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Summary
The present study investigates the appliance of cadmium (Cd) 
noxiousness and damage to nutrient concentration in sunflower 
hybrids, FH-533 and Hysun-33, as well as the role of natural and 
synthetic chelator’s oxalic acid (OA) and ethylene triamine tetraacetic 
acid (EDTA) respectively in reducing the Cd toxicity in sunflower 
plant. Sunflower, known as heavy metal phytoextractor, was grown in 
soil artificially contaminated with soluble salt CdCl2 at 250 ppm and 
450 ppm. Pot experiment was conducted in a complete randomized 
design with three replicates for cadmium metal, chelating agents and 
sunflower hybrids at seedling, vegetative and reproductive stages. 
Application of Cd of 250 ppm and 450 ppm imposed the negative 
effect on shoot and root dry biomass by directly or indirectly 
disturbing the nutrient uptake. Maximum growth and nutrient uptake 
were observed when chelators (EDTA and OA) were applied alone 
respectively. In Cd contaminated soil the application of EDTA proved 
helpful in ameliorating the toxic effect of Cd250 on nutrient content of 
both sunflower hybrids as compared to Cd450, the Hysun-33 showed 
better results in terms of  K, Ca, Fe, Zn, P, N as compared to FH-533, 
so it can be cultivated on Cd adulterated soil for better yield. The 
presented results offer a novel solution for optimization of sunflower 
cultivation on soil affected by Cd, as well as for increased health-
promoting nutrients of sunflower. 
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Introduction
Augmented emission of heavy metals inflowing into the biosphere 
is due to mining, smelting and synthetic fertilizers (HAIDER et al., 
2021). The release and accumulation of metals in readily available 
forms as a result of human activities may cause severe harm or 
modify the properties of natural and artificial ecosystems (SHAHID  
et al., 2015). Globally the metal stress has become a foremost problem 
in several terrestrial ecosystem and imparted damaging effects on 
soil texture and ultimately reduces plant productivity by disturbing 
various plant activities either physiological or molecular (PANUCCIO 
et al., 2009; HASSAN et al., 2017).
Some metals like Cu, Co, Mn, Zn, Mo and Ni in nano quantity are 
essential for vital biological processes (SALLA et al., 2011; SHAHID  
et al., 2015). However, the macro concentrations of these metals as 
well as Lead (PB), Mercury (Hg), Arsenic (As) and Cadmium (Cd) 
can greatly influence the plants productivity (XIONG et al., 2014; 
PIERART et al., 2015).
Among these metals, Cd is considered to be highly toxic metal in 
nature due to its solubility in soil solution, absorbed by the plants 
and accumulation in grains, carcinogenic to plants as well as human 
(BUCHET et al., 1990) reported by The International Agency for 
Research on Cancer (IARC, 1993; GIANAZZA et al., 2007; GILL and 

TUTEJA, 2011). Cd has various toxic effect on plants such as chlorosis 
(XU et al., 2017), alternations in chloroplast ultrastructure, reduced 
photosynthetic activity (GALLEGO et al., 2012), altered sulfur (S) and 
nitrogen (N) metabolism (NAZAR et al., 2012), lipid peroxidation as 
well as disturbed antioxidant activity (ABBAS et al., 2017). Even in low 
concentration it can effect plant growth and productivity by altering 
the activities of crucial enzymes such as of Calvin cycle, CO2 fixation 
and phosphorus and carbohydrate metabolism (GALLEGO et al., 2012; 
GILL and TUTEJA, 2011). The nutrient concentration diminished with 
increasing Cd uptake as most transmembrane carriers involved in 
nutrient uptake are engaged by Cd (EL-BELTAGI et al., 2010; ABBAS 
et al., 2017).
Heavy metals remediation is very essential for environment forti- 
fication and conservation (GLICK, 2010). For this, various physio-
chemical and biological practices have been implemented, although 
the physiochemical practices are swift but they are expensive and are 
technically very complexed and also alter the physical and chemical 
properties of soil leading towards the secondary soil pollution (ALI  
et al., 2013, ULLAH et al., 2015). Conversely, the biological remedia-
tion is the effective way for the removal of toxic metals because it 
is environmental friendly, cost effective and publically acceptable 
method (SAYQAL and AHMED, 2021).
Phytoremediation is one of such biological methods in which 
hyperaccumulator plants which are fast growing and have high 
biomass productivity are grown on metal affected soil so they absorb 
and accumulate high concentration of metal in below or above 
ground parts without hindering their own photosynthetic activities 
(KHALIFA et al., 2000; NOVISTASARI, 2017; HAIDER et al., 2021). In 
addition to hyperaccumulators, the remediation process can also be 
made effective by the involvement of chelating agents (LIU et al., 
2018).
The present study was carried out to understand the inter-relation 
of Cd uptake and essential macro, micro elements and to improve 
the efficiency of sunflower hybrids with the assistance of chelating 
agents.

Materials and methods
Plant material and growth conditions
The air-dried garden loamy sand soil was used for a pot experiment 
to examine chelate assisted nutrients concentration of sunflower 
hybrids. Soil samples (10 kg) were placed in plastic pots (30 × 20 cm 
size) and ten surface sterilized seeds of Hysun-33 and FH-533 were 
sown in each pot, which were then thinned to five after germination. 
Soil was irrigated with equal amounts of tap water (based on 70% of 
the water holding capacity of the soil) twice per week. The climatic 
conditions were 30 ± 2 °C with 50% relative humidity at the time 
of experiment. After complete germination of both the sunflower 
hybrids, the soil in the pots were artificially contaminated with  
250 and 450 mg Cd per kg of soil separately and treated in combina- 
tion with chelating agents (EDTA and OA at 1 g per kg of soil) in 
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rooting medium. Control pots with Cd and chelating agents were 
included and all treatments were conducted with three replicates 
with two factors factorial arrangement (CRD Model). 

Biomass analyses
Shoots and roots were sampled at seedling, vegetative and 
reproductive stages for all treatments washed with tap water and 
rinsed with deionized water. Then plant tissues were dried in fan 
forced oven at 70 °C for 48 h for dry matter measurements and 
further analysis (ALMAROAI et al., 2013). 

Element analyses
The total contents of K, Ca, Fe, Zn, P, N and Cd in shoots and 
roots of Hysun-33 and FH-533 were determined after digestion 
with concentrated HNO3 at hot plate (250 - 300 °C) in a fume hood 
chamber. The filtrate (50 mL) was analyzed for Iron (Fe), Zinc (Zn) 
and Cadmium (Cd) using Atomic Absorption Spectrophotometer 
(Analyst-330, Perkin Elmer and Germany). The Potassium (K) and 
Calcium (Ca) were estimated using Flame Photometer (Jenway PPP7, 
UK). Total Nitrogen (N) was determined following the protocol of 
Nelsona and Sommers (1973). Total Phosphorus (P) was analyzed in 
shoots and roots using the protocol of RAUN et al. (1987).

Statistical analyses
Analysis of data was conducted through the computer software 
Statistix (Version 8.1, USA) and subjected to two-way analysis of 
variance (ANOVA) followed by Duncan’s Multiple Range Test 
(DMRT) to measure statistical differences (p ≤ 0.05). 

Results and discussion
Dry biomass of root and shoot
The below ground biomass is as important as above ground biomass 
because stronger and healthier roots determine the vigor and growth 
of above ground plant. Secondly plants store nutrients in shoots and 
roots also or nutrients are required by all the cells of the plant body 
either it is above ground or below ground. The root dry biomass 
helps to determine the nutrients levels in plants as compared to fresh 
biomass as it is devoid of water contents, which are the fresh weight 
of the plant. 
Statistical analysis of root ad shoot dry biomass showed significant 
differences (P < 0.05) among hybrids, treatments and non-significant 
for interactions (Tab. 1). 
Application of EDTA and OA alone increase the root dry biomass 
from seedling to reproductive stage as compared to all other 
treatments except control. Among hybrids, Hysun-33 had more 
increase in root dry biomass as compared to FH-533. The application 
of EDTA and Cd combination increased the root dry biomass of 
Hysun-33 as compared to Cd treatments alone at all growth stages 
(Fig. 1). 
The highest shoot dry biomass was recorded for Hysun-33 control at 
seedling, vegetative and reproductive stages as compared to all other 
treatments as well as FH-533. The comparison of Cd and chelators 
combination applications showed EDTA and OA alone had greater 
shoot dry biomass as compared to Cd250 and Cd450 at all growth stages 
for both hybrids. The chelator EDTA improved the shoot dry biomass 
of Hysun-33 in the presence of Cd250 and Cd450 while chelator OA 
improved the shoot dry biomass of FH-533 in the presence of Cd250 
and Cd450 respectively (Fig. 1). 
The maximum shoot fresh and dry weight and root fresh and dry 
weight and Cd metal accumulation was reported in HySun-33 
sunflower when treated with 5 mM EDTA (BAKHT et al., 2020). The 

collaboration of EDTA with Cd acceleration the Cd accumulation in 
sunflower root (SADIQ and MAQBOOL, 2016). SINEGANI et al. (2010) 
reported that application of EDTA at sowing reduced the seedling 
emergence and their dry weight while its application at harvested 
shoots increased Cd accumulation in Helianthus annuus. 

Fig. 1: Effect of different combinations of Cd250 and Cd450 and chel-
tors (EDTA and OA @ 1 g /kg) on root and shoot dry biomass of 
Hysun-33 & FH-533 sunflower hybrids at seedling, vegetative and 
reproductive growth stages.

 *The graphical bars represent the mean values of replicates

Tab. 1:  Two way (ANOVA) variance analysis of different combinations 
of chelators and Cd concentrations with sunflower hybrids. 
 

Root Hybrids (H) Treatments (T) H × T Error

Dry weight (DW) 88.68*** 13.72*** 1.04 ns 3.52
Cd contents 8407.87*** 45839. 44*** 678.16* 309.15
N contents 529.64*** 273.11*** 0.25 ns 14.76
P contents 101.19*** 318.36*** 4.37 ns 3.81
K contents 187.84*** 171.07*** 2.16 ns 2.42
Fe contents  64.92*** 50.46*** 0.72 ns 0.81
Zn contents 16.76*** 19.18*** 0.15 ns 0.33
Ca contents 201.30*** 12.25*** 0.74 ns 1.46

Shoot    

Dry weight (DW) 252.87 *** 39.52*** 0.22 ns 3.22
Cd contents 8043.19*** 24664.33***  931.36*** 214.66
N contents 284.49*** 185.99*** 5.04 ns 7.70
P contents 86.32*** 36.39*** 3.91** 1.19
K contents 84.89*** 95.22*** 3.93** 1.18
Fe contents 3.03*** 3.16*** 0.07 ns  0.07
Zn contents 10.90*** 7.78*** 0.86*** 0.16
Ca contents 59.45*** 15.41*** 1.54 ns 0.84

***(very highly significant), ** (highly significant) or * (significant) represent 
the significance P <0.05; ns means non-significant
The values represent the MS (means square) for hybrids, treatments and their 
interactions
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Cadmium (Cd) contents in root and shoot
Statistical analysis of hybrids, treatments and interactions all were 
highly significant for root and shoot Cd contents (Tab. 1). 
Among hybrids, Hysun-33 showed greater root Cd contents that in-
crease from seedling to vegetative and reproductive stages as com-
pared to FH-533. The combination of Cd and EDTA treatment had 
more root Cd contents as compared to Cd and OA in both the hybrids 
(Fig. 2). The present research also showed that as Hysun-33 at repro-
ductive stage had greater shoot Cd contents as compared to FH-533 
in the presence of Cd250 and Cd450 along with EDTA (Fig. 2). 
EDTA increased the exchangeable or soluble fraction of metal avail-
able to the plant and thus enhanced Cd uptake (SINHAL et al., 2010). 
SIX and SMOLDERS (2014) researched that Cd uptake in plants in-
creased proportionally with increasing Cd in soil. The application 
of EDTA enhanced the phyto-accumulation of Cd and Cr in sun-
flower (BAKHT et al., 2020). The synergistic application of EDTA 
and Cd helps the plants to absorb Cd and transport it to the vegetative 
and reproductive parts. On the one hand chelators activate Cd in the 
soil, enhance its bioavailability and contribute to its chelation and 
complexation in root and shoot of the Chrysanthemum (BAI, 2017). 
Similarly, CLEMENS (2006) highlighted that Cd could be taken up 
into plant cells by Fe and Zn transporters and then stored in vacuoles 
by phytochelatins.

of root N contents more than OA in the presence of Cd applications 
(Fig. 3).  
The application of Cd250 reduced the shoot N contents of both Hysn-
33 and FH-533 and this reduction was further noticed for Cd450 
treatment as compared to control. The application of EDTA and OA 
alone increased the shoot N contents in both hybrids at seedling, 
vegetative and reproductive stages respectively. The combined 
application of Cd and chelators showed slight enhancement in N 
contents at growth stages. However, EDTA supports the uptake of 
shoot N contents more than OA in the presence of Cd applications 
(Fig. 3).  

Fig. 2: Effect of different combinations of Cd250 and Cd450 and chela-
tors (EDTA and OA @ 1 g /kg) on root and shoot Cd contents of 
Hysun-33 & FH-533 sunflower hybrids at seedling, vegetative and 
reproductive growth stages.

 *The graphical bars represent the mean values of replicates

Nitrogen (N) and phosphorus (P) contents in root and shoot
N contents of root and shoot had significant (P < 0.05) statistical 
differences among hybrids, treatments and non-significant for all 
interactions (Tab. 1).  The application of Cd250 decreased the root N 
contents of both Hysun-33 and FH-533 and this decrease was further 
noticed for Cd450 treatment as compared to control. The application 
of EDTA and OA alone enhanced the root N contents in both hybrids 
at seedling, vegetative and reproductive stages respectively. The 
combined application of Cd and chelators showed slight increase in 
N contents at growth stages. However, EDTA supports the uptake 

Fig. 3: Effect of different combinations of Cd250 and Cd450 and chelators 
(EDTA and OA @ 1 g /kg) on root and shoot N contents of Hysun-33 
& FH-533 sunflower hybrids at seedling, vegetative and reproductive 
growth stages.

 *The graphical bars represent the mean values of replicates

Significant (P < 0.05) differences among sunflower hybrids and 
treatments as well as their interactions were measured for shoot P 
contents while non-significant for root interaction (Tab. 1). 
The higher P contents were noticed in root of Hysun-33 as compared 
to FH-533 in the presence of EDTA and OA alone at seedling, 
vegetative and reproductive stages respectively. The application of 
Cd250 and Cd450 decreased the root P contents in both the hybrids. 
However, application of EDTA along with Cd250 showed greater root 
P contents as compared to OA in the presence of both Cd treatments 
(Fig. 4). 
The application of EDTA markedly improved shoot P contents of 
Hysun-33 as compared to FH-533 and control at vegetative and 
reproductive stages. It was observed that both chelators failed to 
improve the shoot P contents of FH-533 when applied with Cd250 
and Cd450 respectively (Fig. 4). LIPHADZI et al. (2003) report that 
EDTA application had a little effect on uptake of Cu, Fe, Mn, Zn in 
sunflower grown at long term sewage-sludge farm. 

Potassium (K) and calcium (Ca) contents in root and shoot
Statistical studies showed significant (P < 0.05) differences among 
hybrids, treatments while their interactions were non-significant for 
root K contents as shown in Tab. 1. The clear difference in chelators 
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Fig. 4: Effect of different combinations of Cd250 and Cd450 and chelators 
(EDTA and OA @ 1 g /kg) on root and shoot P contents of Hysun-33 
& FH-533 sunflower hybrids at seedling, vegetative and reproductive 
growth stages.

 *The graphical bars represent the mean values of replicates

behavior was noticed for root K contents of Hysun-33 as compared 
to FH-533 in combination with Cd treatments as well as alone. The 
increased in the root K contents was markedly measured from 
seedling to vegetative and reproductive stages of Hysun-33 and FH-
533 in the presence of EDTA and OA respectively. The Cd250 and 
Cd450 treatments decreased the root K contents of both the hybrids 
but it was found that application of EDTA improved K contents in 
roots of Hysun-33 (Fig. 5). 
Shoot K contents showed significant (P < 0.05) statistical differences 
among hybrids, treatments and their interactions (Tab. 1). The ap- 
plication of both Cd treatments reduced K contents in shoot of FH-
533 as compared to Hysun-33. The increase in shoot K contents was 
marked in both hybrids at seedling, vegetative and reproductive 
stages with the application of EDTA as compared to OA treatment. 
The combination of Cd250 along with EDTA showed higher shoot K 
contents in comparison to combination of Cd450 and EDTA for both 
hybrids. The further decrease in shoot K contents was noticed in both 
hybrids for combined treatment of OA and Cd respectively (Fig. 5). 
The translocation of K, Ca, Mg from root to shoot was negatively 
affects by Cd during the growing cycle. The greater imbalance 
in nutrient contents was measured in root as compared to shoot 
(RIVELLI et al., 2014).
Statistical significance (P < 0.05) was found for root Ca contents of 
hybrids and treatments while non-significance was recorded for their 
interactions as shown in Tab. 1. Maximum Ca contents were analyzed 
in Hysun-33 roots when treated with EDTA alone as compared to 
FH-533 roots as well as all other treatments. An increase in root Ca 
contents was recorded from seedling to vegetative and reproductive 
stages of both the hybrids. Both Cd treatments reduced the root Ca 
contents of both hybrids. While the application of EDTA and OA in 
combination with Cd treatments increased the Ca contents in roots as 
compared to Cd treatments alone (Fig. 6).
Statistical analysis of shoot Ca contents showed significant (P < 0.05) 
differences for hybrids and treatments while non-significant for their 
interactions (Tab. 1). Hysun-33 shoot showed greater Ca contents 

Fig. 5: Effect of different combinations of Cd levels Cd250 and Cd450 and 
chelators (EDTA and OA @ 1 g /kg) on root and shoot K contents of 
Hysun-33 & FH-533 sunflower hybrids at seedling, vegetative and 
reproductive growth stages.

 *The graphical bars represent the mean values of replicates

Fig. 6: Effect of different combinations of Cd250 and Cd450 and chelators 
(EDTA and OA @ 1 g /kg) on root and shoot Ca contents of Hysun-33 
& FH-533 sunflower hybrids at seedling, vegetative and reproductive 
growth stages.

 *The graphical bars represent the mean values of replicates

with EDTA alone as compared to all other treatments and FH-533 
shoot. Cd250 and Cd450 decreased the Ca contents of Hysun-33 and 
FH-533 shoot. The combination of EDTA and Cd250 had greater 
shoot Ca contents in Hysun-33 as compared to combination of Cd450 
and EDTA, Cd250 with OA and Cd450 with OA respectively (Fig. 6).
The effect of Cd metal on the mineral nutrients in the roots and 
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leaves of rice varied with growing stages (LIU et al., 2003). KRAMER 
et al. (2007) devised the operation of transition metal transporters  
for the metal uptake and their partitioning to plant organs or cell 
types, their storage and remobilization. Cadmium replaces Ca with 
similar chemical behavior due to identical charge and ionic radius 
(KUBIER et al., 2019). CORGUINHA et al. (2015) reported the entry of 
Cd ions in guard cells through Ca channels.

Iron (Fe) and zinc (Zn) contents in root and shoot
Statistical significance (P < 0.05) was found for root Fe contents of 
hybrids and treatments while non-significance was recorded for their 
interactions as shown in Tab. 1. Maximum Fe contents were analyzed 
in Hysun-33 roots when treated with EDTA alone as compared to 
FH-533 roots as well as all other treatments. An increase in root Fe 
contents was recorded from seedling to vegetative and reproductive 
stages of both the hybrids. Both Cd treatments reduced the root Fe 
contents of both hybrids. While the application of EDTA and OA in 
combination with Cd treatments increased the Fe contents in roots as 
compared to Cd treatments alone (Fig. 7).
Statistical analysis of shoot Fe contents showed significant (P < 0.05) 
differences for hybrids and treatments while non-significant for their 
interactions (Tab. 1). Hysun-33 shoot showed greater Fe contents 
with EDTA alone as compared to all other treatments and FH-533 
shoot. Cd250 and Cd450 decreased the Fe contents of Hysun-33 and 
FH-533 shoot. The combination of EDTA and Cd250 had greater 
shoot Fe contents in Hysun-33 as compared to combination of Cd450 
and EDTA, Cd250 with OA and Cd450 with OA respectively (Fig. 7).
Root Zn contents were statistically significant (P< 0.05) among 
hybrids, treatments and non-significant for their interactions as 
shown in Tab. 1. The clear difference in chelators behavior was 
noticed for root Zn contents of Hysun-33 as compared to FH-533 
in combination with Cd treatments as well as alone. The increased 
in the root Zn contents was markedly measured from seedling to 
vegetative and reproductive stages of Hysun-33 and FH-533 in 
the presence of EDTA and OA respectively. The Cd250 and Cd450 

Fig. 7: Effect of different combinations of Cd250 and Cd450 and chelators 
(EDTA and OA @ 1 g /kg) on root and shoot Fe contents of Hysun-33 
& FH-533 sunflower hybrids at seedling, vegetative and reproductive 
growth stages.

 *The graphical bars represent the mean values of replicates

Fig. 8: Effect of different combinations of Cd250 and Cd450 and chelators 
(EDTA and OA @ 1 g /kg) on root and shoot Zn contents of Hysun-33 
& FH-533 sunflower hybrids at seedling, vegetative and reproductive 
growth stages.

 *The graphical bars represent the mean values of replicates

treatments decreased the root Zn contents of both the hybrids but it 
was found that application of EDTA improved Zn contents in roots 
of Hysun-33 (Fig. 8). 
Shoot Zn contents showed significant (P < 0.05) statistical differences 
among hybrids, treatments and their interactions (Tab. 1). The 
application of both Cd treatments reduced Zn contents in shoot of 
FH-533 as compared to Hysun-33. The increase in shoot Zn contents 
was marked in both hybrids at seedling, vegetative and reproductive 
stages with the application of EDTA as compared to OA treatment. 
The combination of Cd250 along with EDTA showed more shoot 
Zn contents in Hysun-33 as compared to combination of Cd450 and 
EDTA while FH-533 showed same amount of Zn contents in shoot 
for all combinations of Cd and EDTA. The further decrease in shoot 
Zn contents was noticed in both hybrids for combined treatment of 
OA and Cd respectively (Fig. 8). 
REVELLI et al. (2014) found significant interactions between Cd 
contamination and nutrient contents in shoot and root were found only 
for Cu, Zn and Fe. The Fe contents were higher in roots of sunflower 
under Cd application. Such results indicated the translocation of 
Cu, Zn and Fe from the root to the shoot of Cd affected plants. The 
translocation of nutrients is reduced when Cd is translocated to 
shoot. This interaction of translocation and absorption capacities of 
nutrients and Cd in plants was reported by HERRERO et al. (2010). 
A non-protein amino acid nicotinamide is lined with Fe, Cu and 
Zn homeostasis is present in almost all plants (WANG et al., 2013), 
seems to be involved also in Cd transport and chelation (SHARMA 
and DIETZ, 2006; KRAMER et al., 2007). The root plasma membrane 
of maize is not particularly specialized for Fe phytometallophores, 
which enables Cd transport in roots while Zn phytometallophores 
get easily absorbed by the maize roots (PANDEY et al., 2007). Several 
proteins from the ZIP family (ISMAEL et al., 2018; ZHENG et al., 2018) 
transport Cd from extracellular spaces and the lumen of organelles 
into the cytoplasm (VERT et al., 2009). The effect of Cd on nutrient 
elements in sunflower plants depends on Cd contamination level, 
nutrient considered, part portion and phenological stage (REVELLI 
et al., 2014). 
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Correlation
Root and shoot dry weight of Hysun-33 and FH-533 showed signi- 
ficant correlation with N, P, K, Ca, Fe and Zn, while non-significantly 
correlated with Cd contents. The correlation of Cd with shoot and 
root nutrients showed negative correlation which means that pres-
ence of Cd reduce P, K, Ca, Fe and Zn uptake especially N in both 
hybrids. Statistically significant negative correlation was found for  
N and Cd in Hysun-33 and FH-533 root (Tab. 2). 

Conclusion
The present study demonstrated that Cd250 and Cd450 significantly 
decrease the dry biomass by lowering the uptake of essential N, P, K, 
Ca, Fe and Zn elements more in FH-533 than Hysun-33. Treatment with 
EDTA (natural chelator) is considered a profitable mean of boosting 
phytoextraction of Cd (heavy metal) in sunflower as compared to 
Oxalic acid (synthetic chelator). Although our results coincides with 
the literature, provide useful information about interaction of Cd and 
nutrients in sunflower and with what concentration of which chelator 
can boost the metal extraction at which growth stage, but still needs 
to be tested in open field. 
EDTA increased the macro-micro nutrients of sunflower this 
supports it to complete life cycle under Cd stressed soil. Our results 
may contribute to enhance the yield and nutritional composition of 
sunflower (Hysun-33) cultivated in Cd affected areas as sunflower 
is also commercially important for its edible oil. It will helps in 
increasing sunflower cultivation in affected areas that will share the 
burden of economic demand of this crop and remediation of heavy 
metal contaminated areas as well. 
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