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Abstract

Fusarium root rot disease of tomato caused by Fusarium solani is one of the most important tomato diseases and
causes severe problems in all production regions. The aim of the current study was to evaluate the efficacy of some
Trichoderma isolates and Pseudomonas fluorescence to control this disease in vitro and in vivo. In laboratory
experiments, the effect of four Trichoderma isolates, i.e. T. harzianum (Ty1), T. harzianum (T2), T. reesei and T.
asperellum (Ts4) and one isolate P. fluorescence. Data indicated that all the tested isolates of biocontrol agents were
able to inhibit the mycelial growth of the pathogen with variation in their antagonistic capability. In general, T.
asperellum (Tss) exhibited the highest antagonistic effect toward the pathogen, followed by T. harzianum (T2).
Under greenhouse conditions, application of bio control agents as a soil treatment led to decrease in disease severity
of tomato root rot disease compared to the control treatment. Data indicated that T. reesei treatment exhibited the
highest reduction in the disease severity of root rot compared to other treatments in both seasons. Moreover,
application of these treatments significantly enhanced plant height (cm), fresh and dry weight (gm). Laboratory
estimates showed that the tested bio control agents increased catalase (m/g fresh weight), peroxidase and polyphenol
oxidase (m/g f. w) in treated tomato plants compared to infected and healthy control. Furthermore, treated tomato
plants contained a high level of total phenol contents (TPC) compared to untreated plants.
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1. Introduction

The tomato (Solanum lycopersicum L.) is
a dicot plant, belonging to the Solanaceae
family which comprises more than 3000
species; among these, the tomato is one of
the most cultivated vegetables in the
world (Srinivas et al., 2019). Tomatoes
are known as a source of vitamins and
pro-vitamins (vitamin C, pro-vitamin A,
carotene, folate), minerals such as
potassium, and secondary metabolites
such as lycopene, flavonoids, phytosterols
and polyphenols (Beecher, 1998, Luthria
et al., 2006). Thus, 100 g of fresh tomato
provides over 46%, 8% and 3.4% of the
daily requirements of vitamin A (being
900 UE), vitamin C (being 82.5 mg) and
potassium (being 3500 mg), respectively
(Canene-Adams et al., 2005; Gebhardt
and Thomas, 2002). Egypt considers one
of the top most tomato growing countries
and ranks as the fifth largest producer
country in the world accounting for more
than 4.0% of the global tomato
production. According to the latest
statistical statement (FAOSTAT, 2019);
the area cultivated with tomatoes in Egypt
is around 450,000 acres with a production
of 7,297,108 tons. The soil borne
pathogens can affect tomato and the most
important of these are the soil borne
fungal pathogens including Fusarium
spp., Rhizoctonia solani and Sclerotium
rolfsii (Abdel-Monaim, 2012; El-Fawy et
al., 2021; El-Mohamedy et al., 2014;
Saad 2006). Both R. solani and F. solani
produced damping-off disease causing
major economic losses in many crops. F.
solani and R. solani are the most
important soilborne fungal pathogens
causing the symptoms of damping off and

root rot diseases to wide range of
vegetable and crop plants including
tomato (Abu-Taleb et al., 2011; Dawar et
al., 2007). Trichoderma spp. are
commercially marketed as biofungicide,
bio-fertilizer and soil amendments. The
use of Trichoderma fungus in agriculture
can provide numerous advantages, (1)
colonization of the root and rhizosphere
of plant, (2) control of plant pathogens by
different mechanisms such as parasitism,
antibiosis and induce systimc resistance,
(3) improvement of plant health by
promoting plant growth, and (4)
stimulation of root growth (Harman et al.,
2004). Biological control had attracted the
interest because of increasing regulation
and restriction of  pesticides or
unsuccessful control attempts by other
means. Biological control for soil-bome
pathogens by antagonistic
microorganisms is potential especially for
soil-borne  diseases  because  these
pathogens are difficult to be controlled
with specific fungicides (Moussa et al.,
2006; 2007). Trichoderma species are
soil-borne fungi that are commonly found
in soil organic or inorganic matter
(Harman, 2017; Kumar et al., 2014,
Schuster and Schmoll, 2010). There are
Trichoderma-based biocontrol products
worldwide in different forms. Unlike the
action of most pesticide chemicals,
Trichoderma protects against various
diseases, and enhances plant growth,
improving yield and quality of many
crops. Also the use of Trichoderma does
not cause adverse effects to human health
and the environment (Agriculture
Solutions, n.d.). Trichoderma spp. are a
rich source of secondary metabolites that
involves the biosynthesis of degrading
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mechanisms such as antibiotics (=
antibiosis),  mycotoxins (=  myco
parasitism) and phytotoxins (= cell wall
degradation) (Mukherjee et al., 2012).
The production of secondary metabolites
is a significant mechanism for biocontrol
by Trichoderma. Induced resistance of
plants towards pathogen infection can be
developed by treating plants with a
variety of abiotic and biotic inducers
(Walters et al., 2005). This work aimed to
evaluate the efficacy of Trichoderma
isolates and Pseudomonas fluorescence as
a soil treatment for controlling Fusarium
root rot disease of tomato and their effect
on some growth parameters of tomato
plants.

2. Materials and methods

2.1 Isolation and identification of

pathogenic fungus

Fusarium solani isolate was isolated
from naturally infected tomato roots,
which showed the typical symptoms of
root rot diseases. Roots were cut into
small pieces sections, surface sterilized
by soaking into ethanol 70% for three
minutes and briefly dried between sterile
filter paper. The surface sterilized roots
segments were subsequently mounted on
to potato dextrose agar medium (PDA),
amended with 150 mg/liter streptomycin
and 150 mg liter chloramphenicol to
inhibit  bacterial growth. Emerging
mycelium from the root sections, which
had the morphological characteristics of
the genus fungi were isolated and further
propagated on PDA medium. Each

fungus was purified using the single
spore colony technique (Choi et al.,
1999). The purified isolates were reared
on PDA plates and incubated at 27°C in
the dark for two weeks. The formed
spores were reared on PDA plates and
incubated at 27°C in the dark for two
weeks. The formed spores were extracted
and used for inoculation. For long-term
storage, several small of agar plugs (7
mm in diameter) were disked using a
sterilized cork borer and transferred into
micro tubes prior to 5°C. Fungal isolate
were identified by using the
morphological features of mycelia and
spores as described by Booth (1977) and
Domsch et al. (1980).

2.2 Pathogenicity test of F. solani isolate

The isolate of F. solani was grown on
sand maize medium. Sand and ground
maize seeds were mixed in the ratio of
2:1 (w/w) moistened to 40% moisture
content. After preparation, 200g of the
medium was filled into 500 ml
Erlenmeyer conical flask and autoclaved
for one hour. One disc of F.solani was
inoculated into sand maize medium and
incubated at room temperature for 14
days. Plastic pots (30 cm in diam)
containing sterilized clay-sand soil,
sterilization of plastic bags and soil was
carried out by using 5% formaldehyde
solution. The content of bottles was
thoroughly mixed in plastic container and
used as a source of inoculum. Inoculum
of pathogenic isolate was added at a rate
of 1% to the plastic bags soil (w/w), one
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week before sowing, mixed well whit the
soil and then thoroughly irrigated. Three
tomato seedlings were planted into each
infested pot, and the culture practice
were carried out as usual, after 90 days
from planting the degree of root rot
disease was estimated. Disease severity
of root rot plant growth parameters were
recorded after 90 days from sowing date.
The arbitrary (0-5) disease index scale as
described by (Grunwald et al, 2003) was
adopted. Where: 0= No visible
symptoms, 1= slight hypocotyls lesions,
2= lesions coalescing around epicotyls
and hypocotyls, 3= lesions starting to
spread into the root system with root tips
starting to be infected, 4= epicotyl,
hypocotyls and root system almost
completely infected and only slight
amount of white, tissue was left, and 5=
completely infected root. Disease
severity of root rot was recorded using
the following formula:

Disease severity (%) =, [(n X V) /5 x N)] x 100

Where, n= number of plants in each
infection category, V= numerical values
of infection categoriesm, N= total
number of plants examined and 5=
constant, the highest numerical value.

2.3 Sources of the biocontrol agents

Trichoderma spp. were collected from
the rhizosphere of healthy tomato plants
using dilution plate techniques and
purified by the single spore method. The
isolated fungi was identified on the basis

of their morphological characters (Rifali,
1969). Trichoderma reesei (AUMC No.
5829) was obtained from Microbial
Resources Mycological Research Center,
Assiut  University, Assiut, Egypt. P.
fluorescence (AUMC No B-151) was
obtained from Microbial Resources
Mycological Research Center, Assiut
University, Assiut, Egypt.

2.4 In vitro, the antagonistic effects of T.
harzianum and P. fluorescence against
F. solani

The antagonistic effect of T. harzianum
and P. fluorescence against F. solani was
investigated in Petri dishes containing
Potato Dextrose Agar (PDA) medium.
Each plate was inoculated on both sides
with 6-mm discs from 7-day-old cultures
of individual antagonistic fungal isolates.
Also, one disc from 7-day-old cultures of
C. beticola was placed in the center of
the same plate. Four plates were used for
each treatment as replicates. Inoculated
plates with the pathogen only were used
as a control. The inoculated plates were
incubated at 25°C. The antagonistic
abilities of biocontrol agents’ isolates
were recorded when the growth of the
pathogen isolate completely covered
surface of control plates. The percentage
of growth inhibition was calculated
according to the equation of El-Fawy et
al. (2018):

R= (C-B/C) X100

Where R = % of growth inhibition, C =
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growth in the control, and B = growth in
the treatment.

2.5 Production of Trichoderma isolates
inoculum

Trichoderma spp. were grown in 250 ml
Erlenmeyer conical flasks containing
Potato Dextrose Broth at 28+1°C for 8
days. Liquid cultures of Trichoderma
spp. were homogenized in a blender
(5x10° conidia/ml) and used for soil
irrigation of tomato seedlings twice from
time to time 21 days.

2.6 Production of P. fluorescence inoculum

To prepare the inoculum of P.
fluorescence, a bacterial strain was
grown on NA medium plates and
transferred to 50ml flask containing 25ml
nutrient broth (NB) medium. Flasks were
incubated at 27°C in an orbital shaker
(125 rpm) for 72 hours. Subsequently,
the bacterial culture suspension was
transferred to 20ml sterilized tubes that
were centrifuged at 11,000 rpm for 5
minutes at 4 °C. Pellet was discarded and
supernatant was transferred to new
sterilized glass tubes and colony forming
units (CFU) in the supernatant was
adjusted  (4x10®8  CFU/ml)) by
spectrophotometer at OD 660 nm.

2.7 Effects of T. harzianum and P.
fluorescence on F. solani root rot disease
of tomato under greenhouse conditions

Sterilized pots that containing sterilized
clay-sand soil (1% wi/w), were infested

by F. solani isolate inocula were
prepared by growing fungi on barely
grain medium as described before, mixed
whit the soil and irrigated well. After one
week, three disinfected tomato seedlings
(Super Jakal cv.) were transferred into
each pot. Three replicates were used for
each treatment. Irrigation was done twice
(one and three weeks after transplanting)
with spore suspensions of biocontrol
agents at  concentrations  5x10°
conidia/ml. Before application, the
solutions were diluted to the required
concentrations using sterile distilled
water as described by Shalaby a EI-Nady
(2008). The Foset fungicide at
concentrations 2 gm/Liter of water was
used as comparison (positive control),
inoculated with the pathogens and
irrigated pots with water only used as
control. After 90 days from planting the
disease index was recorded as a vascular
browning and foliar yellowing percent as
mentioned  before.  Some  growth
parameters including plant height (cm),
fresh and dry weight (gm) were also
estimated.

2.8 Determination of phenolic compounds

Phenolic compounds were
colourimetrically determined using the
phosphotungestic-phosphomolybdic acid,
Folin and ciocalteu phenol reagents
according to Snell and Snell (1953).
Total phenols were determined as
follows; ten drops of concentrated HCI
were added to the sample (0.1 ml),
heated rapidly to boiling point and placed
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in a boiling water bath for 10 minutes.
After cooling, 1.0 ml of the reagent and 5
ml of 20% Na,Cos were added. The
mixture was diluted to 10 ml and
determination was carried out at 520 nm
after 30 minutes.

2.9 Determination of polyphenoloxidase
(PPO) activity

The polyphenoloxidase activity was
determined according to the method
described by Matta and Dimond (1963).
Polyphenoloxidase activity was
expressed as the increase in absorbance
at 420nm/g fresh weigh/min.

2.10 Determination of peroxidase (PO)
activity

Peroxidase activity was estimated
according to Allam and Hollis (1972). In
this method, the oxidation of pyrogallol
was calculated and converted to
pyrogalline in the presence of H.O- at a
wavelength of 425 nm. The peroxidase
enzyme activity was differentiated as the
change in absorption at 425 nm /min* g*
on a fresh weight using a
spectrophotometer.

2.11 Determination of Catalase (CAT)
activity

Catalase enzyme activity was determined
according to the procedure of Aebi
(1984). A total reaction mixture of 3 ml,
consisting 2400 pl phosphate buffer (50
mM), 100 ul of the enzyme extract and
500 pl H20, (10 mM) was used to

measure enzyme activity. The reaction
mixture absorption was recorded at 240
nm with a spectrophotometer twice with
an interval of 2 min and the enzyme
activity was calculated wusing an
extinction coefficient of 0.28 mM™* cm™.

2.12 Statistical analysis

The obtained data were subjected to
statistical analysis using MSTAT-C
program version 2.10 (1991). Least
significant difference (L.S.D., p = 0.05)
for comparison between means of
treatments was used as mentioned by
Gomez and Gomez (1984).

3. Results

3.1 Pathogenicity test of F. solani isolate

The result of this experiment showed that
the isolate of pathogenic fungus were
able to infect super Jakal tomato cultivar
(79.90%) and  produced typical
symptoms of Fusarium root rot disease
under greenhouse conditions.

3.2 Effects of some biocontrol agents on
the growth of F. solani in vitro

The ability of Trichoderma isolates and
Pseud fluorescence isolates to inhibit the
mycelial growth of F. solani in dual
culture was determined on PDA medium.
Data presented in Table (1) indicated that
all the tested isolates of biocontrol agents
were able to inhibit the mycelial growth
of the pathogen with variation in their
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antagonistic capability. In general, T.
asperellum (T34) exhibited the highest
antagonistic effect toward the pathogen,
followed by T. harzianum (T2). While P.
fluorescens was the least in their

antagonistic effect. It was clear from
Figure (6) that the mycelium of
Trichoderma isolates was grown rapid
over the mycelium of the pathogen and
prevented its development.

Table (1): Effect of some biocontrol agents on the growth of F. solani in vitro.

Bioagents Mycelial growth inhibition (%)
T. harzianum (T1) 67.9

T. harzianum (T2) 80.41

T. reesei 72.21

T. asperellum (T34) 80.6

P. fluorescens 58.6

Control 0

LSD 5% 6.40

3.3 Effect of soil treatment with characters of tomato under greenhouse

biocontrol agents on Fusarium root rot
of tomato under greenhouse conditions

Data presented in Table (2) indicate that
application of biocontrol agents as a soil
treatment at concentration 50 ml/pot
significantly decreased Fusarium root rot
disease of tomato compared to untreated
plants. Among the biocontrol agents, T.
reesei was more effective in reducing the
disease severity more than the other
treatments in both seasons (35.50 and
31.11%) followed by Foset fungicide
(19.90 and 26.60 %). While the T.
asperellum (T34) gave the lowest effect
in controlling the disease (46.60 and
40.00 %) during 2019 and 2020 growing

seasons, respectively. There were
significant  differences among the
treatments.

3.4 Effect of soil treatments with

biocontrol agents on some plant growth

conditions

Data presented in Tables (3) indicated
that all the biocontrol agents improved
plant growth characters of tomato plants
(Super Jakal cv.) in both seasons (2019
and 2020) compared to untreated plants.
The highest plant length was achieved in
soil amended with T. reesei (43.16 and
44.00 cm) in both seasons 2019 and
2020, respectively, followed by T.
harzianum (T5). The application of bio
agents to infested soil with F. solani
caused the best increase of plant length,
fresh and dry weight. Treated infested
soil with Foset 80 fungicide showed the
lowest plant length and stem diameter
compared to the treatments. Data also
showed that all tested biocontrol agents
were effective in reducing dead plants
and increased survival plants as well as
improved plant growth characters
compared to untreated plants.
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Table (2): Effect of soil treatment with biocontrol agents on Fusarium root
rot of tomato under greenhouse conditions.

Disease severity (%)

UEE SIS Season 2019 Season 2020 il
T. harzianum (T5) 33.33 37.70 35.50
T. harzianum (T8) 38.80 40.00 38.80
T. reesei 35.50 31.11 22.20
T. asperellum (T34) 46.60 40.00 43.30
P. fluorescens 37.30 42.60 39.85
Foset 80 19.90 26.60 23.25
control 88.84 91.90 89.96
L.S.D 5% 3.2 3.56 -

Table (3): Effect of application of biocontrol agents on growth characters of tomato under

field conditions.

Plant height (cm) Fresh weight (gm) Dry weight (gm)
ULEETEL Season 2019 | Season 2020 i Season 2019 | Season 2020 i Season 2019 | Season 2020 e
T. harzianum (T5) 43.30 42.30 42.80| 249.80 252.70 |251.25 65.51 52.46 58.98
T. harzianum (T8) 41.00 36.50 38.75| 231.96 231.60 [231.78 46.61 42.27 44.44
T. reesei 43.16 44.00 4358| 229.93 225.06  |227.49 53.09 49.71 51.40
T. asperellum (T34) 37.10 38.00 37.55| 222.40 232.76  |227.58 35.49 37.62 36.55
P. fluorescens 40.83 39.83 40.33| 188.20 234.10 [211.15 47.05 46.35 46.70
Foset 80 40.10 39.10 39.60| 192.40 198.06  [195.23 25.55 28.80 27.17
Control 21.80 26.30 24.20 90.60 103.40 97.00 15.05 9.80 12.42
L.S.D 5% 1.40 1.73 - 11.70 15.11 - 5.51 3.43

3.5 Effect of treatments with biocontrol
agents on content of the total phenolic
compounds in tomato plants

Data presented in Figure (1) indicate that
all tomato plants treated with these
biocontrol agents as soil treatments
showed the highest contents of total
phenolic compounds compared to the
untreated plants (healthy and diseased).
The highest amounts of total phenolic
compounds were found in the treated
plants by T. harzianum (T5) (87.31 mg/g
fresh weight) followed by T. reesei
(87.25 mg/g fresh weight). Generally,
data also indicate that the different
treatments with all biocontrol agents
enhanced the accumulation of total

phenols compounds in the treated tomato
plants compared to the healthy and
diseased plants.

3.6 Effect of treatments on activities of
polyphenoloxidase,  peroxidase and
catalase enzymes

Data presented in Figure (2) showed that
treated tomato plants with the tested
biocontrol agent significant variation
(P<0.05) in polyphenoloxidase (PPO),
peroxidase (POD) and catalase (CAT)
enzymes activity among the treatments
compared to untreated control plants.
Data also showed that T. harzianum (T5)
recorded significantly higher level of
POD and PPO enzymes activity (21.50
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and 3.32 m/g fresh weight) over all other
treatments followed by T. reesei. While
T. asperellum (T34) also recorded
significantly higher level of poly phenol

oxidase enzyme activity. Moreover,

healthy and untreated control

plants

recorded lowest level of all determined

enzymes activity.

Total phenols (mg/g fresh weight)

Healthy control
Infected control
Foset 80

P. fluorescens

T. asperellum (T34)
T. reesei

T. harzianum (T8)
T. harzianum (T5)

0 20 40 60 80 100 120

Figure (1): Effect of treatments on accumulation of total phenol content in
tomato plants under artificially inoculation with F. solani in greenhouse
conditions.

Enzymes activity (mg/g fresh weight)

Healthy control
Infected control
Foset 80

P. fluorescens

T. asperellum (T34)
T. reesei

T. harzianum (T8)
T. harzianum (T5)

0 5 10 15 20 25

= Polyphenol oxidase m Peroxidase m Catalase

Figure (2): Effect of treatments on activities of polyphenol oxidase, peroxidase
and catalase enzymes in tomato plants under artificially inoculation with F.
solani in greenhouse conditions.
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4. Discussion

Biological control is one of the best
alternative ways to use pesticides to
control plant diseases in many crops,
especially in clean farming. In the current
study showed that all the tested
biocontrol agents were able to inhibit the
mycelial growth of the pathogen with
variation in their antagonistic capability.
The results reported herein indicated that
all tested isolates of Trichoderma were
able to inhibit the mycelial growth of the
causal pathogen with different degrees.
The highest inhibition of mycelial growth
was caused by T. asperellum (T34).
These results are in agreement with those
obtained by Elad et al. (1983) and Tsror
et al. (2001). This can be explained in the
light of results recorded by Abd EI-Moity
(1981), who stated that T. harzianum
works through different mechanisms, i.e.
production of gliotoxin, mycoparasitism
and growing very fast and act as barrier
between susceptible plant tissues and
virulent pathogens. Mycoparasitism by T.
harzianum is a complex process,
involving recognition of the host,
attachment to the mycelium, coiling
round the hyphae, partial degradation of
the cell wall and penetration of the host
mycelium (Elad et al., 1983; Benhamou
and Chet, 1993 and Pal, 2005). Scanning
electron microscopic observation of
parasitism of T. harzianum and T.
hamatum on R. solani revealed that the
hyphae of Trichoderma coil around the
host. Trichoderma harzianum attached to
host mycelium by forming hooks and

Trichoderma produces appressoria at the
tips of short branches (Elad et al., 1983).
Under greenhouse conditions, application
of Trichoderma isolates and P.
fluorescence for controlling Fusarium
root rot disease in tomato had a
beneficial effect when addition to the
infested soil with the pathogen.
Generally, soil treatment with bio-agent
isolates was effective in decreasing
Fusarium root rot symptoms on plants. In
this study, T. reesei caused the highest
reduction in disease severity of Fusarium
root rot in tomato. Application of all
treatments enhanced significantly all
studied agronomic characters, i.e., plant
height (cm), fresh and dry weight (gm).
T. reesei was the highest effect on all
studied agronomic characters of faba
bean plants. Similar results were
obtained by Yedidia et al. (2001) who
showed that treatment of cucumber
plants in soil with T. harzianum (T-203)
resulted in large increase in root area and
cumulative root lengths, and significant
increase in dry weight, shoot length and
leaf area over that of the untreated
control. Application of Trichoderma to
the soil as a biocontrol agent, in the
greenhouse or under field conditions, not
only resulted in reduced disease severity
but also enhanced plant growth (Atef,
2008). This result is consistent with those
obtained by Yedidia et al. (2001) who
showed that treatment of cucumber
plants in soil with T. harzianum (T-203)
resulted in large increase in root area and
cumulative root lengths, and significant
increase in dry weight, shoot length and
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leaf area over that of the untreated
control. Yedidia et al. (2001) suggested a
direct role for T. harzianum in mineral
uptake by the plant at a very early stage
of the fungal-plant association. In
addition, Harman (2000) established that
Trichoderma spp. are opportunistic plant
colonizers that affect plant growth by
promoting abundant and healthy plant
roots, possibly via the production or
control of plant hormones. Increased
growth response has been demonstrated
by several other investigators (Altomare
et al., 1999; Anusuya and Jayarajan,
1998). The ability of Trichoderma to
reduce diseases caused by soil borne
pathogens is well known and it is related
to the antagonistic properties of
Trichoderma, which involve parasitism
and lysis of pathogenic fungi and
competitions for limiting factors in the
rhizosphere mainly iron and carbon
(Sivan and Chet, 1986). Abou-Aly et al.
(2008) showed that B. megaterium, B.
subtilis, B. coagulans P. fluorescens and
Paenibacillus  polymyxa  exhibited
beneficial mechanisms against Fusarium
oxysporum f. sp lycopersici and F.
solani. In this study, application of bio
control agents as soil treatments
increased level of total phenol content
and activities of peroxidase,
polyphenoloxidase and catalase enzymes
in tomato plants compared to untreated
control plants. T. harzianum (T5)
recorded higher level of POD and PPO
enzymes activity (21.50 and 3.32 m/g
fresh weight). While T. asperellum (T34)
also recorded significantly higher level of

poly phenol oxidase enzyme activity.
These results are in conformity with the
results reported by El-Habbaa et al.
(2016) they found that application of bio-
formulations such as Rhizo-N, Plant
guard and Bio-Zeid as foliar treatment
increased activities of peroxidase,
polyphenoloxidase and chitinase in
grapevine plants compared to the control
treatment. In another study, T. viride
induced higher levels of defense enzymes
such as peroxidase, polyphenol oxidase
and phenyl alanine ammonia lyase in
black gram during pathogenesis by F.
oxysporum and A. alteranata (Surekha et
al., 2014). The increase in the antioxidant
enzymes system such as catalase,
ascorbate peroxidase and glutathione
reductase was associated with resistance
to Fusarium wilt in chickpea (Garcia-
Limones et al., 2012). Amer et al. (2014)
reported that application of the bio-
control agents could play an important
role in inducing partial resistance and
exhibit greater potential to protect tomato
plants against wilt. This study concludes
that biocontrol agent treatment led to
reduce Fusarium root rot disease severity
and improve agronomic characters of
tomato plants such as plant height, fresh
and dry weight.
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