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   oil contamination with heavy metals has become 

apparent in many Egyptian areas such as El-Gabal 
El-Asfer and 10th Ramadan areas, as a result to the 

reuse of contaminated water for irrigation as an alternative 
to freshwater irrigation in these areas. Biochar plays a major 
role to stabilize heavy metals contained in contaminated 
soils by reduction. The study aimed studied effect of biochar 
application rates (0, 15, and 30 ton/feddan) on carrot 
production, nutrients content and heavy metals reduction 
using some of measurements to assess heavy metal 
accumulation as the bio-accumulation (BCF), and 
translocation factors (TF) to determine heavy metals in the 
studied soils. The obtained results showed that carrot yield 
production and macronutrients content (NPK) increased 
with elevating biochar and mineral fertilizers application 
rates. Heavy metals content in shoot and roots of carrot plant 
reduced with increasing application rates of biochar and 
highest rates of mineral fertilizers. The most effective 
treatment was 30 ton/feddan biochar with 41 N, 16.9 P2O5 
and 41.7 K2O kg/feddan, which achieved the highest yield 
of 12.2 and 13.1 ton/feddan of carrot roots in El-Gabal El-
Asfer and 10th Ramadan soils, respectively, and also it was 
the highest reduction for heavy metals in comparison with 
the other studied treatments. Biochar application increased 
available nutrients (NPK) in both studied soils, and 
decreased availability of heavy metals in polluted soils. The 
highest values of BAF were found in the control treatment, 
while the lowest values appeared with the most effective 

S 
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treatment in the studied soils. The TF value for Fe and Ni 
was less than 1, while for Zn, Pb, Mn, Co, Cr, and Cu, was 
higher than 1.  

Keywords: mineral fertilizer, biochar additives, bioaccumulation factor, 
translocation factor, heavy metals, carrot productivity, nutrients 
content 

 
 Annual air pollution arises from burring rice straw that is 

approximately 3.6 million tons in the open air. This resulted in sever risk to 
human health. Accordingly, rice straw should be recycled to useful materials 
such as biochar, that can be used in agriculture sector as soil amendment 
(AWRG, 2010). The Egyptian drainage wastewater is polluted with both 
organic and inorganic substances not suitable for direct application for 
irrigation. On the other hand, sewage sludge is highly contaminated with 
heavy metals, organic pollutants, and pathogens. The drainage wastewater is 
used now for irrigation. In El-Gabal El-Asfer area, the addition of sewage 
sludge is widely practiced. Also, the industrial activities resulted in 
dramatical contamination in 10th Ramadan area (Rashed et al., 1995; Abdel-
Shafy and Raouf, 2002 and Abou-Shady, 2016). In general, the 
bioavailability of heavy metal determines soil toxicity and its potential risk if 
it enters human food chain. Hang et al. (2016) reported that the 
concentration of heavy metals decreased yield in the sequence as leafy 
vegetables > stalk vegetables/root vegetables/solanaceous vegetables > 
legume vegetables/melon vegetables, the safe ranges of heavy metals for 
human health were 0.001-0.233 mg/kg for Pb, 0.005-0.023 mg/kg for Cd, 
0.011-0.227 mg/kg for  Cu, 0.092-1.591 mg/kg for Zn and 0.030-0.188 
mg/kg for As. Alghobar and Suresha (2016) reported that the growth and 
yield characters of rice crop were not improved by irrigation with untreated 
wastewater, however the high concentration of trace metals affected by 
lowering the growth and yield. 

 The biochar has a direct effect on the bioavailability of heavy metals 
containing polluted soils. The bioavailability of pollutants governs their 
ecotoxicology and degradation in contaminated soils (Zhang et al., 2013). 
Adding biochar to polluted soils is considered a modern technology to 
enhance remediation process. This may be due to the fact that biochar has 
the capability to reduce the available heavy metals in contaminated soils by 
several mechanisms such as adsorption, co-precipitation, and complexes 
reactions. Also, biochar can be used as amendment to improve soil fertility, 
water retention, and microbial activities that eventually improve plant 
productivity (Verheijen et al., 2010 and Montanarella and Lugato, 2013). 
Naz et al. (2015) stated that an increase in concentrations of heavy metals 
reduced the growth parameters and nutrient contents of plant. 
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Under the conditions of soils contaminated with heavy elements, the 
application of mineral fertilizers increased the heavy metals level in soil, 
while if applied with organic matter reduce this effect, where that increased 
the activity of factors, which reduce the level of heavy elements in these 
soils. Ramadan and Adam (2007) stated that the best treatments for yield of 
tomato keep far away from the range of toxic levels of heavy metal, were 
25% chicken manure plus 75% mineral fertilizer then 75% chicken manure 
plus 25% mineral fertilizer. Singh and Agrawal (2013) reported that the 
application of NPK fertilizer combination with FYM can be recommended 
as a cheap technique for reducing the availability of heavy metals in metal 
contaminated fields, which consequently, increase the activities of 
antioxidant enzymes and reduce photosynthetic rate, growth, and yield of the 
plants when NPK fertilizer applied alone. Yu-Kui et al. (2009) reported that 
nitrogen fertilization management is beneficial for reducing production 
costs, protecting the environment, and improving the quality of farm 
products. Beata and Cyraniak (2014) reported that the N fertilizer applied at 
range 40-200 kg N/ha resulted in an increased accumulation of Cd, Zn and 
Ni, but had no impact on the levels of  Pb, Cd  and Cu in the yield of carrot. 
While, K fertilizer form as K2SO4 can reduce desorption of heavy metals 
(mainly Cd) in the soil and thus reduce their accumulation in plants as 
compared to KCl fertilization. The main objective of study was to assess the 
application of biochar produced from rice straw for reducing heavy metals 
availability and content in carrot plant (Daucus carota).  

 
MATERIALS AND METHODS 

1. Soil Analysis 
The soil samples were collected from two sites. In the first site, soils 

were collected from El-Gabal El-Asfer area within latitude 30o 13' 5'' N and 
longitude 31o 21' 32'' E. The second soils were collected from 10th Ramadan 
area within latitude 30o 24′ 37″ N and longitude 31o 50′ 4″ E. the soil sample 
calculated at depth 0-30 cm for the two studied soils. The biochar additives 
were 0, 1, 3, and 5% for columns experiment. Mineral fertilizers of nutrients 
(NPK) were added with the ratios  of 0, 50, 75, and 100%, according to the 
sufficient levels for carrot requirements of nutrients doses during different 
stages of carrot growth simultaneously with biochar additives. 

Soil characteristic including the physical and chemical properties for 
the up mentioned two soils were carried out according to the following 
methods: 

Mechanical analysis was determined according to Piper (1950), total 
organic matter content was determined according to Walkley and Black, soil 
reaction (pH) was determined electrometrically in soil suspension 1: 2.5 
using bench Beckman Glass Electrode pH-Meter, total soluble salts were 
determined in soil extract 1: 2.5, total carbonates content were determined 
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using Collin’s Calcimeter, cation exchange capacity was determined 
according  to Jackson (1973),  total heavy metals were detected using the 
Ionic Coupled Argon Plasma according to Ure (1995) in which 1.0 g dry soil 
finely ground and moistened with distilled water and heated in 100 ml 
Teflon beaker in the presence of 10 ml HNO3 and eventually evaporated to 
small volume. Afterward, 5 ml HNO3, 5 ml HClO4 and 10 ml HF were 
added and heated until fumes were produced. After 30 min of fuming, 10 ml 
HCl (1/1, v/v) was added and boiled for 10 min. The final digest was cooled 
and diluted to 100 ml using distilled water.  
 
2. Plant Analysis 

Plant samples including shoots and roots were thoroughly washed and 
dried at 70oC. Plant samples were wet digested using H2O2 and H2SO4 
according to procedure described by Nicholson (1984). Total heavy metals 
content were determined using Ionic Coupled Argon Plasma. 

3. Biochar Preparation 
Rice straw samples were collected from El-Sharkia Governorate, 

Egypt. Rice straw samples were oven dried at 105°C until constant weight 
were achieved, then ground to < 2 mm in diameter. Samples were placed 
into ceramic crucibles and well covered to provide oxygen limited condition 
during biochar production. The temperature was elevated to 400°C to ensure 
the pyrolysis using Muffle Furnace (NEY, M-525, Series II). Biochar was 
kept at room temperature prior to analysis. Biocharʼs pH and EC were 
determined after shaking suspension 1:10. Ash content was determined using 
a dry combustion method in which 5 g of biochar was heated at 500°C for 8 
h (Song and Guo, 2012). The crucible was then cooled to room temperature 
and reweighted. The percentage of ash content was then calculated as 
follows:  
Ash content (%) = weight of Ash (g) / weight of biochar (g) X 100  
 The chemical activation processes were carried out to increase the 
total surface area of biochar that eventually became close to the commercial 
activated carbon. This was carried out via immersing biochar in 30% 
phosphoric acid overnight, and washing it five times using hot water (90°C) 
until supernatant pH becames 7. Afterward, the biochar was kept dried 
overnight at 80°C. The dried samples were preserved in desiccators to avoid 
further absorption of moisture. The scanning electron microscopy (SEM) 
was carried out on activated biochar at 400°C, activated biochar at 300°C, 
inactivated biochar samples, and commercially activate carbon using SEM 
Quanta FEG attached with EDX Unit, with accelerating voltage 30 k.v , 
(magnification 250x  up to 20000 0061nd resolution for Gun.1m).  
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4. Soil Column Experiment 
The adsorption experiments were carried out in PVC column with an 

inside diameter 5 cm and 30 cm high. Fiber glasses were installed in the 
bottom of each column. The columns were prepared in order to obtain four 
levels of biochar in the El-Gabal El-Asfer soil. Soil alone (B0), which was 
the control treatment and soil mixed with 1, 3 and 5% of activated biochar at 
400°C, indicated B1, B3 and B5, respectively.   100 mg L-1 of Pb2+ was added 
to each treatment. Soil field capacity was preserved wet and the outlet 
discharge was collected and re-added again. After 45 days, soil samples were 
air dried and the concentrations of available Pb2+ were determined.  

5. Pot Experiments 
This experiment was carried out at Desert Research Center. Two 

location contaminated with heavy metals organic pollutants, and pathogens, 
where El-Gabal El-Asfer soil irrigated by drainage wastewater and the 10th 
Ramadan soil, contaminated with industrial activities. Bulk of soil samples 
was packed into pots 25 cm in diameter. A weight of 8 kg soil was 
transferred to each pot and treated with 0, 15 and 30 ton/feddan inactivated 
biochar at 400°C, with 3 replicates for each treatment. Five carrot seeds were 
planted in each pot and after germination decreased to 2 plants/pot (pot area 
=0.0491 m2, Number of plants/feddan= 171210 plants) and twelve 
treatments were evaluated. The experimental design was split plot in pots 
with three replications including 36 treatments for each soil type. Treatments 
were as following:  
(T1) Without biochar and mineral fertilizer,  
(T2) Without biochar and 50% of NPK/feddan, 
(T3) Without biochar and 75% of NPK /feddan,  
(T4) Without biochar and 100% NPK,  
(T5) 15 ton/feddan of biochar without fertilizer,  
(T6) 15 ton/feddan biochar with 50% of NPK/feddan,  
(T7) 15 ton/feddan biochar with 75% of NPK/feddan,  
(T8) 15 ton/feddan biochar with 100% of NPK/feddan,  
(T9) 30 ton/feddan biochar without fertilizer,  
(T10) 30 ton/feddan biochar with 50% of NPK/feddan,  
(T11) 30 ton/feddan biochar with 75% of NPK/feddan,  
(T12) 30 ton/feddan biochar with 100% of NPK/feddan  

Regarding the NPK compound fertilizer, it was added with the 
following ratios; 0, 50, 75, and 100% from the sufficient levels doses for 
carrot, 200 kg / feddan of  ammonium sulfate  20.5% (41 kg N/ feddan), 250 
kg / feddan of super phosphate 15.5% (16.9 kg P2O5/feddan), and 100 kg 
/feddan of potassium sulfate 50% (41.7 kg K2O/ feddan). The biochar 
application rates for greenhouse pot experiments were 0, 15 and 30 ton/ 
feddan. The N and K fertilizers  were divided into two doses for two stages. 
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The first stage was added after one month from seeds germination and the 
second dose was added during the carrot heading stage, while phosphorus 
fertilizer was applied during bed preparation. The outlet leachate was 
collected and later re-added to the treated soils, to avoid heavy metals and 
nutrients leaching. Nitrogen, phosphorous, potassium and trace elements 
were determined according to Page et al. (1982) and Klute (1986).  
 The Biological Concentration Factor (BCF) was calculated as metal 
concentration ratio of plant roots to soil. Translocation Factor (TF) was 
described as ratio of heavy metals in plant shoot to that in plant root. 
Biological Accumulation Factor (BAF) was calculated as ratio of heavy 
metal in shoots to that in the soil (Biljana et al., 2015). 
BCF= trace element concentration in plant roots / trace element 
concentration in soil 
TF = heavy metal content in shoot / heavy metal content in root. The 
translocation factor (TF) reflects to the transference of heavy metals in plants 
(Zayed et al., 1998). 

6. Statistical Analysis 
 The average and statistical package were calculated using Microsoft 
Excel. SPSS was used to calculate the analysis of covariance (ANCOVA). 
The significance level of the correlation test and regression analysis were set 
at α=0.05. 
 

RESULTS AND DISCUSSION 

1. Physical and Chemical Properties of the Studied Soils 
The soils collected from El-Gabal El-Asfer and 10th Ramadan area 

are characterized by loamy sand texture as it mentioned in table (1). The 
total carbonate content was higher in El-Gabal El-Asfer soil (8.3%) than the 
10th Ramadan soil (2.1%). The same trend was observed with total organic 
matter and clay contents. This may resulted in increasing the cation 
exchange capacity for El-Gabal El-Asfer soil than 10th Ramadan soil. The 
pH values were almost close to 7 for up mentioned soils. The electrical 
conductivity for the extractable soil past was 3.9 dS m-1 and 2.2 dS m-1 for 
El-Gabal El-Asfer and 10th Ramadan soils, respectively. The total content 
and chemically exchangeable Fe, Mn, Zn, Cu, Ni, Pb, Co, and Cr are listed 
in table (1). According to Ghorbani et al. (2002), the permission level of Pb2+ 
in El-Gabal El-Asfer soil exceeds the allowable limits. The total and 
chemically extractable Pb2+ was higher in El-Gabal El-Asfer soil than 10th 
Ramadan soil. The same tendency was observed with the majority of heavy 
metals.  
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Table (1). Some physical and chemical characteristics of El-Gabal El-Asfer 
and the 10th Ramadan soils. 

 El-Gabal El-Asfer 
area 

10th Ramadan area 

Partical size distribution % 
Sand % 
Silt % 
Clay% 

 
81.2 
7.6 
11.3 

 
74.90 
6.24 

18.82 
Texture class Loamy sand Loamy sand 

CaCO3 % 8.30 2.13 
OM % 4.31 0.12 

CEC (me/100g) 23.9 6.22 
pH (1:2.5) 7.72 7.20 
EC (ds/m) 3.98 2.20 

Total content of heavy metal 
(mg/kg) 

Fe 
Mn 
Zn 
Cu 
Ni 
Pb 
Co 
Cr 

 
 

8723 
377 
245 
109 
57 

112* 
7.98 

30.91 

 
 

7981 
289.9 
223.9 
10.03 
20.10 
75.90 
6.71 

57.13 
Chemically extractable 
heavy metals (mg/kg) 

Fe 
Mn 
Zn 
Cu 
Ni 
Pb 
Co 
Cr 

 
 

39.7 
65.1 
27.1 
19.8 
7.96 

31.01 
0.01 
6.87 

 
 

31.9 
44.1 
5.60 
3.34 
3.90 

16.34 
0.10 

11.55 

*This value is more than permissible limits for total Pb in soil; Adapted from 
Ghorbani et al. (2002). 
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2. Effect of Activation Process of Biochar on Some of their Chemical 
Properties  
      Data in table (2) show that pH of activated biochar at 400 and 300°C 
is less than both of pH of commercially activate carbon and inactivated 
biochar at 400°C, due to chemical activation process using phosphoric acid. 
The decrease in CEC of activated biochar at 400 and 300°C is due to 
increasing competition with hydrogen ions on cation exchange sites. EC of 
activated biochar at 400 and 300°C is a small value compared with 
inactivated biochar at 400°C, due to the washing process during preparation. 
Fig. (1) shows the scanning electron microscopy images for biochar derived 
from rice straw at different temperatures compared with commercially 
activated carbon. It is clear seen that the surface structure of activated 
biochar formed at 400°C seems as crater-like compared with commercially 
activated carbon. It is confirmed that there is a larger numbers of the 
macropores of the activated biochar have been formed at 400°C. In addition, 
a heterogenous range of structural features were observed in those samples. 
The commercial activated carbon was characterized by semi smooth surface. 
In contrast, biochar surfaces were characterized by granuler texture. 

Regarded to available heavy metal in the El-Gabal El-Asfer soil, the 
increasing of biochar application rates decreased the available heavy metal 
in soils.  This can interpreted due to heavy metal adsorpted on internal and 
external biochar surfaces. Table (3) shows that extractable Pb2+ from treated 
soils was significantly decreased when biochar amounts were increased. 
Some of other heavy metals in this study took the same trend of  Pb2+. The 
above results agreed with obtained by Verheijen et al. (2010) and 
Montanarella and Lugato (2013). 

 
Table (2).  Some physicochemical properties of rice straw biochars. 

 pH (1:10) EC (1:10) Ash % CEC 
Commercially 

activate carbon 
4.60 1211µs/cm 10.68 19.10 

Activated biochar 
at 400°C  

4.35 324µs/cm 15.10 5.96 

Activated biochar 
at 300°C  

4.85 407µs/cm 17.98 9.94 

Inactivated biochar 
at 400°C 

6.39 9230µs/cm 23.87 18.65 
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d 

 
 
Fig. (1). Scanning electron micrographs (SEM) images of a. commercially activated carbon,  b. 

activated biochar at 400°C, c. activated  biochar at 300°C and d. inactivated biochar at 
400°C. 

 
 

Table (3).  DTPA-extractable contents of Pb in the different soils column.   
Rate of biochar 

addition   
pH  

(1:10) 
EC (µS/cm) 

(1:10) 
Pb available 

(ppm) 
B0 6.99 128.4 41.0 
B1 6.21 128.5 32.3 
B3 6.15 130.2 27.8 
B5 6.08 140.7 18.9 

 
 
 

a

c

b

d



336                                          Rehab H. Hegab et al. 

Egyptian J. Desert Res., 66, No. 2, 327-350 (2016) 
 

3. Effect of Biochar Application and Chemical Fertilizer on Available 
Nitrogen,  Phosphorus, Potassium and Some Heavy Metals Contents of 
Polluted Soils 

Regarding soils macronutrients, data in table (4) assure that NPK 
fertilizers increase the availability of the those nutrients when compared with 
the control treatment. Biochar application for soils significantly increased 
the available nutrients in both soils. The best treatment was 30 ton/feddan 
biochar with 41 N, 16.9 P2O5 and 41.7 K2O kg/feddan. The amount of 
available nutrients increased with increasing rates of biochar and fertilizer 
application. The increase in available N, P and K in studied soil due to 
addition of biochar increase active capacity of surface area of studied soils 
and others nutrients released from biochar for soil. The above mentioned 
results are in agreement with those obtained by Lehmann et al. (2003), Liang 
et al. (2006), Solomon et al. (2007) and Abebe et al. (2012). 

 
Table (4).  Effect of biochar application and chemical fertilizer on available 

NPK (ppm) in of the El-Gabal El-Asfer and 10th Ramadan areas 
soils. 

Biochar 
% 

Fertilizers 
% 

El-Gabal El-Asfer area The 10th Ramadan area 
N P K N P K 

(mg/kg) 

non 
non 45.6 4.12 63.7 29.4 2.95 38.9 
50 52.43 6.94 70.65 41.81 4.97 47.64 
75 55.85 8.35 74.13 44.01 5.98 49.77 
100 61.7 9.12 75.4 47.78 6.53 50.54 

15 
non 49.3 5.13 69.4 39.79 3.67 46.88 
50 57.6 7.88 77.6 45.14 5.64 51.89 
75 62.4 9.32 84.3 48.23 6.67 55.98 
100 67.3 10.31 89.7 51.39 7.38 59.28 

30 
non 52.7 5.78 71.2 41.98 4.14 47.98 
50 63.5 8.27 76.8 48.94 5.92 51.40 
75 67.8 10.14 88.7 51.71 7.26 58.67 
100 72.4 11.85 93.6 54.68 8.48 61.66 

LSD 0.05 Biochar 0.28 0.08 0.32 0.23 0.06 0.22 
LSD 0.05 Fertilizers 0.34 0.10 0.39 0.28 0.07 0.27 
LSD0.05 interaction 0.49 0.14 0.55 0.40 0.10 0.38 
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4. Effect of Biochar Application and Chemical Fertilizer on Carrot 
Yields in Polluted Soils 
          Data in table (5) show that the yield parameters of carrot increased 
with increasing application of biochar and mineral NPK fertilizers in the two 
studied soils. The yields of carrot plants increased with increasing of biochar 
soil application rates when compared with control treatment. The treatments  
of 30 ton/feddan biochar with 41 N, 16.9 P2O5, 41.7 K2O kg/feddan resulted 
in  higher yields values than control treatment.  

The most effective treatment recorded higher increases of yield 
parameters of carrot plant over control treatment by 54.3, 61.1, 58.6, 57.3, 
61.3, 59.8, 57.3, 61.5 and 72.8% for weight of dry shoot (g), dry root (g), 
total dry plant (ton/feddan), fresh shoot (g), fresh root (g), total fresh plant 
(ton/feddan), fresh shoot (ton/feddan), fresh root (ton/feddan) and 
marketable (ton/feddan), respectively, in El-Gabal El-Asfer soil, while in the 
10th Ramadan, it achieved 47.0, 45.3, 45.6, 47.2, 57.4, 53.2, 47.3, 57.3 and 
69.4%, respectively. When comparing the two studied soil for yield 
production of carrot plant, under conditions of the most effective treatment, 
10th Ramadan soil recorded higher increases of yield parameters about 14.6, 
17.1, 16.5, 9.4, 7.2, 8.1, 9.9, 6.9 and 8.1% for weight of dry shoot (g), dry 
root (g), total dry plant (ton/feddan), fresh shoot (g), fresh root (g), total 
fresh plant (ton/feddan), fresh shoot (ton/feddan), fresh root (ton/feddan) and 
marketable (ton/feddan), respectively, than in El-Gabal El-Asfer soil. 
Increased pollution by heavy elements led to reduction in the productivity of 
carrot plant, whereas El-Gabal El-Asfer soil was the most polluted. This fact 
is due to the availability of heavy elements and soil salinity were greater than 
in 10th Ramadan soil, and also due to the increase in cation exchange 
capacity and organic matter compared with 10th Ramadan soil. The previous 
results assure that the efficiency and effectiveness of biochar application was 
the best in 10th Ramadan soil than El-Gabal El-Asfer soil. This fact is in 
agreement with the conclusion given by Abebe et al. (2012) and Alghobar 
and Suresha (2016).   

5. Effect of Biochar Application and Chemical Fertilizer on 
Macronutrients and Heavy Metal Content in Shoot and Root of Carrot 

Data in tables (6 and 7) show that the average values of N, P, and K 
content in  carrot shoot and root in the two studied soils increased with 
increasing biochar and fertilizer rates. The most effective treatment (30 
ton/feddan biochar with 41 N, 16.9 P2O5 and 41.7 K2O kg/feddan) recorded 
significant increases of nutrients content in comparison with control 
treatment by 61.1, 64.5, 66.7, 56.5, 76.2 and 62.7% for N, P and K of shoot 
and root, respectively, in El-Gabal El-Asfer soil, while in 10th Ramadan soil, 
it achieved 60.6, 56.9 , 61.1, 62.1, 65.0 and 65.8%, respectively. Under 
conditions of the most effective treatment, the higher average values of N, P, 
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and K content in shoot and root of carrot achieved in 10th Ramadan soil than 
in El-Gabal El-Asfer soil of about 15.8, 5.2 , 16.7, 20.7, 17.0 and 29.4% for 
N, P and K of shoot and root, respectively. The previous results agreed with 
those obtained by Abebe et al. (2012). Application of rice straw biochar on 
polluted soils significantly increased the values of exchangeable bases. The 
highest values of exchangeable bases observed at biochar treated soils might 
be attributed to the presence of ash in the biochar, whereas the ash content 
immediately released of the occluded mineral nutrients like Ca, K and N for 
crop use. The results of the present study also agree with those obtained by 
Lehmann et al. (2003), Rondon et al. (2007) and Chan et al. (2008). 

Concerning the effect of biochar on heavy metal reduction, the heavy 
metal content in shoot and roots of carrot reduced with increasing biochar 
application rates (Tables 6 and 7). The most effective treatment (30 
ton/feddan biochar with 41 N, 16.9 P2O5 and 41.7 K2O kg/feddan) achieved 
the highest significant reduction of heavy metal of shoot and roots when 
compared with the other treatments in the two studied soils. The superior 
treatment was higher increases of heavy metal reduction content than control 
treatment of about 30.9, 22.4, 54.3, 33.4, 56.7,43.4, 56.2, 40.6, 56.8, 54.4, 
20.9, 39.7, 34.8, 46.6, 13 and 29.3% for Fe, Mn, Zn, Cu, Ni, Pb, Co and Cr 
in shoot and roots, respectively in El-Gabal El-Asfer soil, while it recorded 
29.6, 20.3, 69.9, 31.9, 70.1, 26.2, 70, 45.2, 69.8, 58, 45.7, 49.2, 54.8, 55.8, 
40.1 and 44.1% for Fe, Mn, Zn, Cu, Ni, Pb, Co and Cr in shoot and roots, 
respectively in 10th Ramadan soil. The above results are due to the important 
role biochar application to reduce heavy metal in soil, which reflexed on 
heavy metal conent in shoot and roots of carrot plant. These facts assure by 
results obtained by Verheijen et al. (2010), Montanarella and Lugato (2013) 
and Naz et al. (2015). 
 Also, the macronutrients in mineral fertilizers are involved in 
reducing the level of heavy metals in the soil, this result was due to 
explanations of  Yu-Kui et al. (2009), Singh and Agrawal (2013) and Beata 
and Cyraniak (2014). 
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Table (5). Effect of biochar application and mineral fertilizers on yield 
parameters of carrot plant in El-Gabal El-Asfer and 10th 
Ramadan areas soils.  

Bi
oc

ha
r 

%
 

Fe
rt

ili
ze

rs
   

   
   

 
%

 

Dry weight 
 

Fresh weight 
Shoot 
/plant 

Root 
/plant Total plant Shoot 

/plant 
Root  
/plant 

Total 
plant 

Shoot 
/fed 

Root 
/fed 

Market 
table 

(g) 

 

(ton/feddan) (g) 

gm 

 

(ton/feddan) 

El-Gabal El-Asfer soil 

non 
non 5.9 7.9 2.35 20.5 27.5 8.2 3.5 4.7 3.1 
50 7.7 11.9 3.35 27.0 41.5 11.7 4.6 7.1 5.3 
75 11.0 14.1 4.30 38.3 49.5 15.0 6.6 8.5 6.7 

100 11.0 17.2 4.83 42.5 60.3 17.6 7.3 10.3 8.5 

15 
non 6.7 8.6 2.62 25.5 31.5 9.8 4.4 5.4 4.6 
50 8.3 13.1 3.67 29.0 46.0 12.8 5.0 7.9 6.9 
75 11.1 17.9 4.97 39.0 62.5 17.4 6.7 10.7 9.5 

100 12.2 18.4 5.24 45.7 64.5 18.9 7.8 11.0 10.1 

30 
non 7.3 9.4 2.86 29.5 37.5 11.5 5.1 6.4 5.7 
50 10.2 14.0 4.14 35.7 49.0 14.5 6.1 8.4 7.7 
75 12.6 20.1 5.60 44.0 70.5 19.6 7.5 12.1 11.2 

100 12.9 20.3 5.68 48.0 71.0 20.4 8.2 12.2 11.4 
LSD0.05 Biochar 0.08 0.15 0.04 0.31 0.51 0.14 0.05 0.09 0.09 
LSD0.05 Fert. 0.10 0.19 0.05 0.38 0.62 0.17 0.06 0.11 0.11 
LSD0.05 Inter. 0.15 0.26 0.07 0.53 0.88 0.24 0.09 0.15 0.16 

10th Ramadan soil  

non 
non 8.0 13.4 3.7 28.0 32.6 10.4 4.8 5.6 3.8 
50 8.9 16.7 4.4 31.0 48.5 13.6 5.3 8.3 6.4 
75 9.9 19.9 5.1 34.5 59.5 16.1 5.9 10.2 8.4 

100 12.3 20.3 5.6 43.0 67.4 18.9 7.4 11.5 9.7 

15 
non 9.1 14.6 4.1 31.7 45.2 13.2 5.4 7.7 6.7 
50 10.4 17.9 4.9 36.5 56.7 16.0 6.2 9.7 8.6 
75 11.7 21.6 5.7 41.0 65.5 18.2 7.0 11.2 10.1 

100 10.2 22.7 5.6 45.0 72.5 20.1 7.7 12.4 11.4 

30 
non 9.9 15.9 4.4 34.6 51.2 14.7 5.9 8.8 7.8 
50 11.8 18.6 5.2 38.0 63.9 17.4 6.5 10.9 10.2 
75 14.3 23.7 6.5 49.0 71.7 20.7 8.4 12.3 11.5 

100 15.1 24.5 6.8 53.0 76.5 22.2 9.1 13.1 12.4 
LSD0.05 Biochar 0.07 0.12 0.03 0.26 0.45 0.12 0.05 0.08 0.09 
LSD0.05 Fert. 0.09 0.15 0.04 0.32 0.55 0.15 0.06 0.09 0.10 
LSD0.05 Inter. 0.13 0.21 0.06 0.45 0.77 0.21 0.08 0.13 0.15 
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Table (6).  Effect of biochar application and chemical fertilizer on 
macronutrients and heavy metal content in shoot of carrot in 
the two studied soils. 

Bi
oc

ha
r 

%
 

Fe
rt

ul
iz

er
%

 

 Macronutrients and heavy metal content in shoot 
Macronutrients  Heavy metal  

N P K Fe Mn Zn Cu Ni Pb Co Cr 
(%) (mg/kg) 

El-Gabal El-Asfer soil 

non 
no
n 

0.93 0.05 0.93 20
4 

45.3
0 

33.7 12.50 2.65 1.53 0.69 1.85 
50 1.16 0.08 1.97 19

7 
43.6 32.4 12.03 2.55 1.51 0.68 1.83 

75 1.59 0.12 2.51 19
0 

42.5 31.6 11.73 2.49 1.50 0.66 1.81 
10
0 

1.77 0.15 3.26 18
8 

41.3 30.7 11.40 2.42 1.48 0.65 1.8 

15 
no
n 

0.98 0.08 1.07 17
2 

35.2 26.1 9.71 2.06 1.42 0.61 1.78 
50 1.52 0.10 2.28 16

8 
33.6 24.9 9.27 1.96 1.39 0.60 1.76 

75 1.67 0.13 2.84 16
6 

29.6 22.0 8.17 1.73 1.37 0.59 1.75 
10
0 

1.84 0.14 3.58 15
9 

27.5 20.4 7.59 1.61 1.36 0.56 1.73 

30 
no
n 

1.03 0.10 1.12 15
1 

24.1 17.9 6.66 1.41 1.28 0.53 1.68 
50 1.54 0.12 2.42 14

6 
22.4 16.7 6.19 1.31 1.25 0.52 1.67 

75 1.91 0.14 3.33 14
3 

20.6 15.3 5.68 1.21 1.23 0.48 1.64 
10
0 

2.39 0.15 3.91 14
1 

19.8 14.7 5.47 1.16 1.21 0.45 1.61 
LSD0.05 Biochar 0.015 0.0011 0.035 0.8 0.32 0.24 0.090 0.019 0.004 0.0027 0.0027 
LSD0.05 Fert. 0.018 0.0013 0.043 0.9 0.40 0.30 0.110 0.023 0.005 0.0033 0.0033 
LSD0.05 Inter. 
iteractors 

0.026 0.0019 0.060 1.3 0.56 0.42 0.155 0.033 0.007 0.0047 0.0046 
10th Ramadan soil 

non 
no
n 

1.12 0.07 1.65 16
9 

40.9 30.4 11.29 2.39 1.38 0.62 1.67 
50 1.37 0.09 2.58 16

1 
38.1 28.3 10.51 2.23 1.32 0.60 1.60 

75 1.51 0.14 3.48 15
8 

37.9 28.1 10.45 2.21 1.34 0.59 1.61 
10
0 

1.70 0.15 4.06 15
5 

34.8 25.9 9.61 2.04 1.25 0.55 1.52 

15 
no
n 

1.16 0.09 1.85 14
7 

28.9 21.5 7.99 1.69 1.17 0.50 1.46 
50 1.38 0.11 3.10 14

3 
26.8 19.9 7.40 1.57 1.11 0.48 1.40 

75 1.66 0.13 3.93 13
9 

23.2 17.2 6.40 1.36 1.07 0.46 1.37 
10
0 

2.36 0.17 4.49 13
5 

21.1 15.7 5.82 1.23 1.04 0.43 1.33 

30 
no
n 

1.23 0.11 1.97 12
8 

18.4 13.7 5.08 1.08 0.98 0.40 1.28 
50 1.49 0.13 3.35 12

5 
16.7 12.4 4.61 0.98 0.93 0.38 1.24 

75 1.75 0.15 4.16 12
1 

15.6 11.6 4.30 0.91 0.93 0.37 1.24 
10
0 

2.84 0.18 4.71 11
9 

12.3 9.1 3.39 0.72 0.75 0.28 1.00 
LSD0.05 Biochar 0.017 0.0012 0.036 0.6 0.34 0.25 0.094 0.020 0.007 0.0036 0.007 
LSD0.05 Fert. 0.021 0.0014 0.045 0.7 0.42 0.31 0.115 0.024 0.008 0.0044 0.008 
LSD0.05 Inter. 
iteractors 

0.030 0.0020 0.063 1.0 0.59 0.44 0.162 0.034 0.012 0.0063 0.011 
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Table (7).  Effect of biochar application and chemical fertilizer on 
macronutrients and heavy metal content in roots of carrot in 
the two studied soils. 

Bi
oc

ha
r 

%
 

Fe
rt

ili
ze

r
%

 

 Macronutrients and heavy metal content in roots 
Macronutrients  Heavy metal  

N P K Fe Mn Zn Cu Ni Pb Co Cr 
(%) (mg/kg) 

El-Gabal El-Asfer soil 

non 
non 0.97 0.10 1.65 210 8.75 23.8 6.40 3.40 0.68 0.058 0.75 
50 1.42 0.13 2.30 208 8.52 22.2 6.32 3.33 0.66 0.055 0.73 
75 1.72 0.16 2.97 204 8.42 21.1 6.14 3.29 0.64 0.053 0.71 

100 1.93 0.18 3.73 201 8.20 20.4 5.98 3.11 0.62 0.051 0.67 

15 
non 1.05 0.11 1.77 193 7.80 17.5 5.73 2.96 0.56 0.048 0.66 
50 1.66 0.14 2.55 187 7.65 17.2 5.44 2.65 0.53 0.045 0.65 
75 1.79 0.17 3.38 185 7.37 16.5 5.18 2.32 0.51 0.044 0.63 

100 1.97 0.21 3.99 177 6.93 16.1 4.88 2.21 0.49 0.041 0.61 

30 
non 1.09 0.13 1.84 174 6.59 14.7 4.34 1.98 0.46 0.039 0.58 
50 1.75 0.18 2.93 171 6.33 14.4 4.17 1.77 0.44 0.034 0.57 
75 2.19 0.20 3.87 167 5.98 13.8 3.91 1.65 0.43 0.032 0.56 

100 2.73 0.23 4.42 163 5.83 13.4 3.80 1.55 0.41 0.031 0.53 
LSD 0.05 Biochar 0.01

8 
0.00
14 

0.03
2 

0.57 0.03
5 

0.12 0.03
3 

0.024 0.003
3 

0.0003
1 

0.002
4 LSD 0.05 Fert. 0.02

1 
0.00
17 

0.04
0 

0.70 0.04
3 

0.15 0.04
0 

0.029 0.004
0 

0.0003
8 

0.003
0 LSD0.05 Inter. 

iteractors 
0.03

0 
0.00
24 

0.05
6 

0.98 0.06
1 

0.21 0.05
7 

0.041 0.005
7 

0.0005
4 

0.004
2 10th Ramadan soil 

non 
non 1.24 0.11 2.14 177 7.90 21.4 5.78 3.07 0.61 0.052 0.68 
50 1.38 0.14 3.55 174 7.84 19.8 5.54 2.94 0.58 0.048 0.65 
75 1.77 0.18 3.91 172 7.81 19.6 5.23 2.87 0.54 0.046 0.62 

100 2.40 0.21 4.55 167 7.73 19.3 5.12 2.67 0.51 0.044 0.61 

15 
non 1.29 0.12 2.38 161 7.00 18.7 4.83 2.22 0.48 0.042 0.57 
50 1.45 0.15 3.69 156 6.77 18.5 4.79 2.11 0.45 0.037 0.55 
75 1.87 0.19 4.43 153 6.48 18.2 4.48 1.97 0.44 0.035 0.53 

100 2.65 0.23 5.25 151 6.18 17.6 4.20 1.83 0.42 0.033 0.51 

30 
non 1.35 0.14 2.54 147 5.86 16.7 3.60 1.54 0.38 0.031 0.45 
50 1.52 0.19 4.11 146 5.67 16.4 3.36 1.43 0.35 0.029 0.43 
75 2.59 0.24 5.45 143 5.51 16.2 3.29 1.37 0.33 0.026 0.41 

100 2.88 0.29 6.26 141 5.38 15.8 3.17 1.29 0.31 0.023 0.38 
LSD0.05 Biochar 0.02

1 
0.00
19 

0.04
4 

0.43 0.03
3 

0.06 0.03
2 

0.022 0.003
4 

0.0003
2 

0.003
4 LSD0.05 Fert. 0.02

5 
0.00
23 

0.05
4 

0.53 0.04
1 

0.07 0.03
9 

0.027 0.004
1 

0.0003
9 

0.004
2 LSD0.05 Inter. 

iteractors 
0.03

6 
0.00
32 

0.07
6 

0.75 0.05
8 

0.10 0.05
5 

0.039 0.005
8 

0.0005
5 

0.005
9  

6. Correlation 
To substantiate the relationship among biochar addition, soil types 

and fertilizers that possibly control growth of carrot, correlation coefficients 
were computed as shown in table (8). The obtained coefficients indicate that 
biochar is significant positively correlated with K in soil (r = 0.560), P in 
shoot (r = 0.605) and P in root (r = 0.523) and significant positively 
correlated with fresh weight for shoot (r = 0.406), dry weight for shoot (r = 
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0.406), N in soil (r = 0.506), P in soil (r = 0.464), N in shoot (r = 0.457) and 
N in root (r = 0.457). And soil types is highly significant negatively 
correlated with K in root (r = 0.566) and significant negatively correlated 
with fresh weight for root (r = -0.488), dry weight for root (r = -0.403) and 
significant positively correlated with P in soil (r = 0.506). And fertilizers are 
highly significant positively correlated with all measured parameters under 
investigation. 
 
Table (8).  Correlation between biochar and chemical fertilizer on fresh and 

dry matter, N, P and K of carrot in two polluted soils. 
 Biochar Soil types fertilizers 
 Spearman 

correlation 
Sign. Spearman 

correlation 
Sign. Spearman 

correlation 
Sign. 

Fresh 
weight 
shoot 

 0.000 ٭٭0.856 - - 0.049 ٭0.406
Fresh 
weight 

root 

 0.000 ٭٭0.786 0.016 ٭0.488- - -
Fresh 
weight 
plant 

 0.000 ٭٭0.816 - - - -
Dry 

weight 
shoot 

 0.000 ٭٭0.854 - - 0.049 ٭0.406
Dry 

weight 
root 

 0.000 ٭٭0.786 0.051 ٭0.403- - -
Dry 

weight 
plant 

 0.000 ٭٭0.816 - - - -
N soil 0.5060.000 ٭٭0.769 - - 0.012 ٭ 
P soil 0.4640.000 ٭٭0.657 0.012 ٭0.506 0.022 ٭ 
K soil 0.5600.000 ٭٭0.770 - - 0.004 ٭٭ 

N 
shoot 

 0.000 ٭٭0.791 - - 0.025 ٭٭0.457
N root 0.4570.000 ٭٭0.845 - - 0.025 ٭٭ 

P 
shoot 

 0.000 ٭٭0.743 - - 0.002 ٭٭0.605
P root 0.5230.000 ٭٭0.808 - - 0.009 ٭٭ 

K 
shoot 

 0.000 ٭٭0.867 - - - -
K root - - -0.5660.000 ٭٭0.705 0.004 ٭٭ 

 .significant at ᵖ = 0.01 and – is not significant ٭ ;significant at ᵖ = 0.05 ٭٭
 

To substantiate the relationship between biochar addition and some 
heavy metals content in shoots and roots of carrot, correlation coefficients 
were computed. Table (9)  show that the obtained coefficients indicate that 
biochar is significant negatively correlated with Fe root (r = -0.524), Mn 
shoot (r =  -0.590), Mn root (r = --0.757), Cu shoot (r = -0.546), Cu root (r = 
-0.583), Co shoot (r = -0.656), Co root (r = -0.734), Cr shoot (r = -0.715),  Cr 
root (r = -0.745), Ni shoot (r = -0.535), Ni root (r = -0.616), Pb shoot (r = -
0.689) and Pb root (r = -0.539) and significant negatively correlated with Fe 
shoot (r = -0.487) and Zn shoot (r = -0.501).  

The effect of interaction between biochar, soil type and chemical 
fertilizer on growth of carrot was illustrated from statistical analysis, the 
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coefficient of determination (R2) of Pb and Co in shoot and Zn, Cu and Ni in 
root is 0.807, 0.922, 0.735, 0.658 and 0.726, respectively (Table 10). The 
coefficient of determination of Mn in shoot was R2 = 0.768, this means that 
76.8% of the variance in Mn in shoot can be explained by the changes in 
interaction between soil and fertilizer. The remaining 23.2% of the variation 
of Mn in shoot was due to random variability. It was clear that the 
concentration of Pb2+ in shoots and roots were significantly decreased with 
increasing the application rates of biochar for the treated soils (Fig. 2). 
 
Table (9).  Correlation between biochar and chemical fertilizers on some 

heavy metals content shoots and roots of carrot. 
Metals Biochar Soil types fertilizers 

 Spearman 
correlation  

Sign. Spearman 
correlation  

Sign. Spearman 
correlation  

Sign. 
Fe 

shoot 
 - - - - 0.016 ٭0.487-

Fe root -0.5240.009 ٭٭ - - - - 
Mn 

shoot 
 - - - - 0.002 ٭٭0.590-

Mn 
root 

   - - 0.000 ٭٭0.757-
Zn 

shoot 
 - - - - 0.013 ٭0.501-

Cu 
shoot 

 - - - - 0.060 ٭٭0.546-
Cu root -0.5830.003 ٭٭ - - - - 

Co 
shoot 

 - - - - 0.000 ٭٭0.656-
Co root -0.7340.000 ٭٭ - - - - 

Cr 
shoot 

 - - - - 0.000 ٭٭0.715-
Cr root  -0.7450.000 ٭٭ - - - - 

Ni 
shoot 

 0.096 ٭0.431- - - 0.007 ٭٭0.535-
Ni root -0.6160.001 ٭٭ - - - - 

Pb 
shoot 

 - - - - 0.000 ٭٭0.689-
Pb root -0.5390.007 ٭٭ - - - - 

 .significant at ᵖ = 0.01 and – is not significant ٭ ;significant at ᵖ = 0.05 ٭٭

Table (10).  Effect of interaction between biochar, soil type and chemical 
fertilizer on heavy metals in carrot. 

 Mn 
shoot 

Zn 
root 

Cu 
root 

Ni 
root 

Pb 
shoot 

Co 
shoot Biochar - 0.002 - - - 0.030 

Soil - - - - - - 
Fertilizer - - - - - 0.029 
Bio. ᵡ soil - 0.004 - - - 0.010 
Bio. ᵡ Fer. - - - 0.040 0.010 0.006 
Soil ᵡ Fer. 0.020 - 0.040 - - 0.003 

Bio.ᵡsoilᵡFer. - - - - - 0.002 
R2 0.768 0.735 0.658 0.726 0.807 0.922 
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Fig. (2).  Effect of biochar on Pb content in shoot and root of carrot in two 
polluted soil. 

7. Bioaccumulation Factor (BAF) and Translocation Factor (TF) of 
Heavy Metals in Polluted Soils 

Data in table (11) show that the BAF reflects the capacity of plant 
roots to adsorb heavy metals from polluted soils. The lowest values of BAF 
were observed in root for some heavy metals, when biochar was added at 30 
ton/feddan. This is possibly due to the capacity of biochar to prevent 
absorption of some heavy metal when carrot was grown in heavy metals 
containing polluted soils. The biological translocation factor (TF) reflects to 
the transference of heavy metals in plants in vivo. In general,  if TF is higher 
than 1, the plant will accumulate heavy metals, however  the lower values 
less than 1 indicates preventing heavy metals uptake (Olowoyo et al., 2010), 
also the TF for Fe was less than 1, and the same trend was observed with Ni. 
The TF values trended to oscillate with Zn, Pb, Mn, Co, Cr and Cu, where 
TF values were higher than 1 (Table 12). The above results agreed with that 
obtained by Zayed et al. (1998) and Biljana et al. (2015). 
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Table (11).  Bio-Accumulation Factor (BAF) of heavy metals in carrot plant 

in the two polluted soils. 
So

ils
 

Bi
oc

ha
r 

%
 

Fe
rt

ili
ze

r
%

 Fe Mn Zn Cu Ni Pb Co Cr 

Bio Accumulation Factor (BAF) 

El
-G

ab
al

 E
l-A

sf
er

 

non 

non 0.0241 0.0232 0.0969 0.0587 0.0596 0.0061 0.0073 0.0243 
50 0.0238 0.0226 0.0906 0.0579 0.0584 0.0059 0.0069 0.0238 
70 0.0234 0.0223 0.0862 0.0564 0.0577 0.0057 0.0067 0.0231 
100 0.0230 0.0217 0.0831 0.0549 0.0546 0.0055 0.0064 0.0218 

15 

non 0.0221 0.0207 0.0712 0.0526 0.0520 0.0050 0.0060 0.0213 
50 0.0214 0.0203 0.0700 0.0499 0.0465 0.0047 0.0056 0.0209 
70 0.0212 0.0196 0.0675 0.0476 0.0408 0.0046 0.0055 0.0205 
100 0.0203 0.0184 0.0658 0.0448 0.0388 0.0043 0.0052 0.0198 

30 

non 0.0199 0.0175 0.0598 0.0398 0.0348 0.0041 0.0049 0.0188 
50 0.0196 0.0168 0.0586 0.0383 0.0310 0.0039 0.0043 0.0184 
70 0.0191 0.0159 0.0563 0.0359 0.0290 0.0038 0.0040 0.0183 
100 0.0187 0.0155 0.0547 0.0349 0.0272 0.0037 0.0039 0.0171 

10
th

 R
am

ad
an

 so
il 

 

non 

non 0.0221 0.0273 0.0958 0.5762 0.1528 0.0081 0.0078 0.0119 
50 0.0218 0.0270 0.0884 0.5522 0.1462 0.0077 0.0071 0.0115 
70 0.0215 0.0270 0.0875 0.5219 0.1430 0.0071 0.0069 0.0111 
100 0.0210 0.0267 0.0860 0.5105 0.1329 0.0067 0.0065 0.0107 

15 

non 0.0202 0.0241 0.0836 0.4820 0.1103 0.0063 0.0063 0.0100 
50 0.0196 0.0233 0.0827 0.4772 0.1050 0.0060 0.0056 0.0096 
70 0.0191 0.0224 0.0811 0.4464 0.0982 0.0058 0.0052 0.0092 
100 0.0190 0.0213 0.0787 0.4186 0.0908 0.0055 0.0049 0.0090 

30 

non 0.0184 0.0202 0.0746 0.3590 0.0765 0.0051 0.0046 0.0079 
50 0.0183 0.0196 0.0731 0.3349 0.0709 0.0047 0.0044 0.0075 
70 0.0179 0.0190 0.0723 0.3281 0.0682 0.0044 0.0039 0.0072 
100 0.0177 0.0185 0.0707 0.3164 0.0643 0.0041 0.0035 0.0067 

Bio accumulation factor (BAF) of heavy metals in carrot plant  
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Table (12).  Translocation Factor (TF) of heavy metals in roots of carrot 
grown in the two polluted soils. 

So
ils

 
Bi

oc
ha

r 
%

 
Fe

rt
ili

ze
r 

%
 

Fe Mn Zn Cu Ni Pb Co Cr 

Translocation Factor (TF) 

El
-G

ab
al

 E
l-A

sf
er

 

non 

non 0.97 5.18 1.42 1.95 0.78 2.25 11.90 2.47 
50 0.95 5.12 1.46 1.90 0.77 2.30 12.33 2.49 
70 0.93 5.05 1.49 1.91 0.76 2.36 12.51 2.54 
100 0.94 5.04 1.51 1.90 0.78 2.40 12.65 2.67 

15 

non 0.89 4.51 1.50 1.69 0.69 2.52 12.92 2.71 
50 0.90 4.39 1.45 1.70 0.74 2.64 13.26 2.72 
70 0.90 4.02 1.33 1.58 0.75 2.68 13.38 2.76 
100 0.90 3.97 1.27 1.55 0.73 2.80 13.68 2.83 

30 

non 0.87 3.67 1.22 1.53 0.71 2.80 13.38 2.89 
50 0.85 3.54 1.16 1.48 0.74 2.87 15.04 2.94 
70 0.86 3.45 1.11 1.45 0.73 2.89 15.03 2.90 
100 0.87 3.40 1.10 1.44 0.75 2.94 14.30 3.05 

10
th

 R
am

ad
an

 so
il 

 

non 

non 0.96 5.18 1.42 1.95 0.78 2.25 11.90 2.47 
50 0.92 4.86 1.43 1.90 0.76 2.27 12.53 2.43 
70 0.92 4.85 1.44 2.00 0.77 2.48 12.88 2.53 
100 0.93 4.51 1.34 1.88 0.76 2.44 12.51 2.49 

15 

non 0.91 4.14 1.15 1.65 0.76 2.46 11.90 2.57 
50 0.91 3.96 1.08 1.55 0.74 2.45 12.74 2.57 
70 0.91 3.58 0.95 1.43 0.69 2.45 13.20 2.61 
100 0.89 3.42 0.89 1.39 0.68 2.51 13.25 2.60 

30 

non 0.87 3.14 0.82 1.41 0.70 2.54 12.92 2.83 
50 0.86 2.94 0.76 1.37 0.69 2.63 13.11 2.88 
70 0.85 2.83 0.72 1.31 0.67 2.79 14.20 3.00 
100 0.84 2.29 0.58 1.07 0.56 2.39 11.90 2.59 

Translocation factor (TF) of heavy metals in roots  
 

CONCLUSION 

In the present study, the yield parameters and nutrients (NPK) content 
of carrot increased with elevating rates of biochar and mineral fertilizers 
application. Heavy metals were reduced by increasing application rates of 
biochar and highest rates of mineral fertilizers. The most effective treatment 
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was (30 ton/feddan biochar with 41 N, 16.9 P2O5 and 41.7 K2O kg/feddan, 
which achieved the highest yield of 12.2 and 13.1 ton/feddan of carrot roots 
in El-Gabal El-Asfer and 10th Ramadan soil, respectively, and also it was the  
highest reduction for heavy metals by comparison with the other studied 
treatments. Biochar application increased available nutrients (NPK) in both 
studied soils, and decreased availability of heavy metals in containing 
polluted soils. The highest values of BAF were found in control treatment 
while, the lowest values appeared with the most effective treatment. The TF 
value for Fe and Ni was less than 1, while Zn, Pb, Mn, Co, Cr, and Cu, was 
higher than 1.  
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 النامًنتاجية  نثات الجزر إعلى خصائص الترتة و ًنثاتالتأثير إضافة الفحم 
الملوثة الأراضً فً  

  2سامة عثد المطلةوأ 2يحمد أتو شاد، أ2دعاء عيسى، *1رحاب حلمى حجاب
، يشكض انصحشاوَت والأساضٍشعبت يصادس انًُاِ  ،وانًُكشوبُىنىجٍقغى انخصىبت 1

 يصش  ، شةانقاهبحىد انصحشاء، انًطشَت، 
، يشكض بحىد انصحشاوَت والأساضٍشعبت يصادس انًُاِ  ،الأساضٍوطبُعت كًُُاء  قغى2

 يصش  ، انقاهشةانصحشاء، انًطشَت، 
 

يٍ انًُاطق انًصشَت يزم انجبم فٍ كزُش  اح  أصبح حهىد الأساضٍ بانفهضاث انزقُهت واض
نًُاِ انشٌ ِ انًهىرت نهشٌ كبذَم خذاو انًُاعخإورنك َخُجت لإعادة  ،انعاشش يٍ سيضاٌصفش والأ
هضاث انزقُهت فٍ الأساضٍ حزبُج انف فٍ اكبُش   ادوس   انحُىٌَهعب انفحى  انًُاطق.  هزِ فٍ (انعزبت)

 طٍ/فذاٌ( 30و 11، 0) ضافت يعذلاث يٍ انفحى انحُىٌإ حأرُشدساعت هى هذف انبحذ   .انًهىرت
عخخذاو بعض إخخضال انعُاصش انزقُهت يع إي وس ويحخىي انعُاصش انغزائُت انكبشضَخاجُت انجإعهً 

 انذساعت. ٍضاسأانًقاَُظ نخقُُى حشاكى انًعادٌ انزقُهت يزم عايم انخشاكى انحُىٌ وعايم انخحىَم فٍ 
 يعذلاث صادث بضَادة انكبشي يٍ انًغزَاث اِويحخى انجضس َخاجُتإٌ أأوضحج انُخائج 

انقش وانجزوس نُباث  فٍَخفض يحخىي انًعادٌ انزقُهت إ. انًعذٍَوانخغًُذ  انحُىٌضافت انفحى إ
 كاَج احأرُش  كزش انًعايهت الأ عًذة انًعذَُت. و الأ انحُىٌانفحى إضافت س يع صَادة يعذلاث ضانج

 30 ton/feddan biochar with 41 N, 16.9 P2O5 and 41.7 K2O kg/feddan 
صفش وانعاشش انجبم الأ لأساضٍ /فذاٌ(طٍ 13.1و 12.2) سضَخاجُت نجزوس انجإعهً أحققج  انخٍ

ًعايلاث انت بخخضال انًعادٌ انزقُهت عُذ انًقاسَإ فٍكبش الأ هٍا َض  أو . انخىانٍعهً  ،يٍ سيضاٌ
كلا   ٍأساض ٍَضَذ يٍ حُغش انعُاصش انغزائُت انكبشي ف انحُىٌضافت انفحى أ انذساعت.  فٍخشي الأ

 انحُىٌعهً يٍ يعايم انخشاكى لأ.  انقُى ابهاقُهت انذساعت وَخفض يٍ حُغش انًعادٌ انز يُطقخً
(BAFوجذث ف )ٍ ساضٍأ فٍ احأرُش  كزش قم ظهشث يع انًعايهت الأبًُُا انقُى الأ ،يعايهت انكُخشول 

قم يٍ واحذ بًُُا انضَك وانشصاص أ( نهحذَذ وانُُكم كاَج TFقُى يعايم انخحىَم ) انذساعت. 
  عهً يٍ واحذ.أحاط كاَج وانًُجُُض وانكىبهج وانكشويُىو وانُ


