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Abstract 
By nature coastal saline soils having several constraints in crop production in addition to 
that of heavy metals contamination deteriorate the soil productivity. To restore these con-
taminated soils, various remediation techniques in practices must be revamped. The pre-
sent study was conducted to enhance the accumulation of heavy metals lead and cadmi-
um in sunflower and improve the crop productivity using organic and inorganic soil 
amendments along with NPK fertilizers in completely randomized design. Soil samples 
were admitted to estimating soil physico chemical properties and DTPA extractable lead 
(Pb) and cadmium (Cd) and plant samples analyzed for DTPA extractable Pb and Cd 
concentrations under ICP-OES. The physico-chemical properties and DTPA extractable 
Pb and Cd concentrations were significantly influenced by amendments. Sunflower exhib-
ited significant differences concerning accumulation of Pb and Cd against amendments 
tested along with higher biomass production. Higher shoot and root concentration of Pb
(0.72,0.81 and 0.94,0.97 mg kg-1) and Cd (1.78, 2.32 and 0.35,0.32 mg kg-1)were record-
ed in the treatment RDF + EDTA, which was followed by RDF + Potassium humate and 
RDF + Zeolite application at 45 DAS and at harvest. Remediation efficiency of sunflower 
increased by application of RDF + EDTA through enhanced solubility of Pb and Cd in soil 
and thus increased Pb and Cd accumulation in root and shoot of sunflower. Whereas, the 
application of RDF+ FYM or press mud reduced the bioavailability of Pb and Cd in soil 
and thus restricted the accumulation of Pb and Cd by sunflower. Further, application of 
NPK fertilizers maintained the availability of nutrients and enhanced the yield of sunflow-
er. The application of EDTA along with NPK fertilizer enhanced the bioaccumulation of 
lead and cadmium by sunflower without yield loss. Since, there is a possibility to cause 
leaching of HMs to ground water by EDTA. Hence, RDF plus Potassium humate or Zeo-
lite can be recommended for lead and cadmium removal by sunflower in coastal saline soils 
with no loss in crop productivity. 
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INTRODUCTION  

Polluting soil and water by toxic heavy metals 
(HMs) have become a serious environmental 
hitch leading to a reduction in plant growth and 
development; and risk to human health via the 
food chain Rizwan et al.,2016b; Shaheen and 
Rinklebe,2015). Excessive heavy metal concen-
tration in plants affect their physiochemical routine 
and cause oxidative stress in plants via the pro-
duction of reactive oxygen species (ROS) 
(Jabeen et al.,2016). Phyto-management with 
other technologies (phytoremediation, phytom-
ining and biofortification) for mitigating any envi-
ronmental risk associated with contaminated soils 
is a cost-effective way (Robinson et al.,2009). The 

success of phyto-extration depends on a plant 
species that can tolerate the accumulation of HMs 
without affecting plant growth and productivity. 
Polluting heavy metals in atmosphere and litho-
sphere and its dangers associated with causing 
phytotoxicity to crops and food chain contamina-
tion have become a matter of social and scientific 
concern (Vassilev et al.,2004).  Thus, the issues 
of contamination of agricultural soils and chemical 
residues in agricultural produce have become im-
portant due to increased public awareness and 
concern for food and land quality especially in 
coastal soils. 
Cd and Pb gained more attention because of their 
wide spread and high toxicity to plant functions. 
Theyinhibit metabolic process and are not essen-
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tial for plant growth (Pendias and Pendias,2010).  
The main source of Cd contamination are indus-
tries using cadmium and the other sources are 
mining, ore dressing and smelting of cadmium 
sulphide ore etc. Excessive build up of Pb in soil, 
water and air is likely due to mining, smelting, ma-
nure, sewage sludge and vehicle exhausts. Dur-
ing the past decades, the annual widespread re-
lease of heavy metals reached 22,000 t  for Cd 
and 7, 38,000 t for Pb  (Alloway, 1995; Singh and 
Tiwari,2003). Solubility of heavy metals in soil 
depends on various biogeochemical properties 
and in turn affects the bioavailability of toxic heavy 
metals. Apart from solubility of heavy metals, 
plants should have apt mechanism of taking up 
the HMs from rhizospheric to phyllospheric part by 
producing more plant biomass under stress. To 
modify or influence the soil and plant continuum, 
amendments may require to supply along with 
macro nutrient fertilizers are must for normal 
growth and development. Soil application of or-
ganic (FYM, press mud), inorganic amendments 
(Lime, gypsum, humate compounds, zeolite) and 
chelates like EDTA, AB-EDTA are common in the 
HMs solubilization or im(mobilization) in soil solu-
tion. All these amendments have nature of influ-
encing different soil physico-chemical and biologi-
cal properties according to their characteristic fea-
tures.  
Sunflower (Helianthus annuus L.) is a proven 
plant species for bioaccumulation and phytoreme-
diation of HMs (Cornu et al., 2016; Niu et 
al.,2007). Roots are the main pathway through 
which HMs gain access to apical parts, the uptake 
varies with soil properties, plant cultivars and con-
centration in soil solution (Kolbas et al., 2014; 
Chaves et al.,2011).  Translocation factor is the 
ratio of the metal concentration in the shoots to 
that in the roots, which indicates the phytoextrac-
tion potential (Adesodun et al., 2010).  Various 
studies have been conducted in phytoextraction of 
heavy metals using sunflower with less or no de-
tails about the soil physical properties especially 
soil texture and its relations to HMs bioavailability 
and crop productivity in coastal saline soils. Keep-
ing this in view, this study was taken up to esti-
mate the accumulation efficiency of sunflower for 
lead and cadmium along with sustainable crop 
productivity under stress soil habitat using soil 
amendments and nutrient supplements. 

MATERIALS AND METHODS 

Experimental site and soil: The pot culture ex-
periment was carried out to evaluate the effect of 
molecular fertilizers (NPK) combined with soil 
amendments (organic and inorganic) on soil phys-
ico-chemical properties, DTPA extractable heavy 
metals (Pb and Cd) and phytoaccumulation effi-
ciency of heavy metals Pb and Cd using sunflow-
er as a test crop in sandy clay loam soil at pot 

culture yard in the Department of Soil Science and 
Agricultural Chemistry, Faculty of Agriculture, An-
namalai University, Annamalainagar during July – 
October, 2017. Contaminated soil containing 9.60 
mg kg-1 and 76.10 mg kg-1 of total cadmium and 
lead concentration and DTPA extractable concen-
tration of cadmium was 0.75 mg kg-1 and the lead 
was 1.56 mg kg-1, respectively. The experimental 
soil was sandy clay loam in nature with the pH, 
EC, CEC and organic carbon status of 7.81, 0.72 
d Sm-1, 13.52 c mol (P+) kg -1 and 0.41 g kg-1, re-
spectively. The available NPK status of soil was 
low, medium and low (178.2 kg ha-1, 11.3kg ha-1 
and 146.8 kg ha-1, respectively). The experiment 
was laid out in completely randomized block de-
sign, which comprised of eight soil amendments 
as treatments with recommended dose of molecu-
lar fertilizers [NPK @ 60: 90: 60 kg ha-1) with three 
replications. The experimental soil was filled in 
cement pot of 30 cm height according to the ex-
perimental design. 
Experimental pot preparation, application of 
amendments and rising of plants: The contami-
nated soil was amended with recommended dose 
of fertilizers (RDF) [T2 - RDF + Farm yard manure, 
T3 –RDF + Pressmud, T4 - RDF +EDTA, T5 - RDF 
+ Lime, T6 - RDF + gypsum, T7 - RDF + Potassium 
Humate, T8 - RDF + Zeolite, T1 - Control (100% 
RDF)] different amendments (organic and inor-
ganic) selected for the study were applied as per 
the treatment schedule. Sunflower seeds 
(Sunbred hybrid) were sown and two healthy 
seedlings were maintained up to 95 days. Pots 
were filled with 24 kg of contaminated soil(no 
heavy metals were spiked artificially). Experi-
mental pots were maintaining at 50 - 60 % of 
water holding capacity of the soil. The soil and 
plant samples at 45th day and harvest were tak-
en and processed for analysis. Molecular ferti-
lizers (NPK) applied as urea,single super  phos-
phate (SSP), muriate of potash (MoP) @ 
60:90:60 kg ha-1 and the viz.,farm yard manure 
(FYM) 6.5, press mud (PM) 2.5, disodium salt of 
ethylene diamine tetra acetic acid (EDTA) - 0.5, 
Lime -1.25, Gypsum - 1.25, Potassium Humate 
(KH) -0.005, Natural Zeolite (NZ) - 10 g kg-1 of 
soil, respectively. 
Yield and yield parameters: The diameter of the 
head/capitulum of tagged plants were measured 
at harvest and expressed in cm. The number of 
filled seeds capitulum-1 was counted separately 
for the tagged plants by gently pressing the seeds 
in between the thumb and fore finger. Mean of the 
plants was taken as number of filled seeds per 
capitulum. Hundred filled seeds were counted 
randomly from each replication and were weighed. 
The mean weight was calculated and expressed 
in grams. The capitulum harvested from each pot 
were threshed, cleaned and dried to about 10-12 
per cent moisture and yield per plant was record-
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ed and expressed as grams plant-1. The stovers 
(after removing the head) from each pot were 
dried completely in the sun for a week, weighed 
and expressed in grams plant-1. 
Soil analysis: Soil pH was measured in suspen-
sion of (1:2.5 soil: water) using a glass electrode 
standardized with pH 4, 7 and 9.2 buffer tablets 
attached to an Ion analyzer, conductivity was 
measured in the same suspension using a con-
ductivity meter and cation exchange capacity was 
determined by neutral normal ammonium acetate 
method (Jackson,1973).  Organic carbon content 
was determined by modified Chromic acid wet 
digestion titration method (Walkley and 
Black,1934). The available nitrogen was deter-
mined by alkaline permanganate method 
(Subbiah and Asija,1956), available phosphorus 
(using 0.5 M NaHCO3 of pH 8.5) was quantified 
by the spectrophotometer method (Olsen et 
al.,1954)  and available potassium (using neutral 
normal ammonium acetate extract) was deter-
mined by Flame photometric method (Standford 
and English,1949). 
Analysis of heavy metals in soil and plant: Soil 
and plant samples (1g) were digested after adding 
tri-acid mixture (HNO3, H2SO4, and HClO4 in 5:1:1 
ratio) at 80◦C until a transparent solution was ob-
tained (Allen et al.,1986).  After cooling, the di-
gested sample was filtered using Whatman no. 42 
filter paper and the filtrate was finally maintained 
to 50 ml with distilled water. Concentrations of 
heavy metals in the filtrate of digested soil and 
plant samples were estimated by using Inductively 
Coupled Plasma optical Emission Spectrometer 
(Model-ICP-OES-5110, Agilent). 
To evaluate the ability of metal phytoextraction / 
phytoaccumulation by sunflower, the certain pa-
rameters were considered i.e. a) plant biomass 
(dry weight of roots and shoots), b) metal concen-
tration in plant tissues (roots and shoots), c) trans-
location factors (TFs) calculated as the metal in 
shoots to the metal in roots ratio suggested by 
Zhixin et al. (2009)  and d) bio-concentration fac-
tors (BCFs and ER) of shoots and roots calculated 
as the ratio between metal concentration in plant 
tissues (shoots or roots, respectively) and total 
metal initial soil concentration suggested by 
Elouear et al.,(2016).  Remediation efficiency (ER) 
was calculated using the amount of heavy metal 
uptake (Concentration in aerials multiplied with its 
weight) by plants from the soil (concentration in 
soil multiplied with soil weight). 
Statistical analysis: The data of heavy metal 
concentrations and soil properties of different 
amendments were subjected to one way analysis 
of variance (ANOVA). All the statistical tests were 
performed using SPSS software. The significant 
differences between the means were tested 
against the critical difference at 5 % probability 
level.  

RESULTS 

pH, EC, CEC and SOC: All amendments applied 
were influenced the pH, EC, CEC and SOC of con-
taminated soil compared to untreated soil (Table 
1). The higher pH values were observed in RDF 
plus lime (8.37 and 8.35) and it was on par with 
RDF plus zeolite (8.33 and 8.3) amended pots at 
both stages (45 DAS and harvest). Higher EC val-
ues of treated soil were noted in RDF plus lime 
(0.95 and 0.87 dSm-1) applied pots at 45 DAS and 
harvest, respectively. Which was followed by RDF 
plus zeolite applied pots (0.85 and 0.8 dSm-1) and 
other treatments followed in the order of T7, T3, T1, 
T6, T2 and T4 (which recorded the lowest EC of 
0.35 and 0.27 dSm-1), respectively at 45 DAS and 
harvest stages of crop growth. Regarding cation 
exchange capacity (CEC) and soil organic carbon 
(SOC)  content of soil at 45 DAS and  harvest, the 
higher values were notified under RDF plus FYM 
amended pots of 15.53 and 16.13[Cmol (p+) Kg-1]; 
0.65 and 0.73  g kg-1, respectively and it was on 
par with RDF plus press mud amended pots. 
Whereas all other soil amendments following in the 
order of T1, T4, T6, T7, T8 and T5(which recorded 
the lowest CEC of 8.24 and 7.75 [Cmol (p+) Kg-1); 
0.08 and 0.08 g kg-1] respectively. 
Heavy metals (Pb and Cd) concentration in 
soil: Significantly higher values of DTPA extracta-
ble Pb and Cd (3.98 and 1.19; 3.85 and 1.31 mg 
kg-1, respectively) were observed in RDF plus 
EDTA (T4) amended pots, respectively and this 
was followed by potassium humate, zeolite and 
lime applied pots. But the lower elemental concen-
tration of DTPA extractable Pb and Cd (0.75 and 
0.57; 0.62 and 0.51 mg kg-1, respectively) were 
observed in the treatment amended with RDF plus 
FYM (T2) both at 45 DAS and at harvest (Table 2). 
Heavy metals (Pb and Cd) concentrations in 
plant: Maximum lead (Pb) and cadmium (Cd) con-
centration in shoot and root at 45 DAS and at har-
vest were recorded in RDF plus EDTA (T4) amend-
ed pots of 0.72, 1.78; 0.81, 2.32 mg kg-1 and 0.94, 
0.35; 0.97, 0.32 mg kg-1, respectively. This was 
followed by other amendments in the order of po-
tassium humate, zeolite, lime, gypsum, 100 per 
cent RDF alone (control), press mud and FYM. 
However, Press mud and FYM amended pots on 
par with each other at both stages (Table 3). 
Whereas, the lower concentration of Pb and Cd in 
shoot and root (0.09, 0.11; 0.03, 0.6 mg kg-1 and 
0.19, 0.08; 0.15, 0.05 mg kg-1, respectively) were 
observed in the treatment received RDF + FYM 
(T4). 
Bio-concentration factor (BCF): values with re-
spect to Pb and Cd are < 1 indicating that the con-
centration of the elements does not exceed its 
content in the soil and BCF values of Cd were 
higher than that of Pb in the trial at both stages of 
crop. According to the BCF values obtained for Pb 
and Cd  accumulated by sunflower were higher 
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(0.036 and 0.97 ;0.045 and 0.97 ) with  RDF plus 
EDTA (T4) applied plants at 45 DAS and at har-
vest, respectively and this  followed by other  
treatments in descending order of T7, T8, T5, T6, 
T1, T3 and  T2.  RDF plus FYM amended (T2) rec-
orded the lowest BCF values of 0.003 and 0.205; 
0.001and 0.152, respectively (Table 5. 
Transfer factor (TF): for lead and cadmium by 
sunflower was followed a diverse pattern (Table 5. 
At 45 DAS higher TF value was observed in RDF 
plus FYM amended plant for Pb (0.82)and RDF 
plus lime for Cd (3.10). At harvest RDF plus press 
mud recorded the higher TF value for Pb (0.70) 
and control treatment (T1) which registered higher 
TF of 4.20. Whereas the lower values TF at 45 
DAS were recorded by the treatments 100 per 
cent RDF alone for Pb (0.34) and RDF plus FYM 

for Cd (2.38) and at harvest except press mud, 
FYM and gypsum all other treatments were regis-
tered more or less equal values (0.35 to 0.36) for 
Pb and RDF plus EDTA recorded lowest TF of 
3.03. 
Remediation efficiency (ER): There was signifi-
cantly higher remediation efficiency (ER) of sun-
flower effected by amendments both at 45 DAS 
and at harvest (Table 4). RDF plus EDTA were 
observed highest ER value in amended plants for 
both Pb and Cd (0.68 and 11.06; 2.48 and 34.74) 
followed by RDF plus zeolite at 45 DAS and po-
tassium humate at harvest. Whereas, the lowest 
ER values observed in RDF plus FYM amended 
plants both at 45 DAS and at harvest for both Pb 
and Cd(0.06 and 0.66; 0.05 and 1.45, respective-
ly).  
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Table 1. Effect of soil amendments on pH, EC (dS m-1), CEC (cmol (p+) Kg-1) and SOC(g kg-1).  

Crop growth stages 45 DAS Harvest 
Treatments /Parameters pH EC CEC SOC pH EC CEC SOC 
T1- Control (100% RDF) 7.79 0.64 13.93 0.48 7.70 0.60 14.46 0.57 
T2- RDF + Farm yard manure 7.60 0.58 15.53 0.65 7.53 0.51 16.13 0.73 
T3- RDF + Pressmud 7.80 0.72 15.15 0.57 7.78 0.65 15.78 0.68 
T4- RDF + EDTA 7.25 0.35 13.37 0.40 7.13 0.27 14.02 0.49 
T5- RDF + Lime 8.37 0.95 8.24 0.08 8.35 0.87 7.75 0.08 
T6- RDF + Gypsum 7.61 0.50 12.66 0.24 7.51 0.41 13.32 0.37 
T7- RDF + Potassium humate 7.75 0.80 11.41 0.29 7.71 0.76 11.98 0.29 
T8- RDF + Zeolite 8.33 0.85 9.40 0.10 8.30 0.80 8.25 0.10 
SEd± 0.29 0.02 0.38 0.01 0.32 0.03 0.38 0.01 
CD (P=0.05) 0.62 0.06 0.80 0.03 0.68 0.05 0.81 0.03 

EC-Electrical conductivity, CEC- Cation exchange capacity, SOC-Soil organic carbon 

Table 2. Element concentrations of Pb and Cd (mg kg-1) in sunflower. 

Crop  growth stages 45 DAS Harvest 

Treatments /Parameters 
DTPA DTPA 

Pb Cd Pb Cd 
T1-Control (100% RDF) 1.47 0.80 1.35 0.77 
T2-RDF + Farm yard manure 0.75 0.57 0.74 0.57 
T3- RDF + Pressmud 0.87 0.61 0.62 0.51 
T4- RDF +EDTA 3.98 1.19 3.85 1.31 
T5-RDF + Lime 2.97 0.97 2.86 1.05 
T6-RDF + Gypsum 2.29 0.91 2.14 0.99 
T7-RDF + Potassium humate 3.57 1.12 3.45 1.23 
T8-RDF + Zeolite 3.12 1.04 3.01 1.15 
SEd± 0.08 0.02 0.07 0.03 
CD (P=0.05) 0.17 0.06 0.16 0.06 

Table 3. Influence of soil amendments on accumulation of Pb and Cd (mg kg-1) in sunflower. 

Crop growth stages 45 DAS Harvest 

Treatments /Parameters 
Shoot Root Shoot Root 

Pb Cd Pb Cd Pb Cd Pb Cd 
T1-Control (100% RDF) 0.25 0.39 0.73 0.13 0.27 0.42 0.76 0.10 
T2-RDF + Farm yard manure 0.09 0.19 0.11 0.08 0.03 0.15 0.06 0.05 
T3- RDF + Pressmud 0.13 0.25 0.25 0.09 0.07 0.21 0.10 0.06 
T4- RDF +EDTA 0.72 0.94 1.78 0.35 0.81 0.97 2.32 0.32 
T5-RDF + Lime 0.51 0.65 1.21 0.21 0.57 0.69 1.63 0.19 
T6-RDF + Gypsum 0.37 0.52 1.01 0.17 0.48 0.56 1.28 0.14 
T7-RDF + Potassium humate 0.63 0.80 1.52 0.31 0.70 0.84 2.01 0.27 
T8-RDF + Zeolite 0.55 0.67 1.32 0.27 0.61 0.71 1.72 0.23 
SEd± 0.03 0.05 0.09 0.01 0.04 0.04 0.11 0.01 
CD (P=0.05) 0.07 0.10 0.19 0.04 0.09 0.10 0.24 0.03 
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Crop productivity: The application of organic 
and inorganic soil amendments along NPK fertiliz-
ers significantly influenced the yield and yield 
characters of sunflower (head diameter (cm), 
number of seeds per head, seed yield (g plant-1) 
and stover yield (g plant -1) except 100 seed 
weight (g) of sunflower (Table 6 . Among the treat-
ments, RDF plus FYM (T2) recorded significantly 
maximum head diameter of 16.47 cm and number 
seeds head-1 (716.6) it was on par with the treat-
ment RDF + pressmud (T3) and RDF + EDTA (T4). 

The minimum head diameter of 11.26 cm and 
minimum number seeds head-1 of 391.2 were reg-
istered by RDF plus lime (T5) applied plants. Fur-
ther, application of organic and inorganic soil 
amendments along with recommended dose of 
NPK fertilizers did not exert any significant impact 
on test seed weight of sunflower. Regarding the 
seed and stover yield, application of RDF plus 
FYM (T2) attained statistical supremacy by record-
ing 33.19 g plant -1 and 64.09 g plant -1 of seed 
and stover yield. However, this treatment was on 
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Table 4. Simple correlation matrix showing relationships between soil available Pb and Cd with shoot and root 
Pb and Cd concentration of sunflower. 

 45 DAS HARVEST 

 Pb Cd Pb S Cd S Pb R Cd R Pb Cd Pb S Cd S Pb R Cd R 

Pb 1.000            
Cd 0.989 1.000           
Pb S 0.996 0.986 1.000          
Cd S 0.990 0.983 0.996 1.000         
Pb R 0.986 0.993 0.991 0.992 1.000        
Cd R 0.978 0.970 0.984 0.984 0.969 1.000       
Pb 1.000 0.989 0.997 0.990 0.986 0.978 1.000      
Cd 0.991 0.997 0.985 0.978 0.988 0.964 0.991 1.000     
Pb S 0.992 0.992 0.992 0.989 0.997 0.964 0.992 0.994 1.000    
Cd S 0.991 0.991 0.995 0.997 0.998 0.974 0.990 0.986 0.996 1.000   
Pb R 0.994 0.995 0.994 0.991 0.997 0.967 0.994 0.995 0.999 0.997 1.000  
Cd R 0.984 0.973 0.990 0.991 0.975 0.998 0.984 0.967 0.971 0.981 0.974 1.000 

Pb S: lead concentration in Shoot, Pb R: lead concentration in root, Cd S: Cadmium concentration in Shoot    
Cd R: Cadmium concentration in root 

Table 5. Influence of organic and inorganic amendments on BCF, TF and ER of sunflower. 
Crop growth stages 45 DAS Harvest 45 DAS Harvest 45 DAS Harvest 

Treatments /
Parameters 

BCF TF ER 
Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd Pb Cd 

T1-Control (100% 
RDF) 

0.014 0.394 0.015 0.394 0.34 3.00 0.36 4.20 0.11 1.62 0.39 5.67 

T2-RDF + Farm yard 
manure 

0.003 0.205 0.001 0.152 0.82 2.38 0.50 3.00 0.06 0.66 0.05 1.45 

T3- RDF + Pressmud 0.006 0.258 0.002 0.205 0.52 2.78 0.70 3.50 0.08 0.80 0.12 1.93 
T4- RDF +EDTA 0.036 0.977 0.045 0.977 0.40 2.69 0.35 3.03 0.68 11.06 2.48 34.74 
T5-RDF + Lime 0.025 0.652 0.032 0.667 0.42 3.10 0.35 3.63 0.11 1.41 0.67 7.80 
T6-RDF + Gypsum 0.020 0.523 0.026 0.530 0.37 3.06 0.38 4.00 0.22 3.35 0.96 11.03 
T7-RDF + Potassium 
humate 

0.031 0.841 0.039 0.841 0.41 2.58 0.35 3.11 0.27 3.96 1.27 16.46 

T8-RDF + Zeolite 0.027 0.712 0.034 0.712 0.42 2.48 0.35 3.09 0.31 4.11 1.14 14.0 

BCF-Bio Concentration Factor, TF-Transfer Factor ER- Remediation Efficiency. 

Table 6. Influence of soil amendments and NPK fertilizers on crop productivity. 

Treatments  /Parameters Head diame-
ter (cm) 

No. of seeds  
head-1 

100 seed 
weight (g) 

Seed yield 
g plant -1 

Stover 
Yield g plant -1 

T1-Control (100% RDF) 12.13 490.0 4.35 25.73 53.47 
T2-RDF + Farm yard manure 16.47 716.6 4.51 33.19 64.09 
T3- RDF + Pressmud 16.01 702.3 4.43 31.73 61.77 
T4- RDF +EDTA 15.23 651.3 4.30 29.31 58.77 
T5-RDF + Lime 10.43 391.2 4.32 17.64 45.56 
T6-RDF + Gypsum 14.51 601.1 4.28 26.41 53.65 
T7-RDF + Potassium humate 13.01 544.2 4.27 21.61 50.08 
T8-RDF + Zeolite 11.18 431.0 4.19 18.93 46.71 
SEd± 0.96 40.28 0.29 1.66 3.49 
CD (p=0.05) 2.04 85.39 NS 3.52 7.40 
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par with treatment RDF + pressmud and RDF plus 
lime applied plants registered the lowest seed and 
stover yield of 17.64  and 45.56 g plant -1, respec-
tively.  

DISCUSSION 

Possibility of using crops as phytoremediants de-
pends on the accumulation and distribution of 
metals among their morphological organs. Plants 
characterized by high biomass production and 
intensive heavy metals accumulation in shoots 
and roots can be used as phytoremediants. The 
availability of heavy metals in the soil depends on 
chemical speciation of the metal, soil pH and oth-
er soil chemical and physical properties 
(Smith,2009)  and crop productivity depends on 
the availability of essential nutrient elements. 
Physico-chemical properties of the HMs 
amended soil: Lime amended treatments in 
heavy metal contaminated soils duly increased 
soil pH which depends on pH of liming material 
and C2+ concentration in soil solution.Similar rec-
ords were observed by Rehman et al. (2015b)    
i.e. addition of lime has positive momentum of 
increasing soil pH and EC. Lower values of pH, 
EC were observed in RDF plus EDTA amended 
pots(T4), this might be ascribed due to EDTA’s 
chelating effect (induces variable charge) on 
growth medium which influences both pH and EC. 
There was significant difference in EC, CEC and 
SOC values among the amendments compared to 
pH values. Higher values of CEC and SOC were 
attributed duly by the addition of farm yard ma-
nure (FYM) which increased adsorption sites by 
increasing negative charges on the soil surface 
and reducing competing metal cations (Alamgir et 
al.,2011). 
Further, addition of soil organic carbon might be 
due to accumulation plant residual lignin in FYM 
directly flows to the structural and metabolic soil 
carbon pool and increased biologically active 
soil organic carbon such as microbial biomass 
carbon and mineralizable carbon While, the low-
er values of CEC and SOC were recorded by RDF 
plus lime amended pots. The reduction in CEC 
and SOC content in lime applied treatments 
might be caused by lime effect on reducing pH, 
EC and increasing soluble salts contents. Ever 
since, both ethylene diamine tetra acetic acid 
(EDTA) and lime application did not influence 
this pool. Similar results were reported that ma-
nure was the most effective in increasing POM-
C when compared with urea or without urea or 
other soil amendments (Mando et al.,2005).  i.e. 
N supply through organic manures might have 
stimulated microbial activity and enhances C 
turnover, which explains the negative values of 
C stabilization in the fertilizer N applied plots 
which was hinder by the RDF plus lime applied 
treatments.  

DTPA extractable heavy metals (Pb and Cd) 
concentration in soil: Increased lead and cadmi-
um concentration in soil might be attributed due to 
enhanced Pb-EDTA and Cd-EDTA complex for-
mation that brought the metals from sorbed sites 
to the soil solution and increases the bioavailabil-
ity of Pb, Cd and other heavy metals by forming 
water soluble - chelate complexes and  addition of 
chelating agent and consequent formation of ele-
ment - chelate complexes prevent precipitation 
and sorption of the elements in the soil by the 
amendments applied. Similar reports were given 
by Freitas and Nascimento (2009) and  Suthar et 
al.,2013.  They opined that the formation of metal 
- chelate complex might be low in energy to bind 
the metals to become available in soil solution 
especially organic amendments.In the present 
study, due to increased sorption sites by FYM 
through addition of organic carbon, enhancing the 
CEC and humic substances in the soil by in-
creased the degree of humification. By which HMs 
may get adsorbed, precipitated or more options of 
forming complex with Pb and Cd in sandy clay 
loam soil texture having pH < 8.5 (even though it 
registered low pH values compared to all other 
treatments except RDF plus EDTA amended one). 
The low CEC of the soil attests to its low metal 
immobilization which may result in increased ele-
mental concentration in soil solution in the present 
study in EDTA and lime amended pots. This con-
forms with those of  Arunakumara et al. (2013) 
and  Lucchini et al. (2014).  Higher values of CEC 
and SOC were observed in FYM amended treat-
ment throughout the crop growth, which results in 
lower DTPA extractable lead (Pb) and cadmium 
(Cd) due to immobilization. 
Heavy metal concentrations in the plants: No-
tably higher elemental concentration of Pb and Cd 
in shoot and root of sunflower accumulated by 
EDTA amended plants. This might be s due to 
altering soil physico-chemical properties, plants 
rhizospheric processes, plant variety or cultivar/
hybrid and its uptake mechanisms. Similar reports 
were given by (Shittu et al.,2015). Further, effects 
amendments on metal adsorption/desorption, pre-
cipitation and or solidification processes might 
have influenced the mobility of metals. In this 
study chief mechanism of accumulating Pb and 
Cd were identified as chelating effect of EDTA by 
forming of stable complexes. In addition, in-
creased absorption of Pb and Cd from soil into the 
roots of sunflower and then to shoots attributed by 
chelating effects of EDTA along with the chelating 
exudates produced by the sunflower plant roots. 
Results showed that this treatment had relatively 
low effect on Pb concentration in shoot organs of 
sunflowerand EDTA can solubilise soil Pb and Pb-
EDTA can be easily absorbed by roots of the 
plant. These results are in line with those of 
Suthar et al. (2013) who reported that addition of 
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chelating agent and the consequent formation of 
element-chelate complexes prevent precipitation 
and sorption of the elements in the contaminated 
calcareous soils of Gujranwala and Pacca. 
Whereby lower lead and cadmium concentration 
in sunflower shoot and root were observed in FYM 
amended plants might be due to increased sorp-
tion sites by FYM through addition of organic car-
bon, enhancing the CEC and humic substances in 
the soil (Singh and Agarwal,2013) thus HMs may 
get adsorbed, precipitated or more options of 
forming complex with Pb and Cd which results in 
higher immobilization of lead and cadmium in soil 
and lowered the plant uptake. Press mud also 
show similar trend of activity as FYM in saline 
sandy clay loam soil. Further, the study results 
were confirmed by positive correlation with soil 
available heavy metal concentration after amend-
ing the soil with organic and inorganic amend-
ments with shoot and root uptake of lead and 
cdmium (Table 4) which proved that soil solution 
availability directly proportional to accumulation of 
lead and cadmium in root and shoot of sunflower 
plant. 
Remediation efficiency of sunflower: The rate 
of metal uptake is greatly influenced by plant spe-
cies, the transfer factor of the metals by each 
plant species are desirable for classification of the 
plants phytoaccumulation, phytostabilization and 
phytoextraction potentials (Chehregani and  
Malayeri,2007; Ayari et al., 2010). In the present 
study, remediation efficiency of sunflower was 
studied by determining bioconcentration factor 
(BCF) and transfer factor (TF) from the soil and 
plant elemental concentration of Pb and Cd (Table 
4). Low BCFs of lead might be due to plants do 
not take up large quantities of soil lead (Pb) and 
its low mobility compared to cadmium which is 
highly mobile in both soil and plant. These results 
are in line with those of Raymond et al.,2011; 
Radulescu et al.,2013) in calcareous soils by 
rapeseed and amaranthus spp. In connection with 
transfer factor, the results noted  that application 
of RDF plus FYM and or RDF plus press mud led 
to an increased transfer factor for Pb, however 
their TF values were less than 1, which indicates 
an enhanced ability of plants to accumulate heavy 
metals in the roots and not to the aerials when 
compared to other amendments. While, the TF 
values for Cd showed a different trend as RDF 
plus lime, RDF plus gypsum and RDF alone ap-
plied treatments showed higher TF values for Cd. 
TF values of Cd are three folds of Pb. This might 
be due to higher mobility of Cd in plants (roots to 
shoots) than Pb, which mostly retained in roots 
itself influenced by these amendments. These 
results conform with those of Smical et al. (2008)   

who reported that metals distribution in plant 
seems to be controlled by some mechanism and 
this suggests the existence of some boundaries and/

or change in the metal chemical state. Further, the 
application of RDF plus EDTA (T4)  proved its su-
periority  over other treatments by recording high-
er remediation efficiency (ER) values of 0.68, 2.48 
and 11.06, 34.74  and  the lower ER values (0.06, 
0.05 and 0.66, 1.45) were observed in RDF plus 
FYM (T2) amended treatments for Pb and Cd at 
45 DAS and at harvest, respectively. ER values 
are increases with increase in soil to plant movement 
of metals which was consistent with the findings of 
Elouear et al.(2016) in contaminated agricultural 
soils by alfalfa plants.  
Crop productivity: Yield and yield attributes of 
sunflower [head diameter (cm), number of seeds 
head-1, hundred seed weight (g), seed and stover 
yield  (g plant -1)] were higher in RDF plus FYM 
amended pots and it was statistically on par with 
the application of RDF plus pressmud or  EDTA. 
This might be due to addition of NPK fertilizers 
along with FYM or press mud resulting in utiliza-
tion of available resources to a maximum extent 
with increased nutrient uptake consequently en-
hanced the various yield attributes which in turn 
results in higher seed and stover yield of sunflow-
er. Further, improved performance of these treat-
ments is due to continued contribution of soil 
available nutrients even under stress condition 
reflected on increased growth and yield attributes. 
These are in line with those of Sahoo et al. (2009) 
and (Najundappa et al.,2001).  i.e favorable ef-
fects of organics on growth and yield attributes 
also proved by enhanced nutrient uptake, higher 
photosynthetic assimilates production and effec-
tive portioning from source and sink. In addition to 
that application of FYM might have stimulated the 
activities of soil MOs that make the plant nutrients 
readily available to the crops thereby increased 
photosynthetic rate and hence higher yield 
(Manjunatha et al.,2009)  realized due to in-
creased photosynthetic rates higher root oxidizing 
activity and nutrient availability (Mishra and 
Salokhe,2010)  leading to better yield. Whereas, 
the lowest values of yield attributes and seed, 
stover yields were recorded in plants amended 
with RDF plus lime  might be attributed due re-
duced availability of macro and micronutrient 
(Rehman et al.,2015b)thus in reduction plant nutri-
ent uptake resulted reduced yield. Present experi-
mental results are in agreement with those of 
Ghosh et al.(2010 ) and Ahmad et al.(2015) they 
reported in maize plants under nickel and chromi-
um contaminated soils.   

Conclusion 

It could be concluded that addition of RDF plus 
FYM or press mud reduced the bioavailability Pb 
and Cd in soil solution whereas EDTA enhanced 
the bioavailability and thus induced the accumula-
tion of lead and cadmium in sunflower with sus-
tainable crop productivity. Also, it can be conclud-
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ed that RDF plus potassium humate or Zeolite 
may be recommended for lead and cadmium re-
moval by sunflower in coastal saline sandy clay 
loam soils and application of EDTA may also be 
avoided due to the leaching of its complexes 
formed due to chelating of HMs  that may ultimate 
lead may lead to  ground water  contamination. 
The study results indicated that EDTA along with 
RDF of NPK molecular fertilizers could be the best 
amendment for the problem taken but it is  discov-
ered that the use of potassium humate or zeolite 
can beneficial for farmers produce crops in heavy 
metal contaminated soils especially in coastal 
areas. This study will help the researchers to un-
cover the critical areas of remediating heavy metal 
contaminated soils with different soil textural clas-
ses with fluctuating soil salinity that many re-
searchers were not able to explore. Thus it may 
address a solution to the mass clean-up issues of 
heavy metal accumulation in different textural 
soils with salinity problems of the world. 
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