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Abstract: The impact of climate change has become increasingly severe in drylands, resulting in heat
stress and water deficiency and, consequently, reducing agricultural production. Biochar plays an
important role in improving soil fertility. The properties of sandy soils where water deficiency occurs
with a greater frequency need to be enhanced by biochar amendments to increase the water retention
capacity (WRC). Few studies have reported the effects of biochar on the readily available water (RAW)
of these soils or an evaluation of the optimal application rate of the biochar. In this study, we aimed
to assess the effect of different biochar types and application rates on the soil properties related to
water retention. Under laboratory conditions, we amended sandy soil with four different types of
biochar (woodchip (WBC), waterweed of Ludwigia grandiflora (WWBC), poultry litter (PLBC) and
bagasse (BBC)) at rates of 0%, 5%, 10%, 15%, 25%, 50%, 75% and 100%. Soils treated with zeolite
and perlite, both conventional materials, were arranged for a comparative study. The water content
in the amended soils was recorded at saturation, field capacity, wilting point and oven-dry. Our
results show a reduction in the bulk density by increasing the amendment rate across all biochar
types. Although the WRC increased with the application rate, the RAW reduced and peaked at a 5%
(v/v) biochar content for almost all the biochar types. WBC and WWBC showed the highest RAW
increments of 165% and 191%, respectively, at a 10% (v/v) rate. In most cases, higher rates (such as
75% (v/v) of PLBC) caused negative effects on the RAW. Following these results, it is clear that both
the biochar type and the application rate significantly influence the hydrological properties and the
RAW capacity of sandy soils. A 5% (v/v) biochar amendment could significantly improve the readily
available water to mitigate drought in sandy agricultural soils.

Keywords: biochar; soil amendment; readily available water; drought; sandy soils

1. Introduction

Recently, climate change and the related impacts—for example, drought—have be-
come more severe and widespread across the globe, especially in arid and semi-arid regions
(ASALs) [1]. Rainfall is becoming irregular, average temperatures are generally rising and
land and water resources deteriorate daily, resulting in heavy agricultural losses [2]. These
situations present most regions with the cruel reality of frequent extreme climate events,
associated hunger and rampant poverty. In addition, the global population is projected
to rise to almost 10 billion people by the year 2050 [3], which may further stress the food
systems. As the situation worsens, there is an increased need to explore interventions to
improve food security amidst these impactful events to save humanity and the planet alike.
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Emerging concepts such as climate-smart agriculture (CSA) gain traction as next-
generation interventions to intensify food production with reduced climate impacts. As
such, climate change adaptation has become key in modern-day farming activities. The
proper management of soil and water resources and the adoption of smart cropping systems
are considered to be helpful in this approach [4]. In this regard, drought mitigation is crucial
both in rain-fed and irrigated agriculture. Therefore, farming systems should embrace
activities that improve water retention and efficiency through on-farm water management
interventions. This is an initial step toward the conservation of this diminishing resource.

One of the most common agricultural practices is the use of soil conditioning materials
to ameliorate sandy soils that are often less able to retain water. These materials can
improve the water retention of agricultural soils, among other benefits. Previous studies
have indicated that products such as zeolite and superabsorbent polymers (SAP) can
improve water retention in agricultural soils on a limited scale [5–10]. Apart from their
minimal effect on the retention of available water, most of them also have a short lifespan
in the soil [11]; a few are inorganic and are usually costly to the average farmer. Therefore,
there is a need for alternative amendment materials that are sustainable from economic
and ecological viewpoints. Biochar, a highly porous carbonaceous product of biomass
pyrolysis, provides multifunctionalities in the agricultural and ecological sectors [12]. It
can be produced from any organic materials that would otherwise be wasted, such as
crop harvest residues or by-products of food processing [13]. Bagasse, maize stalks, maize
cobs, coffee husks, rice husks and livestock manure are well-known feedstocks that can be
carbonized for biochar production [14,15].

Biochar is a high carbon sequester and climate change mitigation agent [16] and is
believed to improve nutrient retention and ameliorate soil water conditions, leading to
improved crop performances [12,17–19]. These benefits result from its amendment impacts
on the soil as dictated by its physicochemical characteristics [20,21], which vary with the
feedstock and pyrolysis process [22]. The heating temperature during the pyrolysis process
is one of the critical factors to determine the biochar property. An elevated temperature
typically creates a biochar product with a greater carbon content along with a high micro-
surface and pore volume, whereas a lower temperature produces another type with a
more volatile content [23]. Physical properties such as the particle size/shape, porosity, the
total volume of pores (especially equivalent to the RAW) and the specific surface area are
essential for the enhancement of soil fertility [24,25]. Various studies have reported that
biochar can increase the soil water retention capacity (WRC) [24–27]. With such improved
hydraulic properties, agricultural soils can hold a greater amount of water for longer [28],
which can then reduce irrigation requirements and frequency.

Although it is essential to manage the soil to hold a greater amount of water, soil water
is of greater use when freely held for effective crop uptake [29]. Thus, whether and how
the interactions between biochar and the amended soil help to create such a condition need
to be studied with greater discernment. Numerous studies have tested and reported the
impact of amending agricultural soils with various biochar types on the soil properties and
WRC [24–27] but only a few have investigated the effects of plant-available water [30,31]
on poor soils such as sandy soil. Basso et al. [26] conducted a study on the WRC of sandy
loam amended with hardwood biochar. They discovered that the WRC increased by up
to 84% and 38% for biochar addition rates of 3% and 6% (w/w), respectively. As in most
of the other studies, they pointed out that such biochar amendments improved the RAW
capacity of the studied soil. However, the mechanism and extent of this effect on different
feedstocks were not entirely clear. These effects are believed to be influenced by the physical
characteristics of the biochar type used; properties such as the particle size and shape were
reported by Liu et al. [25] to be influential on soil hydrology. In this study, we investigate
how sandy soils would interact with varying amounts of biochar from different feedstocks,
analyze the resulting impact on the readily available water (RAW) capacity and provide a
comparison with the existing soil conditioners zeolite and perlite.



Agronomy 2022, 12, 311 3 of 12

2. Materials and Methods
2.1. Soil Sample

A soil sample was collected from a biochar-free farm in Awagasaki, Kanazawa City,
Japan (36◦37′15” N, 136◦36′59” E), in gunny bags to protect it from contamination during
transportation and storage. It was then cleaned of unwanted solid materials and air-dried
in a greenhouse to below a 10% moisture content before sieving through a 2.0 mm mesh.
The soil sample was analyzed using a pipette [32] and its particle size distribution was
classified as fine sandy soil based on a textural triangle with 97.1% sand, 0.0% silt and 2.9%
clay contents.

The dry bulk density (ρb) was determined by filling a 100 cm3 stainless steel cylindrical
can with the soil sample and oven-drying it at 105 ◦C in a Yamato Drying Oven (DV41) for
24 h. The sample was weighed and its mass was determined. Equation (1) below was then
applied to compute ρb:

ρb =
Md
V

g cm−3 (1)

where Md is the mass of the oven-dry sample and V is the total volume of the can. The
computed ρb of the studied soil was 1.408 g cm−3.

2.2. Biochar Sample

The production of biochar was conducted at Meiwa Co., Ltd. in Kanazawa City,
Ishikawa Prefecture, Japan. The biochar used in this study was produced from woodchips
(WBC), bagasse (BBC), pelletized poultry litter (PLBC) and waterweed Ludwigia grandiflora
(WWBC). The sample of WBC, which was a woodchip of Japanese cedar, was acquired from
the Kidagen Company, Ro-52, Sano Town, Nomi City, Ishikawa Prefecture, 923-1112, Japan.
The sample of PLBC was obtained from the Oka Poultry Company, 952-1, Myojin, Nikko
City, Tochigi Prefecture, 321-1101, Japan. Ludwigia grandiflora was sampled from Biwa Lake
and dried for biochar production. All the materials were well dried and then pyrolyzed
using a batch-type carbonizer “Carbon Box” (width: 2250 mm; length: 6250 mm; height:
2100 mm) and a small improvised electric carbonizer (of approximately a 10 L capacity).
These two products were in-house biomass carbonization technologies of Meiwa Co., Ltd.
(https://www.meiwa-ind.co.jp/en/ (accessed on 14 January 2022)). The temperature of
the pyrolysis was approximately 450 to 500 ◦C. The heating time was 7 h and the cooling
time to reach 100 ◦C was 8 h. An anaerobic environment was achieved by: (1) keeping
the carbonization chamber of the ECO5000 tightly closed using packing and screws; and
(2) continuously purging the oxygen by carbonized gas generated from the feedstock
during carbonization. The continuation of the anaerobic environment was confirmed by
visually observing the sustained supply of carbonized gas from the carbonization chamber
to the combustion chamber where the gas was combusted as an extra energy source to
further heat the carbonization chamber.

The produced biochar was stored separately in sealed plastic bags according to the
feedstock type and later air-dried and sieved to the required particle size. In this study,
biochar samples with a particle size of 0.5–1.0 mm were used after homogenously being
sieved. The prepared biochar samples were again stored in sealed plastic bags and later
mixed with the soil sample to form a uniform substrate sample. Table 1 shows a few of the
relevant properties of the various biochar samples used in this study.

Table 1. Properties of the biochar samples produced from woodchips (WBC), bagasse (BBC), pel-
letized poultry litter (PLBC) and waterweed Ludwigia grandiflora (WWBC).

Property
Biochar Type

WBC BBC PLBC WWBC

Pyrolysis temperature (◦C) 450–500 450–500 450–500 450–500
Bulk density (g cm−3) 0.107 0.054 0.583 0.263

Specific surface area (m2 g−1) 361.5 29.4 9.5 29.4
Peak pore size (nm) 0.63 0.80 1.00–2.00 1.50

https://www.meiwa-ind.co.jp/en/
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2.3. Zeolite and Perlite

Zeolite and perlite are two commercial amendment materials that were used in this
study for a comparison with the biochar types. Zeolite was procured from Akagi Horticul-
ture Co., Ltd. Nagano, Japan and perlite from Iseki & Co., Ltd. Kanazawa, Japan. These
materials are already in use by farmers as soil conditioners in different regions. Following
the manufacturer’s recommendation of 5% zeolite and 10% perlite (v/v), the samples were
measured and homogeneously mixed with the soil samples.

2.4. Experiment Design

The soil sample was amended with biochar rates of 0%, 5%, 10%, 15%, 25%, 50%, 75%
and 100% (v/v). Each substrate sample was poured into stainless steel cylindrical cans
with a volume of approximately 100 cm3 (5.03 cm diameter and 5.03 cm height). Each was
then mixed manually by careful stirring to achieve a proper homogeneity of the mixture.
The resulting substrates were set up in a completely randomized laboratory experimental
design with four replicates each. The water retention of the biochar and soil-biochar
samples was analyzed using a series of simple hydrostatic column experiments [33] based
on the guidelines of the Ministry of Agriculture, Forestry and Fisheries, Tokyo, Japan. In
addition to the saturation point (suction) (pF = 0), the water content was determined at
the field capacity (FC) (pF = 1.5) and depletion point (DP) (pF = 2.7) using a similar sand
(hanging water) column and ceramic tension plates, respectively.

The cans containing the samples were set up in a shallow basin of water for 24 h
to achieve a uniform saturation by capillary rise. The mass of the amended soil with
the biochar was recorded (mass at pF = 0) before they were transferred onto the sand
column for 48 h. Again, the mass of each sample (mass at pF = 1.5) was noted. They were
then set up on dry ceramic plates and covered for another 48 h and the mass (mass at
pF = 2.7) was recorded before oven-drying in a Yamato Drying Oven (DV41) for a further
24 h. The masses of the can and the sample were recorded before weighing the can alone.
The gravimetric water content (θg) of each sample was computed and multiplied by the
corresponding bulk density (ρb) to obtain the respective volumetric water content (θv) in
cm3 cm−3. The WRC and its effective portion, the RAW capacity, affected by each treatment
at the FC were then computed by Equation (2) and Equation (3), respectively:

WRC
{

θv =
Mw

Md
× ρb

}
× 100% (2)

where Mw is the mass of the total retained water at the field capacity calculated by the
difference between the mass of the sample at the FC (MpF=1.5) and that of an oven-dry
sample (Mos) and:

RAW
{

θv =
Me f f

Md
× ρb

}
× 100%, (3)

where Me f f is the mass of the retained water effective for plant use. It was computed by
subtracting the mass of the sample at the DP (MpF=2.7) from that at the FC (MpF=1.5).

2.5. Statistical Analysis

An analysis of variance (ANOVA) for the RAW data was performed using the R
program (3.5.1 version, RStudio Inc., Boston, MA, USA). A Tukey’s honest significant
difference (HSD) test was conducted to analyze the significant variations and comparisons
among the data of the pairwise treatments. All measurements were conducted with four
replications for each sample. All other statistical calculations were performed in Microsoft
Excel 2013; graphs and figures were prepared and drawn using SigmaPlot Software (v14.0,
Systat Software, Point Richmond, CA, USA).
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3. Results and Discussion
3.1. Bulk Density

As shown in Table 1, we observed that the values of ρb were in the reducing order
of PLBC, WWBC, WBC and BBC. This was aligned with other previous studies such as
Rajkovich et al. [34], which pointed out that biochar values are related to the ρb of the
respective parent feedstock. The trend was consistent with the results, as shown in Figure 1.

Figure 1. Effects of woodchip biochar (WBC), bagasse biochar (BBC), poultry litter biochar (PLBC)
and waterweed biochar (WWBC) on bulk density (BD) by application rate (v/v).

Bulk density is a direct function of porosity and specific surface area. In this study,
PLBC depicted the highest ρb with a considerably low specific surface area compared with
that of wood-based biochar types (WBC and WWBC). This could be due to the shape of
the biochar particles that were almost even in PLBC but quite rugged in the wood-based
biochar types. Uneven biochar surfaces create a greater number of inter-particle pores that
may result in a lower value ρb [25,35].

Biochar amendments significantly reduced the bulk density of sandy soil (Figure 1),
decreasing it consistently with every additional biochar application rate, as Abel et al. [36],
Gamage et al. [37] and Obia et al. [38] had similarly reported previously. As biochar
generally has a lower bulk density than sandy soil, the amendments resulted in a decrease
in the bulk density of the sandy soil. This effect was more pronounced with higher
application rates. All the biochar types and application rates affected a decrease in the
ρb value except for the 5% (v/v) addition of PLBC, which increased it by almost 3%. The
biochar addition of 5% for WBC, BBC and WWBC showed a reduction of 4.5%, 3.1% and
2.6% in the values of ρb, respectively, compared to the control. The variation of the ρb
values was attributed to the physical properties of both the sand and biochar particles [39],
which interacted and altered in the biochar–sand mixture.

3.2. Water Retention Capacity and Readily Available Water Capacity

Table 2 shows the ANOVA of the RAW as posted by each of the biochar types at
various application rates. Generally, sandy soils have a low water retention ability, and this
was affirmed in this study. The minimal proportion of fine-textured particles—silt (0.0%)
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and clayey (2.9%)—as well as the surface area of the smaller particles and the absence
of effective pore sizes could have caused this [40]. When homogeneously blended, the
sand–biochar mixture underwent aggregation that improved its physical structure; thus, it
had the ability to hold a larger amount of water for a longer time.

Table 2. ANOVA for the readily available water (RAW) of sandy soil amended with biochar from
woodchip (WCB), bagasse (BBC), poultry litter (PLBC) and waterweed (WWBC) at different applica-
tion rates compared with zeolite and perlite.

Application
Rate (%)

RAW Content (cm3 cm−3)
Mean CV

WBC BBC PLBC WWBC

5 0.085 ± 0.009a *** 0.065 ± 0.004a *** 0.059 ± 0.001a *** 0.093 ± 0.008a *** 0.076a *** 0.11
10 0.085 ± 0.002a *** 0.064 ± 0.003a *** 0.058 ± 0.002a *** 0.094 ± 0.007a *** 0.075ab ** 0.06
15 0.078 ± 0.010b n.s 0.056 ± 0.003b n.s 0.056 ± 0.002b n.s 0.088 ± 0.007b ** 0.070b * 0.10
25 0.074 ± 0.009bc n.s 0.047 ± 0.003bc n.s 0.040 ± 0.005bc n.s 0.069 ± 0.011cd n.s 0.057c n.s 0.23
50 0.064 ± 0.002c n.s 0.041 ± 0.005c n.s 0.033 ± 0.004c n.s 0.053 ± 0.006d n.s 0.048cd n.s 0.19
75 0.050 ± 0.003d n.s 0.033 ± 0.007d n.s 0.026 ± 0.004d n.s 0.040 ± 0.003de n.s 0.037d n.s 0.21

100 0.031 ± 0.001e n.s 0.022 ± 0.002e n.s 0.016 ± 0.001e n.s 0.033 ± 0.004e n.s 0.026e n.s 0.19
Zeolite - - - - 0.047cd n.s 0.12
Perlite - - - - 0.038d n.s 0.17

Mean 0.067a ** 0.047b n.s 0.041b n.s 0.067a **
CV 0.12 0.16 0.15 0.19

Means ± SE (n = 4). Different letters in the same column for each treatment are significantly different using
a two-way ANOVA, *** significantly different at the 0.001 probability level; ** significantly different at the
0.01 probability level; * significantly different at the 0.05 probability level; n.s not significant, based on Tukey’s
HSD test of means; CV: coefficient of variation.

Generally, all the biochar types and amendment rates increased the amount of wa-
ter retained at pF = 0 and pF = 1.5 (Figure 2). Notably, most of the biochar types at the
application rates of 5%, 10% and 15% (v/v) reduced the water held at the DP (pF = 2.7)
whilst increasing the FC (pF = 1.5) because the interactions between the biochar and the
sand particles through the aggregation created water-holding pores with greater effective-
ness [24]. The difference between the FC and DP represented the RAW capacity, which
reduced as a greater biochar application rate was added to the sandy soil. This showed the
diminishing ability of biochar to hold water that plants can easily extract, implying that a
smaller amount of biochar amendment was of greater benefit.

In Table 2, it can be seen that the RAW for the 5% and 10% (v/v) biochar application
rates was significantly higher (p < 0.001) than the value of the other rates across all the
biochar types. The biochar from wood-based feedstocks (WBC and WWBC) significantly
increased the WRC of the sandy soil at successive application rates. This was consistent
with the report from Kameyama et al. [20]. The biochar from bagasse (BBC) had a non-
uniform effect on the WRC even as more biochar was added, whereas PLBC had a minimal
difference between the various biochar rates (see Figure 3).

The ability of biochar to affect the hydraulic properties and water retention of agricul-
tural soils is a direct result of its physical properties. Properties such as particle size, bulk
density [25], specific surface area [41] and pore size distribution [24] play an essential role
in the capacity of biochar-amended soil to hold water. The biochar samples with a larger
specific surface area, such as WBC (Table 1), tended to enable a greater amount of water
retention [24] (Table 2). This resulted from an increased general porosity, including intra-
particle pores and inter-particle pores, due to the sand–biochar aggregation [41]. When
biochar and soil particles interact, the volume of inter-particle pores can increase or decrease
depending on the particle size and shape of the biochar samples [25]. Ibrahim et al. [41]
discovered that a biochar with a particle size of 0.5–1.0 mm could effectively optimize the
WRC of sandy soils. However, this particle size could also negatively affect the WRC of the
soil, especially when the particles were feathery and flat in shape. This could explain why
the BBC had a lower capacity to hold more water effectively for plant use. The wood-based
biochar types had irregular surface shapes that did not interlock with the sand particles,
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thus creating a larger specific surface area and greater number of pores between them for
water holding [21,22,24]. In part, this justified why WBC and WWBC improved the RAW
capacity with a greater significance than the other treatments (p < 0.01) (see Table 2).

Figure 2. Soil water retention curves for sandy soil amended with woodchip biochar (WBC), bagasse
biochar (BBC), poultry litter biochar (PLBC) and waterweed biochar (WWBC) at (a) 5%, (b) 10%,
(c) 15%, (d) 25%, (e) 50%, (f) 75% and (g) 100% biochar rates (v/v).

In this study, we sought to establish how a biochar amendment of sandy soil would
affect its capacity to hold water that is easily accessible for an effective uptake by plants.
The results, as shown in Table 2, confirmed our hypothesis that biochar could improve the
RAW capacity. In almost all the biochar treatments, the RAW increased against the control.
It is interesting to note that the effect of the biochar–sand amendment on the RAW capacity
was inversely related to the WRC. As the biochar amount increased, there was a general
increase in the WRC with a reducing RAW capacity (Figure 3). The RAW capacity peaked
at a 5% (v/v) biochar application with a value of 0.065 and 0.059 cm3 cm−3 for BBC and
PLBC, respectively; at 10% (v/v), it was 0.085 and 0.094 cm3 cm−3 for WBC and WWBC,
respectively. However, for the latter duo, the difference between the RAW capacity at the
5% and 10% (v/v) rates was almost negligible.
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Figure 3. Effect of the biochar rate as well as zeolite and perlite on the water retention capacity (WRC)
and the readily available water (RAW) of sandy soil amended with (a) woodchip biochar (WBC),
(b) bagasse biochar (BBC), (c) poultry litter biochar (PLBC) and (d) waterweed biochar (WWBC) at
0%, 5%, 10%, 15%, 25%, 50%, 75% and 100% biochar rates.

A further analysis revealed that 5% biochar was generally the optimal rate for the
highest RAW capacity (p < 0.001) except in the case of PLBC, where it caused a negative
increment. The reduction affected by PLBC could be associated with an increased bulk
density of up to 2.7% (see Figure 1). Beyond a 5% (v/v) biochar addition, there was a
consistent indication that the volume of the RAW-equivalent pores reduced, a situation that
negatively affects the hydraulic conductivity of the soil [42]. An analysis of the intra-particle
pore size distribution of the biochar samples revealed that most of the pores were in the
micropore range with peak diameters below 2 nm (see Table 1). A previous study observed
that biochar macropores and sand–biochar inter-particle pores play a significant role in
improving the RAW of soil [24] and are most effective in such coarse-textured soils.

The RAW figures posted by the biochar amendments at 5% and 10% (v/v) were higher
(p < 0.001) than those affected by commercial conditioners, zeolite and perlite, of 0.047 and
0.038 cm3cm−3, respectively (see Table 2). Although the two reduced the WRC of the sandy
soil, the capacity to hold RAW was slightly higher but almost insignificant compared with
the control. The biochar proved to be superior in availing the retained water for effective
plant utilization. However, higher application rates of biochar had a minimal effect on the
RAW with a few treatments (such as 75% (v/v) PLBC) reducing its value by up to 22%
(Figure 4). This indicated that the majority of the water retained was held in micropores
and thus not readily available for plant uptake. The addition of large biochar quantities to
the sandy soil decreased the inter-particle pores that would have held water less tightly for
plant use.
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Figure 4. Effect of biochar type (woodchip biochar (WBC), bagasse biochar (BBC), poultry litter
biochar (PLBC) and waterweed biochar (WWBC)), biochar application rate, zeolite and perlite on the
incremental RAW capacity of sandy soil (% volume).

In most cases, the addition of biochar to agricultural soil can improve the ability
of that soil to hold a greater amount of water that is readily available for plant uptake.
In Figure 4, we illustrate how various biochar treatments affected the RAW increment
in sandy soil in this study. There was a general tendency shown by all treatments to
increase the RAW capacity except at 100%, v/v for WBC and BBC and at 75% and 100% for
PLBC, which caused a reduction of 3.1%, 33.3%, 22.5% and 50.4%, respectively. Although
biochar is famed for drought mitigation, this could be an indication that biochar may not be
advantageous as a standalone planting medium. However, this condition may have been
caused by the mechanical crushing of the biochar materials to attain the required particle
size of between 0.5 and 1.0 mm. This process causes a damaging effect on the pores and
considerably reduces the intra-particle mesopores and macropores necessary to hold water
equivalent to the RAW [24,43].

Among the various biochar types, the 5% (v/v) and 10% (v/v) applications caused
the highest RAW increment with peaks at 5% (BBC = 101.6%; PLBC = 84.0%) and 10%
(WBC = 164.6%; WWBC = 191.5%), respectively. This was consistent with the findings of
Wang et al. [42], who pointed out that beyond a 5% biochar application comes a diminishing
return on the plant-available water. Previously, hydrophobicity has been highlighted as a
contributor to a low WRC and RAW in biochar-amended soils [44]. This phenomenon often
occurs when certain complex volatile organic compounds stick on the surface of the biochar
during the pyrolysis process and is common in fresh biochar [39]. We speculated that
this could partly explain why BBC and PLBC, which were both freshly produced biochar,
posted lower values (Table 2, Figure 4). It should also be noted that economic viability is an
essential concern for the implementation of biochar use in practice [45]. Given that a 100%
biochar addition showed no remarkable effect in our study, it is relevant to recommend
lower dosages to end users.

4. Conclusions

It is vital to conclude that biochar made from woody feedstocks has a higher capacity
to retain more water that is readily available for effective plant use. Biochar is also more
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beneficial to water retention for plant uptake than most of the existing soil conditioners
on the market. Zeolite and perlite, two of the most common materials today, cannot easily
avail the retained water for plant uptake. Thus, as the impact of global climate change
on drought grows, the ability of biochar to hold a greater amount of RAW for longer is
useful for improving the situation. Agriculture, particularly rain-reliant, could improve as
drought is reduced; irrigated agriculture could experience a reduced irrigation requirement
and frequency.

It is advisable to limit biochar addition to sandy soils to below 10% (v/v) to improve
the readily available plant water. As our study revealed that the RAW increments affected
by the 5% (v/v) and 10% (v/v) biochar applications were almost equal, the former is
of optimum economic and technical benefit for farmers. In addition to the soil water
hydrologic advantages, this would render biochar useful for increasing and sustaining
agricultural productivity.
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