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contents,  protein  and DNA, RNA content carbohydrate,  where as  proline,  total  phenol  and H 2O2 
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Key words: Wheat, copper, zinc, Biochemical, Physiochemical, toxic stress

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 3 2012

mailto:vinodkdhatwalia@gmail.com


Cu and Zn tolerance...

ORIGINAL ARTICLE

Cu and Zn tolerance and responses of the Biochemical and 

Physiochemical system of Wheat 

Kumar Vinod 1*, G. Awasthi2 and P.K. Chauchan3

1 Department of Lifescience, Beehive PG college, Dehradun, Uttarakhand, INDIA
2 Department of Biochemistry, Dolphin Institute, Dehradun, Uttarakhand, INDIA
3 Department of Biochemistry, Shoolini University, Solan, HP, INDIA

* E-mail: vinodkdhatwalia@gmail.com

Received June 9 2012

The concentrations of heavy metals such as Zinc and copper in the environment are currently  
increasing,  due  mainly  to  human  activities.  Zinc  and  copper  are  essential  elements  for  several 
biochemical processes in plants. Any of these metals, at high concentrations in soil, can cause severe  
damage to physiological and biochemical activities of plants. Plant growth, pigment concentration, 
biochemical parameters, uptake of heavy metals were investigated in 30-days old wheat (Triticum 
aestivum  L.) in response to Cu and Zn stress. The plant exhibited a decline in growth, chlorophyll  
contents,  protein  and DNA, RNA content carbohydrate,  where as  proline,  total  phenol  and H 2O2 

content increased at high concentration of Cu and Zn.

Key words: Wheat, copper, zinc, Biochemical, Physiochemical, toxic stress

The metals like cobalt, iron, manganese, copper 

and zinc are essential for plant life but are required 

in a very small or trace amounts and become toxic 

at  higher concentrations.  When heavy metals are 

accumulated in excess in plant tissues, these may 

cause alteration in various physiological processes 

such  as  transpiration,  photosynthesis  and 

photosynthetic  electron transport,  biosynthesis  of 

chlorophyll  as  well  as  cell  membrane  integriety 

(Jayakumar and Jaleel 2009; Hussain  et al., 2010). 

Accumulation  of  metals  and  their  toxic  effects 

through food chain can lead to serious ecological 

and  health  problem  (Malik  2004).  Zinc  is  an 

essential  element  for  several  biochemical 

processes,  such  as  cytochrome  and  nucleotide 

synthesis,  auxin  metabolism,  chlorophyll 

production,  enzyme  activation  and  membrane 

integrity (Benett, 1993; Marschner, 1995). Zinc is an 

important  limiting  factor  in  sustainable  crop 

production  in  deficit  soils  (Çakmak  et  al.,  1996; 

Rengel  and  Graham,  1995).  Zinc  toxicity  also 

induces chlorosis in young leaves, and this has been 

suggested  to  result  from  a  Zn-induced  Fe  or  Mg 

deficiency, based on the fact that the three metals 

have similar ion radii (Marschner 1995). Copper is 

also  one of  the essential  micronutrients  for  plant 
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growth.  It  is  involved  in  numerous  physiological 

functions  as  a  component  of  several  enzymes, 

mainly  those  which  participate  in  electron  flow, 

catalyze  redox  reactions  in  mitochondria  and 

chloroplasts  (Harrison  et  al.,  1999;  Hansch  and 

Mendel, 2009). Excess copper can cause chlorosis, 

inhibition  of  root  growth  and  damage  to  plasma 

membrane  permeability,  leading  to  ion  leakage 

(Ouzounidou  et  al.,  1992;  Berglund  et  al.,  2002; 

Bouazizi  et al., 2010). Thus, the aim of the present 

study was to determine the effect  of  copper and 

zinc on wheat plant at different concentration.

MATERIALS AND METHODS

The study was conducted on  VL-719 variety of 

wheat.  Seeds were obtained from GB Pant Nagar 

Agricultural University and were grown in the pots 

(30 cm in diameter, 15cm in depth) and filled with 

garden  8  kg  soil  (pH  value  7.12,  organic  matter 

content 13.6 ppm, Cu 14 ppm and Zn 98 ppm). In 

the present study we wanted to determine Cu and 

Zn  tolerance  of  wheat  at  low  concentration  (1g 

i.e.150ppm,  2g  i.e.  280ppm)  and  at  high 

concentration ( 5g i.e. 600ppm) in 8 kg soil. The Cu 

and Zn treatment were given in concentrations viz. 

1g, 2g and 5g. Untreated garden soil of one pot was 

taken  as  control.  Experiment  was  conducted  in 

January, 2012. Sampling was done after 30 days for 

biochemical studies. 

Estimation of metal concentration and height of 

wheat plants grown on treated soil

Heavy metal analysis is carried out using Ashok 

Kumar method (2009). Heavy metal analyses were 

carried  out  using  atomic  absorption 

spectrophotometer at Wadia Institute of Himalayan 

Geology  (WIHG),  Dehradun.  The  above-ground 

height  of  each  treated  and  control  plants  were 

measured (average was taken of all the readings).

Measurement of chlorophyll contents

Measurement  of  chlorophyll  contents  were 

done  by  using  the  spectrophotometric  method 

(Chen,  2002).  Then  the  photo  densities  were 

measured under the 663 nm, 646 nm, and 470 nm 

wavelengths. The chlorophyll concentration of fresh 

leaves  was  calculated  using  the  formulae  given 

Lichtenthaler and Wellburn (1983).

Estimation of proline

Proline  content  was  determined  using  a 

colorimetric method (Asgharipour et al., 2011). The 

photometric absorbance of the Toluene extract was 

read at 520 nm. Contents were calculated to ηg g-1 

dry matter.

Measurement of soluble protein content

Estimation of total soluble proteins was done by 

the  method  of  Bradford  (1976).  The  protein 

concentrations  were  determined  by  using  bovine 

serum  albumin  as  standard.  Absorbance  was 

recorded photometrically at 595 nm. 

Estimation of total soluble sugars

Soluble Carbohydrate content was measured by 

M.R.  Asgharipour  et  al., (2011)  method. The 

supernatants  were used as  samples  to determine 

total  soluble  Carbohydrate.  Estimation  of 

carbohydrates of  sample by phenol-Sulphuric acid 

assay (Sturgeon, 1990).

Estimation of total Phenol 

Total  phenols  were  recorded  by  McDonald  et  

al., (2001) methods.  Total  phenol  contents  were 

expressed in terms of gallic acid equivalent (mg/g of 

dry mass), which is used as a reference compound.

Estimation of Hydrogen peroxide (H2O2)

Hydrogen  peroxide  in  the  plant  samples  was 

determined  by  the  method  of  Velikova  et  al., 

(2000). 
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Statistical Analysis

Each result  shown tables  was  the mean  of  at 

least three replicated treatments. The significance 

of differences between treatments was statistically 

evaluated by ANOVA.

RESULTS AND DISCUSSION

In the present study, exposure to heavy metals 

(Cu and Zn) its responses at different parameters of 

VL-719 variety of Wheat: Plant height, chlorophyll 

a,  chlorophyll  b,  carotenoid,  proline,  protein, 

carbohydrate,  total  phenol,  H2O2, DNA  and  RNA 

content. Exposure of wheat to high concentration 

of Zn and Cu decreased chlorophyll a, chlorophyll b, 

carotenoid,  protein,  carbohydrates,  DNA and RNA 

content and increased the proline, Phenol and H2O2 

as compared with controls. 

Absorption of Zn and Cu by wheat plant

After 30 days of growth the accumulation of Zn 

and Cu given in the table 1 with compared to the 

control. Wheat plant absorbed less Zn as compared 

to Cu. The concentrations of Zn and Cu were 80 and 

21 ppm, respectively  at  5g treated soil  (Table  1). 

The rate of accumulation of Zn and Cu was higher at 

higher concentrations of metals.

Effects  on  shoot  height  and  root  length  of  the 

wheat plant

With the increasing concentration of Zn in the 

soil,  the  shoot  and  root  length  increased  more 

significantly  than  the  Cu (Table  1).  Significant 

increase  in  shoot  and  root  length  was  observed 

with the increase of Zn concentrations. But at high 

concentration there is no significance change in the 

shoot  and  root  length  of  wheat  plant  due  to  Zn 

toxicity. Cu shows no significance effect on length 

at  low  concentration  but  high  concentration  it 

decreased.  These results  supported the results of 

Kaya  et al., (2002) zinc, increased plant height via 

increasing  internodes  distances.  Our  results  also 

supported the  results  of  Bameri  et  al.,  (2012)  Zn 

significantly increased the wheat plant height. Xu et  

al., (2005)  reported  that  the  plant  height,  leaf 

number, elongated internode number and heading 

date  of  rice  plants  were  not  affected  at  soil  Cu 

levels  below  200  mg/kg,  but  affected  and 

significantly  decreased  the  above  mentioned 

parameters at and above 400 mg/kg

Effects on leaf pigment contents

Various abiotic stresses decrease the chlorophyll 

content in plants (Ahmad et al., 2007). It was shown 

that  the  wheat  plants  treated  with  Cu  and  Zn 

exhibited  inhibitory  effect  with  respect  to 

chlorophyll  a,  chlorophyll  b  and  carotenoid 

contents  at  high  concentrations  of  Cu  and  Zn 

compared  with  controls  (Table  2).  At  low 

concentration of Zn the chlorophyll a, chlorophyll b 

and  carotenoid  contents  increased.  Copper  was 

more  toxic  than  Zn  in  terms  of  chlorophyll 

inhibition.  Our  results  of  decrease  in  chlorophyll 

content corroborated with the findings of Bassi and 

Sarma  (1993)  who  found  that  Copper  was  more 

toxic  than Zn in terms of  chlorophyll  inhibition in 

wheat seedlings. The loss in chlorophyll content can 

consequently lead to disruption of photosynthetic 

machinery.  The  chlorophyll  and  carotenoid 

contents of wheat leaves seedlings increase up to 

1g  of  zinc  level.  Further  increase  in  zinc  level 

significantly  decreased  the  chlorophyll  and 

corotenoid content. The increased chlorophyll and 

carotenoid content was obviously due to zinc at low 

level act as a structural and catalytic components of 

proteins,  enzymes  and  as  cofactors  for  normal 

development  of  pigment  biosynthesis  (Balashouri 

and Prameeladevi, 1995). The excess zinc treatment 

brought  about  a  marked  depression  in 
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photosynthetic pigment in plants. It  might be due 

to  excess  supply  of  zinc  resulting  in  interference 

with  the  synthesis  of  chlorophyll 

(Manivasagaperumal et al., 2011).

Effects on leaf Proline content

Proline,  an  amino  acid,  is  well  known  to  get 

accumulated in wide variety of organisms ranging 

from  bacteria  to  higher  plants  on  exposure  to 

abiotic  stress  (Saradhi  et  al., 1993).  Our  results 

indicate that accumulation of proline increases with 

increasing Cu and Zn concentration (Table 2). The 

Proline  content  was  higher  in  the  Plants  treated 

with Cu than in the Zn treated plants. Our results of 

increased in proline content corroborated with the 

findings of  Bassi and Sarma (1993) who also found 

that the Copper proved to be a stronger inducer of 

proline accumulation than Zn in wheat seedlings. It 

has been determined that, as a response to heavy 

metals  generated  stress,  plants  increase  their 

proline and abscisic acid (Zengin and Kirbag 2007). 

Proline is known to accumulate under heavy metal 

exposure  and  considered  to  involve  in  stress 

resistance. Proline increases the stress tolerance of 

the  plants  through  such  functions  as 

osmoregulation, the protection of enzymes against 

denaturation,  and  the  stabilization  of  protein 

synthesis (Kuznetsov and Shevyakova, 1997).

Effects on total sugar content 

Heavy  metals  also  modified  the  carbohydrate 

accumulation in wheat leaves (Fig.1). At high Cu and 

Zn  concentration  significantly  decreased  the 

Carbohydrate  levels  measured  in  the  leaves.  The 

total soluble sugar content was lower in the Plants 

treated with Cu than in the Zn treated plants. Our 

results  of  decreased  in  total  sugar  content 

supported the findings of Singh  et al.,  (2007) that 

sugar  contents  were  significantly  decreased in  all 

the  doses  of  Cu  on  both  14th and  21st days. 

Manivasagaperumal  et  al., (2011)  reported  that 

Sugar  and  starch  content  showed  a  decreasing 

trend with progressive increase in zinc  content in 

cluster  Bean.  The observed decline  in  total  sugar 

with respect to the high level of zinc may be due to 

its  role on the enzymatic reactions related to the 

cycles  of  carbohydrate  catabolism  (Rabie  et  al., 

1992). 

Effects on leaf Protein content

Our  results  indicate  that  of  protein  content 

decreases with increasing Cu and Zn concentration 

(Fig. 2). The protein content was lower in the plants 

treated with Cu than in the Zn treated plants and 

control plants.  Our results favoured the results of 

Manivasagaperumal  et al., (2011) who found that 

Amino acid and protein content were high at lower 

concentrations of zinc (10 and 25 mgl-l) further the 

values decreased with an increace in Zn level. The 

inhibition of excess zinc in amino acid and protein 

might  be  due  to  binding  of  metals  with  the 

sulfhydryl group of protein and causing deleterious 

effect  in  the  normal  protein  form.  Protein  was 

appreciably  reduced  in  wheat  at  the  higher 

concentration  of  copper  exposure  Singh  et  al., 

(2007). It showed that excessive Cu reduced protein 

amount of many plant species (Chen  et al.,  2001; 

Singh et al., 2007).

Effects on leaf total Phenol 

In  table  3  results  indicated  that  at  high 

concentration of Cu and Zn markedly increased the 

phenolic  content  of  wheat  leaves.  Our  results 

supported the results of Hamid  et al., (2010) who 

found  that  phenolic  content  of  plants  were 

increasing  with  increasing  levels  of  heavy  metal. 

Ganeva  and  Zozikova  (2007)  reported  that  the 

content of  free  phenols  was found to increase in 
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wheat  with  increasing  Cu2+ concentration  in  the 

medium. 

Effects on Hydrogen peroxide (H2O2)

Table 3 shows that the hydrogen peroxide level 

was high at high concentration of Zn and Cu in this 

cultivar.  At  low  concentration  of  the  Zn  and  Cu 

there was no significance increase in H2O2 level. Our 

results  supported  the  results  of  Singh  and  Malik 

(2011)  who  reported  that  enhancement  in 

Hydrogen peroxide content as a response to heavy 

metal  stress  in  Brassica  juncea seedlings.  Hatata 

and Abdel-Aal (2008) also reported that the amount 

of hydrogen peroxide a significant increase in leaves 

and  roots  of  sunflower  plant  treated  with  heavy 

particularly at higher concentrations. 

Effect on Nucleic acid content 

DNA  and  RNA  content  were  low  at  high 

concentration of Zn and Cu in this cultivar. At low 

concentration of the Zn the DNA content increase, 

RNA content decreased. Our result  supported the 

results of Dhankhar and Solanki (2011) increase in 

DNA content with increase in zinc concentration in 

Vigna  mungo (L.).  At  low Cu  concentration  there 

was  no  significance  increase  in  DNA  and  RNA 

content.  Our  results  of  decline  in  DNA  and  RNA 

content  supported  the  results  of  Jana  and 

Choudhuri  (1984)  who  also  found  a  decrease  in 

DNA  and  RNA  content  with  heavy  metal  stress. 

Dhankhar  and  Solanki  (2011)  reported  that 

decrease in  RNA content  with  increase in  copper 

and  zinc  concentration  in  Vigna  mungo (L.).  The 

metals  such  as  Cu,  Ni,  Cd  and  Pb  have  been 

reported to decrease RNA synthesis and to activate 

ribonuclease  (RNase)  activity,  leading  to  further 

decrease  in  RNA content  (Schmidt,  1996).  Prasad 

and Strzalka  (2002)  have been reported in  plants 

that due to heavy metals (Cd, Cu, Cr, Ni, Pb, Hg, Pt 

and Zn) stress, there is reduced efficiency of DNA 

synthesis,  weaker  DNA  protection  from  damaged 

chromatin  protein  (histone)  and  increased 

deoxribonuclease (DNase) activity. 

Table 1. Cu and Zn accumulation and wheat plant shoot and root length after 30 days.

Treatment
Cu 

(ppm)
Plant 

Height
Root 

Length
Wheat 
plant

Zn 
(ppm)

Plant 
Height

Root 
Length

1 g Cu 16 26.0±1.5 6.21±1.6 1 g Zn 69 26.1±1.7 6.76±1.2

2g Cu 17 24.4±1.9 6.26±1.8 2g Zn 72 28.7±1.3 6.82±1.4

5 g Cu 21 23.9±1.6 6.30±1.9 5 g Zn 80 28.9±1.8 6.85±1.9

Control 12 25.4±1.9 5.13±1.8 Control 50 25.4±1.9 5.13±1.8

Table 2. Effects of Cu and Zn in separate treatments on leaf pigments of wheat Plant. 

Treatment Chlorophyll (a) 
(mg/g)

Chlorophyll (b) (mg/g) Carotenoid
(mg/g)

Proline
(µ mol/g)

1g. Cu 0.600± 0.06 0.524±0.05 0.761±0.07 29.46±1.87

2g Cu 0.390±0.08 0.358±0.04 0.498±0.01 30.53±2.34

5g Cu 0.312±0.06 0.298±0.03 0.201±0.03 33.89±1.47

1g. Zn 0.798±0.04 0.683±0.06 0.996±0.04 25.47±1.94

2g. Zn 0.609±0.01 0.489±0.08 0.753±0.03 27.62±1.32

5g. Zn 0.540±0.07 0.419±0.07 0.404±0.05 31.76±1.94

Control 0.775±0.07 0.650±0.08 0.964±0.06 23.43±1.72
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Table 3. Effect of Cu and Zn on total Phenol and H2O2

Treatment Total Phenol ( mg/g F. Wt) H2O2 (µ mol/g FW)

1g. Cu 1.1±0.16 293.13±2.13

2g Cu 1.3±0.73 350.14±2.19

5g Cu 1.7±0.21 522.64±1.79

1g. Zn 1.2±0.63 300.00±1.34

2g. Zn 1.6±0.26 365.73±1.43

5g. Zn 1.9±0.65 564.33±1.10

Control 0.9±0.01 289.57±2.05

0

0,5
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1,5

2

2,5

1g Cu 2g Cu 5g Cu 1g Zn 2g Zn 5 g ZnControl

Total carbohydrate (mg/g F.Wt)

Figure 1. Effect of Cu and Zn on Carbohydrate content of wheat Plant.
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Figure 2. Effect of Cu and Zn on Protein content of wheat Plant.
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Figure 3. Effect of Cu and Zn on DNA content of wheat Plant.
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Figure 4. Effect of Cu and Zn on RNA content of wheat Plant.

CONCLUSION

Conclusively, our results shows that Cu and Zn at 

high concentration decreased in growth, chlorophyll 

content,  protein  and  DNA,  RNA  content, 

carbohydrate  but  proline,  total  phenol,  H2O2 

content  increased.  Our  result  suggest  that  the 

presence of Cu and Zn in low concentration is good 

for wheat plant  growth but high concentration of 

Cu  and  Zn  in  the  soil  toxic  to  the  wheat  plants 

resulted in growth inhibition,  structure damage, a 

decline of physiological and  biochemical activities 

of wheat plant.
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