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The potential of biochar as a soil amendment in agricultural fields is a recently recognized and yet
underutilized technology. The objective of this study was to investigate the mid/long-term effects of a
single biochar application on soil physical properties, growth parameters and the yield of soybeans in a
sandy clay loam. Biochar was added to a highly weathered tropical soil at rates of 40 tons ha-' five
years prior to this study (2017 to 2022). Soybeans were grown in the biochar-amended soils and the
control in the 2021/2022 season. Biochar amendment significantly increased porosity, biological
activity, improved soil structure type and grade, increased the initial and basic infiltration rates, and
lowered the bulk density. Soybean growth characteristics, such as shoot length, weight, and diameter
at the base; root weight, pod number, and grain yield, were significantly improved by biochar. The
improved agronomic performance of the crop was attributed to improved rooting conditions, soil water-
holding capacity, and nutrient use efficiency promoted by biochar amendment. Thus, biochar is a
promising practical approach to improve soil agronomic properties, nutrient acquisition, and the yield

of soybeans in a sustainable way on sandy clay loam soils.
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INTRODUCTION

There are various soil amendment technologies, including
chemical fertilizers, organic fertilizers and lime, aimed at
improving soil properties. The potential of biochar as a
soil amendment in agricultural fields has recently been
recognized as a promising yet underutilized technology
(Jemal and Yakob, 2021). Biochar, a product of slow and
incomplete combustion of organic materials, can enhance
the physical, chemical and biological properties of soil

when used in agriculture (Prendergast-Miller et al., 2014;
Hossain et al., 2020). Unlike organic fertilizers, which
mineralize rapidly in tropical conditions, the stability of
biochar allows for long-term carbon storage, soil
amelioration and reduced soil acidity, leading to improved
crop production (Major, 2010).

The long-term effects of biochar on nutrient availability
are attributed to increased surface oxidation and cation
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exchange capacity (CEC), intensifying over time and
resulting in greater nutrient retention in "aged" biochar
compared to "fresh" biochar (Liang et al., 2006; Cheng et
al., 2008; Major, 2010). Biochar's high affinity for sorbing
nutrients helps prevent nutrient leaching, keeping them
available for plant uptake and enhancing crop yields.
Additionally, biochar application improves crop
productivity by enhancing water-holding capacity,
creating suitable conditions for soil microorganisms, and
positively influencing soil content of N, P, K and Mg,
ultimately leading to higher grain yields (Jemal and
Yakob, 2021). Notably, the most significant
improvements in crop yields from added biochars have
been observed in tropical and sub-tropical soils
characterized by low carbon content and CEC, high
acidity and coarse texture (Jeffery et al., 2017; Liu et al.,
2019).

As biochars can persist in soils for thousands of years,
a single application has the potential to achieve long-term
nutrient management goals (Kuzyakov et al., 2014; Kalu
et al., 2021). The objective of this study was to investigate
the long-term effects of biochar on soil physical
properties, growth parameters, and soybean yield in a
highly weathered tropical sandy clay loam. The
hypothesis was that biochar-amended soil would lead to
better soil structure, reduced soil bulk density for
improved root growth, enhanced soil infiltration and
water-holding capacity, and increased sites for the
retention of base cations, ultimately resulting in greater
nutrient uptake and crop yields.

METHODS

The experiment was conducted at Mulungushi University located 26
km away from Kabwe town. It is located at a longitude of
28°33'36"E, latitude14°17'42"S and an altitude of 1,182 m above
sea level. It lies in Agro-Ecological zone Il which receives rainfall of
between 800 and 1000 mm. The experimental field plots of 6 m x 4
m were set up side by side, one was amended with biochar at the
rate of 40 t/ha in October 2017 while the other was not. The two
plots were cultivated with maize in the year 2017/2018 season and
were left farrow until 2021/2022. The soils were highly weathered
tropical sandy clay loam.

Soil chemical characteristics

The composite end of experiment soil samples was analysed using
the Bray-1 method for determination of phosphorus content in soils
as described by Murphy and Riley (1962). Exchangeable K, Ca and
Mg will be extracted with 1 N ammonium acetate buffered at pH 7.0.
Concentrations of K, Ca and Mg in solution were determined by
Atomic Absorption Spectrometry. The CEC was determined by
summation of exchangeable cations. pH and EC were determined
electrochemically using pH/EC meter (Combo pH/EC waterproof Hl
98130, Hanna Instruments, Woonsocket, Rl USA) in suspension
with 0.01 M CaCl; using a 1:2.5 soil to solution ratio. Available
phosphorus was extracted using the Bray-1 method (Olsen and
Dean, 1965) and determined using the standard procedures of the

Association of Official Analytical Chemists (AOAC, 1998).

Soil infiltration rate

Infiltration rate was measured using the single-ring infiltrometer.
The polythene rings were pushed or pounded into the soil surface.
The water was applied to the soil surface inside the rings recording
the depth of the falling head, over time as water infiltrated, for a
continuous period of 1 h. The infiltration rate was calculated as an
average of three measurements from each plot. Cumulative
infiltration was calculated as the total amount of water infiltrated
during a given period.

Measurement of the bulk density, soil porosity and other soil
physical parameters

For bulk density (BD), the samples were collected at four random
positions in each of the two plots using a soil core ring of 70 mm
height and 42 mm radius. The soils samples were oven dried for 48
h at 105°C and weighed using a mass balance. The volume was
determined using the formula V=rr’h. BD was calculated
(mass/volume) after removal of stones (>2 mm in diameter) as an
average of the four samples in each plot. Soil porosity was
calculated by using the following formular.

Bulk Density
Partical density (2.65)

Soil porosity (%) =100 - ( ) x 100

Other soil physical parameters were determined from the top 15 cm
soil depth from a 50 x 50 x 50 cm mini pit dug in each plot. The
following parameters were measured using the FAO guideline for
soil profile description (Jahn et al., 2006). Soil structure grade, size
and type, field porosity, pores abundance, pores type, pores size,
root abundance and root size. Soil colour was measured using the
Mansell colour chart.

Measurement of growth parameters and yields of soybeans

In 2018/19 season the two plots were demarcated. One was treated
with biochar at the rate of = 40 t ha™ (2%) while the second plot was
without biochar (the control). The two plots were planted with maize
in the first year and left fallow for four years. In 2021/2022 season,
the land was weeded and tilled to the depth of 10 cm using a hand
hoe. A Zambian soybean variety, Lukangawas planted - a
determinate non-self-modulating variety developed by ZARI,
obtained from Zambia Seed Company Ltd. The seeds were
inoculated with rhizobia (Rhizobium leguminosarum) at the time of
seeding. The seed was planted at the recommended rate of
400,000 plants ha™ with the optimum inter row spacing of 50 cm
and 5 cm intra-row spacing. Two weeks after gemination, each plot
was applied with a stimulative dose of 33kg ha™ of D-Compound
(NPK 10:20:10+6S) fertilizer as recommended (Miti, 1995).
Weeding, pests and disease control were done as the need
arose. Supplemental irrigation was done only when the rains were
inadequate and soil moisture was deemed to be below field
capacity. Biomass weight was determined using destructive
sampling method. In each of the measurements, ten plants were
randomly selected and carefully uprooted from the rows of the
subplot (each plot was divided into three subplots across the slope).
The biomass was segmented into the shoot and root biomass
weights. These were oven dried at 105°C for 72 h and weighed.
The grain harvesting was done by hand, approximately 130 days
after sowing when the crop started drying (passed physiological
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Table 1. The chemical characteristics of the soil in biochar and in the control.

Parameter Units Biochar Non biochar Critical values
pH - 5.46 <4.5

EC mS/cm 0.08 -

P Ppm 22.89 13.29 <20

K Ppm 152.1 105.3 <40

Ca Ppm 1100 >200

Mg Ppm 186 <50

CEC cmol/kg 5.82 -

These were determined on bulk samples from each plots.

maturity). The grain weight was determined after air-drying for two
weeks followed by a 48 h of oven drying at 40°C. The harvest index
(HIl) was calculated as a ratio of grain weight to total shoot dry
matter weight: - a measure of reproductive efficiency
(Hl=grain/shoot weight).

Plant growth characteristics of shoot length, tap root length and
shoot diameter at the base was measured using a tape rule; the
shoot length was taken from the plant base to the upper most shoot
tip; the diameter was calculated from the circumference measured
at the base using a string and a tape rule (diameter= C/1r). Number
of pods and nodules per plant, were determined by counting pods
and the nodules from each plant; root weight and shoot weight were
weighed using a mass balance.

RESULTS
Chemical characteristics of the soil

The chemical characteristics of the soil measured on the
soils in the biochar and the control plots are presented in
Table 1. All the elements were above the critical
minimum values except for phosphorus (P) (P<20 ppm)
in the control while calcium was above the critical
maximum (P>200 ppm) in both treatments. Biochar
improved the CEC, K and P while it decreased Mg and
Ca, and showed very little differences in pH, EC.
However, all the characteristics were not below the
critical minimum.

Comparison of the soil bulk density, porosity and
other qualitative physical soil parameters between
the soils with and without biochar amendment

The effect of biochar treatment on soil physical
parameters and biological activity are shown in Table 2.
The calculated bulk density was 25.5% lower in biochar
plot than in non-biochar plot while porosity was 16.2%
higher in biochar than in non-biochar plot. Both dry and
moist soil colour was darker (by at least one value unit) in
biochar treatment (greyish brown (10YR5/2) vs dark
greyish brown (10YR4/2)) and brown (10YR4/3) vs black

(10YR2/1)) respectively. While the soil structure was the
same, the structure grade was weak to moderately strong
in biochar plots and moderately strong in the non-biochar
plots and the type was subangular blocky in biochar vs
subangular blocky to angular blocky in non-biochar plot.
Soil consistency when dry was slightly hard in biochar
compared to hard in non-biochar. Biochar plot showed
more biological activity with three (3) grubs of beetle
larvae (Arthropoda Incecta) and many ants while in non-
biochar there were only many ants. The root abundance
of >2 mm root size was more in the biochar plots
described as “few” (2 to 5 roots per square inch) than in
non-biochar with “very few” (1 to 2 roots per square inch).
All other parameters of soil texture, soil consistency when
moist, stickiness, plasticity, pore types, sizes and
abundancy were similar in both plots.

The effect of biochar on soil infiltration rate

The infiltration measurements showed that the biochar
plot had higher infiltration rates both the instantaneous
and cumulative infiltrations as compared to the non-
biochar plot (Figure 1). The initial infiltration in biochar
was 3 cm/min compared to 1.9 cm/min in non-biochar
accounting for 57.9% higher intake rates in biochar plot
than in non-biochar plot. Similarly, the basic infiltration
rate in biochar plot after 60 min was 0.7cm/min compared
to 0.35 cm/min in non-biochar control. The time required
to infiltrate 30 cm of water was 25 min for biochar
compared to 60 min for the non-biochar plot.

Effect of biochar on plant growth parameters and
yield

The differences in means among the growth parameters
of soybeans grown in soils amended with biochar and the
control is shown in Table 3. Apart from tap root length,
nodule number, grain weight, Hl and 100 seed weight, all
other parameters: Shoot length, shoot diameter, number
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Table 2. The effect of biochar on soil physical parameters and biological activity.

Parameter Units Treatment
Biochar field Control field
Density gcm® 0.94 +0.10% 1.18 +0.10%
Porosity (calculated) % 64.6 +3.6% 55.5 + 3.9°
Color moist HvC Black (10YR2/1) Brown (10YR 4/3)
Color dry HvVC dark greyish brown (10YR 4/2) greyish brown (10YR 5/2)
Structure grade Moderate Weak to Moderate
Structure size mm Fine (5-10); medium (10-20) Fine (5-10); medium (10-20)
Structure type Subangular blocky Subangular and angular blocky
Textural class Sandy clay loam Sandy clay loam
Consistency dry Slightly hard Hard
Consistence moist Very firm Very firm
Stickiness Slightly sticky Slightly sticky
Plasticity Plastic Plastic
Pores type Interstitials and channels Interstitials and channels
pore size mm Very fine (< 0.5 mm); fine (0.5-2 mm); medium (2-5 mm) Very fine to fine
Pores abundance No. Common (50-200) very fine to fine); very few (1-2) medium Common -very fine to fine; very few -medium
Porosity % >40 porous (high) >40 porous (high)
Root abundance No. Common (50-200) (<2 mm); few (2-5) (>2 mm) Common (50-200) (<2 mm); very few (1-2) (>2 mm)
Root size mm Coarse (> 5); fine (0.5-2); very fine (<0.5) Course, fine and very fine

Biological activity count

3 Grubs: beetle larvae (arthropoda incecta) and many ants

Many ants

HVC= hue, value, chroma-; Mansell colour chart; YR = Yellow Red; Values for BD and Calculated Porosity represent the mean = SEM of three determinations (n=3), the
differences were NS (same superscript means not significantly different), P=0.169 for both parameters.

of pods per plant, root weight and shoot weight of
soybeans planted in biochar amended soils were
significantly (P<0.01) higher than those in the
control (Table 3). Even though the difference
between treatments (biochar vs control) in nodule
number (14.8+2.7 vs 11.5+1.6; 28% increase),
grain yield (6.29+0.58 vs 4.15+0.72; 51.6%
increase) and harvest Index (0.381+0.037 vs
0.461+0.056; 17.4% decrease) were not
statistically significant at P>0.05, but they were
reasonably large (Figure 2 1lI, VI, 1X). The grain

weight was significantly greater in biochar than in
non-biochar at P=0.08. Similarly, the shoot length,
shoot weight shoot diameter at base, root weight,
and pod number, were significantly higher
(P<0.05) in biochar amended plots than the
control by 35.5, 117.2, 34.6, 114.5 and 62.5%,
respectively (Figure 2 I, II, V, VI and VII). There
was no significant difference in tap root length
(25.9+1.1 vs 25.0£1.5) and 100 seed weight
(15.13+0.35 vs 15.21+0.05) between treatments
(Figure 2X and XI).

DISCUSSION
Chemical characteristics of the soil

All the elements were above the critical minimum
values except for P (P<20 ppm) in the control
while calcium was above the critical maximum
(P>200 ppm) in both treatments.

Biochar improved the CEC, K and P due to
induced soil biological activity and mineralization
(Hassana et al.,, 2019; lijima et al., 2015) of
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Figure 1. The instantaneous rate and accumulated intake infiltration for a biochar (B) and non-biochar (NB) field.

Table 3. Effect of biochar on growth parameters and grain yield of soybeans grown.

Treatment Statistics

Parameter .

B NB Sig.
Tap root length (RLt) (cm) 25.9+1.1 25.0+1.5 0.645
Nodule No. (NN) (no) 14.8+2.7 11.5+1.6 0.287
Shoot length (SL) (cm) 53.0+1.5 39.1+2.0 0
Shoot diameter (SD) (mm) 7.0£0.3 5.2+0.2 0
Pod No. (PN) (no.) 36.4+3.0 22.4+2.5 0.001
Root weight (RW) (t/ha) 1.03+0.10 0.48+0.04 0.008
Shoot weight (SW) (t/ha) 16.50+0.77 8.87+0.56 0.001
Plant weight (PW) (t/ha) 17.53+0.17 9.34+0.54 0.001
Grain yield (GW) (t/ha) 6.29+0.58 4.15+0.72 0.083
Harvest index (HI) 0.381+0.037 0.461+0.056 0.269
100 seed weight (SWago) (9) 15.13+0.35 15.21+0.05 0.837

Values represent the mean + SEM of eight determinations (n=8) except RW, SW, PW, GW,

HI and SW1qo (n:4).
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Figure 2. The growth parameters in the soybean between biochar and the control.

organic matter promoted by biochar. The decrease in pH,
EC Mg and Ca were small and the values were all above
the critical minimum and did not affect the growth of the
plant.

Comparison of the soil bulk density, porosity, and
other qualitative physical soil parameters between
the soils with and without biochar amendment

Biochar application reduced bulk density from 1.18+0.10
to 0.94+0.10 cm™ while it increased the calculated

porosity from 55.5+3.95 to 64.5+3.65% compared to the
non-biochar control. Biochar application accounted for a
25.5% decrease in bulk density and a 16.2% increase in
soil porosity (Table 2) since porosity and bulk density are
inversely related. Blanco-Canqui (2017) highlights two
mechanisms by which biochar may reduce bulk density
and increase porosity. Firstly, biochar is highly porous
and has a lower bulk density (<0.6 g cm-°) than mineral
soil (~1.25 g cm™). Thus, adding porous materials like
biochar reduces bulk densities probably through the
mixing or dilution effect and increases porosities of soils
through its highly porous nature (Singh et al.,, 2022;



Prakongkep et al.,, 2020). Biochar contains numerous
longitudinal pores of sizes that range from micro- to
macro-pores (Tomczyk et al., 2020). Secondly, biochar
could also reduce bulk density in the long term by
interacting with soil particles and improving aggregation
and porosity. When biochar is added to soll, it becomes a
binding agent that connect the soil micro aggregates to
form macro-aggregates leading to an increase in the
diameter of the soil aggregates (Sharma et al., 2021;
Cheng et al.,, 2006), thereby changing the pore size
distribution and the aggregate stability of a soil. The latter
mechanism is especially true when monitoring bulk
density changes through extended periods of time (>5
years) as it is an artifact of long-term biochar effect.
Similarly, Lu et al. (2014) observed that rice husk biochar
increased soil porosity by 20% and aggregation by 8 to
36%. The 25.5% decrease in bulk density was significant
since the experiment was only five years long which time
may not fully reflect the long-term effects of biochar on
this soil. However, the large magnitude of the decrease in
density may be explained by the large difference in
densities between the soil (sand clay loam with ~1.2 g
cm®) and biochar (maize biochar with ~0.220 g/cm™®)
(Ogunjobi and Lajide, 2013; Blanco-Canqui, 2017).
According to Blanco-Canqui (2017) the magnitude of
change tends to be larger if the difference is large and
smaller if the difference is small.

Soil colour

High concentrations of biochar darken soil colour.
Application of biochar darkened both dry and moist soil
colour by at least one value unit than in soils without
biochar. The application of biochar darkened the dry soil
from greyish brown (10YR 5/2) to dark greyish brown
(10YR 4/2) while the moist soils changed from Brown
(10YR 4/3) to dark greyish brown (10YR 4/2). This
darkening was probably due to the combined effect of the
colour of biochar (with Munsell value 0-2), the biochar
concentration in the soil, which was 20 g kg™ and the
degree of mixing (related to particle size of both the
biochar and the soil) (Verheijen et al., 2009)

Soil structure type, grade, consistency and biological
activity

Soil structure refers to the grouping of soil particles
(sand, silt, clay, organic matter and fertilizers) into porous
compounds also called aggregates. Soil structure also
refers to the arrangement of these aggregates separated
by pores and cracks. The application of biochar improved
the soil structure grade from weak-moderate structure to
moderate structure, the structure type from subangular-
angular blocky to subangular blocky and the consistency
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when dry from hard to slightly hard. Application of biochar
enhances soil aggregation by providing organic binding
agents (Sharma et al.,, 2021) and stimulates growth of
fungi that produce abundant hyphae that bind to other
soil particles (Blanco-Canqui, 2017). Furthermore,
biochar provides refuge to microorganisms and protects
them from predators and desiccation, and these
microorganisms secrete polysaccharides which increase
soil aggregation (Aslam et al., 2014). Thus, biochar
application improves aggregation processes and
increase aggregate  stability. Soil aggregation s
responsible for soil structure, and it is fundamental for soil
to function as well as for agricultural productivity (Juriga
and Simansky, 2018).

The biological activity was more in the biochar amended
soil. In addition to the many ants in both plots, the biochar
amended soils had few (2-5 per square decimeter) roots
(>2 mm in size) and few grubs (3 grubs: beetle larvae
(arthropoda incecta) while there were “very few” (1-2 per
square decimeter) roots (>2 mm in size) and no grubs in
the control plot within the mini pits. The results of many
experiments have shown that application of biochar can
be a sustainable way of improving physical (Pietikainen
et al., 2000; Zhang et al., 2020; Nguyen et al., 2022),
chemical (Chintala et al, 2013) and biological
(Egamberdieva, 2016, Zhang et al., 2019; Shaaban, et
al., 2018; Egamberdieva, 2022) properties of the soail.
Therefore, the enhanced biological activity in biochar
amended soils was not a random occurrence but was
attributable to the application of biochar.

Other qualitative soil parameters of structure size,
textural class, soil consistence when moist, stickiness,
plasticity, pore type, pore size, pores, abundance,
porosity (qualitatively determined) and root sizes showed
no difference between biochar application and the control
(Table 2). The difference was not noticeable using the
qualitative criteria applied in the measurement of these
parameters because some of the ranges applied in the
categories are too large to capture differences attributable
to biochar application to the soils.

The effect of biochar on soil infiltration rate

Few studies have investigated the effect of biochar on
infiltration and runoff formation. Studies have shown that
biochar has varied effects on soil infiltration in soils
depending soil type, texture, biochar amendment rate,
biochar type and properties (Barnes et al., 2014; Brewer,
2012). In this experiment, application of biochar at the
rate of 20 g kg™ promoted the initial infiltration rate from
1.9 cm/min in non-biochar control to 3 cm/min in biochar
accounting for 57.9% increase. Similarly, the basic
infiltration rate at the infiltration time of 60 min was twice
in biochar amended soil (0.7 cm/min) than in the control
(0.35 cm/min). The time required to infiltrate (cumulative
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infiltration) 30 cm of water was 25 min in biochar
amended soils compared to 60 min in the control (Figure
1). Thus, biochar amendment promoted soil water
movement in this soil type. Itsukushima et al. (2016) also
reported higher initial and final infiltration rates in
amended soils with bamboo biochar and humus than in
the control soils. Addition of porous substances like
biochar to soil modifies water retention, bulk density, total
porosity and pore structure, thereby enhancing physical
and hydraulic soil properties (Villagra-Mendoza and Horn,
2018). Due to the physical characteristics of biochar, its
addition to the soil changes the pore size distribution
within the soil which alters the percolation patterns,
residence time, and flow paths of the soil solution
(Atkinson et al., 2010). The movement of water in the soil
matrix depends on texture, structure and pore properties,
that is configuration, size, shape and distribution (Hartge
and Horn, 2016). Soil texture may be directly impacted at
the macroscale by the addition of biochar because of its
particle size distribution and macroporous nature. This
would contribute to increased infiltration of the soil water
through preferential flow though macropores. Soils with
large pore diameters drain off first. At saturation, coarse
textured soils conduct water more rapidly than finer
textures (Jury and Horton, 2004). The same process
occurs for aggregated soils compared with poorly
aggregated ones. Biochar is particularly porous and once
its hydrophobicity has been overcome, it has potential to
oxidize and absorb and retain more water (Cheng et al.,
2006). In addition, biochar by interacting with soil
particles and improving aggregation and porosity can
form macro-aggregates leading to an increase in
diameter of the soil aggregates (Sharma et al., 2021,
Cheng et al., 2006) thereby increasing the pore size
distribution and the aggregate stability of a soil leading to
enhancement of the soil infiltration rate (Verheijen et al.,
2009).

Effect of plant growth parameters and yield

The results indicate that biochar amendment significantly
increased various growth parameters in soybeans
compared to the control. Specifically, shoot length, shoot
diameter at the base, pod number, root dry weight, shoot
dry weight, whole plant dry weight and grain weight
showed increases of 35.5, 34.6, 62.5, 114.5, 117.2, 116.8
and 51.6%, respectively, in the biochar-amended plants
(Figure 2). While some differences were statistically non-
significant, there were substantial increases in nodule
number (28%), grain weight (51.6% increase), and
harvest index (39.9% decrease) for plants with biochar
compared to the control.

Despite the lack of statistical significance in some
cases, the large differences observed suggest that
biochar significantly improved several physicochemical

properties of the soil, including bulk density, porosity, soil
structure (likely soil aggregation), biological activity, soil
infiltration and water retention capacity, as well as levels
of phosphorus (P), potassium (K) and cation exchange
capacity (CEC). These positive changes in saoll
parameters contribute to the improved agronomic
performance of the soybean crop (Warnock et al., 2007;
Steinbeiss et al., 2009; Liang et al., 2007; Chan and Cu,
2009). The enhanced plant growth related to
improvements in these physical parameters may be
attributed to better rooting conditions, increased soil
water-holding capacity, and improved nutrient use
efficiency promoted by biochar amendment (Basso et al.,
2013).

Biochar also increased the nodule number by 28%,
likely due to increased porosity and the presence of
biochar pores serving as habitats for bacteria and fungi
colonization. These pores offer protection against
predators of bacteria and mycorrhizal fungi, providing a
conducive environment for nodule formation. Biochar
amendment creates favorable conditions for microbial
proliferation, including mycorrhizae, thereby enhancing
the symbiotic benefits between plants and mycorrhizal
fungi, which contribute to increased nutrient availability
such as phosphorus, nitrogen and zinc to plants through
induced soil biological activity and mineralization
(Hassana et al., 2019; lijima et al., 2015).

Interestingly, biochar application led to a decrease in
the harvest index (HI) from 0.461 to 0.381 compared to
the control. A higher HI indicates more dry matter
partitioned to grain than to vegetative growth. The
decreased HI with biochar suggests a delicate balance
between vegetative and reproductive phases. Biochar
may encourage excessive vegetative growth by providing
better conditions for soil moisture and fertility than the
control. Despite the lower HI, the grain yield per hectare
in the biochar plot exceeded that of the control, indicating
that the greater vegetative growth promoted by biochar
resulted in more pod formation and grain production. In
summary, the soils amended with biochar resulted in
better crop establishment, improved crop development
rates, and higher soybean production.

Conclusion

The results of this study offer compelling evidence
supporting the judicious application of biochar, providing
a valuable reference for soil improvement practices.
Maize cob biochar, as demonstrated in this research,
enhances various soil properties and influences related
processes, including water storage and infiltration, and
likely plays a role in controlling soil erosion under normal
weather conditions. The implications of these findings are
significant, suggesting that maize cob biochar stands as
a promising and practical approach to enhance soil



agronomic properties, promote growth, facilitate nutrient
acquisition, and improve the yield of soybeans on sandy
clay loam soils in a sustainable manner.
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