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ABSTRACT 
 

The Khuzestan Province in Iran hosts many small industrial plants and other sources of heavy metals’ 
emissions. Date palm is an important agricultural crop in the region so this study was done to evaluate the use of 
various crop species intercropped with date palm to decontaminate the soil and remediate heavy metals pollution 
in the Khuzestan Province.  There is no known study that has identified plants or crop species with tolerance for 
contaminated soil and a capability to accumulate heavy metals. Therefore, the aim of this study was 1) to assess 
accumulations of heavy metals in the soil and the effect of date palm in various cropping systems; 2) to assess 
the removal of heavy metals by root and shoot of alfalfa, sunflower and maize; tests were done on monocultures 
and intercropping with date palm. Results showed that alfalfa with or without date palm were capable of 
accumulating cadmium.  
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Introduction 

 
Soil contamination from heavy metals is one 

of the most serious current environmental 
problems Ajay. There are many small industrial 
plants and other sources of heavy metals emissions 
in Khuzestan province, Iran [1]. 

Metals are natural soil components but heavy 
metal contamination has resulted from industrial 
activities in the region such as mining and 
smelting of metalliferous ores, electroplating, gas 
exhausts, energy and fuel production, fertilizer and 
pesticide applications as well as municipal waste.  

The possibility of remediating contaminated 
soil through the use of high biomass-generating 
native plant species with the capacity for removing 
heavy metals is currently receiving research 
attention. Cadmium (Cd) is more mobile and more 
soluble than other heavy metals and one of the 
most toxic to enter the food chain [7,27]. Human 
activity associated with mining such as the use of 
incinerators, urban traffic, the paint industry, 
agricultural fertilizer applications and the 
generation of sewage sludge all contribute to Cd 
contamination in soil. High soil Cd concentrations 
are deemed present when they exceed 1 mg kg-1 
[3]. Most plants generally accumulate metals more 
strongly in their roots than in their aerial parts 
[13,23]. Normal Cd concentration in the leaf is 

usually less than 1 mg kg-1 [6].  
Cadmium has become a major pollutant in 

both terrestrial and aquatic ecosystems in recent 
decades [11]. This is critical in soil ecosystems. 
Cadmium accumulation in crops occurs from 
sources such as exhaust fumes and by-products of 
agricultural production that accumulate in crops by 
natural weathering processes. This threat to human 
health can be caused by emissions from 
automobiles, chimneys of factories using Cd and 
other waste emissions such as effluent, discharge 
from batteries, industry, mining and smelting that 
exceed the regulations for legal limits [22]. 
Although cadmium is not an essential element for 
plants, it is easily absorbed and accumulated in 
different plant parts. Excess Cd causes a number 
of toxic symptoms in plants, such as stunted 
growth, chlorosis and blackening of the root 
system. Vegetables growing in a medium with a 
high level of Cd demonstrated damage to some 
photosynthetic processes, such as chlorophyll 
content and photosynthesis [10]. Research has also 
demonstrated that Cd contributes to  unbalanced 
levels of minerals and water; changes in hormonal 
status and has an affect on membrane structure and 
membrane permeability [21].  

Phytoextraction is a relatively new 
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remediation technology that uses plants to extract 
heavy metals from contaminated soil. Heavy 
metals accumulate in the aboveground parts of 
plants that can then be harvested by conventional 
methods and taken away. The trend in 
phytoextraction research is to target those species 
showing high biomass production that are native 
to the area requiring remediation and, are easily 
cropped or that can be used in reforestation [5,18]. 
These properties can compensate for a modest 
metals accumulation capacity [29,14]. 
 
Intercropping: 

 
Cadmium concentration in the shoots of B. 

napus was higher when intercropped with B. 
parachinensis and significantly higher when 
intercropped with Z. mays; however, biomass was 
negatively affected, this implies that more nutrients 
were apportioned to crop plants than to B. napus. The 
concentration of Cd in B. napus was higher in shoots 
than in roots as demonstrated by the shoot/root Cd 
quotient that was always >1; the quotient for B. 

parachinensis was ∼1 and that of Z. mays was <1, 

indicating the potential of Brassicaceae members to 
translocate Cd to the aboveground plant tissue. 
Results indicate the feasibility of intercropping to 
clean Cd from contaminated soil. 

Intercropping is a system in which two or more 
different crops (annual or perennial) are grown 
simultaneously on the same plot of land. This 
practice is traditional in the tropics and is starting to 
be used in temperate climates for environmental 
purposes. Intercropping promises to take advantage 
of the association between leguminous and non-
leguminous plants to optimize available resources; 
covering the spaces of bare-soil between trees to 
limit erosion; modifying the main crop’s 
microclimate and to extend the period of soil cover to 
limit nitrate lixiviation [20]. Willey and Osiru 
reported an increase in gross productivity per hectare 
within an intercropping system. Reasons for 
increased crop yield in an intercropping system may 
be summarized as follows: unilateral benefits in crop 
growth and/or reproduction, reduction in parent 
autotoxin effects of certain crops, potential 
compensatory growth from vagaries of the 
environment [26]. 

Intercropping of crops with date palm did not 
significantly affect accumulations of Cd, Pb, and Zn 
compared to monocultures. Intercropping did not 
significantly affect the accumulation and removal of 
heavy metals in contaminated soil [19]. 

 The use of crop species to decontaminate soil 
and remediate heavy metals pollution is non-existent 
in Khuzestan. The problem of the transfer of toxic 
elements from the soil to crops is particularly acute 
in industrial areas [17]. There is yet no known study 
that has identified heavy metals accumulations in 
plants or tolerant crop species from contaminated 

soils. Therefore, this study was done to assess total 
metal concentrations of selected metals in soil and to 
test some crops’ capabilities to accumulate cadmium 
from contaminated soil in different cropping patterns.  

Plant capacity to accumulate cadmium (Cd) was 
tested on corn, alfalfa and sunflower with and 
without date palm. The aims of this study were 1) to 
assess Cd accumulations in corn, alfalfa and 
sunflower with or without intercropped date palm, 
and 2) to determine the phytoextraction capacity of 
these species. Evaluations of the phytoextraction 
capacities of species in these tests were determined 
by the uptake index (UI) and translocation factor to 
the leaf (TF). Percentages of  phytoextraction of Cd 
were calculated using equations cited in the 
following studies [12,25] to improve growth of date 
palm.  
 
Materials And Method 

 
Ahwaz is the capital city of Khuzestan province 

in Iran. An industrial zone in the province is located 
between 47º40' to 49º20' E and 31º5' to 32º20' N, at 
an elevation of 480-550m (a.s.l). There are several 
industrial units spread over a 63,238 km² area of 
land. Plants growing in the vicinity of the industrial 
zone near to various industrial units recorded 
increased concentrations of heavy metals. A bulk soil 
sample from a field (0–20 cm), a nearby oil well and 
an industrial area around Ahwaz city was taken and 
analyzed for concentrations of Cu, Mn and Cd (Table 
1). The soil samples were air-dried and passed 
through  <5 mm stainless steel sieve. Soil samples 
were transferred to polyethylene pots (30 cm length 
20 cm width and 15 cm depth), each pot contained 10 
kg soil. At the beginning of the experiment 240, 120 
and 150 mg kg-1 of N, P, and K, respectively, were 
added to the pots as fertilizer. The following 
intercropping combinations were tested in three 
replications:  

1. date palm 
2. corn 
3. alfalfa 
4. sunflower 
5. date palm co-planted with corn 
6. date palm co-planted with alfalfa 
7. date palm co-planted with sunflower 
In the first step, date palm was cultivated and 

then four seeds were sown in each pot.  This study 
was done in a greenhouse. Day and night 
temperatures in the greenhouse were 30°C and 28°C, 
respectively and natural sunlight was supplemented. 
The pots were irrigated according to field capacity 
conditions by distilled water. After growth of each 
crop species for one growth cycle, whole crops were 
removed from the soil and then soil samples were 
taken from each pot. Soil samples were air dried at 
room temperature, crushed and pulverized to pass 
through 2-mm stainless steel sieve. Roots and shoots 
were separated from each plant and collected. Plant 
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samples were washed and dried at 70°C. Acid 
digests of each soil sample were prepared using the 
USEPA 3051A (1998) method. Digestion of soil 
samples was done by 1:1 nitric acid (69% purity) 
and hydrochloric acid (28% purity) solution. 2g soil 
and 0.5g and of each plant sample were digested in a 
mixture of concentrated nitric acid and hydrochloric 
acid. Soil and plant sample digests were used to 
measure total concentrations of Cu, Mn and Cd 
using an Atomic Absorption Spectrometer (Varian 
220AA). Uptake Index (UI) was calculated as metal 
concentration of shoots multiple yield dry matter, as 
presented in Equation 3 [16]. 

UI = Shoot metals*Dry matter     Equation 1 
Translocation Factor (TF) was described as the 

ratio of heavy metals in plant shoots to that in plant 
roots, as presented in equation 2 [16]. 

TF = Shoot metals/Root metals    (2) 
This study was done as a factorial experiment in 

a completely randomized design with 3 replications. 
Statistical analysis and means comparisons were 
done using SPSS16 software. Data were analyzed 
with SPSS 16 software and analysis of means was 
done with the Duncan’s test.  

 
Results: 
 
1- yield: 
 
1-1-Yield of crops: 

 
Results showed that fresh and dry weights from 

corn or alfalfa crops co-planted with date palm were 
significantly higher than weights from mono cropped 
corn or alfalfa while fresh and dry weights of mono 
cropped sunflower were more than those of 
sunflower intercropped date palm (P>%5). Fresh 
weights of mono cropped corn, alfalfa and sunflower 
were 105.78, 18.82 and 101.31 g respectively; fresh 
weights of corn, alfalfa and sunflower co-planted 
with date palm were 121.11, 19.39 and 92.07 
respectively; dry weights of mono cropped corn, 
alfalfa and sunflower were 25.51, 6.73 and 19.16 g 
respectively; corn, alfalfa and sunflower co-planted 
with date palm were 26.80, 6.56 and 18.37 g 
respectively (Table 2).  
 
2-1-Yield of Date palm: 
 
1-2-1-Fresh Weight of Date palm:  

 
The effect of treatments on the fresh weight of 

date palm was significant (Table 3). Date palm co-
planted with alfalfa resulted in fresh weight of 
157.36 g and was significantly higher (P<0.05) than 
mono cropped date palm at 62.42g. The fresh weight 
of date palm co-planted with alfalfa, corn or 
sunflower increased in comparison with mono 
cropped date palm. Thus crops co-planted with date 

palm recorded increased fresh weight of date palm 
(P<0.05).  
 
2-2-1-Dry Weight of Date palm: 

 
The effect of different treatments on the dry 

weight of date palm was significant (Table 3). The 
dry weight of date palm co-planted with alfalfa was 
70.50g and was significantly higher (P<0.01) than 
that from mono cropped date palm at 35.67g. The dry 
weight of date palm co-planted with alfalfa, corn or 
sunflower increased in comparison with mono 
cropped date palm. Thus those crops that were part 
of an intercrop treatment recorded an increased dry 
weight of date palm (P<0.01).   
 
3-2-1-Shoot Fresh Weight of Date palm: 

 
The effect of different treatments on shoot fresh 

weight of date palm was significant (Table 3). Date 
palm co-planted with alfalfa resulted in shoot fresh 
weight of 110.49 g and was significantly higher 
(P<0.05) than results from the mono cropped date 
palm at 43.42g. The shoot fresh weight of date palm 
co-planted with alfalfa, corn or sunflower increased 
in comparison with mono cropped date palm. Thus 
crops co-planted with date palm recorded increased 
shoot fresh weight of date palm (P<0.05).  
 
4-2-1-Shoot Dry Weight of Date palm: 

 
The effect of different treatments on shoot dry 

weight of date palm was significant (Table 3). The 
shoot dry weight of date palm co-planted with alfalfa 
was 55.67g and that was significantly higher 
(P<0.05) than results for date palm co-planted with 
sunflower at 25.91g. The dry weight of date palm co-
planted with alfalfa, corn or sunflower increased in 
comparison with results of mono cropped date palm. 
Thus crops co-planted with date palm had increased 
shoot dry weight of date  palm (P<0.05).   
 
5-2-1-Root Fresh Weight of Date Palm: 

 
There were no significant differences in terms of 

fresh root weight of date palm between mono 
cropped date palm and date palm co-planted with 
other crops (Table 3).  
 
6-2-1-Root Dry Weight of Date Palm: 

 
There were no significant differences recorded 

for dry root weight of date palm between mono 
cropped date palm and date palm co-planted with 
other crops (Table 3).  
 
2-Element Concentrations: 
 
1-2-Element concentrations in the shoot of date 
palm: 
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There were no significant differences in 

evaluations for N, P, K, Cu, Mn and Cd in the shoot 
of date palm in the different treatments (Table 4). 
 
2-2-Element concentrations in the root of date palm: 

 
Evaluations for N, P, K and Cd in the root of 

date palm in the different treatments showed no 
significant difference (Table 5). 

 Comparing mean copper concentrations in the 
root of date palm by the Duncan method 
demonstrated that the maximum amount was 
accumulated in the treatment of date palm co-planted 
with corn at 36.18 ppm; and the minimum 
accumulation was in the treatment of date palm co-
planted with sunflower at 18.80 ppm.  

The treatments had a significant effect on 
manganese concentration in the root of date palm. 
The manganese concentration in the root of date 
palm co-planted with corn, at 86.13 ppm, was 
significantly higher than that in all other treatments 
(P<0.05). The manganese concentration in the root of 
mono cropped date palm, at 68.58 ppm, was 
significantly less than that of all other treatments 
(Table 5).  
 
3-2-Elements concentration in the shoot of crops: 

 
The effect of different treatments on the nitrogen 

concentration in the shoots of crops was significant 
(P<0.05). Corn co-planted with date palm, at 1.65, 
recorded the lowest nitrogen concentration and was 
placed in one group while the other treatments were 
placed in another group (Table 6). 

There were no significant differences in 
phosphorous concentrations between each of the 
mono crop treatments or crops co-planted with date 
palm. 

There were no significant differences in 
concentrations of P, K, Cu, Mn and Cd in corn mono 
crop treatment and corn co-planted with date palm, 
but nitrogen concentration in the shoot of corn in a 
mono crop was significantly higher than that of corn 
co-planted with date palm (Table 6). 

There were no significant differences for 
concentrations of N, P, K, Cu, Mn and Cd in the 
alfalfa mono crop treatment and alfalfa co-planted 
with date palm (Table 6). 

There were no significant differences in 
concentrations of N, P, Cu, Mn and Cd in the 
sunflower mono crop and sunflower co-planted with 
date palm (Table 6). 
 
4-2-Element concentrations in the root of crops: 

 
There were no significant differences in 

concentrations of P, Cu, Mn and Cd in the corn mono 
crop treatment and corn co-planted with date palm, 
but the nitrogen concentration in the root of the corn 

mono crop treatment was higher than that in corn co-
planted with date palm and potassium concentration 
in the root of corn co-planted with date palm was 
significantly higher than that in the corn mono crop 
treatment (Table 7). 

There were significant differences for 
concentrations of N, P, K, Cu, Mn and Cd in the 
alfalfa mono crop and alfalfa co-planted with date 
palm (P<0.05). Potassium concentration in the root 
of alfalfa in a mono crop was higher than alfalfa co-
planted with date palm and other elements such as N, 
P, Cu, Mn and Cd in the root of alfalfa co-planted 
with date palm was significantly higher than 
concentrations in the alfalfa mono crop treatment 
(Table 7).  

There were no significant differences in 
concentrations of P, Cu and Mn in the sunflower 
mono crop treatment and sunflower co-planted with 
date palm (P<0.05). There were significant 
differences in concentrations of N, K and Cd in the 
sunflower mono crop treatment and sunflower co-
planted with date palm (P<0.05). N, K and Cd 
concentrations in the root of the sunflower mono 
crop treatment were higher than those of sunflower 
co-planted with date palm (Table 7). 
 
3- Indices: 
 
1-3-Copper Uptake Index:  

 
Significant differences between the treatments 

were observed in the copper uptake index (P<0.05). 
Mono cropped corn had the highest score on the 
copper uptake index at 0.415; and alfalfa co-planted 
date with palm had the lowest score on the copper 
uptake index at 0.133 (Table 8). 

The copper uptake index showed no significant 
difference between mono cropped alfalfa and alfalfa 
co-planted with date palm (Table 8). 

The copper uptake index showed significant 
difference between mono cropped corn and 
sunflower crops and corn and sunflower co-planted 
with date palm; mono cropped corn scored 
significantly higher on the copper uptake index than 
did corn co-planted with date palm (p<0.05). But the 
sunflower scored higher on the copper uptake index 
when co-planted with date palm than did mono 
cropped corn (Table 8). 
 
2-3-Manganese Uptake Index: 

 
The manganese uptake index showed a 

significant effect from treatments (P<0.01). Corn co-
planted with date palm, at 3.024 scored the highest 
on the manganese uptake index and mono cropped 
alfalfa recorded the lowest manganese uptake at 
0.609. 

There were no significant differences shown on 
the manganese uptake index between each mono 
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crop of corn/alfalfa or corn/alfalfa co-planted with 
date palm (Table 8). 

There was significant difference on the 
sunflower uptake index between mono cropped 
sunflower and sunflower co-planted with date palm 
and the manganese uptake index of sunflower co-
planted with date palm was significantly more than 
that of mono cropped sunflower (Table 8).   
 
3-3-Cadmium Uptake Index: 

 
The cadmium uptake index showed significant 

effect of treatments on cadmium uptake (P<0.01). 
Among the different treatments, mono cropped 
sunflower recorded a significantly higher amount of 
cadmium uptake (0.025) than did the other 
treatments (Table 8). 

There were no significant differences on the 
manganese uptake index between each of the mono 
crops; corn/alfalfa or corn/alfalfa co-planted with 
date palm. 

There was significant difference on the 
sunflower uptake index between mono cropped 
sunflower and sunflower co-planted with date palm 
and the score on the uptake index of mono cropped 
sunflower was significantly more than that of 
sunflower co-planted with date palm (Table 8).   
 
4-3-Copper Translocation Factor: 

 
The effects of different treatments on the copper 

translocation factor were significant. Among the 
different treatments mono cropped corn, at the rate of 
1.89, had the highest copper translocation factor and 
did not differ significantly from the mono cropped 
sunflower treatment at the rate of 1.84. Alfalfa, at the 
rate of 0.89 recorded the lowest copper translocation 
factor (Table 9). 

Mono cropped corn/sunflower recorded 
translocation factors significantly higher (P<0.05) 
than corn/ sunflower co-planted with date palm, but 
the translocation factor in alfalfa co-planted with date 
palm increased in comparison with mono cropped 
alfalfa (Table 9).  
 
5-3-manganese translocation factor: 

 
The effects of different treatments on the 

manganese translocation factor were significant. 
Among the different treatments mono cropped corn 
at the rate of 2.31 recorded the highest manganese 
translocation factor. Mono cropped alfalfa, at the rate 
of 1.00 recorded the lowest rate of manganese 
translocation factor (Table 9). 

Mono cropped sunflower recorded a 
translocation factor significantly higher than 
sunflower co-planted with date palm, but the 
translocation factor in alfalfa co-planted with date 
palm increased in comparison to mono cropped 
alfalfa (P<0.05). There was no significant difference 
on mono cropped corn and corn co-planted with date 
palm (Table 9).  
 
6-3-cadmium translocation factor: 

 
The effects of different treatments on the lead 

translocation factor were significant. Among the 
different treatments alfalfa co-planted with date palm 
recorded the highest lead translocation factor at the 
rate of 14.43. Alfalfa, at the rate of 2.35 had the least 
translocation factor (Table 9).  

Mono cropped corn/sunflower recorded 
translocation factors significantly higher (P<0.05) 
than corn/sunflower co-planted with date palm, but 
the translocation factor in alfalfa co-planted with date 
palm increased compared to mono cropped alfalfa 
(Table 9). 

   
Table 1: Some of soil characteristics 
Cu 
(mg/kg) 

Mn 
(mg/kg) 

Cd 
(mg/kg) 

Pb 
(mg/kg) 

Texture 
% 

O.C % EC (dS/m) pH 

0.58 8.16 4.32 137.43 CL 1.2 3.2 7.5 
 
Table 2: fresh and dry weight of corn, alfalfa and sunflower in monoculture and co-planted date palm 
Treatment Fresh weight Dry weight 
Corn 105.78 25.51 
Corn co-planted date palm 121.11 26.80 
Alfalfa 18.82 6.72 
Alfalfa co-planted date palm 19.29 6.56 
Sunflower  101.31 19.16 
Sunflower co-planted date palm 92.07 18.27 

 
Table 3: Mean of fresh and dry weight of date palm, shoot and root (g) 

Treatment date palm shoot Root 
Fresh Dry Fresh Dry Fresh Dry 

Date palm 62.42B 35.67AB 43.42B 25.91B 18.99 A 9.75 A 
Corn co-planted date palm 108.89AB 42.11AB 70.71AB 28.13B 38.45 A 14.07 A 
Alfalfa co-planted date palm 157.36A 70.50A 110.49A 55.67A 46.87A 14.83 A 
Sunflower co-planted date palm 104.42AB 43.09AB 70.317AB 31.92B 34.10 A 12.91 A 
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Mean concentration of elements in the shoot of date palm Table 4: 
Treatment N P K Cu Mn Cd 
Date palm 1.74A 0.22 A 2.07 A 18.03 A 40.86 A 0.13A

Corn co-planted date palm 1.81 A 0.24 A 1.99 A 18.33 A 36.30A 0.09 A 
Alfalfa co-planted date palm 1.58A 0.21 A 1.87 A 26.58 A 42.13 A 0.13 A 
Sunflower co-planted date palm 1.81 A 0.19 A 1.70 A 19.20 A 41.61 A 0.50 A 

 
Mean concentration of elements in the root of date palm Table 5: 

Treatment N P K Cu Mn Cd 
Date palm 0.87 A 0.14 A 1.31 A 31.56 B 0.85 B 68.58 A 
Corn co-planted date palm 1.17 A 0.16 A 1.06 A 36.18 A 1.25 A 86.13 A 
Alfalfa co-planted date palm 0.90 A 0.12 A 1.35 A 29.81 B 0.79 B 77.20 A 
Sunflower co-planted date palm 0.95 A 0.14 A 1.49 A 18.80 C 0.58 B 80.43 A 

 
Table 6: Mean concentration of elements in the shoot of corn, alfalfa and sunflower in monoculture and co-planted date palm 

Treatment N P K Cu Mn Cd 
Corn 1.99A 0.26 A 2.55 B 16.32 A 106.55 A 0.45 B 
Corn co-planted date palm 1.65 B A 0.29 3.56 B 14.24 A 113.73 A 0.35 B 
Alfalfa 2.27A 0.31 A 4.71 A 21.49 A 87.00 A 1.37 A 
Alfalfa co-planted date palm 2.13 A 0.28 A 1.34 C 20.3 A 120.53 A 1.39 A 
Sunflower 2.32 A 0.31 A 5.34 A 19.94 A 81.35 A 1.33 A 
Sunflower co-planted date palm 2.06 A 0.30 A 2.90 B 19.55 A 119.60 A 0.82 AB 

 
Table 7: Mean concentration of elements in the root of corn, alfalfa and sunflower in monoculture and co-planted date palm 

Treatment N P K Cu Mn Cd 
Corn 1.27 A B 0.17 A 1.45 D C 30.89 A B 206.99 A 2.82 B 
Corn co-planted date palm 0.93 C 0.17 A 2.59 A B 21.34 A B 212.85 A 1.68 B 
Alfalfa 0.68 D 0.09 B 1.50 D C 19.20 B 86.96 B 3.24 B 
Alfalfa co-planted date palm 1.19 B 0.19 A 0.963 D 28.84 A B 252.42 A 19.64 A 
Sunflower 1.47 A 0.19 A 2.78 A 36.69 A 189.51 A 14.20 A 
Sunflower co-planted date palm 1.16 B 0.18A 2.033 B C 28.073 A B 227.53A 4.06  B 

 
Table 8: Mean Uptake Index of corn, alfalfa and sunflower in monoculture and co-planted date palm 

Treatment Cu Mn Cd 
Corn 0.415 A 2.69 A 0.011 B 

Corn co-planted date palm 0.378 B 3.02 A 0.009 B 

Alfalfa 0.145 A 0.609 D 0.009 B 

Alfalfa co-planted date palm 0.133 A 0.789 CD 0.009B 
Sunflower 0.374 B 1.59 BC 0.025 A 

Sunflower co-planted date palm 0.360 A 2.13 AB 0.014 B 

 
Table 9: Mean translocation factor of corn, alfalfa and sunflower in monoculture and co-planted date palm 

Treatment Cu Mn Cd 
Corn 1.89 A 1.96 C 6.32 C 

Corn co-planted date palm 1.49B 1.87 C 4.81D 

Alfalfa 0.89 C 1.00 D 2.35 E 

Alfalfa co-planted date palm 1.42B 2.09 B 14.43 A 

Sunflower 1.83 A 2.31 A 10.57 B 

Sunflower co-planted date palm 1.43B 1.92 C 4.82 D 

 

Conclusions: 
 
Accumulations of selected metals varied greatly 

among the testedplants  .The uptake Uptake of  
elements by a plant is primarily dependent on plant 
species, its inherent control mechanism and the 
quality of the soil [8]. Metal solubility in soil is 
predominantly controlled by the oxidation state of a 
system [12]. These results showed that most 
treatments  accumulated higher concentrations of Cu, 
Mn and Cd than normal limits in shoots. Mn and Cu 
are elements essential to plant growth and are needed 
only in small quantities, and any excessive 
concentrations in plant tissue may cause toxicity. Cu 
concentration >40 mg/kg of dry matter could induce 
toxicity in plants and cause toxic effects in animal 
feed [4].  

Total concentrations of Cu in shoots and roots of 
corn, alfalfa and sunflower in monoculture or 

intercropping were more than 14 and 21 mg/kg, 
results that were lower in comparison to those of the 
study of Cui et al [7], and more than those recorded 
in the study of Malik et al [17].  

Evaluations for TF and UI (values >1) were used 
to determine the potential for phytoextraction and 
phytostabilization of plant species [18,20]. Results 
indicate that alfalfa had the highest TF values for Cu 
(1.12) and Mn (1). High translocation of these metals 
from root to shoot indicated that these plants had the 
necessary characteristics for effective 
phytoextraction of these metals as indicated by 
Ghosh & Singh and [12,15]. It is easier for plant 
species with values of TF>1 to induce translocation 
of metals from roots to shoots than it is for those that 
restrict metals in their roots.  

Plant species with high TF values were 
considered suitable for phytoextraction, this 
generally requires the translocation of heavy metals 



2892 
Adv. Environ. Biol., 6(11): 2886-2893, 2012 

 

 

to easily harvestable parts of plants such as shoots 
[28]. According to Ghosh & Singh phytoextraction is 
a process used to remove contamination from the soil 
without destroying the soil’s structure and fertility 
[12].  

Sunflower is more suitable than corn and alfalfa 
for the removal of cadmium. Corn, with or without 
date palm was more suitable for the removal 
manganese than alfalfa and sunflower in either mono 
or dual culture.  

There were no significant differences shown on 
the manganese and cadmium uptake indexes between 
mono crops of alfalfa/corn and alfalfa/corn co-
planted with date palm. 

There were no significant differences shown on 
the copper uptake index between mono cropped 
alfalfa/sunflower and alfalfa/sunflower co-planted 
with date palm. 

Mono cropped corn scored significantly higher 
on the copper uptake index than corn co-planted with 
date palm (p<0.05). 

Sunflower co-planted with date palm scored 
significantly higher on the manganese uptake index 
than did mono cropped sunflower (p<0.05).   

Mono cropped sunflower scored significantly 
higher on the cadmium uptake index than did 
sunflower co-planted with date palm (p<0.05).  
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