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Abstract

Effects of the saprophytic fungus Fusarium oxysporum on arbuscular mycorrhizal (AM) colonization and plant dry
matter were studied in greenhouse and field experiments. Host plants: maize (Zea mays L.), sorghum (Sorghum
vulgare L.), lettuce (Lactuca sativa L.), tomato (Lycopersicum esculentum L.), wheat (Triticum vulgare L), lentil
(Ervum lens L.) and pea (Pisum sativum L.), the AM fungi: Glomus mosseae, G. fasciculatum, G. intraradices,
G. clarum, and G. deserticola and the carriers for F. oxysporum inoculum: aqueous solution, thin agar slices, and
pellets of agar and alginate were tested under greenhouse conditions. Greatest plant growth and AM colonization
responses in sterilized and unsterilized soils were observed with pea, Glomus deserticola and sodium alginate
pellets as the carrier for F. oxysporum inoculum. Under field conditions, adding F. oxysporum increased the survival
of transplanted pea, possibly through a beneficial effect on AM fungi. Application of F. oxysporum increased shoot
dry matter, N and P concentrations of pea and sorghum plants, and the level of AM colonization attained by
indigenous or introduced AM fungi. These parameters were similar in plants inoculated with either G. deserticola
or with the indigenous AM fungi. Application of the saprophytic fungus increased the number of propagules of
AM fungi in field plots in which pea was grown, but this increase was not sufficient to increase AM colonization
of sorghum after the pea crop.

Introduction

Arbuscular mycorrhizal (AM) fungi can improve plant
growth by taking up relatively immobile nutrients such
as phosphate (Barea and Jeffries, 1995). AM asso-
ciations are especially important in degraded soils,
because they typically have low fertility. Yet, these
soils often have a low density of propagules of AM
fungi. Restoration of these soils can be carried out
by increasing the population of indigenous AM en-
dophytes, by increasing their effectiveness to sustain
plant growth, by reintroducing pre-existing species, or
by introduction of effective exotic species (Jeffries and
Dodd, 1996; Miller et al., 1994). Inoculation of AM
fungi can increase plant and seedling survival in soils
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of low fertility or with a low density of propagules of
AM fungi (Harinikumar and Bagyaraj, 1996; Roldan-
Fajardo, 1994). However, the development of AM
fungi in plant roots and their effect on plant growth
are influenced by the number and type of AM fungi
present in soils which may compete with introduced
AM fungi (Cardona and Ocampo, 1985).

The importance of the AM association in agri-
culture has been widely recognised (Bethlenfalvay
and Linderman, 1992), but since the AM fungi have
not yet been cultured axenically in the absence of
plant host roots (Azcon-Aguilar et al., 1999), their
field application is limited. Soil micro-organisms af-
fect the development and function of AM symbiosis
(Linderman, 1992). Saprophytic fungi are important
and common components of rhizosphere soil (Dix
and Wester, 1995). Saprophytic and AM fungi are
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important because they represent a substantial propor-
tion of microbial biomass in soil. Some experimental
results have confirmed the existence of synergistic ef-
fects of saprophytic fungi on spore germination of
AM fungi and plant root colonization (Calvet et al.,
1993; Fracchia et al., 1998; McAllister et al., 1996).
For example, F. oxysporum-126 has been shown to
increase AM colonization and plant growth of plants
(García-Romera et al., 1998). However, the beneficial
effects attributable to saprophytic fungi under con-
trolled experimental conditions may not reflect their
performance in field experiments.

The aim of this work is to evaluate the effect of F.
oxysporum-126 on AM colonization and plant growth
under field conditions. Several experiments were done
in the greenhouse to select the F. oxysporum inoculum
carrier, and the plant and AM endophyte combination
to best demonstrate the effects of F. oxysporum on AM
colonization and host growth.

Materials and methods

Greenhouse experiments

Plant seeds were pregerminated, selected for uni-
formity prior to planting and transplanted into 0.3 L
pots. Pots were filled with a grey loam soil obtained
from the field of the Estación Experimental del Zaidín
(Granada, Spain). The soil had a pH of 8.1 in a 1:1
soil:water ratio. The P, N and K were determined by
methods of the Estacion Experimental del Zaidin us-
ing a Technicom autoanalyser. NaHCO3-extractable P
was 6.2 µg g−1. N was 0.3 µg g−1 and K was 132
µg g−1. The soil texture was 358 g kg−1sand, 436 g
kg−1and 205 g kg−1clay. Soil organic matter concen-
tration was 18 g kg−1. The soil was steam-sterilized
and mixed with sterilized quartz sand 1:1 by volume.

AM fungal inoculum was a root-and-soil mixture
consisting of rhizosphere soil containing spores and
colonized root fragments of Medicago sativa L. in
amounts of 5 g, which was predetermined to produce
high levels of root colonization. Plants noninoculated
with AM fungi were given a filtrate (passed through
Whatman no. 1 paper) of the inoculum containing
the common soil microflora, but free of AM fungal
propagules.

Plants were grown in a greenhouse with nat-
ural light supplemented by Sylvania incandescent and
cool-white lamps giving 400 nmol m−2 s−1 at 400–
700 nm; there was a 16–8 h light-dark cycle at 25–
19 ◦C and 500 mL L−1 relative humidity. Plants were

watered from below, and fed with a nutrient solution
lacking phosphate at 10 mL per week (Hewitt, 1952).

The saprophytic fungus, Fusarium oxysporum
Schlecht. BAFC Cult. No. 126 (Booth, 1977), is
present in the rhizosphere soil and roots of maize
cultivated in the province of Buenos Aires, Argen-
tina. This fungus was isolated by the particle wash-
ing method using a multichamber washing appar-
atus (Widden and Bisset, 1972). This strain of F.
oxysporum is kept in the culture collection of the Fac-
ultad de Ciencias Exactas y Naturales, Universidad de
Buenos Aires in Buenos Aires, Argentina.

To evaluate the population of F. oxysporum inocu-
lated into soil, about 1.5 g of rhizosphere soil was
taken from each of the experimental pots and 10-
fold aqueous dilution series (from 10−1 to 10−4) were
prepared for each sample. One ml of each solution
was plated on potato dextrose agar (PDA). Number
of colony forming units (CFUs) in suitable dilutions
of such samples, taken from the five replicate pots of
each treatment, were counted. Hyaline fungal isolates
were identified to genus (Domsch et al., 1980). All the
Fusarium spp. were identified by using microscopic
structures (conidiophores, conidia, chlamydospores)
and colony characteristics such as growth rate, aerial
mycelium, pigmentation and sclerotial bodies (Booth,
1977, Gerlach and Nirenberg, 1982). Soil was dried
at 105 ◦C and weighed. The number of CFUs was
expressed per g of dry soil.

Plants were harvested after 8 weeks and dry mass
was determined. Samples of 1 g fresh weight were
taken from the entire root system at random and were
cleared and stained (Phillips and Hayman, 1970),
and the percentage of root colonization was measured
by the line-intersect method (Giovannetti and Mosse,
1980).

Experiment 1. Selection of plants and AM endophytes
To select the most appropriate plant (Experiment 1a),
maize (Zea mays L.), sorghum (Sorghum vulgare L.),
lettuce (Lactuca sativa L.), tomato (Lycopersicum
esculentum L.), wheat (Triticum vulgare L.), lentil
(Ervum lens L.) and pea (Pisum sativum L.) were
grown in unsterilized soil and inoculated or not with F.
oxysporum. Plants were inoculated at the time of trans-
planting with a thin slice of PDA containing spores
and mycelium of F. oxysporum.

To select the most appropiate AM endophyte (Ex-
periment 1b), we investigated Glomus mosseae (Nicol.
and Gerd.) Gerd. and Trappe (BEG no. 12) from
Rothamsted Experimental Station, G. fasciculatum
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(Thax. sensu Gerd.) Gerd. and Trappe (BEG 58) from
Dijon (INRA), G. intraradices (Schenck and Smith)
and G. clarum (Nicol. and Schenck) from the Instituto
Venezolano de Investigaciones Científicas (IVIC) and
G. deserticola (Trappe, Bloss and Menge) from the
Instituto de Investigaciones Agrobiológicas de Galicia
(CSIC). Inoculation with F. oxysporum-126 was as de-
scribed before. Pea was selected as the test plant and
was grown in sterilized soil. There were: (1) uninocu-
lated controls, (2) soil inoculated with F. oxysporum
as in the Experiment 1a, (3) soil inoculated with
each of the AM endophytes separately and (4) soil
inoculated with both F. oxysporum and each of the
AM endophytes. Seedlings of each plant species were
inoculated at the time of transplanting.

Experiment 2. Selection of F. oxysporum inoculum
carriers
Pea plants were grown in unsterilized soil and in-
oculated with F. oxysporum-126 as: (1) an aqueous
solution in sterile distilled water containing approx-
imately 2 × 106 spores mL−1 that has been prepared
from cultures grown on PDA for 2 weeks at 27 ◦C,
(2) a thin agar slice as described before, (3) 50 mm
diam. pellet of agar (Vassileva et al., 1998) containing
approximately 5 × 106propagules per pellet, and (4)
0.5 mm diam. pellet of sodium alginate (Lewis and
Papavizas, 1987) containing approximately 5 × 106

propagules per pellet. The agar and alginate pellets
were prepared by mixing the fungal propagules with a
30 g L−1 solution of agar or 30 g L−1 sodium alginate
at 45 ◦C . The mixture was homogenized for 180–240
s at low speed of the homogenizer and then dropped
into sterile olive oil to form agar pellets or to 0.025 M
CaCl2 to form alginate pellets. Pellets were separated
from the liquid and washed with sterile distilled water
before use.

Experiment 3. Interaction between indigenous and
introduced AM endophytes
In order to see if there were synergistic, neutral or
antagonistic interactions between AM indigenous en-
dophytes and either G. mosseae or G. deserticola,
these AM fungi were inoculated into sterilized and
unsterilized soils in presence or in the absence of F.
oxysporum. Pea plants were grown either in unsteril-
ized or sterilized soil with the following treatments:
(1) uninoculated controls, (2) soil inoculated with F.
oxysporum, (3) soil inoculated with either G. mosseae
or G. deserticola, and (4) soil inoculated with both G.
mosseae or G. deserticola and F. oxysporum.

G. mosseae or G. deserticola inoculum consisted
either of soil inoculum as described before or of a
root inoculum of AM colonized root fragments. Root
fragments were obtained from lettuce plants inocu-
lated with the same root-and-soil inoculum described
before. Six-week-old lettuce roots with 280 and 520
mm m−1 root length colonized by G. mosseae and by
G. deserticola, respectively, were washed with sterile
water, rinsed with 10 g L−1 sodium hypochlorite for
300 s, and rinsed again with sterile water. To each
pot, 250 mg of 10- mm root fragments was added.
Non-mycorrhizal lettuce roots were used as controls.

Field experiments

Experiment 4. Pea crop
Pea plants were pregerminated, selected for uniform-
ity prior to planting and transplanted into 40-mL pots
of a sterilized mix of peat and vermiculite in equal
volumes. Plants were grown in a greenhouse under
the same conditions described before. AM inoculum
consisted of 150 mg of lettuce roots colonized with
G. deserticola or with the indigenous endophytes.
AM root inoculum with indigenous endophytes from
the Estación Experimental del Zaidín field were ob-
tained by growing lettuce plants in unsterilized soil
for 6 weeks which yielded 400 mm m−1 root length
colonized. After 2 weeks, the plants and the peat-
vermiculite mix in the pots were transferred to 1-m2

plots (there were 30 plots and 20 plants per plot) at
the Estación Experimental del Zaidín field. Plots were
separated from others plots by 1.5-m borders. Alginate
pellets containing approximately 5 × 106 propagules
per pellet of F. oxysporum-126, prepared as described
before, were inoculated beneath the roots at the time
of transplanting. Treatments were: (1) noninoculated
controls, (2) plants inoculated with G. deserticola or
with the indigenous endophytes, (3) plants inoculated
with F. oxysporum, and (4) plants inoculated with G.
deserticola or with the indigenous endophytes and F.
oxysporum. There were five random replicate plots
for each treatment and five plants per harvest. Per-
centage survival after transplant was recorded. Plants
were harvested after 1, 2 and 3 months, and roots
from the top 0.2 m soil depth were sampled using a
0.15-m diameter soil coring tube placed directly over
a plant. Roots were separated from the soil cores by
careful washing. Shoot dry matter, AM colonization,
the number of rhizobial root nodules and the number
of CFUs of F. oxysporum were determined. Shoots
were analyzed for P and N (Lachica et al., 1973).
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Number of effective AM fungal propagules of the
plots inoculated with the indigenous AM fungi and
with G. deserticola was estimated at the beginning and
end of the experiment by the most probable number
(MPN) method (Porter, 1979) using M. sativa as the
test plant. To determine the MPN, five samples of 100
cm3 from each of the plots were used. From each
sample, five dilutions (10−1–10−5) were prepared.
Each dilution was tested in five 100 cm3 pots. The M.
sativa seedlings were harvested after 6 weeks to record
the presence or absence of mycorrhizal colonization.

Experiment 5. Sorghum crop
Plots where pea had been grown were cleaned and
weeds were controlled by hand weeding. Sorghum
seedlings, obtained as described for pea, were trans-
planted into the same plots where pea had been grown.
At the same time, sorghum seedlings were also trans-
planted into five new replicate plots. Plants were either
noninoculated or inoculated with alginate pellets of
F. oxysporum-126. After 2 months, plants were har-
vested and the shoot dry matter, shoot P and shoot N
concentration and AM colonization were determined.

Statistical treatments

Percentage AM colonization values were arcsine
transformed. Data obtained for dry weight, percent-
age of AM colonization, CFU of saprophytic fungi,
shoot N and P concentrations and the most probable
number of propagules of AM fungi were subjected to
ANOVA. Mean values of five replicate pots or plots
were compared using Duncan’s multiple range test (P
= 0.05).

Results

Greenhouse experiments

Experiment 1. Selection of plants and AM endophytes
Fusarium oxysporum-126 was not pathogenic to the
hosts tested even when plants were inoculated with a
high concentration of fungal conidia (data not shown).

Inoculation of unsterilized soil with F. oxysporum-
126 increased the shoot dry weight and the percentage
of AM root length colonized by the indigenous endo-
phytes of sorghum, tomato and pea plants (Table 1).
Root dry weight did not vary among treatments. From
these results, we selected pea for the following exper-
iments. G. mosseae and G. deserticola in the presence

Table 1. Shoot and root dry weights and mycorrhizal colonization
of different plants grown in nonsterilized soils inoculated or not with
Fusarium oxysporum-126

Plants Dry weight (mg) mm m−1 root

length colonized

Shoot Root

Maize 430a 440a 670a

Maize + F. oxysporum 503a 462a 690a

Sorghum 420a 450a 570a

Sorghum + F.oxysporum 530b 470a 700b

Wheat 152a 173a 410a

Wheat + F. oxysporum 156a 170a 660b

Lettuce 232a 133a 670a

Lettuce + F. oxysporum 246a 143a 670a

Tomato 163a 103a 280a

Tomato + F. oxysporum 372b 80a 420b

Pea 200a 193a 680a

Pea + F. oxysporum 383b 203a 860b

Lentil 260a 150a 750a

Lentil + F. oxysporum 286a 143a 740a

Within each plant species, column values followed by the same
letter are not significantly different as determined by Duncan’s
multiple range test (P = 0.05).

of F. oxysporum increased shoot dry weight and AM
colonization of pea grown in sterilized soil (Table 2).
Root dry weight of pea inoculated with G. mosseae
and G. fasciculatum was higher than that of plants
inoculated with G. deserticola and G. clarum. F.
oxysporum increased root dry weight of pea (Table 2).
Number of CFUs of F. oxysporum was similar among
Fusarium-inoculated treatments (Table 2).

Experiment 2. Selection of F. oxysporum inoculum
carriers
Higher shoot dry weight and AM colonization of pea
were obtained when F. oxysporum was inoculated as
alginate pellets, compared to when it was inoculated as
agar pellets, aqueous solution or agar slices (Table 3).
Root dry weight and the number of CFUs of F.
oxysporum did not vary among inoculum treatments.
These results show that G. mosseae and G. deserticola
were the most effective endophytes (Table 2) and that
alginate pellets were the best carrier for F. oxysporum
(Table 3).

Experiment 3. Interaction between indigenous and
introduced AM endophytes
In sterilized soil, G. mosseae and G. deserticola in the
presence or absence of F. oxysporum increased AM
colonization and shoot dry weight of pea (Table 4).
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Table 2. Number of CFUs of Fusarium oxysporum-126, shoot and root dry weight and mycor-
rhizal colonization of pea (Pisum sativum) plants grown in sterilized soil inoculated with different
Glomus endophytes and in the presence or absence of F. oxysporum

Plants Dry weight (mg) mm m−1 root CFU × 103 g-1

length colonized soil

Shoot Root

Non-inoculated 333a 243ab 0 0

Non-inoculated + F. oxysporum 335a 486c 0 2.4a

G. mosseae 400b 313b 480c 0

G. mosseae + F. oxysporum 510c 261ab 740d 1.9a

G. fasciculatum 300a 314b 210b 0

G. fasciculatum + F. oxysporum 325a 242ab 170ab 2.8a

G. intraradices 403b 293ab 760d 0

G. intraradices + F. oxysporum 410b 230a 840d 2.2a

G. deserticola 423b 226a 830d 0

G. deserticola + F. oxysporum 642d 303ab 970e 1.7a

G. clarum 373ab 231a 60a 0

G. clarum + F. oxysporum 346ab 220a 160ab 3.4a

Column values followed by the same letter are not significantly different as determined by
Duncan’s multiple range test (P = 0. 05).

Table 3. Effect of different Fusarium oxysporum-126 carriers on the number of CFUs,
shoot and root dry weights and mycorrhizal colonization of Pisum sativum grown in
nonsterilized soil

Treatments Dry weight (mg) mm m−1 root CFU × 103 g−1 soil

Shoot Root length colonized

Day 1 Day 42

Control 336a 203a 450a 0 0

Aqueous solution 441b 173a 630b 5.2a 1.3a

Agar slice 542c 163a 630b 2.7a 0.8a

Agar pellet 586cd 166a 610b 3.5a 0.6a

Alginate pellet 650d 173a 770c 4.3a 0.7a

Column values followed by the same letter are not significantly different as determined
by Duncan’s multiple range test (P = 0. 05).

When F. oxysporum, G. mosseae and G. deserticola
were inoculated into unsterilized soil, increases in
shoot dry weight and AM colonization of pea were
observed. Both G. mosseae or G. deserticola reached
the same root colonization level in unsterilized soil as
in sterilized soil. The highest shoot dry weight and AM
colonization response of pea was when F. oxysporum
was co-inoculated with G. deserticola (Table 4). Per-
centage of root colonized and plant growth were not
increased when G. mosseae and G. deserticola were
inoculated together as soil-and-root inoculum (data
not presented) or as root inoculum.

Field experiments

From the results obtained in the greenhouse exper-
iments, for field experiments we selected the com-
bination of pea, G. deserticola, and F. oxysporum
inoculated in alginate pellets.

Experiment 4. Pea crop

Percentage of survival of uninoculated pea trans-
planted to plots was significantly lower than when
plants were inoculated with F. oxysporum, with indi-
genous endophytes in the absence or in the presence of
F. oxysporum, or with G. deserticola alone or together
with F. oxysporum (Table 5).
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Table 4. Number of CFUs of Fusarium oxysporum-126, shoot and root dry weights, mycorrhizal
colonization of pea (Pisum sativum) grown in the greenhouse in nonsterilized and sterilized soil,
inoculated or not with Glomus mosseae or Glomus deserticola and in presence or absence of F.
oxysporum inoculated with alginate carrier

Treatments Dry weight (mg) mm m−1 root CFU × 103 g−1

length colonized soil

Shoot Root

Sterilized soil

Noninoculated 213ab 281abc 0 0

Noninoculated + F. oxysporum 200a 373c 0 3.5a

G. mosseae 372cd 186ab 450b 0

G. mosseae + F. oxysporum 412ef 193ab 580cd 2.5a

G. deserticola 413ef 292abc 650de 0

G. deserticola + F. oxysporum 443fg 156a 710ef 1.9a

Unsterilized soil

Noninoculated 250b 140a 250a 0

Noninoculated + F. oxysporum 352c 143a 380b 2.7a

G. mosseae 360cd 176ab 490bc 0

G. mosseae + F. oxysporum 396de 186ab 500bc 2.9a

G. deserticola 410ef 200ab 610cde 0

G. deserticola + F. oxysporum 472g 160a 780f 2.4a

Column values followed by the same letter are not significantly different as determined by
Duncan’s multiple range test (P = 0. 05).

Table 5. Percentage of survival of Pisum sativum
transplanted to soil plots inoculated with indigenous
arbuscular mycorrhizal fungi AMF or with Glomus
deserticola in presence or absence of Fusarium
oxysporum-126

Treatments Without With F.

F. oxysporum oxysporum

Control 76.1a 96.1b

Indigenous AMF 94.6b 97.3b

G. deserticola 97.3b 95.7b

Values followed by the same letter are not significant
as determined by Duncan’s multiple range test (P =
0.05).

Inoculation of F. oxysporum increased shoot dry
weight of pea and increased AM colonization of 1-
and 2-month-old pea plants. AM root colonization
after 2 months was highest when F. oxysporum was
inoculated together with G. deserticola. However, 3-
month-old pea had similar AM colonization in all
treatments. Number of rhizobial root nodules (data
not shown) and CFUs of F. oxysporum were similar
among treatments (Table 6).

Combination G. deserticola and F. oxysporum in-
creased the concentration of shoot N and P in 1- and

2-month-old pea plants. G. deserticola significantly
increased P concentration compared to the control
at one and two months. The other treatments were
similar (Table 7).

Number of AM fungal propagules in soil plots at
the beginning of field experiments was 50.7±15. After
harvest of 3-month-old pea, the number of propagules
had increased in those plots that had been inoculated
with AM plus F. oxysporum (Table 8).

Experiment 5. Sorghum crop
Sorghum plants cultivated after pea in the same plots
had similar shoot dry weights, AM colonization, and
N and P concentrations in the different treatments
(Table 9a). However, the inoculation of sorghum
grown with F. oxysporum in new plots in the same
experimental field increased the shoot dry weight and
the percentage of AM colonization of plants (Table,
9b).

Discussion

Saprophytic fungi can influence AM colonization and
host plant response (Calvet et al., 1993; Fracchia et
al., 1998; García-Romera et al., 1998). Ability of
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Table 6. Number of CFUs of Fusarium oxysporum, shoot dry weight and mycorrhizal colonization of pea (Pisum sativum) grown in field
plots indigenous arbuscular mycorrhizal inoculated with fungi AMF or with Glomus deserticola in the presence or absence of Fusarium
oxysporum-126

Treatments 1 month 2 months 3 months

Shoot mm m−1 CFU Shoot mm m−1 CFU Shoot mm m−1 CFU

Dry root length g−1 soil dry root length g−1 soil dry root length g−1 soil

weight colonization weight colonization weight colonization

(mg) (mg) (mg)

Control 110a 68a 2335a 270a 7390a 730a

F. oxysporum 179bc 171b 27.5a 4841b 520b 12.7a 10272b 750a 12.6a

Indigenous AMF 170ab 172b 2952a 280a 8301a 690a

Indigenous AMF 220c 273c 25.2a 6182c 470b 9.9a 12814c 730a 10.4a

+ F. oxysporum

G. deserticola 191bc 178b 5932c 530bc 12249c 770a

G. deserticola 230c 271c 27.6a 6345c 640c 15.1a 13306c 730a 17.1a

+ F. oxysporum

Column values followed by the same letter are not significantly different as determined by Duncan’s multiple range test (P = 0. 05).

Table 7. Shoot N and P concentration of pea (Pisum sativum) grown in field plots inoculated with indigen-
ous arbuscular mycorrhizal fungi AMF or with Glomus deserticola in the presence or absence of Fusarium
oxysporum-126

Treatments 1 month 2 months 3 months

mg g−1P mg g−1N mg g−1P mg g−1N mg g−1P mg g−1N

Control 1.2a 60.7a 1.4a 64.3a 1.2a 23.7a

F. oxysporum 1.3a 60.3a 1.4a 66.3a 1.3a 26.0a

Indigenous AMF 1.5ab 59.7a 1.8ab 66.3a 1.3a 21.7a

Indigenous AMF + F.oxysporum 1.7 ab 59.0a 1.6ab 62.7a 1.9a 25.0a

G. deserticola 2.0b 67.0a 2.1b 71.0a 1.5a 25.3a

G. deserticola + F. oxysporum 3.5c 83.7b 3.7c 89.7b 1.2a 25.0a

Column values followed by the same letter are not significantly different as determined by Duncan’s multiple range
test (P = 0. 05).

Fusarium to increase plant dry matter and AM root
colonization varied markedly depending on the plant
and AM endophyte (McAllister et al., 1994). In this
study F. oxysporum-126 increased AM colonization
and shoot dry weight of sorghum, tomato and pea,
but not maize, wheat, lettuce and lentil when grown in
unsterilized soil. In the same way, G. mosseae and G.
deserticola increased shoot dry weight and AM root
colonization of pea in the presence of F. oxysporum
more than the other AM fungi tested. In spite of the
stimulatory effect of F. oxysporum on the colonization
of pea root by AM fungi, no influence of AM fungi on
the CFUs of F. oxysporum was detected. This lack of
effect has been observed for several Fusarium strains
co-inoculated wih G. mosseae (Garcia-Romera et al.,
1998).

Beneficial effects of F. oxysporum on shoot dry
matter and AM root colonization of pea varied with
the carrier of the Fusarium inoculum. Sodium al-
ginate pellets were a better carrier than agar pellets,

Table 8. The most probable number of propagules of arbuscular my-
corrhizal fungi AMF in soil plots inoculated with indigenous AMF
or with Glomus deserticola in presence or absence of Fusarium
oxysporum-126 after the Pisum sativum harvest

Treatments Number of propagules × 10 g−1 soil

Without F. oxysporum With F. oxysporum

Control 5a 17b

Indigenous AMF 8a 14b

G. deserticola 5a 35c

Column values followed by the same letter are not significant as
determined by Duncan’s multiple range test (P = 0. 05).
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Table 9. Shoot dry weight, colonization by arbuscular mycorrhizal fungi (AMF) and shoot N
and P concentrations of Sorghum vulgare grown in plots either (a) in the same plots in which
pea had been grown or (b) in new plots inoculated or not with Fusarium oxysporum

Treatments Shoot dry mm m−1 root N P

weight length (mg g−1) (mg g−1)

(mg) colonized

a

Control 12153a 375a 68a 1.2a

F. oxysporum 1245a 382a 72a 1.5a

Indigenous AMF 11280a 278a 66a 1.9a

Indigenous AMF + F. oxysporum 11523a 394a 65a 1.5a

G. deserticola 12066a 306a 62a 1.7a

G. deserticola + F. oxysporum 12219a 368a 68a 1.6a

b

Control 14451a 325a 61a 1.2a

F. oxysporum 46820b 612b 68a 1.3a

Within sorghum plants grown in old plots and within sorghum plants grown in new plots,
column values followed by the same letter are not significant as determined by Duncan’s
multiple range test (P = 0.05).

aqueous solution or agar slices. Sodium alginate has
been shown to overcome some of the problems as-
sociated with survival, stability, efficacy and ease of
application of nitrogen-fixing, rock phosphate solubil-
izing and biocontrol microorganisms (Van Elsas and
Heijnen, 1990; Vassileva et al., 1998).

In field plots, F. oxysporum increased the infectiv-
ity and effectiveness of indigenous and introduced AM
endophytes and growth and nutrient concentration of
pea plants. AM colonization of pea was increased
by F. oxysporum during the early stage of root col-
onization. A direct beneficial action of saprophytic
fungi on their extramatrical phase of AM fungi has
been hypothesized (Fracchia et al., 1998; García-
Romera et al., 1998). Uptake of metabolites produced
by saprophytic fungi may be enhanced by AM fungi
which increases their mycotrophic effect (Tarafdar and
Marschner, 1995). On the other hand, F. oxysporum
also contributed to the survival of plants transplanted
to the field, possibly through an effect on AM fungi.

The N content of leguminous and nonleguminous
mycorrhizal plants was increased, but the number of
rhizobial root nodules of AM pea plants was not in-
creased. These results suggest a general improvement
in growth by AM fungi more than an effect on the
N2-fixing system (George et al., 1995).

No negative interaction between G. mosseae and
G. deserticola was found with the indigenous endo-
phytes. These data suggest that indigenous and intro-

duced endophytes do not compete. It is remarkable
that plants responded to introduced endophytes even in
the presence of infective and active native AM fungi.
These results corroborate those obtained under green-
house conditions here and elsewhere (García-Romera
et al., 1998). The effectiveness of the introduced in-
digenous endophytes was similar to G. deserticola,
indicating that the low efficiency of indigenous AM
fungi was probably caused by the lower population
than with inoculation in these soils. Application of
F. oxysporum increased the number of propagules of
indigenous AM fungi, but no increase of AM coloniz-
ation and plant growth of sorghum cultivated after in
these plots were observed. Similar results have been
found in other experiments (Abbott et al., 1983; Har-
inikumar and Bagyaraj, 1988). Competition between
some soil micro-organisms and AM fungi may de-
crease the infectivity and effectivity of AM fungi
(Bethlenfalvay et al., 1983; Ruiz-Lozano and Azcon,
1993). Our results show that dual inoculation of G.
mosseae or G. deserticola and F. oxysporum led to ad-
ditive AM colonization of root and enhanced growth
of plants. Therefore, F. oxysporum might be exploited
to improve the colonization of introduced AM fungi,
especially in plant nurseries. However, one of the
most important limitations in the use of AM fungi for
field crops in agriculture is culturing the AM fungus
in the absence of plant roots. Beneficial effects of
application of F. oxysporum on root colonization by
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indigenous endophytes and on plant growth indicate
the possibility of using this micro-organism to increase
the population and effectiveness of AM fungi at least
during one crop. These findings may be of special im-
portance for the restoration of degraded soils, which
are often of low fertility and where the population of
AM fungi is low (Jeffries and Dodd, 1996).

In future studies, the beneficial effect of F.
oxysporum on AM symbiosis will be investigated by
determining what points in the root colonization pro-
cess in spore germination, penetration of plant root,
and extramatrical hyphal development are affected by
the saprophytic fungus.
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