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ABSTRACT 
Biochar used lately as soil quality improver for nutritional, microbiological and physical properties. 
Under middle Nil delta alluvial clay soils conditions, during winter growing seasons of 2021/2022 and 
2022/2023, a field experiment was conducted at El-Gemmeiza Agricultural Research Station, ARC,  El-
Gharbeya Governorate, Egypt located at (Lat. 30752 ´48 ؛" and Long. 31025 81 ؛"). This study looked 
at plant growth, leaf chlorophyll content, wheat productivity, nitrogen use efficiency (NUE), and grain 
quality of wheat cultivar Sakha 95 were affected by biochar (0 and 12.5 m3/ha) and nitrogen fertilization 
levels i.e., 0, 50, 75 and 100 of the recommended rates (equals 0, 125, 187.5, and 250 kg N/ha) in the 
form of urea (46% N). Split-plot statistical design was applied, the biochar rates distributed in the main 
plots, whereas nitrogen fertilization levels randomized in the sub-plots. The obtained results showed 
that the combination between treated wheat plants grown in clay soil with biochar at 12.5 m3/ha and 
fertilizing plants with 100% of recommended N fertilization rate (250 kg N/ha) was the best treatment 
for increasing, leaf chlorophyll content (LCC), i.e., chlorophyll a, b, and total a+b after 75 days from 
sowing, grain yield (GY), straw and biological yields (StY, BY), harvesting index (HI), and plant height 
(PH), nitrogen use efficiency (NUE), nitrogen, phosphorus and potassium contents in grain and straw 
(N, P and K %) and their uptake, the measured data includes total protein in grains as well as the 
available N, P, and K contents, and organic matter  (OM %) in soils after harvesting of wheat in both 
growing seasons as soil quality parameters due to application of Biochar as unique soil improvement 
material. Treatments application produced improvement by 54.81%, 24.30%, and 36.5 % as relative 
increase in grain yield (GY), straw yield (StY), and biological yield (BY) ha-1, respectively (as average 
of the two growing seasons) compared with unfertilized control wheat plots. On the other side, there 
were no significant differences for the interaction between 75 % of the recommended N rate combined 
with Biochar at application rate 12.5 m3 ha-1 and 100 % of the recommended N fertilization rate without 
Biochar for all above mentioned data in both growing seasons. 
 
Keywords: Wheat, Biochar, Nitrogen fertilizer, NPK, Soil quality 

 
1. Introduction 

After rice and maize, wheat (Triticum aestivum L.) is the world's most important food source for 
human nourishment and is required in one or more forms on a daily basis. It is Egypt's principal winter 
grain crop and a significant staple food crop. Due to its distinct protein qualities, wheat is the most 
extensively produced grain worldwide and is a vital source of both food and energy (Abedi et al., 2010). 
It is simple to process into a variety of foods, including desserts, macaroni, bread, and biscuits.  Egypt 
grew wheat on 3.404 million feddans (one feddan is 4200 m2) in the 2021–2022 growing season. The 
crop produced 9.700 million tons annually, with an average yield of 18.997 Ardab (one Ardab is 150 
kg) per feddan (FAO, 2023). 

The topic of biochar has received a lot of attention lately. The pyrolysis of biomass in low oxygen 
environments yields biochar, a stable, extremely porous, fine-grained carbon compound (Abbas et al., 
2018). Biochar is more effective than manure at lowering soil bulk density and increasing soil water-
holding capacity (Malik et al., 2018). Moreover, biochar is created and used to manage agricultural 
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waste in the best possible way. Furthermore, biochar is essential for soil quality because of its role in 
enhancing aggregation, preventing leaching, balancing the pH of acidic soils, increasing soil carbon 
content, cation exchange capacity, and water holding capacity; additionally, it prepares the ground for 
additional microorganism activity (Ali et al., 2017). 

Treated wheat plants with biochar gave the best growth of plant, yield and grain quality of wheat 
(Olmo  et al., 2014;  Malik et al., 2018; Ibrahim, et al., 2019; Mahmoud et al., 2019; Sun et al., 2019; 
Hafez  et al., 2020 ; El-Sayed et al., 2021;Khan et al., 2021; Seleiman, et al., 2021; Zaheer  et al., 2021; 
El-Sobky and Abdelsalam 2022; Li et al., 2022 and Essa et al., 2023). 

As an important element, nitrogen (N) plays a prominent role in plant metabolism and enhances 
grain production, protein synthesis, and chlorophyll creation. According to Avlin et al., (1999), N 
treatment during grain fill is necessary to maximize grain yield. When more nitrogen (N) is applied than 
the crop needs, it can immobilize the crop and make N inaccessible, which reduces the amount of N 
fertilizer that the crop can recover (King et al., 2001). Split nitrogen (N) application is required because 
nitrogen (N) is lost through gaseous emission, soil volatilization, and leaching (Gad et al., 2018).  

The application of nitrogen (N) fertilizer greatly enhanced the growth characteristics, grain, and 
straw yields of wheat. (Enayat  et al., 2013; Dagash  et al., 2014; Ali et al., 2016;  El–Hag and Shahein, 
2017 ; El-Seidy  et al., 2017; Litke et al., 2017 ; El-Dissoky and Attia, 2018; Gad et al., 2018; Hefny 
and Mohammed, 2018; Shahin, 2020; Gheith et al., 2021; Saboon et al., 2022;  Marco et al., 2021; 
Mohamed et al., 2022; El-Khamissy et al., 2023 and Abd El-Dayem et al., 2024). 

 Some authors showed that the combination between biochar and nitrogen fertilization improving 
plant growth, yield and grain quality of wheat (El-Sobky and Abdelsalam 2022; Li et al., 2022, Shaltout 
et al., 2022 and Liu et al., 2024). 

Therefore, this work aims to know the extent of the response of wheat plants growing under alluvial 
clay soil conditions to treatment with biochar and nitrogen fertilizer, with the aim of improving soils 
quality properties and obtaining the best grain yield, improving nitrogen use efficiency and NPK 
elements uptake by the plants. 
 
2. Materials and Methods 

In the winter seasons of 2021/2022 and 2022/2023, a field experiment was conducted at El-
Gemmeiza Agricultural Research Station, Agriculture research center (ARC) in El-Gharbeya 
Governorate (middle of nil delta), Egypt (longitude 31 7o E and latitude 30 43o N). This study looked at 
how growth, grains chemical composition, yield, and grain quality of wheat cultivar Sakha 95 under 
clay soil condition were affected by Biochar and nitrogen fertilization levels.  

Some of the experimental soil's physical and chemical characteristics, as reported by Balck et al. 
(1981), are displayed in Table 1.a 

Table 1.a:  The experimental sites physical and chemical characteristics throughout the 2021–2022 and 
2022–2023 growing seasons 

Parameter  Value 

1. Physical  properties  2021/2022 2022/2023 

Corse sand (%) 3.88 4.50 

Fine sand (%) 15.42 15.51 

Silt (%) 40.47 40.90 

 Clay (%) 40.23 39.09 
Textural class  clayey loam clayey loam 

2. Chemical properties    

EC dSm-1 (soil past extract ) 2.41 2.29 

pH (1: 2.5 soil: water suspension) 8.08 7.99 

CaCO3 (%) 2.51 2.46 

Organic matter (%) 1.82 1.77 

Available nitrogen  (µg g-1) 31 33 

Available phosphorus (µg g-1) 7.7 8.1 

Available potassium ( µg g-1) 425 418 
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In this experiment, two biochar rates (0 and 12.5 m3 ha-1 equal to 9.4 tone ha-1) and four nitrogen 
levels (0, 125, 187.5, and 250 kg/ha) were combined to create eight treatments. The main plot of the 
split-plot design used for these treatments contained the biochar rate, while the sub-plots with three 
replications contained the nitrogen levels. 

The area of each sub-plot was 10.5 m2 (3.0 m long ×3.5 m width). The wheat grains were sown 
manually in 20th and 22nd of November in both growing seasons, respectively with seeding rate at 150 
kg grains /ha 

According to the average of the two seasons, the biochar parameters utilized in this experiment 
were show in table 1.b.  

 
                   Table 1.b:  Some characteristic of Biochar. 

Characteristic Value Characteristic Value 

Density, kg m3 752.00 N, % 1.40 

Moisture content, % 4.89 P, % 0.92 

pH 8.90 K, % 1.48 

EC, dS m-1 0.52 Organic carbon (OC), % 27.21 

Ca, % 1.50 Organic matter (OM), % 46.80 

Mg, % 2.70 C/N ratio 33.40 

                     ARC in Giza, Egypt provided the Biochar. 
 

The soil was amended with biochar prior to the planting of wheat. Furthermore, two equal doses of 
nitrogen fertilization rates were applied: one before the first irrigation (21 days after sowing) and the 
second dose was applied before the second irrigation (45 days after sowing) in the form of urea (46 
%N). 

Phosphorus was applied as single super-phosphate (15.5% P2O5) at a rate of 75 kg P2O5/ha during 
the soil preparation process. Potassium fertilizer was provided in the second irrigation at a rate of 125 
kg K2O/ha as potassium sulphate (48% K2O). In the final week of April, harvesting took place (156 
days after planting). Further farming practices for wheat fields were adopted based on recommendations 
from the Field Crops Research Institute. 

 
Recorded data 
Vegetative growth: The percentage of dry matter (DMP) in the shoots was calculated by randomly 
selecting 10 plants from each plot. 
 
Photosynthetic Pigments: Leaf chlorophyll contents (LCC) a, b and total chlorophyll (a+b) were 
extracted and determined at 75 days after sowing according to Moron (1982). 
 
Yield and its components  

When the wheat plants reaches physiological maturity were harvested and the height of plants 
(PH) in centimeters was measured, ten randomly selected spikes in each experimental plot were used 
to determine the 100-grain weight (g) (100-GW). By harvesting 2.0 m2 from each plot and converting 
it to a hectare, the grain yield (GY), straw yield (StY), and biological yield (BY) (grain yield + straw 
yield) as expressed in tons per hectare were calculated. The harvest index (HI, %) was calculated using 
the grain (GY) to biological yield (BY) ratio and reported as a percentage. 
Nitrogen use efficiency (NUE) 
NUE was calculated according to Delogu et al. (1998) by the following equation: 
 

NUE = 
Grain yield at N treatment – Grain yield at zero N 

Applied N rate at N treatment 
 
Nutrients contents: According to A.O.A.C. (2012), the nitrogen, phosphorus, and potassium contents 
of grains were determined at harvest time in both seasons. Grain yield was multiplied by the 
corresponding N, P, and K concentrations (%) to compute the N, P, and K uptake (kg ha-1), according 
to method of per Craswell and Godwin (1984). 
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Grains quality  
Protein % (Pr%): According to A.A.C.C. (2012), the crude protein % was  
calculated by multiplying the N% by 5.7. 
 
Total carbohydrate percentage (TChP): The total carbohydrate percentage in the whole wheat grains 
was analyzed using the method described by Dubois et al. (1956).  
 
Statistical analysis: For all data that was gathered, a statistical analysis was done according to Snedecor 
and Cochran (1980) were used to calculate the analysis of variance, and Duncan (1958) method was 
used to separate the means at the 0.05 probability level. 
 
3. Results and Discussion 
3.1. Vegetative growth  
3.1.1. Effect of Biochar  

Data in Table 2 indicated that there were significant differences between the two Biochar 
application rates concerning dry matter shoots of wheat plants at 75 days after sowing in both seasons. 
Treated soil with Biochar at application rate 12.5 m3 ha-1 recorded the highest values of dry matter 
accumulation (DM) of shoots (14.08 and 13.56%) against untreated soil (12.81 and 12.95%) in the both 
growing seasons, respectively. The relative increases in DM % due to application of Biochar was about 
9.91 and 4.71 % over untreated soil in the two growing seasons, respectively. 

The porosity of the biochar, which allowed more water to be retained in the soil, may have 
contribution to the plants treated with biochar growing more than control plants. Another idea holds 
that plants treated with biochar have increased access to nutrients, particularly phosphorus, due to the 
ash concentration of the charcoal (Das et al., 2018). Improvements in soil fertility and other 
characteristics may indicate the positive effects of adding biochar on vegetative growth (Sohi et al., 
2010). Furthermore, Joba et al., (2022) confirmed that the addition of biochar had an impact on soil 
nutrients. Additionally, due of its large surface area, and a good  sources of nitrogen  using biochar 
improves soil fertility and promotes plant growth (Li et al., 2022). 

Similar results were reported by several investigators Olmo  et al. (2014); Malik et al. (2018); 
Ibrahim, et al. (2019); Mahmoud et al. (2019); Sun et al. (2019). They indicated that vegetative growth 
characteristics of wheat were significantly increased by application of biochar as compared to untreated. 

 
3.1.2. Effect of nitrogen rates  

Dry matter of wheat shoots increased significantly with increasing nitrogen fertilizers rates  75 days 
after sowing in both growing seasons (Table 2). Fertilizing wheat plants grown in clay soil with different 
levels of nitrogen significantly enhanced dry matter of shoots as compared to the control treatment in 
both growing seasons, in addition nitrogen at 250 kg ha-1 (100% of recommended N fertilization rates) 
gave the best results for dry matter of shoots (15.93 and 15.85%) in the 1st and 2nd growing seasons, 
respectively, followed by 187.5 kg N ha-1 (75% of recommended N rates). The relative increases in DM 
% due to fertilizing with 250 kg N ha-1 were about 47.50 and 50.81 % over unfertilized plots in the 1st 
and 2nd growing seasons, respectively. 

Shoot was  increased by increasing N fertilization rate through increased cell elongation and 
vegetative development. These results corroborate those of  Enayat et al. (2013); Dagash et al. (2014); 
Ali et al. (2016); El-Hag and Shahein (2017); El-Seidy et al. (2017); and Litke et al. (2017), which also 
showed that DM of shoots rose as N application rates increased. 

 
3.1.3.  Effect of the interaction  

All the interaction treatments significantly increased wheat shoots DM after 75 days from sowing 
as compared to the control treatment (no addition of biochar or nitrogen) in both growing seasons (Table 
2). 

The favorable interaction treatment for increasing shoot dry matter (DM) was Biochar at 12.5 m3 

ha-1 and N at 250 kg N/ha, which produced the highest shoot DM values (16.92 and 16.50 %) in each 
of the two growing seasons. On the other side, there were no significant differences between the 
combination between Biochar at 0 m3 ha-1 and N at 250 kg N ha-1 and the combination between biochar 
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at 12.5 m3 ha-1 and N at 187.5 kg N/ha (75% of recommended N fertilization rate) in both growing 
seasons. 

The relative increases in DM % of the interaction between Biochar at 12.5 m3 ha-1 and N at 250 kg 
N ha-1 were about 57.72 and 63.04 % over unfertilized control plots in the two growing seasons, 
respectively. 

In the same line, El-Sobky and Abdelsalam (2022) was located similar results on wheat. 
 
Table 2: Effect of Biochar and N fertilization rate and their interaction on wheat shoots (dry matter) 

DM at 75 days after sowing in 2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rate (kg ha-1) Mean 

(biochar ) 0 125 187.5 250 

 2021/2022 season 

Without  10.10  g 12.50 e 13.70 cd 14.95 b 12.81   b 

12.5m3 ha-1 11.50 f 13.41 d 14.50bc 16.92 a 14.08  a 

Mean (N) 10.80 d 12.95c 14.10 b 15.93 a  

 2022/2023 season 

Without 10.12      f 12.70    d 13.80   c 15.20  b 12.95   b 

12.5m3 ha-1  10.90     e 12.95    d 13.90   c 16.50 a 13.56  a 

Mean (N) 10.51    d 12.82   c 13.85  b 15.85 a  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, according to 
Duncan's multiple range tests. 

 
3.2. Leaf chlorophyll content (LCC) 
3.2.1. Effect of Biochar  

Leaf photosynthetic pigments, i.e., chlorophyll a, b, and total a+b (LCC) in leaves of wheat after 
75 days from sowing were significantly affected by adding biochar to soil in both seasons (Table 3).  

Treating  soil with Biochar at rate 12.5 m3 ha-1 recorded the highest values of LCC a (3.51 and 3.59 
mg dm2), LCC b (1.09 and 1.13 mg/dm2), and total  LCC a+b (4.03 and 4.12 mg/dm2) for untreated soil 
in each of the two growing seasons.  

The relative increases in total LCC a+b due to application of biochar at 12.5 m3 ha-1 were about 
14.39 and 14.80% over untreated plants in each of the two growing seasons. 

These results are in agreement with those stated by Hafez et al. (2020) and El-Sobky and 
Abdelsalam (2022) and Essa et al. 2023. They indicated that treating soil of wheat plants with biochar 
significantly increased total LCC a and LCC b as compared to untreated plants. 

 
3.2.2. Effect of N rates 

Fertilizing wheat plants grown in clay soil with N using different rates (125, 187.5, and 250 kg ha-

1) had affected all leaf of photosynthetic pigments (LCC), i.e., leaf chlorophyll content (LCC) a, b, and 
total LCC a+b in leaves of wheat after 75 days from sowing as compared to control treatments (no 
fertilizer) in both growing seasons (Table 3). 

The maximum concentrations of LCC a (3.78 and 3.89 mg/dm2), LCC b (1.33 and 1.38 mg dm2), 
and LCC a+b (5.11 and 5.28 mg dm2) were scored with N at 250 kg ha-1 in the 1st and 2nd growing 
seasons, respectively, followed by those plants that were fertilized with 187.5 kg ha-1 (75% of N 
recommended fertilization rate). On the other hand, control plants (no N fertilizer) scored the minimum 
concentrations in all leaf pigments of wheat in both seasons. 

The relative increases in (LCC) a+b due to fertilization with N at 250 kg ha-1 were about 43.13 and 
50.85% over unfertilized plants in each of the two growing seasons.  

The right amount of nitrogen varies based on the characteristics of the soil and the surrounding 
environment. This is explained by the part N, a crucial macronutrient, plays in dry matter production 
and plant growth. It also encourages photosynthesis, which aids in the accumulation of additional 
biomass. These findings concur with those reported by Zhen et al. (2021). It has been demonstrated that 
increasing N application increases leaf chlorophyll content, which flushes growth and raises dry matter. 
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3.2.3. Effect of the interaction  
There were significant differences between all the interaction treatments and the interaction 

between zero biochar and zero nitrogen as for leaf pigments in wheat after 75 days from sowing in both 
growing seasons (Table 3). 

The best interaction treatment for increasing the concentrations of LCC a (3.92 and 4.09 mg dm2), 
LCC b (1.44 and 1.52 mg dm2), and total LCC a+b (5.36 and 5.61 mg dm2) were produced with the 
interaction between 12.5 m3 ha-1 Biochar and N at 250 kg ha-1 in the two growing seasons, respectively. 
While, the lowest concentrations of all leaf pigments were produced with unfertilized biochar and 
nitrogen in both seasons. On the other side, there were no significant differences with all leaf pigments 
of wheat with the interaction between nitrogen at 250 kg ha-1 only and the combination between N at 
187.5 kg ha-1 and treated soil with biochar at 12.5 m3 ha-1 in both growing seasons. 

The relative increases in total chlorophyll a+b due to the interaction between fertilization with N at 
rate 250 kg/ha and treated soil with Biochar at rate 12.5 m3 ha-1 were about 68.02 and 77.53% over 
unfertilized plants in the both growing seasons, respectively. 
 
Table 3: Effect of Biochar, N fertilization rates and their interaction on leaf chlorophyll content (LCC) 

(mg/dm2) in leaves of wheat after 75 days after sowing in 2021/22 and 2022/23 growing seasons 

Treatments 
Chlorophyll a Chlorophyll b Total chlorophyll a+b 

2021/2022 
season 

2022/2023 
season 

2021/2022 
season 

2022/2023 
season 

2021/2022 
season 

2022/2023 
season 

 Effect of Biochar (m3 ha-1) 
Without 3.10   b 3.15  b 0.93  b 0.96  b 4.03  b 4.12  b 
12.5  3.51  a 3.59 a 1.09 a 1.13 a 4.61 a 4.73 a 

 Effect of N Fertilization rate (kg ha-1) 
0.0 2.78 d 2.71  d 0.79  d 0.79  d 3.57    d 3.50  d 
125 3.15c 3.31   c 0.90   c 0.93   c 4.05   c 4.24 c 

187.5 3.52b 3.59  b 1.01  b 1.09  b 4.53  b 4.68 b 
250 3.78 a 3.89 a 1.33 a 1.38 a 5.11 a 5.28 a 

Biochar  N rates  Effect of interaction 
Without 0 2.51f 2.43  e 0.68  f 0.73  d 3.19  f 3.16 e 
 125 2.90e 3.10  cd 0.84e 0.89   c 3.74 e 3.99 d 
 187.5 3.34d 3.40   bc 0.98cd 0.99   c 4.32 cd 4.39 c 
 250 3.6bc 3.70  ab 1.22b 1.25  b 4.87 ab 4.95 b 

 0 3.05e 2.99  d 0.91de 0.85   cd 3.96 de 3.84 d 
12.5 125 3.40 cd 3.52  b 0.97cde 0.98   c 4.37bcd 4.50 c 
 187.5 3.70  b 3.78  ab 1.05bc 1.20  b 4.75 bc 4.98b 
 250 3.92 a 4.09  a 1.44 a 1.52 a 5.36 a 5.61 a 

According to Duncan's multiple range tests, values with the same alphabetical letter(s) did not significantly differ 
at the 0.05 level of significance. 

 
3.3. Yield and its components  
3.3.1. Effect of Biochar  

Data in Tables 4 to 8 showed that yield and its components, i.e., 100 grains weight (100-GW), 
grains yield (GY), straw yield (StY), and biological yield (BY), harvest index (HI) had significant affect 
by Biochar application in both growing seasons. 

Treating soil with Biochar at rate 12.5m3 ha-1 gave the highest values of  100-GW (4.99 and  4.93g), 
GY (6.468 and 6.588 ton/ha), (8.736 and 8.606 ton ha-1), BY (15.204 and 15.194 ton ha-1) and 
HI(42.54and43.36%) against control treatment (4.30 and 4.24g), (5.968 and 6.075 ton ha-1), (8.269 and 
8.293 ton ha-1), (14.237 and 14.368 ton ha-1) and (41.92  and 42.28 %) for 100-GW, GY, StY, BY and 
HI in the 1st and 2nd growing seasons, respectively. 

The relative increase in GY due to application of Biochar at 12.5 m3/ha were about (8.37 and 8.44 
%), StY were about (5.64 and 3.77%) and BY were about (6.79 and 5.74 % ) over untreated  plants 
during the first and second growing seasons, respectively. 

Regarding PH, in the first and second growing seasons, respectively, treated soil with 12.5 m3 ha-1 
of Biochar provided the highest values of PH (112.50 and 114.50 cm) compared to untreated soil 
(105.75 and 108.75 cm) as shown in (Table 9).  
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Applying biochar as a soil amendment promotes plant development and yield (Naeem et al., 2017). 
Additionally, biochar can increase the amount of carbon and organic matter in the soil as well as the 
microbial activity in the soil, which increases the availability of nutrients in the soil and ultimately 
increases overall yield (Ahmed et al., 2019). Furthermore, biochar increases plant development by 
making nutrients like P, K, Ca, and Mg readily available and absorbable, which enhances plant 
photosynthesis. Higher rates of photosynthetic energy and the generation of carbohydrates lead to 
increased plant height, weight at 100 grains, grain yield, and straw yield (Khan et al., 2021). 

Our findings are in agreement with previous researchers as Hafez et al. (2020) ; El-Sayed et al. 
(2021); Khan et al. (2021); Seleiman, et al. (2021); Zaheer et al. (2021); El-Sobky and Abdelsalam 
(2022); Li et al. (2022)  and Essa et al. (2023). They showed that application of biochar to wheat plants 
superior yield and its components than unapplied biochar. 

 
3.3.2. Effect of N rates 

Data tabulated in Tables 4-8 show that all nitrogen fertilizer rates had significantly affected yield 
and its components as compared to unfertilized plants in both seasons. Yield and its components, such 
as 100-GW, GY, StY and BY, as well as HI, significantly gradually increased with increasing N 
fertilization rates up to the highest levels in both growing seasons, except 100-GW significantly 
gradually decreased. 

Fertilizing wheat plants with 250 kg N ha-1 scored the maximum values of GY (7.500 and 7.650 
tons ha-1), StY (9.298 and 9.231 ton ha-1), BY (16.798 and 16.881 ton /ha) and HI (44.65 and 45.32%) 
in the 1st and 2nd seasons, respectively, followed by fertilizing with 187.5 kg ha-1 and then 125 kg /ha. 
while, control plants recorded the highest values of 100-GW (5.17 and 5.21g) in the both two growing 
seasons, respectively. 

The relative increase in GY, StY, and BY due to fertilizing with 100% of recommended N rates 
were about (46.34 and 45.71%), (19.38 and 19.26%), and (30.08 and 29.95%) over unfertilized (control) 
wheat plants in the two growing seasons, respectively. 

Increasing nitrogen levels increased total number of grains, but reduced rate of grain filling 
(Mosalem et al., 1999). 

Regarding PH at harvesting time (Table 9), fertilizing wheat plants grown in clay soil with different 
N rates significantly enhanced PH as compared to the control treatment in both seasons, in addition N 
at 250 kg /ha scored the highest values (121.0 and 126.0 cm) in each of the two growing seasons, 
followed by 187.5 kg N ha-1 (75% from recommended fertilization rates). The relative increases in PH 
due to fertilizing with 250 kg N/ha were about 27.37 and 29.90% over unfertilized in each of the two 
growing seasons. 

Plant height (PH) was increased by nitrogen through increasing cell elongation and vegetative 
development (Ali et al., 2016). 

The increases in wheat yield and its components with increasing N level up to an acceptable N dose 
can be attributed to the dynamic role of N as a required component of dry matter buildup (Table 2), 
LCC (Table 3), and higher GY (Table 5). 

Additionally, the fact that N fertilizer is regarded as one of the key nutrients for wheat growth and, 
consequently, the yield of grains and straw, may account for the beneficial effect of raising N fertilizer 
levels on the DM. Furthermore, being a crucial macronutrient, N aids in the development of dry matter 
and plants. It also enhances photosynthesis, which helps to accumulate more biomass and improves 
yield components (Ali et al., 2016). 

These results coincide with those reported Shahin, (2020); Gheith et al. (2021); Saboon et al. 
(2022); Marco et al. (2021); Mohamed et al. (2022); El-Khamissy et al. (2023);  Abd El-Dayem et al. 
(2024) and Rashwan et al. (2024). They indicated that yield attributed of wheat significantly increased 
by increasing N fertilization rates.  

 
3.3.3. Effect of the interaction  

The interaction between biochar and N fertilizer rates significantly affected yield and its attributes 
in the 2021/2022 and 2022/2023 growing seasons (Tables 4-8). 

Generally, increasing the N fertilizer rates from zero to 250 kg N ha-1 under Biochar application 
showed maximum values of all yield attributes than all N rates under zero Biochar only in both growing 
seasons. Whereas, the interaction between Biochar at 12.5 m3 ha-1 and N at 250 kg ha-1 recorded the 
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highest values of GY (7.750 and 7.925 tones ha-1), StY (9.558and 9.327tones ha-1), BY (17.308 and 
17.252 tons ha-1), and HI (44.78 and 45.94%) in the 1st and 2nd growing seasons, respectively. In the 
same time, there were no significant differences with the interaction between nitrogen at 250 kg ha-1 
only and the interaction between nitrogen at 187.5 kg ha-1 and treated soil with Biochar at 12.5 m3 ha-1, 
with the most parameters of wheat yield in both growing seasons. On the other hand, the plants of wheat 
grown under Biochar and zero nitrogen gave the highest values of 100-GW (5.42 and 5.59g) in both 
growing seasons. 

The relative increase in of GY, StY and BY (55.00 and 54.63%), (24.25 and 24.36%) and  (36.36 
and 36.64%  ) over unfertilized wheat plants in the 1st and 2nd growing seasons, respectively. 

Concerning, the response of PH to the interaction treatment, (Table 9) indicated that all the 
interaction treatments significantly increased PH of wheat as compared to the control treatment (no 
addition of biochar or nitrogen) in both growing seasons. The best interaction treatment for enhancing 
PH was Biochar at 12.5 m3 ha-1 and N at 250 kg N ha-1, which produced the highest values (122.0 and 
128.0 cm) in each of the two growing seasons. 

These results are in harmony with those obtained by El-Sobky and Abdelsalam (2022); Li et al., 
(2022); Shaltout et al. (2022) and Liu et al. 2024). 
 
Table 4: Effect of Biochar and N rates and their interaction on100 grains weight 100-GW (g) of wheat 

at harvesting time in 2021/22 and 2022/23 growing seasons 
Biocahr rates   N  levels  ( kg/ha) Mean 

(Biochar ) 0 125 187.5 250 

 2021/2022 season 

 Without  4.92 b 4.59 c 4.26 d 3.42 e 4.30 B 

12.5m3/ha.  5.42a 5.09 b 4.96 b 4.50c 4.99A 

Mean (N  ) 5.17 A 4.84B 4.61 C 3.96D  

 2022/2023 season 

 Without  4.83  c 4.50   de 4.25  f 3.37 g 4.24B 

12.5m3/ha.  5.59a 5.13 b 4.59 d 4.42 e 4.93A 

Mean (N  ) 5.21A 4.81 B 4.42 C 3.90D  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of 
significance, according to Duncan's multiple range test. 
 
Table 5: Effect of Biochar and N rates and their interaction on grain yield (GY tone ha-1) of wheat at 

harvesting time in 2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar ) 0 125 187.5 250 

 2021/2022 growing season 

Without 5.000f 5.375   e 6.250   c 7.250  b 5.968  B 

12.5m3 ha-1 5.250ef 5.875   d 7.00  b 7.750 a 6.468 A 

Mean (N) 5.125D 5.625  C 6.625  B 7.500 A --- 

 2022/2023 growing season 

Without 5.125e 5.500d 6.300c 7.375b 6.075B 

12.5m3 ha-1 5.375de 5.925c 7.125b 7.925a 6.588A 
Mean (N) 5.250D 5.713C 6.713B 7.650A -- 

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 
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Table 6: Effect of Biochar and N rates and their interaction on straw yield  (StY tone/ha) of wheat at 
harvesting time in 2021/22 and 2022/23 seasons 

Biocahr rates   N  levels  ( kg/ha) Mean 
(Biochar ) 0 125 187.5 250 

 2021/2022 season 

 Without  7.692d 7.885d 8.462c 9.038b 8.269B 

12.5m3/ha.  7.885d 8.462c 9.038b 9.558a 8.736A 

Mean (N  ) 7.788D 8.173C 8.750B 9.298A  

 2022/2023 season 

 Without  7.500f 7.981e 8.558c 9.135a 8.293B 

12.5m3/ha.  7.981ed 8.269d 8.846b 9.327a 8.606A 

Mean (N  ) 7.740D 8.125C 8.702B 9.231A  

 
Table 7: Effect of Biochar and N rates and their interaction on biological yield (BY tone/ha) of wheat 

at harvesting time in 2021/22 and 2022/23 growing seasons 
Biocahr rates   N  levels  ( kg/ha) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 season 

 Without  12.692d 13.26d 14.712c 16.288b 14.237B 

12.5m3/ha.  13.135d 14.337c 16.038b 17.308a 15.204A 

Mean (N  ) 12.913D 13.798C 15.375B 16.798A  

 2022/2023 season 

 Without  12.625f 13.481e 14.858c 16.51b 14.368B 

12.5m3/ha.  13.356e 14.194d 15.971b 17.252a 15.194A 

Mean (N  ) 12.99D 13.838C 15.415B 16.881A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 

 
Table 8: Effect of Biochar and N rates and their interaction on harvest index (HI%) of wheat at 

harvesting time  in 2021/22 and 2022/23 growing seasons 
Biocahr rates   N  levels  ( kg/ha) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 season 

 Without  39.39  g 40.54   e 42.48   c 44.51 a 41.92  B 

12.5m3/ha.  39.97  f 40.98   d 43.65  b 44.78a 42.54 A 

Mean (N  ) 39.69  D 40.77   C 43.09  B 44.65 A  

 2022/2023 season 

 Without  40.59   ef 40.80  e 42.40  c 44.67b 42.28B 

12.5m3/ha.  40.24  f 41.74d 44.61b 45.94a 43.36A 

Mean (N  ) 40.42  D 41.28  C 43.55B 45.32A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 
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Table 9: Effect of Biochar and N rates and their interaction on plant height (pH cm) of wheat at 
harvesting time in 2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates ( kg ha-1) Mean 

(Biochar ) 0 125 187.5 250 

 2021/2022 growing season 

Without 90.00      e 100.00     d 113.00    c 120.00  ab 105.75   B 

12.5m3 ha-1 100.00     d 110.00    c 118.00   b 122.00  a 112.50  A 

Mean (N) 95.00     D 105.00    C 115.50   B 121.00  A  

 2022/2023 growing season 

Without 92.00       f 109.00     d 110.00     d 124.00   b 108.75   B 

12.5m3 ha-1 102.00      e 109.00     d 119.00    c 128.00  a 114.50  A 

Mean (N) 97.00     D 109.00    C 114.50   B 126.00  A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 

 
3.4. Nitrogen use efficiency (NUE) 
3.4.1. Effect of Biochar 

There were significant differences between the two Biochar levels on NUE in both growing seasons 
(Table 10). Treating wheat plants with Biochar at 12.5 m3 ha-1 pre-sown gave the highest values of NUE 
(8.11 and 7.98 kg grains /kg N) against (6.22 and 6.09 kg grains kg-1 N) for contrail treatment in each 
of the two growing seasons.  

These results are in harmony with those reported by Sun et al. 2019. They indicated that NUE was 
the highest when treated wheat plants with Biochar at 20 ton/ha as compared to other rates (0, 5, 10, 30, 
40 and 50 ton ha-1). 

 
3.4.2. Effect of N rates 

All N fertilization rates (125, 187.5, and 250 kg ha-1) had a significant effect on NUE by wheat 
plants grown in clay soil as compared to unfertilized plants in both growing seasons (Table 10). NUE 
was gradually increased by increasing N levels up to the highest levels. The maximum values of NUE 
were found with fertilizing wheat plants by 250 kg/ha (9.50 and 9.60 kg grain kg-1 N), respectively, 
followed by N at 187.5 kg ha-1 (7.99 and 7.80 kg grain kg-1 N) and (4.0 and 3.70 kg grain kg-1 N) for 
nitrogen at 125 kg ha-1 in each of the two growing seasons. 

These results coincide with those reported by Shahin (2020). They showed that NUE in wheat plants 
were significantly improved by application of N at 120 kg /fad as compared to other levels (0, 30, 60 
and 90 kg N /fad). 

 
3.4.3. Effect of the interaction  

The combination between Biochar and N rates had a significant effect on NUE in wheat plants in 
both growing seasons (Table 10). 

All N fertilization treatments subjected to Biochar had significant increases in NUE than those 
subjected under control (no Biochar application). The maximum NUE by wheat plants grown in clay 
soil was recorded with the interaction between Biochar at 12.5 m3 ha-1 and fertilizing with N at 250 kg 
ha-1 (10.0 and 10.2 kg grain kg-1 N in each of the two growing seasons. 

There were no significant differences with the combination between Biochar at 0 and N at 250 kg 
ha-1 and the interaction between biochar at 12.5 m3 ha-1 and N at 187.5 kg ha-1. However, the maximum 
values (9.33 kg grain kg-1 N) in both growing seasons were recorded with the interaction between 
biochar at 12.5 m3 ha-1 and N at 187.5 kg ha-1 against (9.00 kg grain kg-1 N) in both growing seasons 
for the interaction between Biochar at 0 and N at 250 kg ha-1. 
 
 
 
 



Middle East J. Agric. Res., 13(3): 846-864, 2024 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2024.13.3.49  

856 

Table 10: Effect of Biochar and N fertilization rates and their interaction on nitrogen use efficiency 
NUE (kg grains kg-1 N) of wheat in 2021/22 and 2022/23 growing seasons. 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 growing season 

Without 0.00    f 3.00  e 6.66  c 9.00   b 6.22B 

12.5m3 ha-1 0.00   f 5.00 d 9.33  b 10.0  a 8.11A 

Mean (N) 0.00  D 4.00  C 7.99   B 9.50  A  

 2022/2023 growing season 

Without 0.00   g 3.00  f 6.27 d 9.00   c 6.09B 

12.5m3 ha-1 0.00   g 4.40  e 9.33  b 10.2 a 7.98A 

Mean (N) 0.00  D 3.70   C 7.80  B 9.60 A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, according to Duncan's 
multiple range tests. 

 
3.5. Nutrients Content and their uptake in Wheat Grains  

NPK nutrients content and their uptake by grain are shown in Tables 11-13). 
3.5.1. Effect of Biochar  

The contents of N, P and K and their uptake by grain were significantly affected by Biochar 
application to soil pre sowing in both growing seasons. Treated wheat plants with Biochar at 12.5 m3 
ha-1 gave the maximum contents of N (2.10 and 2.14%), P (0.271 and 0.275%) and K (1.625 and 
1.634%) against control treatment (1.90 and 1.92%), ( 0.232 and 0.236%) and 1.311and 1.378%) for N, 
P and K contents in grain in the 1st and 2nd growing seasons, respectively (Tables 11-13). 

In terms uptake of NP and K, kg/ha is the data showed the same trend as the grain content of NP 
and K in both growing seasons (Tables 14-16). Application of Biochar to wheat plants produced the 
highest values of N uptake (137.53 and 140.05 kg /ha), P (20.35 and 21.09 kg ha-1) and K (105.11 and 
107.65 kg ha-1) comparing with control treatment (no Biochar addition) (116.15 and 118.12 kg ha-1) 
(15.95 and 16.32 kg ha-1) and (78.24 and 83.71kg ha-1) for N, P and K uptake by grain ha-1 in the 1st and 
2nd growing seasons, respectively. 

The superiority of Biochar may be explained by its ability to prevent nutrient losses lead to an 
increase in the amount of nutrients available in soil. It's interesting to note that biochar amendment has 
a good impact on plant nutrition; this conclusion is supported by an increase in the concentration of 
resin-extractable phosphate that was observed following biochar amendment (Atkinson et al., 2010). 
Some of the characteristics of biochar that significantly contribute to its beneficial effects are high 
porosity, which explains its great capacity to retain water, and high cation exchange capacity, which 
encourages nutrient retention and inhibits its loss (Ghazi and El-Sherpiny, 2021). 

These results are in harmony with those obtained with Hafez et al. (2020) and Shaltout et al. (2022). 
They showed that the highest N, P and K contents and their uptake were obtained with Biochar 
application than control treatment. 

 
3.5.2. Effect of N rates 

All nitrogen levels had significant effect on N, P and K contents in wheat grains as well as N, P and 
K uptake by grain as compared control treatment in both seasons (Tables 11-16). 

N, P and K contents in grain (Tables 11-13) as well as N, P and K uptake (Tables 14-16) 
significantly increased with increasing N rates up to the highest level equal to 100% of the 
recommended fertilization N rate (250 kg N ha-1) which recorded the highest values (2.30 and 2.33 %), 
(0.314 and 0.320 %) and (1.767 and 1.824 %) for N, P and K contents in the 1st and 2nd growing seasons, 
respectively and (170.69 and 174.11 kg ha-1), ( 23.62 and 24.53 kg ha-1) and (105.74 and139.54 kg ha-

1) for N, P and K uptake in the 1st and 2nd growing seasons, respectively. On the other side, fertilizing 
with 187.5 kg ha-1 (75% of recommended N fertilizer) came in the second for N, P, and K contents and 
their uptake in both growing seasons. Control treatment (zero N) recorded the lowest values of all 
abovementioned parameters in both growing seasons. 
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These results coincide with those reported by Shahin (2020) and El-Sobky and Abdelsalam (2022). 
They showed that, fertilizing wheat plants with 120 N kg fed-1. gave the highest values of N, P and K 
contents in grains and their uptake as compared to other levels (0,30,60 and 90kg fad-1). 

 
3.5.3. Effect of the interaction  

The combination between biochar and N rates had a significant effect on N, P and K contents in 
wheat grain and their uptake in both seasons (Tables 11-16). 

The combination between Biochar application at 12.5 m3 ha-1 and fertilizing wheat plants with N at 
250 kg ha-1 significantly increased the contents of N (2.30 and 2.33%), P (0.330 and 0.340%) and K 
(1.900 and 1.976 %) in each of the two growing seasons, (Tables 11-13), without significant differences 
with Biochar at 12.5 m3 ha-1 and fertilizing with 187.5 kg ha-1 (75% of recommended N fertilization) in 
both growing seasons. 

N, P and K uptake gave the similar trend for N, P and K contents in both growing seasons (Tables 
14-16). The maximum values of N uptake (173.25 and 182.28), P (25.57 and 26.95) and K (147.25 and 
156.60) kg ha-1 in each of the two growing seasons were recorded under the combination between 
Biochar at 12.5 m3/ha and fertilizing wheat plants with N at 250 kg ha-1. 

Regarding N, P, and K contents as well as N, P, and K uptake in both growing seasons, there were 
no significant differences between the interaction between nitrogen at 250 kg ha-1 solely and the 
interaction between nitrogen at 187.5 kg ha-1 and treated soil with Biochar at 12.5 m3 ha-1. 

These results are in harmony with those obtained with Shaltout et al. (2022). They showed that the 
highest N, P and K contents and their uptake were obtained with Biochar and highest levels of N. 
 
Table 11: Effect of Biochar and N fertilization rates and their interaction on grains N concentration in 

2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 growing season 

Without 1.31    d 1.89   c 2.15 ab 2.25 ab 1.90   B 

12.5m3 ha-1 1.80   c 2.10  b 2.20 ab 2.30 a 2.10  A 

Mean (N) 1.55   C 1.99  B 2.17 A 2.27 A  

 2022/2023 growing season 

Without 1.39    d 1.90   c 2.10  b 2.29 a 1.92  B 

12.5m3/ha 1.85   c 2.15 ab 2.25 ab 2.33 a 2.14 A 

Mean (N) 1.62     D 2.02    C 2.17   B 2.31  A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 

 
Table 12: Effect of Biochar and N fertilization rates and their interaction on grains P concentration in 

2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 growing season 

Without 0.180     e 0.220    d 0.230   cd 0.299  b 0.232   B 

12.5m3 ha-1 0.209    d 0.247   c 0.300  b 0.330 a 0.271  A 

Mean (N) 0.194     D 0.233    C 0.265   B 0.314  A  

 2022/2023 growing season 

Without 0.190     e 0.219    d 0.235   c 0.300  b 0.236   B 

12.5m3 ha-1 0.211    d 0.240   c 0.310  b 0.340 a 0.275  A 

Mean (N) 0.200    D 0.229   C 0.272  B 0.320 A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 
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Table 13: Effect of Biochar and N fertilization rates and their interaction on grains K concentration in 
2021/22 and 2022/23 growing seasons 

Biocahr rates   N  levels  ( kg/ha) Mean 
(Biochar) 0 125 187.5 250 

 2021/2022 season 

 Without  1.026     e 1.140e 1.444d 1.634bc 1.311B 

12.5m3/ha.  1.368    d 1.482cd 1.748b 1.900a 1.625A 

Mean (N  ) 1.197 D 1.311   C 1.596B 1.767A  

 2022/2023 season 

 Without  1.064      f 1.178e 1.596cd 1.672bc 1.378B 

12.5m3/ha.  1.292e 1.520d 1.748b 1.976a 1.634A 

Mean (N  ) 1.178D 1.349C 1.672B 1.824A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 

 
Table 14: Effect of Biochar and N fertilization rates and their interaction on grains N uptake kg /ha in 

2021/2022 and 2022/2023 seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 growing season 

Without 65.50         h 101.59       f 134.38     d 163.13   b 116.15   B 

12.5m3 ha-1 94.50        g 123.38      e 154.00    c 178.25  a 137.53  A 

Mean (N) 80.00     D 112.49    C 144.19   B 170.69  A  

 2022/2023 growing season 

Without 67.14         h 103.95       f 135.45     d 165.94   b 118.12   B 

12.5m3 ha-1 96.75        g 124.43      e 156.75    c 182.28  a 140.05  A 

Mean (N) 81.95     D 114.19    C 146.10   B 174.11  A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range tests. 

 
Table 15: Effect of Biochar and N fertilization rates and their interaction on grains P uptake (kg /ha) in 

2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar) 0 125 187.5 250 

 2021/2022 growing season 

Without 9.00e 11.82cd 14.37c 21.67b 15.95B 

12.5m3 ha-1 10.97de 14.50c 21.00b 25.57a 20.35A 
Mean (N) 9.98D 13.16C 17.68B 23.62A  
 2022/2023 growing season 

Without 9.75d 12.05cd 14.80c 22.12b 16.32B 

12.5m3 ha-1 11.35cd 14.22c 22.10b 26.95a 21.09A 
Mean (N) 10.55D 13.13C 18.45B 24.53A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range tests. 
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Table 16: Effect of Biochar and N fertilization rates and their interaction on grains K uptake (kg /ha) 
in 2021/22 and 2022/23 growing seasons 

Biocahr rates   N  levels  ( kg/ha) Mean 
(Biochar) 0 125 187.5 250 

 2021/2022 season 

 Without  51.30f 61.28e 90.25c 118.47b 78.24B 

12.5m3/ha.  71.82d 87.07c 122.36b 147.25a 105.11A 
Mean (N  ) 61.35D 73.74C 105.74B 132.53A  
 2022/2023 Season 

 Without  54.53f 64.79e 100.55c 123.31b 83.71B 

12.5m3/ha.  69.45d 90.06c 124.55b 156.60a 107.65A 
Mean (N  ) 61.85D 77.07C 112.24B 139.54A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of 
significance, according to Duncan's multiple range test. 
 
3.6. Grains quality  
3.6.1. Effect of Biochar 

Data in Tables 17 and 18 shows that, there were significant differences between two Biochar rates 
on wheat grains total protein (TPr) and total carbohydrates (TCh) in both growing seasons. Treated 
wheat plants with Biochar at 12.5 m3 ha-1 pre sowing gave the highest values of TPr (11.97 and 12.23%) 
and TCh (67.66 and 67.62%), that the control treatment produced (10.83 and 10.94%) and (67.07 and 
66.84%) for TPr and TCh in the 1st and 2nd growing seasons, respectively. 

Many researchers have found that the percentage of protein and total carbohydrates in the grain 
yield of wheat has increased with increasing Biochar rates (Khan et al., 2021; Essa et al., 2023).  

 
3.6.2. Effect of N rates 

Fertilizing wheat plants grown in clay soil with 125, 187.5, and 250 kg ha-1 significantly increased 
TPr and decreased TCh in grains during the 2021/2022 and 2022/2023 growing seasons (Tables 17 and 
18). 

TPr significantly increased with increasing N rates up to the highest levels, and the highest values 
were produced with 250 kg ha-1 (12.96 and 13.16%) in the 1st and 2nd growing seasons, respectively, 
without significant differences with 187.5 kg ha-1 as in the 1st season. As for TCh in grains, the highest 
values (68.70 and 68.30%) were produced form the control N treatment in the tow growing seasons. 

The results obtained are consistent with the findings published by Rashwan et al. (2024) and 
Seleiman et al. (2021). They demonstrated that the maximum percentage of protein in grains was 
produced when wheat plants were fertilized with 100% mineral N. 

 
3.6.3. Effect of the interaction  

All interaction treatments significantly increased TPr and TCh as compared to zero Biochar and 
zero N in both seasons (Tables 17 and 18). 

The best interaction treatment for increasing TPr (13.11 and 13.38%) was scored with 250 kg N ha-

1 under Biochar at 12.5 m3 ha-1 in the 1st and 2nd growing seasons, respectively. In this regard, there 
were no significant differences with the interaction between Biochar at 12.5 m3 ha-1 and fertilizing with 
75% of recommended N rate at 187.5 kgN ha-1 and the interaction between Biochar zero and N at 250 
kg/ha in both growing seasons. While, the interaction between Biochar at 12.5 m3/ha and unfertilized 
N plots gave the best results for wheat grains TCh (69.10 and 68.70%) in each of the two growing 
seasons. 
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Table 17: Effect of Biochar and N fertilization rates and their interaction on grains total protein (TPr 
%) in 2021/2022 and 2022/2023 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar ) 0 125 187.5 250 

 2021/2022 growing season 

Without  7.47    d 10.77   c 12.26 ab 12.82 ab 10.83  B 

12.5 m3 ha-1 10.26   c 11.97  b 12.54 ab 13.11 a 11.97 A 

Mean (N) 8.86   C 11.37  B 12.40 A 12.96 A  

 2022/2023 growing season 

Without  7.92    d 10.83   c 11.97  b 13.05 a 10.94  B 

12.5 m3 ha-1 10.55   c 12.26 ab 12.83 ab 13.28 a 12.23 A 

Mean (N) 9.23     D 11.54    C 12.40   B 13.16  A  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range tests. 

 
Table 18: Effect of Biochar and N fertilization rates and their interaction on grains total carbohydrates 

(TCh%)in 2021/22 and 2022/23 growing seasons 

Biocahr rates 
N fertilization rates (kg ha-1) Mean 

(Biochar ) 0 125 187.5 250 

 2021/2022 growing season 

Without  68.30   b 67.10    c 66.80    cd 66.10      e 67.07   b 

12.5 m3 ha-1 69.10  a 68.10   b 67.10    c 66.37     de 67.66  a 

Mean (N) 68.70  a 67.60   b 66.95    c 66.23     d  

 2022/2023 growing season 

Without  67.91   b 67.25   c 66.50     d 65.70      e 66.84   b 

12.5 m3 ha-1  68.70  a 68.20   b 67.40    c 66.20     d 67.62  a 

Mean (N) 68.30  a 67.72   b 66.95    c 65.95     d  

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range test. 

 
3.7. Some Soil Chemical Characteristics after Harvesting 
3.7.1. Effect of Biochar rates 

Available soil N, P, K and OM content after harvesting of wheat were significantly affected by 
Biochar application as compared to untreated soil (Table 19). In addition, treated soil with Biochar pre 
sowing at 12.m3/ha produced the highest values (73.73 and 73.70 mg kg-1) for N, (11.06 and 11.43 mg 
kg-1) for P, (363.51 and 363.61 mg kg-1) for K, and (2.51 and 2.45 %) for OM compared to untreated 
soil which produced (51.0 and 51.50 mg kg-1) for N, (8.54 and 7.97 mg kg-1) for P, (225.48 and 225.87 
mg kg-1) for K, and (1.76 and 1.76 %) for organic matter in the 1st and 2nd seasons, respectively.  

According to Ali et al. (2017), biochar plays a crucial role in soil quality because of its capacity to 
hold more water, exchange cations, increase soil carbon content, improve aggregation, prevent leaching, 
balance the pH of acidic soils, and create an environment that is favorable for additional microbial 
activity. Mukherjee et al. (2014) provided evidence of the significant influence of biochar on the 
elemental cycle and the mitigation of carbon, nitrogen, and phosphorus waste in soil. They claimed that 
biochar has a wide variety of nutrients that were released at various rates and had a significant impact 
on soil fertility. 

 
3.7.2. Effect of N fertilization rate 

Fertilizing wheat plants grown in clay soil with different rates of nitrogen had significantly affected 
available NPK, and OM content in soils after harvesting as compared to unfertilized control plots in 
both growing seasons (Table 19). 

The highest values of available three NPK elements beside OM% in soil after harvesting wheat 
plants, such as available N (66.09 and 65.59 mg kg-1), P (11.97 and 11.87 mg kg-1), K (298.40 and 



Middle East J. Agric. Res., 13(3): 846-864, 2024 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2024.13.3.49  

861 

299.62 mg kg-1), and organic matter (2.39 and 2.29%), were produced from the highest, which fertilized 
with N at 250 kg/ha, followed by 187.5 kg/ha (demonstrated 100% and 75% of N fertilization 
recommended rates) in both growing seasons. 

 
3.7.3. Effect of the interaction 

Results in Table 20 indicate that available NP and K, as well as OM (%) in soil after harvesting the 
wheat plants, were significantly affected by the interaction between Biochar and N fertilizer application 
rate in both growing seasons. The best results for increasing N (77.53 and 76.61 mg kg-1), P (13.30 and 
13.31 mg kg-1), K (368.57 and 369.57 mg kg-1), and organic matter (2.83 and 2.72%) were obtained 
with the interaction between Biochar at 12.5 m3 ha-1 and N at 250 kg/ha in the 1st and 2nd growing 
seasons, respectively. On the other hand, the lowest values of all soil available NPK and OM% after 
harvesting of plants were produced from control treatment (0 Biochar and 0 N) in both growing seasons. 
 
Table 19: Soil analysis after harvesting as affected by Biochar and N fertilization rates in 2021/2022 

and 2022/2023 growing seasons 

Treatments N mg kg-1 P mg kg-1 K mg kg-1 
Organic matter 

(OM %) 
 S1 S2 S1 S2 S1 S2 S1 S2 

 Effect of Biocahr rates 

Without 51.00  b 51.50  b 8.54   b 7.97   b 225.48b 225.87b 1.76   b 1.76   b 

12.5m3 ha-1 73.73  a 73.70  a 11.06  a 11.43  a 363.51a 363.61a 2.51  a 2.45  a 

 Effect of N fertilization rates ( kg ha-1) 

0 55.59  c 56.53  c 7.19  d 7.73 d 291.08b 286.34b 1.89   d 1.89  d 

125 62.89  b 63.02 b 9.15  c 8.90  c 293.37b 294.44ab 2.00    c 2.07    c 

187.5 64.90  a 65.28  a 10.91 b 10.29 b 295.14 ab 298.57a 2.28   b 2.17   b 

250 66.09  a 65.59  a 11.97  a 11.87  a 298.40a 299.62a 2.39  a 2.29  a 

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range tests. 

 
Table 20: Soil analysis after harvesting as affected by the interaction between Biochar and N 

fertilization rates in 2021/2022 and 2022/2023 growing seasons 

Treatments N mg kg-1 P mg kg-1 K mg kg-1 
Organic matter 

(OM %) 
Biocahr 

rates 
N rates 
kg ha-1 

2021/22 2022/23 2021/22 2022/23 2021/22 2022/23 2021/22 2022/23 

 0 45.50  f 46.10  f 6.11   f 6.20 g 221.65 c 219.68 c 1.61  f 1.60   f 

 125 50.57 e 51.10 e 8.14  e 7.19  f 225.43 c 226.58 c 1.65 f 1.76  e 

Without 187.5 53.30 d 54.26 d 9.30   d 8.05  e 226.60 c 227.85 c 1.86 e 1.81 e 

 250 54.65 d 54.57 d 10.64 c 10.44 c 228.23 c 229.36 c 1.95 e 1.87 e 

 0 65.69c 66.96 c 8.27   e 9.27 d 360.50 b 353.00 b 2.17 d 2.19  d 

12.5m3 ha-1 125 75.21 b 74.95b 10.16 cd 10.61 c 361.30 b 362.29ab 2.36 c 2.39  c 

 187.5 76.50ab 76.30ab 12.53 b 12.53 b 363.67ab 369.29 a 2.71  b 2.53   b 

 250 77.53a 76.61a 13.30a 13.31a 368.57 a 369.87 a 2.83  a 2.72  a 

Values sharing the same alphabetical letter(s) did not substantially differ at the 0.05 level of significance, 
according to Duncan's multiple range tests. 

  
Finally, under conditions similar to conducting this research, it can be recommended to fertilize 

wheat growing in clay soil at a rate of 100% of the recommended rate, which is 250 kg of nitrogen/ha, 
in the form of urea, with the use of biochar at a rate of 12.5 m3/ha during soil preparation, as this 
treatment recorded the best results for increasing the yield of grain, straw and biological yield as well 
as grain chemical composition. It is also possible to reduce a quarter of the amount of nitrogen used by 
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fertilizing wheat growing in clay soil at a rate of 75% of the recommended rate, which equals 187.5 kg 
of nitrogen/ha,  with the use of Biochar at a rate of 12.5 m3/ha, as this treatment recorded results similar 
to all the characteristics that were studied with fertilization using the recommended rate of 100%, which 
is equivalent to 250 kg/ha without adding biochar. 
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