
Al-Azhar Journal of Agricultural Research V. (46) No. (1) June (2021) 153-165 Mancy and Sheta 

153 
 

Evaluation of biochar and compost ability to improve soil moisture content and 
nutrients retention 

A. G. Mancy *, and M. H. Sheta 

Soils and Water Department, Faculty of Agriculture, Al-Azhar University, Nasr City, Cairo, Egypt. 

*Corresponding author E-mail: ahmedgomaa2030@azhar.edu.eg  (A. Mancy) 

ABSTRACT 

A field experiment was carried out at the Experimental Farm of Soils and Water Department, 
Faculty of Agriculture, Al-Azhar University, Cairo, Egypt, to study the effect of two organic types of 
amendments (biochar: 2.5 and 5 ton/fed, compost: 5 and 10 ton/fed, and their combinations) on soil 
characteristics and the productivity of faba bean and wheat crops. Results revealed that the sole 
applications of organic amendments, either biochar (T1: 2.5 and T2: 5 ton/fed) or compost (T3: 5 and 
T4: 10 ton/fed), improve water and nutrient retention as well as enhance plant growth and yield of 
faba bean and wheat as compared to the control treatment (T0). Furthermore, the mixed applications 
of biochar and compost, especially with the increase in application rates (T5:T8), further improved the 
soil's physical and chemical properties than the single ones at T1:T4. Results showed that the relative 
increases in available water values over control treatment under different treatments of biochar and 
compost (T1, T2, T3, T4, T5, T6, T7, and T8) reached 5.16, 10, 7.26, 12.74, 15.32, 26.61, 31.77 and 36.61% 
for soil planting with faba bean while, the corresponding values for soil planting with wheat were 
5.07, 10.29, 7.03, 12.58, 14.54, 18.46, 22.88 and 28.76%, respectively. Also, the highest mix of two 
organic amendments at 5-ton biochar and 10-ton compost per fed recorded the highest significant 
values of macro and micronutrient availability in soil and their content in straw and grains of faba 
bean and wheat plants. 
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INTRODUCTION 

Providing food for humans is one of the 
world's biggest challenges, particularly with 
the growing population worldwide. Moreover, 
sustainable agriculture requirements restore 
and improve soil productivity and soil fertility, 
representing another challenge, especially with 
extensive human activities for soil (El-Naggar 
et al., 2019). On the other hand, with the 
decrease in the addition of mineral fertilizers 
due to their high prices, farmers cannot 
purchase them. Therefore, improving soil 
properties, maintaining its fertility, increasing 
its productivity, preserving the environment, 
and producing safe organic food can be 
achieved by adding organic soil amendments 
(Singh et al., 2019). The major limiting factors 
for agricultural productivity in sandy soils are 
its poor fertility (low native and power supply 
of nutrients) and common water retention at 
the different soil moisture constants. 
Therefore, sandy soil's unsuitable chemical 
and physical properties could be improved by 
applying soil amendments (organic and 
inorganic agricultural wastes) that retain soil 
moisture and recycle soil nutrients (El-Shony 
et al., 2019). Increasing crop productivity and 
improving low fertility or degraded soils can 
be achieved by applying agricultural wastes. 
Among agricultural waste products, mature 
composts and good biochar can be used as 

organic soil amendments to improve soil 
properties and increase soil fertility, 
consequently increasing crop productivity (Lee 
et al., 2009; Kuppusamy et al., 2016 and 
Randolph et al., 2017). Compost is an organic 
amendment produced from organic materials 
that are treated in the presence of oxygen, 
where the application of mature compost can 
make positive changes in soil properties 
depending on initial row materials of organic 
agricultural waste as well as the changes in soil 
properties depending on the quantity and 
quality of applied compost (Fidelis and Rao 
2017). At the same time, biochar is a carbon-
rich product that is resulted from the thermal 
treatment of organic materials under an 
oxygen depletion during the pyrolysis process 
(Ok et al., 2015). Unlike compost, the organic 
carbon in biochar is considered relatively 
stable (Song et al., 2019) and could persist in 
soils for several years, e.g., seven (Giagnoni et 
al., 2019) to ten years (Kätterer et al., 2019). It 
might reduce available carbon to 
microorganisms compared to compost; 
therefore, biochar induces slightly or 
insignificantly microbial activities (Fiorentino 
et al., 2019; Li et al., 2019) and minimizes 
greenhouse gas emissions. 

Biochar has gained interesting in the last 
few years due to its potential applications in 
waste management, renewable energy, carbon 
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sequestration, greenhouse gas (GHG) emission 
reduction, and soil and water remediation, as 
well as its ability to enhance soil quality and 
crop productivity (Lehmann and Joseph, 2015 
and Kuppusamy et al., 2016). Biochar is a 
highly porous product that is resulted from the 
pyrolysis of organic materials at high 
temperatures and in the absence of a bit of 
oxygen. Therefore, the application of biochar 
positively influences many soil properties, i.e., 
reduces soil infiltration rate, decreases soil 
erosion, improves soil structure, increases soil 
aggregate and porosity, increases soil moisture 
content, increases CEC, recycling, and 
increases the availability of nutrients, 
especially nitrogen and phosphorous (Asai et 
al., 2009; Kimetu and Lehmann 2010; Jien and 
Wang, 2013; Adekiya et al., 2019 and Farrar et 
al., 2019).  In this regard, El-Naggar et al. 
(2019) mentioned that the role of biochar 
application in the enhancement of soil fertility 
and productivity can be categorized into 
aspects relevant to nutrient cycling, crop 
productivity, pH, CEC, nitrogen (N), microbial 
communities, water retention, and C 
sequestration. In this concern, Agegnehu et al. 
2015 and El-Shony et al., 2019 mentioned that 
co-composted biochar with additional fertilizer 
significantly increased the soil NPK, 
consequently increasing peanut yield 
compared to control treatment. Therefore, this 
current study investigates the effect of solo and 
combined biochar and compost as organic 
amendments on improving soil fertility's 
physical and chemical properties and the 
productivity of broad bean and wheat crops 
grown in the soil. 

MATERIALS AND METHODS 

The current investigation was carried out 
on sandy loam soil at the Experimental Farm 
of Soils and Water Department (30° 03' 19.49" 
N latitude, 31° 19' 10.19" E longitude), Faculty 
of Agriculture, Al-Azhar University, Cairo, 
Egypt, during the successive winter season of 
2019/2020. The investigation aims to study the 
effect of two organic amendments (biochar and 
compost) and their combined impact on the 
productivity of faba bean and wheat crops and 
improve sandy loam soil properties. The 
surface soil sample (0-30 cm) representing the 
field experiment was collected before 
cultivating both faba bean and wheat crops. 
The soil sample air-dried, crushed, and sieved 
to pass through a 2.0 mm to determine the 
soil's physical and chemical properties, 
presented in Table 1. 

The Nile compost was obtained from the 
Nile company, Egypt. In comparison, the 
pyrolyzed biochar was obtained from the local 
producer that uses hardwood in traditional 
manufacturing.  The raw material of biochar 
was subjected to grinding, sieving, and 
passing through a 2.0 mm and subsequently 
made ready for the application. The physical 
and chemical properties of biochar and 
compost are presented in Table 2. The seeds of 
faba bean (Vicia Faba L., CV. Sakha 3) and 
wheat (Triticum aestivum, L. CV. Giza 171) 
obtained from Agriculture Research Center, 
Giza, Egypt, inoculated with N-fixing bacteria 
using black honey as an adhesive material. The 
commercial sources of N-fixing bacteria were 
Microbin and Cerialin (Rhizobium 
leguminosarum) with faba bean and 
(Azospirillum brasilense) for wheat, respectively. 

Biochar or compost treatments were mixed 
with calcium superphosphate and applied to 
the investigated soil through the homogenous 
mixing with the surface layer of soil (0-30 cm) 
before crop planting. The complete 
randomized block design and the following 
treatments of biochar and compost were used. 

T0: control treatment which represents no 
added amendments, either biochar or compost.  

T1:  applied biochar at 2.5 ton/ fed. 

T2:  applied biochar at 5 ton/ fed. 

T3:  applied compost at 5 ton/ fed. 

T4:  applied compost at 10 ton/ fed. 

T5:  applied biochar at 2.5 ton/ fed + 
compost at 5 ton/ fed. 

T6:  applied biochar at 2.5 ton/ fed + 
compost at 10 ton/ fed. 

T7:  applied biochar at 5 ton/ fed + compost 
at 5 ton/ fed. 

T8:  applied biochar at 5 ton/ fed + compost 
at 10 ton/ fed. 

The seeds of faba bean at a rate of 35 kg 
fed1 was sown on 13th November at a distance 
of 0.20 m, while the broadcasting method is 
used with the grains of wheat on 14th 
November at 70 kg fed-1. Faba bean and wheat 
plots were fertilized with the recommended 
doses of NPK according to the Ministry of 
Agriculture of Egypt for sandy loam soils. 
Agricultural practices for growing faba bean 
and wheat plants were carried out as 
recommended by the Ministry of Agriculture 
of Egypt. Faba bean plants were fertilized with 
32 kg P2O5 fed1 as calcium superphosphate 
(15.5% P2O5), 25 kg K2O fed-1 as potassium 
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sulphate (48 % K2O), and 25 Kg N fed-1 as 
ammonium sulphate (20.6% N). Wheat plants 
were fertilized with 31 kg P2O5 fed-1 as calcium 
superphosphate (15.5% P2O5), 50 kg K2O fed-1 
as potassium sulphate (48 % K2O), and 90 Kg 
N fed-1 as ammonium sulphate (20.6% N). At 
the complete maturity stage, the plants were 
harvested, and yield parameters of faba bean 
and wheat were recorded according to Fageria 
et al. (1996): 

Yield parameters of faba bean:  

1-100- seed weight (g). 

2- Seed yield (kg fed-1).  

3- Straw yield (kg fed-1).  

4- Biological yield (kg fed-1) = seed yield + 
straw yield  

5- Harvest Index = Seed yield (kg fed-1) / 
biological yield (kg fed-1) 

6- Yield efficiency=Seed yield (kg fed-1) / 
straw yield (kg fed-1) ×100 

Yield parameters of wheat:  

1- 1000- grain weight (g).  

2- Grain yield (kg fed-1).  

4- Straw yield (kg fed-1).  

4- Biological yield (kg fed-1) = grain yield + 
straw yield  

5- Harvest Index= grain yield (kg fed-1) / 
biological yield (kg fed-1)  

6- Yield efficiency= grain yield (kg fed-1) / 
straw yield (kg fed-1) ×100 

After the harvesting process, the seeds and 
grains of faba bean and wheat left to dry in the 
open air then in the oven at 105 Co for 72 
hours. Moreover, surface soil samples (0-30 cm 
depth) were collected to determine the soil's 
physical and chemical properties.  

Plant analysis 

The dried samples of seeds and grains were 
grounded in stainless steel mill then stored for 
chemical analysis. Next, 0.5 g of dried samples 
were wet digested using a mixture of 
perchloric and sulphuric acids (H2SO4 + 
HClO4), and acid digestion was diluted to a 
final volume by redistilled water according to 
Jones and Benton (2001). By the Kjeldahl 
method, the total nitrogen was determined in 
acid digestion according to the process 
described by Page et al. (1982). The 
phosphorus content (%) was determined by 
the colorimetric method (ascorbic acid) using a 
spectrophotometer, according to Page et al. 

(1982). Using a Flame photometer, potassium 
content (%) determined photo-metrically 
according to Chapman and Pratt (1982). 
Finally, micronutrients (Fe, Zn, Mn, and Cu) in 
acid digestion were determined with an 
Atomic Absorption photometer (Perkin-Elmar 
372). 

Soil and amendments analysis 

The pipette method to determine the soil 
particle size distribution as described by Dewis 
and Freitas (1970). Undisturbed soil samples 
were taken by a steel ring of 100 cm3 to 
estimate soil bulk density. Electrical 
conductivity (EC) in soil water extract (1:2.5) 
and amendment water extract (1:10) was 
determined by Electrical Conductivity meter 
(model WTW Series Cond 720); pH values of 
soil suspension (1:2.5) and amendment 
suspension (1:10) determined by using pH 
meter (model WTW Series pH 720) according 
to Page et al., 1982). Organic carbon content is 
determined by the modified Walkley and 
Black method as outlined by Meersmans et al. 
(2009). Finally, soluble cations and anions were 
estimated in soil water extract (1:2.5) according 
to Estefan et al. (2013).  

Available soil macronutrients (NPK) and 
micronutrients (Fe, Mn, Zn, and Cu) were 
measured using laboratory tests as described 
by Page et al. (1982) as follows: available 
nitrogen was extracted by potassium sulfate 
(1%) and then determined using micro 
Kjeldahl apparatus. Available phosphorus was 
extracted by 0.5N ammonium bicarbonate at 
pH 8.5 and determined using 
Spectrophotometer (JANWAY 6405 UV/Vis). 
Available potassium was extracted by 1N 
CH3COONH4.3H2O at pH seven and then 
measured by a flame photometer (JANWAY 
PFP7 flame). Available Fe, Zn, Mn, and Cu 
extracted by ammonium acetate DTPA 
according to Soltanpour and Schwab (1977) 
and then determined with an Atomic 
Absorption photometer (Perkin-Elmar 372). 

RESULTS AND DISCUSSION 

Yield parameters of faba bean and wheat  

Data in Table 3 indicated that the 
application of two organic amendments, either 
biochar at T1 and T2 or compost at T3 and T4, 
significantly increased the studied parameters 
of faba bean and wheat yields compared with 
the control treatment. Likewise, two organic 
amendments increased grain yield, straw 
yield, biological yield, harvest index, yield 
efficiency percentage, and faba bean and 
wheat grain weight. Moreover, the combined 
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application of biochar and compost at T5:T8 
recorded a significant superiority of studied 
parameters of faba bean and wheat plants 
compared to the effect of biochar atT1 and T2 
or compost atT3 solely. On the other hand, the 
application treatment of biochar at T1 recorded 
no significant impact on yield parameters 
compared with the applied compost at T3. 
Also, there were no significant differences 
between the application of biochar at T2 and 
compost at T4. The highest significant values 
of grain yield, straw yield, 100-grain weight, 
biological yield, harvest index, and yield 
efficiency of faba bean were 1780 (kg fed-1), 
2040 (kg fed-1), 69 (g 100g-1), 3820 (kg fed-1), 
0.466 and 87.25% which were recorded with 
high mixing application of biochar and 
compost (T8), while the lowest significant 
values under control treatment reached 850 (kg 
fed-1), 1017 (kg fed-1), 52.45 (g 100g-1), 1867 (kg 
fed-1), 0.455 and 83.58%, respectively. The 
corresponding values of wheat yield 
parameters recorded with T8 were 3210 (kg 
fed-1), 3600 (kg fed-1), 55 (g 100g-1), 6810 (kg fed-

1), 0.471 and 89.17%, while the lowest 
significant values under control treatment 
recorded 1890 (kg fed-1), 2260 (kg fed-1), 42.00 
(g 100g-1), 4150 (kg fed-1), 0.455 and 83.63%, 
respectively.  

Increasing yield parameters of faba bean 
and wheat with applied biochar or/and 
compost compared with non-application at 
control treatment could be due to improved 
soil physical and chemical properties. In these 
regards, the production of rice, sorghum, and 
maize crops increased as the infertile soils 
amended by biochar as mentioned by Asai et 
al. (2009), Zheng et al. (2017), and Bassouny 
and Abbas (2019), while the maize and wheat 
yields were increased with the application of 
compost as recoded by Farid et al., (2014) also, 
peanut growth parameters and yield 
components increased significantly under the 
application of biochar and compost (Agegnehu 
et al., 2015 and  El-Shony et al., 2019). 

Increasing the yield parameters of faba 
bean and wheat yield under the application of 
biochar treatments could be due to the ability 
of biochar to increase nutrient retention 
capacity of the soil, where biochar can be 
adsorbed nutrients through cation exchange 
sites on the surface area of the soil biochar. 
Moreover, biochar can absorb soluble organic 
matter and its ability to absorb soluble 
inorganic nutrients, i.e., NPK from soil 
solution (Sohi et al., 2010; Jones et al., 2012 and 
Jia et al., 2015). 

 

 

 

Physical and chemical properties of the soil 

Bulk density  

As shown in Table 4, the bulk density of 
soil treated by different organic amendments 
significantly reduced as compared with control 
treatment, where the application of a porous 
material to the soil that has high bulk density 
increased its porosity and thus decreased soil 
bulk density (Agegnehu et al., 2017 and 
Nyambo et al., 2018). The sole application of 
biochar at T1 and T2 reduced the soil bulk 
density compared with control, but the values 
are still high compared with the complete 
application of compost at T4. Moreover, at the 
same application rate of either biochar or 
compost at 5 ton/fed, the superiority was 
recorded for biochar. The high porosity of 
applied biochar caused a high porosity of 
treated soil, consequently reducing its bulk 
density (Jien, 2019). 

With compost and biochar combined 
treatments, further reductions in soil bulk 
density are observed, particularly at high 
applied rates T8. The highest soil bulk density 
values recorded were 1.58 and 1.60 g cm-3 in 
the control treatment for soils planted with 
faba bean and wheat plants, respectively. In 
contrast, in T8, the lowest values were 1.20 and 
1.21 g cm-3 for soil-grown faba bean and wheat 
plants, respectively. These results were in 
harmony with El-Shony et al. (2019), who 
mentioned that the combined application of 
biochar and compost improved the porosity 
and bulk density of the soil compared with the 
sole application of biochar. 

Soil moisture content  

The soil moisture content at field capacity, 
wilting point, and, therefore available water, 
significantly improved as the soil was 
amended by biochar or compost rather than 
non-amended soil by either biochar or 
compost (control treatment). However, the 
mixing of two organic amendments at T5:T8 
recorded high significant values of soil 
moisture content at field capacity, welting 
point, and then increased available water for 
faba bean and wheat plants compared with the 
sole application of biochar at T1:T2 or compost 
at T3. The combined effect of biochar and 
compost at T5 exhibited a non-significant effect 
with the sole application of compost at T4. 
Although the sole application of biochar at T1 
or T2 caused a significant increase in the 
studied moisture constants compared to the 
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control treatment, no significant effect was 
detected between biochar at T1 and compost at 
T3 or biochar at T2 compost at T4. These 
findings indicate that the total dose of compost 
could induce half the amount of biochar. The 
relative increases in available water over 
control for soil planting with faba bean were 
5.16, 10, 7.26, 12.74, 15.32, 26.61, 31.77, and 
36.61% for T1, T2, T3, T4, T5, T6, T7, and T8, 
respectively. 

The corresponding values for soil planting 
with wheat were 5.07, 10.29, 7.03, 12.58, 14.54, 
18.46, 22.88, and 28.76% for T1, T2, T3, T4, T5, 
T6, T7, and T8, respectively.  The soil-water 
relationship, i.e., water holding capacity, 
hydraulic conductivity, and aggregate 
stability, was improved due to biochar 
application (Grunwald et al., 2016). Moreover, 
available water increased by 15.1%, and 
aggregate strength was enhanced by 8.2% in 
low fertility and coarse-textured soil affected 
by applied biochar compared to control 
treatment (Omondi et al., 2016).   

In this concern, the beneficial effect of 
solely applied biochar on soil moisture 
retention may be due to the porosity nature of 
biochar, as mentioned by De Jesus Duarte et al. 
(2019). Moreover, the surface area for 
absorbing moisture increased with the rate of 
biochar, as noted by Adekiya et al. (2019). The 
highest rate application of compost and 
biochar at T8 recorded the highest significant 
field capacity values, wilting point, 
consequently, available water content. In 
contrast, the lowest values of soil moisture 
content were recorded with the control 
treatment. The results mentioned above were 
in harmony with those obtained by Agegnehu 
et al., 2016; Agegnehu et al., 2017; El-Shony et 
al., 2019). 

Soil pH 

The data in Table 4 show that at the end 
growing seasons of faba bean and wheat crops, 
soil amended with different rates of compost 
(T3 and T4) exhibited a significant decrease in 
pH values when compared to the control 
treatment where the application of compost at 
a high rate (T4) recorded the lowest soil pH 
values. On the contrary, soil pH values 
increased due to the increasing rate of biochar 
from T1: T2 compared to the control treatment. 
The application of biochar at a high rate (T2) 
recorded the highest soil pH values. The 
increase in soil pH values with applied biochar 
could be due to the fact that biochar contains 
ash (Adekiya et al., 2019). 

On the other hand, the mixed application of 
compost and biochar at T5:T8 seemed to 
reduce the soil pH values compared to solely 
applying biochar at T1 or T2. The variation in 
soil pH values under the two organic 
amendments could be due to the organic 
materials released in the soil from applied 
amendments and root exudate during the 
growing season of plants. In addition, the 
organic acids released during the 
decomposition of compost in the soil may 
cause a decrease in soil pH values (Abujabhah 
et al., 2016). El-Shony et al. (2019) mentioned 
that compost undergoes degradation and 
biochar can also be subject to microbial 
degradation even under arid conditions. The 
residual organic carbon (ROC) decreased 
considerably after only one season of mixing 
compost and biochar in the soil. Moreover, the 
organic acids released from incorporating 
organic amendments in soil could reduce the 
pH, consequently increasing nutrient 
availability and uptake by plants (Kumar et al., 
2016). 

Residual organic carbon and cation exchange 
capacity 

Table 4 shows that the values of residual 
organic carbon and cation exchange capacity of 
soils amended by different organic treatments 
were significantly affected by the type and rate 
of applied amendments. Moreover, the mixed 
application treatments (T6:T8) of biochar and 
compost recorded the highest significant 
values of ROC and CEC of soils compared 
with the single ones at T1:T4. In contrast, no 
significant differences were found between T4 
and T5. On the other hand, the applied biochar 
at T1 recorded no considerable effect on ROC 
and CEC compared with compost at T3. Also, 
the ROC and CEC of soil did not seem to be 
significantly affected by biochar at T2 or 
compost at T4. The different treatments can  be 
arranged in descending order based on the 
results mentioned above for the ROC and CEC 
of soil; T8  < T7 <T6 <T5 <T4<T2 <T3 <T1 <T0. 

The highest mean values of ROC (g Kg-1) 
and CEC (cmolc kg-1) were 5.07 and 6.50 in the 
soil planting with faba bean, while the 
corresponding mean values were 4.76 and 6.10 
with the soil growing with wheat plant, 
respectively. The lowest mean values of ROC 
(g Kg-1) and CEC (cmolc kg-1) were 2 and 2.9 in 
the soil planting with faba bean, while the 
corresponding mean values were 1.90 and 2.75 
with soil growing with wheat plant, 
respectively. It is worth noting that the root 
growth of faba bean and wheat plants and 
their residues were more affected by the mixed 
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application of organic amendments, especially 
at T6:T8, where the roots seemed to be more 
diffusible and healthier which is relatively 
noticeable at the end of the growing seasons of 
faba bean and wheat plants. 

Soil organic carbon increased by 7:11%, and 
improved plant growth of sorghum grown in 
low fertility of sandy soil occurred due to 
biochar. Also, the applied biochar caused a 
significant increase of K by 37–42%, P by 68–
70%, and Ca by 69–75% compared to the 
control treatment (Laghari et al., 2015).  El-
Naggar et al. (2018) found that CEC improved 
from 0.3 cmolc kg−1 (control treatment) to 0.7, 
0.9, and 3.1 cmolc kg−1 of sandy soils treated by 
biochars produced from umbrella tree wood, 
Amur silver grass, and paddy straw, 
respectively. They attributed the improving 
CEC to the high ash content of applied 
biochars. Similar results found as mentioned 
by Igalavithana et al. (2017). 

Increasing CEC of soil amended by biochar 
or compost is related to the negative changes 
of numerous surface functional groups, i.e., 
carboxyl, hydroxyl, and carbonyl groups on 
the surface area of these amendments which 
improve soil CEC. Then its fertility could be 
achieved through the application of organic 
amendments, so the prominent roles of biochar 
and compost in improving soil CEC represent 
an essential key to increase soil fertility and 
thus providing nutrients from leaching from 
the soil profile (Laghari et al., 2015; Liu et al., 
2015; Han et al., 2016 and El-Shony et al., 
2019). 

Availability of macro and micronutrients  

Data in Tables 5 and 6 indicated that the 
availability of macronutrients (NPK) and 
micronutrients (Fe, Zn, Mn, and Cu) in soil, as 
well as their concentrations in the straws and 
grains of faba bean and wheat crops, were 
increased significantly as affected by the 
different treatments of biochar, compost, and 
combined application of two organic 
amendments as compared with the control 
treatment. Improving soil fertility and nutrient 
availability of soil amended by biochar at T1 
and T2 could be due to its ability to recycle 
essential plant nutrients in ash (Novak et al., 
2019; El-Naggar et al., 2019). Moreover, 
biochar can be absorbed and adsorb dissolved 
nutrients, constantly increasing soil nutrient 
retention, where biochar absorbs soluble 
inorganic nutrients and absorbs soluble 
organic matter (Thies and Rillig, 2009). 
Furthermore, biochar can adsorb dissolved 
nutrients, i.e., ammonium, nitrate, phosphate, 

and potassium through the presence of 
exchangeable sites on the surface area of 
biochar. Also, the company of functional 
groups such as carboxyl group especially after 
microbial degradation could retain the 
nutrients consequently reduce the leaching of 
nutrients for the root zone (Sanford et al., 2019 
and Li et al., 2019). 

The extractable nutrients of soil amended 
by biochar at T1 exhibited no significant effect 
with the applied compost at T3. There were 
also no significant differences between biochar 
at T2 and compost at T4 on the extractable 
nutrients. On the other hand, the combined 
effect of biochar and compost at T5: T8 
recorded a significant superiority in 
extractable nutrients compared to the solo 
application of biochar at T1 and T2 or compost 
at T3. The highest significant values of 
extractable N, P, K, Fe, Zn, Mn, and Cu from 
soil planting with faba bean reached 29, 12.5, 
48.5, 52, 31.05, 18 and, 15 (mg kg-1), which were 
recorded with high mixing application of 
biochar and compost (T8). In contrast, the 
lowest significant values of extractable 
nutrients under control treatment were 
recorded 13.4, 4, 20, 16.04, 10.45, 8.02 and 5.02 
(mg kg-1) respectively. The corresponding 
values of extractable N, P, K, Fe, Zn, Mn, and 
Cu from soil planting with wheat recorded on 
T8, was 25.55, 11.25, 44, 50, 29.53, 16.75, and 
13.55 (mg kg-1). In contrast, the lowest 
significant values of extractable nutrients 
under control treatment recorded 11, 3.15, 16, 
14, 9, 6.5 and 3.5 (mg kg-1) respectively. The 
availability of nutrients, especially at high 
mixing of two organic amendments (T8) could 
be due to the organic acids that released 
during the degradation of two organic 
amendments which is positively reflected on 
the metal ions availability as organic 
complexes in the soil solution to avoid fixation 
under the alkaline conditions (Smebye, 2016 
and El-Shony et al., 2019). 

The availability of nutrients positively 
reflected in the uptake and their content in the 
straw and grains of faba bean and wheat crops. 
The highest significant values of NPK in the 
straw of faba bean were 2.41, 0.35. 2.89 (%), 
and their content in grains was 3.93, 0.45, and 
3.25%, respectively, which is recorded with 
high mixing application of biochar and 
compost (T8). The corresponding values of 
NPK in the straw of wheat recorded 1.95, 0.29, 
and 2.7%, and wheat grains recorded 3.1, 0.4, 
and 3.2%. 

In addition to the organic acids released 
from organic amendments (compost and 
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biochar), especially with the combined 
treatments can increase the availability of 
nutrients in the growth media. Consequently, 
the uptake and nutrient content in different 
plant parts increased (Agegnehu et al., 2015; 
Smebye, 2016 and El-Shony et al., 2019). 
Moreover, the residual acidic effect of applied 
NPK fertilizers either during soil preparation 
for cultivation (calcium superphosphate) or 
during plant growth (ammonium sulphate and 
potassium sulphate) may increase the 
availability of not only these nutrients but also 
other micronutrients. 

CONCLUSION 

Based on the above discussion, it can be 
concluded that we can achieve increasing soil 
water and nutrient retention of low fertility 
soil by applying organic amendments like 
biochar and compost. Moreover, biochar and 
compost as slow-release fertilizers improved 
soil's physical and chemical properties and 
enhanced plant growth and yield parameters 
of faba bean and wheat crops. Concerning the 
application method, the mixed application of 
two organic amendments, especially at high 
mix treatment (T8) exhibited a high superiority 
in soil properties and yield productivity as 
compared with sole application of biochar (T1 
and T2) or compost (T3 and T4). The beneficial 
effect of biochar and compost mix could be 
due to the organic acids released from the 
mixture, which positively reflected the 
availability of nutrients and their concentration 
in different plant parts of faba bean and wheat 
crops. 
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Table 1: Some physical and chemical analysis of the experimental soil  

Practical size distribution (%) 

Coarse sand Fine sand Silt Clay Texture class 

49.00 26.11 14.80 10.09 Sandy loam 
Moisture content (%) at: 

B.D 
(g cm−3) 

pH 
EC 

(dS m-1) 
CEC 

(cmolc kg-1) 
O.C 

(%) 
O.M 

(%) 
CaCO3  

(%) FC 
PW

P 
AW 

9.55 3.60 5.95 1.63 7.70 1.80 2.65 0.25 0.43 2.05 
Soluble ions (mmolc l-1) 

Cations Anions 
Ca++ Mg++ Na+ K+ CO3= HCO3- Cl- SO4= 
2.05 2.44 13.00 0.48 0.00 2.80 12.00 3.20 

Available macronutrients (mg kg-1) 
N P K 

10.50 3.00 12.25 
Available micronutrients (mg kg-1) 

Fe Zn Mn Cu 
40 25 20 3 

FC: Field capacity; PWP: Permanent wilting point; AW: Available water; BD: Bulk density; pH: 1:2.5 w/v soil 

water suspension; EC: Soil paste extract; CEC: Cation exchange capacity; OC: organic carbon and OM: organic 

matter. 

Table 2: Some physical and chemical properties of compost and biochar understudy 

 
Bulk density 

(g cm-3) 
Moisture 

content (%) 
pH 

EC 

 

Organic 
carbon 

Total 
N 

Total 
P 

Total 
K 

(%) 
Compost 0.60 7.50 6.80 2.00 25.75 1.51 0.25 0.50 
Biochar 0.38 5.40 7.94 1.87 19.85 1.02 0.19 0.32 

 Total micronutrients (mg kg-1) 

 
C/N 
ratio 

Ash 
(%) 

Fe Zn Mn Cu 

Compost 17.05 42 2500 65 70 25 
Biochar 19.46 46 2050 58 60 16 

pH and EC (dSm-1) of compost and biochar were determined in 1:10 w/v organic amendment: water 
suspension.  

Table 3: Effect of biochar and compost treatments on faba bean and wheat yield parameters 

 

 

Treatments 

Faba bean wheat 

100-

seed 

weight 

(g) 

Seed 

yield 

Straw 

yield 

Biological 

yield 

Harvest 

index 

Yield 

Efficiency 

(%) 

1000-

grain 

Weight 

(g) 

Grain 

yield 

Straw 

yield 

 

Biological 

yield 

Harvest 

index 

Yield 

Efficiency 

(%) 

(𝑘𝑔 𝑓𝑒𝑑−1) (𝑘𝑔 𝑓𝑒𝑑−1) 

T0 52.45 850 1017 1867 0.455 83.58 42.00 1890 2260 4150 0.455 83.63 

T1 59.66 1050 1235 2285 0.460 85.02 48.00 2260 2560 4820 0.469 88.28 

T2 63.11 1260 1480 2740 0.460 85.14 50.25 2540 2877 5417 0.469 88.29 

T3 61.00 1066 1245 2311 0.461 85.62 48.30 2300 2600 4900 0.469 88.46 

T4 63.00 1285 1500 2785 0.461 85.67 50.50 2570 2910 5480 0.469 88.32 

T5 63.50 1300 1512 2812 0.462 85.98 51.30 2600 2950 5550 0.468 88.14 

T6 65.17 1450 1680 3130 0.463 86.31 53.00 2820 3200 6020 0.468 88.13 

T7 66.13 1520 1760 3280 0.463 86.36 53.40 2905 3300 6205 0.468 88.03 

T8 69.00 1780 2040 3820 0.466 87.25 55.00 3210 3600 6810 0.471 89.17 

LSD 1.57 60.13 79.68 46.68 0.003 1.11 1.57 50.73 65.27 109.24 0.001 1.51 
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T0: control treatment, T1: 2.5-ton biochar/fed, T2: 5-ton biochar/fed, T3: 5-ton compost /fed, T4: 10-ton 

compost/fed, T5: 2.5-ton biochar + 5-ton compost/fed, T6: 2.5-ton biochar+10-ton compost/fed, T7: 5-ton biochar+5 

ton compost/fed, T8: 5 ton biochar+10 ton compost /fed. 

 
Table 4: Effect of biochar and compost treatments on the physical and chemical soil properties 

Faba bean 
Chemical soil properties Physical soil properties 

 

Treatments 
CEC 

(cmolc kg-1) 
ROC 

(g kg-1) 
pH 

AW WP FC Bulk 
density 

(g cm-3) (%) 

2.90 2.00 7.61 6.20 3.80 10.00 1.58 T0 
3.53 2.58 7.81 6.52 4.08 10.60 1.43 T1 
4.11 3.02 7.91 6.82 4.40 11.22 1.31 T2 
3.60 2.72 7.40 6.65 4.20 10.85 1.36 T3 
4.35 3.22 7.26 6.99 4.52 11.51 1.26 T4 
4.65 3.35 7.45 7.15 4.65 11.80 1.26 T5 
5.50 4.15 7.29 7.85 4.96 12.81 1.24 T6 
5.95 4.50 7.59 8.17 5.18 13.35 1.25 T7 
6.50 5.07 7.51 8.47 5.44 13.91 1.20 T8 
0.40 0.25 0.12 0.20 0.17 0.35 0.10 LSD 

Wheat 
2.75 1.90 7.66 6.12 3.65 9.77 1.61 T0 
3.35 2.40 7.85 6.43 3.90 10.33 1.45 T1 
3.95 2.81 7.95 6.75 4.20 10.95 1.32 T2 
3.45 2.50 7.41 6.55 4.00 10.55 1.37 T3 
4.00 2.95 7.26 6.89 4.31 11.20 1.27 T4 
4.30 3.15 7.46 7.01 4.42 11.43 1.26 T5 
5.11 3.85 7.30 7.25 4.75 12.00 1.24 T6 
5.60 4.30 7.60 7.52 5.00 12.52 1.25 T7 
6.10 4.76 7.51 7.88 5.35 13.23 1.21 T8 
0.42 0.24 0.11 0.20 0.14 0.32 0.10 LSD 

Table 5: Effect of biochar and compost treatments on the availability of NPK and their concentration 
in different plant parts of faba bean and wheat crops 

Faba bean 
Grains Straw Soil 

 

Treatments 
K P N K P N K P N 

(%) (%) (mg kg-1) 
1.19 0.15 2.10 1.00 0.08 1.24 20.00 4.00 13.40 T0 
1.55 0.19 2.40 1.30 0.11 1.40 26.70 6.00 15.70 T1 
2.05 0.24 2.92 1.75 0.15 1.52 32.50 7.50 18.60 T2 
1.70 0.20 2.60 1.25 0.13 1.33 28.00 6.50 16.50 T3 
2.10 0.25 3.00 1.77 0. 16 1.60 33.30 7.70 19.00 T4 
2.20 0.26 3.10 2.00 0.18 1.72 34.00 8.00 19.40 T5 
2.55 0.33 3.35 2.41 0.25 1.90 38.80 9.50 22.50 T6 
2.84 0.37 3.61 2.64 0.29 2.15 43.40 10.90 24.00 T7 
3.25 0.45 3.93 2.89 0.35 2.41 48.50 12.50 29.00 T8 
0.25 0.02 0.20 0.20 0.03 0.15 3.00 1.00 1.10 LSD 

Wheat 
Grains Straw Soil  

0.95 0.10 1.20 0.75 0.05 0.70 16.00 3.15 11.00 T0 
1.36 0.16 1.50 1.00 0.09 0.90 24.50 5.40 13.50 T1 
1.83 0.21 2.00 1.52 0.12 1.12 29.25 6.96 16.50 T2 
1.49 0.17 1.70 1.13 0.09 0.98 24.65 5.90 14.25 T3 
1.91 0.22 2.11 1.55 0.13 1.19 30.11 7.25 17.00 T4 
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2.00 0.23 2.25 1.75 0.14 1.22 30.90 7.40 17.30 T5 
2.42 0.30 2.57 2.10 0.21 1.44 34.75 8.90 19.50 T6 
2.75 0.34 2.90 2.40 0.24 1.70 38.45 10.00 22.00 T7 
3.20 0.40 3.10 2.70 0.29 1.95 44.00 11.25 25.55 T8 
0.24 0.02 0.24 0.25 0.02 0.17 3.00 0.85 0.94 LSD 

Table 6: Effect of biochar and compost treatments on the availability of Fe, Zn, Mn and Cu and their 
concentration in different plant parts of faba bean and wheat crops  

Faba bean 
Grains Straw Soil Treatments 

Cu Mn Zn Fe Cu Mn Zn Fe Cu Mn Zn Fe  

(mg kg-1)  

3.50 7.80 7.50 14.00 2.20 4.80 5.25 10.93 5.02 8.02 10.45 16.04 T0 
7.20 10.82 14.75 27.81 5.74 7.84 12.50 24.70 8.07 11.07 17.70 29.80 T1 
8.65 12.30 17.68 33.59 7.22 9.32 15.45 30.48 9.55 12.55 20.65 35.60 T2 
7.60 11.40 15.25 29.10 6.27 8.37 13.05 25.98 8.60 11.60 18.25 31.09 T3 
8.89 12.54 18.03 34.39 7.46 9.56 15.80 31.28 9.79 12.79 21.00 36.39 T4 
9.19 12.85 18.48 35.06 7.76 9.85 16.25 31.95 10.09 13.09 21.45 37.10 T5 

10.69 14.34 21.58 39.86 9.26 11.36 19.35 36.75 11.59 14.59 24.55 41.89 T6 
12.10 15.75 23.10 43.11 10.67 12.78 20.85 40.00 13.00 16.00 26.05 46.49 T7 
14.00 17.80 28.05 48.00 12.67 14.80 25.85 45.00 15.00 18.00 31.05 52.00 T8 
0.55 1.00 0.90 1.65 0.60 0.95 0.85 1.50 0.65 1.25 1.15 2.20 LSD 

Wheat 
Grains Straw Soil  

2.25 5.50 6.00 12.50 1.00 3.50 4.00 9.50 3.50 6.50 9.00 14.00 T0 
5.90 9.50 13.52 26.66 4.50 6.60 11.33 23.50 6.88 9.78 16.41 28.71 T1 
7.40 11.00 16.44 32.35 5.99 8.10 14.20 29.25 8.32 11.26 19.33 34.37 T2 
6.25 10.05 14.00 27.80 5.01 7.16 11.80 24.55 7.35 10.33 17.02 29.86 T3 
7.65 11.25 16.80 33.16 6.23 8.40 14.50 30.05 8.55 11.60 19.75 35.16 T4 
7.86 11.56 17.30 33.90 6.55 8.65 15.02 30.77 8.90 11.80 20.20 35.88 T5 
9.45 13.04 20.35 38.65 8.03 10.15 18.00 35.52 10.35 13.30 23.32 40.66 T6 

10.85 14.46 21.88 41.85 9.45 11.59 19.65 38.77 11.75 14.73 24.82 45.26 T7 
12.80 16.45 26.85 46.75 11.50 13.57 24.55 43.50 13.55 16.75 29.53 50.00 T8 
0.50 0.85 0.95 1.82 0.63 1.00 0.66 1.33 0.60 1.12 1.24 2.00 LSD 
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 تقيمي قدرة البيوشار والمكبوست عىل حتسني احملتوى الرطوىب للرتبة والإحتفاظ ابملغذايت 

 محمد حامد ش تا و  *أ محد مجعه منس 

 .مرص  ,القاهرة  , مدينة نرص ,جامعة ال زهر ,لكية الزراعة , قسم ال راىض واملياه 

    ahmedgomaa2030@azhar.edu.eg:الرئييس للباحث ينالإليكرتو* الربيد 

 : العرب امللخص  

و   )البيوشار نوعني من املصلحات العضوية  دلراسة تأ ثي  جامعة ال زهرابلقاهرة -لكية الزراعة -و املياه رايضال  أ جريت جتربة حقلية ىف مزرعة قسم 

نتاجية حمصول لك من الفول البدلى والقمح. المكبوست طن بيوشار/فدان   5و  2.5البيوشارو المكبوست منفرداً  مبعدلت   أ ضيف( عىل خواص الرتبة واإ

  طن/فدان( أ و  5و  2.5طن مكبوست/فدان ابلإضافة اىل معامالت اخللط من هذه املصلحات. أ وحضت النتاجئ أ ن الإضافات املنفردة للبيوشار)  10و  5و 

نتاجية لك من   10و  5المكبوست ) طن/فدان( أ دت اىل حتسني خواص الرتبة خاصة الاحتفاظ  ابلرطوبة و املغذايت النباتية ابلإضافة اىل تعزيز منو واإ

( اىل  T5:T8فة )الفول البدلى  والقمح وذكل ابملقارنة مبعامةل الكنرتول. أ دت معامالت خلط البيوشار و المكبوست معًا خاصة مع زايدة معدلت الإضا

طن/فدان ( أ و   5و 2.5مزيد من التحسن ىف خواص الرتبة الطبيعية و الكمييائية وانتاجية احملاصيل وذكل مقارنًة ابلإضافات املنفردة سواء من البيوشار ) 

 طن/فدان(.  10و  5المكبوست  ) 

ضافة معامالت البيوشار والمكبوست ) ىلT1, T2, T3, T4, T5, T6, T7,T8أ دت اإ زايدة قمي املاء امليرس مقارنة مبعامةل الكنرتول ، حيث   ( اإ

% بيامن  36.61و  31.77، 26.61، 15.32، 12.74، 7.26، 10، 5.16جسلت الرتبة املزنرعة ابلفول البدلى زايدة نسبية ىف قمي املاء امليرس بلغت  

% عىل  28.76، و 22.88، 18.46، 14.54، 12.58، 7.03، 5.05،10.29جسلت الرتبة املزنرعة ابلقمح زايدة نسبية ىف قمي املاء امليرس بلغت  

عىل تيرس لعنارص النرتوجني ، الفوسفور ، البواتس يوم ،حديد ، منجنزي ، زنك وحناس وكذكل حمتوى هذه العنارص ىف  أ  الرتتيب. أ وحضت النتاجئ ان 

طن   10طن بيوشار + 5لط ملعامالت البيوشار والمكبوست )جد مع أ عىل معدل خحمصول القش أ و احلبوب حملاصيل الفول البدلى أ و القمح  و  

 مكبوست/فدان(، بيامن جسلت معامةل الكنرتول أ قل القمي. 

 البيوشار, المكبوست, احملتوى الرطوىب للرتبة, الاحتفاظ ابملغذايت, الفول البدلى, القمح.  اللكامت الاسرتشادية: 

mailto:ahmedgomaa2030@azhar.edu.eg

