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Interactions between arbuscular mycorrhizal
fungi and Trichoderma harzianum
and their effects on Fusarium wilt in melon
plants grown in seedling nurseries
Ainhoa Martı́nez-Medina, Jose A Pascual,∗ Eva Lloret and Antonio Roldán

Abstract

BACKGROUND: Biological control through the use of Trichoderma spp. and arbuscular mycorrhizal fungi (AMF) could contribute
to a reduction of the inputs of environmentally damaging agrochemical products. The objective of this study was to evaluate
the interactions between four AMF (Glomus intraradices, Glomus mosseae, Glomus claroideum and Glomus constrictum) and
Trichoderma harzianum for their effects on melon plant growth and biocontrol of Fusarium wilt in seedling nurseries.

RESULTS: AMF colonisation decreased fresh plant weight, which was unaffected by the presence of T. harzianum. Dual
inoculation resulted in a decrease in fresh weight compared with AMF-inoculated plants, except for G. intraradices. AMF
colonisation level varied with the AM endophyte and was increased by T. harzianum, except in G. mosseae-inoculated plants.
Negative effects of AMF on T. harzianum colony-forming units were found, except with G. intraradices. AMF alone were less
effective than T. harzianum in suppressing disease development. Combined inoculation resulted in a general synergistic effect
on disease control.

CONCLUSION: Selection of the appropriate AMF species and its combination with T. harzianum were significant both in the
formation and effectiveness of AM symbiosis and the reduction of Fusarium wilt incidence in melon plants. The combination of
G. intraradices and T. harzianum provided better results than any other tested.
c© 2009 Society of Chemical Industry

Keywords: Trichoderma harzianum; arbuscular mycorrhizal fungi; Glomus sp.; Fusarium oxysporum; melon; seedling nurseries

INTRODUCTION
Arbuscular mycorrhizal fungi (AMF) that form symbiotic rela-
tionships with the roots of most terrestrial plants are known to
improve the nutritional status of their host and to protect plants
against several soil-borne plant pathogens.1 – 3 In this way the
use of AMF as inoculants to benefit plant growth and health
could contribute to a reduction of the inputs of pesticides and
other environmentally harmful agrochemical products currently
required for optimal plant growth and health.4 However, this
symbiotic association is not a characteristic common to all
plants, and the incidence of root colonisation varies depending
on the plant species and the AMF.5 The successful use of AMF
in sustainable agriculture requires selection of the appropiate
host/fungus combination, infectivity and efficacy being two of
the criteria for the appropriateness.6,7 A successful selection has
a significant importance in certain plant species that show a poor
ability to form this symbiosis. Roots of melon plants have been
reported to show a degree of mycorrhizal colonisation of between
2.5 and 17%, compared with 41% reported in cucumber plants,
46–59% in tomato, 60% in lettuce and 50% in soy bean.8 – 12

Species of Trichoderma, a non-pathogenic saprophyte, have
been reported to supress fungal diseases in a number of crop
plants.13 Some strains are able to colonise the root surface, causing
changes in plant metabolism and inducing a localised or systemic

resistance response. This root colonisation by Trichoderma
spp. frequently enhances root growth and development, crop
productivity, resistance to abiotic stresses and the uptake and use
of nutrients.14

In semi-arid Mediterranean conditions, most growers establish
their melon (Cucumis melo L.) crops by transplanting nursery-raised
plantlets from seedling nurseries rather than by direct seeding.15

Therefore this horticultural crop is usually grown in containers with
soilless media that lack AMF and biocontrol fungal propagules,
favouring the development of soil diseases. Fusarium wilt, caused
by the fungus Fusarium oxysporum (Schlectend) f.sp. melonis, is
one of the most destructive diseases of melon crops worldwide
and can reduce yields by up to 90%.15,16 Chemical methods
used to control this vascular wilt are either not very efficient or
cause negative effects on environmental and human health.17,18

Research has demonstrated that biological control, through the
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use of beneficial fungi such as Trichoderma, is a potentially feasible
alternative to the use of fumigants or fungicides.19,20

The study of interactions between beneficial organisms asso-
ciated with plant roots is important, because such interactions
might either enhance or inhibit the beneficial effects of individual
species. These interactions must be identified and characterised
for their successful establishment in plants. AMF have been shown
to cause changes in the rhizosphere that could affect microbial
populations both qualitatively and quantitatively and to promote
the activity of other micro-organisms that may compete with soil-
borne pathogens.21,22 It has also been demonstrated that some
Trichoderma strains may influence AMF activity.18,23 Little is known
about the interactions between AMF and beneficial saprophytic
fungi, and the few studies published on this topic do not provide
any conclusive statements owing to the small number of fungi
and host plants that have been studied so far.24,25

We hypothesise that the combined use of AMF and Trichoderma
harzianum (Rifai) can improve plant growth and protection against
the pathogen F. oxysporum within the context of a sustainable
soil–plant system. To achieve this aim, dual inoculation with
four AMF from the genus Glomus (G. constrictum (Trappe),
G. mosseae (Nicol. & Gerd) Gerdemann & Trappe, G. claroideum
(Schenck & Smith) and G. intraradices (Schenk & Smith)) and the
fungus T. harzianum was evaluated, in the presence or absence
of the pathogen F. oxysporum, with regard to (1) the capacity
for root colonisation of each AMF in the presence or absence of
T. harzianum, (2) the survival of T. harzianum populations in the
rhizosphere in the presence or absence of the AMF, (3) the growth
and nutrition of melon plants in seedling nurseries and (4) the
biocontrol by the AMF and T. harzianum of Fusarium wilt in melon
plants in seedling nurseries.

MATERIALS AND METHODS
Host plant and fungal inocula
Giotto melon (C. melo L.) was used in all assays as the host
plant. The AMF used were four isolates from the genus Glomus
(G. constrictum, G. mosseae, G. claroideum and G. intraradices) ob-
tained from the collection of CEBAS-CSIC (Murcia, Spain). The AM
fungal inoculum consisted of a mixture of rhizospheric soil from
trap cultures (Sorghum vulgare) containing 35 infective propagules
g−1. Trichoderma harzianum was isolated from agricultural soil
and is deposited at the Spanish Type Culture Collection (CECT
20 714). It was characterised by its high in vitro capacity to control
F. oxysporum and its survival on peat.26 For the production
of inocula, a specific solid medium was prepared by mixing
commercial oat, bentonite, vermiculite and distilled water.26 This
blend was mixed by hand and sterilised by autoclaving for 1 h at
121 ◦C twice, once on each of two consecutive days. The substrate
was inoculated with the isolated T. harzianum and incubated
at 28 ◦C for 8 days in darkness, obtaining a fungal suspension
containing 109 conidia g−1. The concentration of conidia was
determined with a haematocytometer.

Monoconidial F. oxysporum (Schlectend) f.sp. melonis race
1,2 was isolated from infected melon plants obtained from a
seedling nursery. For the production of inocula, the pathogen was
cultivated for 5 days in potato dextrose broth (Scharlau Chemie,
Barcelona, Spain) amended with 100 mg L−1 streptomycin sulfate,
at 28 ◦C in darkness, on a shaker at 120 rpm. After the incubation
period the fungal culture was centrifuged at 193 × g, resuspended
in sterilised water and re-centrifuged. The fungal suspension
contained 108 conidia 2mL−1.

Experimental design and growth conditions
A factorial design of randomised blocks was established with three
factors and fivefold replication. The first factor had five levels:
non-inoculation and inoculation with four AMF (G. constrictum,
G. mosseae, G. claroideum and G. intraradices). The second factor
had two levels: non-inoculation and inoculation with T. harzianum.
The third factor had two levels: non-inoculation and inoculation
with F. oxysporum in the seedling nursery.

Specific nursery polystyrene plant containers with 10 individual
wells were filled with the different treatments (7 g per well). Each
specific container was considered as a unit, and five replicates
of each treatment were used. Ten melon seeds were sown (one
seed per well) in the polystyrene container and covered with
vermiculite.

The different treatments were prepared by mixing commercial
peat with the different inocula. The peat (0.37 g kg−1 total N,
1.158 mg kg−1 available P and 1.34 mg kg−1 available K) was
sterilised by autoclaving for 1 h at 121 ◦C twice, once on each
of two consecutive days. The AM inocula were mixed with the
sterilised peat at a rate of 17 g kg−1, while the T. harzianum
inoculum was mixed with the sterilised peat to reach a population
density of 106 conidia g−1 peat.

The experiment was carried out in a seedling nursery. Seedlings
were grown using standard nursery culture conditions, which
included germination in a controlled environment germination
chamber until seedling emergence. After 60 h the individual
containers with pre-germinated seeds were moved in a random
design and placed in nursery beds that included irrigation without
fertiliser.

Three weeks after planting, half of the experiment was
inoculated with F. oxysporum to reach a final concentration of 104

conidia g−1 peat. Six weeks after planting, plants were harvested
and substrate samples were taken from the wells and stored at
4 ◦C for biological and biochemical analyses.

Plant analyses
The fresh and dry (105 ◦C, 5 h) weights of shoots were recorded.
Plant tissues were ground before chemical analysis. Phosphorus
and potassium concentrations were determined after digestion in
nitric acid/perchloric acid (2 : 1 v/v) for 2 h; phosphorus was deter-
mined by colorimetry and potassium by flame photometry.27 – 29

Nitrogen concentration was determined by a modified Kjedahl
method.30

Roots were cleaned with 100 g L−1 KOH and stained with
0.5 g L−1 trypan blue.31 The percentage root length colonised
by AMF was calculated by the gridline intersect method.32 Positive
counts for AM colonisation included the presence of vesicles or
arbuscules or typical mycelia within the roots.

Substrate biological analysis
Substrate samples were suspended on sterilised Ringer solution
(1 : 10 w/v), and 1/10 serial dilutions were done to calculate
the number of colony-forming units (CFU) of T. harzianum by
plating them on 1/10 potato dextrose agar (PDA) (Scharlau
Chemie) amended with 50 mg L−1 rose bengal and 100 mg L−1

streptomycin sulfate. Komada medium was used as a selective
medium for quantitative isolation of F. oxysporum.33 Plates were
incubated at 28 ◦C for 6 days. After the incubation period the CFU
were counted.

To determine colonisation by F. oxysporum in inoculated
plants, stem segments (∼1.5 cm) immediately above crowns
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Table 1. Fresh and dry weights of melon plants inoculated with Trichoderma harzianum and/or Glomus constrictum, Glomus mosseae, Glomus
claroideum or Glomus intraradices, 42 days after planting

Fresh weight (g) Dry weight (g)

AMF No T. harzianum T. harzianum No T. harzianum T. harzianum

No AMF 5.80 ± 0.19c 5.40 ± 0.04bc 0.72 ± 0.02g 0.59 ± 0.01cdef

G. constrictum 4.95 ± 0.25ab 4.41 ± 0.44a 0.56 ± 0.03bcde 0.52 ± 0.05abc

G. mosseae 4.24 ± 0.08a 4.44 ± 0.53a 0.47 ± 0.01a 0.49 ± 0.06ab

G. claroideum 5.80 ± 0.45c 5.32 ± 0.27bc 0.67 ± 0.05fg 0.61 ± 0.03def

G. intraradices 5.33 ± 0.38bc 4.26 ± 0.29a 0.57 ± 0.04bcde 0.44 ± 0.03a

Data are mean ± standard deviation of five replicates. For each analysis, values in the same row or column with the same letters represent no
significant difference between treatments according to Tukey’s multiple range test (P ≤ 0.05).

were cut from inoculated plants, surface sterilised by soaking
in 10 g L−1 sodium hypochlorite for 5 min and rinsed with
sterilised water. The segments were incubated on PDA at 28 ◦C
for 6 days and the appearance of F. oxysporum colonies was
observed.

Statistical analysis
The data were subjected to analysis of variance (ANOVA) using
(SPSS Inc, Chicago, IL, USA) for Windows, Version 15.0. The
statistical significance of the results was determined by performing
Tukey’s multiple range test (P < 0.05).

RESULTS
Interactions between AMF and T. harzianum in absence
of pathogen
Effects on plant weight
A significant decrease in both fresh and dry weights was observed
in the treatments with the AMF alone compared with the control,
except for G. claroideum (Tables 1 and 3). The lowest fresh and

dry weights were observed in plants inoculated with G. mosseae.
Inoculation with T. harzianum alone did not affect fresh weight
compared with non-inoculated plants. A lower plant fresh weight
was observed when the peat was co-inoculated with both AMF and
T. harzianum than when each AMF was inoculated alone, except
with G. mosseae. The treatment G. intraradices plus T. harzianum
was the only treatment that significantly reduced fresh weight
compared with AMF treatments alone. However, independently
of T. harzianum inoculation, the latter AMF gave the highest weight
of the AMF assayed.

Effects on nutrient content
Total plant nitrogen was affected by T. harzianum inoculation but
not by AMF (Tables 2 and 3). Dual inoculation of T. harzianum
with AMF did not show any significant difference in total nitrogen
from T. harzianum inoculation alone. Combination of T. harzianum
with G. mosseae or G. claroideum significantly decreased nitrogen
levels compared with inoculation with G. mosseae or G. claroideum
alone. The total phosphorus level was not affected by T. harzianum
inoculation. The presence of AMF significantly decreased the

Table 2. Levels of nitrogen, phosphorus and potassium in melon plants inoculated with Trichoderma harzianum and/or Glomus constrictum, Glomus
mosseae, Glomus claroideum or Glomus intraradices, 42 days after planting

Nitrogen (g kg−1) Phosphorus (g kg−1) Potassium (g kg−1)

AMF No T. harzianum T. harzianum No T. harzianum T. harzianum No T. harzianum T. harzianum

No AMF 1.01 ± 0.10c 0.82 ± 0.07ab 0.65 ± 0.05c 0.63 ± 0.02c 1.96 ± 0.07a 2.07 ± 0.01abc

G. constrictum 0.96 ± 0.05abc 0.85 ± 0.02abc 0.40 ± 0.04b 0.66 ± 0.02c 2.65 ± 0.04cd 2.76 ± 0.06d

G. mosseae 1.02 ± 0.03c 0.79 ± 0.04a 0.25 ± 0.05a 0.70 ± 0.02c 2.70 ± 0.21d 2.53 ± 0.18bcd

G. claroideum 0.99 ± 0.12c 0.80 ± 0.05a 0.63 ± 0.05c 0.68 ± 0.10c 2.25 ± 0.2abcd 2.41 ± 0.39bcd

G. intraradices 0.90 ± 0.06abc 0.88 ± 0.12abc 0.42 ± 0.04b 0.68 ± 0.05c 2.42 ± 0.08bcd 2.70 ± 0.21cd

Data are mean ± standard deviation of five replicates. For each analysis, values in the same row or column with the same letters represent no
significant difference between treatments according to Tukey’s multiple range test (P ≤ 0.05).

Table 3. Two-factor ANOVA (AMF inoculation and Trichoderma harzianum inoculation) for parameters studied: P significance values

Factor Plant fresh weight Plant dry weight N P K AM root colonisation T. harzianum population

AMF inoculation (AM) ∗ ∗∗ NS ∗ ∗∗ ∗∗∗ NS

T. harzianum inoculation (Th) NS ∗ ∗ NS NS NS ∗∗∗

Interaction Th × AM ∗ ∗ NS NS NS ∗∗∗ ∗

Significance: ∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P < 0.001; NS, not significant.
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phosphorus level compared with the control, except in plants
inoculated with G. claroideum. The lowest level of phosphorus
was observed in plants inoculated with G. mosseae. However,
dual inoculation did not reduce the phosphorus level relative to
the control. Total potassium was not affected by T. harzianum.
Inoculation with AMF, except for G. claroideum, did significantly
increase potassium levels; this was maintained when T. harzianum
was co-inoculated with the AMF.

Effects on AMF and T. harzianum
The inoculation with the different AMF produced a significant
increase in AM root colonisation, depending on the AMF inoculated
(Fig. 1 and Table 3). The lowest percentage of AM colonisation was
obtained in plants inoculated with G. claroideum. The presence of
T. harzianum significantly increased AM colonisation, except in the
treatment with G. mosseae. The number of T. harzianum colonies
recovered from the substrates co-inoculated with AMF decreased
significantly compared with no AMF treatment (inoculated with

T. harzianum), except in the case of inoculation with G. intraradices
(Fig. 2 and Table 3). Trichoderma harzianum was detected below
2.5 log CFU g−1 in the treatments that did not include inoculation
with T. harzianum, showing no significant differences between the
different AMF inocula (data not shown).

Interactions between AMF and T. harzianum under pathogen
pressure
Effects on plants
The percentage of plants infected by F. oxysporum in treatments
involving inoculation with AMF alone was decreased significantly
compared with the control, except in the case of plants inoculated
with G. claroideum (Fig. 3). The lowest number of infected plants
was observed in treatments involving inoculation with G. mosseae.
Inoculation with T. harzianum significantly reduced the percentage
of infected plants. Co-inoculation of T. harzianum and AMF was
also effective in suppressing disease development relative to
the control; furthermore, the infection percentages observed in

Figure 1. Percentage of root length colonised by Glomus constrictum, Glomus mosseae, Glomus claroideum and Glomus intraradices for melon plants
co-inoculated or not with Trichoderma harzianum, 42 days after planting. Bars indicate standard deviation. Values with the same letters represent no
significant difference between treatments according to Tukey’s multiple range test at the P = 0.05 level (n = 5).

Figure 2. Number of Trichoderma harzianum colonies recovered from substrate in treatments co-inoculated with T. harzianum and Glomus constrictum,
Glomus mosseae, Glomus claroideum or Glomus intraradices, 42 days after planting. Bars indicate standard deviation. Values with the same letters represent
no significant difference between treatments according to Tukey’s multiple range test at the P = 0.05 level (n = 5).
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Figure 3. Percentage of plants infected by Fusarium oxysporum in treatments inoculated with Trichoderma harzianum and/or Glomus constrictum, Glomus
mosseae, Glomus claroideum or Glomus intraradices, 42 days after planting. Bars indicate standard deviation. Values with the same letters represent no
significant difference between treatments according to Tukey’s multiple range test at the P = 0.05 level (n = 5).

the dual-inoculated plants were significantly lower (P < 0.001)
compared with plants treated only with the AMF, except for the G.
mosseae treatment.

Effects on F. oxysporum
Inoculation with the AMF alone did not affect the F. oxysporum
population; however, inoculation with T. harzianum significantly
increased the pathogen population (P < 0.001) (Table 4).
Co-inoculation with T. harzianum and the AMF resulted in
pathogen populations similar to those of treatments inoculated
with the AMF alone.

DISCUSSION
It is a well-known fact that the AM symbiosis improves the
host growth and nutrition.34,35 However, in our experiment, root
colonisation by the AMF alone resulted in a decrease in plant
growth. The fact that the lowest fresh and dry plant weights
occurred in plants co-inoculated with AMF and T. harzianum seems
to be a direct consequence of the action of the saprophytic fungus
on AM root colonisation, as the saprophytic fungus increased the

Table 4. F. oxysporum population (×104 CFU/g) recovered from the
substrate in treatments inoculated with T. harzianum, and/or G.
constrictum, G. mosseae, G. claroideum or G. intraradices 42, days after
planting.

F. oxysporum population

AMF No T. harzianum T. harzianum

No AMF 1.02 ± 0.26ab 13.50 ± 1.22d

G. constrictum 2.35 ± 0.60bc 1.20 ± 0.98ab

G. mosseae 1.75 ± 0.63abc 2.65 ± 1.10bc

G. claroideum 2.05 ± 0.10abc 3.33 ± 1.46c

G. intraradices 1.07 ± 0.87ab 0.50 ± 0.06a

Data are mean ± standard deviation of five replicates. Values in the
same row or column with the same letters represent no significant
difference between treatments according to Tukey’s multiple range
test (P ≤ 0.05).

root colonisation. These findings may indicate that, although
establishment of the symbiosis took place during the early
stages (first 40 days), it was not functional until later stages.36

An initial growth depression in AM plants followed by a growth
enhancement has been reported in the association between alfalfa
and G. mosseae.37

A similar decrease in phosphorus levels was observed in AMF-
inoculated plants, but not when they were co-inoculated with
T. harzianum. Several studies have demonstrated the capacity of
T. harzianum to solubilise inorganic nutrients and to increase nu-
trient uptake.38,39 Altomare et al.38 hypothesised that phosphorus
could be solubilised and stored in the Trichoderma biomass, to be
released in a readily available form in close proximity to the roots
after lyses of the aged mycelium.

Inoculation with T. harzianum, co-inoculated or not with AMF,
produced a negative effect on nitrogen uptake. This result
may be explained by competition between plant roots and
T. harzianum, since, in many cases, micro-organisms are superior
competitors.40,41

Endomycorrhizal fungi have been reported to lack a taxonomic
specificity; however, plant species vary in the degree to which
they respond to AM fungal species.1,5 In our experiment, although
all the AMF tested were able to colonise roots of C. melo, the AM
colonisation level varied with the AM endophyte, reaching val-
ues around 40% in almost all cases except for G. claroideum,
a significant increase in comparison with the usual level of
mycorrhizal colonisation of melon roots.8 A synergistic interac-
tion regarding AM formation between the saprophytic fungus
T. harzianum and the AMF was observed, as reported also by
Garcı́a-Romera et al.42 and Fracchia et al.43,44 In our work the pres-
ence of T. harzianum significantly increased root colonisation by
G. intraradices, G. constrictum and G. claroideum, reaching values
significantly higher than the most effective AMF inoculated alone
(G. mosseae). Similar interactions have been proposed for other
saprophytic fungi.43,45 – 48 A role for soluble exudates and volatile
compounds produced by saprophytic fungi has been proposed to
explain these findings.45 This result contrasts markedly with the ab-
sence of effects observed in other studies, such as that of Camprubı́
et al.49 or Vázquez et al.25 It contrasts also with the antagonistic
effect observed by McAllister et al.47 and Martı́nez et al.23
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A general antagonistic effect on T. harzianum populations due
to the AMF was observed, except in the case of the co-inoculation
with G. intraradices. Modifications of root exudates caused by the
AMF may explain this finding.50 Furthermore, substances released
by the extrametrical mycelia of MA fungi may also influence
microbial populations.21 Competition between T. harzianum and
AMF in the first stages could also explain these findings.24,47 Similar
results have been observed by Fracchia et al.,48 while stimulation
of the germination of T. harzianum conidia by G. intraradices has
been reported by Filion et al.21 This finding suggests a complex
interaction between T. harzianum and the AMF.

A noteworthy fact is that the effects of the interaction between
AMF and T. harzianum may be very different depending on the
AMF and the saprophytic strain.23 In our experiment a greater
antagonistic effect on the T. harzianum population was observed
in the presence of G. mosseae; interestingly enough, no synergistic
effects on AM root colonisation by G. mosseae were observed in
the presence of T. harzianum.

AM symbiosis has been shown to reduce the damage caused
by soil-borne plant pathogens.51 In our experiment, lower
percentages of plants infected by F. oxysporum were observed
in AM plants. Competition for host photosynthates or site and
microbial changes in the mycorhizosphere due to AM have been
proposed.52,53 A negative effect of AMF on the development
of F. oxysporum populations has been reported.21,54 However,
no reduction of the F. oxysporum population was observed in
the organic substrate in the presence of AMF. Therefore other
mechanisms could explain the lower incidence of F. oxysporum
on melon plants observed in our experiment, such as improved
resistance and/or tolerance against the pathogen. Improvement
of plant nutrition has been reported as one of the mechanisms
by which AM association could control root pathogens, since
increased nutrient uptake results in more vigorous plants.51

Trichoderma harzianum itself was more effective than the
AMF with regard to suppressing disease development. Several
pieces of work report the biocontrol capacity of Trichoderma
spp.13 Various mechanisms of biocontrol have been reported,
such as mycoparasitism, antibiotic production or competition.14

Interestingly, in this work we observed an increase in the pathogen
population in the substrate. Ros et al.55 reported a similar effect
for F. oxysporum colonies in a substrate when green compost
was added. Therefore other mechanisms, rather than a direct
interaction of the biocontrol agent and the pathogen, can explain
the suppression of the disease development by T. harzianum, such
as an induction of plant defence.56

Combined inoculation of T. harzianum and AMF resulted in a
general synergistic effect on disease control. This finding supports
the hypothesis of Linderman57 that AMF and T. harzianum function
in tandem to control root diseases. The majority of studies
considered so far concern a single pathogen and a single biocontrol
agent in the rhizosphere. However, one way of improving
biocontrol in the rhizosphere may be to add combinations
of biocontrol agents, particularly if they exhibit different or
complementary modes of action; such multiple interactions are
the normal situation in the rhizosphere.58 Several combinations
have been studied: for example, Trichoderma koningii combined
with Pseudomonas chlororaphis 30–84 or Pseudomonas fluorescens
Q2-87 gave higher suppression of take-all in wheat than T. koningii
alone.59 Trichoderma (Glicocladium) virens GI-3 combined with
Burkholderia cepacia provided greater protection to pepper seeds
than either antagonist inoculated alone in the presence of four soil-
borne pathogens.60 Datnoff et al.61 reported a higher suppressive

effect against Fusarium crown and root rot of tomato with the
combination of T. harzianum and G. intraradices than with either
agent applied alone.61 However, there are several examples of
combinations of different biocontrol agents providing no better or,
in some cases, worse biocontrol than the isolates used singly.62,63

In conclusion, since the melon plants were susceptible to AM
root colonisation, initial growth and seedling nurseries seem to be a
convenient time and place respectively to perform AM inoculation,
as a high percentage of root colonisation was achieved, although
a general increase in plant growth and nutrition was not observed
in the greenhouse nursery. Selection of the appropriate AM fungal
species and its combination with other fungi such as T. harzianum
seem to be important in the effectiveness of AMF, enhancing
formation of the symbiosis. Furthermore, combinations of AMF and
T. harzianum were able to control Fusarium wilt more effectively
than either agent applied alone. The combination of G. intraradices
and T. harzianum provided better results than any other tested in
this work. Finally, a commercial formulation of G. intraradices and
T. harzianum strain CECT 20 714 could be effective in greenhouse
nurseries, with a double objective: (a) to prepare melon plants
with a high level of mycorrhization and (b) to reduce the incidence
of Fusarium wilt in melon plants. Interactions between these two
microbial agents should be researched deeply to understand the
mechanisms involved and with the aim of directing inoculations
to achieve the proposed objectives.
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