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ABSTRACT

Soils in the Sudanian zone of Chad, and more specifically leached tropical soils, were subject to
physical and chemical degradation phenomena that hamper crop production. Solving this problem
requires solutions for the rational improvement of fertility. The aim of this study, conducted in a
controlled environment, was to assess the fertilising potential of biochar on impoverished soil by
monitoring the kinetics of the evolution and release of chemical elements that improve the physico-
chemical quality of the soil. Four treatments were carried out: control soil (T0Q), treatment 1B: 100g

*Corresponding author: E-mail: arkabahouro@yahoo.fr, arkabahouro@gmail.com;

Int. J. Plant Soil Sci., vol. 35, no. 19, pp. 1840-1851, 2023



Arka et al.; Int. J. Plant Soil Sci., vol. 35, no. 19, pp. 1840-1851, 2023; Article no.lJPSS.105954

soil + 0.225g biochar (i.e. 5 t/ha), treatment 2B: 100g soil + 0.3375¢g biochar (i.e. 7.5 t/ha) and
treatment 3B: 100g soil + 0.450g biochar (i.e. 10 t/ha). Each treatment was repeated four times.
Four main parameters were measured during the trial period: pH, assimilable phosphorus,
exchangeable bases and their sums (Ca, Mg, K, Na and SBE) and cation exchange capacity.
These different parameters showed that the biochar treatments significantly improved soil quality,
whatever the dose and incubation time, compared with the TO control. Treatment 1B (5t/ha biochar
application) increased pH by an average of 6.5%, phosphorus by 132.5%, SBE by 406.1% and
CEC by 43.4%. Treatment 2B (application of 7.5 t/ha of biochar) improved pH by an average of
8.5%, phosphorus by 155.1%, SBE by 207.6% and CEC by 46.2%. Treatment 3B (application of
10t/ha of biochar) produced a marked improvement, increasing pH by 11.2%, phosphorus by
198.7%, SBE by 457.6% and CEC by 29.9%. These results further confirm the vital importance of
biochar in fertilising impoverished tropical soils. Based on pH, sum of bases and phosphorus,
treatment 3B gave better results by considerably increasing the initial chemical element content of
the control soil than the other biochar treatments.

Keywords: Biochar; incubation; physico-chemical properties; tropical soil; Chad.

ABBREVIATIONS

1B: Treatment at 5 t/ha of biochar

2B: Treatment at7.5 t/ha of biochar

3B: Treatment at 10 t/ha of biochar

Ca: Calcium

CEC : Cationic Exchange Capacity

CNAR : National Research Support Centre
DREM : Water Resources and Meteorology
Division

FASA : Faculty of Agronomy and Agriculture
Sciences

ITRAD: Chadian Institute of
Research for the Development

K : Potassium

Mg : Magnesium

Na : Sodium

P ass : assimilable Phosphorus
SBE : Sum of Exchangeable Bases
V : Saturation rate

Agronomic

1. INTRODUCTION

Population growth and the lack of arable land in
Sub-Saharan Africa are one of the main causes
of over exploitation of land, leading to land
degradation [1,2]. The resulting consequences
are soil nutrient deficiencies [3]. Compensating
for this reduction/ deficiencies due to the removal
of nutrients by plants or to degradation
phenomena means applying appropriate soil
fertilisation techniques. The use of chemical
fertilisers is one of the most widely used
fertilisation methods. However, in addition to their
polluting effect, chemical fertilisers are
inaccessible and expensive for African farmers,
who are often very poor [4,5,6,7]. Other
techniques for improving soil fertility, in particular
improved fallow, crop rotation and intercropping,

are good ways of restoring and improving soil
productivity. However, they no longer appear to
be effective in the long term given the current
context of climate change, population growth and
other factors contributing to food insecurity [8].
Hence the need to set up a sustainable and
productive agricultural system that is essential,
efficient and environmentally friendly, with the
aim of restoring soil fertility using organic
amendments in order to guarantee food security
for the population. Several authors around the
world have demonstrated that organic
amendments can maintain or improve soil fertility
in more sustainable ways [9,10,11,12,13,14].
With this in mind, incubation trials of biochar on a
depleted tropical leached soil were conducted in
the laboratory with the aim of assessing the
potential of this fertiliser by monitoring physico-
chemical parameters over a given time scale.

2. MATERIALS AND METHODS
2.1 Presentation of the Soil Sampling Site

The site from which the soil samples were taken
is located in the Sudanian zone of Chad,
between latitudes 9°12' and 9°24' North and
longitudes 14°48' and 15°0' East (Fig. 1). The
climate is Sudano-Guinean, with average annual
rainfall of 1,000 mm [15,16,17]. The area's
hydrographic network is made up of a number of
fairly large streams, generally known as
« Mayo or El », which run off the hills and form
marshy areas at low points [18]. The vegetation
is the Sudano-Guinean domain and a grouping of
vegetations from several domains, the main ones
being the wooded savannah, the very open
wooded savannah, the vegetation consisting of
relics of cultivated areas and the massif
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vegetation [19,20]. The soil type on which the
samples were taken is a ferruginous soil with a
sandy-loamy texture [21]. Alongside this soil are
other sesquioxide soils, hydromorphic soils,
crude mineral soils, soils with little development
and the juxtaposition of several soil types or
classes [22,23]. The geology of the area consists
mainly of outcrops of basement, continental
terminal, Cretaceous and Quaternary formations
[24].

2.2 Soil Material

Samples were taken from the surface horizons
(0-25 cm) and were taken systematically. All the
soil samples taken were dried and then mixed.
They were turned over as many times as
possible to ensure a good mix and to obtain a
homogeneous sample. The sample was then
quartered. The two diagonals were then mixed
and used in pots 7 cm high and 4 cm in diameter,
giving a volume of 87.92 cm?.

2.3 Organic Fertilizer: Biochar

The fertiliser used is biochar, the original material
of which is millet stalks. It was ground in a
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porcelain mortar and sieved using a stainless
steel sieve to obtain particles with dimensions of
2mm or less for laboratory analysis and for use in
incubation tests.

2.4 Soil and Biochar Analysis Methods

The soil and biochar were subjected to physico-
chemical analysis at the Laboratory of the
Faculty of Agronomy and Agricultural Sciences
(FASA) of the University of Dschang and at the
Laboratory for the Analysis of Soil, Water and
Soil at the Chadian Institute of Agronomic
Research for Development (ITRAD). These
physico-chemical analyses were carried out on
samples smaller than 2 mm. For the physico-
chemical analyses, the pH was determined using
the soil solution method with a soil/water ratio of
1/2.5. Granulometry was determined using the
densimetric method. Exchangeable bases and
CEC were determined using the method
described by [25], which involves extracting
exchangeable bases and then determining CEC
from the same soil sample. Assimilable
phosphorus was determined using the Bray 1
method.
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Fig. 1. Location map of soil sample collection site for incubation study
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2.5 Experimental Design and Conduct of
Trials

The experimental set-up consisted of a block of
four (04) treatments. Each treatment consisted of
09 units repeated 3 times. A total of 108
experimental units. In each pot corresponding to
an experimental unit, 100 g of soil were mixed
with 0.225 g (i.e. 5 t/ha), 0.3375 g (7.5 t/ha) and
0.450 g (10 t/ha).

The treatments were as follows:

- TO: control with no fertiliser ;

- 1B: treatment with 5 t/ha of biochar;

- 2B: treatment with 7.5 t/ha of biochar;
- 3B: treatment with 10 t/ha of biochar.

The trials were conducted at the Laboratory of
the Chadian Institute of Agronomic Research for
Development under controlled conditions. The
treatments were subjected to the same
conditions, with regular injections of 20 ml of
demineralised water every seventy-two hours
into each unit in order to maintain the soil at field
capacity. Samples for analyses to monitor
changes in physico-chemical parameters were
taken at zero (corresponding to the TO control),
one (1), two (2), four (4) and six (6) months of
incubation. For each treatment, three random pot
samples were taken at each period indicated and
then mixed to form a sample for physico-
chemical laboratory analysis.

3. RESULTS

3.1 Physico-chemical Characteristics of
Soil and Biochar

The physico-chemical characteristics of the
control soil (corresponding to TO) and the biochar
are shown in Table 1.

The soil has a sandy-loam texture, a slightly acid
pH (6.90), very low Ca and Na content (1.0 and
0.02 meqg/100g respectively), low Mg (1.2
meq/100g) and average K (0.4 meg/100g). The
CEC is average (18.2 meq/100g). SBE and
V are low (26 and 1451 meqg/100g,
respectively).

The biochar has an alkaline pH (9.22), a very
high Ca and Mg content (100.4 and 60.4
meq/100g, respectively), high K (0.98 meg/100g)
and low Na (0.22 meg/100g). CEC and SBE
levels are very high. V is high at 79.75%.

3.2 Effects of Biochar
chemical Parameters

on Physico-

3.2.1 Effect of biochar on pH

The effect of biochar on hydrogen potential (pH)
is shown in Fig. 3. The pH of all treatments (7.26
to 7.87) increased by 0.36 to 0.97 units, i.e. a
rate of 5.2 to 12.8% whatever the incubation time
compared with the control (6.90). Treatments 1B
and 2B show the highest pH peak after 2 months
of testing. Treatment 3B showed a better result
after 1 month of testing. The evolution is such
that for the same duration, the pH is strongly
linked to the doses: the higher the dose, the
higher the pH, but independently of the
incubation duration.

All in all, the best result of all the treatments was
observed with treatment 3B, which showed an
average increase of 11.2%. Treatments 2B and
1B showed an average increase of 8.5 and 6.5%
respectively. The pH improvement s
summarised as a function of the treatments
applied, such as 3B>2B>1B.
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Fig. 2. a) Photo of the test line, b) Experimental design
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Table 1. Physical and chemical parameters of soil and biochar samples

Samples Sand Silt Clay pHeau P ass Ca Mg K Na CEC SBE V

% ppm in meqg/100 en %
Control TO 71 16 13 6.9 0.5 1.0 1.2 0.4 0.02 18.2 2.6 14,51
Biochar na na na 9.22 78.3 100.4 60.4 0.98 0.22 203.12 162.0 79.75

NB: P ass: Assimilable phosphorus; na: not analysed ; SBE : Sum of Exchangeable Bases ; V : Saturation rate ; CEC : Cationique Exchange Capacity

Table 2. Evolution of pH, exchangeable bases, CEC and saturation rate as a function of doses and incubation test time of biochar in the soil
compared with the control

Treatments and duration pH P ass Ca? Mg?* K* Na* SBE CEC \Y
of incubation ppm meq/100g of sail en %
Control TO 6.90 3.6 1.0 1.2 0,4 0.02 2.6 18.2 1451
1 month 1B 7.32 9.6 8.56 1.36 1,48 0.29 11.69 23.20 50.39
2B 7.50 10.7 1.36 1.36 3,85 0.63 7.19 25.60 28.09
3B 7.78 11.2 2.24 6.08 2,38 0.36 11.06 23.20 47.65
2 months 1B 7.44 8.9 10.56 17.36 4,31 0.49 32.72 38.00 86.11
2B 7.61 10.8 1.20 2.32 1,83 0.36 5.70 24.80 22.99
3B 7.74 12.7 10.56 17.36 1,32 0.29 29.53 32.16 91.81
4 months 1B 7.38 8.2 1.76 4.00 1,32 0.22 7.30 22.40 32.58
2B 7.42 6.6 1.76 4.00 2,98 0.36 9.09 26.40 34.45
3B 7.53 9.0 3.60 1.28 4,79 0.49 10.16 20.00 50.82
6 months 1B 7.26 6.7 1.76 2.16 2,57 0.36 6.85 20.80 32.93
2B 7.42 8.6 1.36 6.00 2,28 0.36 10.00 29.60 33.78
3B 7.65 10.2 1.76 2.56 2,57 0.36 7.25 19.20 37.76
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3.2.2 Effect on assimilable phosphorus

The effect of incubating biochar in the soil on the
level of available phosphorus is shown in Fig. 3.

Phosphorus levels changed as a function of dose
at 1, 2 and 6 months. However, at 4 months of
incubation, the rate changes in a jagged fashion.

Treatment 1B gave the best results after 1
month's testing (9.6 ppm), then the rate fell as
the incubation time increased, reaching a rate of
6.7 ppm after 6 months' testing.

Treatments 2B and 3B showed the best results in
months 1 and 2 of the incubation trial (10.7 and
10.8 ppm respectively for 2B; 11.2 and 12.7 ppm
for 3B respectively), then decreased after 4
months (6.6 and 9.0 ppm respectively for 2B and
3B), before increasing to 8.6 and 10.2 ppm
(respectively for 2B and 3B) after 6 months of the
trial.

All  the biochar treatments contributed to
improving soil phosphorus levels by between
83.6 and 252.2% compared with the control (3.6
ppm). Specifically, treatment 1B improved from
86.6 to 167.9%, treatment 2B increased from
83.6 to 201.0% and finally treatment 3B
increased from 149.8 to 252.2%.

In summary, based on average phosphorus
levels, the best results were observed in
treatment 3B (10t/ha), where 3B> 2B> 1B.

3.2.3 Effect of biochar
bases

on exchangeable

Fig. 3 shows the content of base sums in the
various treatments over the six-month period.

Treatment 1B has SBE contents ranging from 6.9
to 32.7 meq/100g. This content increases
exponentially after 1 and 2 months of testing
(11.7 and 32.7 meq/100g respectively) then
decreases drastically after 4 and 6 months (7.3
and 6.9 meqg/100g respectively).

The results of treatment 2B show SBE levels
ranging from 5.7 to 10.0 meqg/100g. This content
decreased to 5.7 meq/100g at 2 months, after
reaching 7.2 meqg/100g at 1 month, and then
increased after 4 months until the 6th month
(contents of 9.1 and 10 meqg/100g respectively).

Treatment 3B showed values between 7.3 and
29.5 meqg/100g. The SBE content increases

vol. 35, no. 19, pp. 1840-1851, 2023; Article no.lJPSS.105954

exponentially during months 1 and 2 (11.1 to
29.5 meqg/100g respectively) then drops
drastically after 4 and 6 months of testing to 10.2
and 7.3 meq/100g respectively.

In summary, the results indicate that all the
biochar treatments significantly increased the
SBE content from 178.8 to 1158.5% compared
with the control, irrespective of the duration of the
trial, which was not strongly dose-dependent.
Treatment 1B improved with a rate varying from
163.5 to 1158.5% compared with the TO control.
Treatment 2B increased from 119.3 to 284.6%
and treatment 3B improved from 178.8 to
1035.6% compared with the control.

Based on the average SBE, the best results were

observed in treatment 1B (an average of
463.1%) followed by treatment 3B, as
1B>3B>2B.

3.2.4 Effect on CEC

The CEC contents from the incubation trials are
shown in Fig. 3.

Treatment 1B has a CEC content that varies
from 20.8 to 38.0 meq/100g, i.e. an increase of
14.3 to 108.8% compared with the TO control.
This content increased in the trials at 1 and 2
months of incubation (23.2 and 38.0 meq/100g
respectively) then fell after 4 and 6 months of
testing (22.4 and 20.8 meqg/100g respectively).

Treatment 2B showed CEC values ranging from
24.8 to 29.6 meq/100gq, i.e. an increase of 36.3 to
62.6% compared with TO. The content increased
overall with the duration of the incubation trial,
although it decreased slightly in the 2nd month.

Treatment 3B showed values between 19.2 and
32.2 meq/100g, corresponding to an increase in
content of 5.5 to 76.7% compared with the
control. The CEC content increased in months 1
and 2 of the trial (23.2 and 32.2 meqg/100g
respectively) and then gradually decreased after
4 and 6 months (20.0 and 19.2 meqg/100g,
respectively).

Overall, the results obtained indicate that all the
biochar treatments significantly increased the
CEC content by 5.5 to 108.8% compared with
the control, whatever the dose and duration of
the trial. The best results were observed in
treatment 2B, with an average increase of
46.2%. Thus, the order is 2B>1B>3B.
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Fig. 3. Variation in pH (a), assimilable phosphorus (b), sum of exchangeable bases (c) and cation exchange capacity (d) diagrams.
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3.3 Statistical Analysis

Table 3. Correlation matrix between the various physico-chemical parameters obtained from

the tests

Variables pH P Ca?* Mg?* K* Na* SBE CEC \Y
pH 1

P .901™ 1

Ca?* .201 .383 1

Mg?* .358 371 759" 1

K* .318 .188 .092 .091 1

Na* .526 510 .097 .099 .875" 1

SBE .360 423 .897" 951" .250 241 1

CEC .296 .354 .655" .860™ .267 .358 .849" 1

\Y .460 511 .914" 874" .268 .249 .962" .706" 1

**_Correlation is significant at the 0.01 level (two-tailed).
*, Correlation is significant at the 0.05 level (two-tailed).

Table 3 shows the correlation matrix between the
various physico-chemical parameters studied. It
shows the various correlations that exist between
them, although they are not significant in most
cases. All the parameters are practically
correlated. However, pH is strongly positively
correlated with assimilable phosphorus
(r=0.901). Calcium and magnesium are strongly
positively correlated with each other (r=0.759)
and with SBE (r=0.897 and r=0.951). Potassium
and sodium are strongly positively correlated with
each other (r=0.875). CEC was very strongly
positively correlated with SBE (r=0.849) and
positively correlated with calcium (r=0.655).

4. DISCUSSION

4.1 Physico-chemistry of the Control
Soil and Biochar

The soil used for the controlled incubation trial
has a sandy-loam texture, a slightly acid pH, very
low Ca and Na content, low Mg content and
average K content. The CEC is average. SBE
and V are low. The work of [26] in the area gave
similar results and he concluded that these soils
had poor to very poor fertility overall. [21]
mentioned the fact that this low fertility was
linked to overexploitation of the land, with plants
taking nutrients without restoring them to
compensate. These same authors [21] have also
shown that this soil has a very high chemical
weathering index (87.1) and a significant
mineralogical weathering index (74.2). The
weathering indices appear to be correlated with
the granulometry of this soil, which has a sandier
texture (71%) and low clay content (13%). These
results confirm the descriptions by [23] that these
soils are highly leached.

The biochar has an alkaline pH, a very high Ca
and Mg content, a high K content and a low Na
content. CEC and SBE are very high. The V
saturation rate is high. Similar results, particularly

for  biochar, have been reported by
[27,26,28,29,30,31].
4.2 Effects of Biochar on Physico-

chemical Parameters

The application of biochar had a very positive
effect on pH, increasing it from 0.36 to 0.97 units
regardless of the duration of incubation;
however, the 10t/ha treatment (3B) gave better
results compared with the other treatments (1B
and 2B) and the control. Thus, whatever the
dose, biochar had a positive effect on soil pH.
This increase in the pH of the amended soils is
thought to be due to the initial pH of the biochar,
which is 9.22. Several studies, notably those by
[30] on sandy soils in Kinshasa and [32] on
leached soils in Cameroon, have produced
similar results. [30] achieved an increase in pH
ranging from 0.89 to 0.95 units compared with
the control. However, the increase in pH was not
proportional to the dose, because based on the
5t/ha application compared with the control, we
did not obtain an increase in the unit multiplied
by 1.5 or 2 when the dose was multiplied by 1.5
and 2, i.e. at 7.5 and 10tha. This could be
explained by the fact that the more the dose is
multiplied by 1.5 or 2, the release of certain
chemical elements by the biochar would be at
the origin of the relatively buffer effect not
allowing a very drastic increase in pH after
reaching a certain threshold. Furthermore, some
authors [33] have studied the application of
fertilisers at 10, 20 and 30% and have found that
the increase in pH units is not proportional to the
dose when it is doubled or tripled.
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Assimilable phosphorus levels were significantly
improved in soils treated with biochar,
irrespective of incubation time and dose,
compared with the control. This significant
increase could be linked to the direct effect of the
biochar or indirectly to the fact that the biochar
had a positive effect on pH, which favours
phosphorus availability in tropical soils.
Moreover, pH and phosphorus are highly
positively correlated (r=0.901). [34] have shown
that phosphorus can be blocked at acid pH in
tropical soils and that it is made available at pH
between 6 and 8. Similarly, [35,36] demonstrated
that conversion of biomass to biochar increases
soluble phosphorus levels. This corroborates
well with the present study. Increasing the dose
by a factor of 1.5 and 2 compared with 5t/ha did
not have the same proportional effects in terms
of the release of assimilable phosphorus. This
could be explained by the fact that biochar
applied at rates 1.5 or 2 times higher would
release more calcium, which antagonises the
release of phosphorus.

Exchangeable bases and their sum were
significantly improved in all biochar treatments
compared with the unamended control. This
improvement is thought to be due to the nutrient
inputs from the organic amendment, biochar in
the present study, which releases a certain
guantity of chemical elements to the soil [37,38].
The better behaviour observed in treatment 3B
could be explained by the quantity applied to the
soil, which would improve soil quality by
releasing sufficient chemical elements [37,38]
compared with the control. These results are in
line with those obtained by [39], who found that
10 t/ha of organic fertiliser gave better results
than 5 t/ha on soil chemical properties.

CEC was significantly improved in the different
treatments. It should be noted that this parameter
is closely linked to soil colloids (clay and soil
organic matter). In this case, although OM
content is not significantly correlated with CEC,
the latter is linked to organic matter.
Furthermore, some authors have highlighted the
link between the application of organic matter
and CEC [40,41]. In the present study, this
increase in CEC would be closely linked to the
organic matter in the biochar.

5. CONCLUSION
This study shows that the soil used in the

incubation trials is sandy-loam, weakly acidic and
low in bases and assimilable phosphorus. The

biochar used as an amendment has a very basic
pH and very high levels of bases and assimilable
phosphorus. The use of biochar incubated in the
soil had a positive effect on improving pH,
phosphorus, bases and CEC compared with the
control. The kinetic study of the different doses
over the trial period did not give satisfactory
results overall compared with the control. Thus,
whatever  the duration, treatment 3B
corresponding to 10t/ha released more chemical
elements than the other treatments, all compared
to the control without amendment.
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