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Abstract: Botrytis fabae is one of the most important fungal pathogens attacking
the leaves and the stem of faba bean Vicia faba L. and causes severe yield losses.
This study was carried out to evaluate the effect of four chemical inducers
(salicylic, citric, ascorbic and oxalic acids) and one fungicide (Carbendazim)
against B. fabae in field and glasshouse conditions. Under field conditions for
two seasons and glasshouse experiments, plants treated with salicylic acid
showed substantial and significant decrease in the disease severity on the leaves
and the stem compared with the control and the fungicide. Salicylic acid was
highly effective and controlled the disease better than Carbendazim which
provided only partial protection. In vitro, the inhibition of fungal growth was
investigated and showed that salicylic acid was the best inhibitor of fungal
growth (48%) followed by oxalic (39%), ascorbic (33%) and citric (10%) acids 6
days after incubation. An important increase of total phenols was recorded in
treatment by salicylic acid in the healthy and infected leaves of faba bean 12, 24,
48, 72, 96 and 120 hours after inoculation. These promising results on the
control of the main fungal disease damaging faba bean in Tunisia and other

regions will have an important impact on faba bean production.
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Introduction

Chocolate spot, due to Botrytis fabae Sard., is an
important disease of faba bean Vicia faba L. in
several regions of the world (Bouhassan et al.,
2004), which causes great yield loss (Stoddard ef al.,
2010). In the North Africa region, the yield losses
due to chocolate spot disease can reach 60-80%
among the susceptible cultivars (Bouhassan ef al.,
2004; Sahile et al, 2008). The use of resistant
cultivars is the best way to control diseases.
Unfortunately, no high yielding resistant faba bean
varieties to chocolate spot are available (Fernandez-
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Aparicio et al., 2011; Sillero et al., 2010; Villegas-
Fernandez et al., 2010). Other strategies to control
several diseases are currently prospected and studied
particularly the use of chemical inducers. These
plant defence inducers showed successful results in
controlling some plant diseases such as Fusarium
wilt in chickpea (Sarwar ef al., 2005), chocolate spot
in faba bean (Hassan et al., 2006), Fusarium root rot
and wilt in pepper (Abdel-Monaim ef al., 2010).
These chemical inducers are supposed to be much
more environmentally safe than synthetic fungicides
and cost less. They reduce environmental pollution
and some of them (salicylic acid) create an induced
systemic resistance in the host against several
pathogens. Many other workers have used several
chemical or natural compounds known to induce
plant resistance including salicylic, citric, benzoic
and oxalic acids (Achuo et al., 2004; Hassan ef al.,
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2006; El-Hendawy et al., 2010). The aim of this
work was to evaluate the efficacy of salicylic, oxalic,
ascorbic and citric acids against chocolate spot
disease in vitro, under glasshouse and field
conditions and to assess the induction of phenolic
compounds in leaves after being challenged with B.
fabae.

Materials and Methods

Chemical inducers

Four chemical inducers (Salicylic Acid: SA at 2.1
mM, Citric Acid: CA at 0.5 mM, Oxalic Acid: OA
at 2 mM and Ascorbic Acid: AA at 10 mM)
produced by Sigma were used in this study.
Inducer concentrations used were selected after
preliminary tests conducted in glasshouse with
different concentrations for each chemical. None of
the concentrations tested produced any visible
effects on faba bean plant growth. The most
effective concentration to decrease chocolate spot
severity was chosen for conducting this study.
Aqueous solutions were prepared by dissolving the
indicated amount of inducers in sterile distilled
water and mixed with a stirrer for few minutes to
ensure the acids were completely dissolved.

Plant material

Faba bean (V. faba var. minor) seeds of the
susceptible cultivar to chocolate spot (cv. Badi)
used in the experiments were obtained from the
Field Crop Laboratory of the National Agricultural
Research Institute of Tunisia (INRAT). The variety
Badi was selected by INRAT and registered in the
Tunisian Official Catalogue of Plant Varieties in
2003 and commercialized in Tunisia by the seed
company COSEM.

Isolation, purification and identification of
the causal pathogen

The isolate 14 of B. fabae used in the trials was
obtained from faba bean leaves showing typical
symptoms of chocolate spot collected in Beja
(Tunisia) region during the 2006-2007 growing
season. I, was found to be the most virulent
among 18 B. fabae and 4 B. cinerea isolates
tested on 4 faba bean entries including cv. Badi
(unpublished study).
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The leaves were disinfected with 1% sodium
hypochlorite for 2 min, rinsed twice in sterile
distilled water, dried with filter paper, placed on
Potato Dextrose Agar (PDA) medium and
incubated at 20 °C for 7 days. Purified cultures
were identified according to Morgan (1971).
The most aggressive isolate I, was selected
among 17 isolates on the base of pathogenicity
test (unpublished data).

Inoculum preparation

Isolate I, was multiplied in Petri dishes (9 cm
diameter) containing the Faba Leaf Dextrose Agar
(FLDA) medium (200g of faba bean leaves, 20g
dextrose, 30g sodium chloride and 20g agar in 1
litter of distilled water) and incubated at 20 °C in a
cycle of 12h darkness and 12h visible light to
induce sporulation. After 15 days of growth, an
inoculum suspension was prepared by adding
sterile distilled water. Spore suspensions were then
adjusted to 5 x 10’ spores/ml with the
haemocytometer (Derckel ef al., 1999).

Field trial

Two field trials were conducted at Morneg
experimental  station  (Northern  Tunisia,
36°38’15”°N, 10°16°42”’E, altitude 47 m) in the
cropping seasons 2011-2012 and 2012-2013.
Faba bean seeds (cv. Badi) were sown on 2™
December 2011 and 3™ December 2012. A split-
plot randomized block design with three blocks
was applied. In the main plots, two modalities
were considered: application of B. fabae inoculum
and application of tap water. In the subplots, 6
treatments were applied: the 4 inducers (SA, CA,
AA, OA), the fungicide Carbendazim, C (Bavistin
FL500) used at 5 g a.i/l and the sterile distilled
water. Each plot consisted of 4 rows, 4 m long
and spaced 0.5 m apart. Forty seeds were sown
per 4 m row. Few days before faba bean reached
the flowering stage (80 days after sowing), the
chemical inducers and the fungicide were applied
on the corresponding plots early in the morning
using knapsack sprayer adjusted to 35 ml/m?. The
knapsack sprayer was well washed after each
chemical treatment. Four hours later the main
plots were either inoculated with B. fabae spores
suspension at the concentration of 5x10°
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spores/ml or sprayed with tap water using another
knapsack sprayer.

Plants were scored regularly 14, 32, 51, 74 and
86 days after inoculation using 0 to 9 scale on
leaves (Ding et al., 1993), where 0 = no disease
symptoms, 1 = a few lesions accounting for less
than 5% of total leaf area; 3 = discrete spots less
than 2 mm in diameter, accounting for 6-25% of
leaf area; 5 = numerous scattered spots with a few
linkages, diameter 3-5 mm, on 26-50% of leaf area
with a little defoliation; 7 = large coalesced
sporulating lesions covering 51-75% of leaf area,
half the leaves dead or defoliated and 9 = complete
destruction of the larger leaves, spot lesions
covering more than 76% of leaf area, abundant
sporulation, heavy defoliation and plants death. For
disease symptoms on stem, a scale from 0 to 3 was
used (William, 1975), where 0 = no visible
infection; 1 = very small spots; 2 = some coalesced
lesions; 3 = numerous coalescent lesions.

The disease scores were used to calculate the
Mass Disease Index (MDI) on the leaves and
the stem as reported by Tivoli et al. (2006).
Mass Disease Index on the leaves:

MDI, (%) = [Y’%-0(n x i) /N x 9] x 100
Mass Disease Index on the stem:

MDI (%) = [>%i-o(n x i) / N x 3] x 100
Where: n = number of plants scored as i
N = total number of plants

To evaluate the symptoms progress, Area
Under the Disease Progress Curve (AUDPC) was
calculated according to the following formula
(Steffenson and Webster, 1992):

AUDPC = D [(Yiur +Yi)  0.5] [Ty - T}

Y; = infection index on the leaves MDI; or on
the stem MDIg at the i observation

T;=time (days) at the i observation

n = total number of observations

Glasshouse Trial

In order to evaluate the efficacy of chemical
inducers in reducing chocolate spot disease under
controlled conditions, 6 lots (each lot corresponds to
one treatment) of 10 pots each filled with compost
were used. Four seeds of cv. Badi were sown in each
pot (25 cm diameter) and 10 pots were used for each
treatment. Faba bean plants were sprayed by the
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different treatment as described above at 4-leaf
stage. After 24 hours, the 10 pots of each treatment
were divided in 2 sets: one sprayed with spore
suspension of B. fabae (Il adjusted to a
concentration of 5 x 10° spores/ml, and the second
was sprayed with sterile distilled water. All pots
were then covered with plastic bags for 48 hours to
ensure a high relative humidity. The experiment was
carried out according a completely randomised split
plot design with 5 replications in glasshouse at the
National Institute for Agricultural Research of
Tunisia (INRAT) in Ariana. The glasshouse
temperature during the experiment was maintained
at20+3 °C.

Chocolate spot disease was scored five times
(2, 4, 6, 10 and 14 days after inoculation) on
leaves according to Ding et al. (1993) and on
stem according to William (1975) scales. MDI,
MDIs and AUDPC were then calculated
according the formula mentioned previously.

Effect of chemical inducers on the linear
growth of B. fabae

The effect of chemical inducers on linear growth of
the aggressive isolate I, of B. fabae was determined
in Petri dishes. These chemical inducers were
incorporated in PDA medium at concentration of 2.1
mM for SA, 0.5 mM for CA, 2 mM for OA and 10
mM for AA by adding the fixed amount of each
substance aseptically to the melted PDA medium
just before solidification. Disc (5 mm diameter) of B.
fabae culture was put in the middle of the Petri dish
containing 20 ml of PDA. For the control, the Petri
dishes contained only the PDA medium. Three Petri
dishes for each treatment were used as replicates.
The Petri dishes were incubated at 20 °C for 6 days.
The linear growth of B. fabae was measured in cm
after 2, 3, 4, 5 and 6 days of incubation to determine
the most effective chemical against the pathogen.
The inhibition (I) percentage was calculated using
the formula of Topps and Wain (1957):

I (%) = (A-B)/A x 100

where: A =Mean diameter of growth in the control.
B = Mean diameter of growth in treatment.

Total phenols
Total phenols were evaluated as an indicator for the
effect of inducing resistance in V. faba L. The same
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protocol described for the previous experiment
(glasshouse conditions) was repeated for
determination of the total phenols. Six sampling
were made (12, 24, 48, 72, 96 and 120 hours after
inoculation) on leaves with the same isolate (Ly).
One gram of the fresh foliar tissue was ground with
a mortar and pestle (in an ice bath) in 2 ml cold
acetone. After centrifugation (4500 g for 10 min at
4 °C) the supernatant was recovered and the pellet
was subjected to two successive extractions with 2
ml of cold methanol. The supernatants were mixed
and were subjected to total phenols determination
with Folin Ciocalteu reagent (Nawar and Kuti,
2003). For each sampling, three replications were
used. In a hemolysis tube containing 450 pl of
sterile distilled water, 60 pl of the extract and 60 pl
of Folin Ciocalteu reagent were added. After
incubation for 5 min, 300 pl of saturated solution
of sodium carbonate (Na,CO;) was added to the
mixture and allowed to stand for 40 min. The
absorbance was measured at 725 nm. The amount
of total phenols was evaluated in equivalent of
Chlorogenic acid (Sigma). The total phenols rate is
expressed as pg Chlorogenic acid equivalents g’

FW (ng/g FW).

Statistical analysis

Analysis of variance (ANOVA) of the data was
performed using SAS (Statistical Analysis System,
Version 9.2). The least significant difference (LSD)
was calculated to separate the mean values if the
effects were significant (p = 0.05).

For the glasshouse trial, all plants not
inoculated with B. fabae were scored 0, therefore
only treatments data inoculated with B. fabae
were analysed following completely randomized
model. For the mycelium growth, a completely
randomized model was followed for the analysis.
Data of total phenols were analysed following a
factorial completely randomized design with 2
factors (chemicals and inoculation).

Results

Field experiment

ANOVA analysis of AUDPC and MDI 14, 32, 51,
74 and 84 days after inoculation revealed
significant differences between treatments for the
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main plot (inoculation and non inoculation with B.
fabae), for the subplots (chemical inducers,
fungicide and control treatment) and their
interaction for both seasons 2011-12 and 2012-13.
According to MDI values and AUDPC, salicylic
acid was the most effective treatment at the
different scoring times. At 86 days after inoculation
with B. fabae, it reduced disease severity in
inoculated plots on leaves by 78% in 2012 and
82% in 2013 season and on stems by 57% in 2012
and 78% in 2013 season as compared to the control
(Figs. 1 and 2). The other inducers (citric, ascorbic
and oxalic acids) decreased the chocolate spot
disease severity in the two seasons on the leaves
and on the stem but at lesser degree than salicylic
acid, resulting in almost similar control as the
fungicide Carbendazim. Plants treated with citric
acid showed the highest reduction of chocolate spot
disease severity after salicylic acid for the 2
seasons on leaves (67% in 2012 and 72% in 2013)
and on the stem (42% in 2012 and 82% in
2013).The lowest effect among the chemical
inducers was that of oxalic acid (33% in 2012 and
61% in 2013) on leaves and (31% in 2012 and
72% in 2013) on stems.
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Figure 1 Effects of chemical inducers on chocolate
spot disease on leaves (MDI) during the 2012 and
2013 growing seasons under field conditions at 14,
32, 51, 74 and 86 days after inoculation of Botrytis
fabae. Vertical bars represent Standard Deviation.
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Figure 2 Effects of chemical inducers on chocolate
spot disease on the stem (MDI) during the 2012
and 2013 growing seasons under field conditions at
14, 32, 51, 74 and 86 days after inoculation of
Botrytis fabae. Vertical bars represent Standard
Deviation.

Fig. (3) shows that salicylic acid was the
best inducer to reduce the disease severity
relative to the control with an AUDPC values
equal to 923 and 594 on leaves for the 2012
and 2013 seasons respectively, and on stem,
1750 and 404 for the two years 2012 and
2013 respectively. For this treatment,
AUDPC values on leaves were reduced by
around 3 and 5 times as compared to the
control in 2012 and 2013 seasons,
respectively (Fig. 3).Treatment with the
fungicide Carbendazim was found less
effective in reducing disease severity under
field conditions. In fact, salicylic acid
controlled B. fabae significantly better than
the fungicide Carbenbazim on leaves and
stem in both seasons. The AUDPC values on
leaves were reduced by 76% in 2012 and 84%
in 2013 (Fig. 3). The efficiency of the
treatments with citric, ascorbic and oxalic
acids was variable (Fig. 3).For example the
citric acid (958 and 745) reduced the disease
severity better than oxalic (1729 and 1420)
and ascorbic (1304 and 1183) acids in 2013
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season on leaf and stem respectively. In
contrast, oxalic acid (1219) in 2012 was
better than citric acid (1295) on leaves but on
stem ascorbic acid (2600) was more effective
than citric acid (2716).

Glasshouse experiment

Analysis of variance of MDI values measured
at 2, 4, 6, 10 and 14 days after inoculation
showed high significant differences (P <
0.0001) between treatments. Plants treated
with the chemical inducers and the fungicide
Carbendazim reduced significantly chocolate
spot disease severity as compared to the
control (Fig. 4). The highest reduction was
observed with salicylic acid treatment on the
leaves (71%) (Fig. 4a) and on the stem (54%)
(Fig. 4b).This inducer slowed down the
disease  development immediately after
infection and later on, and presented low MDI
levels. Oxalic acid, citric acid, Carbendazim
and ascorbic acid showed disease reduction on
the leaves, 58, 54, 40 and 37% respectively, 2
weeks after inoculation.. The AUDPC values
on leaves showed also high significant
differences between treatments confirming the
differences observed for MDI values recorded
across time (Fig. 4a and 5a). All the inducers
and the fungicide Carbendazim had reduced
considerably the disease development as
compared to the control. According to AUDPC
values, salicylic acid was the most effective in
controlling chocolate spot disease showing
significantly better control than the fungicide
Carbendazim and the other inducers. However
on stem, oxalic and ascorbic acids apparently
losttheir efficacy one week after inoculation
and had similar behaviour as the control under
glasshouse conditions (Fig. 4b). Disease
severity was reduced by application of citric
acid and fungicide by 29 and 16% at 14 days
after inoculation, respectively. According to
AUDPC, salicylic acid followed by citric acid
gave the highest control of the disease on the
stem (65% and 47% disease reduction,
respectively) (Fig. 5b). On both leaves and
stem, salicylic acid was the most efficient in
controlling B. fabae on faba bean.
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Figure 3 Classification of 6 treatments according to
area under disease progress curve (AUDPC) values
of Botrytis fabae determined under field conditions
during the 2012 and 2013 growing seasons. Error
bars represent Standard Deviation.
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Figure 4 Effects of chemical inducers on chocolate
spot disease (MDI) under greenhouse conditions at
2,4, 6, 10 and 14 days after inoculation of Botrytis
fabae. Vertical bars represent Standard Deviation.
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Figure 5 Classification of 6 treatments according to
area under disease progress curve (AUDPC) values of
Botrytis  fabae  determined wunder glasshouse
conditions on the leaves and stem. Error bars
represent Standard Deviation.

Effect of chemical inducers on the linear
growth of B. fabae

The data presented in Table 1 show that all
chemical inducers decreased significantly the
mycelial growth of B. fabae compared to the
control with salicylic acid the most effective
inhibitor on the linear growth. For this inducer, the
inhibition reached 41, 50, 47, 46 and 48% after 2,
3,4, 5 and 6 days of incubation, respectively. Citric
acid was found less effective, inducing 10%
inhibition of fungal growth after 6 days of
incubation. Ascorbic and oxalic acids were found
to be moderately effective, with inhibition of 33
and 39% respectively after 6 days of incubation.

Total phenols

ANOVA showed significant to highly significant
variation in the total phenols rate across time
between the different treatments with the
exception for 12 hours after inoculation, there was
no significant effect between inoculated with B.
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fabae and uninoculated leaves at that time.
Interactions between the two factors (chemicals
and inoculation) were not significant for all
sampling period. After inoculation by B. fabae,
the total phenols were progressively increased
(Table 2). Furthermore, the treatments with
salicylic, ascorbic, citric and oxalic acids induced

an increase in the total phenols in the healthy and
infected leaves. The highest increment of total
phenols was observed in treatment by salicylic
acid in inoculated and uninoculated leaves 12, 24,
48, 72, 96 and 120 hours after ioculation
followed by citric and oxalic acids, Carbendazim
and ascorbic acid.

Table 1 Effect of chemical inducers on the linear growth and inhibition of Botrytis fabae.

Treatments Days of incubation

2 3 4 5 6

Colony 1(%) Colony 1(%) Colony 1(%) Colony diameter 1(%) Colony diameter 1(%)

diameter (cm) diameter (cm) diameter (cm) (cm) (cm)
SA 1.37£027 42 2.10£0.17 50 3.03+£0.14 47  3.83+0.28 46 470+0.25 48
CA 207+£0.02 13 323+0.08 23 443+0.18 22 6.10+£0.05 14 8.07+0.08 10
AA 2.10+0.05 11 290+£0.05 30 4.03+0.08 29  530+0.34 25 6.00+0.20 33
OA 200+0.05 16 300+£0.05 28 4.00+£0.05 30 4.70+040 34 5.50+0.30 39
Control 237011 0 417+0.11 0 5.70+0.15 0 7.10+0.05 0 9.00+0.00 0
LSDatP<0.05 (.47 - 0.31 - 0.39 - 0.95 - 0.72 -

SA: salicylic acid, CA: citric acid, AA: ascorbic acid, OA: oxalic acid, I: inhibition.

Each value represents the mean of 3 replicates + standard error.

Table 2. Rate of total phenols (ug/g FW) of different treatments by chemical inducers and fungicide in
inoculated with Botrytis fabae (BF) and uninoculated (Uninoc) faba bean leaves.

Treatments Hours after inoculation

12 24 48 72 96 120

Uninoc BF Uninoc BF Uninoc BF Uninoc BF Uninoc BF Uninoc BF
Untreated 244+023 445+£066 3.03+004 498+062 373+006 648+065 6.06+£015 739+059 625+048 995+025 458+066 829+0.18
SA 774+156 813+3.15 930+047 1129+248 11.00+052 1228+1.94 1231+028 13.39+ 1.89 13.77+£0.37 1446+ 1.62 1322+0.70 12.73+1.23
CA 584+£0.17 58+050 6.70+031 794+1.92 870+0.19 99+055 933+0.19 1033+0.80 998+045 11.05+1.01 89+0.17 10.12+091
AA 324+0.15 446+002 385+025 489+034 450+1.12 586+007 590+011 683+£022 620+015 681+043 587+008 625+022
OA 400+022 510+045 442+049 585+0.15 552+098 690+051 634+024 783+0.78 660+022 802+0.74 627+0.04 7.55+1.00
C 328+024 421+036 388+020 4514049 420+036 479+042 471+0.63 699+0.50 606+028 870+1.64 553+0.18 6.84+1.03
LSDatP<0.05 1.83 1.64 140 125 140 119

SA: salicylic acid, CA: citric acid, AA: ascorbic acid, OA: oxalic acid, C: Carbendazim.

Discussion

The current trendin plant disease control is to use
chemical inducers able to stimulate the innate
defense mechanisms of the host plant and to
create induced systemic resistance against
several diseases. This induction of plant defense
is mediated through various physiological,
biochemical and molecular mechanisms (Idrees
et al., 2011). In this regard, the use of four
chemical inducers (salicylic, citric, ascorbic and
oxalic acids) were investigated compared to the
fungicide (Carbendazim) to increase the
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resistance of infected faba bean plants to B.
fabae. According to our results, under field and
glasshouse conditions, all used inducers reduced
significantly chocolate spot disease severity as
compared to the control. In contrast, El-
Hendawy et al. (2010) showed varying
efficiency in reducing chocolate spot disease in
greenhouse and field conditions. They found that
salicylic acid in greenhouse and ascorbic acid in
field conditions were the most efficient as
compared to several inducers. In addition,
Aldesuquy et al. (2015) showed that application
of salicylic and shikimic acids decrease the
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severity of chocolate spot disease on faba bean.
Salicylic acid seems to inhibit disease
development through different mechanisms
involving the inhibition of extracellular fungal
enzymes (cellulases, pectinases, lactase,
xylanase).

Hassan et al. (2006) found that 2.1 mM
salicylic acid caused 69.4% disease reduction of
chocolate spot caused by B. fabae. The highest
protection against chocolate spot disease in our
experiments was also obtained by salicylic acid
(2.1 mM). In fact, this treatment showed a high
reduction of disease severity on the leaves and
on the stem for two subsequent seasons (2012
and 2013) under field conditions and a high
level of protection for faba bean plants against
B. fabae under glasshouse conditions. Salicylic
acid-induced pathway is characterized by the
production of a cascade of pathogenesis related
proteins. Furthermore, Saikia et al. (2003)
showed that the exogenous application of
salicylic acid was able to reduce the disease
severity of Fusarium wilt of chickpea and
stimulate systemic resistance. Sarwar et al.
(2005, 2010) reported that seed treatment by
salicylic acid and Bion showed a reduction in
the wilt disease and induced systemic resistance
in chickpea against Fusarium oxysorum {f.sp.
ciceris under growth room. However, the
reduction of disease incidence in chickpea may
be associated with induction of phytoalexins
(Kuc, 2006) and pathogenesis-related proteins,
chitinase and B-1,3-glucanase. In addition, this
inducer caused 56% disease reduction of
chickpea blight caused by Ascochytar abiei
(Ghazanfar et al., 2011). Similar results were
observed with Hadi and Balali (2010) for potato
plants infected by Rhizoctonia solani. Under
greenhouse conditions, the application of 2 mM
of salicylic acid as foliar spray reduced the leaf
blight of onion (40%) caused by Stemphylium
vesicarium (Abo-Elyousr et al., 2009). Overall
in plants, the application of the exogenous
salicylic acid operates various physiological,
biochemical and molecular processes (War et
al., 2011) which play a key role in defense
response and in inducing particular enzymes
(Chen et al., 2006).
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The high use of fungicides for decreasing
infection may be attributed to their toxicity
against the pathogen, whereas for salicylic acid,
the effect is positive and may be due to its
action as plant defense activator (Ata et al.,
2008). For other inducers (citric, ascorbic and
oxalic acids) the difference in the efficiency
order to control chocolate spot disease observed
under different conditions may be attributed to
the differential mode of action. The inducers
are well-known antifungal, antiviral and
antibacterial compounds occurring in plants
(Hayat and Ahmad, 2007).In this study,
salicylic acid was the most effective inhibitor
for the linear growth of B. fabae. These
findings are in agreement with those of Shabana
et al. (2008) who found that in vitro, salicylic
and benzoic acids were the most effective
inhibitors for the growth of Bipolaris oryzae.
Several other workers have demonstrated the
inhibitory power of this inducer such as Shahda
(2000) on F.oxysporum, F. solani and
Rhizoctonia solani isolated from tomato plants
and Aldesuquy et al. (2015) on faba bean
against chocolate spot disecase. Cowan et al.
(1999) attributed the phenolics toxicity
observed on  microorganismsto  enzyme
inhibition by the oxidized compounds most
probably through reaction withsulthydryl
groups or through more nonspecific interactions
with proteins.The position(s) and the number of
hydroxyl groups on the phenol ring
influenceitstoxicity to microorganisms.
Increased hydroxylation results in increased
toxicity. In fact, Scalbert et al. (1991) found
that highly oxidized phenols produced higher
inhibitory effect on pathogen.

Our results indicated that inoculation with B.
fabae after treating plants by chemical inducers
led to a significant increase in the total phenols.
Malik and Singh (1980) showed that the
phenols offered resistance to diseases and pests
in plants. The present study revealed the role of
the four inducers in phenols accumulation. high
production of phenols in healthy and infected
plants as a result of salicylic acid treatment
suggests that phenolic compounds are
implicated in the disease resistance. These
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results are in concordance with the finding of
El-Hendawy et al. (2010) who showed
maximum accumulation of total phenols after
faba bean plants were treated with salicylic acid
either by the foliar spray or by seed soaking
compared with untreated control. Also, these
findings are in agreement with Abo-Elyousr et
al. (2009). Generally, the phenolic compounds
show biological activity against a wide range of
pathogens and are considered as bio-markers
for the degree of plant resistance/tolerance
(Vogelsang et al., 1994). Chérif et al. (2007)
showed that phenolic compounds such as
phytoalexins produced in response to infection
by the pathogen constitute an active defense
response.

Acknowledgements

The authors wish to thank the Ministry of
Agriculture, Hydraulic Resources and Fisheries
and the Ministry of Higher Education and
Scientific Research of Tunisia for their financial
support and MEDILEG-ARIMNET project.

References

Abdel-Monaim, M. F. and Ismail, M. E. 2010.
The use of antioxidants to control root rot
and wilt diseases of pepper. Notulae Scientia
Biologicae, 2: 46-55.

Abo-Elyousr, K. A. M., Hashem, M. and Ali, E.
H. 2009. Integrated control of cotton root rot
disease by mixing fungal biocontrol agents
and resistance inducers. Crop Protection, 28:
295-301.

Achuo, E. A., Audenaert, K., Meziane, H. and
Hofte, M. 2004. The salicylic acid
dependent defense pathway is effective
against different pathogens in tomato and
tobacco. Plant Pathology, 53: 65-72.

Aldesuquy, H., Baka, Z. and Alazab, N. 2015.
Shikimic and salicylic acids induced
resistance in faba bean plants against
chocolate spot disease. Plant Pathology and
Microbiology, 6: 257.

Ata, A. A., El-Samman, M. G. Moursy, M. A.
and Mostafa, M. H. 2008. Inducing

549

resistance against rust disease of sugar beet
by certain chemical compounds. Egyptian
Journal of Phytopathology, 36: 113-132.

Bouhassan, A., Sadiki, M. and Tivoli, B. 2004.
Evaluation of a collection of faba bean
(Vicia faba L.) genotypes originating from
the Maghreb for resistance to chocolate spot
(Botrytis fabae) by assessment in the field
and laboratory. Euphytica, 135: 55-62.

Chen, J. Y., Wen, P. F.,, Kong, W. F., Pan, Q.
H., Zhan, J. C., Li, J. M., Wan, S. B. and
Huang, W. D. 2006. Effect of salicylic acid
on phenylpropanoids and phenylalanine
ammonialyase in harvested grape berries.
Postharvest Biology and Technology, 40:
64-72.

Chérif, M., Arfaoui,A. and Rhaiem, A. 2007.
Phenolic compounds and their role in bio-
control and resistance of chickpea to fungal
pathogenic attacks. Tunisian Journal of Plant
Protection, 2: 7-21.

Cowan, M. M. 1999. Plant products as
antimicrobial agents. Clinical Microbiology
Reviews, 12: 564-582.

Derckel, J. P., Baillieul, F., Manteau, S.,
Audran, J., Haye, B., Lambert, B. and
Legendre, L. 1999. Differential induction of
grapevine defenses by two strains of Botrytis
cinerea. Phytopatholology, 89: 197-203.

Ding, G., Xung, L.,Oifang, G., Pingxi, L.,
Dazhao, Y. and Ronghai, H. 1993. Evaluation
and screening of faba bean germaplasm in
China. Fabis Newsletter, 32: 8-10.

El-Hendawy, S., Shaban, W. and Sakagami, J.
I. 2010. Does treating faba bean seeds with
chemical inducers simultaneously increase
chocolate spot disease resistance and yield
under field conditions. Turkish Journal of
Agriculture and Forestry, 34: 475-485.

Fernandez-Aparicio, M., Shtaya, M. J. Y.,
Emeran, A. A., Allagui, M. B., Kharrat, M.
and Rubiales, D. 2011. Effects of crop
mixtures on chocolate spot development on
faba bean grown in Mediterranean climates.
Crop Protection, 30: 1015-1023.

Ghazanfar, M. U., Wakil, W. and Sahi, S. T.
2011. Induction of resistance in chickpea
(Cicer arietinum L.) against Ascochytara


https://dorl.net/dor/20.1001.1.22519041.2016.5.4.1.6
https://jcp.modares.ac.ir/article-3-714-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.22519041.2016.5.4.1.6 ]

Chemical control against chocolate spot disease

J. Crop Prot.

biei by applying chemicals and plant
extracts. Chilean Journal of Agricultural
Research, 71: 52-62.

Hadi, M. R. and Balali, G. R. 2010. The effect
of salicylic acid on the reduction of
Rhizoctonia solani damage in the tubers of
marfona potato cultivar. American-Eurasian
Journal of Agricultural and Environmental
Sciences, 7: 492-496.

Hassan, M. E. M., Abd El-Rahman, S. S., El-
Abbasi, 1. H. and Mikhail, M. S. 2006.
Inducing resistance against faba bean
chocolate spot disease. Egyptian Journal of
Phytopathology, 34: 69-79.

Hayat, S. and Ahmad, A. 2007. Salicylicacid: A
Plant Hormone. Springer Netherlands.

Idrees, M., Naeem, N., Aftab, T. and Khan, M.
M. A. 2011. Salicylic acid mitigates salinity
stress by improving antioxidant defense
system and enhances vincristine and
vinblastine  alkaloids  production in
periwinkle [Catharanthus roseus (L.) G.
Don]. Acta Physiologiae Plantarum, 33:
987-999.

Kuc, J. 2006. What’s old and what‘s new in
concepts of induced systemic resistance in
plants, and its applications. In: Tuzun, S.
and Bent, E. (Eds.), Multigenic and
Induced Resistance in Plants. Springer NY,
USA, pp. 9-20.

Malik, C. P. and Singh, M. B. 1980. Estimation
of total phenols in plant enzymology and
histo enzymology. A Text Manual. Kalyani
Publishers, New Delhi. pp:286.

Morgan, D. T. 1971. Numerical taxonomic
studies of the genus Botrytis. Transactions of
the British Mycological Society, 56: 327-335.

Nawar, H. F. and Kuti, J. O. 2003. Weyrone
acid phytoalexin synthesis and peroxidase
activity as markers for resistance of broad
beans to chocolate spot disease. Journal of
Phytopathology, 151: 564-570.

Sahile, S., Ahmed, S., Fininsa, C., Abang, M. M.
and Sakhuja, P. K. 2008. Survey of chocolate
spot (Botrytis fabae) disease of faba bean
(Vicia faba L.) and assessment of factors
influencing disease epidemics in northern
Ethiopia. Crop Protection, 27: 1457-1463.

550

Saikia, S., Singh, T.,Kumar,R.,Srivastava, J.,
Srivastava, A. K., Singh, K. and Arora, D.
K. 2003.Role of salicylic acid in systemic
resistance  induced by  Pseudomonas
fluorescens against Fusarium oxysporum f.
sp. Ciceri in chickpea. Microbiological
Research, 158: 203-213.

Sarwar, N., Hayet, M. Z. C. H., Haq, 1. and Jamil,
F.F. 2005. Induction of systemic resistance in
chickpea against Fusarium wilt by seed
treatment with salicylic acid and Bion.
Pakistan Journal of Botany, 37: 989-995.

Sarwar, N., Zahid, H. C. H. M. and Hagq, L
2010. Seed treatments induced systemic
resistance in chickpea against Fusarium wilt
in wilt sick field. Pakistan Journal of
Botany, 42: 3323-3326.

Scalbert, A. 1991. Antimicrobial properties of
tannins. Phytochemistry, 30: 3875-3883.

Shabana, Y. M., Abdel-Fattah, G. M., Ismail,
A. E. and Rashad, Y. M. 2008. Control of
brown spot pathogen of rice (Bipolaris
oryzae) using some phenolic antioxidants.
Brazilian Journal of Microbioliology, 39:
438-444.

Shahda, W. T. 2000. The use of antioxidants for
control of tomato damping off. Alexandria
Journal of Agricultural Research, 45: 307-316.

Sillero, J. C., Villegas-Fernandez, A. M., Thomas,
J., Rojas-Molina, M. M., Emeran, A,
Fernandez-Aparicio, A. M. and Rubiales, D.
2010. Faba bean breeding for disease
resistance. Field Crop Research, 115: 297-307.

Steffenson, B. J. and Webster, R. K. 1992.
Quantitative resistance to Pyrenophora teres f.
teres in barley. Phytopathology, 82: 407-411.

Stoddard, F. L., Nicholas, A. H., Rubiales, D.,
Thomas, J. and Villegas-Fernandez, A.
M.2010. Integrated pest management in faba
bean. Field Crop Research, 115: 308-318.

Tivoli, B., Baranger, A., Avila, C., Banniza, S.,
Barbetti, M., Chen, W. and Muehlbauer, F.
2006. Screening techniques and sources of
resistance to foliar diseases caused by major
nectrotrophic fungi in grain legumes.
Euphytica, 147: 223-253.

Topps, J. and Win, H. R. L. 1957. Investigation of
fungicides. III. The fungi toxicity and 5 alkyl


https://dorl.net/dor/20.1001.1.22519041.2016.5.4.1.6
https://jcp.modares.ac.ir/article-3-714-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.22519041.2016.5.4.1.6 ]

Mbazia et al.

J. Crop Prot. (2016) Vol. 5 (4)

salicylic anal ide and para chloroanilines.
Annals of Applied Biology, 45: 506-511.

Villegas-Fernandez, A. M., Sillero, J. C., Emeran,
A. A., Winkler, J., Raffiot, B., Tay. J., Flores,
F., Rubiales, D. 2010. Identification and multi-
environment validation of resistance to
Botrytis fabae in Vicia faba. Field Crops
Research, 114: 84-90.

Vogelsang, R., Berger, E., Hagedorn, T.,
Muhlenbeck, U., Tenhaken, R. and Barz, W.
1994. Characterization of metabolic changes
involved in hypersensitive-like browing
reactions of chickpea (Cicer arientinum L.)
cellcultures following  challenge by

551

Aschochytara  biei.  Physiological — and
Molecular Plant Patholology, 44: 141-155.

War, A. R., Paulraj, M. G., War, M. Y. and
Ignacimuthu, S. 2011. Jasmonic acid-
mediated induced resistance in groundnut
(Arachis hypogaea L.) against Helicoverpa
armigera (Hubner) (Lepidoptera:
Noctuidae). Journal of Plant Growth
Regulation, 30: 512-523.

William, P. F. 1975. Growth of broad bean
infected by Botrytis fabae. Journal of
Horticultural Science and Biotechnology,
50: 415-424.


https://dorl.net/dor/20.1001.1.22519041.2016.5.4.1.6
https://jcp.modares.ac.ir/article-3-714-en.html

[ Downloaded from jcp.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.22519041.2016.5.4.1.6 ]

Chemical control against chocolate spot disease J. Crop Prot.

dh.;’: )\> ){éL? ‘S;M&‘S)l&ﬁxﬁs.’.lnn" & ‘Slbe ..sw‘ }‘ ‘?ﬁ ”:”‘i:"

Y . L Lo
bl doxo 9 wgiow sy g o Th 5L o]

(o o (§,9bS Dl (gl D)y (e Ao pole pasails -)
(g (INRAT) (g5 (5)0leS Dliizd Lo e =Y
ahlem.mbazia@gmail.com :4.55 Jgkums odinn g5 (g iS22
YYD 5o e YV 10 d VA0 olo o 1 icdly o

MEL ol a8l g Sy 4y a5 Wil oo wpo 7,8 )5 Lo 51 S Botrytis faba 43¢5 0008
Sz S byl jekieds Gadod cpl iled oo 8)lg 1y ol &ylus 5 WS e ales Vicia faba L.
S5 (SIS a5 Syl ol S el Sl o) oot 02T
g sl e sl wlesl jo ol plol ac )0 g wllS Luli jo B faba p (wojlo,ls) 186
Sl g el b aslie jo Solewcdle anl b oo jlos lalS (Jlw 50 (b j0 ool ploxl (glasllS
Sl sl 0,15 aisls Lias 4Bl 3 S (55, 6 loms Dl 0 4z BB jials w18 B
Dged JpS S oo dbml ged cBli> &S milan)lS 5l ke | olem 5 0 Fie sl
Sy 00505l oy Sebedlo el 0l Db 1 gladed gy lll e 7 B wn, (Sl
Sl 5 (YY) SoyeSn] al (/) ST sl g 0gs (6,108 5l o e, i 7,6 (LFA)
saSy ;o U5 g8 Ol g0 @pSeda Gl 085 8 T 51w e () 0) Sk
3 om el VY. 5 A7 VY FA FVF Y (Slaadlo ol b osds jlees MBL LS ool ¢ ol
9 omg 0 Wb oye (2B (gilem 55 )0 yol Bt Giduanel mll ol sasline Sl

2als aals Jpame s g dnmg 5 oo 3B S Bblis

Vicia faba . JS Ji3 « olasis soossSl Botrytis faba = goudS 5 5lg

552


https://dorl.net/dor/20.1001.1.22519041.2016.5.4.1.6
https://jcp.modares.ac.ir/article-3-714-en.html
http://www.tcpdf.org

