Ad  Plant and Soil200: 131-137, 1998. 131
"i‘ © 1998Kluwer Academic Publishers. Printed in the Netherlands.

Interactions betweenGlomus mosseaand arbuscular mycorrhizal
sporocarp-associated saprophytic fungi

S. Fracchi, M.T. Mujical, |. Garda-Romerd, J.M. Garéa-Garrid@, J. Marin?, J.A. Ocampé

and A. Godedas

1 Dept. Ciencias Biagicas, 41 Il Pabetih, Universidad de Buenos Aires, 1428 Buenos Aires, Argentin& and
Dept. Microbiologa, Estacon Experimental del Zaid, C.S.I.C., Prof. Albareda 1, E-18008 Granada, Spain

Received 17 July 1998. Accepted in revised form 19 January 1998

Key words:Arbuscular mycorrhizaszlomus mossea&lycine maxSaprophytic fungi

Abstract

The saprophytic fungiVardomyces inflatudarchal) HenneberRaecilomyces farinosysiolm & Gray) A. H. S.

Brown & G. Sm. Gliocladium roseunBain., sterile dark mycelium (SDM-54jrichoderma pseudokoninggifai
andTrichoderma harzianurRifai were isolated from sporocarps @lomus mosseadhe effect of saprophytic

fungi on G. mosseaespore germination was tested on water afardomyces inflatudecreased the percent
germination ofG. mosseasporesG. roseum, T. pseudokoningindT. harzianurmrhad no effect on germination;
andP. farinosusand SDM-54 increased the percentage of spore germinatiGn miosseaafter 4 d.Wardomyces
inflatussignificantly decreased hyphal length of spores which germinated, but no other saprophytic fungi affected
hyphal growth.Trichoderma pseudokoningii, T. harzianuf farinosusand SDM-54 increased the number of
auxiliary cells formed byG. mosseaeThe effect of saprophytic fungi on arbuscular mycorrhizal colonization of
soybean was studied in a greenhouse trial. The percentage of soybean root length colonized was dedhéased by
inflatus unaffected by SDM-54 and. harzianumand increased bk. farinosus Gliocladium roseuntecreased

root length colonized when plants were 12 wk old, dhghseudokoningincreased colonization of roots when
plants were 4 wk old. Antagonistic, synergistic and neutral actionS.afhossea@pon the saprophytic fungi

were observed. The population ©f harzianundecreased and the populationsTofpseudokoningiand SDM-

54 increased in the presence®f mosseaeOur results indicate a complex interaction betw&mosseaand
associated saprophytic fungi.

Introduction derma are antagonistic to pathogenic fungi (Cam-
porota, 1985); some of them produce substances that
Saprophytic fungi live in the rhizoplane and mycorrhi- may have a fungistatic effect on other species (Chu
zosphere of plants, from which they obtain nutritional and Wu, 1981; Claydon et al., 1987). Sterile dark
benefit in the form of inorganic compounds, exudates, mycelia (SDM) are very abundant in soils, but their
and mucilages from living roots, as well as, from activity and interactions are poorly understood (Dom-
sloughed cells and dead fungi (Finlay and Séderstrom, sch et al., 1980)Gliocladium roseunis a common soil
1992). Their metabolism may result in the production fungus that colonizes rotting plants. It also parasitises
of substances that promote or inhibit the growth of sclerotia of various fungi, and its inhibitory effects
other rhizosphere microorganisms (Dix and Webster, have been observed in a number of cellulolytic, sapro-
1995). Fungi of the genug/ardomycesre involved  phytic fungi. Paecilomyces farinosus polyphagous
in the decomposition of plant residues (Domsch et saprophytic fungi, lives in dead insects, wood and soil
al., 1980). Saprophytic fungi of the genisicho- (Samsom, 1974).
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Arbuscular mycorrhizal (AM) symbioses are wide- each sporocarp were observed periodically under light
spread in the plant kingdom. Since AM fungi are microscope for 3 wk. Only distinctly different sapro-
partially outside the host root, external factors such phytic fungi colonies from the same sporocarp were
as the presence of soil microorganisms influence the considered. From the resulting colon&rdomyces
formation and function of the symbiosis (Barea and inflatus(Marchal) Hennebert (BAFC Cult. no. F8992;
Jeffries, 1995). Spores of AM fungi are vulnerable Hennebert, 1968)Paecilomyces farinosu@olm &
to parasitism from soil microorganisms (Fitter and Gray) A. H. S. Brown & G. Sm. (BAFC Cult. no.
Garbaye, 1994). However, some spore-associated bac+8846; Samsom, 1974%liocladium roseunBain.
teria (Mayo et al., 1986) and fungi (Vidal-Dominguez, (BAFC Cult. no. F8845; Domsch et al., 1980), sterile
1991) enhance spore germination and hyphal growth. dark mycelium (SDM-54) (BAFC Cult. no. F8868;

In spite of the increasing interest in the interac- Domsch et al., 1980)Trichoderma pseudokoningii
tion between AM and saprophytic fungi, information Rifai (BAFC Cult. no. F8844; Rifai, 1969) and.
about these interactions is scarce (Camprubi et al., harzianunmRifai (BAFC Cult. no. F8842; Rifai, 1969)
1995; McAllister et al., 1994; Tarafdar and Marschner, were selected as the most frequent saprophytic fungi
1995). Synergistic and antagonistic interactions be- present in the different sporocarps. The fungal iso-
tweenG. mosseaand selected saprophytic fungi have lates were transferred to tubes of potato dextrose agar
been observed (McAllister et al., 1994). The purpose (PDA) and 2% malt extract at€ as stock cultures.
of this study was to determine the relationships be-

tweenG. mosseaand some saprophytic fungiisolated  Effect of saprophytic fungi on the developmerBof
from sporocarps of this AM fungus. mosseae

The effect of each saprophytic fungus on spore ger-
mination and hyphal length @. mosseagvas tested

in vitro on 1% sterile water agar. Prior to autoclav-
ing media we added 10 h 2-(N-morpholino) ethane
sulfonic acid (MES) to 1% water agar to maintain
the medium at pH 7 throughout the experiment. This
buffer was previously shown to have no effect on
germination of AM fungal sporem vitro (Calvet et

Materials and methods

Isolation of G. mosseasporocarps and spores

Sporocarps ofs. mosseaéNicol. and Gerd.) Gerd.
and Trappe were isolated by wet sieving soils (Gerde-
mann, 1955) from Boulogne and Ciudad Universitaria

in the province of Buenos Aires in Argentina. These :
soils were of the Argiudol type, with a pH of 6.8 al., 1992; McAllister et al., 1994). Sporocarps®f

and 7.1, respectively. The sporocarps and spores werd"0SSeaavere isolated by wet sieving (Gerdemann,
identified asG. mosseaaccording to Gerdemann and 1955) soil from alfalfa pot cultures and were stored

Trappe (1974). AlfalfaNledicago sativa..) pot cul- in water at £C and useq within 1'mont.h. The spores
tures of these isolates @. mosseaavere obtained ~ Of G- mosseaevere obtained by dissecting the sporo-
after 4 months of plant growth. carps and spores were surface-sterilized as described

by Mosse (1962). Five surface-sterilized spores per
Isolation of saprophytic fungi plate were placed 1 cm from the edge of a (10 cm dia.)

Petri dish, and a thin slice of PDA with spores and
The active fungi present in the sporocarps G&f mycelium of one of the 6 saprophytic fungi was placed
mosseadrom field soils were isolated by the particle opposite and at least 7 cm away from them. Ten repli-
washing method (Haley and Waid, 1955) modified by cate plates of each saprophytic fungus treatment and
using a Millipore portafilter, in which the sporocarps 10 controls (plates with spores & mosseaithout
were placed in a sandwich of filter papers (Millipore saprophytic fungi) were used. The plates were incu-
0.2 um pore diameter above and Whatman no. 4 be- bated at 25C in the dark, and were sealed to reduce
low). Fifteen sporocarps from each of the two soils the risks of dehydration and contamination. Spore ger-
were used. Thirty washings were necessary to removemination of G. mosseaevas determined periodically
fungal sclerotia, spores, etc., from the sporocarps. under a light microscope for 11 d. After 11 d mycelia
The washed sporocarps were dried on sterilized filter of some saprophytic fungi contact& mosseady-
paper and plated on 2% malt extract agar contain- pha. At the end of the experiment (11 d) hyphal length
ing antibiotics (5ug L=t streptomycin and 1Qig of the germinated>. mosseaespores was assessed
L~ tetracyclin) and incubated at 28. Colonies from using the gridline intersect method (Olson, 1950).
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Interaction between saprophytic fungi aGd Statistical treatments
mosseaginoculated as spores, in the rhizosphere of
soybean The percent values were arcsine transformed for sta-

tistical analysis. The data were analyzed by one-way
This experiment was performed in 300-mL pots of analysis of variance. Comparisons of means were
soil collected from Buenos Aires, Argentina. The made by the Duncan’s multiple range teBt< 0.05).
soil (Argiudol type, pH 7.1, 9.5 ppm P) was steam- Regression lines for the effect of saprophytic fungi
sterilized and mixed 1:1 (V/V) with sterilized quartz on the percentage of germination (g) ®f mosseae
sand. In each pot, 100 surface-sterilized spores of against time were fitted by least-squares regression
G. mosseaevere placed under the seedlings. Seeds analysis (g = a+bt+éj.
of soybean Glycine maxcv. Nidera) were surface-
sterilized with HgC$ for 10 min and thoroughly rinsed
with sterilized water and sown in moistened sand. Af-
ter germination, uniform seedlings were planted and
grown in a greenhouse with supplementary light pro-
vided by Sylvania incandescent and cool-white lamps,
400.E m—2 s71, 400-700 nm, with a 16/8 h day/night
cycle at 25/19C and 50% relative humidity. Plants
were watered from below and fed with a nutrient
solution (Hewitt, 1952).

An aqueous suspension of each of the saprophytic
fungi containing approximately>210° spores mt?,
was prepared from cultures grown in PDA for 1 week
at 27°C. For the sterile fungus SDM-54, thin slice of
PDA (1 x 1 cm) with mycelia was placed beneath the
seedlings.

Four treatments were used in all experiments: (1)
uninoculated controls, (2) inoculated with (one of

the 6) the saprophytic fungi, (3) inoculated wid Hyphal length ofG. mosseaemeasured as the number
mosseagand (4) inoculated with botB. mosseaand ¢ intersections, was not affected by the saprophytic

each of the saprophytic fungi. Plants were inoculated fungi, except forw. inflatuswhich significantly de-
with both microorganisms at the time of transplanting. . o2sed hyphal length of the AM fungus (Table 1).
To evaluate the length of mycelia of the sapro- \yargomyces inflatualso significantly decreased the
phyFlc fungi, 1 g of rhizosphere soil from each of five .\ wher of auxiliary cells formed bg. mosseagTa-
fep"C‘Tﬂe pots was sampled after 2 4, 6.and 12 wk. .The ble 1). The presence &f farinosus, T. pseudokoningii
quantity of mycelium was determined by the agar film - gp\.54 or T, harzianumincreased the number and

method as described by Parkinson (1982), only septategportened the time to appearance of auxiliary cells of
hyphae with less than @m dia. were considered and 5 ,osseaas compared to the control.

was expressed as m of mycelium per g of dry soil.
Plants were harvested after 4 and 12 wk; and shoot

and root dry matter were weighed, and foliar area

measured. After the plants were harvested, the root

system in each of the 5 replicates per treatment was Soybean plants inoculated with saprophytic fungi

cleared and stained (Phillips and Hayman, 1970), and a1 healthy after 12 wk and no root disease symp-
percent root colonization was determined (Giovannetti toms were observed. No AM fungi were evident in

and Mosse, 1980).

The experimental design was completely random-
ized with two factors (AM fungus, saprophytic fun-
gus inoculation), each with two levels (presence or
absence).

Results

Effect of saprophytic fungi o8. mosseae
development

Of the 27 fungal isolates from the sporocarpsGaf
mosseaemore than 75% belonged to the species ex-
amined in this experiment. The frequency of recovery
of the other 7 species observed from the isolations was
very low.

Percent germination os. mosseaespores (Fig-
ure 1) decreased significantly in the presencé\bf
inflatus but germination was not affected I6y. ro-
seum, T. pseudokoningénd T. harzianum How-
ever, improved spore germination resulted wt@&n
mosseaenas exposed td°. farinosusand SDM-54.

Rhizosphere interactions between saprophytic fungi
andG. mosseae

uninoculated controls and in plants inoculated only
with the saprophytic fungi.

The dry weights and leaf area of soybean plants
were not significantly different among any treatments.
Shoot and root dry weight averaged 780 and 235 mg,
respectively, at 4 wk and 1653 and 432 mg at 12 wk.
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Table 1. Effect of saprophytic fungi on hyphal length and production of

auxiliary cells ofGlomus mosseaafter

11 d of growth on water-adgar

Saprophytic fungi  Hyphal length Number of  Time of
(number of auxiliary appearance
intersections per  cells per of auxiliary
spore) spore cells (days)

Control 2.28b 2.6b 11

W. inflatus 0.89a l.4a 11

G. roseum 2.26b 3.2b 11

P. farinosus 2.14b 6.1c 7

SDM-54 2.31b 6.2c 7

T. harzianum 2.52b 6.0c 7

T. pseudokoningii  2.61b 6.2c 7

*Each figure is the mean of 10 replicates each with 5 sporeS.of

mosseae Values in the same colum

n followed by the same letter are

not significantly different according to Duncan’s multiple range test (

=0.05).

100
] 54
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90]
80}
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g

% spore germination
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Figure 1. Regression lines for the effect of saprophytic fungi on the
percentage of germination (g) &lomus mosseaen water-agar.

¢ = Control (g =—38.273 + 19.455t 0.909%); w = W. inflatus

(g = —34.654 + 13.432t 0.6042); g = G. roseum(g = —49.226

+ 23.341t— 1.140?); p = P. farinosus(g = —91.273 + 42.849t

— 2.4278); 54 = SDM-54 (g =—49.015 + 30.303t— 1.606%);

h = T. harzianum(g = — 53.810 + 24.528t 1.204€); ps = T.
pseudokoningi{g = — 51.416 + 24.461t+ 1.217?).

Leaf areas averaged 123 and 117 at 4 and 12 wk,
respectively.

Inoculation withW. inflatussignificantly decreased
the percent root length of soybean plants colonized by
G. mosseaéFigure 2).Gliocladium roseundecreased
root length colonization in 12-week-old soybean
plants. The presence of SDM-54 afid harzianum
did not affect percent root length colonized by the
AM fungus, whereasT. pseudokoningiand P. fari-
nosusincreased root colonization b§. mosseaén
4-week-old soybean plants.

The quantity of saprophytic fungal mycelium (Ta-
ble 2) increased for 6 wk whe@. mosseaer sapro-
phytic fungi were inoculated onto soybeans; thereafter
the length of hyphae remained almost constant. No
significant increase in the quantity of hyphae of sapro-
phytic fungi was found wheW’. inflatus, G. roseuror
P. farinosuswere inoculated alone compared to when
G. mosseaavas also present. Joint inoculation Bf
harzianumand G. mosseaéecreased the quantity of
fungal mycelia of saprophytic fungi in soil. How-
ever, significant increases in the amount of mycelium
were found when SDM-54 and pseudokoningiere
co-inoculated together wits. mosseae

Discussion

The present findings indicate that saprophytic fungi
accompanying sporocarps of the AM fungus§.
mosseag can affect spore germination and hyphal
growth and root colonization b%. mosseaeSome
saprophytic fungi (e.g.W. inflatug inhibited spore
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Figure 2. Percentage of AM root length colonized for 4-week-old (Figure 2a) and 12-week-old (Figure 2b) sagheame(max)noculated
with Glomus mosseai@ presence or in absence of saprophytic fugir Control; B = W. inflatus N = G. roseum & = P. farinosus & =
SDM-54;[M = T. harzianumM = T. pseudokoningii

Table 2. Mycelium of fungi from the rhizosphere (n7¢ dry weight of soil) of soybeafGlycine max)
inoculated or not wittGlomus mosseée

Saprophytic Mycelium (m g? soil) after (wk)
fungi
2 4 6 12

-M +M -M +M -M +M -M +M
Control 12a 16bc 12a 19¢c 15ab 22d 24d 28e
W. inflatus 26ab 24a 29ab  29ab 33c 32bc 36¢ 32bc
G. roseum 2la 26a 34b 26a 41b 40b 39b 43b
P. farinosus 28a 29a 30ab 3labc 37bcd  36bcd 38cd 39d
SDM-54 25a 30b 27ab  36¢c 31b 40c 36¢ 45d
T. harzianum 25ab 23a 35d 29hc 44e 33cd 42e 34cd
T. pseudokoningii  24a 40c 34b 48d 38bc 50de 41c 54e

* Each figure is the mean for 5 pots. Row values followed by the same letter are not significantly different
according to Duncan’s multiple range teBt£ 0.05).
—M = minus spores of. mossege+M = plus spores 066. mosseae
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germination, the number of auxiliary cells, the time to

Although mycoparasitism has often been described

appearance of auxiliary cells, and percentage of root as the mechanism of antagonistic actionToicho-

colonization. These results suggest a direct interac-

dermaspecies (Camporota, 1985), this was not ob-

tion between the mycorrhizal fungus and the resident served in our experiments. Competition has been

saprophytic fungi in the extramatrical phase of the for-

observed betwee@. mosseaandT. koningii(McAIl-

mer. Similar interactions have been proposed for other lister et al., 1994) but not. aureoviride(Calvet et

saprophytic fungi (McAllister et al., 1994) and other
microorganisms (Caron et al., 1985; Garcia-Garrido
and Ocampo, 1988). Oum vitro assays suggest that
these saprophytic fungi affect AM colonization partly
by inhibiting the germination o6. mosseaehlamy-
dospores. Howevef. roseumdid not affect the de-
velopment of AM sporefn vitro or AM colonization

of soybean plant roots after 4 wk of growth, but de-
creased the percentage of AM root length colonization
in 12-week-old plants. These results suggest €at
roseumnfluenced the AM fungus capacity to colonize
roots.

al., 1993). Therefore, the interaction between AM
and saprophytic fungi may differ between species
of the same genuslrichoderma pseudokoningin-
creased the AM root length colonization of 4-week-
old soybean plants whil&. harzianumhad no effect
in this experiment. However. mosseaéncreased
the population ofl. pseudokoningiut decreased the
population ofT. harzianum

Interestingly, T. pseudokoningiand P. farinosus
increased root length colonization in soybean plants
inoculated with spores db. mosseaeFurther stud-
ies will investigate these effects with different AM

Spore germination was increased in the presenceinocula, soils and plants.

of the saprophytic fungus SDM-54, but was not af-
fected byT. harzianunor T. pseudokoningiAlthough
T. harzianumT. pseudokoningéand SDM-54 did not
affect the hyphal growth of spores which did germi-

Acknowledgements

nate, they increased the production of auxiliary cells The authors thank Karen Shashok for grammatical
and shortened the period of formation relative to con- correction of the text. Financial support for this study
trols. Germination and hyphal growth are two separate was provided by the Comision Interministerial de
processes that may be stimulated or inhibited by dif- Ciencia y Tecnologia, Spain, and by the European

ferent compounds (Becard and Piche, 1989; Le Tacon Union (PVD Program).

et al., 1983; Vidal-Dominguez, 1991). However, these
beneficial effects of SDM-54 an@l harzianumwere
insufficient to increase root length colonization of soy-

bean plants. The growth of the propagule toward the
root can be favoured by some rhizosphere microorgan-
isms, even though, this influence may not be reflected

in greater AM root colonization (Fitter and Garbaye,
1994). MoreoverP. farinosusncreased percent spore
germination, the number of auxiliary cells, the time to

References

Barea J M and Jeffries P 1995 Arbuscular mycorrhizas in sustain-
able soil-plant systemdn Mycorrhiza. Eds. A Varma and B
Hock. pp 521-560. Springer-Verlag, Berlin.

Becard G and Piche Y 1989 Fungal growth stimulation by,CO
and root exudates in vesicular-arbuscular mycorrhizal symbiosis.
Appl. Environ. Microbiol. 55, 2320-2325.

appearance of auxiliary cells. and percent root Iength Calvet C, Barea J M and Pera J 1982itro interactions between

colonized, but not hyphal length or plant growth.
Antagonistic, synergistic and neutral actiongGaf
mosseaen the saprophytic fungi were observed in the
rhizosphere. In fact, the population ®f harzianum
decreased and the populationfopseudokoningand
SDM-54 increased in the presence&fmosseaelhe
effect of AM fungi on the population of a saprophytic
fungus through the former’s effect on the plant has
been reported in an earlier study (McAllister et al.,
1995). Modifications in root exudates caused by the
AM fungus have been proposed to explain this finding
(McAllister et al., 1995; Schwab et al., 1983).

the vesicular-arbuscular mycorrhizal fung@omus mosseae
and some saprophytic fungi isolated from organic substrates. Soil
Biol. Biochem. 24, 775-780.

Calvet C, Barea J M and Pera J 1993 Growth response of marigold
(Tagetes erectd..) to inoculation with Glomus mossea€Tlri-
choderma aureovirideand Phytium ultimumin a peat-perlite
mixture. Plant Soil 148, 1-6.

Camporota P 1985 Antagonisnrevitro de Trichodermaspp. vis &
vis deRhizoctonia solanKhiin. Agronomie 5, 613-620.

Camprubi A, Calvet C and Estaun V 1995 Growth enhancement
of Citrus reshniafter inoculation withGlomus intraradicesand
Trichoderma aurovirideand associated effects on microbial pop-
ulations and enzyme activity in potting mixes. Plant Soil 173,
233-238.

Caron M, Fortin J A and Richards C 1985 Influence of substrate on
the interaction of5lomus intraradicesandFusarium oxysporum
f. sp.radicis-lycopersicion tomatoes. Plant Soil 87, 233-239.



Chu F F and Wu W S 1981 Antagonistic action Trichoderma
spp. andPenicillium spp.on Rhizoctonia solaniMemoirs of
the College of Agriculture. Vol. 21, pp 4-18. National Taiwan
University, Taipei.

Claydon N, Allan N M, Hanson J R and Avent G 1987 Antifungal
alkyl pyrones ofTrichoderma harzianumfrans. Br. Mycol. Soc.
88, 503-513.

Dix N J and Webster J 1995 Fungal Ecology. Chapman & Hall,
England. 594 p.

Domsch K H, Gams W and Anderson T H 1980 Compendium of
Soil Fungi. Vol. 1. Academic Press, London. 859 p.

Finlay R and Soderstrom B 1992 Mycorrhiza and carbon flow to
the soil.In Mycorrhizal Functioning. Ed. M Allen. pp 134-160.
Chapman & Hall, New York.

Fitter A H and Garbaye J 1994 Interactions between mycorrhizal
fungi and other soil organisms. Plant Soil 159, 123-132.

Garcia-Garrido J M and Ocampo J A 1988 Interaction betvden
mus mosseandErwinia caratovoraand its effect on the growth
of tomato. New Phytol. 110, 551-555.

137

McAllister C B, Garcia-Romera I, Martin J, Godeas A and Ocampo
J A 1995 Interaction betweefspergillus nigervan Tiegh. and
Glomus mosseg@licol. & Gerd.) Gerd. & Trappe. New Phytol.
129, 309-316.

McAllister C B, Garcia-Romera |, Godeas A and Ocampo J A 1994
Interaction betweeilrichoderma koningjiFusarium solanand
Glomus mosseaéffect on plant growth, arbuscular mycorrhizas
and saprohytic population. Soil Biol. Biochem. 26, 1363—-1367.

Mosse B 1962 The establishment of vesicular arbuscular mycorrhiza
under aseptic conditions. J. Gen. Microbiol. 27, 509-520.

Olson F C W 1950. Quantitative estimates of filamentous algae.
Trans. Am. Micro. Soc. 69, 172-279.

Parkinson D. 1982 Filamentous funti.Methods of Soil Analysis,
Part 2. Chemical and Microbiological Properties. Ed. A L Page.
pp 949-968. American Society of Agronomy Inc., Madison, WI.

Phillips J M and Hayman D S 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.

Gerdemann J W 1955 Relation of a large soil-borne spore to Rifai M A 1969 A revision of the genusrichoderma Mycological

phycomycetous mycorrhizal infections. Mycologia 47, 619-632.

Papers. 116, 1-56.

Gerdemann J W and Trappe J M 1974 The endogonaceae in theSamsom R A 1974 Studies in Mycology. C.B.S., The Netherlands.

Pacific Nortwest. Mycologia Memoir, No. 5.

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

Haley J L and Waid J S 1955 A method of studying active mycelia
on living roots and other surface in the soil. Trans. Br. Mycol.
Soc. 38, 104-118.

Hennebert A L 196& chinobotryum Wardomycesand Mamaria
Trans. Br. Mycol. Soc. 51, 749-762.

Hewitt E J 1952 Sand water culture methods used in the study of

plant nutrition. C.A.B., Tech. Co. No. 22.

Le Tacon F, Skinner F A and Mosse B 1983 Spore germination
and hyphal growth of a vesicular-arbuscular mycorrhizal fun-
gus, Glomus mossea@erdemann & Trappe), under decreased

oxygen and increased carbon dioxide concentrations. Can. J.

Microbiol. 29, 1280-1285.

Mayo K, Davis R E and Motta J 1986 Stimulation of germination
of spores ofGlomus versiformeby spore-associated bacteria.
Mycologia 78, 426-431.

117 p.

Schwab S M, Menge J S and Leonard R T 1983 Quantitative and
qualitative effects of phosphorus on extracts and exudates of
sudangrass roots in relation to vesicular-arbuscular mycorrhiza
formation. Plant Physiol. 73, 761-765.

Tarafdar J C and Marschner H 1995 Dual inoculation wts-
pergillus fumigatusndGlomus mosseaenhances biomass pro-
duction and nutrient uptake in wheafriticum aestivumL.)
supplied with organic phosphorus as Na- phytate. Plant Soil 173,
92-102.

Vidal-Dominguez M T 1991 Contribucién al estudio de los factores

que influencian el crecimiento ‘in vitro’ de hongos de las micor-
rizas VA y su establecimiento en plantas micropropagadas. Ph.D.
Thesis, University of Granada, Spain.

Section editor: J H Graham



