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Abstract
1. Home-Field Advantage (HFA) theory—positing that litter decomposes faster at its

site of origin—allows us to disentangle the respective influences of litter quality,
soil biota composition, and microclimate on shifts in litter decomposition follow-
ing land use conversion. However, HFA remains poorly understood in tropical
ecosystems with nutrient-poor soils.

2. We conducted a full in situ litterbag transplant experiment across land use con-
version driven by agricultural expansion in Madagascar: secondary natural for-
ests, two stages of slash-and-burn fallows, and Eucalyptus plantations. Litter
mass loss, HFA and Functional Breadth (FB)—defined as the capacity of soil biota
to decompose different litter types with varying properties at similar rates—was
assessed to distinguish the influence of the whole soil food web (coarse mesh)
versus micro- and mesofauna-driven processes (fine mesh). These indicators
were compared across land uses in relation to soil properties, litter quality, and
soil biota composition.

3. Forested land uses had lower microbial alpha-diversity but a higher proportion of
specialist taxa than fallows. Natural forests showed markedly higher nematode
and macrofauna alpha-diversity, as well as a greater proportion of omnivores and
predator taxa, than all the other land uses.

4.	 Litter decomposition was higher in natural forests, for both litterbag mesh sizes, dur-
ing the early stage of decomposition, leading to higher FB, but no evidence of HFA
effects was observed. Conversely, higher FB in natural forests and positive HFA in
Eucalyptus plantations were observed at the late stage of decomposition, but only
in coarse-mesh litterbags. This suggests that the decline in ecosystem functioning
following forest conversion is linked to the loss of larger-sized macrofauna.
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1  |  INTRODUC TION

Assessing the consequences of land use conversion on litter 
decomposition has been a major research focus for the past decades, 
especially in tropical ecosystems with low inherent soil fertility 
(Giweta, 2020; Vitousek & Sanford, 1986), where this function plays 
a key role in soil nutrient cycling (Wardle et al., 2004). However, it still 
remains insufficiently understood due to the interdependence of its 
key drivers—litter quality and soil biota composition within a given 
pedoclimatic context (Coûteaux et al., 1995; Aerts, 1997). First, litter 
quality, particularly its recalcitrance, affects litter decomposition 
rates (Jensen et al., 2005; Swift et al., 1979). Highly recalcitrant litter 
contains complex carbon compounds that require energy-costly 
extracellular enzymes to degrade. Second, the composition of soil 
biota significantly affects litter degradation (Wickings et al., 2012), as 
soil organisms are the primary agents of organic matter breakdown. 
Soil microbial community composition determines the types and 
efficiency of extracellular enzymes involved in decomposition 
(Sinsabaugh et  al.,  2002; Waldrop et  al.,  2000), while soil fauna 
affects decomposition both directly, through litter fragmentation 
and burial—mostly by macrofauna (Bradford et  al.,  2002; Setälä 
et al., 1996), and indirectly, by regulating microbial activities (A'Bear 
et al., 2014; Trap et al., 2016).

The tight interactions among abiotic conditions, biochemical 
litter quality and soil biota have been especially highlighted by the 
Home-Field Advantage (HFA) theory. The HFA theory posits that 
litter decomposition is often faster when litter is returned to its site 
of origin, reflecting the combined influence of site-specific environ-
mental conditions and long-term plant–soil interactions (Miki, 2012). 
Early studies demonstrated that litter quality and local abiotic con-
ditions strongly modulate decomposition rates (Gholz et al., 2000), 
suggesting the potential for site-specific litter decomposition pat-
terns. Subsequent work provided empirical evidence that soil micro-
bial communities can become functionally specialized to efficiently 
decompose the types of litter they recurrently encounter, thereby 
reinforcing the HFA (Ayres et al., 2009). However, despite two de-
cades of research, substantial uncertainties remain. This is largely 
due to the strong variability of decomposition patterns observed 
across ecosystems worldwide, which complicates generalizations 
and mechanistic predictions (Ayres et al., 2009; Shi et al., 2025; Veen 
et al., 2015).

First, litter quality greatly modulates the magnitude of the HFA 
(Fanin & Bertrand,  2016; Veen et  al.,  2018; Pugnaire et  al.,  2023). 
Low-quality litter, which require more specialized decomposer com-
munities, often leads to higher HFA compared to high-quality litter 
(Ayres et al., 2009; Shi et al., 2025; Veen et al., 2015). Second, HFA 
is mediated by soil biota Functional Breadth (FB), defined as their ca-
pacity to decompose a wide range of litter types with varying chemi-
cal and physical properties at similar rates (Keiser et al., 2011; Osburn 
et al., 2022; Zhu et al., 2024). Soil fauna impacts on HFA is variable and 
may lead to its reduction, likely by influencing microbial activity (Shi 
et al., 2025), although these effects can depend on its feeding prefer-
ences regarding litter quality (Yang et al., 2025). Third, the influence of 
soil biota on litter decomposition, FB, and HFA also greatly depends 
on the climate, with usually stronger effects under wetter climates 
that favour microbial activities (Handa et al., 2014; Wang et al., 2020). 
These tight interconnections make HFA outcomes greatly sensitive 
to the comparative framework used, that is, whether studies in con-
trasting ecosystems are ecologically similar or fundamentally different 
(Veen et al., 2015). These contexts are highly variable, because the 
strength and the nature of the contrasts being compared differ widely 
across studies, ranging from within-biome shifts (Hu et al., 2026; Yuan 
et al., 2019), to much stronger environmental changes (e.g. large altitu-
dinal gradients, vegetation composition or land-use gradients) (Fanin 
& Bertrand, 2016; Veen et al., 2018; Wang et al., 2023). Furthermore, 
most of this evidence comes from temperate ecosystems, and their 
relevance for nutrient-poor tropical ecosystems remains poorly un-
derstood (Shi et  al.,  2025), despite their global importance and the 
multiple threats they face (Parr et al., 2014).

Deforestation through slash-and-burn agriculture and illegal log-
ging is one of these major threats (Casse et al., 2004) and has been 
a major source of forest loss in Madagascar (Vieilledent et al., 2020). 
Slash-and-burn consists of harvesting and burning patches of forest, 
cultivating the land for a short period, and then leaving it fallow to 
promote soil and vegetation regeneration (Brady, 1996). However, 
growing land-use pressure has led to a widespread shortening of fal-
low periods, which no longer allow ecosystems to fully recover and 
result in land degradation that may become irreversible depending 
on its severity (Gay-des-Combes et al., 2017; Hands, 2021). These 
consequences are first and foremost observed through loss of crop 
yields (Kleinman et al., 1995; Bezerra et al., 2024), soil fertility (Styger 
et al., 2009; Mayor et al., 2016; Ferreira de Alencar Mendes et al., 

5. Therefore, while Eucalyptus plantations caused less disturbance to microbial
communities and early-stage decomposition processes than slash-and-burn fal-
lows, they may not fully replace the multiple ecological roles of native forests,
particularly for the functions requiring more specialised organisms and taxa.

K E Y W O R D S
deforestation, eucalyptus plantations, functional breadth, home field advantage, litter 
decomposition, slash-and-burn agriculture, soil fauna
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2023), and to a lesser extent soil biodiversity (Rossi et al., 2010; da 
Silva et  al., 2025). Nonetheless, most of these studies have com-
pared ecosystem resilience at different times following fire events, 
while the consequences of repeated short fallow cycles remain less 
studied (van Vliet et al., 2012).

In Madagascar, Styger et  al.  (2007) characterized this progres-
sive degradation based on changes in fallow vegetation: the initial 
cycles support tree regrowth, but successive cycles lead to shrub 
fallows (or Savoka) after 2–5 cycles, and grass fallows (or Tany Maty) 
after 5–6 cycles. At later stages, these areas become permanent 
grassland, once soil fertility declines too much to support cultiva-
tion (Styger et al., 2009). Such degradation gradients are thus likely 
altering litter decomposition dynamics and the expression of HFA 
through the restitution of nutrient-impoverished litters, a reduction 
in soil biota diversity and FB, and diminished microclimate buffering 
following canopy and litter floor removals. However, this assump-
tion remains to be tested. Non-native forest species—especially 
eucalyptus plantations—were introduced in Madagascar during the 
last century, as an alternative land-management strategy to meet 
timber and energy demand and reduce the illegal logging of natural 
forests (Kull et al., 2012). These plantations have been preferentially 
established on natural pseudo-steppes (Verhaegen et al., 2014) or on 
degraded natural forests (Aubréville & Bossanyi, 2015). The lower 
level of disturbance (no recurring fires, presence of a tree canopy 
and litter floor) should hence have less harmful consequences on 
soil biota, HFA and FB. However, this assumption remains uncertain, 
as the loss of above-ground biodiversity following the conversion 
of natural forest to eucalyptus, and the regular removal of biomass 
from plantations through tree harvesting (every 7 to 10 years), con-
tinue to raise concerns about the environmental sustainability of this 
land use (Bayle, 2019).

In this study, we assessed litter decomposition, HFA and FB 
across a land use conversion gradient in Madagascar. We aimed 
to disentangle how degradation-related biodiversity loss affects 
decomposition through changes in soil biota functional capacity 
(FB) and shifts in the degree of local specialization of decomposer 
assemblages, as reflected by HFA. We conducted a full in  situ lit-
terbag transplant experiment across secondary natural forests, two 
stages of slash-and-burn fallows (shrub fallows ‘Savoka’ and grass 
fallows ‘Tany Maty’), and Eucalyptus plantations. Two litterbag 
mesh sizes were used to quantify decomposition outcomes medi-
ated by the whole soil food web (coarse mesh) versus micro- and 
mesofauna-driven processes (fine mesh). We hypothesized that (i) 
conversion from secondary natural forest to slash-and-burn systems 
or Eucalyptus plantations decreases soil biota abundance and diver-
sity; (ii) conversion impacts on soil biota will be mirrored by a decline 
in litter decomposition rates and FB, while HFA will remain more 
similar between the forested land uses due to their stronger micro-
climatic buffering, and (iii) the contribution of macrofauna to litter 
decomposition and FB will be higher in forested land uses, where 
canopy cover and forest floor provide more favourable conditions 
for macrofauna activity.

2  |  MATERIAL S AND METHODS

2.1  |  Site description and sampling strategy

The study site is located in Andasibe, on the East coast of 
Madagascar (18°57′ S & 48°24′ E). The soils are classified as 
Ferralsols (FAO classification), with a sandy clay loam texture. The 
area experiences a subtropical highland climate (Cfb in the Köppen-
Geiger classification). Between 1985 and 2014, the average annual 
temperature was 18.3°C, with low variation throughout the year, 
while annual rainfall averaged 2059 mm, with higher precipitations 
occurring between September and February. The native ecosystem 
consists of secondary natural forests, resulting from selective 
timber harvesting, which has reduced biodiversity (Makana & 
Thomas, 2006). The surrounding landscape is a mosaic of land uses, 
including slash-and-burn fallows with 3–5-year rotation cycles at 
various degradation stages (Figure  1a), and Eucalyptus robusta Sm. 
(Myrtaceae) plantations (Figure 1b).

Within this site, we relied on the vegetation stand analyses of 
Styger et al. (2007) to identify three plots of the following land uses: 
(i) secondary natural forests (henceforth referred to as “natural
forest”), dominated by Cryptocaria acuminata Merr. (Lauraceae), (ii)
shrub fallows (“Savoka”) dominated by Psiadia altissima (DC.) Drake
(Asteraceae), (iii) grass fallows (“Tany Maty”) dominated by Imperata 
cylindrica L. Raeusch (Poaceae), and (iv) E. robusta plantations, in
unfertilized rotations of 7 to 10 years since the 1970s (Figure  1).
Eucalyptus plantations and grass fallows were mostly exclusively
covered by E. robusta and I. cylindrica, respectively. More species
could be found in the natural forest and the shrub fallows, but the
dominance of C. altissima and P. acuminata of these land uses, as ob-
served in the same zone (Ghimire et al., 2022; Styger et al., 2007,
2009), was ensured and used as one of the main selection criteria
of the plots. All plots from each land use (natural forest, eucalyp-
tus plantation, shrub fallow and grass fallow) were selected within
a radius of about 5 km for this experiment (Table  S1), amounting

F I G U R E  1  Description of one fallow cycle (a) and of the land 
uses studied (b).

Natural 
Forest 1-yr. cropping 3-5 yr. fallow

Slash &
burn

restoration

Slash & burn

One fallow cycle after deforestation
(a)

(b)
Eucalyptus plantation

Shrub fallow
Savôka

Slash & 
burn

Grass fallow
Tany Maty

2-5 fallow cycles > 5 fallow cycles
Natural 
Forest
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to 4 land uses x 3 plots = 12 plots in total. Prior to the experiment, 
we spoke with representatives from the Mitsinjo association which 
manages, on a community basis, the natural forests and eucalyptus 
plantations in the Andasibe region. We explained the objectives of 
the study to them. We did the same with the owners of the fallow 
plots. These stakeholders helped us to find representative locations 
to place the litter bags in each of the ecosystems studied.

At the beginning of the experiment, in February 2017, litter floor 
samples were collected by including all of the organic horizon not ad-
hering to the soil. In each plot, three collection points were randomly 
selected within a 4-meter radius, and repeated two times, the repeti-
tions being approximately 10 meters apart. Within each plot, sampling 
was carried out for each replicate using a 20 cm square quadrat. One 
composite sample was made from the three collection points of each 
replicate. A total of 24 litter floor samples were collected for the 12 
plots. At the same date, two soil composite samples were taken in each 
plot on the 0–10 cm layer with an auger, to determine soil properties, 
bacterial, fungal and nematode communities' abundance and com-
position. Soil macrofauna was also sampled, using the TSBF method 
(Anderson & Ingram, 1994). Briefly, one soil cube of 25 cm side was 
taken from each plot, and all the visible macrofauna individuals from 
the cube were collected and stored in 100% ethanol solution. Soil and 
macrofauna individuals were subsequently brought to the laboratory 
for further analyses. Soil samples were then split into two subaliquots: 
one subaliquot sieved at 2 mm and air-dried for the analyses of soil 
physico-chemical properties, and two fresh subaliquots for the ex-
traction and analyses of soil microbial and nematodes communities.

2.2  |  Litterbag experiment set up

Leaf litter representative of each land use was collected in 
September and October 2016 in each of the 12 selected plots. Litter 

of C. acuminata and of E. robusta, representative respectively of the 
natural forests and eucalyptus plantations studied, was collected 
shortly after leaf fall; the flexibility of the leaves was used as the 
criterion to assess the freshness of the litter collected. Senescent 
leaves of P. altissima, representative of shrub fallow, were collected 
directly on the plants. Finally, dry I. cylindrica above-ground bio-
masses were cut in the plots, and represented grass fallow main litter 
species. All samples were then sorted out to only keep the healthy 
(entire leaves, ungrazed without visible spot of rots or fungal colo-
nization) litters of each species, air-dried and stored in the dark for 
3 months until use. Their residual moisture was then estimated after 
oven-drying, for each species, 10 sub-samples of 5 g per species at 
45°C for 72 h. In February 2017, 9 g of each land use representative 
litter was added in 30 cm x 20 cm litterbags with either coarse-mesh 
size (4 mm x 6 mm) or fine mesh size (0.5 mm x 0.5 mm), to study the 
impacts of the whole soil food web or only microorganisms, micro-
fauna and mesofauna. The litterbags were set on the soil surface and 
secured at their corners with stainless steel nails (Figure S1). At each 
of the 12 plots, litterbags included the four litter types (from natural 
forest, Eucalyptus plantation, shrub fallow or grass fallow) for two 
litterbags mesh sizes (coarse or fine); two litterbags of each modal-
ity were randomly sampled after 4 and 12 months of decomposition, 
corresponding to 48 litterbags sampled at each date. Litters from 
each bag were removed, gently brushed to remove as much adher-
ent soil as possible, and oven-dried at 45°C for 72 h. They were then 
weighed with a 10−2 g precision scale. A subaliquot of 0.5 g was then 
taken to determine their ashes content.

2.3  |  Leaf litter, litter floor and soil analyses

A subaliquot of leaf litter collected from each plot was used to per-
form the following biochemical analyses (Table  1). Total C and N 

TA B L E  1  Main initial properties of the leaf litterfall of the representative species of each land use (n = 6).

Representative species litter of each land use

E. robusta  
(eucalypt. plantation)

C. acuminata  
(natural forest)

P. altissima  
(shrub fallow)

I. cylindrica  
(grass fallow)

C (mg.g−1 DM) 501 ± 6 a 480 ± 1 b 504 ± 1 a 450 ± 5 c

N (mg.g−1 DM) 5.5 ± 0.8 bc 12.1 ± 1.3 a 7.6 ± 0.1 b 3.4 ± 0.8 c

P (mg.g−1 DM) 0.20 ± 0.03 b 0.56 ± 0.09 a 0.28 ± 0.17 ab 0.23 ± 0.04 ab

C:N ratio 93 ± 14 ab 40 ± 5 b 66 ± 1 b 137 ± 38 a

C:P ratio 2573 ± 487 a 879 ± 157 a 2315 ± 1306 a 1994 ± 339 a

N:P ratio 28 ± 4 a 22 ± 2 a 35 ± 20 a 15 ± 2 a

Soluble (mg.g−1DM) 475 ± 3 b 71 ± 13 c 654 ± 13 a 61 ± 1 c

Cellulose (mg.g−1 DM) 237 ± 37 bc 284 ± 68 b 164 ± 13 c 476 ± 19 a

Hemicellulose (mg.g−1 DM) 168 ± 22 b 124 ± 13 c 60 ± 8 d 305 ± 16 a

Lignin (mg.g−1 DM) 186 ± 33 b 488 ± 33 a 109 ± 2 c 159 ± 30 b

Lignocellulose Index (LCI) 0.31 ± 0.04 b 0.55 ± 0.04 a 0.33 ± 0.01 b 0.17 ± 0.02 c

Note: Values significantly different from the natural forest are in bold. Significant differences (mean ± standard deviation) were tested by ANOVA 
followed by Tukey HSD post hoc tests and bear different letters for p-value <0.05. LCI represent the proportion of lignin within the cell wall.
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contents were determined by dry combustion using a CHN micro-
analyser (Carlo Erba NA 2000, Milan, Italy), while total P content 
was obtained after acid mineralization and quantified by colorimetry 
with the yellow vanadomolybdate reagent (Neves et al., 2008) with 
modification. Soluble, hemicellulose, cellulose and lignin contents 
were obtained by the van Soest method (Van Soest, 1963) with a 
Fibersac 24 fibre analyser (Ankom, Macedon, NJ, USA). It allowed us 
to calculate the lignocellulose index LCI (LCI = lignin/[lignin + holo-
cellulose]) as described in Whittinghill et al.  (2012). Litter ash con-
tent was determined by combustion at 500°C and used to correct 
chemical composition on an ash-free dry mass basis. On the other 
hand, the litter floor was sorted into different categories (unfrag-
mented leaf litter, fragmented litter, wood, and roots), oven-dried 
at 45°C for 72 h and weighed (Figure S2). The litter collected from 
litterbags after 4 and 12 months was processed following the same 
before being weighed; then a subaliquot was used to determine their 
ash content to correct the mass loss estimation.

Similarly, a subaliquot of the soil collected from each plot was 
used to characterize their physico-chemical properties after being 
sieved at 2 mm and dried. Soil texture was determined with the 
Robinson pipette method (NF X 31–107; AFNOR, 2003). Total C 
and N contents were determined by dry combustion using a CHN 
micro-analyser (Carlo Erba NA 2000, Milan, Italy). Soil pH was de-
termined in water and in KCl (1 M) following NF ISO 10390 (AFNOR, 
2005). Exchangeable Ca was extracted with the cobalt-hexamine 
chloride method and quantified by microwave plasma osmic emis-
sion spectrometry (MP-AES 4210 Agilent; NF ISO 23470, AFNOR, 
2018). The soil cation exchange capacity (CEC) was determined by 
saturating the soil with an excess of cobalt-hexamine (NF X 31–130; 
AFNOR, 1999) and quantified by flame atomic absorption spectrom-
etry. Phosphorus Olsen P (Olsen, 1954) was extracted from the soil 
using a 0.5 M sodium bicarbonate solution (pH 8.5) and quantified 
by colorimetry using the Malachite Green method according to Rao 
et al. (1997).

2.4  |  Soil community analyses

A fresh soil subaliquot from each plot was used to determine soil 
microbial and nematodes communities' composition. Microbial DNA 
was extracted from 3 g of soil sub-samples using the DNA Kit with 
modification (initial procedure described in Plassart et al., 2012) at 
DP Forêts et Biodiversité laboratory (Antananarivo, Madagascar). 
Banks of 16S and 18S ribosomal sequences were prepared prior 
to pyrosequencing analyses as described in Maron et  al.  (2011). 
Pyrosequencing was carried out on a GS FLX Titanium (Roche 454 
Sequencing System). Biocomputering analysis of the sequences was 
performed using the GnS-PIPE (Terrat et  al.,  2012), as described 
in detail in Tardy et  al.  (2015). In order to compare the data sets 
efficiently and avoid biased community comparisons, the sample 
reads were reduced by random selection close to the lowest data 
sets (3000 reads for 16S and 18S-rRNA gene sequences respectively 
for each soil sample). Richness and diversity indices (number of 

OTUs, Evenness index) were determined at a dissimilarity threshold 
of 5%. DNA sequences were deposited in the European Nucleotide 
Archive, under the study accession number PRJEB19651.

Nematodes were extracted from 200 g soil samples (fresh weight) 
by elutriation with the cotton–wool filter method (Seinhorst, 1962; 
Townshend, 1963) and counted under a binocular microscope. After 
fixation in formaldehyde (4%), 100–150 specimens per sample were 
randomly selected in mass slides and identified to family, genus and 
species levels under a microscope. The taxa were then assigned to 
a trophic group (Yeates et al., 1993). Macrofauna individuals were 
counted and identified under the binocular to the morphotype level 
(Gibb & Oseto, 2006).

2.5  |  Data analyses

Litter mass loss was calculated as the mass difference between 
the initial dry mass of litter added and the remaining dry mass at 
each sampling date. For each mesh size, we assessed the relative 
contribution of the litter quality, functional breadth and home-field 
advantage in explaining litter mass loss dynamics with the DART 
model developed by Keiser et al. (2014). This model states that litter 
mass loss (Yi) is equal to the sum of litter ability (ßl), soil ability (γs), 
and a home interaction parameter (ηh):

where Yi is the litter mass loss for observation i, ßl the ability of litter 
species l (from species 1 to N), γs the ability of the soil community s 
(from community 1 to M), ηh the HFA of h (from home combinations 
1 to K), and Homeh = Litterl × Soils when l and s are home-field pairings. 
The parameters to be estimated are ßl, γs, and ηh. The intercept term 
is defined by α and represents the average litter mass loss for all lit-
terbags decomposition after controlling for litter, soil and home-field 
pairings. Negative parameter estimates indicate lower litter mass loss 
than the average rate observed across all litterbags in this design. The 
error term is defined by ε. Using this model, we calculated a quality 
index (Litter Quality: LQ—increasing with overall litter decompos-
ability across land uses), the ability of soil microbial communities 
(Functional Breadth: FB—increasing with overall decomposition rates 
across litters), and the interactions between litter and soil (Home Field 
Advantage: HFA—indicating whether the land use degrades better its 
own litter) on litter mass loss.

Differences in soil and litter initial properties were first as-
sessed using one-way ANOVAs, followed by Tukey HSD post Hoc 
tests. For soil biota community composition, we used Nonmetric 
Multidimensional Scaling (NMDS) based on Bray–Curtis distances 
(10,000 permutations) at the genera (bacteria, fungi and nematodes) 
or the morphotype level (macrofauna). These analyses were com-
plemented with analysis of similarity (ANOSIM) tests (vegan R pack-
age) based on the Bray–Curtis distances with 999 permutations. The 
main community indicators (phyla relative abundance for microor-
ganisms, and trophic group abundance for fauna taxonomic richness, 

Yi = � +

∑N

l=1
ßl Litter li +

∑M

s=1
�s Soil si +

∑K

h=1
�h Home hi + �i



6  |    SAUVADET et al.

Shannon index and Evenness) were then fitted to each NMDS along 
with diversity indicators (R function envfit, vegan package), by per-
forming multiple linear regressions between these indicators and the 
NMDS coordinates as explanatory variables. Decomposition indica-
tors (raw or differential mass loss between the coarse and fine mesh 
size, and DART model outputs) were then assessed per sampling 
date using one-way ANOVAs, followed by Tukey HSD post Hoc test. 
The interactive effect of litter identity and land use per mesh size 
and sampling date were further assessed with two-way ANOVAs in 
Table 3, with the exception of litter mass loss in coarse-mesh litterb-
ags after 12 months, which did not meet the criteria of homosce-
dasticity; this specific modality was analysed with a linear model 
coupled with ANOVA with White correction (White, 1980) with the 
ANOVA function of the {car} R package. All statistical analyses were 
performed using R software (R-4.4.3) and the following packages: 
agricolae, car, ggplot2, stats, vegan and viridis.

3  |  RESULTS

3.1  |  Initial litter quality, litter floor and soil 
physico-chemical properties

Litter N and P contents declined with increasing land use degra-
dation, with the highest values in natural forests, and the lowest 
in grass fallows (p-values <0.05 for N). Consequently, initial litter 
C:N and C:P ratios ranged from 40 ± 5 to 137 ± 38 and 879 ± 157 to 
1994 ± 339, respectively (Table 1). Among the species studied, litters 
from P. altissima, and to a lesser extent E. robusta, had higher solu-
ble contents than C. acuminata and I. cylindrica, respectively from 
natural forest and grass fallow. C. acuminata litter had the highest 

lignin content, while I. cylindrica litter had the lowest lignocellulose 
index (LCI = lignin/(lignin + hollocellulose)), owing to high contents 
in both cellulose and hemicellulose in this species. Litter floor mass 
was markedly higher in the forested systems, with the highest values 
under eucalyptus plantation (1147 ± 255 g DM m−2), than under the 
fallows (454 to 595 g DM m−2, Figure  S2). Soils from the different 
land uses exhibited modest differences in their texture, with signifi-
cantly higher clay and lower sand contents in natural forests than 
shrub fallows (Table 2). An increase in both pHH2O and pHKCl was ob-
served under shrub and grass fallows compared with under natural 
forest and eucalyptus plantations. No significant differences were 
observed among land uses for other soil physico-chemical proper-
ties, including soil C, N or P content, CEC or exchangeable P.

3.2  |  Soil communities

Soil biotic communities' analyses at the genus or morphotype levels 
revealed marked differences between land uses, with contrasting 
patterns for soil microorganisms versus fauna (Figure 2; Figure S3). 
Overall, bacterial and fungal community compositions under natu-
ral forest were more similar to those under eucalyptus plantations 
than those under fallows (Figure  S3). These trends were mostly 
driven by an overall lower taxonomic richness (Figure 2a), Shannon 
index and evenness (Table S2), along with a shift in relative abun-
dances of genera within the Acidobacteria phylum in forested sys-
tems toward those within the Actinobacteria phylum in fallows 
(Figure 2a,e). Similarly, forested land uses were characterized by 
lower taxonomic richness yet a higher relative abundance of gen-
era from the Basidiomycota phylum, whereas fallows presented 
higher relative abundances of the Ascomycota, Glomeromycota 

Land uses

Eucalyptus 
plantation

Natural 
forest

Shrub fallow 
(Savoka)

Grass fallow 
(Tany maty)

Clay (mg.g−1soil) 322 ± 68 ab 442 ± 34 a 251 ± 28 b 382 ± 79 ab

Silt (mg.g−1 soil) 140 ± 20 a 149 ± 14 a 130 ± 16 a 154 ± 44 a

Sand (mg.g−1 soil) 538 ± 77 ab 409 ± 43 b 619 ± 27 a 463 ± 120 ab

Soil Organic C (mg.g−1 soil) 45.3 ± 14.9 a 42.8 ± 2.6 a 43.5 ± 7.5 a 42.6 ± 15.6 a

Soil N (mg.g−1 soil) 3.41 ± 1.00 a 4.17 ± 0.15 a 3.52 ± 0.59 a 3.29 ± 1.34 a

Soil P (mg.g−1 soil) 0.33 ± 0.09 a 0.30 ± 0.12 a 0.28 ± 0.03 a 0.31 ± 0.09 a

Soil C:N ratio 13.9 ± 4.9 a 10.3 ± 1.0 a 12.5 ± 1.9 a 13.6 ± 4.7 a

Soil C:P ratio 138 ± 8 a 159 ± 61 a 158 ± 16 a 137 ± 27 a

Soil N:P ratio 10.9 ± 4.1 a 15.3 ± 5.5 a 12.9 ± 2.7 a 11.1 ± 4.6 a

pH H2O 4.66 ± 0.37 bc 4.27 ± 0.08 c 5.19 ± 0.10 a 4.83 ± 0.03 ab

pH KCl 3.81 ± 0.28 ab 3.75 ± 0.02 b 4.14 ± 0.07 ab 4.22 ± 0.13 a

CEC (cmolc.kg−1 soil) 1.77 ± 0.46 a 2.40 ± 0.53 a 2.04 ± 0.05 a 2.71 ± 0.77 a

Exchangeable P (mg.kg−1 soil) 0.57 ± 0.33 a 1.15 ± 0.23 a 1.03 ± 0.21 a 0.54 ± 0.08 a

Note: Values significantly different from the natural forest are in bold. Significant differences 
(mean ± standard deviation) were tested by ANOVA followed by Tukey HSD post hoc tests and 
bear different letters for p-value <0.05.

TA B L E  2  Main properties of the 
0–10 cm layer of each land use (n = 6).
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F I G U R E  2  Soil community taxonomic richness (a–d) and composition (e–h) across land uses. Community composition for microorganisms, 
nematode and macrofauna groups is represented at the phylum, family and order level, respectively. ND, non-determined.
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and Chytridiomycota phyla (Figure 2b,f). By contrast, both nema-
tode and macrofauna communities were highly dissimilar between 
natural forest and the other land uses (Figure S3), with an over-
all higher taxonomic richness (Figure  2c,d) and a higher propor-
tion of predatory and omnivores taxa (Figure 2g,h) in the forest. 
Macrofauna community composition also differed in the higher 
diversity of detritivores taxa under the natural forest (Figure 2h), 
and the presence of an endemic earthworm taxon Kinotus spp. 
(data not shown).

3.3  |  Litter decomposition

Decomposition within fine-mesh litterbags was affected by both 
litter identity and the land use in which decomposition occurred, 
with their respective impacts varying over time (Table  3). Early-
stage decomposition after 4 months averaged 42 ± 9% of the initial 
litter mass, and was mainly driven by litter identity (F-value = 56.7), 
rather than the land use where it decomposed (F-value = 16.8, 
Table 3), with no significant interaction between litter identity and 
land use was observed at this stage. E. robusta and P. altissima lit-
ters decomposed faster at this stage (Figure 3a), and decomposi-
tion after 4 months was overall higher under natural forest than 
the other land uses (Table  4). Late-stage decomposition after 
12 months had progressed to an average of 48 ± 7% of the initial 
litter mass, with similar litter quality impacts as after 4 months—
that is, higher decomposition of E. robusta and P. altissima litters, 
(Figure 3b), and a slight land use impact, with lower decomposition 
under the grass fallow (Table 4).

Decomposition after 4 months presented no significant dif-
ferences between coarse- and fine-mesh litterbags (p > 0.05), 

independently of the land use considered (Figure 4; Figure S4). After 
12 months, significant differences appeared for all land uses except 
the Eucalyptus plantations, with increased decomposition with 
coarse- compared to fine-mesh litterbags of about 12% (p < 0.001) 
under the natural forest, and of about 8–9% (p < 0.05) under both fal-
lows (Figure 4). These differential effects were mirrored by significant 
impacts of litter identity: land use interactive effects (p < 0.001) on 
litter decomposition in coarse-mesh litterbags at this stage (Table 3).

3.4  |  Dart model outputs: LQ, FB And HFA

Implementation of fine-mesh litterbags decomposition into the 
DART model evidenced a higher Litter Quality index for both 
Eucalyptus and shrub fallow land uses both after 4 and 12 months 
of decomposition (Table  4). Functional Breadth index presented 

F I G U R E  3  Fine-mesh litterbags litter mass loss after 4 and 
12 months. Significant differences were tested between litter 
types, and bear different letters when p < 0.05. Black bars 
correspond to the litter species on its original land use.
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TA B L E  3  ANOVA results for the relative importance of litter 
identity and the land use where they decomposed on litter mass 
loss, for either fine-mesh or coarse-mesh litterbags.

After 4 months After 12 months

F-value p-value F-value p-value

Fine-mesh litterbags

Litter identity 56.7 <0.001 11.5 <0.001

Land use 16.8 <0.001 3.5 0.03

Litter id: Land 
use

0.9 0.51 0.6 0.81

Coarse-mesh litterbags

Litter identity 64.7 <0.001 71.2 <0.001

Land use 9.9 <0.001 66.8 <0.001

Litter id: Land 
use

1.1 0.40 10.9 <0.001

Note: Coarse-mesh litter mass loss after 12 months was tested with 
linear model coupled with ANOVA with the white.adjust method to 
correct for heteroscedasticity. Significant effects (p-value < 0.05) are 
emphasized in bold.
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significant differences (p < 0.05) after 4 months and was higher 
under natural forest and, to a lesser extent, for eucalyptus planta-
tion. No significant differences were observed between land use for 
FB after 12 months, nor HFA for both dates.

On the other hand, the DART model for coarse-mesh litterbags 
presented a similar land use hierarchy for LQ, FB and HFA to that of 
the fine-mesh litterbags after 4 months (Table  4). However, these 
outputs differed between coarse- and fine-mesh litterbags after 
12 months of decomposition. First, the LQ index was the highest 
for shrub fallow, but not for Eucalyptus at this date, while FB dif-
fered significantly between land use at this date, with the highest 
value under natural forest and the lowest under Eucalyptus. Finally, 
coarse-mesh litterbags decomposition showed significant HFA ef-
fects after 12 months, with positive HFA under the eucalyptus plan-
tation and negative HFA under the grass fallow (Table 4).

4  |  DISCUSSION

4.1  |  Land use conversion impacts on soil 
biodiversity

In partial agreement with our first hypothesis, natural forest pre-
sented higher biota diversity and abundance than the other land 
uses for soil fauna, but not for microbial communities. Soil micro-
bial communities presented high similarity in their alpha- and beta-
diversity between the natural forest and eucalyptus plantations, 
consistent with Lan et al. (2017). These similarities could be linked 
to both the presence of a closed canopy (Kaspari & Yanoviak, 2009) 

Fine-mesh litterbags Coarse-mesh litterbags

4 months 12 months 4 months 12 months

Litter mass loss (%)

Eucalyptus plantation 42 ± 7 b 49 ± 7 ab 45 ± 11 ab 52 ± 7 b

Natural forest 48 ± 9 a 48 ± 5 ab 48 ± 8 a 60 ± 5 a

Shrub fallow (Savoka) 41 ± 8 bc 50 ± 8 a 43 ± 9 bc 58 ± 6 a

Grass fallow (Tany maty) 37 ± 9 c 43 ± 8 b 39 ± 10 c 52 ± 16 b

Litter quality (LQ)

Eucalyptus plantation 5.9 ± 1.8 a 1.5 ± 3.1 ab 6.3 ± 1.7 a −3.0 ± 2.7 b

Natural forest −8.3 ± 0.5 b −6.2 ± 2.7 c −8.0 ± 0.2 b −5.9 ± 2.6 b

Shrub fallow (Savoka) 8.0 ± 2.2 a 6.4 ± 2.2 a 10.6 ± 1.5 a 10.5 ± 3.2 a

Grass fallow (Tany maty) −5.6 ± 2.8 b −1.7 ± 3.5 bc −8.8 ± 2.8 b −1.5 ± 2.0 b

Functional breadth (FB)

Eucalyptus plantation 0.5 ± 3.1 ab 0.1 ± 1.9 a 1.8 ± 1.7 ab −6.1 ± 1.7 b

Natural forest 5.7 ± 2.4 a 0.0 ± 1.1 a 3.4 ± 3.3 a 3.5 ± 3.4 a

Shrub fallow (Savoka) −1.6 ± 2.3 b 2.9 ± 4.2 a −1.0 ± 3.2 ab 2.9 ± 1.7 a

Grass fallow (Tany maty) −4.6 ± 0.6 b −3.0 ± 3.6 a −4.2 ± 1.9 b −0.3 ± 1.7 ab

Home-field advantage (HFA)

Eucalyptus plantation −3.7 ± 7.7 a 5.7 ± 9.5 a −2.7 ± 3.9 a 7.3 ± 5.9 a

Natural forest −1.6 ± 1.3 a 3.7 ± 4.8 a 2.0 ± 2.9 a 2.4 ± 4.0 ab

Shrub fallow (Savoka) 0.1 ± 3.8 a 0.4 ± 5.1 a −1.9 ± 2.4 a −5.7 ± 6.2 ab

Grass fallow (Tany maty) −3.9 ± 6.6 a −3.4 ± 1.4 a −3.4 ± 5.9 a −14.4 ± 9.7 b

Note: Significant differences (mean ± standard deviation) were tested within each date by one-way 
ANOVAs followed by HSD Tukey tests, and bear different letters when p-value <0.05. Values 
significantly different from the natural forest are in bold.

TA B L E  4  Averages litter mass loss and 
DART model outputs per land use.

F I G U R E  4  Litter mass loss differences between coarse and 
fine mesh size per land use. Significant differences were tested by 
comparing mass losses between coarse and fine mesh size within 
each land use. *, ** and *** represent p-values inferior to 0.05, 0.01 
and 0.001, respectively.
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and the absence of fire in both ecosystems (Brinkmann et al., 2019; 
Gongalsky et al., 2012; Renčo et al., 2022). The similar acidic condi-
tions of soils under eucalyptus plantations and natural forests also 
likely exerted similar environmental filtering on microbial commu-
nities (Kalam et  al.,  2020; Kielak et  al.,  2016). In line with this as-
sumption, microbial community dissimilarities were greater between 
the natural forests and the fallows, but unexpectedly through lower 
alpha-diversity under the forests, due to the dominance of taxa be-
longing to Acidobacteria and Basidiomycota phyla for bacterial and 
fungal communities, respectively. This dominance could be linked 
with the acidic conditions of the natural forest soils, more suitable 
for Acidobacteria taxa (Kalam et al., 2020; Kielak et al., 2016), than 
the increased soil pH observed in the fallows, commonly observed 
following fire due to calcium-rich wood ash and the associated re-
lease of cations in the soil solution (Demeyer et  al.,  2001; Fachin 
et al., 2021; Juo & Manu, 1996). In parallel, the restitution of lignin-
rich litter in the natural forest likely supported Basidiomycota, a fun-
gal group with lignolytic capacities (Osono, 2007). Furthermore, the 
development of these phyla, which include many slow-growing spe-
cialist taxa (Philippot et al., 2010), may have been more constrained 
in the fallows due to the stress caused by recurring fires (Brinkmann 
et al., 2019). Overall, these microbial communities' shifts are coher-
ent with the Y-A-S strategies described by Malik et al.  (2020), but 
we lack studies of the microbial ecology of these systems to draw 
robust conclusions.

Contrastingly, soil fauna showed comparable diversity loss under 
both eucalyptus plantations and slash-and-burn compared with the 
natural forests, especially within nematodes and macrofauna omni-
vores, predators and plant-feeders' trophic groups. These changes 
also involved the loss of an endemic earthworm, Kinotus sp., re-
gardless of the land use conversion. These patterns are commonly 
observed with fire occurrence (Pen-Mouratov et  al.,  2012; Renčo 
et al., 2022), but also during forest conversion to eucalyptus plan-
tations or pastures, where macrofauna diversity loss has been ob-
served in eastern Amazonia and was negatively correlated with 
disturbance (de Vasconcelos et  al.,  2020). We assumed these de-
creases to be associated with the higher sensitivity to disturbance of 
omnivores and predators due to their bigger size and lower resilience 
(Gongalsky et al., 2012; Kladivko, 2001; Postma-Blaauw et al., 2010; 
Rossi et al., 2010), and to the higher exposure and sensitivity to plant 
community composition changes of the plant-feeders (Sauvadet 
et al., 2025), respectively.

4.2  |  Land use conversion impacts on litter 
decomposition by the soil micro-food web

In partial agreement with our second hypothesis, litter decomposi-
tion and FB in the fine-mesh litterbags were higher in the natu-
ral forests than in the other land uses, but only during the early 
stage of decomposition. These litterbags allowed access to litter 
not only by microorganisms, but also by nematofauna and part of 
the mesofauna, corresponding to the soil micro-food web (Potapov 

et  al.,  2021). Considering the great similarities between natural 
forests and eucalyptus plantations in terms of microbial communi-
ties, soil properties, and microclimatic regulation, we assume that 
improved decomposition ability under the natural forest compared 
with all other land uses is linked with the greater diversity and 
structure of the higher trophic levels of the nematode community.

The benefits of nematodes on litter decomposition have long 
been recognized (Freckman,  1982) through their stimulation of 
microbial activities and nutrient turnover (A'Bear et al., 2014; Trap 
et  al.,  2016). It is also expected to observe higher impacts of this 
community at the early stage of decomposition (García-Palacios 
et  al.,  2016), that correspond to the phase of the decomposition 
of the most labile parts of the litter (Berg & McClaugherty, 2008), 
where microbial growth, turnover rates and activities are at their 
peak (Hättenschwiler et al., 2005). The absence of HFA in the fine-
mesh litterbags suggests that the lower micro-food web disturbance 
under natural forests led to increased decomposition ability for the 
range of litter quality found in this degradation gradient.

4.3  |  Macrofauna impacts on litter 
decomposition and HFA vary with land use

In partial agreement with our third hypothesis, macrofauna presence—
assessed by comparing the patterns observed between coarse- and 
fine-mesh sized litterbags—strengthened site effects on litter decom-
position, FB and HFA, yet only at the late stage of decomposition. 
They especially promoted decomposition in the natural forest (+12% 
on average) and to a lesser extent in the fallows (+8% on average) 
with no significant benefits under eucalyptus plantations, which led 
to significantly lower FB in this land use after 12 months. We expect 
the higher contribution of macrofauna to decomposition at the later 
stages, a common pattern in literature (Bradford et al., 2002; Handa 
et al., 2014), to be due both to (i) their benefits on litter fragmentation 
and burial (Setälä et al., 1996), important to put litter in contact with 
their microbial decomposers, now that most soluble compounds have 
already been leached and degraded (Berg & McClaugherty,  2008), 
and (ii) the stimulation of lignolytic fungi activities, driving late-stage 
litter decomposition (Osono, 2007; Purahong et al., 2016)—these top-
down effects are known to be higher for the larger fauna than for 
nematodes (A'Bear et al., 2014). The higher benefits of macrofauna in 
natural forest compared to the other land uses were likely favoured by 
both a more diversified and endemic macrofauna community (Handa 
et al., 2014; Inkotte et al., 2022). The absence of macrofauna effects 
under eucalyptus plantation was more unexpected, as favourable cli-
matic conditions tend to favour their impacts on litter decomposition 
(Handa et al., 2014; Pugnaire et al., 2023; Shi et al., 2025) and led to a 
positive HFA for this land use after 12 months. This could indicate that 
soil macrofauna have adapted to eucalyptus litter, resulting in lower 
decomposition efficiency for substrates other than eucalyptus litter. 
This assumption is consistent with observations of reduced activity 
under plantations compared with natural forests (Rivas et al., 2023; 
Roy & Chakrabartty, 2004; Zhang et al., 2016). Consequently, while 



    |  11SAUVADET et al.

planting eucalyptus in degraded land appears as a promising way to 
allow natural forest regeneration (Brancalion et al., 2020; Fernandes 
et al., 2024; Rakotoarisoa et al., 2025) thanks to the ability of euca-
lyptus to preserve forest seed banks and promote the initial growth 
of native trees (Granzotto et  al.,  2024; Randriamalala et  al.,  2023), 
our study highlighted significant drawbacks in terms of soil biodi-
versity and late-stage decomposition capacity. Forest restoration in 
Madagascar's eastern coast should hence lean on the plantation of 
more diversified tree communities, such as mixing Eucalyptus with 
N2

−fixing species, for instance with A. dealbata Link (Kull et al., 2007), 
to improve both ecosystem functionality and soil biodiversity (Bini 
et al., 2013; Pereira et al., 2019).

5  |  CONCLUSION

Our findings imply that while planted forests cause less disturbance 
of microbial communities and early-stage decomposition compared 
to fallows from slash-and-burn agriculture, they may not fully replace 
the multiple ecological roles played by native forests, particularly 
for the functions requiring more specialized organisms and taxa. 
The simplification of plant diversity, periodic wood harvesting and 
poorer litter quality likely constrain both belowground biodiversity 
and ecosystem functionality. Nevertheless, given the increasing 
land-use pressure in Eastern Madagascar, more diversified planted 
forests should be further explored as a potential land use for 
restoring early-stage degraded slash-and-burn fallows, offering 
a compromise between human needs and partially preserving 
belowground ecosystem functions.
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Additional supporting information can be found online in the 
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Differences were tested with one-way ANOVA followed by post Hoc 
Tukey test, and bear different letters when significantly different (p-
value <0.05).
Figure S3. Non-Metric Dimensional Scaling (NMDS) of soil bacterial (a), 
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uses. NMDS are based on Bray–Curtis distances at the genera levels for 
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