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THE INCREASED productivity of cereals in sufficient quantities for the population 
is one of the largest problems currently facing farmers. Therefore, the aim of 

this study is to improve grain yield productivity of some common wheat varieties by 
adding biochar and vermicompost under sandy soil conditions. Two field experiments 
were carried out in Wadi El-Natrun, El-Beheira, Governorate, Egypt, during the winter 
seasons of 2020-2021 and 2021-2022. The experience was designed with a completely 
randomized split-plot with three replications. The main plot was planted with some 
winter wheat (Triticum aestivum L) varieties, while fertilizer rates were assigned to 
the subplots. Results have shown that the treatments of biochar and vermicompost 
significantly increased all the yield metrics and chemical constituents compared to the 
control treatment in sandy soil conditions. The Skaha-95 variety considerably exceeded 
the Giza-171 variety on grain and straw yields and the percentage of nutritional values 
of the dry wheat grain, that is, NPK%, total proteins, and carbohydrates. Increasing the 
fertilizer rate from 1200 to 2400 kg/ha caused a significant increase in plant height (cm), 
number of grain/spike, 100 grain weight (g), grain and straw yields (ton/ha), NPK%, 
proteins, and total carbohydrates in the grains. In general, the maximum average 
values of all the parameters of our study were obtained from the variety Skaha-95 
when the plants were fertilized by mixing (1200 biochar + 1200 vermicompost kg/ha). 
According to the results, mixing rates of biochar and vermicompost fertilizers might 
be an alternative for improving wheat productivity and quality metrics in sandy soil 
environments.
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Introduction                                                                                  

Common wheat (Triticum aestivum L) is one of 
the world’s most significant strategic agricultural 
commodities and stable foods. At the same time, 
it plays a major part in international food grain 
commerce. Bread wheat is the most important 
crop in Egypt, occupying 1.5 million hectares 
and representing nearly half of the total cultivated 
area during the winter season.  Egypt consumes 
the equivalent of 20 million metric tons of wheat 
per year, and less than half of this amount is met 
from domestic production, the remaining share 

being covered by imports (Nasr & Sewilam, 2016). 
Increasing wheat productivity is a fundamental 
aim to close the gap between wheat consumption 
and production. As a result, it is critical to create 
adequate soil conditions for improved wheat crop 
expansion to achieve not only production but also 
quality (Gadisa & Mekonnen, 2021). In Egypt, 
the wheat crop is important and essential in the 
country’s food, so it is necessary to improve and 
increase productivity.

Both biochar and vermicompost are excellent 
sources of organic fertilizers that can enhance the 
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yield and quality of crops grown in sandy soils. 
Biochar is produced by burning biomass and is 
rich in nutrients. It can also improve soil structure. 
Vermicompost is a type of compost created by the 
decomposition of organic matter by earthworms. 
Organic matter provides essential nutrients to 
crops, which, in turn, increase their yield (Wu et 
al., 2019).

Nutrients may be supplied through 
vermicompost, while charcoal preserves them 
for crop use. The findings are also being utilized 
to confirm the effectiveness of the two organic 
soil amendments on crop yield (Cao et al., 
2021). Since any further increase in biochar did 
not result in a commensurate advantage, the 
usage of combinations may be limited to a 50% 
incorporation level. Mustafa et al. (2022) observed 
that vermicompost can be a good organic fertilizer 
in cereal cultivation, improving the effect of the soil 
and balancing plant nutrients in its structure. 

This is consistent with El-Naggar et al. (2018), 
who illustrated that, organic fertilizers include 
dissolved organic carbon (O.C.) and organic matter 
(O.M.) accessible to soil microorganisms, and that 
the availability of O.M. for plant development is 
dependent on the amount applied to the soil. Thus, 
the use of vermicompost in agricultural production 
is economically beneficial for farmers, reduces 
production costs, and increases profitability 
(Ehlinaz & Orhan, 2021).

This is consistent with De-Jesus Duarte et 
al. (2019), who discovered that biochar aids in 
nutrient retention but cannot operate as a sole 
source of nutrients. Biochar works with other soil 
components, such as soil bacteria, to enhance 
overall soil dynamics, which are the circumstances 
under which plants develop over time. This 
provides for enhanced plant nutrition, development, 
and production, as well as overall advantages to 
agricultural soil productivity (Khan et al., 2021).

Improving soil health characteristics, reducing 
climate change, and increasing crop productivity 
are all top priorities for biochar (Ahmad et al., 
2021). For example, it has been noted that in arid 
climates, soil ventilation, water retention, and soil 
microbial activity have all improved (Diatta et al., 
2020). By regulating nitrate leachate and carbon 
sequestration in soil layers, it also has a positive 
impact on reducing losses (Gul et al., 2015).

Gebremedhin et al. (2015) indicated that 
biochar has a high cation exchange capacity, which 
permits it to retain positive ions in an exchangeable 
state. These positive ions, which are vital nutrients 
like ammonium or potassium cations, are utilized 
by plants, when they are required. This is because 
when traditional fertilizers are applied to poor soils, 
nutrients are frequently lost due to leaching, weeds, 
or microbial activity before crops can absorb them. 

In addition, it reduces environmental pollutants 
and serves as an environmentally friendly 
substitute for chemical fertilizers. Therefore, the 
application of biochar can reduce nitrogen losses 
(Dominguez et al., 2019). The main targets of 
the field experiment were to study the effect of 
vermicompost and biochar addition on wheat yield 
and quality in sandy soils.

Materials and Methods                                             

Experimental site 
The current study was conducted at the Wadi 

El-Natrun farm in El-Beheira, Egypt, during 
the winters of 2020–2021, and 2021–2022, to 
determine the impact of biochar and vermicompost 
fertilizer applications on the grain yield and quality 
of wheat crops grown in sandy soil conditions.

Soil sample and analysis
Before each planting season, a demonstrative 

soil sample from the experimental field was 
collected to evaluate its physical and chemical 
characteristics. The Klute method’s (1982) results 
for the chemical characteristics of irrigation water 
and the physico-chemical characteristics of the soil 
are shown in Tables 1, and results for the chemical 
analysis of vermicompost and biochar are seen in 
Table 2

Experimental design
The design of the study was a split-plot design 

with three replicates in a randomized complete 
block configuration. Wheat varieties were assigned 
to the main plots, while fertilizer rates were 
assigned to the subplots.

The field trials were carried out in both seasons 
using a drip irrigation system with drippers spaced 
30 cm a part (2L/h). The grains were sown in hills 
that were spaced 10 cm apart on plots that measured 
45m2 and had five ridges (15m long and 0.6m 
width). The irrigation system was irrigated at (5-7) 
day intervals, added once before sowing at 10 days. 
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TABLE 1. Physical and chemical properties of the experimental site before sowing and irrigation water

Soil of experience Irrigation water
Determination Percentage Determination Percentage

Mechanical 
analysis

Sand 84.20
Chemical analysis

pH 8.15
Silt 7.50 EC (ds.m-1) 0.87
Clay 8.30

Soluble cations 
(mg/L)

K+ 3.21
Textural class Sandy Na+ 5.12

Chemical analysis

pH 0.45 Mg++ 4.42
EC (ds.m-1) 8.90 Ca++ 6.35

Organic matter 0.09
Soluble anions
 (mg/L)

CO3
= 0.00

CaCO3 3.38 HCO3
- 5.35

Available 
nutrients

Nitrogen 0.05 Cl- 0.55
Phosphorus 0.11 SO4

= 13.20
Potassium 0.80

TABLE 2. Chemical analysis of vermicompost and biochar

Parameters Vermicompost Biochar
Moisture (%) 22.68 3.60
pH 8.00 9.15
EC (dSm-1) 1.13 1.87 
Carbon (%) 17.55 21.20 
Nitrogen (%) 1.23 0.55
Phosphorus (%) 0.32 0.22
Potassium (%) 1.33 1.41
Calcium (%) 5.80 4.40
Magnesium (%) 3.70 2.60

Agricultural practices 
Wheat grains (Sahka-95 and Giza-171) were 

sown on October 25th in both seasons at a rate 
of 144kg/ha (ha= 10000m2). Wheat grains were 
obtained from the Wheat Research Institute, 
Agricultural Research Centre. A rate of 120 kg 
K2O/ha and 144 kg P2O5/ha of phosphorus and 
potassium were used. A single superphosphate 
application of phosphorus (15.5% P2O5) was made 
before sowing. Potassium sulfate (48% K2O) was 
applied after 45 days of sowing. Half the amount 
of nitrogen recommended for wheat was added 
at a rate of 108kg N/ha of ammonium nitrate 
fertilizer (33.5% N) with the first irrigation of 
wheat. Weeds were controlled twice during both 
growing seasons, 25 and 50 days after planting. 
Pest control and other cultural practices have been 
applied as recommended by Egypt’s Ministry of 
Agriculture.

Treatments
Vermicompost and biochar were added to the 

grown wheat before sowing at the following rates:

1. Control (R1)= without biochar or vermicompost 
fertilizer

2. Biochar (R2)=1200kg/ha 

3. Biochar (R3)=2400kg/ha

4. Vermicompost (R4)=1200kg/ha 

5. Vermicompost (R5)=2400kg/ha.

6. Mixture (50%) (R6)=600 +600kg/ha.

7. Mixture (50%) (R7)=1200 +1200kg/ha.

Yield and its components 
At harvest time, a random of 10 randomly 

plants were between from the middle ridges of 
each plot to determine plant height (cm), number 
of grains/spike and 100-grain weight (g). All plant 
of each plot were harvested to estimate, seed yield 
(ton/ha), straw yield (ton/ha) as well as:
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• Biological yield (ton/ha) = grain yield + straw 
yield and

• Harvest Index (%)= grain yield/biological yield 
*100

Chemical analysis
According to A.O.A.C. (2000), the amounts 

of total nitrogen and soluble carbohydrates in 
grains were estimated. The amount of crude 
protein was assessed by multiplying the N% by 
5.75 to A.A.C.C. (2000). Carter & Gregorich 
(2008) method for estimating phosphorus levels 
using a spectrophotometer1720 UV. According 
to Motsara & Roy (2008), K+ concentrations 
were measured using Jenway PFP7 and PFP7/C 
emission flame light meter.

Statistical analyses
The data were statistically evaluated using 

analysis of variance (ANOVA), mean comparisons 
with COSTAT, and the least significant differences 

(LSD) at a level of 5% to determine differences 
between means. Statistical software for Windows 
version 6.1 was used for the calculations (StatSoft 
Inc., 2001).

Results                                                                            

Yield components
Variety differences

The data in Table 3 shows the average performance 
of two common wheat cultivars (Sakha-95 and 
Giza-171) for growth parameters such as plant 
height (cm), number of grains/spike, and weight 
of 100 grains (g) over the 2020-2021 and 2021-
2022 seasons. The statistics demonstrate that 
there were substantial differences in plant height 
between the two cultivars during both seasons. In 
the first and second seasons, however, there were 
substantial differences between the two varieties 
in the attributes tested, favoring the Sakha-95 
cultivar.

TABLE 3. Effect of biochar, vermicompost, and mixture treatments on yield components of two common wheat 
varieties

Varieties Treatments
2020/2021 2021/2022

Plant height 
(cm)

Number of 
grains/spike

100-grain 
weight (g)

Plant height 
(cm)

Number of 
grains/spike

100-grain 
weight (g)

G
iz

a-
17

1

R1 84.33 62.67 6.17 88.33 66.67 6.45
R2 92.33 74.00 7.42 97.33 78.00 7.76
R3 93.67 76.33 7.68 98.67 81.33 8.04
R4 94.00 73.33 7.48 99.00 77.33 7.83
R5 95.00 75.33 7.65 100.00 79.67 8.01
R6 96.00 77.00 7.71 100.33 82.00 8.07
R7 97.67 78.00 8.31 103.00 84.00 8.70

Mean 93.29 73.81 7.49 98.09 78.43 7.84

Sa
kh

a-
 9

5

R1 85.67 64.00 6.42 89.33 68.00 6.72
R2 93.33 75.00 7.31 98.33 79.33 7.65
R3 94.00 76.67 7.82 99.00 81.67 8.19
R4 95.00 74.33 7.54 99.00 78.33 7.89
R5 95.67 77.33 8.05 100.33 82.33 8.43
R6 99.33 78.00 7.68 103.00 84.33 8.04
R7 103.67 80.00 8.48 107.00 87.00 8.88

Mean 95.24 75.05 7.61 99.43 80.14 7.97

LSD 0.05

Var. 1.67 1.14 0.03 1.14 1.62 0.03
Treat. 0.99 0.97 0.15 1.01 0.95 0.16
Var.* Treat. 1.56 ns 0.23 1.46 ns 0.24

R1= Control (without fertilizer)             R2= Biochar (1200kg/ha)                       R3= Biochar (2400kg/ha)
R4= Vermicompost (1200kg/ha)           R5= Vermicompost (2400kg/ha).            R6= Mixture 50% (600+600kg/ha). 
R7= Mixture 50% (1200 +1200kg/ha).  Var. = Varieties                                       Treat.=Treatments               
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Furthermore, in both seasons, the variety 
Sakha-95 outperformed the variety Giza-171 in 
terms number of grains/spike, and 100 grains 
by weight. The disparities in performance for 
growth qualities between the two cultivars may 
be linked to their genetic background, which 
had a significant effect in this respect. Some 
wheat varieties differ in their growth features, 
such as plant height, number of grains per spike, 
and weight per 100 grains. Gerema (2020) 
demonstrates that plant varieties differences in 
their growth and development and that these 
changes are due to the plant’s morphological, 
physiological, and biochemical processes.

Effect of treatments
All characteristics evaluated were 

substantially altered by fertilizer treatments, 
including no fertilizer as a control, 
vermicompost, biochar, and a combination of 
vermicompost and biochar fertilizer in both 
seasons. According to the findings shown 
in Table 3, in all seasons, the application of 
the vermicompost and biochar treatments 
generated the highest significant values for 
all characteristics evaluated compared to the 
control treatment.

The findings revealed that fertilizer rates 
had a considerable impact on the components 
of wheat yield.  Where the greatest rate 
provided plant height, number of grains/
spike, and weight of 100 grains with a 50% 
combination (R7), followed by the same rate 
of vermicompost and biochar. This impact 
might be attributed to the high density of the 
features investigated, which increases element 
absorption and reduces the chance of fertilizer 
leaching. These findings were congruent with 
the findings of Agegnehu et al. (2017), who 
discovered that high yield and high fertilization 
efficiency were achieved by boosting element 
absorption and accumulation in late growth 
phases of high yield.

The superiority of the growth traits of 
wheat plants undergoing the combination 
treatment mixture (R7) may be owing to the 
inclusion of some essential macroelements, 
microelements, and biological fertilizers (some 
beneficial bacteria, such as nitrogen-fixing 
bacteria, phosphate solubilizing bacteria, and 
potassium). El-Naggar et al., (2018) found 
comparable results.

Effect of interaction
Data in Table 3 showed that combining biochar 
and vermicompost added productive advantages 
to the wheat varieties used over adding them 
alone especially the combined treatment mixture 
50 % (R7). Also, in the same Table it shows that 
all the yield measurements of common wheat 
varieties were significantly affected by the 
different fertilizers added during both seasons, 
except the number of grains per spike, which 
was not significant during either of the two 
seasons. El-Naggar et al. (2018) discovered 
equivalent findings. The treatment produced 
their maximum values of 100 grains and their 
grain yield per hectare when treated with the 
combined processing mixture of 50 % in both 
seasons. Nevertheless, the bottommost values 
of the same respective treatments for the weight 
of 100 grains when not treated with fertilizer 
(control treatment) in the two seasons. 

Grain and straw yield 
Variety differences 

The results in Table 4 and Figs. 1, 2 demonstrate 
the average performance of the two wheat 
varieties (Giza-171 and Sakha-95) for the 
variables evaluated, namely grain and straw yield 
(ton/ha), and biological yield (ton/ha), as well as 
harvest index (%), throughout both seasons. The 
statistics demonstrate that there were substantial 
differences in grain and straw production, 
biological yield, and harvest index between the 
two cultivars during the two seasons.

However, there were substantial variations in 
the features analyzed between the two cultivars 
in favor of the Sakha 95 variety in both seasons. 
Furthermore, in both seasons, the variety Sakha 
95 outperformed the Giza-171 variety in terms of 
grain and straw production and biological yield, 
as well as harvest index. Khan et al., (2021) 
reported similar results.

Effect of treatments
It is obvious from the results (Table 4 

and Figs. 1, 2) that the application of biochar 
and vermicompost treatments significantly 
increased grain yield, straw yield, biological 
yield and harvest index compared to no fertilizer 
in both seasons. The data also indicate that 
vermicompost treatments significantly produced 
higher grain and straw yield, biological yield and 
harvest index followed by biochar and control.
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Fig. 1. Effect of biochar, vermicompost and mixture treatments on grain and straw yield, biological yield and 
harvest index for common wheat varieties in the first season [R1= Control (without fertilizer), R2= Biochar 
(1200kg/ha), R3= Biochar (2400kg/ha), R4= Vermicompost (1200kg/ha), R5= Vermicompost (2400kg/ha), 
R6= Mixture 50% (600+600kg/ha), R7= Mixture 50% (1200 +1200kg/ha)]

TABLE 4. Effect of biochar, vermicompost, and mixture treatments on grain and straw yield, biological yield, 
and harvest index for common wheat varieties

Varieties Treatments

2020/2021 2021/2022

Grain 
yield 

(ton/ha)

Straw 
yield 

(ton/ha)

Biol. yield
(ton/ha)

Harvest
index
(%)

Grain 
yield 

(ton/ha)

Straw 
yield 

(ton/ha)

Biol. yield
(ton/ha)

Harvest
index
(%)

G
iz

a-
17

1

R1 4.22 2.88 7.10 59.44 4.37 3.12 7.49 58.34

R2 5.30 3.14 8.44 62.80 5.50 3.41 8.91 61.73

R3 5.42 3.24 8.66 62.59 5.62 3.53 9.15 61.42

R4 5.50 3.46 8.96 61.38 5.69 3.77 9.46 60.15

R5 5.45 3.43 8.88 61.37 5.64 3.72 9.36 60.26

R6 5.59 3.48 9.07 61.63 5.78 3.79 9.57 60.40

R7 5.69 3.67 9.36 60.79 5.90 4.08 9.98 59.12

Mean 5.31 3.33 8.64 61.43 5.50 3.63 9.13 60.20

Sa
kh

a-
 9

5

R1 4.34 3.31 7.65 56.73 4.49 3.48 7.97 56.34

R2 5.76 3.60 9.36 61.54 5.98 3.94 9.92 60.28

R3 5.66 3.74 9.40 60.21 5.86 4.08 9.94 58.95

R4 5.86 3.98 9.84 59.55 6.07 4.34 10.41 58.31

R5 5.83 3.94 9.77 59.67 6.05 4.27 10.32 58.62

R6 5.93 4.01 9.94 59.66 6.14 4.37 10.51 58.42

R7 6.12 4.22 10.34 59.19 6.34 4.75 11.09 57.17

Mean 5.64 3.83 9.47 59.51 5.85 4.18 10.02 58.30

LSD 0.05

Var. 0.12 0.02 0.13 0.53 0.13 0.02 0.15 0.55

Treat. 0.08 0.15 0.15 1.19 0.09 0.17 0.16 1.21

Var.* Treat. 0.09 ns ns ns 0.10 ns ns ns
ns= non significant                                                                            ha= hectare

 
Figure 1a: Effect of biochar, vermicompost and mixture treatments on grain and straw yield, 

biological yield and harvest index for common wheat varieties in the first season. 
 

R1= Control (without fertilizer)            R2= Biochar (1200 kg/ha)                      R3= Biochar (2400 kg/ha) 
R4= Vermicompost (1200 kg/ha)         R5= Vermicompost (2400 kg/ha).            R6= Mixture 50% (600+600 kg/ha). 
R7= Mixture 50% (1200 +1200 kg/ha). 
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Fig. 2. Effect of biochar, vermicompost and mixture treatments on grain and straw yield, biological yield and 
harvest index for common wheat varieties in the second season

From the findings (Table 4 and Figs. 1, 2), it can 
be observed that grain and straw yield increased 
significantly with increasing fertilizer application 
rate and that the highest values of grain and straw 
yield, and biological yield were obtained by 
fertilizer application at a rate of 2400kg/ha. This 
response pattern occurred with all the biochar and 
vermicompost studied.

Effect of interaction
The relation effect of varieties with rates has no 

significant impact on straw yield, biological yield 
and harvest index in the first and second seasons, 
except for the grain yield, which is significant during 
the two seasons. Vermicompost improved biological 
yield in the first and second years compared to 
control, respectively. Similarly, grain yield showed 
the largest increase in the first and second years 
when the mixture rate (R7) (1200+1200kg/ha) of 
biochar and vermicompost was incorporated.

Grain quality
Variety differences

The data represented in Table 5 indicated that 
there were significant differences between the 
two wheat varieties in the quality of the grains, 
i.e., phosphorus, potassium, crude protein, and 
total percentages of carbohydrates, during the two 
seasons. In addition, we can observe that the variety 
Sakha-95 has exceeded the Giza-171 variety in 
each of the percentages of phosphorus, potassium 
crude protein, and total carbohydrates during the 
two seasons. 

The advantage of cultivar Sakha-95 in such 
grain quality attributes may be related to an 

increase in its accumulation of dry matter, grain 
weight, and metabolite translocation. In this regard, 
other studies have discovered differences in the 
protein and carbohydrate composition of different 
common wheat types. As a result, Gerema (2020) 
demonstrates that plant species vary in their growth 
and development and that these variances are due 
to the plant’s chemical and biochemical processes.

Many researchers have found that the 
percentage of protein in grain yield of wheat has 
increased with increasing biochar rates (Khan et al., 
2021). In addition, researchers have found that the 
percentages of carbohydrates in wheat grains were 
also increased by the application of vermicompost 
and biochar fertilizers (Dawar et al., 2022). As for 
vermicompost and biochar fertilizer rates, it is clear 
from the data in the same Table that gradual and 
significant increases in phosphorus%, potassium%, 
crude protein%, and total carbohydrate% have 
resulted as fertilizer rates increased up to 2400kg/
ha.

Effect of treatments
Regarding the effect of adding fertilizer 

treatments on wheat grains Table 5, shows 
that phosphorus, potassium, crude protein, and 
total carbohydrate percentages have increased 
significantly due to the increase in the rates adding 
biochar and vermicompost. in addition, the results 
have shown that the mixture treatment (R7) of  
biochar and vermicompost fertilizers produced 
the supreme significant values of phosphorus 
%, potassium %, crude protein %, and total 
carbohydrate %, compared with control treatment 
(no fertilizers) in both seasons.

 
Figure 1b: Effect of biochar, vermicompost and mixture treatments on grain and straw yield, 

biological yield and harvest index for common wheat varieties in the second season. 
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Based on the results in the Table 5, the height 
resulting from chemical analysis of common 
wheat grains obtained by adding biochar with 
vermicompost, this effect may be due to the delayed 
in fertilizer loss and increased efficiency and macro 
and micro-nutrients that led to raised the absorption 
of availability of minerals in plants and therefore 
the grains quality (Mahmoud & Gad, 2020).

Effect of interaction 
The data on all the quality characteristics of the 

grains studied here in the wheat grains have not 
been significantly interacted with by the different 
fertilizer rates actions during both seasons, except 
for the crude protein percentage, which was 
significant during both seasons. This may be due 
to the accumulation of more nutrients with these 
treatments (Ali et al., 2017).

Economic feasibility
Biochar and vermicompost are commercially 

viable biofuels that can be used in agriculture. 
As a result, biochar production has the potential 
to enhance soil qualities while also creating new 
revenue streams. The total production revenue 
(straw and grain) for cultivars varies, as indicated 
in Table 6. The results showed that, when 
compared to the control, the higher fertilizer rate 
resulted in the highest common wheat production. 
Furthermore, wheat cultivars were altered by 
addition, with Sahka-95 being the most associated, 
followed by Giza-171.

In general, the field study reveals that biochar 
and vermicompost fertilization are economically 
feasible in wheat production. The Sahka-95 
common wheat variety produced a wheat yield 
of up to 44472 L.E./ha at a mixture (50%), and 
the control produced up to 36744 L.E./ha, while 
the Giza-171 variety produced up to 40344 L.E./
ha and the control produced up to 14490 L.E./ha.

TABLE 5. Effect of biochar, vermicompost, and mixture treatments on macro nutrients, protein and total 
carbohydrates for common wheat grains

Varieties Treatments 2020/2021 2021/2022

P K Protein T. Carb P K Protein T. Carb

%

G
iz

a-
17

1

R1 0.26 1.11 9.51 58.07 0.29 1.18 9.91 59.23

R2 0.36 1.52 11.81 59.93 0.40 1.61 12.27 61.13

R3 0.36 1.61 11.92 61.71 0.40 1.71 12.38 62.94

R4 0.35 1.53 11.44 61.03 0.38 1.63 11.90 62.26

R5 0.37 1.60 11.62 61.90 0.41 1.70 12.08 63.14

R6 0.34 1.65 11.86 61.96 0.38 1.75 12.32 63.20

R7 0.39 1.70 12.09 62.95 0.43 1.80 12.55 64.58

Mean 0.35 1.53 11.46 61.08 0.38 1.63 11.92 62.35

Sa
kh

a-
 9

5

R1 0.33 1.20 10.43 61.33 0.36 1.27 10.83 61.74

R2 0.45 1.68 12.96 63.59 0.50 1.78 13.47 64.87

R3 0.45 1.78 13.07 65.48 0.50 1.89 13.59 66.79

R4 0.44 1.69 12.57 64.77 0.48 1.79 13.09 66.07

R5 0.47 1.76 12.77 65.69 0.52 1.87 13.28 67.00

R6 0.43 1.82 13.01 65.75 0.47 1.93 13.53 67.07

R7 0.49 1.87 13.30 67.45 0.54 1.99 13.82 68.34

Mean 0.44 1.69 12.59 64.87 0.48 1.79 13.09 65.98

LSD 0.05 Var. 0.005 0.01 0.01 0.36 0.002 0.01 0.01 0.43

Treat. 0.01 0.04 0.09 0.76 0.01 0.05 0.10 0.81

Var.* Treat. ns ns 0.11 ns ns ns 0.13 ns

P=Phosphorus                                           K=Potassium                                    T.carb=Total carbohydrates
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Furthermore, biochar and vermicompost 
improve soil biological properties by increasing 
variety and establishing a favorable habitat for 
soil microbial populations. Biochar’s resistance 
to chemical and biological processes increases 
its long-term agronomic and environmental 
advantages. Zheng et al., (2017) found that in 
the current study, the addition of biochar and 
vermicompost had a greater impact on wheat 
growth. The increased growth of biochar-treated 
plants compared to control plants might be 
attributed to the biochar’s porosity, which allowed 
more water to be retained in the soil. Another 
theory is that the ash concentration of char makes 
more nutrients, notably phosphorus, accessible to 
biochar-treated plants. Many authors, including 
Singh (2017) and Kamaleshwaran & Elayaraja 
(2021), have reported on the favorable effects of 
biochar created from waste.

Discussion                                                                      

Addition of biochar and vermicompost is a new 
strategy for improving productivity and efficiency 
of crop wheat. Because, Biochar and vermicompost 
can generate a balanced plant interaction condition 
that increases wheat productivity which could be 
beneficial for wheat producers. Where, the fertility 
of most soils decreases when there is not enough 
organic carbon in the soil. Where, a large amount 
of crop wheat is lost when cultivated in low-fertility 
soil. Consequently, biochar and vermicompost are 
considered among the most important organic 
fertilizers that increase soil fertility, in addition to 
improving the absorption of nitrogen, phosphorus 
and potassium. Higher soil organic matter on the 
other hand, enhances the activity of soil microbes 
and improves nutritional availability for plants 
(Fatima et al., 2021).

Biochar and vermicompost also promote plant 
growth through the availability of nutrients such 
as P, K, Ca, and Mg in an easily accessible and 
absorbable thus improving plant photosynthesis. 
Increased photosynthetic rate and carbohydrate 
production, which increases plant height, the 
number of grains per spike, weight at 100 grains, 
yield in grains, and yield in the straw of wheat (Liu 
et al., 2016; Mahmoud & Gad, 2020; Khan et al., 
2021).

According to the results of this study the 
Sakha-95 variety was superior to the Giza-171 
variety in terms of grain and straw yield, biological 
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P Phosphorus Na Sodium
K Potassium Mg Magnesium

Ca Calcium CO3

Carbon trioxide 
or carbonate

T. 
Cab.

Total 
carbohydrates

HCO3

Carbon trioxide 
or carbonate
bicarbonate 

O.M Organic matter Cl Chloride
L.E. Egyptian pound SO4 Sulphate

E.C
Electrical 
conductivity

O.C Organic carbon

ha Hectare

Acknowledgment: The authors would like to thank 
Wadi El-Natrun, El-Behaira Governorate District 
team for their facilitation during this work.

Funding: This study was supported by the National 
Research Centre Foundation of Egypt in an internal 
project (No. 13050101).

Authors’ contributions: All authors contributed 
significantly to the study’s conception and design, 
data interpretation, and manuscript writing and 
editing. All authors have read and approved the 
final manuscript.

Consent for publication: The authors declare that 
the work has consent for publication.

References                                                                            

A.A.C.C. (2000) Approved methods of the American 
Association of Cereal Chemists, method 54-
30 (alveogrpahic analysis) (10th ed.). St. Paul, 
Minnesota: American Association of Cereal 
Chemists. https://www.aaccnet.org

A.O.A.C. (2000) "Official Methods of Analysis" of the 
Association of Official Analytical Chemist. 17th ed. 
Washington, DC, USA. https://law.resource.org/pub/
us/ cfribr/002/ aoac.methods.1.1990.pdf

Agegnehu, G., Srivastava, A.K., Bird, M.I. (2017) The 
role of biochar and biochar-compost in improving 
soil quality and crop performance: A review. Applied 
Soil Ecology, 119, 156-170. 

Ahmad, S., Ghaffar, A., Rahman, M.H.U., Hussain, 
I., Iqbal, R., Haider, G., et al. (2021) Effect of 
application of biochar, poultry and farmyard 
manures in combination with synthetic fertilizers 
on soil fertility and cotton productivity under arid 

yield, harvest index as well as protein and 
carbohydrates percentage. Also, the study showed 
that the treatment of the mixture of biochar and 
vermicompost in a ratio of 50% (1200+1200kg/ha) 
is better than the other treatments in terms of plant 
height, number of grain per spike, weight of 100 
grains grain and straw yield as well as protein and 
total carbohydrates. May be the mixture of  biochar 
and  vermicompost contains organic carbon and 
microorganisms helpful to the soil and incessant 
and offer of macro and micro-nutrients and 
growth stimulators such as auxins, Gibberellins, 
Cytokinins and phosphate, enzyme and vitamins. 
Consequently, the photosynthesis content is 
augmented and the growth of crops, results in high-
grain proteins and total carbohydrates (Haghparast 
et al., 2014; Zaremanesh et al., 2017). 

Therefore, integrated use of biochar and 
vermicompost fertilizer is found to be better in 
improving productivity of wheat and quality 
parameters. Where, the present finding has 
demonstrated the impact of combined application 
of biochar and vermicompost in improving the 
quality parameters of wheat.

Conclusion                                                                       

Biochar and vermicompost aid plant development 
by potentially providing nutrients and which 
enhances photosynthesis, or by supplying plant 
growth elements such as P, K, Ca, and Mg in a 
readily accessible and absorbable form at the plant. 
Therefore, increasing the rate of photosynthesis in 
the plant leads to increases plant height, the number 
of grains per spike, the weight of 100 grains, grains 
and straw yield in addition to protein, and total 
carbohydrates.

On the other hand, using a fertilizer mixture is 
the best way to boost wheat production and quality 
metrics.  But farmers perceive the expense of 
adding biochar and vermicompost to be expensive, 
but the cost is offset by an increase in grain output 
and the preservation of high levels of organic 
content in the soil for several years. As a result, 
further study is needed to determine the long-term 
consequences of using biochar and vermicompost 
in sandy soil, particularly in Egypt

List of abbreviations

N Nitrogen pH
hydrogen ion 
buffer



211PRODUCTIVITY OF SOME WINTER WHEAT (TRITICUM AESTIVUM L.) VARIETIES .............. 

Egypt. J. Agron. 45, No. 2 (2023)

108.  

Fatima, S., Riaz, M., Al-Wabel, M.I.., Arif, M.S., 
Yasmeen, T., et al. (2021) Higher biochar rate 
strongly reduced decomposition of soil organic 
matter to enhance C and N sequestration in nutrient-
poor alkaline calcareous soil. Journal of Soils and 
Sediments, 21, 148-162.

Gadisa, N., Mekonnen, A. (2021) Effect of integrated 
application of vermicompost and N Fertilizers on 
quality parameters of wheat (Triticum aestivum 
L.) varieties in Welmera District, Central Ethiopia. 
World Journal of Agricultural Sciences, 17(5), 378-
385. 

Gebremedhin, G.H., Haileselassie, B., Berhe, D., 
Belay, T. (2015) Effect of biochar on yield and 
yield components of wheat and post harvest soil 
properties in Tigray, Ethiopia. Journal of Fertilizers 
& Pesticides, 6(2), 158-162. 

Gerema, G. (2020) Evaluation of durum wheat (Triticum 
turgidum) genotypes for genetic variability, 
heritability, genetic advance and correlation studies. 
Journal of Agriculture and Natural Resources, 3(2), 
150-159. 

Gul, S., Whalen, J.K., Thomas, B.W., Sachdeva, V., 
Deng, H.Y. (2015) Physico-chemical properties 
and microbial responses in biochar amended soils: 
Mechanisms and future directions. Agriculture, 
Ecosystems & Environment, 206, 46–59. 

Haghparast, S., Roshan, N.M., Dorodian, H.R. (2014) 
Effect of planting patterns and vermicompost on 
yield and yield components in maize and beans 
intercropping. International Journal of Advanced 
Biological and Biomedical Research, 2, 1064-1074. 

Kamaleshwaran, R., Elayaraja, D. (2021) Influence 
of vermicompost and FYM on soil fertility, rice 
productivity and its nutrient uptake. International 
Journal of Agriculture and Environmental Research, 
7(4), 575-583. 

Khan, Z., Habib, M., Haider, G. (2021) Chemical and 
biological enhancement effects of biochar on 
wheat growth and yield under arid field conditions. 
Sustainability, 13, 5890-5899. 

Klute, A. (1982) "Methods of Soil Analysis, Part 1: 
Physical and Mineralogical Methods" (2nd ed.), 
American Society of Agronomy, Agronomy 

environment. Communications in Soil Science and 
Plant Analysis, 23, 1-14. 

Ali, K., Arif, M., Shah, F., Shehzad, A., Munsif, F., Main, 
I.A., Mian, A.A. (2017) Improvement in maize (Zea 
mays L) growth and quality through integrated use 
of biochar. Pakistan Journal of Botany, 49, 85-94. 

Cao, Y., Tian, Y., Wu, Q., Li, J., Zhu, H. (2021) 
Vermicomposting of livestock manure as affected 
by carbon-rich additives (straw, biochar and 
nanocarbon): a comprehensive evaluation of 
earthworm performance, microbial activities, 
metabolic functions and vermicompost quality. 
Bioresource Technology, 320, 124404-124418. 

Carter, M.R., Gregorich, E.G. (2008) "Soil Sampling 
and Methods of Analysis", 2nd ed., Canadian Society 
of Soil Science by Taylor & Francis Group, LLC. 
DOI:10.1201/9781420005271

Dawar, K., Khan, A., Mian, I.A., Khan, B., Ali, S., 
Ahmad, S., et al. (2022) Maize productivity and 
soil nutrients variations by the application of 
vermicompost and biochar. Plos One, 17(5), 1-14. 

De-Jesus Duarte, S., Glaser, B., Pellegrino Cerri, C. 
(2019) Effect of Biochar particle size on physical, 
hydrological and chemical properties of loamy and 
sandy tropical soils. Agronomy, 9(4), 165-174.  

Diatta, A.A., Fike J.H., Battaglia, M.L.J.H., Galbraith, 
J.M.M.L., Baig, M.B. (2020) Effects of biochar on 
soil fertility and crop productivity in arid regions: 
a review. Arabian Journal of Geosciences, 13(14), 
1-17. 

Dominguez, J., Aira, M., Kolbe, A.R., Gomez-Brandon, 
M., Perez-Losada, M. (2019) Changes in the 
composition and function of bacterial communities 
during vermicomposting may explain beneficial 
properties of vermicompost. Scientific Reports, 9, 
1-11. 

Ehlinaz, T.K., Orhan, Y. (2021) The importance of 
vermicompost in agricultural production and 
economy. Eurasian Journal of Agricultural 
Research, 5(2), 146-159.

El-Naggar, A., Lee, S.S., Awad, Y.M., Yang, X., Ryu, C., 
Rizwan, M., Rinklebe, J., Tsang, D.C.W., Ok, Y.S. 
(2018) Influence of soil properties and feedstocks 
on biochar potential for carbon mineralization and 
improvement of infertile soils. Geoderma, 332, 100-



212

Egypt. J. Agron. 45, No. 2 (2023)

REDA E. ESSA et al.

Monographs 9(1), Madison, Wisconsin, USA, 
1188p.  

Liu, Y.X., Lu, H.H., Yang, S.M., Wang, Y.F. (2016) 
Impacts of biochar addition on rice yield and soil 
properties in a cold water logged paddy for two crop 
seasons. Field Crops Research, 191, 161-167. 

Mahmoud, S.O., Gad, D.A.M.  (2020) Effect of 
vermicompost as fertilizer on growth, yield and 
quality of bean plants (Phaseolus vulgaris L.). 
Middle East Journal of Agriculture Research, 9(1), 
220-226. 

Motsara, M.R., Roy, R.N. (2008) Guide to laboratory 
establishment for plant nutrient analysis, fertilizers 
and plant nutrition bulletin 19, FAO Food and 
Agriculture Organization of the United Nations, 
Rome, 220p. 

Mustafa, Ç., Fevzi, A., Tamer, E., Erol, O., Numan, B., 
(2022) Effects of vermicompost applications on 
some yield and yield properties of wheat. Journal 
of Applied Research and Technology, 7(1), 146–156. 

Nasr, P., Sewilam, H. (2016) Investigating fertilizer 
drawn forward osmosis process for groundwater 
desalination for irrigation in Egypt. Desalination 
and Water Treatment, 56, 26932–26942. 

Singh, V. (2017) Effect of balanced use of nutrients on 
productivity and economics of wheat (Triticum 
aestivum L.). Annals of Plant and Soil Research, 
19(1), 105-109.  

Statsoft Inc. (2001) Statistics fuer Windows (Software-
system fuer Datenanalyse) Version 6.1. DOI: 
10.1007/s10182-007-0038-x

Wu, D., Feng, Y., Xue, L., Liu, M., Yang, B., Hu, F., Yang, 
L. (2019) Biochar combined with vermicompost 
increases crop production while reducing ammonia 
and nitrous oxide emissions from a paddy soil. 
Pedosphere, 29(1), 82-94. 

Zaremanesh, H., Nasiri, B., Amiri, A. (2017) The effect 
of vermicompost biological fertilizer on corn yield. 
Journal of Materials and Environmental Science, 8, 
154-159. 

Zheng, J., Han, J., Liu, Z., Xia, W., Zhang, X., Li, L., Liu, 
X., Bian, R., Cheng, K., Zheng, J., Pan, G. (2017) 
Biochar compound fertilizer increases nitrogen 
productivity and economic benefits but decreases 
carbon emission of maize production. Agriculture, 
Ecosystems & Environment, 241, 70-78. 

إنتاجية بعض أصناف القمح الشتوي ).Triticum aestivum L( من خلال إضافة السماد 
الدودي والفحم الحيوي في الأرض الرملية

رضا السيد عيسي(1)، أحمد عبد الفتاح عفيفي(2)، سعاد محمد العشري(2)، منال فهمي محمد (1)
(1) قسم بحوث المحاصيل الحقلية- المركز القومي للبحوث- الجيزة- مصر، (2) قسم الأراضي واستغلال المياه-

المركز القومي للبحوث- الجيزة، مصر.

لذلك،  حالياً.  المزارعين  تواجه  التي  المشاكل  أكبر  من  واحدة  للسكان  كافية  بكميات  الحبوب  إنتاجية  زيادة  تعَد 
فإن الهدف من هذه الدراسة هو تحسين إنتاجية محصول الحبوب لبعض أصناف القمح عن طريق إضافة الفحم 
الحيوي والسماد الدودي تحت ظروف الأرض الرملية. تم إجراء تجربتين حقليتين في وادي النطرون،  محافظة 
البحيرة، مصر، خلال موسمي الشتاء 2021-2020، 2022-2021. تم تصميم التجربة بالقطع المنشقة العشوائية 
مع ثلاث مكررات متماثلة. زرعت القطع الرئيسية بصنفي القمح الشتوي (.Triticum aestivum L)، بينما تم 

تخصيص معدلات الأسمدة للقطع الفرعية.

أظهرت النتائج أن كل معاملات الفحم الحيوي والسماد الدودي زادت بشكل كبير من جميع مقاييس المحصول 
والمكونات الكيميائية مقارنة بمعاملة الكنترول تحت ظروف الأرض الرملية. تفوق صنف سخا-95 بشكل كبير 
وكذلك  القمح،  لحبوب  الكيميائية  للمكونات  المئوية  والنسبة  القش  الحبوب،  محصول  في  جيزة-171  صنف 

النيتروجين-الفسفور-البوتاسيوم، والبروتينات، والكربوهيدرات الكلية.

(سم)،  النبات  ارتفاع  في  كبيرة  زيادة  إلى  كجم/هكتار   2400 إلى   1200 من  التسميد  معدل  زيادة  أدت 
النيتروجين-الفسفور- (طن/هكتار)،  والقش  الحبوب  (جم)، ومحصول  حبة   100 الحبوب/السنبلة، ووزن  عدد 
البوتاسيوم، والبروتينات، الكربوهيدرات الكلية في الحبوب. بشكل عام ، تم الحصول على أفضل النتائج لجميع 
معاملات الدراسة من الصنف سخا-95 عندما تم التسميد عن طريق الخلط (1200 كجم/هكتار من سماد الفحم 

الحيوي + 1200 كجم/هكتار من السماد الدودي ) 

وفقا للنتائج المتحصل عليها قد تكون معدلات خلط أسمدة الفحم الحيوي والسماد الدودي بديلاً جيداً لتحسين 
إنتاجية القمح ومقاييس الجودة في الأرض الرملية.


