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The Influence of basalt powder on the
physicochemical properties of impoverished
oxisoils from Ngaounderé

(Adamawa - Cameroon)

ABSTRACT

The present study aims at assessing the fertilizing potential of basalts on impoverished
oxisoils from Ngaoundéré (Adamawa, Cameroon). This specifically involves the
application of finely ground basalts on impoverished oxisoils and monitoring changes in
physicochemical properties during six months. An experimental design which consisted in
a randomized complete block design is constituted of three series of four treatments each
one: the control (ST), the control soil mixed with 100 g of finely ground basalt (TO +
BA_10), the control soil mixed with 200 g of finely ground basalt (TO + BA_20), the control
soil mixed with 300 g of finely ground basalt (TO + BA_30). Each treatment was replicated
ten times in every serie. The control treatment is only soils of Ng, collected at the top soll
and without any basalt application. They are clayey, acid and display an average CEC.
The basalt is rich in silica (47.52%), Calcium (8.22%), Magnesium (4.03%), sodium
(4.01%), potassium (2.42%) and displays average content in alumina (16.54%) and iron
(11.1%). The experiment was carried out in pots, and the incubated soil samples were
analyzed after 0, 1, 2, 4 and 6 months. The analyzes mainly focused on the
physicochemical parameters (Grain size analysis, pH, Cation exchange capacity (CEC),
the sum of exchangeable bases (SBE) and the saturation rate (V). Obtained results
indicated that the application of basalt greatly improved the chemical properties of oxisoils
from Ngaoundéré: the pH changes from acidic (5.5) to weakly acidic (6.5); the saturation
rate, as well as the sum of exchangeable bases and the cation exchange capacity
increased. Physicochemical properties of the soil are closely accompanied by an increase
in fertility. It appears that 10 and 20% treatments are the most efficient treatments. Thus,
the basalts from Manwi can be recommended as petrofertilizer to improve the chemical
properties of impoverished soils and especially for plants requiring alkalis and alkaline
earth.
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1. INTRODUCTION

A productive and sustainable agricultural system is fundamental for the well-being of a
nation and is a cornerstone of its development [1,4]. In most African countries, more than
half of the population depend on agriculture for their livelihoods, yet soils are overexploited
[1,4,19,20,35]. In order to ensure continued soil fertility, it is evident that the soil nutrients
exported by plants must be greater than or equal to the imported soil nutrients [1,21,35]. But
in most African countries, more soil nutrients are exported than replenished. This is why [2]
said that soils in most cases are "exploited". To increase soil productivity, farmers must not



only increase nutrient concentrations in the soil but also improve soil structure, and reduce
soil loss. Arable land is shrinking at a rate of about 5-10 million hectares per year, and this
during a period of global population growth [3]. Increasing sustainable food production
requires in-depth knowledge of soils, the appropriate use of available resources, prevention
of degradation and restoration of degraded soils [4].

The diagnosis of oxisoils fertility from Ngaoundéré in particular, revealed a low rate of
fertility due to the natural conditions of their formation, and a decrease of that fertility rate
due to poor soil management which, insidiously, induces their physical, chemical and
biological degradation [5,6]. The soils from Adamawa region belong to the large group of
ferralitic soils [7]. They are formed through the processes of allitization and monosiallitization
following the high rainfall and the very rugged character of the relief of this region. There is
therefore, an almost total evacuation of exchangeable bases and silica leading to
acidification of the soils. Faced with the problem of declining soil fertility and crop yields, the
high costs of mineral fertilizers and above all the pollution of the environment by so-called
conventional fertilizers, it is imperative or even essential to find other fertilization alternatives,
such as rocks powders [8,9,10,11,12,13,14,15,16,17,18,4,19,20,21,22,23,24,25,26]. Oxisoils
occupy most of the region, these soils are exploited in several areas of life: as materials for
construction and also for agriculture. Because of agricultural intensification and inadequate
agricultural practices, they are subject to erosion which mobilizes fines particles and
nutrients. The restoration of their fertility will consist to address the problem of decline
nutrients [27,28,29]. The aim of the present study is to investigate the effect of the
application of fine ground basalt on the physicochemical properties of oxisoils from
Ngaoundéré.

2. MATERIAL AND METHODS

2.1 Soils sites and sampling

The soil was sampled at the level of the topsoil (0 to 25 cm) on an unproductive plot at
Manwi, a locality situated at about 15 km from Ngaoundéré town (Figure 1). So, soils were
collected at different points of the surface horizons, and a composite soil sample was
obtained by mixing all the sample and quartered. Finely ground basalt used as fertilizing
material was obtained by crushing blocks of unaltered rocks. They were also collected at
Manwi; their main interest emanated from their local availability, accessibility, low
exploitation cost and wide geographic extension.

2.2 Soil and rock analyses

The soils were air-dried, mixed and quartered in order to obtain samples which are
representative of oxisoils from Ngaoundéré. Physicochemical analysis was carried out on
air-dried soils samples ground to pass a 2 mm sieve and consisted to determine grain size
analysis, pH, exchangeable bases, cations exchange capacity (CEC). Those analyses were
carried out at soil laboratory of the university of Dschang, Cameroon.

Particle size distribution was determined by the pipette method following dispersion with
sodium hexametaphosphate. Soil pHy,0 was measured with pH meter equipped with a glass
electrode in 1:2.5 soil-water suspensions. Exchangeable basic cations (Ca*", Mg, Na*, K*)
were extracted using a neutral (pHyaer = 7) @ammonium acetate solution and their quantity
measured by flame emission and atomic absorption spectrometry. The sum of all the
exchangeable basic cations was deducted as follow S= Ca®*+ Mg*+ Na'+ K*. The cation
exchange capacity (CEC) was determined using a neutral ammonium acetate in three
stages: saturation of the absorbent complex with NH*" ion and extraction of exchangeable
basic cations; elimination with alcohol of the saturating NH*" solution filling the holes of the
sample; measurement of NH*" with Kjeldahl distillation after a quantitative desorption with



KCI. The saturation rate was deducted from the exchangeable basic cations sum (S) and the
cations exchange capacity (CEC) as follow (S/CEC in %).

Geochemical analysis of Basalt from Manwi was carried out at CRPG Nancy (France). The
inductively coupled plasma atomic emission
spectroscopy (ICP AES) while trace elements and rare earths elements (results not shown)
were determined by inductively coupled plasma mass spectrometry (ICP-MS).

major elements were determined by
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Figure 1: Localization of study area (obtained from SOGEFI 2019 database coupled with
topographic map of Ngaoundéré at 1:200,000, associated with field data).

2.3 Experimental design

A pot experiment was carried out in the familial greenhouse at Manwi near
Ngaoundéré university (N 07 41°; E 13 55°), located at about 15 km north of Ngaoundéré
town. 1 kg of composite oxisoil sample soil was put in pot containers. An experimental
design is a triplicated randomized block design constituted by four treatments each one: the
control (ST), the control soil mixed with 100 g of finely ground basalt (TO + BA_10), the
control soil mixed with 200 g of finely ground basalt (TO + BA_20), the control soil mixed with
300 g of finely ground basalt (TO + BA_30). Each treatment was replicated ten times in every
serie. The control treatment is only soils of Manwi without any basalt application. The soils
are watered at field capacity. The pots were arranged in rows according to treatments and 5
cm spaced between two series in a completely randomized block. In total, sixteen (60) pots
were studied. The physicochemical parameters of the studied soils are measured after at 0-
month, 1 month, 2 months, 4 months and 6 months of incubation.



3. RESULTS

3.1. Physicochemical properties of Ngaoundéré’s oxisoils

Particle size results are gathered in table 1. It appears that oxisoils from
Ngaoundéré have a higher content in clay (53%) and average amount of silt and sand (19%
of silt and 28% of sand). These soils are clayey, acid and displayed an average CEC (32.52
cmol/kg) and bases saturation rate (68%). They have relatively low levels of Magnesium,
Potassium and Sodium.

Table 1: Physicochemical characteristics of Ngaoundéré’s oxisoils.

Physicochemical T

parameters Clay Sand Silt pH Ca Mg K Na SBE (CEC) V=S/T
% % % cmol/kg cmol/kg cmol/kg cmol/kg cmol/kg cmol/kg %
Content 53 28 19 55 16 2.88 231 0.79 21 32.52 68

3.2. Geochemical composition of basalt

The geochemical analysis of the basalts from Manwi (West of Ngaoundéré) (Table 2
and Table 3) shows that they are rich in silica (47.52%), Calcium (8.22%), Magnesium
(4.03%), sodium (4.01%), potassium (2.42%) and displays average content in alumina
(16.54%) and iron (11.1%). Some trace elements (Ba, Ni, Sr, Zr, ...) are present in average
content (Table 3). Those major elements are essential for the regeneration of impoverished
soils, participate in the formation of the clay-humic complex of soils, stimulate microbial
activity in soils and finally revitalize tired soils.

Table 2: Major elements (in %) of basalts from Manwi. LOI: loss on ignition

Sample Si0, AlLO; Fe,0; MnO MgO CaO Na,O K,O TiO, P,Os LOI Total

4752 1654 111 023 4.03 822 401 242 262 131 217 100.18

Table 3: Traces elements of basalts from Manwi

Ba Ni Sr Zr Y Nb Sc

Elements ppm ppm  ppm  ppm ppm ppm ppm
1037 21.69 1730 368.6 38.25 92.98 0.367

The results of soil incubations with basalt powder are presented in table 4 and figure 2. It
shows different level of soil physicochemical properties improvement.

3.3. Effect of basalt powder application on soil pH
After applying basalt powder to the soils, the amended soils had in general a significantly

higher soil pH (at least 0.5 units) than the control sample throughout the incubation period
(Figure 2a).



Table 4: Soil exchangeable bases, pH and CEC as a function of time of amended
basalt-based soils for the application rate of 10%. 20% and 30% compared to those of
the control soil.

Incubation time in months 0 month 1month  2months 4 months 6 months
Parameters TO BAl-10 BA2-10 BA4-10 BA6-10
Ca (cmol/Kg) 16 17.92 17.28 9.52 7.52
§ Mg (cmol/Kg) 2.88 3.36 2.72 1.12 3.04
T | K (cmoliKg) 2.31 14.61 2.52 0.35 0.91
é Na (cmol/Kg) 0.79 1.94 0.92 0.2 0.2
g SBE (cmol/Kg) 21 37.83 23.44 11.19 11.67
| T(CEC) (cmol/Kg) 32.52 44.72 31.28 23.2 30.56
Saturation rate (%) 68 85 75 48.25 38.18
pH 55 5.7 5.9 6.5 6.1
Parameters TO BA1-20 BA2-20 BA4-20 BA6-20
o | Ca(cmol/Kg) 16 18.88 16.32 10.16 9.6
Q | Mg (cmol/Kg) 2.88 3.84 3.52 0.96 1.6
8 |K (cmol/Kg) 2.31 2.8 2.52 0.35 0.35
é Na (cmol/Kg) 0.79 1.04 0.89 0.2 0.2
§ SBE (cmol/Kg) 21 26.57 23.25 11.67 11.75
= | T(CEC) (cmol/Kg) 32.52 37.12 40.24 26.88 30.24
Saturation rate (%) 68 72 58 43.41 38.85
pH 55 6 6.1 6.1 6.1
Parameters TO BA1-30 BA2-30 BA4-30 BA6-30
© Ca (cmol/Kg) 16 14.88 12.32 12.96 10.16
S | Mg (cmol/Kg) 2.88 2.72 2.24 3.52 2.96
& |K(cmol/Kg) 2.31 4 2.36 0.62 0.62
é Na (cmol/Kg) 0.79 1.07 0.73 0.2 0.2
§ SBE (cmol/Kg) 21 22.67 17.67 17.3 13.94
= | T(CEC) (cmol/Kg) 32.52 33.92 27.12 28 27.52
Saturation rate (%) 68 67 65 61.78 50.65
pH 55 6.1 6.1 6.2 6.1

For the application rate of 10%, after 1 month of incubation, there is an increase of

3.63% compared to the control. After 2 months of incubation, an increase rate of 7.27%
compared to the control soil is recorded, and an increase rate of 3.50% compared to that of
the first month is noted. After 4 months of incubation, the pH increases by 18.18% compared



to the control, and 14.04% compared to that of the second month. After 6 months of
incubation, the pH increase rate is 10.90% compared to the control, and 6.15% compared to
that of the fourth month.

For the application rate of 20%, it is observed after 1 month of incubation, an
increase of 9.09% compared to the control soil. After 2 months of incubation, the rate of
increase is 10.90% compared to the control soil, and 1.66% compared to that of the first
month. After 4 and 6 months of incubation, the increase is 5.30% compared to the control.

For the 30% treatment, the pH increases significantly the incubation period. After 1
and 2 months of incubation, an increase of 10.90% is observed, compared to the control soil.
After 4 months, an increase of 12.72% compared to the control soil is recorded, and 1.63%
compared that of the first and second month. After 6 months of incubation, the pH increases
by 10.90% compared to the control soil. In general, the pH changes from acidic to weakly
acidic.
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Figure 2: variation of: a) pH; b) Cationic Exchange Capacity; ¢) Sum of Exchangeable
Bases and d) saturation rate per treatment.

3.4. Effect of basalt powder application on CEC
The CEC increases significantly after 1 month of incubation (Figure 2b). An increase

of 37.51% is recorded compared to the control. After the 2, 4 and 6 months of incubation, the
rate drops compared to the control. With regard to the 20% basalt treatment, there is a



significant increase in CEC after the 1st and 2nd month of incubation being 14.14% and
23.73% respectively. For the treatment of 30%, there is an increase in the CEC after the 1st
month of incubation only. After the 2nd, 4th and 6th month a regression of the CEC was
recorded.

3.5. Effect of basalt powder application on the exchangeable cations pool

For the treatment of 10% basalt, the sum of exchangeable bases increases during
the incubation period (Figure 2c). After 1 month, there is an increase of 80.14% compared to
that of the control soil. After 2 months of incubation, there is an increase of 11.61%
compared to the control soil, and a decrease of 68.53% is noted when compared to that of
the first month. For the other months, a decrease of the sum of exchangeable bases was
observed. For the 20% treatment, the sum of exchangeable bases evolves positively
throughout the incubation period. After 1 month of incubation, the increase in the sum of
exchangeable bases is evaluated at 26.52% compared to the control soil. After 2 months of
incubation, an increase of 10.71% is observed when compared to the control soil, and a
decrease of 12.49% is noted when compared to that of the first month. After 4 months of
incubation, there is a decrease of 44.42% and after 6 months of incubation, there is a
decrease of 44.04%, but an increase of 0.68% when compared to that of the fourth month.
The application of 30% of basalt powder induces an increase of 7.95% in the sum of
exchangeable bases, after 1 month of incubation, compared to the control soil. After 2, 4 and
6 months, there is a decrease compared to the control.

3.6. Effect of basalt application on the saturation rate

There is an increase in the saturation rate during the first, two months of incubation
with the 10% treatment (Figure 2d). After 1 month of incubation, there is an increase of
about 25% compared to the control soil. After 2 months, an increase in the saturation rate of
10.29% is observed comparatively to the control and a decrease of 11.76% is noted when
compared to that of the first month. With the 20% treatment, the saturation rate after 1 month
recorded an increase evaluated at 5.88% compared to the control soil. After 2 months, it
decreases by 14.70% compared to the control soil, and a decrease of 19.44% is observed
comparatively to that of the first month. After 4 months of incubation, there is a decrease
estimated at 36.16% compared to that of the control soil. After 6 months, a decrease in the
saturation rate of 42.86% compared to the control soil is recorded. The 30% basalt
amendment leads to a decrease in the saturation rate evaluated at 1.47% compared to the
control soil. After 2 months of incubation, the decrease is 4.41% compared to the control.
After 4 months of incubation, a regression of 9.14% compared to the control is recorded.
Finally, after 6 months of incubation, the regression rate is 25.51% compared to the control.

4. DISCUSSION

The studied soils from Ngaoundéré are clayey, acid and display an average CEC and
low content in exchangeable cations; these are common properties of oxisoils [30]. The
application of basalt powder induces a significant increase in pH during the experiment, it
switches from 5.5 to 6.5, so the soil pH changed from acid to weakly acid pH [30]. These
results are similar to those of [18] with basaltic pyroclastic. The work of [31,32,33,34] have
shown that indeed, above pH 5.5, AI** becomes insolubilized. The observed decrease of the
acidity of the amended soils with basalt powder can be linked to the release of basic cations,
in particular Ca and Mg. The behavior of exchangeable bases (Figure 2¢) and of the cation
exchange capacity (Figure 2b) during the incubation period shows an increase in the rate of
bases and of the CEC which is not proportional to the quantity of basalt powder added.
These results are contrary to those of [18] who showed that an increase of the content of



bases and CEC is proportional to the concentration of pyroclastic materials added. The most
important concentrations observed in the amended soils are those of Ca**, followed by Mg**
and finally K™ (Table 4) [18,19,20,21]. This implies a significant release of Ca and Mg
contained in the basalts [18]. The low content of K can be explained by its low proportions in
the rock used [20,21,35]. In general, the amendment of Ngaoundéré soil by finely ground
basalt induces a rapid and significant increase of the contents of alkaline and alkaline-earth
cations (Ca**, Mg™, Na* and K"). The K concentration increases rapidly and strongly;
compared to the control. Increase rates of 73.16% are reached for the application rate of
30% after 1 month of incubation. The content of Na" increases at an exponential rate during
the incubation period compared to the control. In fact, it varies from 0.79 cmol/kg in the
control soil to reach values of 1.04 cmol/kg and 1.07 cmol/kg for the 20% and 30%
treatments respectively. Also, Ca®* and Mg**contents, as observed, increase rapidly during
the incubation period. The increase rate of Ca** is 18% with 20% treatment, after the first
month; while that of Mg** is 33.33% compared to the control soil. This significant contribution
of alkalis and alkaline earth metals can be explained by their relatively high contents in the
basalts [21,35]. The increase in the content of exchangeable bases correlates positively with
the increase in CEC [18,20,21,29]. The improvement of all of these chemical parameters of
the soil is closely accompanied by an increase in fertility [18,19,20,21,29,35]. The 10 and
20% treatments appear to be the best concentrations for the improvement of the chemical
properties of impoverished oxisoils from Ngaoundéré.

5. CONCLUSION

The studied soils from Ngaoundéré are clayey, acidic and display average CEC and low
content in exchangeable cations. The application of basalt powder at different concentrations
induces the improvement of the physicochemical properties of the amended soils: the soil
pH changes from acid to weakly acid; the sum of exchangeable bases increases along with
the CEC and the saturation rate during the incubation period. The 10 and 20% treatments
appear to be the best concentrations for the improvement of the physicochemical properties
of impoverished oxisoils from Ngaoundéré. The overall results indicate that basalt powder
can be an interesting alternative petrofertilizers to very expensive chemical fertilizers.

REFERENCES

1. FAO. (2000). La Situation mondiale de [lalimentation et de I'agriculture 2000$.
Organisation des Nations Unies pour l'alimentation et l'agriculture (No. 32). Food &
Agriculture Org.

2. Van der Pol. F., & Traore. B. (1993). Soil nutrient depletion by agricultural production in
Southern Mali. Fertilizer research.36(1). 79-90.

3. Fox D., P. Carrega, J. Morschel et K. Emsellem. (2008). Dégradation des terres dans le
monde multicritére dans la modélisation des sites propices a la riziculture dans le nord-ouest
de la Cote d'lvoire (Denguelé). 18 p.

4. Basga S.D., Nguetnkam J.P. (2015). Fertilizing Effect of Swelling Clay Materials on the
Growth and Yield of Bean “Phaseolus vulgaris” Ferruginous Soils from Mafa Tchéboa (North
Cameroon. Central Africa). no.056 International Journal of Plant and Soil Science. pp.10-24.
Cameroun. Orstom-Paris- 1976 N° 59. 180p.



5. Golchin. A, Clarke. P., Oades. J. M., et al., (1995) The effects of cultivation on the
composition of organic-matter and structural stability of soils. Soil Research. vol. 33. no 6. p.
975-993.

6. Chauvet. A, Ballly. L., André. A. S., Monié. P., Cassard. D., Tajada. F. L., & Tuduri. J.
(2006). Internal vein texture and vein evolution of the epithermal Shila-Paula district.
southern Peru.Mineralium Deposita. 41(4). 387-410.

7. Segalen P. (1967). Les sols et la géomorphologie du Cameroun. In: cah. ORSTOM.
sér.pédol. vol. v. n°2. pp.137-188.

8. Leornardos. Othon Henry. FYFE. W. S., et KRONBERG. B. I. The use of ground rocks in
laterite systems: an improvement to the use of conventional soluble fertilizers. Chemical
Geology. (1987). vol. 60. no 1-4. p. 361-370.

9. Russel, E.W. (1961). Soil Conditions and Plant Growth. Longmas, London.Vol.17(3) p.1-2

10. Theodoro, S.H., Leonardos, O.H. (2006). The use of rocks to improve family agriculture
in Brazil. An. Acad. Bras. Ciéncias 78, 721e730.

11. Van Straaten, P. (2002). Rocks for Crops: Agrominerals of sub-Saharan Africa. ICRAF,
Nairobi, Kenya, 338pp.

12. Villiers, O., De, D.H. (1949). Further results of studies on the rejuvenation of exhausted
soils in humid districts by incorporating basalt dust. Rev. Agric. L’lle Maurice 28, 124e134.

13. Von Fragstein. P. de Oliveira. S. J., & Vogtmann. H. (1988). Brazilian silicate rock dusts
of different geological origin from the area of the river Parana-Chemical composition and
nutrient release. Der Tropenlandwirt-Journal of Agriculture in the Tropics and Subtropics.
89(2). 95-106.

14. Chesworth. W., Van Straaten. P., & Semoka. J. M. R. (1989). Agrogeology in East
Africa: the Tanzania-Canada project.Journal of African Earth Sciences (and the Middle
East). 9(2). 357-362.

15. Bailey, E.B. (1967). James Hutton: The Founder of Modern Geology. Elsevier,
Amsterdam, vol 23(5), 729-733p.

16. Graham, E.R. (1941). Colloidal organic acids as factors in the weathering of anorthie.Soil
Sci. 52, 291e295.

17. Hamaker, J. D., & Weaver, D. A. (1982). Survival of Civilization. Hamaker-Weaver
Publishers, 1982.

18. Nkouathio D.G., Wandji P., Bardintzeff J.M., Tematio P., Kagou Dongmo A., Tchoua F.
(2008). Utilisation des roches volcaniques pour la reminéralisation des sols ferrallitiques des
régions tropicales. Cas des pyroclastites basaltiques du graben de Tombel. Bull. Soc. vaud.
Sc.nat. 91.1. pp.1-14.

19. Gové A. (2014). Evaluation de I'effet fertilisant des pyroclastites basaltiques du lac Tison
et des trachytes de Béka sur les sols de Marza-Ngaoundéré, mémoire de Master. Université
de Ngaoundéré. Cameroun. 111p.



20. Yaya F., Nguetnkam J.P., Tchameni R., Basga S.D., Penaye J. (2015). Assessment of
the Fertilizing effect of Vivianite on the Growth and yield of the Bean “phaseolus vulgaris” on
Oxisoils from Ngaoundéré (Central North Cameroon). International Research Journal of
Earth Sciences. 3(4) pp.18-26.

21. Adoulko D. (2018). Morphologie des sols de Darang (Adamaoua Cameroun) et
évaluation du pouvoir fertilisant des feldspaths, mémoire de Master. Université de
Ngaoundéré. Cameroun. 109 p.

22. Hensel, J. (1894). Bread from stones: a new and rational system of land fertilization and
physical regeneration. AJ Tafel, 1894.

23. Keller, W.D. (1948). Native rocks and minerals as fertilizers. Sci. Mon. 66, 122e130.

24, Keller, W. D., & Littlefield, R. F. (1950). Inclusions in the quartz of igneous and
metamorphic rocks. Journal of Sedimentary Research, 20(2), 74-84.24.

25. Lacroix, J. (1952). Notion: Le travail. La vie intellectuelle, 32(1), 4-31.

26. Lewis, C.C., Eisenmenger, W.S. (1948). Relatioship of plant development to the
capacity to utilize potassiun in ortoclase feldspar. Soil Sci. 65, 495e500.

27. Aragjo, A. A. S., Bezerra, M. D. S., Storpirtis, S., & Matos, J. D. R. (2010). Determination
of the melting temperature, heat of fusion, and purity analysis of different samples of
zidovudine (AZT) using DSC. Brazilian Journal of Pharmaceutical Sciences, 46, 37-43.

28. Toscan, L., Kautzmann, R.M., Sabedot, S. (2007). O rejeito da minera¢éo de basalto no
nordeste do Estado do Rio Grande do Sul: diagnéstico do problema, vol. 60. Revista Escola
de Minas, pp. 657e662.

29. Nunes, J.M.G. (2012). Caracterizagao de residuos e produtos da britagem de rochas
basélticas e avaliacdo da aplicacdo na rochagem, Mestrado em Avaliagdo de Impactos
Ambientais em Minerac¢&o. Unilasalle, Canoas, p. 95.

30. BOULAN, C., CHAMOIN, J., FRANCOIS, C., SANCHEZ, F., & OSWALD, M. Memento
de I'agronome. (1993)

31. Middelburg. J. J., van der Weijden. C. H., & Woittiez. J. R. (1988). Chemical processes
affecting the mobility of major minor and trace elements during weathering of granitic rocks.
Chemical Geology. 68(3-4). 253-273.

32. Duchaufour P. (2001). Pédogenése et classification des sols. Eds. Masson. Paris New
York- Barcelone-Milan. 492 p.

33. Shoemaker, H.E., Mc Lean, E.O., Pratt, P.F. (1961). Buffer methods for determining
lime requirement of soil with appreciable amounts of extractable aluminium. Soil. Sci. Soc.
Am. Proc. 25, 274e277.

34. Shilts, J., Crozier, T. W., Greenwood, E. J., Lehner, P. J., & Wright, G. J. (2021). No
evidence for basigin/CD147 as a direct SARS-CoV-2 spike binding receptor. Scientific
reports, 11(1), 1-10.



35. Tatuebu T. F (2018). Morphologie des sols de Bandjoum (QOuest-Cameroun) et
évaluation du pouvoir fertilisant des basaltes dans la culture du bananier, mémoire de
Master, Université de Ngaoundéré, Cameroun, 82 p.



