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ABSTRACT 

The research work has been carried out to estimate the low level cobalt application enhancing 

antioxidant enzyme activities of cluster bean plants. The experiments were conducted in earthen pots 

containing 3 kg of air dried soil. The inner surface of pots was lined with polythene sheet. Cluster bean 

plants were raised in soil amended with different concentrations of cobalt (0, 50, 100, 150, 200, and 250 

mg/kg). The antioxidant enzyme activities were analysed at 30, 60, and 90 days after sowing (DAS). The 

significant enhance antioxidant enzyme activities were found at 50 mg/kg cobalt application in the soil 

in all the sampling days when compared to control. Further increase in the cobalt level (100-250 mg/kg) 

in the soil decreased antioxidant enzyme activities of cluster bean plants in all the sampling days. 
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1.  INTRODUCTION 

 

The presence of heavy metals in the environment is of major concern because of their 

toxicity and threat to plant and animal life. Heavy metal availability in soil, which depends on 

natural processes, particularly lithogenic and pedogenic, as well as anthropogenic factors, such 

as industrial activity and mining, sewage disposal, traffic, etc., are mainly responsible for the 

increase in the concentration of heavy metals in air, water, and soil. The presence of heavy 

metals in residues from city and sewage sludge, as well as some inorganic fertilizers applied to 

agricultural lands is beginning to be the cause as a new source of pollution in soils and plants.  
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The heavy metal concentrations are increasing as environmental pollutants, particularly 

in densely industrialized and heavy road traffic areas. The heavy metals can create a major 

ecological crisis since they are non-degradable and often accumulate through trophic level 

causing a deleterious biological effect. Some of the heavy metals are considered as essential 

trace elements for the normal growth of plants.  

The biological importance of cobalt was first recognized by the discovery that small 

amounts of the elements would caus certain deficiency symptoms in plants. Even though cobalt 

has been recognized as a micronutrient for animals and certain microorganisms, until recently 

when there has been no conclusive evidence of its essentiality for higher plants. The cobalt as 

a heavy metal pollutant in plants has been studied previously. 

In abiotic stress, metal response will result in the production of reactive oxygen species 

(ROS) which lead to the activation of defense mechanisms in terms of antioxidant enzymes. 

Generation of ROS, such as superoxide, H2O2 and hydroxyl molecules cause rapid cell damage 

by triggering off a chain reaction. Plants under stress produce some defence mechanisms to 

protect themselves from the harmful effect of oxidative stress. ROS scavenging is one among 

the common defense response against abiotic stresses. ROS scavenging depends on the 

detoxification mechanism provided by an integrated system of non-enzymatic reduced 

molecules like ascorbate and glutathione and enzymatic anti-oxidants. The major ROS 

scavenging activities include complex non-enzymatic (ascorbate, glutathione, α-tocopherol) 

and enzymatic anti-oxidants, like catalase (CAT), ascorbate peroxidase (APX), glutathione reductase 

(GR), superoxide dismutase (SOD), polyphenol oxidase (PPO), peroxidase (POX), etc. The 

pathways include the water-water cycle in chloroplasts and the ascorbate-glutathione cycle. 

Antioxidant mechanisms may provide a strategy to enhance metal tolerance in plants. 

Cluster bean (Cyamopsis tetragonaloba (L.) Taub.) is one of the world’s main sources of 

edible vegetable oils and high-protein livestock feed. There are many reports on the effect of 

heavy metals up on the morphological and biochemical characteristics of Cluster bean.  

The effect of cobalt on nodulation, leg-haemoglobin content and antioxidant enzyme 

activities of crop plants attracted little attention. So, the present investigation was carried out to 

evaluate the effect of this heavy metal, cobalt on the root nodule formation, leg-haemoglobin 

content antioxidant enzyme activities of Cyamopsis tetragonaloba. 

 

 

2.  MATERIALS AND METHODS 

 

The seeds of Cluster bean (Cyamopsis tetragonaloba) were obtained from Tamilnadu 

Agricultural University, Tamilnadu, India. Plants were grown in untreated soil (control) and in 

soil to which cobalt had been applied (50, 100, 150, 200, and 250 mg/kg soil). The cobalt as 

finely powdered cobalt chloride (CoCl2) was applied to the surface soil and thoroughly mixed 

with soil. Ten seeds were sown in each pot. All the pots were watered to field capacity daily. 

Plants were thinned to a maximum of five per pot, after a week of germination. The total number 

of root nodules and leg-haemoglobin content were analysed at 15 days intervals, namely 15, 

30, 45, 60, and 75 days after sowing (DAS).  

The leg-haemoglobin contents of root nodules were analysed by following method. 

Catalase (CAT) (EC 1.11.1.6) activity was measured according to the method of Chandlee 

and Scandalios, 1963, with a small modification. 0.5 g of frozen plant material was homogenized 
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in a pre-chilled pestle and mortar with 5 ml of ice cold 50 mM sodium phosphate buffer (pH 7.5), 

containing 1 mM phenylmethylsulfonyl fluoride (PMSF).  

The extract was centrifuged at 4 C for 20 min at 12,500 rpm. The supernatant was used 

for enzyme assay. The assay mixture contained 2.6 mL of 50 mM potassium phosphate buffer 

(pH 7.0), 400 μL of 15 mM H2O2 and 40 μL of enzyme extract. The decomposition of H2O2 was 

followed by the decline in absorbance at 240 nm. 

Peroxidase (POX; EC 1.11.1.7) was assayed by the method of Kumar and Khan, 1982. Assay 

mixture of POX contained 2 mL of 0.1 M phosphate buffer (pH 6.8), 1 mL of 0.01 M 

pyrogallol, 1 mL of 0.005 M H2O2, and 0.5 mL of enzyme extract. The solution was incubated 

for 5 min at 25 C after which the reaction was terminated by adding 1 mL of 2.5 N H2SO4. The 

amount of purpurogallin formed was determined by measuring the absorbance at 420 nm against a 

blank, prepared by adding the extract after the addition of 2.5 N H2SO4 at zero time. The activity 

was expressed in unit mg1 protein. One unit (U) is defined as the change in the absorbance by 

0.1 min1mg1 protein. Polyphenol oxidase (PPO; EC 1.10.3.1) activity was assayed by the 

method of Kumar and Khan, 1982. Assay mixture for PPO contained 2 mL of 0.1 M phosphate 

buffer (pH 6.0), 1 mL of 0.1 M catechol, and 0.5 mL of enzyme extract. This was incubated 

for 5 min at 25 C, after which the reaction was stopped by adding 1 mL of 2.5 N H2SO4. The 

absorbancy of the purpurogallin formed was read at 495 nm. To the blank 2.5 N H2SO4 was 

added of the zero time of the same assay mixture. PPO activity is expressed in U mg1 protein (U = 

Change in 0.1 absorbance min1mg1 protein). The enzyme protein was estimated by the method 

of Bradford ,1976, for expressing all the enzyme activities. 

Statistical analysis was performed using one way analysis of variance (ANOVA) 

followed by Duncan’s Multiple Range Test (DMRT). The values are mean  SD for six samples 

in each group. P values  0.05 were considered as significant. 

 

 

3. RESULTS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The effect of different concentrations of cobalt on catalase, peroxidase and 

polyphenol oxidase activity (units mg1 protein) of Cluster bean 
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4.  DISCUSSION  

 

The maximum number of nodule formation occurred in 50 mg/kg on 75 DAS and 

minimum number of nodule formation was observed at 250 mg/kg on 15 DAS. The number of 

nodule formation of Cluster bean decreased (except 50 mg/kg) with an increase in the cobalt 

concentration of soil. Similar reduction in the number of nodule formation was observed under 

different heavy metal treatments in Cluster bean. The leg-heamoglobin contents of nodule of 

Cluster bean plants increased at 50 mg/kg soil level and decreased further with an increase in 

cobalt level in the soil. Minimum leg-haemoglobin content was recorded at 250 mg/kg cobalt 

level. This can be compared with earlier report. CAT activity decreased with increasing 

concentration of Co (100-250 mgkg1) than the control and low level of Co (50 mgkg1) treated 

Cluster bean plants. POX and PPO activities increased (except 50 mgkg1) with an increase in 

Co level in the soil. To be able to endure oxidative damage under conditions which favours 

increased oxidative stress, such as high/low temperatures, water deficit, salinity, etc., plants 

must possess efficient antioxidant system. Plants possess antioxidant systems in the form of 

enzymes, such as SOD, APX, CAT, and metabolites viz., ascorbic acid, glutathione, α-

tocopherol, carotenoid, flavonoids, etc. These antioxidant enzymes and metabolites are reported to 

increase under various environmental stresses, as well as comparatively higher activity has been 

reported in fungicide, triadimefon in medicinal plants, suggesting that higher antioxidant 

enzymes activity has a role in imparting tolerance against any type of environmental stresses. 

From the results of this investigation it can be concluded that, the application of cobalt at 50 

mg/kg may be proved to be a useful tool in increasing the root nodule formation and leg 

haemoglobin contents in Cluster bean plants. This study is of high significance, because it was 

previously reported that using isotopic nitrogen, roots and nodules grown in the presence of the 

added cobalt possess a greater capacity for nitrogen fixation than those without the added 

cobalt. 

 

 

5.  CONCLUSION 

 

Cobalt treatment at all levels tested (except 50 mg/ kg) decreased the nodules, leg-

haemoglobin contents of plants; antioxidant enzyme (CAT) activity of cluster bean plants. 

However, the antioxidant enzymes (POX and PPO) increased with an increase in cobalt level 

in the soil. From the present investigation it can be concluded that the 50 mg /kg level of cobalt 

in the soil is beneficial for the growth of cluster bean plants. 

 

 

References 

 

[1] Aery, N.C. and S. Sarkar, (1991). Studies on the effect of heavy metal stress on growth 

parameters of soybean. J. Environ. Biol. 12(1): 15-24 

[2] Bradford, M.M., (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein dye binding. Anal. 

Biochem. 72: 248-253 



World News of Natural Sciences 24 (2019) 64-70 

 

 

-68- 

[3] Chandlee, J.M. and Scandalios, J.G., (1984). Analysis of variants affecting the catalase 

development program in maize scutellum. Theor. Appl. Gen. 69: 71-77 

[4] Chen, L.M., Linard, C.C., and Kao, C.H., (2001). Copper toxicity in rice seedlings: 

changes in antioxidative enzyme activities, H2O2 level and cell wall peroxidase activity 

in roots. Bot. Bull. Acad. Sinica 41: 99-103 

[5] Delwiche, C.C., C.M. Johnson, and H.N. Reisenauer. (1960). Influence of Cobalt on 

nitrogen by Medicago. Plant Physiol. 73-78 

[6] El-Sheekh, M.M., A.H. El-Naggar, M.E.H. Osman, and E. El-Mazaly, (2003). Effect 

of cobalt on growth, pigment and the photosynthetic electron transport in 

Monoraphidium minutum and Nitzhia perminuta. Braz. J. Plant Physiol. 15(3): 159-166 

[7] Imlay, J.A., (2003). Pathways of oxidative damage. Annu. Rev. Microbiol. 57: 395-418 

[8] Jaleel C.A., B. Sankar, P.V. Murali, M. Gomathinayagam, G.M.A. Lakshmanan, and R. 

Panneerselvam. Water deficit stress effects on reactive oxygen metabolism in 

Catharanthus roseus; impacts on ajmalicine accumulation, Colloids Surf. B: 

Biointerfaces, 29 Sep 2007, 62(1): 105-111. doi:10.1016/j.colsurfb.2007.09.026 

[9] Jaleel C.A., G.M.A. Lakshmanan, M. Gomathinayagam, and R. Panneerselvam, (2008). 

Triadimefon induced salt stress tolerance in Withania somnifera and its relationship to 

antioxidant defense system. South African J. Bot. 74:126-132 

[10] Jaleel C.A., P. Manivannan, A. Kishorekumar, B. Sankar, R. Gopi, R. Somasundaram, 

and R. Panneerselvam, (2007). Alterations in osmoregulation, antioxidant enzymes and 

indole alkaloid levels in Catharanthus roseus exposed to water deficit, Colloids Surf. B: 

Biointerfaces 59: 150-157 

[11] Jaleel C.A., P. Manivannan, A. Kishorekumar, B. Sankar, and R. Panneerselvam, 

(2007). Calcium chloride effects on salinity induced oxidative stress, proline 

metabolism and indole alkaloid accumulation in Catharanthus roseus. C.R. Biologies 

330: 674-683 

[12] Jaleel C.A., P. Manivannan, B. Sankar, A. Kishorekumar, R. Gopi, R. Somasundaram, 

and R. Panneerselvam, (2007). Induction of drought stress tolerance by ketoconazole in 

Catharanthus roseus is mediated by enhanced antioxidant potentials and secondary 

metabolite accumulation, Colloids Surf. B: Biointerfaces 60: 201-206. 

[13] Jaleel C.A., P. Manivannan, M. Gomathinayagam, R. Sridharan, and R. Panneerselvam, 

(2007). Responses of antioxidant potentials in Dioscorea rotundata Poir. following 

paclobutrazol drenching, C. R. Biologies 330: 798-805 

[14] Jaleel C.A., R. Gopi, A. Kishorekumar, P. Manivannan, B. Sankar, and R. 

Panneerselvam, (2007). Interactive effects of triadimefon and salt stress on antioxidative 

status and ajmalicine accumulation in Catharanthus roseus, Acta Physiol. Plant. DOI 

10.1007/s11738-007-0119-1 

[15] Jaleel C.A., R. Gopi, B. Sankar, P. Manivannan, A. Kishorekumar, R. Sridharan, and R. 

Panneerselvam, (2007). Studies on germination, seedling vigour, lipid peroxidation and 

proline metabolism in Catharanthus roseus seedlings under salt stress, South Afr. J. Bot. 

73: 190-195 



World News of Natural Sciences 24 (2019) 64-70 

 

 

-69- 

[16] Jaleel C.A., R. Gopi, P. Manivannan, M. Gomathinayagam, P.V. Murali, and R. 

Panneerselvam, (2007). Soil applied propiconazole alleviates the impact of salinity on 

Catharanthus roseus by improving antioxidant status, Pestic. Biochem. Physiol. 

doi:10.1016/j.pestbp.2007.11.003 

[17] Jaleel C.A., R. Gopi, P., and Manivannan, R. (2007). Panneerselvam, Antioxidative 

potentials as a protective mechanism in Catharanthus roseus (L.) G. Don. Plants under 

salinity stress, Turkish J. Botany 31: 245-251. 

[18] Jaleel C.A., R. Gopi, P. Manivannan, and R. Panneerselvam, (2007). Responses of 

antioxidant defense system of Catharanthus roseus (L.) G. Don. to paclobutrazol 

treatment under salinity, Acta Physiol. Plant. 29: 205-209 

[19] Jaleel C.A., R. Gopi, P. Manivannan, R. Sridharan, M. Gomathinayagam, and R. 

Panneerselvam, (2007). Antioxidant potential and indole alkaloid profile variations with 

water deficits along different parts of two varieties of Catharanthus roseus, Colloids 

Surf. B: Biointerfaces, doi:10.1016/j.colsurfb.2007.10.013 

[20] Jaleel C.A., R.Gopi, G.M. Alagu Lakshmanan, and R. Panneerselvam, (2006).  

Triadimefon induced changes in the antioxidant metabolism and ajmalicine production 

in Catharanthus roseus (L.) G. Don., Plant Sci. 171, 271-276 

[21] Jaleel C.A., Manivannan P., Lakshmanan G.M.A., Sridharan R., and Panneerselvam R. 

(2007). NaCl as a physiological modulator of proline metabolism and antioxidant 

potential in Phyllanthus amarus. Comptes Rendus Biologies 330: 806-813 

[22] Jayakumar K., C.A. Jaleel, and P. Vijayarengan, (2007). Changes in growth, 

biochemical constituents and antioxidant potentials in radish (Raphanus sativus L.) 

under cobalt stress, Turk. J. Biol. 31: 112-117 

[23] Jayakumar, K. and P. Vijayarengan, (2006). Influence of cobalt on seed germination and 

seedling growth of Vigna mungo (L.) Hepper. Plant. Arch. 6 (2): 681-682 

[24] Jayakumar, K., P. Vijayarengan, M. Vijayaragavan, S. Rajasekaran, K. Sumathi, and P. 

Sundaramoorthy, (2006). Toxicological aspects of cobalt induced growth and 

morphological changes in Helianthus annuus L. Plant. Arch. 6 (2): 829-830 

[25] Jayakumar, K. and Vijayarengan, P., (2006). Alterations in the carbohydrate metabolism 

of Vigna mungo (L.) Hepper as affected by cobalt stress. Indian J. Environ. Ecoplan. 

12: 693-696 

[26] Kumar, K.B. and Khan, P.A., (1982). Peroxidase and polyphenol oxidase in excised 

ragi (Eleusine coracana cv. PR 202) leaves during senescence. Indian J. Exp. Bot. 20: 

412-416 

[27] Moral R., Gomez J., Pedreno N., and Mataix J. (1994). Effect of cadmium on nutrient 

distribution, yield and growth of tomato grown in soil less culture. J. Plant Nutr. 17: 

953-962 

[28] Saravanan, S., A. Subramani, P. Sundaramoorthy, M. Selvaraju, and A.S. 

Lakshmanachary, (2001). Influence of copper sulpahte on germination, growth and yield 

of Soybean (Glycine max (L.) Merr.). Ecol. Env. and Cons. 7(2): 141-144 



World News of Natural Sciences 24 (2019) 64-70 

 

 

-70- 

[29] Savoure, A., Thorin, D., Davery, M., Xue, J.H., Mauro, S., Van Montagu, M., Inze, and D., 

Verbruggen, N., (1999). NaCl and CuSO4 treatments trigger distinct oxidative defense 

mechanisms in Nicotiana plumbaginitoli. Plant Cell Environ. 22: 387-396 

[30] Seliga, H., (1993). The role of copper in nitrogen fixation in Lupinus luteus L. Plant 

Soil 155: 349-352 

[31] Seliga. H., (1990). Acta Physiol. Plant. 12: 287-291 

[32] Vesper, S.J. and T.C. Weidensaul, (1978). Effects of cadmium, nickel, copper and Zinc 

on nitrogen fixation by Horse gram s. Water, Air, Soil Pollut. 9: 413-422 

[33] Wilson D.D. and Reisenaver, (1963). Determination of leg-haemoglobin in legume 

nodules. Analytical Biochsemistry, 6: 21-30 

 

 


