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ABSTRACT 
Com (Zea mays) seedlings were inoculated with Gigaspora margarita and heavy 

metal stress was induced with zinc sulphate at 50 and 100 mM concentrations after ensuring 
the establishment of the fungus. In general, nitrate reductase activity and protein content were 
higher in all the mycorrhizae colonised seedlings. Zinc content was estimated both in leaves 
and roots of infected and non-infected seedlings. 30.5% of heavy metal accumulation was 
found in the roots and about 69.49 % in the leaves in the absence of Vesicular Arbuscular 
Mycorrhizae (VAM), whereas in the VAM colonised seedlings about 40 .1% was 
accumulated in the leaves and 59.85% in the roots which point out to the retention of the 
observed heavy metal in the roots. This may indicate the synthesis of newer proteins that 
could bind the heavy metal and retain in the root, a possible mechanism of heavy metal 
resistance. 

INTRODUCTION 
Vesicular Arbuscular Mycorrhizal (VAM) fungi are obligate symbiosis that benefit 

plants by extending the functional root system and transporting nutrients to plants through 
hyphae (Cox et al, 1975; Rogers and Williams, 1986; Koide and Elliott, 1989; Raju et al, 
1990; Wright and Upadhyaya, 1996). Besides, VAM helps plant to overcome adverse 
environmental factors like drought, salinity and heavy metal toxicity (Harley and Smith, 
1983). Heavy metal toxicity is an important problem that the agricultural sector is facing. 
Use of chemicals to chelate the heavy metal in soil itself thus making it non-available to 
plants is no more considered as a viable solution. One of the biological considerations is that 
VAM encounter the phytotoxic effects of heavy metal and also help the plant in nutrient 
uptake during the adverse conditions (Ariries et al, 1989; Senthilkumar and Arockiasamy, 
1997). It has been established that VAM fungi help alleviate the toxicity up to certain 
concentrations ( Chandra and Kaurkehsi, 1994; Senthilkumar and Arockiasamy, 1995). 
Nitrate reduction in plants is a system that is very sensitive to heavy metals. However, 
increased nitrate reductase (NR) activity by VAM fungi has been reported by few workers 
(Wright and Abha Upadhyaya, 1996; Mathur and Vyas, 1996). The present study is aimed at 
finding out the NR activity, protein estimation and the distribution of heavy metal in the 
seedlings grown under different concentrations of zinc inoculated with Gigaspora 
margarita. 
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MATERIALS AND METHODS 
The pots used for the experiment were repeatedly washed with tap water and dried in 

sunlight. The pots were filled with garden soil and sand at the ratio 1.1. Later, the pots were 
covered with aluminium foil and autoclaved for 3 hours at 20 lb pressure (Raju et al, 1990). 
Sterilised sand mixture was taken in pots (3 kg / pot). In one set VAM was inoculated (pure 
culture of Gigaspora margarita was obtained from Prof. D.J. Bagyaraj, University of 
Agricultural Sciences, Bangalore, India) with 200 g of soil containing 30 spores of Gigaspora 
margarita. Certified and surface sterilised seeds of Zea mays were sown (7 seeds / pot) and 
the medium was irrigated with Cakmak and Marschegner (1996) nutrient solution. Medium 
without VAM treatment was kept as a control. Seedlings were maintained for 50 days. VAM 
inoculated seedlings were removed from each pot and the colonisation was ensured (Phillips 
and Hayman, 1970). After ensuring the colonisation, zinc sulphate was given along with 
nutrient solution at 50 and 100 mM. A similar treatment was followed for control seedlings. 
Ten days after the heavy metal treatment random sampling was carried out from the leaves 
and roots of infected and non-infected seedlings for biochemical analysis. Five replications 
were used for each treatment. In vivo NR activity was estimated by the method of Srivastava 
and Mathur (1981). Protein was estimated using the Lowry et al, (1951) method and zinc 
content was analysed using atomic absorption spectroscopy after proper wet digestion (Peach 
and Tracey, 1956). 

Random sampling was done for all the samples in triplicates. Estimations were 
carried out in triplicates and their mean values were subjected to Student's two mean 't 'test 
(Gupta, 1977). 

RESULTS AND DISCUSSION 
Apart from the harmful effects to man and animals, the heavy metal also reduce plant 

growth (Mukerji and Mukerji, 1990). The comparative results of NR activity as affected by 
different concentration of zinc sulphate on roots and leaves are expressed in Table 1a and 
Table lb . Lower concentration of zinc was found to promote NR activity and higher 
concentration caused definite inhibition of NR. There are several enzymes, which are very 
sensitive to heavy metal toxicity (Greger et al, 1991). It has also been proved that zinc 
interferes with NR activity (Falchuk et al, 1977). NR activity was in the range of 0.003 to 
0.15 u, mol. of nitrate produced h' 1 g"1 F.wt. in shoots. Activity of this enzyme was found to 
be higher in 50 mM concentration in both the organs. A similar enhancement of nitrate 
reductase activity was reported in leaves and roots of VAM infected clover and this was 
attributed to improved phosphorus nutrition provided by VAM symbiosis (Shivashankar and 
Iyer, 1988). The effect of zinc on the protein contents of root are shown in Table 2. 

Table 1 a 
Effect of VAM on nitrate reductase activity in roots of Zea mays seedlings grown at 

different concentrations of zinc 

Concentration Contol VAM-inoculated 
of Zn (mM) NRA (M mol- N 0 2 formed 

h 'g" 1 Fresh weight) 
NRA (M mol< N 0 2 formed 
h" 1 g 1 Fresh weight) 

' t ' value NRA (M mol- N 0 2 formed 
h 'g" 1 Fresh weight) 

NRA (M mol< N 0 2 formed 
h" 1 g 1 Fresh weight) 

0 0.045 0.06 4.02* 
50 0.051 0.07 7.47* 
100 0.031 0.052 5.36* 

•Significance at 5% level. 
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Table 1 b 
Effect of VAM on nitrate reductase activity in leaves of Zea mays grown at g different 

concentrations of zinc 

Concentration 
Zn (mM) 

of Control 
NRA (\i mol. N 0 2 formed 
h^g" 1 Fresh weight) 

VAM-inoculated 
NRA (|J mol. N 0 2 formed 
h'V1 Fresh weight) 

' t ' value 

0 0.004 0.08 5.31* 
50 0.005 0.15 8.71* 
100 0.003 0.005 4.44* 

•Significance at 5% level. 
Table 2 

The effect of VAM concentrations in the root protein content of Zea mays grown at 
different concentrations of zn 

Concentration of 
Zn (mM) 

Control 
(mg/g F.wt.) 

VAM-inoculated 
(mg/g F.wt.) 

' t ' value 

0 0.25 ± 0.0033 0.175 ± 0.0024 12.98* 
50 0.22 ± 0.003 0.298 ± 0.0033 7.80* 
100 0.03 ± 0.0008 0.15 ± 0.0008 13.66* 

•Significance at 5% level. 

The root protein was found to decrease, with increasing heavy metal concentrations 
in the absence of VAM fungi. However, increase in root protein content observed in the 
presence of VAM plays an important role in the synthesis of root protein and this may be as a 
response to heavy metal (Wright et al, 1996) demonstrated this production of glomalin on 
mycorrhizal hyphae (12 - 63 Llg protein/mg dried hyphae) which strongly that active 
mycorrhizal fungi are the major contributors of protein. The possibility that plants also 
produce a protein similar to the mycorrhizal fungi protein is being explored. Wright and 
Upadhyaya (1996) further stated that uncolonised Sudan grass does not produce the protein. 

The heavy metal distribution in the roots and leaves of both infected and non-infected 
seedlings at two different concentrations is given in the Table 3. In the non-infected 
seedlings, about 69.49% of the heavy metal was distributed in the leaves and only 30.5% in 
the root system. The transport of various minerals from the soil to the aerial parts is 
physiologically well explained (Wright and Upadhyaya 1996). However, this natural 
phenomenon is altered and only 40 .1% of the heavy metal is present in the leaves and the 
bulk 59.85% is retained in the root system because of the presence of VAM. The increased 
production of the root protein in the presence of VAM suggested the possibility that newly 
synthesised protein may play an important role in the retention of heavy metals in root. In the 
non-infected seedlings, a steady decrease in the root protein was observed from 0.03 to 0.25 
mg/g fresh weight (Table 2 ). But the root protein of colonised seedlings showed a 
remarkable increase from 0.15 to 0.298 mg/g F. wt. At very high concentration, there was no 
increase in protein content. 
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Table 3 
Absorption and transport of zinc by Gigaspora margarita 

Concentration of Control VAM-inoculated ' t ' value 
Zn (mM) (Zn content mg/g (Zn content mg/g 

Fwt) Fwt) 
Roots 50 0.08 0.35 7.47* 

100 0.10 0.44 13.01* 

Leaves 50 0.18 0.20 4.51* 
100 0.23 0.33 8.66* 

•Significance at 5 % level. 

There are several views regarding the accumulation of heavy metals in the presence 
of VAM rich as selective absorption of essential minerals by VAM fungi or accumulation of 
heavy metals in the cell wall having large number of complex sites for metallic cation 
binding, possibly by the special protein fraction. 

Therefore, the fungus may provide the plant with additional metal binding sites or 
chelating the heavy metals by synthesising newer proteins (Cumming and Weinstein 1990; 
Senthilkumar and Arockiasamy 1995). Bradley (1982) further proposed that the endophyte 
may provide adsorptive surfaces within the cortical cells of the host root, avoiding metal 
toxicity. Though the nature of the binding protein was not studied, the present study suggests 
that VAM fungi play an important role in the synthesis of newer proteins and thus help the 
host to tolerate heavy metal toxicity. 
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