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Lead (Pb) is a very serious contaminant in soil because of its widespread application in 

agricultural, residential and industrial environments and it has ultimately harmful impacts 

on plant and human health. Organic amendments such as biochar (BC) and compost may 

reduce heavy metal toxicity in a plant. The main focus of the present research work was 

to evaluate the synergistic use of BC and compost to enhance the growth of spinach and 

to reduce the Pb uptake in spinach (Spinach oleracea L.) grown on Pb-contaminated soil. 

The results showed that Pb toxicity at its higher-level (1000 mg Pb kg-1 soil) reduced the 

growth, photosynthetic pigments and physiological attributes in 45-days-old spinach. 

However, this decrease was less pronounced in BC and compost amended soil. The BC 

and compost application enhanced shoot dry weight, total chlorophyll contents, 

membrane stability index and relative water contents at both applied rates 500 and 1000 

mg kg-1 of Pb in soil. Under low Pb-stress (500 mg Pb kg-1), BC and compost application 

increased the shoot dry weight (33.5 and 39.7%), chlorophyll contents (21 and 22.1%), 

membrane stability index (18.8 and 17%) and relative water contents (44 and 34.6%). 

While at high Pb-stress (1000 mg kg-1) BC and compost increased the shoot dry biomass 

(17.8 and 33.3%), chlorophyll contents (31.3 and 32.5%), membrane stability (27.1 and 

23.5%) and relative water contents (37 and 32.9%) respectively. Moreover, under low Pb 

stress the application of BC and compost reduced the Pb uptake in spinach by 78 and 

56%. While under high Pb stress, BC and compost reduced the Pb uptake by 69 and 52% 

respectively. Therefore, it can be concluded that organic amendments can ameliorate Pb-

toxic effects in spinach by changing the physiological attributes (total chlorophyll 

content, MSI and RWC) under Pb stress. Among the tested amendments, applied BC 

proved more effective for reducing Pb toxicity in spinach. 
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1. INTRODUCTION

Heavy metal pollution of soil is a threatening issue around 

the globe. It is not only responsible to affect the quality and 

yield of crops, human and animal health but also the 

environment [1]. The major sources of heavy metal pollution 

in soil can be find in sewage sludge, industrial waste, mining, 

excessive pesticides and chemical fertilizers use and smelting 

of ores [2]. These sources have caused a recent gradual 

increase in heavy metal concentration and are swept over the 

self-purification ability of nature [3]. Subsequently, these 

heavy metals persist for a long period, which can be up-taken 

by plants to accumulate in plant tissues and hence enter to food 

chain [4]. These trace elements are entering to living bodies 

via different means like air, food, water and skin contact. 

Major health problems linked with heavy metals are mild 

cognitive impairment (MCI), chronic anemia and 

cardiovascular diseases [5], damage of nervous system, kidney, 

brain [6], bones, teeth, skin [7]). Some of these trace elements 

are carcinogenic, endocrine disruptors, teratogenic and 

mutagenic whereas, others can cause behavioral and 

neurological disorders especially in children [8]. These trace 

elements at a high concentration are obstructing both growths 

of underground and above surface parts of plants which can 

cause to inhibit the development and growth of plants and also 

to disturb many physiological and biochemical activities e.g. 

reduction in transpiration rate, damage the photosynthetic 

apparatus, cause breakdown synthesis, injury of the cell 

membrane, increase lipid peroxidation and also affect several 

enzymes [9]. 

Among heavy metals, Pb is considering one of the most 

hazardous toxic elements and thus it is biologically non-

essential in nature. Lead occurs extensively in the environment 

due to its wide spread applications in petrol, paints, explosive 

materials, industrial wastes, and sludge. Uptake and 

translocation of Pb occur in plants which causes toxic impacts 

on its health and ultimately a declination occurs in the plant 

biomass production. Usually, plant avoids its toxic effects by 

adopting different cellular mechanisms such as adsorption to 

the cell wall, vacuole compartmentalization, increase the 
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active flux, or inducing of the metal chelates [10]. Lead is 

neurological and physiological toxic to human beings, severe 

poisoning Pb can result in disabilities of kidney, liver, brain 

and reproductive system, resulting severe diseases or death 

[11]. For instance, Cheng and Hu have shown that poisoning 

effects of Pb are the blood pressure, kidney, peripheral and 

central nervous systems [12]. An excessive amount of Pb in 

the soil can decline productivity of soil and a little amount of 

Pb can alter some dynamic processes of the plant such as 

mitosis, photosynthesis and water adsorption with poisonous 

signs of stunting foliage, leaves wilting, dark green and brown 

short leaves [13]. Lead is released into the aquatic and 

terrestrial ecosystems and ultimately turns out to be the part of 

food-chain and can cause serious consequences to living 

entities [14, 15]. Lead has teratogenic and mutagenic causing 

hazardous effects to various biological systems viz. cancer, 

reproductive system damage, neurodegenerative impairment 

and renal failure [16]. Therefore, taking into consideration the 

hazardous effects of Pb, the World Health Organization 

(WHO) set a permissible limit 10 µgL-1 for Pb in potable water 

[17]. Pakistan’s environment has been polluted terribly and 

considerable efforts are required in order to handle these 

environmental pollutants. Therefore, there is need to adopt 

cost-effective and eco-friendly approaches for these heavy 

metal’s remediation. A lot of approaches are available for 

remediation of these hazardous toxic compounds such as 

reverse osmosis, ion exchange, and chemical reduction. 

However, these techniques are not cost-effective and they can 

also reduce soil fertility. 

Food security is a multidimensional approach which covers 

enough, safe, and nutritious quality of the food. Worldwide 

struggles are being made of coping with global diet demands 

by producing safe and enough food [18]. Agriculture land 

adulteration by pesticides accumulation, wastewater irrigation, 

and atmospheric deposition etc. transfer the toxin to food-

chain, that can be mitigated by using various soil amendments. 

Numerous amendments using to solve this issue of the polluted 

soil up to some extent, hence it can help to meet the food 

security targets [19]. Significant efforts around the globe have 

been made for remediation of contaminated soil as shown in 

the increasing of current literature evidence of soil 

amendments [20, 21]. Remediation technologies of 

contaminated soil and wastes based on transportation, 

landfilling and excavation which are too much effective at 

lowering risk but it might be highly costly to implement [22]. 

Similarly, some in-situ techniques of Chemical/physical or 

bioremediations are using for polluted soils management [23] 

[24]. Innovative low-input and low-cost soil remediation 

technologies are required for community acceptance. In-situ 

stabilization of heavy metal by the addition of numerous types 

of organic amendments is one of the promising contaminated 

soil remediation technology [25]. It’s well-known that organic 

amendments application to contaminated soil can immobilize 

metalloids and heavy metals by forming stable complexes or 

adsorption reactions [26]. Biochar is a solid carbon-rich 

material which is produced through pyrolysis of organic 

matters under complete or partial elimination of oxygen at 

high temperature [27]. Biochar is possibly unique solution for 

remediation of polluted soils, the microporous structure of BC 

result in activation of functional groups and high surface area 

that highly affecting the holding behavior of the trace elements 

[28]. As an amendment to soil often BC has a liming effect 

and offers a reactive surface to interact with heavy metals [29] 

[30]. Biochar applications to contaminated soil also improves 

the chemical, physical and biological properties of the soil [31]. 

Addition of biochar to contaminated soil produced negative 

charges and thus, the cation exchange capacity (CEC) is 

increasing due to higher pH induction. It turns to the 

electrostatic attraction within soil particles and heavy metals 

cations, the binding attraction will become stronger [32]. 

Similarly, compost amendments also improve the growth of 

the crop and reduce the bioavailability of Pb sorption in soil 

for living entities [33]. High metals biding abilities of compost 

attribute to a high fulvic and humic acid concentration of 

composts [34]. Spinach is one of the most valuable green 

vegetables, with numerous health benefits and packed of 

essential nutrients [35]. It has been cultivated widely across 

the world. The modern nutritionists recommended the spinach 

as the best source of vitamins, iron and minerals [36]. Such 

minerals i.e. Mg, Na, K, P, Ca, Cu, I, Zn and Fe; it also has 

folic acid and vitamins A, E, K, C and B complex; spinach is 

very rich in amino acids and fiber. Spinach benefits including 

its soothing, diuretic, calming, demulcent, cooling, laxative, 

detoxifying and other properties. This leafy vegetable can be 

used for preparing a variety of meals, as well as for tincture, 

infusion, or very therapeutic spinach juice [37]. The main 

focus, of the present work was to evaluate the synergistic use 

of biochar and compost to enhance the growth of spinach and 

to reduce the Pb-uptake in spinach crop. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Experimental layout 

 

A pot experiment was conducted in the wire house, Institute 

of Soil and Environmental Sciences, University of Agriculture, 

Faisalabad, using completely randomized factorial design with 

3 replicates for each designed treatment. There were two 

treatment factors: organic amendments (i.e., Bermuda grass 

biochar 1% and poultry manure compost 1% w/w), and 

applied rate of 0, 500 and 1000 mg Pb kg-1 soil using PbNO3 

as a source. The spinach seeds were sown in the glazed pots, 

each filled with 10 kg soil and respective treatments (organic 

amendments and Pb). After one week of germination, thinning 

was done, and 10 plants were kept in each pot. The plants were 

periodically irrigated with tap water (EC = 0.5 dSm-1), to 

maintain 60 % water holding capacity of soil following the 

formulae as reported by Abu-Hamdeh [38]. 

 
Waterholding capacity, % 

 Weight of saturated soil-oven dry weight of soil 

 Oven dry weight of soil 
=

×100 

(1) 

 

2.2 Agronomical and physiological traits 

 

Shoots and roots fresh and dry weights were measured after 

45 days of germination. The plants were separated into shoots 

and roots, rinsed with distilled water, and oven dried in a 

forced-draft oven at 65±5℃ for about 72 hours and re-

weighting. 

Leaf chlorophyll index (SPAD-value) was determined using 

a portable SPAD-502 (Minolta, Osaka, Japan) following [39]. 

Three fully expanded leaves of spinach are selected in each pot, 

and average SPAD readings were recorded (from the leaf tip 

to the leaf base) at 10:00 to 11:00 am. The measurement was 

recorded at 45 days after seed germination. 
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The membrane stability index (MSI) of intact plant, was 

determined according to the method of Sairam [40], Leaf discs 

of 0.1 g was taken in 10 ml of double distilled water in 2 sets. 

One set was kept in water bath at 40oC for 30 min and the 

electrical conductivity was recorded by electrical conductivity 

meter (EC1). Second set was kept in the same water bath at 

100℃ for 10 min and its electrical conductivity was also 

recorded (EC2). MSI was calculated as in Eq. (2): 

 

MSI=[1-(EC1/EC2)]×100 (2) 

 

The relative water content (RWC) was determined by 

recording the turgid of 0.5 g of fresh leaf samples by keeping 

in water of four hours. After 4 hours the samples were taken 

out of water and well dried quickly with filter paper and 

immediately weighted for obtaining the fully turgid weight. 

The samples are oven dried at 65±5℃ in hot air oven till 

constant weight to determined dry weight [41]. The RWC was 

calculated using Eq. (3): 

 

 Fresh wt - dry wt 
RWC 100

 Turgid wt - dry wt 
=   (3) 

 

The extractable Pb in the shoot was determined after 

digestion in di-acid (nitric acid and perchloric acid) [42] 

followed by measurement on an atomic absorption 

spectrophotometer (AAS) (Hitachi polarized Zeeman Z-8200; 

Hitachi, Japan). 

 

2.3 Statistical analysis 

 

The obtained data was statically analyzed used computer-

based software Statistix 8.1® [43] and Microsoft Excel 2016®. 

Influence of organic amendments on growth and Pb uptake of 

spinach grown in lead-contaminated soil were analyzed by the 

analysis of variance (ANOVA). The LSD test was applied for 

treatments means comparison. 

 

 

3. RESULTS  

 

3.1 Growth responses 

 

3.1.1 Shoot length 

Results revealed that Pb treatments (500 and 1000 mg kg-1) 

decreased shoot length (cm) of spinach crop as compared to 

control. At 1000 mg kg-1 Pb caused significant reduction 

(p=0.001) in shoot length than control. However, the 

application of BC and compost increased shoot length in 

control and Pb-spiked soil. The application of compost 

enhanced the shoot length by 25 and 35.7% at 500 and 1000 

mg kg-1 Pb contamination respectively over respective control. 

While biochar application enhanced the shoot length by 22.7 

and 34.8% at 500 and 1000 mg kg-1 Pb contamination level 

respectively. The maximum shoot length was observed in 

control treatment where Pb contamination was not present 

with the application 1% compost. Both amendments were 

proved good for enhancing shoot length in Pb-contaminated 

soil (Figure 1). 

 

3.1.2 Root length 

Results showed that Pb treatments at (500 and 1000 mg kg-

1) decreased root length of spinach crop grown in Pb-spiked 

soil as compared to control. However, 1000 mg kg-1 solution 

had significantly (p=0.001) reduced root length under Pb 

stress. The application of compost and biochar increased the 

root length in control and Pb-contaminated soil. The compost 

application enhanced the root length by 29.8 and 26% at 500 

and 1000 mg kg-1 Pb contamination respectively over the 

respective control. While application of biochar enhanced the 

root length by 22.7 and 21.3% at 500 and 1000 mg kg-1 Pb 

contamination level respectively over respective control. The 

maximum root length was observed in control treatment where 

Pb contamination was not present with application of 1% 

compost. Both biochar and compost were proved good for 

enhancing the root length in Pb-contaminated soil (Figure 2). 

 

 
 

Figure 1. Effect of biochar and compost on shoot length of 

spinach grown in Pb-contaminated soil 

 

 
 

Figure 2. Effect of biochar and compost on root length of 

spinach grown in Pb-contaminated soil 

 

Table 1. Basic physiochemical properties of soil 

 
Organic 

Matter 

(g Kg-1) 
pH 

ECe 

(dSm-1) 
Saturation 

(%) 
CEC (Cmolc 

kg-1) 
Total Nitrogen 

(%) 
Sand 

(%) 
Silt 

(%) 

Clay 

(%) 

Textural 

Class 

Extractable Pb (mg 

kg-1) 

(mg kg-1) 7.2 1.5 29.8 1.41 0.0047 62.5 13.0 24.5 
Sandy clay 

loam 
ND* 

ND= Not Detectable. 
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3.1.3 Shoot dry weight  

Data showed that Pb treatment had significantly (P<0.05) 

reduced the shoot dry weights of the spinach crop by 32.8 and 

33.9% at both treatments 500 and 1000 mg kg-1 respectively 

as compared to control. However, the application of compost 

and biochar increased shoot dry weight in control and Pb-

contaminated soil. The enhancement in the shoot dry weight 

was pronounced in response to compost as compared biochar. 

The compost application increased the shoot dry weight by 

48.8 and 26.4%, while BC increased the shoot dry weight by 

40.7 and 21.5% at 500 and 1000 mg kg-1 of Pb-contamination 

level respectively over respective control (Figure 3). 

 

 
 

Figure 3. Effect of biochar and compost on shoot dry weight 

of spinach grown in Pb-contaminated soil 

 

3.1.4 Root dry weight 

Results in Figure 4 revealed that Pb reduced the root dry 

weight but application of biochar and compost significantly 

enhanced the root dry weight as compared to control. The root 

dry weight was decreased with increasing the level of Pb-

contamination. There was 36.4 and 42.2% reduction shown in 

root dry weight of spinach grown at 500 and 1000 mg Pb kg-1 

soil respectively as compared to control. However, the 

application of compost and biochar increased root dry weight 

in control and Pb-contaminated soil. The increment in the root 

dry weight was pronounced in response to compost as 

compared biochar. The compost application enhanced the root 

dry weight by 48.1 and 40.6 %, while the application of 

biochar enhanced the root dry weight by 33.2 and 20.6 % at 

500 and 1000 mg kg-1 Pb-contamination level respectively 

over respective control. 

 

 
 

Figure 4. Effect of biochar and compost on root dry weight 

of spinach grown in Pb-contaminated soil 

 

 

3.2 Physiological responses 

 

3.2.1 Total chlorophyll contents 

The Pb significantly (P<0.05) decreased the total 

chlorophyll contents of spinach crop by 18.8 and 32.6% grown 

in soil contaminated with 500 and 1000 mg Pb kg-1 soil, 

respectively as compared to control. The application of 

biochar and compost increased the chlorophyll contents under 

Pb-stressed and non-stressed condition. It was observed that 

maximum increased in the chlorophyll contents was found in 

the treatment involving the sole application of compost and 

biochar, where 8.2 and 4.6% increased were observed in the 

chlorophyll contents as compared with control (No-Pb-stress). 

Application of biochar increased 21 and 31.2% chlorophyll 

contents in 500 and 1000 mg Pb kg-1 soil respectively. While 

the application of compost increased chlorophyll contents by 

22 and 32.5% in a soil contaminated with 500 and 1000 mg Pb 

kg-1 soil, respectively as compared to their respective control 

(Figure 5). 

 

 
 

Figure 5. Effect of biochar and compost on total chlorophyll 

contents of spinach grown in Pb-contaminated soil 

 

3.2.2 Relative water content  

The relative water contents of spinach crop significantly 

decreased by 32.7 and 38.1% grown in soil contaminated with 

500 and 1000 mg Pb kg-1 soil, respectively as compared to 

treatment received no Pb and organic amendments (Figure 6). 

The application of compost and biochar is to enhance the 

RWC as compared to the control and Pb-stressed condition. 

Biochar enhanced the RWC and was more pronounced in 

response to compost as compared to the respective control. At 

500 and 1000 mg kg-1, the application of biochar enhanced the 

RWC by 44.6 and 37% and compost enhanced by 34.3 and 

32.9% as compared to the respective control. 

 

 
 

Figure 6. Effect of biochar and compost on relative water 

contents of spinach grown in Pb-contaminated soil 
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3.2.3 Membrane stability index 

The membrane stability index (MSI) of spinach (Figure 7) 

presented was significantly affected by soil Pb contamination 

and applied amendments. The MSI was decreased with 

increasing level of Pb contamination. There was 16.5 and 

26.1 % reduction in MSI of spinach grown at Pb contamination 

of 500 and 1000 mg kg-1 respectively as compared to control. 

However, the application of biochar and compost increased 

MSI in control and Pb-spiked soil. The enhancement in MSI 

was more pronounced in response to biochar as compared to 

compost. The application of biochar enhanced the MSI by 18.8 

and 27.1% at 500 and 1000 mg kg-1 Pb contamination 

respectively over respective control. While compost 

application enhanced the MSI by 17.7 and 23.5% at 500 and 

1000 mg kg-1 Pb contamination level respectively over 

respective control. The maximum MSI was observed in 

control treatment where Pb contamination was not present 

with the application 1% green waste biochar. Both 

amendments were proved good for enhancing MSI in Pb-

contaminated soil. 

 

 
 

Figure 7. Effect of biochar and compost on membrane 

stability index of spinach grown in Pb contaminated soil 

 

3.2.4 AB-DTPA extractable Pb concentration in post-

experiment soil  

The AB-DTPA extractable Pb concentration in post-

harvesting soil (Figure 9) presented, there was a significant 

increase in soil extractable Pb due to application of Pb found 

with maximum concentration in soil contaminated with 1000 

mg kg-1 soil. The extractable Pb was greatly influenced with 

application of organic amendments. The application of biochar 

significantly (P≤0.05) decreased the extractable Pb by 31.4 

and 29.8%, respectively in soil received 500 and 1000 mg Pb 

kg-1 soil. However, compost application decreased the 

extractable Pb by 27.38 and 22.2%, respectively in soil 

received 500 and 1000 mg Pb kg-1 soil as compared to its 

respective control. 

 
 

Figure 8. Effect of biochar and compost on Pb concentration 

in shoot of spinach grown in Pb-contaminated soil 

 

3.3 Concentration of Pb 

 

3.3.1 Lead concentration in shoot of Spinach 

Figure 8 illustrates that the Pb concentration in the shoot of 

45 days’ seedlings of spinach grown in Pb-contaminated soil 

(500 and 1000 mg Pb kg-1soil). The results revealed that the 

Pb-concentration in shoot of spinach crop was significantly 

(P<0.05) influenced by Pb-contamination and applied 

amendments (Biochar and compost 1% W/W). The Pb-

contents present in the shoot were 23.7 and 27.6 mg kg-1 

spinach grown at 500 and 1000 mg Pb kg-1 soil. While the Pb-

concentration in shoot decreased up to 56.3 and 41.55% 

respectively by addition of biochar at 500 and 1000 mg kg-1 

Pb-stress. However, addition of compost decreased the Pb 

uptake of spinach crop by 38 and 29.8% respectively as 

compared to the respective control. 

 

 
 

Figure 9. Effect of biochar and compost on Pb concentration 

in post-experiment soil 

 

Table 2. Characteristic of poultry manure compost 

 
Compost Characteristics Units Value 

ECe dS m-1 

- 

mg kg-1 

% 

% 

% 

% 

mg kg-1 

38 

8.10 

687 

4.36 

3 

4 

70.55 

ND* 

pH 

Na+ 

N 

P 

K 

Organic matter 

AB-DTPA Extractable Pb 

ND= Not Detectable 
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Table 3. Characteristic of green waste feedstock biochar produced at 350oC pyrolytic temperature 

 

Biochar Characteristics Units Greenwaste Biochar 350 oC 

Elemental characteristics   

C 

H 

O 

N 

S 

Pb 

Molar ratios 

H:C  

O:C 

Physicochemical characteristics 

Surface area 

CEC* 

pH 

Proximate Composition 

Ash Content 

Fixed Carbon 

Volatile matter 

Yield 

O-Containing functional groups. 

Carboxylic 

Lactonic 

Phenolic 

% 

% 

% 

% 

gkg-1 

mg kg-1 

 

 

 

 

m2g-1 

Cmolc kg-1 

 

 

% 

% 

% 

% 

 

 

Meq g-1 

Meq g-1 

Meq g-1 

39.30 ±.2.4 

03.96 ±.0.4 

19.10 ±.1.8 

1.47   ±.0.1 

8.65   ±.1.3 

 ND* 

 

1.22.±.0.20 

0.36.± .0.04 

 

23.80.±.2.8 

43.70 ± 5.2 

7.91 ±16 

 

27.23 

24.62 

41.27 

40.31 

 

 

0.121 

0.130. 

0.131 

ND= Not Detectable 

 

 

4. DISCUSSION 

 

Lead inhibits plant growth, physiological, and biochemical 

parameters and its toxicity increases by increasing the Pb 

concentration in soil. Different approaches are using to 

ameliorate the Pb toxicity to plants such as physical, chemical 

and biological, while the use of different organic amendment 

has more advantages over the other approaches i.e. efficient, 

cheap, socially acceptable, environment friendly and used as 

an in-situ. This study was conducted to investigate the effects 

of various types of organic amendments (BC and Compost 1% 

w/w), on growth development, physiology, and Pb-uptake in 

spinach crop that exposed to vary levels of Pb. Results 

revealed that increasing concentration of Pb reduced the shoot 

and root length, dry weights of spinach crop. Also, the MSI, 

total chlorophyll contents and RWC were adversely reduced. 

Other visual symptoms showed by plants in case of Pb-toxicity 

stunted of growth, chlorosis etc. These results are correlate 

with previous findings that the increasing Pb concentration in 

soil causing toxicity to spinach crop as that is responsible for 

the of growth and physiological parameters [8, 44]. 

Comparatively, significant enhancement was observed in the 

growth development of the spinach crop like root and shoot 

length, dry weights (Figures 1, 2, 3, and 4) and physiological 

parameters i.e. total chlorophyll contents, MSI and RWC 

(Figures 5, 6, and 7) of spinach grown under Pb-stress by 

application organic amendments. The results are also in 

covenant with the results of McBride [45]. Compost 

application improved the soil health, maintained the soil 

moister contents and nutrients supplier to plants and were 

recorded in this study. The compost tended to contribute in 

increasing of the plant’s biomasses, and physiological 

attributes. Correspondingly, the results were also conveyed by 

Irshad, who witnessed that the growth of plant showed positive 

change in heavy metals contaminated soil amended by 

compost [46]. Biochar improved the soil physical properties 

such as decreased soil strength as well as increased water 

holding capacity that would possibly improve the crop growth 

[47]. Furthermore, BC increases soil fertility level, in addition 

to soil organic matter (SOM) contents hence increasing the 

growth of plant [48]. Thus, the obtained results, depicted that 

these organic amendments were able to increase the spinach 

growth. 

The BC and Compost had substantial impacted on Pb-

stabilization in soil (Figure 9).  The obtained results revealed, 

significant reducing in Pb-uptake of spinach crop grown in 

biochar and compost amended soil under Pb stress. Organic 

supplements like BC and compost can also improve the 

chemical and biological properties of the soils, particularly soil 

total organic contents (TOC) and CEC which might be 

considered an important reason for the reduction of total 

available Pb concentration in soil ecosystem. The results are 

also parallel to the findings of Uchimiya and Bian. They noted 

a high increase in the soil CEC and organic carbon contents 

with high surface area that responded significant low available 

concentration of heavy metals due to the sorption and 

adsorption mechanisms of the organic amendments by charged 

sites. Stabilization of Pb increased with the organic 

amendments that conformed a positive role for the mitigation 

of Pb-stresses through reduction of AB-DTPA extractable Pb 

in soil [49, 50]. Karami described that BC and compost 

application can stabilize different heavy metals by a number 

of process of adsorption, co-precipitation or binding with the 

charged sites and thus decreased their availability in soil [51]. 

The BC with high CEC, more oxygen and hydrogen bonds 

comprising functional groups showing greater heavy metal 

immobilization in soil environment [52]. Biochar 

characteristics like CEC, surface area, pH, presence of oxygen 

consisting functional groups and organic carbon content are 

playing an important role for immobilization of heavy metals 

in soil [49]. Results (Figure 9) obtained from experiment 

revealed that Pb translocation factor was significantly affected 
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by organic amendments. Addition of BC at rate of 1% in soil 

significantly decreased Pb translocation factor as compared to 

compost. Biochar application to soil improves physical and 

chemical as well as the biological properties which turn results 

in reduction of available Pb concentration. Furthermore, 

investigated that BC itself has greater ability for metals 

sorption from soil due to having oxygen containing functional 

groups, precipitation of heavy metal with carbonate and 

phosphate compounds present at high concentration on 

biochar and also by means of ion exchange mechanisms in 

consequence of biochar high CEC [49, 50]. Thus, organic 

amendments have frequently been observed to tolerate huge 

amount of metals and to enhance the production of plant under 

heavy metal stress condition. 

 

 

5. CONSULSION 

 

In the present study, organic amendments (biochar and 

compost) were used to improve the growth of spinach in the 

presence of varying levels of Pb. The results depicted that 

presence of Pb in the soil adversely affected the growth of 

spinach. It was concluded that organic amendments reduce the 

Pb toxicity as well as increased the growth and physiological 

attributes of spinach. However, these results should be 

continued in future experiments. Moreover, the economic 

feasibility and farmer’s suitability for organic amendments 

should be studied.  
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