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The eﬀect of biochar on tree growth and soil physical properties as indicated in literature is still outstanding. Information on the
eﬀect of biochar on tree growth is limited, and the available literature has recorded conﬂicting results. Therefore, a ﬁeld
experiment using Casuarina equisetifolia (Casuarina) as the test crop under diﬀerent biochar rates was conducted. Four
biochar rates (0, 2.5, 5.0, and 7.5 t ha−1) were used as treatments, each replicated three times. Generally, biochar-amended plots
recorded higher Casuarina height, collar diameter, and diameter at breast height (DBH). The application of biochar at 7.5 t ha−1
resulted in higher Casuarina height of up to 20.2% compared to the control. On the contrary, application of biochar at 2.5 t ha−1
recorded higher collar diameter of up to 30.2% compared to the control. Generally, there was a decrease in soil bulk density
with biochar application. Bulk density decreased linearly with increasing biochar application rates with biochar application rate
of 7.5 t ha−1 recording the lowest bulk density (0.99 g cm−3). There was a decrease in bulk density of up to 25% compared to the
control with the biochar application rate of 7.5 t ha−1. Biochar application rate of 7.5 t ha−1 also recorded the highest soil
moisture content across the assessment periods. Biochar-amended plots recorded higher soil moisture content than the
untreated control. There was increase in soil moisture content following biochar application of up to 108% with the application
of biochar at 7.5 t ha−1 compared to the untreated control. The increase in soil moisture content with biochar application can be
attributed to biochar’s porous nature and large surface area. These results suggest that the use of biochar has the potential of
enhancing Casuarina growth while enhancing soil physical properties by decreasing bulk density and enhancing soil
moisture storage.

1. Introduction
Dwindling soil fertility is considered a severe bio-physical
root cause of declining land productivity in sub-Saharan
Africa [1]. The main factors contributing to soil fertility
decline are losses of soil nutrients through soil erosion by
wind, water, and leaching of N and K. Loss of soil nutrients
speciﬁcally due to erosion in African soils has been reported
to range from 10 to 45 kg of NPK per hectare per year [2, 3].
Soil fertility challenges coupled with frequent droughts in
sub-Saharan Africa have led to massive crop failures thereby
increasing the problem of food insecurity. Frequent and
prolonged dry spells have become a characteristic of arid and
semiarid lands (ASALs) in Kenya. As climate change

unfolds, climate variability is expected to worsen [4] thus
leading to more rising temperature and increasing rainfall
uncertainty. A study by Herrero et al. [5] noted that temperature increase in Africa is between 3°C and 4°C, roughly
1.5 times the global mean. The increase in temperature as
highlighted by Ochieng et al and Herrero et al. [4, 5] are
likely to lead to depressed and highly erratic rainfall thus
hampering crop growth and tree growth for tree farmers. To
address these challenges, studies have been conducted to
come up with soil amendments that enhance soil fertility and
improve soil physical characteristics while boosting soil
moisture retention.
Among many technologies, the use of biochar has been
reported to oﬀer a cost-eﬀective means of improving soil
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fertility and water-holding capacity of soils [6, 7]. Biochar is
a technology that has been reported to provide conditions
suitable for plant growth by providing necessary nutrients
for growth and development [8], reduced soil compaction
through bulk density (BD) reduction and increase soil waterholding capacity. Biochar application as a soil amendment is
motivated by its capacity to promote plant growth and altering soil physical and chemical properties [9]. Numerous
studies have reported the beneﬁts accrued to biochar as soil
amendment especially for soil moisture storage and crop
yield improvement worldwide [10–12] in agricultural
landscapes. However, the eﬀects of biochar on physicochemical soil properties and tree growth as indicated in
literature are still limited.
Based on the above arguments, there was need to examine the eﬀect of biochar on soil physical properties and
tree growth on sandy soil in Coastal Kenya with Casuarina
equisetifolia as the test crop. Casuarina is a major commercial tree species at the Kenyan Coast due to its fast
growth and marketability. This study therefore addressed
two speciﬁc objectives: (i) to determine the eﬀect of biochar
on Casuarina growth and (ii) to assess the eﬀect of biochar
on soil physical properties (soil moisture and BD). The
results of this study are crucial to researchers and extension
oﬃcers tasked to advise farmers on appropriate Casuarina
tree farming approaches for optimum performance and
productivity.

2. Materials and Methods
2.1. Study Site. A ﬁeld experiment was conducted at the
Kenya Forestry Research Institute (KEFRI) research site
situated at Gede, Kiliﬁ County in the coastal region of
Kenya. The research site was situated at S 03.29480″ E
039.99602″. Kiliﬁ county lies between latitude 2°20′ and
4°0′ South, and between longitude 39°05′ and 40°14′ [13].
The total land area of the county is roughly 12,609.7 km2,
with a terrain that generally slopes towards the ocean. The
mean annual rainfall ranges between 300 mm in the hinterland and 1,300 mm along the coastal belt of the County.
Kiliﬁ county has ﬁve agroecological zones (AEZs) categorized using annual rainfall, mean temperatures, vegetation, and humidity. As a result of high temperatures
experienced in the county, there are high evaporation rates
varying from 1,800 mm along the coastal strip to 2,200 mm
in the hinterland. Approximately 50% of the land area in
the county is arable, with maize and cassava being the key
subsistence crops mainly grown by small-scale farmers.
Other crops grown mostly by large-scale farmers as cash
crops include coconuts, sisal, cashew nuts, and citrus fruits.
The dominant soil type in Gede area where the experiment
was conducted is arenosol.
2.2. Experimental Design. The study was conducted between
October 2019 and October 2020. The experiment was set up
using a randomized complete block design (RCBD) with
four treatments replicated three times. Four biochar rates
were used as treatments (0, 2.5, 5.0, and 7.5 t ha−1). Biochar
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was prepared through pyrolysis of dried Prosopis juliﬂora
branches at 450°C with 3 hours residence time. Plots of 12 m
by 12 m were used for the experiment with Casuarina
planting spacing of 2 m by 2 m and 3 m space between plots.
Biochar was thoroughly mixed with the soil prior to
transplanting the Casuarina seedlings to the ﬁeld; seedlings
of uniform height (30 cm) were used for the experiment
establishment.

2.3. Casuarina Growth Assessment. Growth assessment was
done quarterly for a period of 12 months. Height (m) of
Casuarina was measured using a grade rod, while diameter
at ground level (DGL)/collar diameter (cm) and diameter at
breast height (DBH) were measured using a Vernier calliper.
Collar diameter was measured for 9 months. The DBH was
measured 12 months after ﬁeld establishment and was
measured at 1.3 m above the ground. Each treatment had a
total of 108 trees (36 per replicate) which were all measured
and means per replicate for each treatment were used for
computation and analysis.
2.4. Soil Sampling and Analysis. Determination of soil
moisture was done at 3, 6, 9, and 12 months after experiment
establishment (MAE). Soil moisture was determined
gravimetrically to a depth of 20 cm. BD was determined at 3
MAE and at 9 MAE using the core ring method. Soil texture
was determined using improved hydrometer method for soil
particle sizes; pH and electro conductivity were determined
using portable glass electrode; total C was determined using
Walkley–Black method; total nitrogen was analysed using
Kjeldahl method; available phosphorus and magnesium
were analysed using UV spectrophotometer method; and
potassium and calcium were determined using ﬂame photometer method [14, 15]. Soil moisture was determined
gravimetrically using the following formula:
W�

(100 Mw)
,
Ms

(1)

where W is the soil moisture content in %, Ms is the dry mass
of soil, Mw is the mass of water in soil.
For soil BD, the following formula was used:
BD g cm− 3 

mass of soil (g)
.
volume of soil cm3 

(2)

2.5. Statistical Analysis. The data obtained from the ﬁeld and
laboratory were subjected to repeated measure analysis of
variance (ANOVA) using R software (version 4.0.3) for
windows at 95% conﬁdence level to determine the level of
signiﬁcance accrued to the treatments applied. Means were
separated using Tukey HSD test. Pearson’s correlation was
also done to determine exiting relationships between variables. Regression analysis was also undertaken using R
software to determine the strength of existing linear relationships between variables.
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Table 1: Baseline soil and biochar characteristics for Casuarina ﬁeld experiment.
Parameter
PH
EC (mS/cm)
Total C (%)
Total N (%)
Soil organic matter (%)
P (mg kg−1)
K (mg kg−1)
Ca (mg kg−1)
Mg (mg kg−1)
Na (mg kg−1)
Texture (90% sand, 6% clay, and 4% silt)
Bulk density (g cm−3)
C/N ratio
CEC (cmol(+) kg−1)

Baseline soil status
6.65
0.052
0.65
0.06
1.12
1.8
62
200
149
—
Sand
1.3
—
—

Biochar characteristics
8.7
1.39
48
0.84
—
26.6
1166.1
746
354
989
—
—
57
11.2

Table 2: Casuarina mean height under diﬀerent biochar application rates and assessment periods.
Seedling height ± SE (m)
Treatment
Control
Biochar 2.5 tons/ha
Biochar 5.0 tons/ha
Biochar 7.5 tons/ha
f (3,8)
p < 0.05

3
0.75 ± 0.04b
0.89 ± 0.09a
0.85 ± 0.07ab
0.89 ± 0.06a
3.02
0.09 n.s.

Growth period (months)
6
9
1.15 ± 0.03b
1.77 ± 0.06b
1.42 ± 0.13a
2.18 ± 0.17a
1.36 ± 0.17ab
2.07 ± 0.22a
1.43 ± 0.07a
2.13 ± 0.14a
3.95
4.19
0.05
0.05

12
2.77 ± 0.07b
3.24 ± 0.27a
3.18 ± 0.14a
3.33 ± 0.06a
7.21
0.01

Note: (i) values denoted by the same letter along the column are not signiﬁcantly diﬀerent at p < 0.05, (ii) n.s. means not signiﬁcant, and (iii) n � 12.

3. Results and Discussion
3.1. Baseline Soil Status. The baseline soil status of the ﬁeld
experimental site was determined at the onset of the experiment as shown in Table 1. The pH was neutral with low
EC, total N, total C, SOM, available P, exchangeable Mg, and
exchangeable K which is the characteristic of the coastal soils
that have low inherent fertility [16]. The site however had
adequate exchangeable Ca which is often adequate in Coastal
soils as a result of the presence of calcium carbonates in the
soil. The soil was generally categorized as having a sandy
texture. Soil and biochar chemical characteristics are summarized in Table 1.

3.2. Eﬀects of Biochar on Casuarina equisetifolia Growth after
Field Establishment
3.2.1. Casuarina Height. The results of this study indicate
that Casuarina height growth was signiﬁcantly diﬀerent with
the application of diﬀerent biochar rates at 6 MAE, 9 MAE,
and 12 MAE (p < 0.05, 0.05, and 0.01, respectively) as shown
in Table 2. There were no signiﬁcant diﬀerences in Casuarina
height with the application of diﬀerent biochar rates at the
third month after ﬁeld establishment (p < 0.09). Generally,
biochar-amended plots recorded higher Casuarina height
than the untreated control. Biochar application rate of
7.5 t ha−1 recorded the highest Casuarina height at two assessment periods (6 MAE and 12 MAE). The increase in
height compared to the control for biochar application rate

Table 3: Coeﬃcient of correlation between biochar application
rates and mean Casuarina height at four assessment periods.
Assessment period
3 MAE
6 MAE
9 MAE
12 MAE

Coeﬃcient of correlation (r)
0.56
0.59
0.54
0.72

p value
0.059
0.043
0.072
0.008

MAE: months after ﬁeld establishment.

of 7.5 t ha−1 was 24.3% and 20.2%, respectively, for the two
assessment periods. At the third month after ﬁeld establishment, biochar application rate of 2.5 and 7.5 t ha−1
recorded similar mean height (0.89 m); this mean height was
18.7% higher than the control (Table 2). At 9 MAE, biochar
application at 2.5 t ha−1 recorded the highest plant height
(2.18 m) which was 23.2% above the control treatment.
Generally, there were no signiﬁcant diﬀerences in Casuarina height between the application rate of 2.5 and
7.5 t ha−1. At the 6- and 12-MAE assessment period when the
application of biochar rate of 7.5 t ha−1 recorded the highest
mean height, the diﬀerence in Casuarina height compared to
the biochar application rate of 2.5 t ha−1 was only 0.7% and
2.7%, respectively. Among the biochar application rates
used, the application rate of 5.0 t ha−1 recorded lower Casuarina mean height across the growth period compared to
2.5 and 7.5 t ha−1 application rates. However, the application
of biochar at 5.0 t ha−1 recorded higher Casuarina mean
height than the untreated control by 13.3%, 18.3%, 16.9%,
and 14.8% across the four assessment periods, respectively.

4
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Figure 1: Relationship between biochar application rates and Casuarina height at diﬀerent assessment periods: (a) 3 MAE, (b) 6 MAE, (c) 9
MAE, and (d) 12 MAE.

The results Pearson’s correlation conducted revealed that
there was a signiﬁcant positive linear relationship between
biochar application rates and Casuarina height growth
(r � +0.56, +0.59, +0.54, and +0.72, respectively) for the four
sampling periods as highlighted in Table 3 and Figure 1. The
results of linear regression analyses conducted to determine
the strength of association between biochar rates and mean
Casuarina height show that only 29% to 51% (r2 ∗ 100) of the
observations made can be accounted for by changes made in
the biochar application rates applied.
The increase in Casuarina height with biochar application
can be attributed to enhanced plant nutrients availability such
as phosphorus and potassium and improvement of soil
physical properties such as reduced BD and enhanced soil
moisture storage [17, 18]. This could explain the observed
trend in the present study where biochar-amended plots
recorded higher Casuarina mean height than the untreated
control throughout the assessment period. Studies have
shown that low susceptibility of biochar to microbial processes enhance the stability of soil organic matter in the lower
soil horizons while improving availability of water and nutrients to plants and decrease erosion risks [19, 20]. However,
research on the eﬀects of biochar on tree growth is still
outstanding [21]. Growth of agricultural crops as inﬂuenced
by biochar application has received signiﬁcant focus in the
recent past with studies being conducted to evaluate the eﬀect
of biochar on yields [11, 22, 23].
To understand the eﬀect of biochar on plant growth in
general, Mohan et al. [24] reported increased eggplant
growth due to biochar application as compared to the

control. The study further revealed that soils amended with
3% biochar had the highest increase in both plant height and
number of leaves. The study also reported that the average
plant height improved from 8.3 cm in the ﬁrst week to 20 cm
(seventh week) versus 6.0 cm (ﬁrst week) to 9.5 cm (seventh
week) in case of control. Comparable results to this study on
increase of plant growth as a result of biochar application
were also reported by Carter et al. [25]. Biochar has been
reported to promote plant productivity through several
mechanisms such as enhancement of physical conditions
with biochar application through enhanced water-holding
capacity thereby providing water for plant growth [26].
Hafeez et al. [27] also reported signiﬁcant increase in
height of glycine max (L.) with biochar application. The
study attributed this to alleviating the physicochemical
stresses particularly water and nutrient scarcity as a result of
biochar application. The ﬁndings of this study concur with
the ﬁndings of Berek and Hue [28] who reported that
biochar application increased plant growth and biomass by
two to four folds. Drabkin and Weinfuether [29] reported
that tree growth showed signiﬁcant diﬀerences on sites with
biochar; the study however recommended further studies to
ascertain the observed trends.
3.2.2. Casuarina Diameter at Ground Level (DGL) and Diameter at Breast Height (DBH). The eﬀect of biochar application on Casuarina mean collar diameter, that is,
“diameter at ground level of trees (DGL)” over a period of
time was assessed and found as shown in Figure 2. There was
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Figure 2: Casuarina DGL and DBH under diﬀerent biochar application rates: (a) DGL at 3 months, (b) DGL at 6 months, (c) DGL at 9
months, and (d) DGL at 12 months. Values denoted by the same letter in each graph are not signiﬁcantly diﬀerent at p < 0.05; “B” means
biochar, “C” means control treatment; treatment rates are in tons/ha.

gradual increase in DGL across the four assessment periods
as illustrated in Figure 2. There were, however, no signiﬁcant
diﬀerences in collar diameter following the application of
diﬀerent biochar rates across the assessment period (p < 0.91,
0.82, and 0.57, respectively) for 3 MAE, 6 MAE, and 9 MAE.
There was also no signiﬁcant diﬀerence in terms of DBH at 12
MAE assessment period (p < 0.17). The untreated control
recorded the lowest DGL and DBH across the growth period
as highlighted in Figure 2. Despite the lack of signiﬁcant
diﬀerences in terms of DGL and DBH after application of
diﬀerent biochar rates, generally, plots treated with biochar
recorded higher DGL and DBH compared to the untreated
control (Figure 2). The application of biochar at 2.5 t ha−1
recorded the highest DGL and DBH across the growth period;
this was 4.3%, 16.4%, 12.8%, and 30.2% above the control for
the four assessment periods, respectively.
Pearson’s correlation conducted to determine the existence of association between biochar application rates and
Casuarina DGL/DBH revealed that there was an insigniﬁcant positive linear relationship between the two variables
(r � +0.14, +0.29, +0.28, and +0.36 for the four sampling
periods) as shown in Figure 3. The results further revealed a
very weak association between biochar application rates and
Casuarina DGL/DBH. Only 2% to 13% of the observations
made in Casuarina DGL and DBH can be accounted for by
changes in biochar application rates. This indicates that
increasing biochar application rates did not lead to an

increase in DGL and DBH. The increase in DGL and DBH
with biochar application can be attributed to improvement
of physical and chemical properties of the soil with biochar
application. The inﬂuence of biochar on physical properties
of soil directly aﬀects the growth of plants through enhanced
root penetration as a result of reduced BD and soil moisture
retention due to increased porosity as a result of biochar’s
highly porous nature [30].
The eﬀects of biochar on Casuarina DGL and DBH are
subject to further studies. Vast majority of biochar studies are
conducted on agricultural soils, and ﬁeld experiments studying
eﬀect of biochar on tree growth are limited. The available
literature has also reported contradicting ﬁndings. Palviainen
et al. [31] reported that biochar application of 10 Mg ha−1
increased diameter growth of dominant trees signiﬁcantly
which corresponded to an increase of 25% compared to the
control. Macphail [32], in his meta-analysis, reported that
biochar increases plant growth by up to 41%. The metaanalysis attributed the increase in plant growth after biochar
application to nutrient and water retention by biochar.

3.3. Eﬀects of Biochar on Soil Physical Properties
3.3.1. Soil Bulk Density (BD). Results from this study
showed that there was signiﬁcant diﬀerence in soil BD
following application of diﬀerent biochar rates at 3 MAE and
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Figure 3: Relationship between biochar application rates and Casuarina DGL/DBH at diﬀerent assessment periods: (a) 3 MAE, (b) 6 MAE,
(c) 9 MAE, and (d) 12 MAE.

9 MAE assessment period; (p < 0.02 and 0.001, respectively)
for the two sampling periods as highlighted in Figure 4.
Generally, there was a gradual decline in BD with increased
rates of biochar application. Biochar application at the rate
of 7.5 t ha−1 recorded the lowest BD of 0.99 g cm−3 for both
sampling periods. The control treatment recorded the
highest BD of between 1.29 and 1.32 g cm−3. There was a
decrease in BD of 14.7%, 15.5%, and 23.2% for biochar rates
of 2.5, 5.0, and 7.5 t ha−1, respectively, compared to the
control at 3 MAE assessment period. On the contrary, there
was decrease in BD of 15.2%, 17.4%, and 25% for biochar
rates of 2.5, 5.0, and 7.5 t ha−1, respectively, compared to the
control at 9 MAE assessment period. Studies have shown
that biochar application reduces BD probably through
mixing or dilution eﬀect [33]. Studies have shown that reduction in BD with biochar application is as a result of
increased soil porosity with biochar addition thus enhancing
aeration and root development. Higher BD restricts root
development due to soil compaction [34]. Studies have
shown that biochar has a porosity of 70% to 90% thus
enhancing soil porosity when mixed with the soil [35, 36].
The results of Pearson’s correlation conducted to determine the relationship between biochar application rates and
soil BD revealed a signiﬁcant negative relationship (r � −0.87,
p < 0.0003) for 3 MAE and (r � −0.79, p < 0.002) for 9 MAE as
shown in Figure 5. There was a decline in soil BD with increasing rates of biochar application. This can be attributed to
biochar’s porous nature and low BD which could have
lowered the soil’s BD. Figure 5 also shows that there was a
strong association between biochar application rates and soil
BD. Between 63% and 75% (r2 ∗ 100) of the observations
made in soil BD can be attributed to changes made in the

biochar application rates with the remaining 25% to 37%
attributed to other environmental factors not under study.
BD is an indicator of soil compaction and soil health. It
aﬀects inﬁltration, rooting depth, available water capacity,
soil porosity, plant nutrient availability, and soil microorganism activity [37]. A study by Ma et al. [38] revealed that
soil BD is dependent on soil organic matter, texture, and the
density of the mineral soil. Most studies have reported a
decrease in BD following biochar application [23, 35, 39, 40].
Humberto [33] reported a decrease of BD by 3% to 31% with
biochar addition. According to Oshunsanya and Aliku [40],
the decrease in BD of biochar-amended soils could be an
indicator of soil structure, aggregation, and aeration.
Omondi et al. [41] also reported a decrease in BD by 7.6%
following biochar addition. The study further revealed that
soil BD decreased with the increasing amount of biochar
applied; the same trend was observed in this study as shown
in Figure 5. Studies have also shown that biochar can reduce
BD in coarse textured soils more than ﬁne textured soils, this
could explain the trend observed in this study which was
dominated by sandy soils. This is estimated at 14.2% in
course textures soils and 9.2% in ﬁne textured soils [41].
Hseu et al. [42] reported a reduction in BD from 1.5 mg m−3
in the control to 1.4 mg m−3 in biochar-treated soils; the
plots with 10% biochar recorded a reduction in BD of up to
25% compared to the control. The decrease in BD following
biochar application may also be as a result of biochar’s lower
BD (0.63 g cm−3) than soil (1.25 g cm−3). Biochar is highly
porous and its application to soils can improve soil physical
properties, such as soil porosity, BD, pore size distribution,
water-holding capacity, inﬁltration, and hydraulic conductivity [43].
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Figure 5: Relationship between biochar application rates and soil bulk density at diﬀerent assessment periods: (a) 3 MAE and (b) 9 MAE.

3.3.2. Soil Moisture Content. There were signiﬁcant diﬀerences in soil moisture content following application of
diﬀerent biochar rates (p � 0.0000006, p � 0.0004,
p � 0.000007, and p � 0.0001 for 3 MAE, 6 MAE, 9 MAE,
and 12 MAE, respectively) as shown in Figure 6. Biochar
application rate of 7.5 t ha−1 recorded the highest soil
moisture content across the four sampling periods. Generally, biochar-amended plots recorded higher soil moisture
content than the control. There was increase in soil moisture
content of up to 67.6% at 3 MAE, 77% at 6 MAE, 94.1% 9

MAE, and 108% at 12 MAE with the application of biochar
at 7.5 t ha−1 compared to the control treatment. The increase
in soil moisture content with biochar application can be
attributed to biochar’s porous nature and large surface area
which enables retention of water in the soil pores and rise of
water from lower soil horizons through capillary action [44].
Similar ﬁndings were also reported by [45], who observed an
increase in soil moisture content in sandy soils with biochar
application. Biochar has large surface area which enhances
the adsorptive capacity of soil while improving its pore size
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Figure 6: Soil moisture content under diﬀerent biochar application rates at diﬀerent assessment periods: (a) soil moisture at 3 months,
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graph are not signiﬁcantly diﬀerent at p < 0.05, “B” means biochar, and “T” means biochar rates in tons/ha.

distribution, BD, and consequently leading to an increase in
available soil moisture crucial for plant growth and development. In addition, there exist a strong direct relationship
between biochar’s surface area and the pore volume of the
soil [46, 47].
Figure 7 shows that there was a signiﬁcant positive linear
relationship between biochar application rates at soil
moisture content at the four sampling periods (r � 0.93, 0.87,
0.97, and 0.95), respectively, for the four assessment periods.
The results of this study further revealed a strong association
between biochar application rates and soil moisture content
as shown in Figure 7; between 76% and 95% of observations
made in the soil moisture can be attributed to changes in the
biochar application rates with 5% to 24% of the observation
made attributed to other environmental factors. This study
shows that soil moisture content increased with increasing
biochar application rates. This shows that biochar porosity
and surface area also increased as biochar application rates
were increased.
This study further revealed that there was a signiﬁcant
positive linear relationship between soil moisture content
and Casuarina height across the four assessment periods as
seen in Figure 8 (r � 0.69, 0.85, 0.64, and 0.56) at 3 MAE, 6
MAE, 9 MAE, and 12 MAE, respectively. Casuarina height
increased with increased soil moisture content. The study

further revealed that between 32% and 72% of observation
made in Casuarina height growth can be attributed to
changes in soil moisture content across the assessment
periods. However, there was no signiﬁcant association between soil moisture and Casuarina DGL and DBH across the
four assessment periods as shown in Figure 9. Only 3% to
33% of the observations made Casuarina DGL and DBH can
be attributed to changes in soil moisture following biochar
application with 67% to 97% of the observations attributed
to other factors not under study. The lack of a strong association between soil moisture content and Casuarina DGL
and DBH is subject for further studies.
Many studies have reported positive eﬀects of biochar on
soil moisture [11, 48, 49]. A study by Pühringer [11] conducted in Siaya (Kenya) reported a slight increase in soil
moisture content with increasing biochar rates. The study
reported a substantial diﬀerence in soil moisture for biochar
rates of 10 and 5 t ha−1 compared to the untreated control.
Wilson and Major [48] also reported an increase in soil
moisture content in a sandy loam soil following biochar
application; the soil moisture in biochar-treated plots was
18% higher than the control. The capacity of biochar to
enhance soil moisture retention has been attributed to
numerous factors. According to Carvalho et al. [7], biochar’s
high total porosity is an attribute that enables it to retain
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water in small pores and thus increase water-holding capacity and assist water to rise from lower soil horizons to the
topsoil through capillary rise after heavy rains. In a study by
Åslund [50], soil water content at ﬁeld capacity was signiﬁcantly higher after the additions of biochar than control
treatment. A study by Novak et al. [49] concluded that
generally biochar amendments enhance soil moisture
storage. However, Åslund [50] further noted that the soil
moisture enhancement depends on biochar material used
and pyrolysis temperature used during biochar production.
The study also noted that sandy soils retained more moisture
despite their coarse texture. Novak et al. [49] also reported
improvement of soil moisture storage in two silt loams
ranging between 0.5 and 0.8 cm of water per 15 cm soil
depth.

4. Conclusion and Recommendations
The aim of the study was to determine the eﬀect of biochar
on Casuarina equisetifolia growth and soil physical properties (soil moisture content and BD). The results of this
study stipulate that biochar has the potential to enhance
Casuarina growth. Biochar increased Casuarina height by
up to 24.3% with biochar application rate of 7.5 t ha −1
compared to the untreated control. Generally, all plots
treated with biochar recorded higher Casuarina height and
DGL compared to the control. Biochar application also
signiﬁcantly inﬂuenced soil BD and soil moisture content.
Biochar application signiﬁcantly lowered soil BD; there was
a decrease in BD of up to 25% after biochar application. The

results from this research show that the use of biochar can
assist reduced soil compaction through its eﬀect on soil BD.
Reduction of soil compaction will thus enhance root development thereby enhancing tree growth. The ﬁndings of
this study also show that biochar application can alleviate
soil moisture stress in farmlands. Plots treated with biochar
recorded higher soil moisture than the untreated control.
Biochar application rate of 7.5 t ha−1 recorded the highest
soil moisture content across the four sampling periods.
Generally, biochar-amended plots recorded higher soil
moisture content than the control. The increase in soil
moisture content with biochar application can be attributed
to biochar’s porous nature and large surface area. The results
also showed a signiﬁcant positive linear relationship between
biochar application rates and soil moisture content and
Casuarina mean height. There was, however, a signiﬁcant
negative correlation between biochar application rates and
soil BD. Biochar application has the potential of enhancing
Casuarina growth (DGL, DBH, and height) through improvement of soil physical properties which play a key role in
plant growth and development. Based on the results, it is
recommended that farmers at the coastal region of Kenya
incorporate biochar during Casuarina woodlot establishment to reduce soil compaction through reduced soil BD
and enhance soil moisture storage which will enhance
Casuarina growth.
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