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A dynamic and flexible organization with a global vision and a local focus,
TERI, now The Energy and Resources Institute, was established in 1974.
While in the initial period, the focus was mainly on documentation and
information dissemination activities, research activities in the fields of energy,
environment, and sustainable development were initiated towards the end of
1982. The genesis of these activities lay in TERI’s firm belief that efficient
utilization of energy, sustainable use of natural resources, large-scale adoption
of renewable energy technologies, and reduction of all forms of waste would
move the process of development towards the goal of sustainability.
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Focusing on ecological, environmental, and food security issues, the Division’s
activities include working with a wide variety of living organisms, sophisticated
genetic engineering techniques, and, at the grass-roots level, with village
communities. The Division functions through five areas—the Centre for
Mycorrhizal Research, Microbial Biotechnology, Plant Tissue Culture and
Molecular Biology, and Plant Biotechnology. The Division is actively engaged
in mycorrhizal research. The Mycorrhiza Network has specifically been created
to help scientists across the globe in carrying out research on mycorrhiza.
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Established in April 1988 at TERI, New Delhi, the Mycorrhiza Network first
set up the MIC (Mycorrhiza Information Centre) in the same year, and the
CMCC (Centre for Mycorrhizal Culture Collection) – a national germplasm
bank of mycorrhizal fungi – in 1993. The general objectives of the Mycorrhiza
Network are to strengthen research, encourage participation, promote
information exchange, and publish the quarterly newsletter Mycorrhiza News.

The MIC has been primarily responsible for establishing an information
network, which facilitates sharing of information among the network members
and makes the growing literature on mycorrhiza available to researchers.
Comprehensive databases on Asian mycorrhizologists and mycorrhizal literature
(RIZA) allow information retrieval and supply documents on request.

The main objectives of the CMCC are to procure strains of both ecto and
VA mycorrhizal fungi from India and abroad; multiply and maintain these fungi
in pure culture; screen, isolate, identify, multiply, and maintain native
mycorrhizal fungi; develop a database on cultures maintained; and provide
starter cultures on request. Cultures are available on an exchange basis or on
specific requests at nominal costs for spore extraction or handling.
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* Compiled from TERI database—RIZA
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Most VAM (vesicular-arbuscular mycorrhiza) fungi
adapt to a broad spectrum of edaphic conditions
but a few of them or their physiological forms
specifically adapt to extremes of soil pH or other
edaphic factors. The effect of soil pH on the
development and efficiency of VAM fungi in
various agricultural crops is highlighted in this
article. An account of the effect of pH on the
efficiency of the mycorrhizal fungi in tree crops was
published earlier in Mycorrhiza News (Singh 2000,
2001).
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In studies conducted at the Embrapa, CNPFT
(Centro Nacional de Pes-quisa de F ruteiras
Temperados), Caixa Postal 403, Pelotas RS, Brazil,
maize (Zea mays) plants inoculated or not with
Glomus intraradices-UTI43 were grown in sand
culture in a greenhouse with or without MES (2
[N-morpholino]-ethane sulphonic acid) 2.0 mM
with pH ranges of 4.0, 5.0, 6.0, and 7.0. Shoot and
root dry matter yields were lower in plants grown
with MES than in plants without MES and
decreased as pH increased. Shoot concentrations
of N (nitrogen), Ca (calcium), Mg (magnesium),
Mn (manganese), and Zn (zinc) and nutrient
contents were generally higher in the MES than in
non-MES plants. Concentrations of N, Ca, Mg,
and Mn increased and P (phosphorus), S
(sulphur), and Fe (iron) decreased while contents
of all measured nutrients except Mn and Zn
decreased as pH increased. Concentrations of Mn,
Fe, Zn, and Cu (copper) were higher in VAM than
in non-VAM plants, while contents of P and Ca
were higher in non-VAM than in VAM plants.
Thus the MES had marked effects on mineral
nutrient uptake and this factor should be

considered when the MES is used to control pH of
nutrient solutions for growth of maize (Medeiros,
Clark, and Ellis 1993).

Studies conducted at the Department of Soil
Science, Faculty of Agriculture, Padjadjaran
University, Jatinangor, Indonesia on maize grown
in plastic containers, using two acid soils (an oxisol
and a ultisol) with pH adjusted to 4.7, 5.6, and
6.4 by liming (with different amounts of CaCO

3
)

showed that in both soils, liming increased shoot
DW (dry weight), total root length, and
mycorrhizal colonization of roots. Mycorrhizal
inoculation significantly increased the root DW (in
some cases), shoot DW, P concentration in shoot
and root, and calculated P uptake per unit root
length. Depletion of P in rhizosphere soil was
dependent on soil pH in some cases, but at all pH
levels the extent of P depletion in the rhizosphere
soil was greater in mycorrhizal than in non-
mycorrhizal plants. Mycorrhizal roots, however,
used the same inorganic P sources as non-
mycorrhizal roots. Thus, the results do not suggest
that mycorrhizal roots have specific properties for P
solubilization. Rather, the efficient P uptake from
soil solution by roots determines the effectiveness
of the use of different soil P sources (Nurlaeny,
Marschner, and George 1996).

Studies conducted at the Department of
Agronomy, University of Nebraska, Lincoln, USA
on sorghum (Sorghum bicolor) plants grown in a
greenhouse on acid Cecil sandy clay loam soil
adjusted to five pH levels (4.1 to 5.8) and
inoculated or not with Glomus deserticola showed
that dry matter yield and mineral element uptake
were markedly depressed at pH 4.1, were relatively
high at pH 4.5, and remained fairly constant from
pH 4.5 to 5.8 levels in mycorrhizal plants. Dry
matter yields, root lengths, and mineral element
contents of non-mycorrhizal plants (inoculated
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with sterile VAM inocula) increased as soil pH
increased, and these characteristics were similar to
mycorrhizal plants only after the soil pH was 5.0–5.5.
Mycorrhizal plants had higher total uptake of
mineral elements and efficiency uptake of mineral
elements (shoot element content / root dry matter
ratio) than non-mycorrhizal plants. Available Al
(aluminium) in acid soils may have been
detrimental to VAM infection with sorghum roots
and for VAM fungal activity at low soil pH (Raju,
Clark, Ellis, et al. 1988).

Studies conducted at the Soil Microbiology
Department, Rothamsted Experiment Station,
Harpenden, Herts, the UK on clover and
strawberry plants grown in a low-phosphate soil at
pH 4.8 and pH 6.8 and inoculated with one to four
species of Glomus showed that the inoculum
containing four species was equally or more
effective in promoting plant growth at both pH
levels than inoculum with only a single species.
Mixed inocula (multispecies) may therefore be
used for field inoculation to ensure wider
adaptation to different environmental conditions
and greater consistency in benefits to the host
plants (Koomen, Grace, and Hayman 1987).

In studies conducted at the Department of Soil
Science and Plant Nutrition, Beijing Agricultural
University, Beijing, China, Trifolium repens plants
were grown for seven weeks in two sterilized soils
(levisol and cambisol) in pots with five
compartments. The central compartment was for
the root growth, two adjacent compartments for
growth of Glomus mosseae, and two outer
compartments that neither roots nor hyphae could
penetrate (bulk soil compartments). Phosphorus
was supplied as Ca(H2PO4)2 at the rate of 50-mg P/kg
soil in the root compartment and 150-mg P/kg soil
in the hyphal and bulk soil compartments.
Nitrogen was supplied as (NH4)2 SO4 at the rate of
300-mg N/kg soil uniformly in all the
compartments. In both soils, the soil pH decreased
at the root–soil interface (rhizosphere) in the
central compartment, and also at the hyphae–soil
interface in the hyphal compartment. In both soils,
shoot DW and P uptake were much higher in
mycorrhizal plants compared to the non-
mycorrhizal plants. Hyphae of the VAM fungus
contributed 70% (combisol) or 80% (levisol) to
total P uptake of mycorrhizal plants. In the hyphal
compartment, concentration of water-extractable
soil P in both soils and NaHCO3-extractable soil P
in levisol was drastically reduced. Soil P depletion
profiles developed at the root–soil interface
(rhizosphere) and hyphae–soil interface, and
extended several millimetres from the hyphae
surface into the soil. Thus, the hyphae of VAM
fungi have the ability to form a zone of altered pH
and a P-depletion zone in the adjacent soil (Li,
George, and Marschner 1991).

Studies conducted at the Central Tuber Crops
Research Institute, Sreekariyum,
Thiruvananthapuram, India, on Ipomea batatas and
Manihot esculenta showed that artificial inoculation

with spores and root masses through the inert
material (lignite) was effective. Spores in lignite
slurry were viable for six months. The roots of both
plants registered VAM infection of 80%–91% and
80%–85% within 15–29 days and 18–25 days of
inoculation, respectively. Higher soil pH and P
retarded the growth and establishment of VAM
fungi in both the hosts (Potty 1988).

In studies conducted at the Station de
Genetique et Amelioration des plantes, INRA,
Dijon, France, micropropagated plants of two
pineapple clones were inoculated with Glomus spp.
or G. intraradices and grown in acid or alkaline soil
with application of nutrient solution with or
without P. The infection was greater with Glomus
spp. than with G. intraradices and greater without
the P application. Inoculation increased growth as
measured by leaf number, fresh and DWs of aerial
parts, or roots and leaf area. The effect was greater
in plants grown in acid soil and in plants not given
P. Inoculation with VAM fungi also resulted in
larger and more efficient root system. Application
of P increased the growth of plants that were not
inoculated, reduced the effect of inoculation in acid
soils, and prevented the effect of inoculation in
alkaline soil (Guillemin, Gianinazzi, and
Gianinazzi-Pearson 1991).

In studies conducted at the Research Station,
Fruit Growing, Brugst 51, NL 4475, an Wilhel
Minddors, the Netherlands, a declining plant
species, Arnica montana, and two non-declining
plant species from the same habitat, Hieraceum
pilosella and Deschampsia flexuosa, were grown with
or without Glomus fasciculatum in pots with an
extremely nutrient-poor sandy soil to determine
whether the decline of A. montana in Heathland
vegetation could be caused by a detrimental effect
of soil acidification on VAM fungi. The pots were
percolated weekly with a nutrient solution with
different pH values, of 5.5, 4.5, 3.5, and 2.5. At
intervals of three weeks and up to 12 weeks,
measurements were made on growth, nutrient
uptake, and VAM infection. In most acid
treatments, growth and nutrient uptake were
reduced in all species but VAM infection decreased
only slightly with decreasing pH of the treatments.
Without VAM, A. montana died and H. pilosella
hardly grew at most acid treatments. Leachate from
most acid treatments had a pH of approximately
4.0 and contained considerable amount of Al
dissolved from the solid phase of the soil. This
might have played a role in the detrimental effects
on plants in the case of most acid treatments.
However, no evidence was found in this experiment
that the decline of A. montana was due to
detrimental effects of soil acidification on VAM of
this species (Heijne, Dam, Heil, et al. 1996).
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In studies conducted at the Institute Für
Bodenkunde, Universitat Göttingen, Germany,
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advantages and disadvantages of compensation
liming were reviewed; liming should be moderate.
Mild lime and application of three tonne per
hectare caused no nitrate loading of groundwater.
The risk of heavy metal mobilization was not
greater than that when liming was not carried out
and soil acidification continued to increase.
Phosphate should be added to lime to immobilize
individual heavy metals. Lime does not appear to
have adverse effects on mycorrhizae and ground
vegetation. Therefore, advantages of liming
outweigh the disadvantages while the selection of
appropriate fertilizers prevents damages to
individual species when limed (Wenzel and Ulrich
1988).

In studies conducted at the Departmento de
Ciencia do Solo, Escola Superior de Agricultura de
Lavras, Lavras, Brazil, Brachiaria grass (Brachiaria
decumbens) was grown in pots supplied with 0–6 g
lime/kg soil, with or without soil inoculation with
one of five fungal cultures isolated from the soils of
different acidity and containing Glomus spp.,
G. etunicatum, Gigaspora margarita, and Acaulospora
morrowae. Plant growth increased with up to
3.0 g lime/kg soil and decreased at higher rates.
Mycorrhizal plants grew better than non-
mycorrhizal plants in unlimed soil and with 4.5–6.0
g lime/kg soil. The ameliorative effects of VAM on
growth in highly acidic or over-limed soils were
related to nutrient uptake. The VAM fungi isolated
from acid soil showed high symbiotic effectiveness
and were better adapted to unlimed soil than those
from non-acidic soils. The VAM root colonization,
90 days after planting, was little affected by liming
(Siqueira, Rocham, Oliveira, et al. 1990).

Studies conducted at the AFRC Institute of
Arable Crops Research, Rothamsted Experimental
Station, Harpenden, Herts, the UK on main crop,
potatoes (Solanum tuberosum L.), and spring oats
(Avena sativa) successively grown over a period of
three years on the long-term liming experiments at
two sites, Rothamsted and Woburn, showed that a
percentage of VAM colonization was little affected
by soil pH from over an approximate range of 4–5
to 7–5. There was little effect of pH on crop yields.
Up to nine species of coarse endophytes could be
identified from spores (50 mm in diameter) in plots
of pH 5.8 and above. There were markedly fewer
spores at pH 5.5 and none in the most acid plots
(Wang, Stribley, Tinker, et al. 1993).

A greenhouse experiment conducted at the
International Livestock Centre for Africa, Addis
Ababa, Ethiopia on an acid soil showed that tef
(Eragrostis tef) plants failed to grow unless the soil
was limed or inoculated with either of the two
VAM fungi, G. mosseae or G. macrocarpum. Plant
growth was increased by liming and to a lesser
extent by VAM fungal inoculation. Lime also
enhanced root colonization by VAM fungi. Shoot
micronutrient content was generally increased as a
result of inoculation and decreased by increased
lime application (Mamo and Killham 1987).

An experiment was conducted for three years at
the Ministry of Agriculture Pecheries Alimentat,
Quebec, Serv Phytotech, St Hyacinthe, Canada to
test the effect of lime application, P fertilization,
and different tillage implements on the population
of mycorrhizal fungi in soil of a poor and acid old
prairie on which barley cropping was established.
Although the treatments induced changes in soil
pH and fertility, none of the treatments had a
significant effect on the frequency of species or on
the diversity of population. However, the fungal
population changed and fungal diversity increased
with time. In the initial stage, 13 VAM species
from 3 genera were recorded but with time Glomus
caledonium and G. margarita disappeared, while
G. geosporum, a G. clarum-like and a Scutellospora
aurigloba-like VAM fungi appeared after land was
returned for cultivation (Hamel, Dalpe, Lapierre,
et al. 1994).
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Studies conducted at the Department of Agronomy
and Soils, Clemson University, Clemson, USA on
corn (Z. mays Pioneer 3369 A), inoculated or not
with five VAM fungi at two pH levels (5.7 and 6.1)
on loamy sand soil showed that at pH 6.1 with six-
month-old inoculum, shoot fresh weights
significantly increased with Gigaspora gigantea and
G. mosseae but not by G. macrocarpus var.
macrocarpus, G. macrocarpus var. geosporus, or
G. margarita. With one-month-old inoculum at
6.1 pH, only G. mosseae showed significant fresh-
weight increase compared to the sterile control.
At 5.7 pH, with a six-month-old inoculum, shoot
fresh weights were significantly increased with
G. gigantea, G. mosseae, G. macrocarpus var.
geosporus, and G. macrocarpus var. macrocarpus
whereas with a one-month-old inoculum at pH 5.7,
fresh weights were significantly increased by
G. gigantea only. There was 70% root infection by
all VAM fungi. With a longer storage, G. gigantea,
G. mosseae, and G. macrocarpus var. macrocarpus
were more effective in increasing fresh weights at
pH 5.7, whereas G. margarita was relatively
ineffective at both pH levels (Struble, Skipper, and
Smith 1979).

Studies conducted at the Department of
Agronomy, University of Nebraska, Lincoln, USA,
on sorghum (S. bicolor) grown at pH 4.0, 5.0, 6.0,
and 7.0 (±0.1) in hydroponic sand culture and
inoculated with Glomus etunicatum (UT 316),
G. intraradices (UT 143), G. intraradices (UTI-
126), and Glomus spp. showed that as pH
increased, root colonization increased with
G. intraradices (UT 126) and G. etunicatum,
remained unchanged with G. intraradices (UT 143),
and was low at pH 4 and high at pH 5.0, 6.0, and
7.0 with Glomus spp. G. etunicatum and
G. intraradices (UT 143) were more effective than
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Glomus spp. and G. intraradices (UT 126) in
promoting plant growth irrespective
of the pH. Shoot-P concentrations were lower in
plants colonized by G. etunicatum and
G. intraradices (UT 143) than in other two VAM
fungi or in non-mycorrhizal plants. Neither the
VAM isolates nor pH had an effect on shoot Ca,
Mg, Zn, Cu, and Mn concentrations while the
VAM isolates affected not only P but also the S, K
(potassium), and Fe concentrations. The pH × VAM
interaction was significant for shoot K, Mg, and Cu
concentrations (Medeiros, Clark, and Ellis 1994).

Studies conducted at the Soil Microbiology
Department, Rothamsted Experiment Station,
Harpenden, Herts, the UK on clover and
strawberry plants grown in a low P soil at pH 4.8
and 6.8 and inoculated with one or four species of
Glomus showed that in spore production following
multiple inoculation, Glomus spp. ‘E3’ was the
most competitive species at pH 4.8 and G. mosseae
at pH 6.8 (Koomen, Grace, and Hayman 1987).

Studies conducted at the School of Agriculture
(Soil Science), University of Western Australia,
Nedlands, Australia on subterranean clover showed
that G. fasciculatum and Glomus spp. (WUM 16)
differed in their ability to infect roots when soil pH
was changed by liming. In a glasshouse experiment,
G. fasciculatum infected extensively at each of the
four levels of pH (range 5.3–7.5). Glomus spp.
WUM 16 only infected extensively at the highest
pH level. Liming the soil depressed plant growth
but this effect was almost entirely overcome by
inoculation with G. fasciculatum. In another
experiment, it was found that Glomus spp. WUM
16 failed to spread from the existing infection
within roots of subterranean clover when the soil
pH was 5.3 or lower. The lack of spread of
infection was associated with an inability of the
hyphae of this fungus to grow in soil used unless
the soil was limed to give a pH of at least greater
than 5.3 (Abbott and Robson 1985).

In studies conducted at the Departmento Solas,
Geologia e Fertilizanthes, ESALQ/USP, Caiza
Postal 9, Piracicaba, Brazil, the behaviours of
G. margarita, G. macrocarpum, and Acaulospora
scrobiculata were evaluated in an acid dystrophic
soil amended with four lime levels to give pH
values of 4.4–5.6, and with two P levels to give P
concentrations of 14.4 ppm (parts per million) and
3.7 ppm in treatments with or without the addition
of soluble P. Subsamples of different soil
treatments were used for spore germination assays
in the laboratory and Stylosanthus guianensis root
colonization experiments in the greenhouse. The
population of A. scrobiculata was more tolerant to
acid dystrophic soil conditions than G. margarita
and G. macrocarpum populations, and the latter was
the most sensitive to soil acidity. Root colonization
was more affected by soil acidity variations than
spore germination. A. scrobiculata and
G. macrocarpum exhibited similar root colonization
patterns, with high initial colonization rates

decreasing with time, while G. margarita showed
initial low root colonization rates increasing with
time (Lambias and Cardoso 1988).

In studies conducted at the Rothamsted
Experiment Station, the nine VAM fungi were
assessed for their infectivity and growth effects in
alpine strawberry cv. baron solemacher seedlings in
sterilized low P soils (4 mg/kg and 8 mg/kg
NaHCO

3
-soluble P) limed to different pH levels.

At pH 4, Glomus clarum greatly stimulated plant
growth but the other fungi except G. margarita and
G. fasciculatum E3, had little or no effect. The
efficient endophytes at pH 5 were E3 Acaulospora
laevis, and G. clarum. The largest plants were those
growing at pH 7 and inoculated with Glomus
epigaeum but A. laevis and G. clarum were
ineffective at this pH. The most effective
endophytes at pH 6 and 7 were G. epigaeum,
G. mosseae, E3, G. caledonium, and G. heterogama,
although results varied slightly between soils. Most
endophytes infected well at all pH levels, even
where they did not enhance plant growth. Although
plant growth is affected by pH, soil P, and
inoculum, the data shows that different endophytes
vary enormously in their symbiotic effectiveness at
different soil pH levels (Hayman and Tavares
1985).

Studies conducted at the Department of Tree
Biology, National Botanical Research Institute,
Lucknow, Uttar Pradesh, India showed that
out of three VAM fungi tested, local isolates of
G. fasciculatum were found to be relatively more
tolerant with the highest number of spores
(89 spores/g of soil) and 40.5% root colonization at
pH 10.5. It may, therefore, be concluded that
because G. fasciculatum was originally isolated from
high pH soil site (pH 9.2), it had a higher
efficiency in high salt conditions. The isolate that
was found successful in higher pH ranges may be a
physiological type adapted to similar edaphology.
Generally, VAM fungal spores isolated from soil of
a particular pH germinated best at that pH. The
VAM fungi are usually adapted to particular
edaphic conditions, characterized in part by soil
pH. It is, therefore, possible to afforest difficult,
high pH soils by using VAM isolates obtained from
high pH soils (Sidhu and Behl 1995).

Information collected at the Agricultural
Research Service, United States Department of
Agriculture, Appalachian Soil and Water
Conservation Research Laboratory, Beaver, USA
on the response of VAM fungi and mycorrhizal
host plants showed that Acaulospora spp. were
widely reported in acidic soils. Also, Gigaspora spp.
appeared to be more common in acidic soils than
Glomus spp. Spores of some AMF (arbuscular
mychorriza fungi) are more tolerant to acidic
conditions and high levels of Al than others;
Acaulospora spp., Gigaspora spp., and Glomus
manihotis are particularly tolerant. Root
colonization is generally less in low than in high pH
soils. Percentage root colonization is generally not
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related to dry matter production. Maximum
enhancement of plant growth in acid soil varies
with AMF isolates and soil pH, indicating
adaptation of AM isolates to edaphic conditions.
Acquisition of many mineral nutrients other than P
and Zn is enhanced by VAM fungi in acid soil and
the minerals with enhanced concentration are
those, which are commonly deficient in acid soils
(for example, Ca, Mg, and K). Some AMF isolates
are effective in overcoming soil acidity factors,
especially Al toxicity, which restrict plant growth at
low pH (Clark 1997).

�  ����� �),�������������-����������
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Pot culture experiments were conducted at the
Institut fur Pflanzenbau und Tierhygiene in Den
Tropen und Subtropen, University of Göttingen,
Göttingen, Germany, on wheat (Triticum aestivum)
and S. bicolor to study the effect of VAM fungi,
G. macrocarpum, and G. manihotis at four soil pH
levels (pH 4.5, 5.5, 6.5, and 7.5), at four soil
temperatures (20 oC, 25 oC, 30 oC, and 35 oC), and
fertilization with different rock phosphates.
Controls were kept with soluble phosphate, MCP
(mono calcium phosphate), and with no phosphate
fertilizer (0P). Increase in shoot DW up to 143%
could be obtained through VAM colonization of
T. aestivum using kodjari rock phosphate as a P
source. T. aestivum and S. bicolor when fertilized
with any of the rock phosphates, except Kola, and
colonized by VAM fungi, produced yields
comparable with yields of plants fertilized with the
MCP at soil pH levels of 5.5–7.5 and at a soil
temperature of 25 °C. As the soil pH increased
from 5.5 to 7.5, DWs declined. Likewise the yields
decreased with increasing soil temperature and at
35 °C, VAM showed no effect at all treatments
(Fabig, Moawad, and Achtnich 1989).

In further studies conducted at the above
Institute, Burly tobacco plants were grown in a
greenhouse at pH levels of 5, 6, or 7 at soil
temperatures of 20 °C, 25 °C, 30 °C, or 35 °C and
fertilized with the MCP or HA (hydroxylapatite).
The HA-fertilized plants inoculated with
G. mosseae, non-inoculated, and MCP-fertilized
plants responded similarly to changes in pH or
temperature. The response of host plants to
environmental factors dominated the reaction; the
inoculation modified it slightly only. The temperature
optimum tended to shift from 30 °C at pH 5 to
25 °C at higher pH (pH 7). The VAM inoculation
increased P uptake and growth considerably even
in plants supplied with MCP. Development of the
VAM in roots was fair to strong in all treatments.
The best development of mycelium was at 30 °C,
that of arbuscles at 25–30 °C, and of vesicles also
at 25–30 °C (Khanaqa 1987).

�  ����� �),�������������-����������
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Studies conducted at the Institute fur Pflanzenbau
und Tierhygiene, University of Göttingen,
Göttingen, Germany, on S. bicolor, grown in
greenhouse in pots with two soils limed to various
pH values and fertilized with hardly soluble
Ca

5
(PO

4
)

3
OH showed that the growth of non-

mycorrhizal S. bicolor with a strong root system and
high feeding power for phosphate was decreased
with an increasing soil pH because of low
availability of Ca

5
(PO

4
)

3
OH at higher pH values.

Mycorrhizal plants of S. bicolor grew slightly better
than non-mycorrhizal plants and reacted similarly
to soil pH (Karagiannidis, Khanaqa, and Moawad
1981).

In studies conducted at the National Fertilizer
and Environmental Research Centre, Tennessee
Valley Authority, Musclo Shoals, USA, soybean cv.
Essex were grown in non-sterile, acid (pH 5.2),
infertile silt loam in a greenhouse to determine
the effects of 0–160 mg P/kg soil as KH

2
PO

4
 and

0 g lime/kg, 1.5 g lime/kg, or 3.0 g lime/kg soil
after soil inoculation with G. fasciculatum and
G. etunicatum. Extractable soil Al was affected by
the interaction between applied lime, applied P,
and VAM fungal inoculation. P efficiency (g seed/
mg P/kg soil) was maximal at 20 mg P/kg soil in all
lime and VAM-fungal treatments. The VAM-
fungal inoculation increased plant survival and
protected soybeans from leaf scorch, thereby
substituting the effects of lime and P. G. etunicatum
inoculum was superior in ameliorating leaf scorch
in the non-limed soil. The G. fasciculatum inoculum
required more lime and P than G. etunicatum
inoculum to increase seed yield relative to non-
inoculated controls containing only native VAM
fungi. The ability of the VAM-fungal inocula to
enhance the efficiency of applied P and to decrease
seed Cl concentration was increased by lime.
Seed yield was negatively related to seed Cl
concentration. Both VAM-fungal inoculation and
lime application reduced this negative relationship
and may have increased tolerance to both Cl and
soil Al (Maddox and Soileau 1991).

Studies conducted at the Department of Soil
Science and Agricultural Chemistry, University of
Agricultural Sciences, Bangalore, Karnataka, India
on soybean grown in pots on acid soil (pH 5.1),
supplied with 0 or 2.64 g lime/kg soil and 0, 10 g
rock P/kg, 20 g rock P/kg, or 40 g rock P/kg soil
and inoculated with G. mosseae showed that liming
had no significant effects on soybean DW but it
decreased P uptake. Mycorrhizal inoculation
increased both DW and P uptake. Shoot DW
increased with increase in the rate of P application
while root DW was highest with the lowest rate of
P application. Shoot P uptake increased with up to
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20-g P/kg soil whereas root P uptake increased up
to 40 g P/kg soil (Eranna and Parama 1944).

In studies conducted at the Department of
Agronomy, Georgia Experiment Station, Griffin,
USA, plants of Trifolium repens and Lespedeza
cuneata were grown in methyl-bromide-fumigated
soil containing 0.5 mM P/kg, 1.0 mM P/kg,
2.5 mM P/kg, or 5.0 mM P/kg of soil and
inoculated with G.margarita in soil of pH 5.1,
and with A. laevis in soil of pH 5.8. The inoculum
of both the VAM fungi was isolated from soil
having a pH of 4.0. Both T. repens and L. cuneata
plants did not respond to G. margarita isolate, in
terms of the VAM infection of roots. Shoot-tissue
concentration of P was greater at the two lowest
rates of P application (0.5 m. mol P/kg and 1.0 m.
mol P/kg) when inoculated with A. laevis.
Inoculation with A. laevis also resulted in different
fungal infection rates in both plant species. The
infection was nearly 70% for the two lowest P
application rates, declining to 40% and 6%,
respectively, at the next two P application rates
(Milson 1988).

����������������������
In studies conducted at the Department of Soil
Science, University of Reading, Whitenights,
Reading, the UK, Sorghum cv. SSU2 plants were
grown in split pots in two different soils with
different initial pH values and P contents to
investigate the effects of NH4

+ (ammonium) and
NO

3
− (nitrate) application on rhizosphere pH, and

plant P uptake. In both soils, the NH
4
+ treatment

resulted in higher plant DW and P content than
NO

3
− treatment at all P levels. Mycorrhizal

inoculation enhanced the differences. Sorghum
plants acidified the rhizosphere soil at low soil-P
status with both N forms and with or without the
VAM. When N was applied as NO

3
−, rhizosphere

pH increased gradually with increasing addition of
P. It appears that pH change is an independent
factor affecting P uptake regardless of whether the
plant root is infected by VAM or not (Ortas,
Harris, and Rowell 1996).

������
������������
A long-term experiment conducted at the Food and
Agriculture Department, the Queen’s University of
Belfast, Northern Island, the UK, on cut grass land
(consisting among others of Lolium perenne, Agrostis
stolonifera, and Poa spp.) with fertilized and
unfertilized controls at three application rates
(50 m3/ha, 100 m3/ha, 200 m3/ha) of pig and cow
slurries for 19 years showed that despite
contrasting long-term effects of the two types of
slurries on soil pH, increasing application rates of
both types of slurries produced a marked decrease
in the overall mycorrhizal infection of plant roots in
the sward with the corresponding increase in
infection by the fine endophyte, Glomus tenue.

Calculated correlation coefficients showed that
mycorrhizal infection was related to sward
botanical composition, especially the proportion of
L. perenne. Furthermore, step-wise multiple
regression analysis identified soil chemical
properties, especially total Zn and pH, as the more
important explanatory variables in preference to
the botanical composition (Christie and Kilpatrick
1992).
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The sugar cane (Saccharum officinarum L.) crop in
many parts of India is cultivated on different soils.
Most of these soils, particularly black soils, have
low to medium P (phosphorous) content (up to
30 kg/ha). The P applied through fertilizers is fixed
to a considerable extent, due to the presence of
carbonates (5%–10%) in soil. Research carried out
in the past few decades has well established that
VAM (vesicular-arbuscular mycorrhiza) fungi can
improve plant growth mainly through increased
uptake of P, especially in low-P soil (Bowen 1978).
The positive growth response is usually slower in
soils where applied P is fixed rapidly (Abbott,
Robson, and Parker 1979). Although sugar cane is
known to harbour VAM association naturally in its
root systems (Chandrakant, Moore, and Hapase
1989), significant variations in its intensity in
different soils were observed (Chandrakant, Zende,
and More 1989) and in different varieties under the
same filed soil conditions (Chandrakant, Moore,
and Hapase 1989). An effective mycorrhizal
association is required for every crop of P uptake in
nearly all soils as various soil factors such as soil
pH (Hayman and Tavares 1985), soil moisture
(Roger, Bert, and Anthony 1986), salinity (Poss
and Jarrell 1985), and soil amendments – such as
addition of fertilizers (Hayman 1975) and
pesticides (Menge 1982) – are known to affect the
performance of VAM fungus. Therefore, it requires
selection of an appropriate fungus (Menge 1983).
The two criteria used are infectivity and efficacy
(Hass and Krikun 1985; Krikun, Haas, and Bar-
Yosef 1987), besides the root colonization ability of
the fungus to survive in soil.

The plant’s growth response is usually
dependent on the quantity of VAM formed early in
the crop’s growth season. Since different VAM
fungi differ in their ability to form efficient VAM
with different crop plants (Reddy and Singh 1990),
four native VAM fungal species were tested in the
present study for their efficiency on local sugar
cane cultivar (cv. CO 419).
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The isolation of VAM spores from the native soil
was done by following the wet sieving and

	�������� �������


� ��������������  ������� � ��������������������-�����������+���������

 �������������������.��"��/�(#01

C Narayana Reddy, B K Bharati, H G Rajkumar, and D N Sunanda
Department of Botany, Gulbarga University, Gulbarga – 585 106, Karnataka, India
E-mail cnreddy3@rediffmail.com

decanting method of Gerdemann and Nicolson
(1963). Four different recognized spore types were
purified and multiplied by raising single-spore
cultures. The spores thus isolated were identified
as Glomus fasciculatum, Glomus mosseae, Gigaspora
margarita, and Acaulospora laevis.

�����	�������������������
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A pot culture experiment was designed to study the
growth response of sugar cane (cv. CO 419) to four
different VAM fungal inoculants. The treatments
included (control) uninoculated and inoculated
with G. fasciculatum, G. mosseae, G. margarita, or
A. laevis separately. All treatments were maintained
in triplicates in steam-sterilized pots containing soil
and sand in the ratio of 1:1. Two sugar cane seed
sets each with a single bud were buried keeping the
eye bud facing above in each of these pots.

The inoculum-containing VAM spores (45 ± 5
spores/g soil cum host root bits) was applied by the
layering method (Jackson, Franklin, and Miller
1972) to ensure that all growing roots passed
through it. After 40 days and 80 days of growth,
the plants were uprooted. Their roots were washed
carefully by dipping in water to remove soil
particles adhering to the roots. The response of
root and shoot growth was determined later by
calculating their dry weight (Tables 1 and 2, and
Plate 1).

"�
���	���������
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�
The MEI (mycorrhizal efficiency index) was
calculated by taking the total dry weight of the
plant and using the formula given below (Singh
and Tilak 1990; Plenchette, Fortin, and Furlon
1983).

Non-mycorrhizal plant wt (weight)
MEI =100 × 1 −

Mycorrhizal plant wt

	���������������������
In the present investigation, growth response of
sugar cane (cv. CO 419) ‘seed sets’ to four
different VAM fungal (G. fasciculatum, G. mosseae,
G. margarita, and A. laevis) inoculations were
studied in pot culture experiments. Using a soil
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and sand mixture (in a ratio of 1:1), performance
on both infectivity and efficiency were evaluated.
Data on the response of sugar cane at two age
levels (40 and 80 days) are presented in Tables 1
and 2, and Plate 1. It is clearly evident that sugar
cane (cv. CO 419) exhibited a uniform response to
all four VAM fungal inoculations, with a significant
(‘F’ test significant at 1% level) enhanced growth
rate (Tables 1 and 2).

The proliferation of root systems in VAM
inoculated plants was also considerably high
(Plate 1). However among the four VAM fungi
tested, G. margarita and A. laevis were found to be
more efficient and showed significantly improved
plant biomass (root and shoot) at both age levels
(‘F’ test significant at 1% level) (Tables 1 and 2).
Subject to these two fungi inoculations, the plants’
average height and average leaf area were also
found to be generally higher (Tables 1 and 2) when
compared with the others.

However, the intensity of association in the root
systems was found to be almost 100% with all the
inoculants at both age levels (Tables 1 and 2),
showing characteristic endophytic structures

(vesicles and/or arbuscules) in its root system. The
MEI of four VAM fungi (Table 3) in increasing the
growth of sugar cane (cv. CO 419) ranged from
82% to 85% at the 40-day age level and 75% to
83% at the 80-day age level.

Differences in the performance of different
species of VAM fungi, as in the present case
(Table 2), have been reported in several host plants
such as Paspalum notatum, Allium cepa, Syzygium
aromaticum, Glycine max, and Pennisetum typhoidium
(Mosse 1972, 1981; Powell 1975; Krishna and
Dart 1984; Sanders 1975; Carling and Brown
1980; Hayman 1982; Krishna, Shetty, Dart, et al.
1985; Hass and Krikun 1985). Such variations in
efficiency of VAM fungi could be attributed more
to their ability in a specific soil plant system than to
their apparent host specificity (Barea and Azcon-
Aguilar 1983). The present study has also revealed
that the two species of VAM fungi (G. margarita
and A. laevis) – when inoculated by the layering
method at the time of seed sets plantation – are
more effective than G. fasciculatum and G. mosseae
in enhancing the growth rate of sugar cane (Table 3
and Plate 1). Thus, screening experiments are
always useful in selecting the most efficient VAM
fungus for the crop to achieve maximum benefit.
Others have also reported the superior performance
of certain VAM fungal species on some crops in
improving growth (Mosse 1975, 1977; Manjunath
and Bagyaraj 1982), by showing a certain degree of
host preference (Mosse 1975). This is largely
decided based on the intensity of association and
their influence on growth.
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The growth-promoting ability of four different
VAM fungi, in terms of mycorrhizal efficiency
(Table 3), also showed that G. margarita and
A. laevis were found to be relatively superior, and
could be used for sugar cane inoculations.
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of its increasing range of application in practical
fields like sustainable agriculture (Bethlenfalvay
and Schuepp 1994). In general, agricultural
practices, tendencies to use high-dose phosphate
and other fertilizers decrease the colonization and
effectivity of VAM (Menge, Steirle, Bagyaraj, et al.
1978; Braunberger, Miller, and Peterson 1991). In
addition, growing non-mycorrhizal crops disturbs
the ecology of the VAM in soil by blocking the
carbon supply to the fungus and the biochemical
changes in rhizosphere prevent germination of


�����������
The VAM (vesicular-arbuscular mycorrhizal) fungi
are widely distributed and associated with more
than 90% of land plants with the exception of a few
families (Harley and Smith 1983). The special
relationship established between plants and fungi
implies a high degree of structural, physiological,
and biochemical integration from which both the
partners benefit (Azcon-Aguilar and Bago 1994).
The VAM symbiosis is receiving attention because
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propagules, and decrease their viability (Stahl,
Williams, and Christian 1988). As an obligate
symbiont, the VAM fungi fail to survive without
the host plant. Among non-mycorrhizal agricultural
crops, most belong to Brassicaceae. The
isothiocyanates produced by this family are
potential inhibitors for colonization of VAM
(Schreiner and Koide 1993).

In this experiment, a comparative study of the
effects of growing a VAM host, potato (Solanum
tuberosum L.), and a non-host, crop mustard
(Brassicca campestris L.), on indigenous VAM
fungal status in post-harvest condition and the
yield of next host crop, wheat (Triticum aestivum L.),
was made.

�������������+������
Two agricultural sample fields (A and B) in the
same locality under same meteorological conditions
having the same physical characteristics were
chosen.
� In field A, mustard was grown for three years.
� In field B, potato was grown for five years.

The mustard field (A) was fertilized per acre
with 55 kg urea (46% N

2
), 39 kg DAP (di-

ammonium phosphate) (with 18% N
2 
+ 46% P),

39 kg potash (60% K), and 1000 kg organic
manure on an annual basis. The potato field (B)
was fertilized per acre with 90 kg urea, 46 kg DAP,
60 kg potash, and 1500 kg organic manure on a
yearly basis. The VAM spore density (100/g of soil)
and chemical properties were tested (Jackson 1973).

After harvesting potato and mustard, 75 kg of
soil was collected from each field at random up to a
depth of 25 cm. The soil from each field was mixed
well separately. Fifty polypots (25 × 10 cm) were
filled with 1.5 kg of soil from fields A and B. Viable
and certified seeds of wheat were surface sterilized
with 0.5% sodium hypochlorite solution and
germinated in sterilized condition. Four germinated
seeds were transferred to each pot at 2–3 cm
below-surface soil. At 20-cm gap, pots were
arranged in the net house. The whole set was
placed on a platform raised from ground level to
prevent cross contamination by insects. Plants were
watered as per requirement. Measurements were
taken at 15th day, 30th day, 60th day, and 90th
day for shoot height, biomass, and root
colonization. In the final harvesting at the 90th
day, length and weight of spikes, dry weight of
plants and seed weight, and the VAM spore density
were measured.

The root samples were collected, washed
thoroughly in tap water, cut into one-cm long
pieces, treated with 10% KOH solution, and
stained with tryphan blue (Philips and Hayman
1970). The colonization percentage was measured
with the following formula (Nicholson 1955).

   Total number of
Root root pieces colonized
colonization = × 100
%    Total number of

root pieces observed

The spore population at the post harvested fields
and after experiment were counted using the
method of decantation by Gerdemann and
Nicholson (1963). The crop dry weight was taken
after oven drying at 80 °C for two consecutive days.

	���������������������
After harvesting potato and mustard, the VAM
fungal spore population varied considerably in
the two fields, though the available P was same
(Table 1). Mustard field had a spore density of
180 spores per 100 gm of soil and, 430 spores per
100 gm in the potato field (Table 2).

At the juvenile stage, the wheat plants showed
no significant variation in shoot height and dry
weight. After 60 days of the experiment, these two
parameters were significantly high for field B
treatment (Table 3). Colonization was greatly
varied, but positively correlated with dry mass and
shoot height in both cases.

At the final harvest on the 90th day, the dry
weight and length of spikes of wheat was higher in
field B treatment than in field A (Table 2). Wheat
in earlier potato grown soil yielded 1.5 mg extra
seed mass over mustard soil grown plants.

At the end of the experiment, spore population
failed to multiply in mustard field soil, while in
potato soil, high degree of multiplication occurred
(Table 2). This result indicates that the
isothiocyanate exudates of Brassica might have
hindered the spore germination and colonization of
the host plant wheat severely that did not exceed
40% at the 90th day (Schreiner and Koide 1993).
Though the available phosphorus was high and
same in these two treatments, in potato-field soil
colonization increased up to 85% at the 60th day.
The above experiment indicated the inhibitory
effect of isothiocyanate on the VAM activity and
that sustainability lasted longer in soil.
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The uptake of inorganic nutrients by plants is
influenced by microorganisms in rhizosphere.
Symbiotic endophytes such as mycorrhizae are
examples of microorganisms involved in the uptake
of vital plant-nutrient elements and translocation to
host. There are reports providing evidence that
most plants belonging to taxonomically higher
order are infected with mycorrhizal fungi that assist
in the uptake of nutrients, such as P
(phosphorous), sulphur, and K (potassium); and
micronutrients such as zinc, copper, manganese,
iron, etc. (Sreenivasa 1992).

The use of inorganic fertilizers is costlier and
also pollutes the environment through the process
of denitrification, volatilization, and contamination
of soil water through leaching. In order to combat
this problem, it is necessary to adopt organic
farming for a better yield and non-polluting
environment. The VAM (vesicular-arbuscular
mycorrhiza) and vermicompost are important
components of organic farming and help in
formation of fertile soil to a great extent.
Therefore, the present study was carried out to
know the cumulative effect of VAM fungi and
vermicompost on NPK (nitrogen, phosphorus,
potassium) and chlorophyll content of papaya leaf.

��������������+������
The present investigation was carried out at the
Department of Pomology, Kittu Rani Channamma
College of Horticulture, Arabhavi. Reference
inoculum of two VAM fungi, viz., Glomus
fasciculatum and Sclerocystis dussii were multiplied
and inoculated in papaya in the nursery.
Mycorrhizal inoculation was done by placing the

��+���������  ����� �!��� ������������+���+)���������������3
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S S Shivaputra, C P Patil, G S K Swamy, and P B Patil
Kittur Rani Chanamma College of Horticulture, Arabhavi – 591 310, Karnataka, India

VAM inoculum uniformly at the rate of 5 g/bag at a
depth of 5 cm, and further seeds were sown in the
bags. Fifty days old, uniform and healthy seedlings
were transplanted to the pots. Application of
vermicompost at the rate of 650 g/plant/pot was
done as per the treatments in the potting mixture.

Chlorophyll estimation was done by acetone
extract method as described by Arnon (1949).
Estimation of N was done by modified Micro
Kjeldah method as outlined by Jackson (1967), P
and K content were estimated as per the procedure
by Jackson (1967).

	���������������������
Table 1 indicates a significant increase in ‘P’
content when compared to other treatments. The
increased ‘P’ content may be attributed to increase
in uptake of P facilitated due to VAM colonization
through various mechanisms that have been
suggested by mycorrhizal plants. For instance,
faster movement of P into mycorrhizal hyphae and
solubilization of soil P could be some of the means
(Hattingh, Gray, and Gerdemann 1973). Faster
movement of P into the mycorrhizal hyphae was
achieved by increasing the affinity of P ions and
decreasing the threshold concentration required for
absorption of P. Further solubilization of soil P was
achieved by the release of organic acids and
phosphates (Bolan 1991).

Increase in the N content in VAM inoculated
plants was reported by many workers (Kessel, Paul,
and Heinz 1985). The workers ascribed the
increase in N content to improved nutrition and
not to the fungal activity. Thus, mycorrhizae may
improve the N nutrient not as a result of extensive
absorbing surfaces, but by some mechanism that
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accelerates other parts of N uptake processes
(Megan, Lloyd, and Patrick 1978).

Potassium content was higher in plants
inoculated with G. fasciculatum compared to that of
other treatment combinations in the container-
grown plants (Table 1). Similar response of the
VAM fungi for increase in K content was noted by
Sukhada (1988) and Adivappar (2001) in papaya.

Increased chlorophyll accumulation was
observed in the VAM plants (Table 1). Higher P
levels in tissues (Table 1) as a result of root
colonization by the VAM can be expected to
increase the chlorophyll content, as P is one of the
import components of chlorophyll. Increase in
chlorophyll content was also reported by Richmond
and Lang (1957) and Adivappar (2001).

There was an increase in the NPK and chlorophyll
content in vermicompost-applied plants, which
could be attributed to the worm cast that is a rich
source of nutrients, humus-farming substances,
N-fixers, and other beneficial microorganisms.

The efficacy of VAM plants increased with
application of vermicompost (Table 1), wherein
both the VAM species registered significantly
higher values of the NPK and chlorophyll. This
may be due to the additive effect of vermicompost.
The chlorophyll content in VAM and vermicompost
was higher even under the drought condition.
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apparent advantages of the IMT over the MFT.
Samples were cleaner and easier to observe,
particularly when the hyphae are stained for
enzyme activities. Also, the ERM remained intact
and thus was also suitable for observation of the
ERM morphology. There were statistically
significant correlations between the lengths of the
ERM extracted from clinoptinolite using the MFT
and IMT for both mycorrhizal types tested, orchid
mycorrhiza (r = 0.63) and AM (r = 0.80). Linear
regression analysis indicated the best fit for the
data obtained (P < 0.05, n = 14 for orchid
mycorrhiza, and P < 0.001, n = 26 for AM).

A simple IMT (inserted membrane technique) for
sampling ERM (mycorrhizal extra-radical mycelium)
was developed by Balaz M and Vosatka M
(Mycorrhiza 11(6): 291–296) as an alternative to
the commonly used MFT (membrane filtration
technique). The ERM of two types of mycorrhiza,
orchid and AM (arbuscular mycorrhiza), was
extracted by insertion of cellulose nitrate or cellulose
acetate membrane filters (0.45–0.6 µm pore size)
into the mycorrhizosphere of host plants. The
membranes with adhered ERM were removed at
harvest and stained with trypan blue for estimation
of total hyphal length and with enzyme stains to
indicate the viability of the ERM. There are two
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Rice and wheat are the two major crops in the IGP
(Indo–Gangetic Plains) of South Asia comprising
Bangladesh, India, Nepal, and Pakistan. The R–W
(rice–wheat) systems represent 32% of the total
rice area, and 42% of the wheat area in these
countries (Ladha, Fischer, Hossain, et al. 2000).
The importance of intensively cultivated R–W
systems is fundamental for generating employment,
income, and livelihoods for hundreds of millions of
rural and urban population in South Asia. To
improve the crop yield, farmers have been
practising intensively irrigated R–W systems over
the past couple of decades. A slow growth of
productivity in agriculture and negative impacts of
intensive agriculture on environmental quality
suggested the infusion of a complimentary set of
new agricultural technologies to boost productivity.
Zero tillage and reduced tillage are such
technologies recommended by the RWC (Rice–
Wheat Consortium) and CIMMYT (International
Maize and Wheat Improvement Centre) to sustain
and enhance productivity of the R–W system at a
reduced cost of production (Gupta, Hobbs, Ladha,
et al. 2002). One of the newly emerging issues
under increasing mechanization in the R–W areas is
the management of straw after combiner harvesting
of rice. As wheat is increasingly planted under zero
tillage, it is imperative for farmers to remove rice
straw and stubble without ploughing, and do this
as fast as possible for the timely seeding of wheat.
A large number of farmers in the high production
area of the northern IGP are burning straw, which
not only results in loss of organic matter, but also
causes serious environmental problems. The
present study was conducted to compare the AM
(arbuscular mycorrhizal) fungal populations in two
categories of zero-tilled fields: (1) residue was
incorporated in the field, and (2) residue was
burned.

During the study, a total of 12 farmers’ fields
(6 fields in each category) were selected from
Karnal, Haryana, India. The irrigated R–W systems
are practised in these fields. These fields shared
similar soil properties and are in close proximity.
Majority of the farmers are burning residue in this

area but we were able to find a few farmers who
were incorporating the residue. These fields were
used to characterize soil pools (soil fertility and
microbial parameters) in different treatments, and
farmers fields were used as replications. Farmers of
the area prefer combiner harvesting, and after
harvesting they convert the remaining material into
straw by a reaper. The soil sampling was done at a
plowing depth of 0–15 cm by the nine-point
method. In this method, the field was divided into
nine parts and samples were taken from each part.
The samples were composited and kept at –80 0C,
until further analysis. The sampling was done at
three durations: (1) at the time of sowing, (2) at
the vegetative period, and (3) at the maturity phase.

The parameters analysed in the samples were:
(1) total plate microbial count, (2) total plate
fungal count, (3) AM fungal spore count and root
colonization (root colonization would not be done
at the time of sowing), and (4) soil chemical
analysis (N, P, K, SOM [soil organic matter], pH,
and EC [electrical conductivity]). The microbial
count was found to be significantly higher in
residue-incorporated fields as compared to the
burned fields. The AM fungal spore count was also
significantly higher in residue-incorporated fields
with respect to the burned fields. The AM fungal
spore number was very low in burned fields: 100–
500 spores/kg soil in all fields. The soil chemical
properties showed variable trends. No significant
difference in pH and electrical conductivity was
observed among the fields. However, organic carbon
and N, P, and K contents were found to be
significantly high in the residue-incorporated fields.

Thus, our study suggests that residue-
incorporated fields are better from the point of soil
microbes as well as soil fertility. However,
developing rice straw industry alternatives to
burning will require a large degree of cooperation
and coordination among growers, balers,
transporters, storage operators, and end-users. Rice
straw collection is the most expensive of the three
options currently being utilized by rice growers:
open burning, soil incorporation, and collection.
Study researchers estimated the following costs for
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each type of practice: open burning will cost 3–4
dollars per tonne, soil incorporation 20–35 dollars
per tonne, and straw collection for off-field uses
28–43 dollars per tonne. 

Soil incorporation of straws can be done if
technologies for residue degradation can be sought.
Treatment of straw with NaOH (sodium
hydroxide) and NH

3
 (ammonia) to improve its

digestibility and intake has been extensively
examined, and well-documented. However, both
chemicals have the potential to be hazardous to
animals, humans, and the environment, in addition
to economic and technological limitations.
Consequently, their application has been limited,
especially in the developing countries. Treatment
of rice straw with urea as a source of NH

3 
under

warm climates has been given more attention and
has proved to be effective. However, the
technology has not been widely taken up by
farmers. Moreover, a standard level of 4%–6% urea
for biologically effective treatment should be too
much a source of non-protein N in the straw for
efficient utilization by ruminants. Therefore, it is

warranted to find treatment alternatives that will be
not only be technically effective, but also be cost-
effective and convenient to farmers. We are trying
to degrade rice straw using suitable combinations
of microbes.

	� �������
Gupta R K, Hobbs P R, Ladha J K, Prabhakar S V R K. 2002
Resource conserving technologies: transforming
the rice–wheat systems of the Indo-Gangetic Plains
In Rice–Wheat Consortium: a success story
Bangkok: Asia-Pacific Association of Agricultural
Research Institution, Food Agriculture Organization,
Regional Office for Asia and Pacific

Ladha J K, Fischer K S, Hossain M, Hobbs P R, Hardy B.
2000
Improving the productivity and sustainability of
rice-wheat systems of the Indo-Gangetic plains: a
synthesis of NARS-IRRI partnership research
In IRRI Discussion Paper Series No. 40
Los Banos, the Philippines: IRRI (International Rice
Research Institute)
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The latest additions to the Network’s database on mycorrhiza are published here for members’ information.
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.

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

Name of the author(s) and
year of publication

Title of the article, name of the journal, volume no., issue no., page nos
[*address of the corresponding author]

Aguin O, *Mansilla J P,
Vilarino A, Sainz, MJ. 2004

Effects of mycorrhizal inoculation on root morphology and nursery
production of three grapevine rootstocks.
American Journal of Enology and Viticulture 55(1): 108–111
[*Mansilla J P, Estac Fitopatol Areeiro, Subida Robleda S-N, E-36153 Pontevedra,
Spain]
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Aono T, Maldonado-
Mendoza I E, Dewbre G R,
Harrison M J, *Saito M. 2004

Arvieu J C, Leprince F, and
*Plassard C.2003

Breuninger M, Trujillo C G,
Serrano E, Fischer R,
*Requena N. 2004

*Callaway R M, Thelen G C,
Barth S, Ramsey P W,
Gannon J E. 2004

*Caravaca F, Alguacil M M,
Vassileva M, Diaz G,
Roldan A. 2004

*Caravaca F, Alguacil M D,
Diaz G, Roldan A. 2003

*Carey E V, Marler M J, and
Callaway R M. 2004

*Colpaert J V, Muller L A H,
Lambaerts M, Adriaensen K,
Vangronsveld J. 2004

*Gamalero E, Lingua G,
Capri F G, Fusconi A, Berta
G, Lemanceau P. 2004

*Giardina C P, Binkley D,
Ryan M G, Fownes J H,
Senock R S. 2004

Expression of alkaline phosphatase genes in arbuscular mycorrhizas
New Phytologist 162(2): 525–534
[*Saito M, National Institute of Agro-environment Science, Tsukuba, Ibaraki
3058604, Japan]

Release of oxalate and protons by ectomycorrhizal fungi in response to
P-deficiency and calcium carbonate in nutrient solution
Annals of Forest Science 60(8): 815–821
[*Plassard C, INRA, EMSAM Rhizosphere and Symbiose, UMR 1222, 2 Pl Pierre
Viala, F-34060 Montpellier 1, France]

Different nitrogen sources modulate activity but not expression of
glutamine synthetase in arbuscular mycorrhizal fungi
Fungal Genetics and Biology 41(5): 542–552
[*Requena N, University of Tubingen, Physiology and Ecology Plants Department,
Morgenstelle 1, D-72076 Tubingen, Germany]

Soil fungi alter interactions between the invader Centaurea maculosa and
North American natives
Ecology 85(4): 1062–1071
[*Callaway R M, University of Montana, Division of Biological Science, Missoula,
MT 59812, USA]

AM fungi inoculation and addition of microbially treated dry olive cake-
enhanced afforestation of a desertified Mediterranean site
Land Degradation and Development 15(2): 153–161
[*Caravaca F, CSIC, Centre of Edafol, Department of Soil and Water
Conservation, POB 164,Campus Espinardo, Murcia 30100, Spain]

Use of nitrate reductase activity for assessing effectiveness of mycorrhizal
symbiosis in Dorycnium pentaphyllum under induced water deficit
Communications in Soil Science and Plant Analysis 34(15–16): 2291–2302
[*Caravaca F, CSIC, Centre of Edafol and Biol Aplicada Segura, Department of
Soil and Water Conservation, PO Box 4195, Campus Espinardo, Murcia 30 100,
Spain]

Mycorrhizae transfer carbon from a native grass to an invasive weed:
evidence from stable isotopes and physiology
Plant Ecology 172(1): 133–141
[*Carey E V, University of Minnesota, Department of Forest Resources, 115 Green
Hall, 1530 Cleveland Ave N, St Paul, MN 55108, USA]

Evolutionary adaptation to Zn toxicity in populations of Suilloid fungi
New Phytologist 162(2): 549–559
[*Colpaert J V, Limburgs University Centre, Environmental Biological Group,
University Campus, B-3590 Diepenbeek, Belgium]

Colonization pattern of primary tomato roots by Pseudomonas fluorescens
A6RI characterized by dilution plating, flow cytometry, fluorescence,
confocal and scanning electron microscopy
Fems Microbiology Ecology 48(1): 79–87
[*Gamalero E, University of Piemont Orientale Amedeo Avogadro, Department of
Science and Advance Technology, I-15100 Alessandria, Italy]

Below ground carbon cycling in a humid tropical forest decreases with
fertilization
Oecologia 139(4): 545–550
[*Giardina C P, US Forest Serv, USDA, N Cent Research Station, 410 MacInnes
Dr, Houghton, MI 49931, USA]

Name of the author(s) and
year of publication

Title of the article, name of the journal, volume no., issue no., page nos
[*address of the corresponding author]
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Influences of excessive Cu on photosynthesis and growth in ectomycorrhizal
Pinus sylvestris seedlings
Journal of Environmental Sciences-China 16(3): 414–419
[*Huang Y, Peking University, College of Environmental Science, Beijing 100871,
People’s Republic of China ]

Long-distance transport of P and Zn through the hyphae of an arbuscular
mycorrhizal fungus in symbiosis with maize
Agronomie 23(5–6): 481–488
[*Jansa J, Swiss Federal Institute Technology ETH Zurich, Group Plant Nutrition,
Institute Plant Science, Eschikon 33, CH-8315 Lindau, Switzerland]

Soil tillage affects the community structure of mycorrhizal fungi in maize
roots
Ecological Applications 13(4): 1164–1176
[*Jansa J, Swiss Federal Institute of Technology, ETH Zurich, Institute of Plant
Science, Eschikon 33, CH-8315 Lindau, Switzerland]

Microbial interactions in the mycorrhizosphere and their significance for
sustainable agriculture
Fems Microbiology Ecology 48(1): 1–13
[*Johansson J F, Swedish University of Agricultural Science, Department of Forest
Mycology and Pathology, Box 7026, SE-75007 Uppsala, Sweden]

Response of Pinus sylvestris seedlings to cadmium and mycorrhizal
colonisation
Water Air and Soil Pollution 155(1–4): 189–203
[*Bell J N B, University London Imperial College of Science Technology and
Medicine, Department of Environmental Science and Technology, Silwood Pk
Campus, Ascot SL5 7PY, Berks, UK]

Symbiotic sequencing for the Populus mesocosm
New Phytologist 161(2): 330–335
[*Martin F, INRA, UMR INRA UHP 1136, F-54 280 Champenoux, France]

Transcriptional profiling of Medicago truncatula roots after infection with
Aphanomyces euteiches (oomycota) identifies novel genes upregulated
during this pathogenic interaction
Physiological and Molecular Plant Pathology 63(1): 17–26
[*Krajinski F, University of Hannover, Lehrgebiet Molecular Genetics,
Herrenhauser Street 2, D-30 419 Hannover, Germany]

Sustained in vitro root development obtained in Pinus pinea L. inoculated
with ectomycorrhizal fungi
Forestry 76(5): 579–587
[*Oliveira P, University of Evora, ICAM, Soil Microbiology Laboratory, Apartado
94, P-7 002 554 Evora, Portugal]

Response of ericoid mycorrhizal colonization and functioning to global
change factors
New Phytologist 162(2): 459–469
[*Olsrud M, Lund University, Geobiosphere Science Centre, S-22362 Lund,
Sweden]

Effect of mycorrhizae and pH change at the root-soil interface on
phosphorus uptake by Sorghum using a rhizocylinder technique
Communications in Soil Science and Plant Analysis 35(7–8): 1061–1080
[*Ortas I, Cukurova University, Faculty of Agricultural, Department of Soil
Science, Adana, Turkey]

*Huang Y and Tao S. 2004

*Jansa J, Mozafar A, and
Frossard E. 2003

*Jansa J, Mozafar A, Kuhn G,
Anken T, Ruh R, Sanders I R,
Frossard E. 2003

*Johansson J F, Paul L R, and
Finlay R D. 2004

Kim C G, Power S A, and
*Bell J N B. 2004

*Martin F, Tuskan G A,
DiFazio S P, Lammers P,
Newcombe G, Podila G K.
2004

Nyamsuren O, Colditz F,
Rosendahl S,
Tamasloukht M, Bekel T,
Meyer F, Kuester H,
Franken P, *Krajinski F.
2003

*Oliveira P, Barriga J,
Cavaleiro C, Peixe A,
Potes A Z. 2003

*Olsrud M, Melillo J M,
Christensen T R,
Michelsen A, Wallander H,
Olsson P A. 2004

*Ortas I, Rowell D L, and
Harris P J. 2004

Name of the author(s) and
year of publication
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Effectiveness of mycorrhizal inoculation in the nursery on growth and
water relations of Pinus radiata in different water regimes
Tree Physiology 24(1): 65–73
[*Ortega U, University of Pais Vasco, EHU, Faculty of Ciencias, Department of
Biology Vegetal and Ecology, Apdo 644, E-48 080 Bilbao, Spain]

Residual benefits of promiscuous soybean to maize (Zea mays L.) grown on
farmers’ fields around Minna in the southern Guinea savanna zone of
Nigeria
Agriculture Ecosystems and Environment 100(2–3): 209–220
[*Osunde A O, Fed University of Technology, Department of Soil Science,
PMB 65, Minna, Niger State, Nigeria]

Inoculation rate of arbuscular-mycorrhizal fungi Glomus intraradices and
Glomus etunicatum affects establishment of landscape turf with no
irrigation or fertilizer inputs
Crop Science 44(1): 335–338
[*Dionne J, University of Guelph, Department of Plant Agriculture, Guelph, ON
N1G 2W1, Canada]

Below-ground process responses to elevated CO2 and temperature: a
discussion of observations, measurement methods, and models
New Phytologist 162(2): 311–322
[*Pendall E, University of Wyoming, Department of Botany, Laramie, WY 82071,
USA]

Simulated pollutant nitrogen deposition increases P demand and enhances
root-surface phosphatase activities of three plant functional types in a
calcareous grassland
New Phytologist 161(1): 279–289
[*Phoenix G K, University of Sheffield, Department of Animal and Plant Science,
Western Bank, Sheffield S10 2TN, S Yorkshire, UK]

Tuber borchii fruit body: 2-dimensional profile and protein identification
Phytochemistry 65(7): 813–820
[*Stocchi V, University of Urbino, Ist Chim Biol, Via A Saffi 2, I-61029 Urbino,
PU, Italy]

Development and application of an assay for uranyl complexation by fungal
metabolites, including siderophores
Applied and Environmental Microbiology 69(6): 3600–3606
[*Renshaw J C, University of Manchester, Department of Chemistry, Centre
Radiochem Res, Oxford Road, Manchester M13 9PL, Lanc, UK]

Coupling fine root dynamics with ecosystem carbon cycling in black spruce
forests of interior Alaska
Ecological Monographs 73(4): 643–662
[*Ruess R W, University of Alaska, Institute of Arctic Biology, Fairbanks, AK 99
775, USA]

Growth on seven nutritive media and in vitro synthesis of one strain of
Laccaria bicolor
Agrociencia 37(6): 575–584
[*Santiago-Martinez G, UAT, Centre Invest Ciencias Biology, Km 10-5, Autopista
Texmelucan Tlaxcala, Ixtacuixtla 90 122, Tlaxcala, México]

*Ortega U, Dunabeitia M,
Menendez S, Gonzalez-
Murua C, Majada J. 2004

*Osunde A O, Bala A,
Gwam M S, Tsado P A,
Sanginga N, Okogun J A.
2003

Pelletier S and *Dionne J.
2004

*Pendall E, Bridgham S,
Hanson P J, Hungate B,
Kicklighter D W,
Johnson D W, Law B E,
Luo Y Q, Megonigal J P,
Olsrud M, Ryan M G,
Wan S Q. 2004

*Phoenix G K, Booth R E,
Leake J R, Read D J,
Grime J P, Lee J A. 2003

Pierleoni R, Buffalini M,
Vallorani L, Guidi C,
Zeppa S, Sacconi C, Pucci P,
Amoresano A, Casbarra A,
Stocchi V. 2004.

*Renshaw J C, Halliday V,
Robson G D, Trinci A P J,
Wiebe M G, Livens F R,
Collison D, Taylor R J. 2003

*Ruess R W, Hendrick R L,
Burton A J, Pregitzer K S,
Sveinbjornsson B, Allen M E,
Maurer G E. 2003

*Santiago-Martinez G,
Estrada-Torres A, Varela L,
Herrera T. 2003
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Inoculation with vesicular-arbuscular mycorrhizal fungi and rhizobacteria
alters nutrient allocation and flowering of harlequin flower
Hort Technology 14(1): 39–48
[*Scagel C F, Agricultural Research Service, United States Department of
Agriculture, Horticulture Crops Research Unit, 3420 NW Orchard Avenue,
Corvallis, OR 97 330, USA]

Soil pasteurization and inoculation with Glomus intraradices alters flower
production and bulb composition of Zephyranthes spp.
Journal of Horticultural Science and Biotechnology 78(6): 798–812
[*Scagel C F, Agricultural Research Service, United States Department of
Agriculture, Horticulture Crops Research Unit, 3420 NW Orchard Avenue,
Corvallis, OR 97 330, USA]

Cleavage of sucrose in roots of soybean (Glycine max) colonized by an
arbuscular mycorrhizal fungus
New Phytologist 161(2): 495–501
[*Schubert A, University of Turin, Dipartimento Colture Arboree,
V Leonardo da Vinci 44, I-10 095 Grugliasco, TO, Italy]

Dynamics and availability of phosphorus in the rhizosphere of a temperate
silvopastoral system
Biology and Fertility of Soils 39(2): 65–73
[*Condron L M, Lincoln University, Soil Plant and Ecology Science Division,
P O Box 84, Canterbury 8150, New Zealand]

Functional diversity in arbuscular mycorrhizal (AM) symbioses: the
contribution of the mycorrhizal P uptake pathway is not correlated with
mycorrhizal responses in growth or total P uptake
New Phytologist 162(2): 511–524
[*Smith S E, University of Adelaide, Centre of Soil Plant Interact Soil and Land
System, School of Earth and Environmental Science, Waite Campus, Adelaide,
SA 5005, Australia]

Ectomycorrhizal fungal spores in the mounds of tropical Australian
termites (isoptera)
European Journal of Soil Biology 40(1): 9–14
[*Spain A V, James Cook University of North Queensland, School of Earth
Science, Townsville, Qld 4811, Australia]

Suppression of host resistance by fungal plant pathogens
Israel Journal of Plant Sciences 51(3): 173–184
[*Staples R C, Cornell University, Boyce Thomson Institute, Ithaca, NY 14 853,
USA]

Isolation and analysis of a symbiosis-regulated and Ras-interacting
vesicular assembly protein gene from the ectomycorrhizal fungus
Laccaria bicolor
New Phytologist 161(2): 529–538
[*Podila G K, University of Alabama, Department of Biological Science,
Huntsville, AL 35 899, USA]

Ectomycorrhizal abundance and community composition shifts with
drought: predictions from tree rings
Ecology 85(4): 1072–1084
[*Swaty R L, Nature Conservancy, UP Conservat Centre, 125 W Washington St,
Suite G, Marquette, MI 49855, USA]

*Scagel C F. 2004

*Scagel C F. 2004

*Schubert A, Allara P, and
Morte A. 2004

Scott J T and *Condron L M.
2003

*Smith S E, Smith F A, and
Jakobsen I. 2004.

*Spain A V, Gordon V,
Reddell P, Correll R. 2004.

*Staples R C and Mayer A M.
2004

Sundaram S, Brand J H,
Hymes M J, Hiremath S,
*Podila G K. 2004

*Swaty R L, Deckert R J,
Whitham T G, Gehring C A.
2004
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Purification, characterization, and molecular cloning of a pyranose oxidase
from the fruit body of the basidiomycete, Tricholoma matsutake
Bioscience Biotechnology and Biochemistry 67(12): 2598–2607
[*Takakura Y, Japan Tobacco Inc., Plant Innovat Centre, Plant Breeding and
Genetic Research Laboratory, 700 Higashibara Toyoda, Iwata,
Shizuoka 4 380 802, Japan]

Arbuscular mycorrhizal colonization of tree species grown in peat swamp
forests of Central Kalimantan, Indonesia
Forest Ecology and Management 182(1–3): 381–386
[*Tawaraya K, Faculty of Agriculture, Yamagata University, Tsuruoka 9 978 555,
Japan]

Evidence for mycorrhizal races in a cheating orchid
Scientia Horticulture 271(1534): 35–43
[*Taylor D L, University of Alaska, Institute of Arctic Biology, 311 Irving
1 Building, Fairbanks, AK 99 775, USA]

Alteration of soil carbon pools and communities of mycorrhizal fungi in
chaparral exposed to elevated carbon dioxide
Ecosystems 6(8): 786–796
[*Treseder K K, University of Penn, Department of Biology, Philadelphia,
PA 19 104, USA]

Spatial organization of the soil myco- and microbiota in fairy rings of
agaricoid basidiomycetes (as a model litter saprotroph Lepista nuda)
Mikologiya i Fitopatologiya (Mycology and Phytopathology) 37(4): 18–27
[*Velikanov L L, Moscow MV Lomonosov State University, Moscow, Russia]

Influence of bacterial strains isolated from lead-polluted soil and their
interactions with arbuscular mycorrhizae on the growth of Trifolium
pratense L. under lead toxicity
Canadian Journal of Microbiology 49(10): 577–588
[*Ruiz-Lozano J M, Zaidin Experimental Research Station (CSIC), Department of
Microbiol Suelo and Sistemas Simbiot, Estación Experimental del Zaidin,
Prof. Albareda 1, Granada, Spain]

Molecular diversity of arbuscular mycorrhizal fungi in Prunus africana, an
endangered medicinal tree species in dry Afromontane forests of Ethiopia
New Phytologist 161(2): 517–528
[*Wubet T, University of Tubingen, Institute of Botany, Morgenstelle 1, D-72 076
Tubingen, Germany]

Evaluation of substrates for mycorrhization and weaning of two
micropropagated grapevine rootstocks
Pesquisa Agropecuaria Brasileira 38(11): 1309–1315
[*Zemke J M, UFSC, Centre Ciencias Agrarias, Department of Engineering Rural,
Caixa Postal 476, BR-88 034 001 Florianopolis, SC, Brazil]

*Takakura Y and Kuwata S.
2003

*Tawaraya K, Takaya Y,
Turjaman M, Tuah S J,
Limin S H, Tamai Y,
Cha J Y, Wagatsuma T,
Osaki M. 2003

*Taylor D L, Bruns T D, and
Hodges S A. 2004

*Treseder K K, Egerton-
Warburton L M, Allen M F,
Cheng Y F, Oechel W C.
2003

*Velikanov L L and
Sidorova I I. 2004

Vivas A, Azcon R, Biro B,
Barea J M,
*Ruiz-Lozano J M. 2003

*Wubet T, Weiss M,
Kottke I, Teketay D,
Oberwinkler F. 2004

*Zemke J M, Pereira F,
Lovato P E, da Silva A L.
2003

Name of the author(s) and
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[*address of the corresponding author]
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Cellular and Molecular Biology of Soybean
Soy 2004, MU Conference Office, 348 Hearnes Center, Columbia, Missouri 65 211, USA

Fax 573 882 1953 • E-mail muconf2@missouri.edu
Tel. 573 882 2429 • Website http://muconf.missouri.edu/SOY2004

Congress of Meat Science and Technology
Saskatchewan Food Product Innovation Program, Department of Applied Microbiology and
Food Science, University of Saskatchewan, 51 Campus Drive Saskatoon, SK, S7N 5A8

Fax 306 966 8898 • E-mail pegg@duke.usask.ca • Tel. 306 966 2680

Congress of the Federation of European Societies of Plant Physiology
Federation of European Societies of Plant Biology, Congress Secretariat, Polish Academy of
Sciences, The Franciszek Gorski Institute of Plant Physiology, Niezapominajek 21,
30-239 Cracow, Poland

Fax +48 12 6395142 • E-mail fespb.congress@ifr-pan.krakow.pl
Tel. +48 12 6395144 • Website www.ifr-pan.krakow.pl/konf

Conference of the European Foundation for Plant Pathology
School of Biosciences, University of Nottingham, Sutton Bonington Campus,
Loughborough, LE12 5RD, UK

Fax +44 (0)115 951 6334 • Tel. +44 (0)115 951 3236

Society for General Microbiology
Society for General Microbiology, Marlborough House, Basingstoke Road, Spencers Wood,
Reading, RG7 1AG, UK

Fax+44 (0) 118 988 5656 • E-mail admin@sgm.ac.uk • Tel. +44 (0) 118 988 1800

International Conference on Animal Genetics
Soichi Tsuji, Faculty of Agriculture, Kobe University, Kobe 657-8501, Japan

Fax +81 6 6456 4105 • E-mail isag2004@jtbcom.co.jp, tsuji@ans.kobe-u.ac.jp

AgBiotech Goes Into Europe
Phytowelt GmbH Conference Office ABIC 2004 BioCampus Cologne
Nattermannallee 1, D-50829 Cologne, Germany

Fax +49 221 49 299 560 • E-mail contact@abic2004.org
Tel. +49 221 49 299 55 • Website www.abic2004.org

International Plant Growth Substances
Conference Logistics, P O Box 201, Deakin West Act 2600, Australia

Fax +61 2 6285 1336 • E-mail conference@conlog.com.au
Tel. +61 2 6281 6624 • Website www.conlog.com.au/ipgsa2004/conlogipgsa.htm

Australian New Crops Conference
Dr Rob Fletcher, School of Agronomy and Horticulture, The University of Queensland
Gatton, 4343 Australia

Fax 07 5460 1112 • E-mail r.fletcher@mailbox.uq.edu.au
Tel. 07 5460 1311, 07 5460 1301

12th International Biotechnology Symposium and Exhibition
Eventotal Ltda, Apoquindo 2807, Depto. 11-A, Santiago, Chile

Fax 56 2 232 2856 • E-mail ibs2004@eventotal.cl
Tel. 56 2 232 8942, 321 8314 • Website www.conicyt.cl/IBS2004
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