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Abstract
Pot experiments were conducted to study the effect of Arbuscular mycorrhizal fungi (AMF), Tricoderma harzianum and mix of them on suppression
of fusarium wilt of three varieties of tomato (castle-rock, super marmande and
peto 86). Disease severity, shoot and root Length, fresh, dry weights and the
changes in amino acids, reducing sugars and phenolic compounds contents and
phenylalanine ammonia lyase, ascorbate peroxidase, peroxidase and poly
phenoloxidase activities were investigated.
The treatments AMF, T. harzianum and AMF + T. harzianum gave significant reduction of disease severity and elevated phenolic acids, amino acids and
reducing sugars contents and POD, PPO, APX and PAL activities in roots and
leaves of tomato varieties.
Keywords: Arbuscular mycorrhizal fungi, Tricoderma harzianum, tomato, Fusarium
oxysporum, amino acids, reducing sugars, phenolic compounds, antioxidant enzymes.

Introduction
Tomatoes are one of the most
widely cultivated vegetable crops in
Egypt and in all countries either as
open field or protected crops. Its fruit
is rich in vitamins and is therefore
used in salads, cooked as a vegetable
or made into tomato paste and tomato
sauce.
Tomato plants are affected by
several diseases, including Fusarium
wilt caused by Fusarium oxysporum
f. sp. lycopersici (sacc.) Snyder and
Hansen. This is a destructive disease
of tomato worldwide (Jones, et al
1991). Methods used to control vascular wilt are either not very efficient
or are difficult to apply. The best
way to control the disease is by selecting resistant varieties of tomatoes. Although commercial varieties
of tomato resistant to F. oxysporum
f. sp. lycopersici races 1 and 2 are

available,
additional
pathogenic
strains and race 3 of the pathogen
has been reported in several countries (Amini, 2009). For this reason,
alternative methods of controlling the
disease have to be explored inclusive
of biological control methods. Adding biocontrol agents directly to the
roots is an efficient and inexpensive
means to provide a more vigorous
transplant with disease protection
when it is transplanted in the field
(Nemec, et al 1996). Trichoderma
species, that are common inhabitants
of the rhizosphere are biological control organisms against a wide range
of soil borne pathogens and also have
been known to provide plant growth
promotion. Trichoderma harzianum
Rifai have been known as antagonistic to various root pathogens such as
Pythium spp., Rhizoctonia spp. and
Fusarium spp. (Baker, 1989 and
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Chet, 1987). The Arbuscular mycorrhizal fungi (AMF) can stimulate
plant growth especially in soils with
low fertility mainly due to improved
phosphorous absorption (Johnson, et
al (1982) and Smith, et al (1986)).
Arbuscular mycorrhizal fungi have
been reported to protect plant roots
from some root infecting fungi
(Caron, 1989). This study was carried
out to investigate the effects AMF
and T. harzianum in enhancing
growth and controlling wilt tomato
caused by F. oxysporum f. sp. lycopersici.
Material and Methods
Source of the pathogenic fungi:
Pathogenic fungal isolate of
Fusarium oxysporum f. sp. lycopersici were isolated from roots of tomato plants (Peto 86 variety) were
obtained from Fac. of Agric. Ain
Shams University, plants had shown
signs of wilting and had a brown discoloration of vascular vessels, fungus
isolated and identified according to
method described by Nelson et al.
(1983).
F. oxysporum f. sp. lycopersici
was grown in darkness at 28°C on
Potato Dextrose Agar (PDA) plates
till full sporlation. Then, spores were
transferred with sterilized distilled
water and arriving to 107conidia /ml.
The sterilized soils in plastic
pots (30cm) were infested with this
isolate of Fusarium at a concentration
of 107 conidia/ ml of the substrate
(40ml/pot) and was allowed to establish in the soil for a period of a week.
Source and Preparation of Trichoderma harzianum inoculum:
Fungal isolate of T. harzianum
was
obtained
from
tomato
rhizosphere and field soil during the

preliminary study according to methods described by Elad and Chet
(1983) and Harman (2006) and identified according to Rifai (1969).
Trichoderma harzianum was
grown in darkness at 28°C on Potato
Dextrose Agar (PDA) plates till the
colony became green. Then, spores
were transferred with sterilized distilled water and arriving to107
spores/ml of the conidial suspension
concentration. The root systems of
tomato seedlings were washed in tap
water then immersed in a conidial
suspension and then transplanted into
plastic pots (30 cm).
Source of AMF inoculum
For AMF inoculation, spore
suspension from Microbiological Researches Center (Cairo Mircen) Egypt
Microbiological Culture Collection
(EMCC) Fac. of Agr. Ain Shams
Univ. was utilized as a commercially
available inoculum. This AMF inoculum holds at least 80,000 spores/liter
and includes two different species of
AMF (Glomus microagregatum and
Glomus claroideum,) (Hage-Ahmed
et al., 2013).
Preparation of tomato seedling:
Certified tomato seeds of three
cultivars; Castle-rock, Super Marmande and Peto 86 were surface sterilized in 1% solution of sodium hypochlorite for 30 sec and rinsed thoroughly with several changes of distilled water and then dried with sterile
blotting paper. The seeds were then
germinated in 15 x 20 x10 cm trays
containing sterilized sand. Twenty
eight day old tomato seedlings were
transplanted into plastic pots (30 cm
diameter), at the rate of three plants
per pot.
Experiment Design:
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Effect of T. harzianum and
AMF on growth and disease control
of fusarium wilt has been tested in
five treatments applied as follows; T.
harzianum, AMF (Arbuscular mycorrhizal fungi), AMF + T. harzianum, control (1) (contained only
the pathogen F. oxysporum f. sp. lycopersiciontrol) and control (2) in
autoclaved non infested soil. Each
treatment was replicated 5 times and
placed in the green house in a completely randomized design. Plants
were watered daily.
Measurements:
After 8 weeks; disease severity,
height, shoot and root fresh and dry
weights were determined.
The shoots and the roots were
dried in an oven at 70 0C until constant weight, then weighed separately
and the weights recorded.
Disease Severity (DS) assessment was done when symptoms of
infection were observed. Such symptoms included clearing of the veins
and drooping of petioles followed by
yellowing of lower leaves (Agrios,
1988). Wilt severity was determined
using a scale by Waudo et al. (1995).
This was based on the wilt severity rated as follows; (% of shoot
wilted, using a scale of 0-5 where,
0=No symptoms, 1=One leaf wilted
(1%-25%), 2= 2 or 3 leaves wilted
(26%-49%), 3=half plant wilted
(50%-74%), 4= all leaves wilted
(75%-100%), 5=Plant dead).
Chemical analysis:
Determination of free Amino acids
Free amino acids were determined colourimetrically by using
ninhydrin solution according to
Jayeraman (1985) using glycine as a
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standard. The amino acids were calculated as mg /100g f.wt.
Determination of Reducing sugers
Reducing sugers were determined colourimetrically by using 3,5
dinitrosalsylic acid solution according
to Miller (1959) using glucose as a
standard. The reducing sugers were
calculated as mg /100g f.wt.
Determination of phenolic compounds
The colorimetric method of Folin-Ciocalteu as described by Shahidi
and Naczk, (1995) was employed for
the chemical determination of phenolic compounds.The phenolic compounds concentration was expressed
as mg gallic acid / 100 g f.wt.
Determination of soluble protein
Soluble protein concentration
was estimated to calculate specific
activity of enzymes. Proteins concentration was quantified in the crude
extract by the method of Bradford
(1976) using bovine serum albumin
as a standard.
Enzymes assay
Preparation of enzymes crude
extract
Tissue were homogenized with
potassium phosphate buffer (100
mM, pH=7.0) containing 0.1 mM
EDTA and 1 % polyvinyl pyrrolidone
(PVP) (W/V) at 4ºC. The extraction
ratio was 4 ml buffer for each one
gram of plant materials. Homogenate
was centrifuged at 15000 ×g for 15
min at 4º C. Supernatant was considered as enzyme crude extract and
used to measure the activities of
guaiacol peroxidase (POD), catalase,
polyphenol oxidase (PPO), phenylalanine ammonia lyase (PAL) and
ascorbate peroxidase.
Assays of enzymes:
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fined as the amount of enzyme required for oxidation of 1 µmol of
ascorbate per minute and caused a
decrease in absorbance at 290 nm using spectrophotometer (UV-Vis spectrophotometer UV 9100 B, LabTech).
The enzyme activity was expressed as
unit/ mg protein.
Statistical analysis
All data were subjected to one
way analysis of variance (ANOVA)
followed by means separation
through least significant difference
(L.S.D.) test at P < 0.05
level(Snedecor and Cochran, 1980).
Results and Discussion
Effect of treatments on wilt pathogen control
Data in Table (1) indicated that
tomato wilt disease severity was reduced significantly by all treatments
in the three varieties, individually the
biocontrol fungus T. harzianum and
AMF as compared to the control (infested) where the biocontrol fungi
had not been added, on the other
hand, there was no significant differences in reduction of disease severity
between the individually treatments.
A combination of T. harzianum
and AMF had less trend of severity
of disease in Castle-rock, Super
Marmande and Peto 86 varieties
which disease severity were (6.67,
2.23 and 11.10 %) compared to control infested soil (77.7, 68.90 and
82.20%) respectively, in dependent
on this results AMF+ T. harzianum
treatment efficiency was increased
(91.42,96,76 and 85.87%) respectively in the three varieties compared
to control infested.
In an experiment where commercial formulations of AMF and T.
harzianum were applied to control

1- peroxidase activity
Peroxidase, POD (E.C 1.11.1.7)
activity in enzyme crude extract was
determined as described by Hammer
Schmidt et al. (1982). The activity
was calculated by measuring the absorbance changes at 470 nm per min
using spectrophotometer (UV-Vis
spectrophotometer UV 9100 B, LabTech). Unit of enzyme (IU) equal
0.01 ΔOD. min-1. The specific activity expressed as unit/ mg protein.
2- Polyphenol oxidase (PPO)
activity
Polyphenol oxidase (PPO) (EC
1.14.18.1) activity was measured according to Benjamin and Montegomery (1973). One unit of PPO activity
was defined as the amount of enzyme
that caused an increase in absorbance
of 0.001 per min at 420 nm using
spectrophotometer (UV-Vis spectrophotometer UV 9100 B, LabTech).
The enzyme activity was expressed as
unit/ mg protein.
3- Phenylalanine ammonia
lyase (PAL) activity
Phenylalanine ammonia lyase
(PAL) (EC 4.3.1.5) activity was
quantified by the method of Beaudoin-Eagan and Thorpe (1985). One
unit of enzyme activity was defined
as the amount of enzyme that caused
an increase in absorbance of 0.01 per
hour at 290 nm using spectrophotometer (UV-Vis spectrophotometer
UV 9100 B, LabTech). The enzyme
activity was expressed as unit/mg
protein.
4Ascorbate
peroxidase
(APX) activity
Ascorbate peroxidase (APX)
(E.C 1.11.1.11) was measured according to Nakano and Asada (1981).
One unit of enzyme activity was de-
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fusarium wilt, each of the fungi
showed significant disease control
but better results were obtained when
both agents were used together
(Datnoff, et al 1995).
The ability of T. harzianum to
control plant pathogens is considered
to be a result of several mechanisms
including mycoparasitism and induction of systematic defense mechanism (Chet, (1987) and Yedida, et al
(1999)). On the other hand, AMF has
been known to increase plant resistance to infection through improved
plant nutrition (Declerck, et al 2002).
A comparison of mycorrhizal
root colonization in the treatment
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AMF and treatment with both AMF
and T. harzianum showed that they
were not significantly different
(Mwangi, et al (2011)), also they
demonstrated that T. harzianum
showed compatibility with AMF and
no inhibitory effects on the development of mycorrhizal colonization
was observed, also Sr’amek, et al
2000 found that T. harzianum did not
affect colonization by AMF in three
balcony plants (Verbena, Torenia,
Diascia) inoculated with both AMF
and T. harzianum.

Table 1. Effect of biological treatments on tomato wilt disease severity (DS) and
the efficiency after 8 weeks on three varieties of tomato.
Variety
Treatment

AMF
T. harzianum
AMF + T.
harzianum
Control
(autoclaved soil)

Control (infested soil)
L.S.D.

Castle-rock
%Disease
severity

13.33CB
±5.43
20.00B
±5.47
6.67CB
±5.43
0.00C
±0.00
77.77A
±3.16

Super Marmande

%
efficiency

82.86
74.28
91.42
100.00
0.00

14.635

%Disease
severity

4.47CB
±3.16
17.77B
±6.32
2.23CB
±3.16
0.00C
±0.00
68.90A
±8.31
1.9652

%
efficiency

93.51
74.21
96.76
100.00
0.00

Peto 86
%Disease
%
severity efficiency

26.67CB
±5.43
28.90B
±3.11
11.10CD
±3.11
0.00D
±0.00
82.20A
±8.32

67.07
64.37
85.87
100.00
0.00

2.0983

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤ 0.05).

ters significantly compared to the
control (Table 3). Observed significant growth due to mycorrhizal infection in tomatoes confirms other reports that AMF symbiosis with host
plant has an improved growth effect
(Dubsk, et al (2002) and Sr’amek, et
al (2000)). Increased growth due to

Effect of treatments on growth parameters:
Data in Table (2 and 3) and Figure (1) indicated that all treatments
enhanced morphological parameters
significantly compared to control infested soil. The T. harzianum or AMF
applied singly enhanced root parame-
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mycorrhizal infection is mainly attributed to improved phosphorous
and micronutrient uptake in the host
plant (Johnson, et al (1982) and
Smith, et al (1986)). These results
also agree with those of Ozbay, and
Newman, (2004) where T. harzianum
strains were also reported to have
significantly increased the height,
shoot and root dry weight in tomato
seedlings transplanted into pots in the
green house. There are reports that T.
harzianum increases the solubility of
phosphates and micronutrients such
as zinc, copper, iron and manganese
all plant nutrients with low solubility (Altomare, et al 1999) and this
enhances growth of the roots and the
above ground parts of the plant.
The treatment with a combination of the two fungi (T. harzianum

and AMF) also highly significant enhanced growth more than all treatment in Castle-rock, Super Marmande and Peto 86 varieties compared to control infested soil. Dual
inoculation with T. harzianum and
AMF has previously been reported to
significantly enhance growth more
than if each fungus was inoculated
singly (Dubsk, et al (2002) and
Sr’amek, et al (2000)). Some strains
of T. harzianum establish robust and
long lasting colonization of root surfaces penetrating into the epidermis
(Harman, 2000), this colonization by
T. harzianum frequently enhances
root growth development, crop productivity and resistance to abiotic
stresses through enhancement of
mineral absorption.
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Table 2. Effect of biological treatments on shoot mean height, fresh and dry weight
and % dry weight of three varieties of tomato after 8 weeks.
Variety

Treatment

shoot
height
(cm)

Castle-rock
shoot
shoot
fresh
dry
weight weight
(gm)
(gm)
14.40B 2.27B
±0.43
±0.05
16.00BA 2.53A
±0.82
±0.09
16.67A 2.70A
±0.41
±0.08

58.00B
±0.82
T. har- 47.77C
±0.33
zianum
AMF + T. 61.50A
harzianum ±0.41
Control
35.17D 11.03C
(autoclaved
±0.85 ±0.86
soil)
Control
26.87E 7.50D
(infested
±0.66 ±0.41
soil)
L.S.D.
2.1329 2.0418
AMF

%
Dry
weight
15.80A
±0.41
15.88A
±1.04
16.20A
±0.11

Super Marmande
shoot shoot
shoot
%
shoot
fresh
dry
height
Dry height
weight weight
(cm)
weight (cm)
(gm)
(gm)
59.67B 45.63B 6.50A 14.24A 46.00B
±0.47 ±0.45 ±0.16 ±0.24 ±0.82
45.17C 34.70C 4.61B 13.29A 43.60B
±0.74 ±0.50 ±0.08 ±0.10 ±0.65
63.50A 48.50A 6.93A 14.30A 50.00A
±0.41 ±0.41 ±0.12 ±0.20 ±0.82

Peto 86
shoot shoot
fresh
dry
weight weight
(gm)
(gm)
25.73B 3.43B
±0.52 ±0.17
12.50C 2.06C
±0.41 ±0.06
28.47A 4.20A
±0.41 ±0.08

%
Dry
weight
13.33C
±0.39
16.48A
±0.26
14.75B
±0.08

0.98C 8.93B 36.50D 16.57D 1.23C 7.35B 29.77C 8.87D
±0.05 ±0.33 ±0.71 ±1.56 ±0.21 ±0.62 ±0.56 ±0.66

0.81D 9.21D
±0.02 ±0.48

0.53D 7.01C 27.33E 16.17D 1.27C 7.83B 25.17D 4.10E
±0.05 ±0.36 ±1.03 ±0.24 ±0.05 ±0.26 ±1.03 ±0.43

0.30E
±0.01

0.2249 1.7995 2.324

2.597

7.38E
±0.64

0.4581 1.0931 2.5988 1.6345 0.2916 1.3764

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤
0.05).

Table 3. Effect of biological treatments on root mean length, fresh and dry weight
and % dry weight of three varieties of tomato after 8 weeks.
Variety

Castle-rock
Super Marmande
Peto 86
Root Root
Root Root
Root Root
%
fresh dry % Dry Root fresh dry
Root fresh dry
Dry
Length weight weight
weight weight weight Length weight weight
weight
(gm) (gm)
(cm)
(gm) (gm)
(cm) (gm) (gm)
5.87A 0.73A 12.43BA 37.43B 11.07B 1.40B 12.68BA 32.23A 6.97B 0.87B
±0.26 ±0.05 ±0.30
±0.42 ±0.74 ±0.08 ±0.81 ±0.56 ±0.53 ±0.06
5.97A 0.75A 12.62A 37.67BA 13.66A 1.74A 12.74BA 32.67A 8.13A 1.23A
±0.21 ±0.03 ±0.10
±0.47 ±0.30 ±0.04 ±0.08 ±0.47 ±0.26 ±0.12
6.50A 0.75A 11.59BC 39.57A 11.83B 1.73A 14.63A 32.93A 7.83BA 1.27A
±0.24 ±0.02 ±0.09
±0.37 ±0.41 ±0.12 ±0.58 ±0.42 ±0.41 ±0.12

Root
Length
Treatment
(cm)
29.67B
AMF
±0.47
27.10C
T. har±0.70
zianum
AMF + T. 33.17A
harzianum ±0.85
Control
(autoclaved 29.00CB 3.47B
±0.82 ±0.27
soil)
Control
(infested 16.33D 2.47C
±0.47 ±0.12
soil)
L.S.D. 2.2418 0.7632

%
Dry
weight
12.55B
±0.14
15.13A
±1.04
16.13A
±0.77

0.39B 11.38C 31.10C 6.23C 0.67C 10.78BC 19.10B 4.30C 0.45C 10.48CB
±0.02 ±0.47
±0.94 ±0.17 ±0.01 ±0.16 ±0.94 ±0.16 ±0.02 ±0.20
0.24C 9.74D 14.00D 3.77D 0.38D 10.24C 13.33C 2.23D 0.21C 9.42C
±0.01 ±0.19
±0.82 ±0.29 ±0.01 ±0.88 ±0.47 ±0.09 ±0.01 ±0.54
0.0961 0.8892 2.1261 1.4055 0.2263 1.9652 1.9832 1.097 0.2753 2.0983

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤
0.05).
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Table 3. Effect of biological treatments on root mean length, fresh and dry weight
and % dry weight of three varieties of tomato after 8 weeks.
Variety
Treatment
AMF

Root
Length
(cm)
29.67B
±0.47
27.10C
±0.70
33.17A
±0.85

Castle-rock
Root Root
fresh
dry
weight weight
(gm) (gm)
5.87A 0.73A
±0.26 ±0.05
5.97A 0.75A
±0.21 ±0.03
6.50A 0.75A
±0.24 ±0.02

T. harzianum
AMF + T.
harzianum
Control
29.00CB 3.47B 0.39B
(autoclaved
±0.82 ±0.27 ±0.02
soil)
Control
16.33D 2.47C 0.24C
(infested
±0.47 ±0.12 ±0.01
soil)
L.S.D.
2.2418 0.7632 0.0961

% Dry
weight
12.43BA
±0.30
12.62A
±0.10
11.59BC
±0.09

Super Marmande
Root Root
Root
fresh
dry
% Dry
Length weight weight weight
(cm)
(gm)
(gm)
37.43B 11.07B 1.40B 12.68BA
±0.42
±0.74 ±0.08
±0.81
37.67BA 13.66A 1.74A 12.74BA
±0.47
±0.30 ±0.04
±0.08
39.57A 11.83B 1.73A 14.63A
±0.37
±0.41 ±0.12
±0.58

Root
Length
(cm)
32.23A
±0.56
32.67A
±0.47
32.93A
±0.42

Peto 86
Root
Root
fresh
dry
weight weight
(gm)
(gm)
6.97B 0.87B
±0.53 ±0.06
8.13A 1.23A
±0.26 ±0.12
7.83BA 1.27A
±0.41 ±0.12

%
Dry
weight
12.55B
±0.14
15.13A
±1.04
16.13A
±0.77

11.38C
±0.47

31.10C
±0.94

6.23C
±0.17

0.67C 10.78BC 19.10B
±0.01
±0.16
±0.94

4.30C
±0.16

0.45C 10.48CB
±0.02
±0.20

9.74D
±0.19

14.00D
±0.82

3.77D
±0.29

0.38D
±0.01

10.24C
±0.88

13.33C
±0.47

2.23D
±0.09

0.21C
±0.01

9.42C
±0.54

0.8892

2.1261

1.4055 0.2263

1.9652

1.9832

1.097

0.2753

2.0983

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤ 0.05).

Peto
86

Super
Mar-

Castlerock

Co. inf. soil

Co. auto soil

T. h.

AMF

T. h.+ AMF

Fig. 1. Effect of biological treatments on morphological parameters of three varieties of tomato.
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pounds and amino acids in peto 86
roots (Table 4). While reducing sugars were higher in AMF + T. harzianum followed by AMF and T. harzianum treatment which gave the
lower value (102.47 and 183.88
mg/100g f.wt.) in castle-rock, super
marmande varieties in comparision
with infected control (141.72 and
188.17 mg/100g f.wt ) respectively.
There were significant differences in phenolic compounds, amino
acids and reducing sugars contents in
all treatments (Table 5). phenolic
compounds content had the highest
value in tomato leaves under influence of AMF + T. harzianum treatment in (187.05, 184.64 and 157.25
mg/100g f.wt.) in castle-rock, super
marmande and peto 86 respectively,
while T. harzianum and AMF treatments gave lower content in comparison with infected control in all varieties .

Biochemical changes:
There were significant differences in phenolic compounds, amin
acids and reducing sugars contents in
all treatments (Table 4). AMF + T.
harzianum treatment showed the
highest phenolic compounds content
in tomato roots of all varieties, where
(146.85, 65.71 and 116.61 mg/100g
f.wt.) in castle-rock, super marmande
and peto 86 respectively, followed by
T. harzianum treatment in comparison with control infected and healthy
control. While AMP treatment the
lowest value 44.57, 23.36 and 44.19
mg/100g f.wt. in castle-rock , super
marmande and peto 86 respectively.
Also amino acids had the same
trend of phenolic compounds under
influene of AMF + T. harzianum and
T. harzianum treatments which gave
the highest content in all varieties of
tomato roots (Table 4), followed by
AMF treatment. Reducing sugars had
the same trend of phenolic com-

Table 4. Effect of AMF, T. harzianum and AMF + T. harzianum biological treatments on roots content of Phenols, Amino acids and Reducing sugars after 8
weeks in three varieties of tomato infected with Fusarium oxysporum f. sp. lycopersici.
Variety

Castle-rock
Amino Reducing
Phenols
Treatment
acids
sugars
44.57D 92.56C 222.00B
AMF
±0.74
±0.83
±1.74
T. har- 116.09B 210.01A 102.47E
±0.13
±1.30
±1.72
zianum
AMF + T. 146.85A 207.63A 242.55A
±1.66
±2.06
harzianum ±0.56
Control
36.01E 101.30B 161.74C
(autoclaved
±1.81
±0.82
±1.15
soil)

Control
(infested
soil)

L.S.D.

Super Marmande
Amino Reducing
Phenols
acids
sugars
23.36E 105.22D 207.25B
±0.92
±1.48
±1.49
56.76B 144.44B 183.88C
±0.88
±1.73
±2.17
65.71A 193.35A 263.11A
±1.55
±2.11
±11.51

44.19D
±0.76
87.80B
±1.54
116.61A
±1.39

Peto 86
Amino Reducing
acids
sugars
101.36D 95.67D
±0.52
±1.55
236.82B 145.40C
±1.41
±1.81
245.35A 225.71A
±1.61
±1.62

40.89C 123.27C 162.59D
±1.32
±1.20
±1.85

42.47D
±1.11

82.60C
±1.41

150.58B
±0.64

56.60C 121.40C
±2.41
±0.95

94.34D
±0.86

5.0834

4.5247

54.24C
±0.81

83.60D
±0.99

141.72D
±1.22

32.58D
±0.63

96.63E
±0.81

188.17C
±0.68

3.2308

3.8368

5.3162

3.6545

5.0495

17.614

Phenols

5.6831

Data presented as the means of three replicates ± SD. Different letters refer to significant
difference (P≤ 0.05).
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Table 5. Effect of AMF, T. harzianum and AMF + T. harzianum biological treatments on leaves content of Phenols, Amino acids and Reducing sugars after 8
weeks in three varieties of tomato infected with Fusarium oxysporum f. sp. lycopersici.
Variety
Treatment
AMF

Castle-rock
Super Marmande
Peto 86
Amino Reducing
Amino Reducing
Amino Reducing
Phenols
Phenols
Phenols
acids
sugars
acids
sugars
acids
sugars
92.50C 145.35C
±2.94
±0.99
75.08D 166.97A
±3.14
±0.99
187.05A 150.56B
±1.41
±1.26

T. harzianum
AMF + T.
harzianum
Control
129.69B 92.14D
(autoclaved
soil)

±0.67

±1.53

73.06C
±2.33
98.52A
±2.30
84.65B
±0.30
75.52C
±2.02

103.58D 175.66B
±1.06
±1.65
112.51C 152.24C
±0.90
±0.83
184.64A 192.47A
±2.01
±1.73
73.11E
±2.68

141.34D
±0.63

35.23C
±1.97
35.44C
±0.51
64.57A
±1.64

106.30C 103.09C
±0.75
±0.73
126.94B 152.38B
±1.26
±0.64
157.25A 162.64A
±0.90
±1.38

16.73E
±1.34
54.95B
±1.16
63.53A
±1.00

56.90B
±1.64

93.67D
±0.53

42.40C
±1.77

94.32D
±0.71

Control
82.42DC 52.56E
10.43D
122.68B 156.27C 52.23B
155.40A 91.90D
37.43D
(infested
±9.67
±2.07
±0.47
±2.20
±1.71
±2.31
±3.12
±2.46
±0.91
soil)
15.746 4.6963 5.7296
6.2529 4.5909 5.6705
5.3065 4.5215 4.1905
L.S.D.
Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤
0.05).

and AMF + T. harzianum ,This might
be due to play an important role in
resistance and defense against F. oxysporum. AMF + T. harzianum
treatment gave the highest contents of
phenolic acids, amino acids and reducing sugars
The phenolic content was recorded to be higher in all the treatments viz. F. oxysporum, F. oxysporum +( Trichoderma harzianum)TH , F. oxysporum + (salicylic acid) SA and F. oxysporum +
TH + SA than that of the healthy
plants and reached its maximum level
in the plants treated with F. oxysporum + TH + SA. F. oxysporum
infection resulted in the induction of
both of the peroxidase and polyphenol oxidase enzyme activities but at a
lower level The combined application
of SA (1.5 mM) and TH in Fusarium
infected tomato plants, also enhanced
the activities of both of the enzymes
compared to the non infected or infected(Ojha and Chatterjee, 2012).

Amino acids contents were
higher in tomato leaves treated by
AMF, T. harzianum and AMF + T.
harzianum treatments in comparison
with infected and healthy control
(Table 5).
Reducing sugars contents were
higher in tomato leaves treated with
AMF + T. harzianum and T. harzianum in castle-rock and peto 86 in
comparision with infected and
healthy control (Table 5). While reducing sugars in super marmande variety had the highest value (64.57
mg/100g f.wt.) in AMF + T. harzianum treatment ,but was lower in
AMF and T. harzianum treatments(
35.23 and 35.44 mg/100g .f.wt.) in
comparison with infected and healthy
control (52.23and 56.90 mg/100g
.f.wt )
In general phenolic acids ,
amino acids and reducing sugars contents showed higher increased in
roots and leaves of tomato vareties in
most treatments AMF, T. harzianum
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Benhamou et al., (1994) have
suggested that phenols and Chitinase
were involved in plant resistance to
fungal pathogen induced by AM
fungi. Fry (1987) demonstrated that
the cell wall bound phenols are important because they are the sites at
which the covalent cross links may
form by oxidative coupling between
wall polymers.
The AM ( Glomus fasciculatum)
fungus-infected tomato plants showed
an increase in reducing and total sugars both in leaves and roots, but more
in leaves (Raman and Gnanaguru,
2015). Leaves of AM fungus-infected
plants generally contain more sucrose, reducing sugars and starch than
non-mycorrhizal plants (Dixon et al.,
1988; Nemec and Vu, 1990). The increased level of reducing sugars in
mycorrhizal roots lowers disease incidence (Schenck, 1981)
Generally mycorrhizal association increases the amino acid content
in plants. An increased level of amino
acids was found in AM (Glomus fasciculatum) fungus-infected tomato
plants (Raman and
Gnanaguru,
2015). Krishna and Bagyaraj (1983)
found higher level of amino acids in
Arachis hypogea inoculated with G.
fasciculatum. Increase in amino acid
level was directly correlated with increase in AM fungal infection (Dehne, 1986). Such increase in free
amino acids of AM infected plants
was observed in G. fasciculatum inoculated tomato plants. The amino
acid content decreased in leaves and
roots of infected control (Ratnayake
et al., 1978).
Data in Tables (6) and (7) show
the significant differences between
treatments in phenylalanine ammonia
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lyase, ascorbate peroxidase, peroxidase and polyphenoloxidase enzymes
after 8 weeks in three varieties of tomato roots and leaves respectively
infected with Fusarium oxysporum f.
sp. lycopersici.
AMF, T. harzianum and AMF +
T. harzianum gave the highest POD
activity in tomato roots of all tested
varieties in comparision of infected
and healthy control (Table 6). while
peto 86 variety had the highest POD
activity in tomato roots treated with
AMF + T. harzianum and T. harzianum (35550 and 31010.33 unit
/mg protein), while AMF treatment
gave the lowest activity( 14308.33
unit /mg protein) in comparison with
infected
and
healthy
control(17181.67 and 8516 unit /mg protein) respectively. PPO activity was
higher in tomato roots treated with
AMF + T. harzianum and AMF in all
varieties in comparison with infected
and non infected control.
Apx activity in tomato roots of
castle-rock variety was higher in
AMF + T. harzianum, T. harzianum
and AMF, treatments (90, 84.67 and
34.67 unit /mg protein), in comparison to infected and non infected control (25.331 and 22.33 unit /mg protein). While super marmande tomato
leaves had a higher apx activity by
AMF + T. harzianum, and AMF
treatments. but activity was higher
peto 86 variety treated with AMF +
T. harzianum and T. harzianum in
comparison to infected and non infected control( Table 6 ) .
PAL activity was higher in tomato roots of castle-rock and super
marmande treated with AMF + T.
harzianum and T. harzianum, while
activity was higher in tomato roots of
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peto 86 in all treatment in comparison
to infected and non infected control
(Table 6).
POD activity in tomato leaves
of super marmande and peto 86 varieties was higher in all treatments in
comparison with infected control(
Table 7), while almost higher in castle-rock treated with AMF + T. harzianum, and AMF (16531 and
10531.33 unit /mg protein) (Table 7)
in comparison with infected or

healthy control ( 8021 or 3026.67 unit
/mg protein ). Castle-rock and peto 86
varieties leaves had a higher PPO activity in AMF + T. harzianum, and
AMF treatments. While super marmande had a higher PPO activity in
AMF + T. harzianum and T. harzianum treatments (3851.33 and
2750.33 unit /mg protein) in comparison with infected and non infected
control. (1879.67 and 2361.33 unit
/mg protein).
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Table 6. Effect of AMF, T. harzianum and AMF + T. harzianum biological treatments on the activity of phenylalanine ammonia lyase (unit/ mg protein),
ascorbate peroxidase (unit / mg protein), peroxidase (unit / mg protein) and
poly phenoloxidase (unit / mg protein) after 8 weeks in three varieties of tomato roots infected with Fusarium oxysporum f. sp. lycopersici.
Variety
Treatment

Castle-rock
PAL R

apx

POD

Super Marmande
PPO

PAL

apx

POD

Peto 86
PPO

PAL

apx

POD

PPO

AMF

2361.33C 34.67C 14441.67C 7020.33B 1149.67E 44.67B 40080.33B 13708.67B 5309.00B 17.33E 14308.33D 8991.00B
±6.55
±0.47
±8.18
±2.87
±5.73
±0.47
±5.31
±4.50
±2.94
±0.47
±6.24
±4.90

T. harzianum

3891.33B 84.67B 43706.33A 4127.00D 2952.00A 16.33E 22420.67C 6419.00C 2657.00C 54.33B 31010.33B 4121.67D
±4.19
±0.47
±3.68
±4.55
±3.56
±0.47
±6.55
±4.90
±4.32
±0.47
±3.69
±5.44

AMF + T. 4448.67A 90.00A 18465.00B 8229.33A 2590.67B 58.00A 45187.00A 14313.00A 5987.33A 85.00A 35550.00A 9965.33A
harzianum ±154.76 ±1.63
±40.47
±4.78
±7.36
±1.63 ±441.03
±58.03
±1.2
±1.63
±1.64
±2.05
Control 2327.67C 22.33E 13232.33D 6950.00C 2528.00C 36.33C 14567.33D 4160.00E 1911.00E 27.67D 8516.00E 2121.00E
(autoclaved
±12.50 ±0.47
±4.19
±2.45
±4.55
±0.41
±5.44
±5.72
±3.74
±0.47
±4.09
±3.75
soil)
Control
(infested
soil)
L.S.D.

2450.67C 25.33D 8788.67E 3539.67E 1366.67D 29.67D 14219.00D 4821.00D 2356.67D 49.33C 17181.67C 4868.00C
±3.30
±0.47
±3.68
±4.92
±5.31
±0.47
±3.27
±4.90
±6.24
±0.47
±4.11
±3.75
228.86

2.7753

61.563

13.328

17.946

2.7753

649.31

86.686

13.31

2.7753

13.859

13.631

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤ 0.05).

Ascorbate peroxidase (APX) activity had the highest value in all
leaves of tested varieties treated with
AMF + T. harzianum in comparison
with other treatments. PAL activity
was higher in castle-rock variety
leaves treated with AMF + T. harzianum (10762.67 unit /mg protein) ,
while activity was higher in super
marmande and peto 86 varieties
treated with AMF + T. harzianum and
AMF.
In general POD, PPO, APX and
PAL activities showed higher increased in roots and leaves of tomato
vareties in most treatments AMF, T.
harzianum and AMF + T. harzianum
,This might be due to play an important role in resistance and defense
against F. oxysporum. AMF + T. harzianum treatment gave the highest
activity of POD, PPO, APX and PAL.
Earlier researchers observed enhanced activity of peroxidase and

polyphenol oxidase enzyme activities
in host tissues in response to pathogenic infection (Ojha et al. 2005 and
Chakraborty and Chatterjee 2007).
Toxic metabolites of the fungus may
activate the production of phenoloxidizing enzymes. Fusarium species
are known to produce such metabolites which also play a vital role in the
tissue browning by their ability to
oxidize phenols to quinines which are
known to be more reactive and have
more antimicrobial activity than the
phenols, already exist in plants infected with F. oxysporum and TH
treated (Morkunas and Gmerek,
2007). On the other hand, development of an antioxidant defense system in plants protect them against
oxidative stress damage by either partial suppression of reactive oxygen
species production or the scavenging
of reactive oxygen species which are
generated during plant pathogen in-
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teractions (Ye et al. 2006; Cavalcanti
et al. 2007) Thus, various antioxidant
enzymes like peroxidases and polyphenol oxidases can participate in reactive oxygen metabolism of the species during infection.
Significant increases in peroxidase
(PO and phenyl alanine ammonialayase (PAL) have been observed associated with bio-and chemical
agents treatment in the treated plants
which indicated to induction of systemic resistance against F. oxysporum. Several studies reported
that systemic resistance is characterized by induction of several formation of PRs and has been taken as a
marker of the induced resistance

(Kessman et al. 1994). Some of these
PRs are PO and PAL enzymes play a
role in phenolic compound metabolisms. Other studies indicated to the
activation of large amount of enzymes including peroxidase, chitinase, β – 1,3 –glucanase, and phenyl
alanine ammonia-layase upon treatment of plants with different agents
biotic and abiotic. These activation
were found associated with cellular
alteration in the epidermal and cortical
cells that inhibited further colonization
and inhibited the causal pathogen to
reach the vascular tissue (Hoffland et al.
1995).

Table 7. Effect of AMF, T. harzianum and AMF + T. harzianum biological treatments on the activity of phenylalanine ammonia lyase (unit/ mg protein),
ascorbate peroxidase (unit / mg protein), peroxidase (unit / mg protein) and
poly phenoloxidase (unit / mg protein) after 8 weeks in three varieties of tomato leaves infected with Fusarium oxysporum f. sp. lycopersici.
Castle-rock

Super Marmande

Peto 86

Variety
PAL

apx

POD

PPO

PAL

apx

POD

PPO

PAL

apx

POD

PPO

Treatment
AMF

7678.00C 10.33C 10531.33B 4058.33B 11039.00B 4.67D 2687.33C 1808.67C 13748.00B 9.67D 16986.33B 7980.67B
±2.94
±0.47
±3.40
±3.30
±2.45
±0.47
±3.86
±4.99
±7.48
±0.47
±5.79
±5.31

T. harzianum

2378.33E 7.33D 2229.33E 690.33E 6868.67D 1.67E 3446.67B 2750.33B 5426.67E 21.67B 5226.67D 1721.67E
±4.92
±0.47
±5.31
±2.87
±4.50
±0.47 ±472.15
±4.50
±4.50
±0.47
±4.78
±3.09

AMF + T. 10762.67A 29.33A 16531.00A 6329.67A 12050.00A 23.67A 6316.00A 3851.33A 14709.00A 28.67A 17871.33A 8722.67A
±1.25 ±197.32
±52.82
±43.204 ±1.70 ±145.84 ±490.04
±63.04
±0.94
±4.64
±95.00
harzianum ±30.18
Control
8477.00B 5.33D 3026.67D 2150.67D 4007.00E 11.67C 5937.33A 2361.33CB 9960.33D 6.67E 5950.00C 4229.33C
(autoclaved
±2.94
±0.47
±4.99
±6.55
±3.56
±0.47
±4.64
±3.40
±2.87
±0.47
±5.72
±3.68
soil)
Control
5737.33D 14.67B 8021.00C 3229.33C 7529.67C 18.67B 1678.67D 1879.67C 10553.33C 18.33C 1949.33E 2020.00D
(infested
±471.88 ±0.47
±2.94
±6.24
±4.11
±0.47
±2.05
±4.92
±4.19
±0.47
±2.87
±4.55
soil)
696.02 2.3011 290.69
79.138
64.533 2.8607 727.38
721.37
93.966 1.9624 16.048
140.37
L.S.D.

Data presented as the means of three replicates ± SD. Different letters refer to significant difference (P≤ 0.05).
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Trichoderma viride (Pers.) preinoculated wheat seedlings infected with
Fusarium oxysporum Schlecht. mediated
activation of antioxidant enzymes such
as, catalase, guaiacol peroxidase, ascorbate peroxidase, superoxide dismutase in
co-stressed seedlings indicated their involvement in enhanced resistance
against Fusarium infection, which is
suggestive of playing crucial role in
mitigating cellular toxicity developed
due to excess H2O2. Thus, Trichoderma
pre-inoculation protected wheat against
Fusarium infection by stabilising oxidative stress (Mohapatra and Mittra, 2017).
Conclusion
AMF, T. harzianum and AMF + T.
harzianum, treatments induced resistance in tomato varieties against F. oxysporum. AMF + T. harzianum treatment was the best treatment.
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ﺤﺙ ﻨﺒﺎﺘﺎﺕ ﺍﻟﻁﻤﺎﻁﻡ ﻟﻠﻤﻘﺎﻭﻤﺔ ﻀﺩ ﻓﻁﺭ Fusarium oxysporum f. sp. lycopersici
ﺒﻭﺍﺴﻁﺔ ﻓﻁﺭﻱ ﺍﻟﻤﻴﻜﻭﺭﻫﻴﺯﺍ ﻭﺍﻟﺘﺭﻴﻜﻭﺩﻴﺭﻤﺎ.
٢

ﻜﺭﻴﻤﺔ ﺠﺎﺒﺭ ﺤﻠﻤﻰ ، ١ﻫﻤﺕ ﻋﺒﺩﺍﻟﻔﺘﺎﺡ ﺇﺒﺭﺍﻫﻴﻡ

 ١ﻗﺴﻡ ﺃﻤﺭﺍﺽ ﺍﻟﻨﺒﺎﺕ –ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ﺠﺎﻤﻌﺔ ﻋﻴﻥ ﺸﻤﺱ
 ٢ﻗﺴﻡ ﺍﻟﻜﻴﻤﻴﺎﺀ ﺍﻟﺤﻴﻭﻴﺔ– ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ﺠﺎﻤﻌﺔ ﻋﻴﻥ ﺸﻤﺱ

ﺍﻟﻤﻠﺨﺹ
ﺘﻡ ﻋﻤل ﺘﺠﺭﺒﺔ ﻓﻰ ﺍﻻﺼﺹ ﻟﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﺍﻟﻤﻴﻜﻭﺭﻫﻴﺯﺍ ﻭﺍﻟﺘﺭﻴﻜﻭﺩﻴﺭﻤﺎ ﺴﻭﺍﺀ ﻜـﻼ ﻤﻨﻬﻤـﺎ
ﻤﻨﻔﺭﺩﺁ ﺍﻭ ﻤﻨﺩﻤﺠﻴﻥ ﻤﻌﺎ ﻀﺩ ﻓﻁﺭﺍﻟﻔﻴﻭﺯﺍﺭﻴﻭﻡ ﻤﺴﺒﺏ ﺍﻟﺫﺒﻭل ﻓﻰ ﺍﻟﻁﻤﺎﻁﻡ ﻭﺫﻟﻙ ﻋﻠﻰ ﺜﻼﺜﺔ ﺍﺼﻨﺎﻑ
)ﻜﺎﺴل ﺭﻭﻙ -ﺴﻭﺒﺭ ﻤﺎﺭﻤﻨﺩ -ﺒﻴﺘﻭ  ( ٨٦ﻤﻊ ﺍﻟﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﺯﺭﺍﻋﺔ ﻓﻰ ﺘﺭﺒﺔ ﻤﻌﺩﻴﺔ ﺒﺎﻟﻔﻁﺭ ﺍﻟﻤﻤﺭﺽ
ﻓﻘﻁ .ﺘﻡ ﺘﻘﺩﻴﺭ ﺸﺩﺓ ﺍﻻﺼﺎﺒﺔ ﻭﺃﻁﻭﺍل ﺍﻟﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻯ ﻭﺍﻟﺠﺫﺭﻯ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺭﻁﺏ ﻭﺍﻟﺠﺎﻑ ﻟﻬﻤﺎ،
ﺘﻡ ﺘﻘﺩﻴﺭ ﺍﻻﺤﻤﺎﺽ ﺍﻻﻤﻴﻨﻴﺔ ﻭﺍﻟﺴﻜﺭﻴﺎﺕ ﺍﻟﻤﺨﺘﺯﻟﺔ ﻭﺍﻟﻤﺭﻜﺒﺎﺕ ﺍﻟﻔﻴﻨﻭﻟﻴﺔ ﻭﻨﺸﺎﻁ ﺍﻨﺯﻴﻤـﺎﺕ ﺍﻟﺒـﻭﻟﻰ
ﻓﻴﻨﻭل ﺍﻜﺴﻴﺩﻴﺯ ﻭﺍﻟﺒﻴﺭﺍﻭﻜﺴﻴﺩﻴﺯ ﻭﺍﻟﻔﻴﻨﻴل ﺍﻻﻨﻴﻥ ﺍﻤﻭﻨﻴﺎ ﻻﻴﻴﺯ ﻓـﻰ ﺍﻻﻭﺭﺍﻕ ﻭﺍﻟﺠـﺫﻭﺭ  ،ﻓـﺎﻅﻬﺭﺕ
ﺍﻟﻤﻌﺎﻤﻼﺕ ﻤﻨﻔﺭﺩﺓ ﺍﻭ ﻤﻨﺩﻤﺠﺔ ﻤﻌﺂ ﻜﻔﺎﺀﺓ ﻓﻰ ﺨﻔﺽ ﺸﺩﺓ ﺍﻻﺼـﺎﺒﺔ ﻭﺯﻴـﺎﺩﺓ ﻤﺤﺘـﻭﻯ ﺍﻟﻔﻴﻨـﻭﻻﺕ
ﻭﺍﻟﺴﻜﺭﻴﺎﺕ ﻭﺍﻻﺤﻤﺎﺽ ﺍﻻﻤﻴﻨﻴﺔ ﻭﺯﻴﺎﺩﺓ ﻨﺸﺎﻁ ﺍﻻﻨﺯﻴﻤﺎﺕ ﻭﺫﻟﻙ ﻓﻰ ﺍﻻﺼﻨﺎﻑ ﺍﻟﻤﺨﺘﻠﻔﺔ ،ﻭﻗﺩ ﻜـﺎﻥ
ﻟﺫﻟﻙ ﺩﻭﺭ ﻓﻰ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻀﺩ ﺍﻟﻔﻁﺭ ﺍﻟﻤﻤﺭﺽ .ﻜﺎﻨﺕ ﺍﻟﻤﻌﺎﻤﻠـﺔ ﺒـﺩﻤﺞ ﻜـﻼ ﻤـﻥ ﺍﻟﻤﻴﻜـﻭﺭﻫﻴﺯﺍ
ﻭﺍﻟﺘﺭﻴﻜﻭﺩﻴﺭﻤﺎ ﺍﻜﺜﺭ ﻜﻔﺎﺀﺓ ﻭﺍﻋﻁﺕ ﺍﻓﻀل ﻨﺘﻴﺠﺔ.
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