118



Plantation de teck et perturbation

écologique des sols

Une grande partie de la forét secondaire de Gaubkaté détruit suite a un
incendie survenu en 1983. La présence @hromolaena Odorata
(Asteraceae) a 96% sur toute la grille d'étude dem® et plus
particulierement dans le domaine rural révele wnie fdégradation des sols.
Comme conséquence I'on assiste a une rupture déseshtrophiques et des
cycles biogéochimiques. Un vaste programme de sebwnt a base
d’essence de teck a été entrepris dans cettetéoqar la Société pour le
Développement des Foréts (SODEFOR). Les nombrauestsrbations du
sol liées a la mise en place des parcelles dedetk faible restitution des
éléments niméraux au sol suscitent des inquiétudés. présent article
apporte un éclaircissement sur I'usage des planttde teck a caractere
monospécifique comme solution alternative a la afigfion des foréts

naturelles.
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Abstract

Soil mite was investigated In two sites situatedviory Coast. The first one
OPF (Oumé Primary Forest), and the second, OTKn®Ueak Plantation)
was only characterized by a hight disturbance. Jdmpling was repeated
twice. The Berlese Tullgren was used for extractimg mite during one
week. After the sorted and description, mite ridsnare greatest in OPF.
The mite density was important in the litter andrdased to the depth in the
two sites. All in all, 120 mites species were dissat in the two sites (98
species in OPF vs 51 in OTK). The mite Shannonxnciculated was
relativelly similar in the two sites (4.91 in OPE ¥.63 in OTK). Mite
evenness is significantly lower in OPF than in ONK= 9 ; P < 0.05). Mite
exclusive species was higher (91/120) with 29 mité&s Oribatida and 12
Gamasida are represented the common species. Whétee level of
partitionning (macrohabitat or microhabitat), theesies indicators observed

were great in OPF than in OTK.

Key words: Acari, forest, teak plantation, densggecies richness, species

indicators
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Introduction

Deforestation and soil disturbance are a endlesatho species diversity in
the tropics. According to FAO (2000), the annudbdestation rate in Africa
is about twice as high as the global rate (0.3ug1®.7% ). One of the
recommandations of the Convention on Biologicalddsity is that measures
have to be taken in order to conserve natural feresainly tropical forests,
which are among the diversity species hotspots ideresd as a global
priority for conservation (Sayer and Wegge, 199%eh et al., 2000). To
cope with this situation, strategies and conceptshsas “enrichment
planting, forest plantation and rehabilitation @fgdaded ecosystems” have
been developed. In 1990, the global extent of pleating is estimated at
about 135 million hectares. (FAO, 1993; Gauthi®@91, Pandey, 1995) with
5% in Africa. Among woody plants grown, the teakedtona grandis)
occupies a prominent place. However, many problgnss of soil nutrients,
soil erosion, site degradation, decrease growth yaeld) related to the
planting of teak have been reported.(Chacko, 18@&sa-ard, 1995; Nair,
1995). Very early Baden-Powell (1874) declared Klisaa bad tree forest, it
does not improve the soil and its leaves do noistede easily into humus ".
Many studies have shown that decomposition is amted by litter
properties, climatic factors and soil biota ( Wardind Lavelle, 1997;
Gonzalez and Seastedt, 2001). Also the disturbahtiee soil related to the
establishment of teak plantations is important.eggvstudies have reported
the impact of tillage (Hilsmann and Wolters, 1988ngtsson, 2002; Mando
et al., 2005; Morris et al., 2007) and soil commac{Whalley et al., 1995;
Dexter, 2004; Lipiec et al., 2006) on the faunaerEfore the role of
monospecific timber plantations of teak as an mdteve solution to the
disappearance of natural forests is raising questicSeveral studies
described the impact of teak plantations on saih& (Ananthakrishnan,
1996; Badejo and Ola-Adams, 2000; Attignon et28lQ4, 2005 ; Widyastuti
et al., 2006; Tondoh et al., 2007; Kra et al., 2010 general, the organic
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matter is the main trophic source for endogenousdaand would therefore
strongly related to the diversity of vegetation @ovlhe objective of this
study is to assess the impact of teak plantationthe soil mites abundance
and diversity compared to primary forest. Also ibuld look if teak
plantation can serve as an alternative solutigchealisappearance of natural

forests.

Material and methods

Study area

The study site was located in the Oumé Région, wagt Ivory Coast,
precisely near the village of Goulikao (6°31’ N38°W) at 200 m asl. The
average rainfall over 10 years (1998-2007) was 14#8 The annual
rainfall in 2008 was about 1592 mm, whereas therame monthly
temperature was about 26°C. In this area, two sW&s investigated. The
first, Oumeé primary forest (OPF) is a semi decidufarest, and where Man-
made activities are very weak and limited to soraekis. The second, Oumé
teak plantation (OTK) was 14-year-old if we cons@&é¢he study’s years
(2008) and where disturbances was greatest. Thesiies were adjacent
200m appart. Soils are ferralitic (Assié et al.020 More description is
given by N'Dri and André (submittedl).

Sampling method

Soil mite was taken with a steel corét 8.5 cm), from 540 soil cores ( 2
sites x 15 sets x 9 layers x 2 campaigns). For eatd) 9 cores were taken
(the litter sample with a variable height and eig@tcn? samples, 0-5 cm ;

5-10 cm; 10-15 cm; 15-20 cm; 20-25 cm; 25-30;c30-35 cm; 35-40

cm. At each site, the sets were sampled over a frémsect, at 1-m interval.
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Sampling was repeated two times (January to Maff8 2and August to
October 2008).

Mite extraction and identification

Mite were extracted using the Berlese—Tullgren &isrduring one week.
(Extraction timing was tested in preliminary studypll stases
(developmental stages) were descrived and regasiesppecies adults. The
immature abundance was very low (1.65% of mite)atfect the mite
biodiversité. Soil mites were identified at the Gpe level by using Keys to
oribatid genera (Balogh and Balogh, 1992), Krar@78), Dindal (1990)
and Krantz and Walter (2009) were consulted foniifieation at the family
level. Some acarologists were consulted, at thestitt National des
Sciences Naturelles de Belgique” and the “Musée aRale [I'Afrique

Centrale”.

Mesological parameters

The pH (water), water content (WC) and apparenbwk density (Baize,
1988; Duchaufour, 1991; Harmand and Njiti, 1998yemmeasured for each
parameter on 480 mineral soil. Other chemical a®ayased on 40 samples
(0-5cm and 35-40cm) were made by the “Centre Pomafime I'Agriculture

et de la Ruralité” in La Hulpe (Belgium). MethodOShorm 10 694 and
13 878 were respectivelly used to measure Orgamictatal Carbon. Soil
organic matter (SOM) was estimated using the foanfiyly x 1.7 as made
previously by Notiet al. (2003). More details is given by N’Dri and André
(submittedl).

Data analysis
Species richness, and local diversity: Shannon index (1962) andheess
Pielou (1969) was measured as to concerne the diphasity (Whittaker,

1972). This indice was computed by using the Speggram (André,
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1997). Similarity between sites was estimated ftfjinothe Jaccard index
(Jaccard 1901). Sj=A/A+B+C

where A = number of species common to the twassitB = number of

species found in the first site; C = number of ggecollected in the second
site. The similarity index is calculated from a ggrce/absence matrix with
120 species. The same matrix was also used tondetrcommon and

exclusive species. The dissimilarity between s#ebtained by subtracting
the Jaccard index (%) from 100. The density antatfiversity means were
compared using test-t. All tests were conductechgushtatistica 7.1 by

StatSoft, Inc. FCA was run with the R package (@aisgand Legendre

2001) in oder to compare the difference in the iggecomposition from the

two sites. The program IndVal (Dufrene & Legendt897) was used to

identify indicator species from the different halst sampled. Before most
analysis, the data from two campaigns were pookxhise the seasonal

effect was already made by N'Dri and André (subemiit).

Results

Mite density

In the two sites and campaigns, the mite density gvaater in the litter and
decreased with depth (Table 1). Whatever the cagnpaihe highest
densities were observed in OPF, and particularhin gecond campaign
(34 400 mites/d). They differed significantly (P< 0.05) from déties in
OTK. The same trend was observed in the OribatidaGamasida.
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Table 1. Density (mean individualsnin litter and mineral soils (0-40 cm)
of the major groups of mites in the two sites awd seasons. Totals and
percentages are also given. (N'Dri and André Suieahjt

Litter 0-5 5-10 10-15 15-20 20-25 25-30 30-35 040 Tota %

DRY SEASON
OPF
Gamasida 1941 1941 832 971 277 485 693 485 416 8042 39
Oribatida 3120 2288 971 1941 832 1456 485 347 485 11924 58
Acari 5200 4298 1803 3120 1109 1941 1179 832 971 20451 100
OTK
Gamasida 1387 1387 139 69 0 69 69 0 139 3258 57
Oribatida 832 555 0 69 69 0 0 69 0 159 2
Acari 249 2218 139 139 69 139 347 69 139 5754 13
RAINY SEASON
OPF
Gamasida 6794 6239 1525 485 832 277 69 69 277 16569 48
Oribatida 6378 4576 1040 277 1525 485 901 485 69 15737 46
Acari 13796 11647 2912 763 2426 832 1109 555 347 34386 100
OTK
Gamasida 1525 1040 347 139 69 69 277 485 69 4021 44
Oribatida 1941 1387 277 69 139 0 139 69 0 4021 44
Acari 3536 2426 624 208 208 277 624 1109 69 9082 100

Alpha diversity

At the end of extraction, 120 mites species wepented in the two sites (98
species in OPF vs 51 in OTK). Species richness RF @nd OTK was
significantly different (N =9 ; P < 0.05). Oribdéi and Gamasida richness
were also different in OPF (59 vs 25 species)iar@TK (29 vs 20) (Figure
1A).

The Shannon index calculated for mites was sinmldhe two sites (4.91 in
OPF vs 4.63 in OTK). This trend was also observedhe mite evenness
(0.74 in OPF vs 0.81 in OTK. Nevertheless, miteness is significantly
lower in OPF than in OTK (N = 9 ; P < 0.05). Oridat Shannon index was
higher in OPF (5.05), whereas evenness were sifniltre two site (OPF:
0.85 vs OTK: 0.86). In contrast to this observatiBhannon index (2.79)

and evenness (0.64) were more greater in OTK (Ei@BIC).
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Figure 1. Richness (s, white histogram), divers{y’, shaded histogram)
and evenness (J, right scale) for mites (A), Oridaa(B) and Gamasida (C)
in the different sites. Left scale: number of speciunits of diversity x10,

right scale: evenness.
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Similarity and species in common

The Jaccard distance between OPF and OTK was W4 ionsidered the
soil mite. The distance remains similar (71) if ve¢ained the Oribatida and
Gamasida (N'Dri and André submitted?).

The number of exclusive mite species was high@R# (69 species) than in
OTK (22). The common species in both sites weran@s, 17 Oribatida
and 12 Gamasida (Figure 2).

OPF OTK

e '

OPF l OTK

Oribatida .

OPF l OTK

Gamasida

Figure 2. Common and exclusive species in miteshafidda and

Gamasida observed in the 2 si
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Indicator species

According to N'Dri and André (paper in preparatioip species were
indicators of OPF, if we considere the macrohabitgites). Only two
indicators species was attributed to OTK. A secquaftition in 2

microhabitats, litter vs mineral soil was made. this case if sites are
considered, only Gamaside sp3 and Actinedide sp8 raspectivelly
indicators species of litter and mineral soil inkOTn contrast 16 indicators

species were identified in OPF mineral soil.

Ordination

After FCA projection on to axis 1 and 2, sampleanfrthe two sites are
opposed along axis 1 (Variance of axis: 12.65%)@R#& and OTK are very
distinct (Figure 3).

Figure 3. FCA axes 1 and 2 applied to soil miten&ss (s) in
the two site (OPF: black round and OTK: white tgke).
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Discussion

Litter height and decomposition

Whatever the campaign, the litter height was gstateOPF (9.3 cm in dry
season vs. 5.91 in rainy season) than in OTK (¥833.83) (N'Dri and
André submittedl). The importance quantity of titked observed in OPF
could be explained by the vegetation structure @adt species identity on
the composition of the communities. The same tremd observed by
Franklin et al. (2005) in the Amazonian savannadntrast to the forest and
savanna, the teak plantation (OTK) is monospedifid the rate of litter
decomposition is weak (Aksornkoae et al. 1972: 96%teak litter
decomposition observed in Thailande vs 100% ini¢edphumid forest
situated in Trinité and Ghana: Cornforth, 1970; N$861). Nevertheless
The dry weight loss of teak litter under field wgreat compared to some
timber (94% for albizia, 64% for eucalypt and 966t feak). The influence
of belowground biodiversity on ecosystem functignand stability has been
taken in consideration (Ekschmitt and Griffiths 989 Hooper et al., 2000;
Barrios, 2007). The litter type influences the dwizs of soil mites
(Gonzalez and Seastedt, 2001; Taylor and Wolt&@35)2 This study related
that, only in OPF, the litter height was signifidgncorrelated to mite

density in dry season (Table 2).
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Table 2. Correlation between mite density (meanividdals/dni) and
mesological variables in the two sites and two aess(N'Dri and André
submitted).

OPF OTK
N r P N r P
DRY SEASON
Entire profile
Litter height 15 053 0.038 * 15 018 0.518
App. density 8 -0.88 0.003 ** 8 -0.70 0.048 *
Water content 8 078 0020 * 8 077 0023 *
pH 8 081 0014 * 8 062 0.099
Depth 9 -0.77 0015 * 9 -068 0041 *
RAINY SEASON
Entire profile
Litter height 15 -0.29 0.283 15 -0.13 0.629
App. density 8 -089 0.002 = 8 -052 0.186
Water content 8 094 0001 * 8 063 0.091
pH 8 0.4 0.316 8 046 0248
Depth 9 -08 0.008 ** 9 -066 0.050

Significant at levels 0.05 (*), 0.002 (**), 0.00%*%)

The nutrients (Gg, Cot, Niow C/N and SOM) were more abundant in Oumé
forest than in teak plantation (Table 3). Formerdi&s have showed the
increase in decompaosition rate, nutrient cycling arimary productivity in
forest ecosystems (Seastedt, 1984; Moore et d4;Xreuzer et al., 2004).
Attignon et al. (2004) also emphasize a more rapiédkdown of the litter in
natural forest than in teak plantation. Comparedtoné forest, the low
abundance and species richness observed in taathtda accords with the
results of Ananthakrishnan (1996).
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Table 3. Mean and SE values of chemical parameteasured in the two
extreme layers of mineral soils in the two sited awmo seasons.
(N’Dri and André submitted)

OPF OTK 1
DRY SEASON
0-5cm
Corg (9/kQ) 26.60 + 2.69 16.80 + 1.39
Crot (%) 266 * 027 1.68 = 0.14
Niot (%) 0.27 + 0.03 0.18 + 0.02
CIN 969 + 0.23 9.35 + 0.05
SOM (g/lkg) 4522 + 458 2856 * 2.37
35-40 cm
Corg (g/kg) 6.18 = 0.72 544 + 0.14
Crot (%) 062 * 0.07 054 + 0.01
Neot (%) 0.06 + 0.01 0.05 + 0.01
CIN 1093 = 1.00 12.31 = 0.94
SOM (g/kg) 1051 + 1.22 925 + 0.24
RAINY SEASON
0-5cm
Corg (9/kQ) 36.80 + 6.30 16.60 + 0.87
Crot (%) 368 * 0.63 1.72 + 0.14
Not (%) 037 + 0.06 0.18 + 0.01
CIN 992 + 0.33 950 + 0.28
SOM (g/lkg)  62.56 + 10.70 2822 + 148
35-40 cm
Corg (9/kQ) 530 + 0.00 544 + 0.14
Crot (%) 053 + 0.00 054 + 0.01
Niot (%) 0.04 + 0.00 0.04 + 0.01
CIN 13.60 = 1.14 1295 + 1.35
SOM (g/kg) 9.01 + 0.00 925 + 0.24

4.2. Soil disturbance and compaction

The impact of human activities on soil biologicaldaphysico-chemical
processes has been demonstrated by numerous s{idizebvko, 2001;
Mando et al., 2005; Lipiec et al., 2006; Morris at, 2007). However,
Bengtsson (2002) states that disturbances are itdnigun most ecosystems
and can be considered from three viewpoints: (1gqéent pulse
disturbances (2) Large infrequent disturbancesP{@ss disturbances. The

scale and intensity of disturbances can, in tuignificantly affect the
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response of organisms and resulting successionterps (Egerton-
Warburton and Allen, 2000).

The mean apparent or bulk density observed in the sites were

respectively in dry season : (1.22 in OPF vs 1r0®TK ) and rainy season
(2.04 in OPF vs 1.05 in OTK) (N'Dri and André, subtedl). The bulk

density of the soil upper layer (0-5 cm) were resigely in dry season :
(0.58 in OPF vs 0.78 in OTK) and rainy season (0®PF vs 0.84 in

OTK). In general bulk density is considered to e inverse of the porosity.
Therefore the high value observed in OTK supposksvaporosity and a
high compaction (Dexter, 2004). The negative immdatompaction on soll
mites has been confirmed by many studies (Ariegjal., 1977b; Whalley et
al., 2005). This negative impact can explain th& i@lue of mite density
and richness recorded in upper layers of OTK (N'[md André,

Submittedl1,2).

The soil water content recorded in OTK was gretiten in the Oumé forest
(dry season: 12.51% in OTK vs. 7.03 in OPF; raiegsen: 18.21% in OTK
vs. 15.29 in OPF) (N'Dri and André Submittedl). §ivend is also related
to soil high compaction in OTK and to the greasgmted of water infiltration
in OPF.

4.3. Influence on other biota

Even if Macroinvertebrates influence decompositibrough changing the
abundance of microdecomposers (Lawrence and Wi#))2few studies

are devoted to the soil macrofauna sheltered ik tglantations and

compared to African (Attignon et al., 2004, 2008y &vorian (Tondoh et al.,

2007; Kra et al., 2010) forests. Earthworm abundazed diversity were

higher in OTK than in OPF (Tondoh et al., 2007).eTéame trend was
observed by Kra et al. (2010) on Coleoptera. Tiesgmce of earthworms in
degraded areas (OTK) could be attributed to thsigtence of native species

(Millsonia omodeoi, Dichogaster terrae-nigrae, Dichogaster baeri) and the
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availability of soil organic matter fractions (Tardet al., 2007). According
to agricultural practices, compacting and uncormipggtrocesses succeeded
or compensated one another (Hallaire et al. 2004). summary, the
earthworm abundance and species richness incrdaseag those of mites
decrease.

Lastly, an example from Benin revealed that thesdgrof fungus-growers
species (Macrotermitinae) was significantly higimeteak plantations than in
semi-deciduous forest (Attignon et al. 2004, 2005)
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