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1. INTRODUCTION

The tropical forests play important role in the global carbon budget and are the

greatest sources of net primary production in the world. Tropical forests contain up to

40 % of global terrestrial biomass carbon (Field et ai, 1998). Soil respiration is the

single largest carbon loss component in the world which accounts for 40-70 % of total

respiration (Kosugi et ai, 2007). Earth's soil releases 60 giga tonnes of carbon into the

atmosphere each year and is far more than that of carbon release by burning fossil fuels

which is 5.5 giga tonnes of carbon per year. Soil carbon release happens tlirough a

process called "carbon respiration" and this respiration is balanced by carbon releases

to the atmosphere and carbon coming into the soil system from falling leaves and other

plant matter as well as by the underground activities of plant roots. Globally, soil

respiration releases approximately 80 Pg C into the atmosphere per year (Xiao et ai,

2014).

Carbon balance is controlled by biotic and abiotic factors of the earth such as

soil temperature, soil moisture, microbial activity, soil surface litter and vegetation

types. Change in any of the factor causes change in the process. Some of the studies on

soil respiration showed that rising temperature increased the rate of soil respiration and

the whole scientific communities worried that increasing temperature due to global

warming would accelerate the decomposition of carbon in the soil resulting in global

carbon imbalance. It is therefore important to quantify the variability in soil gas flux in

the tropical forest and to evaluate the relationship between soil efflux and

environmental variables that control flux, to enhance our understanding of the global

carbon budget and how the balance might respond to global climate change.

Soil respiration, or CO2 efflux from the soil surface, is produced by root

respiration, microbial activity from consumption of soil organic matter and forest litter,

and from chemical oxidation of carbon in the soil (Raich and Schlesinger, 1992). These
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factors are controlled by environmental conditions including soil temperature, air

^  temperature, water content, and all of which vary spatially, seasonally, and diumally.

Many studies had shown that soil temperature and soil moisture are the most important

factors controlling soil respiration. However the two variables often co-vary, making it

difficult to separate the effects of each variable on soil respiration. While soil

temperature plays a greater role than soil moisture in predicting soil respiration in

temperate regions, soil moisture is a more effective index to estimate variation in soil

respiration rate for tropical soils, because soil temperature remains relatively constant

(Kosugi et al., 2007). Soil respiration rates in the tropics are also difficult to quantify

due to the high spatial variation. Soil respiration rate may vary spatially by up to 100

% at locations only 0.5-lm apart (Nakayama, 1990; Kosugi et al., 2007). Seasonal

changes in soil microclimate play an important role in defining seasonal differences in

soil-C02 emissions within sites, and climatic differences.

Soil respiration also varied witli vegetation. Respiration rates varied significantly

^  among major biome types (Raich and Schlesinger, 1992), and side-by-side

comparisons of different plant communities fi-equently demonstrated differences in soil

respiration rates (Lundegardh 1927; Lieth and Ouellette, 1962; Ellis, 1974). Such

fmdings indicated that vegetation type is an important determinant of soil respiration

rate, and therefore changes in vegetation have the potential to modify the responses of

soils to environmental change which generate different soil respiration rates among

distant sites (Raich zind Potter, 1995).

In boreal forests, soil temperature is the main determinant of soil respiration

and soil water has little effect (Moren and Lindroth, 2000). Soil respiration stops during

the winter when freezing happens. In temperate forests, both soil temperature and soil

water control soil respiration. Soil respiration changed seasonally with soil temperature

and often decreases with decreasing soil water in the summer (Dong et al., 2005; Londo

et al., 1999; Ohashi et al., 1999). There are many studies on soil respiration in boreal



and temperate forests. However, despite the large C efflux from soil in tropical forests

(Malhi et al., 1999), there are few reports on soil respiration in tropical forests

compared to other climate regions (Medina et al., 1980; Keller et al., 1986; Mcgroddy

and Silver, 2000).The difficulty of accessing to these regions that have tropical forests

is perhaps one of the reasons for the shortage of studies of soil respiration in tropical

forests. Most tropical forests exist in developing countries in low latitudes. Also, there

are so many types of tropical forests; various structures, diversities of species and

climate (Whitmore, 1990), compared with boreal and temperate forests. Thus, more

studies of soil respiration in tropical forests are needed in the context of climate change.

Litter fall in terrestrial ecosystems represents the primary pathway for nutrient

return to soil. Heterotrophic metabolism, done by small insects and leaching during

precipitation events, result in the release of plant litter carbon as CO2, into the

atmosphere. The balance between litter inputs and heterotrophic litter decomposition

influences the amount of carbon stored in the forest soil. Periodic measurements of

litter fall and litter decomposition with standard techniques will provide much needed

information on carbon and nutrient cycling in forests. Decomposition of leaf litter is a

vital ecological process in C balance and nutrient cycling in terrestrial ecosystems

(Scheffer et al., 2001). The need to investigate changes that take place during litter

decomposition and soil CO2 fluxes has been amplified due to the projected global

temperature increase of 0.6 "C to 1.1 °C over the period from 1880 to 2012 (EPCC,

2013) with rising levels of atmospheric CO2 (IPCC,2001).Litter decomposition is

influenced by climate, litter quality and decomposers (Austin and Vitousek 2000, Jacob

et al. 2009).It is thus necessary to see whether the temperature sensitivity of soil

respiration and litter decomposition are changing in a changing world. Mineralisation

of litter contributes 50 % of the CO2 flux from soil. Present regional tendencies of

enhanced forest growth cause an increase in carbon absorption by plants. This also

influences the potential size of the forest's carbon pool. Several bio-climatic models

indicate that the ecosystem's absorption capacity is approaching its upper limit and
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should diminish in the future by forests becoming a net source of CO2. Indeed, global

warming could cause an increase in heterotrophic respiration and the decomposition of

organic matter, and a simultaneous decrease of the sink effectiveness, thereby

transfonning the forestry ecosystems into a net source of CO2 (Scholes et al, 1999).

Since natural forests are both sink and source of global carbon cycle,

understanding carbon dynamics of natural forest system is a primary process of

concem.This is essential to formulate better conservation and restoration strategies in

a climate change scenario. The study will also provide scientific data on the influence

of change in weather parameters on litter dynamics and carbon efflux in the forest soil.

Hence this research programme was taken up with the following objectives.

To understand the pattern and process of litter dynamics

To understand the role of weather on soil carbon efflux

17
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2. REVIEW OF LITERATURE

If
2.1 Carbon dioxide and climate change

Carbon dioxide (CO2) is a major greenhouse gas (GHG) because of its

atmospheric concentration (about 398 ppm) and the strongest radiative forcing among

all the known GHGs , despite having relatively lower warming potential (Forster et al.,

2007). They also reported that CO2 along with atmospheric water vapours, contributes

majorly to the greenhouse effect on the earth. Though other GHGs such as methane

(CH4), nitrous dioxide (NOx) and chlorofluorocarbons (CFCs) are present at lower

concentrations (about 2-6 orders of magnitude) than CO2 in the atmosphere, their per

molecule absorption of infrared (IR) radiation is many fold higher than CO2 (Srivastava

and Singh, 1989). According to the IPCC report 2014, the concentration of atmospheric

CO2 has increased from 280.0 to 398.6 ppm between 1750 and 2014 and is increasing

currently at a rate of 2.11 ppm per year (IPCC 2014) which includes two major

^  anthropogenic forcing fluxes: (i) CO2 emissions from fossil-fuel combustion and

industrial processes and (ii) the CO2 flux from land-use change, mainly land clearing

(Raupach et al., 2007). A survey of trends in the atmospheric CO2 budget (Raupach

and Canadell, 2007) showed these two fluxes were, respectively, 7.9 gigatonnes of

carbon (GtC) y"' and 1.5 GtC y"' in 2005 with the former growing rapidly over recent

years, and the latter remaining nearly steady.Hough ton (1996) raised concerns about

potential global warming and positive feedback effects that warming could have on

further release of CO2 from terrestrial carbon pools, particularly soils. World soils

contain an estimated 1550 Pg C in the surface meter alone (Eswaran et al.,

1993).According to Rustad et al. (2000), this is more than two times the amount of

carbon in the atmosphere. Increased storage of carbon in world soils could help offset

further anthropogenic emissions of CO2, whereas a release could significantly

exacerbate the atmospheric increases the tropospheric CO2 concentrations are projected

to increase from 355 ppm (v/v) to 710 ppm, by the year 2050 (Cure and Acock, 1986).
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As per the National Academy of Science Report, the most sophisticated model suggests

a mean warming of 2° to 3.5°C for doubling of the CO2 concentration from 300 to 600

ppm. If atmospheric carbon dioxide concentrations increase from current levels near

385 ppm to a peak of 450-600 ppm over the coming century it will cause irreversible

dry-season like rainfall reductions in several regions comparable to those of the "dust

bowl" era and inexorable sea level rise. According to Solomon et al., (2009) the

thermal expansion of the warming ocean provides a conservative lower limit to

irreversible global average sea level rise of at least 0.4-1.0 m if 21^ century CO2

concentrations exceed 600 ppm and 0.6-1.9 m for peak CO2 concentrations exceeding

=l,000ppm. The increasing trend in atmospheric CO2 concentration has proved from

lots of studies. Long term sustaining of this trend led to a change in global climate

which has been identified as one of the most important scientific and political

challenges of the twenty-first century (Abhilash et al., 2016).

2.2TropicaI forest as carbon source and sink

>
According to Hagen (1992), more holistic and ecology-focused approach to

carbon and nutrient cycling in forests began with the emergence of ecosystem ecology

as a distinct branch of ecology, with the ecosystem as a primary focus of attention.

Tropical forests, including both regrowth and intact forests, play a critical role in the

global carbon (C) cycle. They store an estimated 45 % of terrestrial C and account for

over one third of terrestrial gross primary production (Bonan, 2008; Beer et al.,

2010).Soil organic matter and other organic compounds show a faster turnover in

tropics compared to temperate soils (Gopika ,2015) Tropical forests also constitute the

largest component of the terrestrial C sink. In early 2000's, forest regrowth on -557 M

ha (million hectare) of abandoned agricultural land in tropical regions has represented

an estimated sink of 1.4-1.7 Pg C yr (Pan et al., 2011). In the present era of global

climate change, tropical forests play a central role in determining the rate of increase

in atmospheric CO2. According to Pan et al., (2011) tropical deforestation is of key
7



significance; from 1990 to 2007, CO2 emissions fi-om tropical deforestation were ~3

Pg C yr equivalent to -40 % of global fossil fuel emissions. At the same time,

tropical forests are changing in response to climate change and other global change

pressures, and this will alter their CO2 exchange with the atmosphere (Anderson-

Teixeira et al., 2015). however, several terrestrial ecologists concluded that not only

was it unlikely that terrestrial ecosystems would increase their carbon storage in

response to increased atmospheric CO2 but that the destruction of these ecosystems,

primarily tropical forests, was releasing nearly as much CO2 into the atmosphere as

were industrial processes (Woodwell and Houghton, 1977). Myers (1980) reported that

the tropical forests were exploited by people for a variety of purposes, including timber

extraction, shifting cultivation, pennanent agriculture, and pasture. Forest's capacity to

sequester carbon varies with species, sites, spacing, and climate and age (Binsiya,

2016).These various land uses differed in their effects on vegetation and soil, and,

therefore, differ in the quantity of CO2 released when a unit area of forest was converted

to each of these uses (Detwiler, 1986). According to Ewel et al., (1981) the burning

that followed most forest clearing in the tropics converted some of the felled vegetation

immediately into CO2 The decay of the remaining vegetation and the decline in soil

organic matter adds additional CO2 to the atmosphere for several years after an area

was cleared of forest (Hall et al., 1985). Some of the carbon contained in the vegetation

may not enter the atmosphere, but may remain sequestered indefinitely in lumber, ash,

and charcoal (Sanford et al., 1985).According to Hall et al, (1985) the natural recovery

of forest vegetation sequesters some proportion of the carbon released as a result of

clearing, thus, it is important to distinguish between temporary and permanent clearing

in the tropics because the net release of CO2 from the former is significantly less than

that from the latter. Although currently functioning C sinks, intact tropical forests could

become net C sources if, for example, drought and other disturbances substantially

increase tree mortality (Lewis et al, 2011; Brienen et al, 2015). There is general

agreement about the importance of tropical forests for the global carbon cycle and

hence global climate. But researches proved that climate differed significantly for the
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area affected by tropical deforestation, resulting increase in flux of carbon to the

atmosphere and the feedbacks of this flux to the climate system (Achard et al., 2002;

DeFries et al, 2002).Climate change is likely to increase the frequency and intensity

of some natural disturbances like storms and droughts(IPCC, 2013; Trenberth et al,

2014) and regional C balances will be strongly influenced by tropical forest regrowth

dynamics, which are also likely to be altered by climate change (Anderson-Teixeira et

al, 2015). Altered disturbance-recovery dynamics have the potential to have a much

stronger influence on regional C balances than metabolically-driven changes (Kurz et

al, 2008; Running, 2008; Anderson-Teixeira et al, 2013). For some future

climatechange scenarios, it has been shown that tropical forests could generate an

unprecedented source of carbon, even in the absence of additional anthropogenic

deforestation (Cox et al, 2000; Cramer et al, 2001).

2.3 Carbon respiration from soil

The efflux of CO2 from the soil surface (soil respiration) is one of the major

components of the ecosystem; C balance contributes 50-95 % of total ecosystem

respiration (Yuste et al, 2005).Soil respiration is the sum of multiple processes, such

as root respiration and microbial decomposition (Hanson et al, 2000; Kuzyakov,

2006). It varies significantly in time and space according to small- and large-scale

changes in the biological, physical, and chemical properties of the soil (Hibbard et al,

2005). Previous studies of Stoyan et al, (2000) and La Scala et al, (2000) conducted

in various types of forest ecosystems reported considerable and variable patterns of

spatial variation in soil respiration with changes in moisture (Stoyan et al, 2000), C

content (La Scala et al, 2000), litter biomass (Fang et al, 2001), microbial biomass

(Scott-Denton et al, 2003), and root biomass (Hanson et al, 1993). Previously reported

data suggested that the magnitude of spatial variation in soil respiration is larger in

tropical forests than in other forest ecosystems because soil respiration is normally

higher in tropical areas (Davidson et al, 2000). Thus the determination of factors



affecting the spatial variation in soil respiration are crucial not only for understanding

CO2 dynamics but also for accurately estimating the total amount of soil respiration

(Katayama et al, 2009).Roots contribute to total soil respiration through root

respiration and root litter C decomposition due to fine root turnover and root exudates

(Davidson et al., 2002). Since root respiration and root litter C decomposition depend

on belowground C allocation by trees, they can be closely linked to the forest structure

in some ecosystems (Stoyan et al., 2000). Therefore, knowledge of the spatial

arrangement of trees and canopy structure (i.e., forest structure) can be a practical tool

to explain spatial variations in soil respiration in tropical forests, which enable us to

extrapolate measurements based on spatially limited sampling to stand-scale estimates.

In addition, the use of forest structural factors has advantages over the use of other

factors that require special devices and techniques for measurement (Katayama et al.,

2009). Also there is little infomiation on the effects of forest structure on spatial

variations in soil respiration in tropical rainforests (Sotta et al., 2004). Studies by Singh

and Gupta (1977) reported that soil respiration is governed directly or indirectly by two

major environmental factors, viz. temperature and moisture. It was also affected by

nutrient status of the soil and soil depth. They also stated that the soil atmosphere

showed changes in oxygen and CO2 concentrations which may also influence the rate

of soil respiration and it varied with season and small range of time.

Reiners (1968) plotted soil CO2 output rates against soil temperatures and

showed a curvilinear, virtually exponential relationship while the semi log plots of CO2

rates against soil temperatures produced a linear curve. The studies by Medina and

Zelwer(1972) stated that the soil respiration rates from tropical communities were also

logarithmically correlated with soil temperature. In a tall grass prairie, the highest rates

of soil respiration occurred during the warmest months of July and August while in the

later part of January for a period of approximately 22 days, no CO2 output could be

detected (Kucera and Kirkham, 1971). In a warm temperate, evergreen broad leaf

forest, Kirita (1971) found that soil respiration rates showed a marked annual cycle
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closely following the seasonal changes in the temperature of soil surface. A logarithmic

increase in soil CO2 production with rising soil temperature was also noted for chestnut

and beech forests with QIO of 3.2 in the temperature range of 5 to 150 °c ̂ Anderson,

1973). Anderson's study further indicated that temperature became a limiting factor for

soil respiration during winter months when abundant precipitation occurred.

Lundegardh (1921) recorded a rapid rise in the rate of soil respiration up to 600°C; and

in a later study he found that soil respiration followed a QIC of 2 between 10° and 200

"C (Lundegardh, 1927). The soil respiration rates are minimum when ambient

temperature 0 ° C (Feher, 1927). Koepf (1953) reported that the rate of CO2

production in the soil followed a Qio of about 2 between 10 and 400 °C, decreasing

rapidly with further increase in temperatures perhaps because of a detrimental effect

on soil biota. The daily fluctuations in soil respiration were attributed mainly to the

temperature changes in the soil (Meyer and Koepf, 1960).

The addition of water to a more or less dry soil caused increased CO2 production

from soil which can be attributed to increased microbiological activity (McKinley,

1931). However, Lundegardh (1924) did not find a good correlation between rainfall

and soil activity. Nevertheless, he observed an increase in CO2 of the soil atmosphere

with increasing water content. The effect of rainfall on metabolism depended upon soil

type and the level of humus accumulation. In shallow soil, soil moisture may enhance

the rate of soil respiration by affecting microbiological activity and the decomposition

of organic matter (Van Schreven, 1967). Wiant (1967) had shown a curvilinear increase

in CO2 production with increasing moisture content under laboratory conditions. In the

forest patches of Calabozo, Medina and Zelwer (1972) measured daily fluctuations of

soil respiration rates in the beginning of a dry period and reported that for similar soil

temperatures, CO2 production rate was positively affected by soil water content.

Rainfall also affects measured rates due to CO2 displacement in the soil air by rain

water. Kucera and Kirkham (1971) found that under saturated or water-logged

10
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condition the rates of CO2 evolution were depressed, and when the surface soil reached

a permanent wilting percentage, the CO2 evolution was again reduced.

Diurnal fluctuations in the rate of soil respiration have been reported by Koepf

(1954). Harris and Van Bavel (1957) found maximum rates of root respiration in

tobacco, com, and cotton plants at 4 p.m. and the minimum between 2 a.m. and 10 a.m.

which can be attributed to changes in temperature. During the transition from rainy to

dry period in October-November 1968, Medina and Zelwer (1972) measured soil

respiration rate in the forest patches of Calabozo for 3 weeks. They observed that the

night values were always higher than the day values and attributed these higher rates

to the presence of higher relative humidity during night which perhaps favours the

activity of microbiota, and to high soil temperatures at the beginning of night. During

the night, the soil air was warmer than the air above it facilitating evolution of CO2

from the soil air. De Jong and Schappert (1972) estimated total diurnal variation in CO2

evolution to be 25 % over a period of 32 hr. In chestnut and beech forests, Anderson

(1973) found a depression in CO2 output rates during midday. Edwards and Sollins

(1973) also investigated the daily patterns of CO2 evolution on the basis of 24-hr and

48-hr mns. In the litter layer the diumal fluctuations in CO2 evolution were marked

with a night time increase during the dry periods.

In earlier work by Romell (1922) it was reported that the CO2 concentration

increased with depth in the soil profile. Lundegardh (1924) found greater CO2 (0.271

g CO2 m"^ hr"') production in the surface layer which decreased rapidly with soil depth

(0.009 g CO2 m"^ hr"' at 30-40 cm depth). The higher rates of CO2 production in the

surface layers were due to the concentration of soil activity in the surface layer. High

CO2 production from the surface layers of the soil and a decrease with depth was also

reported by Smith and Brown (1932). In a grass-woods peat and a thiek sedge-hypnum

peat, Makarov (1960) reported that the intensity of soil respiration at 0-10 cm depth of

the soil was 6.77 and 7.93 kg CO2 ha"' hr"' and the value decreased with increase in

11



depth reaching a minimum (2.65 and 2.33 kg CO2 ha hr at 60 cm soil depth. The

higher values of soil respiration at 0-10 cm depth could be explained on the basis that

this layer contained the bulk of all plant roots and a higher bacterial density.

It was observed that the response of soil carbon to future temperature change

would influence atmospheric composition and climate (Davidson and Janssens, 2006;

Conant et ai, 2011), but the direction and magnitude of the resulting climate feedback

remained unclear (IPCC 2013; Wieder et ai, 2013). This is especially so for tropical

forests, which constitute a disproportionately large component of the global carbon

cycle, exchanging more CO2 with the atmosphere than any other ecosystem and

accounting for over two-thirds of terrestrial plant biomass (Pan et a/., 2011) and a third

of global soil carbon (Jobbagy and Jackson, 2000). But the future carbon cycle of

tropical forests, for which in situ temperature manipulation experiments had not been

conducted (Cavaleri et al, 2015), remained an important source of uncertainty in

climate model projections (Cox et al., 2013).

T
2,4 Litter fall and decomposition in tropical forests

Tree litterfall is one of the major pathways in C and nutrient cycles that connect

above- and below-ground processes (Vitousek and Sanford, 1986). As an important

and regular source of nutrients and organic matter, litter fall had been well studied over

the past few decades (Camol and Bazgir, 2013). Nonetheless, litter fall varied

considerably between ecosystems, depending on climate, tree species composition,

stand structure and soil fertility (Vitousek and Sanford, 1986). According to Ensslin et

al. (2015) elevation is strongly affecting these parameters in montane ecosystems and

is of particular importance regarding potential ecosystem shifts through climate change

(Beniston, 2003). The mechanisms determining litter fall seasonality remained poorly

understood (Restrepo-Coupe et al., 2013). Moreover, understanding of the seasonality

of litter inputs in forested ecosystems is a limiting factor in ecosystem models,

especially for tropical forests (De Weirdt et al., 2012), which represent a large portion
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of global litter inputs and NPP (Clark et ai, 2001). Coupled with this, the chemical

quality and decomposability of the material that falls at certain times of the year is an

important regulator of biogeochemical cycles (Comwell et al., 2008). Understanding

of how litter quality varied within years and between environments is thus essential in

comprehending plant phenology, responses to the environment, and the effects on

ecosystems and global cycles. According to De Weirdt (2012) the litter fall

comparisons over multiple locations were required to make inferences about patterns

in litter seasonality. Recent reviews of tropical forests had shown that increased rainfall

seasonality generally caused more seasonal litter inputs (Zhang et al., 2014). These

meta-analyses provided important insights to general trends; however there is potential

there in to conceal finer scale drivers of variability. This is especially true in

understanding phenology and litter patterns in tropical forests, due to high species

richness and diversity in plant phenological characteristics (Townsend et al., 2008).

For instance, deciduous species in seasonally wet tropical forests can shed litter as a

response to new growth (e.g. in wetter or warmer months), or as a response to dry

seasons and cooler/low growth periods (Hyland et al., 2002).

The litter decomposition is a fundamental ecosystem process, and a rich history

of research showed that climate and litter chemistry strongly controlled rates of litter

decay (Meentemeyer, 1978; Swift et al., 1979; Melillo et al., 1982; Hobbie, 1996;

Adair et al., 2008). Across multiple ecosystem types, temperature, indices of water

availability, and measures of litter quality, such as nitrogen (N) availability, lignin

content, or lignimN ratios, are useful for predicting rates of mass loss (Vitousek et al.,

1994). Litter synthesis even suggested a remarkable global consistency in the

predominant controls over decomposition, leading to the sense that litter decomposition

is one key ecosystem process that is well understood (Parton et al., 2007).

According to Coley and Barone (1996) in the forest ecosystems, most leaves

fall uneaten to the forest floor. There they are decomposed by fungi and bacteria, which
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in turn feed the rest of the brown food web (Swift et al., 1979). The study of Sterner

and Elser (2002) reported that the trees and microbes that help drive the carbon cycle

needed perhaps 25 chemical elements to grow and reproduce. Decomposer microbes

are strong candidates for multiple nutrient limitation. Leaf-litter decomposition

required the sequential breakdown of a variety of substrates (e.g. waxes, phenolics,

lignins, celluloses) requiring a variety of enzymes produced by different microbes (Da

Silva and Williams, 2001).A few experimental studies in boreal and temperate forests

had shown that nitrogen rieh leaves decomposed faster than nitrogen poor leaves (Berg

and Laskowski, 2005). In contrast, most lowland tropical forests lie on highly

weathered soils that are relatively nitrogen rich but have been depleted with time of a

variety of rock-derived chemical elements (Wardle et al., 2004). Much circumstantial

and some experimental evidence suggested that phosphorus played a key role in

controlling leaf litter decomposition in lowland tropical forests (Cleveland et al, 2011).
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3.1 Study area

3. MATERIALS AND METHODS
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Fig I. Large scale schematic map of study area
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Fig 2. Map of study area showing sample plots

The study area Kerala Forest Research Institute (KFRl) campus is located in

Thrissur taluk of Tlirissur district. The study area lies between 10 31' 25" N and 10°

32' 10" N latitude and between 76° 20' 20" E and 76° 21' 10" E longitude. The study

area falls in the Survey of India Top sheets 58B/06 in 1:50,000 scale. It covers an area

of 28.17 ha of which 24.51 ha is covered by dense vegetation and 3.66 ha by buildings.

The campus is divided lengthwise by the Thrissur -Peechi road and the left bank

irrigation canal of the Peechi dam reservoir cuts across it almost through the middle.

The campus is of undulating terrain and the maximum altitude of the area is about 100

m above the mean sea level.
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Fig 3. Vegetation of sample plot (a)
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Fig 4. Vegetation of sample plot (b)
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3.2 Climate

The climate is humid tropical influenced by both South-West and North-East

monsoons. On an average, the area receives around 3018 mm rainfall annually.

Temperature fluctuates between 18°C to 37°C and the humidity varies from 60 to 98

per cent

3.3 Vegetation and sample plot selection

Natural forest of KFRI campus is moist deciduous type of forest. Common tree

species found are Tectona grandis, Xylia xylocarpa, Terminalia paniculata,

Macaranga peltata and Caryota urens. Fifteen 10 m xlO m sample plots were

established for this study

3.4 Meteorological data

Daily data of temperature, rainfall and relative humidity were collected from

automatic weather station of KFRI.

3.5 Litter fall, decomposition and biomass loss

3.5.1 Litter fall

Litter fall was quantified using litter traps. Four circular litter traps with 0.25 m^

area and 75 cm height were placed in the four comers of each plot. The fallen litter

were taken from the traps. Samples were collected on monthly basis and categorized

based on the four species that are Tectona grandis, Xylia xylocarpa, Terminalia

paniculata and Macaranga peltata .The litter were air dried and quantified for a period

of six months.
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Fig 5. A Litter trap fixed in the field

3.5.2 Litter decomposition and biomass loss

Freshly fallen litter samples were collected from litter traps. Fresh green leaves

were omitted .Samples were air dried at room temperature, cleaned of debris, and were

categorized into four dominant species that are Tectona grandis, Xylia xylocarpa,

Termincdia panicidata. Macaranga peltata to detemiine species wise decomposition

•The remaining litter was mixed thoroughly so as to accurately detemiine site-specific

decomposition rates under natural conditions which were heterogeneous (Borders et al.

2006). A total of 10 g of leaves and 10 g of twigs less than 2 cm diameter were weighed

and put into a polyethylene net measuring 15 cm x 15 cm with 1 mm mesh size and

which was modified into a bag. The bags were sewn using nylon thread and tagged.

Species wise bags were also made .Subsamples were reserved prior to litterbag

preparation for initial analysis
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A total of 171 litterbags were made in which 135 litter bags represented field

heterogeneous litter and 36 represented four selected species litter .In each of the 15

plots. 9 fields representing litterbags were placed and 36 species representing litterbags

were placed in 4 plots randomly. The bags were placed horizontally on the forest floor

and lightly covered with natural litter layer in April 2017 and tagged.

Three litterbags of representing field and three litterbags representing species

was retrieved every two months for a period of six months (3 replications x 3

collection) from 15 plots from April 2017 to September 2017. At the laboratory,

litterbags were air dried, carefully brushed off contaminants and oven dried at 65 "C

until constant weight. The weights of samples were recorded. The difference in weight

was taken as biomass loss and decomposition rate constant was calculated from the

exponential equation of plotted biomass loss curve.

Fig 6. Prepared litterbags used to quantify litter decomposition
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3.5.3 Litter carbon analysis

Muffle furnace experiment was carried out to detennine carbon content of litter.

Litter samples of weight, 0.5 g were weighed and placed inside the muffle furnace for

8 hours at 600°c.The weight difference before and after ignition of muffle furnace were

estimated All the litter samples became ash and the change in the weight in % is taken

as its biomass content. Half of the value of biomass content is taken as carbon content.

3.6 Soil measurements

3.6.1 Sampling

Soil samples were collected from the centre part of sample plot within an area

of 10 cm X 10 cm at a depth of 20 cm.Soil collection was carried out at an interval of

three weeks in a month for six months.

3.6.2 pH

Soil pH was calculated using an aqueous suspension of soil and water (1:2.5)

using Elico pH meter (Model Li 613).

3.6.3 Moisture

Soil moisture was calculated using gravimetric method. Weight of the water

present in the soil sample is the weight difference between wet and oven dry soil sample

(Reynolds, 1970).
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3.6.4 Temperature

Initial soil temperature was measured using portable soil thermometer probe

and recorded in degree Celsius. Later based on the air temperature and soil moisture

status, soil temperature was found out for specific period using a regression equation.

The regression equation used is given below

Soil temperature = -13.5 + 0.076SM (%) + 1.63AT (°C)

3.6.5 Organic carbon

Each sample was air dried for 24 hours and passed through 2mm sieve prior to

the analysis. Soil organic carbon was analyzed using wet digestion method (Walkley

and Black, 1934).

3.6.6 Carbon dioxide efflux

The soil carbon efflux was measured using portable closed chamber system

named EGM-4 developed by PP systems. The EGM-4 CO2 is a non-dispersive, infrared

gas analyzer that has an "Auto-Zero" facility. Using infra-red gas analysis techniques,

it can readily determine CO2 concentrations to within a few ppm and instantaneous

measurements are possible. Gases with di-atomic molecules such as CO2 strongly

absorbs photons in the infra-red range. When carbon dioxide is passed down the sample

cell, it absorbs some of the infra-red and the sensor reading decreases. The "Auto-Zero"

feature, which occurs at regular intervals, allows for fast warm-up, adaptation to

changing ambient conditions and excellent stability of the CO2 signal. A ready

measurement carbon dioxide flux is taken in the unit of g m'^ h"'

Soil carbon efflux was determined adjacent to those places where soil samples

were collected.
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3.7 Statistical analysis

Correlation analysis between soil carbon efflux and weather and soil parameters

were done.

%
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4, RESULTS

4.1 Meteorological data

4.1.1 Temperature

The range of monthly mean temperature of tlie study area from April to

September was 31.60 and 25.59 °C, generally showing a decreasing trend. A

marginal decrease was seen from April to May. Later after June the temperature

decreased gradually in July and remained almost the same temperature range till

September. A high of temperature was seen in the month of April with a value of 31.60

° c and the lowest temperature in the month of July with a value of 25.25 (Table. 1).

4.1.2 Rainfall

During April to September monthly total rainfall ranged from 34.8 mm to 577.6

mm. Rainfall during April showed the lowest amount of 34.8 mm and afterwards from

May to September a marginal increase was observed with the highest rainfall in the

month of June with 577.6 mm.Slight decrease in rainfall occurred in July with a value

of 411.6 mm.Again rainfall increased in August and reached a value of 545.2 mm. This

was followed by a decrease during the month of September (Table 1).

4.1.3 Relative humidity

The monthly mean relative humidity range of the study area from April to

September was between 64.0 % and 97.5 %. The month of April showed the least

amount of relative humidity of 64.0 % and the highest amount of 97.50 % was in

August .An increasing trend was noticed from April to August and very slight decrease

was observed in the month of September (Table 1).

24



Table 1. Monthly mean weather parameters during the period from April to

September

Months Temperature(°C) Total Ralnfall(mm) Relative humidity

(%)

April 31.60(±0.02) 34.8 64.00(±0.07)

May 29.92(±0.04) 272 70(±0.13)

June 26.49(±0.06) 577.6 85.80(±0.31)

July 25.25(±0.06) 411.4 97.30(±0.16)

August 25.38(±0.06) 545.2 97.50(±0.17)

September 25.59(±0.05) 304.8 96.60(±0.13)

A

4.2 Soil studies

Soil samples were analyzed for pH, moisture, temperature, Organic Carbon and

CO2 efflux

4.2.1 pH

Monthly average Soil pH levels are not significantly different for different

months. It is almost same from May to September and high pH level of 6.08 can see

in the month of April only (Table 2)

4.2.2 Moisture

The monthly mean soil moisture content of the study period was between 9.03

% and 29.29 % generally increase in soil moisture content was observed from April to

September with lowest moisture content of 9.03% in April and the highest moisture

content of 29.29 % in September. A sudden increase in moisture level occurred in the
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month of May there after the moisture level was found to be unifonn in the months

" > June, July and August (Table 2).

4.2.3 Temperature

Soil temperature levels were high in the month of April with a value of 39.8

Decrease in temperature levels was seen from April to July and slight increase in trend

was seen in the months August and September. The lowest recorded soil temperature

was 28.8 ''C ° c in July (Table2).

4.2.4 Organic carbon

The monthly mean soil organic carbon content during the study period did not

vary significantly. The organic content ranged from 2.61 % to 4.04 % in which the

month of August showed the lowest amount of soil organic carbon and the month of

May showed a higher value. Almost same amount of organic carbon content was

noticed during on June and July and also for the months August and September (Table

^  2).

4.2.5 Carbon dioxide efflux

A decreasing trend of soil carbon dioxide efflux was found during April to June

and an increase in flux occurred in July. A decreasing trend was noticed in August and

September. The highest level of flux is occurred in the month of July resulting in a

value of 226.58 mg m"^ h"' and lowest CO2 flux occurred in the month of June with a

L  value of 186.75 mg m'^ h"' (Table 2).
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Table 2. Monthly mean Soil parameters during the period from April to

September

Parameter April May June July Aug Sept

pH 6.08

(±0.08)

5.63

(±0.09)

5.65

(±0.09)

5.24

(±0.09)

5.63

(±0.09)

5.36

(±0.05)

Moisture

(%)

9.03

(±0.64)

17.86

(±0.74)

24.45

(±0.48)

24.71

(±0.70)

25.59

(±0.83)

29.29

(±1.48)

Temperature

("c)

39.8 35.3 31.1 28.8 30.1 31.9

Organic

carbon

(%)

3.56

(±0.20)

4.04

(±0.27)

3.61

(±0.26)

3.67

(±0.19)

2.61

(±0.20)

2.77

(±0.22)

Carbon

dioxide

efflux

(mg m'^

207.82

(±9.8)

215.62

(±8.11)

186.75

(±7.86)

226.58

(±7.87)

216.28

(±8.00)

205.76

(±9.95)
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4.3 Litter studies

4.3.1 Litter fall pattern

Table 3. Litter fall of the study area during April to September

Month Weight (t ha"')

April
10.52

May
8.34

Jime

12.71

July
12.88

August
12.79

September
9.72

Table 3 indicates monthly litter fall from sample plots in tonnes per hectare.

The highest litter fall occurred in July followed by August, June and April. The lowest

litter fall was observed in the months of May and September.

28 kLi



4.3.2 Decomposition of litter

Table 4. Cumulative biomass loss and decomposition rate of field representing
litter

Months Days Cumulative biomass loss (g)

April-May 60 1.90(±0.21)

April-July 120 3.86(±0.28)

April-September 180 5.57(±0.25)

Decomposition rate constant k = 0.009 day"'

From the initial 10 g of litter mass of 1.9 g is lost in first 60 days. The loss of

3.86 g and 4.98 g occurred in 120 and 180 days respectively (Table 4). Biomass loss

showed an increasing trend with increasing number of days .A positive relation existed

between biomass loss and number of days. The decomposition rate constant k was

found to be 0.008 day"'.This was obtained from the exponential equation of the biomass

loss and days for decomposition. The highest biomass loss of 1.90 g and 1.96 g

occurred in the initial 2 months period from April to May and June to August. The

decrease in biomass loss which occurred during the last two months of August and

September was about 0.5 g.
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4.3.3 Litter Carbon content and Carbon loss

Table 5. Carbon content and loss of carbon content of field representing litter

Months Period (Day) Carbon content (%) Cumulative

litter

carbon loss

(%)

Initial 0 47.49 (±0.19) 0

April-May 60 46.33 (±0.41) 1.16

April-July 120 45.29 (±0.56) 2.2

April-
September

180 44.24 (±0.34) 3.25

Table 5 indicated that the initial litter carbon content before decomposition was

about 47.49 % and decrease in carbon content occurred in subsequent days. Only slight

change in carbon content occurred during the decomposition period and decomposed

litter had greater than 40% of carbon even after decomposition for 180 days. The lowest

changes in carbon occurred in the period of 60 to 120 days and highest loss in first 60

days period.

30 MC



4.4 Species wise litter studies

4.4.1 Leaf Litter fall pattern of Tectona grandis

Table 6. Leaf Litter fall of Tectona grandis

Month Tectona grandis (t ha"')

April 0.94

May 0.62

June 1.19

July 1.35

August 1.15

September 0.75

In all the tables and figures under species wise litter studies 60 days indicates

April and May, 120 days indicates April to July and 180 days indicates April to

September.

While referring Table 6 it was found that the highest leaf litter fall occurred in

the month of July with a value of 1.35 t ha"' and lowest in the month of May with a

value of 0.621 ha"'. There was high and low trend of litter fall was noticed in the period

from April to June but a decreasing trend occurred during the period of July to August.
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4.4.2 Decomposition of Tectona grandis

Table 7. Cumulative biomass loss and decomposition rate of Tectona grandis

Months Period (Day) Cumulative biomass loss (g)

April-May 60 4.03(±0.29)

April-July 120 6.89(±0.79)

April-September 180 8.35(±0.1.45)

Decomposition rate constant k =0.0087 day"'

The highest biomass loss occurred during the initial 60 days period of

decomposition i.e. from April to May. The lowest biomass loss occurred during the

120-180 days i.e. for the period from August to September. The value of decomposition

constant, k was 0.008 (Table 7).

4.4.3 Carbon content and carbon loss of Tectona grandis

Table 8. Carbon content and loss of carbon content of Tectona grandis

Months Period (Day) Carbon content (%) Carbon loss (Vo)

April 0 47.73(±0.35) 0

April-May 60 47.25(±0.48) 0.47

April-July 120 46.13(10.60) 1.60

April-

September

180 45.74(10.94) 1.98
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Results (Table 8) indicated that initially the carbon content was 47.73% for

Tectona grandis and change in carbon content occurred during decomposition. The

highest carbon loss occurred during the second 60 days of period and the lowest carbon

loss was in the last 60 days.

4.4.4 Leaf Litter fall pattern of Xylia xylocarpa

Table 9. Leaf Litter fall of Xylia xylocarpa

Month Xylia xylocarpa (t ha"')

April 0.69

May 0.50

June 1.19

July 1.15

August 1.06

September 0.68

Table 9 indicated leaf litter fall of Xylia xylocarpa. It was the highest in the

month of June and lowest in the month of May. A sudden increase in leaf litter occurred

in the month of June and a decreasing trend of leaf litter fall was noticed from June to

September.
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4.4.5 Decomposition of Xylia xylocarpa

Table 10. Cumulative biomass loss and decomposition rate of Xylia xylocarpa i

Months Period (Day) Cumulative biomass loss (g)

April-May 60 0.95(±0.78)

April-July 120 2.11 (±0.82)

April-September 180 2.95(±0.70)

Decomposition rate constant=0.0094 day '

The biomass loss was the highest between 60 to 120 days, during the period

from June to July and decrease was noticed between 120 to 180 days from August to

September. The difference between biomass losses during the first 60 days and the last

60 days was about O.lg (Table 10). A decomposition rate constant k value of about

0.009 day ' was obtained from exponential equation of litter biomass loss and period of

decomposition.
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4.4.6 Carbon content and carbon loss of Xylia xylocarpa

Table 11. Carbon content and loss of carbon content of Xylia xylocarpa

Months Period (Day) Carbon content % Cumulative carbon

loss "/o

April 0 47.18 (±0.33) 0

April-May 60 46.67 (±1.51) 0.51

April-July 120 46.06 (±0.75) 1.12

April-
September

180 44.34 (±2.46) 2.84

An initial carbon content of 47.18% was found for the litter of Xylia xylocarpa.

The highest carbon loss was found in the period between 120 to 180 days of

decomposition and the lowest during the first 2 months period (Table 11).

4.4.7 Leaf Litter fall pattern of Terminalia paniculata

Table 12. Leaf Litter fall of Terminalia paniculata

Month Terminalia paniculata (t ha"')

April 1.08

May 0.86

June 1.23

July 1.11

August 1.31

September 0.87
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The highest litter fall occurred in the month of August for Terminalia

paniculata and the lowest leaf litter fall occurred in the month of May. Alternative

increasmg and decreasing trend was found in leaf litter fall throughout the study period.

Also no sudden change in litter fall occurred over this period (Table 12).

4.4.8 Decomposition of Terminalia paniculata

Table 13. Cumulative biomass loss and decomposition rate of Terminalia

paniculata

A

Months Period (Day) Cumulative biomass loss (g)

April-May 60 3.74 (±1.65)

April-July 120 4.92 (±2.68)

April-
September

180 5.85 (±2.05)

Decomposition rate constant= 0.0037 day"'

ir-

The biomass loss was greater for the period of first 60 days. Decrease in

biomass loss was observed between 120 days to 180 days. A significant change in

biomass loss had occurred during first 60 days compared to the other two periods.

Decomposition rate constant of 0.0037 day ' was calculated from exponential equation

of litter biomass loss and decomposition period (Table 13).
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4.4.9 Carbon content and carbon loss of Terminalia paniculata

Table 14. Carbon content and loss of carbon content of Terminalia paniculata

Months Period (Day) Carbon content (%) Cumulative carbon

loss (%)

April 0 47.05 (±0.79) 0

April-May 60 46.67 (±0.76) 0.38

April-July 120 46.06 (±1.71) 0.99

April-
September

180 44.34 (±1.78) 2.71

Initial carbon content of Terminalia paniculata was 47.05%.The highest

carbon loss occurred in last 60 days of decomposition and lowest carbon loss in first

60 days period (Table 14).

4.4.10 Leaf Litter fall pattern of Macaranga peltata

Table 15. Leaf Litter fall of Macaranga peltata

7

Month Macaranga peltata (t ha"^)

April 0.22

May 0.12

June 0.38

July 0.28

August 0.26

September 0.18
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Table 15 indicated leaf litter fall of Macaranga peltata which was higher in

June with a value of 0.38 t ha"' and lower in May and September with value of 0.12 t

ha and 0.18 t ha"'

4.4.11 Decomposition of Macaranga peltata

Table 16. Cumulative biomass loss and decomposition rate Macaranga peltata

Months Period (Day) Cumulative biomass loss %

April-May 60 1.88 (± 0.47)

April-July 120 4.41 (± 0.10)

April-
September

180 6.32 (± 2.18)

Decomposition rate constant = 0.01 day '

The decomposition constant of 0.01 day"' is calculated from exponential

equation of the biomass loss graph of Macaranga peltata. The lowest biomass loss was

found in the first 60 days of decomposition and highest in the second 60 days of

decomposition. The biomass loss of first 60 days and last 60 days was not significantly

different (Table 16).
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4.4.12 Carbon content and carbon loss of Macaranga peltata

Table 17. Carbon content and loss of carbon content oi Macaranga peltata

Months Period (Day) Carbon content % Cumulative

carbon loss %

April 0 46.71 (±1.55) 0

April-May 60 44.08 (±0.85) 2.62

April-July 120 43.18 (±0.64) 3.52

April-
September

180 41.18 (± 1.85) 5.52

Table. 17 and Fig. 16 depict carbon loss oi Macaranga peltata. Initial carbon

content oi Macaranga peltata was about 46.71%.The highest loss of carbon content

was found in the first 60 days of decomposition period and lowest carbon loss in the

second 60 days period.

In species wise litter studies, the litter fall pattern of all the four species was

almost similar. There was a decrease in litter fall in all species during April and May

followed an increase in the months of June, July and August. In the month of

September, there was a reduction in litter fall in all the species which was near similar

to the litter fall of April in some species. Generally a significant increase in litter fall

was seen from May to June. Also the lowest litter fall was found in the month of May

in all the species. Terminalia paniculata contributed the highest leaf litter fall of 6.49 t

ha"' followed by Tectonia grandis (6.02 t ha"'), Xylia xylocarpa (5.29 t ha"') and

Macaranga peltata (1.47 t ha"')

For all the species, biomass loss occurred with increase in number of days. The

biomass loss of Tectona grandis was high in first 60 days(April and May) and low in
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last 60 days(August and SQptQmheT).For Xylia xylocarpa, higher biomass loss occurred

on second 60 days of decomposition(June and July) and lower in last 60 days (August

and September). In the case of Terminalia paniculata, high biomass loss occurred in

the first 60 days (April and May) and lower biomass loss occurred in the last 60 days

(August and September). Macaranga peltata exhibited the highest and lowest biomass

loss in second 60 days (June and July) and first 60 days (April and May) respectively.

The decomposition rate constant was the highest for Macaranga peltata followed by

Xylia xylocarpa, Tectona grandis and Terminalia paniculata. The decomposition rate

constant for all Tenninalia, Tectona, and Xylia was almost same and Macaranga

showed much difference in value.

For all the species, carbon loss occurred with increase in number of days. The

carbon loss in two months interval for all species was different. For Tectona grandis,

the highest carbon loss was during second 60 days (June and July) and the lowest

during the last 60days (August and September). In the case of Xylia xylocarpa, the

highest carbon loss was observed during the last 60 days (August and September) and

lowest carbon loss during first 60 days (April and May) of decomposition. The highest

carbon loss occurred in last 60 days (August and September) and lowest during first 60

days (April and May) for Terminalia Paniculata. For Macaranga peltata, the highest

carbon loss occurred during first 60 days (April and May) and the lowest carbon loss

occurred on second 60 days (June and July).

A
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5. DISCUSSION

The study was conducted to analyze the changes in soil carbon dioxide tlux in

moist deciduous forest for six months and also to understand the pattern and process of

litter dynamics across this period. In this section changes or variation in carbon dioxide

flux as related to soil parameters and weather conditions is discussed. Also litter fall

pattern and litter decomposition was analyzed

5.1 Meteorological parameters

5.1.1 Temperature

Atmospheric temperature was found to be decreasing with months (Fig 8)

.From middle of May onwards-southwest monsoon sets over western coast of India

including Kerala and this monsoon period will last till September. So the initiation of

rain and subsequent cloudy atmosphere fonned causes decrease in temperature. Kerala

and the Arabian Sea island stations continue to experience rains from the south-west

monsoon till the end of September which decreases summer hotness of land area

(Ananthakrishnan and Rajan 1986).
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5.1.2 Rainfall

Increase in rainfall was notieed from May to June (Fig 9). This may be due to

the introduction of monsoon after May. The monsoon event which starts in May usually

extends upto September over Kerala and the months of June and July usually get the

highest rainfall. Monsoon represented significant changes in the large-scale

atmospheric and oceanic circulations in the Indo-Pacifie regions (Pai and Nair 2009).

So changes in global oceanic circulation would also affect the monsoon events.

700

600

500

u
S 400

300

200

100

0

Apri

I
\Uiv .liil\ Augiisl Scplciiibi-r

Monlh

Fig 9. Monthly total rainfall in the study area from April to September

7.1.3 Relative humidity

The increase in relative humidity can be attributed to increase in rainfall.

Increased rainfall creates an increase in evaporation and transpiration from plants. High

vegetation in the study area created more humid conditions rapidly. Relative humidity

level reached almost saturation point in the month of July due to frequent rainfall during

June-July months (Fig 10). Locally, rainfall generally increases the relative humidity

as a result of evaporation because the air into which rain falls is not completely

saturated with water vapour. This evaporation cooled the air and increased the absolute

moisture content of air locally.
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5.2 Soil parameters

5,2.1 Moisture

An increase was recorded in the amount of soil moisture during April-September.

The impact of rainfall was observed from the increase of soil moisture after April (Fig

11). The moisture level of soil had not reduced with the reduction in rainfall. This

indicated that the water evaporation from soil was less during the study period. This

low evaporation rate could be due to low disturbance and dense vegetation of the study

site. Dense vegetation lead to higher litter cover and this in combination with low

disturbance condition significantly reduced the soil moisture loss. In an earlier study

(Findell and Eltahir 1997), analyzed direct observations on soil moisture and rainfall

from Illinois and found a significant but small lag correlation between soil moisture

and rainfall. In the studies of Li et al., (2014) the results revealed that the litter reduced

runoff and delayed the beginning of runoff, and significantly reduced soil loss. This

indicated that litter cover reduced loss of soil moisture and soil disturbance to a

significant level.
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5.2.2 Organic carbon

The soil organic carbon (SOC) content of a site is dctcnnincd by both inherent

properties and the extrinsic factors to which the soil is exposed. However determining

what factors make changes in the soil organic content is not relevant for this study. In

top soil effect of climate and other external factors influence organic carbon content,

while with depth the plant functional types such as root structure and its intmsion

significantly affects the SOC content. In this study soil observations were taken in 20

cm depth i.e. in the top layer so that climate and other physical factors will have great

influence on SOC than plant functional types. Figure 12 shows decrease in SOC

content in monsoon season which shows a negative relation between top SOC and

rainfall (Table 18). Leaching and runoff of top soil caused by rainfall reduces organic

carbon content and other nutrients there by a negative relation existing between them

and this may also alter the relation between temperature and top SOC. Studies by Chen,
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X et cil., (2015) indicates precipitation treatment in all mixed forest, pine forest and

broad leaf forest in subtropical China results in a decrease in SOC content
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Fig 12. Monthly average Soil organic carbon in the study area from April to

September

Table 18. Correlation between soil organic carbon and rainfall

Soil organic carbon Rainfall

Soil organic carbon 1

Rainfall -0.43 1

5.2.3 pH

Soil pH level ranging from 5.24 to 6.08 indicated the acidic nature of soil.

Variation in pH level is within the acidic range. More variation in soil pH was exliibited

during May whereas April recorded a higher pH value (Fig 13). Rainfall and soil

mineralization could be the major factors affecting the soil pH level. Usually acidic
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soils are found in high rainfall regions, so rainfall should have significant influence on

soil pH. Temperature and rainfall control leaching intensity and soil mineral

weathering. In warm, humid environments, soil pH decreases over time called soil

acidification, due to leaching from high amounts of rainfall (McLean, 1982).
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Fig. 13. Monthly average soil pH in the study area from April to September
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5.2.4 Soil temperature

Soil temperature had great influence on amount of rainfall in tropical regions.

Decrease in soil temperature was see in the figure 14. This result may be due to

increased rainfall in that period other soil characteristics like porosity, soil texture also

have influence on it. Studies indicated that thermal conductivity increased with

increase in particle size of the soil. Considering the primary focus of most of the

relevant work on the thennal properties, the impacts of the physical properties of the

soil on soil temperature can be advantageously summarized within the context of

thermal conductivity, heat capacity and thermal diffhsivity, the physical features that

inherently affect soil temperature (Lehnert 2014).The thermal conductivity of soil is
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mainly intliienced by the volume fraetion of solid, liquid and gaseous substances (Lu

et ai, 2007).
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5.2.5 Carbon dioxide efflux
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Fig. 15 Monthly average CO2 efflux in the study area from April to September
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5.2.5(a) Effect of weather on soil carbon dioxide flux

Table 19.Correlation between CO2 efflux and weather

C02efflux Temperature Relative

humidity

Rainfall

CO2 efflux 1

Temperature -0.36 1

Relative

humidity

0.27 -0.96 I

Rainfall 0.31 -0.79 0.71 1

iX

In the present study, all the correlation coefficients relating to soil CO2 efflux and

weather parameters indicated weak relationship among themselves. A weak correlation

is indicated when the values of correlation coefficient lies between 0 to 0.3.In this study

temperature and rainfall exhibited higher correlation of the order -0.36 and 0.31

respectively, while relative humidity exhibited a lower correlation value of 0.27 which

is the least among the three parameters considered in the study (Table 19).Temperature

indicated a weak negative correlation while rainfall and relative humidity indicated a

weak positive correlation. The study revealed that soil respiration is directly

proportional to rainfall and relative humidity and inversely proportional to temperature.

Earlier studies point outs that increasing temperature accelerates soil respiration

but it may change regionally across world. In this study temperature exhibited a

decreasing trend due to monsoon rainfall, but soil respiration showed an increasing

trend (Table 19). The temperature range in this study was between 25 °C to 32 °C

(Fig.6) and soil respiration was active at temperatures below 30 ''C than at 32 °C
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(Fig. 16). The Studies by Carey et al., (2016) describes that climatic warming is

hypothesized to increase rates of soil respiration, potentially fueling further increases

in global temperatures. However, despite considerable scientific attention in recent

decades, the overall response of soil respiration to anticipated climatic warming

remains unclear across all non-desert biomes, soil respiration increases with decreasing

soil temperature up to a threshold of ~25 °C, above which respiration rates decrease

with further increase in temperature. In this study the threshold level seems to be at 30

°C, since at 32 °C the respiration rate decreased. These results may not be parallel with

the aforementioned work by Carey et al., (2016) since the study was conducted during

monsoon period. For drawing more meaningful results, soil respiration measurements

in summer dry periods is also needed.

In the case of relative humidity, it seemed to be directly correlated with soil

respiration (Table 19). Studies by Melling et al. (2005) indicated that the closed canopy

of the forest ecosystem enhanced the relative humidity and cooled the surrounding air.

^  He also mentioned that relative humidity measurements between 72% and 85% in the

forest ecosystem contributed to the largest mean CO2 flux of 405 mg C m~^ h~'

implying high soil respiration in high humidity range. Humidity had a larger effect on

total soil respiration than on root respiration and root-wrenched soil respiration (Liu et

al., 2005) which indicates high microbial activity is the cause of increased soil

respiration in high humidity range.

Rainfall seemed to be directly correlated with soil respiration (Table 19). Changes

in soil moisture under different precipitation treatments could influence the response

of soil respiration to precipitation and there is no doubt that precipitation is usually the

driving factor of the dynamics in soil moisture (Deng et al., 2012). Harper et al., (2005)

reported that Soil CO2 flux was related to both soil temperature and soil water content

in regression analyses; which explained as much as 64% of the variability in CO2 flux

across dates under ambient rainfall timing. Soil respiration was suppressed by

^  decreased precipitation and was enhanced by increased precipitation (Miao et al.,
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2017). Study by Unger et al., (2010) resulted in sudden pulse-like events of rapidly

increasing C02-efflux occur in soil under seasonally dry climates in response to

rewetting after drought. All the above studies showed that rainfall have some sort of

positive impact to soil respiration.

5.2.5 (b) Effect of soil parameters on soil carbon dioxide flux

Table 20. Correlation between soil CO2 efflux and soil parameters

CO2 efflux Soil moisture Soil organic carbon

C02efflux 1

Soil moisture 0.16 1

Soil organic carbon 0.08 0.07 1

In this part soil pH and soil temperature were not taken into correlation since

pH is very insensitive for such a short period and lack of replication of soil temperature

variables rendered chances of correlation very low. Remaining parameters such as soil

moisture and soil organic carbon content showed very weak correlation of 0.16 and

0.08. Despite weak correlation values, the negative and positive signs can be used to

predict whether relation is directly proportional or inversely proportional. Here both

soil moisture and organic carbon is directly correlated with soil CO2 efflux, where soil

moisture was more correlated than soil organic carbon.

Study by Pingintha et al., 2010 suggests that the effect of moisture content

on soil CO2 flux is complex and difficult to elucidate as it affects the respiratory activity

of roots, microbes and also gaseous transport via soil. The study by Orchard and Cook,

(1983) supports the findings. Even at -0.01 MPa (Mega Pascal), a decrease in water
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potential from -0.01 to -0.02 MPa caused a 10% decrease in microbial activity.

Rewetting the soil caused a large and rapid increase in the soil respiration rate which

also showed that soil respiration had a positive relation to soil moisture. Soil moisture

was an important stimuli in initiating elevated soil CO2 fluxes (Doff Sotta et al, 2004).

Soil organic carbon content also exhibited positive correlation with soil CO2

respiration. SOC content is another important factor affecting soil respiration since it

supplies substrates to microbial heterotrophs. The study conducted by Ramana et al,

(2017) in Guwalachemvu reserve forest observed a positive correlation between soil

organic carbon and soil respiration. The variation in soil respiration among different

vegetation types could be well explained by soil organic carbon. Higher soil respiration

in woodland can be attributed to higher soil organic carbon residues and its storage in

the upper 20 cm of soil (Wang et al, 2013).Lai et al, (2012) explained in their study

that the lower correlation between soil respiration and SOC content might indicate that

the SOC content is not the determinant factor of variations in soil respiration among

^  natural ecosystems. Also the weak relation indicated that factors other than microbial

activity played important role in soil respiration. So it was evident that under certain

conditions, root respiration played a greater role than microbial respiration. But it could

not be concluded whether the major contribution was due to root respiration or by

microbial respiration unless more information was obtained on root respiration and

different types of soil organic carbon pools.
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5.3 Litter dynamics

5.3.1 Litter fall pattern

April May June July

Month

August September

Fig 16. Litter fall of the study area during the period from April to September

Changes in litter fall were found to be different in different months. Litter fall

mainly depended on seasonal and plant physiological events. Study by Kumar and

Deepu (1992) showed that in Western Ghat forests annual litter fall ranged from 12.18

to 14.43 t ha~' which is quite too similar to litterfall in this study. Litter fall usually

started from winter months of December and ended in April or May because of

temperature and water stress during that period. Followed by a high litter fall in winter

and summer periods there will be decrease in amount of litter in April and May.

Summer showers of April caused sprouting of new leaves and hence during this period

new leaves will emerge. The aging and fall of the newly emerged leaves takes place in

June to September so that an increased litter fall was observed during those months.

Litter deposition followed a diphasic pattern with a major peak in February 2012 and

two minor peaks in May and December 2011 the major peak of February might be

associated with natural senescence of leaves induced by temperature and/or moisture
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stress (Kumar and Deepu, 1992). The studies by Parsons et al., (2014) in tropical forest

denotes that litterfall mostly in summer (wet warm) months in the region, but other

peaks occurred throughout the year which also supports this study

5.3.2 Decomposition of litter

The decomposition constant k value of field representing litters was found to

be 0.009 day"' were biomass loss was different for different intervals (Table 4). He et

al. (2009) investigated litter decomposition in Jiang Fengliang montane forest, China

above 800 m above mean sea level and concluded that the litter decay constant was

0.08-0.1 month"' at 20 °C at higher altitudes. Prescott (2005) observed values for high

elevations were between -0.0026 and -0.0042 day"'. In temperate forests low value of

0.05 month"' observed. By comparing results of these studies it was found that a

decomposition constant was higher for these moist deciduous plots than montane and

temperate types of forests. The decomposition rate constant of0.008 day"' to 0.009 day"

' was found in a study conducted in Nilambur forest of Western Ghats by Kuruvilla et

al. (2016).Similar results were obtained in the present study for decomposition rate

constant as that obtained for moist deciduous type of forests in the Western Ghats.

5.3.3 Carbon loss

Investigating the loss of carbon in relation to enviromnental conditions will not

be a valid study when there is lack of data about important carbon constituents in plants.

Carbon is an important constituent in litter and is usually related to lignin degradation

and lignin represents 30% of the carbon sequestered in plant materials annually (Austin

and Ballare, 2010). Increased lignin in Sungai Kial forest during early stages was due

to decomposition of easily degradable compounds that left lignin levels intact to enrich

the decomposing litter layer (Berg and McClaugherty, 2008).So lignin quantification

is important for comparing carbon loss with environmental conditions. However,
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degradation of lignin or other carbon constituents were not determined in the present

study.

5.4 Species wise litter dynamics

Result on litter study indicated that Terminalia paniculata followed by Tectona

grandis, Xylia xylocarpa and Macaranga peltata contributed the highest leaf litter. The

dominance level of species distribution was in the order of Tectona grandis, Xylia

xylocarpa, Terminalia paniculata and Macaranga peltata. Litter fall pattern was purely

determined by the physiology or structural parameters of the individual plant and its

environmental factors. So there may be change in prediction that dominant species

sheds more litter because each species physiological function and structural parameters

are different from other species. Relating litter production to structural parameters

revealed a positive correlation within dominant species (Capellesso et al., 2016). In

deciduous forests of Western Ghats, Terminalia paniculata contributed significantly

greater amount of leaf litter to annual litter production (Sundarapandian and Swamy,

1999).Higher litter fall was recorded during the period from June to August and the

lowest in May for all plant species. The litter fall pattern of the study site Moist

Deciduous Forest (MDF) followed the same pattern of litter fall for individual species.

5.4.1 Species wise carbon content and decomposition rate

Table 21. Species wise carbon content

Species Carbon content (%)

Tectona grandis 47.73

Xylia xylocarpa 47.18

Terminalia paniculata 47.05

Macaranga peltata 46.71
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The carbon content among these species was the highest for Tectona grandis. It was

followed by Xylia xylocarpa, then Tenninalia panicidata and finally Macaranga

peltata (Table 28); differences existed in biomass loss amount and pattern is because

of structural qualities of litter. Study by Jeyanny et al, 2015 indicated Carbon

constitutes more than 40% of the leaf nutrients.

Table 22. Species wise decomposition rate

Species Decomposition rate constant k

(day" ')

Tectona grandis 0.0087

Xylia xylocarpa 0.0094

Terminalia paniculata 0.0037

Macaranga peltata 0.0101

Decomposition rate constant 'k' value was found to be the highest for

Macaranga peltata followed by Xylia xylocarpa, Tectona grandis and Terminalia

paniculata (Table 19). For all species wise decomposition and biomass loss the

environmental parameters had strong influence. The variability in decomposition rate

is due to change in nutrient constituents among them. The lignin content and the lignin:

nitrogen ratio are also important, which controls the amount of metabolic fraction

present in plant residues (Bemhard-Reversat and Schwartz, 1997). Values for C: N and

lignin: N were unique depending on their respective inert qualities of leaf litter (Parsons

and Congdon 2008, He et ah, 2009) which indicated that it varies within the species.

5
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6. SUMMARY AND CONCLUSION

Soil carbon dioxide efflux is one of the major contributors of atmospheric

carbon dioxide which is the main concern of global wanning and climate change. Study

about pattern and different conditions of soil carbon dynamics is important to predict

the contribution of soil ecosystem to global atmospheric carbon. Litter dynamics is of

great interest in carbon dynamic studies due to their roles in recycling carbon and

nutrients. The forest ecosystem has remarkable contribution in global carbon cycle.

Mostly tropical ecosystem possesses high vegetation than other forest types. So it is

important to detemiine the role of tropical forests in carbon cycle. In this context,

present study entitled "Soil carbon efflux and litter decomposition of natural forest of

KFRl Peechi campus" was carried out as part of MSc dissertation at the Academy of

Climate Change Education and Research, Kerala Agricultural University,

Vellanikkara, Thrissur during 2016-2017.

The study was carried out in the natural vegetation of KFRI campus which is a

moist deciduous type of forest. The data collection was from fifteen sample plots were

carried out for six months. Soil carbon dioxide efflux and soil parameters such as

moisture, organic carbon, temperature and pH were determined three weeks in a month

.Monthly data of temperature, rainfall, and relative humidity was collected from

automatic weather station of BCFRI. Litter fall was determined on monthly basis and

litter biomass loss was determined once in two months from every sample plots and

decomposition rate was calculated. Litter fall, biomass loss and decomposition rate of

four major species (Tectona grandis, Xylia xylocarpa, Terminalia paniculata,

Macaranga peltata) were also determined. The study generalized the following

conclusion:
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Significant changes in temperature and relative humidity were associated with

rainfall events. The onset of monsoon significantly decreased temperature and

increased the relative humidity of the study region. Rainfall was high in the months

of June and August and the lowest in April and May.

The soil parameters were closely related to weather conditions. A weak

negative correlation existed between top soil organic carbon and rainfall.

Among weather parameters, soil carbon dioxide efflux had weak positive

correlation with rainfall and relative humidity and had weak negative correlation

with temperature. Soil carbon dioxide efflux also showed a very weak positive

correlation with soil organic carbon and soil moisture.

Litter fall was the highest in monsoon onset periods and decreased with

monsoon withdrawal because water availability increased due to rainfall which

would have increased plant's physiological events.

Decomposition rate constant for moist deciduous forest was 0.009 day"' which

was found to be greater than decomposition rate constant of temperate and montane

type of forests.

Carbon content of litter was 47.49% and most of the carbon was lost during

decomposition.

The species, Terminalia paniculata possessed higher and Macamnga peltata

possessed least deciduous properties.

The highest carbon content among the four species studied was for Tectona

grandis and the lowest carbon content was for Macamnga peltata.
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Decomposition rate was the highest for Macaranga peltata and lowest for

Terminalia paniculata.

This study concluded that increasing conditions of rainfall and relative humidity

had a positive correlation and cause accelerated soil carbon dioxide efflux. Increased

temperature cause decreased soil carbon dioxide flux and temperature below certain

threshold level was found to increase soil respiration. The prevailing positive

conditions for soil carbon dioxide efflux increases atmospheric carbon dioxide and

prevailing positive conditions for biomass decomposition and litter fall increases

carbon sequestration in these soils.

n
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ABSTRACT

Litter dynamics and soil respiration are of great interest in climate change

studies due to their roles in recycling carbon and nutrients. Present study was conducted

with the objectives of understanding patterns and the process of litter dynamics and the

role of weather on soil carbon efflux. Litterbag technique was used to determine the

decomposition of litter for 180 days. Soil CO2 fluxes were measured for a period of

three weeks in a month for up to 180 days. Mass loss, total carbon of decayed litter and

litter fall were quantified. Major tree species' litter dynamics were also determined.

Relationship between soil CO2 efflux with soil and weather parameters were

determined using correlation technique. Decomposition constant with a value of 0.009

day"' was found in moist deciduous forest. Among weather parameters, soil carbon

dioxide efflux had weak positive correlation with rainfall and relative humidity and had

weak negative correlation with temperature. Among soil parameters, soil carbon

dioxide efflux had very weak positive correlation with soil organic carbon and soil

moisture. The weak correlation coefficient value came due to lesser variables which

indicates duration of this study is not enough. Among species wise study, Terminalia

paniculata possess higher deciduous properties that directly contributing more to soil

carbon sequestration and it was also found that Tectona grandis had high carbon

content per unit volume compared to other species. But the species Macarangapeltata

might sequestered more amount of carbon in a short time due to its high decomposition

rate. The study highlights the different responses of soil CO2 efflux to weather and soil

parameters but suggests a long duration study for in-depth analysis which is very

relevant in carbon dynamics and climate change studies.
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