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ABSTRACT

Studies were carried out in vitro and in vivo to determine the antifungal
activity of different sequential spray systems of two essential oils; clove and
rose in addition to the fungicide Mancozeb against faba bean chocolate spot
disease which caused by Botrytis fabae. In vitro, results revealed that both
of essential oils at five tested concentrations; 25, 50, 100, 250 and 500 ppm
decreased the mycelial growth of B. fabae. Clove and rose oils and
Mancozeb at 500 ppm completely inhibited the fungal growth up to 7 days
from inoculation. Also, conidia germination % and its germ tube
length (um) decreased by increasing oil concentrations and the best
reduction effect was cleared in the case of 500 ppm for both tested oils.
Clove oil reduced conidia germination and germ tube length from 0.52 to
79.59 % and from 6.29 to 56.19 %, respectively and at the same time rose
oil reduced it from 3.59 to 95.39 % and 29.22 to 66.33 %, respectively
according to the oil concentrations used. In vivo, faba bean chocolate spot
disease severity was decreased in faba bean cultivars; Giza 843, Misr 1,
Sakha 1 and Nubaria 1 by using sequential spray system Mancozeb /
Mancozeb followed by Rose / Mancozeb and Rose / Rose in both growing
seasons. Pods number / plant and seeds number / plant were the highest in
case of Mancozeb / Mancozeb followed by Rose / Mancozeb but this
sequence was upside down with seeds weight / plant. Also, the other
sequential spray systems containing rose oil had promising results.

Keywords: Faba bean, cultivars, chocolate spot, essential oils, clove oil,
rose oil.

INTRODUCTION
Faba bean (Vicia faba L.) is one of the most important legumenious

crops in Egypt (Tawadros, 1986). Chocolate spot disease caused by Botrytis
fabae, Sard., is one of the most common foliar diseases of faba bean in
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Northern sector of Egypt. This disease is a major factor contributing to the
notorious variation from one season to another in the productivity of bean
crop (Hawtin and Hebblethwaite, 1983). Seed yield loss in faba bean due to
the disease infection was found to be 58 % (Abd El-Hak ef al., 1984). In
humid conditions, the fungus becomes more aggressive, spread rapidly and
cause necrosis (Leach, 1955) and high yield loss (75 %) (Hebblethwaite,
1983). Many attempts were made to control this disease using non systemic
fungicides (Hanounik,1981; Bainbridge et al.,1985 and Khaled et
al.,1995 ) or fungicides (Elliottand Whittington, 1980; Bainbridge et al.,
1985 and Khaled et al., 1995) and each of them gave some degrees of
chocolate disease control.

Since World War II, traditional agricultural practices have been
replaced by the use of synthetic chemicals for the management of plant
pathogens, pests and weeds. This has, no doubt, increased crop production
but with some deterioration of environmental quality and human health
(Cutler and Cutler, 1999). In addition, to the target pathogen, pesticides
may also kill various beneficial organisms and their toxic forms can persist
in soil (Hayes and Laws, 1991) at the same time, resistance by pathogens to
fungicides has rendered certain fungicides ineffective (Wilson ef al., 1997).
Because of these problems there is a need to find alternatives to synthetic
pesticides. Such products from higher plants and microbes are relatively
broad-spectrum, bio-efficacious, economical and environmentally safe and
can be ideal candidates for use as agrochemical (Macias et al, 1997 and
Cutler, 1999). Among these, essential oils from number of plants have been
reported to show activity against wide array of plant pathogenic fungi
(Mukherjee, 1974; Singh et al., 1978; Dikshit ef al, 1979; Kurita et al.,
1981; Omar et al., 1993 and Rice, 1995). The compounds generally were
inhibitory to growth and spore germination of the fungi and were potent at
very low concentrations (Toxopeus and Bouwmeester, 1992; Isman, 2002;
Soliman and Badeaa, 2002; Tripathi and Dubey, 2004 and
El-Zemity and Ahmed, 2005). Singh et al., (1980) found that essential oils
from Cymbopogon martini, C.oliveri and Trachyspermum ammi exhibited
strong antifungal activity against Helminthosporium oryzae. In this respect,
clove oil and prostanthera oil have fungicidal properties against several
pathogenic fungi such as Aspergillus parasiticus (Salmeron and Pozo, 1991)
and Cladosporium cucumerinum (Dellar et al., 1994).

The present work was designed to determine the antifungal activity of
different sequential spray systems of clove oil and rose oil in addition to the
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fungicide Mancozeb against faba bean chocolate spot disease which caused
by Botrytis fabae.

MATERIALS AND METHODS

Laboratory and field experiments were carried out in Etay El-Baroud
Agric. Res. Station during two successive seasons 2004/2005 and
2005/2006.

laboratory experiments:

Isolation: Botrytis fabae was isolated from infected faba bean leaves on
faba bean leaf extract agar (FBLEA) medium and identified as B. fabae.

Preparation of essential oil concentrations: Clove or rose oil was tested
at five concentrations for its fungicidal activity against B. fabae using food
poison technique (Grover and Moore, 1962). Oil was emulsified using
Tween 80 (0.05 %) and used at 25, 50, 100, 250 and 500 ppm in FBLEA
medium. Also, Mancozeb® was used as a standard fungicide at the same
concentrations mentioned above. Addition of Tween 80 (0.05%) alone to
the medium was served as check treatment. Fifteen ml of the medium
which contains the tested essential oil or Mancozeb was poured into each
sterile Petri dish (90 mm diameter) at 40-45° C under aseptic conditions and
left to solidify. Mycelial discs (Smm diameter) of B.fabae were taken from 8
days old culture on FBLEA and transferred to the center of Petri dishes after
solidification of the medium. Each treatment was repeated three times and
incubated at 25°C with photoperiod 12 h light/12 h dark. The antifungal
activity was determined by measuring the radial growth (cm) after 3, 5 and
7 days from inoculation. Percentage of mycelial growth inhibition after 7
days was calculated from the formula: Mycelial growth inhibition = [(dc —
dt) / dc] x 100 (Pandey et al., 1982) where;

dc= Average of diameter of fungal colony in the check treatment
dt = Average of diameter of fungal colony in the oil treatments

Effect of different concentrations of essential oils on conidia
germination and germ tube length: Fifteen ml / dish of FBLEA medium
was poured into Petri dishes. Agar plugs were cut with a sterile cork borer
(10 mm diameter) and placed into Petri dishes (3 plugs /dish). An aliquat of
30 ul of B.fabae suspension was then pipetted onto the surface of each agar
plug. Plugs were dried four 10 min followed by application of 30 pul / plug
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of the tested essential oil at one of the four concentrations (25, 50, 100, 250
and 500 ppm) which prepared using Tween 80 (0.05%) in sterile distilled
water. The Petri dishes were closed immediately and sealed with plastic film
and incubated at 25°C and 12 h photoperiod. Sixteen hours after incubation,
percentage of conidia germination was determined from counts of 100
conidia selected from a random sweep across the diameter of each agar
plug. A conidium was considered germinated if the germ tube length was
equal tol- 1.5 times of the length of the conidium (Antonov ef al., 1997).
Average germ tube length (um) was determined on the base of random
measurement of five germ tubes on each agar plug.

Field experiments: Field experiments were carried out in a randomized
complete blocks design with three replicates. Faba bean cultivars; Giza 843,
Misr 1, Sakha 1 and Nubaria 1 were sown, sprayed and evaluated under
natural infection conditions during seasons 2004 / 2005 and 2005 / 2006.
Each experimental plot (5.4 m?) had three ridges, 60 cm in between and 3
meters long. Planting took place at 15™ October at the recommended seed
rate (33 plants / m?) in two sides / ridge with 2 seeds / hill, 20 cm a part.
Oils were sprayed two times at 1* and 15" February at concentration 0.5
ml/L + 0.3 ml Tween 80 to emulsify the oil and Mancozeb was sprayed at
2.5 g/ L. Sequential spray treatment systems were: Clove / Clove, Clove /
Rose, Clove / Mancozeb, Rose / Rose, Rose / Clove, Rose / Mancozeb,
Mancozeb / Mancozeb and Tween 80 (0.3 ml / L) as check.

Severity of chocolate spot disease due to natural infection was
determined just after 15 days from spraying with each oil or the fungicide
according to the key of Bernier et al., (1984). At harvest, five guarded plants
were taken at random on which the following characters were recorded:
pods number / plant, seeds number / plant and seeds weight / plant (g).

Data were statistically analyzed according to Snedecor and Cochran
(1981).Treatment means were compared by L.S.D at 5% level of
probability.

RESULTS AND DISCUSSION

Within the large reservoir of natural fungicides that exist in plants and
microorganisms, it is reasonable that examples exist that would serve as safe
and effective alternatives to synthetic fungicides. Such compounds, if
properly formulated and applied, could be used directly or could serve as
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templates for synthetic analogs (Wilson et al., 1997). Essential oils have
long been recognized as having good fungitoxic effects (Singh etal., 1980).

Laboratory experiments: Table (1) and Fig (1) show that clove and
rose oils at five concentrations; 25, 50, 100, 250 and 500 ppm significantly
decreased the mycelial growth of B. fabae on FBLEA medium. This result
is in agreement with the findings of Rahhal (1997), Letessier et al., (2001),
Ramezani et al., (2002), Plotto et al., (2003) and Oxienham et al., (2005).
In this respect, Beg and Ahmad (2002) reported that clove oil possessed
fungicidal activity against some phytopathogenic fungi.

They added that above 0.05 %, lysis of conidia and inhibition
of mycelial growth were detected and at higher clove oil concentration
(10%), up to 20 % of conidia were lysed within 24 h of incubation.
Also, Mancozeb showed the same inhibitory effect. From the above table,
it is clear that oils and Mancozeb at 25, 50 and 100 ppm reduced the fungal

S —
h————

Fig (1): Effect of clove oil (C) and rose oil (R) at five tested concentrations
on the growth diameter of Botrytis fabae on FBLEA medium after 7 days.
First row from left to right 500, 250 and 100 ppm, second row from left to
right 50 and 25 ppm, and the third row from left to right O ppm (check) and
Mancozeb at 500 ppm.



Rahhal, M. M. H. & A. A. Hussien

Table (1): Growth diameter (cm) of Botrytis fabae after 3, 5 and 7 days
from inoculation on FBLEA medium treated with six concentrations of
clove, rose oils and Mancozeb (in vitro).

Concentrations (ppm) _
Treatment | Days 0 25 50 100 250 500 X
3 3.00 | 1.90 1.27 0.00 0.00 0.00 1.03
Clove 5 6.57 | 4.20 3.13 1.40 0.00 0.00 2.55
7 9.00 | 5.77 5.27 3.67 1.37 0.00 4.18
- | (35.89)* | (41.44) | (59.22) | (84.78) | (100.00)
Mean 6.19 | 3.96 3.22 1.69 0.46 0.00
3 2.60 | 2.00 1.47 0.00 0.00 0.00 1.01
Rose 5 6.30 | 3.97 3.23 1.87 1.53 0.00 2.82
7 893 | 6.00 5.20 4.03 3.03 0.00 4.53
- | (32.81) | (41.77) | (54.87) | (66.07) | (100.00)
Mean 594 | 3.99 3.30 1.97 | 1.52 0.00
3 2.80 | 1.70 0.83 0.63 0.13 0.00 1.02
Mancozeb 5 6.30 | 3.00 1.67 0.90 0.20 0.00 2.01
7 893 | 4.23 2.20 1.27 0.27 0.00 2.82
- 1 (52.63) | (75.36) | (85.78) | (96.98) | (100.00)
Mean 6.01 | 2.98 1.57 0.93 0.20 |0.00

(' )* Reduction % after 7 days [( dc — dt)/dc] x100
dc= diameter of fungal growth in check treatment
dt= diameter of fungal growth in the oil or fungicide treatments

O (oil)

C (concentrations)
D (days)

OxC

CxD

OxD

OxCxD

L.S.D 0.05

0.072
0.101
0.072
0.175
0.175
0.124
0.304

L.S.D 0.01

0.095
0.134
0.095
0.232
0.232
0.164
0.401

growth rate compared to check treatment. In case of 250 ppm, there is no
detectable growth with oil treatments until the 31 day, but slow growth was
noticed after the 5™ day with clove oil treatment and after the 3™ day with

rose oil treatment.

On the other hand, Mancozeb at this concentration

drastically decreased the fungal growth until the 7" day and this result is in
agreement with the finding of Abou-Zeid et al. (1990). The average of
fungal growth at this concentration with clove, rose and Mancozeb were
0.46, 1.52 and 0.20 cm, respectively. Also, it is clear that the fungal growth
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increases with increasing the incubation period and the effect of the two oils
used closed together, but the growth rate in case of Mancozeb treatment was
slower than in the oil treatments. From these results it can be concluded
that oils at the above four concentrations act as fungistatic. In contrast,
clove, rose oils and Mancozeb at 500 ppm completely inhibited the fungal
growth until the 7" day from inoculation. In this respect, the above data are
in agreement with the results obtained by Jobling (2000). He reported that
tea tree oil concentrations between 100 and 500 ppm were able to prevent
the growth of B.cinerea in vitro. Likewise, several essential oils as clove,
rose, bergamot, eucalyptus, nioul and lavender (Rahhal, 1997) and caraway,
fennel and thyme (El-Zemity and Ahmed, 2005) proved to be very effective
oils and gave different inhibitory effects against number of phytopathogenic
fungi. Generally, Mancoceb treatment had the best inhibitory effect where it
ranged after 7 days between 52.63—100 % growth inhibitions of B. fabae
followed by clove and rose oils with averages ranged between 35.89-100 %
and 32.81-100 %, respectively.

Tables 2 and 3 represent the effect of clove and rose oils at five
concentrations (0, 50, 100, 250 and 500 ppm) on germination percentage of
B. fabae conidia and its germ tube length (um). It is noticed that the
germination % decreased by increasing the concentration of oils (Table 2).
Generally, the highest inhibitory effect was cleared in case of 500 ppm for
both tested oils where the reduction % was79.59 and 95.39 % for clove and
rose oils compared to check treatment, respectively. The reduction of
conidial germination may be due to the lysis of conidia as mentioned by
Beg and Ahmad (2002). The statistical analysis showed that the differences
between oils, concentrations and the interaction between them were highly
significant. At the same time, Table 3 cleared that germ tube length of B.
fabae conidia decreased by increasing oil concentrations. Generally, clove
oil reduced germ tube length from 6.29 to 56.19 % and rose oil reduction
was from 29.22 to 66.33 % according to the oil concentration. The
differences between oils, concentrations and the interaction between them
were highly significant. These results are in agreement with the findings of
Caccioni and Guizzardi (1994); Antonov et al, (1997); Wilson et al,
(1997) and Letessier et al., (2001) who tested different essential oils against
spore germination and germ tube length of a wide range of plant pathogenic
fungi.
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Table (2): Germination % of Botrytis fabae conidia at five concentrations of

the tested essential oils after 16 h from incubation on PDA at 20°C.

Concentrations (ppm) B
Oils 0 50 100 250 500 X
Clove 96.75 96.25 80.75 64.74 19.75 71.65
- (0.52)* (16.54) (33.08) (79.59)
Rose 97.50 94.00 84.50 37.00 4.50 63.50
- (3.59) (13.33) (62.05) (95.39)
Mean 97.13 95.13 82.63 50.88 12.13

( )*Reduction % = [( gc —gt)/ gc] x 100

Where; gc= germinated conidia in check
gt = germinated conidia in oil treatments

0 (oil)

L.S.D 0.05

C (concentrations)

OoxC

L.S.D 0.01
3.27
5.18
7.32

Table (3): Mean germ tube length (um) of Botrytis fabae conidia at five
concentrations of some essential oils after 16 h from incubation on PDA

at 20°C.
Concentrations (ppm) _
Oils 0 50 100 250 500 X
Clove 19.40 18.18 14.18 12.53 8.50 1.46
- (6.29)* (26.91) (35.41) (56.19)
Rose 19.75 13.98 10.00 8.48 6.65 1.18
-- (29.22) (49.37) (57.06) (66.33)
Mean 19.58 16.08 12.09 10.51 7.58

( )* Reduction % = [(Ic —1t)/ Ic] x 100
lc= conidia germ tube length of check treatment

It= conidia germ tube length of oil treatments

0 (oil)

L.S.D 0.05

C (concentrations)

OoxC

L.S.D 0.01
0.094
0.149
0.210

Field experiments: Tables 4 and 5 represent chocolate spot disease severity
as a response to sequential spray systems of clove and rose oils in addition
to Mancozeb compared to check treatment in the two growing seasons.
Generally, sprayed faba bean cultivars with Mancozeb two times, 15 days
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intervals reduced significantly chocolate spot severity (Table 4) and it had
the first grade with an average 2.08 %. The fungicidal effect of Mancozeb
on this disease also found by Yeoman et al., (1987).

Table (4): Efficacy of sequential spray of the tested essential oils on
severity of chocolate spot disease on some faba bean tested cultivars under
natural field infection during (2004/2005) growing seasons.

Cultivars Giza 843 Misr 1 Sakha 1 Nubaria 1 _
Record X
Oils 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd
Clove/Clove 1.99 | 3.26 | 2.27 | 3.24 | 2.00 | 3.14 | 2.17 | 3.09 | 2.65
Rose/Rose 1.69 | 2.89 | 2.07 {290 | 232 |3.02 | 1.89 | 2.64 | 2.43
Clove/Rose 2.10 | 2.79 | 246 | 3.15 | 243 | 3.27 | 225 |2.70 | 2.64
Clove/Mancozeb 2.00 | 258 | 2.11 | 2.65 | 225|296 |2.13 |2.78 |2.43
Rose/Clove 251 | 376 | 250 | 339 | 1.84 | 298 | 2.08 | 3.08 | 2.77
Rose/Mancozeb 223 1270 | 225276 | 196 | 2.80 |2.03 |2.61 |242
Mancozeb/Mancozeb 1.66 | 239 | 2.05 | 252 | 1.51 {194 | 195 | 2.64 | 2.08
Check 241 | 458 | 3.72 | 509 | 243 |3.59 |2.62 |4.52 | 3.62
Mean 2.07 | 3.12 | 243 | 3.21 | 2.09 | 296 | 2.14 | 3.01
L.S.D0.05 L.S.D0.01
0 (oil) 021 0.28
C (cultivars) 0.15 0.20
R(record) 0.11 0.14
OxC 0.06 0.57
CxR N.S N.S
OxR 0.30 0.40
OxCxR N.S N.S

The sequential spray treatment; Rose / Mancozeb had the second grade
with an average 2.42 % followed by Clove / Mancozeb and Rose/Rose with
the same average (2.43 %). Mancozeb / Mancozeb, Clove / Mancozeb and
Rose / Mancozeb treatments had the best grades respectively in case of Giza
843 and Misr 1, but this arrangement differed lightly in case of Sakha 1 and
Nubaria 1. The other sequential spray treatments also decreased disease
severity with different values. This result is in agreement with the findings
of Singh et al, (1980) who reported that essential oils have long been
recognized as having good fungitoxic compounds. Results in Table (5)
show the efficacy of sequential spray systems in the second season and it
clear that Mancozeb / Mancozeb, Rose / Mancozeb and Rose / Rose had the
first three grades as it showed in the first season and the other essential oil
sequential spray treatments followed it with light differences in its
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arrangements than in the first season, but it decreased significantly the
disease severity compared to check treatment.

Table (5): Efficacy of sequential spray of the tested essential oils on
severity of chocolate spot disease on some faba bean tested cultivars under
natural field infection during (2005/2006) growing seasons.

Cultivars Giza 843 Misr 1 Sakha 1 Nubaria 1 _
Record 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd X
Oils
Clove/Clove 1.77 | 2.83 | 1.47 | 2.63 | 1.07 | 2.07 | 097 | 1.73 | 1.82
Rose/Rose 1.97 | 220 (143 | 217 | 147 |2.07 | 1.10 | 1.83 | 1.78
Clove/Rose 1.77 | 2.67 | 1.53 | 193 | 1.53 | 2.47 | 1.30 | 2.27 | 1.93
Clove/Mancozeb 193 [ 220 [ 1.73 | 263 | 170 | 220 | 1.20 | 1.73 | 1.92
Rose/Clove 1.73 | 240 | 1.76 | 247 | 1.73 | 2.67 | 0.97 | 1.50 | 1.90
Rose/Mancozeb 1.53 [ 2.03 | 1.57 | 270 | 143 | 2.17 | 0.83 | 1.37 | 1.70
Mancozeb/Mancozeb 1.23 | 1.70 | 1.67 | 243 | 1.23 | 1.87 | 1.00 | 1.60 | 1.59
Check 200 | 343 {297 |3.80 | 273 |337 | 233 |3.72 | 3.04
Mean 1.74 | 243 | 1.77 | 2.60 | 1.61 | 236 | 1.21 | 1.97

L.S.D0.05 L.S.DO0.01

O (oil) 0.14 0.19
C (cultivars) 0.10 0.13
R(record) 0.07 0.09
OxC 0.28 0.37
CxR N.S N.S
OxR 0.20 N.S
OxCxR 0.39 0.52

The different arrangement between the sequential spray treatments in
the two seasons may be due to the influence of the environmental
conditions (Antonov et al., (1997).

Results of agronomic characters of the tested faba bean cultivars due to
sequential spray systems of clove, rose oils and Mancozeb in the first
season is presented in Table (6). Pods number / plant, seeds number / plant
and seeds weight / plant were the highest in case of Mancozeb / Mancozeb
treatment followed by Rose / Mancozeb, Rose / Rose and Clove / Rose.
This means that faba bean cultivars which received rose oil at the first, the
second spray or at both had the best grades. Generally, The highest pods
number/plant for all faba bean tested cultivars was cleared in case of
Mancozeb / Mancozeb treatment followed by Rose / Mancozeb, Rose/Rose
treatments with averages of 15.94 , 15.25 and 13.85 and in case of seeds

10
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number/plant also, Mancozeb/Mancozeb, Rose/Mancozeb and Rose/Clove
treatments were the best with averages of 45.28, 43.10 and 38.88 and the
same results were cleared in case of seeds weight/plant with averages of
411.99, 393.55 and 364.88, respectively. Mancozeb/Mancozeb treatment
increased agronomic characters by reducing disease incidence. In case of
the sequential spray systems which contain rose oil, the increment of the
above agronomic characters is in agreement with the findings of Currah and
Ockendon, (1984) and Doweker et al.,(1985) Also, Al-Sahaf, (2002)
mentioned that spraying onion plants with rose water (0.01% rose oil) three
times increased the number of visiting insects to the flowers and they spent
long periods foraging or grooming, so the flower set percent was elevated
and this reflect on the number of seeds, plant seed yield (g/plant) and total
seed yield (kg / ha). Table (7) shows the results of the second growing
season and it close to that of the first one but with light differences in the
arrangement of some treatments. The first and second grades were found
between Mancozeb/Mancozeb and Rose/Mancozeb treatments. Mancozeb/
Mancozeb had the first grade in case of pod number / plant and seed
number/plant with averages for all cultivars 17.18 and 49.21, respectively
and Rose/Mancozeb had the second grade with averages 15.47 and 47.59,
respectively. Seed weight/plant was the highest in case of Rose/Mancozeb
followed by Mancozeb/Mancozeb with averages 457.83 and 439.00,
respectively and the sequential spray systems contains rose oil come next.

Based on the present study, it could be concluded that the tested
essential oils; clove and rose, according to its concentrations, possess
fungistatic or fungitoxic activities worth exploiting for the bio-management
of plant diseases. These can serve as natural fungicides or at least templates
for the synthesis of novel fungicides.

12
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