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Abstract
The importance of local climate and biodiversity in tropical forest’s ability to provide critical
ecosystem services is well documented, whereas the relationship among local climatic factors
and biodiversity with soil ecosystem function largely remain unclear. We investigated the
importance of local rainfall regime and indicators of plant (tree, herb, and shrub) diversity
(richness and abundance) on soil ecosystem functions in two tropical forest ecosystems of
north-east Bangladesh. We considered six soil parameters, i.e. soil water regulation (SWR), soil
physical stability (SPS), soil microbial habitat (SMH), soil pH (pH), medium of plant growth
(MPG), and soil aggregate stability (SAS) as indicators of soil ecosystem functions. Our study
finds four rainfall parameters having significant (p < 0.05) positive effects on soil water
regulation, soil physical stability, microbial habitat, soil pH, medium of plant growth, and soil
aggregate stability. Tree species abundance had positive effects on SPS (p < 0.001) and MPG (p
< 0.05), while tree species richness had negative effects on SMH (p < 0.001) and MPG (p < 0.01).
Soil aggregate stability was negatively (p < 0.05) affected by tree species abundance, whereas
tree species richness positively (p < 0.0001) affected SAS. We found no significant effects of
tree species abundance and richness on pH and SWR. The abundance of herbaceous species
had positive impacts on MPG (p <0.01) and negative impact on SAS (p < 0.001). In contrast, the
richness of herbaceous species had significant negative effects on SMH (p < 0.01) and SPS (p <
0.05). Shrub abundance had no significant effects on six soil ecosystem functions in our two
study sites, but shrub species richness had a significant (p < 0.05) negative effect on SPS. Our
study provides critical insights into the synergistic role of local climate and biodiversity on soil
ecosystem functions that can guide actions to restore degraded soils in tropical forest
ecosystems.
Keywords: ecosystem services, local climate, plant diversity, precipitation, soil properties.
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1. Introduction
Globally, rapid decline in biodiversity and climate change is considered as a significant threat to
ecosystem, their proper functioning, and a key driver of global environmental change (Corlett
2020; Edwards et al. 2019; Mukul et al. 2019; Pires et al. 2018; Nadrowski et al. 2010). A
growing number of ecological studies have investigated the effects of species diversity and
climatic factors on soil ecosystem functions in boreal, temperate and grassland ecosystems (see
– Eisenhauer et al. 2018; Bennett et al. 2017; Allison and Treseder 2011), but very scarce in
biodiversity rich tropical forest ecosystems (Ali et al. 2019). Tropical forest soil is highly
vulnerable to degradation than other soil types because of the high volume of rainfall, acidity,
and decomposition rate (Ayala-Orozco et al. 2018). Anthropogenic disturbances, together with
fragmentation, climate change, and land conversion, make tropical forest topsoil highly prone
to erosion with likely changes to the soil ecosystem functions (Flores et al. 2019; Morris 2010).
Although a number of studies have been conducted to understand how plant diversity and local
climate affects the aboveground forest ecosystem functions and services in the tropical region
(Pugnaire et al. 2019; Poorter et al. 2017), little is known how plant diversity and local climatic
conditions influence belowground soil ecosystem functioning in the region (Bouskill et al. 2016).
Plant diversity is a crucial factor influencing belowground ecosystem functions such as soil
microbial habitat, soil organic carbon storage, water regulation capacity, and overall soil quality
(Lange et al. 2015; Fornara and Tilman 2008). Belowground ecosystem functions mediated by
soil organisms such as litter decomposition (Vogel et al. 2013), and soil aggregate stability
(Velásquez et al. 2012) are also sensitive to changes in plant communities. In tropical regions,
species diversity has a more profound effect on forest ecosystem functions than other
community indicators like species composition (Erskine et al. 2006). The most commonly used
parameters for estimating aboveground ecosystem functioning are primary productivity and
biomass stability (Hooper et al. 2005), which are strongly related to species diversity (Oehri et
al. 2017). A decline in species diversity with aboveground ecosystem function and vice-versa is
evident in the literature (see – Struebig et al. 2011; Lewis 2009). However, knowledge of
belowground soil ecosystem functioning is scarce, particularly from tropical forested regions.
Factors influencing belowground soil functions also remain a key research priority to fully
understand whether maintaining high plant diversity secures multiple soil-mediated functions
in the tropical region under a rapidly changing climate (Ayala-Orozco et al. 2018).
A growing number of studies have shown that the functioning of the tropical forest ecosystem
is intimately related to local climate, with variables such as precipitation, temperature, seasonal
water stress have significant impacts on the ecosystem (Aubry-Kientz et al. 2019; Taylor et al.
2017; Nadrowski et al. 2010). Changing climatic patterns, like precipitation and temperature,
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can alter tropical species distribution, composition, phenology, and forest structure (Mukul et
al. 2020; Deb et al. 2018; Alamgir et al. 2015; Corlett and Lafrankie 1998). The impacts of local
climatic variables on the belowground ecosystem function are relatively slow (Davidson and
Janssens 2006); nevertheless, these slow processes can considerably alter soil fertility and
physical structures (Pendall et al. 2004). Local climatic factors determine soil moisture and
temperature conditions and influence soil biological processes like dominant vegetation type,
their productivity and biomass, and decomposition rate of litter deposits in the forest floor
(Karmakar et al. 2016; Sarker at al. 2013; Várallyay 2010).
The present study investigates the parameters of soil ecosystem functions in relation to plant
diversity and rainfall parameters in two forest protected areas of north-east Bangladesh,
namely – Khadimnagar National Park (KNP) and Satchari National Park (SNP). Both parks are
located near globally important Indo-Burma biodiversity hotspots and enjoy relatively higher
rainfall throughout the year than the rest of the country. Apart from investigating how
belowground soil ecosystem functions are related to plant diversity and local rainfall regime,
we also provide spatially explicit maps of soil ecosystem functions for both sites. Our study is
the first of its kind carried out in Bangladesh and can be useful to prioritize forest management
and conservation actions in the face of future climate change and a decline in biodiversity.
2. Materials and method
2.1 Study area
We conducted our study in Khadimnagar National Park (KNP) and Satchari National Park (SNP)
situated in the north-east Bangladesh (Figure 1). Together they represent highly diverse tropical
forests of the country and are located in relatively high rainfall areas (Masum and Hasan 2020;
Redowan et al. 2014). Khadimnagar National Park covers approximately 678.80 hectares (ha) of
hilly land and lies between 24°56´to 24°58´ N latitude and 91°55´to 91°59´ E longitude. Satchari
National Park, on the other hand, covers approximately of 242.91 ha of tropical forest within
Raghunandan Hill Reserve Forest and lies between 24˚5' to 24˚10' N latitude and 91˚25' to
91˚30' E longitude (Mukul et al. 2017; Uddin et al. 2013, 2011).

3

Figure 1. Location of the two study sites (i.e. Khadimnagar National Park or KNP in short, and
Satchari National Park or SNP in short) in Bangladesh with sampling point within the parks.
The annual average rainfall in KNP is 4,045 mm with July being the wettest month having an
average rainfall of about 1,250 mm. December is the driest month in KNP with almost no rain.
The maximum average temperature in KNP is 28.1°C and the average minimum temperature is
17.3°C. SNP enjoys a moist tropical climate characterized by a period of high rainfall from May
to October. The average annual rainfall in SNP is 2,320 mm with a mean annual temperature of
24.5°C. In SNP, the maximum average temperature and minimum temperature are 28.1°C and
17.3°C, respectively. Figure 2 shows the Walter and Lieth climate diagram of our study sites in
north-east Bangladesh as derived from Fick and Hijmans (2017).
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Figure 2. Pattern of annual rainfall and temperature in our study sites in north-east Bangladesh.
The soils in KNP are moderately fertile in moist forested areas with generally low pH in most
areas. Soil textures in the area are mostly sandy loams to sandy clay loams (Redowan et al.
2014). In SNP, the soils are mostly sandy loams with a relatively low accumulation of humus on
the topsoil due to the rapid decomposition of debris under moist warm tropical conditions
(Steinbauer et al. 2017). The soils are more acidic than in adjoining ecological zones in SNP.
There are also a number of small, sand-bedded streams in SNP that fully dry out at the end of
the rainy season (Arefin et al. 2011).
2.2 Sampling protocol and data collection
A total of 120 plots (60 plots per site) were randomly generated for the present study using
ArcGIS 10.5.1 geoprocessing tool both for KNP and SNP. As SNP is relatively small in size, we
expanded our study in the surrounding Raghunandan Hill Reserve Forest. Field data were
collected from August to October 2019, representing a transition of wet (monsoon) and dry
(winter) season. We used a hand-held global positioning system (Manufacturer: Garmin) to
locate the plot in corresponding sites. Where randomly generated plot location was
inaccessible, we established plots nearest to that sampling location. We established plots of 20
m × 20 m size for the collection of tree diversity and soil data. Additionally, 3 subplots of 2 m ×
2 m size were established in each plot to collect herb and shrub data.
For each plot, elevation (meter above sea level; m asl) and slope (in degree) were measured as
topographical factors. We used tree species number and total tree individual number as the
measure of tree species richness and abundance in each 20 m × 20 m plot (Magurran 2004).
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Herb and shrub species richness and abundance were measured in 2 m × 2 m subplots within
each 20 m × 20 m plot. We collected five soil samples from each corner and the centre of the 20
m × 20 m plot to capture within plot heterogeneity which were then mixed up well together in
the field and marked as one sample to measure plot-level soil variables. Soil samples were
taken at 10 cm depth using a soil core sampler.
2.3 Bioclimate variables
We derived 19 bioclimatic variables available from WorldClim database (long-term 30 years
average, 1970-2000) at a spatial resolution of 1 km2 for each study site (Fick and Hijmans 2017).
The selected bioclimatic variables related to temperature and precipitation were found to be
important in many studies (see – Mukul et al. 2020; Alamgir et al. 2015 for example). Our study
sites represent an annual rainfall gradient ranging between 2205 mm – 3984 mm. There was,
however, a small variation in temperature (i.e. 24.5°C – 24.9°C) within our study range,
therefore, we excluded any temperature related variables from our analysis. In our final
analysis, there were four rainfall related variable (i.e. bio12 – annual precipitation, bio13 –
precipitation of the wettest month, bio14 – precipitation of the driest month, bio15 –
precipitation seasonality) as these are highly correlated with other variables (bio16 –
precipitation of the wettest quarter, bio17 – precipitation quarter of the driest quarter, bio18 –
precipitation of the warmest quarter, and bio19 – precipitation of the coldest quarter (Annex 1;
Supplementary material 1).
2.4 Parameters of soil functions and soil sample analysis
We considered six major soil ecosystem functions, viz. soil water regulation, medium of plant
growth, habitat for microbial community, soil physical stability, soil pH, and soil aggregate
stability. These parameters are critical in regulating key soil ecosystem processes such as
facilitating plant growth, nutrient cycling, C storage, and soil water retention (Robinson et al.
2014; Dominati et al. 2010). We used six indicator variables to assess the identified soil
ecosystem functions (Table 1; Supplementary material 2). Faced with the challenges that arise
from direct measurements of the soil ecosystem functions, various authors have suggested
alternatives related to soil biotic or abiotic characteristics, which can potentially be used to
represent soil functions or services of interest (Pennock et al. 2015). These characteristics are
generally referred to in several terms, like ‘indicator variables’, ‘metrics’, ‘surrogates’, or
‘proxies’ (Williams and Hedlund 2013; Thomsen et al. 2012).
Table 1. Soil ecosystem functions and indicators of soil ecosystem functions based on different
literature.
Soil ecosystem function
Indicator of soil ecosystem
Source
function

6

Soil water regulation
Medium of plant growth
Microbial community habitat
Soil physical stability
Aggregate stability
Soil quality

Soil moisture content %
Soil silt %
Soil organic matter %
Soil bulk density (g/cm3)
Soil sand %
Soil pH

(Doran and Parkin 1997)
(Gilley 2005)
(Powlson et al. 1987)
(Arshad et al. 1997)
(Flerchinger et al. 2013)
(Karlen and Stott 1994)

We used the oven-dry method to measure soil moisture content (%) (O’Kelly 2004) and soil bulk
density (g/cm3) (Blake and Hartge 1986). Soil silt (%) and sand (%) were measured following the
hydrometer method (Bouyoucos 1962). Loss of ignition method was applied to determine
organic matter (%) in soil (Ben-Dor and Banin 1989). Soil pH was determined using a Hanna
HI2211 pH/ORP meter (Dovhaliuk 2019). All laboratory analysis was performed at the
Department of Forestry and Environmental Science, Shahjalal University of Science and
Technology, Bangladesh.
2.5 Statistical analysis
All statistical analysis was performed in R studio (version 1.2.5019). We used analysis of
variance (ANOVA) combined with linear models to test the effects of species richness,
abundance, and climatic variables on the indicators of soil ecosystem functions. We used R
packages “nlme” for ANOVA, “corrplot” for correlation matrix, "factoextra" for PCA analysis,
“iki.dataclim” for walter-lieth climate graph, and “raster” for bio-variables extraction in R.
Before statistical analysis, data were transformed, if conditions of normality were not met, or to
improve the homogeneity of variance. Both characteristics were tested by examining the
residuals versus fitted plots and normal qq-plots of the linear models. To visualize the intensity
and distribution of selected soil ecosystem functions variables, heat-maps were prepared for
each study site.
3. Results
3.1 Spatial distribution and intensity of soil ecosystem functions
The distribution and intensity of selected soil functions indicators in two of our study sites are
shown in Figure 3. Soil water regulation capacity was comparatively higher in KNP than SNP.
Moisture content in almost 50% of areas of KNP was over 30%, whereas in SNP, only 20% area
had moisture content over 30%. Both KNP and SNP showed a similar pattern of soil physical
stability and had relatively higher soil bulk density in the central part of the park (Figure 3). Soil
microbial activity was higher in KNP than it was in SNP. The south-western part of KNP showed
high intensity of microbial habitat (over 9% OMC), whereas in SNP, only the central part
showed a similar pattern. The medium of plant growth, as determined by soil silt (%), was also
higher in KNP than in SNP. Soil silt (%) was over 20% in KNP while around 7%-10% in SNP. In our
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study, another important soil ecosystem function indicator was soil pH. It was found that the
soil of SNP was acidic compared to KNP. In KNP, soil pH was more than 6 in many areas,
whereas in SNP, it was below 6 (see Figure 3). Soil aggregate stability was also lower in SNP
than KNP because the inverse indicator (soil sand %) was higher in SNP (~90%) than in KNP.

Figure 3. Spatial allocation of soil ecosystem functions in our study sites in north-east
Bangladesh. Warmer colors (closer to red) indicate high intensity of the indicators of soil
ecosystem functions and vice-versa.
3.2 Plant diversity and soil ecosystem functions
Figure 4 shows the plant (i.e. tree, herb, and shrub) diversity indices (species richness and
abundance) in our study sites in KNP and SNP. Plant diversity indices had no significant effects
on soil water regulation in the area. Tree abundance (p < 0.001) and shrub richness (p < 0.05)
showed significant negative effects on soil physical stability in the area with correlation
coefficient (r) - 0.31 and - 0.22 respectively for tree abundance and shrub richness (Table 2;
Annex 2). Soil microbial habitat quality decreases with tree species richness (p = 0.001) and
herb richness (p = 0.002), whereas shrub richness had no significant effects on microbial
habitat. There were no significant effects of richness and abundance of tree, herb, and shrub on
soil quality indicator (i.e. soil pH) in our study. Tree species richness (p = 0.003) and abundance
(p = 0.03), however, had a significant negative impact on the medium of plant growth as
determined by soil silt (%). Herb abundance (p = 0.002) had significant positive effects on soil
silt (%). Our study also found significant positive effect of tree species richness (p < 0.001, r =
8

0.50) and abundance (p = 0.03, r = 0.19) on soil aggregate stability. Herb abundance (p = 0.001)
and shrub abundance (p = 0.05) had a significant negative impact on soil aggregate stability in
the study.

Figure 4. Plant diversity indices in our study sites in KNP and SNP. Here, abundance is the
number of individuals (indv.) per hectare (ha) for trees and per 100 m2 for herbs and shrubs,
and richness is the number of unique species (spp.) per hectare (ha) for trees and per 100 m2
for herbs and shrubs.
Table 2. F - value and significance of two-way ANOVA results for abundance and richness of
tree, herb, shrub, and selected bioclimatic variables on the indicators of soil ecosystem
functions.
Soil
ecosystem
functions
Factors
Tree abundance
Tree richness

Soil water
regulation

Physical
stability

Microbial
habitat

Soil quality

Medium of
plant
growth

Aggregate
stability

0.4670
(0.533)
0.170
(1.901)

0.0007
(12.157)
0.6005
(0.276)

0.801
(0.064)
0.0002
(14.181)

0.443
(0.593)
0.239
(1.398)

0.0324
(4.682)
0.003
(9.187)

0.034
(4.613)
<0.001
(39.110)
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Herb abundance
Herb richness
Shrub abundance
Shrub richness
bio12
bio13
bio14
bio15

0.219
(1.527)
0.716
(0.133)
0.265
(1.254)
0.185
(1.782)
0.050
(3.936)
0.052
(3.847)
0.046
(4.059)
0.057
(3.698)

0.588
(0.296)
0.039
(4.348)
0.731
(0.118)
0.018
(5.762)
<0.001
(21.785)
<0.001
(21.921)
<0.001
(21.668)
<0.001
(21.103)

0.411
(0.681)
0.002
(9.979)
0.066
(3.446)
0.570
(0.325)
<0.001
(49.741)
<0.001
(49.586)
<0.001
(50.039)
<0.001
(49.853)

0.129
(2.332)
0.247
(1.354)
0.071
(3.331)
0.928
(0.008)
<0.001
(57.086)
<0.001
(57.249)
<0.001
(56.586)
<0.001
(57.465)

0.002
(9.743)
0.683
(0.168)
0.417
(0.663)
0.238
(1.409)
<0.001
(17.868)
<0.001
(17.864)
<0.001
(18.175)
<0.001
(16.342)

0.001
(11.353)
0.164
(1.963)
0.049
(3.936)
0.175
(1.863)
<0.001
(330.480)
<0.001
(330.30)
<0.001
(334.820)
<0.001
(299.710)

3.3 Rainfall parameters and soil ecosystem functions
The effects of selected bioclimatic variables (i.e. rainfall parameters) on soil ecosystem
functions are shown in Figure 5. In our Principal Component Analysis (PCA), dimension-1
explained 40% variables whereas dimension-2 explained 12.8% variables. This indicated that
plant (tree, herb, and shrub) diversity and local rainfall regime (bio12, bio13, bio14, and bio15)
together accounted for 52.8% variation in soil ecosystem function in the studied plots. The four
rainfall related variables (i.e. bio12 - bio15) had significant effects (p < 0.001) on soil physical
stability, aggregate stability, microbial habitat, soil quality, and medium of plant growth. Four
precipitation related variables had a significant positive correlation with all the indicators of soil
ecosystem functions in our study except soil aggregate stability. The selected rainfall related
variables were also negatively correlated with indicators of soil aggregate stability in our study.
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Figure 5. (a) Principal Component Analysis (PCA) among plant species richness, abundance,
bioclimatic variables related to rainfall and soil ecosystem functions. (b) Correlation matrix
among species abundance, richness, bioclimatic variables related to rainfall and soil ecosystem
functions. Here, tree_abun = tree species abundance per 100 m², tree_richness = tree richness
per 100 m², herb_abun = herb species abundance in per 100 m², herb_richness = herb richness
per 100 m², shrub_abun = shrub species abundance in per 100 m², shrub_richness = shrub
richness per 100 m², bio12 = annual rainfall, bio13 = precipitation of the wettest month, bio14 =
precipitation of the driest month, bio15 = precipitation seasonality.
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4. Discussion
4.1 Ecosystem functioning in tropical forest soils
Soil ecosystem functions and soil quality consist of a wide variety of indicators (Ellert et al.
1997). Giannakis et al. (2017) and Doran and Parkin (1997) also reported soil water regulation
capacity and soil moisture content as an essential indicator of soil ecosystem function. Soil
water regulation capacity was high in our study sites because of high moisture content in soil of
both sites. Several studies (see – Kumagai et al. 2009; Bruno et al. 2006) reported a high
moisture content in tropical forests soil attributed to relatively high and even distribution of
rainfall throughout the year. Higher bulk density is one of the key physical properties of tropical
soil due to higher leaching of water in topsoil (Igwe 2011). In our study, we also found high soil
bulk density in both of our study sites indicating higher physical stability of soil in both areas.
Tropical forest soil is rich in organic matter due to high decomposition rate and high litterfall
(Marin-Spiotta et al. 2009). Greater microbial habitat in our study was also due to the presence
of higher soil organic matter. We found higher sand content in our study, which negatively
correlated with soil aggregate stability. Several studies also reported higher sand content in
tropical soils due to weathering and high water leaching (Minasny and Hartemink 2011; Bruand
et al. 2005). Soil acidity (i.e. pH less than 7) in tropical forest soil is one of the major indicators
of soil quality function, and we found a moderate to low soil pH in our study sites. Acidic soils in
tropical forest regions can be attributed to intensive leaching over a prolonged period under a
climate where precipitation exceeds evapotranspiration (Fujii et al. 2018). We also found
moderate silt content (up to 25%) in both of our study sites, which indicates a moderately
suitable medium of plant growth in both areas. In tropical region, due to high sand content silt
contents is very low soil as also reported by Igwe (2011) and Minasny and Hartemink (2011).
4.2 Plant diversity and soil ecosystem functioning
Plant diversity enhances soil structure through above and belowground plant physiological
activity and influences major soil-water processes such as transpiration, soil evaporation, water
run-off, etc. (Boix-Fayos et al. 2001). We find no significant effect of the abundance of tree,
herb, and shrub on soil moisture content in the topsoil layer (0-10 cm). There were also no
significant effects of tree, herb, and shrub richness on soil moisture content. A similar finding is
reported by Fischer et al. (2019), where they also observed increased plant transpiration and
decreased evaporation from the soil in species-rich mixtures. As biomass is positively correlated
with species richness and abundance (Li et al. 2018), and transpiration is correlated with
biomass (Kunert et al. 2012), soil evaporation decreases with species richness and abundance.
The greater vegetation cover in species-rich communities also produces more shade that
reduces soil evaporation rate (Valladares et al. 2016). The contrasting effects of plant species
richness and abundance on transpiration and evaporation probably counterbalanced each
12

other in the studied soil layers at our study under the meteorological conditions of the
observation period we took into consideration.
Soil physical stability is an important soil ecosystem function (Hatfield et al. 2017) indicated
mainly by soil bulk density (Arshad et al. 1997). In our study, tree abundance demonstrated a
significant negative effect on soil compactness or bulk density. Several studies indicated such a
relationship between tree abundance and bulk density, which can be attributed to greater root
functional traits and activity on belowground soil due to a high number of species (Xu et al.
2020). Common root architectural traits such as root length directly impact soil structure
through binding and compressing soil particles, consequently influences soil aggregation and
soil aggregate stability. With the increasing vegetation rooting system there is a reduction in
the soil compactness, which improves the soil stability and support function (Genet et al. 2010).
Neris et al. (2012) reported that understory vegetation influences soil bulk density as the
rooting system of herbs and shrubs increases the pore structure of topsoil, which decreases soil
bulk density. In our study, we observed a marginal negative impact of herb and shrub richness
on soil bulk density.
Soil pH was another indicator of soil quality in our study. We did not find any significant effects
of richness and abundance of tree, herb, and shrub on pH of the topsoil layer (0 – 10 cm) in our
study. Topsoil pH mainly depends on the forest floor rather than species diversity (Dawud et al.
2016). In addition, in the forest ecosystem, species trait is a more important driver of soil pH
than species diversity (Bruelheide et al. 2018; Karlen and Stott 1994). Our study also indicated
that tree and herb species richness had significant negative effects on soil organic matter
content, which was unexpected. Our study could not explain the mechanism behind the
negative effects of plant diversity on soil organic matter content. However, a similar trend was
reported by Li et al. (2019) in their study due to a disturbance effect through an increase in
species diversity. Anthropogenic disturbances, including litter collection as fuel, are
predominant in tropical human-dominated landscapes, which might have affected microbial
community habitat in some of our species-rich plots. Previous studies demonstrated that
anthropogenic disturbance could alter the soil organic matter content due to the collection of
litter and plant species, which negatively affects the belowground decomposition and rooting
mechanism (Durigan et al. 2017).
We considered silt content as the indicator of the medium of plant growth function of soil, and
our study finds a marginal negative impact of tree abundance and richness on soil silt content.
Evidence suggests that an increase in soil silt content improves the medium of plant growth
function of soil (Gilley 2005). Soil sand content was used as the indicator of soil aggregate
stability function in our study. According to Flerchinger et al (2013) greater soil sand content
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weakens the soil aggregate stability. In our study, tree abundance and richness showed positive
and, herb and shrub abundance showed negative effects on soil sand content. In both of our
study sites, many water streams flow through the forest, which carried a large amount of sand
content. Areas with large stems and greater tree diversity within the forest deposited more
sand during flash floods following heavy rainfall, which may result in a positive correlation
between tree abundance and richness with soil sand content in our study. Herb and shrub
species, quite expectedly, could not deposit sand content like tree species due to their smaller
size.
4.3 Rainfall regime and soil ecosystem functioning
Our study demonstrated that rainfall related bioclimatic variables were positively associated
with soil water regulation, soil physical stability, soil quality, soil microbial habitat, and medium
of plant growth. Such variables, however, had negative effects on soil aggregate stability in the
present study. A positive correlation between soil moisture and rainfall is widely recognized
(Afreen et al. 2019). Rainfall mainly plays an important role in determining soil water
movement in terms of inﬁltration and percolation processes. However, the magnitude, timing,
and translocation of precipitation are critical factors inﬂuencing the movement and availability
of soil water and ecosystem dynamics (Stephenson 1990).
An increase in rainfall decreases soil infiltration rate after soil moisture saturation point (Liu et
al. 2011). Decreasing infiltration also increases soil surface runoff, which increases soil
compactness and soil physical stability through complex processes (Olson et al. 2013). In
addition, under high rainfall regime salts are diluted or removed from the topsoil and pH
increases, ultimately influencing soil quality (Rengel 2002). Rainfall also increases soil microbial
habitat and activity of soil micro-organisms by positively influencing plant root biomass (Taylor
et al. 2017; Sun et al. 2016). In hilly terrain, high rainfall can washout the sand particles in
topsoil through erosion that can negatively affect the soil aggregate stability (Huang et al. 2010;
Hammad et al. 2006).
5. Conclusion
Rapid biodiversity loss and climate change in tropical forested regions present a significant
challenge to our generation, affecting both above and belowground ecosystem functioning. Soil
ecosystem functions are the basis for above and belowground biomass relationships in any
ecosystem throughout the globe. There is, however, clearly a research gap on how the soil
ecosystem functions vary with climatic conditions and species richness, particularly in tropical
forest ecosystems. Our study tried to cover this research gap through a comprehensive study
and found that climatic factors are strongly related to soil ecosystem functions when compared
to plant diversity indices such as species richness. Further investigation, however, is necessary
14

to clearly understand the pattern and/or trend of soil ecosystem function changes across a
gradient of climate, biodiversity, topographic factors, and anthropogenic pressure.
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Annex 1. Correlation matrix between bioclimatic variables (bio1 – bio19).
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Annex 2. Correlation coefficient (r) matrix between species richness, abundance and bioclimatic
variables with indicators of soil ecosystem functions in our study.
Soil ecosystem
functions

Soil water
regulation

Physical
stability

Microbial
habitat

Soil quality

Aggregate
stability

-0.07

Medium
of plant
growth
-0.20

Factors
Tree abundance

0.07

-0.31

0.02

Tree richness

-0.13
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-0.33

-0.11

-0.27

0.50

Herb abundance
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-0.05

0.08

0.14

0.28

-0.30

Herb richness
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-0.19

-0.28

-0.11

0.04

0.13

Shrub abundance

0.10

-0.03

0.17

0.17

0.07

-0.18

Shrub richness

0.12

-0.22

0.05
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-0.11
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bio12
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0.57
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