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Textural and hydrodynamicparameters of soilsunderrubberplantation
cover in CNRA Anguédédou plantations in southern Céte d'lvoire

ABSTRACT

The rubbertree, a species of foresttree in Amazonia, iscultivated for its latex, whichisrich in
naturalrubber. Its cultivation is of economic, social, climatic and environmental importance.
However, it has been criticised for destroying the soil. To clear up thismisunderstanding, a
studywaslaunched to characterise the textural and hydrodynamicparameters of
soilsunderrubber cover at the CNRA Anguédédou in southern Céte d'lvoire.

The methodologyinvolvedselecting plantations of varyingages [1-5 years], [6-10 years], [11-
20] and [20-40 years], a rubber plantation abandoned 8 yearsago and a secondaryforest. In
these biotopes, soilsamplesweretakenusing an auger and a cylinder, thenanalysed in the
laboratory to determine texture and hydrodynamicparameters.

The results show that the texture of the soils on the CNRA Anguédédourubber plantations
isgenerallyclayey. On the other hand, the texture of the soils of the youngest plantations (1 to
5 yearsold) issilty-claywith more than 37% clay and a low water content. However, the soils
of oldrubber plantations with a clay texture have high water content. The
soilcompactnessobserved in youngrubber plantations iscorrected as the plantations age.

Key words: textural and hydrodynamicparameters, soil, rubber cover, southern Cote d'lvoire,

Anguédédou.

INTRODUCTION

The rubbertree (Heveabrasiliensis), a species of Amazonianforesttree, isgrown for its
latex, whichisused in the manufacture of tyres, condoms, surgicalgloves, etc. In response to
the world'sgrowingneed for naturalrubber, producing countries are
steadilyexpandingtheirrubber plantations. This is the case in Cote d'lvoire, where the area
underrubber plantations rose from 550,000 ha in 2016 (Gbodjé, 2021) to 732,000 ha in 2022
(APPROMAC, 2023). According to thisauthor, production fromthese plantations is 1.39



million tonnes of dry rubber. This makes Cote d'lvoire the thirdlargestproducer in the world
and the largest in Africa. Today, rubberis the country'sthirdlargest agricultural export
aftercocoa and oil palm. To maintainthis performance in the long term, the
Ivorianrubberindustry plans to furtherincrease the area underrubber plantations, by
expandinginto new so-called marginal zones (Koffi, 2023). Thousands of hectares of land are
beingused for rubber plantations.The sheer size of the areas planted to thiscrop in Cote
d'lvoire iscurrentlycausingcontroversy. For a long time, rubbertrees have been singled out as a
soil-destroyingcrop, althoughthis has not been demonstrated by scientificstudies (Epron et al.,
2011). The few studiescarried out onthissubject have indicatedthat the soils in
rubberagroforestrysystems show variations in physico-chemicalpropertiescomparedwiththose
in the original forest (Zhang et al., 2007; Selma et al., 2014). In order to removethisambiguity,
weneed to gain a betterunderstanding of the health, functioning and evolution of rubber
plantation soils by determiningtheir textural and hydrodynamicproperties. The general
objective of thisstudyis to assess the impact of rubber cultivation on the textural and
hydrodynamicparameters of the soils of the CNRA Anguédédou in southern Céte d'lvoire.
Specifically, the aimis to determine the texture of the soils in rubber plantations of

differentage classes and to assess the hydrodynamicparameters of the soils in these biotopes.

I. STUDY SITE

The studywasconducted in the rubber plantations of the Centre National de Recherche
Agronomique (CNRA), located in Anguédédou in the south of Céte d'lvoire in the District of
Abidjan, specifically in the commune of Songon, between 5°22' and 5°25' north latitude and
4°8'" and 4°10" west longitude (Figure 1). The commune ischaracterised by an
averageannualtemperature of 28.8°C. Total annualrainfallis 1,545 mm, with a long dry
seasonfromDecember to February, followed by a long rainyseasonfrom March to July, a short
dry season in August and a short rainyseasonfromSeptember to November (SODEXAM,
2023). The soils are ferralitic (Brou, 2005). According to Kambiré et al (2018), the population
of Songon is made up of 64.25% Ebrié natives, 12.60% non-natives and 18.68% non-natives.
Agriculture ismainlydominated by foodcropssuch as maize, cassava, rainfedrice, pineapple

and plantain, followed by perennialcropssuch as rubber and oil palm (Yéo& Amani, 2016).
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Figure 1: Location of the study site (Source: CNRA, 2022)

Il. METHOD OF STUDY
1.Choice of study sites

The study sites wereselectedaccording to the biotope (rubber plantation, abandonedrubber
plantations and forest) and the age of the rubber plantations. This investigation led to the
selection of 12 plots, including 10 rubber plantations groupedinto four (04) age classes ([1 to
5 years], [6 to 10 years], [11 to 20 years] and [21 to 40 years]), a secondaryforest, close to
these plantations, taken as a control and a rubber plantation abandoned more than 8 yearsago,

considered as a transition between the plantations and the secondaryforest.

2. Data collection

Inside these biotopes, soilsamplesweretaken at three (03) sampling points along a 100
m transect (Figure 2). A distance of 50 m wasmaintainedbetweentwo (02) successive
sampling points. At each point, after clearing the soil of litter, soilsamplesweretakenfrom O to
20 cm and from 20 to 40 cm depthusing an auger (Figure 3A). Along the transect,
samplesfrom the three sampling points at the samedepthwere mixed in a bucket to make a
composite sample (Figure 3B). Part of this composite samplewasplaced in a labelled bag. In
otherwords, two (02) composite samples per plot weretaken. In total, 24
soilsamplesweretakenfrom all 12 study plots. Thesesampleswere air-dried in the laboratory
for a fortnight. A quantity of 100 g of eachsoilsample, sieved to 2 mm meshafter drying,
wasused for chemical and textural analyses. The study of hydrodynamicparametersinvolved
the careful vertical sampling of threesoilcores per plot at a depth of 0-20 cm using a

metalcylinder 4 cm in diameter (Yoro & Godo, 1990). The soilcontained in the



cylinderiscollected and weighed in situ to determine the fresh mass and thentaken to the
laboratory in an envelope to bedried in an oven at 105°C. After 48 hours,
eachsamplewasweighedagain to determine the dry mass. This methodwasused to determine
the apparent density, total porosity and water content of the soil. Water infiltration
capacitywasassessedusing a 15 cm diametercylinderintowhich water waspoureduntilitwas full.
The amount of water infiltratedinto the soilwasmeasuredevery five minutes for 90 minutes

using a graduatedruler and stopwatch (Figure 3C).
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Figure 3 :Field data collection

A: Auger sampling of the soil; B: Composition of the composite sample ;
C:Assessment of soil water infiltration capacity

3. Determination of data
3.1 Soil texture of different biotopes

Soil texture wasdetermined by granulometricanalysisusing the "Robinson pipette"
method (Buol et al., 2011). The methodinvolvesseparatingsoilparticlesaccording to their size.

Soil textural classification wasbased on the USDA textural triangle (Buolet al., 2011).

3.1. Hydrodynamicparameters
3.2.1. Apparent density

Apparent density (Da) is an indicator of soil compaction. It can beused to
determineporosity and thusindirectlyassesspermeability, resistance to root penetration
(Maertens, 1964),



M,
D, = 7 (g/cmS) (1)

thecohesion of horizons (Yoro, 1982) and soil water reserves (Henin et al., 1969). Da

wasdetermined by equation (1):

Ms = Mass of dry sample (g); V = Volume of cylinder (cm3).According to Fies et al (1981), a

well-structuredsoilgenerally has an apparent density of around 1.3 g/cma3.

3.2.2. Total soilporosity

Total porosity (TP) is the primary factor in soilfertility. It favoursrooting, water
storage for the plant and the circulation of air necessary for the properfunctioning of the roots.
Total porosity (TP) isestimatedfrom the real density (Dr), whichis a constant of 2.65 g/cm3,
and the apparent density (Da) of soilsamplesaccording to equation (2):

D
%TP =100 — (D—:) X 100 (2)

3.2.3. Soil water content

The water content (W) of a soilis the quantity of water contained in a soilsample. It is
a function of the porosity and permeability of the soil. The water content wasevaluated by
equation (3):
mf:mass of freshsan p%mdm%%g%é}—ﬁr)/xamﬂe 3)

3.2.3. Soil infiltration capacity

Soil infiltration capacityis the maximum quantity of water that can infiltrate the soil in
a given time t. It depends on the constituents and porosity arrangement of the substrate. The
infiltration capacitywasdetermined by graduallyobserving the quantity of water infiltrating the
soilevery 5 minutes for 90 minutes.
3.3. Analysis of variance

An analysis of variance and comparison of meanswasapplied to the
variousparameterscalculated, to determinewhether or not
therewereanysignificantdifferencesbetween the biotopes, with an error of 5% (p < 0.05). This
analysiswasperformedusing XLSTAT software version 16.0.
I1l. RESULTS

1. Soil texture



Assessment of soil texture in the different biotopes showedthat the texture of the
youngestrubber plantations, aged 1 to 5 years and not tapped, issilty-claywith 44% sand,
18.7% silt and 37.3% clay (Figure 4). On the other hand, in plantations agedbetween 6 and 40
yearsthat have been tapped and abandonedrubber plantations, the soils have a clay texture
with 30% clay. The sameistrue for the soils of the secondaryforest, taken as a control, (31.8%
clay). Theseresultsindicatethat the soil texture of oldrubber plantations is comparable to that

of a secondaryforest.
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The study of apparent densityindicates a gradualdecrease in soildensityfrom the
youngest plantations to the oldest plantations (Figure 5). This densityis 1.07 g/cm3 in

plantations 1 to 5 yearsold and 0.75 for plantations over 20 yearsold.
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Figure 5 : Densité apparente (g/cm3)

3. Total soilporosity

The evaluation of total porosity shows a statisticaldifference (p-value = 0.041)
betweenyoung plantations of 1 to 20 years and old plantations of more than 20 years (Table
1). The proportions of soilporosity in young plantations variedbetween 59.62% (plantations 1
to 5 yearsold) and 63.77% (plantations 6 to 10 yearsold). The porosity of oldrubber
plantations is over 71%. These values indicatethat the soils of oldrubber plantations are

veryporous, and those of young plantations porous.

Table 1: Assessment of total soilporosity

Biotopes Porosity (%) | Kaouritchev (1983) interpretation
Rubber plantation [1-5 years] 59.62 b

Rubber plantation [6-10 years] 63.77 b Poroussoils

Rubber plantation [11-20 years] 63.40 b

Rubber plantation [21-40 years] 71.70 a

Abandoned plantation 71.32a Highlyporousswollensoils
Secondaryforest 74.34 a

p-value 0,041

4. Soil water content

Water content, determined in the different biotopes, ishighest in secondaryforest
(40.57%), abandonedrubber plantations (36.08%) and old plantations over 20
yearsold(20.89%). Soil water content in youngrubber plantations between 1 and 20

yearsoldislow, rangingfrom 12.47% to 19.19% (Figure 6).
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1.1  Water infiltration capability
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Figure 7 :Matrix plot of water infiltration capacity of biotope soils (cm®)

Determination of soil water infiltration capacity shows thatit varies from one biotope
to another (Figure 7). In the first five (5) minutes, the infiltration capacity of soils of all
plantation age classes ispracticallyidentical. It wasaround 1.09 cm3. At the same time, the
infiltration capacity of soils in abandoned plantations is comparable to that of
secondaryforest. After 90 minutes, 32 cm3 of water hadinfiltratedinto the soil of the
secondaryforest. Old plantations over 20 yearsold and abandoned plantations followedwith
values rangingfrom 21.7 to 32 cm3. The lowest values wererecorded in young plantations
between 1 and 10 yearsold (11.4 to 21.7 cm®).

IV. DISCUSSION

The characterisation of soil texture underrubber cover indicatessilty-claysoils in the
youngest plantations of 1 to 5 years. In plantations over 6 yearsold, the soils are clayey like
those of the secondaryforest, considered as a control. The silty-clay texture observed in the
first few years of plantingcouldbe due to the total destruction of the original vegetation.
According to Pomel& Salomon (2019), the destruction of vegetation cover affects
soilsveryquickly. Vegetation cover maintains the soil'srichness in terms of soilfauna and
organicmatter. Added to thisis the extensive superficial root network thatpromotesvery high
edaphicpermeability. All thesecombined actions help to improvesoil structure. The
destruction of this plant cover exposes the soil to erosion and to the action of temperature,

whichpartly destroys itsphysical structure (Martin, 1983). The harmfuleffects of bulldozers



used to clear plantation plots at Anguédédoushouldalsobenoted. The caterpillartracks of these
machines cause spatial heterogeneity, which affects the evolution of soilproperties (Alégrée&
Cassel, 1986). According to Gerson &Gnamba-Yao (2020), thisresults in the concentration of
medium-sizedparticles (silt) and large-sizedparticles (sand) in the surface horizons.The work
of Brad (2005) has alsoshownthat the movement of machinery in an environment leads to
changes in soil structure and texture. According to thisauthor, preparatory and cultivation
practices thatdeplete the soil of organicmatter damage the soil structure and
increaseitserodibility. Duringerosion, claysoilsgenerallygiveway to sandy, silty-sandy, silty or
silty-claysoils (Breune et al., 2000). This is the case in the youngest plantations (1 to 5
yearsold) at Anguédédou. The clayey texture of plantations over 6 yearsoldcouldbeexplained
by the development of the rubbertrees and the closure of the canopywith the appearance of
secondaryforest. The vegetative configuration of rubber plantations,
withtheirthermoregulatory and nutrientleachingreduction actions, improves the physical
structure of the soil (Ahiekpor, 2011). This wouldtherefore have played an appreciablerole in
the clay texture of soils in plantations over 6 yearsold. In addition, soils in all biotopes with
more than 37% claymeet the requirements of rubbertrees for theirdevelopment, whichis
optimal on soilswith 25% clay (Essehi, 2019).

The apparent density of the soil in the youngest plantations (1 to 5 years old) is the
highest. This is thought to be due to the tracks of the machinery used to clear the plantation
plots, which have caused soil compaction, rutting and erosion (Feller et al., 2001; Brad,
2005). This could have a strong negative impact on the soil's potential macrofauna and flora,
which are responsible for the soil's porosity, allowing water and air to circulate more easily.
The compactness of the soil in the early years of rubber cultivation at Anguédou is fortunately
corrected as the plantations age. This may be due to the extensive root development of the
rubber trees, which helps to aerate the soil (Pradier, 2016). The high apparent density in the
youngest plantations (1 to 5 years old) has a negative impact on water infiltration capacity in
these soils. The same applies to water content, which is also low in the soils of these biotopes.
Waithaisong et al (2023) observed the same results in the soils of Acacia mangium and
Eucalyptus forest plantations in Brazil and Congo. Furthermore, the high water content in the
soils of old plantations is thought to be linked to their clay texture. According to N'Guessan et
al (2015) and Koffi (2023), the presence of clay in an environment favours water retention in

these soils.

CONCLUSION AND PERSPECTIVE
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The study of textural and hydrodynamicparametersshowedthat the soils of the CNRA
Anguédédourubber plantations are silty-clayey in the first years of planting and clayey like
those of the secondaryforest, after six years of cultivation. However, the proportion of clay
in the textural composition of soils in all biotopes, whatever the age of the plantation, is over
37%. This indicatesthat the soils in thislocality are wellsuited to rubber cultivation. In the
youngest plantations (1 to 5 yearsold), the soils are compact, with high bulk densities, low
water infiltration capacity and lowsoil water content. The compactness of the soils in the
earlyyears of rubber cultivation at Anguédouiscorrected over time as the plantations age. The
clay-texturedsoils of older plantations have high water content. This study, carried out on
industrial plantations under the supervision of the agricultural research institution CNRA,
shows that the texture and hydrodynamicparameters of the soils of youngrubber plantations
in full operation are mediocre. The structure of thesesoilsimproves as the plantations age. In
order to obtain an objective assessment of the impact of rubber cultivation on soil structure
and texture, with a lasting and reproducibleeffect, itwouldbeworthwhileextendingthis

investigation to rural areas in different agro-ecological zones.
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