5
$13 | 0.003 | 0.004 | 0.006 | 0.007 | 0.007 | 0.008 | 0.008 | 0.008 | ¥=00008x+ | g g0
G1 | 0012 | 0012 | 0.012 | 0.013 | 0.013 | 0.013 | 0.013 | 0013 | Y™ 3:3?105“ = 0.012
G4 | 0.007 | 0.000 | 0.009 | 0.009 | 0.010 0010 | 0.011 [ 0013 | ¥=09007x+ | 445
G8 | 0.008 | 0.009 | 0.008 | 0.008 | 0.009 | 0.009 | 0011 | 0014 [ Y= 906X+ 1 509
G8 | 0008 | 0011 | 0,012 | 0.012 | 0.013 | 0.013 | 0.013 | 0.01a | Y=00TX+ [ g4y
P3| 0015 | 0016 | 0017 | 0017 [ 0017 | 0.017 | 0017 | 0017 | Y= 03002 | 496
P10 | 0.015 | 0.016 | 0.016 | 0.017 | 0.017 | 0.018 | 0.018 | 0.020 | Y™ 3-3?22" *1 oo,
S3UV | 0.036 | 0038 | 0038 | 0.041 | 0.041 [ 0.042 | 0.043 | 00as | ¥=OIXH [ 50,

N.B. S3UV= a new generated type obtained by exposing the mother isolate S3 to UV rays
for different periods

Correlation coefficient

Sumisclex = 0.142849

Tecto 0.434509
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Table 10: Effect of the acquisition fungicidal resistance on the activity
of peroxidase enzyme

" Enzyme activit

solate| yoo | 30s. | 45s. | 60s. | 75s. | 90s. | 105s. | 120s. fofg‘a‘gﬁ‘:ga f;'::f"r‘:f:
57 0.06 0.066 { 0.072 | 0.08 | 0.086 | 0.088 | 0.095 | 0.101 y = 0.0058x + 0.078
1S3 0.025 | 0.028 | 0.032 | 0.037 | 0.04 | 0.044 | 0.048 | 0.052 y= 330529)( 2 0.036
1513 0.035 | 0.037 0.04 | 0.043 | 0.047 | 0.05 | 0.054 | 0.054 y =00002[?3Tx + 0.043
G1 0.026 | 0.031 | 0.037 | 0.037 | 0.044 | 0.045 | 0.048 | 0.05 y =%%30;ix + 0.038
G+ [ 001 | 0017 | 0024 | 0.029 | 0,035 [ 0,039 | 0.045 | 0,048 | y -:oznzo:szu o YT
G6 0.017 | 0.021 | 0.025 | 0.028 | 0.032 | 0.035 | 0.038 | 0.042 y = 0.0035x + 0.028
G8 0.017 | 0.02 | 0.024 | 0.028 | 0.031 | 0.036 | 0.038 | 0.04 y= DDSJ;SX + 0.027
IP3 0.025 | 0.029 | 0.032 | 0.036 | 0.044 | 0.044 | 0.048 | 0.051 y =%?)1033:;x + 0.036
P10 [ 0,033 | 0,039 | 0.043 | 0,048 | 0.053 | 0.057 | 0.062 | 0,068 | y= o
Sauv 0.082 | 0.086 | 0.093 | 0.097 | 0.093 0.1 0.103 | 0.108 y =:U§:U§;ZX + 0.093

Correlation coefficient
Sumisclex = -0.24133
0.799082

Tecto

Table 11 : Effect of the acquisition fungicidal resistance on the activity
of catalaze enzyme.

L Enzyme activity
g Equation |Calculated
solate(15s. [30s. 5s. —FOS. 75s. 0s. [105s. f20s. for each 18s. {valusl min.
7 0.92 2161 [21.96 24 P27 2224 2227 2228 |y=01662x+213] 21.86
3 hs7o |19.02 hoos [19.09 [19.10 [19.12 [19.13 ho.18 v=;3-721233>€* 18.09
ls13  fe7e 1988 [19.91 Ro0o7 Po.09 Ro12 po.13 Ro.13 Vﬂ%‘.},ﬁg’” 19.99
y=0.0115x +
Gt fh74a h7s h7e [7s hre hre hez ez i 177
G4 991 95 (1005 [10.23 |11.04 has2 f578 [16.05 "=;'2§:67"’ 11.70
Ga 114 1147 h1.24 h1.45 h1s2 h1ss f11.62 163 Y’ff;gg“ 11.34
G8 B85 889 889 891 B92 P97 P14 927 P 8.95
P3  h729 h77s hs.03 |18.04 f18.15 hes? lie.es [19.08 Y=?%2129333H 18.09
P10 [18.22 [18.56 |18.75 [18.82 [19.11 [19.59 [1.74 [2.06 ly=0.541x+17.176] _ 19.34
y=0.1635x +
UV p801 [8.08 £8.28 850 858 P890 B804 9.08 g 68.46

Correlation coefficient
Sumisclex

Tecto

=-0.4006

= 0.93862
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Table 12 : Effect of the acquisition fungicidal resistance on the activity
of ascorbic acid oxidase enzyme.

Enzyme activity :

Isolate | 4ss. | 30s. | 45s. | 60s. | 75s. | 90s. | 108s. | 120s. fofg;’::"‘:'gs‘ f;'::,'::f:
S7 | 592 1308 | 1425|3211 53.33 |s5.92 | 100 | 100 | ¥ 14755k 39.45
S3 | 3646|4321 |51.96 | 68.64 | 79.36 | 65.58 | 92.35 |118.61 V=;21_'§$59’” 66.47
$13 | 158 | 2634|4214 | 5528 | 64.92 | 658 |90.96 [113.14| ¥ 13458 53.69
Gt | 20.96 {4028 | 4827 | 55.21 | 7475 | 0274 | 99,07 |170.21| Y= 1A% 67.57
Gé |4259 | 506 |67.81 |70.12 | 90.18 | 97.67 [130.96| 139 V‘;;_'s'gj’” 79.05
G6 | 6564 | 87.99 | 9582 (107.24]111.45|118.71130.18 | 166.43 "’;;_Ef’“ 104.543
G8 [ 97.61 [105.92| 114.3 |122.50|130.92|133.31|136.88| 200 "’813_‘;35’” 124.612
P3| 253 | 5168 | 60.24 | 91.21 | 0550 | 95.50 | o669 [121.95| Y= 11727X* [ 754
P10 | 119 | 478 | 1547 | 4997 | 61.89 | 6547 7072 | 119 | Y=10200x- | 4 g,
S3UV | 20.78 | 40.53 | 60.8 |62.15 | 64.86 | 71.61 | 79.68 | 89.186 VZ;E’;"* 58.473

Correlation coefficient

Sumisclex = 0.214341
Tecto =.0.22067

4.2. Effect on some biochemical substances:

The effect of acquired fungicidal resistance on some biochemical
substances in the mycelium mat of the B. cinerea with different resistance
factors was determined by assessment the relative contents of flavonoids,
and sterols (Table 13). The gained data exhibited obvious differences among
the different isolates concerning their flavonoid contents. The lowest
concentration of flavonoids was found in mycelium mats of the isolates S3,
S3UV and S13, in contrast to the S7, S10, G1 and G4 isolates, which
demonstrated the highest concentrations of these components. S14, S15
and G6 showed moderate concentrations.

The last data manifests that the flavonoids content correlated
positively with resistance to Sumisclex, unlike the sterol content, which didn’t
show certain trend.

Flavonoids are polyphenclic compounds. Over 4000 different
flavonoids have been described. Flavonoids have a variety of biological
effects on cell systems (Holiman, et al. 1996). They are very good
antioxidants in their activity against iodophenol-derived phenoxyl radicals,
superoxide anion radicals and lipid peroxidation (Zhang,and Shen 1997).

Although, all the available literature, deals with their biological effects
on mammalian systems, in our work an obvious positive correlation was
found between the resistance to Sumisclex and amount of flavonoids in the
mycelium mat of the different isolates, which indicates, that flavonoids may
play a role in the mode of resistance to Sumisclex side by side with the

catalase enzyme as an antioxidant which protects the fungus against lipid
peroxidase.

4217



Belal, M. A. et al.

Table 13: Flavonoid and sterol content in mycelium of different isolates
of B. cinerea with different resistance factors to Sumisclex

and Tecto.
Isolates Resistance factors Substances
Sumisclex Tecto Flavonoids Sterols
S3 1.2 1.0 + +++
S3UV 1.2 24.1 + +++
S7 20.4 102 ++4 +++
S10 23.0 9.2 FEF +++
S13 32 2.5 + T+
S14 10.7 6.9 ++ +++
S15 10.2 7.0 ++ +++
G1 25.7 4.4 +++ +
G4 21.7 <47 +++ +++
G6 17.2 3.0 b e
() =no substance.
(x) =traces.
(+) =small amount.
(++) = moderate amount.
(+++)= great amount of substance .
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