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ARTICLE INFO ABSTRACT

Trichoderma harzianum and a composite endomycorrhizal inoculum were tested in vivo for
their antagonistic activity against Verticillium dahliae causing tomato vascular wilt in
Morocco. This dual inoculation had a positive effect on the growth of tomato seedlings
compared to control; height (42.7/31.3 cm), stem diameter (0.9/0.7 g), flowers number (7 /
2.5), fruit weight (13.3/5.6 g), fresh shoot weight (36.7/21.7 g) and fresh root weight
(12.6/8.4 g). Also, dual inoculation has a positive effect on tomato seedlings against V.
dahliae compared those inoculated only with V. dahliae; Height (39.5/28.8 cm), flowers
number (5/1.8), fruit number (0.8/0.5), fruit weight (18/4.4 g), fresh shoot weight (37.1/21.4
g) and fresh root weight (10.9/7.3 g). Mycorrhizal intensity of the mycorrhized tomato
plants was the highest (81%), inoculation with T. harzianum has decreased the root
mycorrhizal intensity to (52%). 100%  of roots of the tomato plants inoculated with the
AMF fungi were approximately mycorrhized. Extraction of spores from soil samples
revealed the presence of six spore morphotypes, the genus of Glomus was the dominant
(80%), three Glomus species were classified as Glomus intraradices, G. etunicatum, G.
occultum and one non identified morphotypes (Glomus sp.). Two different species
belonging to Scutellospora (20%): S. fulgida and S. nigra.

INTRODUCTION
Tomato is the second-most important vegetable in the world after
potato (Dorias et al., 2008), with a worldwide production of 129
million tons in 2008 (FAO, 2010). In Morocco, the tomato
cultivation plays an important socio-economic role in the
Moroccan economy as it generates by currency and provides
many job opportunities. It occupies a total area of 18 642 ha,
providing a total production of 1 312 305 tones (Anonymous,
2012), which more than half is exported mainly to the countries of
the European Union (Hormatallah et al., 2010). In this context,
this fruit takes the functional food status (Hagunaur, 2011). This
demonstrates the need to increase the production of this crop at
the national level. However, despite the use of resistant varieties,
cultivation of tomatoes in greenhouses is still subject to attacks of
fungal diseases, bacteria and pests that sometimes cause severe
damage (Chibane, 1999). Among the fungal diseases, V. dahliae
that is an important soil borne pathogen which has large host

range and maintain viability for 10-15 years in the soil as
microsclerotia. The disease prevents the exchange of plant
nutrients and water in the plant and cause wilting (Roustaee and
Baghdadi, 2007). Alternative fumigants, such as chloropicrin,
metam sodium, 1, 3-dichloropropene, and combinations of these
(Martin, 2003)  are  now available with varying levels of
performance. However, many growers, including those who
desire to implement organic systems, have expressed interest in
management systems that are not dependent on chemical soil
fumigation but rely on biologically based approaches, such as the
use of cover crops and compost (Leonor et al., 2007). Organic
amendments, such as compost, are widely available and offer the
advantage of improving soil properties, adding nutrients, and
recycling wastes (Millner et al., 2004). In addition, composts may
enhance plant growth and suppress plant pathogens by naturally
introducing beneficial microbial populations, or by amendment
with commercial biocontrol strains (De Ceuster and Hoitink,
1999; Mouria et al., 2010, 2013). The major effect of mycorrhizal
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fungi in undisturbed ecosystems is to improve by the growth of
mycorrhizal plants compared to non-mycorrhizal plants
(Plenchette et al., 1983; Karagiannidis and Hadjisavva-Zinoviadi,
1998). It covers the root of plants so it makes protective physical
barrier against diseases also (McAllister et al., 1997;
Karagiannidis et al., 2002). Induce local and systemic resistance
against pathogens using a variety of mechanisms including
increased mineral nutrition, and the expression of plant genes
related to resistance or direct anti-fungal effects (Al-Karaki et al.,
2004). AMF are currently studied as biological control agents
against soil-borne diseases (Hooker et al., 1994). Their effects in
plant pathogen interactions range from disease reduction
(Rosendahl and Rosendahl, 1991; Liu, 1995; Smith et al., 1997)
to a neutral action (Baath and Hayman, 1984).

Trichoderma species are ubiquitous fungi, frequently isolated
from plant root ecosystems and commonly used in biological
control of plant disease (Hjeljord  and Tronsmo, 1998). Though
major biocontrol mechanisms used by Trichoderma spp. in direct
confrontation with fungal pathogens are mycoparasitism and
antibiosis (Hanada et al., 2008; Mejia et al., 2008; Vinale et al.,
2008; Mouria et al., 2013).), some species of Trichoderma have
displayed physical interaction (root surface colonization) with the
plant, resulting in beneficial effects in plant metabolism such as
enhanced growth, nutrient availability, improvement of crop
production and enhancement of disease resistance (Chang et al.,
1997: Yedidia et al., 1999, 2000; Martinez et al., 2001; Harman,
2008; Shoreshed et al., 2010). T. harzianum is an important
biological control agent effective to plant pathogens via
hyperparasitism (Tchameni et al., 2011). Trichoderma spp. also
produce some bioactive substances has an antagonistic effect. It
was determined that some isolates of Trichoderma control
effectively some fungal pathogens including Rhizoctonia solani,
Sclerotium rolfsii, Pythium spp. and Trichoderma spp. enhanced
the development of plants and induces the resistance mechanisms
by several ways (Akrami et al., 2009). Also, endogenous agents
were considered ecologically more adaptable and able to protect
the plant environment from soil-borne pathogens infections
(Narisawaa et al., 2000). During the interactions of Trichoderma
spp. with the plant, enzymes and different classes of metabolites
including amino acids, phenols and organic compounds, can be
accumulated or released from fungal/plant cell walls and act as
resistance inducers (Martinez et al., 2001; Vinale et al., 2008).
V. dahliae is an important soil borne pathogen which has large
host range and maintain viability for 10-15 years in the soil as
microsclerotia. The disease prevents the exchange of plant
nutrients and water in the plant and cause wilting (Roustaee and
Baghdadi, 2007). The pathogenic fungus V. dahliae causes
yellow-bronze leaf spots, vascular discoloration, yield losses,
reduction of growth, fruit quality and plant death in tomato and
eggplants (Cirulli et al., 1990; Bletsos et al., 1999). Wilt caused
by V. dahliae is difficult to control because the fungus can survive
in the soil as microsclerotia even in the absence of a suitable host
(Wilhelm, 1955; Griffiths, 1970; Bruehl, 1987). Therefore, the
aim of this study was to investigate the potential of AMF and a
strain of T. harzianum to promote tomato growth and protect
against Verticillium wilt.

MATERIALS AND METHODS
Preparation of the seedlings

Seeds of tomato variety ‘‘Rio Grande’’ were disinfected with
Sodium hypochlorite (5%) and were washed several times at the

tap water then put on the filter paper during 15 minutes. These
seeds, were germinated in plastic pots, filled with a wet peat and
incubated in a greenhouse during four weeks.

Substrate preparation

Mamora’s sand (Table 1), sterilized three times at the interval of 2
hours at 200 °C for 2 hours. 24 polyethylene pots (13.5 cm × 13
cm) are filled with 2 kg of Mamora’s sand sterilized and cooled
representing the substrate 1. 24 other pots are filled with the
mixture of Mamora’s sand and the endomycorrhizal inoculum an
amount of 50% (V: V), representing the substrate 2.

Preparation of Trichoderma harzianum inoculum

Trichoderma harzianum was grown in darkness at 28°C on PSA
(Potato Sucrose Agar) plates (Potato = 200 g, sucrose = 15 g,
Agar-Agar = 20 g, and 1000 ml distilled water) till the colony
became green. Then, spores were transferred with sterilized
distilled water to the crystallizers arriving to 107 spores/ml of the
conidial suspension concentration.

Preparation of Verticillium dahliae inoculum

Polyspore culture was prepared by taking five days mycelial disks
of Verticillium dahliae aged of 6 days, these disks were
punched out with a manual disk puncher with a diameter of 5 mm
that were after put on tube containing 1 ml of sterilized distilled
water and agitated 2800 rotation/min for 2 min, then, the
suspension was displayed in PSA agar plates. This operation was
repeated many times in many PSA agar plates.

Endomycorrhizal Inoculum production and multiplication

A composite endomycorrhizal inoculum was collected from the
soil and the root samples of the olive trees rhizosphere in different
Moroccan olive groves. Barley seeds were desinfected with
Sodium hypochlorite (5%) for two minutes, they were rinsed with
the tap water and sown in pots containing mycorrhized roots
fragments and soil of the olive trees. These pots were brought to
the greenhouse and sprayed regularly with distilled water and
received 100 ml of a nutritive solution every 15 days. The
inoculum was obtained after three months of culture; it was
constituted by sterile Mamora’s soil composed with a mixture of
composite endomycorrhizal spores of the olive trees and
fragments of mycorrhized barley roots (85% of infected roots with
a mycorrhizal intensity of 63%).

Inoculation

Lot 1: consisting of 12 plants (6: Control and 6: mycorrhization)
are dipped in the sterile distilled water.
Lot 2: 24 plants were gently removed with their rootball from
their plastic containers and subsequently dipped in the prepared
inoculum during 30 minutes.
Lot 2’: After 48 hours, 12 plants inoculated with T. harzianum are
cleared from their peat before being inoculated with Verticillium
dahliae.
Lot 3’: 12 plants are slightly removed from peat; roots were
wounded and dipped in the suspension of Verticillium dahliae.
After inoculation, six seedlings of each lot are replanted in pots
containing the substrate 1, and the other 6 of each lot are replanted
in pots containing substrate 2.

Evaluation of the agronomic parameters of the inoculated
plants

After 8 weeks, tomato plants were brought back from the
greenhouse and cut in the level of the collar. The roots were
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washed with a tap water and dread on absorbent paper overnight
under ambient laboratory conditions. The height of the vegetative
part was measured; (Reduction of the epicotyl size of the
inoculated plants compared to control was estimated by dwarfing
index of (D.I.) calculated according to the formula (Douira &
Lahlou, 1989) :

D.I. = Mt-X / Mt x100
X: The increase of the inoculated plants epicotyl.
Mt: The average growth of the control.

Leaves alteration

The scale for calculation of the index of foliar alteration (Leaf area
index) was that used by Douira and Lahlou (1993): 0: leaves with
healthy appearance; 1: wilting or chlorosis of the cotyledons; 2:
loss of the cotyledons; 3: wilting or chlorosis of the true leaves; 4:
necrosis of the true leaves; 5: loss of the true leaves. The total
score of all the leaves constituted the foliar index. An average was
eventually calculated for each group of 6 plants. Fresh and dry
weights of vegetative, root biomass were measured and shoot/root
ratio was calculated. Stem diameter was measured with a caliper
and the leaves and fruits were counted on the vegetative part.

Mycorrhizal parameters

The mycorrhizal frequency and intensity were quantified using
the technique of Phillips and Hayman (1970), as modified by
Koske and Gemma (1989). The frequency and the intensity of
arbuscules and vesicles of AMF inside the root bark were
measured by assigning an index of mycorrhization from 0 to 5
(Trouvelot et al., 1986; Derkowska et al., 2008).

Determination of the endomycorrhizal spores population

Spores were extracted following the wet sieving method described
by Gerdemann and Nicolson (1963). In a 1 L beaker, 100 g of
each soil was submerged in 0.5 L of tap water and stirred for 1
minute with a spatula. After 10 to 30 seconds of settling, the
supernatant was passed through a sieve of 315 microns mesh size.
The same soil sample was again submerged, stirred, and the wet
sieving is repeated 3 times. Deposition in the used sieve contained
the maximum of spores; it was recovered with 6 ml distilled water
and transferred to centrifuge tubes. After 5 minutes of the first
centrifugation at 2000 RPM, debris and the supernatant were
discarded and the pellet was suspended in a solution of 4 ml of
50% sucrose. After agitation, one second centrifugation was
performed for 1 minute at 2000 RPM and 3th one was realized for
1 minute at 3000 RPM. Spores contained in the supernatant were
passed through the sieve and the pellet was discarded. Spores in
the sieve were rinsed with distilled water to remove the sucrose,
and then disinfected with a solution of streptomycin. The spores
were then recovered with 5 ml distilled water in an Erlenmeyer
flask. At the end, endomycorrhizal spores were quantified to
estimate their number in 100 g of soil.
Appearance frequency (A.F.S %) designates the percentage of a
morphotype relative to other species.

A.F.S% = ns / nT × 100.
ns : Isolated spores number of the species X
nT : Total spores number
Appearance frequency of genera (A.F.G%): designates the
percentage of a total spores species of one genus relative to
species belonging to all genera.

A.F.G% = nG / nT × 100
nG: Number of spores of the genus X.
nT: Total spores number.

Trichoderma harzianum and Verticillium dahliae isolation
from tomato plant

Thin sections from the roots and stems of tomato plants inoculated
with Trichoderma harzianum and Verticillium dahliae and non
inoculated plants were cuts and placed in alcohol at 95 ° for 2
min, rinsed several times with sterile distilled water, quickly dried
on sterile filter paper and placed on agar (agar : 20 g ; l000 ml of
distilled water) (Douira and Lahlou, 1989) and on PSA plates.
Then, these agar plates were incubated in the darkness at 22°C.
The isolation percentage (Pr %) was obtained by applying the
following formula:

Pr = NsPx/ NT × 100

NSPx: Number of segments containing the fungal specie x.
NT: Total number of segments used in the isolation.

Isolation from soil

The technique of "Soil plates" of Warcup (1950) was adopted for
the isolation of V. dahliae and T. harzianum at 30°C in Petri
dishes funds and ground in a sterile mortar. An amount of soil (5
mg to 15 mg) was dispersed in sterile Petri dishes (9cm of
diameter) to which are added 1-2 drops of sterile distilled water.

RESULTS
Effect of AMF and Trichoderma harzianum on growth of
tomato seedling

Growth parameters of tomato seedlings grown in soils inoculated
with AMF and T. harzianum were variably affected when they
were examined after 8 weeks. The data in Table 2 demonstrate the
positive effect of the endomycorrhizal species and T. harzianum
on the length of the aerial part of tomato seedlings and dwarfing
index in the 3th, 6th and the 8th week after inoculation. Difference
of height appeared since the 3th (Fig. 1) week of inoculation;
tomato seedlings inoculated with T. harzianum have shown the
highest length (31 cm), those inoculated with V. dahliae showed
the lowest length (17cm), After the 6th week of inoculations, dual
inoculation with T. harzianum and endomycorrhizal inoculum had
the most benefit effect on the length of tomato seedlings (38.2 cm
and 41.5 cm respectively in the 6th and 8th week of inoculations).

Fig. 1 Aerial part and root system of tomato seedlings after eight weeks
of inoculation with different treatment. (C): Control; (V): Verticillium
dahliae ; (T) : Trichoderma harzianum; (M): Arbuscular mycorrhiza

C
T V V+Tr M M+Tr

Tr+V Tr+M
+ V

Fig. 1 Aerial part and root system of tomato seedlings after eight weeks of inoculation with different treatment. (C): Control;
(V): Verticillium dahliae ; (T) : Trichoderma harzianum; (M): Arbuscular mycorrhiza.
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The highest dwarfing index was shown in the lot of tomato
seedlings inoculated with V. dahliae (22.22, 14.81 and 7.9 cm
respectively in the 3th, 6th and the 8th week) (Table 2). In the 8th

week, the length of tomato seedlings inoculated with T.
harzianum + V. dahliae (41.5cm) was higher than those
inoculated with only V. dahliae (28.8cm). Same results was
obtained with tomato seedlings inoculated with endomycorrhizal
inoculum + V. dahliae (40.2cm) and with the trial inoculation (T.
harzianum + V. dahliae + endomycorrhizal inoculum) compared
with tomato seedlings inoculated only with V. dahliae (28.8cm)
(Table 2).

Root system was developed after the inoculation with T.
harzianum and endomycorrhizal inoculum (Fig. 2); this dual
inoculation and the inoculation with T. harzianum had the longest
root system (35.5 cm). It has also a benefits effect against V.
dahliae: tomato seedlings treated with the trial inoculation (M + T
+ V) showed long roots (28.7 cm) than those inoculated only with
V. dahliae (20.1 cm). Inoculation with V. dahliae had decreased
the Stem diameter of tomato seedlings (0.7cm) compared to all
the dual inoculations (0.9 cm) (Fig. 3). In the other hand, T.
harzianum and endomycorrhizal inoculum had shown the lowest
leaf area index against V. dahliae (0.5 %), so that this last had the
highest leaf area index (3.16%) (Fig. 4).

The data in table 3 demonstrate the positive effect of the
endomycorrhizal species and Trichoderma harzianum on the Fruit
weight, fresh and dry weight of the aerial part and root system of
the inoculated tomato seedlings in the 8th week. After eight weeks,
the heaviest fruits weight was observed in the lot of tomato
seedling inoculated with the trial inoculation (M+T+V) (18g) and
the lowest weight was (4.4g) in the lot of tomato seedlings
inoculated with V. dahliae. Dual inoculation of tomato seedlings
with T. harzianum and endomycorrhizae showed the heaviest
fresh weight of the aerial part (36.7 g) relative to control (21.7g)
and to V. dahliae (18.4g). T. harzianum and endomycorrhizae
have shown a positive effect against V. dahliae. So that so, trial
inoculation (M+T+V) had a significant effect on tomato seedling
compared with those inoculated only with Verticillium dahliae;
fresh weight of the aerial part (27.1/ 21.7g), dry weight of aerial
part (3.2/ 1.9g), fresh weight of the root system (10.9 / 8.4g) and
dry weight of the root system (2/  0.9g) (Table 3).

Data in table 4 demonstrate that T. harzianum, endomycorrhizae
and V. dahliae had a significant effect on the number of tomato
true leaves: Inoculation with only mycorrhizae showed more true
leaves (9.5 leaves) than control (8 leaves) and seedling inoculated
with V. dahliae (6.7 leaves). In the other side, there were no

Fig. 2 Roots length of tomato seedling after 8 weeks of inoculation.
(C): Control; (T): Arbuscular mycorrhiza; (V): Verticillium

dahliae; (M): Trichoderma harzianum
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Fig. 2. Roots length of tomato seedling after 8 weeks of inoculation. (C): Control; (T):
Arbuscular mycorrhiza; (V): Verticillium dahliae; (M): Trichoderma harzianum.

Fig.  3 Stem diameter of tomato seedling after 8 weeks of inoculation.
(C): Control; (T): Arbuscular mycorrhiza; (V): Verticillium

dahliae; (M): Trichoderma harzianum
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Fig.  3. Stem diameter of tomato seedling after 8 weeks of inoculation. (C):
Control; (T): Arbuscular mycorrhiza; (V): Verticillium dahliae; (M):
Trichoderma harzianum.

Fig. 4 Leaves area index of tomato seedlings after 8 weeks of
inoculation. (C): Control; (T): Arbuscular mycorrhiza; (V):

Verticillium dahliae; (M): Trichoderma harzianum
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Fig. 4 Leaves area index of tomato seedlings after 8 weeks of inoculation. (C): Control; (T):
Arbuscular mycorrhiza; (V): Verticillium dahliae; (M): Trichoderma harzianum.

Fig. 5 Reisolation of Verticillium dahliae and Trichoderma
harzianum from the soil and from different parts of tomato seedlings
on PSA and on water agar. Isolations from roots of control (A); V.
dahliae isolated from the roots of tomato plants (B); V. dahliae
isolated from the hypocoty of tomato seedlings (C); isolation from the
epicotyl of tomato seedlings (D); T. harzianum isolated from roots of
tomato plants (E); Isolation of Trichoderma harzianum from the
rhizosphere of tomato seedlings (F)

A B C

D E F

Fig 5. Reisolation of Verticillium dahliae and Trichoderma harzianum from the soil and from
different parts of tomato seedlings on PSA and on water agar. Isolations from roots of control (A);
V. dahliae isolated from the roots of tomato plants (B); V. dahliae isolated from the hypocoty of
tomato seedlings (C); isolation from the epicotyl of tomato seedlings (D); T. harzianum isolated
from roots of tomato plants (E); Isolation of Trichoderma harzianum from the rhizosphere of
tomato seedlings (F).



International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.449-459, February, 2014

453

significant effects on cotyledonary leaves and on the fruits
number. T. harzianum and endomycorrhizal inoculum had a
positive effect on the flowers number of tomato seedlings. This
dual inoculation (T+M) showed the highest flowers number (7
flowers) compared to the control (2.5 flowers). Also, this dual
inoculation showed a positive effect of the flowers number in the
presence of V. dahliae (5 flowers) compared with flowers number
in the lot of tomato seedlings inoculated only with V. dahliae (1.8
flowers) (Table 4).

Verticillium dahliae and Trichoderma harzianum isolation from
soil and from different parts of tomato plants

Only T. harzianum was maintained in the rhizosphere of tomato
plants in all treatments where it existed (Table 4 and Figure 5F).
The highest colonies number was in the soil of tomato plants
inoculated only with T. harzianum (50.66 UFC), the lowest
colonies number was in the trial inoculation with AMF, V. dahliae
and T. harzianum (18.33 UFC) (Table 5). V. dahliae and T.
harzianum was absent in the roots of control plants (Table 4 and
Figure 5A).

V. dahliae was isolated from the roots of tomato plants (Figure
5B), it‘s percentage isolation had decreased from 33 % to 3.25
and 7.5% successively in the presence of AMF and T. harzianum
knowing that this last fungus was present in the roots of tomato
plants in the all treatments where it existed (Table 5 and Figure
5E). Dual inoculation with these fungi had eliminated V. dahliae
from roots of tomato plants (Table 5). V. dahliae was present with
a percentage of 17.25 in the hypocotyl of tomato plants inoculated
only with it (Table 5 and figure 5C), and absent in the other
treatments. V. dahliae was totally absent in the epicotyl of all
tomato plants (Table 5 and Figure 5D).

Mycorrhizal parameters

Different mycorrhizal forms were observed (Vesicules,
arbuscules, internal and external hyphae) (Figure 6). After the
Quantification of the AM Fungi root Colonization of the
mycorrhized and non mycorrhized tomato plants, Mycorrhizal
intensity of the mycorrhized tomato plants was the highest (81 %),
inoculation with T. harzianum has decreased the root mycorrhizal
intensity to (52 %) (Figure 7). 100 % of roots of the tomato plants
inoculated with the AMF fungi were approximately mycorrhized.
In the other side, no root of the control tomato plant was
mycorrhized (Figure 8).

Fig .6 Different mycorrhizal structures in the roots of tomato treated
with different treatment. (A): Vesicules; (B): internal hyphae; (C):
external hyphae; (D) and (E): Arbuscules; (F): Trichoderma
harzianum conidia

Fig 6. Different mycorrhizal structures in the roots of tomato treated with different treatment. (A):
Vesicules; (B): internal hyphae; (C): external hyphae; (D) and (E): Arbuscules; (F): Trichoderma
harzianum conidia.

A B

C D

E

F

Fig. 7 Mycorrhizal  intensity of the mycorhized and non mycorhized
tomato plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) :

Verticillium dahliae ; (M) : Trichoderma harzianum

Figure 7. Mycorrhizal  intensity of the mycorhized and non mycorhized tomato
plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) :
Trichoderma harzianum.

Fig. 8 Mycorrhizal frequency of the mycorhized and non mycorhized
tomato plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) :

Verticillium dahliae ; (M) : Trichoderma harzianum

Figure 8. Mycorrhizal frequency of the mycorhized and non mycorhized tomato
plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) :
Trichoderma harzianum.

Fig. 6 Arbuscular content of the mycorhized and non mycorhized
tomato plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) :

Verticillium dahliae ; (M) : Trichoderma harzianum

Figure 6. Arbuscular content of the mycorhized and non mycorhized tomato plants.
(C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) :
Trichoderma harzianum.
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Table 1 Chemical characteristics of Mamora’s soil
physicochemical

parameters
pH organic

matter
(%)

Humidity
(%)

C/N Nitrogen
(%)

Phosphorus
P2O5 (%)

Potassium
K2O

(meq/100 g)

Magnesium
(Mg) (meq/100

g)

Calcium
(Ca)

(meq/100 g)
Mamora’s soil 7.53 0.7 - - 0.05 0.239 0.15 0.20 7351.5

(mg/kg)

Table 2 Effect of Trichoderma harzianum, endomycorrhizae and Verticillium dahliae on length of the aerial part
LAP of tomato seedlings and dwarfing index DI in the 3th, 6th and the 8th week after inoculation

3th week 6th week 8th week
Treatments LAP (cm) DI (%) LAP (cm) DI (%) LAP (cm) DI (%)

C 22c 0 b 27 b 0 b 31.3 b 0 b
V 17c 22.22 a 23 c 14.81 a 28.8 c 7.9 a
T 31a -68.18 e 38 a - 40.7 f 40.2 a -28.34 d
M 27.5b -25 d 36 a - 33.33 e 39.5 a -26.19 d

T + M 28b -28 d 38,2 a - 41.48 f 41.5 -32.58 f
T +V 24b -0.9 b 30 b - 11.11 c 34.8 ab -11.18 c

V + M 27b -22 d 37 a - 37 e 40.2 a -28.34 d
M +T + V 25b -13.63 c 34 ab - 25.92 d 39.5 a -26.19 d

Numbers in the same column followed by the same letter (a, b, c, d, f, e) are significantly different at the 5% level of significance

Table 3 Effect of Trichoderma harzianum, endomycorrhizae and Verticillium dahliae on fruit weight, fresh and dry weight
of the aerial part and root system of the inoculated tomato seedlings in the 3th, 6th and the 8th week after inoculation

Treatments Fruits
weight

Fresh weight of
aerial part

Dry weight of
aerial part

Fresh weight of
the root system

Dry weight of the
root system

C 5.6 c 21.7 b 1.9 bc 8.4 b 0.9 c

V 4.4 c 18.4 b 1.4 c 7.3 c 0.7c

T 12.3 ab 31 a 2.3 b 13.2 a 1.6 a

M 11.8 ab 30.5 a 1.9 bc 15 a 1.2 b

T + M 13.3 a 36.7 a 2 b 12.6 a 1.6 a

T +V 8.2 b 24.4 b 2.3 b 8.2 b 0.7 c

V +M 6.5 bc 22.4 b 2.1 b 8.6 b 0.7 c

M + T + V 18 a 27.1 ab 3.2 a 10.9 ab 2 a

(C): Control; (T): Arbuscular mycorrhiza; (V): Verticillium dahliae; (M): Trichoderma harzianum. Numbers in the same column followed by the same letter
(a, b, c) are significantly different at the 5% level of significance. Numbers in the same column followed by the same letter (a, b, c) are significantly different
at the 5% level of significance

Table 4 Effect of Trichoderma harzianum, endomycorrhizae and Verticillium dahliae on true and
cotyledonary leaves number, flowers number and fruit number

Treatment True leaves
number

Cotyledonary leaves
number

Flowers
number

Fruits
number

C 8 b 0 a 2.5 c 0.5 b

V 6.7 c 0 a 1.8 d 0.5 b

T 8.5 b 0 a 3.7 b 0.8 a

M 9.5 a 0 a 3.2 b 0.8 a

T + M 8.8 ab 0.3 a 7 a 0.8 a

T + V 8.2 b 0 a 2.3. bc 0.8 a

V + M 8.5 b 0 a 3.3 b 0.5 b

M +T + V 8.3 b 0 a 5 a 0.8 a

(C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) : Trichoderma harzianum.
Numbers in the same column followed by the same letter (a, b, c, d,) are significantly different at the 5% level of significance.

Table  4 Isolation percentages of Verticillium dahliae and Trichoderma harzianum from
the rhizosphere of inoculated tomato seedlings

Treatment
C V T M T+M T+V V+M M+T+V

T. harzianum (UFC/g du Arl) 0 d 0 d 50.66 a 0 d 32 a 37 a 0 d 18.33 e

V. dahliae (UFC/g du Arl) 0 a 0 a 0 a 0 a 0 a 0 a 0 a 0 a

Numbers in the same line followed by the same letter (a, b) are significantly different at the 5% level of significance. (C) : Control; (T) :
Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) : Trichoderma harzianu
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Also the mycorrhized tomato plants had shown a high level of
arbuscular inside the roots than those which were not
mycorrhized; the highest arbuscular content was determined in the
mycorrhizal treatment (93 %) compared to control (0 %) (Figure
9). The highest vesicular content was determined in the dual
inoculation of T. harzianum and the AMF fungi (53 %) relative to
the control (0%) (Figure 10). Extraction of spores from soil
samples revealed the presence of six spore morphotypes (Figure
8), the genera of Glomus was the dominant (80%), three Glomus
species were classified as G. intraradices, G. etunicatum, G.
occultum and one non identified morphotype Glomus sp. Two
different species belonging to Scutellospora (20%); Scutellospora
fulgida and Scutellospora nigra. (Figures 11 and 12).

DISCUSSION
microsclerotia was not isolated from tomato seedling inoculated
with T. harzianum. Sclerogenesis inhibition was reported in
several studies in vitro; where V. dahliae was confronted with
different antagonists such as Streptomyces plicatus (Aghighi et
al., 2004), T. harzianum (Regragui, 2005) and Rhizobacteria
(Alstrom, 2001). Regragui (2005) attributed the T. harzianum
effect on sclerogenesis to produce volatile antifungal metabolites.
Furthermore, according to Alstrom (2001), this delay in
microsclerotia production may be also caused by gaseous
metabolites produced by bacterial strains via direct dual culture in
vitro. The inhibition of sclerogenesis is an important mechanism
in Verticillium biocontrol as soil inoculum could be reduced by
these indigenous antagonists. Furthermore, as in monocyclic
diseases, such as Verticillium wilt, disease severity was correlated
with initial soil inoculum, reduced microsclerotia viability could,
consequently, decrease significantly wilt incidence (Keinath et al.,
1991; Fahima and Henis, 1995; Nagtzaam et al., 1998; Alstrom,

Fig. 9 vesicular content of the mycorhized and non mycorhized
tomato plants. (C) : Control; (T) : Arbuscular mycorrhiza; (V) :

Verticillium dahliae ; (M) : Trichoderma harzianum

Figure 9. vesicular content of the mycorhized and non mycorhized tomato plants.
(C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) :
Trichoderma harzianum.

Fig. 10 Glomus occultum (A); (B): Glomus intraradices; (C):
Scutellospora nigra; (D): Glomus sp.; (E): Glomus etunicatum; (F):

Scutellospora fulgida
Figure 10. Glomus occultum (A); (B): Glomus intraradices; (C): Scutellospora nigra; (D):
Glomus sp.; (E): Glomus etunicatum; (F): Scutellospora fulgida.

A B C

D E F

17.33 µm 21.86 µm 15.07 µm

19.23 µm 18.49 µm 13.33 µm

Fig. 11 Appearance frequency of the endomycorrhizal genera isolated
from the rhizosphere inoculated tomato plants with AMF. (C) :

Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) :
Trichoderma harzianum

a

b

A.F.G %

Figure 11. Appearance frequency of the endomycorrhizal genera isolated from the
rhizosphere inoculated tomato plants with AMF. (C) : Control; (T) : Arbuscular
mycorrhiza; (V) : Verticillium dahliae ; (M) : Trichoderma harzianum.

Fig.12 Appearance Frequency of the endomycorrhizal species
isolated from the rhizosphere of the inoculated tomato plants with

AMF
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Figure 12. Appearance Frequency of the endomycorrhizal species isolated from the rhizosphere
of the inoculated tomato plants with AMF.

Table 5 Isolation percentage of V. dahliae and T. harzianum isolated from different part
of tomato seedlings

Treatment
C V T M T.M T.V V.M M.T. V

R.V (%) 0 a 33 a 0 a 0 a 0 a 7.5 b 3.25 a 0 a

H.V (%) 0 a 17.25 b 0 a 0 a 0 a 0 c 0 b 0 a

E.V (%) 0 a 0 c 0 a 0 a 0 a 0 c 0 b 0 a

R.T (%) 0 a 0 c 100 b 0 a 100 b 92.5 a 0 b 100 b

H.T (%) 0 a 0 c 0 a 0 a 0 a 0 c 0 b 0 a

E.T (%) 0 a 0 c 0 a 0 a 0 a 0 c 0 b 0 a

(C) : Control; (T) : Arbuscular mycorrhiza; (V) : Verticillium dahliae ; (M) : Trichoderma harzianum, (R): Roots;  (H) :
Hypocotyl; (E): Epicotyl. Numbers in the same column followed by the same letter (a, b, c) are significantly different at the 5% level of significance.
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2000). In the same way, Tjamos (2000) reported that any
biocontrol agent able to interact with microsclerotia formation, to
affect their survival and to delay or prevent pathogen
establishment in plant, was considered efficient as these resting
structures are important for pathogen survival and infection
process initiation. Population of T. harzianum in California soils
showed that densities of Verticillium nubilum were negatively
correlated with increases in T. harzianum populations which were
highest during wet winter months and had a second peak in early
summer (Eastburn and Butler, 1988). Lost of reserve compounds
such as lipids, necessary for microsclerotia germination, was
shown to be involved in this reduced germination ability as also
reduced by permeabilizing activity of biosurfactants (Kim et al.,
2004). However, V .dahliae microsclerotia reduced viability was
due, in the case of Talaromyces favus, to production of an extra
cellular glucose oxidase enzyme (Marois et al., 1982; Fravel and
Roberts, 1991). Similarly, Stosz et al. (1996) found that inhibition
of microsclerotia germination was correlated with glucose oxidase
production.

This study presents the first assessment of AMF and T. harzianum
to enhance growth and resistance of tomato against V. dahliae, the
causal agent of wilt disease in Morocco. Biocontrol of soil-borne
pathogens and particularly V. dahliae was widely investigated in
several countries around the world (Breg et al., 2001; Pegg and
Brady, 2002). Verticillium disease intensity was also reduced
when roots of susceptible tomato varieties were injected with both
Verticillium and Trichoderma compared to an injection with
Verticillium alone (Pegg and Brady 2002). T. viride was able to
reduce the severity of Verticillium wilt (Spotelli et al., 1983).
Differences that emerged from measurements of agronomic
parameters, following the infection of plant with V. dahliae,
provided a number of lines of evidence to show that microbial
inoculations could improve growth of tomato seedlings and
induce resistance to wilting disease. Increases in tomato plant
height, flowers number, fruit weight and fresh shoot weight were
observed after inoculation with Trichoderma harzianum and
AMF; however, these increases were not similar for all
treatments. This may be explained by the different modes of
action of T. harzianum and AMF fungi and their interaction in
dual inoculated tomato plants. Synergistic effect was observed in
all these parameters, similar to Nzanza et al. (2008). Kaya et al.
(2009) observed similar effect only when AMF significantly
increased the percentage of extra-large fruit, oppositely to
Tchameni et al. (2011) that reported that a synergistic effect was
observed only in plant height with dual inoculation of T.
asperellum and AMF, not in root and shoot weights. This could
be due to inhibition of AMF parasitism by T. harzianum, as it was
inhibited by T. asperellum (Tchameni et al., 2011). Similar
negative interference AMF and Trichoderma spp. on plant growth
has been demonstrated in studies of cucumber, maize and soybean
plants (Green et al., 1999; Mar Vazquez et al., 2000; Martinez et
al., 2001).

Dual inoculation of T. asperellum and AMF significantly reduced
the level of root colonization by AMF (Tchameni et al., 2011).
Bal and Altintas (2008) reported non-significant increases in
lettuce yield with Trichoderma harzianum inoculation. AMF
significantly increase percentage of extra-large (Nzanza et al.,
2012). The role of AMF on the uptake of P is well-documented in
the literature. Phosphorus is believed to help increase the number
of biomass during early growth and early fruit set (Zobel, 1966;
Sainju et al., 2003), thus, increasing tomato fruit yield (Sainju et

al., 2003). Inoculation with the AMF significantly increased net
and dry shoot weight in tomato and eggplant compared to control
plants (Karagiannidis et al., 2002). Inoculation with Verticillium
reduced fresh and dry weight and in both of tomato and eggplant
(Karagiannidis et al., 2002). Interaction of the AMF with
pathogenic or non-pathogenic soil fungi have been reported by
various authors, with saprophytic fungi Trichoderma koniigii and
Fusarium solani (McAllister et al., 1994), with the phosphate
producing fungus Aspergillus fumigantus (Tarafdar and
Marschner, 1995), with the pathogenic fungi Phytophthora
fragariae (Mark and Cassells, 1996; Norman et al., 1996) and
Phytophthora nicotianae (Cordier et al., 1996; Trota et al., 1996).
With the wilt pathogen Fusarium oxysporum and the shoot
pathogen Oidium lini (Dugassa et al., 1996), with the conclusion
that AMF increases tolerance to the disease.

In plants, induced resistance is the resistance that develops after
pre-inoculation of plants with various biological agents or after
pre-treatment with various chemical or physical agents (Rabie,
1998). Induction of systemic resistance is suggested as the
mechanism of disease suppression (Chandanie et al., 2006).
According to Morandi (1996), this resistance is due to the fact that
mycorrhizal fungi cause an accumulation of phenolics, in
particular phytoalexins and associated flavonoids and
isoflavonoids, in the roots of the roots of their host plants. Similar
results on the growth of wild strawberries have been reported by
Mark and Cassells (1996). Where it was observed that the
beneficial effect of the endomycorrhizal fungus Glomus
fistumosum prevailed over the pathogenic fungi Phytophthora
fragariae. Trotta et al. (1996) working with wild strawberry and
tomato plants found that the effect of endomycorrhiza offset the
negative effect of the pathogenic fungi P. fragariae and P.
nicotianae respectively. In all relevant literature, the improved P
uptake by the mycorrhizal plants is emphasized (Nurlaeny et al.,
1996). The main contribution of AMF to the host is to reach and
translocate phosphate through their extracortical hyphae, which
can extend up to 9 cm in the soil (Sylvia, 1998). Root
colonization in both the plant species is reduced by nearly 50 %
following the double inoculation (V+M), compared to AM
inoculation only (Karagiannidis et al., 2002). According to
McAllister et al. (1994), pathogenic fungi reduced to AM
inoculation fungi were established on a root system. The opposite
holds true when AMF already established in the roots prior to
their inoculation with pathogenic fungi. Results in this study
clearly demonstrated that T. harzianum and AMF can play a
minor role in their accumulation in tomato fruit (Nzanza et al.,
2012). In conclusion, T. harzianum and AMF have negligible
influences on yield of tomato (Nzanza et al., 2012).

CONCLUSION
The present experiment on the plant tomato (Lycopersicon
esculuntum L.) was done in natural environmental conditions to
evaluate the advantage of VAM fungi and their associations with
T.harzianum against Verticillium wilt. T. harzianum and AMF
have a positive effect on yield of tomato and against Verticillium
wilt. The slight increase in the percentage of extra-large fruit,
suggest that these fungal inoculants likely have biofertilizer
effects on tomato production. The findings of this study suggest
an early inoculation with T. harzianum and AMF for an improved
tomato fruit quality. This symbiont has an important impact on
tomato seedlings plant interactions with V. dahliae. Further,
research efforts should be directed to know the direct or indirect
relationship of AMF and Trichoderma spp. with belowground and
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above-ground community via plants. Advance studies like
mutational analysis,  metabolomic and proteomic studies coupled
with transcript profiling are warranted to understand AMF-
Trichoderma- Plant- Phytopathogen interactions. Conclusively,
efforts should be made in such a way to make AMF as a complete
commercial supplement for crops in agriculture system.

Acknowledgments
This study was conducted under the project ‘Rhizolive: Selection
and use of soil rhizospheric microorganisms to optimize the
arbuscular mycorrhization of the olive tree in Morocco’s soils
funded by Hassan II Academy of sciences and technology.

References
Aghighi, S., G.H. Shahidi Bonjar, I. Saadoun, 2004. First report of

antifungal properties of a new strain of Streptomyces
plicatus (strain 101) against four Iranian phytopathologenic
isolates of Verticillium dahliae, a new horizon in biocontrol
agents. Biotechnology 3: 90-97.

Akrami, M., A.Sh. Ibrahimov, D. M. Zafari and E. Valizadeh,
2009. Control Fusarium Rot of Bean by Combination of by
Trichoderma harzianum and Trichoderma asperellum in
Greenhouse Condition. Agricultural Journal 4 (3): 121- 123.

Alstrom, S., 2000. Root colonizing fungi from oilseed rape and
their inhibition of Verticillium dahliae. Journal of
Phytopathology 148: 417-423.

Alstrom, S., 2001. Characteristics of bacteria from oilseed rape in
relation to their biocontrol activity against Verticillium
dahliae. Journal of Phytopathology 149: 57-64.

Anonyme, 2012. Gestion phytosanitaire de la mineuse de la
tomate, Tuta absoluta Myrick, 13p,
URL/http://onssa.gov.ma/fr/doc_pdf/guide_pratique_gestion
_de_la_tomate.pdf/ page consultée le 31 juillet 2012.

Baath, E., D.S. Hayman, 1984. Effect of soil volume and plant
density on mycorrhizal infection and growth response. Plant
Soil 77: 373-376

Bal, U. and S. Altintas, 2008. Effect of Trichoderma harzianum
on lettuce in protected cultivation. J. Cent. Eur. Agric., 9:
63-70.

Bletsos, F.A., Thanassoulopoulos C.C. and Roupakias  D.G.,
1999. Water stress and Verticillium wilt severity on eggplant
(Solanum melongena L.). J. Phytopathol., 147: 249-148.

Breg, G., A. Fritze, N. Roskot and K. Smalla, 2001. Evaluation of
potential biocontrol Rhizobacteria from different host plants
of Verticillium dahliae Kleb. Journal of Applied
Microbiology 91: 693-971.

Bruehl, G.W., 1987. Soilborne plant pathogens. Macmillan, New
York, NY. 368 pp.

Chandanie, W.A. and M. Kubota, 2006. Interactions between
plant growth promoting fungi andarbuscular mycorrhizal
fungus Glomus mosseae and induction of systemic
resistance to anthracnose disease in cumcumber, Plant Soil
286: 209-217.

Chang, P.F.L., Y. Xu, M.L. Narasimhan, K.T. Cheah, M.P.
D’Urzo, B. Damsz, A.K. Kononowicz, L. Abad, P.M.
Hasegawa and R.A. Bressan, 1997. Induction of pathogen
resistance and pathogenesis-related genes in Tobacco by a
heat-stable Trichoderma mycelial extract and plant signal
messengers. Physiol. Plant 100: 341-352.

Chibane, A., 1999. Fiche technique, tomate sous serre. Transfert
de Technologie en Agriculture. Bulletin mensuel
d’information et de liaison du PNTTA. Institut

Agronomique et Vétérinaire Hassan II, Maroc, N°57/juin,
4pp.

Cirulli, M., F. Ciccarese and M. Amenduni, 1990. Progress in the
search for Verticillium wilt resistant eggplant. Phytopathol.
Medit., 29: 184-190.

Cordier, C., S. Gianinazzi and V. Gianinazzi-Pearson, 1996.
Colonization patterns of root tissues by Phytophthora
nicotianae var. parasitica related to reduced disease in
mycorrhizal tomato. Plant Soil 185: 223-232.

De Ceuster, T.C.C. and H.A.J. Hoitink, 1999. Prospects for
composts and biocontrol agents as substitutes for the methyl
bromide in biological control of plant diseases. Compost Sci.
Util., 7: 6–15.

Derkowska, E., L. Sas-Paszt, B. Sumorok, E. Szwonek and S.
Gluszek, 2008. The influence of mycorrhization and organic
mulches on mycorrhizal frequency in apple and strawberry
roots. Journal of Fruit and Ornamental Plant Research 16:
227-242.

Dorais, M., D.L. Ehret and A.P. Papadopoulos, 2008. Tomato
(Solanum lycopersicum) health components: from the seed
to the consumer. Phytochem. Rev., 7 : 231-250.

Douira, A. and H. Lahlou, 1989. Variabilité de la spécificité
parasitaire chez Verticillium albo-atrum Reinke et Berthold,
forme à microsclérotes. Cryptogamie Mycol., 10(1): 19-32.

Douira, A., R. Benkirane, A. Ouazzani Touhami, B., Okeke and
N.E. Elhaloui, 1993. Verticillium Wilt of Pepper (Capsicum
annuum) in Morocco. J. Phytophathology 143: 467-470.

Dugassa, G.D., H. Von Alten and F. Schonbeck, 1996. Effects of
arbuscular mycorrhiza (AM) on health of Linum
usitatissimum L. infected by fungal pathogens, Plant and soil
985: 173-182.

Eastburn, D.M. and E.E. Bulter, 1988. Microhabitat
characterization of Trichoderma harzianum in natural soil:
evaluation of factors affecting population density. Soil
Biology and Biochemistry 20: 541-545.

Fahima, T. and Y. Henis, 1995. Quantitative assessment of the
interaction between the antagonistic fungus Talaromyces
flavus and the wilt pathogen Verticillium dahliae on
eggplant roots. Plant and Soil 176: 129-137.

FAO, 2010. Website database. http//www.fao.org.
Fravel, D.R. and D.P. Roberts, 1991. In situ evidence for the role

of glucose oxidase in the biocontrol of Verticillium wilt by
Talaromyces flavus. Biocontrol Science and Technology 1:
91-91.

Gerdemann, J. W. and T. H. Nicolson, 1963. Spores of
mycorrhizal Endogone species extracted from soil by wet
sieving and decanting. Trans. Brit. Mycol. Soc. 46: 235-244.

Green, H., Larsen, P.A. Olsson, D.F. Jensen and I. Jakobsen,
1999. Supression of the biocontrol J. agent Trichoderma
harzianum by mycelium of the arbuscular mycorrhizal
fungus Glomus intraradices in root-free soil. Appl. Envir.
Microbiol., 65: 1428-1434.

Griffiths, D.A., 1970. The fine structure of developing
microsclerotia of Verticillium dahlia Kleb. Arch. Microbiol.,
74: 207–212.

Haguenaur, V., 2011. Les italiens améliorent la valeur nutritive de
la tomate. pp1-6.

Hanada, R.E., S.T. De Jorge, A.W.V Pomella, K.P.Hebbar,
J.O.Pereira, A. Ismaiel and G.J. Samuels, 2008.
Trichoderma martiale sp. nov., a new endophyte from



International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.449-459, February, 2014

458

sapwood of Theobroma cacao with a potential for biological
control. Mycol. Res., 112: 1335-1343.

Harman, G.E., 2008. Overview of Mechanisms and Uses of
Trichoderma spp. Phytopathology 96: 190-194.

Hjeljord, L. and A. Tronsmo, 1998. Trichoderma and
Gliocladium in biological control: an overview. In: Harman
GE, Kubicek CP, editors. Trichoderma and Gliocladium.
London: Taylor and Francis pp 131–52.

Hooker, J.E., M. Jaizme-Vega and D. Alkinson, 1994. Biocontrol
of Plant Pathogen Using Arbuscular Mycorrhizal Fungi. In:
Impact of Arbuscular Mycorrhizas on Sustainable
Agriculture and Natural Ecosystems, Gianinazzi, S. and H.
Schhepp (Eds.). Birkhauser Verlag, Basle, Switzerland, pp:
191-209.

Hormatallah, A., M. El Morsli, A. Dermouni, R. Salghi and L.
Bazzi, 2010. Gestion des pesticides et contrôle de leurs
résidus en culture de tomate sous serre dans quelques
exploitations de la région du Souss-Massa. Proceedings du
Septième Congrès de L’Association Marocaine de
Protection de Plantes, Mai 2010, Rabat, Maroc, pp. 271-279.

Karagiannidis, N., F. Bletsos and N. Stavropoulos, 2002. Effect of
Verticillium wilt (Verticillium dahliae Kleb.) and
mycorrhiza (Glomus mosseae) on root colonization, growth
and nutrient uptake in tomato and eggplant seedlings.
Scientia Horticulturae 94(1-2): 145-156.

Kaya, C., M. Ashraf, O. Sonmez, S. Aydemir, A.L. Tuna and
M.A. Cullu, 2009. The influence of arbuscular mycorrhizal
colonization on key growth parameters and fruit yield of
pepper plants grown at high salinity. Sci Hortic-Amsterdam
121: 1- 6.

Keinath, A.P., D.R. Fravel and G.C. Papavizas, 1991. Potential of
Gliocladium roseum for biocontrol of Verticillium dahliae.
Phytpathlogy 81: 644-648.

Kim, P.I., D. Bai, H. Chae, S. Chung, Y. Kim, R. Park and Y.T.
Chi, 2004. Purification and characterization of a lipopeptide
produced by Bacillus thuringiensis CMB26. Journal of
Applied Microbiology 97: 942-949.

Koske, I., and J.N. Gemma, 1980. A modified procedure for
staining roots to detect VA mycorrhizas. Mycol Res 92:
486-505.

Leonor, F.S., L. Leandro, M. Ferguson and F.J. Louws. 2007.
Strawberry Growth and Productivity in Fumigated
Compared to Compost-amended Production Systems.
Hortscience 42 (2) :227–231.

Liu, R.J., 1995. Effect of vesicular-arbuscular mycorrhizal fungi
on Verticillium wilt of cotton. Mycorrhiza 293-297.

Mar Vazquez, M., C. Sonia, R. Azcon and J.M. Barea, 2000.
Interactions between arbuscular mycorrhizal fungi and other
microbial inoculants (Azospirillum, pseudo-monas,
Trichoderma) and their effects on microbial population and
enzyme activities in the rhizosphere of maize plants. App.
Soil Ecol., 15: 261-272.

Mark, G.I. and A.C. Cassells, 1996. Genotype-dependence in
interaction between Glomus fistulosum, Phytophthora
frgariae and the wild strawberry (Fragaria vesca). Plant and
soil 185: 233-239.

Marois, J.J., S.A. Johnston, M.T. Dunn and G.C. Papavizas, 1982.
Biological control of Verticillium wilts of eggplant in field.
Plant Disease 66: 1166-1168.

Martin, F.N., 2003. Development of alternative strategies for
management of soilborne pathogens currently controlled
with methyl bromide. Ann. Rev. Phytopathol., 41:325–350.

Martinez, C., F. Blanc, E. Le Claire, O. Besnard, M. Nicole and J.
C. Baccou, 2001. Salicylic acid and ethylene pathways are
differentially activated in melon cotyledons by active or
heatdenatured cellulase from Trichoderma longibrachiatum.
Plant Physiol., 127: 334–344.

McAllister, C. B., J. M. Garcia-Garrido, I. Garcia-Romera, A.
Godeas, and J. A. Ocampo, 1997. Interaction between
Alternaria alternata or Fusarium equiseti and Glomus
mosseae and its effects on plant growth. Plant and Soil.,
24(3): 301-305.

McAllister, C.B., I. Garcia-Romera, A. J.A. Godeas, Ocampo,
1994. Interactions between Trichoderma koningii, Fusarium
solani and Glomus mosseae. Effects on plant growth,
arbuscular mycorrhizae and the saprophyte inoculants. Soil
Biol. Biochem., 26 (10): 1363-1367.

Mejia, L.C., E.L. Rojas, Z. Maynard, E.C. Arnold, P. Hebbar, G.J.
Samuels, N. Robbins and A.E. Herre, 2008. Endophytic
fungi as biocontrol agents of Theombroma cacao pathogens.
Biol. Control 46 :  4-14.

Millner, P.D., C.E. Ringer, and J.L. Maas. 2004. Suppression of
strawberry root disease with animal manure composts.
Compost Sci. Util., 12: 298–307.

Morandi, D., 1996. Occurence of phytoalexins and phenolic
compounds on endomycorrhizal interactions, and their
potential role in biological control. Plant Soil 185: 241–251.

Mouria, B., A.Ouazzani-Touhami and A. Douira, 2010.
Valorisation agronomique du compost et de ses extraits sur
la culture de la tomate. Rev. Ivoir. Sci. Technol., 16 : 165 –
190.

Mouria, B., A.Ouazzani-Touhami and A. Douira, 2013. Effet du
compost et de Trichoderma harzianum sur la suppression de
la verticilliose de la tomate. Journal of Applied Biosciences
70:5531– 5543.

Nagtzaam, M.P.M., G.J. Bollen, A.J. Termorshuizen, 1998.
Efficacy of Talaromyces flavus alone or in combination with
other antagonists in controlling Verticillium dahliae in
growth chamber experiments. Journal of Phytopathology
146: 165-173.

Narisawaa, K., K.T. Ohkib and T. Hashibab, 2000. Suppression of
clubroot and Verticillium yellows in Chinese cabbage in the
field by the roots endophytic fungus, Heteroconium
chaetopsira. Plant Pathology 49: 141-146.

Norman, J.R., D. Atkinson and J.E. Hooker, 1996. Arbuscular
mycorrhizal fungi-induced alteration to root architecture in
strawberry and induced resistance to the root pathogen
Phytophthora fragariae. Plant and soil 8: 185-191.

Nurlaeny, N., H. Marschner, and E. George, 1996. Effects of
liming and mycorrhizal colonization on soil phosphate
depletion and phosphate uptake by maize (Zea mays L.) and
soybean (Glycine max L.) grown in two tropical acid soils.
Plant Soil 181: 275–285.

Nzanza, B., D. Marais and P. Soundy, 2012. Yield and nutrient
content of tomato (Solanum lycopersicum L.) as influenced
by Trichoderma harzianum and Glomus mosseae
inoculation. Scientia Horticulturae 144: 55-59.

Pegg, G.F. and B.L. Brady, 2002. Verticillium wilts, CABI
Publishing, Oxford, UK, 541.

Phillips, J.M. and D.S. Hayman, 1970. Improved procedures for
clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of
infection. Trans. Br. Mycol. Soc., 55: 158-161.



International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.449-459, February, 2014

459

Plenchette, C.A., A. Fortin, N. Forlan, 1983. Growth response of
several plant species to mycorrhiza in a soil of moderate P-
fertility. I. Mycorrhizae under field conditions. Plant Soil 70:
199-203.

Rabie, G.H., 1998. Induction of fungal disease resistance in Vicia
fababy dual inoculation with Rhizobium leguminosarumand
vesicular-arbuscular mycorrhizal fungi. Mycopathologia
141: 159-166.

Regragui, A., 2005. Contribution à l’étude de l’influence de la
salinité sur le couple tomate-Verticillium : conséquences
physiologiques et impact sur la bioprotection des tomates
contre la verticilliose. PhD thesis, université Mohammed V-
Agdal faculté des Sciences, Raba, Morocco, 231 pp.

Rosendahl, C.N. and S. Rosendahl, 1991. Influence of vesicular
arbuscular mycorrhizal fungi (Glomus spp.) on the response
of cucumber (Cucumis sativus L.) to salt stress. Environ.
Exp. Bot., 31: 313-318,

Roustaee, A. and A. Baghdadi, 2007. Study of interaction
between plant nutrition (N,P,K and Ca) and verticillios wilt
disease (Verticillium dahliae) in cucumber. Commun Agric.
Appl. Biol. Sci., 72(4); 1017-22.

Sainju, U.M., R. Dries, B. Singh, 2003. Mineral nutrition of
tomato. J.Food Agr. Environ. 1: 176–183

Shoresh, M., G.E. Harman and F. Mastouri, 2010. Induced
systemic resistance and plant responses to fungal biocontrol
agents. Annu. Rev. Phytopathol., 48: 21–43.

Smith, S. and D.J. Read, 1997. Mycorrhizal Symbiosis. Second
Ed. Academic Press. London, 605p.

Sportelli, M., P. Nipoti, N. D’ercole, 1983. Prove di ‘lotta
biologica’ contro alcune micopatie del pomodoro in coltura
protetta. Informatore Fitopatologico 33: 35-38.

Stosz, S.K., D.R. Fravel and D.P. Robert, 1996. In vitro analysis
of the role of glucose oxidase from Talaromyces flavus in
biocontrol of the plant pathogen Verticillium dahliae.
Applied and Environmental Microbiology 62: 3183- 3186.

Sylvia, D. M. and D.H. Hubbell, 1986. Growth and sporulation of
vesicular-arbuscular mycorrhizal fungi in aeroponic and
membrane systems. Symbiosis 1: 259-267.

Tarafdar, J.C. and H. Marschner, 1995. Dual inoculation with
Aspergillus fumigatus and Glomus mosseae production and
nutrient uptake in wheat (Triticum aestivum L.,) supplied
with organic phosphorus as Na-phytate.  Plant and soil 173:
97-102.

Tchameni, S.N., M.E.I Ngonkeu, B.A.D. Begoude, L. Wakam
Nana, R. Fokom, A.D. Owona, J.B. Mbarga, T. Tchana,
P.R. Tondje, F.X. Etoa and J. Kuaté, 2011. Effect of
Trichoderma asperellum and arbuscular mycorrhizal fungi
on cacao growth and resistance against black pod disease.
Crop protection 30: 1321-1327.

Tjamos, E.C., 2000. Strategies in developing methods and
applying techniques for the biological control of Verticillium
dahliae, In: Tjamos E.C., Rowe R.C., Heale J.B. Fravel D.R.
(Eds) Advances in Verticillium: Research and Disease
Management, APS Press, St. Paul, M.N., USA, pp 249-252.

Trotta, A., G.C. Vanese, E. Gnavi, A. Fascon, S. Sampo and G.
Berta, 1996. Interaction between the soilborne root
pathogen Phytophthora nicotianae Var parasitica and the
arbuscular mycorrhizal fungus Glomus mosseae in tomato
plant. Plant Soil 185: 199-209.

Trouvelot, A., J. L. Kough and  V. Gianinazzi, 1986. Mesure de
taux de mycorhization VA d'un système radiculaire.
Recherche de méthodes d'estimation ayant une signification
fonctionnelle. In physiological and genetic aspects of
mycorhizical, V. Gianinazzi- Pearson et S. Gianinazzi. (éd.),
INRA, Paris, pp 217-221.

Vinale, F., K. Sivasithamparam, E.L. Ghisalberti, R. Marra, M.J.
Barbetti, H. Li, S.L. Woo and M. Lorito, 2008. A novel role
for Trichoderma secondary metabolites in the interactions
with plants. Physiol. Mol. Plant Pathol., 72: 80–86.

Warcup, J.H., 1950. The soil-plate method for isolation of fungi
from the soil. Nature 166: 117-118.

Wilhelm, S. 1955. Longevity of the verticillium wilt fungus in the
laboratory and field. Phytopathology 45:180–181.

Yedidia, I, N. Benhamou and I. Chet, 1999. Induction of defense
responses in cucumber plants (Cucumis sativus L.) by the
biocontrol agent Trichoderma harzianum. Appl. Environ.
Microbiol., 65 : 1061–1070.

Yedidia, I., N. Benhamou, Y. Kapulnik and I. Chet, 2000.
Induction and accumulation of PR proteins activity during
early stages of root colonization by the
mycoparasite Trichoderma harzianum strain T-203. Plant
Physiol. Biochem., 38: 863–873.

Zobel, M.B., 1966. Mechanization of tomato production. Proc.
National Conference on Tomatoes. Department of
Horticulture, Perdue University, National Canners
Association, Lafayette.

*******


