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Abstract Rhizobium–legume symbiotic interaction is an

efficient model system for soil remediation and reclama-

tion. We earlier isolated an arsenic (As) (2.8 mM arsenate)

tolerant and symbiotically effective Rhizobium strain,

VMA301 from Vigna mungo and in this study we further

characterized its efficacy for arsenic removal from the soil

and its nitrogen fixation capacity. Although nodule for-

mation is delayed in plants with As-treated composite

when the inoculum was prepared without arsenic in cul-

ture medium, whereas it attains the significant number

of nodules compare to plant grown in As-free soil when

the inoculum was prepared with arsenic supplemented

medium. Arsenic accumulation was higher in roots than

root nodules. Nitrogenase activity is reduced to almost 2

fold in plants with As-treated soil but not abolished. These

results suggest that this strain, VMA301, has been able to

establish an effective symbiotic interaction in V. mungo in

As-contaminated soil and can perform dual role of arsenic

bioremediation as well as soil nitrogen improvement.

Keywords Arsenic toxicity � Bioremediation �
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Introduction

Millions of people in the world are suffering with skin

lesions, cancers and other related diseases due to con-

sumption of arsenic (As) contaminated underground water

in Bangladesh, Taiwan, India, Japan, Poland, Hungary,

Belgium, Chile, Argentina, North Mexico, Mongolia, and

China [1, 2]. Arsenic is accumulated in human beings from

drinking water as well as from agricultural crops and veg-

etables [3]. As in irrigation water can result in land degra-

dation and adversely affecting on agro-ecosystem services

for sufficient and safe foods. The continuous accumulation

of As in soil by irrigation is a growing threat to the nutri-

tional status of food product. Still to date, the risks of using

As-contaminated groundwater resources for irrigation and

decontamination of agricultural field have not received

enough attention yet. Earlier several researchers have been

evaluated the adverse effect of arsenic in crop field [4–6].

It is essential to remove arsenic from groundwater and

contaminated soil. Several chemical methods have been

established for decontamination of arsenic from ground

water supply [7] including biological treatments [8].

Sequestration of arsenic by biological material is receiving

attention in a biotechnological context as microbe based

technologies [9] and phytoremediation [10] is cost effec-

tive and environment friendly. Phytoremdiation is also an

emerging technology that uses plants to clean up pollutants

from the environment. A number of arsenic hyper accu-

mulating plants [10, 11] have been reported but of limited

use because of their small biomass and slow growth rate.

Recently, an increasing interest has risen on the use of

legume plants because of its bioremediation potential as

well as capacity of biological nitrogen fixation through root

nodule formation [12, 13]. Root nodule is a unique and

highly organized structure developed as a result of the
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symbiotic relationship between leguminous plants and

bacteria of the genus Rhizobium. This system has some

advantages because of microorganism’s ability to affect

metals solubility, bioavailability, mobility and use of

plants, legumes for phytoremediation. Finally, Rhizobium–

legume symbiosis as an efficient system for soil nitrogen

improvement. A few Rhizobium strains tolerant to arsenic

toxicity and symbiotically effective have been reported

[14, 15]. We have previously isolated one Rhizobium

strain, VMA301, from the root nodules of Vigna mungo,

grown in arsenic contaminated field and characterized its

several aspects to arsenic toxicity [16]. Our aim is to

evaluate the phytotoxic effects of arsenic on nodulation of

blackgram using the strain, VMA301.

Materials and Methods

Plant growth and Nodulation Condition

Seeds of V. mungo were surface sterilized in 1% mercuric

chloride solution for 15 min followed by 70% ethanol wash

for 5 min. Seeds were then washed thrice in sterile distilled

water, taken in Petri dishes containing sterile half strength

of Murashige and Skoog (MS) medium [17] and allowed to

germinate under 16 h photoperiod at 30�C. Seedlings were

planted in Leonard jars filled with a composite, mixture of

perlite and vermiculite (1:1) in a N-free medium [18] and

inoculated with Rizobium sp. VMA301. Seedlings were

allowed to grow in a plant chamber with 16 h photoperiod

and arsenate (2.8 mM) containing water was applied to

seedlings at an interval of 2 days. After each week roots

and root nodules were counted and harvested for bio-

chemical characterization. A control experiment was also

performed by applying arsenate free water.

Determination of N2-Fixing Area in Root Nodule

Microscopic investigations were made to determine the N2-

fixing area in arsenate treated and untreated root nodule.

Young and fresh nodules were pulled, sections were pre-

pared and viewed under optical microscope (Olympus,

PM-10ADS) using an optical lens.

Nitrogenase Assay

Nitrogenase activity was measured by the acetylene

reduction assay following Hardy et al. [19]. Isolated nod-

ules bearing root was assayed at atmospheric partial pres-

sures of oxygen by transferring into a serum vial (total

volume, 8.0 ml). The vial was sealed with a serum stopper,

the acetylene was added to a final concentration of 10%

(v/v), and the reaction mixture was incubated at 25�C with

constant shaking. At different time intervals, samples were

removed for analysis with a gas chromatograph (Perkin-

Elmer 8600 gas chromatograph equipped with a Poropak-R

column) to determine the amount of ethylene produced.

The nanomoles of ethylene produced per time unit were

standardized to total cell protein. Total protein was mea-

sured following the method of Bradford [20] after samples

were solubilized by heating for 15 min at 90�C in 1.0 N

NaOH.

Arsenic Content in Roots and Root Nodules

Total arsenic content in the roots and root nodules were

determined by digesting with concentrated nitric acid

according to the method of Quaghebeur and Rengel [21]. In

brief, dry and ground plant material (0.5 g) was weighed

into a 50 ml conical flask to which 10 ml of concentrated

nitric acid was added. The mixture was then heated at 90�C

for 30 min, after which the temperature was increased to

140�C. When the volume of acid had decreased to 1 ml, the

flasks were allowed to cool at room temperature and made

up to a final volume (10 ml) with deionized water. In each

analytical batch, at least 2 reagent blanks and two standard

(known concentration) solutions were included. 1 ml of

digest product was mixed with 9 ml of reducing solution

consisting of 1.5% (w/v) potassium iodide, 1.5% (w/v)

ascorbic acid and 10% (v/v) hydrochloric acid. This mix-

ture was then heated at 50�C for 1 h. Total arsenic in

digested sample was determined by a flame atomic

absorption spectrophotometer (Perkin Elmer, 100 analyst

system) and repeated three times.

Results and Discussion

Arsenic accumulation occurs in human beings from

drinking water as well as from agricultural crops and

vegetables [3] and enhances human risk of arsenic poi-

soning through the food chain. Therefore, arsenic decon-

tamination is vital from drinking water and agricultural

land. Rhizobium–legume symbiosis in leguminous plants is

considered as an alternative procedure for arsenic removal

from contaminated lands as well as increase of soil fertility.

The legume crops grown in various agrochemical condi-

tions and cropping systems with diverse cultural practices,

carry traits that have allowed them to adapt the adverse

environmental conditions. A number of microorganisms

including Rhizobium tolerant to arsenic have been isolated

and identified [14]. In this study, we have used Rhizobium

sp. VMA301 strain tolerant to a concentration of 2.8 mM

arsenate [16].

In addition to arsenic remediation, we have performed

some tests to evaluate its symbiotic properties in arsenic
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stressed condition. Although, the arsenic concentrations

used in this work was much higher to create extreme stress

than those generally observed in contaminated crop land

[22]. The Rhizobium sp. VMA301, showed its ability to

form fully effective nodules which were pink in colour and

globule to oval in shape similar to root nodules from the

plants grown on non-contaminated field. But microscopic

observations of the cross section of root nodules revealed

that the effective areas of N2-fixing zone were reduced in

plants grown in arsenic contaminated field (Fig. 1). Effects

on nodulation and growth were recorded in each week after

seedling. We observed that the number of nodules and

growth of the plants were affected by the presence of

arsenic in composite. In first and second week nodule

number was highly affected by arsenic (Table 1). It is clear

that arsenic produced a drastic effect in nodule number in

early stage of nodulation when the inoculum was prepared

without arsenic supplemented medium but it recovers when

the inoculum was prepared with arsenic supplemented

YEM medium. This is may be due to the effect of arsenic

on Rhizobium survivability and initial tolerance. So, when

the bacterium was adapted with arsenic during inoculum

preparation it overcomes the initial stress for root nodule

establishment. Earlier Broos et al. [23] noticed that con-

taminated soil not only affects the legume growth but also

microbial survivability. Furthermore, recent investigation

by Pajuelo et al. [15] demonstrated that a decreased num-

ber of root hairs and infection thread were affected dras-

tically in the early step of nodulation.

We also observed that the nitrogenase activity was

consistent in the root nodules of plants grown in arsenic

contaminated field though it is lower than root nodules from

plants grown in arsenic free composite (Fig. 2). This may be

due to the decrease of nitrogen fixing area in root nodules

from As-contaminated composite. The root nodules of As-

grown plants showed a symptom of toxicity, such as inhi-

bition of nitrogenase activity (Fig. 1). Furthermore, iron–

molybdenum (Fe–Mo) is the cofactor of nitrogenase,

arsenic has an affinity to iron molecules [24] and that may

be another reason for the reduction of nitrogenase activity.

Toxic effects of metals on nitrogen fixing area in root

nodules of soybean plants have been reported earlier by

Chen et al. [25]. Arsenic accumulation was 3.5 times higher

in roots than root nodules (Fig. 3). In plants, arsenic can be

bound to plant phytochelatins and subsequently stored in

vacuoles or inert structures such as cell wall, lignin, etc.

[26]. Arsenic content was higher in aged roots and root

nodules due to its increasing effect of arsenic availability in

soils. These results suggest that this arsenic tolerant strain,

VMA301, is able to establish an effective symbiotic

Fig. 1 The cross sectional image of root nodules of the plants grown

without arsenate (a) and with arsenic contaminated soil (b). Root

nodules were taken from 4 weeks aged plants from seedling

Table 1 Effect of arsenic on nodulation of V. mungo by Rhizobium
sp. VMA301

Time

(Week)

Number of nodules/plant

Composite (?As)a Composite (-As)a

Inoc. (?As)b Inoc. (-As)b Inoc. (-As)b

1 6.02 ± 0.01 2.40 ± 0.02 10.70 ± 0.04

2 9.10 ± 0.03 4.10 ± 0.02 13.40 ± 0.03

3 12.20 ± 0.03 10.60 ± 0.01 16.70 ± 0.01

4 12.02 ± 0.02 10.30 ± 0.02 15.90 ± 0.01

Root nodules were counted after each week from seedling. Data are

the mean of repeated individuals (n = 20) ± S.E
a Plants were grown in composite [a mixture of perlite and vermic-

ulite (1:1)] without and with arsenic
b Inoculum was prepared in absence and presence of arsenate

(2.8 mM) supplemented YEM medium
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Fig. 2 Nitrogenase activity in root nodules of V. mungo. Plants were

cultivated in presence and absence of arsenic. Roots with root

nodules were harvested after each week. Data are the mean of

triplicates ± S.E.
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interaction with blackgram in arsenic contaminated field.

This implies that this model system Rhizobium–legume

symbiosis is more effective for arsenic contaminated soil

reclamation. Thus, it can perform the dual role of arsenic

bioremediation as well as soil nitrogen improvement by

symbiotic nodulation.
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Fig. 3 Arsenic content in roots and root nodules of V. mungo
cultivated in arsenic contaminated field. Data are the mean of

triplicates ± S.E.
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