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Abstract The effect of the saprobe fungi Wardomyces
inflatus (Marchal) Hennebert, Paecilomyces farinosus
(Holm & Gray) A. H. S. Brown & G. Sm., Gliocladium
roseum Bain., Trichoderma pseudokoningii Rifai and T.
harzianum Rifai, isolated from sporocarps of Glomus
mosseae, on arbuscular mycorrhizal (AM) colonisation
and plant dry matter of soybean was studied in 2/3 and
1/5 diluted soils in a greenhouse trial. Soil dilution to
1/5 had no effect on shoot dry matter of soybean but
decreased AM colonisation and root dry weight of
plants. CFU of saprobe fungi, except 7. harzianum,
were higher in 1/5 than in 2/3 diluted soils. W. inflatus
and Gliocladium roseum decreased the shoot dry
weight of soybean plant when inoculated together with
Glomus mosseae. The saprobe fungi P. farinosus and T.
pseudokoningii increased the shoot dry weights of
plants grown in 1/5 diluted soil. The shoot dry weight
and AM colonisation in 1/5 diluted soil were also in-
creased when 7. harzianum was inoculated together
with Glomus mosseae. Thus, saprobe fungi increased
AM colonisation of soybean plants by indigenous en-
dophytes. The AM colonisation of plants at both soil
dilutions was increased by Glomus mosseae. The high-
est level of AM colonisation was observed when P. far-
inosus and T. pseudokoningii were inoculated together
Glomus mosseae. The dilution of soils influenced the
interaction between inoculated microorganisms and
their effect on plant growth.
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Introduction

Intensive agricultural practices can degrade the ecosys-
tem, especially the agrosystem (Bethlenfalvay and
Schiiepp 1994). These degradative processes include
soil erosion and loss of available nutrients, organic mat-
ter and microbial propagules (Barea and Jeffries 1995).
This leads to poor fungal growth due to low concentra-
tions of suitable metabolites and to soil fungistasis
(Wainwright 1992).

Arbuscular mycorrhizal (AM) fungi are a major
component of the soil microbial biomass in most eco-
systems (Allen 1991). These fungi, especially their my-
celium, are important in the consolidation of unstable
soils and in the recovery of degraded soils (Miller and
Jastrow 1992; Jeffries and Dodds 1996). Various re-
searchers have reported the reduction and/or loss of in-
fectivity of AM fungi as a result of natural or man-
induced disturbance of ecosystems (Harley and Smith
1983; Abbott and Gazey 1994).

Under unfavourable environmental conditions, the
effects of AM symbiosis can be decisive for the success-
ful establishment of plants in revegetation strategies
(Jasper 1994; Estaun et al. 1997). Two strategies have
been proposed for re-establishing microbial communi-
ties in disturbed ecosystems (Jeffries and Dodds 1996):
1) restoration of indigenous microorganisms to a level
able to sustain the plant community and 2) increase in
soil microbiota by re-introduction of effective exotic
species from similar ecosystems. Both strategies can be
applied either by the inoculation of selected AM fungi
or by increasing the effectivity of the indigenous AM
populations. The introduced AM fungi may or may not
synergise with indigenous endophytes and this interac-
tion may be affected by the environment (Ocampo
1980; Hayman 1983).
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On the other hand, it is known that soil microorgan-
isms affect AM symbiosis. Saprobe fungi are important
and common components of the soil rhizosphere (Dix
and Webster 1995). Their importance lies in the large
microbial biomass they supply to soil. They can grow
out from the sites of microbial activity. Hyphae extend
out into the soil, producing very fine mycelial networks
which facilitate substrate collection (Wainwright 1992).
Some experimental results confirm the existence of sy-
nergistic effects of saprobe fungi on AM spore germi-
nation and plant root colonisation by AM fungi (Calvet
et al. 1993; McAllister et al. 1996; Fracchia et al. 1998;
Garcia-Romera et al. 1998). Because soil degradation
reduces the size of the microbial population, the role of
AM and saprobe fungi in restoration of these soils may
be important.

The influence of the inoculation of Glomus mosseae
and several saprobe fungi on mycorrhizal colonisation
and growth of soybean in two diluted soils was stud-
ied.

Materials and methods

Plants were grown in 300-ml open pots of soil from Pergamino in
the Province of Buenos Aires, Argiudol type, pH of 7.1. Non-
sterilised soil was mixed with sterilised quartz sand in proportions
of 2:3 or 1:5 (v:v). Seeds of soybean (Glycine max cv. Nidera)
were surface-sterilised with HgCl, for 10 min, thoroughly rinsed
with sterilised water and sown in moistened sand. After germina-
tion, uniform seedlings were each planted into 300 g of the soil
mixes and grown in a greenhouse with supplementary light from
Sylvania incandescent, cool-white lamps (400 pE m= s,
400-700 nm) with a 16/8-h day/night cycle at 25/19°C and 50%
relative humidity. Plants were watered from below and fed with a
nutrient solution at 10 ml per week (Hewitt 1952).

The AM inoculum consisted of 5 g of rhizosphere soil from
alfalfa plant pot cultures of Glomus mosseae (Nicol. & Gerd.)
Gerd. and Trappe, isolated from Ciudad Universitaria soil in the

Table 1 Shoot and root dry weight (mg) of soybean grown in 2/3
and 1/5 diluted soils in the presence or absence of Glomus mos-
seae and inoculated or not with saprobe fungi. The data are in

province of Buenos Aires, Argentina (Fracchia et al. 1998), which
contained spores, mycelium and colonised root fragments. The
AM inoculum was mixed into the 300 ml soil in each pot. Soil
filtrate (Whatman No. 1 filter paper) from the rhizosphere of my-
corrhizal plants was added to the AM noninoculated treatment.
The filtrate contained common soil microorganisms but no propa-
gules of Glomus mosseae.

The saprobe fungi Wardomyces inflatus (Marchal) Hennebert
(BAFC Cult. no. F8992; Hennebert 1968), Paecilomyces farinosus
(Holm & Gray) A. H. S. Brown & G. Sm., (BAFC Cult.
no. F8846; Samsom 1974), Gliocladium roseum Bain. (BAFC
Cult. no. F8845; Domsch et al. 1980), Trichoderma pseudokonin-
gii Rifai (BAFC Cult. no. F8844; Rifai 1969) and T. harzianum
Rifai (BAFC Cult. no. F8842; Rifai 1969) were isolated from Glo-
mus mosseae sporocarps (Fracchia et al. 1998). The fungal isolates
were transferred to tubes of potato dextrose agar (PDA) and 2%
malt extract at 4°C as stock cultures.

An aqueous suspension in sterile distilled water containing ap-
proximately 2 X 10® spores ml™ of each saprobe fungus was pre-
pared from cultures grown in PDA for 1 week at 27 °C.

To evaluate the population of inoculated saprobe fungi during
the experiments, rhizosphere soils were sampled after 1, 15, 30
and 45 days, as described by McAllister et al. (1994). This soil was
replaced by autoclaved soil mix. About 5 g of rhizosphere soil was
taken from each of the experimental pots and tenfold aqueous
dilution series (from 107" to 10*) were prepared for each sample.
The number of saprobe colony forming units (CFU) in suitable
dilutions of such samples taken from the five replicate pots of
each treatment were counted on malt extract agar medium. Rhi-
zosphere soil was quantified by removing soil from the dilutions
of 107! and 107, drying at 105°C and weighing. CFU was ex-
pressed per g of dry rhizosphere soil.

Plants were harvested after 45 days and their dry weights de-
termined. Approximately half of the root system was cleared and
stained (Phillips and Hayman 1970) and the percentage root
length colonized by AM fungi was measured (Giovannetti and
Mosse 1980).

The experiment was designed as a 2x2 x5 factorial with soil
dilution, Glomus mosseae inoculation and saprobe fungi inocula-
tion as factors. The experiments were repeated three times and
the means of five replicate pots from one representative experi-
ment are given. The percent values were arcsine transformed and
the data obtained for dry weight, percentage AM colonisation
and CFU of saprobe fungi were subjected to ANOVA. The
means were compared using standard errors of means and Dun-
can’s multiple range test (p =0.05).

each case the means of five replicates. Column means followed by
the same letter are not significantly different (p =0.05)

Saprobe fungi

Minus Glomus mosseae

Plus Glomus mosseae

Shoot Root Shoot Root
2/3 diluted soil
Control 1514 ab 977 be 1547 d 1067 bc
Wardomyces inflatus 1797 b 1337 e 1243 b 1104 be
Gliocladium roseum 1762 b 1496 ef 1371 be 1278 ¢
Trichoderma harzianum 1678 b 1145 d 1649 d 981 ab
Paecilomyce farinosus 1526 ab 1271 de 1645 d 1273 ¢
Trichoderma pseudokoningii 1667 b 1500 £ 1620 d 1003 b
1/5 diluted soil
Control 1391 a 664 a 1421 ¢ 871 a
W. inflatus 1566 ab 749 a 975 a 905 a
G. roseum 1426 a 952 be 840 a 899 a
T. harzianum 1490 a 1222 de 1910 e 1237 ¢
P. farinosus 1701 b 847 b 2745 £ 1558 d
T. pseudokoningii 1784 b 1039 ¢ 2640 £ 1375 ¢




Results

There was a significant overall effect of saprobe fungi
(p=0.0001) and a significant interaction between dilu-
tion of soils and inoculation with Glomus mosseae
(p=0.006) on the shoot dry weight of soybean plants.
There was no difference in shoot dry weight between
noninoculated plants grown in 2/3 and 1/5 soils (Ta-
ble 1). The shoot dry weights of soybean plants grown
in 1/5 diluted soil were increased by the presence of P.
farinosus and T. pseudokoningii. T. harzianum in-
creased shoot dry weights when inoculated together
with Glomus mosseae in 1/5 diluted soil. When W. infla-
tus and Gliocladium roseum were inoculated together
with Glomus mosseae a significant decrease in soybean
shoot dry weight was observed in both soil dilutions.

Dilution of soil to 1/5 significantly decreased the
root dry weight of soybean (P=0.001). Saprobe fungi
increased root dry weight of plants grown in 2/3 and 1/5
soil dilutions, except W. inflatus inoculated in 1/5 di-
luted soil. In the presence of Glomus mosseae, saprobe
fungi did not increase root dry weight at 2/3 soil dilu-
tion. In 1/5 diluted soil, only 7. harzianum, P. farinosus
and T. pseudokoningii increased root dry weight (Ta-
ble 1).

Percentage root colonisation by AM fungi was sig-
nificantly affected by the presence of saprobe fungi
(P=0.0001) and by inoculation of Glomus mosseae
(P=0.001) (Table 2). Soil dilution decreased mycorrhi-
zation of plants inoculated with Glomus mosseae. How-
ever, in the presence of saprobe fungi, no significant
differences in percentage root colonisation between soil
mixes were found. The saprobe fungi increased the per-
centage AM colonisation of soybean plants by indige-
nous endophytes. A higher AM colonisation of soy-
bean roots was observed when soil mixes were inocu-
lated with Glomus mosseae. In both soil mixes, inocula-
tion of Glomus mosseae together with P. farinosus and

Table 3 Colony-forming units (x10% g™ soil) of saprobe fungi

from the rhizosphere of soybean grown in 2/3 and 1/5 diluted soils
in the presence or absence of Glomus mosseae after 15,30 and
45 days. The data in each case are the means of five replicates.
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Table 2 Percentage AM colonisation of soybean grown in 2/3
and 1/5 diluted soils in the presence or absence of Glomus mos-
seae and inoculated or not with saprobe fungi. The data are in
each case the means of five replicates. Column means followed by
the same letter or row means followed by the same number are
not significantly different (p =0.05)

Saprobe fungi Minus Plus
Glomus mosseae Glomus moseae

2/3 diluted soil

Control 28al 22.1bc?2
W. inflatus 204 cd 1 20.8 be 1
G. roseum 216c1 224 bc 1
T. harzianum 104 b 1 152b1
P. farinosus 16.1c1 36.1 de 2
T. pseudokoningii 158 ¢c1 423 ef 2
1/5 diluted soil
Control 1lal 9.6 a2
W. inflatus 184 cd 1 19.6b 1
G. roseum 223d1 241c1
T. harzianum 102b1 255¢c2
P. farinosus 15.6¢c1 346d2
T. pseudokoningii 133 bc 1 54412

T. pseudokoningii increased percentage AM root co-
lonisation to higher levels than when the saprobes were
inoculated in the absence of Glomus mosseae. Howev-
er, T. harzianum increased the percentage AM colonis-
ation of soybean plants when Glomus mosseae was ad-
ded to 1/5 diluted soil.

At 24 h after inoculation, CFU of saprobe fungi
ranged from 400+8.8 to 411+5.6 with the exception
was T. harzianum, which decreased to 272+8.2 per g
soil. No significant differences in the number of sa-
probe fungi in the different treatments were found at
this time. CFU of saprobe fungi per g rhizosphere soil
decreased throughout the experiment (Table 3). There
was a significant overall effect of Glomus mosseae
(P=0.0001) and of soil mixes (P=0.001) on CFU of sa-
probe fungi during the experiment. CFU of saprobe

Column means followed by the same letter or row means fol-
lowed by the same number are not significantly different
(»=0.05)

Saprobe fungi Minus Glomus mosseae

Plus Glomus moseae

15 30 45 15 30 45
2/3 diluted soil
W. inflatus 17405 101 a3 84b2 282d6 132 c 4 70c1
G. roseum 192 c 4 155b3 74al 218b 5 163 e3 9e2
T. harzianum 202c3 205¢3 144£2 204b3 143d2 110f 1
P. farinosus 159 a 4 103 a2 98c?2 315e5 131¢3 54al
T. pseudokoningii 194 ¢ 3 101 a3 82b1 210b 4 93 a2 77d1
1/5 diluted soil
W. inflatus 205c4 139b 3 112d2 232¢c6 196 £ 5 9lel
G. roseum 216 d 5 162 c 4 152 g3 230c 6 135¢c2 100 £ 1
T. harzianum 149 a3 102 a2 95¢c2 135a3 103 b2 64b1
P. farinosus 254 e 4 188d 3 145cd 1 336 £5 168 e 2 149 ¢ 1
T. pseudokoningii 188 c 2 199d 2 134e1 285d5 234 g 4 214h 3
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fungi was higher in 1/5 diluted than in 2/3 diluted soil,
except for T. harzianum, which was presenting higher
amounts in 2/3 than in 1/5 diluted soil. The presence of
Glomus mosseae increased CFU of saprobe fungi, ex-
cept for T. harzianum, in 2/3 soil dilution after 15 days.
However, after 45 days CFU of saprobe fungi de-
creased, except for Gliocladium roseum, in presence of
Glomus mosseae in the 2/3 soil dilution. In the 1/5 soil
dilution, Glomus mosseae increased CFU of T. pseudo-
koningii. The presence of Glomus mosseae did not af-
fect CFU of T. harzianum after 15 or 30 days, but a
decrease was observed after 45 days. CFU of W. infla-
tus, Gliocladium roseum and P. farinosus inoculated to-
gether with Glomus mosseae in 1/5 diluted soil in-
creased after 15 days, but the population of W. inflatus
and Gliocladium roseum decreased after 45 days (Ta-
ble 3).

Discussion

The combined application of saprobe fungi and Glo-
mus mosseae to diluted soil contributed to recolonisa-
tion by AM fungi. The increased percentage AM colon-
isation of soybean roots observed when Glomus mos-
seae was inoculated to both soil mixes indicates a non-
antagonistic interaction between Glomus mosseae and
indigenous AM fungi. However, there were no differ-
ences in their effects on plant dry matter. No consistent
relationship has been found between percentage colon-
isation and the effect of AM fungi on plant growth
(Vierheilig and Ocampo 1991).

Antagonistic, synergistic and neutral interactions be-
tween Glomus mosseae and the saprobe fungi used in
this experiment have been reported under sterilise con-
ditions (Fracchia et al. 1998). However, interactions be-
tween AM and saprobe fungi vary depending on the
soil and the microbial population where plants are
growing (McAllister et al. 1996; Garcia-Romera et al.
1998). Competition for metabolites between soil micro-
organisms and AM fungi may decrease the effect of
AM fungi on plant growth (Bethlenfalvay et al. 1983;
Ruiz-Lozano and Azcon 1993). We found that in more
diluted soil, W. inflatus and Gliocladium roseum signifi-
cantly decreased shoot dry weight of plants inoculated
with Glomus mosseae, whereas these saprobe fungi did
not affect shoot dry weight when inoculated with Glo-
mus mosseae in less-diluted soil.

In more-diluted soil, the population of inoculated
saprobe fungi was higher than in less-diluted soil. This
suggests that indigenous soil microorganisms competed
with inoculated saprobe fungi. Under the poorest soil
conditions, there was a synergistic interaction between
Glomus mosseae and T. pseudokoningii and the com-
bined application of these microorganisms was more ef-
fective in restoring saprobe and AM fungal popula-
tions, and soybean growth in impoverished soil (resto-
ration and revegetation). However, no generalisation
can be made about the effects of application of micro-

organisms in soils of different fertility. Negative effects
of T. harzianum on Glomus mosseae were found in the
2/3 diluted soil when the population of the saprobe fun-
gi was high. When CFU of T. harzianum decreased in
1/5 diluted soil, an increase in mycorrhizal colonisation
and plant dry matter was observed.

Our results show that dual inoculation of AM and
some saprobe fungi can contribute to increased shoot
dry weight of plants, and that the highest effect of this
combined application occurs in impoverished soil. This
could have practical significance in soils containing few
or ineffective indigenous mycorrhizal fungi.

References

Abbott LK, Gazey C (1994) An ecological view of the formation
of VA mycorrhizas. Plant Soil 159:69-78

Allen MF (1991) The ecology of mycorrhizae. Cambridge Univer-
sity Press, Cambridge, UK

Barea JM, Jeffries P (1995) Arbuscular mycorrhizas in sustaina-
ble soil-plant systems. In: Varma H, Hock B (eds) Mycorrhiza.
Springer, Berlin pp 521-560

Bethlenfalvay GJ, Shuepp H (1994) Arbuscular mycorrhizas and
agrosystem stability. In: Gianinazzi S, Schuepp H (eds) Impact
of arbuscular mycorrhizas on sustainable agriculture and natu-
ral ecosystems. Birkhduser, Basel

Bethlenfalvay GJ, Bayne HG, Pacovsky RS (1983) Parasitic and
mutualistic associations between a mycorrhizal fungus and
soybean. The effect of phosphorus on host plant-endophyte
interactions. Physiol Plant 57:543-548

Calvet C, Barea JM, Pera J (1993) Growth response of marigold
(Tagetes erecta L.) to inoculation with Glomus mosseae, Tri-
choderma aureoviride and Pythium ultimum in a peat-perlite
mixture. Plant Soil 148:1-6

Dix NJ, Webster J (1995) Fungal ecology. Chapman and Hall,
London

Domsch KH, Gams W, Anderson TH (1980) Compendium of soil
fungi. Vol 1. Academic, London

Estaun V, Save R, Biel C (1997) AM inoculation as a biological
tool to improve plant revegetation of a disturbed soil with
Rosmarinus officinalis under semi-arid conditions. Appl Soil
Ecol 6:223-229

Fracchia S, Mujica MT, Garcia-Romera I, Garcia-Garrido JM,
Martin J, Ocampo J, Godeas A (1998) Interactions between
Glomus mosseae and arbuscular mycorrhizal sporocarp-asso-
ciated saprophytic fungi. Plant Soil 200:131-137

Garcia-Romera I, Garcia-Garrido JM, Martin J, Fracchia S, Muji-
ca MT, Godeas A, Ocampo J (1998) Interactions between sa-
protrophic Fusarium strains and arbuscular mycorrhizas of
soybean plants. Symbiosis 24:235-246

Giovannetti M, Mosse B (1980) An evaluation of techniques for
measuring vesicular-arbuscular mycorrhizal infection in roots.
New Phytol 84:489-500

Harley JL, Smith SE (1983) Mycorrhizal symbiosis. Academic,
London, New York

Hayman DS (1983) The physiology of vesicular-arbuscular endo-
mycorrhizal symbiosis. Can J Bot 61:944-963

Hennebert AL (1968) Echinobotryum, Wardomyces and Mamar-
ia. Trans Br Mycol Soc 51:749-762

Hewitt EJ (1952) Sand-water culture methods used in the study of
plant nutrition. C A B, Tech Cont, No. 22

Jasper DA (1994) Management of mycorrhiza in revegetation.
Dev Plant Soil Sci 56:211-220

Jeffries P, Dodds JC (1996) Functional ecology of mycorrhizal
fungi in sustainable soil-plant systems. In: Azcon-Aguilar C,
Barea JM (eds) Mycorrhizas in integrated systems from genes
to plant development. European Commission Report, Brus-
sels, pp 497-501



McAllister CB, Garcia-Romera I, Godeas A, Ocampo JA (1994)
Interaction between Trichoderma koningii, Fusarium solani
and Glomus mosseae: effect on plant growth, arbuscular my-
corrhizas and the saprophytic population. Soil Biol Biochem
26:1363-1367

McAllister CB, Garcia-Garrido JM, Garcia-Romera I, Godeas A,
Ocampo JA (1996) Interactions between Alternaria alternata,
Fusarium equiseti and Glomus mosseae. 1. Endophyte-sapro-
phyte interactions in vitro. Symbiosis 20:163-174

Miller RM, Jastrow JD (1992) The role of mycorrhizal fungi in
soil conservation. In: Bethlenfalvay G J, Linderman RG (eds)
Mycorrhizae in sustainable agriculture. American Society of
Agronomy Special Publication Number 54, Madison, Wisc, pp
29-44

Ocampo JA (1980) Micorrizas VA. III. Ecologia. Ann Edaf
Agrobiol 39:1071-1088

Phillips JM, Hayman DS (1970) Improved procedures for clearing
roots and staining parasitic and vesicular-arbuscular mycorrhi-
zal fungi for rapid assessment of infection. Trans Br Mycol
Soc 55:158-161

189

Rifai MA (1969) A revision of the genus Trichoderma. Mycol Pa-
pers 116:1-56

Ruiz-Lozano JM, Azcon R (1993) Specificity and functional com-
patibility of VA mycorrhizal endophytes in association with
Bradyrhizobium strains in Cicer arietinum. Symbiosis
15:217-226

Samsom RA (1974) Studies in mycology. CBS, Baarn, Nether-
lands

Vierheilig H, Ocampo JA (1991) Susceptibility and effectiveness
of vesicular-arbuscular mycorrhizae in wheat cultivars under
different growing conditions. Biol Fertil Soils 11:290-294

Wainwright M (1992) The impact of fungi on environmental bio-
geochemistry. In: Carrol GC, Wicklow DT (eds) The fungal
community. Dekker, New York



