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Abstract

Assessment of soil organic carbon (SOC) dynamics in tropical dry deciduous forests is imperative to know
their contribution in regulating the regional and global carbon (C) cycles. In the present study, three forest
types: dry deciduous teak (DDTF), dry deciduous mixed (DDMF) and Boswellia (BF) forests were selected to
assess the variation in SOC and the factors influencing it. The SOC stocks (0-50 cm) varied significantly
within and among the forest types and ranged from 48.7 (BF) to 89.1 (DDTF) Mg C/ha (mean: 64.6 + 9.7 Mg
C/ha). The differences observed could be due to variations in organic matter input, quality and quantity of litter
produced, topography, vegetation composition, soil bulk density, soil moisture and soil depth. The total mean
SOC stocks at 0-10, 10.1-30 and 30.1-50 cm depths were 19.2, 24.4 and 21.0 Mg C/ha, respectively. The SOC
showed significant positive relationships with soil organic matter (r = 0.79, P < 0.01), soil moisture (r = 0.41,
P <0.01), aspect (r = 0.52, P < 0.01) and dominance (r = 0.53, P < 0.01), which accounted for 66.8, 15.7, 8.4
and 5.6% of variance. This study provided an understanding of the SOC stock variation among three tropical
dry deciduous forest types in the Central Indian landscape and identified the roles of different drivers in SOC

storage.
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1 Introduction

Assessment of the dynamics of soil organic carbon (SOC) stocks in tropical dry forest ecosystems is essential
to understand their contribution in regional and global carbon (C) cycles. In tropical forests, SOC pool is a
large terrestrial C reservoir (Lal, 2004a; Piao et al., 2009). It represents the balance between C inputs and C

outputs and is a continuum of intact plant parts to highly oxidized forms of C (Araujo et al., 2017). The present

TAEES WWw.iaees.org



2 Proceedings of the International Academy of Ecology and Environmental Sciences, 2022, 12(1): 1-16

estimated C stock in the world’s forests is 861 + 66 Pg C, of which 383 + 30 Pg C (44%) is stored in soil to a
depth of 1 metre, with the highest contribution from tropical forest soils (~32%; Jobbagy and Jackson, 2000;
Pan et al., 2011). An advantage of forest soils than those in other land uses is the constant availability of litter
that would enrich the SOC stock (Debasish-Saha et al., 2014). As SOC has the potential to store twice the
collective amount of C contained in the atmosphere and biosphere, loss of C from soils can have a significant
impact on atmospheric carbon dioxide (CO,) levels, and thereby on climate (Lal et al., 2007; Singh et al.,
2011). The potential of a forest to sequester and store SOC is dependent largely on the tree species
composition and community structure as well as their interactions with microclimate and other soil
characteristics (Osei et al., 2021). It is therefore important to estimate the variation and distribution of SOC
stocks in different vegetation types to understand their role in the regional and global C sequestration.

Soil organic carbon is the vital constituent of the global C sequestration (Doetterl et al., 2016; Gandhi and
Sundarapandian, 2017), which determines the soil quality and productivity (Krishan et al., 2009). The SOC
sequestration is a highly advisable mitigation option that is synergistic with climate change adaptation,
contributing to water and food security (Lal, 2004b; Lal et al., 2007). In soils up to 100 cm, nearly 50% of
SOC is locked in top 30 cm (Batjes, 1996). The estimated SOC values at 30 cm soil depth on a global level are
699 Pg C and 1417 Pg C at a depth of 1 m as per Food and Agricultural Organization (FAO, 2009; Hiederer
and Kochy, 2012). Vegetation characteristics, soil characteristics, terrain features and climate are the principal
factors governing SOC sequestration (Lal, 2021). Different factors drive the SOC stocks of top soil in forest
ecosystems such as forest type, soil, litter input, topography, climate, elevation, soil fertility, disturbance
regime, invasion and fire regime (Aragao and Shimabukuro, 2010; Dieleman et al., 2013; Dar et al., 2015;
Sundarapandian et al., 2016; Dar et al., 2019; Lone et al., 2019). Litter chemistry and litter C quality has a
great impact on litter decomposition, which in turn have a pronounced effect on nutrient cycling and SOC
sequestration (Berg, 2014; Wang et al., 2021). Soil characteristics (like soil pH, soil temperature, soil moisture,
etc.) are affected by climate, which in turn have an effect on SOC stocks (Zhang et al., 2017; Tong et al., 2021).

Tropical dry forests comprise almost half of the world's tropical and subtropical ecosystems. They
experience a dry period of 5-8 months, rains in summer and annual rainfall of 500 to 1500 mm, and are the
most threatened and least studied forest types (Murphy and Lugo, 1986; Janzen, 1988; Blackie et al., 2014).
Most of the studies have focussed only on the aboveground biomass stocks in tropical dry forests (Salunkhe et
al., 2018). However, the information on SOC storage and dynamics is required for better understanding of C
stocks and cycling in these forests, and to support regulatory frameworks such as the United Nations Reducing
Emissions from Deforestation and Forest Degradation (REDD+) programme in developing countries.

The SOC stock assessment in tropical forest ecosystems is a key strategy to mitigate the climate warming,
through C sequestration and management programmes. Although several studies on SOC stocks of tropical
forests have been reported, there is a paucity of SOC stock estimates at forest-type level from tropical dry
deciduous forests of India. In the present scenario, the SOC stocking potential of different forest types in
Central India is essential to understand their contribution to the regional and global soil C stocks. Hence, the
present study has been undertaken (i) to assess the SOC storage in three tropical dry deciduous forest types of
Sagar, Madhya Pradesh, and (ii) to analyze the relationships between SOC stocks and different factors.

2 Materials and Methods

2.1 Study area

The present study was undertaken in three tropical dry deciduous forest types viz., dry deciduous teak forest
(DDTF, Site 1), dry deciduous mixed forest (DDMF, Site IT) and Boswellia forest (BF, Site IIT) in Sagar,
Madhya Pradesh (Table 1, Fig. 1) which are a part of lower Vindhyan range of Central India, and is situated at
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an average height of 420 m a.s.l. The area has a hot dry summer from April to June, followed by a monsoon
season from July to September and a cool and relatively dry winter from October to March. The area receives
an annual average rainfall of 1187.6 mm of which the rainy months contribute approximately 90%. The mean
annual minimum and maximum temperatures vary between 10°C (January) and 42.7°C (May) respectively
(WorldClim, 2020). As per Champion and Seth’s Classification (Champion and Seth, 1968), the forest in the
area belongs to group 4b. Vegetation and soil sampling were done in three forest ranges of Sagar district, viz.
Shahgarh, Nanakpur and Heerapur by laying 14 plots of 60 m x 20 m in each study site/forest type following
standard methods (Misra, 1968). In each plot, the diameter of all the tree individuals (> 10 cm diameter at
breast height of 1.37 m (DBH)) were recorded. The predominant tree species in the study sites of the three
different forest types are Tectona grandis, Butea monosperma and Lagerstroemia parviflora in DDTF,
Tectona grandis, Terminalia tomentosa and Lagerstroemia parviflora in DDMF, and Boswellia serrata,
Tectona grandis and Lagerstroemia parviflora in BE. A total of 25 tree species (24 genera, 14 families) were
recorded from the above-said three forest types. Diversity indices (Shannon’s diversity and Simpson’s
dominance) were calculated using PAleontological STatistics software (PAST; Hammer et al. 2001; Natural

History Museum, University of Oslo).

Table 1 Study site characteristics of the three different forest types (DDTF - dry deciduous teak forest, DDMF - dry deciduous
mixed forest and BF - Boswellia forest) of Sagar, Madhya Pradesh.

Forest type

Parameter

DDTF DDMF BF
Latitude (°) 24.212-24.226 24.130-24.241 24.240-24.243
Longitude (°) 79.111-79.113 79.144-79.145 79.121-79.133
Altitude (m a.s.l.) 401.6 371.8 486.2
Slope (°) 0.26-1.25 0.27-0.84 0.40-1.06
Aspect (°) 262.2-354.3 105.3-187.3 213.8-245.7
No. of plots 14 14 14
Species richness 14 23 15
Genera 14 22 15
Families 9 13 10
Shannon’s index (H) 1.14 2.08 1.76
Dominance index (D) 0.46 0.19 0.27
Evenness index 0.22 0.34 0.39
Total tree density 8192 12032 7272
Density (No./ha) 585.1 +£35.7 859.4+93.1 519.4+35.9
Total tree basal area 287.9 287.1 4133
Basal area (m*/ha) 20.6 + 1.7 205+ 1.4 295+ 1.6
Maximum tree DBH (cm) 60.8 54.1 62.9
Mean tree DBH (cm) 18.9 15.7 243

DBH: Diameter at breast height.
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Fig. 1 Location of the study sites in Sagar, Madhya Pradesh.

2.2 Soil sampling and analysis

In the present study, three composite soil samples were collected from each plot at three depths (0-10, 10.1-30
and 30.1-50 cm) with the help of a metallic cylinder of diameter 5 cm. Soil samples were packed in situ in
polyethylene bags and brought to the laboratory for further processing. The composite soil samples were air-
dried and sieved through a 2 mm stainless steel sieve, and ground using a mortar and pestle. For SOC
estimation, Walkley and Black’s method (Walkley and Black, 1934) was used, which is a widely used
procedure (Pearson et al., 2005). The percent (%) soil organic matter (SOM) was calculated by using the

following formula:
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Another three sets of undisturbed soil samples were collected from each plot at 0-10, 10.1-30 and 30.1-50
cm depths for the measurement of bulk density. Proper care was taken while removing these cores to prevent
any soil loss from sampling. The samples were oven-dried at 105 £ 5°C for 72 hours and then weighed. The
coarse fragments were separated by a stainless steel mesh sieve and the samples were then re-weighed. Soil
bulk density and SOC stocks (Mg C/ha) were then calculated by following Pearson et al. (2005):

Oven dry mass (g/m®)
Core volume (m¥) - (Mass of coarse fragments (g} / 2.65 (g/cm?)

Bulk density (g/m?®) =

where 2.65 was taken as a constant for the density of rock fragments (g/cm”).

The total C content of 0-50 cm soil depth was estimated by summing up the C content of the three layers
(0-10 cm + 10.1-30 cm + 30.1-50 cm). The total SOC was calculated by following the formula of Pearson et al.
(2005):

SOC (Mg C/ha) = [(soil bulk density (g/m3) x soil depth (cm) x C)] x 100

Soil moisture (%) was measured at three different depths (0-10, 10.1-30, and 30.1-50 cm) by the
gravimetric method. Soil pH (1:2.5 ratio of soil:water) was measured with a dynamic digital pH meter.
2.3 Forest floor litter sampling
Forest floor litter was collected during March and April 2019 from five 1 m x 1 m sub-quadrats in each plot.
Samples were oven-dried at 65°C for 48 hours to a constant mass and weighed. The dry weight was used for
the estimation of C concentration as per Coleman (1973):

Forest floor litter carbon C = (Dry weight of litter) x 0.45

2.4 Statistical analyses
All statistical analyses were computed using Statistical Package for the Social Sciences (SPSS 20.0; Chicago,
IL). Pearson correlation (r) and Analysis of Variance (ANOVA) were performed to test for significance (P <
0.05) in SOC stocks, C%, bulk density and litter (top floor) of different forest types. Principal Component
Analysis (PCA) was done using PAST 3.1 to identify which of the factors (environmental variables: soil
moisture, aspect; diversity attributes: species richness, Shannon’s diversity index, Simpson’s dominance index,
species dominance; structural attribute: SOM) mainly account for variation in SOC.

3 Results

3.1 Soil organic carbon (SOC) stock

The SOC stock varied significantly among and within the three different study sites (Fig. 2a). The SOC stock
(0-50 cm) ranged from 48.68 (BF) to 89.12 (DDTF) Mg C/ha among the three study sites of Sagar, Madhya
Pradesh, with a mean of 64.68 Mg C/ha. Among all the study sites, SOC stocks were highest in the surface
layer (0-10 cm) and decreased with increasing depth. The SOC stock ranged from 13.16 (BF) to 28.85 (DDTF),
18.06 (DDMF) to 33.6 (DDTF) and 14.28 (BF) to 27.91 (DDTF) Mg C/ha at 0-10, 10.1-30 and 30.1-50 cm
depths respectively. On an average, SOC (%) at 0-10, 10.1-30 and 30.1-50 cm depths were 29.7, 37.7 and
32.6% respectively (Fig. 2b). In total, SOC stock (0-50 cm) were significantly (F-value = 22.26; P < 0.0001)
highest in DDTF, compared with the other two study sites.

The lowest percentage (%) of SOC and SOM values were observed in BF (SOC 0.81%, SOM 2.4%),
whereas the highest values were obtained in DDTF (SOC — 1.6%, SOM — 4.75%). The SOC% decreased
significantly (F-value = 222.14; P < 0.0001) with increase in soil depth. The range of SOC% in the three
different depths were 1.44 (BF) to 2.11 (DDTF) at 0-10 cm, 0.85 (BF) to 1.13 (DDTF) at 10.1-30 cm and 0.67
(BF) to 0.85 (DDTF) at 30.1-50 cm (Fig. 2b). The mean SOC% in the three depths were 1.76%, 0.95% and
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0.74% at 0-10, 10.1-30 and 30.1-50 cm respectively (Fig. 2c). The mean SOM% in the three depths were
5.22%, 2.81% and 2.19% at 0-10, 10.1-30, and 30.1-50 cm (Fig. 2d).
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Fig. 2 (a) Soil organic carbon stocks (SOC; Mg C/ha), (b) relative SOC percentage at the three depths, (¢) SOC (%), (d) soil
organic matter (%) in the three selected study sites (Site I: DDTF; Site II: DDMF; Site III: BF).

3.2 Soil properties and standing crop litter

The soil bulk density (0-50 cm) ranged from 1.14 (BF) to 1.53 (DDMF) g/cm’. The soil bulk density increased
significantly with increase in soil depth (F-value = 79.7; P < 0.0001) in all the three study sites (Fig. 3a). The
bulk density varied significantly (F-value = 4.58; P < 0.01) across all the study sites. Among the three study
sites, the highest value of mean soil bulk density was observed in DDMF (1.33 g/cm’) and the lowest value
was observed in DDTF (1.24 g/cm3).
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The soil pH ranged from 6.1 to 7.4. The soil pH increased significantly with increase in soil depth (F-value
= 88.82; P <0.0001) in all the three study sites (Fig. 3b). The soil pH also varied across all the study sites, but
did not show any statistical significance. Among the three study sites, the highest value of mean pH (0-50 cm)
was recorded in DDMF (6.9) and lowest value was recorded in BF (6.7).

The soil moisture ranged from 11.7% (BF) to 17.9% (DDTF). The soil moisture decreased significantly
with increase in soil depth (F-value = 175.16; P < 0.0001) in all the three study sites (Fig. 3¢). The soil
moisture also varied significantly (F-value = 7.04; P < 0.001) across all the study sites. The highest mean
value of soil moisture (0-50 cm) was recorded in DDTF (15.7%) and the lowest value was recorded in BF
(14.1%).

The standing crop litter C ranged from 3.07 Mg C/ha (DDMF) to 4.8 Mg C/ha (DDTF) and varied
significantly (F-value = 12.93; P < 0.001) across all the study sites. The highest mean value of standing crop
litter C stock was recorded in DDTF (4 Mg C/ha) and the lowest value was recorded in DDMF (3.29 Mg C/ha,
Fig. 3d).
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Fig. 3 (a) Bulk density (g/cm®), (b) soil pH, (c) soil moisture (%), (d) standing litter carbon stock (Mg C/ha) in the three selected
study sites (Site I: DDTF; Site II: DDMF; Site I1I: BF).
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3.3 Correlation of SOC stock with different variables

Pearson correlation (r) analysis revealed that different variables could produce either positive or negative
effects on SOC stocks (Table 2).The SOC showed significant (P < 0.01) positive correlations with SOM (r =
0.79), soil moisture (r = 0.41), aspect (r = 0.52) and dominance (r = 0.53). Similarly, the litter (r = 0.29) and
mean annual temperature (r = 0.28, MAT) showed a positive correlation with SOC stocks, but was non-
significant, while it showed a significant (P < 0.01) negative relationship with diversity indices {Shannon (r =
—0.58), Simpson (r = —0.53), Fisher’s alpha (r =—0.51) and tree species richness (r =—0.54)}.

3.4 Principal component analysis of SOC

The PCA was applied at plot-level to identify which of the structural, diversity, and environmental factors
cause variation in SOC stocks (Fig. 4). Eigen values of dominant axis, which are closely associated variables
for higher SOC were observed as 4.7, 1.1, 0.59 and 0.39 and the corresponding percentage variances were 66.8,
15.7, 8.4 and 5.6 respectively. These values reflect on variations in SOM, moisture (%), aspect (°) and
dominance index, which together accounted for 96.5% variation in SOC stock. Structural, diversity and
environmental factors accounted for 69.2, 24.9 and 5.8% of variance in SOC stocks.
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Fig. 4 Principal Component Analysis (PCA) of different variables {environmental variables: soil moisture (moisture), aspect;
diversity attributes: species richness (richness), Shannon’s diversity index (Shannon), Simpson’s dominance index (Simpson),
species dominance (dominance); structural attribute: soil organic matter (SOM)} against soil organic carbon stock at plot-level.
Each dot represents a plot here.
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Table 2 Pearson correlation matrix (r) between soil organic carbon (SOC Mg C/ha) stocks and multiple variables.

Parameter SocC D BA B SOM pH BD M % Litter  Alt. MAT MAP S A Shan. Simp. E Domi. FA SR
socC 1

Density 114 1

Basal area -.178 -.073 1

Biomass -.218 -.066 978" 1

SOM 793" .060 -171 -180 1

pH -143 073 -237  -192 075 1

BD -016  -284  -057  -021  .029 154 1

M % 4147170 -529" 463" 5437 4157 104 1

Litter 292 -252 169 110 355" -284 -066 -145 1

Altitude -248  -271 193 167 -223  -002 202 -393" 091 1

MAT .289 355" -.156 -.108 313" -001  -308" 351 017 -4437 1

MAP .006 -183  -328" -331° 012 102 369" .087 -126 279 -7657 1

Slope -021  -457"  -089  -122  -013  .044 375 -312° 121 190 -306" 274 1

Aspect 523" -316° -.006 -.092 609™  -176  -197  .184 662 -019 -.040 .021 123 1

Shannon -583"  -.093 .107 192 -550" 113 .199 -.275 -366° 220 .004 -.077 074  -7217 1

Simpson -537"  -.041 142 .208 -510" 120 .168 -.243 -292 132 .058 -.184 073 -6317 9437 1

Evenness -.120 074 114 123 .016 .165 011 .109 .090 -102 370" -503"  -195  -122 .363" 520" 1

Dominance 5377041 -142  -208 510" -120 -168  .243 292 -132  -.058 .184 -073 631"  -943™ -1.000" -520"

FA -512"  -.284 .048 141 -518"  .062 .190 -333"  -315° 370" -.180 148 137 -598" 817" 613" -116 -613" 1
SR -541"  -166  .050 153 -533" 057  .186 -309"  -389" 314"  -106 117 115 -685" 863" 676" -105  -6767 9737 1

SOC: soil organic carbon (0-50 cm), D: density (No. of stems/ha), BA: basal area (m2/ha), B: biomass (Mg/ha), SOM: soil organic matter, M: moisture (%), Alt.: altitude (m asl.), MAT: Mean
annual temperature, MAP: Mean annual precipitation, S: slope, A: aspect, Shan.: Shannon, Simp.: Simpson, E: evenness, Domi.: Dominance, FA: Fisher’s alpha, SR: species richness.
** - Correlation is significant at the 0.01 level; * - Correlation is significant at the 0.05 level.
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4 Discussion

Soil is a complex medium that plays a key role in the C dynamics of the biosphere as it is a huge C pool
(Moreno et al., 2017). In forest ecosystems, vegetation type plays a crucial role in influencing SOC stocks due
to differences in the quality and quantity of litter produced, SOM, species richness, dominance of species,
besides other structural, environmental and topographic factors (Subashree et al., 2019; Sun et al., 2019;
Wiesmeier et al., 2019). In the current study, SOC stocks varied significantly between and within the forest
types. The SOC stock ranged from 48.7 to 89.1 Mg C/ha (mean 64.6 Mg C/ha) between the forest types for a
depth of 0-50 cm. The mean SOC stock is well within the ranges reported from different forest types of India
(51.9-386 Mg C/ha; Jha et al., 2003) and different sacred groves of Central India (22.4-112.5 Mg C/ha; Dar et
al., 2019), but lower than the mean for tropical forests worldwide (162 Mg C/ha; Malhi et al., 1999) and Asian
tropical forest soils (148 and 139 Mg C/ha; Brown et al., 1993; Dixon et al., 1994) and higher than that
recorded from the dry deciduous forests of India (37.5 Mg C/ha; Chhabra et al., 2003). In the current study, the
highest SOC stock were found in the tropical dry deciduous teak forest (DDTF) followed by dry deciduous
mixed forest (DDMF), and the lowest was observed in the Boswellia forest (BF). The observed differences
among these forest types could be due to variations in organic matter input, quality and quantity of litter and its
decomposition rates (Jobbagy and Jackson, 2000), moisture content (%), topography, predominant species,
stand structure, soil bulk density and microclimate of the study sites (Dar and Sundarapandian, 2015; Hobley
and Wilson, 2016; Paz et al., 2016; Sundarapandian et al., 2016; Ma et al., 2017; Kothandaraman et al., 2020;
Raha et al., 2020).

In this study, the SOC stock, SOC%, SOM% and soil moisture (%) decreased with increasing soil depth
in all the forest types. Organic matter inputs mainly occur in the surface layer and has greater microbial
activity and decomposition rate, which decreases with increase in soil depth. However, little variation occurred
at depths below 10 cm (Fig. 3c), possibly because the SOC content is primarily determined by the distribution
of the root system in deep soil (Jobbagy and Jackson, 2000), soil compaction, weak rate of decomposition and
low moisture content (Osuri et al., 2014; Hobley and Wilson, 2016). An increase in soil depth can affect soil
structure and permeability negatively, which might have resulted in the decrease in soil moisture (Geng, 2013).

In tropical forest soils, SOC is mostly influenced by site factors. In this study, soil bulk density and pH
increased with increasing depth. The mean bulk density varied from 1.24 (DDTF) to 1.33 g/cm® (DDMF). This
variation in bulk density observed among and between the forest types may be because of variations in soil
type, texture, porosity, SOM, mineral composition, disturbance and coarse fragment fractions in the soil
(Neumann-Cosel et al., 2011; Throop et al., 2012; Santos et al., 2015). The upper soil layers have low bulk
density values compared to other sublayers, as they possess high SOM content and aggregated soil particles
(Subashree et al., 2019). Furthermore, it is usually inversely proportional to the SOM, and the higher bulk
density in deeper layers is also attributed to less mixing of SOM with the mineral fractions in the soil profile
(Schulp et al., 2008). The mean soil pH varied from 6.7 (BF) to 6.9 (DDMF) and it increased significantly with
increase in soil depth. Soil pH is often less in the upper soil layer because it is rich in SOM which produces
organic acids upon decomposition that lowers the pH (Hong et al., 2019). The litter C acts as a precursor to
SOC stock in any forest ecosystem and is an important component of the C cycle. In this study, higher litter C
stock have been observed in DDTF type (4.0 Mg C/ha) and the lowest in BF type (3.29 Mg C/ha, Fig. 3d). The
highest SOC stock in DDTF could be attributed to the highest litter content, associated with greater moisture
content and microbial processes compared to DDMF and BF types, having low forest floor litter and moisture
content. Teak forests are known to sequester good amounts of C due to high SOM and good decomposition
rates (Hase and Foelster, 1983; Singh et al., 2020).
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Correlation analyses reveal potential relationships between variables. Among structural, environmental
and diversity attributes, SOM, moisture, aspect and dominance showed significant positive correlations with
SOC stock, whereas Shannon’s, Simpson, Fisher’s alpha and species richness showed significant negative
correlations with SOC stocks. The PCA analysis also showed that SOC stocks are positively influenced by
SOM, moisture content, species dominance and aspect, while negatively by diversity indices (Shannon,
Simpson, Fisher’s alpha and tree species richness) as major variables having maximum PCA component
matrix. In the present study, the highest SOC stock was observed in DDTF, the forest type with the highest
SOM, litter and moisture content (Table 1, Figs. 2 and 3). In tropical forest soils which has a rapid SOC
turnover, the association of SOM with other soil minerals stabilizes SOC (Sayer et al., 2019). Soil moisture
directly influences SOC dynamics by affecting the rates of root respiration and microbial decomposition,
besides changing other soil properties such as pH, bulk density, nutrient availability, weathering, etc. (Schuur
et al., 2001; Carvalhais et al., 2014). Indirectly, it controls SOC decomposition by acting as a medium of
diffusion for carbon-rich substrates and degradative enzymes (Ramesh et al., 2019; Tarus and Nadir, 2020). In
our study, topography (aspect) significantly positively influenced SOC stocks and the highest SOC stocks have
been observed along the southern aspect. It could be because of the influence of solar radiation and soil
moisture on the southern aspect which favours the growth of plants. Similarly, Gebeyehu et al. (2019) have
reported greater SOC stocks along the southern aspect from the dry Afromontane forests of Awi Zone,
northwestern Ethiopia. The SOC stocks are known to significantly vary with aspect due to changes in
temperatures (Yohannes et al., 2015). This is so because aspect influences the angle of sun rays and due to this,
the seasonal climate differs between north-facing and south-facing slopes. Such differences in temperature and
climate exert effects on microclimates, soil moisture, tree species composition, photosynthesis, and SOM
turnover (Yadav and Gupta, 2006; Yohannes et al., 2015). The SOC stocks are also greatly determined by the
dominant tree species composition as they determine the litter quality and quantity, influence rhizodeposition,
microbial activity, etc. (Simon et al., 2013). Under natural conditions, soil properties are often shaped by the
permanent vegetation cover over a long period of time (Osman, 2013). Forest type is a determinant of SOC
storage as it affects both input and decomposition of C (Wiesmeier et al., 2019). The SOC stocks have been
reported to vary with differences in the dominant tree species composition in other studies as well: Kooch et al.
(2016), Liu et al. (2016a) and Lorenz and Thiele-Bruhn (2019). In tropical forest ecosystems, forest type can
alter the SOC stocks through the interacting effects of several factors e.g., climate, topography, structure,
temperature, precipitation, forest type, moisture content, SOM, seasonal rainfall, etc. (Garcia-Oliva et al., 2003;
Liu et al., 2016b; Pulla et al., 2016; Gebeyehu et al., 2019; Mayer et al., 2020; Yuan et al., 2021; Zhang et al.,
2021). In the present study, the highest SOC stock was observed in DDTF type followed by DDMF and BF
types. The reason for this could be that DDTF accumulates higher SOM and litter content along with the
higher soil moisture and vice versa (Figs. 2 and 3). The SOC stocks are controlled by biomass accumulation,
decomposition and transformation of organic matter by influencing soil temperature, precipitation, moisture,
topography, litter inputs, etc. Therefore, SOC stocks were highest in the forest type, DDTF with greater SOM
and moisture contents, located along the southern aspect having low exposure to solar radiations, and which
was dominated by teak.

5 Conclusion

Our results revealed the SOC stock variation among three main tropical dry deciduous forest types in the
Central Indian landscape and SOM, moisture, tree dominance and aspect are the predominant drivers.
Variations in soil moisture and SOM due to changing climate would bring forth commensurate variations in
SOC. The UN-REDD+ programme has called for the assessment of different C pools in developing nations
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and soil is a major C pool. In the context where there is a dearth of studies on the SOC stocking potential of
different tropical dry deciduous forest types of India, our study generated baseline data that could be used for
reporting regional and national C inventories, and to develop and validate SOC models. The findings of this
study provided important implications for managing SOC reservoir through conservation and enhancement
programmes in tropical dry deciduous forests.
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