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Abstract: The acquired resistance of Botrytis cinerea isolates, the causal
agent of grey mould disease to synthetic fungicides | prodione (Rovral®) and a
mixture of Carbendazim and Diethofencarb (Resec”) was evaluated on 84
isolates collected from vegetable greenhouses throughout the West Bank. The
fungicide-resistant isolates were evaluated in vitro in terms of mycedlial
growth rate and conidial germination, in vivo as grey mould lesion growth
rate on detached bean leaves, and on grey mould disease severity on bean
whole plants. The effective concentrations (ECs) of the fungicides varied in
vitro and in vivo. The Iprodione ECs, (ug ml™) on the isolates in vitro
(mycelial growth rate and conidial germination) were 0.8 and 4.31
respectively, and in vivo (grey mould lesion growth rate and disease severity)
were 16.7 and 336.4, respectively. However, the Carbendazim and
Diethofencarb ECs, (ug mi™) on the isolates in vitro were 1.19 and 10.43
respectively, and in vivo (grey mould lesion growth rate and disease severity)
were 16.4 and 447.2, respectively. The Iprodione resistance was found in
49.4% of theisolates; Carbendazim and Diethofencarb resistance on the other
hand was evident in 44.4% of the isolates, and resistance for both fungicides
occurred in 35.7% of theisolates. The highest percentages of resistance were
found in the Northern agricultural areas (Jenin, Nablus, Tulkarem and
Qalgelia greenhouses) cultivated traditionally with cucumbers and tomatoes.
Keywor ds: fungicide resistance, Iprodione, Carbendazim and Diethofencarb,
Botrytis cinerea.

(Botrytis cinerea ki) salal giall (asel Guaall die duisall dolial)
<sad) Jala Carbendazim and Diethofencarb g I prodione sl
SSY) nedl Botrytis cinerea ki xie 4wl delid) sy duln & tgadda
sl (e silds ol Jala Carbendazim & Diethofencarb s Iprodione Lalaiia
Syuinally (Ashlly ¢ il elussS oLl pualdl) LA €8y50ill) iy pumdlly ey 3al) LSS
5 DA ) e adiey LEEDL @ gl e Dhill e gen Al dial b
58 Jane o Slaall 05V (sl t0msinn o Gpanall 1 i iy L Gapall Als
St G ggieally 1)l Ay Ailiie RSH zaia 3 baugll e il
sy W palill lils e L) 5ad s Weald) 315l e Gapall ok Jane e clandl)


http://www.iugaza.edu.ps/ar/periodical/

Radwan Barakat and Mohammad Al-Masri

S 3 Tt il O¥ie aaaad usina) e el ISI((ECsp)  Jeldll S8l s
5 0.8 58 ls) clal Aoy Hhill s Jae e Iprodione ad ((pg mi?) Jeld
16.7 s bl e Ll sady GhsY) Lo gl sk dara ey o gl e 4.31
Carbendazim & Diethofencarbasa! (ug ml™) Jeld) 38 iy . sl e 336.4
sk dare Jeg o gl e 10.43 5 119 g ¢ bl Ay il gal Jae e
il ey sl e 447.2 5 164 s bl e lay)sads 3hY1 e asall
oyl Al el A 3 1ol Sl maen o ) Gaalaiy (o)Sl) aysills Slas)
Carbendazim and Diethofencarb auall; %49.4  a lprodione el dclic e
el 3T angs . %35.7 Gl ST deliall L cyolas Al el A Ly ¢ %444 calS
(o) Aapall Al Jled (e SR Gl (e Ciran ) V) & delall gl A

ks 853l Ay ) e culS Al (ALl (a)STsha ¢ alils

Keywords. fungicide resistance, Iprodione, Carbendazim and
Diethofencarb, Botrytis cinerea.

Introduction

Botryis cinerea Pers., the causal agent of grey mould, is a mgor pathogenic
fungus of a number of crops worldwide (Prins et a., 2000). Chemical
control of the disease often depends on frequent fungicide applications,
utilizing compounds representing ca. 10 chemical classes, and targeting
specific cellular processes in fungi (e.g. respiration, sterol biosynthesis etc.).
Unfortunately, B. cinerea is a classical “high-risk” pathogen (Brent &
Hollomon, 1998). The occurrence of resistance to different fungicides with
specific mode of action, as well as residues of fungicides in food have been
frequently reported (Yourman and Jeffers, 1999 ; Yourman et al., 2000;
Kim et al., 2001; Dianez et a., 2002; Baroffio et al., 2003; Moyano et al.,
2004; Zhang et a., 2007; Keith and Hollomon, 2007; Yoon et al., 2008;
Kim et al., 2009; Bardas et a., 2010; Leroch et a., 2011; Yin et a.,
2011.; Billard et al., 2012; Bernard et al., 2013).

In Palestine, grey mould is one of the most serious diseases of greenhouse
vegetable crops such as cucumber, tomato, eggplant, squash, pepper and
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beans which cover a cultivated area of approximately 2506 hectare.
Chemical control of the disease was traditionally achieved by a number of
fungicides applied every two weeks, from November to April. Various
fungicides such as Iprodione (Rovral®) and a mixture of Carbendazim and
Diethofencarb (Resec®) have been intensively used during growing seasons
for many years. The unsatisfactory grey mould control and usefulness of
these fungicides have been lately notified by vegetable growers from
different areas in the West Bank. The development of resistance by B.
cinerea to a mixture of Carbendazim and Diethofencarb in the field was
reported earlier by Leroux et al., 1999; Y ourman and Jeffers, 1999 and Kim
et a., 2009. The resistance of B. cinerea to a mixture of Carbendazim and
Diethofencarb, and Iprodione was documented in cucumber greenhouses
(Elad, 1992), vegetable greenhouse crops (Moyano et al., 2004), and
strawberry in Spain (Valgo et al., 2003). The objective of this study was to
evaluate the level of resistance of Botrytis cinerea isolates collected from
vegetable greenhouses in various agricultural areas of the West Bank to
Iprodione (Rovral®) and a mixture of Carbendazim and Diethofencarb
(Resec™) fungicides.

Materialsand M ethods

Collection of B. cinerea isolates

Grey mould infected plants were collected in January and March 2011, from
eighty four greenhouses cultivated with various vegetable crops (cucumber,
tomato, eggplant, squash, bean, and gourd) throughout the West Bark;
plants in these greenhouses were continuously sprayed with Rovral® and
Resec” according to a grower questionnaire distributed previously. Plant
parts including fruits, stems, flowers, and leaves exhibiting symptoms of
grey mould were detached from plants and placed in clean plastic bags and
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stored for day in the refrigerator before sampling. A small piece of infected
plant part was surface sterilized by 1% sodium hypochlorite for 3 minutes,
washed three times with sterilized distilled water and placed in the center of
a 90mm diameter Petri plate containing potato dextrose agar (PDA)
amended with 500 mg I chloramphenicol (10 ml PDA medium per plate).
Petri plates were then incubated at 22 °C for 4 days. Mycelium from the
edge of growing fungal colonies was subcultured on three Petri plates
containing PDA for each fungal isolate and incubated again at 22 °C. After
10 days, conidia were harvested from plates by pipetting 5 ml sterilized
distilled water in plates, and gently scraping colonies with sterile glass rods.
Conidial suspensions obtained were filtered through a double layer of
sterilized muslin membrane to remove al traces of mycelium and placed
into sterile glass tubes. Conidial suspensions (200pl) were seeded on 90-mm
PDA Petri plates and incubated at 22°C. After 2 days, singly germinated
conidia were removed using a fine sterile needle and transferred to a new
PDA plates. Inoculated plates were incubated and maintained as mentioned
above. Single conidial colonies obtained were used later in the fungicides
experiments.

Effect of fungicides on Botrytis cinerea isolates

Fungicides most commonly used in loca commercia greenhouses were
Iprodione (Rovral®, SC 500 gl™ active ingredient (ai), Rhone Poulenc,
France), Dicarboximide class and a mixture of Carbendazim and
Diethofencarb ( Resec® , SC 250 g I"* a.i, for each, Sumitomo Co. Ltd.).
Fungicides efficiency against B. cinerea isolates was evaluated in vitro as
mycelial growth rate and conidial germination, and in vivo as grey mould
leson growth rate on detached bean leaves, and on grey mould disease
severity on bean whole plants.
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In vitro studies

Mycelial growth rate

The effect of fungicides on B. cinereaisolates was carried out in vitro using
defined minimal medium, which was modified from the Difco Czapek-Dox
recipe, to avoid possible interaction of fungicides with complex growth
media components (Yourman and Jeffers, 1999). The medium (1 liter)
contained 12g agar, 10g glucose, 3g NaNOs, 1g KH,PO,, 1g K:HPO,4, 0.5g
MgS0..7H,0, 0.5g KCl, and 0.01g FeSO,.7H,0 and 0.5g chloramphencol;
the final pH was 6.6. Erlenmeyer flasks (1L), each containing a standard
volume of the mentioned medium were placed on hot plate with magnetic
stirrer to dissolve and homogenize the components; flasks were then
autoclaved and alowed to cool down to 55-60°C. Appropriate volumes of
both fungicides stock solutions (1000 pg ml™, a.i of each) were prepared in
distilled water and added to the growth media to give final concentrations of
0.2,0.5, 1, 2 and 3 pg mi™ ai of each fungicide. Growth media (14 ml) were
dispensed into each Petri plates (90 mm diameter). The experimental design
was completely randomized (CRD) with five Petri plates for each fungicide
concentration and fungal isolate. Petri plates were then inoculated with 5
mm mycelium disks from 5 day-old cultures of the B. cinerea isolates.
Plates were then incubated in growth chamber at 22 °C. Colony diameters
were measured after 24 and 72 h and the mycelium growth rate (MGR, cm?
day™) was calculated using the following equation (Barakat and Al-Masri,
2005):

R={(D/2)%x - (d/2) %1 }/T

where R- mycelium growth rate, D - average diameter of colony (cm) after
72 h, d - average diameter of colony (cm) after 24 h, n - 3.14, and T- time
of incubation (day).
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The experiment was repeated as described above and the means of MGR of
all isolates of both experiments were correlated with fungicides
concentrations. This was used to calculate linear regression to identify the
fungicides effective concentration which reduced the growth of B. cinerea
isolates by 50% (ECxso).

Germination assays

In vitro germination of B. cinerea, conidia were evaluated in 24 wells
microtiter sterilized plates (Greiner bio-one, Germany). Conidia were
harvested from 10 days old B. cinerea cultures growing on PDA medium
and incubated at 22°C, by scraping the mycelium with a glass rod using 10
ml sterile DW. Harvested conidia were filtered using double layers of
sterilized muslin membrane to remove all traces of mycelia and placed into
sterile tubes. Conidial suspensions were then centrifuged at 2308 xg (RCF)
for 3 minutes and precipitated pellets were washed three times by 10 ml
DW. Conidia concentrations of all B. cinerea isolates were then adjusted
using the haemocytometer to 2x10” conidia mi™. The germination assays
used the fungicides Iprodione at the concentrations 0, 0.5, 1, 1.5, 2, 3, 4, 5,
7,9, and 11 pg ml™ (ai) and Carbendazim and Diethofencarb a 0, 0.5, 1,
15,2,3,4,5,7,9 11, 13, 16, and 19 ug m™* (ai). The experimental design
was completely randomized using three wells (Replicates) of a 24 wells
microtiter sterilized plates for each fungicide concentration and fungal
isolate. In each well, 480 pl of each fungicide concentration and 20ul of
conidial suspension of each B. cinerea isolate were added. Plates were then
incubated for 24 hours in growth chamber at 22°C. Germination in wells
was assayed by inverted microscope a 20X (Olympus CKX41, Japan).
Percentage of germinated conidia for each B. cinerea isolate and fungicide
concentration was determined of the reading five microscope fields and
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three wells per treatment. The experiment was repeated as described above
and the means of germination percentages of both experiments were
correlated with fungicides concentrations. This was used to calculate linear
regressions to identify the ECso of both fungicides for al B. cinerea isolates.

Effect of fungicideson Botrytiscinereaisolatesin vivo

Disease severity on detached bean leaves

Two week-old bean seedlings (cv. Hilda) were transplanted in 15 x 30 cm
pots in a glasshouse. The planting medium consisted of a mixture of peat
moss and perlite (2:1, v:v). Plants were irrigated and a 20:20:20 NPK
fertilizer was added twice a week. At flowering (40 days after planting),
healthy young leaves were collected and placed in the bottom of plastic
boxes (40 x 25 x 15cm), on a double layer of a plastic mesh platform. The
plastic mesh was placed on a sterilized wet paper towel to maintain high
humidity in the box. Each box contained six leaves, leaves were sprayed
with Iprodione or Carbendazim and Diethofencarb using a micro sprayer,
and the fungicide concentrations used were O, 2, 4, 8, 12, 16, 20, 40, 100,
200, and 400 pg mli* water (ai). After the treatment solutions were
absorbed by leaves, the detached leaves were inoculated by placing on top a
5-mm diameter agar disc taken from 6-day-old PDA cultures of B. cinerea
isolates. The boxes were covered by a transparent plastic film and incubated
at 22°C under a 12 h photoperiod. Evaluation of disease development on
detached leaves was carried out by measuring the rotting leaf area (cm? day’
1y around the inoculum disks after 96 hours of incubation. The experimental
design was a completely randomized design, where each six leaflets of bean
plants were considered as six replicates for each concentration and isolate.
The experiment was repeated as described above and the means of lesion
area of both experiments were correlated with fungicides concentrations.
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This was used to calculate linear regressions to identify the ECsp of both
fungicides for all B. cinerea isolates.

Disease severity on bean plants

Five 40-day old bean plants were sprayed until runoff with 0, 100, 200, 300,
400, 500 and 600 pg ml™ (a. i) of Iprodione and 0, 100, 200, 300, 400,
500, 600 and 700 ug mi™ (a i) of Carbendazim and Diethofencarb against
each of the B. cinerea isolates (Bcl, Bc29 and Bc43). After 3 hours, the
solutions were absorbed by plants, and inoculated with 20ml of conidial
suspension (2x10° colony-forming unit (CFU)) in deionized sterile water
containing 2g 1™ glucose and 1g I* potassum dihydrogen phosphate
(KH2PO,). Plants were then covered with transparent plastic bags, and
incubated in a growth chamber at 22°C, under a photoperiod of 12h. The
severity of grey mould was evaluated by estimation of the percentage of leaf
mould coverage after 10 days of incubation. The experimental design was
completely randomized, where five bean plants were considered as five
replicates for each fungicide concentration and B. cinerea isolate. The
experiment was repeated and from the means of both trials, linear regression
was calculated between the disease severity and the concentration of both
fungicides. ECso of both fungicides was calculated and used later to identify
the isolates for resistance or tolerance. The experiments were repeated twice
at concentrations of ECsp of both fungicides by using five seedlings
(replicate) for 84 isolates. The bean seedling were treated and inoculated in
the same manner described previoudly.

Statistical analysis

The ECsy values (effective fungicide concentration causing 50% reduction
in mycelial growth rate, conidia germination, grey mould lesion growth
rate, and disease severity) were estimated statistically for both fungicides
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and each B. cinereaisolates using linear regression of the means for the two
experiments. The frequency distribution of ECsy values of both fungicides
and fungal isolates in al experiments was used to identify the resistance
/sengitivity of fungal isolates. In addition, the data of mycelial growth rate,
conidial germination, leson growth rate, and grey mould disease severity
were datigtically analyzed by using one way ANOVA repeated
measurement and Fisher LSD test. Probit analysis (statistical software
Sigma Stat™ 2.0 program, SPSS Inc., USA) was used.

Reaults

Botrytis cinerea isolates

During the epidemics of grey mould disease in January and March 2011,
about 84 isolates of B. cinerea were collected from eighty four greenhouses
in seven geographical areas (Hebron, Jericho, Jordan valley, Jeninn, Nablus,
Tulkarem, and Qalgelia) cultivated with various vegetable crops (cucumber,
tomato, eggplant, squash, bean, and gourd) (Table 1). B. cinerea isolates
were collected from greenhouses exposed to severe grey mould attack in
spite of regular applications of Iprodione and/or a mixture of Carbendazim
and Diethofencarb. Sixty seven isolates were recovered from greenhouses
cultivated with cucumber, tomato, gourd and squash and located in northern
West Bank.

Effect of fungicideson Botrytiscinereaisolates In vitro

The fungicide Iprodione was able to reduce the mycelium growth (MGR) of
B. cinerea isolates grown on amended medium at the concentrations (0.2- 2
ng mi™) compared to the control (Fig. 1A). MGR values ranged from 0.67
cm?d® for B.cl (sensitive isolate) to 2.99 cmi®d™ for B.c 98 (resistant
isolate), and MGR reduction was positively correlated with increasing
fungicide concentrations (r’=0.60). The values of effective concentration
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(ECso) of Iprodione against mycelium growth of B. cinerea isolates ranged
from 0.4- >2.8 pg mi™ (Fig. 3A), and the mean was 0.8 pg mi™ (Table 2).
According to ECsy values obtained, 64 % of B. cinerea isolates were
resistant to I prodione as far as mycelium growth rate was in vitro.

Iprodione significantly reduced as well conidial germination of B. cinerea
isolates at concentrations (3-11pg mli™), and reduction was positively
correlated with increasing fungicide concentrations (r’=0.83) (Fig.1 B).
Germination was completely inhibited at concentrations > 9 pg mi™ for most
B.cinerea isolates. The values of effective concentrations (ECso) of
|prodione against conidial germination ranged from 2- >5 ug ml™, and the
mean was 4.31 pg mi™ (Fig. 3B & Table 2). According to the ECs, values
obtained, 51 % of B.cinerea isolates were resistant to Iprodione as far as
coinidia germination percentages were in vitro.

The fungicide mixture of Carbendazim and Diethofencarb (Carb & Dieth)
was able to reduce the mycelium growth (MGR) of B. cinerea isolates
grown on amended medium at the concentrations (0.2- 3ug ml™) compared
to the controls (Fig. 2A). MGR values ranged from 0.2 cm?d™ for Bc 17
(sensitive isolate) to 13.2 cm?d™ for Bc98 (resistant isolate); MGR
reduction was positively correlated with increasing fungicide concentrations
(r’=0.62). The values of effective concentration (ECsp) of Carb & Dieth
against mycelium growth of B. cinerea isolates ranged from 1.8- 6 pg mi™
(Fig. 4A), and the mean was 1.19 pg mi™ (Table 2). According to ECsp
values obtained, 63 % of B. cinerea isolates were resistant to Carb & Dieth
as far as mycelium growth rate was in vitro.

Carb & Dieth significantly reduced as well conidial germination of B.
cinerea isolates at concentrations (4-18 pg ml™), and reduction was
positively correlated with increasing fungicide concentrations (r?=0.98)

10



| prodione and a mixture of Carbendazim and Diethofencarb

(Fig.2 B). Germination was completely inhibited at concentrations > 18 g
mi™ for most B.cinerea isolates. The values of effective concentrations
(ECsp) of Carb & Dieth against conidia germination ranged from 8-12 ug
ml™, and the mean was 10.34 ug mi™ (Fig. 4B). According to the ECso
values obtained, 47 % of B.cinerea isolates were resistant to Carb & Dieth
asfar as coinidia germination percentages were in vitro.

In vivo

The fungicide Iprodione significantly reduced the grey mould lesion growth
(LGR) on detached bean leaves at the concentrations (2-400 pg mi™)
compared to the controls (Fig.1C). LGR values ranged from 0.22 cm?d™* for
B.c 101 to 2.96 cm“d™ for B.c 27, and reduction was positively correlated
with increasing fungicide concentrations (r?=0.84). The values of effective
concentrations (ECsp) of Iprodione against grey mould lesions growth
ranged from 5.5- 30.2 pg mi™(Fig.3C), and the mean was 16.7 pg mi™.
According to the ECs values obtained, 51 % of B.cinerea isolates were
resistant to Iprodione as far as grey mould lesion growth was in vivo. In
addition, Iprodione significantly reduced the disease severity (%) on bean
plants at the concentrations (200- 600 pug mi™) compared to the controls.
Disease severity reduction was positively correlated with increasing
fungicide concentrations (r’=0.97). The mean value of effective
concentration (ECsp) of Iprodione against grey mould disease severity on
bean plants was 336.4 ug ml™*; values of ECs, ranged, however, from 182 to
<683 pug mi™. According to the ECsp values obtained, 52% of B. cinerea
isolates were resistant to Iprodione as far as grey mould disease severity
was on bean plants.

The fungicide Carb & Dieth significantly reduced the grey mould lesion
growth (LGR) on detached bean leaves at the concentrations (2-400 pg mi™)

11
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compared to the controls (Fig. 1 C). LGR values ranged from 0.11 cm?d™
for B.c 3 to 3.43 cm?d™ for B.c 52, and reduction was positively correlated
with increasing fungicide concentrations (r°=0.72). The values of effective
concentrations (ECsp) of Carb & Dieth against grey mould lesions growth
was ranged from 6.9- 39.1 pg mli™(Fig.2C), and the mean was 16.4 ug mi™,
According to the ECsy values obtained, 47% of B.cinerea isolates were
resistant to Carb & Dieth as far as grey mould lesion growth was in vivo. In
addition, Carb & Dieth significantly reduced disease severity (%) on bean
plants at the concentrations (400- 700 pug mi™) compared to the controls.
Disease severity reduction was positively correlated with increasing
fungicide concentrations (r’=0.91). The value of effective concentration
(ECsp) of Carb & Dieth against grey mould disease severity on bean plants
was 447.2 ug mi™; the values of ECso ranged however, from 182 to <849 g
mi™. According to the ECsp values obtained, 44% of B.cinerea isolates were
resistant to Carb & Dieth asfar as grey mould disease severity was on bean
plants.

Fungicidesresistance levelsin B.cinerea isolates

The resistant isolate to fungicides was identified if its data seemed to be
resistance in both in vitro and in vivo as mentioned previously. Iprodione
resistance was found in 49.4% of the isolates, Carb & Dieth in 44.4% of the
isolates, and resistance to both fungicides was found in 35.7% of the isolates
(Table 3 and 4). The highest resistance (%) was found in the Northern area
of the West Bank (Jenin and Nablus greenhouses) and the lowest was found
in the Southern (Hebron greenhouses). The mean resistance (%) to
Iprodione, Carb & Dieth, and to both was 23.3, 21.4, and 19% respectively,
in Jenin and Nablus greenhouses. Resistance (%) in the Tulkarem and
Qalgelia isolates to Iprodione, Carb & Dieth, and to both was 13%, 14.6%,

12
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and 10.7%, respectively. In terms of cultivation, the highest resistance were
recovered from greenhouses cultivated with cucumber, tomato and sguash;
| prodione resistance was 20.4, 15.6, and 6, and Carb & Dieth resistance was
24, 8.4, and 7.2, respectively, mainly in the Northern area.

Discussion

B. cinerea is a classical “high-risk” pathogen for development of resistance
to selective fungicides due to its short generation time and abundance of
gporulation (Jarvis, 1992). The phenomenon of failure to fully control grey
mould disease with Iprodione and a mixture of Carbendazim and
Diethofencarb in protected vegetables in the West Bank has been lately
observed by farmers and extension agents especidly in areas with intensive
production system. Resistance in the population of B. cinerea isolates to
Iprodione and a mixture of Carb & Dieth was evaluated. Iprodione
resistance was found in 49.4% of the inspected isolates, Carb & Dieth
resistance in 44.4% of the isolates, and resistance for both fungicides was
found in 35.7% of the isolates. Similar results were found in some
populations of B. cinerea to I prodione and Dicarboximide in protected crops
in the Mediterranean (Katan, 1982 and Petsikos- Panayotarou et a., 2003).
Furthermore, the resistance of B. cinerea isolates to Iprodione and a mixture
of Carbendazim Diethofencarb was found in cucumber greenhouses (Elad,
1992), in Spanish greenhouses (Raposo et a., 1996), in B. cinerea
population collected from infected plants of strawberry, tomato and
cucumber (Kim et al., 2001), from strawberry fields in Spain (Vallgjo et al.,
2003) and from vegetable greenhouses crops (Moyano et a., 2004).
Resistance to Iprodione (36%) and to Carb & Dieth isolates (32.4%) was
found mainly in greenhouses cultivated with cucumber and tomato. In
addition, high resistance to both fungicides was observed in the isolates

13
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collected from Jenin, Nablus, Tulkarem and Qalgelia in the North. This may
be due to the frequent application of both fungicides during the growing
season. The total number of foliar applications during growing season of
cucumber and tomato was estimated to be 8 and 12 times, respectively.
Similar results were observed in greenhouses of South Europe and Isragl in
which the total number of foliar applications was 8-10 applications during
the period of grey mold outbreaks (Elad, 1992; Petsikos- Panayotarou et al.,
2003).

The ECsp values of Iprodione and Carb & Dieth in vitro as MGR of B.
cinerea inspected isolates was 0.8 and 1.19 pg mi™ and in vivo on bean
leaves was 16.7 and 16.4 pg mi™, respectively. Similar results observed by
Petsikos- Panayotarou et al. (2003) which found that the ECsp valuesin vitro
were 1.35 and 1.96 pg m™ and in vivo were 4.37 and 9.86ug mi™,
respectively prior treastment on tomato leaves and increased after repeated
applications of fungicides. The ECso of local population was higher than
other populations because of high applications of fungicides and other
ecological factors. In addition, the variation between ECs values in vitro as
mycelium growth and conidial germination were observed in inspected
isolates (Y ourman et a., 2000).

The fungicides at lower concentrations highly affected the mycelial growth
of the isolates more than spore germination, lesion development on bean
leaves and disease severity on bean plants did. The Iprodione ECsp (g mi™)
values were 0.8, 4.3, 16.7, 336.4, and Carb & Dieth ECso were 1.2, 10.4,
16.4, 447.2 on MGR, germination, grey mould lesion and disease severity,
respectively. This variation may be due to the sensitivity of mycelium and
conidia of the fungus, and the plant tissues to the fungicides. Furthermore,
the mean of ECs, values of both fungicides on local isolates varied on the

14
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other isolates in some related investigations, Petsikos- Panayotarou et a.
(2003) reported that Iprodione ECsp value was 1.35 ug ml™, and Carb &
Dieth ECso value 1.96 pg mi™ in vitro.

Severa investigators attempted to explain the mechanisms of acquired
resistance in B. cinerea isolates (Leroux et a. 2002; Kim et al., 2009). A
mixture of Carb & Dieth resistance was correlated with a single mutation in
—tubulin gene of B. cinerea amplified with primers causing a change of
glutamate to aanine at amino acid position 198 and the substitution of
valine for glutamate led the resistance ( Kim et al., 2009).

In conclusion, high resistance was observed in Botrytis cinerea isolates to
the Iprodione and Carbendazim and Diethofencarb fungicides. The highest
percentages of resistance were found in the Northern agricultural areas
(Jenin, Nablus, Tulkarem and Qalgelia greenhouses) cultivated traditionally
with cucumbers and tomatoes.
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Table 1: Botrytis cinerea isolates collected from eighty four
greenhouses during January and March 2011.

Area No. of | solates Cultivation
greenh
ouses

Hebron 7 Bcl Bean

Bc2, Bc79, Bc 87 Cucumber

Bc3, Bc4, Bcl7 Tomato
Jericho 10 Bc5, Bc6, Bcl10, Bcll, Bcl14 Egg plant
and Bc7, Bcl2 Strawberry
Jordan Bc8, Bc9, Bcl3 Tomato
valley
Jeninn 45 Bc20, Bc25, Bc26, Be31, Bc 65, Gourd and
and Bc82, Bc83, Bc91, Bc92, Bco3 Squash
Nablus Bc27, Bc28, Bcb4, Bc66, Bc72, Tomato

Bc73, Bc86, Bc88

Bc29, Bc30, Bc32, Bc 33, Bc 34, | Cucumber

Bc 35, Bc 36, Bc 37, Bc 38, Bc

39, Bc 40, Bc42, Bc 43, Bec 44,

Bc60, Bc 61, Bc62, Bc67, Be 68,

Bc 69, Bc74, Bc80, Bc89,

Bc19, Bc63, Bc78, Bc90, Bean
Tulkarem | 22 Bc 45, Bc 46, Bc 47, Bc 48, Bc Cucumber
and 49, Bc 50, Bc 52, Bc 53, Bc 54,
Qalgelia Bc 56, Bc 57, Bc 59, Bc94, Bc95,

Bc98, Bc99, Bc100

Bc96, Bcl01, Bean

Bcb5, Bc102, Bc103 Tomato
Total 84
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Table 2. Effective fungicides concentration (ECsy) against mycelial

growth rate (cm? day™), conidial ger mination (%), grey mould

lesion growth rate (cm?d™), and grey mold disease severity (%),
induced by B. cinerea isolates.

Effective concentration ECso (g mi™)
Treatments _ Carbendazim and
Iprodione Diethofencar b
Mycelial growth rate 0.8 1.19
Conidial germination 4.31 10.43
Lesion growth rate 16.7 16.4
Disease severity 336.4 447.2

Table 3. Percentages of B. cinerea isolatesresistant tothe
fungicides | prodione and the mixtur e of Car bendazim and
Diethofencar b in the West Bank greenhouses.

Area | prodi Carbendazim Both
one | &Diethofencarb | fungicides
Hebron 4.8 2.4 12
Jericho and Jordan valley 8.3 6 4.8
Jenin and Nablus 23.3 21.4 19
Tulkarem and Qalgelia 13 14.6 10.7
Total 49.4 44.4 35.7
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Table 4. Percentages of B. cinerea isolatesresistant tothe
fungicides | prodione and the mixtur e of Car bendazim and
Diethofencarb in West Bank greenhouses accor ding to cultivated

Crops.
Area | prodione
Cucumber | Tomato | Bean | Squash | Eggplant | Straw
berry

Hebron 1.2 2.4 1.2 0 0 0
Jericho 1.2 2.4 0 0 3.6 2.4
and Jordan
valley
Jenin and 9.7 7.2 2.4 6 0 0
Nablus
Tulkarem 8.3 3.6 1.2 0 0 0
and
Qalgelia

Total (%) 20.4 15.6 4.8 6 3.6 2.4

Carbendazim and Diethofencarb

Hebron 0 0 1.2 0 0 0
Jericho 2.4 2.4 0 0 2.4 0
and Jordan
valley
Jenin and 12 2.4 1.2 7.2 0 0
Nablus
Tulkarem 9.6 3.6 0 0 0 0
and

Qalgelia

Total (%) 24 8.4 2.4 7.2 2.4 0
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Fig.1. Effect of the fungicide | prodione (Rovral®) on eighty four isolates
of B. cinerea: A- mycelium growth rate (cm? day™), B- conidial
germination (%), C- disease lesion growth rate (cm?d™ ) on detached
bean leaves, and D- grey mold disease severity (%) on bean plants.
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Fig.2. Effect of the fungicide mixture of Carbendazim and
Diethofencarb ( Resec®) on B. cinerea: A- mycelium growth rate (cm?
day™), B- conidial germination (%), C- disease lesion growth rate (cm?
d™") on detached bean leaves, and D- grey mould disease severity (%) on
bean plants.
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Fig.3. Frequency distribution of ECso values for Iprodione determined
for isolates of B. cinerea (%): A- mycelium growth rate (cm? day™), B-
conidial germination (%), C- disease lesion growth rate (cm? d) on
detached bean leaves, and D- grey mould disease severity (%) on bean
plants.
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Fig.4. Frequency distribution of ECs, values to the mixture of
Carbendazim and Diethofencarb determined for isolates of B. cinerea
(%): A- mycelium growth rate (cm? day™), B- conidial germination (%),
C- disease lesiongrowth rate (cm? d™) on detached bean leaves, and D-
grey mould disease severity (%) on bean plants.
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