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Abstract 
Exogenous Cobalt was given to Soybean (Glycine max) plants in pot culture by soil 

drenching method in order to study the effects of Co stress in the sugar metabolism. For 

estimating the changes in the sugar metabolism, reducing and non-reducing sugars, total 

sugar, and starch contents were extracted and estimated from both control and treated 

plant parts (from roots and shoot). The results showed the low concentrations of cobalt 

(50 mg kg-1 Co level) in the soil enhanced these parameters while higher concentration 

(Co level (100-200 mg kg-1) in the soil) didn’t show any significant effect. 

 

1. Introduction 
 

Mineral rock weathering and anthropogenic 
sources provide two of the main types of metal inputs 
to soils. The anthropogenic sources of metal 
contamination can be divided to five main groups: 
metalliferous mining and smelting (arsenic, cadmium, 
lead and mercury); industry (arsenic, cadmium, 
chromium, cobolt, copper, mercury, nickel, zinc); 
atmospheric deposition (arsenic, cadmium, chromium, 
copper, lead, mercury, uranium); agriculture (arsenic, 
cadmium, copper, lead, selenium, uranium, zinc); and 
waste disposal (arsenic, cadmium, chromium, copper, 
lead, mercury, zinc) [1-5]. In Finland, most cases of 
soil metal contamination have been caused by waste 
treatment plants, sawmills, wood impregnation plants, 
shooting ranges, garages and scrap yards [6]. 

Metals play an integral role in the life processes 
of microorganisms. Some metals, such as calcium, 
cobalt, chromium, copper, iron, potassium, 
magnesium, manganese, sodium, nickel and zinc, are 
essential, serve as micronutrients and are used for 
redox-processes; to stabilize molecules through 
electrostatic interactions; as components of various 
enzymes; and for regulation of osmotic pressure [7-9]. 
Many other metals have no biological role (e.g. silver, 
aluminium, cadmium, gold, lead and mercury), and 

are nonessential and potentially toxic to 
microorganisms. Toxicity of nonessential metals 
occurs through the displacement of essential metals 
from their native binding sites or through ligand 
interactions [10]. In addition, at high levels, both 
essential and nonessential metals can damage cell 
membranes; alter enzyme specificity; disrupt cellular 
functions; and damage the stucture of DNA [7-9]. 

Cobalt usually occurs in association with other 
metals such as copper, nickel, manganese and arsenic. 
All soils contain some amount of cobalt. The average 
concentration of cobalt in soils throughout the world 
is 8 ppm. Cobalt concentrations in soils around 
Ontario mine sites have been reported as high as 
6,450 ppm. 

The present investigation has been carried out to 
find out the effect of cobalt as a heavy metal 
pollutant on sugar metabolism of soybean (Glycine 
max (L.) Merr.) cultivar CO-1. 

 
2. Materials and Methods 

Soybean (Glycine max (L.) Merr.) cultivar CO-1 
belongs to the family Fabaceae was selected for the 
study. Seeds with uniform size, colour and weight were 
chosen for experimental purpose. Seeds were surface 
sterilized with 0.1 per cent mercuric chloride solution 
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and washed thoroughly with tap water and then with 
distilled water.   

The plants were grown in pots in untreated soil 
(control) and in soil to which cobalt had been applied 
(50, 100, 150, 200 and 250 mg kg-1 soil). The inner 
surfaces of pots were lined with a polythene sheet.  
Each pot contained 3 kg of air dried soil. The 
cobalt as finely powdered (CoCl2) was applied to 
the surface soil and thoroughly mixed with the soil. 
Ten seeds were sown in each pot. All pots were 
watered to field capacity daily.  Plants were thinned to 
a maximum of six per pot, after a week of 
germination. Each treatment including the control 
was replicated five times.  

The plant samples were collected at thirty days 
interval, upto harvest stage viz., 30, 60 and 90th day 
for the measurement of various morphological 
growth parameters. The reducing sugar, total sugar, 
and starch contents of the plants were estimated at 
all the three sampling periods. Six plants from each 
replicate of a pot were analysed for their various 
parameters and the average was calculated. These 
mean values were used for statistical analysis.  
 
2.1. Estimation of non-reducing sugars [11] 

Non-reducing sugars present in the ethanol 
extracts (extraction as in reducing sugar) were 
hydrolysed with sulphuric acid to reducing sugars.  
Reducing sugars present in the hydrolysates were 
estimated following Nelson’s method.  The difference 
between the total sugars and the reducing sugars 
estimated without hydrolysis corresponds to the non-
reducing sugars.  

One ml of extract was taken in a test tube and 
evaporated to dryness on a water bath for 15 minutes.  
To the residue, 1 ml of distilled water and 1 ml of 0.1 
N sulphuric acids were added. The mixture was 

hydrolysed by incubating at 49C for 30 minutes in a 
thermostat. The solution was neutralized with 0.1 N 
NaOH (5 ml) methyl red as indicator. To this 1 ml of 
reagent C (copper reagent) was added and heated for 
20 minutes cooled and 1 ml of arsenomolybdate 
reagent was added. The content was made up to 25 
ml and the absorbance read at 495 nm. Reagent blank 
was prepared with 1ml of distilled water. 
 
2.2. Estimation of total sugars [11] 

Plant samples were treated with 80 per cent 
boiling ethanol for taking extractions (5ml extract 
representing 1g of tissue). Five readings for each 
sample were taken. 

One ml of ethanol extract taken in the test tubes 
was evaporated in a water bath.  To the residue, 1 ml 
of distilled water and 1ml of 1N sulphuric acid were 

added and incubated at 49C for 30 minutes. The 
solution was neutralised with 1N sodium hydroxide 
using methyl red indicator. One ml of Nelson’s 
reagent was added to each test tube prepared by 
mixing reagent A and reagent B in 25:1 ratio (Reagent 
A: 25g sodium carbonate, 25g sodium potassium 
tartarate, 20g sodium bicarbonate and 200g 
anhydrous sodium sulphate in 1000 ml: Reagent B: 
15g cupric sulphate in 100 ml of distilled water with 2 
drops of concentrated sulphuric acid).  The test tubes 
were heated for 20 minutes in a boiling water bath, 
cooled and 1ml of arsenomolybdate reagent (25g 
ammonium molybdate, 21 ml concentrated sulphuric 
acid, 5g sodium arsenate dissolved in 475 ml of 

distilled water and incubated at 37C in a water bath 
for 48 hours) was added. The solution was 
thoroughly mixed and diluted to 25 ml and measured 
at 495 nm in a spectrophotometer. The reducing 
sugar contents of unknown samples were calculated 
from glucose standard. 
 
2.3. Estimation of starch [12] 

The ethanol insoluble residues taken from 

ethanol extraction were dried at 60C for 4 hours 
in an oven. To 200 mg of the powdered residue, 3 

ml of 6 N HCl was added and autoclave at 100C 
for an hour. The flask was cooled and volume was 
raised to 25 ml with distilled water. One ml of 
aliquot was drawn and neutralized with 1 N 
NaOH and sugar was estimated by Nelson’s 
method (Nelson, 1944). 

 
3. Results 
 
3.1. Reducing sugar  

Reducing sugar content of root of soybean plants 
under cobalt stress is represented in Table 1. 
Reducing sugar content of root was maximum at 50 
mg kg-1 soil level (3.131). Minimum reducing sugar 
content of soybean root was recorded at 250 mg kg-1 
soil level (1.649). 

Reducing sugar content of shoot of soybean 
plants under cobalt stress is represented in Table 1. 
Reducing sugar content of shoot was maximum at 50 
mg kg-1 soil level (3.367). Minimum reducing sugar 
content of soybean shoot was recorded at 250 mg kg-

1 soil level (1.953). 
 
3.2. Non-reducing sugar in Root 

Non-reducing sugar content of root of soybean 
plants under cobalt stress is represented in Table 2. 
Non-reducing sugar content of root was maximum at 
50 mg kg-1 soil level (3.917).  Minimum non-reducing 
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sugar content of soybean root was recorded at 250 
mg kg-1 soil level (2.317). 

Table 1.  Effect of cobalt on reducing sugar content (mg g-1 
fresh weight) of Glycine max (L.) Merr. 

 

 
 
 
 
 
 
 
 
 
 
 

Table 2.  Effect of cobalt on non - reducing sugar content (mg 
g-1 fresh weight) of Glycine max (L.) Merr. 

 

 

 

 

 
(Per cent over control values are given in parentheses)  

Non-reducing sugar content of shoot of soybean 
plants under cobalt stress is represented in Table 2. 
Non-reducing sugar content of shoot was maximum 
at 50 mg kg-1 soil level (4.259). Minimum non-
reducing sugar content of soybean shoot was 
recorded at 250 mg kg-1 soil level (2.631).  
 
3.3. Total sugar  

Total sugar content of root of soybean plants 
under cobalt stress is represented in Table 3. Sugar 
content of root was maximum at 50 mg kg-1 soil level 
(7.048). Minimum sugar content of soybean root was 
recorded at 250 mg kg-1 soil level (4.166). 

Total sugar content of shoot of soybean plants 
under cobalt stress is represented in Table 3. Sugar 
content of shoot was maximum at 50 mg kg-1 soil 
level (7.629). Minimum sugar content of soybean 
shoot was recorded at 250 mg kg-1 soil level (4.929).  

Table 3.  Effect of cobalt on total sugar content (mg g-1 fresh 
weight) of Glycine max (L.) Merr. 

 

 
 
 
 
 
 
 
 
 
 
(Per cent over control values are given in parentheses) 
 
3.4. Starch  

Starch content of root of soybean plants is 
presented in Table 4. Starch content of root of 
soybean plants increased at 50 mg kg-1 soil level 
(4.863) and decreased further with an increase in 
cobalt level in the soil. Minimum starch content of 
soybean root was observed at 250 mg kg-1 soil level 
(2.294).  

Starch content of shoot of soybean plants is 
presented in Table 4. Starch content of shoot of 
soybean plants increased at 50 mg kg-1 soil level 
(6.119) and decreased further with an increase in 
cobalt level in the soil. Minimum starch content of 
soybean shoot was observed at 250 mg kg-1 soil level 
(3.974).   

 
4. Discussion 

Sugars (reducing, non-reducing and total sugar) 
and starch content of soybean plants showed a 
decreasing trend with progressive increase in cobalt 
level in the soil. However, 50 mg kg-1 cobalt level 
produced positive effect on the reducing, non-
reducing, total sugar and starch contents, which is in 
consonance with the findings [13]. The accumulation 
of reducing, non-reducing, total sugar and starch 
decreased with increase in cobalt level.  The response 
is similar to early reports [14-16].  
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Table 4. Effect of cobalt on starch content (mg g-1 fresh 
weight) of Glycine max (L.) Merr. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Per cent over control values are given in parentheses) 
Heavy metals taken up by vegetables grown with 

wastewater tend to remain elements in the roots, and 
only a fraction of the heavy elements absorbed is 
translocated to the tops, part of which reaches the 
fruit and showed a marked variation in their soluble 
starch and sugar contents [17]. The accumulation of 
heavy metals in different parts of the plant body 
might be due to the tendency of different parts of the 
plant to accumulate certain amounts of metals which 
in turn alters the soluble carbohydrate concentrations 
[18].  

Translocation of heavy metals in tomato is 
dependent upon the carbohydrate partitioning, which 
is under control by the effects of heavy metals [19]. 
From this point of view, it is quite clear that, plants 
under cobalt treatment might be largely affected in 
terms of their soluble carbohydrate (starch and sugar) 
concentration. 
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