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SOIL HEALTH OF RUBBER PLANTATIONS IN SOUTHERN COTE D'IVOIRE: THE CASE OF
CNRA ANGUEDEDOU RUBBER PLANTATIONS

Abstract

The rubber tree, a species of Amazonian forest tree, is cultivated for its natural rubber-rich latex.
Its cultivation is of economic, social, climatic and environmental importance. However, it has
been criticized as a soil-destroying crop. To clear up this ambiguity, a study was launched to
assess the health of soils under rubber cover in southern Cote d'lvoire. The methodology
involved selecting rubber plantations of [1 to 5 years], [6 to 10 years], [11 to 20] and [20-40
years], and two (02) 42-year-old rubber tree plantations, abandoned for 8 years, were compared
to those of a forest. In these biotopes, soil samples were taken using an auger and a metal
cylinder, then analyzed in the laboratory to determine soil fertility and ecological parameters. The
results showed that the saturated soils of young plantations aged 6 to 10 years are poor in
organic matter and cation exchange capacity, mainly calcium and magnesium. However, organic
carbon stocks are high in abandoned plantations (182.38 mg/ha) and plantations over 20 years
old (164.5 mg/ha). The assessed deterioration index reveals that soils in young plantations aged
6 to 10 years are degraded, with an SDI = -40%. These soils recovered as the plantations aged,
with a SDI of 151% in abandoned plantations.
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INTRODUCTION

The rubber tree (Hevea brasiliensis), a species of Amazonian forest tree, is cultivated for
its latex, which is used in the manufacture of tires, condoms, surgical gloves and other products.
In response to the world's growing need for natural rubber, rubber-producing countries are
steadily expanding their rubber plantations. This is the case in Céte d'lvoire, where the area
planted to rubber rose from 550,000 ha in 2016 [1] to 650,000 ha in 2022 [2]. According to this
author, production from these plantations is 1.39 million tonnes of dry rubber. This makes Cote
d'lvoire the third largest producer in the world and the largest in Africa. Today, rubber is the
country's third-largest agricultural export, after cocoa and oil palm. To maintain this performance
in the long term, C6te d'lvoire rubber industry plans to further increase the area under rubber
plantations, by expanding into new so-called marginal zones [3]. Thousands of hectares of land
are used for rubber plantations. The sheer size of the area planted with this crop in Céte d'lvoire
is currently a source of controversy. For a long time, rubber plantations have been criticized as
soil-destroying crops, although this has not been demonstrated by scientific studies [4]. The few
studies carried out on this subject have indicated that the soils of rubber-growing agroforestry
systems show variations in physico-chemical properties compared with those of the original
forest [5, 6]. Thus, to remove this ambiguity, a better understanding of the health, mode of
operation and evolutionary process of soils in rubber plantations through the determination of the
fertility and ecological parameters of these soils is necessary. The general objective of this study
is to assess the impact of rubber plantations on soil health in southern Céte d'lvoire. Specifically,
the aim is to determine the soil fertility of rubber plantations of different age classes, and to

assess the ecological parameters of the soils in these biotopes.



I. STUDY AREA

The study was carried out in the rubber plantations of the Center for National Agronomic
Research (CNRA), located at Anguédédou in the south of Céte d'lvoire in the District of Abidjan,
precisely in the Songon municipality, between 5°22' and 5°25' north latitude and 4°8' and 4°10'
west longitude (Figure 1). The town is characterized by an average annual temperature of
28.8°C. Total annual rainfall is 1,545 mm, with a long dry season from December to February,
followed by a long rainy season from March to July, a short dry season in August and a short
rainy season from September to November [7]. The soils are ferralitic [8]. According to [9], the
population of Songon is made up of 64.25% Ebrié natives, 12.60% allochthones and 18.68%
allogénes. Agriculture is mainly dominated by food crops such as maize, cassava, rainfed rice,

pineapple and plantain, followed by perennial crops such as rubber and oil palm [10].
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Figure 1: Location of study area



Il. METHODOLOGY
1. Data collection

Data were collected in 12 plots, including 10 rubber plantations grouped into four (04)
age classes ([1 to 5 years], [6 to 10 years], [11 to 20 years] and [21 to 40 years]), and two (02)
42-year-old rubber tree plantations, abandoned for 8 years, were compared to those of a forest.
Within these biotopes, soil samples were taken along a 100 m transect, at three sampling points
50 m apart. At each point, after clearing the soil of litter, soil samples were taken from two
horizons (0 - 20 cm and 20 - 40 cm) using an auger. Along the transect, samples from the three
sampling points at the same depth were mixed in a bucket to make a composite sample. Two
composite samples per plot were taken in labelled bags. A total of 24 soil samples were taken
from all 12 plots and air-dried in the laboratory for two weeks. A 100 g quantity of each soil
sample, sieved to 2 mm mesh size after drying, was used for laboratory analysis. Three soil
cores were also taken vertically and carefully from each plot at a depth of 0 to 20 cm, using a 4
cm-diameter metal cylinder [11]. The soil contained in the cylinder is collected and weighed in
situ to determine the fresh mass, and then taken in an envelope to the laboratory to be dried in
an oven at 105°C. After 48 hours, each sample is weighed again to determine the dry mass. All

these methods were used to determine soil fertility and ecological parameters.

3. Determination of data
3.1 Assessment of soil fertility
3.1.1. Organic characteristics
« Organic matter
The evaluation of organic matter (OM) considered total organic carbon (C) and the
value coefficient 1.724. Total organic carbon was determined wet at a reaction temperature of

120°C [12]. Organic matter (OM) is calculated by international convention according to the



following relationship: O.M (%) = Carbon (%) x 1.724 [13]. The interpretation standard for
organic matter is presented according to the following classes: OM < 1: soils very poor in OM; 1

< OM < 2: soils poor in OM; 2 < OM < 4: soils moderately rich in OM; OM > 4: sails rich in OM.

X Carbon/nitrogen ratio
The carbon/nitrogen (C/N) ratio is an essential concept for understanding the fertility
mechanisms of a given biotope. It is an indicator of the degree of evolution of organic matter, i.e.
its ability to decompose more or less rapidly in the soil. The carbon/nitrogen ratio is deduced
from total carbon and nitrogen values. According to [14], the carbon/nitrogen ratio can be
interpreted as follows: C/N < 9: very low = rapid decomposition of organic matter; 9 < C/N < 12:
normal = good decomposition of organic matter; 12 < C/N < 25: high = reduced biological activity

and mineralization encounters difficulties.

< pHwater
The pH was measured in the laboratory, assessed by direct reading on a pH meter
according to the soil/distilled water ratio of 1/2.5 after agitation of the suspension [15, 16]. INRA
pH interpretation standards [17] were defined by class: pH < 3.5: hyper-acidic soil; 3.5 < pH <
5.0: very acidic soil; 5.0 < pH < 6.5: acidic soil; 6.5 < pH < 7.5: neutral soil; 7.5 < pH < 8.7: basic

soil; pH > 8.7: very basic soil.

3.1.2. Characteristics of the absorbent complex

The absorbent complex of a soil is characterized by the Total exchangeable bases (TEB),
such as potassium (K+), calcium (Ca2+) and magnesium (Mg2+), and by its cation exchange
capacity (CEC). Exchangeable bases (K+, Ca2+ and Mg2+) were determined after extraction

with an ammonium acetate solution (NH4OAC) at pH=7. The standard for interpreting the Total



exchangeable bases [14] is: SBE < 1.5 cmol.kg™: very low TEB soils; 1.5 < TEB < 3 cmol.kg™:
low TEB soils and 3 < TEB < 6 cmol.kg™: medium TEB soils.

CEC was also determined at pH=7 after displacement of NH4+ ions by KCI on the pellet
of the saturated sample remaining after base extraction [18]. The CEC interpretation standard is
defined by the following classes [14] : CEC < 2 cmol.kg™: very low CEC soils; 2 < CEC < 3
cmol.kg™: low CEC soils; 3 < CEC < 8 cmol.kg™: medium CEC soils; 8 < CEC < 15 cmol.kg™:
high CEC soils and CEC > 15 cmol.kg™: very high CEC soils.

The base saturation rate (V) was determined by the following relationship: V =
(SBE/CEC) x 100. The saturation rate is interpreted as follows: V > 70%: saturated soils; 50 < V

< 70%: moderately saturated soils; V < 50%: desaturated soils.

3.2. Ecological parameters
3.2.1. Soil organic carbon stock
Soil organic carbon stock (SCOS) was calculated according to the equation:

SCOS(mgha) = CxDaxe [19], where C: carbon; Da: bulk density and e: depth of soil sampled.

3.2.2. Soil degradation or deterioration index

The impact of rubber cultivation on soil quality was assessed using the soil degradation
or deterioration index (SDI) [20]. The SDI is calculated using the equation: SDI= ((Ac-Af) / Af)
x100, where Ac: soil property values (organic carbon, bulk density, water content and pH) of
rubber plantations of various ages; Af: soil property values (organic carbon, bulk density, water
content and pH) of secondary forest. Negative SDI values indicate soil deterioration [21].
According to [22], indices from 0 to -5% indicate no deterioration. Indices between -5% and -
10% indicate slight deterioration, moderate deterioration ranging from -10% to -20% and severe

deterioration, for an SDI greater than -20%.



3.3. Statistical analysis
3.3.1. Analysis of variance

An analysis of variance and comparison of means was applied to the various parameters
calculated, to observe whether or not there were any significant differences between biotopes,
with an error of 5% (p-value < 0.05). This analysis was performed with XLSTAT software version

16.0.

3.3.2. Influence of different parameters on soil organic carbon stock

The influence of various parameters on soil organic carbon stock was determined using
Pearson's correlation test. This analysis highlighted the degree of relationship between soil
variables X (Da, TEB, CEC, V saoil infiltration capacity) and Y (SCOS). Y is the dependent
variable and X the independent variable. This means that Da, soil infiltration capacity, TEB, CEC
and V are predictive of soil organic carbon stock in Anguédédou rubber plantations, but it is not
evident that the converse is true. This analysis was carried out using XLSTAT software version

16.0.

IIl. RESULTS AND DISCUSSION
1. Assessment of soil fertility
1.1 Organic characteristics

Organic characterization of soils under rubber cover indicates that the soils of all
Anguédédou rubber plantations, of all age classes, are poor in organic matter (Table 1). The low
guantity of organic matter observed in the soils of these rubber plantations could be explained by
reduced microbial activity, reflected by the high carbon/nitrogen (C/N) ratio, especially in
plantations aged 6 to 20 years, with values between 14.00 and 14.66. This indicates slow
decomposition of soil organic matter, and therefore immobilization of soil nitrogen by

microorganisms [23]. The reduced microbial activity in these biotopes is thought to be due to the
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excessive use of herbicides to maintain young rubber plantations in full operation, based on
interviews with plantation managers. Indeed, the work of [24] has shown that the use of
pesticides in crops disrupts soil life by affecting the efficiency of microorganisms in utilizing
organic matter. In plantations 1 to 5 years old, over 20 years old and in abandoned plantations,
the C/N ratio is between 11.14 and 11.95. The low C/N values in plantations over 20 years old
and in abandoned rubber plantations could be linked to good microbial activity, promoting rapid
decomposition of organic matter and releasing into the soil the nutrients assimilated by plants
[25].

Table 1: Organic characteristics

Sites OM C N | C/N | Standard Interprétation
Normal = Good microbial activity,
[1-5 ans] 1,08 | 0,63 | 0,05 |11,95 9<C/N<12 | " Good OM decomposition, providing plants

with a lot of mineral nitrogen

= Reduced biological activity in the soil

[6-10 ans] 1,24 10,701 0,05114,00 high =  Slow decomposition of OM
12<C/N<25 | = Immobilization of soil nitrogen by
[11-20 ans] 1,50 0,88 | 0,06 (14,66 microorganisms
[20-40 ans| 1,35 10.78 10,07 |11,14]  Normal =  Good microbial activity
;\Iif]’t‘gt?;‘ﬁd 1,57 | 0,80 | 0,07 |11,42| 9</N<12 | . Go0d OM decomposition, providing high

levels of mi | nit for plant
Secondary forest| 1,23 | 0,76 | 0,07 {10,85 evels of mineral hitrogen for plants

C : Carbon ; N : Total nitrogen ; C/N : total carbone/nitrogen ratio ; OM : Organic matter

1.2 Characteristics of the absorbent complex

Cation exchange capacity (CEC) is 1.38 cmol.kg-1 for soils in plantations 6 to 10 years
old, and over 2.01 cmol.kg-1 for those over 10 years old (Table 2). Compared with [14]
interpretation standard, the CEC of soils from young rubber plantations aged 6 to 10 years at
Anguédédou is very low. This low CEC is linked to the low organic matter content of the soils in
these plantations. According to [26], the richer a soil is in stable organic matter, the higher its
exchange capacity. Otherwise, CEC decreases. Examination of the low CEC values of young

plantations shows that they have a low nutrient retention capacity. In fact, soil cation exchange



capacity (CEC) affects the soil's ability to retain essential nutrients and acts as a buffer against
soil acidification. It is therefore used as a measure of soil fertility.

Total exchangeable bases (TEB) in soils are very low for all biotopes compared with
reference values (TEB < 1.5 cmol.kg'1). They range from 1.21 cmol.kg™ to 1.36 cmol.kg™ (Table
2). These low levels of total exchangeable bases (TEB) in the soils of these biotopes, particularly
calcium and magnesium, can be explained by the low CEC content of the soils and their high
saturation rate [27]. According to this author, TEB is positively linked to cation exchange capacity
and negatively to soil saturation rate. In other words, higher CEC and lower soil saturation rates
lead to lower TEB values.

Soils in young plantations aged between 6 and 10 years are saturated, with an
exchangeable base (V) saturation rate of 94.84%, much higher than the standard 70%. In
plantations over 10 years old, soils are moderately saturated, with saturation rates ranging from
58.49% (plantations over 20 years old) to 62.90% (plantations 11 to 20 years old). Soil saturation
in these environments can be explained by the pH values of the soils, which are inclined towards
alkalinity, pH = 6.30 [28]. Thus, a saturated soil will have fewer sites occupied by H* ions, and its
pH will therefore be alkaline. A soil less saturated with nutrient cations, on the other hand, will
have an acid pH.

Table 2: Absorbent complex characteristics

Biotopes
[11 - 20
[1-5ans] | [6- 10 ans] ans] [20 - 40 ans[ | Aband. Plant. | Second. forest | p-value

Ca” (cmolkg ) | 018a | 0l4a | 0l4a [ 0l4a | 0lda | | 015a || 0,075
Mg”(cmolkg?) [ 027a | 027a | _027a | 028a_ | _027a [ 026a | 0,504 _
Kiemolkgh) | 048a | . 04ra | _O4ra | . 045a | ... 048a | | 046a | 0,511
EBS (cmolkg™) | 136a | 128a | __.: 123a | 12la | .. _.: 130a | .. l2la || 0,106__
CEC (cmolkg™) | 185b | 1,38c | . .: 21la | 20la | .204a | 191b || 0,034
V (%) 72,56 a 94,84 a 62,90 b 58,49 b 62,48 b 61,50 b 0,011
pH eau 6,32 a 6,32 a 6,33 a 6,28 a 6,35 a 6,21 a 0,103

V : saturation rate of exchangeable bases ; TEB : Total Exchangeable Bases ; CEC : Cation exchange
capacity ; Ca”": Calcium ; Mg“" : Magnésium ; K : Potassium. Means with different letters on the same line
indicate a significant difference (Fisher test, Lsd 05 a= 0.05)



2. Ecological parameters of soils in different biotopes
3.1 Soil organic carbon stock

Determination of soil organic carbon stock (SCOS), with the exception of the youngest
plantations aged 1 to 5 years, shows a decrease in SCOS from the upper to the lower depths
(Figure 2). In the 0-20 cm depths, organic carbon stocks are highest in secondary forest soils
(193.14 mg/ha) and abandoned plantations (182.38 mg/ha). Plantations of 11 to 20 years old
and over 20 years old follow with 142.36 and 164.5 mg/ha respectively. In the 20 to 40 cm depth,
SCOS is highest in soils from plantations over 20 years old (151.37 mg/ha) and from secondary
forest (172 mg/ha). The significant quantities of soil organic carbon stock in surface depths,
especially in old rubber plantations over 20 years old, could be explained by the very
pronounced defoliation of rubber trees in these plantations, mainly in the dry season. This
defoliation creates significant soil organic matter. According to [29], this organic matter contains
50% carbon, whose degradation under the effects of rain and biological action contributes to the
soil's carbon stock. This would explain the significant organic carbon stock in the soils of these
biotopes. These results, indicating that the youngest plantations of 1 to 5 years, where the
SCOS is 76 mg/ha compared with 193.14 mg/ha for secondary forest, corroborate those of [30],
who stipulate that soil carbon stocks in the first years of plantation decline after conversion of

native forest to crops.

Horizon (cm)

[1-5 ans] [6-10 ans] [11-20 ans] [21-40 ans[ Aband. plant.  Second. Farest

Biotopes
Figure 2: Matrix plot showing the distribution of soil organic carbon stocks in soils of different

biotopes following depths
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3.2 Impact of different parameters on soil organic carbon stock

Evaluation of the influence of various parameters on soil organic carbon stock indicates
two trends. The first trend is characterized by the impact of bulk density (Da), soil infiltration
capacity and total exchangeable bases (TEB) on soil organic carbon stock (SCOS), with
coefficients of determination R2 ranging from 0.68 to 0.87 (Figure 4). Da and TEB have a
negative effect on SCOS. In practical terms, this means that when soil Da and TEB are high,
SCOS is low, and conversely. The negative impact of TEB on SCOS could be due to carbon
mineralization, whose level influences that of soil carbon stocks. This has been demonstrated by
the studies of [31], which indicate that significant mineralization in a given environment
decreases the soil's carbon stock. As for Bulk Density, its negative influence on SCOS could be
explained by the compact state of the soil. This compactness makes the soil impervious and
induces deep soil transformation, while considerably reducing carbon stocks [32]. This is all the
more true as soils with high carbon stocks are generally relatively less compact or softer. Soil
water infiltration capacity has a positive influence on soil carbon stock. When it is higher, the
SCOS is also higher. This could be due to the transport and incorporation of organic matter by
water into the solil in the form of carbon.

The second trend indicates that Cation Exchange Capacity (CEC) and Exchangeable
Base Saturation Ratio (V) do not influence SCOS in Anguédédou rubber plantations. The

coefficients of determination confirm this assertion, with values of 0.07 for CEC and 0.23 for V.
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3.3 Soil degradation or deterioration index

Determination of the soil degradation index (SDI) shows an evolution in the impact of
rubber plantations on soil health at Anguédédou along the plantation age gradient (Figure 5).
This index indicates soil degradation in the surface depths (0-20 cm) of young rubber plantations
aged 6 to 10 years and 11 to 20 years, with SDI values of -42.95% and -22.95% respectively.
The soil degradation observed in young plantations aged 6 to 10 years can be explained by the
intensive use of herbicides. For example, the results of work by [33] show that herbicides reduce
soil microbial biomass and earthworm populations from 20 to 50%, and then inhibit soil bacteria.

Yet these soil micro and macro fauna contribute effectively to the degradation of organic matter,
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enabling the proper functioning of the nitrogen and carbon cycle, phosphorus mobilization, sall
porosity and water infiltration. So toxic chemicals, by reducing micro and macro fauna, actively
contribute to soil degradation.

However, these soils recover from the twentieth year of plantation with SDI values
ranging from +74.44% for plantations between 20 and 40 years old to +151.00% for abandoned
plantations. The restoration of rubber soils could be due to the abandonment of herbicide use in
these old plantations over 20 years old, almost at the end of their economic life. This means that,
as rubber plantations age and are maintained manually, their SDI becomes more similar to that
of a secondary forest. This observation is confirmed by the work of [34], who indicates that the
high negative SDI values in young crops decrease as they age.

In the lower depth (20-40 cm), IDS values are high for all biotopes. They range from 18%

(6 to10 year-old plantations) to 163.52% (abandoned plantations).
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Figure 5: Soil degradation or deterioration index for different biotopes following depth
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CONCLUSION AND PERSPECTIVES

The study to assess the impact of rubber cultivation on soil health showed that the soils
of the CNRA Anguédédou rubber plantations are poor in organic matter and cation exchange
capacity, especially in young plantations aged 6 to 10 years, where microbial activity is reduced.
The total content of exchangeable bases (TEB) is also low in all biotopes, particularly in calcium
and magnesium. Soils in the same young plantations, 6 to 10 years old, are saturated with
exchangeable bases, while those in plantations over 10 years old are moderately saturated.
Evaluation of soil ecological parameters reveals that organic carbon stocks are high in the
surface soil horizons of rubber plantations over 10 years old, and low in the youngest
plantations, aged 1 to 10 years. Soil organic carbon stocks in these rubber plantations are
negatively impacted by soil bulk density and the total amount of exchangeable bases. On the
other hand, they are positively influenced by soil water infiltration capacity. This study, carried out
on industrial plantations under the supervision of the agricultural institution CNRA, shows that
the soils of young rubber plantations in full operation are in a state of degradation. These soils
recover as the plantations age. For an objective assessment of the impact of rubber cultivation
on soil health, it would be worthwhile extending this investigation to smallolders plantations in

different agro-ecological zones.
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