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ABSTRACT

Root rot of olive transplants is a severe disease caused by several soil borne fungi
recording high loss in growth and transplants production in nurseries. Benzoic acid, Sorbic acid,
Salicylic acid, Propionic acid, Potassium sorbate, Potassium silicate, and Hydroqunion as
Induced Resistant Chemicals (IRCs) were tested against linear growth of pathogenic fungal
isolates causing root rot of olive transplants i.e., Macrophomina phaseolina, Botryodiplodia
theobromae, Fusarium solani and Rhizoctonia solani. The tested concentrations of Induced
Resistance Chemicals (IRCs) significantly reduced the mycelium growth of tested fungi. Benzoic
acid, Sorbic acid, Propionic acid and Salicylic acid with 25mM concentration recorded and 100%
growth reduction of tested fungi.

All tested concentrations of Propionic acid completely inhibited the linear growth of all tested

fungi. Also complete inhibition of linear growth was obtained with Benzoic acid, Sorbic acid,
Salicylic acid at concentrations of 10, 15 and 25 mM with all tested fungi except that B.
theobromae while other treatments showed moderate effects.
The efficiency of four Induced Resistance Chemicals (IRCs) on disease incidence and severity
was carried, under greenhouse conditions during 2019 and 2020 seasons at faculty of agriculture
farm, Fayoum. Results reveal that, for 2019 growing season, the most effective treatments are
Sorbic acid, Propionic acid and Salicylic acid which suppressed the disease incidence by 80.45,
91.30 & 82.61 % and disease severity by 85.13, 86.57 & 83.98 % respectively. Meanwhile,
Benzoic acid showed moderate effect. The same trend was observed during 2020 growing season.
All tested chemicals significantly increase plant growth parameters i.e., plant height (cm), fresh
and dry weights (gm) in transplants grown in infested soil with tested pathogenic fungi
comparing with untreated transplants. Results of the present study could suggest that soil drench
with Induced Resistance Chemicals (IRCs) can be used as a safe control measure of the disease
on olive transplants and as a stimulant of vegetative growth parameters.

KEYWORDS: Olive transplants, root rot disease, soil borne fungi, induce resistance
chemicals (IRCs), vegetative growth parameters

*Corresponding author: Email: atb00@fayoum.edu.eg, bakeer 91@yahoo.com
Received: 3/11/ 2020
Accepted: 10/12/ 2020

ovo


mailto:atb00@fayoum.edu.eg
mailto:91@yahoo.com
mailto:atb00@fayoum.edu.eg
mailto:91@yahoo.com

Ola A. Eid et al.

FJARD VOL. 35, NO. 3. PP. 575-588 (2021)

1. INTRODUCTION

Olive (Olea europaea L.) is considered one of
the most important economic fruit crops in the
world as well as in Egypt. It is grown
extensively in the Mediterranean Basin, the
subtropical regions of Australia, Southern
Africa, and North and South America (Barreto
et al.,, 2003). Egypt is the world’s second
largest producer of table olives and produced
around 450,000 tons in 2018/19 of which arou
olives is one of the most important fruits in
Egypt. The total quantity of it is about 178,000
feddans which is considered 12.3% of the total
quantity of fruits in Egypt which is about
1450.7 thousand of feddans as average (in
2008-2013). Planting olives was developed
greatly in the last two decades. It increased
from 480.1 thousand tons in 2008 to 541.8
thousand tons in 2013. This means that its
production increased by 12.9. This made
Egypt the second world country in producing
it by 19.8% from the total production of olives
in the world from 2008 to 2013. And it is
expected that this increase will go up
(Anonymouss, 2018).

Olive transplants are subject to attack by
several soil-borne pathogens, causing severe
deterioration in nurseries and new orchards.
Root rot and wilt diseases of olive transplants
are primarily caused by several pathogens,
Fusarium.  solani, Rhizoctonia  solani,
Macrophomina phaseolina, F. oxysporum, and
other fungi (Radwan et. al., 1995, Sergeeva,
et. al., 2005, Mousa, et. al., 2006, EI-Morsi, et.
al., 2009 and Sanei and Razavi 2011). These
pathogens are capable of surviving in the soil
in the absence of their host plants, and might

2. MATERIALS AND METHODS

become  destructive  under  favorable
conditions.

Because of the hazards of pesticides in
general and fungicides in specific, on public
health and environmental balance (Elad, 1992)
a relatively recent direction of pest control
management was introduced. Inducing or
acquiring the systemic resistance in the host
plant became a good target for minimizing
disease incidence or severity with the least
cost and without environmental pollution.
Organic acid and antioxidants which save to
humans and the environment had been used
successfully to control some plant diseases
such as peanut root rot (Mahmoud et al.,
2006), Fusarium wilt in tomatoes (El-Khallal,
2007; Mohamed et al., 2007), damping- off in
pepper (Rajkumar, 2008), root rot and wilt
diseases in pepper plants (Abd EI-Monaim and
Ismail, 2010 and wilt diseases of Roselle
(Hassan et al., 2014). At the same time, Abd
EL-Hai et al. (2016) found that antioxidant
i.e., benzoic, citric and salicylic acids were
highly effective agents in the control of soil
borne pathogens of soybean i.e., Fusarium
solani, Rhizoctonia solani and Macrophomina
phaseolina.

This work was carried out to study the
effect of some antioxidant compounds i.e.
Benzoic acid, Sorbic, Salicylic, Potassium
sorbate, Potassium silicate, Hydrogunione,
and Propionic acids on linear growth of
Macrophomina phaseolina, Botryodiplodia
theobromae, Fusarium solani and R.solani in
vitro and their effect on root rot disease as
well as growth parameters of olive transplants.

2.1. Effect of Some Induce Resistance Chemicals (IRCs) on linear growth of olive

transplants root rot fungi in vitro: -

Four organic acids i.e. Benzoic acid, Sorbic
acid, Salicylic acid, Propionic acid and three

antioxidants Potassium sorbate, Potassium
silicate, and Hydroqunion as Induce resistance
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chemicals (IRCs) were tested to study their
effect on linear growth of olive root rot fungi
i.e. Macrophomina phaseolina, Botryodiplodia
theobromae, Fusarium solani and R. solani in
vitro.  Previous treatments were dissolved in
sterilized distilled water to prepare 100 ml
stock solutions. Calculated volumes from each
stock solution were added to 100 ml of (PDA)
medium to obtain the tested concentration, i.e.,
5.0, 10.0, 15.0 and 25.0 mM just before
pouring into the Petri dishes to evaluate their
efficacy on the radial growth of the tested
fungal isolates as described by Deans and
Svoboda (1990). PDA plates free of organic
acid or antioxidants concentration were served

as control. For each treatment, as well as the
control treatment, three petri dishes were used
as replicates. All plates were incubated at 25°C
until the control plate was completely covered
by fungal mycelium development. The
inhibitory effect was measured the linear
growth (MG mm) of each isolate and the
percentage of fungal growth reduction (GR %)
was calculated according to the following
formula:

Fungal growth reduction (GR %) = (C-P/C)
*100.

Where C is the diameter of mycelial growth in
untreated plate (control) and P is the diameter
of mycelial growth in treated plate.

2.2. Effect of some Induced Resistance Chemicals (IRCs) on olive transplant root rot

disease incidence under greenhouse condition:

The efficacy of IRCs on olive transplant root
rot disease was carried out to evaluate their
effect on disease incidence and severity during
2019 and 2020 seasons at Deomo farm of the
Faculty of Agriculture, Fayoum University.
The efficacy of IRCs on root rot disease
incidence and severity of olive transplants was
carried out during 2019 and 2020 seasons at
Deomo farm of the Faculty of Agriculture,
Fayoum University.

The inoculum of tested fungi i.e.,
Macrophomina phaseolina, Botryodiplodia
theobromae, Fusarium solani, F.oxysporum,
and Rhizoctonia solani was prepared by
inoculate autoclaved barley-sand medium in
500 ml bottles with homogeneous agar discs of
5 mm in diameter holding 7 days old growth of
each isolate and incubating at 25°C for two
weeks to get sufficient growth. For check
treatments, uninoculated autoclaved barley
medium were utilized.

According to the data obtained from
previous laboratory experiment, four organic
chemicals i.e., Benzoic, Sorbic, Propionic and

Salicylic acids were applied. This experiment
was carried out on apparently healthy olive
transplants cv. Toffahi under greenhouse
conditions during growing season 2019 and
2020. Natural soil of each planting black
plastic bag which previously individually
infested with Macrophomina phaseolina,
Botryodiplodia theobromae, Fusarium solani
and R. solani at the rate of 5% of soil weight.
The IRCs at 25mM concentration were
drenched with 250 ml of each of 7 days later
soil infestation. One olive transplant (three-
month-old) of cv. Toffahi was planted in each
bag and five bags were used as a replicate for
each treatment. Five uninoculated transplants
served as control. The experiment treatments
were irrigated regularly every 21 days. The
percentage of disease incidence and severity
were recorded after Three months of planting
in a black plastic bag. Re-isolation was carried
out from infected transplants showing disease
symptoms and the isolated fungi were
compared with the original fungal cultures
used.
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Disease assessments:

A-Disease incidence (DI %) = Total number of infected plants/Total number of plants *100.

B- Disease severity (DS %):

The disease severity was evaluated on a scale
of 0-4 based on the percentage of the affected
foliage where 0= transplants healthy, 1= from
0 to 25% (mailed symptoms), 2= from 26 to 50
% (intermediate symptoms), 3= from 51 to

75% (severe symptoms), 4= more than 76%
diseased foliage (transplants nearly to dead
and dead). The percentage of disease severity
(DS %) was calculated according to EI-Morsi
et al., 2009 as follows:

DS% =¥ n X v/NX V X100.
Where: n = Number of plants in each category, v= Category number, N = Number of all plants

nd Va = the highest category.

Vegetative growth parameters i.e. Length shoot (cm), Fresh weight root (g) and Dry weight root
(9) were recorded according to Ahmed and Morsy 1999.

Statistical analysis

Analysis of variance (ANOVA) was used to
perform statistical analysis of the data using
SAS software (version 9.1). Duncan's multiple

RESULTS AND DISCUSSION
3.1
3.2.  fungal isolate in vitro.
Laboratory experiment was conducted to
determine the inhibitory effects of seven
organic acids and antioxidants as Inducer
Resistant Chemicals (IRCs), i.e., Benzoic acid,
Propionic acids Sorbic acid, Salicylic acid;
Potassium sorbate, Potassium syllicate, and
Hydrogunion on olive transplant root rot fungal
isolates i.e., Macrophomina phaseolina,
Botryodiplodia theobromae, Fusarium solani
and Rhioctona solani. Five concentrations, i.e.,
5, 10, 15 and 25 mM of each one were used.

The data presented in table (1) and
illustrated in Fig. (1) show that all tested
concentrations of Propionic acid completely
inhibited the linear growth of all tested fungi.
Also complete inhibition of linear growth was
obtained with Benzoic acid, Sorbic acid,
Salicylic acid at concentrations of 10, 15 and
25 mM with all tested fungi except that B.
theobromae.

Meanwhile, the tested concentrations of
potassium sorbate, potassium silicate, and

range tests were used to differentiate the
means at a 5% level of probability Snedecor
and Cochran, 1982.

Effect of the some Inducer Resistance Chemicals (IRCs) on linear growth of root rot

Hydroqunion significantly reduced the average
mycelium growth of tested fungi, ranging from
27.92 to 63.08 mm and the average percentage
of growth reduction ranged from 29.90% to
68.52%  with  Potassium  sorbate and
Hydrogunion at  25mm  concentration,
respectively. Organic acids and antioxidants as
IRCs had a significant antagonistic effect on
growth reduction of M. phaseolina (68.09%),
B. theobromae (89.38%), F. solani (76.38) and
R. solani (83.87%).

The data also show the effect of IRCs on
the linear growth and growth reduction of
tested fungal isolates which significantly
reduced. Linear growth and growth reduction
(GR %) of R. solani were significantly
reduced, recording 3lcm and 83.87%,
however, B. theobromae was recorded
58.76¢cm and 89.83%, respectively.

Statistical analysis cleared that there were
significant differences in average linear growth
values between the evaluated organic and
antioxidant chemicals. Several investigators
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reported that the IRCs may control seed and
soil-borne fungal diseases, suggesting that
these compounds have lethal or inhibition
effect on fungal cells. These results are in
agreement with results obtained by Sholberg,
1998; Shahda, 2001; Hemeda, 2009; EL-
Morsi et al.,, 2009; Abd EI-Monaim and
Ismail, 2010; Moataza and Ziedan, 2010;
Saad et al., 2014, Khalil, 2017 and Saad et.
al, 2019.

Many investigations and studies stated the

antibacterial and antifungal properties of
organic acids and antioxidants which have
been widely used in foodstuff industry and
agriculture De Muynck et al., 2004; Sathe et
al., 2007; Pao et al., 2008; El-Saidy and Abd
El-Hai, 2011. Salicylic acid showed superior
inhibitory effect against the growth of some
pathogenic fungi Saad et al., 2014. The
mechanisms of antioxidants alone or in
combination with micronutrients may inhibit a
number of enzymes by dissolving the
3.1. of Induced Resistance Chemicals
(IRCs) on root rot disease incidence of olive
transplant (cv.Toffahii), under greenhouse
conditions, during 2019 and 2020 seasons.
Data presented in Table (2) and illustrated in
Fig. (2 and 3) show that, soil drench treatments
with Benzoic acid, Sorbic acid, Propionic acid,
and Salicylic acids significantly reduced the
average percentage of root-rot disease
incidence and severity of olive transplants
comparing with untreated once (control).
As for 2019 growing season, the most
effective treatments are Sorbic acid, Propionic
acid and Salicylic acid which suppressed the
disease incidence by 87.3, 90.7 & 86.3 % and
disease severity by 85.1, 865 & 84.0 %
respectively. Meanwhile, Benzoic acid showed
moderate effect. The same trend was observed
during 2020 growing season.

Propionic acid was significantly reduced
the average percentage of root rot diseases
incidence and severity recording 6.67 and

membrane lipids and interfere with membrane
functions, including transport of nutrients. Also
interfere with the synthesis of protein, RNA
and DNA, and destroy the membrane potential
similar to other weak organic acids Eklund,
1989 in addition, antioxidants alone or in
combination with micronutrients reduced linear
growth and sclerotia germination of R. solani,
Scanning  electron  microscopic  (SEM)
observation showed germ hyphae alterations,
includes, changes in measurements of hyphae,
increased branches, reduce length of branches,
retardation of the plasm lemma and collapse of
cytoplasm and reduced damping-off and rotting
of young seedlings Yousef et al., 2013

Furthermore, applied antioxidants and
micronutrients mixture inhibit the activity of
enzymes involved in the biosynthesis of
melanin (1, 8dihydroxynaphthalene, DHN) in a
wide range of plant pathogenic fungi (Butler
and Day, 1998 and Yousef et al., 2013.

12.06%, followed by Sorbic acid and Salicylic
acid which recorded Effect (15.00 and
13.35%) and (13.33 and14.39%) respectively,
comparing with untreated once (control)which
recorded 76.67 and 89.80%, respectively.
Meanwhile, Benzoic acid recorded promising
values without significant differences (18.33
and 24.28%).

The data also showed that IRCs was
affected the average percentage of diseases
incidence and disease severity of tested fungal
isolates. The average percentage of disease
incidence and disease severity% caused by M.
phaseolina and B. theobromae were recorded
35.00 and 25.33 % as DI1%, and 32.91 and
30.19%, as DS%, respectively. However, F.
solani and R, solani were recorded 22.67 %
and 24.00%, as DI1%, and 27.87 and 28.02%,
as DS%, during 2019 season.

The same trend was observed during data
obtained 2020 season. Propionic acid
significantly reduced the average percentage
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of disease incidence and severity recording 85.84%. Meanwhile, Benzoic acid recorded
(6.67 and 12.06 %), respectively, comparing promising  values  without  significant
with untreated once (control), which recorded  differences 16.67 and 26.13 %.
Table (1): In vitro inhibitory effect of some Induced Resistance Chemicals (IRCs) on the linear growth and
growth reduction of pathogenic fungal isolates causing root rot of olive transplants.
Fungal isolate/Linear growth (mm)/Growth reduction (%) Average Average all
Conc.| M. phaseolina |B. theobromae| F. solani R.solani | LG | G.R | M.G G.R
IRCs |(mM) L.G GR|LG| GR |LG|GR|LG|GR/|(mm)| (%) [(mm)l[(%)
(mm) | (%) [((mm)| (%) [(mm)| (%) [(mm)]| (%)
5.00 13.30 85.2 190.00| 0.0 |28.30| 68.5 |16.70| 81.4 |37.08| 58.77
Benzoic |10.00 0.00 100 | 8.33 | 90.74 | 0.00 | 100 |13.33| 85.2 | 5.42 | 93.99 |26.67| 87.9
acid 15.00 0.00 100 | 3.33 | 96.30 | 0.00 | 100 | 0.00 | 100 | 0.83 | 99.08
25.00/ 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
5.00| 60.00 | 33.3|78.30| 27.7 | 0.00 | 100 |10.00| 100 |37.08| 65.25
Sorbic  [10.00| 0.00 100 |[55.00| 38.8 | 0.00 | 100 | 0.00 | 100 |13.75| 84.70 |28.83| 69.22
acid  |15.00] 0.00 100 |13.33] 85.2 | 0.00 | 100 | 0.00 | 100 | 3.33 | 96.30
25.00] 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
5.00 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
Propionic | 10.00 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00 | 0.00 {1000.00
acid 15.00 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
25.00 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
5.00 18.30 79.6 |81.70| 25.7 |23.33| 40.7 | 5.00 | 94.4 |32.08| 60.10
Salicylic |10.00 0.00 100 |16.67| 81.5 | 0.00 | 100 | 0.00 | 100 | 4.17 | 95.37 |25.25| 72.00
acid 15.00 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
25.00] 0.00 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100 | 0.00 | 100.00
5.00 | 90.00 0.0 [90.00/ 0.0 [30.00| 66.6 |83.30| 7.40 |73.33| 18.50
Potassium | 10.00| 90.00 0.0 [90.00f 0.0 |21.67| 75.9 |63.33|25.90|66.25| 25.45 |71.20| 20.69
sorbate [15.00| 90.00 0.0 [90.00/ 0.0 |15.00| 83.3 |58.33|35.10(63.33| 29.60
25.00] 90.00 0.0 [90.00/ 0.0 |15.00| 83.3 |57.33|36.30|63.08| 29.90
5.00 | 90.00 0.0 [90.00/ 0.0 |58.33| 70.4 [90.00| 0.00 |82.08| 17.60 |73.72| 14.84
Potassium | 10.00 57.7 35.9 {90.00f 0.0 |55.00| 35.1 [90.00| 0.00 |73.17| 17.75
silicate |15.00 58.3 35.1 1{90.00f 0.0 |51.67| 38.9 [90.00| 0.00 |72.50| 18.5
25.00 56.7 40.7 190.00| 0.00 |26.67| 40.7 |30.00|66.60|50.83| 37.00
Hydro | 5.00 31.7 64.8 {90.00| 0.0 |51.67| 40.7 {30.00| 66.6 |50.83| 43.025 |47.32| 47.15
quinone |10.00 0.00 100 |90.00f 0.0 |50.00| 44.4 | 0.00 | 100 |35.00| 61.10
15.00 0.00 100 |90.00f 0.0 |[41.33| 525 | 0.00 | 100 |32.08| 63.12
25.00] 0.00 100 [90.00] 0.0 |21.00] 74.1 | 0.00 | 100 |27.92| 68.52
Control | 0.0 90.00 0.0 [90.00] 0.0 |90.00| 0.0 [90.00| 0.0 |90.00| 0.00

Average 36.21c |68.09|58.76a] 89.83 [39.31b| 76.38 [31.99d| 83.87
L.G. (mm) = Linear growth. G.R. (%) =Growth reduction according to the control treatment
L.S.D at 0.05% for M.G.(mm) G.R. (%)
Induced Resistance Chemicals (IRCs) 2.64 3.00
Concentration (C) 2.23 2.54
Fungi (F) 1.99 2.27
(IRCs)* (C) 5.91 6.71
(IRCs)* (C) *(F) 11.82 13.44

oA



Ola A. Eid et al. FJARD VOL. 35, NO. 3. PP. 575-588 (2021)
100.00
90.00
B M.phaseolina
80.00 1 B.theobromae
'E 200 0 F.solani
z R.solani
S 6000
:
g 50.00
3
£ 4000
:5: 3000
2000
U.W | I

5 1015 25 5 10 15 25 5 10 15 25 5 10 15 25 5 10 15 25 5 10 15 25 5 10 15 25 O

Benzoic adid Sorbic acid Propionic acid

Salicylic acid

Potassium sorbate  Potassiumsilicate  Hydroguinone Control

I Inducer Resistance Chemoical( IR Cs) Congentrations

Fig. (1): In vitro inhibitory effect of some Induce Resistance Chemicals (IRCs) on the linear
growth of root rot fungal isolates of olive transplants.

The data obtained during 2020 season
also showed the effect of IRCs on the
average percentage of disease incidence and
disease severity % of tested fungal isolates,
which was be in harmony with those
obtained during 2019 season. M. phaseolina
and B. theobromae were recorded 28.00 %
and 32.00 %, as DI1%, and 32.57and 29.15%,
as DS%. However, F. solani and R, solani
were recorded 26.67% and 25.34 %, as DI%,
and 27.42%.,as DS% for both, during
2020season.

hese results were in agreement with these
obtained by Mostafa 2006; Abdel - Monaim
2008; Nayaka et al., 2008, Abd EIl-Monaim
and Ismail 2010 and EIl - Mohamedy and
Abd-Alla 2013; Suprakashojha 2012;
Abdel - Monaim 2013 and Ziedan et al.,
2020. They stated that tested induce resistant
chemicals might stimulate some defense
mechanisms such as phenolic compounds,
oxidative enzymes and other metabolites El-

oA)

Khallal, 2007, Amel, et al., 2010 and EL-
Mohamedy et al., 2015. Also, they
mentioned that some induce resistant
chemicals may have a direct antimicrobial
effect and thus, involved in crosslinking in
cell walls, induction of gene expression,
phytoalexin production and induction of
systemic resistance Abdel-Monaim, 2010.
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Table (2): Effect of some Induced Resistance Chemicals (IRCs) on root-rot disease
incidence of olive transplants (Cv. Toffahii) artificially infected with
pathogenic fungi under greenhouse conditions, during 2019 and 2020 seasons.

Fungal isolate/ Disease incidence (DI %) /Disease severity (DS %) (2019)| Average
IRCS M. phaseolina | B. theobromae F. solani R. solani
D.1 D.S D.1 D.S D.1 D.S D.1 D.S D.I | DS
) | () | (%) | (%) [ (%) [ () | (%) (%) (%) | (%)
Benzoic acid | 26.67 | 33.17 | 20.00 | 23.03 | 13.33 | 24.60 | 13.33 16.31 |18.33|24.28
Sorbic acid 20.00 | 14.43 | 20.00 | 11.32 | 6.67 | 13.18 | 13.33 14.45 ]15.00|13.35
Propionic acid | 13.33 | 12.49 | 6.67 | 1344 | 0.00 | 10.20 | 6.67 12.11 6.67 |12.06
Salcyllic acid | 13.33 | 16.16 | 6.67 | 11.10 | 13.33 | 15.50 | 20.00 14.82 |13.33|14.39
Control 86.67 | 94.74 | 73.33 | 93.77 | 80.00 | 87.47 | 66.67 83.23 | 76.67|89.80
Average 32.00 | 34.20 | 25.33 | 30.53 | 22.67 | 30.19 | 24.00 28.18
Fungal isolate / Disease incidence (D1%)/Disease severity (DS%)(2020)
Benzoic acid | 13.33 | 32.73 | 26.67 | 31.00 | 20.00 | 23.80 | 6.67 16.98 |16.67|26.13
Sorbic acid 13.33 | 18.33 | 13.33 | 31.67 | 13.33 | 12.18 | 13.33 116.45 |15.00| 19.6
Propionic acid | 13.33 | 13.57 | 13.33 | 1344 | 6.67 | 10.83 | 6.67 13.11 |10.00|12.74
Salcyllic acid 6.67 | 15.49 | 13.33 | 12.07 | 13.33 | 15.50 | 20.00 23.48 |13.33]16.64
Control 93.33 | 93.41 | 86.77 | 92.33 | 80.00 | 87.10 | 80.03 80.12 |85.01|88.24
Average 28.00 | 34.71 | 32.00 | 36.10 | 26.67 | 29.88 | 25.34 30.03

L.S.D at 0.05% for (2019) D.l. (%) D.S. (%)
Induce Resistance Chemicals (IRCs) 10.18 0.37
Fungi (F) 9.11 0.34
(IRCs)*Fungi 20.37 0.75
L.S.D at 0.05% for (2020) D.l. (%) D.S. (%)
Induce Resistance Chemicals (IRCs) 9.78 3.02
Fungi 8.75 2.71
(IRCs)*Fungi 19.55 6.06
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Fig (2): Effect of Inducer Resistance Chemicals (IRCs) on root-rot disease incidence of olive
transplants (Cv. Toffahii) artificially infected with pathogenic fungi under greenhouse
conditions, during 2019 season.
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Fig. (3): Effect of Induce Resistance Chemicals (IRCs) on disease incidence of olive transplants
(cv. Toffahi) artificially infected with pathogenic fungi under greenhouse condition,
during 2020 season.
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Table (3) Effect of Inducer Resistance Chemicals (IRCs) on growth parameter of olive
transplant artificially infected with pathogenic fungi under greenhouse
conditions, during 2019 and 2020 seasons.

Fungal isolate/ growth parameter /2019

IRCs

M. phaseolina

B. theobromae

F. solani

R. solani

Average

L.sh

F.W

D.W

L.sh [FWD.W

L.sh |[FW|D.W

Lsh| FW | D.W

L.sh

F.W

D.w

Ben

65.00

6.01

4.00

79.00

14.57.70
7

68.67/10.2|5.76
1

68.00/12.48| 6.34

70.17

10.80

5.95

SO

65.00

8.56

4.35

72.33

7.29(5.30

69.33/16.4

8

6.66

76.33) 9.59 | 5.22

70.75

10.49

5.38

Prop

62.67
6

12.2

5.38

72.33

13.0
1

7.71

68.33/9.60|4.52

71.67| 8.61 | 3.78

68.75

10.87

5.35

SA

61.67
8

13.8

6.50

66.33

13.5
0

7.80

66.33/12.6

8

5.56

82.67 8.61 | 4.35

69.25

12.17

6.05

Control

35.00

2.53

1.37

44.00

3.18|1.73

43.33|2.27|1.04

48.33| 3.56 | 1.74

42.67

2.88

1.47

Average

58.22

8.32

4.14

65.72

9.46(5.54

63.06{10.2

9

4.86

68.33) 8.62 | 4.29

Fungal isolate/ growth

arameter /2020

Ben

64.6
7

6.18

4.16

72.33

13.336.02

73.00/9.67|5.13

76.50/10.17 | 5.50

71.13

9.74

491

SO

69.3
3

8.33

5.92

71.67

7.00(5.70

73.67|15.9

0

7.67

78.67| 9.50 | 4.67

73.33

10.18

6.24

Prop

72.6
3

11.0
0

5.00

72.33

9.30|4.67

70.00(10.3

3

5.31

69.56| 8.50 | 4.67

71.63

9.84

5.21

SA

67.0
0

111
7

6.13

78.00

10.33/5.40

69.33/12.0

0

6.46

80.67| 9.00 | 4.67

73.75

10.63

5.67

Control

41.3
3

3.63

2.13

47.67

3.9711.83

42.72(3.54|1.82

49.67| 3.83 | 1.98

45.35

3.74

1.94

Average

62.1
6

7.94

4.57

67.11

8.38|4.44

65.34/10.2

4

5.34

69.73| 8.22 | 4.47

L.sh (cm) = Length shoot

Ben = Benzoic acid,

F.W (g) =Fresh weight root
SO = Sorbic acid,

Prop =Propionic acid,

D.W (g) =Dry weight root
SA= Salcyllic acid

L.S.D at 0.05% for (2019) L.sh(cm) F.W.(9) D.W.(9)
Induce Resistance Chemicals (IRCs) 5.70 2.19 47.00
Fungi 5.09 1.95 42.05
(IRCs)*Fungi 11.40 4.38 95.01
L.S.D at 0.05% for (2020) L.sh(cm) F.W.(9) D.W.(9)
(IRCs) 441 1.37 0.64
Fungi 3.94 1.23 0.57
(IRCs)*Fungi 8.82 2.75 1.28

OA¢




Ola A. Eid et al.

FJARD VOL. 35, NO. 3. PP. 575-588 (2021)

REFERENCES

Abd EL-Hai, K. M. A,, Elhersh, M. S. and
Mahmoud, M. K. 2016. Incidence of
soybean root and stalk rot diseases as a
result of antioxidant and  biotic
agents. Biotechnology = 15(3-4), 52-64.
https://doi.org/10.3923/biotech.2016.52.64

Abd EI-Monaim, M.F. 2008. Pathological
studies of foliar and root diseases of lupine
with special reference to induced resistance.
Ph. D. Thesis, Fac. Agric., Minia
University.185p.

Abdel-Monaim M.F. 2013. Improvement of
biocontrol of damping-off and root rot/wilt
of faba bean by salicylic acid and hydrogen
peroxide. Mycobiology 41(1): 47-55.

Abd El-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(2):46-55.

Ahmed, F. F. and Morsy, M. H 1999. A
new method for measuring leaf area in
different fruit species. Minia J. of Agric.
Develop., 19:97-105.

Amel, A., Soad, H., Ahmed, M. and Ismail,
A. A. 2010. Activation of tomato plant
defense response against Fusarium wilt
disease using Trichoderma harzianum and
salicylic acid under greenhouse
conditions. Res. J. Agric. Biol. Sci, 6, 328—
338.

Anonymous. (2018). Annual Report of
Agric. Statistical Dept. Egyptian Min .of
Agric., A.R.E. (In Arabic).

Barnett, H. L. and Hunter, B. B. 1972.
Illustrated genera of imperfect
fungi. Mycologia, 64(4), 930.
https://doi.org/10.2307/3757954

Barreto, D., Babbitt, S., Gally, M. and
Perez, B. A. 2003. Nectria haematococca
causing root rot in olive greenhouse
plants. RIA, 23(1), 49-55.

Begum, M. M., Sariah, M. and Puteh, A.
B. 2011. Field performance of bio primed
seeds to suppress Colletotrichum truncotum

oAo

causing damping off and seedling stand of
soybean. Biological Control, 53(1), 18-23.

Butler, M. J. and Day, A. W. 1998. Fungal
melanin’s:  a  review. Journal  of
Microbiology, 44, 1115-1136.

De Muynck, C., Leroy, A. I. J., De
Maeseneire, S., Arnaut, F., Soetaert, W.
and Vandamme, E. J. 2004. Potential of
selected lactic acid bacteria to produce food

compatible antifungal
metabolites. Microbiological
Research, 159(4), 339-346.

https://doi.org/10.1016/j.micres.2004.07.00
2

Deans, S. G. and Svoboda, K. P. 1990. The
antimicrobial properties of marjoram
(Origanium majorana L.) volatile oil.
flavour and fragrance. Journal, 5, 187-190.

Eklund, T. 1989. Organic acids and esters.
In  mechanisms of action of food
preservation procedures.Ed G.w.Gould,
Elsevier Applied Science, London.

Elad, Y. 1992. The use of antioxidants (free
radical scavengers) to control grey mould
(Botrytis cinerea) and white mould
(Sclerotinia  sclerotiorum) in  various
crops. Plant Pathology, 41, 417-426.

El-Khallal, M. S. 2007. Induction and
modulation of resistance in tomato plants
against Fusarium wilt disease by bioagent
fungi (A. mycorrhiza) and/or hormonal
elicitors (Jjasmonic acid and salicylic acid):
2- Changes in the antioxidant enzymes,
phenolic compounds and pathogen related-
proteins. Austr. J. of Basic and App.
Sci, 1(4), 717-732.

El-Mohamedy, R. S. and Abdalla, M. A.
2013. Bio-priming seed treatment for
biological control of soil borne fungi
causing root rot of green bean (Phaseolus
vulgaris  L). Journal of Agricultural
Technology, 9(3), 589-599.

El-Mohamedy, R. S., Shafeek, M. R. and
Fatma, A. R. 2015. Management of root
rot diseases and improvement growth and


https://doi.org/10.3923/biotech.2016.52.64

Ola A. Eid et al.

FJARD VOL. 35, NO. 3. PP. 575-588 (2021)

yield of green bean plants using plant
resistance inducers and biological seed
treatments. Journal of Agricultural
Technology, 11(5), 1219-1234.

El-Morsi, M. E. A., Hassan, M. A. E., Abo-
Rehab, M. E. A. and Radwan, F. M.
2009. Incidence of root-rot and wilt disease
complex of olive trees in New Valley
Governorate in Egypt and its control. Assiut
J. Agric. Sci, 40(1), 105-123.

El-Saidy, A. E. A. and El-Hai, K. M. A.
2011.  Alleviation of Peanut Seed
Deterioration during Storage using Biotic
and Abiotic Agents. Research Journal of
Seed Science, 4(2), 64-81.
https://doi.org/10.3923/rjss.2011.64.81

Hassan, N., Elsharkawy, M. M., Shimizu,
M. and Hyakumachi, M. 2014. Control of
root rot and wilt diseases of Roselle under
field conditions. Mycobiology, 42(4),376—
384. https://doi.org/10.5941/MYCO0.2014.42.4.376

Hemeda, A. A. H. 2009. Control of bean
root-rot diseases by using resistance
chemical inducers. Alexandria Journal of
Agricultural Research, 54(1), 175-187.

Khalil, M.S.A.H. (2017). New approaches
for controlling postharvest diseases of green
bean pods. Ph.D. Thesis, Fac. Agric., Suez
Canal Univ., Egypt.163p.

Mahmoud, E., Shokry, Y., Samia, Y. M.
and Hussin Zeinab, N. 2006. Induction of
resistance in peanut plants against root rot
diseases under greenhouse conditions by
some chemical inducers.J. Agric. Sci.
Mansoura Univ, 31(6), 3511-3524.

Moataza, M. S. and Ziedan, E. H. 2010.
Effect of salicylic acid on Fusarum
oxysporum and their pathological potential
on cowpea. Journal Biological Chemistry
Environmental Science, 5(4), 585-598.

Mohamed, M., Shousha, G. W., Mahdy,
M. E. and Ghazy, A. M. 2007.
Biochemical alterations induced in tomato
in response to Fusarium oxysporum
infection: purification and characterization
of an acidic o-1, 3-glucanase. Res. J. of
Agric. and Biol. Sci, 3(6), 939-949.

Mostafa, W.E.B. 2006. Studies on some
cumin diseases. M. Sc. Thesis, Fac. Agric.,
Minia Univ., 167pp..

Mousa, M. S.; Ali, M. K., Mousa, A. A.
and Elewa, I. S. 2006. Root rot disease of
olive transplants and its biological control.
Arab Univ.J. Agric. Sci., Ain Shams
Univ, 14(1), 395-409.

Nayaka, S. C., Nironjana, S. R., Shankar,
A. and Mortensen, C. N. 2008. Seed bio
priming with novel strain of Trichoderma
harzianum for the control of toxigenic
Fusarium verticillioides and fumonisin in
maize. Archives of Phytopathology and
Plant Protection, 1-19.

Pao S, Kalantari A, Khalid MF. 2008 .
Eliminating Salmonella enterica in alfalfa
and mung bean sprouts by organic acid and
bot water immersions. Journal of food
processing and preservation 32:335-342.

Radwan, F., Hilal, A. A. and El-Said, M.
E. 1995. Basal stem and root rots of olive
cuttings in rooting medium under mist
propagation and their chemical and
biological control. Zagazig J. Agric. Res.
(Egypt), 22, 975-989.

Rajkumar, M., Lee, K. J. and Freitas, H.
2008. Effects of chitin and salicylic acid on
biological control activity of Pseudomonas
spp. against dapping-off of pepper. South
African J. of Botany, 74, 268-273.

Saad, A., Hashem, M., Mostafa, Y. S,
Nafady, N. A. and Abo-Elyousr, K. 2019.
Biological control of root rot in lettuce
caused by Exserohilum rostratum and
Fusarium oxysporum via induction of the
defense mechanism. Biological
Control, 128, 76-84.

Saad, A. S. A, Kadous, E. A., Tayeb, E.
H., Massoud, M. A., Ahmed, S. M. and
Abou EI-Ela, A. S. A. 2014. The inhibitory
effect of some antioxidants and fungicides
on the growth of Alternaria solani and
Fusarium solani in vitro. Middle East J.
Agric. Res, 3(2), 123-134.

Sanei, S. J. and Razavi, S. E. 2011.
Charcoal rot in nursery of olive in Golestan



Ola A. Eid et al.

FJARD VOL. 35, NO. 3. PP. 575-588 (2021)

province of Iran. Int. Res. J. Agric. Sci. Soil
Sci, 211-217.

Sathe, S. J., Nawani, N. N., Dhakephalkar,
P. K. and Kapadnis, B. P. 2007.
Antifungal lactic acid bacteria with
potential to prolong shelf-life of fresh
vegetables: Antifungal lactic acid bacteria
from  vegetables. Journal of  Applied
Microbiology, 103(6), 2622—-2628.

Sergeeva, V., Tesoriero, L., Spooner-Hart,
R. and Nair, N. 2005. First report of
Macrophomina phaseolina on olives (Olea
europaea) in Australia. Australasian Plant
Pathol, 34(2), 273-274.

Shahda, W. T. 2001. Antifungal activety of
Salicylic acid for controlling Alternaria
alternata of tomato.J. Agric. Sci.,
Mansoura Univ, 26, 6117-6129.

Sholberg, P. L. 1998. Fumigation of fruit
with short-chain organic acids to reduce the
potential of postharvest decay. Plant

Disease, 82(6), 689-693.
https://doi.org/10.1094/PD1S.1998.82.6.689
Snedecor, G. W. and Cochran, W. G.
1982. Statistical methods. Oxford and J.
PH. Publishing Com.

Yousef, S. A., EI-Metwally, M. M., Gabr,
S. A. and Al-Ghadir, A. H. 2013. New
strategy for managing damping-off and root
rot disease of Cucumber caused by
Rhizoctonia solani by seed soaking in
formula of antioxidant with
micronutrients. Plant Pathology  and
Microbiology, 4, 1-9.

Ziedan, E. H., Moataza, M., Saad; El-
Naggar, M. A., Hemida, K. A., El
Samman, M. G. and Mostafa, M. H.
2020. Efficacy of compatibility between
endophytic biocontrol Agents and abiotic
agents as fungicides alternatives for
controlling root rot of grapevine. Acta
Scientific Agriculture, 4(5), 10-17.



Ola A . Eid etal. FJARD VOL. 35, NO. 3. PP. 575-588 (2021)

o padlal)

4 guall g caali ¢ g 3 DG ) gda e (e Ao A gliall atieial) cily gl (any o liS
GlS g DI A ) dasa ¢ Sy Al o) llae gladll ay SN ae male e e Se
o seil) dals — e 5 30 AIS bl alyal — eyl il

o Ll iled Gaag 5 4 il Sl iy shadll (e el ety (i e (sl QS s0all e
e gl sull e s gl (e a5 (IRCS) 4 sliall 3 jiaall 4abuasSl o) sall (g jlidl &5 Jiliall
Aohaill Y Gall s a5 505 5 0l 5 asanli gl Gl g o sanlS gl by s g Sl g gl Gaea 5 Glibiallud)
s Botryodiplodia theobromae s Macrophomina phaseolina Jis o5l Hsda Géal Al
&) (IRCS) e sliall 3 janal) dilaassll o 5all 3 yidd) <l 3 5l ddle <ol Rhizoctonia solani sFusarium
IS el JalS Loyl 1 5 piaall L g g 5l el ) 3 55 Sl Ay sina Ay A paal) iy yhal) sai (i
10 51 ¢l 38 i ellialld) (aals g el saadl Gaala g @l il s alasiinl ol Gl | A jadll il hadl)
cpssh baskua gy Hhd hae 3yl by phadll IS said JelSlh elyiil) ) J saille YO

Gasla s ¢ dypsadl adlay ¢ dgiull Gada o (IRCS)Aestiall 3 6aa 3 ge wo)l dleld 4l 50 o
ook Cnd (J Sl ) Al ) Alalaall e COIRAIL 4 laally g 4y 5l AlalaaS el s g pall Gaala g ¢ lilallid)
el Grgan (mid g QS 3 ClAL Y e e 5 YN saill ewse JDA A geall 4y a0 g deliall (5ol
Cumid b Jasale JSE e slall 5 jinall ALal o) gl maen | deliall (5 gaall Cag oyl cund Jifiall b 4ind
(s N Alalaay 45 )l (5 Sl CORE (b Gl pall BaS 5 ) s3]l (Gie e e A

B 5 ¢ gam Al (g sine (alias) ) ol COlbaall apen ol Y4V sai g se A (o il Casa g
ALl Gasla 5 @l g gl (amdas dli ) gaall (s SOlae Saly L Gl @S A sl Gie (a g
SACNT il g el 525 A % AYTY 5 4) T 5 A £0 &l gy pall Cgand 4y siall dpusil) aalinil )
i) & Sl et Aaadle a3 | ddass gie i () elyg Sl (el ool ey il e 05 AT AA 5 AT oV
oY saianse JOA

3ol ) ) A all cadal ) A laall B jeaal) 3 pdiaall AlasSl) o) sall aes o) A ) o yekal S8
(p1oa) sl [ shal Adalls Al )l )35V () ) pliny) Jha lilall (5 puadl) sl Cliia (8 4 i
Bosera e Ay ) dabre ) Jo,uSlh & lae 30l A jaad) Gl kil el 45l (A e ) 5l
(asandl Galaall) dasliall 5 e 4ilasS o) gay 45l et of ) Adladl A jall il 5l @l g (CoDlalaally
sadll il a3l Jilia b i pall An8lSal dial 48y S Laladind (S



