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Abstract The symbiotic efficiency of coastal sand dune
rhizobial isolates on four cultivated legumes, cowpea
(Vigna unguiculata), green gram (Vigna radiata), black
gram (Vigna mungo) and horse gram (Macrotyloma
uniflorum), was assessed. Among the isolates of Some-
shwara (S1–S5), inoculation of S5 resulted in the highest
increase of shoot biomass in cowpea (control vs experi-
mental, 1:6), while inoculation of P1 among the Padubidri
isolates (P1–P5) induced the highest shoot biomass in
cowpea (1:14.4). Inoculation of the isolate P2 induced
higher shoot biomass against uninoculated controls of
horse gram (12.6:1), green gram (11.2:1) and black gram
(6.1:1). One-way ANOVA revealed significant difference
in the shoot biomass between uninoculated and inoculated
cowpea plants with ten rhizobial isolates (P <0.05).
Cultivation of surface-sterilized green gram seeds on
unsterilized dune sand resulted in profuse flowering as
well as nodules within 6 weeks indicating possibilities for
isolating efficient rhizobial strains through cultivating
edible legumes on coastal sand dune soils.
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Introduction

Coastal sand dune (CSD) vegetation in the Tropics is
dominated by plant species belonging to the families
Asteraceae, Convolvulaceae, Leguminosae and Poaceae
(Rao and Meher-Homji 1985; Moreno-Casasola and
Espegel 1986; Mohankumar et al. 1988; Kulkarni et al.
1997; Moreno-Casasola 1998; Arun et al. 1999; Beena et
al. 2001). These plants have adapted to the dune habitat
(low nutrients, drought, high salinity and sand erosion/

accretion) and facilitate dune stabilization (Rao and
Meher-Homji 1985; Moreno-Casasola and Espegel 1986;
Moreno-Casasola 1998). Plant species established on the
CSDs of the west coast of India are known to harbor a
variety of arbuscular mycorrhizal (AM) fungi (Mohanku-
mar et al. 1988; Kulkarni et al. 1997; Beena et al. 1997,
2000a, 2000b, 2001). About 35 species of legumes have
been recorded on the dunes of the Karnataka coast (Arun
et al. 1999; Arun 2002). Several dune legumes showed
profuse nodulation particularly during the post-monsoon
season (Arun et al. 1999) and some of the legumes showed
nitrogen fixation (Arun 2002). In addition to physiological
and biochemical adaptations of the dune plants, symbiotic
associations also provide additional strength to withstand
the environmental perturbations of dunes and facilitate
dune stabilization.

About one-third of the world’s irrigated land is salt
affected (400–950×106 ha; Shannon et al. 1984), up to
40% of the world’s land surface shows potential salinity
problems and a large segment of these areas are confined
to tropical and Mediterranean regions (World Resources
1987). Native rhizobial strains are well adapted to stress
conditions in association with legumes and help in the
reclamation of marginal lands as they enrich soil through
symbiotic nitrogen fixation (Alexander 1984). Grain
legumes are often cultivated as alternate crops with rice
in coastal locations in southwest India (George et al.
1988). Legumes in rotation with rice are also known to
increase the soil organic matter and reduce pest problems.
A literature search revealed no studies on the importance
of wild rhizobia of CSDs. In view of the importance of
wild rhizobia in agriculture, the present study aimed at
testing the symbiotic performance of CSD wild rhizobia of
selected dune legumes on commonly cultivated edible
legumes along the coast of Karnataka, India.
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Materials and methods

Rhizobia

Rhizobial isolates were obtained from wild legumes,
which are common and abundant on the dunes of
Someshwara and Padubidri, Karnataka coast, India
(Table 1). The host plant species are subjected to low to
moderate natural disturbance and human interference
(Arun 2002). Rhizobial isolates were maintained on
yeast extract mannitol (YEM) agar medium (mannitol,
10 g; yeast extract, 1 g; K2HPO4, 0.5 g; MgSO4 7H2O, 0.2
g; NaCl, 0.1 g; Congo Red, 0.025% (w/v), agar agar, 18 g;
distilled water, 1,000 ml; pH 7.2; Hahn 1966) at a low
temperature (8°C) in the laboratory. The isolates selected
showed relatively wide tolerance to temperature, salinity
and pH and some were efficient phosphate solubilizers
(Table 1; Arun 2002). These isolates were assessed for
their symbiotic efficiency and suitability as inoculants for
cultivated edible legumes.

Legumes

The seeds of cowpea [Vigna unguiculata (L.) Walp.],
black gram [Vigna mungo(L.) Hepper], green gram [Vigna
radiata (L.) R.] and horse gram [Macrotyloma uniflorum
(Lam.) Verdc.] were collected during May 2001 from the
local farmers of Padubidri region. These legumes are
commonly grown after the harvest of paddy along the
coastal belts during late monsoon-early summer regimes
(December–February). Seeds were surface-sterilized by
sequential exposure to 96% ethanol (v/v; for 30 s) and
12% sodium hypochlorite (w/v; for 7 min) and rinsed in
sterile distilled water until neutrality (Rodriguez-Navarro
et al. 1999).

Symbiotic performance

Sand samples collected from Someshwara were steam
sterilized (1.05 kg/cm2) for 1 h and allowed to cool. Each
sterile earthen pot (diameter, 15 cm; depth, 20 cm) was
filled with 5 kg sterile sand and kept closed until further
use. Sterilized seeds were coated with carboxymethyl
cellulose (4%), containing 1 ml 5-day-old rhizobial culture
(approx. 108 cells/ml) in YEM broth. Seeds were then
sown in pots containing sterile sand and allowed to grow
under greenhouse conditions with a 12 h photoperiod at
temperatures of 28/23±2°C (day/night). Plants were
trimmed to four per pot after 3 days of emergence. After
3–4 days of emergence, 1 ml 5-day-old rhizobial suspen-
sion was used as second inoculum. Pots were watered
daily and saturated once a week with N-free sterile nutrient
solution (KH2PO4, 200 mg; MgSO4 7H2O, 200 mg; KCl,
200 mg; CaSO4 2H2O, 120 mg; Na2FeEDTA, 25 mg;
Na2MoO4 2H2O, 4 mg; MnSO4 2H2O, 2 mg; CuSO4

5H2O, 2 mg; ZnSO4 7H2O, 3 mg; H3BO3, 18 mg and
CoCl2 4H2O, 120 mg per liter distilled water; Rigaud and
Puppo 1975). After 6 weeks, nodule numbers were
enumerated, and shoot, root and nodule biomasses were
determined on drying at 80°C for 48 h. Surface-sterilized
green gram seeds were cultivated in unsterilized dune sand
to test the performance.

Statistical analyses

One-way analysis of variance (ANOVA) and the Student t
test (post-hoc analysis) were employed to assess the
difference between treated and control plants in biomass of
shoot, root, nodule and nodule numbers (Stat Soft 1995).

Table 1 Coastal sand dune rhizobial isolates employed for the experiments

Isolate code Host plant species Location of origin Optimum growth conditions Phosphate solubilization indexa

Temperature (°C) Salinity (%) pH

S1 Canavalia cathartica Someshwara 35 2.5 5 0
S2 Canavalia maritima Someshwara 35 2.5 5.5 0
S3 Crotalaria retusa Someshwara 40 2 5 0
S4 Crotalaria verrucosa Someshwara 35 2 5 0
S5 Derris troflorum Someshwara 35 2 5 0
P1 Canavalia cathartica Padubidri 35 2.5 5.5 4.16
P2 Canavalia maritima Padubidri 30 1 7.5 2
P3 Crotalaria retusa Padubidri 35 0.5 5.5 3.11
P4 Crotalaria verrucosa Padubidri 30 0.5 9 2.72
P5 Derris troflorum Padubidri 30 0.5 5.5 1.36
a The ability of rhizobia to solubilize insoluble phosphate was tested on spot inoculation of 0.1 ml 24 h YEM broth cultures on Jensen
medium (sucrose, 20 g; K2HPO4, 1 g; MgSO4 7H2O, 0.5 g; NaCl, 0.2 g; CaCl2, 0.1 g; FeSO4 7H2O, 0.1 g; Na2MoO4, 0.005 g; agar, 18 g;
distilled water, 1,000 ml; pH, 7.0; Jensen 1951) consisting of 2% tricalcium phosphate (incubation, 35°C, 7 days; Gaind and Gaur 1991).
The phosphate solubilization index was calculated based on the digestion zone surrounding the colony: solubilization index = diameter of
colony plus digestion zone divided by diameter of colony (Edi et al. 1996)
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Results

Variations in plant biomass, nodule biomass and nodule
number was found between control and treated plants with
different isolates of rhizobia. Among the isolates of
Someshwara, S5 showed the highest increase of shoot
biomass of cowpea (1:6; Fig. 1). Similarly, S4 in black
gram (1:1.5), S1 in green gram (1:2.8) and S2 and S5 in
horse gram (1:5.5 each) showed elevated shoot biomass.
Among the Padubidri isolates, P1 induced the highest
shoot biomass in cowpea (1:14.4) followed by P2 (1:7.5;

Fig. 2). In the rest of the plants, isolate P2 performed well
by inducing shoot biomass (black gram, 1:6.1; green gram
1:11.2; horse gram, 1:12.6). One-way ANOVA revealed
significant difference in the shoot biomass of cowpea on
inoculation of ten rhizobial isolates against the control (P
<0.05). Post-hoc analysis also revealed significant increase
in shoot biomass of cowpea on inoculation of isolates S1,
S4, P1, P2, P4 and P5 compared to control plants (P
<0.05). However, plants inoculated with isolate P1 showed
the highest increase in shoot biomass (1:14.4). In almost
all rhizobial treatments, shoot biomass as well as root

Fig. 1 Effect of inoculation of
rhizobial isolates of Some-
shwara (S1–S5) on the growth
and nodulation of four legumes
(after 42 days;C control, SB
shoot biomass, RB root biomass,
NB nodule biomass, NN nodule
number per plant; n =5, mean ±
SD)
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biomass was increased. One-way ANOVA also revealed
significant increase in root biomass (P <0.05), nodule
biomass (P <0.01) and nodule number (P <0.01) of
cowpea plants, as did post-hoc analysis of nodule biomass
(P <0.01) and nodule number (P <0.01). The isolate P2
was the most successful isolate due to its ability to bring
about significant increase in all plant parameters (shoot
biomass, root biomass, nodule biomass and nodule
number) of four plant species, except for shoot biomass
in cowpea. On cultivation of surface-sterilized green gram
seeds in unsterilized dune sand resulted in profuse
flowering and nodule formation within 6 weeks.

Discussion

The present study was performed to assess the symbiotic
efficiency of native CSD rhizobia of the Tropics since no
such studies are known to date. Rhizobial isolates
employed are fast-growing and well adapted to the CSD

environment and showed optimum growth at elevated
temperature, high salinity and acidic/alkaline pH (Table 1;
Arun 2002). While screening the symbiotic performance
of rhizobial strains of different geographical origin on
Phaseolus vulgaris, local isolates of rhizobia showed
higher nitrogen-fixing efficiency than the strains from the
culture collections, indicating the importance of native
rhizobia (Rodriguez-Navarro et al. 1999). Fast-growing
rhizobial strains effectively nodulated Vigna unguiculata
and showed significant increase over uninoculated control
(Gandhi and Godbole 1990). The fast-growing rhizobial
strains were also of great interest in generating sufficient
amounts of rhizobial inoculum, having easy establishment
in soils and easy manipulation of genes (Chatterjee et al.
1990; Buendía-Clavería et al. 1994; Cregan and Keyser
1998; Hungria et al. 2001). In legumes, salt stress at 50–
200 mM NaCl significantly limits productivity by inter-
fering with plant growth (Bekki et al. 1987; Delgado et al.
1993). Salinity reduces shoot and root weights in several
legumes (Cordovilla et al. 1999); shoot growth was more

Fig. 2 Effect of inoculation of
rhizobial isolates of Padubidri
(P1–P5) on the growth and
nodulation of four legumes
(after 42 days; C control, SB
shoot biomass, RB root biomass,
NB nodule biomass, NN nodule
number per plant; n =5, mean ±
SD)
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affected by salt stress than root growth (Cordovilla et al.
1999). In our study, among the ten rhizobial isolates
tested, isolates of Padubidri (P1–P5) performed better than
the isolates of Someshwara (S1–S5), which can be linked
to their efficient phosphate solubilization (phosphate
solubilization index, 1.36–4.16; see Table 1). The salinity
of the dune sand used for cultivation of legumes was about
188 μg/g. Overall performance of Padubidri isolates was
encouraging at such saline conditions. Cultivation of green
gram (Vigna radiata) on unsterilized dune soil picked up
the native rhizobia and fixed atmospheric nitrogen. This
shows the possibilities for evolving a suitable technique to
isolate efficient strains of native CSD rhizobia by
employing specific legumes as “bait” in unsterilized
dune soils of different geographical origin.

Environmental stress affects the process of root hair
colonization and nodulation by rhizobia (Alexander 1984).
A suitable rhizosphere environment is important for
interaction between rhizobia and root hairs (Cordovilla
et al. 1999). Generally such conditions exist on the CSDs
of Karnataka during the post-monsoon season and allow
rhizobia to colonize most of the dune legumes (Arun
2002). Our study emphasizes the importance of screening
native rhizobial isolates of CSDs, which are adapted to
high temperature, salinity, pH and low moisture regimes as
inoculants for cultivated legumes. In view of AM fungal
colonization of the CSD legumes (Beena et al. 2001;
which facilitates phosphate solubilization), it is worth
screening the efficient strains of AM fungi compatible
with dune rhizobia as suitable inoculants for cultivated
legumes. Interestingly, of the legumes found on CSDs of
the southwest coast of India, some are cultivated (e.g.
Cajanus sp., Vigna spp.; Arun 2002). Vigna radiata and
Vigna sp. grow on the mid-dunes and/or hind-dunes. This
suggests that some cultivated legumes are also adapted to
dune habitats and such plant species might be of great
importance for the development of improved varieties.
Being a major vegetable crop grown in the coastal belt of
Karnataka, the genetic improvement and symbiotic
performance with CSD rhizobia of cowpea (V. unguicu-
lata) needs further exploration.
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