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ABSTRACT 

Pot experiment were conducted on maize at the green house of Agriculture Faculty (Saba-
Basha), Alexandria University, Egypt, during the growing season of 2019 to evaluate the role lead 
contaminated soil remediation using some amendments on vegetative growth and chemical 
composition of maize. The experiment was spilt plot design with three replicates. Each replicate 
contained 13 treatments as follow: three lead levels (0, 250 and 500 mg/kg) were arranged in the main 
plots, whereas, the ten consider (control, zeolite at 0.10, 0.20, 0.40 mg/kg, compost at 0.10, 0.20, 0.40 
mg/kg and triple super phosphate at 0.10, 0.20, 0.40 mg/kg) which arranged in the sub plots. Results 
indicated that, the control treatment recorded the maximum mean values of all vegetative growth i.e. 
(plant height, fresh and dry weight of shoots, number of leaves, leaf area index and total chlorophyll 
(SPAD)), as compared with concentrations of lead (250 and 500 mg/kg), which recorded the 
minimum values of vegetative growth. Also, increasing in zeolite concentration up to 0.40 gave the 
highest mean values of plant height, fresh and dry weight of shoots and number of leaves, whereas, 
increasing compost treatment up to 0.40 mg/kg gave the highest mean values of leaf area index and 
total chlorophyll (SPAD), as compared with control treatments which recorded the minimum values 
of vegetative growth, during 2019 season. On the other hand, the control treatment gave the best 
results, which recorded the lowest mean values of lead content in shoots of maize, while, lead 
concentration (250 and 500 mg/kg) recorded the highest lead content in shoots of maize and soil, also, 
zeolite, compost and triple super phosphate recorded the minimum lead content in shoots of maize 
and soil, as compared with the control treatment which recoded the lowest mean values of lead 
content in shoots of maize and soil, during 2019 season.  
      
Keywords: maize, contaminated soil, lead, zeolite, compost, triple super phosphate, vegetative 

growth, chemical composition. 

 
Introduction 
 

Maize (Zea mays L.) is one of the most important cereal crop of world and third Maize is one of 
the world’s most important crops, ranking third after wheat and rice, so the changes induced by one of 
the most toxic heavy metals. Nowadays the heavy-metal pollution of the soil is causing ever greater 
problems, exacerbated by the fact that the heavy metals accumulated in plants may, either directly or 
indirectly, find their way into animals and human beings (Aliu et al., 2013). Soil contamination by 
heavy metals is of great concern with respect to human health risks, groundwater contamination, 
phytotoxicity to plants, adverse effects on microbial activity and diversity, long-term effects on soil 
fertility and depreciation of land (Oladejo et al., 2017). Lead (Pb) is considered seriously harmful for 
human health because of its toxicity, persistence, bioaccumulation and biomagnification throughout 
the food chain (Sarwar et al., 2017), and high degree of accumulation in soil (Venkatachalam et al., 
2017). In the past five decades, more than 800,000 tons of Pb have been released into the environment 
globally, most of which has accumulated in soil and thus caused serious heavy metal pollution (Yang 
et al., 2018). Lead is a toxic metal that affects plant growth and the environment. Phytoremediation 
utilizes plants to uptake contaminants and can potentially be used to remediate metal-contaminated 
sites Kamil et al. (2019). 

Soil remediation at contaminated sites very often needs customized approach, because of the 
different content of pollutants. Various technologies from simple soil excavation and transporting to 
hazardous waste landfills to different kinds of remediation by vitrification and the use of additives can 
be used for the treatment of soil Burlakovs et al. (2012). Remediation of heavy metal-polluted sites is 
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very difficult, expensive and required a lot of energy and materials, therefore the best method is to 
protect and prevent the environment from contamination. The contaminated soil may be remediated 
by physical and chemical methods like ion exchange, electrochemical treatment, reverse osmosis, and 
precipitation (Zhang et al., 2017). However, high concentrations of heavy metals may have inhibitory 
or toxic effects on living organisms (Bruins et al., 2000) and influence microbial populations and their 
biological activities in soil which affect soil fertility (Minnikova et al., 2017). The use of phosphate 
fertilizers is considered to be one of the primary factors in the pollution of agricultural soils (He and 
Singh, 1994). Phosphorus fertilizers, especially triple superphosphate, were found to have highest As, 
Cd, Cu, Cr, Ni, V, and Zn concentrations (Molina et al., 2009). Jiao et al. (2012) concluded that long-
term use of phosphorus fertilizers could cause the As, Cd, and Pb contents of soils to rise if the 
products used contained high levels of these elements (for Cd, higher than 10 mg kg-1). The objective 
of this study was to evaluate the combined effect of zeolite and urea fertilizer on growth and chemical 
composition of maize grown under salts affected soil conditions.  
 
Materials and Methods 
 

Pot experiment were conducted on maize at the green house of Agriculture Faculty (Saba-
Basha), Alexandria University, Egypt, during the growing season of 2019 to evaluate the role lead 
contaminated soil remediation using some amendments on vegetative growth and chemical 
composition of maize. The soil of the experiment was clayey soil texture. Sample soil collected before 
planting to identify some physical and chemical properties of this soil according to Carter and 
Gregorich (2008) as shown in Table (1). 
 
Table 1: Some physical and chemical properties of the experimental soil in 2019 season 

Soil parameters Sample Unit 
Particle size distribution   
Sand 29.7 % 
Silt 15.0 % 
Clay 55.3 % 

Textural class Clay - 
Organic matter content (%) 2.87 % 
Total calcium carbonate  18.12 % 
Electrical Conductivity (ECsw), (1:1, soil: water extract) dS/m 2.98 dS/m 
pH (1:1, soil : water suspension) 8.05 - 
Soluble Cations:   
Ca2+ 1.00 meq/l 
Mg2+ 3.29 meq/l 
Na+ 24.45 meq/l 
K+ 0.56 meq/l 

Soluble Anions:    
CO=

3+ HCO-3 0.58 meq/l 
Cl- 21.70 meq/l 
SO=

4 6.80 meq/l 
Available nutrients   
Nitrogen (N) 98.23 % 
Phosphorus (P) 18.00 % 
Potassium (K) 850 % 

 
Maize cultivar 

Corn (Zea mays, L. cv. Hybrid 3062) was obtained from Field crops Research Institute, 
Agricultural Research Center, Giza. 

 
Experimental layout 

The experiments were carried out in spilt plot design with three replicates. Each replicate 
contained 36 treatments were used as experimental unit. Maize was planted on 28 of May 2019 
season.  

The treatments can be illustrated as follows: 
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A) Main plots (lead levels) 
 Control  
 250 mg/kg  
 500 mg/kg 

B) Sub-plots (considers) 
 Control  
 Zeolite at 0.10 mg/kg  
 Zeolite at 0.20 mg/kg  
 Zeolite at 0.40 mg/kg  
 Compost at 0.10 mg/kg 
 Compost at 0.20 mg/kg 
 Compost at 0.40 mg/kg 
 Triple super phosphate at 0.10 mg/kg 
 Triple super phosphate at 0.10 mg/kg 
 Triple super phosphate at 0.10 mg/kg 

 
Table 2: Chemical composition of compost  

Compost 
Property Value 
pH            (1:2 ) 7.02 
EC (dS/m)(1:2) 4.10 
O.M.        ( % ) 52.80 
Total P   ( g/kg ) 4.40 
Total N  ( g/kg ) 9.20 
Ca2+           ( g/kg ) 1.17 
Mg2+         (mg/kg)  627.2 
Na+            (mg/kg) 416.0 
K+               (mg/kg) 147.2 
HCO-

3     (mg/kg) 652.8 
SO4

=         (mg/kg) 870.4 

 
Table 3: Characteristics of zeolite (natural clinoptilolite) used for the incubation experiment. 

Compound Concentration (%) 
SiO2 66.6 
Al2O3 12.6 
CaO 5.00 
K2O 3.84 

Fe2O3 1.89 
MgO 1.40 
BaO 0.2 
TiO2 0.193 
Na2O 0.189 
SrO 770 mg/l 
MnO 390 mg/l 
Rb2O 350 mg/l 
ZrO2 230 mg/l 
Co3O4 77 mg/l 
H2O 6.67 
CO2 1.34 

 
The field experiments 

To study the influence of different bio stimulants at different rates as foliar applications on 
growth and some chemical constituents of hybrid maize, a pot experiment was conducted during the 
growing season of 2019. The maze seeds were sown on 28/5/2019.The bio stimulants levels were 
application on soil at one time before planting.  

 



Curr. Sci. Int., 9(1): 42-51, 2020 
EISSN: 2706-7920   ISSN: 2077-4435                                                     DOI: 10.36632/csi/2020.9.1.5 

45 

Studied characteristics 
 
A) Vegetative growth 

 
 Plant height (cm) 

It was determined from the soil surface up to the top of the plant at harvest. 
 

 Total fresh weight (g) 
The plants were classified into leaves and stems were weighted. The sum of fresh plant 

fractions was used to calculate the total fresh weight of plant. 
 

 Total dry weight (g) 
The plants were classified into leaves and stems. All plant fractions were air dried, then oven 

dried to constant weight for 48 hours at 105°c. The sum of dried plant fractions was used to calculate 
the total dry matter accumulation of plant. 

 
• Number of leaves. 
• Leaf area index (LAI). 
• Total chlorophyll (SPAD). 
•  
B) Soil analysis 

 The soil was air-dried, powdered and passed through 2 mm sieve and analyzed for available 
lead. 

 
Statistical analysis 

All the data collected were subjected to statistical analysis of variance as described by Gomez 
and Gomez (1984). The treatment means were compared using L.S.D. test at 0.05 level of significant. 

 
Results and Discussion   
 
A) Vegetative growth 

Results in Tables (4) revealed that increasing in inhibition vegetative growth at all lead 
concentrations. Significantly increase of vegetative growth i.e. plant height (95.70 cm), shoots fresh 
weight (38.39 g), shoot dry weight (7.64g), number of leaves (10.50), leaf area index (154.83 cm2) 
and total chlorophyll (28.97 SPAD) recorded with the control treatment, as compared with all 
concentrations of lead (250 and 500 mg/kg), which recorded the minimum values of plant height 
(41.50 and 36.90 cm), shoots fresh weight (16.651 and 14.77g), shoot dry weight (3.33 and 2.95g), 
number of leaves (9.27 and 8.57), leaf area index (90.50 and 72.98 cm2) and total chlorophyll (16.93 
and 13.65 SPAD), respectively,  during 2019 season. 

The higher concentration of heavy metal has been reported to retard the cell division and 
differentiation, reduce their elongation and effect plant growth and development (Soares et al., 2001). 
Lead toxicity indicates decreased dry mass of shoots and root and percentage germination 
(Munzuroglu and Geckil 2002). The reduction in plant growth is also attributed to excessive 
accumulation of lead in the soils. The decrease in seed germination is attributed by the heavy metal 
treatment (Jamal et al., 2006). Other authors (Gupta et al., 2013, Hamvumba et al., 2014 and Alves et 
al., 2016) found reductions of dry matter production in many plant species as a function of the 
application of increasing doses of Pb in experiments with soil and nutrient solution. Increased lead 
concentration hampers the synthesis of chlorophyll because of impaired uptake of Iron and 
Magnesium through plants. The photosynthetic apparatus is damaged due to its affinity for protein N- 
and S- ligands. At higher concentrations of lead, inhibition of respiration is observed. The remediation 
of lead affected sites is carried out by relatively narrow range of engineering-based technologies (Salt 
et al., 1995).  

Decreased chlorophyll content that associated with heavy metal stress may be the result of 
inhibition of the enzymes responsible for chlorophyll biosynthesis (Gangwar et al., 2011; Huang et 
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al., 2013) or direct oxidative damage to the pigments (Oláh et al., 2010). SaiKachout et al. (2015) 
proposed for the reduction state of photosynthetic parameters to be a useful tool in bioassay toxicity 
testing of metal polluted soil. The deterioration of chlorophyll synthesis due to lead toxicity resulting 
in chlorotic leaves, changed ratios of chlorophyll a and b (Viehweger and Geipel, 2010) and 
photosynthetic activity (Küpper et al., 2007). In this respect, zeolite concentration up to (0.40 mg/kg), 
recorded the highest mean values of plant height (68.22 cm), shoots fresh weight (27.29 g), shoot dry 
weight (5.46 g) and number of leaves (11.67), while, increasing compost treatment up to 0.40 mg/kg 
gave the highest mean values of leaf area index (128.30 cm2) and total chlorophyll (24.00 SPAD), as 
compared with untreated treatment (control) which gave the minimum values of  plant height (47.89 
cm), shoot fresh weight (19.24 cm), shoot dry weight (3.83g), number of leaves (7.00), leaf area index 
(78.18 cm2) and total chlorophyll (14.65 SPAD), respectively, during 2019 season. 

Addition of RP increased the P fertilizer level for plant growth, and on the other hand, addition 
of RP which immobilize heavy metals in the soil may result in low accumulation of heavy metals in 
plant reducing their phytotoxicity (Chen et al., 2009). Results were in agreement with the reports of 
Chen et al. (2006; 2009) and Mignardi et al. (2012). Results of Mignardi et al. (2012) showed that, 
compared to the control, both soluble and insoluble P (RP) treatments significantly increased shoot 
and root weight of sunflower (Helianthus annuus). Shoot dry weight increased by 31.5%, 32.9%, and 
54.1% for RP. 

With compost application, the physical structure and fertility of soil are improved, microbial 
activity is enhanced, crop biomass is increased, and crop growth is promoted (Calleja-Cervantes et al., 
2015, Proietti et al., 2015 and Tian et al., 2015). The interaction between lead concentration and 
condenser (zeolite, compost and triple super phosphate) was highly significant on all vegetative 
growth, during 2019 season. 

 
Table 4: Vegetative growth of maize as affected by zeolite, compost and triple supper phosphate 

application under soil contaminated with lead during 2019 season. 

Treatments 
Plant 
height 
 (cm) 

Total fresh 
weight (g) 

Total dry 
weight (g) 

Number 
of leaves 

LAI  
(cm2) 

Total 
chlorophyll 

(SPAD) 
A)  Lead (Pb)       
0 mg/kg 95.70a 38.39a 7.64a 10.50a 154.83a 28.97a 
250 mg/kg  41.50b 16.65b 3.33b 9.27b 90.50b 16.93b 
500 mg/kg  36.90c 14.77c 2.95c 8.57 72.98c 13.65c 
LSD (0.05) 1.51 0.63 0.12 0.55 2.06 0.39 
B) Cond.       
Control  47.89f 19.24f 3.83g 7.00g 78.18 g 14.65g 
Zeolite  at 0.10 mg/kg 55.11d 22.26d 4.43e 7.78fg 93.91e 17.57e 
Zeolite  a 0.20 mg/kg 60.44c 24.20c 4.84c 9.44cd 108.96c 20.38c 
Zeolite  at 0.40 mg/kg 68.22a 27.29a 5.46a 11.67a 117.14b 21.91b 
Compost at 0.10 mg/kg 52.22e 20.93e 4.77cd 8.33ef 102.24d 19.13d 
Compost at 0.20 mg/kg 59.56c 23.90c 5.32a 9.44cd 118.23b 22.12b 
Compost at 0.40 mg/kg 66.44a 26.61ab 4.18f 10.89ab 128.30a 24.00a 
TSP at 0.10 mg/kg 50.00ef 20.08ef 3.94g 9.00de 89.50f 16.72f 
TSP at 0.20 mg/kg 56.78d 22.73d 4.55de 10.11bc 106.35c 19.90c 
TSP at 0.40 mg/kg 63.67b 25.47b 5.09b 10.78ab 118.23b 22.12b 
LSD (0.05) 2.77 1.15 0.22 1.00 3.76 0.71 
Interaction       
A×B *** *** *** *** *** *** 
Means in the same column followed by the same letter are statistically equalled according to LSD (0.05) probability 
level. * * *: Significant at (0.05) and 0.01 level of probability, respectively. 

 
B) Chemical composition 
 Lead content in plant 

From results tabulated in Table (5) revealed that the control treatment gave the best results, 
which recorded the lowest mean values of lead content in shoots of maize (1.12 mg/kg), while, the 
different lead concentration (250 and 500 mg/kg) recorded the highest lead content  in shoots of maize 
(5.39 and 7.35 mg/kg), during 2019 season. 
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From the experimental data it was clear that the largest portion of lead taken up by the plant 
was stored in the roots rather than in stem and leaves. This is because heavy metals are absorbed by 
roots from soil solution and later translocated to leaves (through xylem vessels) where they are 
deposited in vacuoles (De Abreu et al., 2017). Lead accumulation in roots is a factor that increases 
plant tolerance to Pb toxicity, because it prevents the metal translocation to leaves (Azad et al., 2011). 
Based on lead accumulation in roots more than other parts of the plant, it could be concluded that 
roots play a very significant role in extra lead storage. The high Pb concentration, found mainly in 
roots, suggested that sunflower tend to avoid toxicity in the physiologically most active portions of 
the plants by reducing Pb translocation to the epigeous portion, and by promoting the re-translocation 
of toxic metals from shoots to the roots (Batista et al., 2017). The findings of Fulekar (2016) have 
proved the potential of sunflower plants for remediation of metals from contaminated soil-water 
environment. In this respect, increasing zeolite, triple super phosphate and compost up to 0.40 mg/kg 
recorded the best results, which gave the lowest mean values of lead content  in shoots of maize (1.41, 
1.70 and 2.53 %),  as compared with control which recorded the maximum lead content in shoots of 
maize (11.43%), during 2019 season. Studies have shown that zeolites are widely used in heavy metal 
uptake. There was a significant decrease in metal uptake by plants grown in zeolite amended soils 
(Gworek 1992).  

Organic matter was found to be effective in reducing lead availability to plants, leading to 
lower uptake of lead (Scialdone et al., 1980; Wong and Lau, 1985; Ye et al., 1999). They are 
commonly used as tailings amendments because the addition of organic matter can significantly 
improve the physical characteristics and the nutrient status of mine soil (Ye et al., 1999). In addition, 
fertilizers are an essential ingredient for successful restoration of mine wastes (Bradshaw and 
Chadwick, 1980). Similar results were obtained in previous investigation in which Pb concentration in 
the tissue of St. Augustine grass (Stenotaphrum secundatum) was reduced after application of P to Pb 
polluted soils, probably because of the formation of Pb-P precipitate on the root surface in the root 
rhizosphere and in the bulk soil (Cao et al., 2002). Pb uptake by plants is related to soil Pb 
phytoavailability, and different chemical forms of Pb have different availability (Cao et al., 2002). 
Hettiarachchi and Pierzynski (2002) reported that plant tissue concentrations of Pb, Zn and Cd were 
consistently reduced in the presence of soluble P, possibly through the formation of mixed-metal 
phosphates. It is known that Pb phosphates are very stable forms of Pb in the environment. From the 
reaction of lead with soluble phosphate (P) various pyromorphite minerals insoluble are formed, thus 
immobilizing Pb in soil and in consequence reducing its absorption by plants (Bolan et al., 2003 and 
Zwonitzer et al., 2003). The interaction between lead concentration and condenser (zeolite, compost 
and triple super phosphate) was highly significant on lead content in shoots of maize, during 2019 
season. 

 
 Lead content in soil 

It is evident from the (5) that the control treatment gave the best results, which recorded the 
lowest mean values of lead content  in soil (18.79 mg/kg), but different lead concentration (250 and 
500 mg/kg) reduced the highest mean values of  lead content  in soil (115.39 and 79.23 mg/kg), 
during 2019 season. On the contrary, the application of soluble P amendments such as triple super 
phosphate (TSP), super phosphate (SSP) and diammonium phosphate (DAP) was reported to decrease 
soil pH (Chen et al., 2007). This effect may induce soil acidic conditions and increase heavy metal 
solubility. Therefore, the use of less soluble P for immobilization of heavy metals may be more 
environmentally friendly considering soil condition. 

Pb, such as the other heavy metals, has a harmful effect on biological systems and does not 
undergo biodegradation (Pehlivan et al., 2009).The problem of extensive contamination of soils with 
metals can be resolved by aninsitu chemical immobilization lichenology (Szrek, et al., 2011). Zeolites 
which are hydrated aluminosilicates (Reddy et al., 2011 and Gul et al., 2015) are considered among 
the most effective amendments that limit the mobility of heavy metals in polluted soils (Castaldi et 
al., 2004 and Garau et al., 2007). Zeolite, due to its structure, remove heavy metals through creation 
of a strong bond with heavy metals cations such as Pb. 

The possible mechanisms for heavy metal immobilization in the soil involve both surface 
complexation of the metal ions on the phosphate grains and partial dissolution of the phosphate 
amendments and precipitation of heavy metal-containing phosphates (Mignardi et al., 2012). Heavy 
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metal pollution can result in adverse effects on the composition of soil microbial community, 
adversely affecting soil characteristics (Xie et al., 2016). Alaboudi et al. (2018) obtained increase of 
Pb in the soil treated with 200mg Pb.kg-1 soil after harvesting of sunflower. 

In this respect, increasing zeolite, triple super phosphate and compost up to 0.40 mg/kg 
recorded the best results, which gave the  highest mean values of lead content in soil (21.77, 26.35 
and 35.45 mg/kg), as compared with control which recorded the maximum mean values of lead 
content in soil (182.16 mg/kg), during 2019 season. The use of composts has been recognized 
generally as an effective means for improving soil aggregation, structure and fertility, increasing 
microbial diversity and populations, improving the moisture-holding capacity of soils, increasing the 
soil cation exchange capacity (CEC) and increasing crop yields (Zink and Allen, 1998). Addition of 
organic matter amendments, such as compost, fertilizers and wastes, is a common practice for 
immobilization of heavy metals and soil amelioration of contaminated soils. Some researchers showed 
that amendment of contaminated soils with organic matter reduced bioavailability of heavy metals 
(Khan et al., 2000). The interaction between lead concentration and condenser (zeolite, compost and 
triple super phosphate) was highly significant on lead content in soil, during 2019 season. 

 
Table 5: Lead (mg/kg) in maize shoots and soil as affected by zeolite, compost and triple supper 

phosphate application under soil contaminated during 2019 season. 

Treatments 
In shoots In soil 

Pb 
(mg/kg) 

Pb 
(mg/kg) 

A) Lead (Pb)   
0 mg/kg 1.12c 18.79c 
250 mg/kg  5.39b 79.23b 
500 mg/kg  7.35a 115.39a 
LSD (0.05) 0.06 0.83 
B) Cond.   
Control  11.43a 182.16a 
Zeolite at 0.10 mg/kg 5.72d 92.49d 
Zeolite at 0.20 mg/kg 3.18f 44.31g 
Zeolite at 0.40 mg/kg 1.41i 21.77j 
Compost at 0.10 mg/kg 6.84b 105.63b 
Compost at 0.20 mg/kg 4.13e 58.60e 
Compost at 0.40 mg/kg 2.53g 35.45h 
Triple super phosphate at 0.10 mg/kg 5.92c 96.31c 
Triple super phosphate at 0.20 mg/kg 3.31f 48.30f 
Triple super phosphate at 0.40 mg/kg 1.70h 26.35i 
LSD (0.05) 0.13 2.10 
Interaction   
A×B *** *** 
Means in the same column followed by the same letter are statistically equalled according to LSD (0.05) probability 
level. ***: Significant at (0.05) and 0.01 level of probability, respectively. 
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