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Abstract 

 

This study investigates the dynamic interplay between soil tempera-

ture, pH levels, and CO2 sequestration across ten sample sites over a 

four-month periods from January to April 2018 in Solankuruni fresh-

water pond wetland in Madurai District, Tamil Nadu, India. The soil 

temperature fluctuations, ranging from 31°C to 44°C, reveal distinct 

site-specific patterns, with sample site six consistently exhibiting the 

highest temperatures. Soil temperature exhibited notable variations, 

influenced by factors such as soil composition, and microclimate varia-

tions. Regarding pH level, the range between 6.23 to 8.1 display varia-

bility influenced by factors like soil composition and anthropogenic in-

fluences, study site five consistently leading in pH levels. Soil CO2 se-

questration varying from 1517.857 g/m² to 3357.143 g/m², highlight 

the influence of soil microbial activity, vegetation cover, and soil mois-

ture content, ninth site consistently showing the highest sequestration 

rates. The findings reveal substantial variations in factors such as soil 

composition, vegetation type, microclimate, and anthropogenic activi-

ties, prominence the intricate nature of soil dynamics. These results 

stress the importance of understanding the interconnections among 

soil properties to create effective climate change mitigation strategies. 

Moreover, the research provides valuable understanding of the intri-

cate connections between soil properties, emphasizing the necessity for 

region-specific studies to inform comprehensive environmental poli-

cies. Understanding these dynamic soil processes is crucial for advanc-

ing sustainable land management practices and boosting soil carbon se-

questration in wetland ecosystems. 
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1. Introduction 
 
Wetlands offer a plethora of ecosystem services crucial for human well-being, range from flood 

control to biodiversity preservation (Zedler & Kercher, 2005). Notably, wetlands are crucial in 
efforts to mitigate climate change because of their ability to capture and store carbon. This is es-
pecially important in light of alarming global warming projections. Although wetlands cover only 
5–8% of the Earth's land surface, their soils hold a significant portion of global soil carbon, ac-
counting for 20–25% (William et al. 2015). This carbon storage ability, with carbon pools com-
prising 30–40% of wetland soil mass, highlights the critical role of wetlands in the worldwide car-
bon cycle. Anthropogenic disturbances and ecological changes significantly impact wetlands car-
bon sequestration potential, factors that impact includes soil properties and types of vegetation 
(Bridgham et al. 2006). Despite their critical role, inland wetlands have faced degradation, dimin-
ishing their carbon storage capacity over recent decades (Fennessy et al. 2018; William et al. 
2015).  

Comprehending the complex processes that govern carbon storage across wetland ecological 
gradients remains a challenging task. Human activities, such as deforestation and changes in land 
use, contribute to a 30% reduction in carbon supply. Key threats to biodiversity encompass in-
creased inhabitants pressure, expansion and intensification of farming, and expansion of infra-
structure (Manral et al. 2022; Bargali et al. 2022; Bisht et al. 2023).  Human activities with natural 
hydrological events like drought have contributed significantly to the destabilization and destruc-
tion of inland wetlands. As a consequence, their once considerable capacity for carbon sequestra-
tion has diminished in recent decades. In some instances, inland wetlands have transformed into 
carbon sources rather than sinks due to heightened methane emissions. This transition highlights 
the susceptibility of wetland ecosystems to ecological pressures and emphasizes the pressing ne-
cessity for improved conservation measures and sustainable management strategies. Tackling 
these challenges necessitates a comprehensive strategy that combines ecological studies, policy 
measures, and community involvement to protect the essential function of wetlands in universal 
carbon cycling and environment directive (Turetsky et al. 2014; Panneer Selvam et al. 2014; Kolka 
et al. 2018; Saunois et al. 2016).  

Due to this, many studies on the cost-effective assessment of inland wetlands have frequently 
left out the assessment of carbon storage and sequestration services. Nonetheless, it is crucial to 
measure and analyze the carbon balance of these wetlands to comprehend the natural benefits 
they offer to humans. The processes that influence variations in carbon stocks along different eco-
logical conditions remain poorly understood. This study aims to explore the interactions between 
soil characteristics and CO2 sequestration within the Solankuruni freshwater pond wetland in the 
Madurai District. 

 
2. Materials and methods 
 
2.1. Study area description – Solankuruni Freshwater Pond Wetland: 
 

This research was conducted at Solankuruni freshwater pond (Lat: 9.807363, long: 78.10753), 
a temporary body of water situated in the Solankuruni Village of Madurai District (Figure 1), Tamil 
Nadu, India, spanning from January 2018 to April 2018. This ephemeral pond, primarily replen-
ished by rainwater and the Mullai Periyar channel, exhibits irregular depth and typically holds 
water for 4 to 7 months under normal rainfall conditions. Excess water is discharged towards 
Solankuruni village through a sluice gate located approximately 0.5 km away from the inlet aque-
duct. Vegetation, predominantly comprising Acacia nilotica and Prosopis juliflora, as well as exten-
sive grasslands, characterizes the pond area. Additionally, the pond water serves the dual pur-
poses of agricultural performance and fulfilling domestic needs for the communities residing 
along its embankments. Throughout the study periods, the temperature remains relatively stable, 
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with average monthly minimum and maximum temperatures ranging from 22ºC to 40ºC. The an-
nual rainfall varies between 535 and 800 mm (Figure 2). 
 
2.2. Methods 
 
2.2.1. Soil analysis 

 
Soil quality investigation involved monthly collection of soil samples using soil cores from ex-

perimental pond surfaces of 10 sampling sites. Various parameters were measured: Soil temper-
ature: Determined on-site using a field thermometer at sampling points. Soil pH: Soil solution 
made by mixing 10 g soil with 50 ml distilled water, the level of pH measured using a pH meter. 
 
2.2.2. Soil CO2 emission  

 
Two to three weeks before the study commenced, freshly fallen litter was cleared from each 

site, including the herbaceous layer. A protocol involving the placement of 0.1N KOH in a covered 
beaker, positioned 10 cm deep and the lower parts of the cylinders were embedded in the soil, 
while the top sections were securely covered with a metal lid and a polyethylene sheet for dura-
tion of 24 hours. After incubation, 5 ml of 10% BaCl2 solution was added. The quantity of CO2 taken 
up by the remaining alkali was then determined through a standardized titration process with 0.1 
N HCl, using phenolphthalein as the indicator. The CO2 emissions within the boxes were calculated 
using the subsequent method: Soil CO2 Emission= Titration value ×N×1000 /Area of Cylinder 
Where 'N' is the normality of the HCl solution used in the titration (Anderson & Ingram, 1993). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Depicts a panoramic view of the Solankuruni freshwater pond wetland situated in Madurai 
District, Tamil Nadu 
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Figure 2. Temperature range in the study area from January to April 2018 

 
3. Result and discussion 

 
Wetlands play a vital role as global carbon reservoirs. However, uncertainties persist regard-

ing whether these areas consistently act as carbon sinks within specific climatic zones, and how 
restoration and management techniques affect carbon sequestration. Variability in wetland car-
bon dynamics is heavily influenced by climate, making cross-regional comparisons difficult. En-
hanced understanding of site-specific conditions and their evolution over time is essential to op-
timize restoration efforts and manage carbon storage effectively. Figure 4 shows that the soil tem-
perature across the ten sample sites (Figure 3) exhibited variations over the monitored months. 
In January, temperatures ranged from 31°C to 37°C (Table 1), with site 6 showing the highest 
value. February saw a slight increase in temperatures, from 33°C to 40°C, in site 10 recording the 
highest value. In the March, temperatures fluctuated between 36°C to 42°C, site 6 consistently 
showing the highest values. Considerable variations of temperatures in April from 39°C to 44°C, 
the sixth sampling site maintaining the highest temperature throughout the monitoring periods.  

The fluctuation in temperatures across the study sites can be attributed to various factors. The 
Microclimate variations further influence soil temperature dynamics at the local scale. Factors 
such as aspect, vegetation cover, and proximity to water bodies can create microclimates within 
the study area, leading to spatial heterogeneity in soil temperature (Jackson et al. 2017). For in-
stance, areas with dense vegetation cover may experience lower soil temperatures due to shading 
effects and increased moisture retention, whereas open, exposed areas may exhibit higher tem-
peratures due to greater solar radiation absorption (Geiger, 1965). The fluctuations in soil tem-
perature across the sample sites underscore the complex interactions between soil properties, 
topographical features, and microclimatic conditions (Smith et al. 2020). Understanding these dy-
namics is crucial for accurate environmental monitoring and management. 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Different sampled sites within the experimental Pond 
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Similarly, the soil pH levels from different sample sites also exhibited variability throughout 
the experimental time (Figure 5). In January, pH values ranged from 6.23 to 7.65, it specifies that 
the study site one had the highest recorded value. In the February showed a similar pattern of 6.57 
to 7.78 (Table 2), again site one had the highest pH level. The March month witnessed fluctuations 
between 6.59 and 7.7 in the study site five showing the highest range. In April, displayed values 
ranged from 7.35 to 8.1 throughout the research times, with the fifth site consistently leading in 
higher levels. The changes in pH levels can be linked to elements like soil makeup, types of plant 
community, and human activities, including land use practices such as agricultural expansion and 
nearby construction projects.  The findings of the current study are consistent with the research 
conducted by Smith et al. (2018) and Jackson et al. (2017), which examined the impact of land use 
changes on soil pH variations in rural area. The study revealed that transforming natural habitats 
into agricultural areas led to a notable drop in soil pH, which was attributed to higher nutrient 
inputs and alterations in soil management techniques. Another study examined the impacts of ur-
banization on soil pH in urban parks across different cities. The researchers observed a gradual 
increase in soil pH levels with increasing urbanization intensity; contributing factors include the 
expansion of pavement areas, the deposition of alkaline dust from the atmosphere, and a decrease 
in the amount of organic matter being added. 

Sequestering CO2 in soil is essential for addressing climate change, maintaining biodiversity, 
securing food supplies, and promoting sustainable development. Efforts to enhance soil carbon 
storage should be prioritized as part of broader strategies to address climate change and promote 
environmental sustainability (Smith et al. 2020). The current research data indicates varying lev-
els of CO2 sequestration in each location throughout the study periods (Figure 6). In January, CO2 
sequestration ranged from 1803.571 g/m² to 2875 g/m², with study site 9 exhibiting the highest 
value. In the month of February showed a similar pattern, with 1875 g/m² to 3035.714 g/m² (Ta-
ble 3), again the same site 9 once again recording the highest value. In March, witnessed fluctua-
tions between 2053.571 g/m² and 2785.714 g/m², the same site 9 maintaining dominance in CO2 
sequestration. April displayed rates ranged from 1517.857 g/m² to 3357.143 g/m², with study 
site 9 consistently leading in sequestration.  
 
Table 1. Variation in soil temperature across different sampling locations during the study periods 

Sampling sites Soil Temperature (OC) 
January February March April 

1 31.00 33.00 42.00 43.00 
2 32.00 33.80 40.00 44.00 
3 31.50 33.80 40.00 42.40 
4 36.00 40.00 36.00 39.00 
5 35.00 38.00 39.00 41.00 
6 37.00 38.00 38.00 42.00 
7 32.50 35.00 39.00 43.00 
8 31.00 34.00 38.00 40.00 
9 34.00 39.00 39.00 41.00 

10 37.00 40.00 40.00 42.00 
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Table 2. Differences in soil pH observed at different sampling locations throughout the study periods 

Sampling sites 
Soil pH 

January February March April 
1 7.65 7.78 7.30 7.57 
2 7.40 7.64 7.34 7.98 
3 7.10 7.58 7.00 7.65 
4 7.00 7.21 6.59 7.35 
5 7.28 7.34 7.70 8.10 
6 6.57 7.47 7.22 7.86 
7 6.23 6.88 7.50 7.90 
8 6.84 7.21 7.11 7.60 
9 7.18 7.49 7.14 7.43 

10 6.93 7.36 7.22 7.58 

 
Table 3. Seasonal changes in soil CO2 sequestration rate at various sampling periods 

Sampling sites 
Soil CO2 Sequestration (G/m²) 

January February March April 
1 2401.79 2267.86 2553.57 1517.86 
2 1910.71 1875.00 2589.29 2633.93 
3 2464.29 2080.36 2366.07 3044.64 
4 2107.14 1964.29 2312.50 3258.93 
5 1803.57 2598.21 2714.29 2633.93 
6 2133.93 2232.14 2151.79 3008.93 
7 2339.29 2321.43 2508.93 2928.57 
8 2821.43 2410.71 2544.64 2910.71 
9 2875.00 3035.71 2785.71 3357.14 

10 2607.14 2821.43 2053.57 2723.21 
 

The observed variations in CO2 sequestration rates indicate that factors including soil micro-
bial activity, vegetation cover, and soil moisture content exert significant influence. These findings 
imply a multifactorial specifically; soil microbial activity, vegetation cover, and soil moisture con-
tent emerge as notable influencers. Furthermore, soil microbial communities are pivotal in or-
ganic matter decomposition and carbon turnover, thereby affecting both CO2 emissions and se-
questration (Davidson & Janssens, 2006). The vegetation cover influences carbon input through 
litter fall and root turnover, while also affecting soil moisture levels and microbial activity. Soil 
moisture content directly affects microbial activity and decomposition rates, thereby influencing 
CO2 fluxes.  These observations align with existing literature on soil carbon dynamics and highlight 
the intricate interplay among biotic and abiotic factors in regulating CO2 sequestration in terres-
trial ecosystems (Manral et al. 2022). Despite this, there is limited evidence connecting plant di-
versity to soil carbon sequestration processes on a large scale throughout the extended period of 
natural plant diversity recovery (Chen et al. 2020; Duffy et al. 2017). Vegetation restoration is 
frequently employed to boost the storage and sequestration of soil organic carbon (SOC), aiming 
to lower CO2 emissions and revive ecosystem functions. This type of restoration enhances the 
buildup of SOC, making it the largest element within the terrestrial SOC reservoir. As a result, SOC 
is typically 2 to 3 times more substantial than the carbon stored in vegetation and is vital in mod-
erating global warming (Pandey et al. 2023; Shahi et al. 2023). 
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Figure 4. Seasonal fluctuations in soil temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5. Variability in soil pH across different study seasons 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6.  Seasonal variations in CO2 sequestration in the study area 
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Correlation analysis among the variables (Soil temperature, pH and CO2 sequestration) may 
provide insights into the complex interactions within the ecosystem. For instance, higher temper-
atures may accelerate microbial activity, affecting both CO2 sequestration rates and soil pH. Addi-
tionally, the vegetation cover and soil moisture, influenced by temperature variations, can further 
impact these relationships. Understanding these interconnections is crucial for effective ecosys-
tem management and climate change mitigation strategies. This research offers valuable perspec-
tives on the factors influencing plant diversity and soil carbon sequestration, as well as their rele-
vance to tackling global climate impacts. To accurately determine the role of various mechanisms 
in soil carbon sequestration, future studies should integrate additional biotic and abiotic elements. 
This approach will help clarify the relationships between aboveground and belowground vegeta-
tion components. Future investigations should also focus on evaluating the multiple sources of 
variability and uncertainty related to ecosystem restoration efforts aimed at mitigating atmos-
pheric greenhouse gases. 

 
4. Conclusion 

 
The current investigation across various sites unveils dynamic variations influenced by di-

verse environmental factors in the Solankuruni freshwater pond wetland. The fluctuating soil 
temperatures reflect the interplay of soil composition and microclimate variations. Variability in 
pH levels underscores influences of soil, vegetation type, and human activities. Significant varia-
bility in CO2 sequestration rates highlights the relationship between soil microbial activity, vege-
tation cover, and soil moisture of study region. Notably, study site nine consistently exhibits the 
highest rates of CO2 sequestration, indicating that local environmental conditions and soil charac-
teristics are essential factors. These results highlight the importance of thorough monitoring and 
comprehension of soil dynamics amid global climate change. Tackling these challenges is essential 
for crafting effective strategies to reduce the impacts of climate change and boost the potential for 
carbon sequestration in soil systems. To effectively address climate change and promote sustain-
able land management practices, it is crucial to integrate the expertise of various scientific fields 
and stakeholders. 
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