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SUMMARY

I nter action between Glomusfascicultum and Rhizobium phaseoli and their effectson Glycinemax (var.
DH-125), wasstudied in aphosphor usdicient sandy loam. Thenumber, dry weight and nitrogen content
of theroot nodulesin plantsinoculated with G fasciculatum plusR. phaseoli wer esignificantly increased
compared to uninoculated or with only R. phaseoli. Rhizobium phaseoli inoculation did not havea
significant influence on sporulation of G fasciculatumin in therhizospher e soils. However, Glycine
max plantsinoculated with G fasciculatum recover ed increased phosphor uscontent, dry weight and
grainyield than unioculated plants. Only R. phaseoli inoculation resulted in theincreased nitrogen
content of the plant and grain yield. Dual inoculation of both the symbiontssignificantly increased plant
height, shoot dry weight and nitrogen content over singleinoculation with either G fasciculatumor R.
phaseoli. Theseresultssuggest that arbuscular mycorrhizal (AM) fungi along with R. phaseoli can

greatly increasenodulation and nitrogen fixation in Glycine max.

lycine max. (var. DH-125) is an

important leguminaceousoil yielding plant.
Seeds yield very good edible oil. A study on
interaction between AM fungus and Rhizobium
had been carried out. In legume, Rhizobium
symbiosis can provide an economic source of
availablenitrogen (Ahmad et al., 1981; Saxena
et al., 2002). The use of Arbuscular
mycorrhizal (AM) fungi can improve
phosphorus uptake and ultimately plant growth
and yield (Barea, and Azcon-Aguiar, 1983;
Rodrigueset al., 2003). Phosphorus deficiency
isanimportant limiting factor in nitrogen fixation
and legume production (Jacobson, 1985). In
recent years, a number of studies conducted
on interaction between Arbuscular
mycorrhizal fungi and Rhozobiumon legumes
(Lakshman, 1999) have shown that the growth
and yield of nodulating soybean increase after
inocul ation of Glomus mossaein sterilized soil.
Inoculation on different crop plants with
Arbuscular mycorrhizal fungi and Rhizobium
wasfound to have synergistic beneficial effect
(Hazarika et al., 2000; Sampathkumar and
Ganesh kumar, 2003). The present study was
undertaken with the objective of assessing the
response of Glycine max to dual inoculation
with Arbuscular mycorrhizal fungus Glomus
fasciculatumand Rhizobiuminoculation inthe
earthen pots using sterilized soils.

MATERIALS AND METHODS

Seedsof Glycinemax (var. DH-125) were
surface sterilized in 2% sodium hypochlorite
and germinated in sterile sand. Two weeksold
seedlings were selected for uniformity and
transplanted singly into 15 x 15 cm pots
containing 2 kg sandy loam soil and pure sand
withinitia pH of 6.7, organic matter content of
1.4% and an available P content of 2.6 ppm
extracted with NH, and HCL and air dried,
pulverized, passed through a4 mm sieve and
sterilized with 2.5% methylbromide. There
werefour inoculation trestments: Uninocul ated
control; Inoculated with R.phaseoli (referred
to as ‘Rp’), Inoculated with Arbuscular
mycorrhizal fungus Gfasciculatum (‘Gf) and
(4) inoculated with R. phaseoli and G.
fasciculatum (Rp+Gf). Rhizobium phaseoli
inocul ation was done by treating Glycine max
seedswith apeat based culture 108 ml- before
sowing. Mycorrhizal inocul ation was done by
placing the seeds over a thin layer of
mycorrhizal inoculum at thetime of sowing 25g
mycorrhizal inoculum consisted of chopped root
bits and the soil from a pot culture of Sudan
grass, (Sorghumbicolour) which wasinfected
by G fasciculatum and grown for 4 months.
Theinoculum contained hyphae, vesicles, 142
chlamydospores per 50g soil and arbuscul es of
G fasciculatum. There were threereplications
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for each treatment and plants were watered on alternate
days. Attwointervasi.e., after 40 and 80 days of sowing,
plant height, and the number and dry weight of nodules,
root and shoots were measured. Phosphorus content of
the shoot was demined calorimetrically by the
vanadomolybdate / phosphoric-yellow colour method
(Jackson, 1973). Tota nitrogen content was determined
by the mi crokjeldahl method (Bremner, 1960). Percentage
mycorrhizal infection of the rootswas determined by the
root slide technique (Nicolson, 1960) after clearing the
rootswith 10% K OH and stained with 0.05% trypan blue
(Philips and Hayman, 1970). The numbers of G.
fasciculatumsporesin the soil surrounding therootswere
determined by the wet sieving and decanting technique
(Gerdemann and Nicoloson, 1963). The grain yield and
50 grain weight were al so recorded at thetime of harvest.

RESULTS AND DISCUSSION

Dataon root nodule number, dry weight and nitrogen
content of C occidentalis roots as influenced by
Rhizobiumand mycorrhizal inoculation aregivenin Table
1. There was no nodulation observed in uninoculated
control plants. The number, size, dry weight and nitrogen
content of nodules in plants inoculated with G.
fasciculatum and Rhizobium were significantly greater
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Table 2 :

AM fungal spores in soil and per cent of
mycorrhizal infection of Glycine max root

nodules as influenced by inoculation with
Glomus fasciculatum and Rhizobium phaseoli

Number of nodules  Dry wt. of nodule

Treatment per plant per plant (g)

40* 80* 40* 80*
Control od od od od
Glomus 175.66b  202.00b 58b 70b
fasciculatum
Rhizobium phaseoli 65.66C 71.33c 50c 61c
Glomus + 204.33a  220.00a 75a 9la
Rhizobium

40* = 40 days after sowing ; 80* = 80 days after sowing.
Significant at P=0.05 values not followed by identical letter in
each vertical column are significantly different

Rhizobium and G. fasciculatum produced significantly
greater plant biomass production compared to
uninoculated control. The grain yield of Glycine max
treated with R. phaseoli alone or R. phaseoli and G
fasciculatum was significantly greater than of
uninoculated control plants and plants inocul ated with
Glomus aone (Table 3). The 100 grain eight of Glycine
max seeds was significantly greater in plantsinoculated
with R. phaseoli with or without Gfasciculatum. The N

en content of root nodules in Glycine max influenced by Glomus fasciculatum and Rhizobiu

Treatment Number of nodules per plant  Dry wt. of nodule per plant (g)  Nodule nitrogen per plant (mg)
40* 80* 40* 80* 40* 80*
Control od od od od od od
Glomus fasciculatum 4c 9c 0.03c 0.14c 1.12¢c 1.61c
Rhizobium phaseoli 12b 15b 0.13b 0.25b 2.14b 3.06b
Glomus + Rhizobium 24a 32a 0.24a 0.41a 3.28a 4.17a

40* = 40 days after sowing ; 80* = 80 days after sowing

Significant at P=0.05 values not followed by identical letter in each vertical column are significantly different

than those of plantsinoculated with only Rhizobium. The
number of root nodules favourably increased at 80days
than 40days after inoculation of Rp or Rp+Gf plants
inoculated with Gf showed significantly greater
mycorrhizal sporesin the rhizosphere soils compared to
the unioculated control plants and plantswhich received
only Rhizobium (Table 2). These increased spore
numbers were more striking when the plants were 80
days old than at 40 days. The percentage of mycorrhizal
infection was higher in the plantswhich wereinocul ated
with G fasciculatum.

Plant height, dry weight of shots above ground and
nitrogen and phosphorus contents of shoot steadily
increased with dual inoculation. The dual inoculation of
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and P content of the above ground shootsat two different
intervalsare presented in Table 4. No significant difference
could be seenin 40 days old plants. At 80 days, N and P
content of the plants that received G.. fasciculatum plus
R.. phaseoli, was significantly higher compared to the
uninoculated control plantsand plantswhich received only
Gfasciculatum or R. phasedli.

Improvement by inoculation with Arbuscular
mycorrhizal fungi to the host plant and its growth and
yield under green house conditions in soils in low
phosphorus had helped to obtain better results (Mosse
1977; Smith et al.,1979). Similar resultswereobtainedin
the present work wherein the sterilized soil used for pot
experiments, had low phosphorus content. Manjunath et
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Treatment Height of plant (cm) Dry weight of shoot per plant (g©)  Grainyieldperpot (g°) 50 grainwt (g7)
40* 80* 40* 80* 80* 80*

Control 9.72d 13.71d 0.55d 1.94d 2.44d 1.43d

Glomus fasciculatum 21.20c 32.25¢ 1.34c 2.75¢ 41.21c 14.80c

Rhi zobium phaseoli 25.50c 44.20b 1.50b 2.92b 77.84b 17.54b

Glomus + Rhizobium 38.28c 52.84a 1.64a 4.73a 95.74a 19.36a

40* = 40 days after sowing ; 80* = 80 days after sowing

Significant at P=0.05, values not followed by identical letter in each vertical column are significantly different
Percentage infection values did not tend themsel ves to statistical analysis

Table 4 : Nitrogen and phosphorus content of the shoot of
Glycine max

root nodules as influenced by
inoculation with Glomus fasciculatum and
Rhizobium phaseoli

Tota nitrogen Total phosphorus

Treatment content per shoot content per shoot
(mg) (mg)
40* 80* 40* 80*

Control 2.08d 2.17d 1.05d 1.11d
Glomus 38.13c 74.70c 4.57c 14.40c
fasciculatum
Rhizobium 42.04b 96.10b 4.71b 11.25b
phaseoli
Glomus + 47.15a  107.10a 5.01a 16.61a
Rhizobium

40* = 40 days after sowing; 80* = 80 days after sowing
Significant at P=0.05 values not followed by identical letter in
each vertical column are significantly different

al. (1984) and Thiagarajan (1991) worked on soybean
and cowpeausing unsterilized soil and concluded that the
increased biomass production, nodulation, N and P uptake
in mycorrhizawith Rhizobiuminocul ated plant was due
to the presence of indigenous Arbuscular mycorrhizal
fungi. The present investigation supportsthework of Ross
and Harper (1970) and Azcon and Rubio (1990) in
demonstrating that two major elements, nitrogen and
phosphorus, can be supplied to the host plant through
symbiotic association. Thereisalso growing evidencethat
certain endophytes preferentially associate with certain
host plants (Mosse, 1977). The present investigations
however do not concur with thisfinding. The Arbuscular
mycorrhizal fungus is non-specific to host plants.
Thereforeinoculation of theintroduced endophyteismore
efficient in boosting the plant growth than the indigenous
fungus, G. fasciculatum (Lakshman, 1999). In the present
study, inoculation of G.fasciculatum to Glycine max
resultsin an increase in plant height, dry weight total P
content of shoot, N content in nodules and grain yield
compared to uninoculated control plants.

The better response of Glycine max to G
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fasciculatum inoculation could be attributed to the
presence of Glycine max specific rhizobial strain
inoculation, inthe sterilized soil in pot experiments. The
increased plant growth in 40 dayswas due to Rhizobium
inocul ation a one when compared to uninocul ated control
plants and was not statically significant. Whilethegrain
yield at 80 days harvest was significantly greater
suggesting that the crop derived greater benefit fromfixed
atmospheric nitrogenin later stagesof plant growth. Smith
and Daft(1977) and Tilak(1993) highlighted that nodule
activity of soybean reaches maximum during pod filling
and does not declineuntil pod fillingiscompleted. A similar
process may be expected in Glycine max of the present
work. This investigation shows clearly that Arbuscular
mycorrhizal fungus (G. fasciculatum) can greatly
increase nodulation and N fixation on Glycine max plants
growthin potsinocul ated with R. phaseoli. Similar results
were obtained for beansin pot experiments which were
conducted in fumigated soil, with double inoculation of
endomycorrhizal fungus plus Rhizobium (Lakshman,
2001; Sampath Kumar and Ganeshkumar, 2003). While
the principal effect of mycorrhiza on nodulation was
probably phosphate mediated (Asini et al., 1980), there
may be secondary effects, possibly of ahormonal nature
(Mosse, 1977; Andrade et al ., 1995).

It isacommon practi ceto grow nodulated plants on
poor agricultural soilstoincrease soil fertility and effective
strains of Rhizobiaare often used for treating seeds. The
present study therefore suggests that an efficiently
introduced Arbuscular mycorrhizal fungus can
contribute to the efficiency of such a system, especially
in P deficient soils, even though indigenous (native)
endophytes may be present.
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