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Abstract

This study conducted in column and greenhouse pot experiments with wheat
plants (7Triticum Aestivum L.) to investigate the effects of co-applied farmyard
manure (FYM) and biochar (BC) with different particle sizes on hydraulic
conductivity (Ksa) and nutrient availability in a calcareous sandy soil. The
amendments of FYM and BC were added at 1.5% w/w. The treatments consisting
of T1: control soil, T2: FYM, T3: BC (<2 mm), T4: BC (0.8-2 mm), T5: BC (0.4-
0.8 mm), T6: BC (<£0.4), T7: BC (<2 mm) +FYM, T8: BC (0.8-2 mm) + FYM,
T9: BC (0.4-0.8 mm) +FYM, and T10: BC (<0.4) +FYM. The results showed that
the K for soils amended with different sizes of biochar decreased by 15.5-42.0%
compared to the control. The soil available P and K concentrations exhibited
higher increases in all investigated treatments than in the control soil. The highest
increases in the soil available P were observed in soil treated with FYM and the
high content of soil available K was pronounced for BC<0.4 mm. Adding most
treatments significantly increased the dry matter of the aboveground biomass and
nutrients (NPK) uptake. The highest increases in PK uptake were observed in
wheat plants treated with T2 (FYM) followed by T9 (FYM with BC at 0.4-0.8 mm)
and T7 (FYM with BC at <2mm). The highest increase in the shoot N uptake was
pronounced for co-applied FYM and BC (0.4-0.8 mm). It could be concluded that
FYM alone or co-applying with BC can improve nutrient uptake and plant growth.

Keywords: Bioavailability, Charcoal, Soil amendments, Waste recycling.

Introduction

Billions of people no longer have access to enough food, and a large portion
of the global population suffers from moderate to severe food insecurity (Paslakis
et al., 2021). Therefore, the world is moving toward horizontal expansion and soil
reclamation. Sandy calcareous soils, which make up about 30% of the earth's
surface, are soils with a high calcium carbonate content (Singare et al., 2022). The
area of sandy calcareous soils is between 25-30% of Egypt's area (Taalab et al.,
2019). These soils have many problems affecting negatively its physical and
chemical properties. The addition of organic amendments has been utilized to
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improve sandy calcareous soils characteristics (Bolan et al.,2023). Applying
organic manure has a positive impact on the physical characteristics of such soils
and it serves as the main supply of nitrogen for the majority of plants and a key
source of other plant nutrients (Khan et al., 2010; Singh et al., 2020, Bashir et al.,
2021). improving nutrients availability in sandy calcareous soils directly or
indirectly influences crop growth and yield (Hussain et al., 2023)

Biochar is the solid product of the pyrolysis of biomass under conditions of
limited or no oxygen (Lehmann et al., 2015). Biochar has many distinctive
properties, such as its rich carbon content, high cation exchange capacity, large
surface area, and stable structure (Rizwan et al., 2016). Biochar is made up of
stable black colour condensed aromatic moieties that can perform a variety of
tasks, making it an intriguing molecule for carbon sequestration (Zhang et al.,
2021). Biochar can be produced from many organic materials and under different
conditions, resulting in products with different properties (Weber and Quicker,
2018). It can be produced from a wide range of biomass sources, for example,
wood and straw, agricultural waste such as olive peels, corn and tea plants, green
waste, animal manure and other waste products (Carpenter et al., 2014). It is worth
noting that palm waste is exploited to produce biochar (Usman et al., 2015).
Biochar production from palm waste affects many physical and chemical soil
properties, as well as stabilizing carbon in the soil and reducing greenhouse gas
emissions (Lehmann., 2007; Sohi et al., 2010; Liu et al., 2016). However, these
physical and chemical effects of biochar vary depending on raw materials and
pyrolysis temperature (Sohi et al.,, 2010). Therefore, biochar was produced from
palm waste with different particle sizes to study its effect on the sandy calcareous
soils and the growth of wheat.

Hydrological and physical characteristics like bulk density, porosity,
accessible water content, and water retention can all be enhanced by biochar
addition to soils, which is essential to the creation of (black soil). Simultaneously,
the addition of biochar to soil has been demonstrated to improve soil's ability to
hold plant nutrients, reduce leaching of nutrients, and raise pH, soil organic matter
(SOM), and soil water-holding capacity (Lusiba et al., 2017). Applying biochar to
soil is thought to be a win-win way to enhance soil fertility and improve the
physical conditions of the soil that affect water retention and soil hydraulic
properties (Grau-Andrés et al., 2021). Comprehending the size of biochar particles
is crucial as it influences its interaction with the soil matrix. The chemical,
physical, and hydrological qualities of the soil may directly change depending on
how much or how little biochar interacts with the soil matrix. According to
Alghamdi et al. (2020), adding biochar with particles smaller than 1 mm can
improve the hydrological and physical characteristics of light-textured soils. It can
also improve water conservation in the soil, which will assist lowering the quantity
of water needed for irrigation. Furthermore, biochar added at smaller particle sizes
(< 1 mm) in the study by Ibrahim et al. (2016) had better impacts than that of 1-2
mm on decreasing cumulative water infiltration and saturated hydraulic
conductivity and enhancing water saved of course-textured soil. However, little is
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known about the effect of the size of biochar particles in combination with
farmyard manure on the physical and chemical properties of soils as well as
nutrient uptake. Thus, the objective of this research was to investigate the potential
effects of co-applied farmyard manure with different particle sizes of date palm
biochar on hydraulic conductivity and nutrient availability in a calcareous sandy
soil.

Materials and Methods
1-Production and characteristics of biochar

In this study, biochar (BC) was produced from the pyrolysis of date palm
waste (branches) brought from the farm of the Faculty of Agriculture, Assiut
University, Egypt, and prepared by cutting it into small pieces and placing it in
charcoal kilns at 365+10 °C under limited oxygen conditions. After the
carbonization process is completed, the biochar is crushed and ground, then sieved
through a set of sieves to obtain the required sizes. A range of sieves with different
diameters of 2, 0.8, and 0.4 mm were used for the following sizes: BC (<2mm),
BC (0.8-2 mm), BC (0.4-0.8 mm), BC (<0.4mm). As for farmyard manure, it was
collected from the animal production farm at the Faculty of Agriculture, Assiut
University, Egypt, sifted with a 2 mm sieve to obtain the required size (<2 mm).
Some analyses were performed on different sizes of BC and FYM. The following
parameters were measured: pH, EC, and the content of C, H, N, and S. The EC and
pH of BC and FYM were determined using an EC meter and a pH meter,
respectively, at a BC or FYM to water ratio of 1:20. Samples were analyzed using
a CHNS device to measure their carbon, hydrogen, nitrogen, and sulphur content.

Table 1. Properties of different sizes of biochar (BC) and farmyard manure (FYM)

samples
Sample Name pH EC, N % C % S % H %
dS/m
FYM 8.13 4.44 1.26 342 2.97 2.17
BC (22mm) 7.07 7.64 0.565 53.83 1.242 1.924
BC (0.8-2 mm) 6.94 6.01 0.572 52.25 0.138 1.797
BC (0.4-0.8mm) 6.97 6.88 0.376 53.40 1.264 1.469
BC (<0.4) 7.03 8.33 0.501 51.30 1.701 1.371

2-Greenhouse pot experiment

Sandy calcareous soil samples were collected from Al-Gharib Farm, Assiut,
Egypt. The samples were air-dried then sieved using a 2 mm sieve. The mechanical
analysis of soil was performed using the pipette method (Day, 1965). Some
chemical properties (pH, EC, CaCO3, and OM) were measured (Sparks (1996) and
Nelson and Sommers (1996). The measured physical and chemical properties of
the soil sample are listed in Table 2.

A greenhouse experiment was conducted in pots to study the potential effects
of co-applied farmyard manure with different particle sizes of date palm biochar
on saturated hydraulic conductivity and nutrient availability in a calcareous sandy
soil planted with wheat. In this experiment, each plastic pot (14.8 cm diameter and
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14.8 cm height) was filled with 2 kg of soil. Different sizes of BC and FYM were
added at 1.5% w/w (1.5 g of BC or FYM: 100 g of soil). These additives are added
to the soil and mixed with the soil before being packed into plastic pots.

Table 2. Physical and chemical properties of soil samples

Soil property Values
Particle size distribution
Silt, % 8.00 %
Clay, % 1.60 %
Sand, % 90.4 %
Texture Sandy
EC (1:1) dS/m 0.83
pH (1:1) 7.99
Calcium carbonate, % 16.0%

Separately or in combination with farmyard manure. The ten treatments that
were applied in three replicates in the current study included the following: (T1)
CK, (T2) FYM, (T3) BC (<2 mm), (T4) BC (0.8-2 mm), (T5) BC (0.4-0.8 mm),
(T6) BC (<0.4), (T7) BC (<2 mm) +FYM, (T8) BC (0.8-2 mm) +FYM, (T9) BC
(0.4-0.8 mm) +FYM, and (T10) BC (<£0.4) +FYM. In this experiment, wheat
plants (Triticum aestivum L.; Sids 12) were tested. Eight seeds were sown in each
pot and thinned to five plants per pot. Tap water was used to irrigate the growing
plants, and the soil's water content was kept at field capacity during the experiment
period. The plants were harvested after six weeks of germination. At the end of the
experiment, the height of the plants was measured, then the plant branches were
collected, their fresh weight Wheat was taken, they were dried at 70°C, ground,
and then digested by wet digestion (H2SO4-H202) (Jones et al.,1991). To conduct
nutrient content analysis, nitrogen in plants was measured using the Kjeldahl
method. Additionally, the concentration of P was measured colorimetrically using
a spectrophotometer, and the concentration of K in the plant digests was measured
using a flame photometer. After wheat plants harvesting, soil samples were taken
from the pots and sieved through a sieve with 2 mm holes. Soil pH was measured
using a pH meter in 1:1 soil-to-water suspensions, and electrical conductivity was
measured in 1:1 soil-to-water extracts using an electrical conductivity meter. The
available soil K was also measured using a flame photometer after soil extraction
with 1 M NH4AOC (Jackson, 1973). Soil available phosphorus was determined by
extracting soil containing 0.5 M NaHCO3 at pH 8.5 for neutral alkaline soil and
determining P from the filtrate by a spectrophotometric method (Olsen et al.,
1954).

3-Column experiment

For the soil column experiment (diameter 6.055 cm and height 20 c¢m) to
estimate the saturated hydraulic conductivity, the column was filled with 921
grams of soil based on a total soil bulk density of 1.6 grams/cm? and a soil height
in the column of 20 cm. The previously indicated soil amendments were applied
at a 1.5% (w/w) rate in the first 10 cm of the soil column and each column was
completely saturated from the bottom. Then they were left to reach their field
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capacity. Specifically, to quantify the field capacity, all the columns were brought
to saturation, allowed to drain any excess water, and then the field capacity was
estimated gravimetrically 48 hours later. After any excess water was drained, the
columns were placed directly under normal weather conditions. Each column was
irrigated once a week by weighing the soil column and bringing its water content
to the field capacity. The experiment lasted for 5 months. The saturated hydraulic
conductivity (Ksa) was measured after the incubation period. The constant head
method was used to Ks according to Klute et al. (1986). Darcy's law was applied to
calculate hydraulic conductivity as follows:

L
Ks= o
Ks (m/s) Saturated hydraulic conductivity.
Q (m?) is the volume of the percolating head.
L(m) Is the height of the soil mixture column and the treatments inside the core.
A (m) is the cross-sectional area of the soil colure sample.
H (m) is total head (water and soil) in column.
T (s) is the time of collecting percolates.

4-Statistical analysis

The statistical program Statistix 8.1.1 was used to examine the different
between the experimental treatments and to perform correlation study among
different parameters. On the data, analysis of variance (ANOVA) was done. To
compare the effects of the treatments, the Tukey HSD (Honestly Significant
Difference) test was utilized at the 0.05 level.

Results and Discussions
1-Amendments effect on saturated hydraulic conductivity

The saturated hydraulic conductivity (Kj,;) was significantly affected by the
farmyard manure (FYM) and different particle sizes of date palm biochar (Fig. 1).
Compared to the K,.0f the control (21.1 cm-h'), the FYM treatment increased
the Kyqp to 29.2 ¢cm h!. The increase of K,,; with the addition of FYM may be
associated with the increase of soil macro porosity. Contrary to our results,
previous studies demonstrated that the incorporation of organic amendments into
light soils decreases saturated hydraulic conductivity (Lipiec et al., 2021). Dong et
al. (2022) study, however, supports our findings by showing that the addition of
organic amendments increased saturated hydraulic conductivity because of the
soil's porosity—particularly its macro-porosity. Yazdanpanah et al. (2016) also
found that the organic materials-treated soils resulted in higher levels of water
stable aggregates and more macro-pore fraction, leading to greater hydraulic
conductivity. This is mainly attributed to improvement in soil structure was
associated with improvement in water movement. The biochar application
significantly increased the amount of macroaggregates and decreased soil bulk
density, which results in significantly higher Ks values. The current study's results
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showed that, in contrast to the effect of FYM, the Kj,; of soils amended with
different sizes of biochars decreased the K,,; by 15.5-42.0% compared to the
control soil. Due to its high surface area and high porosity, the applied biochar
could increase soil microporosity, causing decreased hydraulic conductivity in
sandy soil (Igalavithana et al., 2017; Chen et al., 2018). In a sandy loam and a silt
soil, Gelardi ef al. (2021) found that biochar reduced K,; by 64 %-80 % compared

to control. In the biochar-soil mixtures, applied biochar with high porosity could

reduce the interpore size, creating potential capillary flow paths, which are
responsible for the decreasing water infiltration and saturated hydraulic
conductivity of the soil (Igalavithana et al, 2017). Biochar can also clog parts of
the pores by the filling of the macropores in sandy soils with fine biochar particles,
reducing porosity, water flow and hydraulic conductivity in mixing biochar
particles with coarse-textured soils (Igalavithana et al., 2017; Blanco-Canqui et
al., 2017; Bhat et al., 2022). In this context, our result shows that the highest
decrease in the saturated hydraulic conductivity was observed in sandy soil
amended with the smallest fraction of applied biochar (<0.4 mm) (Fig. 1). Our
finding confirmed previous studies, showing decreased saturated hydraulic
conductivity in sandy soil due biochar addition and observed that lower values of
saturated hydraulic conductivity in smaller biochar particles treatments than in
larger ones (Alghamdi et al., 2020). Additionally, biochar with hydrophobic
properties can induce water repellence and reduce infiltration and hydraulic
conductivity (Blanco-Canqui et al., 2017).

35

30 ~

25

Kt (cm.h'1)

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
Treatments
Fig. 1. Treatments effect on saturated hydraulic conductivity (Kg,:) (T1: CK, T2: FYM,
T3: BC (£2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), T6: BC (<0.4), T7: BC
(£2mm)+FYM , T8: BC (0.8-2 mm) + FYM, T9: BC (0.4-0.8 mm)+FYM, and T10:
BC (£0.4)+FYM.
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2-Amendments effect on soil pH, EC and nutrients availability

The results showed that the pH of the soil in different treatments ranged from
7.65 to 8.32 (Table 3). The addition of FYM increased soil pH from 8.02 to 8.32,
mainly because of the release of basic cations from FYM.

Date palm BCs decreased sandy soil pH from 8.05 to 8.02, 7.65, 7.86, 7.70,
and 7.96 for T3: BC (<2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), and T6:
BC (<0.4), respectively (Table 3). Though applying BC increases soil pH as
indicated in the literature, our results suggest that the soil pH was significantly
decreased after biochar application using different particle sizes. It is possible that
the lower pH of the applied BC compared to the soil pH may explain the lower soil
pH found in our investigation because of its application.

In this study, the EC values for control soils were 1.85 dS/m (CK) (Table 3).
These EC values increased to 2.08-3.78 dS m'! among various treatments. The
highest levels of salinity were pronounced for T3 (BC <2mm) followed by T6 (BC
<0.4). It has previously been documented that the significant concentrations of

soluble ions induced by BC ash after BC treatment resulted in a high level of
salinity (Singh et al., 2022).

Table 3. Treatment effect on pH, and EC

EC

Treatments pH dS/m
T1 8.05]3(: 1.85]5

T2 8.32 2.08g

T3 8.02(:]) 3.78A

T4 7.655 2.79¢

T5 7.86pE 3.18s

Té 7.70EF 3.664

T7 7.96cp 2.85¢

TS 8.058c 2.40p

T9 8.21a8 2.80c
T10 8.05sc 3.17s
Tukey test (p < 0.05) critical 0.17 0.27

value
T1: CK, T2: FYM, T3: BC (<2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), T6: BC (<0.4), T7: BC
(£2mm) +FYM , T8: BC (0.8-2 mm) + FYM, T9: BC (0.4-0.8 mm)+FYM, and T10: BC (<0.4)+FYM;
Different letters represent significant difference at p < 0.05 among various treatments.

The addition of organic amendments to soils can have an impact on soil
properties, affecting the available form of soil nutrients (Angelova et al., 2013).
The results showed that the soil Olsen-extractable P concentrations (available
form) exhibited higher increases in all investigated treatments compared to that of
the control soil (Fig. 2). The highest increases in soil available P were observed in
soil treated with FYM followed by co-applied farmyard manure with BCs
(particularly at particle size of 0.8-2 mm, 0.4-0.8 mm, and <0.4) +FYM). For
example, increase in soil available P was 169% in soil receiving FYM alone than
control. Additionally, increases in soil available P was 101%, 139%,139%, and

Assiut J. Agric. Sci. 56 (1) 2025 (277-295) 283



Abdelaal et al., 2025

134% in soil receiving co-applied FYM with BC ((< 2mm), BC (0.8-2 mm), BC
(0.8-0.4 mm), and BC (<0.4 mm) treatments than control, respectively. However,
the lowest increases were observed by sole application of BCs with different
particle sizes. The sole application of BCs increased soil available P by 21-58%.
In organic amendments, organic chemical structures contain phosphorus, which is
converted into inorganic forms through mineralization. Subsequently, P might be
released into the mineral nutrient pool found in the soil (Diacono et al., 2011).
Additionally, biochar contains abundant nutrients and, hence, can directly increase
soil available P levels. According to review article published by Shi et al. (2023),
the incorporated biochar may alter the chemical and physical characteristics of soil,
including its pH, adsorption potential for P, cation exchange capacity, and porous
structure. These varied properties are related to the availability of soil P.
Additionally, the addition of biochar increased the amount of soil biota and
phosphatase, which helped to solubilize insoluble inorganic P and mineralize
organic P, increasing P availability. According to reports, biochar made at
temperatures lower than 450 °C increased the amount of P that was available for
plant uptake in amended soils (Glaser and Lehr, 2019). Additionally, the effect of
biochar on P availability considerably diminishes with increasing pyrolysis
temperature (Bruun et al., 2017). In this context, the low pyrolysis temperature
biochar produced in the current study result in decreasing soil pH, enhancing the
availability of soil P. Consequently, to increase the amounts of P that are available
to plants in alkaline soils with P restrictions, low pyrolysis temperature biochar—
which has a low pH—should be applied. According to a prior study on alkaline
soil, biochar with low pyrolysis temperatures may accelerate organic matter
mineralization and the conversion of non-labile Ca-associated P forms into labile
P forms (Alotaibi ef al., 2021).

Soil available K enhanced significantly by FYM and BC application to the
soil (Fig. 2). In soil treated with FYM, the soil exchangeable content of K
significantly increased from 35.6 to 230 mg kg!. However, the application of BCs
significantly increased the values of soil available K from 35.6 (CK) to 372 mg kg
I'(BC <2mm), 281 mg kg! (BC = 2-0.8 mm), 321 mg kg'! (BC = 0.8-0.4), and 398
mg kg'! (BC<0.4 mm). Additionally, in mixed FYM-BC treatments, the values of
soil available K content significantly increased from 35.6 to 304 mg kg’!
(FYM+BC<2 mm), 253 mg kg! (FYM+BC 2-0.8), 290 mg kg"' (FYM+BC 0.8-
0.4 mm), and 325 mg kg! (FYM+BC <0.4 mm). Our results suggested that BCs
itself might be a K source, and thus, it enhanced its bioavailability in soils. The
high content of soil exchangeable K in the soil was pronounced for the application
of fine fraction of biochar (BC<0.4 mm). Several other researchers showed that
the application of biochar could increase the potassium content and availability in
soil (Rasuli et al, 2022; Khadem et al., 2021; Sg et al., 2021). After applying
biochar to soil, inorganic form of potassium in organic residues and derived
biochar can be readily liberated into soluble and exchangeable fractions.
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Fig.2.Treatments effect on soil available K (A) and P (B) (T1: CK, T2: FYM, T3: BC
(£2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), T6: BC (<0.4), T7: BC
(L22mm)+FYM , T8: BC (0.8-2 mm) + FYM, T9: BC (0.4-0.8 mm)+FYM, and T10:
BC (£0.4)+FYM).

3-Amendments effect on aboveground biomass and mineral content of wheat
plants

Applied biochar was reported to enhance crop growth, particularly in acidic
soils, by increasing soil pH, and by enhancing nutrient retention, bioavailability,
and uptake (Tusar et al., 2023; Syuhada et al., 2016; Singh et al., 2022). However,
in the literature, the effect of biochar on the productivity of alkaline soils is
inconsistent. The results of current studies found that the sole and combined
applications of FYM and BCs with variable particle sizes significantly affect the
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growth of wheat plants grown in calcareous soil. The combined application of
FYM with BCs (T7, T8, and T9) increased significantly the plant height (Table 4).

The addition of all treatments (except for T3, T6 and T10) also increased
significantly the fresh weight of the aboveground biomass. Moreover, adding T2,
T5, T7, T8, and T9 significantly increased the aboveground biomass's dry matter.
Among all treatments, the addition of T2 (application sole of FYM) and T9 (BC
(0.4-0.8 mm) +FYM) performed significantly better for enhancement in the
aboveground biomass than other treatments. Soil with T2 (sole application of
FYM) and T9 (combined application of BC (0.4-0.8 mm) and FYM) respectively
showed 36% and 44% higher shoot fresh weight and 42.9% and 42.6% higher
shoot dry weight against un-amended soil. Our findings imply that improved NPK
absorption in wheat was the cause of the improvements in wheat growth
parameters. As indicated by our results, the manure could improve nutrient
availability to the plants and may improve edaphic factors, which resulted in higher
vegetative growth parameters. Similarly, other studies reported that organic
fertilizer improved soil productivity and fertility, which improved yield and quality
of crops (Liu et al., 2024). In this context, it has been reported that using organic
material as a fertilizer can also improve soil quality, water retention, porosity,
nutrient availability, and soil moisture, leading to improvements in the growth
attributes of plants (Dawar et al., 2022; Amzad and Yukio, 2007). In a study
conducted by Meena et al. (2018) to investigate the influence of FYM on soil
properties and yield and nutrient uptake of wheat plants, the grain yield of wheat
was significantly higher (by 62.74%) in FYM than in control soil.

In addition to the enhancement effect by FYM, a significant rise in plant
growth parameters was noted in the sole application of BCs (T4 and TS5 for
enhancing fresh weight and T5 for enhancing dry weight). Biochar, as a soil
conditioner, has been widely utilized to stimulate the development of plants (Tusar
et al., 2023; Singh et al., 2022; El-Bassi et al., 2021). For example, Cong et al.
(2023) found that the application of biochar results in a significant impact on maize
yield by altering soil properties and maize physiological characteristics. However,
other studies have also found that biochar can have no effects on plant growth and
yield in alkaline soils, depending on biochar characteristics and its application rates
as well as soil type (Lentz and Ippolito, 2012; Alazzaz et al., 2020; Farrell et al.,
2014).
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It is worth noting that in our study, the dry matter of aboveground biomass
was inhibited by T3: BC (<2mm) and/or T6: BC (<0.4) in sandy soil (Table 4).
The highest salinity levels produced by these treatments may be the cause of this
inhibition, as indicated by the high EC values, which also suggest that these
treatments reduce plant growth characteristics. Conversely, the results of this study
demonstrated an increase in plant growth parameters when BCs alone (at particle
sizes of 0.8-2 mm and 0.4-0.8 mm) or in combination of BCs (at particle sizes of
<2 mm, 0.8-2 mm, or 0.4-0.8 mm) with FYM were applied. This may be because
of the negative effects of sandy calcareous soil were more effectively mitigated by
adding soil amendments. Generally, co-applied of BC (with particle size of 0.4-
0.8) and FYM observed higher plant height and fresh weight than the sole
application of FYM. These findings revealed that combined biochar with FYM
proved to be an effective reclamation strategy to improve low fertile sandy
calcareous soils under arid conditions than the applied farmyard manure alone.
Additionally, co-applied FYM with BCs prevents the occurred negative impact of
sole application of BCs (T3: BC<2mm and T6: BC <0.4) on plant growth
parameters. The incorporation of biochar combined with organic fertilizer also can
prevent nutrient losses and enhance physical soil properties (i.e. soil water holding
capacity), further increasing nutrient uptake by plants and thus improving plant
growth (Hu et al.,, 2024). According to Mensah and Frimpong (2018), applying
biochar in addition to organic amendments may slow down the breakdown and
mineralization of the organic materials, resulting in a delayed release of nutrients
into the soil and thus, a reduction in nutrient leaching. According to Chen et al.
(2022), combined application of biochar and organic fertiliser was more beneficial
to improving soil characteristics, and plant yield than applying them separately. It
has been reported that applying biochar along with organic fertilizer may stimulate
plant growth and improve fertilizer use efficiency (Liu ef al., 2022; E1-Syed et al.,
2023).

The results of the current study showed that the influence of all treatments
was significant for improving concentrations and uptake of P and K by plant
shoots. The highest increases in PK uptake were observed by plants treated with
T2 (FYM) followed by T9 (combined application of FYM with BC at 0.4-0.8 mm)
and T7 (combined application of FYM with BC at <2mm). In soil treated with T2,
T7 and T9, the P uptake by shoots increased by 95.9%, 67.7% and 74.5% compared
to control, respectively. The shoot uptake of K increased by 75.2%, 54.4% and
71.0% compared to control, respectively. Furthermore, the shoot uptake of N
increased significantly in soil treated with T2, TS, T7, T8 and T9, with the highest
increases of 47.9% (for T9) followed by 44.8 (for T2). Several reports found
increase in plant content of nutrients due to biochar or farmyard manure
application (Liu et al., 2022; Alazzaz et al., 2022). Contrary to our results, several
reports found decreases in the plant content of nutrients in alkaline soils (Alazzaz
et al., 2020). The discrepancy between our data and that of other studies could be
explained because of varying soil characteristics and feedstock used to produce
BCs. Our results suggested that the incorporation of low pyrolysis temperature
BCs (with particle size of <2mm or 2-0.8 mm or 0.8-0.4) in combination with FYM
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into sandy calcareous soils may enhance the essential nutrient uptake by plants
better than their sole application.

4-Correlation study

Correlation between different parameters of pH, EC, nutrient availability,
and nutrient uptake by wheat plants was investigated (Table 5). A significant
correlation was found between plant growth parameters and soil parameters
including EC and nutrient availability as well as their uptake by plants. It was
obviously due to the direct relationship between plant uptake of P and K to their
bioavailability in soil. This suggests that more availability of nutrients in the soil
due to applying soil amendments leads to more accessibility and accumulation in
plant tissues. Alteration of nutrient availability in the soil treated with FYM and/or
BC may explain observed changes in plant growth, confirming FYM and/or BC as
useful amendments. Correlation results indicated that fresh and dry matter of
shoots were positively correlated with nutrient (NPK) uptake (r = 0.7073, 0.9631)
(p <0.05). However, these plant growth parameters were negatively correlated with
EC values (r=-0.2854, 0.5547).

Conclusion

The results showed that the K, ; of soils amended with biochars decreased
the K, but FYM increased K,;. The addition of FYM and BC either alone or in
combination increased soil EC values. However, the sole addition of BC
treatments decreased soil pH values. The results showed that the soil available P
and K concentrations exhibited higher increases in all investigated treatments
compared to that of the control soil. The addition of T2, TS5, T7, T8, and T9
significantly increased the aboveground biomass's dry matter. Among all
treatments, the addition of T2 and T9 performed significantly better for
enhancement in the aboveground biomass than other treatments. On the contrary,
the dry matter of aboveground biomass was inhibited by T3 and T6 in a sandy soil.
Therefore, it is important to consider these negative findings, depending on the
fractions of applied BC. The results of the current study showed also that the
influence of all treatments was significant for improving concentrations and uptake
of NPK by plant shoots, especially for T2, T7, or T9. This study suggests that
incorporation of mixed biochar and farmyard manure could improve nutrients
content and plant growth better than biochar alone. However, to understand the
mechanism controlling plants' uptake of these nutrients in relation to particle sizes
of biochar, more research on the co-application of BC and FYM is necessary.
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	The results showed that the pH of the soil in different treatments ranged from 7.65 to 8.32 (Table 3). The addition of FYM increased soil pH from 8.02 to 8.32, mainly because of the release of basic cations from FYM.
	Date palm BCs decreased sandy soil pH from 8.05 to 8.02, 7.65, 7.86, 7.70, and 7.96 for T3: BC (≤2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), and T6: BC (≤0.4), respectively (Table 3). Though applying BC increases soil pH as indicated in the literatu...
	In this study, the EC values for control soils were 1.85 dS/m (CK) (Table 3). These EC values increased to 2.08-3.78 dS m-1 among various treatments. The highest levels of salinity were pronounced for T3 (BC ≤2mm) followed by T6 (BC ≤0.4). It has prev...
	Soil available K enhanced significantly by FYM and BC application to the soil (Fig. 2). In soil treated with FYM, the soil exchangeable content of K significantly increased from 35.6 to 230 mg kg-1. However, the application of BCs significantly increa...
	Applied biochar was reported to enhance crop growth, particularly in acidic soils, by increasing soil pH, and by enhancing nutrient retention, bioavailability, and uptake (Tusar et al., 2023; Syuhada et al., 2016; Singh et al., 2022). However, in the ...
	The addition of all treatments (except for T3, T6 and T10) also increased significantly the fresh weight of the aboveground biomass. Moreover, adding T2, T5, T7, T8, and T9 significantly increased the aboveground biomass's dry matter. Among all treatm...
	In addition to the enhancement effect by FYM, a significant rise in plant growth parameters was noted in the sole application of BCs (T4 and T5 for enhancing fresh weight and T5 for enhancing dry weight). Biochar, as a soil conditioner, has been widel...
	T1: CK, T2: FYM, T3: BC (≤2mm), T4: BC (0.8-2 mm), T5: BC (0.4-0.8 mm), T6: BC (≤0.4), T7: BC (≤2mm)+FYM , T8: BC (0.8-2 mm) + FYM, T9: BC (0.4-0.8 mm)+FYM, T10: BC (≤0.4)+FYM; *:Fresh weight, **: Dry weight;  Different letters represent significant d...
	It is worth noting that in our study, the dry matter of aboveground biomass was inhibited by T3: BC (≤2mm) and/or T6: BC (≤0.4) in sandy soil (Table 4). The highest salinity levels produced by these treatments may be the cause of this inhibition, as i...
	The results of the current study showed that the influence of all treatments was significant for improving concentrations and uptake of P and K by plant shoots. The highest increases in PK uptake were observed by plants treated with T2 (FYM) followed ...
	4-Correlation study
	Correlation between different parameters of pH, EC, nutrient availability, and nutrient uptake by wheat plants was investigated (Table 5). A significant correlation was found between plant growth parameters and soil parameters including EC and nutrien...
	The results showed that the ,𝐾-𝑠𝑎𝑡. of soils amended with biochars decreased the ,𝐾-𝑠𝑎𝑡. but FYM increased ,𝐾-𝑠𝑎𝑡.. The addition of FYM and BC either alone or in combination increased soil EC values. However, the sole addition of BC treatm...

