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Interaction of mycorrhizae with soil microflora and microfauna—
Part 1. Interaction with soil microflora (except soil microfauna and
free living nitrogen fixers)1

Sujan Singh
Tata Energy Research Institute, Darbari Seth Block, Habitat Place, Lodhi Road, New Delhi - 110 003

mycorrhizal pot cultures (54). Further studies con-
ducted at the above University showed that the total
bacterial populations, number of nitrogen fixers, and
gram negative bacteria were significantly higher in
pot cultures of Glomus fasciculatum, Gigaspora
margarita, and Sclerocystis dussii than in control
without VA-mycorrhizal fungi. Spore formers de-
creased and urea hydrolysers increased in the above
three cultures and in pot cultures of Acaulospora
laevis which harboured fewer bacteria than controls
[without vesicular–arbuscular mycorrhiza (VAM)].
The occurrence of the amino acid requiring bacteria
increased in all the pot cultures except in A. laevis.
Pot cultures of G. fasciculatum and A. laevis had
significantly more actinomycetes antagonistic to the
pathogens Fusarium solani and Pseudomonas
solanacearum and those of G. margarita had more
actinomycetes antagonistic to phytopathogen
Xanthomonas campestris pv. Vignicola as compared
to controls (53). Studies conducted at the University
of Bayreuth, West Germany, revealed that the total
number of bacteria but not actinomycetes on the
rhizoplane of Zea mays and Trifolium subterraneum
increased in plants infected by Glomus fasciculatum
compared with plants without VAM. In the rhizo-
sphere soil of VAM plants, however, the populations
of bacteria and actinomycetes were not affected
quantitatively but the VAM affected specific groups
of bacteria and actinomycetes in both the rhizo-
sphere soil and the rhizosphere. The rhizosphere soil
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Soil microflora mostly consists of free living
micro-organisms in soil and specific microbial
communities in rhizosphere and rhizoplane regions.
All these micro-organisms which include fungi, acti-
nomycetes, plant growth promoting rhizobacteria,
soil pseudomonads, chitin decomposing bacteria,
acid producing bacteria, and phosphorus solubiliz-
ing bacteria, among others, affect mycorrhizal devel-
opment on plant roots and the survival of
mycorrhizal fungi in soil in one way or the other.
These organisms may stimulate or inhibit the devel-
opment of mycorrhizae on plant roots, may not have
any effect or may even parasitize mycorrhizae or fruit
bodies of mycorrhizal fungi, thus, affecting their effi-
ciency. The following account deals with such varied
types of interactions between mycorrhizae and asso-
ciated soil microflora.

Soil microflora associated with
mycorrhizal roots
Qualitative and quantitative studies conducted at
the University of Agricultural Sciences, Bangalore,
India, showed that the fungal populations associated
with the root zones of VA-mycorrhizal pot cultures
of Glomus fasciculatum, Gigaspora margarita,
Acaulospora laevis, and Sclerocystis dussii were not
altered, except with S. dussii, where a significant de-
crease was recorded. Cladosporium herbarum was
the predominant species associated with all the VA-

1 Compiled from TERI database—Riza
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of mycorrhizal plants contained more facultative
anaerobic bacteria and fewer fluorescent
pseudomonads but had the same number of gram
negative bacteria as non-mycorrhizal plants. Among
actinomycetes, populations of both Streptomyces
sp. and chitinase producing actinomycetes de-
creased in the rhizosphere but not in the rhizoplane
of mycorrhizal plants (37). Studies conducted at the
University of Delhi, India, showed that the effect of
mycorrhiza on soil fungi was more pronounced on
the root surface of cotton plants than in the rhizo-
sphere. Several pathogenic fungi like species of
Fusarium, Rhizoctonia, Pythium, and Verticillium
were found to have higher frequency of occurrence
on the rhizosphere and rhizoplane of non-mycor-
rhizal plants as compared to root-zone fungi of myc-
orrhizal plants. Several phosphorus solubilizing
fungi like Aspergillus spp. and other saprophytes
were found to be higher in number on mycorrhizal
roots as compared to non-mycorrhizal roots (35). In
further studies at the above university, six combina-
tions of VAM fungi and phosphorus fertilizer treat-
ments were applied to Leucaena leucocephala roots
and quantitative and qualitative observations were
made periodically of the rhizosphere microflora and
constituents of root exudates. The results indicated
that the presence of specific microflora in the rhizo-
sphere of mycorrhizal roots is mediated through root
exudates rather than being an outcome of improved
phosphorus nutrition (9). Studies conducted at the
Rajendra Agricultural University, Bihar, India, on
different varieties of Litchi chinensis showed that
rhizosphere of the cultivars Kasva, Deshi, and Purbi
infected with vesicular–arbuscular phycomycete,
Rhizophagus, had higher populations of bacteria and
protozoa and these populations differed not only
from non-rhizosphere soils but also with mycorrhizal
formation in different cultivars of L. chinensis (45).

In studies conducted at the University of West-
ern Australia, Nedlands, Australia, endotrophic bac-
teria isolated from the mycorrhizal tissues of 12
species of Western Australian terrestrial orchids
were placed into eight groups based on UV, light
fluorescence, gram staining, and colony characteris-
tics. Most commonly isolated bacteria from 9 out of
122 orchid species sampled were strains belonging to
Pseudomonas fluorescens-putida group. Abundance
of bacteria followed a seasonal pattern that differed
between orchid genera especially on the basis of the
morphology of the fungus-infected tissues. There
was little evidence of specificity of the bacterial
groups to orchid taxa or part of the plant infected by
the fungus.

Symbiotic germination of Pterostylis vittata
seed, in association with seven bacterial isolates,
showed a significant promotion of germination and

seedling development with three bacterial strains,
suppression of seedling development with other
three bacterial strains while having no effect on the
remaining one bacterial strain (64). In studies con-
ducted at the United States Department of Agricul-
ture–Agricultural Research Service (USDA–ARS),
Horticultural Research Laboratory, Camden Rd,
Orlando, Florida, on greenhouse pot cultures of Cit-
rus reticulata, the soil was amended with either Glo-
mus intraradix or 630 µg phosphorus per g of soil or
both or kept unamended as control. Most microflora
groups increased in rhizosphere of most treatments
when compared to non-rhizosphere soil. Gram nega-
tive bacteria, protein hydrolysers, anaerobic bacteria
(in one of the two treatments) and fluorescent
pseudomonad (in one of the two treatments) did not
differ in rhizospheres of VAM alone, phosphorus
alone, and unamended control treatments. Fluores-
cent pseudomonads and actinomycetes in one of the
two tests were significantly higher in treatment with
VAM alone than in control treatments. Treatment
with phosphorus alone and phosphorus with VAM
treatment influenced the population of some micro-
flora of the rhizosphere more than the treatment
with VAM alone (41). Studies conducted at the
Laboratory of Microbiology, Institute of Biology,
Nicolaus Copernicus University, Torun, Poland,
showed that all bacteria and actinomycetes associ-
ated with mycorrhizae of Porus sylvestris produced
auxins (in medium containing tryptophan), vitamins
(biotin being produced in the smallest and thiamine
in the largest amounts) and excreted glutamic acid,
alanine, lysine, and valine. In addition, the bacteria
were capable of producing cytokinin-like substances
and releasing different organic acids. No bacterial
strain exhibited proteolytic activity but some showed
cellulolytic activity (58).

Stimulating effect of general soil
microflora on mycorrhizal development
Micro-organisms belonging to a wide range of taxo-
nomic groups are known to stimulate the establish-
ment and stability of mycorrhizal symbiosis. The
positive interactions may be due to direct trophic
effect, detoxification or indirect effect through action
on the root and antagonism to other micro-organ-
isms inhibiting the mycorrhizal development (42). In
studies conducted at the Institut National de la
Recherché Agronomique, Champenoux, France,
two mechanisms were considered in stimulating the
effect of some soil bacteria on the growth of two
ectomycorrhizal fungi (Hebeloma crustuliniforme
and Paxillus involutus). These were: (i) a direct
trophic effect of the bacteria on the fungi and (ii) an
indirect effect of detoxification of the fungal culture
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medium.
This was supported by the observations that:

(i) some organic acids (citric acid, and malic acid)
released by the bacteria stimulated the growth of the
two fungi and (ii) P. involutus released polyphenolic
substances that are toxic in themselves but are me-
tabolized by the bacteria. These results suggested
that some bacteria could have a beneficial effect dur-
ing the saprophytic phase of ectomycorrhizal fungi
before mycorrhizal infection (16). Studies con-
ducted at the Commonwealth Scientific and Indus-
trial Organization, Glen, Osmond, Australia,
showed that the addition of general soil microflora
from four soils to autoclaved soil, in which Pinus ra-
diata seedlings had been raised, either enhanced or
impeded the mycorrhizal development by
Rhizopogon luteolus, Paxillus involutus, and
Hebeloma crustuliniforme depending upon the soil
on which the plants were grown and on the mycor-
rhizal fungus; the enhancement being more frequent
than reduction (18). Studies conducted at the
Universite Laval, Quebec, Canada, on effects of veg-
etative inoculum of Laccaria bicolor, Pisolithus
tinctorius, Hebeloma cylindrosporum, and fine soil
suspension on mycorrhizal development in Pinus
banksiana and Larix laricina seedlings showed that
fine soil plus L. bicolor inoculum formed signifi-
cantly more mycorrhiza in pine seedlings than other
combinations of the           inocula (mixed inoculum
of all three fungi or mixed inoculum of L. bicolor and
H. crustuliniforme). In      L. laricina, however, in-
oculation with L. bicolor formed significantly more
mycorrhiza than other types of inocula. The addition
of fine soil suspension containing biological
propagules less than 45 µm enhanced mycorrhiza
formation and influenced shoot length and dry
weights with some of the tested inocula, depending
on the tree species. The competitive ability of the
symbionts in the mixed inoculum was also affected
by the soil suspension (38). Studies conducted at the
Central Institute of Medicinal and Aromatic Plants,
Lucknow, India, showed that the level of infection
by Glomus spp. was 44.6% in healthy Cymbopogon
flexuosus plants but when these plants were infected
with Balansia sclerotica, the level of infection was
enhanced to 89.6% (24). Studies conducted at the
Justus-Liebig University, Giessen, Germany,
showed that although Trichoderma spp. have a high
antagonistic potential towards numerous fungi, in-
fection and colonization of maize roots by autoch-
thonous VAM fungi in a field soil, with or without
additional inoculum with Glomus etunicatum, were
almost unaffected by a strain each of Trichoderma
hamatum and T. harzianum, suggesting that a com-
bined application of VAM and Trichoderma spp. to
promote plant growth should be feasible (26). Stud-

ies conducted at the Centre d’ Investigacion, Agraria
de Cibrils, Spain, on two Trichoderma aureoviride
and two T. harzianum isolates for their effect on in
vitro germination of Glomus mosseae spores showed
that inoculation with each isolate separately had no
significant effect on resting spore germination but
there was a highly significant increase in the produc-
tion of vegetative spores when both Trichoderma
spp. were inoculated at the centre of the plate (10).

Inhibitory effect of general soil
microflora on mycorrhizal development
Studies were conducted at the OMH Laboratory,
Services Branch, Toronto, Canada, on ten mycor-
rhizal isolates from the rhizosphere of mycorrhizae of
black spruce for their ability to inhibit the formation
of mycorrhiza on axenically cultivated black spruce
seedlings by Laccaria bicolor. The results showed
that Trichoderma viride and T. polysporum were
strongly antagonistic towards mycorrhizal coloniza-
tion both when L. bicolor and Trichoderma spp.
were inoculated together or if mycorrhizal fungus
was allowed to establish in the rhizosphere first and
then inoculated with Trichoderma spp. However,
despite its antagonism in flask trials, T. viride, did
not parasitize the hyphae of L. bicolor in agar cul-
ture. Two other fungi, Tolypocladium inflatum and
Trichosporon beigelii, also had small but significant
inhibitory effects on the formation of mycorrhizae in
the flask trials.           However, a variety of
Mucoralean fungi, heavily sporulating
Hyphomycetes, and non-sporulating root- associ-
ated Hyphomycetes had no deleterious effect on this
process (60).

Interaction of mycorrhizal fungi with
rhizosphere microflora
Studies conducted at the Universitat Mohenheim,
Stuttgart, Germany, showed that Zea mays plants
grown on calcareous soil in pots divided by 30 µm
nylon nets into three compartments (the centre for
root growth and the outer for hyphal growth) and
inoculated with rhizosphere micro-organisms and
VAM fungus, Glomus mosseae, had higher shoot-
root ratios; significantly increased concentration of
phosphorus, zinc, and copper; and decreased the
concentration of manganese in roots and shoots than
in control plants (with a gamma-irradiated inocu-
lum) and the plants inoculated with rhizosphere mi-
cro-organisms only after three or six weeks’ growth.
Root exudates were collected on agar sheets placed
on the interface between root and hyphal compart-
ments. Six-week old VAM and non-VAM plants had
similar root exudate compositions of 72–73% reduc-
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ing sugars, 17–18% phenolics, 7% organic acids, and
3% aminoacids. However, three- to sixfold higher
amounts of carbohydrates, aminoacids, and pheno-
lics were recovered when antibiotics were added to
agar sheets on which root exudates were recovered.

Thus, the high microbial activity in the rhizo-
sphere and on the rhizoplane limits the exudates
recovered from the roots (5). Studies were conducted
at the Estacion Experimental Zaidin, Consejo Supe-
rior de Investigaceones Cientificas (CSIC),
Granada, Spain, to test a selective interaction be-
tween free living rhizosphere flora and VAM fungi in
experiments conducted on tomato (Lycopersicum
esculentum) plants raised in sand-vermiculite me-
dium and inoculated with two rhizosphere bacteria A
and P and three VAM fungi namely Glomus
mosseae, G. fasciculatum, and Glomus sp. (E3
type). Generally, bacterial inoculation increased the
growth of mycorrhizal plants. Plants inoculated with
G. fasciculatum showed increased growth with A or
P or A+P while plants inoculated with G. mosseae
did not show any response to A and in plants inocu-
lated with Glomus sp., treatment with P did not in-
crease plant growth. Germination, hyphal growth,
and vegetative spore production of G. mosseae
spores cultivated in vitro under axenic conditions
were increased in the presence of A or P; P being
more effective than A (6).

Further studies at the same place on pot experi-
ments to determine the effect of two free-living
micro-organisms, a bacterium (B) and a fungus (F)
on different stages of development of Glomus
mosseae and G. fasciculatum in lucerne showed that
both F and B increased root colonization by G.
mosseae and both decreased the establishment of G.
fasciculatum but B and F increased the number of
spores from both mycorrhizal inocula. The results
confirm that soil rhizosphere micro-organisms–
VAM fungus interactions occur and are dependent
on the pair combination (8). Studies conducted at
the University of Hanover, Germany, showed that
several bacterial isolates from the rhizosphere, par-
ticularly an isolate of Bacillus cereus, improved the
frequency but not the intensity of VAM in flax. Us-
ing bacteria with the commercial inoculum of VAM
in the same clay particle, mycorrhization was en-
hanced in the eight crop species tested and with
three VAM isolates. Soil quality had a limiting influ-
ence. However, with the increasing amount of com-
post in the sand, the effects of bacteria disappeared
(1).

Effect of plant growth promoting
rhizobacteria on mycorrhizal
development

Studies conducted at the Institut Agronomico
Campinas, Brazil, on beans showed that inoculation
with both Glomus etunicatum and plant growth pro-
moting rhizobacteria (fluorescent pseudomonads)
resulted in the increase in root growth, nodulation,
uptake, and use efficiency of nitrogen and phospho-
rus (56). Studies were conducted at the Horticul-
tural Research Laboratory, Corvallis, USA, on the
interaction of an indigenous VAM fungus with plant
growth promoting rhizobacteria (PGPR),
Pseudomonas putida, on Trifolium subterraneum,
grown on non-sterile soil. The results showed that at
12 weeks growth, plant growth, root dry weight,
shoot dry weight, nodulation, and concentration of
iron, copper, aluminium, zinc, cobalt, and nickel in
shoots were significantly greater with PGPR + VAM
inoculation over PGPR alone, VAM alone or control
though these growth parameters were also greater
with PGPR alone or VAM alone inoculation when
compared to control. Inoculation with PGPR in-
creased VAM colonization from 7% to 23% at six
weeks but colonization levels with VAM fungi were
similar (approximately 50%) at 12 weeks. Popula-
tions of PGPR increased similarly in the rhizosphere
of both mycorrhizal and non-mycorrhizal plants
(36). Another study conducted at the University of
British Columbia, Vancouver, Canada, on Pinus
contorta seedlings grown with 0.35 mM Ca (15NO

3
)

2

as the only nitrogen source showed that inoculation
with Wilcoxina mikolae (isolate R947) resulted in
the synthesis of ectendomycorrhizae but decreased
shoot biomass and total foliar nitrogen though root
biomass and shoot height were not affected. Co-
inoculation of seedlings with W. mikolae and PGPR
(Bacillus strain 6), capable of fixing nitrogen, re-
sulted in a similar degree of mycorrhization, shoot
biomass was greater as compared to seedlings inocu-
lated with W. mikolae alone but root biomass and
stem height were not altered. Total foliar nitrogen
was lower in seedlings inoculated with Wilcoxina
and co-inoculated plants. Bacterial inoculation
alone did not affect seedling biomass or foliar nitro-
gen content. Based on the 15 N to 14 N ratio of foli-
age, associative nitrogen fixation by Bacillus
contributed four per cent of the seedling foliar nitro-
gen whether or not seedlings were mycorrhizal.
These results suggest that growth of mycorrhizal
pine can be stimulated by inoculation with beneficial
bacteria. Growth promotion does not result from in-
creased formation of ectendomycorrhiza and may,
only in part, result from associated nitrogen fixation
(14). Further studies at the above University on
Rifamycin-resistant derivatives of plant growth pro-
moting Bacillus polymyxa strains L6, Pw2, and S20
showed that these are the three strains which stimu-
lated growth of pine and spruce seedlings but this
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stimulation was similar for both mycorrhizal and
non-mycorrhizal seedlings of both species. Bacterial
inoculation did not influence the mycorrhizal status
of the seedlings (55). Studies conducted at the Hor-
ticultural         Research Laboratory, Corvallis, USA,
on cucumber seeds treated with rifampin-resistant
derivatives of Pseudomonas putida (A12, N1R, or
R20) and P. fluorescens (2-79 or 3871) and planted
in soil with or without inoculum of Glomus
intraradices or G. etunicatum showed that popula-
tions of all the strains except R20 at one to three
weeks as determined by dilution plating on selective
medium were 1.5–7 times lower in the rhizosphere of
cucumber roots colonized by G. intraradices as com-
pared to non-mycorrhizal plants but the effect was
less consistent in three to nine-week old plants. No
significant difference was detected in G. etunicatum
inoculated plants. Antibiotic producing strains 3871
and 2–79 delayed the germination of G. etunicatum
spores but by seven days no significant difference in
frequency of germination was detected. None of the
Pseudomonas strains affected the colonization of
cucumber roots by G. etunicatum as determined by
measures of mycorrhizal inoculum density–root
colonization relationships (47). Studies conducted
at the Texas Technical University, Lubbock, Texas,
USA, on rice plants at the pretransplant/nursery
stage showed that dual inoculation of the soil with
VAM fungi and fluorescent Pseudomonas spp. pro-
duced plants with highest biomass, and intermediate
root length as compared to increased shoot growth,
root length, and fine root mass and decreased root
growth and phosphorus and nitrogen concentration
in only Pseudomonas inoculated plants and reverse
of the above in the VAM inoculated plants. Mycor-
rhizal colonization percentage and colonized root
lengths were significantly lower in dual inoculated
plants as compared to plants inoculated with VAM
alone. It is suggested that VAM colonization is sup-
pressed by the presence of fluorescent Pseudomonas
spp. resulting in a reduced photosynthate loss from
the plant to the fungi and a corresponding increase
in plant biomass and increased nutrient levels (15).

Studies conducted at the University of
Saskatchewan, Saskatoon, Saskatchewan, Canada,
on interactions between plant growth-promoting
fluorescent Pseudomonas sp. and Glomus sp. (NT4,
INVAM No. SR 101), in laboratory and in growth
chambers, showed that germination of Glomus
spores was inhibited when incubated either on 0.22
µm polycarbonate membrane placed directly on the
lawn of Pseudomonas cepacia (R85) and P. putida
(R104) (both known for their antibiosis against plant
pathogens in vitro) or on agarose blocks (3 mm
thick) separated from the bacteria by 0.22 µm poly-
carbonate membrane. Germination was not inhib-

ited when agarose blocks were separated from the
bacteria by a glass slide indicating involvement of a
non-volatile, diffusible substance(s). In Triticum
aestivum plants raised in sterile, Leonard jars, Glo-
mus sp. (NT4)    enhanced root growth in some in-
stances but did not benefit shoot growth. In
non-sterile pots, root growth was enhanced in some
cases but reduced shoot and total dry weight and
seed yield were observed. Dual inoculation with
Pseudomonads limited or alleviated the growth de-
pression associated with Glomus sp. Plant growth
response to Pseudomonads varied from beneficial to
detrimental and Glomus sp. typically nullified the
detrimental effects but limited beneficial plant
growth responses attributable to Pseudomonads.
Synergism between fluorescent Pseudomonads and
Glomus sp. was not detected (62). Studies con-
ducted at the Station de Recherché sur les Champi-
gnons, Cedex, France, on Corylus avellana (hazel)
seedlings inoculated with Tuber melanosporum and
grown in pots inoculated with fluorescent
Pseudomonads showed that Pseudomonas
fluorescens and P. putida depressed T.
melanosporum infection although the infection sub-
sequently recovered to original levels. In plants with-
out Pseudomonads T. melanosporum infection
remained constant throughout the experiment. In-
fection of hazel by mycorrhizal competitors declined
in Pseudomonad inoculated plants throughout the
experiment and was significantly less (P 0.001) than
in control plants at 12 months. All bacterial strains
tested produced similar results although some were
more efficient than the others. The protective effect
of Pseudomonads against soilborne mycorrhizal
competitors and their use in nurseries may be con-
sidered (34).

Studies conducted at the Estacion Experimental
del Zaidin, CSIC, Granada, Spain, on Pisum
sativum L. showed that the rhizobacterium, Bacillus
sp., strain BH11, had no significant effect on plant
biomass production in plants grown both on gray silt
loam soil of high phosphorus and a yellow clay loam
soil of low phosphorus content in the absence of
VAM fungus, Glomus mosseae, but decreased plant
growth by more than 30% in the presence of VAM
fungus. The rhizobacterium, however, enhanced the
root/shoot and seed/plant ratios in plants with both
VAM and non-VAM treatments. Both the soils dis-
aggregated in the absence of VAM fungus and the
rhizobacterium did not affect the process signifi-
cantly. This slaking of water-soluble aggregation in-
creased up to 27% in the absence of VAM in the
above experiment (4).

Studies conducted at the Centre for Plant Mo-
lecular Biology, Tamil Nadu Agricultural Univer-
sity, Coimbatore, India, on Morus alba grown with
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two levels of nitrogen and phosphorus showed that
combined inoculation of plants with plant growth
promoting rhizobacteria (Pseudomonas
fluorescens), Glomus fasciculation and Azospirillum
were superior to dual or single inoculants or
uninoculated controls and enhanced the quality of
mulberry leaves and consequently resulted in the in-
crease of all economically important characters of
silkworm larvae and silk production (48). Studies
conducted at the Escola Superior de Agriculture de
Lavaras, Brazil, and the Institute for Tropical and
Subtropical Crop Science, University of Cottingen,
West Germany, on cassava showed positive effect on
growth, uptake of nutrients, and sporulation of the
VAM fungus with simultaneous inoculation of
plants with Acaulospora longula and Pseudomonas
putida. These effects were absent in cassava plants
which were simultaneously inoculated with P. putida
and Glomus manihotus or Entrophosopra
colombiana. Also, in cassava not inoculated with
VAM fungi, weak or no development of  P. putida
was observed on the rhizoplane (43). Studies con-
ducted at the Department of Agricultural Microbiol-
ogy, University of Agricultural Sciences, Bangalore,
India, on cow-pea showed that out of three mycor-
rhiza helper bacteria studied, H7 and S3 isolates en-
hanced per cent mycorrhizal colonization, total plant
biomass, and total phosphorus contents of the plants
(33). Studies conducted at the Division of Environ-
mental Sciences, Indian Agricultural Research Insti-
tute, New Delhi, India, showed that fluorescent
pseudomonads (PGPRs) and Bacillus spp can syner-
gistically interact with indigenous VAM fungi for in-
creasing growth and economic yield of wheat plants
(27).

Interactions between mycorrhiza and
phosphorus solubilizing bacteria

On tree crops
In studies conducted at the National Chung Hsing
University, Taichung, Taiwan, there was an average
of 33.2% increase in growth in Leucaena
leucocephala seedlings by inoculation with phospho-
rus solubilizing bacteria (PSB) in five out of six treat-
ments with and without sterilized soil. There was
22–99% increase in VAM inoculated plants in three
subtropical/tropical soils. A synergistic effect on the
growth of L. leucocephala occurred with PSB +
VAM inoculation on unsterilized soil. Mixed inocu-
lation with PSB + VAM also promoted the growth of
Acacia confusa (14–63%), A. mangium (7–88%)
and Liquidamber formosana (24–280%) in three
tested soils. The beneficial effect of PSB can be dem-
onstrated in soils with a high content of available

phosphorus (95 µg/g soil) (65). Studies conducted at
the CNRS Centre, de Pedologie Biologique, Cedex,
France, showed that in a soil-vermiculite mixture
without phosphorus, mycorrhizal association be-
tween Pinus caribaea and Pisolithus tinctorius and
inoculation with Bacillus sp. stimulated the growth
of Pinus caribaea but not significantly. But addition
of tricalcium phosphate significantly increased plant
growth and plant phosphorus content. Addition of
organic phosphate (phytate) with bacterium alone or
mycorrhiza alone had no significant effect on plant
growth and phosphorus uptake but with dual inocu-
lation, plant growth and mobilization and uptake of
phosphorus were significantly increased (12). An-
other study was conducted at the above place to
study the weathering of minerals under the influence
of Laccaria laccata and two phosphate-dissolving
bacteria (Agrobacterium radiobacter or
Agrobacterium or Achromobacter sp.) in the rhizo-
sphere of Pinus sylvestris (pine) and Fagus sylvatica
(beech) using small lysimeter columns filled with
sand, rock phosphate, and phyllosilicates. The use of
lysimeters allowed construction of a balance sheet of
elements released by minerals and leached or ab-
sorbed by the roots. The growth of both pine and
beech increased under the influence of phosphate
dissolving bacteria. L. laccata increased growth only
in beech. Leachate acidification was greater with
pine seedlings than with beech seedlings and greater
in beech when inoculated with A. radiobacter. In
dual inoculation with the fungus and one of the bac-
terium, no synergistic effect was observed either on
mineral element release in leachate or on the plant
growth (30).

In another study conducted at the above place,
Fagus sylvatica plants inoculated or uninoculated
with Laccaria laccata and/or a PSB, Agrobacterium
radiobacter, were cultivated in lysimeter cylinders
containing rock phosphate and a mica (phlogopite)
as the only source of P, Fe, Mg, and Al. After two
years, plant dry matter; P, Mg, Fe, and K uptake;
and mineral element mobilization from rock phos-
phate or phlogopite was higher with PSB or L.
laccata but not with dual inoculation of PSB plus L.
laccata than in uninoculated plants. Such mineral el-
ement dissolution can be related to the increased
root growth and increased amount of organic acids.
The absence of synergistic effect in dual inoculation
suggested competition between micro-organisms
(31).

In yet another study conducted at the above
place, two acid producing bacteria, (Agrobacterium
radiobacter and Agrobacterium sp.), and/or
Laccaria laccata were included in the rhizosphere of
beech and pine seedlings grown on sand mixed with
rock phosphate and phlogopite (iron-magnesium
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mica). After two years, A. radiobacter or L. laccata
root inoculation increased growth and nutrient up-
take (P, Ca, K, and Mg) in beech but dual inocula-
tion had no significant effect on plant growth and
nutrient uptake. With pine seedlings, the growth and
nutrient uptake promoting effect was observed only
in inoculation with Agrobacterium sp. and only in
the root system. Bacterial inoculation increased the
amount of organic acids (malic acid, lactic acid, fu-
maric acid, and citric acid) released on the rhizo-
sphere which promoted mineral element
solubilization and the plant mineral nutrition. Myc-
orrhizal plants did not release greater amounts of
organic acids than non-mycorrhizal plants (32).

On agricultural crops
Studies conducted at the Ruakara Soil and Plant
Research Station, Hamilton, New Zealand, showed
that inoculation of tomato (Lycopersicon
esculentum Mill. Virosa NT2) plants in pot cultures
with phosphate rock dissolving bacteria (PRDB)
alone or in combination with Gigaspora margarita or
Gigaspora margarita + sulphur oxidizing Thiobacilli
did not affect shoot dry matter production or phos-
phorus uptake. Inoculation with PRDB in initial
stages and with thiobacilli had a detrimental effect
on shoot dry matter production. The PRDB popula-
tion declined soon after soil inoculation but recov-
ered after the addition of phosphate-free nutrient
solution. It is suggested that soil bacteriostasis and a
deficiency of easily metabolized carbon compounds
were the cause of failure of the PRDB culture (28).
Studies conducted at the Institute Zootecnia Caixa,
Nova Odessa, Brazil, showed that Centrosema
pubescens plants inoculated with Glomus
fasciculatum showed more efficient nutrient assimi-
lation, biomass production, nodulation, and nitroge-
nase activity in a medium amended with two rock
phosphates and these effects were enhanced in the
presence of phosphorus solubilizing organisms: a
fungus and a bacterium (46). In pot experiments
conducted at the Indian Agricultural Research Insti-
tute, New Delhi, India, on lentils cv. L-5-9 (Lens
esculenta), highest mean grain yield, mean hay
yields, and mean phosphorus uptake (3.20 g/pot,
6.74 g/pot and 48.30 mg P

2
O

5
/pot respectively) were

obtained after inoculation with both Glomus
fasciculatum and Pseudomonas striata. The next
highest were obtained after inoculation with As-
pergillus awamori alone. Of all the fertilizer treat-
ments, application of 45 kg of P

2
O

5
 per ha each of

rock phosphate and superphosphate with farmyard
manure produced the highest mean grain yields,
mean hay yield and phosphorus uptake of 3.49 g/pot,
9.13 g/pot, and 59.46 mg P

2
O

5
/pot respectively (51).

In another study conducted at the above Institute,

inoculation of wheat with Pseudomonas striata,
Agrobacterium radiobacter, and VAM fungi (Glo-
mus fasciculatum, and Gigaspora margarita) im-
proved dry matter yield but nitrogen and
phosphorus fertilizers significantly gave better yield.
Maximum yield was, however, obtained with micro-
bial inoculation and fertilizers together (21). In stud-
ies conducted at the University of Agricultural
Sciences, Bangalore, India, dual inoculation with
Glomus fasciculatum and one of the two phosphate
solubilizing fungi, Penicillium funiculosum or As-
pergillus niger produced a synergistic interaction
and resulted in improved growth and nutrient up-
take in Setaria italica (22).

Studies conducted at the Department of Agri-
cultural Microbiology, University of Agricultural
Sciences, Dharwad, Karnataka, India, showed that
combined inoculation of chilli with Glomus
macrocarpum and Bacillus polymyxa was better
than individual inoculation and produced highest
fruit yield. It was possible to replace 25% of the
phosphorus with combined inoculation as compared
to individual inoculation (13).

Studies conducted at the Division of Microbiol-
ogy, Indian Agricultural Research Institute, New
Delhi, India, on Pennisetum padicillatum showed
that seed inoculation with PSB and nitrogen fixing
bacteria (NFB) resulted in increases in root volume,
VAM colonization, and VAM spore number in the
presence of Glomus macrocarpum. Such stimulation
was more with NFBs than with PSBs (57). Studies
conducted at the Department of Agricultural Micro-
biology, Tamil Nadu Agricultural University,
Coimbatore, India, on neem (Azadirachta indica)
showed that combined inoculation of neem plants
with VAM fungi and phosphobacterium
(Pseudomonas striata) enhanced the dry matter pro-
duction, VAM colonization, and plant nutrient up-
take significantly as compared to individual
inoculation and uninoculated controls (25). Studies
conducted at the Estacion Experimental del Zaidin,
CSIC, Granada, Spain, on nodulated Pueraria
phaseoloides showed that the plant-Rhizobium (soil
inoculation)–mycorrhiza symbiosis system may re-
sult in an increase in the yield and nutrition in asso-
ciation with specific rhizosphere bacteria that
solubilize rock phosphate (calcium phosphate) (four
isolates), iron phosphate (two isolates), and alu-
minium phosphate (two isolates). Considerable
stimulation of uptake of nutrients (nitrogen, phos-
phorus, potassium, and calcium) was observed with
VAM-bacteria combinations of Azospirillum sp. (1),
Bacillus sp. (1) or Enterobacter sp. (1 or 2) associated
with Glomus mosseae. However, Bacillus sp. (1), a cal-
cium phosphate solubilizing isolate, positively inter-
acted with G. mosseae and negatively with G.
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fasciculatum. This shows that there is a specific func-
tional compatibility between the biotic components in-
tegrated in the system.

Studies also showed that iron phosphate solubi-
lizing micro-organisms were more active alone than
in dual association with Glomus sp. but the
aluminium phosphate dissolving isolates positively
interacted with mycorrhizal plants (61). Further
studies at the above Institute on Glycine max inocu-
lated with Glomus mosseae or Glomus sp. and
Rhizobium japonicum in a neutral calcareous soil
showed that phosphorus solubilizing bacteria did not
improve phosphorus utilization either by roots or
mycorrhizae but increased shoot nitrogen concen-
tration and content, shoot to root ratio, and amount
of mycorrhizal infection at all levels of added
tricalcium phosphate (7).

Interaction between actinomycetes and
mycorrhiza
Studies conducted at the Tel Aviv University, Israel,
on actinomycetes isolated from well-developed for-
ests and from an adjacent clear-cut area with im-
paired Pseudotsuga menziesii regeneration for two
decades showed that isolates from clear-cut areas
showed five times the phytotoxic effect of those from
forest areas. Some actinomycetes isolates, four per
cent from clear-cut area and 2.6% from forest area,
significantly reduced in vitro growth of two common
ectomycorrhizal fungi of P. menziesii, Laccaria
laccata and Hebeloma crustuliniforme. Out of these,
two actinomycetes isolates from clear-cut area reduced
fungal growth by 40% and 73% respectively. Reduc-
tion of nutrients in the growth medium did not affect
the antifungal activity of actinomycetes (17).

Studies conducted at the Copernicus University,
Torun, Poland, also showed that actinomycetes iso-
lated from rhizosphere and non-rhizosphere of Scots
pine (Pinus sylvestris) seedlings growing in
unacidified or artificially acidified soils inhibited in
vitro growth of ectomycorrhizal fungi. The inhibi-
tion was more pronounced for Rhizopogon vinicolor
and Hebeloma crustuliniforme than Laccaria
laccata. Actinomycetes from unacidified soil were
more effective than from acidified pine soil. There
was, however, no difference in actinomycetes iso-
lated from rhizosphere and non-rhizosphere soil in
their effect on fungal growth but the effect on fungal
growth was dependent on the medium used (50).

Studies conducted at the USDA-ARS Western
Regional Research Centre, Albany, USA, showed
that seven out of twelve actinomycetes (eight Strep-
tomyces; two Nocordia, and two unidentified) iso-
lated from spores of Glomus macrocarpum and
inoculated into unsterilized soil containing G.

macrocarpum and G. mosseae significantly in-
creased the per cent mycorrhizal root colonization
and four significantly increased the density of hy-
phae 5 µm in diameter, predominantly those of VAM
fungi in roots of onion plants. None of the actino-
mycetes adversely affected the plant growth or nutri-
ent content though chitin decomposing
actinomycetes were strongly antagonistic to fungi,
bacteria or actinomycetes or combination of these
(2).

Studies conducted at the School of Forestry and
Wood Products, Michigan Technological Univer-
sity, Houghton, USA, showed that most of the acti-
nomycetes isolated from mycorrhizoplane of red
pine (Pinus resinosa) seedlings recently outplanted
at the cleared northern broad leaf sites exerted a
range of effects on the growth of three
ectomycorrhizal fungi namely Laccaria bicolor, L.
laccata, and Thelephora toorestris in in vitro studies
during the four-week test period. Some actino-
mycetes inhibited while others stimulated the
growth of ectomycorrhizal fungi (49).

Studies conducted at the Department of
Agronomy, Iowa State University, Ames, USA,
showed that some actinomycetes isolated from the soil
enhanced spore germination of Gigaspora margarita
whereas others did not. When placed in a common
head space with actinomycetes but physically sepa-
rated in a divided petri dish, the spores showed germi-
nation rates of up to 73% as compared to controls
(without actinomycetes) which showed 23% spore ger-
mination after 11 days. Also, actinomycetes having
straight spore bearing hyphae stimulated VAM spore
germination more than actinomycetes having spiral
spore bearing hyphae (11).

Soil microflora associated with
mycorrhizal fungal elements
Studies conducted at the Commonwealth Scientific
and Industrial Organization (CSIRO), Glen,
Osmand, Australia, showed that the majority of the
organisms isolated from inside the mantle of
ectomycorrhizae formed by Rhizopogon luteolus on
the roots of Pinus radiata growing on a sandy podzol
had a stimulating effect on mycelial growth of R.
luteolus and/or mycorrhiza formation. A significant
microbial population was present within the mantles
of ectomycorrhizae; gram negative bacteria being the
dominant among them (19). Studies conducted at
the University of Toronto, Canada, showed that
most common microfungi isolated from serially
washed ectomycorrhizae of Picea mariana included
Mycelium radices-atrovirens alpha, an undescribed
non-sporulating fungus, Micromucor isabellinus,
Penicillium spinulosum, and P. montanense. None
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of these fungi had a high degree of specificity for the
mycorrhizal mantles. These are relatively similar to
those obtained from suberized root surfaces and
from assimilative rootlets of Cornus canadensis (59).

Studies conducted at the INRA, Centre de
Recherché Forestieres de Nancy Champenoux,
Seichamps, France, on bacteria isolated from mycor-
rhizae and sporocarps of Laccaria laccata showed
that some bacteria reduced infection of roots of
Pseudotsuga menziesii by L. laccata while others
stimulated the infection both in the greenhouse and
in the bare root nursery (20). In studies conducted at
the Czechoslovak Academy of Sciences, Prague,
Czechoslovakia, all the bacteria isolated from the
hyphosphere of extramatrical mycelium of Glomus
fasciculatum growing in symbiosis with roots of Tri-
folium repens, Hibiscus elatus, and Exonopus graci-
lis  were gram negative rods but no fluorescent
Pseudomonads were present. Most of those present
required aminoacids (tyrosine, aspartic acid, and or-
nithine) and growth factors. The results show that
VAM fungi select hyphosphere bacteria previously
selected by the plant (62). In studies conducted at
the USDA-ARS Western Regional Research Centre,
Albany, California, USA, spores of Glomus
macrocarpum isolated from a calcareous, silty clay
loam soil were plated on chitin agar for isolation of
actimycetes. Out of 190 spores, 100 were colonized
by one or more chitin decomposing micro-organ-
isms. Out of these 100 spores, 82 were colonized by
actinomycetes, 17 by bacteria, and 1 by fungi. Out of
51 identified actinomycetes, 29 belonged to Strepto-
myces, 3 to Nocardia, 1 to Streptosporangium, 1 to
Nocardioides, and 15 were unidentified (3). Studies
conducted at the Division of Microbiology, Indian
Agricultural Research Institute, New Delhi, India,
showed that several bacteria isolated from sporo-
carps of mushrooms could be used as biofertilizers to
produce VAM inocula blended with the bacteria to
boost up the plant growth (44).

Parasitic soil microflora on
mycorrhizae/mycorrhizal fungi
In studies conducted at Tubingen University, Ger-
many, intracellular infection of mycorrhizae of Picea
abies was found in the vascular tissues by
Cryptosporiopsis abietina and in the meristem by
Mycelium radices-atrovirens. Affected hyphal
mantles and cortex were killed resulting in hollow
spaces surrounded by cells filled by tannins in the
vascular tissues. Above ground declining symptoms
were also thought to be connected with malnutrition
due to dying of mycorrhiza (23). Studies conducted
at the University of Punjab, Lahore, Pakistan,
showed that many endogonaceous spores isolated
from the soil were found to be colonized by unspeci-
fied fungi and bacteria causing various degrees of

disintegration (40). In another study conducted at
the above place, Thermomyces stellatus suppressed
hyphal growth and vigour of Glomus sp. and
Sclerocystis pakistanica on samples of scale leaves of
Chlorophyton. Mycelium, vesicles, and spores of
VAM fungi shrivelled when in contact with the hy-
phae of T. stellatus (39).

Studies conducted at the University College,
Dublin, Irish Republic, showed frequent emergence
of dark, sterile mycelia and Oidiodendron spp., pre-
dominantly O. maius, when segments of excised tips
of mycorrhizal roots from Picea sitchensis were
plated after surface sterilization. These fungi limited
the isolation of the potential mycorrhizal symbionts.
Pure culture synthesis confirmed the ectomycor-
rhizal ability of potential symbiont isolates (obtained
after the addition of benomyl to the culture medium)
and demonstrated the parasitic nature of dark, ster-
ile mycelial types (52).

In studies conducted at the University of Rhode
Islands, Department of Botany, Kingston, USA, 272
isolates were cultured from crushed Gigaspora
gigantea spores, collected from a maritime sand
dune in four different stages of vigour (newly formed
spores; greenish yellow, healthy spores; yellow,
moribund, mottled spores with brown spots; brown,
dead, blackened, and collapsed spores). Of these, 44
species of fungi and 6 actinomycetes were identified.
Most frequently occurring fungi were Acremonium
sp., Chrysosporium parvum, Exophiala wermeckii,
Trichoderma sp., and Verticillium sp. Twenty-one
of the isolated species could function as pathogens
forming either internal projections as in
Acremonium sp., Chrysosporium parvum, Cla-
dosporium sp., Geomyces pannorum, Oidiodendron
sp., Sporothrix sp. Verticillium sp., and actino-
mycetes Nocardia sp. or fine radial canals or both.
The internal projection length was positively corre-
lated with duration of exposure to the parasites.
Both internal projections and fine radial canals were
formed in live spores while the heat-killed spores
possessed fine radial canals only. Pathogenicity dif-
fered among the parasites and was greatest for
Verticillum and Acremonium (29).
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Effect of single and multiple VAM
inoculants on the growth parameters of
tomato

Iqbal J and Mahmood I
Section of Plant Pathology, Department of Botany,
Aligarh Muslim University, Aligarh - 202 002

Arbuscular mycorrhiza benefits the plant by improv-
ing the supply of nutrients, especially phosphorus

and other minerals such as, Zn, Cu, S, K, and
Ca (Cooper, Tinker 1978) and the plant supplies
the fungus with photosynthetic sugars (Verma,
Schuepp 1995). Pure cultures of single species of
vesicular–arbuscular mycorrhizal (VAM) fungus are
being assessed for the appreciable plant growth and
crop production. VAM fungi increased biomass
production of sustainable agricultural crops. Mul-
tiple inoculation of the plants with VAM fungi has
often yielded increased biomass production, but less
emphasis has been paid to exploit their practical

Research findings . . .

Under this column appear short notes on important breakthroughs/significant achievements in original research of
high calibre in the field of mycorrhizae, which have not yet been published.
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utilization (Hepper, Azcon, Rosendahl, Sen 1987;
Sieverding 1988; Kumar 1990). In the present
study, three species of VAM fungi, i.e., Glomus
constrictum Trappe, Glomus mosseae (Nicolson,
Gerdemann) Gerdemann and Trappe, and Glomus
fasciculatum (Thaxter Sensu Gerd) Gerdemann and
Trappe have been assessed, singly and in combina-
tion, for their efficacy as potential VAM inoculants
for tomato.

Materials and method
Three species of VAM fungi were screened for their
efficacy. Pure culture of all the three VAM species
which were maintained on buffel grass (Cenchrus
cillaris L.) in the 12 inches pots containing sands
were used for inoculation. Steam-sterilized sandy
loam soil sand mix (1:1 volume/volume) substrate
was dried and potted in 1 kg capacity clay pots. Sixty
grams of single or mixed dry soil inoculum containing
400–450 spores/50 g soil was mixed in the top 6 cm of
the soil of each treatment pot. Control plants received
60 g of soil containing non-mycorrhizal root pieces of
buffel grass. Preliminary studies with the standardiza-
tion of the dose of soil inoculum showed that this quan-
tity of mycorrhizal inoculum was sufficient for the
production of a reasonable amount of infection. The
amount of VAM inoculum for each treatment was so
adjusted that equal quantity of soil inoculum could be
added to each pot. The different doses of soil inoculum
used for each treatment were as follows:
• single endophyte—60 g,
• double endophyte—30 + 30 g, and
• triple endophyte—20 + 20 + 20 g.

Each treatment was replicated seven times, and
the following treatments were included in the study:
• soil without inoculation (control),
• soil inoculated with G. constrictum (60 g),
• soil inoculated with G. mosseae (60 g),
• soil inoculated with G. fasciculatum (60 g),
• soil inoculated with G. constrictum (30 g) and in-

oculum of G. mosseae (30 g),
• soil inoculated with G. constrictum (30 g) and in-

oculum of G. fasciculatum,
• soil inoculated with G. mosseae (30 g) and inocu-

lum of G. fasciculatum (30 g), and
• soil inoculated with G. constrictum (20 g) G.

mosseae (20 g) and inoculum of G. fasciculatum (20
g).

Five surface-sterilized (10% sodium hypochlo-
rite for three minutes) seeds of tomato
(Lycopersicon esculentum L. cv. Pusa Ruby) were
sown in each pot above the soil inoculum. Seedlings

were thinned to one seedling/pot seven days after
germination, pots were maintained under green-
house conditions. Plants were uprooted periodically
and per cent colonization of the roots was assessed
by methods of Phillips, Hayman (1970). The num-
ber of VAM fungal spores were extracted from the
rhizosphere soil by wet sieving and decanting
method (Gerdemann, Nicolson 1963) and spore
count was recorded. Biomass production was re-
corded in the term of shoot and root fresh weight and
shoot and root dry weight, phosphorus content in
the shoots and roots in term of  g/mg tissue (Ander-
son, Ingram 1989). The data were statistically
analysed.

Results
All the three VAM fungi were tested for their efficacy
on tomato singly and in various combinations.
All the treatments showed improvement in the
mycorrhizal colonization, number of chlamy-
dospores recovered from the rhizosphere soil, plant
biomass, and P contents of the shoots and roots.
However, all the three VAM fungi tested behave dif-
ferently in different combinations and differ from
one species to another species. Maximum growth in
plants and spore count was observed by the inocula-
tion of G. mosseae followed by G. constrictum and
G. fasciculatum respectively. In combination the
maximum increase was observed in the plants which
received G. mosseae and G. constrictum followed by
G. constrictum and G. fasciculatum and G. mosseae
and G. fasciculatum respectively. However, highest
increase was observed in the shoot biomass, mycor-
rhizal colonization in P content in the shoots and
roots when the plants were inoculated with all the
three VAM fungi (Table 1).

These enhancements in the plant growth param-
eters, mycorrhizal colonization, and biomass pro-
duction may be reflected in higher yield of tomato
due to the multiple inoculation of VAM and this de-
serves due attention and further emphasis to confirm
the suitability of multiple inoculum as compared to
single inoculum for better crop production. Mycor-
rhizal symbiosis is an attractive process in agricul-
ture and forest management to enhance crop and
wood production in the sense of sustainable agricul-
ture and restoring soil fertility (Verma 1995).

Many attempts have been made, over the years,
to determine the influence of mixed VAM fungal
species on root colonization and sporulation. There
are numerous reports of increased plant growth from
inoculation with non-indigenous VAM species even
into non-sterile soil containing indigenous species.
The competitive ability of Glomus tenue was dem-
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onstrated by Powell, Daniel (1978), who observed
an increase in plant growth when Glomus tenue was
added to host pot cultures already colonized by other
VAM fungi. Further evidence of competition be-
tween VAM fungal species came from Ross,
Ruttencutter (1977) who found that less coloniza-
tion occurred in Glomus macrocarpum inoculated
peanuts and soyabean as compared to hosts inocu-
lated with Gigaspora gigantea and Glomus
macrocarpum together.
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Table 1.  Effect of single and multiple inocula of VAM on the growth of tomato, cv Pusa Ruby in sterilized
soil under pot conditions

Treatment Shoot Root Shoot Root Phosphorus µg/mg Colonization No. of
fresh fresh dry dry (%) chlamydospores

wt (g) wt (g) wt (g) wt (g) Shoot Root recovered from
20 g soil

Control 39.20 3.2 3.32 0.20 1.05 0.25 10 32
G. constrictum (Gc) 62.5 5.0 5.85 0.68 1.23 0.17 86 170
G. mosseae (Gm) 53.3 4.9 4.85 0.62 1.12 0.30 80 196

G. fasciculatum (Gf) 41.5 4.6 3.82 0.31 1.10 0.27 75 141
Gc + Gm 69.4 9.5 9.42 1.63 1.70 0.69 67 117
Gc + Gf 65.5 8.0 8.00 1.27 1.62 0.55 70 115

Gm + Gf 63.0 6.2 6.75 0.90 1.45 0.34 61 102
Gc + Gm + Gf 74.3 10.8 12.00 2.00 1.95 0.90 90 95

Note: Each value is the mean of five replicates and significant at five per cent.
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Studies on VAM association in Marwar
Teak [Tecomella undulata (Smith)
Seeman] in desert soils of Rajasthan

Mohan V and Mishra R N
Institute of Forest Genetics and Tree Breeding, P B
No 1061, Forest Campus, Coimbatore - 641 002

Many plant species are commonly grown in the
sand-dune and desert soils of Rajasthan. They are
important sources of tannin, gum, fodder, fuel, and
timber. Among them, Tecomella undulata (Smith)
Seeman, a member of the family Bignoniaceae is one
of the co-dominant tree species in the desert region
of western Rajasthan and adjoining areas of
Haryana. It is commonly known as Marwar Teak
and Rohida. This tree species thrives very well on
stabilized sand-dunes and tolerates extremes of tem-
peratures in summer and winter. It acts as a soil
binding tree by spreading a network of lateral roots
on the top surface of the soil and thus plays an im-
portant role in environmental conservation. This is
economically important and a valuable timber tree
species of Rajasthan. The wood is used for good
quality furniture, doors, windows, agricultural
implements, and toys. Leaves of the tree are eaten by
cattle and goats. Flowers and pods are consumed by
camels, goats, and sheep. The trees are evergreen to
deciduous, bloom in winter (December–February),
the capsules start ripening in April and are fully ripe
in May. Also, it is an agro-forestry species for arid
climates and a large population is found in agricul-
tural lands in association with Prosopis cineraria and
Acacia nilotica. Information on the status of VAM
fungi in association with this tree species is lacking.
Considering the importance of the tree species, the
present investigation was carried out to study the
type of mycorrhizal associations and scan out the
VAM fungal population from the rhizosphere of T.
undulata in the arid zone of Rajasthan.

Materials and method
Surveys were conducted to collect root and rhizo-
sphere soil samples of T. undulata from different
Forest Department nurseries and plantations lo-
cated in and around Jodhpur district of Rajasthan.
Initially, attempts were made to detect the type of
mycorrhizal association by examining root sections
and cleared root samples by adopting the method
given by Phillips, Hayman (1970). Per cent root
colonization was determined based on the number of
root segments colonized by VAM fungi. VAM fungal
propagules were isolated from the rhizosphere soils

collected from nurseries and plantations by using
wet sieving and decanting technique (Gerdemann,
Nicolson 1963). Number of VAM propagules
present in the soil were calculated to 100 gm dry
weight of the soil. The species level identification of
different fungi was done following the keys provided
by Trappe (1982) and Schenck, Perex (1987).

Results and discussion

Mycorrhizal status in roots and rhizosphere
of T. undulata in nursery and plantation
sites
Results on per cent root colonization and soil spore
population of VAM fungi in different nursery and
plantation samples of T. undulata are shown in Table
1. It revealed that both nursery and plantation
samples had extent of colonization in roots and
spores in        soil but variation in distribution. More
colonization (per cent) and spore number of VAM
fungi were  recorded in plantations than in nursery
samples.           It was observed that maximum per
cent colonization and VAM spores were found in the
samples collected from Osian (64% and 184) and
Phalodi (60%           and 163) nurseries. The least
number of spores        and per cent colonization was
recorded in the samples collected from Lokswell
nursery. Similarly, maximum colonization and num-

Table 1. VAM fungal status of T. undulata in nursery
and plantation sites in arid zone of Rajasthan

Sites Root Soil spore
colonization population
(%) (spores/100 g soil)

Nursery sites
Jhalamand 54.5 142
Lokswell 38.3 98
Osian 64.4 184
Phalodi 60.0 163
Tinwari 46.8 123

Standard error (m) 3.16 8.79
CD at five per cent level 7.71 21.45
Plantation sites

Bapupura 56.0 104
Chaukha 66.0 204
Chopasni 89.0 252
Gudavoisnivion 93.0 328
Jhalamand 50.0 109
Mogera 83.3 218
Osian 62.0 192

Standard error (m) 2.99 8.12
CD at five per cent level 7.17 19.48
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ber of spores were recorded in the plantation
samples collected from Gudavoisnivion (93% and
328) followed by Chopasni (89% and 252), and
Mogera (83% and 218). Least colonization and
spore number were observed in the samples col-
lected from Jhalamand and Bapupura.

Frequency distribution of mycorrhizal fungi
in nursery and plantation samples of T.
undulata
The frequency distribution of different VAM fungi
isolated from the rhizosphere of T. undulata plants
in nursery and plantation sites is shown in Table 2. It
was found that almost all the soil samples contained
VAM spores of different species of the genera viz.
Glomus, Gigaspora, and Sclerocystis. A total of six
different species of two genera such as Glomus and
Sclerocystis were isolated and identified from the
rhizosphere of nursery samples. Among the different
species of the genus Glomus, G. microcarpum was
found to be the most frequent fungus (100%) followed
by G. fasciculatum (80%) and G. occultum (60%).

A total of 10 different VAM fungal species be-
longing to two genera viz., Glomus and Gigaspora
were isolated and identified from the rhizosphere of
plantation samples. Among the species of the genus
Glomus, G. fasciculatum was found to be the most
frequent fungus (86%) followed by G. occultum
(71%) and G. microcarpum (56%). The genus Glo-
mus was found to be the most predominant both in
nursery and plantation samples. The genera
Sclerocystis and Gigaspora were represented by a
single species only in nursery and plantation samples
respectively.

The study corroborates with the earlier findings

of VAM association with tree species in different
parts of the country by many researchers (Thapar,
Khan 1973, 1985, 1988; Mukerji, Kapoor 1986;
Tarafdar, Rao 1990; Thapar, Vijayan, Uniyal 1992;
Mohan, Verma, Singh 1995; Mohan, Singh 1996,
1997). Earlier studies by the authors have shown
that variation in per cent colonization in roots and
VAM spores in the rhizosphere soils of various arid
zone tree species under different site/soil conditions
(Mohan, Verma 1995; Mohan, Verma, Singh 1995;
Mohan, Singh 1996, 1997). The intensity of VAM
colonization in roots and spores in the rhizosphere of
T. undulata in nursery and plantation sites varied ac-
cording to the age of the plants and site factors in-
cluding soil nutrients, moisture, and other
environmental conditions.

Glomus fasciculatum, G. microcarpum, and G.
occultum are widespread and consistent, both in
nurseries and plantations, which makes them the
most favourable for mass multiplication as well as
seedling inoculations of T. undulata in the arid zone/
desert ecosystem of Rajasthan.
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Endogone spores in new forest soils. pp. 161–162. In:
Khosla P K, Sehgal R N (eds). Trends in Tree Sciences.

Thapar H S, Vijayan A K, Uniyal K. 1992. Vesicular–
arbuscular mycorrhizal associations and root coloniza-
tion in some important tree species. Indian Forester
18(3): 207–212

Trappe J M. 1982. Synoptic key to the genera and spe-
cies of zygomycetous mycorrhizal fungi. Phytopathology
72: 1102–1108

New approaches . . .

Under this column appear brief accounts of new techniques, modifications of available techniques, and new
applications of other known techniques, etc., in mycorrhiza research that have been published in reputed journals
during the last two or three years.

Root organ culture: a tool for molecular
studies on VAM fungi

Root organ culture (ROC) is a true representative
system of soil-grown roots as it mimics the essential
features of the complex rhizosphere, allowing the
fungi to complete their life-cycle in the presence of
host roots without any induced genetic changes.
Gadkar V, Adholeya A, Satyanarayna T (1997) used
randomly amplified polymorphic DNA with the
M13 mini-satellite sequence as the polymerase chain
reaction primer to look into polymorphism, if any, in
the spores of Gigaspora margarita produced by ROC
system and in situ (soil) (Canadian Journal of Micro-
biology 43: 795–798). The authors found in their
studies that fingerprint pattern of soil-grown spores
(non-germinated) was similar to that of the mother

spore (germinated) that was exposed to the synthetic
growth conditions of ROC, indicating that the de-
fined conditions of ROC do not cause a change in
the spore genotype even after germination. Also, the
fingerprint pattern of auxiliary cell cluster demon-
strated genetic similarity between extramatrical
structure and the spore. The authors also found that
the mother spore which seemed hollow and inactive
four months after germination under ROC system
contained nuclei and generated a fingerprint pat-
tern. The authors also found that the fingerprint pat-
tern of Gigaspora margarita was different from that
of G. gigantea indicating that the mini-satellite se-
quence could be exploited for identifying VAM
fungi. It is thus evident that the ROC system can be
used as a tool for conducting varied types of molecu-
lar studies such as molecular taxonomy, genetical
studies, etc. on VA mycorrhizal fungi.
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27 June–1 July 1998
Plant Biology ‘98. Madison, Wichita, USA
For further information, please contact:

Susan Chambers
15501 Monona Drive
Rockville, MD 20855, USA
Tel.: 1 301 251 0560
Fax: 1 301 279 2996
e-mail: chambers@aspp.org
Web site: http://aspp.org

28 June–3 July 1998
8th International Symposium on the Genetics of In-
dustrial Microorganisms. Jerusalem, Israel
For further information, please contact:

Organizing Committee GIM ‘98
POB 50006
Tel-Aviv 61500, Israel
Tel.: 972 3 5140014
Fax: 972 3 5175674
e-mail: 100274.2665@compuserve.com

7–10 July 1998
25th Annual Meeting: Plant Growth Regulation So-
ciety of America. Chicago, Illinois, USA
For further information, please contact:

Dr Warren Shafer
Abbott Laboratories
Agricultural Research Center
6131 RFD, Oakwood Road
Long Grove, IL 60047, USA
Tel.: 1 847 367 2654
Fax: 1 847 367 2913

12–17 July 1998
IVth Ubterbatuibak Symposium on Cytochrome
P450 Biodiversity and Biotechnology. Strasbourg,
France
For further information, please contact:

Dr Francis Drust CNRS/ University Louis Pasteur
Dept Cellular and Molecular Enzymology
Plant Molecular Biology Institute
28, rue Goethe, F-67083 Strasbourg, France
Tel.:  33 0388 358 281
Fax: 33 0388 358 484
e-mail: P450-98@ibmp-ulp.u-strasbg.fr
home page: http://ibmp.u-strasbg.fr/p45098/

p45098.html

Forthcoming events . . .

20–24 July 1998
The Supporting Roots: Structure and Function.
Bordeaux, France
For further information, please contact:

Alexia Stokes
Laboratoire de Rhéologie du Bois de Bordeaux
Domaine de L’Hermitage
BP 10, 33610 Cestas Gazinet, France
Tel.: 33 5 57 97 91 04
Fax: 33 5 56 68 07 13
e-mail: stokes@irbb3.pierroton.inra.fr

9–14 August 1998
8th International Symposium on Microbial Ecology
(ISME-8). Halifax, Nova Scotia, Canada
For further information, please contact:

Ardenne International Inc.
Suite 444, World Trade and Convention Centre
1800 Argyle Street, Halifax, Nova Scotia, Canada
Tel.: 902 492 8000
Fax: 902 423 2143
e-mail:  ardenne@fox.nstn.ca

9–14 August 1998
11th International Workshop on Plant Membrane
Biology. Cambridge, UK
For further information, please contact:

Dr Mark Tester
11th IWPMB
Dept of Plant Sciences
University of Cambridge
Dowing Street, Cambridge, UK CB2 3EA
Tel.: 44 1223 333918
Fax: 44 1223 333953
e-mail: plant-nut@lists.cam.ac.uk

9–14 August 1998
Microbial Biosystems: New Frontiers. 8th Interna-
tional Symposium on Microbial Ecology. Halifax,
Nova Scotia, Canada
For further information, please contact:

Dr Colin R Bell
Microbial Ecology laboratory
Department of Biology, Acadia University
Wolfville, Nova Scotia, Canada BOP IXO
Tel.: 902 542 2201 Ext. 1328
Fax: 902 542 3466
e-mail: <isme8@acadiau.ca>.
Web site: <http://dragon.acadiau.ca/~cbell/

isme8.html>.
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9–16 August 1998
7th International Congress of Plant Pathology.
Edinburgh, UK
For further information, please contact:

ICPP98 Congress Secretariat
C/o Meeting Makers
50 George Street, Glasgow, UK G1!QE
Tel.: 44 141 553 1930
Fax: 44 141 552 0511
e-mail: icpp98@meetingmakers.co.uk

13–17 August 1998
16th International Conference on Plant Growth
Substances. Makuhari Messe, Chiba, Japan.
For further information, please contact:

Dr Yuji Kamiya
Plant Hormone Function
FRP RIKEN, Hirosawa 2–1
Wako-shi, Saitama 351–01, Japan
Fax: 81 48 462 4716
e-mail: ykamiya@postman.riken.go.jp
Web site: http://frpphf.riken.go.jp/IPGSA/

IPGSA98.html

15–20 August 1998
International Congress on Photosynthesis.
Budapest, Hungary
For further information, please contact:

Gyozo Garab
Chairman of the Organizing Committee
Biological Research Centre
Hungarian Academy of Sciences
Szeged, PO Box 521, H - 6701 Hungary
Tel.: 36 62 433 131
Fax: 36 62 433 434
e-mail: photosyn@szbk.u-szeged.hu

17–21 August 1998
8th International Fusarium Workshop. IMI, Egham,
Surrey, UK
For further information, please contact:

David Brayford
International Mycological Institute
Bakeham Lane
Egham, Surrey, TW20 9TY, UK
e-mail: <d.brayford@cabi.org>
Web site: <http://www.cabi.org/institut/imi/

imi.htm>

22–28 August 1988
XVIII International Congress of Genetics, Genetics
—Better Life for All Beijing. China
For further information, please contact:

CAS Secretariat
Datun Rd.
Andingmenwai Beijing 100101
China
Tel.: 86 10 64914896
Fax: 86 10 64914896
e-mail: sychen@mimi.cnc.ac.cn

23–28 August 1998
6th International Mycological Congress (IMC6).
Jerusalem, Israel
For further information, please contact:

Congress Secretariat
PO Box 50006
Tel Aviv 61500
Israel
Tel.: 972 3 5140014
Fax: 972 3 5175674
e-mail: myco@kenes.ccmail.compuserve.com

Prof. Bushan L Jalali, Department of Plant Pathol-
ogy, Haryana Agricultural University, has been
elected President of the Indian Society of Mycology
and Plant Pathology. This premier national society
has been directing its efforts for the sustainable
management of crop diseases at the national level.
Prof. Jalali has made notable contributions, span-
ning over two decades, in the areas of integrated
plant disease management using innovative mycor-
rhizal technology.

Dr I L Kothari has been elected Head of Biosciences
Department and Co-ordinator of Special Assistance

Programme of University Grants Commission
(UGC) on Plant Morphogenesis at Sardar Patel
University, Vallabh Vidyanagar, Gujarat, India. His
research paper entitled Mycorrhizal Biodiversity of
Petro-effluent Irrigated Fields (I L Kothari, Udhaya
Joseph, and C R Patel) has been published in the
Journal of Mycology and Plant Pathology 27(3):
275–278, 1997. He has also organized the UGC Na-
tional Symposium-cum-workshop on Plant Struc-
ture and  Morphogenesis at the Sardar Patel
University on        27–28 December 1997. A proceed-
ing volume commemorating contributions of Prof. Y
S Dave was  released on this occasion.

News from members . . .
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Recent references . . .

Latest additions to the Network’s database on mycorrhiza are published here for information of the members. The
Mycorrhiza Network will be pleased to supply any of the available documents to bonafide researchers at a nominal
charge.

This list consists of papers from the following journals, which are arranged in alphabetical order.

• Applied Soil Ecology
• Canadian Journal of Botany
• Canadian Journal of Forest Research
• Economic Botany
• Environmental Pollution
• FEMS Microbiology Letters
• Journal of Agricultural Science
• Journal of Environmental Quality
• Journal of General and Applied  Microbiology
• Journal of Horticultural Science & Biotechnology
• Journal of the Japanese Society for Horticultural

Science
• Journal of Mycology and Plant Pathology
• Mycologia
• Mycological Research
• New Phytologist
• Oikos
• Physiologia Plantarum
• Plant and Soil
• Restoration Ecology
• South African Journal of Botany
• Water Air and Soil Pollution

Copies of papers published by mycorrhizologists during this quarter may please be sent to the Net-
work for inclusion in the next issue.

Applied Soil Ecology 7(1), 1997
Rejon A, Garcia-Romera I, Ocampo J A, Bethlenfalvay G J
(Estaicón Experimental del Zaidín. Consejo Superior de
Investigaciones Científicas, 18008 Granada, Spain). Mycor-
rhizal fungi influence competition in a wheat-ryegrass asso-
ciation treated with the herbicide diclofop, 51–57

Rosaria Azcón, Joe M Barea (Departamento de Microbiología
del Suelo y Sistemas Simbióticos, Estación Experimental del
Zaidín. Consejo Superior de Investigaciones Científicas,
Prof. Albareda 1, 18008 Granada, Spain). Mycorrhizal depen-
dency of a representative plant species in Mediterranean
shrublands (Lavandual spica L.) as a key factor to its use for
revegetation strategies in desertification-threatened areas,
83–92

Schreiner R P, Bethlenfalvay G J (United States Department
of Agriculture, Agricultural Research Service, Horticultural
Crops Research Laboratory, 3420 NW Orchard Ace.,
Corvallis, OR 97330, USA). Plant and soil response to single
and mixed species of arbuscular mycorrhizal fungi under fun-
gicide stress, 93–102

Applied Soil Ecology 7(3), 1998
Visser S, Maynard D, Danielson R M (University of Calgary,
Department of Biological Science, Calgary, AB T2N 1N4,
Canada). Response of ecto- and arbuscular mycorrhizal fungi
to clear-cutting and the application of chipped aspen wood in
a mixedwood site in Alberta, Canada, 257–269

Canadian Journal of Botany 75(5), 1997
Xiao-Lin Li, George E, Marschner H, Jun-Ling Zhang (Depart-
ment of Plant Nutrition, China Agricultural University, Beijing
100094, China). Phosphorus acquisition from compacted soil
by hyphae of a mycorrhizal fungus associated with red clover

(Trifolium pratense), 723–729

Canadian Journal of Botany 75(6), 1997
Münzenberger B, Otter T, Wüstrich D, Polle A (Zentrum für
Agrarlandschafts- und Landnutzungsforschung (ZALF) e.V.,
Institut für Mikrobielle Ökologie und Bodenbiologie, Dr -Zinn-
Weg 18, 16225 Eberswalde, Germany). Peroxidase and
laccase activities in mycorrhizal and non-mycorrhizal fine
roots of Norway spruce (Picea abies) and larch (Larix de-
cidua), 932–938

St-Arnaud M, Hamel C, Vimard B, Fortin J A (Institut de re-
cherche en biologie végétale, Université de Montréal QC H1X
2B2, Canada). Inhibition of Fusarium oxysporum f.sp. dianthi
in the non-VAM species Dianthus caryophyllus by co-culture
with Tagetes patula companion plants colonized by Glomus
intraradices, 998–1005

Canadian Journal of Botany 75(8), 1997
Cade-Menun B J, Berch S M (Department of Soil Science,
The University of British Columbia, 139-2357 Main Mall,
Vancouver, BC V6T 1Z4, Canada). Response of mycorrhizal
western red cedar to organic phosphorus sources and
benomyl, 1226–1235

Canadian Journal of Botany 75(9), 1997
Subramanian K S, Charest C, Dwyer L M, Hamilton R I (De-
partment of Biology, University of Ottawa, 30 Marie Curie,
Ottawa, ON K1N 6N5, Canada). Effects of arbuscular mycor-
rhizae on leaf water potential, sugar content, and P content
during drought and recovery of maize, 1582–1591

Canadian Journal of Botany 75(10), 1997
Kårén O, Nylund J E (Swedish University of Agricultural Sci-
ences, Department of Forest Mycology and Pathology, P O
Box 7026, 750 07 Uppsala, Sweden). Effects of ammonium
sulphate on the community structure and biomass of
ectomycorrhizal fungi in a Norway spruce stand in southwest-
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ern Sweden, 1628–1642

Miller R M, Hetrick B A D, Wilson G W T (Environmental Re-
search Division, Argonne National Laboratory, Argonne, IL
60439, USA). Mycorrhizal fungi affect root stele tissue in
grasses, 1778–1784

Canadian Journal of Forest Research 28(1), 1998
Miller S L, McClean T M, Stanton N L, Williams S E (Univer-
sity of Wyoming, Department of Botany, Laramie, WY 82071
USA). Mycorrhization, physiognomy, and first-year survivabil-
ity of conifer seedlings following natural fire in Grand Teton
National Park, 115–122

Gemma J N, Koske R E, Roberts E M, Hester S (University of
Rhode Island, Department of Science Biology, Kingston, RI
02881 USA). Response of Taxus x media var densiformis to
inoculation with arbuscular Mycorrhizal fungi, 150–153

Economic Botany 52(1), 1998
Hall I R, Lyon A J E, Wang Y, Sinclair L (New Zealand Institute
of Crop and Food Ltd, Invermay Agriculture Centre, Private
Bag 50034, Mosgiel, New Zealand). Ectomycorrhizal fungi
with edible fruiting bodies — 2. Boletus edulis, 44–56

Environmental Pollution 98(3), 1997
Kieliszewska Rokicka B, Rudawska M, Leski T (Polish Aca-
demic Science Institute Dendrol, Parkowa 5, PL-62035
Kornik, Poland). Ectomycorrhizae of young and mature Scots
pine trees in industrial regions in Poland, 315–324

FEMS Microbiology Letters 161(1), 1998
Kanunfre C C, Zancan G T (Ufpr, Department of Bioquim,
Caixa Postal 19046, BR-81531990 Curitiba, Parana, Brazil).
Physiology of exolaccase production by Thelephora
terrestris, 151–156

Journal of Agricultural Science 130, 1998
Mehrotra V S (PSS Centre for Institute of Vocational Educa-
tion, 131 Zone 2, MP Nagar, Bhopal 462 011, India).
Arbuscular mycorrhizal associations of plants colonizing coal
mine spoil in India, 125–133

Miller R L, Jackson L E, (USGS Wrd, Placer Hall, 6000 J St,
Sacramento, CA 95819 USA). Survey of vesicular–arbuscular
mycorrhizae in lettuce production in relation to management
and soil factors, 173–182

Journal of Environmental Quality 27(2), 1998
Leyval C, Binet P (H Poincare University, CNRS, Upr 6831,
Centre Pedol Biol, 17 Rue Notre Dame Pauvres, BP 5, F-54501
Vandoeuvre Nancy, France). Effect of polyaromatic hydrocar-
bons in soil on arbuscular mycorrhizal plants, 402–407

Journal of General and Applied Microbiology 43(5), 1997
Bai X Y, Debaud J C, Schrunder J, Meinhardt F (Universitat
Munster, Institut of Mikrobiology, Corrensstrasse 3, D- 48149
Munster, Germany). The ectomycorrhizal basidiomycete
Hebeloma circinans harbors a linear plasmid encoding a
DNA- and RNA polymerase, 273–279

Journal of Horticultural Science & Biotechnology 73(1), 1998
Fortuna P, Morini S, Giovannetti M (University of Pisa,
Dipartimento Coltivaz & Difesa Specie Legnose, Sez Coltivaz
Arboree, I-56124 Pisa, Italy). Effects of arbuscular mycor-
rhizal fungi on in vivo root initiation and development of

micropropagated plum shoots, 19–28

Journal of the Japanese Society for Horticultural Science
67(2), 1998

Matsubara Y, Harada T (Gifu University, Faculty of Agricul-
ture, Gifu 5011193, Japan). Relation between pectic sub-
stances and arbuscular mycorrhizal fungus infection in three
vegetable crops, 180–184

Journal of Mycology and Plant Pathology 27(3), 1997
Kothari I L, Joseph U, Patel C R (Department of Biosciences,
Sardar Patel University, Vallabh Vidyangar 388 120, Gujarat,
India). Mycorrhizal biodiversity of petroeffluent-irrigated
fields, 275–278

Kaur M J, Sagar A, Lakhanpal T N (Department of Bio-Sci-
ences, Himachal Pradesh University, Shimla 171 005,
Himachal Pradesh, India). Observations on vesicular
arbuscular mycorrhizal association of Grewia optiva, 323–
324

Mycologia 89(1), 1997
Gaspar L, Ollero R, Cabello M (Instituto de Investigaciones
Bioquimicas de La Plata (CONICET-UNLP), calles 60 y 120
La Plata (1900), Argentina). Variations in the lipid composi-
tion of alfalfa roots during colonization with the arbuscular
mycorrhizal fungus Glomus versiforme, 37–42

Mycologia 89(2), 1997
Kawai M (Nara Prefectural Forest Experiment Station
Takatori, Nara, 635-01 Japan). Artificial ectomycorrhiza for-
mation on roots of air-layered Pinus densiflora saplings by
inoculation with Lyophyllum shimeji, 228–232

Franken P, Lapopin L, Meyer-Gauen G, Gianinazzi-Pearson
V (Max-Planck-Institut für terrestrische Mikrobiologie,
Abteilung Biochemie, Karl-von Frisch Strasse, 35043
Marburg, Germany). RNA accumulation and genes expressed
in spores of the arbuscular mycorrhiza fungus, Gigaspora
rosea, 293–297

Mycologia 90(2), 1998
Rillig M C, Allen M F, Klironomos J N, Field C B (San Diego
State University, Department of Biology, Soil Ecology and
Restoration Group, San Diego, CA 92182 USA). Arbuscular
mycorrhizal per cent root infection and infection intensity of
Bromus hordeaceus grown in elevated atmospheric CO2,
199–205

Mycological Research 102, 1998
Saltarelli R, Ceccaroli P, Vallorani L, Zambonelli A, Citterio B,
Malatesta M, Stocchi V (University Urbino, Ist Chim Biol
Giorgio Fornaini, Via Saffi 2, I-61029 Urbino, Italy). Biochemi-
cal and morphological modifications during the growth of Tu-
ber borchii mycelium, 403–409

Berredjem A, Garnier A, Putra D P, Botton B (University
Nancy 1, Inra, Lab Biol Forestiere, BP 239, F- 54506
Vandoeuvre Nancy, France). Effect of nitrogen and carbon
sources on growth and activities of NAD and NADP depen-
dent isocitrate dehydrogenases of Laccaria bicolor, 427–434

Forbes P J, Millam S, Hooker J E, Harrier L A (Scottish Agri-
cultural College, Land Resources Department, Soil Biology
Unit, Aberdeen AB21 9TQ, Scotland). Transformation of the
arbuscular mycorrhiza Gigaspora rosea by particle bombard-
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ment, 497–501

New Phytologist 137, 1997
Gange A C, Nice H E (School of Biological Sciences, Royal
Holloway University of London, Egham Hill, Egham, Surrey
TW20 0EX, UK). Performance of the thistle gall fly, Urophora
cardui, in relation to host plant nitrogen and mycorrhizal colo-
nization, 335–343

Cliquet J B, Murray P J, Boucaud J (L A INRA de Physiologie
et biochimie Végétales, IRBA, Université de Caen, 14032
CAEN, Cedex, France). Effect of the arbuscular mycorrhizal
fungus Glomus fasciculatum on the uptake of amino nitrogen
by Lolium perenne, 345–349

Hoffmann E, Wallenda T, Schaeffer C, Hampp R (Universität
Tübingen, Physiologische Ökologie der Pflanzen, Auf der
Morgenstelle 1, D-72076 Tübingen, Germany). Cyclic AMP, a
possible regulator of glycolysis in the ectomycorrhizal fungus
Amanita muscaria, 351–356

Pritsch K, Boyle H, Munch J C, Buscot F (Institute of Soil Biol-
ogy, Federal Agricultural Research Centre, Bundesallee 50, D-
38116 Braunschweig, Germany). Characterization and identi-
fication of black alder ectomycorrhizas by PCR/RFLP analyses
of the rDNA internal transcribed spacer (ITS), 357–369

New Phytologist 138(2), 1998
Herrmann S, Munch J C, Buscot F (Bundesforsch Anstalt
Landwirtschaft, Institute Bodenbiol, Bundesallee 50, D-38118
Braunschweig, Germany). A gnotobiotic culture system with
oak microcuttings to study specific effects of mycobionts on
plant morphology before, and in the early phase of,
ectomycorrhiza formation by Paxillus involutus and Piloderma
croceum, 203–212

Tisserant B, Brenac V, Requena N, Jeffries P, Dodd J C (Uni-
versity of Kent, Int. Institute of Biotechnology, Res Sch
Biosci, POB 228, Canterbury CT2 7YW, Kent, England). The
detection of Glomus spp. (arbuscular mycorrhizal fungi) form-
ing mycorrhizas in three plants, at different stages of seedling
development, using mycorrhiza-specific isozymes, 225–239

Toro M, Azcon R, Barea J M  (Csic, Department of Microbiol-
ogy Suelo & Sistemas Simbiot, Estac Expt Zaidin, Prof
Albareda 1, Granada 18008, Spain).  The use of isotopic dilu-
tion techniques to evaluate the interactive effects of Rhizo-
bium genotype, mycorrhizal fungi, phosphate-solubilizing
rhizobacteria and rock phosphate on nitrogen and phospho-
rus acquisition by Medicago sativa, 265–273

Timonen S, Sen R (University of Helsinki, Department of Bio-
science, Bioctr, Division Gen Microbiology, POB 56, FIN-
00014 Helsinki, Finland). Heterogeneity of fungal and plant
enzyme expression in intact Scots pine—Suillus bovinus—
and Paxillus involutus mycorrhizospheres developed in natu-
ral forest humus, 355–366

Oikos 81(3), 1998
Titus J H, del Moral R (University of S Bohemia, Faculty of
Biological Science, Department of Botany, Branisovska 31,
CZ-37005 Ceske Budejovice, Czech Republic). Vesicular–
arbuscular mycorrhizae influence Mount St. Helens pioneer
species in greenhouse experiments, 495–510

Physiologia Plantarum 102(2), 1998
Subramanian K S, Charest C (University Ottawa, Department
of Biology, 30 Marie Curie, POB 450 Stn A, Ottawa, ON K1N
6N5, Canada). Arbuscular mycorrhizae and nitrogen assimi-
lation in maize after drought and recovery, 285–296

Plant and Soil 198(2), 1998
Nilsen P, Borja I, Knutsen H, Brean R (Agricultural University
of Norway, Norwegian Forest Research Institute,
Hogskoleveien 12, N-1432 As, Norway). Nitrogen and drought
effects on ectomycorrhizae of Norway spruce [Picea abies L.
(Karst.)], 179–184

Gavito M E, Miller M H (Riso National Laboratory, Plant Biol-
ogy and Biogeochem Department, POB 49, DK-4000
Roskilde, Denmark). Changes in mycorrhiza development in
maize induced by crop management practices, 185–192

Restoration Ecology 6(1), 1998
Turner S D, Friese C F (Healthy Ecosystem Consulting, RR 1,
Box 391, Rosedale, IN 47874 USA). Plant-mycorrhizal com-
munity dynamics associated with a moisture gradient within a
rehabilitated prairie fen, 44–51

South African Journal of Botany 63(6), 1997
Weiersbye Witkowski I M, Straker C J (University of
Witwatersrand, Department of Botany, Private Bag 3, ZA-
2050 Witwatersrand, South Africa). Protocol for assessing
the viability of Sphaerotheca fuliginea conidia by tetrazolium
chloride (INT) reduction, 498–506

Water Air and Soil Pollution 103(1–4), 1998
Roth D R, Fahey T J (Cornell University, Department of Na-
tional Resources, Fernow Hall, Ithaca, NY 14853 USA). The
effects of acid precipitation and ozone on the ectomycor-
rhizae of red spruce saplings, 263–276
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List of cultures available for circulation

S No. Germplasm bank code Fungus name Host Source person/place of origin

Ectomycorrhizae

1. EM-1025 Rhizopogon vulgaris Pinus Ponderosa, Oregon, USA
Pseudotsuga menziesii, Abies

2. EM-1271 Pisolithus tinctorius Pinus elliotii Georgia, USA
3. EM-1055 Phaeolepiota aurea Sitka spruce Alaska, USA
4. EM-1134 Paxillus involutus Picea pungens, Betula Oregon, USA
5. EM-1130 Melanogaster tuberiformis Aretostaphylos viscidia —
6. EM-1264 Lactarius rufus Sous resineux Sweden
7. EM-1195 Laccaria proxima — Czechoslovakia
8. EM-1193 Laccaria laccata Sitka spruce Cumbria
9. EM-1188 Laccaria laccata Picea sitchensis Edinburgh, UK
10. EM-1187 Laccaria bicolor — Hammarskog
11. EM-1185 Hysterangium incarceratum Eucalyptus sp. —
12. EM-1180 Hebeloma sinapizans Picea Lyon, France
13. EM-1170 Hebeloma crustuliniforme Hetre Vosges, France
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