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ABSTRACT

The AM fungi are group of fungi known to form symbiotic association with mostly all kind of

plants. These fungi help the plants in improving nutritional quality and water supply. They are
also known to help plants by producing growth promoting substances, provide protection against
pathogens and maintain soil quality. Many of these AM fungi are known to provide nutrients and
water in extreme condition. This property of AM fungi is nowadays used for reclamation of
problematic soils such as alkaline, acidic, alkali-saline, calcareous, usar, wastelands of mines etc.
this review throw light on the different experiments performed using different AM fungi alone
or in combination with other microorganisms to improve the soil quality. It also covers some
important aspects by which AM fungi helps the plants in establishing itself in the salt affected
soils.
Keywords: AM Fungi, Salt Affected Soils, Intensive Agriculture

INTRODUCTION

Salt affected are serious problem nowadays
and it is increasing day by day. India is also
affected by this sever problem [1]. Out of 1.5
billion hectares of agricultural land in world,
about 77 million hectares (5%) is affected by

high salt content [2]. In India approximately

7 mha land is salt affected out of which, 2.5
mha occurs in Indo-Gangetic plains covering
the states of Uttar Pradesh, Haryana, Punjab,
Delhi and parts of Bihar. In Uttar Pradesh
alone about 1.29 mha is salt affected and

commonly known as ‘usar’ or ‘reh’ in local
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language [3]. This condition is due to
intensive agriculture and unmanaged practices
such as excessive irrigation, tillage and high
dose of inorganic fertilizers [4-6]. The high
salt content in soil does not support the plant
in establishment and growth and development
[1, 7]. High salt content reduces the osmotic
potential of soil [8] and increases toxicity of
Na* and CI', which result with interference of
many physiological, metabolic and molecular
processes [9, 10].

AM Fungi in Salt Affected Soils

AM fungi are known to occur in salt affected
soils naturally [11-13]. The distribution of
AM fungi varies from low [3, 14, 15] to high
[16, 17]. The most dominant AM fungi in salt
affected soil were found to be Glomus sp. [3,
16]. The reason for occurrence of high AM
fungi spore in salt affected soil is given that
the high salt

concentration  increases

environmental stress, which in turns
stimulates sporulation [16, 18]. The AM fungi
are also reported from the salt-marsh areas of
the world [11, 15, 19, 20]. AM fungi are also
reported to make association with halophytes,
which love to grow in salt water [21-23].

AM Fungi in Plant Growth Improvement
VAM fungi growth

performance [24] by enhancing the nutrient

improve the plant

and water uptake capacity, altering the

hormone level and improving the various

physiological processes, such as

photosynthesis,  nitrogen  fixation etc.
Especially in the stressed conditions, it helps
in the establishment and survival of the host.
Mycorrhizal fungi serve as the highly
efficient extension of the host root system.
VAM fungi increase the effective absorbing
surface of the host root by as much as ten
times [25]. Mycorrhizal fungi also produce
enzymes, auxins, cytokinins, vitamins and
other substances that increase rootlet size and
longevity [26]. A number of workers have
reported significant reduction in mortality and
increase in root/shoot biomass and yield in the
mycorrhizal plants [27, 31].

VAM fungi in symbiotic association with
plants affect the hormone level increase the
level of cytokinin [32] and alter level of
gibberellins and abscisic acid [33]. They also
affect the growth regulating substances,
which are useful not only in root development
and many basic processes of plant growth but
also in mobilization of nutrients and their
translocation [26, 34]. The possible
mechanism for the production of growth
regulators by VAM symbiont or its host plant
has not been investigated in detail. However,
the production is possibly related to the
physiochemical changes in the host plant

brought about by symbiont [35].
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AM Fungi in Reclamation of Salt Affected
Soils

Role of AM fungi in establishment of plant
community in problematic soils i.e. alkaline,
acidic  alkali-saline,  calcareous, usar,
wastelands of brick-mines and other degraded
sites has been recognized by many workers
[36, 37]. Mycorrhizal association has been
shown to play important role in the
establishment of green cover over desert,
semi-desert as well as sandy and silica sites
developed due to mining activities [38-41].
Advantage of AM fungi in reclamation of
saline soils has been attributed to better
transport of phosphorus than sodium ions to
host plants [42, 43]. Behl, 1990, [44]
investigated the role of endomycorrhizae in
fuelwood plantation nurseries for alkaline soil
sites and found that AM fungi improved the
growth of hardwood tree on degraded alkaline
soils. Sengupta and Chaudhuri [45] studied
the effect of dual inoculation of Rhizobium
and mycorrhizal fungi (Glomus fasciculatum)
on the growth response of Sesbania
grandiflora in coastal saline and sand dune
soils collected from Sundarbans of W.
Bengal. Both single and dual inoculations
gave better result. Uniyal and Thapar and
Uniyal, 1995, [46] studied the effectiveness of
AM fungi and rhizobia in promoting growth

and biomass of Prosopis juliflora seedlings in

a pot experiment using nutrient deficient
sodic soil. Best results were obtained with
dual inoculation treatments. Kumar and
Mangal [47] studied the response of potato to
AM inoculation (Glomus mosseae) under

different salinity levels (0.75, 4, 6,8 and 10 d

Sm'l) with and without phosphorus nutrition.
Significant improvement in tuber yield was
observed for all treatment combinations.
Madan et al. [48] studied the effect of AM
fungi on Ailanthus excelsa, Pongamia glabra
and Cassia siamea in highly alkaline saline
soils. The results showed that mycorrhizal
inoculation provided 100% survival in all the
three types of plants. Sidhu and Behl [49]
investigated  the  efficiency of VA

mycorrhizae, Glomus fasciculatum, G.
macrocarpum and G. mosseae, on the growth
of Prosopis juliflora in salt-affected soils at
four different pH levels 7.8, 8.5, 9.5 and 10.5.
AM fungi increased plant growth in all the
four treatments as compared to the non-
mycorrhizal plants. Janardhanan and Khaliq
[50] studied the influence of AM fungi, G.
mosseae, G. fasciculatum and G. aggregatum,
on growth and productivity of chamomile in
Saralabai  and

alkaline Usar soil.

Vivekanandan [51], on the basis of
experimental results, revealed that AM fungi
have the potential to survive extremities of

stress like high pH and EC values of the soil.
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Vijaya et al. [52] studied the sodic soil
tolerance of teak (Tectona grandis) seedlings
produced after gibberellic acid seed treatment.
Giri et al. [53] studied the growth response
and dependency of Sesbania aegyptiaca on
Glomus macrocarpum in salt stressed soil.
Chandra et al. [54] studied the soils of five
different wastelands and four petrocrops. The
results clearly showed the potential of AM
fungi in improving the quality and
establishment of petrocrops. Giri and Mukerji
[55] studied the effect of AM fungus Glomus
macrocarpum on the growth and dependency
of Sesbania grandiflora in saline soil.
Inoculation with Glomus macrocarpum gives
better result.

Improved tolerance to various stresses in
mycorrhizal plants, particularly to salt stress,
is commonly attributed to the nutritional as
well as non-nutritional effects of the AM
fungi. It has also been attributed to the
increased tolerance of the plants to
fluctuations in temperature and pH [56-57].
Nutritional Effects of AM Fungi

The AM fungi are known to have positive
effect on the nutrient supply to the plants. AM
fungi becomes more important in the sense,
they supply some of nutrients which have
very less mobility like phosphorus [58, 59].
The mycorrhizal

dependency of plant

increases with increasing salt concentration
[55].

Phosphorus: In soil, P might be present in
large amounts, but the preferred form for
assimilation, orthophosphate (Pi), is usually
much depleted owing to adsorption to soil
particles or conversion into

ranging from 1-10uM [60].

organic
complexes,
However, uptake of P by plants seems to be
by far much faster than rates of P release and
diffusion in the soil, with the consequence
that P-depleted areas formed around the root.
Salinity in soil also interferes with mineral
absorption. It minimizes the uptake of
minerals especially phosphorus because it
forms inorganic complexes with Ca®*, Mg**
and Zn?* and precipitates, and make it
insoluble [60, 61].

sophisticated ways to overcome this problem,

Among many less

such as release of phosphatase, organic acids
or changes in root morphology, most
terrestrial plants have chosen to use the ‘Pi
catering service’ provided by vesicular
arbuscular mycorrhizal fungi [62]. AM fungi
are known to provide phosphorus at very low
concentration of it [59, 63, 64]. Earlier reports
suggested that increased uptake of phosphorus
by mycorrhizal plants is due to the production
of organic acids by AM resulting in better
availability of available phosphorus [64, 65].

Proton ATPase system located on plasma
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membrane of AM fungi has also been

associated with increased

phosphorus [66, 67]. Phosphate absorbed by

uptake of

extramatrical hyphae is accumulated in

vacuoles in the form of polyphosphate
granules [68]. It is transported to arbuscules
by cytoplasmic streaming [35].

Most plants have two Pi uptake pathways [69,
70] direct uptake, at the plant-soil interface,
and the mycorrhizal or symbiotic uptake, at
the plant-fungal interface. The direct pathway
involves two types of Pi transporters: (i) a
low-affinity transporter that is constitutively
expressed; and (ii) a high-affinity transporter
Pi-deficient conditions.

inducible under

Molecular experiments demonstrated that
plants are able to suppress/reduce the direct
high-affinity uptake pathway when colonized
by AM fungi [71, 72]. In some cases, the
plant is able to rely completely on the fungal
delivery of Pi. It involves the active
participation of fungal P transporters able to
load Pi from the soil into their cytoplasm, the
further translocation of phosphorus towards
the plant, the release of Pi into the plant-
fungal interface and the Pi uptake by the plant
cells. Several of the molecular components of
this complex Pi symbiotic uptake pathway
have been elucidated in the last decade,
including a fungal Pi transporter operating at

the soil interface at low Pi concentrations [73,

74] and several plant Pi transporters induced
in cortical cells colonized by AM fungi and
thus responsible for the transfer of Pi from
apoplast to plant cytoplasm [75-77].

Nitrogen: Apart from benefiting plants by
aiding phosphorus uptake from the soil, AM
fungi also take up and transfer significant
amounts of nitrogen to their host plants [59,
78, 79]. The
frequently limits plant growth, and depending

availability of nitrogen

on soil conditions nitrogen transfer by
mycorrhizal fungi can represent a significant
route of uptake by plants [80, 81]. AM fungi
have been strongly implicated in the transfer
of nitrogen from one plant to another [81]. It
can increase the utilization of different forms
of nitrogen by plants and have been shown to
take up nitrogen directly and transfer it to host
roots [82, 83]. In saline condition nitrogen
absorption and metabolism is greatly affected.
Salinity interferes with NO® uptake and
reduction in protein synthesis [84].

AM fungi have been known to possess nitrate
reductase, glutamine synthetase and glutamate
dehydrogenase, which are important enzymes
of primary nitrogen assimilation and
catabolism in plants [85, 86]. Their ability to
accumulate ammonium in alkaline soil and
derive nitrogen from sources that are less
available to non-mycorrhizal plants have been

reported [87]. It has also been suggested that
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AM fungi acquire nitrogen from organic
substances by enhancing decomposition [83].
Recent investigations based on stable isotope
labeling experiments have shown that
inorganic nitrogen taken up by AM fungi
outside the roots is incorporated into amino
acids, translocated from extraradical to
intramatrical mycelium as arginine, [88, 89].

Other AM fungi

reported to play a key role in improvement of

Nutrients: have been

uptake of nutrients viz; zinc, calcium,
magnesium and iron [59, 90] copper and
manganese [59, 91]. Calcium ions (Ca®") are
very important component of plant cell wall
and play a vital role in many metabolic
processes. AM fungi are known to enhance
the Ca?* uptake in normal as well as stress
condition [59, 92, 93]. Higher concentration
of Ca** ions nullify the toxic effect of the Na*
and CI ions in saline soils [94]. AM fungi
play a key role in improvement of uptake of
nutrients other than phosphorus by altering
acquisition mode of the absorbing system [95,
96]. They have been shown to be involved in
the uptake of Cu, Zn and other trace elements
having low mobility in soil. They have also
been shown to increase iron and sulphate
uptake [59, 97].

The AM fungi are known to maintain K*: Na*
In saline soil

ratio. Na+ absorption is

preferred over K* due to this K™ deficiency

occurs in plants. K* plays important role in
many metabolic processes such as stomatal
opening and protein synthesis [98, 99]. AM
fungi enhance K* absorption under saline
condition [99-101] thus increasing K*: Na*
ratio in roots and shoots of plant [99]. This
ratio K™: Na* is basically maintained by K*
and Na’ transporters in membrane [102].
Higher K™: Na’ ratio protects metabolic
processes, which involve K jon from
disruption. Some of them are vital for plant
growth. Increased uptake of sulphate has
been attributed to an improved phosphate
nutrition mediated by AM fungi [96]. Uptake
of Br, Cl and others has been shown to be
directly influenced by AM fungi [59, 103].
There are contrasting reports about CI
absorption by AM fungi. Some authors are of
view that AM fungi reduces CI" uptake [101].
This property of AM fungi can be beneficial
for plants growing in the saline soil. The other
are of view that AM fungi enhances CI
absorption [59, 103, 104].

Non-Nutritional Effects of AM Fungi
Several eco-physiological studies
investigating the role of AM symbiosis in
protection against abiotic stresses have
demonstrated that the symbiosis often results
in altered rates of water movement into,
through and out of host plants, with

consequent effects on tissue hydration,
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hormone production and plant physiology
[105-109]. Other mechanism may include
osmotic adjustment, which assists in the
maintenance of leaf turgor, and effects on
physiological processes such as

photosynthesis, transpiration, conductance
and water use efficiency [110, 111].

Due to excessive salt concentration, soil water
potential becomes more negative due to
which  physiological drought condition
develops [112]. Plants must decrease their
water potential to maintain a favorable
gradient for water flow from soil into roots.
Osmotic adjustment helps in decreasing the
plant  osmotic  potential by  active
accumulation of organic ions or solutes [113].
The solutes that participate in osmotic
adjustment are inorganic ions (mainly K* and
CI") or uncharged organic compounds like
betaine as well as

proline, glycine,

carbohydrates like sucrose, pinitol or
mannitol [114]. One of the best known
responses of plants to stress is the
accumulation of soluble, low molecular mass,
non-protein amino acid proline [115-117].
Many researchers have found that AM fungi
help in maintaining osmotic potential in
plants thus AM plants have more water
content than non AM plants [8, 118]. This is

due to longer and altered root system [119]

and lower water saturation deficit and higher
turgor potential [118, 120].

To date, studies carried out on osmoregulation
in AM symbiosis are scarce, although an
increase in proline accumulation has been
observed in mycorrhizal plants subjected to
[121-123].
accumulation increases with mycorrhization
with AM fungi [100, 124]. The concentration

of proline was found to be more in roots than

various stresses Proline

shoots [100, 124] which help in maintaining
more negative osmotic potential than external
environment. It is also reported that AM
plant accumulates more betaines than non-
AM plants. The betaine accumulation may
increases up to two folds in AM plants. It
has also been shown that mycorrhizal
colonization and drought stress interact in
modifying free amino acids and sugar pools in
roots [107]. Ruiz-Lozano et al., [110] studied
the effect of three different species of
Glomus, G. mosseae, G. fasciculatum and G.
desericola, on Lactuca sativa plants under
different salt concentrations and reported that
proline accumulation was considerably lower
for P

mycorrhizal plants except for G. mosseae

amended non-mycorrhizal and

colonized plants.  Transpiration, CO;

exchange rate, stomatal conductance and

water use efficiency were higher in

mycorrhizal plants. Phosphorus content of P
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fertilized non-mycorrhizal plants was similar
to or higher than those of G. mosseae and G.
fasciculatum colonized plants. Hence, it was
suggested that the effect of G. mosseae and G.
fasciculatum on salt tolerance of lettuce could
not be attributed to the difference in the P
content. The mechanism by which these two
AM fungi alleviated salt stress appeared to be
based on physiological processes rather than
on nutrient uptake.

Many of the degenerative reactions associated
with abiotic stresses and oxidative stress
caused by salinity and/or alkalinity are
mediated by reduced oxygen species such as
superoxide radicals or hydrogen peroxide
[125]. Prevention of oxidative stress and the
elimination of reactive oxygen species are the
most effective approaches used by plants to
gain tolerance [126]. Several reports suggest
that mycorrhizal protection against oxidative
stress may be one of the most important
by which AM
increases the tolerance of host plants [127-

mechanisms symbiosis
129]. AM fungi are known to enhance the
activity of several antioxidant enzymes such
as superoxide dismutase, catalase, ascorbate
peroxidase, glutathione reductase etc.

Palma et al.,, [127] showed that the AM
fungus Glomus mosseae possesses CuZn-
SOD activity and that mycorrhizal clover
two additional

roots exhibit superoxide

dismutase isoforms as compared to non-
mycorrhizal roots, a mycCuZn-SOD and a
Mn-SOD. Ruiz-Lozano et al., [128] also
reported that mycorrhizal lettuce pants
subjected to drought stress have increased
superoxide dismutase activity compared to
non-mycorrhizal controls. Later molecular
analysis confirmed this response at the
transcriptional level [108]. Ghorbanli et al.,
[130] studied the effect of salt acclimated
mycorrhizal fungus Glomus etunicatum on the
antioxidative enzymes in soybean plants
stress and different
NaCl.

superoxide dismutase, peroxidase and catalase

grown under salt

concentrations  of Activities  of
increased in the shoots of both mycorrhizal
and non-mycorrhizal plants grown under
NaCl salinity. Mycorrhizal plants had greater
superoxide  dismutase, peroxidase and
ascorbate peroxidase activity under salinity.
Under salt stress, soybean plants inoculated
with salt pre-treated mycorrhizal fungi
showed increased superoxide dismutase and
peroxidase activity in shoots.
ACKNOWLEDGEMENTS
The authors are thankful to the Head,
Department  of
Allahabad, Allahabad, for

library and laboratory facilities.

Botany, University of

providing the

IJBPAS, May, 2013, 2(5)

1174



Narayan RP et al

Research Article

REFERENCES

[1] Giri B, Kapoor R, Mukerji KG,
Influence of arbuscular mycorrhizal
fungi and salinity on growth, biomass
and mineral nutrition of Acacia
auriculiformis. Biology and Fertility
of Soils, 38, 2003, 170-175.

[2] Sheng M, Tang M, Chan H, Yang B,
Zhang F, Huang Y, , Influence of
arbuscular mycorrhizae on
photosynthesis and water status of
maize plants under salt stress,
Mycorrhiza, 18, 2008, 287-296.

[3] Khare V, Narayan RP and Kehri HK,
Population Dynamics of Arbuscular
Myecorrhizal Fungi in Saline-Alkaline
Soils of Gangetic Planes of India,
Scholarly J. Agri. Sci., 1(3), 2011, 41-
46.

[4] Al-Karaki, GN, Growth of
mycorrhizal tomato and mineral
acquisition  under  salt  stress,
Mycorrhiza, 10, 2000, 51-54.

[5] Al-Karaki GN, Nursery inoculation of
tomato with arbuscular mycorrhizal
fungi and subsequent performance
under irrigation with saline water,
Scientia Horticulturae, 109, 2006, 1-7.

[6] Mouk BO and Ishii T, Effect of
arbuscular mycorrhizal fungi on tree

growth and nutrient uptake of

Sclerocarya birrea under water stress,
salt stress and flooding, J. the
Japanese Society for Horticul. Sci., 75,
2006, 26-31.

[7] Mathur N, Singh J, Bohra S and Vyas
A, Arbuscular mycorrhizal status of
medicinal halophytes in saline areas of
Indian Thar Desert, Int. J. Soil Sci., 2,
2007, 119-127.

[8] Jahromi F, Aroca R, Porcel R and
Ruiz-Lozano JM, Influence of salinity
on the in vitro development of Glomus
intraradices and on the in vivo
physiological and molecular responses
of  mycorrhizal lettuce  plants,
Microbial Ecol., 55, 2008, 45-53.

[9] Adiku G, Renger M, Wessolek G,
Facklam M and Hech-Bischoltz C,
Simulation of dry matter production
and seed yield of common beans
under varying soil water and salinity
conditions, Agricul. Water Manage.,
47,2001, 55-68.

[10] Feng G, Zhang FS, Li Xl, Tian CY,
Tang C and Rengel Z, Improved
tolerance of maize plants to salt stress
by arbuscular mycorrhiza is related to
higher accumulation of soluble sugars
in roots, Mycorrhiza, 12, 2002, 185-
190.

IJBPAS, May, 2013, 2(5)

1175



Narayan RP et al Research Article

[11] Hilderbrandt U, Janetta K, Ouziad F, salt marsh. Mycorrhiza, 14, 2001,
Renne B, Nawrath K and Bothe H, 165-170.

[16] Aliasgharzadeh N, Saleh Rastin N,
Towfighi H, Alizadeh A, Occurrence

Arbuscular mycorrhizal colonization
of halophytes in Central European salt
marshes, Mycorrhiza, 10, 2001, 175-
183. saline soils of the Tabriz Plain of Iran

of arbuscular mycorrhizal fungi in

[12] Harisnaut P, Poonsopa D, in relation to some physical and

Roengmongkol K and
Charoensataporn R, Salinity effects
on antioxidant enzymes in mulberry
cultivar, Sci. Asia, 29, 2003, 109-
113.

[13] Yamato M, lkeda S and lwase K,

Community of arbuscular
mycorrhizal ~ fungi  in  coastal
vegetation on Okinawa Island and
effect of the isolated fungi on growth
of sorghum under salt-treated
conditions. Mycorrhiza, 18, 2008,
241-249.

[14] Barrow JR, Havstadm KM and

McCaslin BD, Fungal root
endophytes in four wing saltbrush,
Atriplex canescens, on arid rangeland
of southwestern USA, Arid Soil Res.
and Rehabilitation, 11, 1997, 177-
185.

[15] Carvalho LM, Correia PH and

Martins-Loucao A, Arbuscular

mycorrhizal fungal propagules in a

chemical  properties of  sail,
Mycorrhiza, 11, 2001, 119-122.

[17] Landwehr M, Hilderbrandt U ad

Wilde P, The arbuscular mycorrhizal
fungus Glomus geosporum in
Europaen saline, sodic and gypsum
soils, Mycorrhiza, 12, 2002, 199-211.

[18] Tressner HD, Hayes JA, Sodium

chloride tolerance of terrestrial fungi.
Applied Microbiology, 22, 1971,
210-213.

[19] Rozema J, Arp W, Van Diggelen J,

Van Esbroek M, Broekman R and
Punte H, Occurrence and ecological
significance of vesicular-arbuscular
mycorrhiza in  the salt marsh
environment, Acta Botanica
Neerlandica, 35, 1986, 457-467.

[20] Wilde P, Manal A, Stodden M,

Sieverding E, Hilderbrandt U and
Bothe H, Biodiversity of arbuscular
mycorrhizal fungi in roots and soils
of two salt marshes, Environmet.
Microbiol., 2009, 11, 1548-1561.

IJBPAS, May, 2013, 2(5)

1176



Narayan RP et al

Research Article

[21] Mason E, Note on the presence of
mycorrhizae in the roots of saltmarsh
plants, New Phytologist, 27, 1928,
193-195.

[22] Brown AM and Bledsoe C, Spatial
and temporal dynamics of
mycorrhizas in Jaumea carnosa, a
tidal saltmarsh halophyte, J. Ecol.,
84, 1996, 703-715.

[23] Marcum KB, Growth and
physiological adaptations of grasses
to salinity stress, In, Pessaraki M.
Ed., Handbook of plant and crop
physiology, New York, NY, Marcel
Dekker, 2002, 623-636.

[24] Yaseen T, Burni T and Hussain F,
Effect of Arbuscular Mycorrhizal
inoculation on nutrient uptake,
growth and Productivity of chickpea
(Cicer arietinum) varieties, Int. J.
Agronomy and Plant Production, 3
(9), 2012, 334-345.

[25] Bieleski RL, Phosphate pools,
phosphate transport and phosphate
availability, Annu. Rev. Plant
Physiol., 24, 1973, 225-252.

[26] Dixon RK, Cytokinin activity in
Citrus jambhiri seedlings colonized
by mycorrhizal fungi, Agri. Ecosys.
and Environ, 1990, 29 (1-4), 103-
106.

[27] Kehri  HK and Chandra S,
Performance of black gram with
VAM inoculation and phosphate
fertilization, Philippine J. Sci., 130
(1), 2001, 33-38.

[28] Thanuja TV, Hedge RV and
Sreenivasa MN, Induction of rooting
and root growth in black pepper
cuttings (Piper nigrum L.) with
inoculation of arbuscular
mycorhhizae, Scientia Horticul., 92
(3-4), 2002, 339-346.

[29] Ratti N, Gautam SP and Verma HN,
Impact of four Glomus species on the
growth, oil content, P content ans
phosphatase activity of Vetiveria
zizanioides, Indian Phytopahol., 55
(4), 2002, 434-437.

[30] Chandra S, Srivastava N and Kehri
HK, Selection of VA mycorrhizal
fungi for Gladiolus, Environmen.
Biol. and Conser., 9, 2004, 9-13.

[31] Khade WS and Singh RN, Studies on
arbuscular mycorrhization of papaya,
Af. Crop Sci. J., 17(3), 2009, 155-
165.

IJBPAS, May, 2013, 2(5)

1177



Narayan RP et al

Research Article

[32] Allen MF, Moore TS and Christensen
M,  Phytochrome changes in
Bouteloua gracilis infected by
vesicular arbuscular mycorrhiza. .
Cytokinin increases in host plant,
Can. J. Bot., 58, 1980, 371.

[33] Allen EB, Chambers JC, Conner KF,
Allen MF and Brown RW, Natural
establishment of mycorrhiza in
disturbed alpine ecosystems, Arc.
Alp. Res., 19, 1987, 11-20.

[34] Jalali BL and Thareja ML, Plant
growth response to VAM inoculation
in soils incorporated with rock
phosphate, Indian Phytopathol., 38
(2), 1985, 306-310.

[35] Smith SE, Gianinazzi-Pearson V,
Physiological interactions between
symbionts in vesicular-arbuscular
mycorrhizal plants, Annu. Rev. Plant
Physiol. and Mol. Biol., 39, 1988,
221-224.

[36] Daft MJ and Hacskaylo E, Growth of
endomycorrhizal and non-
mycorrhizal red maple seedlings in
sand and anthracite soil, Forest Sci.,
23, 1977, 207-216.

[37] Chandra S and Kehri HK, Microbial
spectrum with special reference to
VAM fungi in brick fields during

natural  reclamation. In, Crop

Epidemics, Microbes and Ecosystem
Conservation (Eds. GP Agarwal and
SK Hasija), Narendra Publishing
House, Delhi, 1994, 185-191.

[38] Bloss HE, Studies of symbiotic
microflora and their role in the
ecology of desert plants, Desert
Plants, 7 (3), 1985, 119-127.

[39] Puppi G and Riess S, Role and
ecology of VA mycorrhizae in sand
dunes, Angewandte Botanik, 67,
1987, 115-126.

[40] Koske RE, Vesicular arbuscular
mycorrhizae of some Hawaiian dune
plants, Pacific Sci., 42 (3-4), 1988,
217-229.

[41] Logan VS, Clarke PJ and Allaway
WG, Mycorrhizas and root attributes
of plants of costal sand dunes of New
South Wales, Aust. J. Plant Physiol.,
16, 1989, 141-146.

[42] Pfeiffer CM and Bloss HE, Growth
and nutrition of guayule (Parthenium
argentatum) in a saline soil as
influenced by vesicular arbuscular
mycorrhiza and phosphorus
fertilization, New Phytol., 108 (3),
1988, 315-321.

[43] Smith SE and Smith FA, Structure
and function of the interfaces in the

biotrophic symbiosis as they relate to

IJBPAS, May, 2013, 2(5)

1178



Narayan RP et al Research Article

nutrient transport, New Phytol., 114, different plant species, In,

1990, 1-38. Mycorrhizae, biofertilizers for the
[44] Behl HM, Role of endomycorrhizae future, (Eds. A Adholeya and S

in fuelwood plantation nurseries for Singh), TERI, New Delhi, 1995, 545-

alkaline soil sites. In, Trends in 548.

Mycorrhizal Research, Proceedings [49] Sidhu OP, Behl, HM, Applications of

of National Conference on

Myecorrhiza, (Eds. BL Jalali and S
Chand), HAU Hisar, 1990, 137-138.

[45] Sengupta A, Chaudhuri S, Effect of

dual inoculation of Rhizobium and
mycorrhiza on growth response of
Sesbania grandiflora L. in costal
saline and sand dune soils, Indian J.
Forestry, 18 (1), 1995, 35-37.

[46] Thaper HS and Uniyal K, Growth

responses in  Prosopis juliflora
inoculated with VA mycorrhizal
fungi and rhizobium in sodic soil,
Van Vigyan, 33 (3-4), 1995, 182-184.

[47] Kumar V and Mangal JL, Response

of potato to mycorrhiza at different
levels of soil salinity with and
without phosphorus nutrition, In:
Myecorrhizae, biofertilizers for the
future, (Eds. A Adholeya and S
Singh), TERI, New Delhi, 1995, 519-
521.

[48] Madan M, Sharma S and Vasudevan

P, Role of mycorrhiza on wasteland,
effect of VA mycorrhizal fungi on

VA mycorrhizae in salt affected soils,
In, Mycorrhizae, biofertilizers for the
future, (Eds. A Adholeya and S
Singh), TERI, New Delhi, 1995, 526-
529.

[50] Janardhanan KK and Khalig A,

Influence of VA mycorrhizal fungi
on growth and productivity of
German Chamomile in alkaline usar
soil, In, Mycorrhizae, biofertilizers
for the future, (Eds. A Adholeya and
S Singh), TERI, New Delhi, 1995,
410-412.

[51] Saralabai VC and Vivekanandan M,

Ability of endomycorrhizae to
withstand  extreme  stress, In,
Mycorrhizae, biofertilizers for the
future, (Eds. A Adholeya and S
Singh), TERI, New Delhi, 1995, 522-
525.

[52] Vijaya T, Srivasuki KP, Sastri PS,

Role of gibberellic acid in teak and
seed germination and the effect of
Glomus macrocarpus on growth and

sodic soil tolerance, Ann. of Forestry,

IJBPAS, May, 2013, 2(5)

1179



Narayan RP et al

Research Article

4 (2), 1996, 211-212.
[53] Giri B, Mandeep Kaur and Mukerji
KG,  Growth

dependency of Sesbania aegyptiaca

responses  and

on VAM in salt stress soil. Annals of
Agricult. Res., 1999, 20 (1), 109-112.

[54] Chandra S, Dubey R, Kehri HK,
Wasteland management via

petroleum plantation and VAM

technology, In, Innovative
Approaches in Microbiol. (Eds. DK
Maheshwari and RK Dubey), Bishen
Singh  Mahendra  Pal  Singh,
Dehradun, 2000, 75-97.

[55] Giri B and Mukerji KG, Mycorrhizal
inoculant alleviates salt stress in
Sesbania aegyptica and Sesbania
grandiflora under field conditions,
evidence for reduced sodium and
improved
Mycorrhiza, 2004, 14, 307-312.

[56] Borges RG and Chaney WR, Root

temperature  effects  mycorrhizal

magnesium uptake,

efficacy in Fraxinus pennsylvanica
Marsh, New Phytol., 1989, 112 (3),
411-417.

[57] Medeiros CAB, Clark RB and Ellis
JR, Growth and nutrient uptake of
sorghum cultivated with vesicular
arbuscular mycorrhizae isolates at

varying pH, Mycorrhiza, 5, 1994,

185-191.

[58] Al-Karaki GN, Clark RB Growth,
mineral acquisition and water use by
mycorrhizal wheat grown under
water stress, J. Plant Nutri., 21, 1998,
263-276.

[59] Alizadeh O, A critical review on the
nutrition  role  of  arbuscular
mycorrhizal fungi, Extreme Life,
Biospeology & Astrobiology, Int. J.
the Bioflux Soci., 4 (1), 2012, 1-7.

[60] Marschner H, Mineral Nutrition of
Higher Plants, 2™ Ed. Academic
Press, London, 1995.

[61] Azcon-Aguilar C, Azcon R, and
Barea JM, Endomycorrhizal fungi
and  Rhizobium as  biological
fertilizers for Medicago sativa in
normal cultivation, Nature, 279,
1979, 325-327.

[62] Requena N, Measuring quality of
service, phosphate ‘a la carte’ by
arbuscular mycorrhizal fungi, New
Phytologist, 168, 2005, 268-271.

[63] Mehrvarz S, Chaichi MR and
Alikhani HA, “Effects of phosphate
solubilizing microorganisms and
phosphorus chemical fertilizer on
yield and vyield components of
barley (Hordeum wvulgare L.)”,

IJBPAS, May, 2013, 2(5)

1180



Narayan RP et al

Research Article

American- Eurasian J.  Agric.
Environ. Sci., 3 (6), 2008, 822-828.

[64] Soleimanzadeh H, Effect of VA-
Mycorrhiza on Growth and Yield of
Sunflower (Helianthus annuus L.) at
Different Phosphorus Levels, Int. J.
Chemical and Biolog. Eng., 3 (3),
2010, 159-162.

[65] Bolan NS and Robson AD, Effects of
vesicular arbuscular mycorrhiza on
the availability of iron phosphates to
plants, Plant and Soil, 99, 1987, 401-
410.

[66] Clarkson DT, Factors affecting
mineral nutrients acquisition by
plants, Annu. Rev. of Plant Physiol.,
36, 1985, 77-115.

[67] Smith FA and Smith SE, Movements
across membranes, physiology and
genetical biochemistry, In, Physiol.
and Genetical Aspect of
Mycorrhizae, (Eds. V. Gianinazzi-
Pearson and S. Gianinazzi), Paris
Institut National De La Recherche
Agronomique, Paris, 1986.

[68] Callow JA, Capaccio LCM, Parish G
and Tinker PB, Detection and
estimation of polyphosphate in
vesicular-arbuscular  mycorrhizas,
New Phytologist, 80, 1978, 125-130.

[69] Versaw WK, Chiou T and Harrison

MJ, Phosphate transporters of
Medicago truncatula and arbuscular
mycorrhizal fungi, Plant and Soil,
244, 2002, 239-245.

[70] Smith SE, Smith FA and Jakobsen I,
Mycorrhizal fungi can dominate
phosphate  supply to  plants
irrespective of growth responses,
Plant Physiol., 133, 2003, 16-20.

[71] Liu H, Trieu AT, Blaylock LA and
Harrison  MJ, Cloning  and
characterization of two phosphate
transporters from Medicago

truncatula roots, regulation in

response  to  phosphate  and

colonization by arbuscular
mycorrhizal (AM) fungi, Molecular
Plant-Microbe Interactions, 11,
1998, 14-22.

[72] Burleigh SH and Harrison MJ, The
down-regulation of Mt4-like genes
by phosphate fertilization occurs
systemically and involves phosphate
translocation to the shoots, Plant
Physiol., 119, 1999, 241-248.

[73] Harrison MJ and Van Buuren ML, A

phosphate transporter from the

mycorrhizal fungus Glomus
versiforme, Nature, 378, 1995, 626-
629.

[74] Do-Mendoza IE, Dewbre GR and

IJBPAS, May, 2013, 2(5)

1181



Narayan RP et al

Research Article

Harrison MJ, Phosphare transporter
gene  from the extra-radical
mycelium  of an  arbuscular
mycorrhizal fungus Glomus
intraradices is regulated in response
to phosphate in the environment.
Molecular Plant-Microbe
Interactions, 14, 2001, 1140-1148.

[75] Harrison MJ, Dewbre GR and Liu J,

A phosphate transporter from
Medicago truncatula involved in the
acquisition of phosphate released by
aruscular mycorrhizal fungi, Plant
Cell, 14, 2002, 2413-2429.

[76] Paszkowski U, Kroken S, Roux C

and Briggs SP, Rice phosphate
transporters include an
evolutionarily  divergent gene
specifically activated in arbuscular
mycorrhizal symbiosis, Proc. Nat.
Acad. Sci., USA, 99, 2002, 13324-
13329.

[77] Nagy R, Karandashov V, Chague V,

Kalinkevich K, Tamasloukht M, Xu
GH, Jakobsen I, Levy AA, Amrhein
N and Bucher M, The
characterization of novel mycorrhiza
specific phosphate transporters from
Lycopersicon  esculentum  and
Solanum  tuberosum  uncovers

functional redundancy in symbiotic

phosphate transport in solanaceous
species, Plant J., 42, 2005, 236-250.

[78] Hawkins HJ, Johansen A and George

E, Uptake and transport of organic
and inorganic nitrogen by arbuscular
mycorrhizal fungi, Plant and Soil,
226, 2000, 275-285.

[79] Reynolds HL, Hartley AE, Vogelsang

KM, Bever JD and Schultz PA,
Arbuscular mycorrhizal fungi do not
enhance nitrogen acquisition and
growth of old field perennials under
low nitrogen supply in glasshouse
culture, New  Phytol.,, 167,
2005,869-880.

[80] Ames, RN, Reid, CPP, Porter, LK

and Cambardella C (1983). Hyphal
uptake and transport of nitrogen
from two N labeled sources by
Glomus mosseae, a vesicular
arbuscular mycorrhizal fungus, New
Phytol, 95, 1983, 381-396.

[81] He XH, Critchley C and Bledsoe C,

Nitrogen transfer  within  and
between plants through common
mycorrhizal  networks (CMNSs),
Critical Rev. in Plant Sci., 22, 2003,
531-567.

[82] Bago B, Vierheilig H, Piche Y,

Azcon Aguilar C, Nitrate depletion
and pH changes induced by the

IJBPAS, May, 2013, 2(5)

1182



Narayan RP et al

Research Article

extra-radical mycelium of the
arbuscular  mycorrhizal ~ fungus
Glomus intraradices grown in
monoxenic culture, New Phytol.,
133, 1996, 273-280.

[83] Hodge A, Campbell CD and Fitter

AH, An arbuscular mycorrhizal
fungus accelerates decomposition
and acquires nitrogen directly from
organic material, Nature, 413, 2001,
297-299.

[84] Frechill S, Lasa B, Ibarretxe L,

Lamsfus C and Aparicio Trejo P,
Pea response to saline stress is
affected by the source of nitrogen
nutrition (ammonium or nitrate),
Plant Growth Regulators, 35, 2001,
171-179.

[85] Breuninger M, Trujillo CG, Serrano

E, Ecke M, Fischer R and Requena
N, Different N sources modulate
activity but not expression of
glutamine  synthetase in  two
arbuscular ~ mycorrhizal  fungi,
Fungal Genet. Biol., 41, 2004, 542-
552.

[86] Toussaint JP, St-Arnoud M and

Charest C, Nitrogen transfer and
assimilation between the arbuscular
mycorrhizal fungus Glomus

intraradices and Ri T-DNA roots of

Daucus carota L. in an in vitro
compartmented system, Can. J.
Microbiol., 50, 2004, 251-260.

[87] Stevenson FJ, Cycles of Soil. John
Wiley and Sons, New York, 1986.

[88] Pfeffer PE, Douds DD, Jr Bucking H,
Schwartz, DP and Shachar-Hill Y,
The fungus does not transfer carbon
to or between roots in an arbuscular
mycorrhizal symbiosis, New Phytol.,
163, 2004, 617-627.

[89] Govindarajulu M, Pfeffer PE, Hairu
J, Abubaker J, Douds DD, Allen JW,
Bucking H, Lammers PJ, Shachar-
Hill Y, Nitrogen transfer in
arbuscular mycorrhizal symbiosis,
Nature, 435, 2005, 819-823.

[90] Mendoza J and Borie F, Effect of
Glomus etunicatum inoculation on
aluminum, phosphorus, calcium and
magnesium uptake of two barley
genotypes with different aluminum
tolerance, Commun. Soil Sci. Plant
Anal., 29, 1998, 681-695.

IJBPAS, May, 2013, 2(5)

1183



Narayan RP et al

Research Article

[91] Wang SHS, Wang D, Fong DW,
Guang Q and Zhitong B, Effect of
VAM fungi on the vegetative
growth and physiology of tea trees
and quality of tea, Acta Pedologica
Sinica, 34, 1997, 97-102.

[92] Cantrell IC and Linderman RG,
Preinoculation of lettuce and onion
with VA mycorrhizal fungi reduces
deleterious effects of soil salinity,
Plant and Soil, 233, 2001, 269-281.

[93] Yano-Melo AM, Saggin OJ and Maia
LC, Tolerance of mycorrhized
banana (Musa sp. cv. Pacovan)
plantlets to saline stress. Agriculture,
Ecosys. and Environ., 95, 2003, 343-
348.

[94] Rabie GH and Almadini AM, Role of
bioinoculants in development of
salt-tolerance of Vicia faba plants
under salinity stress, Af. J.
Biotechnol., 4, 2005, 210-222.

[95] Gildon A and Tinker PB, Interactions
of wvesicular arbuscular mycorrhiza
infections and heavy metals in
plants. 1l. the effects of infection on
uptake of copper, Trans. Br. Mycol.
Soc., 77, 1983, 648-649.

[96] Harley JL and Smith SE, Mycorrhizal
Symbiosis, Academic Press, 1983.

[97] Rhodes LH and Gerdemann JW,

Nutrient translocation in vesicular
arbuscular mycorrhiza, In, Cellular
intraction in  symbiosis  and
parasitism. (Eds. CB Cook, PW
Pappas and ED Rudlof), 1980, 173.

[98] Blaha G, Stelzl U, Spahn CMT,
Agrawal RK, Frank J and Nierhaus
KH, Preparation of functional
ribosomal complexes and effect of
buffer conditions on tRNA positions
observed by cryoelectron
microscopy, Methods in Enzymol.,
317, 2000, 292-3009.

[99] Giri B, Kapoor R and Mukerji KG,
Improved tolerance of Acacia
nilotica to salt stress by arbuscular
mycorrhiza, Glomus fasciculatum,
may be partly related to elevated
Kp/Nap ratios in root and shoot
tissues, Microbial Ecol., 54, 2007,
753-760.

[100] Sharifi M, Ghorbanli M and
Ebrahimzadeh H, Improved growth
of salinity-stressed soybean after
inoculation with pre-treated
mycorrhizal fungi, J. Plant Physiol.,
164, 2007, 1144-1151.

[101] Zuccarini P and Okurowska P,
Effects of mycorrhizal colonization
and fertilization on growth and
photosynthesis of sweet basil under

IJBPAS, May, 2013, 2(5)

1184



Narayan RP et al

Research Article

salt stress, J. Plant Nutri., 31, 2008,
497-513.

[102]Parida SK and Das AB, Salt

tolerance and salinity effects on
plants, Ecotoxicol. and Environ.
Safety, 60, 2005, 324-349.Buwalda
JG, Stribley DP and Tinker PB,
Effect of wvesicular arbuscular
mycorrhizal infection in first, second
and third crops, J. Agri. Sci. Camb.,
105, 1985, 631-647.

[103]Graham JH and Syversten JP,

Influence of wvesicular arbuscular
mycorrhiza on the hydraulic
conductivity of roots of two Citrus
root stocks, New Phytologist, 97,
1984, 277-284.

[104] Danneberg G, Latus C, Zimmer W,

Hundeshagen B, Schneider-Poetsch
HJ and Bothe H, Influence of
vesicular-arbuscular mycorrhiza on
phytohormone balances in maize
(Zea mays L.), J. Plant Physiol.,
1992, 141, 33-39.

[105]Ruiz-Lozano JM and Azcon R,

Hyphal contribution to water uptake
in mycorrhizal plants as affected by
the fungal species and water status,
Physiol. Plant, 95, 1995, 472-478.

[106] Auge RM, Foster JG, Loescher WH

and Stodola AW, Symplastic sugar

and free amino acid molality of Rosa
roots with regard to mycorrhizal
colonization and drought,
Symbiosis, 12,1992, 1-17.

[107]Ruiz-Lozano JM, Collados C, Barea

JM and Azcon R, Cloning of cDNAs
encoding SODs from lettuce plants
which show differential regulation
by arbuscular mycorrhizal symbiosis
and by drought stress, J. Experimen.
Bot., 52, 2001a, 2241-2242.

[108] Ruiz-Lozano JM, Collados C, Barea

JM and Azcon R, Arbuscular
mycorrhizal symbiosis can alleviate
drought-induced nodule senescence
in soybean plants, New Phytologist,
151, 2001b, 493-502.

[109]Ruiz-Lozano JM, Azcon R and

Gomez M (1996a). Alleviation of
salt stress by arbuscular mycorhhizal
Glomus sp. in Lactuca sativa plants.
Phisiologia Plantarum, 98, 767-772.

[110]Duan X, Neuman DS, Reiber JM,

Green CD, Saxton AM, Auge RM,
Mycorrhizal influence on hydraulic
and hormonal factors implicated in
the control of stomatal conductance
during drought. J. Exp. Bot., 1996,
47, 1541-1550.

[111]Sanchez-Diaz M, Aaguirreolea, J,

Effects phsiologicos que causa la

IJBPAS, May, 2013, 2(5)

1185



Narayan RP et al

Research Article

falta persistente de agua en los
cultivos. Phytoma, 1993, 51, 26-36.

[112]Ruiz-Lozano JM, Arbuscular
mycorrhizal symbiosis and
alleviation of osmotic stress. New
perspectives for molecular studies.
Mycorrhiza, 2003, 13, 309-317.

[113]Hoekstra FA, Golovina EA and
Buitink J, Mechanisms of plant
desiccation tolerance, Trends Plant
Sci., 6, 2001, 431-438.

[114]Paleg LG, Stewart GR and Bradbeer
JW, Proline and glycine betaine
influence protein salvation, Plant
Physiol., 75, 1984, 974-978.

[115]Kameli A and Losel DM,
Carbohydrates and water status in
wheat plants under stress, New
Phytol., 125, 1993, 609-614.

[116]Singh R, Adholeya A and Mukerji
KG, Mycorrhiza in control of soil
borne pathogens, In, Mycorrhizal
Biology (Eds. KG Mukerji, BP
Chamalo and J Singh), Acadmic-
Plenum Publishers, New York,
2000, 173-196.

[117]Sheng M, Tang M, Chan H, Yang B,
Zhang F and Huang Y, Influence of
arbuscular mycorrhizae on

photosynthesis and water status of

maize plants under salt stress,
Mycorrhiza, 18, 2008, 287-296.

[118]Kothari SK, Marschner H and
George E, Effect of VA mycorrhizal
fungi and rhizosphere
microorganism on root and shoot
morphology, growth and water
relations of maize, New Phytologist,
116, 1990, 303-311.

[119] Al-Garni SMS, Increasing NaCl-salt
tolerance of a halophytic plant
Phragmites australis by mycorrhizal
symbiosis. American-Eurasian J.
Agricul. and Environmen. Sci., 1,
2006, 119-126.

[120]Ruiz-Lozano JM, Azcon R, Gomez
M, Effects of arbuscular mycorrhizal
Glomus sp. on drought tolerance,
physiological and nutritional plant
responses. Appl. Environ.
Microbiol., 61, 1995, 456-460.

[121]Azcon R, Gomez M and Tobar RM,
Physiological and nutritional
responses to Lactuca sativa to
nitrogen sources and mycorrhizal
fungi under drought, Biol. Fertil.
Soils, 22, 1996, 156-161.

[122] Goicoechea N, Szalai G, Antolin
MC, Sanchez-Diaz M and Paldi E,
Influence of arbuscular mycorrhizae

and rhizobium on free polyamines

IJBPAS, May, 2013, 2(5)

1186



Narayan RP et al

Research Article

and proline levels in water stressed
alfalfa, J. Plant Physiol., 153, 1998,
706-711.

[123]Jindal V, Atwal A, Sekhon BS and
Singh R, Effect of vesicular-
arbuscular mycorrhizae on
metabolism of moong plants under
NaCl salinity, Plant Physiol. and
Biochem., 3, 1993, 475-481.

[124]Smirnoff N, The role of active
oxygen in the response of plants to
water deficit and desiccation, New
Phytol., 125, 1993, 27-58.

[125]Bartels D, Targeting detoxification
pathways, an efficient approach to
obtain plants with multiple stress
tolerance, Trends Plant Sci., 6, 2001,
284-286.

[126]Palma JM, Longa MA, Del Rio LA
and Arines J, Superoxide dismutase

in vesicular arbuscular red clover

plants, Physiol. Plant, 87, 1993, 77-
83.

[127]Ruiz-Lozano JM, Azcon R, and
Palma JM, Superoxide dismutase
activity in arbuscular-mycorrhizal
Lactuca sativa L. plants subjected to
drought stress, New Phytologist.,
134, 1996b, 327-333.

[128]Porcel R, Barea JM and Ruiz-
Lozano JM, Antioxidant activities in
mycorrhizal soybean plants under
drought stress and their possible
relationship to the process of nodule
senescence, New Phytol., 157, 2003,
135-143.

[129]Ghorbanli M, Ebrahimzadeh H,
Sharifi M, Effects of NaCl and
mycorrhizal fungi on antioxidative
fungi in  soybean, Biologia
Plantarum, 48 (4), 2004, 575-581.

IJBPAS, May, 2013, 2(5)

1187



