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Abstract: Heavy metals are naturally occurring in the earth‘s crust but anthropogenic and industrial activities have led to drastic 

environmental pollutions in distinct areas. Cadmium (Cd) toxicity was investigated with different concentrations representing 0, 0.02, 

0.04 and 0.06 mM was used in three pigeonpea cultivars (LRG30, LRG41 and ICPL85063) on the changes in activity of mineral 

composition of roots, shoots and cotyledons. Except for the Cd accumulation in the respective metal-treated seedlings sodium, 

magnesium, potassium, calcium, iron, copper, zinc, manganese and molybdenum contents of the roots and shoots decreased with 

increasing concentrations of externally supplied metal ions and registered lower values when compared to their controls. However, the 

cotyledons of the three pigeonpea cultivars registered higher values when compared to their controls and the retention of various 

elements in the cotyledons increased with increasing concentration of externally supplied heavy metal ions. The decrease in the contents 

of different mineral elements was more in cv.LRG41 and ICPL85063 than in LRG30 in response to Cd treatment. 
 

Keywords: Cadmium, environmental pollution, mineral composition, pigeonpea cultivars, toxicity. 
 

1. Introduction 
 

Cadmium belongs to the most intensively studied metal in 

terms of their impact on plants. Although the metal is toxic 

to plants, it is known for its easy uptake (Kabata-Pendias, 

2010; Priyadarshini and Sujatha, 2011). Cadmium is widely 

studied in the context of environmental pollution and its’ 

impact on human health (Sanita and Gabbrielli, 1999). 

Cadmium is one the most frequent and dangerous inorganic 

pollutants. A balance of inorganic nutrients is required by 

plants for maximum growth and development under optimal 

and stressful environments. Mineral deficiencies or 

imbalances and depression of plant growth can result from 

excessive Cd toxicity that affects the rate of uptake and 

distribution of certain nutrients in plants. Accumulation of 

Pb
2+

, Cd
2+

, Cu
2+

, Zn
2+

, and Ni
2+

 caused significant effects on 

whole plant mineral composition (Walker et al., 1977; 

Chamel and Heuman, 1987). Heavy metals affect mineral 

uptake and their long distance transport (Piccini and 

Malavolta, 1992). Iwai et al. (1975) reported that the 

decrease in nitrogen, iron, manganese and zinc contents in 

corn shoots was due to increased accumulation of Cd. Most 

of the studies indicated that the excess availability of Cd, 

Zn, and Ni resulted in severe disturbances in the nutrition 

status of plants (Woolhouse, 1983; Ruano et al., 1987; 

Clarkson and Luttge, 1989; Loneragan and Webb, 1993). In 

general, Cd has been shown to interfere with the uptake, 

transport, and use of several elements (Ca, Mg, P, and K) 

and water by plants (Das et al., 1997).  

 

Several plant nutrients have many direct as well as indirect 

effects on Cd availability and toxicity. Direct effects include 

decreased Cd solubility in soil by favouring precipitation 

and adsorption (Matusik et al., 2008), competition between 

Cd and plant nutrients for the same membrane transporters 

(Zhao et al., 2005), and Cd sequestration in the vegetative 

parts to avoid its accumulation in the grain/edible parts 

(Hall, 2002). Indirect effects include dilution of Cd 

concentration by increasing plant biomass and alleviation of 

physiological stress. However, the amount of Cd deposited 

into the root, shoot and inter-veins of leaves considerably 

differed among different species (Abu-Muriefah, 2008; 

Wahid et al., 2008). Therefore to understand the 

multifarious effects of Cd toxicity on germinating seeds of 

pigeonpea, the most important and major pulse crop in India, 

this study is carried on individual organs of different plant 

cultivars to provide a comprehensive picture on the mineral 

nutrition of pigeonpea. 

 

2. Materials and Methods 
 

2.1 Seed Materials 

 

Seeds of three cultivars of pigeonpea (Cajanus cajan (L.) 

Millspaugh) namely LRG30 (Long duration, 180-300 days), 

LRG41 (Medium duration, 150-180 days), and ICPL85063 

(Short duration, 100-150 days) obtained from ICRISAT, 

Patancheru and LAM, Guntur, Andhra Pradesh, India were 

used for the present investigation.  

 

2.2 Seed Germination and Metal Exposure 

 

The seeds of healthy and uniform size were selected and 

surface sterilized with 0.001 M mercuric chloride for 2 min, 

washed thoroughly with glass-distilled water and then 

soaked in distilled water for 2 h. The soaked seeds were then 

spread over plastic trays (approximately 50 seeds per tray) 

lined with two-layered what man No.1 filter paper 

containing different concentrations of cadmium. Cadmium 

as cadmium chloride: CdCl2.H2O was used in three 

concentrations of metal representing 0.02, 0.04 and 0.06 

mM for cadmium. These concentrations were selected on the 

basis of preliminary experiments in which the concentrations 

less than 0.02 mM for cadmium. The seeds raised in distilled 

water served as controls. Twenty five ml of each test 

solution was added separately to each tray and the filter 
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papers were replaced on every alternate day during the study 

period. The seeds of the three cultivars were allowed to 

germinate at 30 ± 2°C for 8 days under a photoperiod of 12 

h and at a photosynthetic photon flux density (PPFD) of 195 

µmol m
-2

s
-1

. The studies on the changes in activity of 

mineral composition were confined to 6-day old seedlings 

only. Five replicates were used for each treatment. 

 

2.3 Statistical Analysis 

 

The data collected were computed and analyzed by using 

statistical analysis IBM-SPSS (Version 21.0). Means and 

standard errors (SE) were calculated along with Analysis of 

variance (ANOVA) test for comparing the significance of 

the differences between means (P < 0.05). The data was 

used to determine whether treatment and cultivar differences 

were statistically significant by comparing the three 

pigeonpea cultivars between increasing concentrations of Cd 

supplied. 

  

3. Mineral Composition  
 

3.1 Quantification of Sodium, Magnesium, Potassium 

and Calcium  
  

One gram of dried and powdered material of different parts 

of control and treated germinating seeds were ashed between 

500 to 550°C in a muffle furnace for 3 h. The ash was 

dissolved in a few ml of 25% HCl and then filtered through 

Whatmann No.44 filter paper and the filtrate was made up to 

25 ml in a volumetric flask with deionised double distilled 

water. Sodium, Magnesium, Potassium and Calcium in the 

extract were estimated by using Corning EEL Model 100 

Flame photometer and the results were expressed as mg 

nutrient per gram dry weight. The standard solutions of 

Sodium, Magnesium, Potassium and Calcium were prepared 

using Sodium chloride (NaCl), Magnesium chloride 

(MgCl2), Potassium chloride (KCl) and Calcium carbonate 

(CaCO3) respectively. 

 

3.2 Trace elements and heavy metal analysis 

 

One gram of dried and powdered samples belonging to 

different parts of control and treated 6-day old germinating 

seeds were ashed between 450-550C in a muffle furnace for 

3 h. The ash was dissolved in a few ml of 25% HCl and then 

filtered through whatman No.44 filter paper and made up to 

25 ml in a volumetric flask using double distilled water. 

Iron, copper, zinc, manganese, molybdenum and cadmium 

were analyzed using inductively coupled plasma-mass 

spectrometer (ICP-MS). 

 

4. Results and Discussion 
 

The studies on the mineral composition of the three 

pigeonpea cultivars were confined to 6-day old seedlings 

only. The contents of the various elements such as 

potassium, calcium, magnesium, sodium, iron, copper, zinc, 

manganese, molybdenum and cadmium were estimated in 

the roots, shoots and cotyledons of the three pigeonpea 

cultivars treated with different concentrations of Cd. The 

increasing concentrations of Cd significantly influenced the 

elemental composition of the three cultivars (Figure 1-9). 

Except for the Cd content, all the other elements analysed in 

the roots and shoots decreased with increasing 

concentrations of externally supplied metal ions and 

registered lower values when compared to their controls. 

However, the cotyledons of the three cultivars retained 

higher quantities when compared to their controls and the 

retention of various elements increased with increasing 

concentrations of the externally supplied heavy metal ion 

(Figure 10). Among the three cultivars, LRG41 and 

ICPL85063 recorded greater levels of cadmium 

accumulation with increasing concentrations of cadmium 

than LRG30. 

 

The significant values between the contents of various 

mineral elements were expressed in three pigeonpea 

cultivars. The Cd content of both the roots and shoots of the 

Cd-treatment showed 0.05 level of significance with the 

external concentrations of Cd supplied. However, the Cd 

content of the cotyledons of three pigeonpea cultivars was 

significant at P=0.05 level in the three pigeonpea cultivars 

with the external concentrations in response to Cd treatment 

(Table 1). 

 

The inhibition of Cd stress on plant growth is related to its 

effect on nutrient uptake and distribution. The uptake and 

translocation of mineral nutrients such as Fe, Zn, Cu and Mn 

under Cd stress have been reported in crops, such as soybean 

(Cataldo et al., 1983; Dražić et al., 2004) and rice (Rubio et 

al., 1994; Liu et al., 2003). The different heavy metals 

interact significantly with the activities such as 

translocation, compartmentation and circulation of nutrients 

within the plants. Some changes in elemental composition 

upon heavy metal stress were so severe that secondary 

adverse effects on the plants can be noted on the basis of the 

changed elemental composition of the shoots or roots (Brune 

and Dietz, 1995). In sugar beet, deficiency of Fe in roots 

induced by Cd was observed (Chang et al., 2003). A 

decrease in uptake of Ca and K by Cd has been found in a 

Cd-hyperaccumulator, Atriplex halimus subsp. 

schweinfurthii (Nedjimi and Daoud, 2009). 

 

Gussarssonn et al., 1994 suggested that trace elements 

including Cd may interfere with nutrient uptake, including 

K, by altering the plasma membrane permeability and by 

affecting element transport processes across the membrane. 

According to Jalil et al. (1994), Cd addition decreased the 

concentration of K, Zn and Mn in wheat root and shoot, 

while Fe and Cu concentrations in shoot and root were not 

affected. In this experiment, we found that the effect of Cd 

on mineral nutrient concentration varied with plant parts and 

genotypes. It has been shown that the influence of cadmium 

on the content of mineral nutrients in plants can depend on 

the concentration of cadmium, growth conditions, species, 

or ecotype being investigated or even on plant organ under 

study (Cai et al., 2010). Interactions between cadmium and 

essential mineral elements have been studied in potatoes and 

different ecotypes of wheat (Zhang et al., 2002; Gonçalves 

et al., 2009). Metwally et al. (2005) indicated that toxic Cd 

levels inhibited uptake of nutrient elements such as P, K, S, 

Ca, Zn, Mn, and B by plants in an organ-and genotype-

specific manner in pea. Cd toxicity also affected 

concentration of some nutrients in barley (Wu and Zhang, 

2002; Wu et al., 2003; Huang et al., 2007). In the current 
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study, we found that Cd stress decrease in the contents of 

various elements was more in cv.LRG41 and ICPL85063 

than in LRG30 in response to Cd treatment. 

 

5. Conclusions 
 

The mineral elements of the roots and shoots of the three 

pigeonpea cultivars studied decreased with increasing 

concentrations of externally supplied Cd ions. On the other 

hand, the retention of the mineral elements with increasing 

concentrations was observed in the cotyledons of the three 

cultivars. The decrease in the contents of different mineral 

elements were more in cv.LRG41 and ICPL85063 than in 

LRG30 in response to Cd treatment suggesting that heavy 

metals are affecting the transport of mineral elements from 

cotyledons to growing axis. To reverse the negative effect of 

Cd stress, plants need to either inhibit its accumulation or 

enhance its tolerance capacity to Cd for survival. The 

severity of Cd toxicity, however, can be reduced through the 

optimization of these nutrients. Sufficient availability of 

nutrients may reduce the accumulation of a metal in plants 

and decrease its toxicity by inducing several physiological 

processes. 
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Table 1: The significant values between the contents of various mineral elements and with increasing concentrations of 

externally supplied Cd or dry weight of 6-day old seedlings of the different parts of three pigeonpea cultivars, LRG30, LRG41 

and ICPL85063 were statistically evaluated by one-way ANOVA. 
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ROOTS SHOOTS COTYLEDONS 

 LRG30   

   
  

LRG41 

 

   
  

ICPL85063 

 

   
Cadmium concentration (mM) Cadmium concentration (mM) Cadmium concentration (mM) 

 

Figure 1: Sodium content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 2: Magnesium content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 3: Potassium content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 4: Calcium content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 

 
 

 

 

 

0

1

2

3

4

5

6

0 0.02 0.04 0.06

C
a
lc

iu
m

 c
o

n
te

n
t 

(m
g

/g
 d

 w
t)

a

0

1

2

3

4

5

6

0 0.02 0.04 0.06

b

0

1

2

3

4

5

6

0 0.02 0.04 0.06

c

0

1

2

3

4

5

6

0 0.02 0.04 0.06

C
a
lc

iu
m

 c
o

n
te

n
t 

(m
g

/g
 d

 w
t)

d

0

1

2

3

4

5

6

0 0.02 0.04 0.06

e

0

1

2

3

4

5

6

0 0.02 0.04 0.06

f

0

1

2

3

4

5

6

0 0.02 0.04 0.06

C
a
lc

iu
m

 c
o

n
te

n
t 

(m
g

/g
 d

 w
t)

g

0

1

2

3

4

5

6

0 0.02 0.04 0.06

h

0

1

2

3

4

5

6

0 0.02 0.04 0.06

i

Paper ID: SUB155675 2084



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 6, June 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 

ROOTS SHOOTS COTYLEDONS 
 LRG30  

   

  

LRG41 

 

   

  

ICPL85063 

 

   
Cadmium concentration (mM) Cadmium concentration (mM)  Cadmium concentration (mM) 

 

Figure 5: Iron content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, LRG41 

and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 6: Manganese content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 7: Copper content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 8: Zinc content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, LRG41 

and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 9: Molybdenum content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars 

LRG30, LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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Figure 10: Cadmium content of roots, shoots and cotyledons of 6-day old seedlings of the three pigeonpea cultivars LRG30, 

LRG41 and ICPL85063 in response to cadmium stress (Vertical lines represent S.E.). 
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