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Abstract. The experiments were conducted on spinach plants, Spinacea oleracea L. var. balady, at 
Ministry of Agriculture, Beit-Lahya city, Gaza Strip, Palestine. The experiments aimed to study the 
effect of soil lead pollution and iron foliar application on spinach plants. Measurements of the lead 
effects on spinach plants revealed: (a) Growth characters such as root length, shoot height, total 
leaves area, fresh and dry weights of root, shoot and whole plant were decreased with increasing Pb 
soil addition. (b) Plant pigments such as chlorophyll a, chlorophyll b and total carotenoids were 
decreased with the increasing of Pb concentration in the soil. Iron foliar application on spinach plants 
revealed: (a) Growth characters and plant pigments of plant were increasing with increased 
concentration of alone iron. (b) Toxicity of Pb on growth characters and its effect on elemental 
transport and accumulation were reduced when it combined with Fe foliar application. 
Key words: lead pollution, iron application, spinach, Gaza Strip, Palestine, iron/ lead interaction. 

  
Introduction. Pollution of agricultural land by heavy metals has imposed an increasingly 
serious risk to environmental and human health in recent years. With the development of 
industries and modernization of agriculture, soil pollution has become more increasingly 
serious. The heavy metal concentrations are so high in soils of many areas that they can 
poison the soil-plant system, degenerate the soil, and reduce the quality and products of 
crops. Heavy metals that have a direct impact on plants include Fe, Cu, Mn, Co, Ni, Cd, 
Pb, and Cr. Soil contamination with heavy metals is becoming a major problem 
worldwide, leading to losses in agricultural productivity,  hazardous effects as they enter 
the food chain and metal toxicity in plants, humans, and animals. Nonetheless, their 
availability to plants via soil is determined by natural processes, especially lithogenic and 
pedogenic, as well as by anthropogenic factors (Sharma & Agrawal 2005; Marica et al 
2010; Mazid et al 2010). Among the heavy metals, the use of lead (Pb) during the last 50 
years has caused widespread environmental contamination. As lead causes a variety of 
toxic effects as a major anthropogenic pollutant and has accumulated in different 
terrestrial and aquatic ecosystems, the fate of lead in the environment is of great concern 
(Kumar & Tripathi 2008; Verma & Dubey 2003). Among the existing pollutants, lead (Pb) 
is the major contaminant of the soil (Gratao et al 2005) poising significant environmental 
problems (Shen et al 2002), including the risk of poisoning for humans and especially 
children (Lasat 2002). 

Biochemical changes in green plants in response to Pb have been reported by 
several authors: decreases in chlorophyll content (Ewais 1997; Xiong 1997; Kastori et al 
1998; Fargasova 2001), carotenoids (Fargasova 2001), proteins (Kevresan et al 2001), 
nitrate reductase activity (Singh et al 1997; Kevresan et al 2001), lamina and mesophyll 
thickness, epidermal cell size and diameter of vessels (Kovacevic et al 1999); increases 
in chlorophyll a/b ratio (Fargasova 2001) and concentration of phenols (Lummerzheim et 
al 1995; Lavid et al 2001ab; Olivares 2003). 

Lead absorption by roots from the soil occurs via the plasma membrane, probably 
involving cationic channels such as calcium channels (Romeiro et al 2006). Roots are 
capable of accumulating significant quantities of this heavy metal and simultaneously 
restrict its translocation to the shoot (Lane & Martin 1977). 
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Iron (Fe) is essential for plant growth and development (Curie & Briat 2003). In 
aerobic conditions, soil Fe is usually found as oxihydroxide polymers, which have very 
low solubility, limiting the Fe supply for plant uptake. Iron deficiency is therefore a yield-
limiting factor with major implications for field crop production in many agricultural 
regions of the world (Hansen et al 2006). Some researchers suggest that excess Fe may 
result in lower uptake of other essential nutrients, either due to the barrier created by 
the Fe coatings (Howeler 1973) or due to chemical interactions in the soil (Neue et al 
1998). Sahrawat (2004) pointed out the existence of pseudo Fe toxicity (when Fe toxicity 
symptoms were caused by deficiency of other nutrients) and true Fe toxicity (caused by 
toxic concentrations of Fe, without any apparent deficiency of other plant nutrients). 
Lagerwerff & Specht (1970) reported that the concentrations of  heavy metals  in 
roadside soil and grass samples from several locations decreased with the distance from 
vehicular traffic. Contamination was related to the composition of gasoline, motor oil and 
automobile tires, and to roadside deposition of residues of these materials. 
Contamination from motor vehicle emissions within 100 m of the roadway has been 
reported in vegetation (Motto et al 1970; Ward et al 1975), soils (Yassoglou et al 1987), 
and spider webs (Hose et al 2002). Lead added to fuel as tetra ethyl, to act as a lubricant 
during combustion, is discharged into the environment in exhaust fumes largely as 
minute particles of inorganic Pb compounds and about 50 % of this falls within a region 
of 100 m from the road (Mengel & Kirkby 2001). 

Gaza Strip, Palestine is one of the most densely populated areas in the world with 
limited and deteriorated resources, has already started to suffer the consequences of 
environment quality deterioration. The situation at the Gaza Strip is below the desired 
standard, which is attributed to the absence of environmental legislation and public 
awareness. One of the most important air pollutants near the city center of Gaza are 
thousands of motor vehicles commuting every day. Therefore, the aim of the present 
investigation was to study the response of spinach plants (Spinacea oleracea L.) to Pb- 
supplemented soil and Fe-foliar application. Attempts were also made to determine the 
lead and iron interaction on the spinach plants. 
 
Materials and Methods. The experimental site was located in the open field of the 
Agriculture Research Center (Ministry of Agriculture), Beit-Lahya City, Gaza Strip, 
Palestine. Plastic pots with 80 cm length, 20 cm width and 25 cm depth were filled with 
the air dried soil, obtained from Agriculture Research Center, at 25 kg/pot. Each pot 
received 22 gram of ammonium sulfate, 18 gram of potassium sulfate and 15 gram of 
calcium superphosphate. The fertilizers were applied to the plants as soil dressing at 
three doses/season; the first dose was 15 days after seedling emergence and the second 
and the third dose were applied 15 days in time intervals. Pb added (treatment) and no 
Pb added (control) were conducted, and three pots were used as replication for each one, 
both for the control and the treatment. As regards the Pb treatment, soils of each pot 
were mixed with a Pb solution in the form of lead acetate, and the final Pb concentrations 
were 0, 50, 250 and 500 ppm. On January 18th 2007, healthy seeds of spinach were 
sown into the pots. The pots were divided into 4 groups, the first one received the normal 
level of fertilizers as mentioned above, but without any other soil addition. The second, 
third and fourth groups were similar to the first group but the pots received iron as the  
foliar spray in the leaves of plant before one week of the first and the second harvested 
samples in the form of iron ethylene di amino tetra acetic acid (Fe EDTA) at the rates ( 0, 
150, 250 and 350 ppm). Regarding to the total treatments, the experiment includes 16 
treatments  comprised the following amendments as follows: one  treatment is a control 
(without any of metals), 3 treatments with soil Pb pollution at different concentrations, 3 
treatments with Fe foliar application at different concentration and 9 treatments consist 
of a combination of the Pb and Fe at different concentrations as mentioned above. 

Finally, plant samples were harvested on February 17th 2007 (plant age = 30 
days) and on March 19th 2007 (plant age = 60 days) and washed with tap-water followed 
by three rinses with deionized water. Afterwards, plants were separated in root, shoot 
and leaves. Root length (cm), shoot height (cm), fresh and dry weights of the shoot and 
root (g) and leaves area (cm2), at all treatments, were estimated according to the 
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methods described by Hunt (1978). Chlorophyll and total carotenoids (mg/g FW) were 
extracted from the fresh leaves of plants, at the two ages, by acetone 80% and were 
calorimetrically determined according to the method described by Hoyden (1965).  

Regarding to metal determination, all plant samples were soaked in EDTA-Na2 
solution (0.01 mol/L) for 15 min to remove the heavy metals adhered at plant surface 
and then rinsed with deionized water. After drying to constant weight at 105°C for 48 h, 
all roots, shoots and leaves were milled with mortar and pestle and sieved through a 
meshes plastic sift, then airproofed and kept in refrigerator at 4°C. Pb, Fe and Zn 
concentrations of all of the samples (control and different treatments at the two ages) 
were determined with a flame atomic absorption spectrophotometer (Pu 9100*). 
According to Snedecor & Cochran (1980), the statistical analysis of the results was done 
with the use of the factorial experiments and the means of different treatments were 
compared using the least significant different test (L.S.D) at 0.05 level of probability in 
the two samples. 

 
Results and Discussion. There was a reduction in plant height (root length and shoot 
height), both at 30 and 60 days, with increasing concentrations of Pb either alone or in 
combination with any of the three concentrations of iron foliar application (Table 1). 
Similar results were observed by Tandy et al (2005) for Helianthus annuus growing in 
nutrient solution with Pb. Table 1 also reveals that the difference in height for plants from 
the zero and highest lead treatments (500 ppm) increased with time. This suggests that, 
over time, Pb must have interfered more strongly with the metabolic processes of the 
plant. 

According to Kosobrukhov et al (2004), application of Pb brings about a 
considerable decrease in dry mass accumulation of different plant parts. In Vetiver 
zizanioides and V. nemoralis the biomass accumulation of plants was reduced with 
increasing Pb concentrations (Chantachon et al 2004). Nevertheless, for spinach plants 
we observed a reduction in total leaf area, fresh weight and dry weight of whole plant 
with increasing concentration of  Pb concentration (Table 1). The decrease in biomass 
under heavy metal stress has been reported earlier (Krovacevic et al 1999; Pandey & 
Sharma 2002). The reduction of these growth character is in accordance with Romeiro et 
al (2006). Similar results were reported by Yang & Lee (1990) on lettuce, Monem et al 
(1991) on tomato, Chen et al (1991) on rice. Lang et al (1998) suggested that, Pb at  
(10mM) in the soil retarded the leaf growth. On the other hand, Zaman & Zereen (1998) 
demonstrated that growth was inhibited in radish tip seedlings grown for 30 days in a silt 
loam soil containing Pb (0-2000 ppm), the degree of inhibition varied with contaminant 
concentration. Furthermore, Liu et al (2000) studied the effects of different 
concentrations of lead nitrate on indian mustard and reported that root growth decreased 
progressively with increasing concentration of Pb in solutions, the seedlings exposed to 
10-3 M Pb exhibited substantial growth reduction. On the other hand, beetroot (Beta 
vulgaris var. saccharifera) grown in hydroponics with Pb showed an increase in root dry 
mass without any change in shoots, even in 2 mM Pb, resulting in an increased root to 
shoot ratio (Larbi et al 2002). The inhibition of root growth may be due to a decrease in 
calcium in root tips, leading to a decrease in cell division or cell elongation (Haussling et 
al 1988; Eun et al 2000). The inhibition of growth of shoot may be due to a decrease in 
photosynthesis, in upsets mineral nutrition and water balance, changes hormonal status 
and affects membrane structure and permeability (Sharma & Dubey 2005). 

Data in Table 1 indicated that, both at 30 and 60 days, significant increases in all 
of the studied growth characters were recorded by the plants treated with  the three 
different levels (150, 250 and 350 ppm) of Fe foliar application either alone or combined 
with lead sol addition, with some exceptions. Similar results were reported by many 
workers (Smith et al 1984) on cucumber and (Saker et al 1996) on bean plants. 
        It is clear form the results in Table 2 that, lead soil addition either alone or in 
combination with iron foliar application significantly decreased the chlorophyll a 
concentration, both at 30 and 60 days. The above treatments was insignificantly affected 
the chlorophyll b concentration. Despite, decreases in photosynthesis were relatively 
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small, reaching statistical significance only in plants grown with high concentration of 
lead (Romeiro et al 2006). 

Table 1 
Growth characters of spinach plants after growing for 30 and 

60 days under the impact of Pb soil addition and Fe foliar application 
 

Growth character 30 days                        60 days 
 Treatment Control Fe1 Fe2 Fe3 Mean  Control Fe1 Fe2 Fe3 Mean 

Control 10.6 11.0 11.2 11.3 11.1 19.1 21.2 17.5 18.5 19.1 
Pb1 9.3 8.3 8.6 9.5 8.9 16.2 15.5 16.8 15.8 16.0 
Pb2 7.3 7.3 8.0 9.2 7.9 14.2 15 15.9 16.7 15.4 
Pb3 6.9 6.7 7.7 7.1 7.1 12.7 14.6 15.9 16 14.8 
Mean Fe 8.5 8.3 8.9 9.3   15.5 16.6 16.5 16.7   

Root 
length 
(cm)  
 

L.S.D 
0.05               Pb = 2.2 Fe = NS Pb*Fe=3.1               Pb = 0.95Fe = 0.95 Pb*Fe=1.30 
Control 14.9 19.3 16.4 20.9 17.9 28.0 30.3 32.7 37.7 32.1 
Pb1 12.7 17.3 16.1 18.3 16.1 25.7 29.4 30.7 27.8 28.4 
Pb2 10.5 16.5 13.9 16.5 14.3 22.5 24.8 25.8 29.5 25.6 
Pb3 9.5 10.5 11.8 13.2 11.3 19.1 23.7 25.3 27.8 24.0 
Mean Fe 11.9 15.9 14.6 17.2   23.8 27.0 28.6 30.7   Shoot 

height  
 

L.S.D 
0.05               Pb = 4.5 Fe = 4.5 Pb*Fe=6.4              Pb = 6.4Fe = 6.4 Pb*Fe=9.1 
Control 287.0 450.6 381.8 488.3 401.9 915.8 999.0 1062.3 1315.4 1073.1 
Pb1 284.2 318.5 308.5 398.6 327.5 749.3 965.7 999.0 1115.7 957.4 
Pb2 277.7 286.0 308.8 362.2 308.7 649.4 834.2 849.2 1032.3 841.2 
Pb3 213.4 249.2 258.5 247.1 242.0 582.8 765.9 932.4 932.4 803.4 
Mean Fe 265.6 326.1 314.4 374.0  724.3 891.2 960.7 1098.9  

Leaves 
area  
 
 

L.S.D 
0.05        Pb = 71.1 Fe = 71.1 Pb*Fe=101.1           Pb = 120.7Fe = 120.7 Pb*Fe=171.5 
Control 11.5 12.6 13.0 14.3 12.8 29.7 33.0 36.9 39.3 34.7 
Pb1 9.3 11.2 11.2 12.8 11.2 24.7 29.5 33.1 32.7 30.0 
Pb2 8.2 10.0 11.0 11.4 10.1 22.0 29.1 31.2 29.8 28.0 
Pb3 7.7 9.1 10.1 9.9 9.2 17.2 22.1 25.0 25.9 22.5 
Mean Fe 9.2 10.7 11.3 12.1   23.4 28.4 31.5 31.9   Fresh 

weight  
          

L.S.D 
0.05               Pb = 2.7 Fe = 2.7 Pb*Fe=3.8                Pb = 1.7Fe = 1.7 Pb*Fe=2.4 
Control 0.862 1.353 1.147 1.467 1.207 2.75 3.00 3.20 3.95 3.22 
Pb1 0.850 0.957 0.927 1.197 0.983 2.25 2.90 3.00 3.35 2.88 
Pb2 0.840 0.859 0.927 1.091 0.929 1.95 2.51 2.95 3.10 2.63 
Pb3 0.668 0.748 0.776 0.727 0.730 1.75 2.30 2.85 2.81 2.43 
Mean Fe 0.805 0.979 0.944 1.120   2.18 2.68 3.00 3.30   Dry 

weight   
 

L.S.D 
0.05     Pb = 0.209 Fe = 0.209 Pb*Fe=0.297              Pb = 0.30Fe = 0.30 Pb*Fe=0.43 

Pb1=50ppm, Pb2=250ppm, Pb3= 500ppm, Fe1= 150ppm, Fe2 =250ppm Fe3=350 ppm.       
 
Decreases in carotenoid concentrations were statistical significance in all spinach plants 
grown with the effect of lead or the combination with iron. As the carotenoids protect 
chlorophyll from photo-oxidative destruction (Middleton & Teramura 1993), a differential 
reduction in carotenoids under excess of different heavy metals might be a reason for the 
differential decrease in chlorophyll being greater in heavy metal starved plants. 

The decreased concentration of the chloroplastic pigments may be an outcome of 
reduced synthesis and/ or enhanced oxidative degradation of these pigments by the 
imposed oxidative stress (Pandey et al 2009). It has been suggested that lead can alter 
photosynthesis through effects on stomata or directly on mesophyll cells in which both 
photochemical and biochemical reactions can be affected (Kosobrukhov et al 2004). In 
barley seedlings, elevated levels of Pb in the soil reduce photosynthesis either through 
reduced carboxylase activity or through effects on the metabolites of the Calvin cycle 
(Stiborova et al 1987). Consequently, the effect of Pb is perceived as a decrease in 
growth and development of the plant. 

Regarding to the effect of the iron foliar applications (150, 250 and 350 ppm) either 
alone or combined with lead soil addition on chlorophyll a of spinach plants, both at 30 
and 60 days, it was significantly and gradually increased at all levels as compared with 
control iron untreated plants. Concerning to the chlorophyll b concentration of spinach 
plant, in the two samples, no constant trend could be detected by the plants treated with 
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iron foliar application at the all levels when compared with control- iron untreated plants.  
As well as, concerning the effect of iron foliar application either alone or in combination 
with lead soil addition on carotenoids concentration, inconstant trend could be obtained 
by the plants supplied with iron foliar application at the all levels when compared with 
control untreated iron plants. These results may be attributed to the role played by Fe in 
many physiological processes within the plant which consequently promoting plant 
growth. Interference of heavy metals with normal iron metabolism is known to induce 
physiological iron deficiency which is expressed in the form of chlorosis due to decreased 
concentration of chloroplastic pigments (Pandey et al 2009). Excess of divalent cationic 
heavy metals compete with iron for uptake (Pandey & Sharma 2002) by binding with 
biomolecules of which iron is a constituent. 

Table 2 
Plant pigments concentration of spinach plants after growing 

for 30 and 60 days under the impact of Pb soil addition and Fe foliar application 
 

 30 days 60 days 
Plant 
Pigment Treatment Control Fe1 Fe2 Fe3 Mean  Control Fe1 Fe2 Fe3 Mean 

Control 4.01 3.90 4.06 4.41 4.09 4.37 4.82 5.28 5.17 4.91 
Pb1 3.44 3.29 4.20 3.96 3.72 3.69 4.14 4.50 4.46 4.20 
Pb2 3.22 3.64 3.49 3.98 3.58 3.14 4.76 4.39 4.59 4.22 
Pb3 3.22 3.93 4.23 4.07 3.86 2.86 3.48 3.95 4.05 3.58 
Mean Fe 3.47 3.69 3.99 4.10   3.51 4.30 4.53 4.57   

 
Chlorophyll  
a 
 
 

L.S.D 
0.05    Pb = 0.457 Fe = 0.457 Pb*Fe=0.650     Pb = 0.348Fe = 0.348 Pb*Fe=0.495 
Control 1.560 1.425 1.415 1.370 1.443 1.627 1.387 1.547 1.773 1.583 
Pb1 1.435 1.330 1.430 1.235 1.358 1.240 1.420 1.173 1.293 1.282 
Pb2 0.915 1.295 1.180 1.685 1.269 1.157 1.373 1.313 1.333 1.294 
Pb3 1.035 1.415 1.575 1.330 1.339 1.420 1.550 1.570 1.837 1.594 
Mean Fe 1.236 1.366 1.400 1.405   1.361 1.433 1.401 1.559   

Chlorophyll 
b 
 
 

L.S.D 
0.05   Pb = NS Fe = NS Pb*Fe=0.452    Pb = 0.289Fe = NS Pb*Fe=0.410 
Control 2.095 1.535 1.395 1.610 1.659 1.570 1.503 1.927 1.630 1.658 
Pb1 1.520 1.290 1.910 2.095 1.704 1.827 1.207 1.360 1.463 1.464 
Pb2 1.505 1.205 1.535 1.750 1.499 1.460 1.567 1.453 1.497 1.494 
Pb3 2.045 1.775 2.005 1.380 1.801 1.243 1.413 1.620 1.687 1.491 
Mean Fe 1.791 1.451 1.711 1.709   1.525 1.423 1.590 1.569   

  
Carotenoids 
  
  
 

L.S.D 
0.05  Pb = 0.263  Fe = 0.263Pb*Fe=0.374   Pb = 0.179Fe = NS Pb*Fe=0.254 

Pb1=50ppm, Pb2=250ppm, Pb3= 500ppm, Fe1= 150ppm, Fe2 =250ppm Fe3=350 ppm.       
 

Concerning the effect of lead soil addition on Pb concentration in spinach plant, Table 3 
shows the significantly and gradually increases in Pb concentrations, both at 30 and 60 
days, with the three different rates of lead soil addition either alone or combined with 
iron foliar application when compared with control– untreated plant or control lead 
untreated plants, respectively. The variations of Pb accumulation in all the tested plants 
were greater under the Pb treatment than under the control. In the control, the Pb 
concentration was 5.5 ppm. Under the Pb treatment, the highest Pb concentrations in 
shoots were 72 ppm and 84 ppm at 30 and 60 days, respectively. Respect the normal 
range of Pb in plants, Bowen (1997) reported that normal concentration of Pb in edible 
vegetables range between 0.20 - 20 ppm. Also, Cottenie et al (1979) suggested that, the 
normal range of Cu, Ni, Pb and Cd were 6 - 15, 0 - 8, 2 - 14 and 0 - 2 ppm respectively 
but the phototoxic content of them were  20 > 80 > 60 and >100 respectively. 
Therefore, it can be suggested that Pb concentration in the all treatments were up to the 
normal range but do not reach to phototoxic content level. The increase in metal 
accumulation in different plant parts and its increases with longer exposure is in 
accordance with Pandey & Sharma (2002) and Erdei et al (2002). The higher 
accumulation of metals in roots than leaves and stem was probably due to its rapid 
absorption by the roots and its slow translocation to shoot (Nada et al 2007). Similar 
results were reported by Liu et al (2000) and Curylo et al (1998) on carrot plants. 
Moreover, our results revealed that Pb concentration in the spinach shoot was mostly 
related to its concentration in soil. This result is in agreement with Liu et al (2000) 
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working on carrot, reported that lead concentration of leek shoots and roots increased 
with increasing soil contamination with lead. In addition, results were reported by Fageria 
(2000), the uptake of lead in cereals increased with increasing soil lead. The castor bean 
plants were able to accumulate large quantities of Pb, especially in roots, demonstrating 
the high capacity for Pb absorption and accumulation of that organ (Romereio et al 
2006). Similar results were obtained for Carex rostrata, Eriophorum angustifolium and 
Phragmites australis grown in hydroponics (Stoltz & Greger 2002). A high capacity for Pb 
retention in the roots with restricted translocation to the shoots was reported for 
Helianthus annus L. (Romeiro 2005), Pinus radiate (Jarvis & Leung 2002), spinach (Tsen 
et al 2002) and Prosopis spp. (Aldrich et al 2004). 
          Regarding to the effect of iron foliar application on lead concentration in spinach 
shoots, the results in Table 3 revealed that, significant decreases in Pb concentration 
were recorded by the spinach shoot supplied with the three different rates of iron in 
combination with any of the three different rates of lead soil addition. The decrease 
percentage of lead was 15.7, 13.4 and 24.6 %, at the three iron concentration, 
respectively for the 30 days and 9.6, 16.6 and 18.9 % for the 60 days, when compared 
with control- Fe untreated plants. In addition, low value of Pb was accumulated in plants 
treated with highest level of iron foliar application (350 ppm) when combined with lead 
soil addition in the two samples. Thus, it may be suggested that, decreasing of Pb 
concentration on spinach plant by using and increasing iron foliar application supported 
the assumption that there are antagonistic relationship between Fe and Pb accumulation 
in plants. Thus, it is important to mention that using iron foliar application was very 
important tool to reduced Pb concentration of spinach shoots. In this respect, Boisson et 
al (1999) reported that the mobility of heavy metals in soil is influenced by several 
factors including pH, adsorption on minerals such as, phosphate rock and iron oxides and 
complexion to inorganic or organic legends (Neubaver et al 2002). 

Table 3 
Lead, iron and zinc concentration (ppm) of spinach shoot after growing for 30 and 60 

days under the impact of Pb soil addition and Fe foliar application 
 30 days 60 days 
Metal 
concentration Treatment Control Fe1 Fe2 Fe3 Mean  Control Fe1 Fe2 Fe3 Mean 

Control 5.47 4.94 8.10 5.05 5.89 7.30 6.70 8.70 6.10 7.20 
Pb1 40.85 31.60 34.20 26.90 33.39 65.00 55.00 52.00 60.00 58.00 
Pb2 46.00 39.50 42.50 36.00 41.00 79.00 69.00 62.00 58.00 67.00 
Pb3 72.00 62.50 57.50 56.00 62.00 84.00 82.00 73.50 68.50 77.00 Lead  

 Mean Fe 41.08 34.64 35.58 30.99   58.83 53.18 49.05 48.15   
                      L.S.D 0.05 Pb = 4.87 Fe = 4.87 Pb*Fe= 6.92 Pb = 6.10Fe = 6.10Pb*Fe= 8.68 

Control 63.0 108.0 111.0 104.0 96.5 79.0 136.5 129.5 125.5 130.5 
Pb1 72.0 115.0 111.0 88.0 96.5 63.0 128.0 107.0 113.5 116.1 
Pb2 64.5 108.0 112.0 94.0 94.6 63.0 109.5 118.5 127.0 118.3 
Pb3 82.5 83.0 97.5 90.0 88.3 68.5 111.0 110.0 127.0 116.0 Iron 

 Mean Fe 70.5 103.5 107.8 94.0   68.3 121.2 116.2 123.2   
                      L.S.D 0.05 Pb = 9.1Fe = 9.1Pb*Fe= 13.0 Pb = 13.1Fe = 13.1Pb*Fe= 18.7 

Control 42.0 49.0 60.0 52.0 50.7 50.0 44.0 48.0 55.0 49.2 
Pb1 49.5 36.0 57.5 57.0 50.0 52.0 39.0 45.0 58.0 48.5 
Pb2 46.0 51.0 58.0 47.0 50.5 49.5 62.0 60.0 64.0 58.8 
Pb3 43.5 29.0 41.5 37.5 37.9 42.0 36.0 54.0 60.0 48.0 

Zinc 
 
 Mean Fe 45.2 41.2 54.2 48.3   48.3 45.2 51.7 59.25   
                     L.S.D 0.05 Pb = 7.81Fe = 7.81 Pb*Fe= 11.2 Pb = 9.0Fe = 9.0Pb*Fe= 12.8 

Pb1=50ppm, Pb2=250ppm, Pb3= 500ppm, Fe1= 150ppm, Fe2 =250ppm Fe3=350 ppm.       
 

Significant decreases in Fe accumulation have been recorded at the spinach plants with 
Pb increasing treatments, when compared with control untreated plants (Table 3). 
Moreover, the results revealed that low values of Fe concentrations were recorded by 
treated shoot of the plants with any of the three levels of Pb combined with any of the 
three different levels of iron foliar application when compared with corresponding 
treatment sprayed with iron foliar application alone, with some exceptions. In this 
connection, low value of Fe was accumulated by the plants supplied with highest level of 
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lead (500 ppm) in combined with iron foliar application of the two samples. In this 
respect, it may be suggested that, inhibiting effects of Fe concentration by using and 
increasing lead soil addition indicated antagonistic relationship between these two 
elements (Pb and Fe). On the other hand, from the results, it can be suggested that the 
several detrimental effects attributed to lead soil addition on all of the studied growth 
characters might be partially due to decreases in iron concentration.    

The range of iron concentration in the treated plants, with three different rates of 
alone iron (150, 250 and 350 ppm) was 104 - 111 ppm in the first sample and was 125.5 
– 136.5 ppm in the second sample, while the normal iron levels in plants it is reported to 
be 50 – 250 ppm (Das 2000 and Cottenie et al 1979). Therefore, it can be suggested that 
iron concentration in spinach plants grown under experiment were within the normal 
range regardless Fe or Pb levels application.  

Significant increases in iron concentration were recorded by the spinach shoot 
sprayed with the three different rates of iron either alone or in combination with lead soil 
addition when compared with control untreated plants or plant supplied with lead soil 
addition alone. In this connection, it is important here to mention that, high value of Fe 
was accumulated by the plants when supplied with iron (250 ppm) and (350 ppm) in 
combination with lead soil addition in the first and second samples (Table 3). Therefore, 
it can be suggested that, there are increases in iron concentration by using and 
increasing iron foliar application. Perez et al (1995) reported that ferrous sulfate 
significantly increased Fe contents of citrus leaves. Moreover, El Fouly et al (1998) found 
that, applying a mixture of Fe and Zn and Mn as chelate (EDTA) increased the contents of 
Zn, Fe and Mn in cucumber leaves. In addition, El Shafey et al (1986) working on spinach 
pants, mentioned that leaf soluble and assimilated Fe were significantly increased with 
increasing Fe rates. Moreover, Banuls et al (2003) working in citrus found that Fe and Mn 
concentration in leaves increased as a result of Fe application (Fe chelate at the rate of 3 
g Fe per tree). Adams et al (2000) grew soybean plants in nutrient solution, Fe was 
supplied over a wide range of concentration to induce a range of deficiency symptoms to 
derive critical concentration level for Fe. 

There was a reduction in Zn concentration, both at 30 and 60 days, with 
increasing concentrations of Pb, when compared with the plants treated with the lowest 
rate of lead soil addition (Table 3). The lowest value of Zn was accumulated by the plants 
treated with the highest level of lead (500 ppm) either alone or combined with the lowest 
iron foliar application, in the two samples. Therefore, it can be suggested that, the low 
values of Zn concentration which recorded with increasing lead soil addition of spinach 
shoot indicating antagonistic relationship between Pb and Zn absorption and/or 
translocation. On the other hand, at 30 days sample, high value of Zn was accumulated 
by the plants treated with the middle rate of iron either alone or in combination with the 
middle rate of lead. The lowest value of Zn was detected by the plants supplied with the 
lowest level of iron in combination with the highest level of lead. In addition, at 60 days 
sample, it was clear that, highest value of Zn was obtained by the plants supplied with 
middle rate of lead in combination with the highest level of iron, and the lowest 
concentration of Zn recorded by the plants supplied with highest level of lead when 
combined with the lowest level of iron.  

Regarding to  the effect of iron foliar application on zinc concentration in spinach 
plant, the results in Table 3 revealed that, as the mean value non-significant and 
significant increases in zinc concentration were recorded by the spinach shoot supplied 
with the middle and the highest rates of iron foliar application, while significantly 
decreases in zinc concentration were recorded by the spinach shoot supplied with the 
lowest rate of iron foliar application in combination with lead soil addition as compared 
with control untreated iron plants or plant supplied with lead soil addition alone, with 
some exceptions. This result is in agreement with El Fouly et al (1998), reported that 
spraying cucumber plants, with a mixture of Fe and Zn increased the contents of Zn, Fe 
in cucumber leaves. Moreover, Perez et al (1995) suggested that the ferrous sulfate 
significantly increased Zn contents of citrus leaves. In addition, Banuls et al (2003) 
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working in citrus found that Zn concentration in leaves increased as a result of Fe 
application. 
  Based on the results, it could be concluded that, over time, Pb must have 
interfered more strongly with the metabolic processes of the spinach plant. 
Consequently, the effect of Pb is perceived as a decrease in growth and development of 
the plant. Results may be attributed to the role played by Fe in many physiological 
processes within the plant which is consequently promoting plant growth. Interference of 
heavy metals with normal iron metabolism is known to induce physiological iron 
deficiency which is expressed in the form of chlorosis due to decreased concentration of 
chloroplastic pigments. Excess of divalent cationic heavy metals, Pb and Zn,  compete 
with iron for uptake by binding with biomolecules of which iron is a constituent. It can be 
suggested that the several detrimental effects attributed to lead soil addition on all of the 
studied growth characters might be partially due to decreases in iron concentration. 
Decreasing of Pb concentration on spinach plant by using and increasing iron foliar 
application supported the assumption that there are antagonistic relationship between Fe 
and Pb accumulation in plants. Thus, it is important to mention that using iron foliar 
application was very important tool to reduce Pb concentration of spinach shoots. Based 
on the previous results, it can be suggested that the several detrimental effects 
attributed to Pb soil addition on the all of the studied growth characters of spinach plants 
might be directly or indirectly due to decreases in Zn concentration which might have 
negative effects on plants. It may be concluded that, the effect of Fe foliar application in 
combination with Pb soil addition was different from the individual effects of every metal 
alone on the concentration of Zn in spinach shoot. 
 
References 
 
Adams M. L., Norvell W. A., Philpot W. D., Peverly J. H., 2000 Spectral detection of 

micronutrient deficiency in soybean. Agronomy Journal 9(2):261-267. 
Aldrich M. V., Elizev J. T., Peralta-Videa J. R., Gonzales J. H., Gardea-Torresdey J. L., 

2004 Lead uptake and the effects of EDTA on lead-tissue concentrations in the 
desert species mesquite (Prosopis spp.). International Journal of Phytoremediation 
6:195-207. 

Banuls J., Quinones A., Bernardo M., Primo E., Legaz F., 2003 Effect of the frequency of 
Fe chelate supply by fertigation on Fe chlorosis in Citrus. Journal of Plant Nutrition 
26:1985-1996. 

Boisson N., Ouariti O., Ghorbal M., 1999 Accumulation of cadmium, lead and copper and 
their effect on nitrate reductase activity in maize (Zea mays L.). Biology Des Ses 
Filialness 56:581-593. 

Bowen H. J. M. 1997 Environmetal Chemistry of the Elements. Academic Press, New 
York, P: 333. 

Chantachon S., Kruatrachue M., Pokethitiyook P., Upatham S., Tantanasarit S., 
Soonthornsarathool V., 2004 Phytoextraction and accumulation of lead from 
contaminated soil by vetiver grass: Laboratory and simulated field study. Water Air 
Soil Pollut 154:37-55. 

Chen H., Zheng C., Sun X., 1991 Effect of different lead compounds on growth and heavy 
metal uptake of rice plant. Plant Sci 4(3):253–264.  

Cottenie A., Verloo M., Kiekens L., Camerlynck R., Veigh G., Dhaese A., 1979 Essential 
and non essential trace elements in the system soil-water-plant. I.W.O.N.L., 
Brussels, 75. 

Curie C., Briat J. F., 2003 Iron transport and signaling in plants. Annual Review Plant 
Biology 54:183-206. 

Curylo A. J., Lepp N. W., Phipps D. A., 1998 Effect of accumulation of Zn, Cd, Pb, Ni, Cu 
and Fe on IAA - oxidase activity in root tissue of carrot plants. Pflanzenphy Soil 
80:236–242. 

Das D. K., 2000 Micronutrients: Their Behaviors in Soils and Plants. First edition, 
Administrative Office, New Delhi, India. 



AAB Bioflux, 2011, Volume 3, Issue 2. 
http://www.aab.bioflux.com.ro 124 

El Fouly M., Zeinab M., Shaaban M., 1998 Comparative study on the effect of chelated 
multimicronutrient compounds on the growth and nutrient uptake in some plants. 
Egypt Journal of Physiology and Science 21(3):447-458. 

El Shafey Y., Hassan H., Monged N., Mohamed A., 1986 Some physiological studies on 
the nutrition of soybean plants. II. The effect of iron application on the yield and 
micronutrients content. Journal of Agricalture and Science Mansoura University 
11:366–373. 

Erdei S., Hegedus A., Hauptmann G., Szali J., Horvath G., 2002 Heavy metal induced 
physiological changes in the antioxidative response system. Acta Biologica 
Szegediensis 46:89-90. 

Eun S. O., Youn H. S.,  Lee Y., 2000 Lead disturbs microtubule organization in the root 
meristem of Zea mays. Physiologia Plantarum 110:357-365. 

Ewais E. A., 1997 Effects of cadmium, nickel and lead on growth, chlorophyll content and 
proteins of weeds. Biologia Plantarum 39:403-410. 

Fargasova A., 2001 Phytotoxic effects of Cd, Zn, Pb, Cu and Fe on Sinapis alba L. 
seedlings and their accumulation in roots and shoots. Biologia Plantarum 44:471-
473. 

Fageria N. K., 2000 Adequate and toxic level of zinc for rice, common bean, corn, 
soybean and wheat production in cerrado soil. Revista Brasileira de Engenharia 
Agrcolae-Ambiental 4(3):390-395. 

Gratao P. L., Prasad M. N. V., Carddoso P. F., Lea P. J., Azevedo R. A., 2005 
Phytoremediation: green technology for the clean up of toxic metals in the 
environment. Brazil Journal of Plant Physiology 17:53-64. 

Hansen N. C., Hopkins B. G., Ellsworth J. W., Jolley V. D., 2006 Iron nutrition in field 
crops. In: Barton L. L., Abadía J. (eds), Iron Nutrition in Plants and Rhizospheric 
Microorganisms, pp.23-59, Springer, Dordrecht. 

Haussling M., Jorns C. A., Lehmbecker G., Hercht-Bucholz C., Marschner H., 1988 Ion 
and water uptake in relation to root development of Norway spruce (Picea abies (L.) 
Karst). Journal of  Plant Physiology 133:486-491. 

Hose G. C., James J. M., Gray M. R., 2002 Spider webs as environmental indicators. 
Environmental Pollution 120:725-733. 

Howeler R. H., 1973 Iron-induced oranging disease of rice in relation to physico-chemical 
changes in a flooded oxisol. Soil Science Society Am Proc 37:898-903. 

Hoyden M. G., 1965 Plants Physiological Inorganic Mater Analysis. 2th Edn., California. 
Hunt R., 1978 Plant growth analysis: The institute of biology’s studies in biology no.96 

Edward Arnold. The Camelot Press Ltd, Southampton, Great Britain. 
Jarvis M. D., Leung D. W. M., 2002 Chelated lead transport in Pinus radiata: an 

ultrastructural study. Environmental Experimental Botany 48:21-32. 
Kastori R., Plesnicar M., Sakac Z., Pancovic D., Maksimovic A. I., 1998 Effect of excess 

lead on sunflower growth and photosynthesis. Journal of Plant Nutrition 21:75-85. 
Kevresan S., Petrovic N., Popovic M., Kandrac J., 2001 Nitrogen and protein metabolism 

in young pea plants as affected by different concentrations of nickel, cadmium, lead, 
and molybdenum. Journal of Plant Nutrition 24:1633-1644. 

Kosobrukhov A., Knyazeva I., Mudrik V., 2004 Plantago major plants responses to 
increase content of lead in soil: growth and photosynthesis. Plant Growth Regulation 
42:145-151. 

Krovacevic G., Kastori R., Merkulov L.J., 1999 Dry matter and leaf structure in young 
wheat plants as affected by cadmium, lead and nickel. Biologia Plantarum 42:119-
123. 

Kumar G., Tripathi R., 2008 Lead-induced cytotoxicity and mutagenicity in grass pea. 
Turkish Journal of Biology 32:73-78. 

Lagerwerff J. V., Specht A. W., 1970 Contamination of roadside soil and vegetation with 
cadmium, nickel, lead, and zinc. Environment Science Technology 4:583-586. 

Lane S. D., Martin E. S., 1977 A histochemical investigation of lead uptake in Raphanus 
sativus. New Phytologist 79:281-286. 

Lang F., Szigeti Z., Foder F., Cseh E., Zolla L., Sarvari D., Garab G., 1998 Influence of 
Cd, Pb and the ion content, growth and photosynthesis in cucumber photosynthesis: 



AAB Bioflux, 2011, Volume 3, Issue 2. 
http://www.aab.bioflux.com.ro 125 

mechanisms and effect. Vol IV, Proceed 11 Inter Cong on Photosynthesis 17(22): 
2693–2696. 

Larbi A., Morales F., Abadia A., Gogorcena Y., Lucena J. J., Abadia J., 2002 Effects of Cd 
and Pb in sugar beet plants grown in nutrient solution: induced Fe deficiency and 
growth inhibition. Function Plant Biology 29:1453-1464. 

Lasat M. M., 2002 Phytoextraction of toxic metals: A review of biological mechanisms. 
Journal of Environment Quality 31:109-120. 

Lavid N., Schwartz  A., Lewinsohn E., Tel-Or E., 2001a Phenols and phenol oxidases are 
involved in cadmium accumulation in the water plants Nymphoides peltata 
(Menyanthaceae) and Nymphaeae (Nymphaeaceae). Planta 214:189-195. 

Lavid N., Schwartz A., Yarden O., Tel-Or E., 2001b The involvement of polyphenols and 
peroxidase activities in heavy-metal accumulation by epidermal glands of the water 
lily (Nymphaeaceae). Planta 212:323-331. 

Liu D., Jiang W., Liu C., Xin C., Hou W., 2000 Uptake and accumulation of lead by roots 
hypocotyls and shoots of ibdian mustard (Brassica hucea, L.). Biresource 
Technology  71(3):273–277. 

Lummerzheim M., Sandroni M., Castresana C., De Oliveira D., Van Montagu M., Roby D., 
Timmerman B., 1995 Comparative microscopic and enzymatic characterization of 
the leaf necrosis induced in Arabidopsis thaliana by lead nitrate and by 
Xanthomonas campestris pv. Campestris after foliar spray. Plant Cell Environment 
18:499-509. 

Marica M. D., Atudosiei N., Marica S., 2010 Studies regarding the Pb toxicity 
accumulation in plants. Romanian Biotechnological Letters 15(3):5240-5245. 

Mazid M., Ali B., Hayat S., Ahmad A., 2010 The effect of 4-chloroindole-3-acetic acid on 
some growth parameters in mung bean under cadmium stress. Turkish Journal of  
Biology 34:9-13. 

Mengel K., Kirkby E., 2001 Principles of Plant Nutrition. Kluwer Academic Publishers, 
Dordrecht, The Netherlands. 

Middleton E. M., Teramura A. H., 1993 The role of flavonol glycosides and carotenoids in 
protecting soybean from UV-B damage. Plant Physiology 103:741-752. 

Monem M., Lanaras T., Karataglis S., 1991 Growth and some photosynthetic  
characteristics of field grown tomato under copper and lead stress. Photosynthetica 
30(3):389–396. 

Motto H. L., Daines R. H., Chilko D. M., Motto C. K., 1970 Lead in soils and plants: its 
relationship to traffic volume and proximity to highways. Environment Science 
Technology 4:231-237. 

Nada E., Ferjani B. A., Ali R., Bechir B. R., Imed M., Makki B., 2007 Cadmium induced 
growth inhibition and alteration of biochemical parameters in almond seedlings 
growth in solution culture. Acta Physiologia Plant 29:57-62. 

Neubaver U., Furrer G., Schulin R., 2002 Heavy metals sorption on soil minerals affected 
by the siderophore desferrioxamine B: the role of Fe(III) hydro oxides and dissolved 
Fe(III). European Journal of Soil Science 53:45-55. 

Neue H. U., Quijano C., Senadhira D., Setter T., 1998 Strategies for dealing with 
micronutrient disorders and salinity in lowland rice systems. Field Crops Research 
56:139-155. 

Olivares E. L., 2003 The effect of lead on the phytochemistry of Tithonia diversifolia 
exposed to roadside automotive pollution or grown in pots of Pb-supplemented soil. 
Brazil Journal of Plant Physiology 15:149-158. 

Pandey N., Pathak G. C., Pandey D. K., Pandey R., 2009 Heavy metals, Co, Ni, Cu, Zn 
and Cd, produce oxidative damage and evoke differential antioxidant responses in 
spinach. Brazil Journal of Plant Physiology 21(2):103-111. 

Pandey N., Sharma C. P., 2002 Effect of heavy metals Co, Ni and Cd on growth and 
metabolism of cabbage. Plant Sci 163:753-758. 

Perez C., Mogae E., Abadia J., 1995 Effect of iron deficiency on photosynthetic structure 
in peach leaves. Iron nutrition in soil and plants. Proc Seventh Int Symposium, 
Zaragoza, Spain, 27 June–2 July, P. 183-189. 



AAB Bioflux, 2011, Volume 3, Issue 2. 
http://www.aab.bioflux.com.ro 126 

Romeiro S., 2005 Potencial de Ricinus communis L. Helianthus annus L. e Canavalia 
ensiformes L. como extratoras de chumbo em solução nutritiva. Campinas, Instituto 
Agronômico, Campinas. M.Sc. Thesis. 

Romeiro S., Lago A.,  Furlani P. R., De Abreu C. A., De Abreu M. F., Erismann N. M., 
2006 Lead uptake and tolerance of Ricinus communis L. Brazil Journal of  Plant 
Physiology 18:483-489. 

Sahrawat K. L.,  2004 Iron toxicity in wetland rice and the role of other nutrients. Journal 
of Plant Nutrition 27:1471-1504. 

Saker M., Abd-Elmottaleb H., Ali E., 1996 Effect of spraying iron and zinc on boichemical, 
chemical characters, yield and its components of Vicia faba L. Annals of Agriculture 
and Science Moshtohor 34(4):1457-1477. 

Sharma R. K., Agrawal M., 2005 Biological effects of heavy metals: An overview. Journal 
of Environmental Biology 26:301-313. 

Sharma P., Dubey R. S., 2005 Lead toxicity in plants. Brazil Journal of Plant Physiology 
17:35-52. 

Shen Z. G., Li X. D., Wang C. C., Chen H. M., Chua H., 2002 Lead phytoextraction from 
contaminated soil with high biomass plant species. Journal of Environment Quality 
31:1893-1900. 

Singh R. P., Tripathi R. D., Sinha S. K., Maheshwari R., Srivastava H. S., 1997 Response 
of higher plants to lead contaminated environment. Chemosphere 34:2467-2493. 

Smith J. C., Ferguson T. L., Carson B. L., 1984 Polyamines. Annual Review Plantarum 
36:117-143. 

Snedecor G. W., Cochran W. G., 1980 Statistical methods. 7th Edition. Iowa State Univ. 
Press. Ames. Iowa. U.S.A., p.50.  

Stiborova M., Ditrichova M., Brezinova A., 1987 Effect of heavy metal ions on growth and 
biochemical characteristics of photosynthesis of barley and maize seedlings. Biologia 
Plantarum 29:453–467. 

Stoltz E., Greger M., 2002 Accumulation properties of As, Cd, Cu, Pb and Zn by four 
wetland plant species growing on submerged mine tailings. Environmental 
Experimental Botany 47:271-280. 

Tandy S., Schulin R., Nowack B., 2005 The influence of EDDS on the uptake of heavy 
metals in hydroponically grown sunflowers. Chemosphere 62:1454-1463. 

Tsen J., Su C. K. V., Su C. C., 2002 Absorption of various heavy metals by hydroponic 
water spinach. Journal Agriculture and Forestry 50:1-11. 

Verma S., Dubey R. S., 2003 Lead toxicity induces lipid peroxidation and alters the 
activities of antioxidant enzymes in growing rice plants. Plant Sci 164:645–655.  

Ward N. I., Reeves R. D., Brooks R. R., 1975 Lead in soil and vegetation along a New 
Zealand state highway with low traffic volume. Environmental Pollution 9:243-351. 

Xiong Z. T., 1997 Bioaccumulation and physiological effects of excess lead in a roadside 
pioneer species Sonchus oleraceus L. Environment Pollution 97:275-279. 

Yang Y.,  Lee B. Y., 1990 Effect of heavy metal treatments on the growth and uptake in 
hydroponically  cultured lettuce. Journal of Korean Soil Science 31(1):37–41. 

Yassoglou N., Kosmas C., Asimakopolus J., Kallianou C., 1987 Heavy metal 
contamination of roadside soils in the Greater Athens area. Environmental Pollution 
47:293-304. 

Zaman M. S., Zereen F., 1998 Growth responses of radish plants to soil cadmium and 
lead contamination. Bulletin of Environment, Contamination and Toxicology 
61(1):44-50.  

 
Received: 11 May 2011. Accepted: 15 September 2011. Published online: 17 September 2011.  
Authors: 
Ismail Abu Zinada, Department of Plant Protection, Faculty of Agriculture and Environment, Al-Azhar University, 
Gaza, P.O. Box 1277, Palestine. 
Mohamad Abou Auda, Department of Biology, Faculty of Science, Al-Aqsa University, Gaza, P.O. Box 4051, 
Palestine, email: abouauda@hotmail.com 
Emad El Shakh Ali, Department of Plant Protection, Faculty of Agriculture and Environment, Al-Azhar University, 
Gaza, P.O. Box 1277, Palestine. 
How to cite this article: 
Abu Zinada I., Abou Auda M., El Shakh Ali E., 2011 Impact of soil lead pollution and iron foliar application on 
Spinacea oleracea (L.). AAB Bioflux 3(2):116-126. 


