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Abstract- The effects of different concentrations of copper 

sulphate on the growth of and the accumulation of Cu+2 by root, 

shoot, chlorophyll content and leaf growth of sunflower 

(Helianthus annus L.) were examined in this study. The purpose 

of our experiments was to consider sensitivity of two sunflower 

hybrid cultivars (FH626 and FH674) to copper ions on the ground 

of physiological characteristics amount of assimilatory pigment, 

and shooth length to show possible resistance mechanisms of this 

plant to copper ions. The experiment was conducted in Completely 

Randomized Fashion with three replications per treatment and five 

plants per replication. Tested cultivars varied according to the 

tested parameters, such as shooth length, relatively high rate of 

tolerance. Although no significant visual symptoms of toxic effect 

of metal were markedly noticeable, a decrease in the content of 

dry basis in the roots was seen in comparison with the control of 

two tested cultivars treated by Cu. FH626 & FH674 tend to be the 

most resistant or tolerant hybrid cultivars to Cu toxicity from the 

point of view of evaluation of morphological parameters of the 

cultivars. 

 

Index Terms- Helianthus annus , Copper sulphate,Carotenoids, 

Chlorophylls, Shoot length 

 

I. INTRODUCTION 

opper is an essential heavy metal for higher plants and algae, 

particularly for photosynthesis (Ouzounidou et al., 1992). Cu 

is a constituent of primary electron donor in photosystem I, the 

copper protein plastocyanin. Because Cu can readily gain and lose 

an electron, it is a cofactor of oxidases, mono- and di oxygenase 

(e.g. amine oxidase, ammonia monoxidase, ceruloplasmin, Iysyl 

oxidase) and of enzymes involved in the elimination of superoxide 

radicals (e.g. Superoxide dismutase and ascorbate oxidase). 

          Several enzymes contain in, such as carbonic anhydrase, 

alcoholdehydrogenase, superoxide dismutase and RNA 

polymerase 1is required to maintain the integrity of ribosome. It 

takes part in the formation of carbohydrates andcatalyses the 

oxidation processes in plants. Copper (Cu) loading of agricultural 

soils may originate from the application of sewage sludge or 

fungicidal sprays. 

          Although Cu is an essential element for plant growth (Arnon 

and Stout 1939), its accumulation in soils may be toxic to biota, 

such as plants (Baryla et al., 2000) and microorganisms (Dumestre 

et al., 1999), and at toxic concentrations it interferes with 

numerous physiological processes (Fernandes and Henriques 

1991). 

          It is also known to damage the cell membranes by binding 

to sulphydryl groups of membrane proteins and inducing lipid 

peroxidation (De Vos et al., 1989, 1992). Cu is extremely toxic 

and can catalyse the formation of active oxygen species in the cell 

through Haber-Weiss reaction (Kurepa et al., 1997).Since 

oxidative stress is produced in plants exposed to high metal 

concentrations, the implication of some antioxidant enzymes may 

complement the role of phyto-chelatins in the cellular response to 

metal toxicity (Mazhoudi et al., 1997).Copper is an essential 

micronutrient for normal plant metabolism (Sharma and Agrawal, 

2005). 

          Copper is involved in several physiological processes such 

as the photosynthetic and respiratory electron transport chains 

(Van Assche and Clijters, 1990)and as a cofactor or as a part of 

the prosthetic group of many key enzymes involved in different 

metabolic pathways, including ATP synthesis (Horrisonet al., 

1999).Despite its physiological importance, an increase in Cu 

contents threatens plant health because it interacts with several 

enzymesand disturbs membrane permeability and electron 

transport in chloroplasts. Its toxicity to plants is well documented 

(Ouzounidou et al., 1998). 

           Decrease of chlorophyll content in plants after exposure to 

copper is frequently reported in the literature (Singh et al., 2007). 

(Prasad et al. 2001) attributed Cu-induced chlorophyll content 

decrease to Cu modification of chlorophyll degradation. For all 

plants, quality of irrigation water is greatly important. Sunflower 

is an important field crop, cultivation of which depends on the 

quality of the soil and water, beside some other factors. One of the 

important factors which spoil the quality of water and soil are 

heavy metals.  

          In this study, the effects of the copper on the content of 

chlorophyll (a+b), proline, protein and abscisic acid in sunflower 

seedlings were investigated. It was determined how some 

physiological and biochemical parameters were changed due to 

concentration of the copper. 

 

II. MATERIALS AND METHODS 

Plant Material and Sowing: 

          Seeds of two sunflower hybridsi.e. FH626 and FH674 were 

obtained from Ayub Agriculture Research Institute and weresown 

in completely randomized design (CRD) to analyze the influence 

of copper stress on their growth, physiology and 

metabolism.There were three replications per treatment with five 

plants per replication. 
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III. CU TREATMENTS: 

          Twoweeks old plants were treated with threeconcentrations 

Control Series (T0) = distilled water 

Treatment 1 (T1) = 20mM CuSO4 

Treatment 2 (T2) = 40mM CuSO4 

 

IV. PARAMETERS RECORDED: 

          Morphological parameters such as shoot length, root length, 

shoot fresh weight and root freshweightwere recorded according 

to Shafiq (2019).To estimate photosynthetic pigments 

i.e.chlorophyll a, chlorophyll b, and carotenoids, plant materials 

(leaves) were harvested from the greenhouse and 0.1 g was placed 

in 8 ml of 80% acetone for 7 days under dark conditions in the 

refrigerator. After 7 days absorbances were taken with UV/VIS 

spectrophotometer at 663, 645, and 480 nm (Skanlt software 3.2 

for Multiskan Co., Thermo Fisher Scientific, Waltham, MA, 

USA). Chlorophyll content was estimated according to Arnonand 

Stout (1949) and carotenoid content according to 

Lichtenthaler(1987).The fresh leaves from the three treatments 

were cut and taken in ice-water. The photosynthetic pigments 

(chlorophyll a, b and carotenoids) were determined according to 

following formulas: 

Chl.a (mg/g) = [12.7(OD663) – 2.69(OD645) XV/1000] X W 

 

Chl.b (mg/g) = [22.9(OD645) – 4.69(OD663) X V/1000] X W 

 

Carotenoids (mg/g) = OD480 + 0.114(OD663) – 0.638(OD645)X 

100 

                                                               2500 

V. HARVESTING: 

          The plants were harvested after two months of the 

germination date.Root and shoot fresh weights were taken at 

electrical balance in grams. Similarly, the root and shoot lengths 

were measured in cm with the help of scale. The Plants were 

placed in oven for 4 days at75°C for observing the dry weight. The 

dry weight of roots and shoots separately calculated.  

 

VI. DATA ANALYSIS: 

          Differences among treatments were analyzed by one-way 

ANOVA, taking P<0.05 as significant according to Tukey’s 

multiple range test. 

 

VII. RESULTS AND DISCUSSION 

          The present study indicated that Cu stress reduced the 

growth of roots, stems and leaves of sunflower plants. 

Shoot length 

          Significant decrease in shoot length was recorded in T1 

while an increase in shoot length was recorded in T2 of both 

genotypes. The plants of FH-626 and FH-674 when treated with 

20mM CuSO4 showed a significant decrease in shoot length i.e. 

79.5 and 105.5 respectively as compared to control. The plants of 

FH-626 and FH-674 when treated with 40mM CuSO4 showed an 

increase in the shoot length i.e. 107.66 and 103.83 respectively as 

compared to control (Fig. 1). 

 

Table -1: Effect of Copper on Shoot Length (cm) of Sunflower. 

Treatment Variety FH 626 Variety FH 674 

Distilled water (T0) 98.83 126 

20 mM CuSO4(T1) 79.5 105.5 

40 mM CuSO4(T2) 107.66  103.83  

 

 

 
Fig. 1. Effect of Copper on Shoot Length (cm) of Sunflower 

 

Chlorophyll a 

          Significant decrease in chlorophyll a content was recorded 

in T1 while an increase was recorded in T2 of both genotypes. The 

plants of FH-626 and FH-674 when treated with 20mM CuSO4 

showed a significant decrease in chlorophyll a i.e. 0.0198 and 

0.0194 respectively as compared to control.  

 

Table 2: Effect of Copper on Chlorophyll.a (mg/g) of 

Sunflower. 

 

Treatment Variety FH 626 Variety FH 674 

Distilled water (T0) 0.0144 0.0753 

20 mM CuSO4(T1) 0.0198 0.0194 

40 mM CuSO4(T2) 0.0252 0.0193 

 

The plants of FH-626 and FH-674 when treated with 40mM 

CuSO4 showed an increase in chlorophyll a i.e. 0.0252 and 0.0193 

respectively as compared to control (Fig. 2). 
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Fig. 2. Effect of Copper on Chlorophyll.a (mg/g) of Sunflower 

 

Chlorophyll b 

          Significant decrease in chlorophyll b content was recorded 

in T1 while an increase was recorded in T2 of both genotypes. The 

plants of FH-626 and FH-674 when treated with 20mM CuSO4 

showed a significant decrease in chlorophyll b i.e. 0.0101 and 

0.012 respectively as compared to control.  

 

Table -3: Effect of Copper on Chlorophyll.b (mg/g) of 

Sunflower. 

Treatment Variety FH 626 Variety FH 674 

Distilled water 0.00122 0.0325 

20 mM CuSO4 0.01010 0.012 

40 mM CuSO4 0.0118 0.0132 

 

          The plants of FH-626 and FH-674 when treated with 40mM 

CuSO4 showed an increase in chlorophyll b i.e. 0.0118 and 0.0812 

respectively as compared to control (Fig. 3). 

 

 
Fig. 3. Effect of Copper on Chlorophyll.b (mg/g) of Sunflower 

 

Carotenoids 

          Significant decrease in carotenoids was recorded in T1 

while an increase was recorded in T2 of both genotypes. The 

plants of FH-626 and FH-674 when treated with 20mM CuSO4 

showed a significant decrease in carotenoids i.e. 0.421 and 0.586 

respectively as compared to control.  

 

Table -4: Effect of Copper on Carotenoids (mg/g) of 

Sunflower. 

 

Treatment Variety FH 626 Variety FH 674 

Distilled water 0.601 1.087 

20 mM CuSO4 0.421 0.586 

40 mM CuSO4 0.613 0.436 

 

 

          The plants of FH-626 and FH-674 when treated with 40mM 

CuSO4 showed an increase in carotenoids i.e. 0.613 and 0.436 

respectively as compared to control (Fig. 4). 

 
Fig.4. Effect of Copper on Carotenoids (mg/g) of Sunflower 

 

VIII. CONCLUSION 

          Many aspects of the copper toxicity on the plants are 

clarified, however results of several physiological and 

biochemical analysis are controversial. At the same time, high 

variability of plant reaction to the heavy metal ions depending up 

the genotypes complicates unambiguity of the conclusions. 

Deeper biochemical and molecular-biological analysis can 

contribute to revealing of other possible mechanisms of sunflower 

resistance to copper ions or other heavy metals. 
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