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STUDY OF THE EFFECT OF BIOCHAR INCUBATION
ON SOME PHYSICO-CHEMICAL PROPERTIES OF A
TROPICAL LEACHED SOIL FROM SOUTH-WEST
CHAD.

ABSTRACT

Soils in the Sudanian zone of Chad, and more specificallyleached tropical soils, weresubject to physical and
chemicaldegradationphenomenathathampercrop production. Solvingthisproblemrequires solutions for the
rational improvement of fertility. The aim of thisstudy, conducted in a controlledenvironment, was to assess
the fertilisingpotential of biochar on impoverishedsoil by monitoring the kinetics of the evolution and release
of chemicalelementsthatimprove the physico-chemicalquality of the soil. Four treatmentswerecarriedout:
control soil (T0), treatment 1B: 100g soil + 0.225g biochar (i.e. 5 t/ha), treatment 2B: 100g soil + 0.3375g
biochar (i.e. 7.5 t/ha) and treatment 3B: 100g soil + 0.450g biochar (i.e. 10 t/ha). Eachtreatmentwasrepeated
four times. Four main parametersweremeasuredduring the trial period: pH, assimilable phosphorus,
exchangeable bases and theirsums (Ca, Mg, K, Na and SBE) and cation exchange capacity.
Thesedifferentparametersshowedthat the biochar treatmentssignificantlyimprovedsoilquality, whatever the
dose and incubation time, comparedwith 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 markedimprovement,
increasing pH by 11.2%, phosphorus by 198.7%, SBE by 457.6% and CEC by 29.9%.
Theseresultsfurtherconfirm the vital importance of biochar in fertilisingimpoverished tropical soils. Based on
pH, sum of bases and phosphorus, treatment 3B gave betterresults by considerablyincreasing the initial
chemicalelement content of the control soilthan the other biochar treatments.
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1. INTRODUCTION

Population growth and the lack of arable land in Sub-SaharanAfrica are one of the main causes of
overexploitation of land, leading to land degradation [1,2]. The resultingconsequences are
soilnutrientdeficiencies [3]. Compensating for thisreduction/ deficiencies due to the removal of nutrients by
plants or to degradationphenomenameansapplyingappropriatesoil fertilisation techniques. The use of
chemicalfertilisersis one of the mostwidelyused fertilisation methods. However, in addition to
theirpollutingeffect, chemicalfertilisers are inaccessible and expensive for Africanfarmers, who are
oftenverypoor[4,5,6,7].Other techniques for improvingsoilfertility, in particularimprovedfallow, crop rotation
and intercropping, are good ways of restoring and improvingsoilproductivity. However, they no longer appear to
be effective in the long termgiven the currentcontext of climate change, population growth and
otherfactorscontributing to foodinsecurity[8]. Hence the need to set up a sustainable and productive agricultural
system thatis essential, efficient  and environmentallyfriendly, with the aim of
restoringsoilfertilityusingorganicamendments in order to guaranteefoodsecurity for the population.
Severalauthorsaround the world have demonstratedthatorganicamendments can maintain or improvesoilfertility
in more sustainableways [9,10,11,12,13,14]. Withthis in mind, incubation trials of biochar on a depleted tropical
leachedsoilwereconducted in the laboratorywith the aim of assessing the potential of this fertiliser by monitoring
physico-chemicalparameters over a given time scale.

2. MATERIALS AND METHODS

2.1 Presentation of the soil sampling site



The site fromwhich the soilsamplesweretakenislocated 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 climateisSudano-Guinean,
withaverageannualrainfall of 1,000 mm [15,16,17]. The area‘shydrographic network is made up of a number of
fairly large streams, generallyknown as « Mayo or El », which run off the hills and formmarshy areas at low
points [18]. The vegetationis the Sudano-Guineandomain and a grouping of vegetationsfromseveraldomains, the
main onesbeing the wooded savannah, the very open wooded savannah, the vegetationconsisting of relics of
cultivated areas and the massif vegetation[19,20]. The soil type on which the samplesweretakenis a
ferruginoussoilwith a sandy-loamy texture [21]. Alongsidethissoil are othersesquioxidesoils, hydromorphicsoils,
crudemineralsoils, soilswithlittledevelopment and the juxtaposition of severalsoil types or classes [22,23]. The
geology of the area consistsmainly of outcrops of basement, continental terminal, Cretaceous and Quaternary
formations [24].
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Fig. 1. Location map of soilsample collection site for incubation study

2.2 Soilmaterial

Samplesweretakenfrom the surface horizons (0-25 cm) and weretakensystematically. All the
soilsamplestakenweredried and then mixed. Theywereturned over as many times as possible to ensure a good
mix and to obtain a homogeneoussample. The samplewasthenquartered. The twodiagonalswerethen mixed and
used in pots 7 cm high and 4 cm in diameter, giving a volume of 87.92 cm®.

2.3 Organicfertilizer: biochar

The fertiliser usedis biochar, the original material of whichis millet stalks. It wasground in a porcelainmortar and
sievedusing a stainlesssteelsieve to obtainparticleswith dimensions of 2mm or less for laboratoryanalysis and for
use in incubation tests.

2.4 Soil and biochar analysismethods

The soil and biochar weresubjected to physico-chemicalanalysis 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 AgronomicResearch for Development (ITRAD). These physico-
chemical analyses werecarried out on samplessmallerthan 2 mm. For the physico-chemical analyses, the pH
wasdeterminedusing the soil solution methodwith a soil/water ratio of 1/2.5. Granulometrywasdeterminedusing
the densimetricmethod. Exchangeable bases and CEC weredeterminedusing the methoddescribed by [25],
whichinvolvesextractingexchangeable bases and thendetermining CEC from the samesoilsample. Assimilable
phosphoruswasdeterminedusing the Bray 1 method.



2.5 Experimental design and conduct of trials

The experimentalset-upconsisted of a block of four (04) treatments. Eachtreatmentconsisted of 09 unitsrepeated
3 times. A total of 108 experimentalunits. In each pot corresponding to an experimental unit, 100 g of soilwere
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 treatmentswere as follows:

- TO: control with no fertiliser ;

- 1B:treatmentwith 5 t/ha of biochar;

- 2B:treatmentwith 7.5 t/ha of biochar;

- 3B:treatmentwith 10 t/ha of biochar.

The trials wereconducted at the Laboratory of the Chadian Institute of AgronomicResearch for
Developmentundercontrolled conditions. The treatmentsweresubjected to the same conditions, withregular
injections of 20 ml of demineralised water everyseventy-twohoursintoeach unit in order to maintain the soil at
fieldcapacity. Samples for analyses to monitor changes in physico-chemicalparametersweretaken at zero
(corresponding to the TO control), one (1), two (2), four (4) and six (6) months of incubation. For eachtreatment,
threerandom pot samplesweretaken at eachperiodindicated and then mixed to form a sample for physico-
chemicallaboratoryanalysis.

Fig. 2. a) Photo of the test line, b) Experimental design

3. RESULTS
3.1 Physico-chemicalcharacteristics of soil and biochar

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

The soil has a sandy-loam texture, a slightlyacid pH (6.90), verylowCa and Na content (1.0 and 0.02 meg/100g
respectively), low Mg (1.2 meg/100g) and average K (0.4 meg/100g). The CEC isaverage (18.2 meq/100g). SBE
and V are low (2.6 and 14.51 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 meqg/100g) and low Na (0.22 meqg/100g). CEC and SBE levels are very high. V is high at 79.75%.

Table 1: Physical and chemicalparameters of soil and biochar samples

Samples Sand | Silt [ Clay | pHeay [Pass [Ca [Mg [K [Na |[CEC [SBE [V

% ppm in meq/100 en %
Control TO 71 [16 [ 13 6.9 0.5 1.0 1.2 04 [002] 182 26 | 1451
Biochar na | na| na | 922 | 783 | 100.4 | 60.4 | 0.98 | 022 | 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 soilcomparedwith the control.

o pH P ass ca” Mg® | K* Na* | SBE CEC |V
s S s en %
< é E ppm meq/100g of soil
ESS
g3E
=
Control [ TO | 6.90 26 1.0 1.2 04 [ 0.02 2.6 182 | 1451 Comment [IA1]: Delete the word control then
< 1B | 732 96 856 | 136 | 1,48 | 029 | 11.69 | 2320 | 50.39 uerzeiteellwithimentn
5 2B | 750 10.7 136 | 136 | 385 | 0.63 719 | 2560 | 28.09
g 3B | 7.78 112 224 | 608 | 238 | 036 | 11.06 | 2320 | 47.65
@ 1B | 7.44 8.9 1056 | 17.36 | 431 | 049 | 3272 | 38.00 | 86.11
g 2B | 7.61 108 120 | 232 | 1,83 | 0.36 570 | 24.80 | 22.99
E 3B | 7.74 127 1056 | 17.36 | 1,32 | 029 | 2953 | 32.16 | 9181
@ 1B | 7.38 8.2 176 | 400 | 1,32 | 0.22 730 | 2240 | 3258
€ 2B | 7.42 6.6 176 | 4.00 | 2,98 | 0.36 9.09 | 26.40 | 34.45
E 3B | 7.53 9.0 360 | 128 | 479 | 049 | 10.16 | 20.00 | 50.82
v 1B | 7.26 6.7 176 | 216 | 257 | 0.36 6.85 | 20.80 | 32.93
% 2B | 7.42 06 136 | 6.00 | 228 | 036 | 10.00 | 29.60 | 33.78
15 3B | 7.65 10.2 176 | 256 | 2,57 | 0.36 725 | 19.20 | 37.76

3.2 Effects of biochar on physico-chemicalparameters
3.2.1 Effect of biochar on pH

The effect of biochar on hydrogenpotential (pH) isshown in Figure 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 comparedwith the control
(6.90). Treatments 1B and 2B show the highest pH peakafter 2 months of testing. Treatment 3B showed a
betterresultafter 1 month of testing. The evolutionissuchthat for the same duration, the pH isstronglylinked 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 treatmentswasobservedwithtreatment 3B, whichshowed an averageincrease of
11.2%. Treatments 2B and 1B showed an averageincrease of 8.5 and 6.5% respectively. The pH
improvementissummarised as a function of the treatmentsapplied, such as 3B>2B>1B.

3.2.2 Effect on assimilable phosphorus

The effect of incubating biochar in the soil on the level of availablephosphorusisshown in Figure 3.
Phosphoruslevelschanged 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 resultsafter 1 month'stesting (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), thendecreasedafter 4 months (6.6 and 9.0 ppm
respectively for 2B and 3B), beforeincreasing to 8.6 and 10.2 ppm (respectively for 2B and 3B) after 6 months of
the trial.

All the biochar treatmentscontributed to improvingsoilphosphoruslevels by between 83.6 and 252.2%
comparedwith the control (3.6 ppm). Specifically, treatment 1B improvedfrom 86.6 to 167.9%, treatment 2B
increasedfrom 83.6 to 201.0% and finallytreatment 3B increasedfrom 149.8 to 252.2%.

In summary, based on averagephosphoruslevels, the best resultswereobserved in treatment 3B (10t/ha), where
3B>2B> 1B.

3.2.3 Effect of biochar on exchangeable bases

Figure 3 shows the content of base sums in the varioustreatments over the six-monthperiod.



Treatment 1B has SBE contents rangingfrom 6.9 to 32.7 meg/100g. This content increasesexponentiallyafter 1
and 2 months of testing (11.7 and 32.7 meq/100g respectively) thendecreasesdrasticallyafter 4 and 6 months (7.3
and 6.9 meq/100g respectively).

The results of treatment 2B show SBE levelsrangingfrom 5.7 to 10.0 meg/100g. This content decreased to 5.7
meq/100g at 2 months, afterreaching 7.2 meq/100g at 1 month, and thenincreasedafter 4 monthsuntil the 6th
month (contents of 9.1 and 10 meq/100g respectively).

Treatment 3B  showed values between 7.3 and 29.5 meg/100g. The SBE content
increasesexponentiallyduringmonths 1 and 2 (11.1 to 29.5 meq/100g respectively) then drops drasticallyafter 4
and 6 months of testing to 10.2 and 7.3 meq/100g respectively.

In summary, the resultsindicatethat all the biochar treatmentssignificantlyincreased the SBE content from 178.8
to 1158.5% comparedwith the control, irrespective of the duration of the trial, whichwas not strongly dose-
dependent. Treatment 1B improvedwith a ratevaryingfrom 163.5 to 1158.5% comparedwith the TO control.
Treatment 2B increasedfrom 119.3 to 284.6% and treatment 3B improvedfrom 178.8 to 1035.6% comparedwith
the control.

Based on the average SBE, the best resultswereobserved 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 Figure 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%
comparedwith the TO control. This content increased in the trials at 1 and 2 months of incubation (23.2 and 38.0
meq/100g respectively) thenfellafter 4 and 6 months of testing (22.4 and 20.8 meq/100g respectively).

Treatment 2B showed CEC values rangingfrom 24.8 to 29.6 meq/100g, i.e. an increase of 36.3 to 62.6%
comparedwith TO. The content increasedoverallwith the duration of the incubation trial,
althoughitdecreasedslightly 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% comparedwith the control. The CEC content increased in months 1 and 2 of the trial (23.2 and 32.2
meq/100g respectively) and thengraduallydecreasedafter 4 and 6 months (20.0 and 19.2 meq/100g, respectively).
Overall, the resultsobtainedindicatethat all the biochar treatmentssignificantlyincreased the CEC content by 5.5
to 108.8% comparedwith the control, whatever the dose and duration of the trial. The best resultswereobserved
in treatment 2B, with an averageincrease of 46.2%. Thus, the orderis 2B>1B>3B.

pH a) Assimilable Phosphorus b)
8 14
7.8 12
7,6 X 10
g 74 mT0 | S 3 =10
= 7,2 H
5 5 B 2 6 1B
S | j. i B | = ; U J | 2B
w ‘ 3B o Ch L d 3B
1 month 2 month 4 month 6 month Average 1 month 2 month 4 month 6 month Average
Treatments time and average Treatments time and average
Sum of exchangeable Bases c) Cationic Exchange Capacity d)
80 35 b 40
e 30 S
S 25 = 30
2 2 =T0 g = T0
= = 20
£ 15 1B | £ i W ] I 1B
E g | | ‘
s 10 | 20 | F | 2B
E s 5 1 ‘ ‘ :
0 & il 1 i C I I I
o o /.M il [ | m 3B 0 J | [ | | | 3B
1 month 2 month 4 month 6 month Average 1 month 2 month 4 month 6 month Average
Treatments time and average Teatments time and average

Fig. 3. Variation in pH (a), assimilable phosphorus (b), sum of exchangeable bases (c) and cation exchange
capacity (d) diagrams.



3.3 Statisticalanalysis

Table 3.Correlation matrix between the various physico-chemicalparametersobtainedfrom the tests

Variables | pH P ca® Mg** K* Na* SBE CEC Vv
pH 1

P 901" 1

ca** 201 .383 1

Mg* .358 371 7597 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 8747 .268 .249 962" 706 1

**_Correlationissignificant at the 0.01 level (two-tailed).
*. Correlationissignificant at the 0.05 level (two-tailed).

Table 3 shows the correlation matrix between the various physico-chemicalparametersstudied. It shows the
variouscorrelationsthatexistbetweenthem, althoughthey are not significant in most cases. All the parameters are
practicallycorrelated. However, pH isstronglypositivelycorrelatedwith assimilable phosphorus (r=0.901).
Calcium and magnesium are stronglypositivelycorrelatedwitheachother (r=0.759) and with SBE (r=0.897 and
r=0.951). Potassium and sodium are stronglypositivelycorrelatedwitheachother  (r=0.875). CEC
wasverystronglypositivelycorrelatedwith SBE (r=0.849) and positivelycorrelatedwith calcium (r=0.655).

4. DISCUSSION
4.1 Physico-chemistry of the control soil and biochar

The soilused for the controlled incubation trial has a sandy-loam texture, a slightlyacid pH, verylowCa and Na
content, low Mg content and average K content. The CEC isaverage. SBE and V are low. The workof [26] in the
area gave similarresults and heconcludedthatthesesoilshadpoor to verypoorfertilityoverall. [21] mentioned the
factthatthislowfertilitywaslinked to overexploitation of the land, with plants takingnutrientswithoutrestoringthem
to compensate. Thesesameauthors[21]have alsoshownthatthissoil has a very high chemicalweathering index
(87.1) and a significantmineralogicalweathering index (74.2). The weathering indices appear to becorrelatedwith
the granulometry of thissoil, which has a sandier texture (71%) and lowclay content (13%). Theseresultsconfirm
the descriptions by [23] thatthesesoils are highlyleached.

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. Similarresults, particularly for biochar, have been reported
by [27,26,28,29,30,31].

4.2 IEffects of biochar on physico-chemicalparameters|

Comment [IA2]: In the discussion, data
shouldbeinterpreted. For example, the initial soil
pH is 6.9 (TO) addition of 5 ton/ha Biochar increase
pH into 7.32, but the addition of 10 ton/ha
biochardonlyslightlyincrease pH. Indicatingthat
...... (pleaseexplainwhy the increase of pH did not
proportional to the increase of Biochar).

The application of biochar had a very positive effect on pH, increasingitfrom 0.36 to 0.97 unitsregardless of the
duration of incubation;however, the 10t/ha treatment (3B) gave betterresultscomparedwith the othertreatments
(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 amendedsoilsisthought to be due to the initial pH of the biochar, whichis 9.22. Severalstudies,
notablythose by [30] on sandysoils in Kinshasa and [32] on leachedsoils in Cameroon, have
producedsimilarresults. Léléachieved an increase in pH rangingfrom 0.89 to 0.95 unitscomparedwith the control.
Assimilable phosphoruslevelsweresignificantlyimproved in soilstreatedwith biochar, irrespective of incubation
time and dose, comparedwith the control. This significantincreasecouldbelinked to the direct effect of the
biochar or indirectly to the factthat the biochar had a positive effect on pH, whichfavoursphosphorusavailability
in tropical soils. Moreover, pH and phosphorus are highlypositivelycorrelated (r=0.901). [33] have
shownthatphosphorus can beblocked at acid pH in tropical soils and thatitis made available at pH between 6 and
8. Similarly, [34,35] demonstratedthat conversion of biomass to biochar increases soluble phosphoruslevels.
This corroborateswellwith the presentstudy.

Exchangeable bases and theirsumweresignificantlyimproved in all biochar treatmentscomparedwith the
unamended control. This improvementisthought to be due to the nutrient inputs from the organicamendment,
biochar in the presentstudy, which releases a certain quantity of chemicalelementsto the soil [36,37]. The
betterbehaviourobserved in treatment 3B couldbeexplained by the quantityapplied to the soil,
whichwouldimprovesoilquality by releasing sufficientchemicalelements[36,37]comparedwith the control.
Theseresults are in line withthoseobtained by [38], whofoundthat 10 t/ha of organic fertiliser gave
betterresultsthan 5 t/ha on soilchemicalproperties.

Comment [IA3]: Similar to pH, the increase of
phosphorusafter addition of 10 to/Ha biochar also
not proportional. The concentration of P in biochar
is 78.3 ppm. The addition of 5 ton/ha
biochardincreases the phosphorusto9.6 and after
the addition of 10 ton/ha the
phosphorusonlyincrease to 11.2 (Table 2). If all the
phosphorusisreleased, the concentration shouldbe
2-fold after the addition of 10 ton/ha biochar. This
data indicatethat........ please explain.




CEC wassignificantlyimproved in the differenttreatments. It shouldbenotedthatthisparameteriscloselylinked to
soilcolloids (clay and soilorganicmatter). In this case, although OM content is not significantlycorrelatedwith
CEC, the latter islinked to organicmatter. Furthermore, someauthors have highlighted the linkbetween the
application of organicmatter and CEC [39,40]. In the presentstudy, thisincrease in CEC wouldbecloselylinked to
the organicmatter in the biochar.

5. CONCLUSION

This study shows that the soilused in the incubation trials issandy-loam, weaklyacidic 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 soilhad a positive effect on improving pH,
phosphorus, bases and CEC comparedwith the control. The kineticstudy of the different doses over the trial
perioddid not givesatisfactoryresultsoverallcomparedwith the control. Thus, whatever the duration, treatment 3B
corresponding to 10t/ha released more chemicalelementsthan the othertreatments, all compared to the control
withoutamendment.

Definitions, Acronyms, 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 AgronomicResearch for the Development
K : Potassium

Mg : Magnesium

Na : Sodium

P ass : assimilable Phosphorus

SBE : Sum of Exchangeable Bases

V : Saturation rate
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