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ABSTRACT: The ecosystem services provided by earthworm populations are poorly studied under perennial crop agrosystems in Cote
d’lvoire. The present study, carried out in the Daloa department, aims to identify groups of responses within earthworm populations to
changes in edaphic parameters in three types of perennial crops. To this end, earthworm populations and physico-chemical parameters
were sampled on three transects per plantation, in nine plantations divided between three facies: cocoa, oil palm and rubber. The stand
of the nine plantations was found to be rich in 13 species of earthworms. Six species dominated the stand, of which four, namely
Hyperiodrilus africanus, Stuhlmannia zielae, Dichogaster baeri and Gordiodrilus paski showed a preference for crops. Indeed,
Hyperiodrilus africanus, Stuhlmannia zielae and Gordiodrilus paski were indicative of sandy soils under palm plantations; the detritivore
Dichogaster baeri was associated with cocoa and rubber plantations where the soils are silty-sandy and have a high organic matter
content. These results open up new avenues of research on the roles of earthworms in the functioning of soils in cocoa, palm and rubber
plantations in the region. For example, it will be investigated whether earthworm populations can be used in the development of a
holistic index similar to the general soil quality index to assess soil quality.
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1 INTRODUCTION

Since its independence, Cote d’Ivoire has based its economy on agriculture. This has led to the destruction of a large part of its forest
area at the expense of crops. The forest cover in Céte d’Ivoire was estimated at 12 million hectares in 1960 and at 4 million hectares in
2000 [1]. Today, it has been reduced to about 2.5 million hectares [2]. Most of this deforestation is carried out for cash crop agriculture
dominated by perennial crops such as cocoa (Theobroma cacao), coffee (Coffea rabusta and Coffea canephora, Rubiacea), rubber (Hevea
brasiliensis) and oil palm (Elaeis guinnensis) [3].

The central-western part of Cote d’lvoire, which used to be an important production area for these perennial crops, is now mainly
covered by degraded forests. Today, this area is characterised by increasingly low crop production due, among other things, to the ageing
of orchards [4], but also to the degradation of the physico-chemical and biological properties of the soil. Indeed, the biological
compartment of soils plays an essential role and provides key ecosystem goods and services (nutrient cycling, soil formation, food
production, climate, erosion and pest regulation), by intervening in soil structuring and functioning [5; 6].

Earthworms, which hold the largest biomass of the soil macrofauna [7], play a central role in improving and maintaining the
productivity of agrosystems [8; 9]. They substantially affect many important soil processes such as stabilising organic matter through its
incorporation into macroaggregates, stimulating the formation of these macroaggregates, increasing water infiltrability and regulating
soil structure [10]; key factors that determine the soil’s ability to sustainably support improved agricultural production [11; 12].

Earthworm diversity can be used both as a diagnostic tool for fertility and as a resource for improving soil functioning [13].
Earthworms as soil ‘engineers’ provide ecosystem services such as decomposition of organic matter, recycling of nutrients,
decontamination of soils with heavy metals and maintenance of plant-friendly soil physical properties [14]. They show a diversity of
responses through habitat and diet diversity [15]. Thus, the study of the assemblage pattern of these fauna in a context of agricultural
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intensification could constitute an alternative for the promotion of the sustainability of the quality of agricultural systems as they interact
with the morphological, physical, chemical and biological compartments of the soil.

Currently, there is very little information on the variation of earthworm communities and the physico-chemical properties of soils in
cocoa, palm and rubber plantations in Cote d’lvoire and, in particular, in the Haut-Sassandra region. Moreover, the potential of these
organisms as indicators of the quality of agrosystems on the basis of edaphic properties is very little documented. Thus, as part of the
promotion of the sustainability of agricultural production systems, this study was initiated with a view to contributing to the development
of a system for monitoring soil quality in perennial crop agrosystems based on earthworm populations. More specifically, the aim is to:
(i) determine variations in the abundance and diversity of earthworm populations under three types of perennial crops, namely cocoa,
palm and rubber plantations; (i) evaluate the physico-chemical properties of the soils of these agrosystems; (iii) determine the influence
of the physico-chemical conditions of the soils on the ecological preference of earthworm species.

2 MATERIALS AND METHODS
2.1 PRESENTATION OF THE STUDY AREA

The study was carried out in three villages (Tapeguhé, Zepreguhé, Tahiraguhé) in the department of Daloa, located between 6° and
6° 45’ West longitude and 6° 30" and 7° 20" North latitude. This department is the capital of the Haut-Sassandra region of Céte d’Ivoire.
According to [16], this department is very humid with a climate with four seasons: the long rainy season, which extends from April to
mid-July, is marked by inter-seasons and thunderstorms; it is followed by the short dry season (mid-July to mid-September) and the short
rainy season (mid-September to November); the long dry season covers the months of December to March.

The average annual temperature is 25.6 °C. Dry and wet seasons alternate with temperatures ranging from 24.65°C to 27.75°C on
average. Annual rainfall has fallen from 1868.5 mm in 1968 to 1120.4 mm in 2005, a decrease of 40 percent [17]. Hydrographically, the
department is watered by the Sassandra River and its tributary, the Lobo, whose branches, the Dé and the Goré, flood the department,
giving rise to numerous cultivable lowlands.

The vegetation is homogeneous and consists of dense humid forest in the south and wooded savannah in the north. This forest is
experiencing accelerated degradation due to the intensification of cash crops (cocoa, coffee, oil palm and rubber). The relief of the
department is made up of plateaus at 200-400m altitude cut in places by plains and lowlands [18]. Soil studies by [19] have shown that
the soils of Daloa department are generally ferrallitic and moderately leached (or desaturated).

The formations that make up the substratum of the region have undergone alteration and lateralisation characteristic of regions with
a hot and humid climate. From a lithological point of view, the bedrock consists of granitoids of constant mineralogical composition.
These are alkaline to sub-alkaline granites contained in metamorphic formations (gneiss and migmatites) of very similar composition.
These formations are very rarely visible in the outcrop because they are masked by a thick cover of clay and sand alteration.

2.2 STuDY OF THE BIOLOGICAL DIVERSITY OF EARTHWORMS
22.1 SAMPLING STRATEGY

The biological inventory was conducted in three agricultural production sites, namely Tapeguhé, Zepreguhé and Tahiraguhé. The
choice of plots in each site was guided by the desire to study earthworm populations in the main agrosystems (palm, cocoa and rubber).
In each land use, three sampling points were selected, sufficiently distant from each other to avoid auto-correlation, a common process
within some soil macroinvertebrate components [20].

Earthworm diversity and abundance were estimated along three 20 m long transects, each perpendicular to the steepest slope. This
exhaustive estimation method consists of sampling 10 m from the origin of the transect, three large monoliths (50 x 50 x 30 cm) spaced
5 m apart [9]. The sampling was done at the end of the main rainy season, a period of high activity of soil organisms.

222 EARTHWORM SAMPLING CONDUCT

A 50 cm square wooden quadrat was used to mark the location of the soil sample. The bedding bounded by the frame was removed
and sorted for earthworm collection. The organisms were extracted using the direct hand sorting method adapted to tropical soils [9].
This method consists of digging a trench of 50 cm on each side and 30 cm deep around the quadrat in order to avoid possible leakage of
mobile individuals. A large earth monolith of dimensions (50 x 50 x 30 cm) is thus isolated. The monolith is divided into three successive
layers of 10 cm thickness which are placed in three separate buckets. The soil from each bucket is poured in small quantities into sorting
trays. The earthworms are manually extracted from the clods and then stored in pillboxes containing 4% formaldehyde. The pellets are
marked (site name, monolith type, transect number and stratum) and then sent to the laboratory for identification.
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223 IDENTIFICATION OF EARTHWORM SPECIES

Identification was carried out in the laboratory of practical work n°2 of the Jean Lorougnon Guédé University. The collected worms
were identified to species level using the determination keys [21; 22] and reference samples from the Natural History Museum in
Budapest (Hungary). The identified individuals were then counted and weighed by species to determine their abundance and diversity.

224 ABUNDANCE AND DIVERSITY OF EARTHWORM POPULATIONS

Abundance was estimated by two parameters: density and biomass. Density represents the number of individuals per unit area
(Ind.m) while biomass represents the mass of individuals per unit area (g.m). The density and biomass of earthworms were reduced
to the square metre by multiplying the values by 4.

The diversity of earthworm populations was assessed through three parameters: (i) the average number of species, which is the
number of species obtained per monolith, (ii) the Shannon Weaver diversity index (H), which measures the specific composition of a
population based on the number of species and their relative abundance [23] using the following formula:

n .
H=-> Pi.log, Pi (Pi = % is the relative frequency of species i in the stand, N being the total number of species); (iii) equitability
i
(E) shows the distribution of numbers between species:

H
E= log.S (His the Shannon index and S the average number of species).
2

Equitability varies from 0 to 1 and tends towards 0 when almost all the numbers are concentrated on one species. It takes the value
1 when all species have the same abundance.

2.3 STUDY OF THE PHYSICO-CHEMICAL PARAMETERS OF SOILS
23.1 SolL SAMPLING METHOD

To characterise the soils under these crops, three soil pits were opened in a homogeneous area of 10,000 m? characterised by the
best vegetation condition. Soil samples were taken from the full thickness of the A horizon in each pit. They were air-dried on a black
tarpaulin. A 0.5 kg aliquot of each sample was taken, packed and labelled in a plastic bag for physico-chemical analysis in the laboratory.
23.2 PHYSICO-CHEMICAL ANALYSES

Physico-chemical analyses were carried out in the laboratory on the soil samples taken from each pit. The laboratory was the
Laboratoire d’Analyse des Végétaux et des Sols (LAVESO) of the Ecole Supérieure d’Agronomie (ESA) located at the Institut National
Polytechnique Félix Houphouét-Boigny (INPHB) in Yamoussoukro. The soil properties measured are summarised in Table 1, as well as

their methods of determination:

Table 1. IMethod of determining the physico-chemical properties of soil in the laboratory

Soil properties Methods of determination
Particle size Limon Robinson pipette [24]
pH (Water) Glass electrode pH meter [25]
Organic carbon (C) Walkley and Black [26]
Organic matter MO=1.72xCasitisafarm
Total nitrogen (Nt) Modified Kjeldahl [25]
Assimilable phosphorus Modified Olsen [26]

233 STATISTICAL ANALYSIS

The non-parametric Kruskal-Wallis test was used to compare the abundance and diversity of earthworms in the different
agrosystems at the intra-site scale. Then, the Mann-Whitney test for pairwise comparison was performed at the 5% threshold when a
difference was established. Anova 1 was used to compare the physico-chemical parameters. When the differences were significant, the
means were separated according to the LSD (Least Significant Difference) method.
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In addition, a hierarchical classification was carried out on the basis of the physico-chemical parameters of the soils using the ADE-4
software [27]. The dendrogram obtained by Ward’s method based on the Euclidean distance made it possible to define typologies. We
then proceed to partition the dendrogram and stop partitioning when the typology obtained offers a better interpretation of the results
and when this level of division represents the partition threshold at which the indicator values of the species start to decrease
considerably.

In fact, the characteristic earthworm species of each group are identified and their indicator values calculated by the IndVal method.
The species retained by the method as indicators are those whose preference for these environments is significantly higher than
suggested by a random distribution (Student’s t test) and those whose indicator value is at least equal to 25 % [28].

3 RESULTS AND DISCUSSION
3.1 RESULTS
3.11 ComPOSITION OF EARTHWORM POPULATIONS

The earthworm populations collected in Tapeguhé, Zepreguhé and Tahiraguhé consist of 11, 8 and 10 species respectively. These
worm species are divided into 5 genera (Millsonia, Dichogaster, Hyperiodrilus, Stuhimannia and Gordiodrilus) and three families (Table
2). One species belonging to the genus Dichogaster could not be identified, and was therefore classified as a morpho-species. The species
Dichogaster saliens and Stuhlmannia palustis are restricted to the Tapéguhé site, while Dichogaster baeri and Dichogaster eburnea are
found only at the Tahiraguhé site. With the exception of the 4 earthworm species mentioned above, the others are common to at least

two sites (Table 2).

Table 2. Occurrence of earthworm species per study site

Sites
Tap Zep Tah

Families Species

Millsonia lamtoiana (Omodeo & Vaillaud, 1967)
M. omodeoi (Sims, 1986)
Dichogaster baeri (Sciacchitano, 1952)
D. terraenigrae (Omodeo & Vaillaud, 1967)
Acanthodrilidae D. saliens (Beddard, 1893)
D. erhrhardti (Michaelsen, 1898)
D. papillosa (Omodeo, 1958)
D. eburnea (Csuzdi & Tondoh, 2007)
Dichogaster sp.
Hyperiodrilus africanus (Beddard, 1891)
Eudrilidae Stuhlmannia zielae (Omodeo, 1963)
S. palustris (Omodeo & Vaillaud, 1967)
Ocnerodrilidae Gordiodrilus paski (Stephenson, 1928)
3 13
Tap: Tapeguhe; Zep: Zepreguhe; Tah; Tahiraguhe; 1: presence; O: absence
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3.1.2 ABUNDANCE OF EARTHWORM POPULATIONS
ON THE TAPEGUHE SITE

The highest density of earthworms is observed in the palm grove (68.33 +4.42 Ind.m). This was followed by rubber cultivation (51.33
+5.00 Ind.m™). The lowest density was collected in the cocoa plantation (21.33 + 4.92 Ind.m™). The differences observed between the
land use types were significant (Kruskall-Wallis, P = 0.001). Three species, Hyperiodrilus africanus (31.4%), Stuhlmannia zielae (28.4%)
and Dichogaster erhrhardti (22.5%) shared most of the total density in the palm grove. While in the cocoa field, the overall density is held
by Dichogaster sp. (25%), D. terraenigrae (21.9%), Millsonia omodeoi (18.8%) and D. saliens (15.6%). Three species namely H. africanus
(46.8%), Dichogaster sp (13%) and M. omodeoi (10.4%) dominate under rubber cultivation. The pantropical species H. africanus
establishes its population in the palm grove and the rubber plantation at the Tapeguhé site. Similar to density, the overall biomass of
earthworms shows very strong differences between the environments considered (Kruskall-Wallis, P < 0.001). The rubber plantation
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hosts the highest biomass (65.98 + 12.74 g.m™): It is followed in decreasing order by the palm plantation (18.21 + 1.15 g.m?) and the
cocoa plantation (12.57 + 1.48 g.m™).

ON THE ZEPREGUHE SITE

The overall density of earthworms varied significantly (Kruskall-Wallis, P = 0.024) between the 3 land use types at the Zepreguhé site.
The highest density was found under the rubber plantation (50.00 % 2.48 Ind.m) while the cocoa plantation with a value of (31.33+4.06
Ind.m2) shows the lowest density of earthworms. The palm grove (38.00 * 4.47 Ind.m?) has an intermediate density value. The species
Stuhlmannia zielae (36.8%), Hyperiodrilus africanus (31.6%), and Dichogaster papillosa (22.8%) dominate the stands in density in the
palm grove. Four species including D. terraenigrae (29.8%), D. erhrhardti (17%), Millsonia omodeoi (14.9%), D. papillosa (14.9%) and H.
africanus (14.9%) shared the bulk of the density under the cocoa field. H. africanus (63%) and D. terraenigrae (29%) dominate under the
rubber tree crop. At the Zepreguhé site, H. africanus dominated the populations in the three perennial crop plots. Overall earthworm
biomass followed a similar pattern of variation to density under the different land use types (Kruskall-Wallis, P < 0.001). Biomass is highest
under the rubber plantation (36.11 * 5.05 g.m?), followed by the cocoa plantation (19.13 + 2.37 g.m). The lowest biomass is observed
in the palm grove (9.06 + 0.76 g.m™).

ON THE TAHIRAGUHE SITE

The rubber plantation (57 + 4.70 Ind.m?) has the highest overall density of earthworms. It is followed by the palm plantation (36.67
+3.92 Ind.m), then the cocoa plantation (26.0 + 4.7 Ind.m2) which reveals the lowest overall density. This variation in density was highly
significant between the three perennial crop plots at the Tahiraguhé site (Kruskall-Wallis test, P = 0.003). Three species, namely
Dichogaster erhrhardti (50.9%), D. terraenigrae (29.1%) and Hyperiodrilus africanus (14.1%), shared most of the total density in the palm
grove. While in the cocoa field, the overall density is dominated by D. terraenigrae (33.3%), Millsonia omodeoi (33.3%) Dichogaster
erhrhardti (10.3%) and Dichogaster sp (10.3%) and Hyperiodrilus africanus (10.3%). The species D. papillosa (45.4%), Hyperiodrilus
africanus (31.4%) and Dichogaster terraenigrae (17.4%) dominate under the rubber tree crop. The Hyperiodrilus africanus population
described a pattern identical to that of Zépréguhe; individuals were sampled in all three perennial crop facies. Like density, overall
earthworm biomass varied significantly across land use types (Kruskall-Wallis test, P = 0.005). Biomass is highest in the rubber plantation
(29.86 +9.82 g.m?). It is followed by the cocoa plantation (14.75 + 2.66 g.m?). The lowest biomass value is observed in the palm crop
(7.65+0.63g.m?).

3.1.3 DIVERSITY OF EARTHWORM POPULATIONS
ON THE TAPEGUHE SITE

However, the rubber plantation (6.17+0.31 species.m) seems to harbour a high species richness of worms, followed by the palm
plantation (5.67 + 0.80 species.m) and the cocoa plantation (4.33 + 0.88 species.m?) (Table 3). The Shannon diversity index does not
differ significantly from one type of land use to another at the Tapéguhé site, but equitability varies very significantly between plots. The
equitability values are all above the 0.50 threshold. However, the trend towards equitable distribution of numbers between species is
more pronounced in the cocoa plantation (0.97 + 0.01) and in the oil palm plantation (0.89 + 0.01) (Table 3).

ON THE ZEPREGUHE SITE

The earthworm populations are richer, more diversified with a tendency towards equitable distribution of individuals (Anova 1, P <
0.002) under the cocoa farm; the average number of earthworm species is 5.33+0.33 species.m™ for a Shannon index value of 2.28 +
0.12. Equitability is in the order of 0.95 * 0.05. The palm grove is in second place after the cocoa grove (Table 3).

ON THE TAHIRAGUHE SITE

The specific richness of earthworms does not vary significantly (Anova 1, P = 0.885) between the 3 perennial crop plots. Nevertheless,
the cocoa plantation seems to have a rich and diverse worm population (Table lll). However, equitability varies significantly between
plots (Anova 1, P = 0.007). The trend towards equitable distribution of numbers between species is more pronounced in cocoa (0.97 +
0.01) and rubber (0.91 + 0.02) plantations (Table 3).

ISSN : 2351-8014 Vol. 67 No. 1, Jun. 2023 123



Involvement of earthworm populations in indicating the physico-chemical state of soil under three types of perennial crops
in the department of Daloa (Centre-West of Ivory Coast)

Table 3. Abundance and diversity of earthworm populations

Site Type of use Density Biomass S H E
Palmeraie 68.33+4.42a 18.21+1.15ab 5.67+0.8a 2.16+0.14a 0.89+0.01ab
Tapeguhe Cocoa farm 21.33+4.92b 12.57+1.48b 4.33+0.88a 1.91+0.28a 0.97£0.01a
Hevea field 51.33 £ 5.0ab 65.98+ 12.74a 6.17+0.31a 2.2+0.1a 0.84 £ 0.02b
P-value 0.001 <0.001 0.221 0.699 <0.001
Palmerais 38.0+4.47ab 9.06 £ 0.76¢ 3.83+0.4ab 1.77 £0.12ab 0.94+0.01a
Zepreguhe Cocoa farm 31.33+4.06b 19.13+2.37b 5.33+0.33a 2.28+0.12a 0.95+0.02a
Hevea field 50.0+2.48a 36.11+5.03a 3.0+ 0.0b 1.23+0.01b 0.78+0.01b
P-value 0.024 <0.001 0.002 <0.001 0.002
Palmeraie 36.67 + 3.92ab 7.65+0.63b 3.5+0.34a 1.23+0.21a 0.67 + 0.06b
Tahiraguhe Cocoa farm 26.0+4.7b 14.75 £ 2.66ab 3.83+0.65a 1.71+£0.25a 0.94 +0.02a
Hevea field 57.0+4.7a 29.86 +9.82a 3.5+0.34a 1.61+0.09a 0.91+0.02ab
P-value 0.003 0.005 0.885 0.171 0.007

H: Shannon Index and E: Equitability. Values followed by different letters are significantly different at the 5% threshold (Anova 1).
3.14 PHYSICO-CHEMICAL PROPERTIES OF SOILS
ON THE TAPEGUHE SITE

At the Tapéguhé site, the quantities of organic matter, organic carbon, nitrogen, C/N ratio and phosphorus do not vary significantly
(Anova 1, P > 0.05) between the types of land use, although the organic status of the soil under cocoa production seems high. The C/N
ratio remained > 13 regardless of the type of land use. As for assimilable phosphorus, its value in the palm grove appears to be higher.
The soils are acidic (pHwater from 6.30 to 6.63). Their texture is silty-clay-sandy (cocoa and rubber plantation) to sandy (palm grove) (Table
4).

ON THE ZEPREGUHE SITE

Texture also varies in the same direction as at the Tapeguhé site (silty-clay-sandy: cocoa and rubber plantation, to sandy: palm grove).
The soils are slightly more acidic in the palm grove (pHwater of 6.00 £ 0.12) (Anova 1, P < 0.05). With the exception of the higher C/N ratio
in the palm grove (16.33 * 0.88) and the lower C/N ratio in the cocoa plantation (13.00 + 0.58) and the rubber plantation (13.00 £ 0.58),
organic matter, organic carbon and total nitrogen did not vary significantly between the three agrosystems. Assimilable phosphorus was
higher in the palm grove (40.87 + 1.74 g.kg*) and lower in the cocoa (14.90 + 6.13 g.kg) and rubber plantation (2.87 + 1.58 g.kg?) (Table
4).

TAHIRAGUHE WEBSITE

At the Tahiraguhé site, the soil is neutral in the cocoa farm (7.2 + 0.3) while in the palm farm (5.53 £ 0.03) and in the rubber plantation
the soils are acidic (6.17 + 0.12). The texture is sandy in the palm and rubber plantation, while in the cocoa plantation it is silty-sandy.
Assimilable phosphorus does not vary significantly between soil use types (Anova 1, P > 0.05), its value is higher in the cocoa and rubber
plantation and low in the palm plantation. Organic matter (3.04 £+ 0.1 %), organic carbon (1.77 + 0.09 %) and total nitrogen (0.17 £0.03
%) are higher in the cocoa farm, while the C/N ratio (15.33 + 0.088 %) is high in the rubber plantation (Table 4).
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Table 4. Physico-chemical properties of different types of land use

Physico- Sites
chemical Tapeguhe Zepreguhe Tahiraguhe
parameters| Palmeraie | Cocoafarm | Heveafield | P Palmeraie | Cocoafarm | Heveafield | P Palmeraie | Cocoafarm | Hevea field P
MO (%) 1.78+0.56a | 2.12+0.32a | 1.66+0.15a | 0.69] 1.49+0.21a | 2.06+0.46a | 2.06+0.1a | 0.34] 1.89+0.43a | 3.04+0.1b 1.55+0.3a 0.03
CO (%) 1.03+0.33a | 1.23+0.19a | 0.97+0.09a | 0.69] 0.87+0.12a | 1.20+0.06a | 1.20+0.06a | 0.34] 1.1+0.25a | 1.77+0.09b | 09+0.17a | 0.03
Nt (%) 0.07+0.03a | 0.13+0.03a 0.10+0a | 0.29] 0.07+0.03a | 0.13+0.03a 0.10+0a | 0.29] 0.10%0a 0.17+0.03a 0.10+0a 0.07
C/Nratio | 14.67+1.2a 13.00+1a 14.00+0a | 046] 16.33+0.88 | 13.00+0.58 | 13.00+0.58 | 0.02] 14.67+1.2a | 12.67+0.67a] 15.33+0.88a| 0.19
P(gkgl) |17.37+6.43a| 13.00+6.5a | 5.47+2.7a | 0.36]40.87+1.74b| 1490+6.13a| 2.87+1.58a |0.001] 8.6+7.34a |24.57+15.57a] 17.5+11.8a | 0.66
PHwater 6.30+0.36a | 6.37+0.22a | 6.63+0.24a | 0.68| 6.00+0.12a | 6.57+0.07b | 6.17+0.07a |0.009] 5.53+0.03a 7.2+0.3b 6.17+0.12a | 0.00
Clay(%) | 6.33+2.96b | 25.67+1.67a| 23.67+3.53a]0.005] 2.33+0.33a |13.00+2.65ab| 21.33+5.17b] 0.02| 5.0+1.0a |22.33+2.33b| 5.67+0.88a | 0.00
Silt (%) 16.33+2.67a| 22.33+1.2a | 13.67+1.2a | 0.14| 12.33+1.2a | 19.33+2.19a|] 20+2.08a | 0.05] 14.67+0.67a|22.67+2.33b| 18+0.58ab | 0.022
Sand (%) | 77.33+5.24b] 52.00+0.58a | 56.67+2.6a | 0.00] 85.33+0.88b| 67.61+4.7a | 58.67+6.89a| 0.02 | 80.33+1.45a | 55.33+1.45b| 76.33+0.88a | <0.001
OM: organic matter; OC: organic carbon, Nt: total nitrogen; P: Phosphore assimilable. Values followed by different letters are significantly different at the 5% level
(Anova 1).
3.15 ECOLOGICAL PREFERENCES OF EARTHWORMS: INDVAL ANALYSIS

This study was based on the hierarchical classification of all 9 agrosystems that served as a basis for the determination of the
typologies (Figure 1). The partition of the agrosystems was stopped at level 3 because at this stage of partition the indicator values
of the earthworm species start to decrease. Two edaphic parameters, texture and pH, are the most appropriate for the hierarchical
classification of agrosystems. Thus level 1 does not define a partition but groups all agrosystems. Level 2 defines, on the one hand,
the group of palm plantations with sandy textured soils and which associate the species Hyperiodrilus africanus (IndVval : 77.26 %
; t-test : P < 0.01), and on the other hand, the group composed of cocoa and rubber plantations characterised by a silty-sandy
texture and preferred by the species Dichogaster baeri (IndVal : 81.92 % ; t-test : P < 0.01) The third level of partition gives three
groups of agrosystems, namely group 1 composed of Tapeguhé and Zepreguhé palm plantations with a sandy texture and
associating the species Stuhlmannia zielae (IndVal :99,72% ; t-test : P < 0,01) and Gordiodrilus paski (IndVal : 100 % ; t-test : P <
0.01); group 3 consisting of the Tahiraguhé palm grove with sandy texture and acidic soil is preferred by the species Hyperiodrilus
africanus (IndVal :73.79 % ; t-test : P < 0.01), and group 2 composed of cocoa and rubber plantations with a silty-sandy texture, is
preferred by the species Dichogaster baeri (IndVal : 63 % ; t-test : P < 0.01) (Table V).

Level 1
Gl G2
Level 2
Sandy
texture texture
G2
Level 3 Gl G3
Sandy Sandy texture
texture and acid pH texture
e ‘—-=—.‘——I\ |
=) =] Jas
= £ &2 g8 % % § ¥

-0.16

Silty-clay-sandy

Silty-clay-sandy

Fig. 1.  Hierarchical classification of the 9 agrosystems on the basis of physico-chemical parameters

Pal: Palmeraie; Cac: Cocoa farm; Hev: Hevea field; Tap: Tapeguhe; Zep: Zepreguhe; Tah: Tahiraguhe; G1: Group 1; G2: Group 2 and G3: Group 3
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Table 5. Species associated with the different typologies identified by the hierarchical classification

Scores Typologies Indications Species and indicator values (%)
1 All agrosystems - -
5 Group 1: Palm groves Soil with sandy texture Hyperiodrilus africanus (77,26)
Group 2: Cocoa and rubber plantations Soil with a silty-clay-sandy texture Dichogaster baeri (81,92)

Group 1: Tapéguhé and Zépréguhé palm Stuhlmannia zielae (99.72) and

Sandy textured soil

3 groves Gordiodrilus paski (100)
Group 3: Tahiraguhé palm grove Soil with sandy texture and acidic pH Hyperiodrilus africanus (73,79)
Group 2: Cocoa and rubber plantations Soil with a silty-clay-sandy texture Dichogaster baeri (63)

3.2 DiscussioN

In general, the practice of growing perennial crops induces a large variation in earthworm ensity and biomass compared to the
diversity of the stand in each agricultural production site. Worms are sentially more abundant in rubber plantations while populations
are low in cocoa farms despite the high organic matter levels in these agrosystems. This pattern under cocoa farms could be attributed
to agricultural practices such as the treatment of cocoa plants with insecticides and fungicides; plant protection products known to have
a harmful effect on earthworm populations [29].

Indeed, work by [30] in the southern region of Cameroon found that worm populations decreased as the intensity of application of
the fungicide Ridomil®increased in a 35-year-old cocoa farm. The lower abundance could be explained by the lack of availability of food
resources for these groups due to plantation maintenance [31] and the frequent use of herbicides for plantation maintenance [32].

Studies also show a direct effect of herbicides through toxicity, resulting in high mortality and declining populations of some macro-
invertebrate groups in intensive agricultural systems [33; 32]. This practice acts indirectly on macro-arthropod communities by
suppressing weeds covering the soil. This suppression can lead to an alteration of microclimatic conditions (increase in temperature and
decrease in humidity) and also to a suppression of resources and organic matter inputs, leading to a decrease in the abundance of species,
especially detritivores [34; 32].

Gains in abundance under rubber plantations would be governed by, among other things, the reduced use of plant protection
products, which would decouple the beneficial effect of soil cover by litter, which would regulate soil temperature and moisture (creation
of a mild microclimate) and constitute a source of diversification of microhabitats for soil fauna [35].

At the scale of the three agricultural production sites, 13 species of earthworms were sampled with 11, 8 and 10 species, respectively
at the Tapeguhé, Zepreguhé and Tahiraguhe sites. Six species, namely Millsonia omodeoi, Dichogaster erhrhardti, Dichogaster
terraenigrae, Dichogaster papillosa, Stuhlmannia zielae and Hyperiodrilus africanus, dominated the earthworm population by far in all
three sites. However, four were found to be indicative of agrosystem groups obtained from the hierarchical classification of plots on the
basis of soil physico-chemical properties. These include Hyperiodrilus africanus, Stuhlmannia zielae, Dichogaster baeri and Gordiodrilus
paski. Our results thus reveal that earthworm abundance can be an appropriate indicator of the physico-chemical status of soils.

Indeed, depending on the functional aptitudes of each species, worms are excellent bioindicators of the quality of the ecosystems in
which they live, as they are sensitive to the edaphic environment [36]. Individuals of the species Hyperiodrilus africanus, StuhImannia
Zielae and Gordiodrilus paski are indicators of soils under palm groves, characterised by a sandy texture. The establishment of
Hyperiodrilus africanus in palm groves may reflect its ability to withstand high rates of anthropisation and its lower sensitivity to soil
acidity. Similar results on the acidophilic suitability of the earthworms Dichogaster candida and D. cornuta were demonstrated by Guei
et al. (2019) on Mount Nimba in highland grassland soils characterised by high iron toxicity, which causes their acidity.

Furthermore, the detritivorous species Dichogaster baeri has a preference for cocoa and rubber plantations with soils that are silty,
clayey and sandy in texture but also characterised by high levels of organic matter. The simultaneous presence of organic matter, silt and
clay in these soils will contribute to the formation of the clay-humus complex, which will give the soil a good structure, particularly the
lumpy structure. Thus, the association of the species Dichogaster baeri with these agrosystems may underlie the indication of soils with
a good clay-humus complex. Dichogaster baeri is less generalist than Hyperiodrilus africanus, Gordiodrilus paski and Stuhlmannia zielae
and has an abundance of between 2.6 and 8.4 %, giving it specialist status. The knowledge of specialist species is an asset for the
orientation of soil biodiversity conservation policy and the promotion of sustainable agriculture [37], because their elimination leads to
the disappearance of the irreplaceable ecological services they provide [38], which could lead to an imbalance in the environment.
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4 CONCLUSION

The present study aimed to identify response groups within earthworm populations to changes in edaphic parameters in nine
perennial crop agrosystems. The results show that worms are predominantly more abundant in rubber plantations while populations
are low in cocoa plantations despite the high organic matter levels in these agrosystems. Rubber plantations provide favourable
conditions for the establishment of earthworm populations and can thus play an important role in the conservation of these organisms.
The stand at the three agricultural production sites shows a richness of 13 earthworm species. Six species dominated the stand, of which
Hyperiodrilus africanus, Stuhlmannia zielae, Dichogaster baeri and Gordiodrilus paski were found to be indicative of agrosystem groups.
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