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ABSTRACT

The demand for agricultural land is driving the conversion of moist Kenyan savannah into agroecosystems (grazing fields and croplands) and together with altered rainfall patterns, is likely modifying soil moisture, soil respiration and carbon store in the ecosystem. Nevertheless, the carbon dynamics of moist savannas plus of the converted ecosystems are poorly understood yet planning for sustainable use of the ecosystem need to be based on scientific knowledge. While previous studies in the savanna have been based on isolated land use plots receiving ambient rainfall, the ongoing transitions in land use and rainfall are occurring simultaneously, hence the need to identify the interactive influence of the environmental factors on the ecosystem. Measurements were conducted between June and November 2012, in Lambwe Valley, Kenya to determine the effects of climate and land use changes presently witnessed in moist savanna on soil moisture, soil respiration and soil carbon (C) storage. The study objectives were to (i) determine the influence of rainfall simulation on soil moisture under varying savanna management regimes, (ii) determine the response of soil respiration to management and soil moisture availability and (iii) determine the influence of savanna management on soil carbon store. The experimental design was split-plot, comprising land uses (grazed, ungrazed and abandoned) as main blocks and rainfall simulation as split plots, which were nested within the main plots. Ambient rainfall was reduced or increased by 50% using rainout shelters constructed above the canopy of the herbaceous layer. Soil water content (SWC) was significantly different (p<0.05) among the plots as well as rainfall treatment. In grazed, ungrazed and abandoned plots, rain addition led to increase in SWC by 18%, 5% and 12% respectively while rain reduction led to decline in SWC by 6%, 10% and 2% in the respective plots. The targeted 50% manipulation may have not been achieved due to soil structural differences resulting in varying soil water losses and retention. Abandoned and ungrazed plots had significantly high SWC than grazed plot, this was linked to low bulk densities in the former plots, which enhanced soil water percolation and increased vegetation cover, hence reducing water evaporation from soil. Abandoned and ungrazed plots had significantly high mean root biomass than grazed plots at both treatments and this was attributed to high SWC and vegetation cover. Significantly high respiration rates in abandoned and ungrazed plots were linked to high root biomass and lower bulk densities. The significantly high soil carbon in grazed plots was linked to increased animal excreta. The soil carbon and soil CO2 efflux rates provide valuable data for refining ecological models for precise estimation of C budget both regionally and globally.
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DEFINITION OF TERMS

Biomass: Amount of living matter within a given unit of an ecosystem area.

Ambient Rainfall: Rainfall of any given region.

Heterogeneity: The quality of being diverse and not comparable in kind.

Translocation: Transport of dissolved materials within a plant.

Anthropogenic emissions: Human–made materials (gases, particles, vapors, chemical 

compounds, etc.) that come out of smokestacks, chimneys, and vehicle tailpipes. 

Biogeochemistry: The study of natural processes that recycle nutrients from the environment, to organisms, and then back to the environment. Examples are the carbon, oxygen, nitrogen, phosphorus, and hydrologic cycles. 

Carbon sink: A carbon reservoir that takes in and stores (sequesters) more carbon than it 

releases. Carbon sinks can serve to partially offset greenhouse gas emissions. Forests and 

oceans are both large carbon sinks.

 Climate change The long–term fluctuations in temperature, precipitation, wind, and other aspects of the Earth's climate. Although it refers to temperature fluctuations in either direction, as well as other climate variation, the media often uses it interchangeably with the term global warming. Scientists use the term both in reference to natural and anthropogenic change. 

Fossil fuel: Any hydrocarbon deposit such as petroleum, coal, or natural gas that can be burned for heat or power. 

Global warming: A popular term used to describe the increase in average global temperatures due to the greenhouse effect. It is often used interchangeably with the term climate change. 

Greenhouse effect: A popular term used to describe the roles of water vapor, carbon dioxide, methane, and other gases (greenhouse gases—GHG) in keeping the Earth's surface warmer than it would be otherwise. 

Greenhouse gases (GHG): Those gases, such as water vapor, carbon dioxide, tropospheric ozone, nitrous oxide, and methane, which allow solar radiation to pass through to the Earth, but block outgoing long wave radiation. Their action is compared to that of glass in a greenhouse. 

Greenhouse gas inventory: A statistical compilation of greenhouse gases emitted by a 

community, state, country, etc. It can have both political and scientific applications. 

Intergovernmental Panel on Climate Change (IPCC): In 1988, the United Nations Environment Program and the World Meteorological Organization established the IPCC jointly. The purpose of the IPCC is to assess information in the scientific and technical literature related to all significant components of the issue of climate change. The IPCC draws upon hundreds of the world's expert scientists as authors and thousands as expert reviewers. Leading experts on climate change and environmental, social, and economic sciences from some 60 nations have helped the IPCC to prepare periodic assessments of the scientific underpinnings for understanding global climate change and its consequences. With its capacity for reporting on climate change, its consequences, and the viability of adaptation and mitigation measures, the IPCC is also looked to as the official advisory body to the world's governments on the state of the science of the climate change issue. For example, the IPCC organized the development of internationally accepted methods for conducting national greenhouse gas emission inventories.

Kyoto Protocol: This is an international agreement struck by 159 nations attending the United Nations Framework Convention on Climate Change (held in December of 1997 in Kyoto Japan) to reduce worldwide emissions of greenhouse gases. If ratified and put into force, individual countries have committed to reduce their greenhouse gas emissions by a specified amount. As of now, the United States is the only major industrialized country that hasn’t signed-on. 
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CHAPTER ONE

INTRODUCTION

Savannas are rolling grasslands with scattered shrubs and trees and a continuous herbaceous layer found between tropical rainforest and desert biomes (Smith, 1999). They cover about one-sixth of world’s terrestrial biosphere and are primarily located in three continents: South America, Africa and Australia (Grace et al., 2006).
They account for more than 40% of the total African landmass and provide services such as fodder for wild and domestic animals, CO2 sequestration, stabilizing environments by conserving soils and soil moisture among others. Savannas can be grouped into two categories, namely, wet and dry savanna, depending on rainfall intensity and duration (Young, and Solbri, 1993). In Africa, most of the areas under dry savannas receive rainfall of between 150 and 500 mm per year, falling within relatively short periods, with extreme seasonal fluctuations (Pomeroy, and Services, 1986; Smith, 1999; Ewusie, 1993). On the other hand, moist savannas receive relatively higher rainfall of between 1000 to 1500 mm per year that is distributed over an extended period or predominantly bimodal in nature. 
Ecosystem carbon (C) exchange and storage in the African savannah are less studied and are still poorly understood (Ciais et al., 2011). Although current records estimate a sink capacity of 0.8±1.6 tons of carbon per hectare per year (tCh-1yr-1) for the African savannas (William et al., 2007; Ciais et al., 2009), most of the estimates are performed using models that are parameterized by data from outside Africa, hence they are unrepresentative (Grace et al., 2006; Bombelli et al., 2009). The few available CO2 flux records are highly variable due to the different savanna types and varying data collection approaches (Ciais et al., 2011). More research is, therefore, needed in order to gain data from the diverse savanna types and for comparisons.
In this savanna, the ongoing transitions in land use and rainfall are occurring simultaneously, hence the need to identify the interactive influence of the environmental factors on the ecosystem. Moreover, recent studies in this area by K’Otuto (2013) reported the ecosystem to be a net sink with an average daytime net ecosystem CO2 exchange of -0.8 µmol m-2 s-1, however, the study failed to partition Reco into its respective components, above and below ground respiration, so as to better understand the role of this savanna in the ongoing climate change debate and land use change. Given that over half the Reco is from the soil, this study identified the response of soil respiration and soil C storage to the ongoing land use and precipitation change to bridge gap left by previous research in this savanna and to clearly understand effects of agro-ecosystems for mitigation and adoptive measures.  

In natural ecosystems, CO2 is fixed through photosynthesis (Trumper et al., 2009) and released back into the atmosphere through respiratory processes (Ryan, and Law, 2005; Trumbore, 2006). Ecosystem respiration occurs both in aboveground plant tissues (Hermles et al., 2010) and belowground from plant roots and soil microorganisms (Ryan, and Law, 2005; Trumbore, 2006). Soil respiration is, however, predominant and accounts for 60-90% of the total ecosystem CO2 efflux. This is a significant component of the total ecosystem C budget (Longdoz et al., 2000; Ryan and Law 2005). In the savanna, a large amount of fixed C is stored in the soil in different forms (Jamala, and Oke, 2013). This stored C, however, is susceptible to climate and land use changes and may become a significant source of terrestrial CO2, in the wake of ongoing climate and land use changes in the savanna regions (Jenkinson et al., 1991; Raich, and Schlesinger, 1992). The realization that soil is source of atmospheric CO2, together with the continuous increase in atmospheric CO2 concentration due to anthropogenic actions has given rise to the need to quantify this C pool and its dynamics in the different ecosystems, savanna included. The potential switching of savannas from their current role as C-sink to C-sources is critically dependent upon the sensitivity of soil respiration to changes in temperature and soil moisture availability (Bombelli et al., 2009; Scholes et al 2011). Soil respiration, is therefore, a key process in the understanding of the savanna carbon cycle (Schlesinger, and Andrew, 2000; McCulley et al 2007; Kutsch et al., 2008).
A model proposed by Kuzyakov (2006) identifies five main contributors to the total soil CO2 efflux (Figure 1.1).

1. Microbial decomposition of soil organic matter (SOM) in the root free soil;

2. Microbial decomposition of SOM in root affected soil, associated with priming effect;

3. Microbial decomposition of dead plant materials;

4. Microbial decomposition of rhizodeposits in the rhizosphere;

5. Root respiration
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Figure 1.1. Five main sources of soil CO2 efflux, ordered according to the turnover rates and residence time in soil. Modified after Kuzyakov (2006).
The dynamics of soil respiration is controlled by different biotic and abiotic factors, such as temperature, soil moisture, photosynthetic activity or plant phenological development (Hogberg et al., 2001; Binkley et al., 2006). Other  studies have also shown that soil respiration is sensitive to climatic variability, expressed through soil moisture and temperature (Raich, and Schlesinger, 1992; Conant et al., 2004; Veenendaal et al., 2004; Wang et al., 2010), and is broadly proportional to the amount of oxidisable substrate that is present (Markhado, and Scholes, 2011).  

Studies by Conant et al., (2004); Xu et al., (2004); Xu, and Baldocchi (2004); Jenerette et al., (2008), and Scholes et al., (2011) in the savanna and other water limited ecosystems revealed that soil respiration increases with increasing soil temperature up to an optimum temperature of about 24ºC beyond which there is a drop in soil respiration due to reduction in microbial activity. Increase in soil temperature increases root metabolic and soil microbial activity, resulting in increased decomposition rate of soil organic matter and an overall increase in soil respiration (Scholes et al., 2011). Soil respiration is also greatly affected by soil moisture content. Skopp et al., (1990) reported the dependence of soil microbial activity on soil water content, with consequences on soil respiration. Increased soil moisture influences microbial activities and litter decomposition resulting in increased soil respiration (William, 2007). In addition, increases in soil moisture moderates high temperatures and hence tend to optimize soil temperature, which in turn, enhances decomposition of organic matter by soil microorganisms and thus increases the rate of soil respiration (William et al., 2009).  The increased soil respiration following increased moisture only occur when moisture is within threshold level above which there is reduction in soil respiration due to anoxia (Smart, and Penuelas, 2005). Microbial respiration may also depend on assimilate delivery to the soil through roots from aboveground photosynthetic process (Craine et al., 1999). In this respect any factor limiting photosynthesis, such as excessive grazing or drought will result into low soil respiration rates. 

Changes in soil characteristics following conversion of natural ecosystems to agricultural systems alter soil respiration and C storage in different pools (Ciais et al., 2011; De Fries et al., 2002).  In soils under cultivation, increased soil respiration rates have been reported to contribute to losses of soil organic carbon (SOC) of between 20-70% of the original SOC (Mann, 1986; Solomon et al., 2000). Losses are also due to microbial degradation and reduced return of organic matter to the soil in the form of plant litter (substrate for heterotrophic microbes), since the remaining parts of the crops are often fed to the livestock or heaped at one particular point. Land clearing and cultivation of savanna results in loss of SOC equal to about 1.1 Kg C m-2 over 40 years (Elberling et al., 2003). Feeding the remaining parts of the crops to animals, a common practice in Africa, results in removal of aboveground biomass and low litter accumulation. This may lower soil respiration through reduced decomposition and microbial biomass (Patton et al., 2007). In addition, conversion of natural savannas into grazing fields at higher stocking densities influences soil respiration (Conant 2010). Grazing increases soil bulk density, lowering water infiltration and oxygen into soil. Soil respiration declines due to reduced root and microbial activity (Raich, and Schlesinger, 1992). Grazing also reduces plant photosynthetic area, lower assimilation and reduced C transportation to the roots. This leads to reduced metabolism of the roots, reduced rhizodeposition and lower microbial activity, resulting in an overall decline in soil respiration (Kamaljit et al., 2007; Gervasio et al., 2010).

1.1 Statement of research problem
Altered rainfall patterns are predicted in the savanna regions of Africa, potentially reducing total amount of growing season’s precipitation and redistributing rainfall into fewer but larger individual events resulting into pulse of flooding followed by prolonged drought. Furthermore, owing to the continent’s high and fast increasing human population, large areas of the open savanna undergo conversion into agroecosystems resulting into expansive fallow (abandoned) and overgrazed lands, with altered structures. These changes are likely impacting on soil water availability, soil respiration and soil (C) store in the savanna in ways that are not yet understood yet this knowledge is paramount for the management of savanna. While previous studies in this area have been based on isolated land use plots receiving ambient rainfall, the ongoing transitions in land use and rainfall are occurring simultaneously, hence the need to identify the interactive influence of the environmental factors on the ecosystem. Moreover, recent studies in this area investigated response ecosystem respiration (Reco) to land use changes, but failed to partition Reco into its respective components, above and belowground respiration in an effort to conclusively understand the response of the ecosystem to the currently witnessed changes.
1.2 Justification
CO2 emission from industries, natural and agro-ecosystems are responsible for global warming and climate change (ICCP 2007). For slightly over seven years, studies in Ruma, Lambwe valley have investigated the ecosystem carbon dynamics in response to land use and climate variables in the herbaceous layer of this moist savanna (Otieno et al., 2010; 2011; K’Otuto et al., 2012). These studies have provided vital data necessary for understanding ecosystem CO2 flux components like, Gross Primary Production (GPP), Ecosystem Respiration (Reco) and Net Ecosystem CO2 Exchange (NEE). They, however, failed to partition CO2 fluxes, especially Reco into its respective components, namely above and below ground respiration, so as to better understand the role of this savanna in the ongoing climate change debate. In the herbaceous vegetation, more than 90% of the stored C occurs in the soil and about 80-90% of Reco is from the soil (Trumbore, 2006). Since some of the ongoing land use changes involve manipulation of the soil substrate, quantifying the current soil C store and how it responds to management is vital. Given that most of the stored soil C is lost through soil respiration, quantifying the rates of CO2 efflux from soils subject to the current management practices could aid in predicting future soil C-store. In light of changing climate, the future status of soil C store will also depend on how soil respiration responds to the physical environment, especially soil moisture and temperature. The influence of future sporadic flooding and prolonged droughts on soil respiration can be assessed through rainfall manipulation experiments, making it possible to identify the vulnerability/resilience of soil C store to changing climate in the light of prevailing land uses. This study investigated the effects of rainfall manipulation on soil moisture status and how this interacts with management to determine rates of soil respiration and the level of C concentration.      
1.3 Broad Objective
To determine the effects of climate and land use changes presently witnessed in moist       savanna on soil moisture, soil respiration and soil carbon storage.
1.4 Specific objectives
i. To determine the influence of rainfall simulation on soil moisture under varying savanna management regimes.

ii. To determine the response soil respiration to management and soil moisture availability.

iii. To determine the influence of savanna management on soil carbon store.
1.4 Hypothesis
i. Rainfall regimes and land use interact to determine soil moisture status of a moist savanna.
ii. Soil moisture availability and management are key determinants of soil respiration rates in moist    savannas.
iii. Management influences soil C store through changes in soil moisture and soil respiration rates.

CHAPTER TWO

 LITERATURE REVIEW 
2.1 Soil respiration
Soil respiration is an important ecosystem process expected to change with changes in climate, and potentially feed back into climate. Soil respiration involves CO2 efflux from the soil due to below ground activities in roots and soil organisms and the oxidation of carbon-containing materials (Raich, and Schlesinger, 1992). It is the single largest C flux from natural ecosystems into the atmosphere (Raich et al., 2002) and is an important part of the carbon cycle (Ryan and Law, 2005). Soil respiration includes root (autotrophic) and microbial (heterotrophic) respiration (Kuzyzkov et al., 2001). Heterotrophic respiration is likely driven by microbial activities and environmental factors, such as soil temperature and moisture, while autotrophic respiration is additionally affected by aboveground photosynthesis (Hogberg et al., 2001; Wang et al., 2003) and plant physiological processes (Tang, 2003). 
The biotic and abiotic factors that influence microbial growth and activity and plant C allocation to roots exert significant control over soil respiration rates (Hibbard et al., 2005). Many studies have shown that climatic factors, particularly temperature and precipitation are major determinants of soil respiration at global (Raich, and Schlesinger, 1992; Raich, and Potter, 1995), regional (Fierer et al., 2006), and local scale (Davidson et al., 1998; Davidson et al., 2000a). Biotic controls on soil respiration have been more difficult to illustrate, in part because plant communities co-vary with patterns in macro and microclimate (Raich, and Tufekcioglu, 2000). By altering organic matter production, litter quality and belowground C allocation, changes in vegetation type can influence microbial decomposition (Zak et al., 2003) and root respiration (Craine et al., 1999) and therefore total soil respiration rates (Raichstein et al., 2003).
2.2. Influence of climate on soil respiration

2.2.1. Rainfall and soil moisture
Soil moisture directly links rainfall to ecological systems and is an important driver of ecosystem processes such as photosynthesis, carbon (C) translocation and organic matter decomposition, key processes to atmospheric C inputs and outputs. Changes in soil moisture under different rainfall regimes could influence the response of soil respiration to soil water content (Deng et al., 2011). More so in the African savanna experiencing changes in rainfall patterns resulting in periods of floods followed by prolonged drought. These changes are likely altering soil respiration in the savanna in ways that are not clearly understood.
Small rainfall events tend to activate surface organisms, in particular, accelerate litter decomposition, while large rainfall events would further stimulate root activity through greater amount of water infiltrating to deeper root zones (Huxman et al., 2004; Cable, and Huxman 2004) leading to increased soil respiration. Physical displacement of CO2 from soil pore spaces following water infiltration may cause a rapid and instantaneous pulse of CO2 efflux (Liu et al., 2002). The water infiltration may also translocate some of the substrate from the litter layer to the microbial sites in the soil (Lee et al., 2004), hence contributing to a rapid excitation in soil CO2 efflux. Other studies by Smart and Penuelas, (2005); Ochard, and Cook, (1983) have related increased soil respiration following increased precipitation to CO2 displacement from soil pores by infiltrating water, increases in microbial biomass and activity or increases in root respiration associated with enhanced plant photosynthesis (Kuzyakov, and Cheng, 2001). However, if precipitation becomes too heavy or sustained too long creating saturated conditions, soil aeration and oxygen concentration become limiting factors to soil CO2 efflux (van Straaten et al., 2010). The reduction in soil CO2 efflux under saturated conditions is as a result of diffusion block that prevents CO2 from exiting the soil through saturated pore spaces, and/or prevent oxygen from diffusing into soil-subsequently creating anaerobic conditions (Luo, and Zhou, 2006). 
 Increased soil moisture availability stimulates ecosystem C uptake and assimilate delivery to the roots (Patrick et al., 2007, Williams and Albertsons, 2004) and increases (Wan et al., 2007) or decreases (Yang et al., 2002) its release through respiration. On the other hand, low soil moisture resulting from reduced rainfall leads to increased root mortality, reduced heterotrophic respiration in the litter layer and mineral soil due to drought stress or substrate limitation of heterotrophs and, therefore, reducing soil respiration (Davidson et al., 2000b; Davidson et al., 2006). Low moisture limits microbial respiration by restricting access to C substrates, reducing the diffusion of C substrate and extracellular enzymes, and limiting microbial activity (Yuste et al., 2003).  Soil moisture may limit or inhibit microbial decay of soil organic matter at high or low water content, whereas respiration of roots and microbes within the rhizosphere can be less affected by low water content, because many plants may compensate for soil water deficit in surface by water uptake from wetter or deeper depths (Huxmand et al., 2004).
For savanna and grasslands, the timing and amount of rainfall have a greater impact on current ecosystem conditions than any other factor (Scholes et al., 2011). Shifts in rainfall regimes therefore may affect numerous soil, plant and ecosystem properties (Williams and Albertson, 2004; Scholes and Walker, 1993).  Although significant efforts have been directed towards the understanding of the linkages between precipitation and soil respiration (IPCC, 2007; Ciais et al 2011), the African savannas are under-represented because very few long-term measurements are carried out in this region (Bombelli et al., 2009, Williams et al., 2007).
 2.2.2. Temperature
 The temperature sensitivity (commonly referred to as Q10, representing soil respiration rate change over temperature shift by 100C) is of great concern for research on soil C emissions (Cox et al., 2000; Ryan, and Law, 2005). The sensitivity of soil respiration to temperature is an important index in quantifying and predicting the response of savanna and other terrestrial ecosystems’ C cycling to future climate change (Cox et al., 2000; Davidson et al., 2006). Soil temperature dictates the kinetics of the metabolic reactions that produces CO2. Increasing soil temperature will increase the amount of soil respiration by increasing root metabolic activity and soil microbial activity (Scholes et al., 2011). High temperature is also likely to increase water stress through increased evapotranspiration resulting in reduced microbial contact with available substrate and by causing dormancy and /or death of microorganisms (Orchard and Cook, 1983). These effects in turn may reduce decomposition of SOM, consequently reducing soil respiration. Low temperature may also result in reduced soil respiration due to reduced root metabolic and microbial activities. 
2.3. Influence of Management on Soil respiration
2.3.1. Grazing
Livestock grazing can alter the cycle of soil carbon in any vegetative ecosystem by increasing soil compaction, thereby, hindering the free flow of CO2 from the soil to the atmosphere. Grazing can also have a direct impact on plant production and, thereby, on soil C inputs, (Lu et al., 2011). The change of vegetation composition has proved to be an important factor in influencing soil C sequestration in grazing ecosystems (Bagchi, and Ritchie, 2010). Vegetation that has changed from a C3 dominated, to a more C4 dominated plant community due to grazing, can lead to SOM accumulating closer to the soil surface, making it more vulnerable to being lost to the atmosphere (Ingram et al., 2008). However, it is also reported that an increase in communities of C4 vegetation which are tolerant to grazing and have more dense root systems and high root-to-shoot ratios, at heavy grazing would result in increases in soil C (Reeder et al., 2004, Schuman et al., 1999). Grazers also influence the amount and composition of soil organic matter (SOM) through consumption of plant biomass and translocating it to other areas via dung, thereby reducing its availability to microbes and hence reducing soil respiration (Neath et al., 1991). 
Most studies concerning the effects of plant defoliation show that grazing reduces plant growth especially root growth which, in turn reduces soil respiration. The initial root and rhizome response to defoliation is the cessation of elongation (Parker, and Sampson, 1931; Crider, 1955). Subsequent reactions to continued grazing are reduction in root numbers and branching (Jacque, 1937; Albertson et al., 1953), root diameter (Biswell, and Weaver, 1958). The amount of reduction is closely related to the severity and frequency of defoliation (Graber, 1951; Albertson et al., 1953; Thaine, 1954). In general, the degree of defoliation is more detrimental to root growth than frequency of defoliation. Crider, (1955) showed that apical growth of grass roots stopped within 24hrs after the removal of 40% or more of the foliage in one operation. The time required for roots to resume growth varied directly with the degree of foliage removal.

Intensive livestock grazing may destroy vegetation resulting in decreased incorporation of plant residues into the soil, decreased microbial biomass and enzyme activity resulting into lower soil CO2 efflux (Bilotta et al., 2007). Grazing also reduces plant photosynthetic area resulting in reduced C translocation to roots. This leads to reduced metabolism of roots and rhizosphere microorganisms hence drop in soil respiration (Kuzyakov, 2001). Through reduction of soil cover and plant litter and increased compaction through trampling, herbivores accelerate soil erosion and leaching resulting in further reduction of soil organic C stock (Tanentzap, and Coomes, 2011). Similarly, reduced soil cover also enhances soil temperature and thus organic matter decomposition resulting into increased soil respiration (Piňeiro et al., 2011). Treading of wet soil by grazers causes soil compaction resulting in decreased hydraulic conductivity, air permeability and macro porosity (Drewry et al., 2000), and an increased proportion of large soil aggregates (Singleton, and Addison, 1999). Increased penetration resistance of compacted soil reduces the downward growth of roots and also reduced soil respiration because conditions for aeration are often reduced (Ying, and Tai, 2010).

 However other studies suggested that grazing can promote C and other nutrient cycling because livestock excretions can promote soil organic matter mineralization rates (McNaughton et al., 1997).
 Light grazing is also essential for increases in soil C store because animal movement enhances physical breakdown and incorporation of litter into the soil, which can increase the rate of decomposition of litter and transfer of C and nutrients into the soil (Holt, 1997). Additionally, grazing could promote plant belowground allocation and root exudation of carbon and hence increased substrate supply to heterotrophic microbes resulting into increased soil respiration rates (Kuzyakov, 2001). Among other reported studies, differences in the response of soil C to grazing are the result of differences in climate, soil properties, community composition and grazing management practices. Although inconsistencies in African savanna soil C responses to grazing have been reported, several general impacts of grazing on grassland C can be identified. Effective grazing management techniques can increase the above-ground biomass and have the potential to increase the C storage (Conant et al., 2004). Experiments in Serengeti ecosystem indicate that grazing increases above ground net primary productivity over both brief periods and full growing seasons (McNaughton, 1985), and a variety of mechanisms have been identified that can contribute to such compensatory growth (McNaughton, 1983a & b). Some of the mechanisms are intrinsic, including inducing increased photosynthetic rate and brief reallocation of resources (Detling et al., 1979; Kuzyzkov, and Wang, 2001), and others are extrinsic, including nutrient cycling (Floate, 1981).  However increases in the C storage as SOM have been reported, even when grazing management results in decreased above-ground biomass. This can be due to grazing induced changes in the species composition causing a lower above-ground biomass or root: shoot ratio (R: S) and therefore an increase in allocation of C below ground (Schuman et al., 1999).

Grazing in savanna can therefore pose as a form of land disturbance which can lead to long-term changes in local vegetation and soil structure which means that during the period over which the disturbance is maintained, and over which a new equilibrium is established following cessation of disturbance, the local SOC pool can act as either a source to, or a sink from the atmosphere. 
In the African savanna however, large tracts of the open savanna land has been converted into grazing fields which likely alter carbon movement in the soil in a complex manner depending on stocking rate of  grazers on one hand, and species composition, C allocation pattern and litter quality of plants on the other hand. Savanna may have great variations in species composition. The complex grazer-savanna interaction thus calls for site specific studies as different savanna locations may have different combinations of grazers and plant species available leading to varying interactive outcomes.
2.3.2. Abandonment after cultivation
Land abandonment in this context can simply be defined as the cessation of agricultural activities of a given surface of land. Scientific reports three major types of drivers of agricultural land abandonment. The first type refers to ecological drivers, albeit under different names (sometimes called geo-bio-physical, physiographic, or abiotic factors). They include factors such as elevation, geological substrate, slope aspect, fertility, soil depth, soil erosion, climate change when they constrain agricultural production. Soil erosion can always be regarded as consequence of overexploitation (i.e. the real driver) as it is in many cases the precondition for soil erosion. The second type refers to the socio-economic drivers. They include market incentives, migration and rural population, technology, industrialization, land tenure systems and security, and farm characteristics. The third type of driver is an adequate agricultural system and mismanagement leading to degradation, frequent flooding, overexploitation and productivity loss (Grau, and Aide, 2008). In the African savanna however, the major cause of land abandonment is nutrient poor conditions of soil (Cech et al., 2010) resulting from high nutrient leaching rate. The agricultural fields in the savanna are then abandoned a few years after cultivation to regain fertility, a management practice with effects on soil respiration.

According to Dilley et al., (2001), abandoned agricultural soils have high microbial biomass especially fungi. Increased fungal abundance after land abandonment are related to cessation of perturbation through tillage (Allison et al., 2005; van der Wall et al., 2006), Tillage provokes the break of hyphae; hence the interruption of this activity permits the development of fungi stimulated by greater contribution of organic matter. Fungi community plays a major role in fresh organic matter decomposition leading to increased soil respiration. 
In abandoned agricultural fields, vegetation cover is high (Jose et al., 2007). Thus there is an increased incorporation of litter into the soil, which facilitates the development of microbial population leading to increased soil respiration. The increased vegetation cover also increases photosynthetic area resulting into increased C translocation to roots and rhizosphere organisms. This therefore increases soil fluxes through increased root derived CO2 efflux (Craine et al., 1999). The root derived CO2 effluxes include root respiration and microbial respiration through decomposing exudates and sloughing root cells (Kuzyakov, and Cheng, 2001). The increased vegetation also reduces runoffs and increases water holding capacity (sponge effect) (Jose et al., 2007). There are also associated climate effects such as surface cooling (Costa, and Foley, 2000). The improved water holding capacity and surface cooling improve both below and aboveground biomass together with microbial biomass resulting into increased soil respiration.
In the African savanna, large tracts of savanna land are abandoned after years of cultivation to regain fertility. The expansive abandoned croplands that characterize the moist savanna landscapes are structurally different and are likely to function differently, from other natural savanna. However, the effects of abandoned croplands on soil moisture, soil CO2 efflux and soil C storage in moist East African savanna and especially Ruma ecosystem, has not been investigated
2.3.3. Burning
Burning by fire as a management practice in savanna has consequences on soil organic matter accumulation and soil respiration. In tropical savannas, fire is the greatest natural and anthropogenic environmental disturbance, with vast tracts burnt each year (Smit et al., 2010), and has significant consequences at both ecosystem and global scale (Bond, and Thomson, 2010). At the global scale, fires modify biogeochemical cycles and climate by volatizing climatically active trace gases, injecting particulate matter into the atmosphere and modifying the albedo of terrestrial surface (Scholes et al., 2011). Fire affects approximately 600Mh of grassland and savanna each year (Mouillot, and Field, 2005) and transfer 1.7- 4.1 Pg of C each year (van der Werf et al., 2010). In addition, incomplete combustion of biomass results in storage of approximately 0.005- 0.2 Pg/year as black carbon (BC) or char in soils (Schmidt, and Noack, 2000). Because black carbon is relatively inert and resistant to decay by microbes, it represents an important source of reduced soil respiration in burnt savanna and grassland (Dai et al., 2005). At the ecosystem level, fire can alter plant species diversity and dominance by changing microclimate and availability of limiting resources (light, water and nutrients). These changes in ecosystem structure and abiotic environment often modify key functional characteristics of ecosystems (primary productivity, hydrological and nutrient fluxes) that have the potential to alter soil respiration (Ojima et al., 1996; Raich et al., 2002).
Fire has the potential to alter soil C storage by influencing rates of net primary productivity, C allocation patterns, plant tissue chemistry and rates of organic matter decomposition (Ojima et al., 1996; Raich et al., 2002). Burning by fire can reduce soil respiration by negatively influencing soil microbial biomass or activity and root biomass (Tingey et al., 2000) mainly due to heat radiated during litter layer combustion. In addition to the negative effect of heat radiation, burning also consumes accumulated litter and soil organic matter, the energy source of microbes leading to reduced soil respiration. 
The temporary loss of photosynthetic tissue, through burning by fire in savanna, leads to reduced C translocation to roots and rhizosphere microbes hence drop in soil respiration. However, despite the temporary loss of photosynthetic tissue through burning, fire generally stimulates aboveground net primary productivity to comparable unburnt areas in grasslands and savanna (Ansley et al., 2002; Santos et al., 2003). This therefore increases photosynthetic activity resulting into increased soil respiration. In addition, warmer soil temperatures due to burning may increase rates of organic matter decomposition through increased microbial activity leading to increased soil fluxes.
In some savanna, fire also appears to accelerate root production and increases root biomass (Savadogo et al., 2012; Immaculada et al., 2013). Collectively, these phenomena would appear to favor soil C accumulation and soil respiration in burned savanna. 

 2.4. Other factors influencing soil respiration
 2.4.1 Soil structure
Soil structure refers to the size, shape and arrangement of solid (aggregates) and voids, continuity of pores and voids, their capacity to retain and transmit fluids and organic and inorganic substances, and ability to support vigorous root growth and development (Lal, and Bronick, 2005). Aggregate stability is used as an indicator of soil structure (Six et al., 2002). Aggregation can be loose and friable, or can form distinct, uniform patterns. For example, granular structure is loose and friable, blocky structure is six sided and can have angled or rounded sides, and plate-like structure is layered and may indicate compaction problem that may reduce soil respiration (Ashman et al., 2003).
Soil structure influences soil respiration through its effect on microbial distribution, plant growth, its influence on infiltration, percolation, water retention, and runoffs, aeration and mechanical impendence to root growth (Lal et al., 2005). A well-structured soil is porous, and allows free circulation of air in the soil. This allows for free diffusion of oxygen to the soil microbes resulting into increased microbial activity and soil respiration (Bronick, and Lal, 2005). Soil with good structure absorbs and retains enough water for above and below ground plant growth. The increased root growth resulting from increased water retention directly increases soil respiration through improved root growth and respiration, roots can also affect soil microbial activities by exudationg C- rich organic substances easily available for microorganisms and by altering soil physical and chemical environment (i.e. pH, soil structure, water flow), consequently controlling soil-derived CO2 efflux. This can lead to either acceleration or retardation of SOM decomposition in the rhizosphere with consequences on soil respiration (Cheng, 1996; Kuzyakov et al., 2001). The increased above ground growth may result in increased photosynthesis and transport of photosynthates to roots and rhizosphere organisms hence increased soil respiration (Craine et al., 1999).
The reduced erosion due to greater soil aggregate strength and decreased overland flow, consequences of improved soil structure have a positive influence on soil respiration since this result into improved water retention and availability to plants and soil microbes.
Microbial distribution pattern may be influenced by pore size associated with particular soil structures or by differences in organic C content among aggregate-size classes (van Gestel et al., 1996). Content and activity of microbial biomass can be higher in macro aggregates resulting in overall increase in soil respiration (Sessitsch et al., 2001; Lupwayi et al., 2001).
Poor soil structure is more prone to soil compaction and water erosion due to weaker aggregate strength. The decline in soil structure is increasingly seen as a form of land degradation (Ryoichi, and Senaratne, 2009) and is often related to land use and soil/ soil management practices.
2.4.2. Root growth 
Root growth results from cell division and pressure developed by enlargement of newly formed cells. Plants require root systems that deliver adequate water and nutrients for adequate growth, and to anchor them in the soil. The optimum distribution of root length depends mainly on the distribution of water and nutrients in the soil. In dry season, plants may require long main root axes to access water stored deep in the soil profile, while if abundant water and nutrients are available, only a small fraction of the root length may suffice. However, it is also expected that root growth will be affected by climate changes (Steinaker, and Wilson, 2005). Previous climate manipulation studies showed inconsistent patterns of root system response to warming and elevated CO2. For example, warming has been shown to stimulate root production and mortality (Fitter et al., 1998, 1999; Bai et al., 2010) and reduced root biomass (De Bo eck et al., 2007), all with consequences on soil respiration. Under elevated CO2, root production may increase hence increased soil respiration (Fitter et al., 1996, 1997; Soussana et al., 1996; Higgins et al., 2002; Milchunas et al., 2005a; LeCain et al., 2006; Anderson et al., 2010), decrease hence reduced soil respiration (Pendall et al., 2011) or show no response (Arnone et al., 2000; Duke et al., 2005). Elevated CO2 usually increases absolute rates of fine root turnover (g m-2y-1), which results in an increased flux of organic substrate and associated nutrients from the root system for microbial growth and maintenance resulting in increased microbial biomass and activity. However most studies suggest that elevated CO2 does not alter the average lifespan of individual fine roots (Pregitzer et al., 1995; Tingey et al., 2000). Normally the increased flux (‘turnover’) from the roots to the soil is the result of greater fine root production (growth) rather than a change in the lifespan of individual roots. In other words, increased turnover, i.e. increased rates of C flux from the root system to the soil, and are driven primarily by an increase in the rate of root growth under elevated CO2.

Soil physical stresses may also limit root growth with consequences on soil respiration; for example if the soil is too wet with insufficient oxygen diffusion to the root tip resulting in hypoxia causing in reduced root respiration; insufficient water availability if the matric   potential is too negative resulting in death of roots; and mechanical impedance if the soil is too hard due to compaction or soil drying (Tylor, and Ratliff, 1969; Sharp et al., 1988).
Increased root growth is associated with large root biomass which increases autotrophic respiration, and higher exudation rates that facilitate microbial activity and heterotrophic respiration resulting in increased soil flux (Kuzyakov, 2002). Root-derived CO2 comes from root respiration and rhizomicrobial respiration of exudates and dead roots, also called rhizosphere respiration. Root-derived CO2 is thought to comprise 40-60% of total CO2 flux (Raich, and Schlesinger, 1992). 
Increased respiration as a result of root growth may also be associated with additional humus mineralization, or priming effect due to rhizosphere activities, especially by root exudates. The rhizosphere priming effect refers to the influence that the living roots exert on SOM turnover due to their impact on physical and chemical environment within surrounding soil resulting in an increase or decrease in heterotrophic respiration relative to root free soil. Priming effect have been known to range from a 50% decrease in heterotrophic respiration to 380% increase in response to the presence of roots (Girdins et al., 2011), varying with plant species, plant phenology and soil fertility (Phillips, and Fahey, 2008). 
It is, therefore, not surprising that the efflux of CO2 from the soil is closely tied to root growth which supplies organic residues to decomposers. Across major world biomes, Raich, and Schlesinger, (1992) showed a direct relationship between soil respiration and root growth. When organic carbon is added to soil, the rate of soil respiration increases (Gallardo, and Schlesinger, 1994; Hogberg, and Ekblad, 1996).

Inubushi et al., (2003) also linked soil CO2 efflux to root growth. Soil respiration increased with increase in root growth because carbohydrates exuded from fine root exudates boost microbial growth and respiration and or organic compound decomposition (Griffin et al., 1996; Pendall et al., 2004).
2.5 Management and C store in the African savanna
Human activities (management) influence the extent and condition of the savanna in ways that affect ecosystem carbon balance (White et al., 2000). Introduction of livestock, fire and neophytic plant species and conversion into croplands are some of the well-recognized management practices that have occurred in African savannas (Ramankutty, and Foley, 1990; Adamoli et al., 1990; DeFries et al., 2002). Two thirds of the original savanna area is under crop production and livestock grazing (Dlamini, 2005; EIA, 2003). Ninety percent of this is subjected to crop production (White et al., 2000) under shifting cultivation/abandonment. Such extensive changes in savanna land use are bound to greatly affect its C storage, the extent to which is not clear (William et al., 2007).
Grazing defoliate vegetation and reduce their photosynthesizing leaf area (Leriche et al 2003) and may limit their CO2 uptake in the short run and reduce soil C storage. However, African savannas have evolved with grazing and their structure and their function may be well adjusted to grazers (McNaughton, 1986, 1985; Skarpe, 1991). In fact, light grazing, typical of wild nomadic herbivores and low stocking densities has been reported to stimulate aboveground biomass accumulation through enhanced tillering of grasses (Silva, and Raventos, 1999; Patton et al., 2007). Sprouting of young shoots from the tillers increases the generation of fresh actively photosynthesizing green foliage (Lerinche et al., 2003), which coupled to improved canopy light penetration due to low accumulation of dead biomass, enhance CO2 uptake and C storage by the herbaceous layer (Silva, and Raventos, 1999).
On the contrary, high grazing intensities that is associated with stocking densities in excess of the land’s carrying capacity and/ or non-migratory grazers, may over-defoliate (Lerinche et al., 2003) and trample (Abdel-Magid et al., 1987a) the vegetation lowering its capacity for C storage through CO2 uptake. Intensive grazing also leads to trampling of soils (Abdel-Magid et al., 1987a) reducing water percolation and soil water availability to the plants (Abdel-Magid et al., 1987b; Koboyashi et al., 1997). High intensity grazing may lower photosynthetic CO2 uptake directly through physical injury and defoliation of canopy and hence lowering soil C storage.
Grazing therefore affects savanna soil C storage in a complex manner depending on stocking rate of grazers and litter quality of plants on the other hand. Savannas may have great variations in stocking rate of grazers and litter quality of plants. The complex grazers-savannah interaction thus calls for site specific studies as different savannas/ locations may have different combinations of the grazers and plant species with varying litter quality leading to different interactive outcomes.

Vegetation clearing to create land for crop production generally lowers soil C content (Sauerbeck, 2001; IPCC, 2007). The decline in soil C content results from reduced input of plant biomass in the cropland soils due to destruction of photosynthesizing biomass (DeFries et al., 2002; IPCC, 2007) on one hand and accelerated decomposition of existing soil organic matter (Sauerbeck, 2001; McLaunchlan, 2006). The amount of soil stored C lost to the atmosphere may be much higher than CO2 released from burning during preparation of the fields (IPCC, 2007, Williams et al., 2007). The process of land preparation maybe responsible for the large losses of soil C that typically follows initial cultivation of previously untilled lands (Davidson, and Ackermann, 1993; Sauerbeck, 2001).

Immediately after land clearing, ground vegetation cover and hence photosynthesizing foliage is reduced to minimal levels thus restricting ecosystem CO2 uptake and consequently lowers soil C storage. In addition, tillage operations may enhance CO2 emissions from the ecosystem and lowers soil C. Soil organic matter is usually physically, chemically and biochemically protected from decomposition through occlusion by clay minerals and encapsulation within soil aggregates (Six et al., 1999; Jones, and Donnelly, 2004). Tillage decreases the physical and chemical protection of the litter and SOM (Post, and Kwon, 2000; Jones, and Donnelly, 2004) resulting into enhanced decomposition and soil CO2 efflux which lowers soil C store.
Soil C store of  cropland converted savannas is therefore highly variable depending on the phase of shifting cultivation studied and thus warranting detailed site and time/ stage specific studies.
CHAPTER THREE

 MATERIALS AND METHODS
3.1 Study site
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Plate 3.1 Map of National Youth Service, Lambwe Unit (000 37’ 27. 72’’ S, 340 18’ 81. 64’’ E). The altitude of the area is 1400 meters above sea level
The study was conducted within the land belonging to the National Youth Service (NYS), Lambwe unit (00035’ 27. 72” S, 340 18’ 81. 64” E), Homabay County (Plate 3.1). The site was located in the Lambwe Valley, 10 km east of Lake Victoria and 140 km from Kisumu City. The research plots were situated on a hillside with a gentle slope of 30, 200 m away from the hillside on flat ground and lying at an altitude of 1400 meters above sea level. The climate of the region is hot and humid, with a mean annual air temperature of 250C. Mean annual rainfall is approximately 1200–1400 mm, with a bimodal distribution pattern between April – June and September- November (Otieno et al., 2011). The soils are largely black cotton clays corresponding to vertisols according to WRB soil classification. The main activities being carried out included maize (Zea mays) cultivation and grazing by free-ranging livestock, mainly cows and goats at a stocking rate of about 6 animals per hectare. The terrain is mainly tall – grassland, with tracts of open woodland and thickets dominated by Acacia trees and thick layer of grass of Hyparrhenia hirta.
3.2. Experimental Design

The experiments were laid out in a split-plot design, with three replicates of various land use plots (grazing, fenced and abandonment) as the main blocks and rainfall manipulations that included; ambient rainfall (control), 50% enhanced rainfall and 50% reduced rainfall as the split plots. The rainfall manipulations constituted the split plots, which were all nested within three land use plots that were respectively grazed by livestock, fenced to exclude livestock or abandoned after maize cultivation (land use/management treatments). The rainfall manipulations were effected through construction of rainout shelters above the canopy of the herbaceous layer stands to exclude 50% of the ambient rain, or the excluded rainfall re-directed to plots to enhance the ambient rain by 50%. The control plots received ambient rainfall. Rain exclusion shelters measured 9 m by 6 m each were constructed on the land use plots measuring approximately 70 m by 50 m (Plate 3.2). Each split plot measured 6 m by 4.5 m. The shelters were constructed from transparent plastic gutters raised at 2 m above the ground and inclined at 50 down slope (for the 50% rainfall reduction) to allow rapid runoff of collected water into the rainfall increment plot and at the same time reduce rainfall on the rainfall reduction plot. For the rainfall increment plots, plastic gutters were spread on top and numerous perforations made to allow collected water to drip on to the ground uniformly. For the 50% rainfall reduction plot, the reduction was achieved by spreading of 3 gutters each measuring 1 m by 4.5 m at the top of the shelters and the gutters distributed at regular intervals to cover half of the split plot. Trenches, 30 cm deep, were dug around the plots and plastic sheets vertically inserted into the trenches to prevent surface runoff and lateral movement of water from the surrounding soil. 
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Plate 3.2. One of the rainout shelters constructed on the abandoned plot.  Within the shelter are two splits with rainfall manipulations. On the left is reduction of rainfall by 50% and on the right is split receiving increased rainfall by 50%. Control plots receiving ambient precipitation was identified and marked 100 m away to avoid any influence from rain treatment. 

3.2 Measurements
3.2.1 Microclimate
Weather parameters were continuously monitored using microclimate station installed within the study site in an open area to avoid interference from trees (Plate. 3.3)
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                                                                                                                                                                                                                                                                                                        Plate 3.3 A microclimate weather station installed on the study site.
Weather parameters included rainfall (RG3 HOBO Pendant rain gauge, HOBO ware, Eichstetten, Germany), radiation (LI- 190, LI-COR, USA) at 2 m above the ground and air humidity and temperature (FUNKY- Clima, ESYS, Berlin, Germany). Measurements were taken every 5min, averaged and stored every half-hour using in-built data loggers. Discontinuous measurements of soil temperature at 10 cm depth were carried out in the split-plots during CO2 efflux measurements using digital thermometers (Einstichthermometer, Conrad, Hirschau, Germany).
3.2.2 Soil water content

On each of the split-plots, soil moisture sampling was done with a 3 cm diameter core sampler down to 30 cm. Each sample (layer) was immediately weighed to determine its fresh/wet weight before oven-drying at 1050C for 48 hours to obtain the dry weight. Gravimetric soil moisture content was determined as the relative change in weight between wet and dry soil samples, according to the equation below (Brady and Weil, 2002). Next set of samples were taken away from holes made by soil cores. These measurements were done monthly for a period of six months.
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 3.2.3 Soil respiration
Soil respiration was measured monthly (one week in a month, with 4 days of measurements) in a systematic rotation in the three plots using manually operated closed dark chambers described by Otieno et al., (2009). The chambers were constructed from opaque PVC and covered with an opaque insulation layer and reflective aluminum foil. The chambers measure 38.9 cm by 38.9 cm at the base and 50 cm high. Before starting, measurements, air-tight plastic frames measuring 39.5 cm by 39.5 cm were fixed 4 cm into the ground (Plate 3.4) at least 4 weeks before measurement day and all the above ground biomass within the frames removed a day to measurements. Spacing between the frames was >4 m, in order to ensure representative site sampling. During CO2 flux measurements, chambers were sealed to the plastic frames/collars with a flexible rubber gasket and the chambers firmly secured using elastic straps fastened onto the ground from two sides. Measurements of CO2 released and gas analysis were done using a portable IRGA (LI-820, Li-COR, Lincoln, USA) gas exchange analyzers connected to the chamber through tubes. Measurements were carried out once the chambers were placed on the frames. By mounting frozen ice packs inside and at the back of the chambers in the airflow, temperatures during measurement were maintained within 20C relative to ambient. Once a steady state was attained, data was logged every 15 sec for 2 mins. After soil respiration measurements were completed, the soil frames were relocated to new positions for the next set of measurements.
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Plate 3.4.  39.5 cm by 39.5 cm square collar built using 3 mm thick PVC, fixed 4 cm into the ground and all the aboveground biomass within the frame removed a day to measurement. The collar had walls of 10 cm high and was surrounded by a 3 cm wide platform, 3cm below the top. The chamber with its sealing was placed on this platform during measurement. 

3.2.4 Soil Carbon
Soil samples for C determination were obtained from all the plots using a 4 cm diameter soil auger down to 30 cm depth. Samples were then dried and homogenized in a ball mill. The homogenized samples were re-dried in a desiccator to eliminate all the water. About 5 g of the dried soil samples were then analyzed to determine their C concentrations (%) by means of elemental analysis (Market, 1996).

Each sample was combusted in ultra-pure O2 in a furnace held at 1200 OC. The furnace contained a chromium oxide (Cr2O3) catalyst that facilitated the complete combustion of the sample and copper turnings that reduced any N in the sample to N2, (non-reactive). After complete combustion of the compound, the entire C in the compound was converted to CO2 gas and all H in the compound to H2O vapor. These gaseous products were then swept through copper to remove excess O2 and silver salts to remove halogens, P, and sulphur.

The levels of the gases (CO2, H2O and N2) were then determined from pre-calibrated thermal conductivity detector (TCD) which depend upon composition of the gas stream. The mixture of gasses was first sensed by the TCD, then passed through a magnesium perchlorate {Mg(ClO4)2} dehydrator to remove all the moisture before being sensed again. The stream was finally passed through a sodium hydroxide (NaOH) decarburizer, to remove all CO2 leaving only N2 which was then sensed by the TCD. This signal was linearized and integrated by a microprocessor and then blank corrected in accordance with calibration curve and corrected for sample weight. The resulting data was displayed as the concentrations in percentage (%).
3.2.5 Root biomass

From the same plots as soil flux measurements, root biomass of the herbaceous vegetation was estimated monthly for a period of six months by extracting soil samples with a 3 cm diameter core sampler from the middle of each collar/soil frame soon after the soil fluxes were measured. The soil columns were separated into layers of 0-10, 10-20 and 20-30 cm depth. The roots were isolated from soil by washing in running tap water. The washed roots were oven dried at 80(C for 48 hours and weighed to determine their dry weight (Brower and Zar 1984).
3.2.6 Root growth
Root growth was estimated using root traps constructed from metal mesh (3mm diameter) that were made to form rectangular hollow boxes each measuring 15 cm by 10 cm at the top and bottom, and 30 cm height. The traps were inserted 30 cm into dug ground (in all the split-plots of the three plots and replicated three times) with the top facing up and then re-filled with sieved soil (sieving to remove roots and other debris). After six months, the traps were carefully removed from the soil without disturbing the new roots that grew into the frames, by cutting through the edges. The frames were then soaked in water for about 2 hours to loosen soil from roots after which the soil was separated from the roots with a fine spray of water. Root distribution pattern, length, diameter, biomass were then determined. Root length was measured using a ruler; root diameter measured using a micrometer screw gauge (Plate 3.5). Root biomass was determined by oven drying at 80(C for 48 hours and then weighed (Brower and Zar 1984).
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3.2.7 Soil bulk density
From each of the split-plots, three soil samples were taken randomly using a 7.6 cm diameter ring (100cm3 in volume). Using a rubber hammer and a block of wood, the ring was driven to a depth of 7.6 cm. Digging round the ring was done and with a trowel underneath it, the ring was carefully lifted out to prevent any loss of soil. Excess soil was carefully removed from the sample with a flat blade knife while carefully flattening the bottom of the sample with the tip of the ring. Using the flat-bladed knife, the sample was pushed out into a sealable paper bag making sure the entire sample went into the bag. Each sample was then oven-dried at 105(C for 36 hours and weighed to determine its dry weight and bulk density calculated by dividing the dry weight of the soil sample by volume of the soil (100 cm3), according to equation below by Brady and Weil, (2002).

        Soil bulk density =         
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    3.3 Data analysis

Statistical analyses were performed using SAS software version 9.1, California, USA. Group means from the different plots as well as split plots were compared using one-way ANOVA with plots as fixed effects. Mean separations was conducted using Turkey-LSD (least significant different difference) between sites with significance level set at p≤0.05. Simple linear regression analysis was used to examine relationship between CO2 efflux rate and variables such as SWC, soil temperature and root biomass. Graphs were generated using Microsoft excel 2010.
CHAPTER FOUR

 RESULTS

4.1 Microclimate
Rainfall during 2012 fluctuated in response to the seasonality in the rain events. June, July and August, the first months when the experiment was started was characterized by drought while September to November was wet (Fig. 4.1). Mean air temperature during the study period was 24.950C with minor variations (±2.90C). The highest and lowest mean monthly air temperatures were 28.6±2.1 0C in July and 21.7±2.80C in October respectively. Mean soil temperatures for grazed, ungrazed and abandoned plots during the study period were 25.3±1.8ºC, 23.0±2.8ºC, and 24.5±2.0ºC respectively
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Figure 4.1. Monthly rainfall amounts, soil temperature (Tsoil) and air temperature (Tair) at Ruma between June and November  2012 when measurements were conducted.(Appx 8.13 and 8.14)
4.2 Responses of  SWC, Soil Respiration, Soil C, Root Biomass and Bulk Density to Management 
Table 4.1 shows various plot parameters measured during the study period. SWC, soil respiration, soil C, root biomass and bulk density differed (p<0.05) among the land use plots (Table 4.1). Grazed plots recorded significantly lower SWC compared to Abandoned and ungrazed plots, however, differences in SWC between Ungrazed and Abandoned plots were insignificant. Abandoned and ungrazed plots recorded significantly high soil respiration rates compared to grazed plots. Differences in respiration rates between ungrazed and abandoned plots were insignificant. Total soil C (tones/ha) in grazed plots were significantly high compared to the other  plots, however, differences in soil C between Abandoned and Ungrazed plots were insignificant. 

Root biomass in grazed plot was significantly lower compared to abandoned and ungrazed plots, however, root biomass in ungrazed and abandoned plots were insignificantly different.

Grazed plots recorded significantly high soil bulk densities compared to Abandoned and Ungrazed plots. Differences in bulk densities between ungrazed and Abandoned plots were however insignificant. 
Table 4.1. Summary of results of different parameters measured in the different plots. ± are standard deviations from the means of three replicates. Different letters indicate means are significantly different by LSD at 0.05
	PARAMETERS
	GRAZED
	UNGRAZED
	ABANDONED

	SWC (%)
	23.79±0.88a
	29.90±2.89b
	27.64±1.97b

	Soil respiration (µmol CO2 m-2 s-1)
	7.82±0.14a
	10.13±0.81b
	10.02±0.73b

	Carbon (%)
	3.00a
	2.00b
	2.00b

	Total soil C (tones/ha)
	7.14±0.5a
	4.79±0.4b
	5.32±0.2b

	Root biomass (g/m2)
	415±76.30a
	642±61.68b
	618±88.01b

	Bulk density (g/cm3)
	1.54±0.15a
	1.10±0.13b
	1.15±0.11b


4.3 Soil water content

Soil water content (SWC) differed significantly (p<0.05) among the ambient plots during the period of study (Fig. 4.2). In response to rainfall manipulations, 50% rainfall exclusion significantly (p<0.05) lowered SWC while 50% rainfall addition significantly (p<0.05) increased SWC (Fig. 4.2).  At plot level, the highest and lowest mean SWC was recorded in the ungrazed and grazed plots, respectively (Fig. 4.2). In the grazed, ungrazed and abandoned plots, rain addition led to increases of mean SWC of 17.58, 5.34 and 11.78% respectively. On the other hand rainfall reduction led to SWC decrease of 5.72, 9.55 and 2.0% in grazed, ungrazed and abandoned plots respectively.
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Figure 4.2. Mean soil water content (%) at 0-30 cm soil depth in grazed, ungrazed and abandoned plots at ambient rainfall, 50% rainfall increment and 50% rainfall reduction for the entire period of study. Bars are means±SD. (n = 3) Bars sharing common letters are not significantly different from each other by LSD at 0.05 (Appx 8.1)
4.4. Soil respiration
4.4.1 Influence of land use and rain exclusion/addition on soil respiration 
 At ambient rainfall, ungrazed (10.56±3.6 µmol CO2 m -2 s-1) and abandoned (9.76±4.43 µmol CO2 m -2 s-1) plots recorded significantly higher soil respiration rates than grazed (7.84±2.64 µmol CO2 m-2 s-1) plot. In the grazed plot, the differences in soil respiration rates as a result of rainfall treatment was insignificant (p>0.05). 50% rainfall reduction led to a significant decrease in soil respiration rate by 12.89 and 3.02% in ungrazed and abandoned plots respectively (Fig. 4.3), the lowest and highest soil respiration rates measured in these plots amounted to 3.16µmol CO2 m-2 s-1, and 13.47µmol CO2 m-2 s-1 respectively. Fifty percent rainfall increment led to a significant increase in soil respiration rate by 11.09% in the abandoned plot but did not significantly (p>0.05) influence soil respiration rates in the ungrazed plots. 
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Figure 4.3. Mean soil respiration (µ mol CO2/m2/sec) in grazed, ungrazed and abandoned plots at ambient rainfall, rainfall reduction by 50%, and rainfall increment by 50% for the entire period of study. Bars are means± SD (n= 3). Bars sharing common letters are not significantly different by LSD at 0.05 (Appx 8.3)
4.4.2 Regulation of soil respiration
Soil respiration responded strongly (R2= 0.95) to changes in soil water content in the grazed plot compared to the other two plots (Fig. 4.4a). Weakest relationship between soil water content and soil respiration (R2=0.05) occurred in the ungrazed plot (Fig. 4.4a).

In all the three land use plots, soil respiration was positively correlated with root biomass. The ungrazed and abandoned ambient plots showed strong positive correlation of R2=0.79 and R2=0.58 respectively. Grazed plot, however, showed a weak positive correlation (R2=0.26) between root biomass and soil respiration (Fig. 4.4b).

Soil respiration was positively correlated with soil temperature in all the three plots (Fig. 4.4c). The strength of the relationship was in the order of Ungrazed (R2=0.55)> Abandoned (R2=0.45)> Grazed (R2=0.42). 
a
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Figure 4.4. Relationship between (a) SWC, (b) root biomass, (c) soil temperature within 0-30 cm soil profile and soil respiration in the grazed, ungrazed and abandoned ambient plots for the entire measurement period.(Appx 8.17)
4.5 Root biomass
 Mean root biomass of different plots during the period when measurements were carried out is shown in Figure 4.3. Root biomass differed significantly (p< 0.0001) among the three land use plots as well as among the rainfall regimes. Abandoned and ungrazed plots had higher mean root biomass than grazed plot across all rainfall regimes. Root biomass was higher under increased rainfall treatment and lower under rainfall reduction in all the plots (Fig. 4.5). 50% rainfall reduction led to reduced root biomass by 16.06%, 11.89% and 12.32% in the grazed, ungrazed and abandoned plots, respectively while 50% rainfall increment increased root biomass by 44.38%, 6.73% and 16.43% in the grazed, ungrazed and abandoned plots respectively
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Figure 4.5.  Mean root biomass (g/m2) within 0-30 cm soil profile between June and November 2012 in grazed, ungrazed and abandoned plots at various water treatments. Water treatments were effected through increment and reduction of ambient rainfall by 50%. Bars are means±SD (n =3). Bars followed by common letters are not significantly different by LSD at 0.05 (Appx 8.2)
4.6 Root growth

In all the three plots, mean root extension was within the top 20 cm of soil profile (Fig. 4.4a). Root extension was significantly different (p<0.05) among the three land use plots (Fig. 4.4a). In the grazed plot, compared to the other two land uses, root extension was greater at rainfall reduction treatment (Fig 4.6a).
In the ungrazed plot, differences between control and 50% rain addition were not significant (p>0.05). The lowest mean root extension, in response to 50% rainfall addition was recorded in the abandoned plot while the highest was in ungrazed plot (Fig. 4.6a). The highest mean root extension in response to 50% rainfall reduction was in the grazed plot while the lowest was in the ungrazed plot.
In the abandoned plot, root extension under the respective rainfall treatments was in the order of Ambient (18.68±1.03 cm)> Rainfall reduction (17.68±0.74 cm)> Rainfall increment (16.83±0.88 cm).
The highest root biomass growth in response to 50% rain addition was in ungrazed plot while lowest occurred in the grazed plot. Increasing rainfall by 50% led to 9.64% increases in root biomass in the grazed plots. In the ungrazed plot, rainfall reduction led to decrease in biomass by 32.51% while rainfall increment led to increase in biomass by 25.56%.

In the abandoned plot, rainfall increment led to a significant (p<0.05) increase in root biomass by 29.41% while rainfall reduction had no significant (p>0.05) effect on root biomass (Fig 4.6b).
Root diameter in the grazed plot was significantly lower (p<0.05) than in the ungrazed and abandoned plots (Fig. 4.6c). In response to 50% rainfall increment, mean root diameters in ungrazed and abandoned plot were higher than in grazed plot. The same trend was observed in response to rainfall reduction.

Reduction of rainfall input by 50% was associated with 34.4, 25 and 36.84% reduction in root diameters in the grazed, ungrazed and abandoned plots respectively. On the contrary, increasing rainfall input by 50% was associated with 4.44, 1.68 and 3.76% increase in diameter in grazed, ungrazed and abandoned plots respectively.
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Figures 4.6.  Root growth measurements (A. root extension, B. biomass and  C. diameter)  measured within root traps that were inserted 30 cm into the soil between June and November 2012 in in grazed, ungrazed and abandoned plots at eater treatment. Water treatment were effected through rainfall reduction or increment by 50% of the ambient. Bars are means±SD (n=9) Bars notsharing the same letters are significantly different from each other by LSD=0.05.(Appx 8.16)
CHAPTER FIVE

 DISCUSSION

5.1 Changes in soil moisture arising from rainfall simulation and land uses.

During the experimental period, mean SWC differed significantly (p<0.05) among land use plots in the order ungrazed (29.904±2.89%)> abandoned (27.603±1.97%)>grazed (23.785±0.88%). Differences in SWC arising among the plots are likely due to differences in vegetation cover and soil bulk density. For example, higher SWC in the ungrazed plot and abandoned plots could be attributed to abundant vegetation cover, accumulated litter and low bulk density. The standing plant biomass and litter likely increased soil moisture through reduced evaporation. This is in agreement with findings of Patton et al., (2007) who reported that conversion of natural savanna into grazing field results in the removal of aboveground biomass and low litter accumulation, leading to reduced soil moisture. Naeth et al., (1991) reported that litter itself can hold water and thus improve the soil moisture status. Lower soil moisture in grazed plots can be linked to reduced water percolation during the rain events, since the soils were more compacted. This compaction is attributed to trampling by grazing animals. Soil compaction lowers infiltration rate and soil moisture content (Dewry et al., 2000). The minimal monthly fluctuations in SWC observed in the abandoned and ungrazed plot is attributed to the buffering effect of high organic matter content (and associated with water retention capacity) combined with to greater plant cover.
Rainfall exclusion reduced SWC while rainfall increment increased SWC in all plots, irrespective of land use type. High rainfall input improves water penetration into the deeper soil layers and stimulates plant growth, resulting into increased plant cover and litter. This buffers evaporative water loss from the soil and improved soil water status (Quing et al., 2012). Increased vegetation as a result of increased rainfall, result into reduced runoffs and increased soil water holding capacity (sponge effect) (Kuzyakov, and Wang, 2001), with significant improvement of the SWC. Reduced rainfall is associated with drought stress and results in decreased plant cover and increased surface runoff (Patton et al., 2007). The reduced plant cover enhances soil temperature, which in turn increases soil water loss through evaporation resulting in reduced soil water content (Liu et al., 2010).
5.2 Effect of land use and soil moisture availability on soil respiration

Mean soil respiration rates were 7.83±0.14, 10.13±0.8 and 10.02±0.73 µmol m-2 s-1 in grazed, ungrazed and abandoned plots, respectively. The low respiration rates in the grazed plots were attributed to lower root biomass resulting into low root activities, and due to low SWC. Decline in root biomass is associated with reduced autotrophic respiration, due to limited microbial activity (Kuzyakov, 2002). The reduced respiration rate as a result of low root biomass reported in this study is further explained by the fact that roots derived CO2 comprises of 40-60% total soil CO2 efflux (Raich, and Schlesinger, 1992); therefore, low root biomass results in reduced soil CO2 efflux. 
Reduced soil CO2 respiration rates in the grazed plots compared to the other two plots is attributed to lower humus accumulation as a result of grazing (Quixue, and Ochibat, 2014). Humus form the C-substrate base for soil microbes (Yeo, 2005), therefore consumption of aboveground biomass in the grazed plots were associated with reduced humus accumulation (Tanentzap, and Coomes, 2011) and reduced soil respiration due to reduction of the organic matter decomposition by microbes (Billota et al., 2007). Low soil water content observed in the grazed plot contributed to the observed lower soil respiration rate by limiting microbial contact with available substrate and causing dormancy and /or death of microorganisms at low SWC (Orchard, and Cook, 1983). The diffusion of extracellular enzymes produced by microbes for breaking down organic matter and the diffusion of soluble C substrates that can be assimilated by microbial cells must occur within a liquid phase of adequate soil water. Hence, microbial respiration can be limited by access to C substrate because of low SWC and resulting decrease in diffusion of C substrate and extracellular enzymes, and microbial mobility (Grant, and Rochette, 1994). 
 Grazing also reduced the photosynthetic area therefore, indirectly reducing soil respiration. According to Craine et al., (1999), photosynthesis controls total soil respiration. Tight coupling of photosynthesis and soil respiration were observed by Cheng et al., (1994) and Kuzyakov, (2006), showing that photosynthates were transported to roots and metabolized by roots and rhizosphere microorganisms leading to increased soil respiration. Any factor that affects photosynthesis, such as herbivory, influences soil respiration.  Grazing also increased soil compaction which results into reduced water and oxygen infiltration to roots and soil microorganisms (Kuzyakov, 2002) lowering root and microbial activity and hence reduced soil efflux.
 High respiration rate in the ungrazed and abandoned plots is linked to high root biomass. Linear relationships between soil respiration rates and root biomass observed in this study have been reported by several researchers (Liu et al., 2002; Wang et al., 2005; Jia et al., 2006). Raich, and Schlesinger, (1992) observed that root biomass contributed to root derived CO2 originating from root respiration and rhizomicrobial respiration of exudates and dead roots also called rhizosphere respiration. Root derived CO2 is thought to comprise 40-60% of total soil efflux in savanna (Raich, and Schlesinger, 1992), therefore, high root biomass results in increased soil respiration.
 The low bulk density in the abandoned and ungrazed plots may have resulted in improved aeration and water infiltration to roots and soil microbes thereby improving root and microbial activity resulting in increased respiration rates.
 High soil respiration rates in the ungrazed and abandoned plots are linked to high root biomass and high soil water content. In addition, there was greater humus accumulation in the ungrazed plot compared to the other two plots (personal observation), which resulted in increased soil organic matter in the top soil layer (Abril, and Bucher, 2001) that formed adequate substrate for soil heterotrophs, resulting in increased soil respiration.
 There was a general trend of increased soil respiration rate with increasing rainfall input in the grazed, ungrazed and abandoned plots. This could be attributed to increased microbial activity as demonstrated by Scopp et al., (1990). Increases in soil water content tend to optimize soil temperature, which in turn enhances decomposition of organic matter by soil microorganisms and thus increase the rate of soil respiration (McCulley et al., 2007).
 Increasing respiration following rainfall enhancement was also reported for a South African savanna (William et al., 2009) and in other water limited ecosystems ( Xu, and Baldocchi 2004; Xu et al., 2004; Jenerette et al., 2008). Increased soil respiration following increased rainfall treatment can result from CO2 displacement (degassing) from soil pore spaces by infiltrating water (Kiefer, and Amey, 1992; Smart, and Penuelas, 2005), increase in microbial biomass and activity (Orchard and Cook, 1983) or increase in root respiration associated with enhanced photosynthesis (Kuzyakov, and Cheng, 2001). High SWC in the rainfall increment treatment may have stimulated growth of plants prior to aboveground biomass harvesting, (done a day before soil respiration measurements) leading to increased green biomass (photosynthetic surface area), therefore, increasing supply/transport of photosynthates to roots and rhizosphere microorganisms resulting in increased soil respiration (Xu et al., 2004; Reis, and Shugart, 2008,). Given that some ecosystems show tight linkages between plant photosynthetic activity and root respiration (Craine et al., 1999; Wan and Luo, 2003) it is likely that rainfall enhancement increased root respiration. Since microbial and root respiration was not measured, it is not possible to identify the exact source of increased soil respiration arising from increased soil water availability. 

On the other hand, the low efflux rate of CO2 experienced in the rainfall reduction treatment in all the plots can be linked to low root biomass which is associated with reduced autotrophic respiration and lower exudation that limits microbial activity and heterotrophic respiration (Kuzyakov, 2002).
Apart from causing dormancy and or death of microorganisms, low SWC, due to rainfall exclusion, may result into reduce microbial contact with available substrate through reduced translocation of substrate from the litter layer to the microbial sites in the soil, hence reduced decomposition of soil organic matter, and consequently reducing soil respiration (Lee et al., 2004).

5.3 Influence of soil temperature and moisture on soil respiration

The results presented corroborates findings of other studies which have shown that soil respiration increases with increase in soil temperature and is commonly described by an Arrhenius equation (Fang, and Moncrieff, 2001). Warmer temperatures accelerate heterotrophic respiration by increasing the activity of extracellular enzymes that degrade polymeric organic matter in soils, by increasing rates of microbial uptake of soluble substrates, and by increasing microbial respiration rates (Ciais et al., 2011). Our results are in agreement with findings of Conant et al., (2004), which reported an increase in soil respiration, with increasing soil temperature. Increasing temperature, which coincides with increased exudation of C-rich organic substances by active roots (Kuzyakov, 2006), result in increased degradation of substances by microbes and overall increase in soil respiration (Scholes et al., 2011). The increasing temperature, however, should be within optimum level above which death and or degradation of microbes occurs, resulting in reduced soil respiration (Conant et al., 2004). Ungrazed plots showed the strongest relationship (R2=0.55) between soil respiration and soil temperature, which could be attributed to higher root biomass  that resulted in increased exudation of C-rich substances with increasing temperatures (Kuzyakov, and Wang, 2001). The reducing trend in the relationship between soil respiration and soil temperature in abandoned and grazed plot is linked to the reduction in root biomass in the plots.  

The fact that water increment increased soil respiration in all the plots suggests that soil respiration is water limited at these plots. This is consistent with results from savanna and other grassland ecosystems elsewhere, where rainfall events or experimental addition of water have shown increases in soil respiration between two to nine fold (Zepp et al., 1996; Liu et al., 2002). Increased soil respiration following water addition can result from CO2 displacement from soil pore spaces by infiltrating water (Kiefer, and Amey, 1992; Smart, and Penuelas, 2005), increases in microbial biomass and activity (Orchard, and Cook, 1983) or increase in root respiration associated with enhanced root biomass (Zepp et al., 1996). In this study, a positive correlation observed between soil water content and soil respiration suggested an increase in soil respiration with increasing soil water content. Thus soil water content is an important factor controlling soil respiration. Responses of soil respiration to changes in SWC however, differed at plot level, with the strongest correlation (R2= 0.95) occurring in the grazed plot, while the association in the other two plots were relatively weaker (R2= 0.05, R2=0.44 in the ungrazed and abandoned plots, respectively). The differences in the regression slopes of the grazed, ungrazed and abandoned plot may be attributed to the differences in soil carbon (Xu et al., 2004). 
 5.4 Influence of root biomass on soil respiration
The increase in soil respiration due to increased root biomass is linked to increased root respiration, rhizodeposition of assimilable carbon, increased microbial decomposition of the dying roots and sloughed off root cells, also called rhizosphere respiration (Kuzyakov, and Wang, 2001). Root derived-CO2 comes from root respiration and rhizobial respiration and decomposition of exudates and dead roots (Raich, and Schlesinger, 1992). In addition to the direct contribution of roots to total soil respiration, roots can also decompose or affect soil microbial activities by exudating C-rich organic substances easily available for microorganisms and by altering the soil physical and chemical environment (i.e. pH, soil structure, and water flow). This, therefore, leads to increased microbial biomass and accelerated decomposition of soil organic matter in the rhizosphere, resulting in increased soil respiration (Kuzyakov, 2002). The differences in the regression slopes of the three plots may be attributed to the differences in root biomass and soil water content. The increasing order (Ungrazed>Abandoned>grazed) of root biomass and soil water content in grazed, ungrazed and abandoned plot support this argument. 

5.5 Influence of management on soil carbon store
The grazed plot (2.9%C) had significantly higher soil carbon store than the abandoned (2.2%C) and ungrazed (2.1%C) plots. The higher soil C content in the grazed plot is attributed to factors such as animal excreta, which increase soil C input and is in agreement with findings of Mc Sherry, and Ritchie, (2013). The destruction of the soil aggregate structure and the crust of soil by livestock stamping enhanced soil organic matter breakdown and decomposition (Liu et al., 2003; Mousel et al., 2005) leading to increased soil C stock in the grazed plot. This result is in agreement with findings of Holt, (1997), showing that grazing by animals, especially at moderate densities, increase soil C store because animal movements enhances physical breakdown and incorporation of litter into the soil. This enhances the rate of decomposition of litter and transfer of C into the soil. The high soil C in the grazed plots presented in this study can be linked to reduced C losses through reduced soil respiration rates and further reduction in soil C loses through reduction in ecosystem respiration as a result of grazing. Moderate grazing also stimulate above ground biomass growth through enhanced tillering (Patton et al., 2007; Turner et al., 1993). This increases photosynthetic rates of vegetation (Leriche et al., 2003; Turner et al., 1993). Additionally, low accumulation of dead biomass, improves light penetration into the grass canopy, increases photosynthesis and C transport and storage in the soil (Silva, and Raventos, 1999). 
Grazing exclusion leads to increase of soil carbon (Wu et al., 2008; Liu et al., 2004; Oluwole, and Sikhalanzo, 2008). These results contradict findings of Reeder, and Schuman, (2002) and Weinhold et al., (2001) which show decreasing soil C store following grazing exclusion. Studies by Altersor et al., (2005) and Rodriguez et al., (2003) also revealed declining plant species diversity as a result of grazing exclusion. 
When considering the influence of management on soil C sequestration, knowledge of site history such as cultivation history is important. Prior to abandonment, the abandoned plots were used for maize cultivation. The various pre and post-harvest activities that were carried out on abandoned plots could contribute to the observed low soil-C content. Changes in soil characteristics following conversion of natural ecosystems into agro-ecosystems have been reported elsewhere (Mann, 1986; Davidson, and Ackerman, 1993; Moraes et al., 1996, Elberling et al., 2003). These changes include decreasing level of soil C as well as alteration of the physical properties. Losses of soil organic carbon from a variety of soils that have been previously under cultivation have been reported to be in the range of 20-70% of the original soil organic carbon (Mann, 1986; Solomon et al., 2000). Disturbance of soils associated with cultivation generally leads to a decline in soil organic carbon content as a consequence of enhanced microbial respiration (Scholes et al., 2011). Feeding of the remaining parts of the harvested crops to livestock and cutting and heaping the remaining harvested crops at particular points, a practice which was common in the abandoned plot prior to abandonment, contributed to the low soil C due to the reduced return of organic matter to the soil in the form of plant litter (Elberling et al., 2003), together with the general slow rate of soil carbon return after depletion (Post, and Kwon, 2000). 
CHAPTER SIX
 CONCLUSIONS AND RECOMMENDATIONS

6.1. CONCLUSIONS

1. Soil moisture changes in this savanna are directly under the influence of rainwater input and there is no any other recharge from underground sources.

2. Localized variations in SWC associated with land use are due to differences in vegetation cover, which influences infiltration and evapotranspiration rates.
3. Changes in SWC have a direct influence on soil processes, with increasing SWC leading to accelerated litter decomposition and root activities (Huxman et al., 2004). Increased rainfall is likely to lead to increased volume of hydrated soil, thus increasing the mass of active microorganisms as well as the rate of activity, changes that lead to increased C-turnover and soil respiration. Infiltrating rainwater also displaces CO2 from the soil pores (degassing), which speeds up the rate of CO2 efflux. This however happens within seconds or minutes of water addition, and may last up to a few hours. The reduction in soil respiration with reduced rainfall amount was the result of low microbial respiration. 
4. Soil respiration was tied to root biomass and was the reason for differences between ungrazed and abandoned plots in their CO2 efflux rates. Root biomass increases soil respiration through increased exudation of C-rich organic substances making them easily available for microorganisms. Higher soil respiration rates in ungrazed and abandoned plots compared to the grazed plots was due to the differences in soil water content. Higher soil water content in ungrazed and abandoned plot resulted in increased microbial contact with available substrate hence increasing soil respiration while low soil water content in the grazed plot limited the microbial contact with available substrate and may have caused dormancy and or death of microorganisms resulting in low soil respiration.
5. Higher soil carbon in grazed plots was as a result of increased C input by animal excreta, enhanced incorporation and decomposition of litter associated with moderate grazing intensity. The lower soil carbon content in abandoned plot was associated with its land use history before abandonment. Animal husbandry practices in the humid savanna result in the low return of soil organic matter to the soil, thus the potential maximum C-sequestration capacity of the soil is never met. Low soil C in the ungrazed plot is linked to the increasing carbon loss through increased respiration and oxidation of soil carbon. 
6.2 RECOMMENDATIONS
1. Even though this study attributes changes in soil moisture to varying rain water input, influence of hydraulic lifting especially by large plant roots need to be investigated to validate the hypothesis
2. In addition to manual chamber method, future studies in this savanna should employ eddy covariance technique to accurately determine carbon balance of the whole ecosystem which is critical for management purpose.
3. Any future evaluation of soil carbon store in this type of savanna should not only consider the spatial differences in structure, but also previous land use histories to avoid bias and thus increase the accuracy of any estimate made.
6.3. SUGGESTIONS FOR FUTURE RESEARCH

1. Both spatial and temporal differences need to be considered in future studies aimed at understanding soil respiration and carbon storage of this savanna.

2. Future studies in the savanna need to distinctly measure microbial and root respiration in order to identify the exact source of soil respiration and their response to management and altered rainfall patterns.
3. Future research should determine the link between aboveground biomass and soil respiration in order to identify the contribution of photosynthesis to soil carbon dynamics in this savanna.
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APPENDICES
Appendix 8.1.ANOVA for soil water content between June and November 2012 showing sum of squares, mean sum of squares for grazed, ungrazed and abandoned plots at various rainfall treatments.
	


                                        Class Level Information

                                  Class         Levels    Values

                                  land               3    1 2 3       

                                  ppt                3    1 2 3       

                                  month              6    1 2 3 4 5 6 

                                Number of Observations Read         162

                                Number of Observations Used         162

 Dependent Variable: swc   swc

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53     13619.79652       256.97729       5.16    <.0001

          Error                      108      5373.92423        49.75856                     

          Corrected Total            161     18993.72075                                     

                           R-Square     Coeff Var      Root MSE      swc Mean

                           0.717068      25.12230      7.053975      28.07854

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land                         2      415.241753      207.620876       4.17    0.0180

          month                        5     7641.438551     1528.287710      30.71    <.0001

          ppt                          2     1108.653716      554.326858      11.14    <.0001

          land*month                  10     1838.460687      183.846069       3.69    0.0003

          land*ppt                     4      103.854568       25.963642       0.52    0.7199

          ppt*month                   10     1234.671132      123.467113       2.48    0.0102

          land*ppt*month              20     1277.476110       63.873806       1.28    0.2057

	


Appendix 8.2 ANOVA for root biomass between June and November 2012 showing sum of squares, mean sum of squares for grazed, ungrazed and abandoned plots at various rainfall treatment
	


 Dependent Variable: biomass   biomass

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53      73425055.4       1385378.4       0.53    0.04941

          Error                      108     281242956.9       2604101.5                     

          Corrected Total            161     354668012.3                                     

                          R-Square     Coeff Var      Root MSE    biomass Mean

                          0.207025      188.2299      1613.723        857.3147

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land                         2     14010418.74      7005209.37       2.69    0.0074

          month                        5      7923726.72      1584745.34       0.61    0.6935

          ppt                          2     11398828.25      5699414.13       2.19    0.1170

          land*month                  10      7131760.42       713176.04       0.27    0.9857

          land*ppt                     4     11342365.46      2835591.37       1.09    0.3658

          ppt*month                   10      7149619.49       714961.95       0.27    0.9855

          land*ppt*month              20     14468336.28       723416.81       0.28    0.9991

	


Appendix 8.3 ANOVA for soil CO2 efflux measured between June and November 2012 showing sum of squares, mean sum of squares for grazed, ungrazed and abandoned plots at various rainfall treatment

	


 Dependent Variable: FLUX   FLUX

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53     1618.483053       30.537416       4.60    <.0001

          Error                      108      717.198634        6.640728                     

          Corrected Total            161     2335.681687                                     

                           R-Square     Coeff Var      Root MSE     FLUX Mean

                           0.692938      31.02677      2.576961      8.305604

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land                         2     239.5355765     119.7677882      18.04    <.0001

          month                        5     578.5095995     115.7019199      17.42    <.0001

          ppt                          2      19.6497374       9.8248687       1.48    0.0232
          land*month                  10     335.2797224      33.5279722       5.05    <.0001

          land*ppt                     4      28.9965933       7.2491483       1.09    0.3644

          ppt*month                   10     168.3887412      16.8388741       2.54    0.0087

          land*ppt*month              20     248.1230829      12.4061541       1.87    0.0220

	


Appendix 8.4 ANOVA for air temperature (Tair) between June and November 2012 showing sum of squares, mean sum of squares for grazed, ungrazed and abandoned plot at various rainfall treatment

	


 Dependent Variable: T_air   T air

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53     1009.259568       19.042633       5.64    <.0001

          Error                      108      364.926667        3.378951                     

          Corrected Total            161     1374.186235                                     

                           R-Square     Coeff Var      Root MSE    T_air Mean

                           0.734442      6.535723      1.838192      28.12531

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land                         2     136.1223457      68.0611728      20.14    <.0001

          month                        5     475.8040123      95.1608025      28.16    <.0001

          ppt                          2       0.3453086       0.1726543       0.05    0.9502

          land*month                  10     206.9132099      20.6913210       6.12    <.0001

          land*ppt                     4      24.5935802       6.1483951       1.82    0.1303

          ppt*month                   10      66.8924691       6.6892469       1.98    0.0424

          land*ppt*month              20      98.5886420       4.9294321       1.46    0.1117

	


Appendix 8.5 ANOVA for soil temperature (Tsoil) between June and November 2012 showing sum of squares, mean sum of squares for grazed, ungrazed and abandoned plot at various rainfall treatment

	


 Dependent Variable: T_soil   T soil

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53     848.9367438      16.0176744      19.53    <.0001

          Error                      108      88.5716667       0.8201080                     

          Corrected Total            161     937.5084105                                     

                          R-Square     Coeff Var      Root MSE    T_soil Mean

                          0.905524      3.728967      0.905598       24.28549

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land                         2     146.3731790      73.1865895      89.24    <.0001

          month                        5     282.3745216      56.4749043      68.86    <.0001

          ppt                          2       9.1648457       4.5824228       5.59    0.0049

          land*month                  10     190.5807099      19.0580710      23.24    <.0001

          land*ppt                     4      74.5635802      18.6408951      22.73    <.0001

          ppt*month                   10      73.8923765       7.3892377       9.01    <.0001

          land*ppt*month              20      71.9875309       3.5993765       4.39    <.0001
	


   Appendix 8.6 ANOVA for soil bulk density at various land uses during the study period
	


                                  Class         Levels    Values

                                  land_use           3    1 2 3       

                                  ppt                3    1 2 3       

                                  month              6    1 2 3 4 5 6 

                                Number of Observations Read         162

                                Number of Observations Used         162

	


Appendix 8.7. ANOVA for soil bulk density at various months during the study period                                           
	


 Dependent Variable: bulk_density   bulk density

                                                  Sum of

          Source                      DF         Squares     Mean Square    F Value    Pr > F

          Model                       53      2.90547385      0.05482026       3.38    <.0001

          Error                      108      1.74940775      0.01619822                     

          Corrected Total            161      4.65488161                                     

                         R-Square     Coeff Var      Root MSE    bulk_density Mean

                         0.624178      10.61251      0.127272          1.199266

          Source                      DF     Type III SS     Mean Square    F Value    Pr > F

          land_use                     2      1.78960231      0.89480115      55.24    <.0001

          month                         5      0.27616298      0.05523260       3.41    0.0067

          ppt                              2      0.01172578      0.00586289       0.36    0.6972

          land_use*month        10      0.20627725      0.02062773       1.27    0.2545

          land_use*ppt               4      0.06363160      0.01590790       0.98    0.4205

          ppt*month                   10      0.10007197      0.01000720       0.62    0.7958

          land_use*ppt*month          20      0.45800196      0.02290010       1.41    0.1315

	


Appendix 8.8 t-Test (LSD) for soil water content at various land uses

	


                          Alpha                                   0.05

                          Error Degrees of Freedom                   6

                          Error Mean Square                   3.290235

                          Critical Value of Studentized Range  4.33902

                          Minimum Significant Difference        4.5441

                   Means with the same letter are not significantly different.

                     Tukey Grouping          Mean      N    land_use

                                  A        29.904      3    2       

                             B    A        27.640      3    3       

                             B             23.785      3    1       

1                                       

	


Appendix 8.9 t-Test (LSD) for root biomass at various land use plots
	


                          Alpha                                   0.05

                          Error Degrees of Freedom                   6

                          Error Mean Square                   5790.468

                          Critical Value of Studentized Range  4.33902

                          Minimum Significant Difference        190.63

                   Means with the same letter are not significantly different.

                  Tukey Grouping          Mean      N    land_use

                               A        642.82      3    2       

                               A        618.44      3    3       

                               B        415.35      3    1        

	


Appendix 8.10 t-Test (LSD) for soil CO2 efflux at various land uses
	


                          Alpha                                   0.05

                          Error Degrees of Freedom                   6

                          Error Mean Square                   0.400202

                          Critical Value of Studentized Range  4.33902

                          Minimum Significant Difference        1.5848

                   Means with the same letter are not significantly different.

                  Tukey Grouping          Mean      N    land_use

                               A       10.1328      3    2       

                               A       10.0216      3    3       

                               B        7.8250      3    1       

	


 Appendix 8.11. t-Test (LSD) for air temperature (oC) at various land uses

	


                                 Alpha                            0.05

                                 Error Degrees of Freedom          108

                                 Error Mean Square            3.378951

                                 Critical Value of t           1.98217

                                 Least Significant Difference   0.7012

                       Means with the same letter are not significantly different.

                            t Grouping          Mean      N    land

                                     A       28.8093     54    1   

                                     A       28.7370     54    3   

                                     B       26.8296     54    2   
	


Appendix 8.12. t-Test (LSD) for soil temperature (oC) at various land uses
	


                                 Alpha                            0.05
                                 Error Degrees of Freedom          108

                                 Error Mean Square            0.820108

                                 Critical Value of t           1.98217

                                 Least Significant Difference   0.3455

                       Means with the same letter are not significantly different.

                            t Grouping          Mean      N    land

                                     A       25.3444     54    1   

                                     A       24.4731     54    3   

                                     B       23.0389     54    2   

	


Appendix 8.13.  t-Test (LSD) for air temperature at various months during the period of experiment
	


                                 Alpha                            0.05

                                 Error Degrees of Freedom          108

                                 Error Mean Square            3.378951

                                 Critical Value of t           1.98217

                                 Least Significant Difference   0.9917

                       Means with the same letter are not significantly different.

                              t Grouping          Mean      N    month

                                       A       22.5778     27    5    

                                       A       21.6593     27    6    

                                       B       25.6741     27    1    

                                       C       23.2074     27    4    

                                       D       27.8667     27    3    

                                       D       28.5667     27    2    

	


Appendix 8.14.  t-Test (LSD) for soil temperature at various months during the period of measurement

	


                                 Alpha                            0.05

                                 Error Degrees of Freedom          108

                                 Error Mean Square            0.820108

                                 Critical Value of t           1.98217

                                 Least Significant Difference   0.4886

                      Means with the same letter are not significantly different.

                           t Grouping          Mean      N    month

                                    A       24.5259     27    1    

                                    B       20.0926     27    6    

                                    B       20.3852     27    5    

                                    B       21.0704     27    4    

                                    A       24.1463     27    3    

                                    A       25.6926     27    2    

	


Appendix 8.15. t-Test (LSD) for bulk density at various land uses during experimental period

	


                                 Alpha                            0.05

                                 Error Degrees of Freedom          108

                                 Error Mean Square            0.016198

                                 Critical Value of t           1.98217

                                 Least Significant Difference   0.0486

                       Means with the same letter are not significantly different.

                          t Grouping          Mean      N    land_use

                                   A       1.54474     54    1       

                                   B       1.15294     54    3       

                                   B       1.10011     54    2       

	


Appendix 8.16 OVERAL MEANS BREAK DOWN FOR THE PARAMETERS MEASURED DURING PERIOD OF EXPERIMENT
	


 -------------------------------------------- Effect=LAND ---------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    1   .    .   23.7848  0.8763  415.35    76.30  7.8361 0.14432  28.8093 2.37028 25.3444  1.79855 

    2   .    .   29.9037  2.8856  642.824   61.68 10.130  0.80891  26.8296 3.35056 23.0389  2.74971 

    3   .    .   27.6401  1.9729  618.438   88.01 10.021  0.72779  28.7370 2.55249 24.4731  2.03258 

 -------------------------------------------- Effect=MONTH --------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    .   .    1   27.4220  6.8637  567.05   79.77  9.05239 3.00836 28.8741 1.93681 25.5259  1.79478 

    .   .    2   27.3673 12.6418 1190.78   25.02  8.81876 4.96573 24.5667 2.79422 21.6926  2.66338 

    .   .    3   30.0216  7.6287  982.99   12.48  9.04850 3.80786 27.7667 3.10595 23.6463  2.64520 

    .   .    4   40.3652  9.7027  949.21   16.55  9.27768 2.69653 28.4074 2.04694 24.5704  1.69225 

    .   .    5   16.9238  6.7890  867.95   11.51  4.10859 1.38918 29.6778 2.21035 24.7852  1.33062 

    .   .    6   26.3714  5.5921  585.91   70.09  9.52770 3.18967 29.4593 2.06682 25.4926  1.80313 

 ------------------------------------------- Effect=Overall -------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    .   .    .   28.0785 10.8616 857.315   14.22  8.30560 3.80885 28.1253 2.92153 24.2855  2.41310 

 --------------------------------------------- Effect=PPT ---------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    .   1    .   24.1632 11.1439 1226.07   22.59  8.71869 3.86816 28.1222 3.18325 23.9898  2.93736 

    .   2    .   22.7820  9.5247  613.26   18.39  8.33135 3.35857 28.1833 2.64395 24.5722  1.88123 

    .   3    .   28.4180 11.0701  732.61   65.14  7.86677 4.17804 28.0704 2.96614 24.2944  2.31276 

 ----------------------------------------- Effect=LAND*MONTH ------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    1   .    1   30.0489  7.7653 468.140   69.842  8.55622 3.25132 27.8111 2.34917 24.1111  2.11627 

    1   .    2   19.9696 13.8539 614.401   21.783  6.23146 1.14246 26.0778 2.81104 24.0667  1.70789 

    1   .    3   30.4564  8.6215 720.820   53.894  4.80318 1.25107 30.8667 1.55644 26.6222  0.83033 

    1   .    4   40.9070  8.5235 395.269   59.766  7.79534 1.99455 28.8667 1.24900 25.3556  1.28268 

    1   .    5   14.1308  3.8271 642.183   51.717  3.66818 1.08606 28.6667 1.22270 24.9333  1.40268 

    1   .    6   27.4641  4.2809 497.472   47.496  8.59990 1.96447 30.5667 0.73824 26.9778  1.07532
 ----------------------------------------- Effect=LAND*MONTH ------------------------------------------

                                              (continued)

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    2   .    1   25.2911  5.9540  763.28   11.95   8.7821 1.96443 28.6889 1.65865 25.4889  1.14613 

    2   .    2   37.3479  8.3414 2114.99   21.23   8.4916 3.06237 21.9444 1.51254 19.2667  2.11896 

    2   .    3   29.2359  5.4357 1434.46   17.36   9.6145 2.50832 25.4556 1.73718 21.0111  1.29850 

    2   .    4   42.2067 10.4847 1412.81   25.50  10.1097 3.05719 27.6889 2.13509 24.0778  2.00921 

    2   .    5   23.3526  7.7083 1146.49   16.32   4.1474 1.58004 29.8889 3.48477 24.5111  1.79753 

    2   .    6   24.5441  4.4830  666.30   35.25  12.3181 3.66862 27.3111 2.26575 23.8778  1.87135 

    3   .    1   26.9259  6.6493  469.71   46.55   9.8188 3.73674 30.1222 0.92706 26.9778  0.22791 

    3   .    2   24.7844  8.7608  842.96   10.57  11.7332 7.22838 25.6778 1.86867 21.7444  1.63792 

    3   .    3   30.3725  9.1770  793.69   10.13  12.7278 1.84441 26.9778 2.89689 23.3056  1.56813 

    3   .    4   37.9819 10.6231 1039.55   14.34   9.9280 2.56524 28.6667 2.57002 24.2778  1.60061 

    3   .    5   13.2882  2.3634  815.18   78.87   4.5101 1.48139 30.4778 0.56519 24.9111  0.65468 

    3   .    6   27.1059  7.5831  593.95   75.69   7.6651 1.45471 30.5000 0.64420 25.6222  0.68880 

 ------------------------------------------ Effect=LAND*PPT -------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    1   1    .   26.9628 12.0592  650.82    79.50  6.50273 2.50921 28.6333 3.07188 24.9333  2.77690 

    1   2    .   24.2265 10.7749  430.66    35.50  7.36344 3.04708 29.0389 2.34349 25.9778  0.84405 

    1   3    .   30.2991 12.2386  587.66    25.41  5.96097 2.27154 28.7556 1.57973 25.1222  1.00268 

    2   1    .   32.8850  7.9979  749.29     3.82  9.89430 4.09330 26.3278 3.09645 21.7444  2.83263 

    2   2    .   26.1545 10.0510  708.50    32.72  8.53290 2.99053 26.8444 2.94962 23.3222  2.09805 

    2   3    .   31.9496 10.8474  911.38    12.25  8.30454 3.62177 27.3167 4.02408 24.0500  2.86444 

    3   1    .   28.0528 12.5196  878.09    11.10  9.75904 3.97347 29.4056 2.67152 25.2917  1.75753 

    3   2    .   22.9495  7.7587  700.64    58.79  9.09771 3.90926 28.6667 2.16360 24.4167  1.46538 

    3   3    .   29.2272 10.5180  698.80    94.22  9.33479 5.46023 28.1389 2.76345 23.7111  2.51323 

 ------------------------------------------ Effect=PPT*MONTH ------------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    .   1    1   30.9196  4.6272  725.54   12.31  10.3282 2.30750 28.7333 2.79553 24.4889  2.55169 

    .   1    2   26.2925  9.8581 2077.77   12.14  10.2302 4.22063 24.5778 3.21783 20.6444  3.02195 

    .   1    3   29.2275  6.5002 1136.17   14.41   7.9726 3.22347 27.9111 4.26217 24.1167  3.36935 

    .   1    4   36.0270  8.1698 1574.27   24.59  10.5505 2.43794 28.2111 2.14968 24.1889  2.18314 

    .   1    5   18.7748  5.0970 1182.67   27.68   3.5342 0.90777 28.5667 1.79095 24.3667  1.84662 

    .   1    6   24.5596  3.9229  659.99   58.28   9.6965 4.19888 30.7333 0.68007 26.1333  1.93051 

    .   2    1   24.6182  7.6219  490.68   40.80  10.1717 2.88892 28.6778 1.53768 25.8333  1.03562 

    .   2    2   20.2197  2.4963  653.19   77.92   7.7510 2.95758 24.6556 2.75232 23.3111  2.19285 

    .   2    3   26.5589  5.6535  871.27   15.29   9.4068 3.94239 28.5222 2.50239 23.9222  2.35095 

    .   2    4   33.8119  8.7359  504.83   67.02   7.5638 2.06279 29.0667 2.24109 25.2333  1.40089 

    .   2    5   15.1537  3.8949  654.24   38.52   4.7248 1.30472 29.6111 1.10955 24.5444  0.64636 

    .   2    6   26.2985  6.2036  505.36   69.12  10.3700 3.26723 28.5667 2.47285 24.5889  2.26078 

    .   3    1   26.7281  7.1033  484.92   23.36   6.6572 2.45924 29.2111 1.34856 26.2556  0.98503 

 ------------------------------------------ Effect=PPT*MONTH ------------------------------------------

                                              (continued)

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    .   3    2   35.5896 11.4554 841.392   10.75  8.47506 7.06556 24.4667 2.72489 21.1222  2.13646 

    .   3    3   34.2784  8.9633 941.520   13.84  9.76618 4.37776 26.8667 2.31247 22.9000  2.21359 

    .   3    4   41.2567  8.8109 768.523   18.63  9.71881 2.84378 27.9444 1.78893 24.2889  1.35319 

    .   3    5   16.8430  5.0284 766.951   88.62  4.06681 1.71617 30.8556 2.91295 25.4444  1.08410 

    .   3    6   28.2559  6.3296 592.381   19.67  8.51657 1.66717 29.0778 2.10225 25.7556  0.51988 

 --------------------------------------- Effect=LAND*PPT*MONTH ----------------------------------------

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    1   1    1   28.1845  1.8534  621.21    67.81   8.2714 0.92150 26.5333 4.07717 21.6333  1.84752 

    1   1    2   19.2865  8.3286  717.15    67.25   6.4452 1.36793 25.8000 3.90000 22.4667  0.02887 

    1   1    3   25.2659  7.5681  798.93    83.89   7.4128 1.78433 31.7000 0.95394 27.4667  0.72342 

    1   1    4   36.2344 12.4249  512.70    35.31   9.4789 1.36035 28.8667 1.79258 24.6667  1.84752 

    1   1    5   31.4244  4.2860  712.43    87.34   8.0616 0.75194 27.7333 0.49329 25.1333  2.56970 

    1   1    6   26.0478  5.3794  542.51    62.42   7.3465 1.35329 31.1667 0.56862 28.2333  0.02887 

    1   2    1   19.8800 12.1005  338.13    36.65   6.3975 0.23555 27.8667 0.58595 25.6667  0.28868 

    1   2    2   15.7933  2.1764  52.216    61.64   6.0813 1.52390 25.9333 3.76475 26.1000  0.36056 

    1   2    3   25.3922  7.5092  244.71    27.09   5.3572 0.50786 31.4333 0.92376 26.6000  0.34641 

    1   2    4   34.7922  6.7701  513.92    94.74  10.5201 0.34026 28.9667 1.33167 25.4333  1.36504 

    1   2    5   26.1867  3.9479  591.59    75.64   7.6722 0.64597 29.8333 1.16762 25.2000  0.72111 

    1   2    6   26.6478  4.9357  316.11    70.60  10.0394 1.85119 30.2000 0.26458 26.8667  0.23094 

    1   3    1   25.0822  3.8386  74.121    85.28   5.9998 0.39128 29.0333 0.64291 25.0333  0.55076 

    1   3    2   26.4955 19.2356  373.76    37.24   6.1680 0.95860 26.5000 1.34536 23.6333  1.10151 

    1   3    3   27.3777  8.1787  680.38    21.65  10.6395 1.44557 29.4667 1.86100 25.8000  0.17321 

    1   3    4   33.0277  1.6933  592.52    58.50   8.3870 1.18522 28.7667 1.10604 25.9667  0.15275 

    1   3    5   28.7811  2.5823  605.39    86.95   8.1577 0.95971 28.4333 0.97125 24.4667  0.50332 

    1   3    6   29.6967  2.9187  633.79    94.68   8.4138 2.15910 30.3333 0.98150 25.8333  0.47258 

    2   1    1   29.0489  4.1048 1193.68    55.31  10.0388 1.83651 28.9333 1.05040 24.7333  0.23094 

    2   1    2   23.5311  5.0136 4542.66    61.69  11.1739 3.42420 21.6000 1.41067 16.8000  0.72111 

    2   1    3   32.3433  5.7634 1442.64    61.98   8.0875 0.80616 23.7000 0.30000 20.3333  2.08167 

    2   1    4   28.9044  6.2062 2975.54    59.28  12.0901 0.84810 26.4667 0.94516 22.0000  1.00000 

    2   1    5   39.8022  6.2900 1868.36    85.77  11.2975 1.08999 27.2000 0.91652 22.7333  0.92916 

    2   1    6   23.3466  3.5119  872.85    34.62  10.6781 3.24699 30.0667 0.61101 23.8667  0.23094 

    2   2    1   20.1989  2.4733  591.34    42.12   6.4895 0.36460 28.6000 2.20000 24.9000  1.01489 

    2   2    2   26.0936 13.6247  209.64    11.88   8.5118 0.59233 22.4333 1.86100 21.3333  0.57735 

    2   2    3   26.5300  7.2167  300.69    92.72   9.0581 0.29750 26.6667 1.65025 21.3667  1.13725 

    2   2    4   35.0800 15.2577  972.95     7.75   8.1264 2.24325 29.3667 3.05014 26.3667  0.55076 

    2   2    5   35.7089  3.2642  998.28    14.15   9.6131 1.93873 28.7000 1.08167 24.1667  0.28868 

    2   2    6   23.9822  4.7584  982.82    79.09  13.3985 3.38080 25.3000 0.55678 21.8000  0.72111 

    2   3    1   23.2922  7.4889  366.05    29.86   9.8180 0.26020 28.5333 2.21886 26.8333  0.28868 

    2   3    2   29.0855  2.6142  565.64    83.86   9.7891 1.92063 21.8000 1.76918 19.6667  1.15470 

    2   3    3   28.8344  2.6796  573.199   65.33  11.6979 3.73575 26.0000 1.41067 21.3333  0.28868 

    2   3    4   30.9689  6.6094  787.92    44.09  10.1127 4.45548 27.2333 1.12398 23.8667  0.66583 

    2   3    5   33.8799  6.4768  831.65    19.19  11.5318 0.40615 33.7667 3.32315 26.6333  0.55076 

    2   3    6   25.6367  6.4386  643.23    29.63   8.8778 2.00084 26.5667 1.25033 25.9667  0.64291 

    3   1    1   28.5256  4.9225  361.72    28.92   9.6745 1.53211 30.7333 0.46188 27.1000  0.17321 

 --------------------------------------- Effect=LAND*PPT*MONTH ----------------------------------------

                                              (continued)

                           Std.                               Std.            Std.

                 Mean of Dev. of Mean of  Std. Dev. Mean of Dev. of Mean of Dev. of Mean of Std. Dev.

  land ppt month   SWC     SWC   BIOMASS of BIOMASS   FLUX    FLUX   T_AIR   T_AIR   T_SOIL of T_SOIL

    3   1    2   20.3933  3.1311  973.50   12.75   9.0717  4.7668 26.3333 2.01329 22.6667  1.65025 

    3   1    3   30.0733  6.2722 1166.94   17.50  11.4174  0.9495 28.3333 4.82321 24.5500  1.40268 

    3   1    4   39.5466  3.3692 1234.57   19.34  10.0824  3.9494 29.3000 2.71846 25.9000  1.65227 

    3   1    5   38.7644  1.4091  967.21   13.69  11.2435  0.6074 30.7667 0.80208 25.2333  0.40415 

    3   1    6   24.2844  3.8267  564.60   76.92   7.0649  1.5008 30.9667 0.35119 26.3000  0.70000 

    3   2    1   23.7756  2.8184  524.58   68.88  11.6282  1.4981 29.5667 1.44684 26.9333  0.11547 

    3   2    2   18.7722  3.2620  439.32   11.45   8.6600  5.1016 25.6000 1.21244 22.5000  0.50000 

    3   2    3   24.4211  2.3409  641.66    4.89  13.8050  2.8332 27.4667 1.38684 23.8000  0.34641 

    3   2    4   31.5634  3.8975  658.96   67.76   9.0449  1.3573 28.8667 2.96704 23.9000  1.01489 

    3   2    5   31.5656  1.9322  827.85   41.94   7.7760  0.3066 30.3000 0.60000 24.2667  0.30551 

    3   2    6   27.5989 10.0068  717.15   51.76   7.6722  1.7330 30.2000 0.26458 25.1000  0.17321 

    3   3    1   25.1433 11.0610  436.84   26.44   9.1537  1.2138 30.0667 0.32146 26.9000  0.36056 

    3   3    2   31.8544  6.4089  784.78   25.17  13.4681 11.7847 25.1000 2.70000 20.0667  1.18462 

    3   3    3   29.9562 13.4233  572.46   10.89  12.9611  0.5300 25.1333 0.40415 21.5667  0.72342 

    3   3    4   31.1067  5.2032 1125.13   16.15  10.6968  2.6229 27.8333 2.91947 23.0333  0.05774 

    3   3    5   31.8678  3.0826  842.64   14.83  10.5109  2.4285 30.3667 0.28868 25.2333  0.72342 

    3   3    6   29.4344  9.7362  500.12   46.18   8.2581  1.4632 30.3333 0.98150 25.4667  0.49329 

	


Plate 3.5 A: Root diameter reading gotten from a micrometer screw gauge, (B) Root trap after extraction from soil Its rectangular metallic hollow box with  measurements of 10cm by 15 cm by 30 cm for length, width and height, (C) Root trap with processed roots  after extraction from soil. It is a rectangular metallic hollow box with measurements of 10 cm by 15 cm by 30 cm for length, width and height, respectively
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														swc

										grazed						ungrazed						abandoned						mean

										100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt

								June		105.5534		89.64		75.2466		87.1467		60.5967		79.8767		85.5767		71.3267		85.43		82.2659444444

								July		62.8596		27.3801		89.4866		112.5933		98.2808		125.2566		61.1799		56.3166		105.5634		82.1018777778

								Aug		75.7978		86.1767		112.1334		97.03		79.59		86.5033		90.22		73.2634		109.8687		90.0648111111

								Sep		128.7033		104.3767		135.0833		131.7133		105.2401		142.9067		153.8267		94.6901		93.32		121.0955777778

								Oct		34.2733		48.5601		44.3434		93.4067		53.1267		63.6399		41.2933		34.6967		43.6034		50.7715

								Nov		78.1433		79.9433		89.09		70.0399		73.9467		76.91		72.8533		82.7967		88.3033		79.1140555556

								mean		80.88845		72.6794833333		90.8972166667		98.6549833333		78.4635		95.8488666667		84.1583166667		68.8483666667		87.6814666667		84.2356277778

																				biomass

																grazed						ungrazed						abandoned

																100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt		mean

														June		1863.644		1014.397		1335.22		3581.04		1774.014		1514.51		1085.16		1627.737		1514.514		1701.1373333333

														July		2151.457		1056.845		2321.298		13627.97		2510.028		2896.906		2920.497		2311.86		2354.326		3572.3541111111

														Aug		2396.797		2415.663		1674.917		4327.907		3500.814		5081.39		3500.827		1924.977		1717.376		2948.9631111111

														Sep		1538.104		1141.764		877.553		8926.63		1424.864		2363.756		3703.7		1976.867		3675.394		2847.6257777778

														Oct		2137.297		1174.794		2467.556		5605.086		2094.826		2618.536		2901.627		2618.543		1816.466		2603.859

														Nov		1627.54		948.33		1901.38		2618.536		1448.45		1929.7		1693.79		2151.446		1500.346		1757.7242222222

														mean		1952.4731666667		1291.9655		1762.9873333333		6447.8615		2125.4993333333		2734.133		2634.2668333333		2101.905		2096.4036666667		2571.9439259259

												fluxes

										grazed						ungrazed						abandoned

										100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt		100%ppt		50%ppt		150%ppt		mean

								June		8.2714		12.3975		4.9998		10.0388		6.4895		9.818		12.6745		11.6282		5.1537		9.0523777778

								July		6.4452		6.0813		6.168		11.1739		8.5118		5.7891		13.0717		8.66		13.4681		8.8187888889

								Aug		4.4128		5.3572		4.6395		8.0875		9.0581		11.6979		11.4174		13.805		12.9611		9.0485

								Sep		9.4789		5.5201		8.387		12.0901		8.1264		10.1127		10.0824		9.0449		10.6568		9.2777

								Oct		3.0616		4.7852		3.1577		3.2975		5.6131		3.5318		4.2435		3.776		5.5109		4.1085888889

								Nov		7.3465		10.0394		8.4138		14.6781		13.3985		8.8778		7.0649		7.6722		8.2581		9.5277

								mean		6.5027333333		7.36345		5.9609666667		9.8943166667		8.5329		8.30455		9.7590666667		9.0977166667		9.3347833333		8.3056092593

														Tair

										grazed						ungrazed						abandoned

										100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		mean

								june		26.5333		27.8667		29.0333		28.9333		28.6		28.5333		30.7333		29.5667		30.0667		28.8740666667

								july		25.8		25.9333		26.5		21.6		22.4333		21.8		26.3333		25.6		25.1		24.5666555556

								august		31.7		31.4333		29.4667		23.7		26.6667		26		28.3333		27.4667		25.1333		27.7666666667

								septmber		28.8667		28.9667		28.7667		26.4667		29.3667		27.2333		29.3		28.8667		27.8333		28.4074222222

								october		27.7333		29.8333		28.4333		27.2		28.7		33.7667		30.7667		30.3		30.3667		29.6777777778

								november		31.1667		30.2		30.3333		30.0667		25.3		26.5667		30.9667		30.2		30.3333		29.4592666667

								mean		28.6333333333		29.0388833333		28.75555		26.3277833333		26.84445		27.3166666667		29.40555		28.6666833333		28.1388833333		28.1253092593

																																		grazd						ungrazd						abandon

																Tsoil																		ambient

										grazed						ungrazed						abandoned												Tsoil		flux				Tsoil		flux				Tsoil		flux

										100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		mean				june		24.6333		8.2714				24.7333		10.0388				27.1		12.6745

								june		21.6333		25.6667		25.0333		24.7333		24.9		26.8333		27.1		26.9333		26.9		25.5259111111				july		22.4667		6.4452				23.8		11.1739				22.6667		9.0717

								july		22.4667		26.1		23.6333		16.8		21.3333		19.6667		22.6667		22.5		20.0667		21.6926				august		27.4667		7.4128				20.3333		8.0875				26.55		11.4174

								august		27.4667		26.6		25.8		20.3333		21.3667		21.3333		24.55		23.8		21.5667		23.6463				septmber		26.6667		9.4789				24		12.0901				25.9		10.0824

								septmber		24.6667		25.4333		25.9667		22		26.3667		23.8667		25.9		23.9		23.0333		24.5703777778				october		22.1333		3.06162				20.7333		3.29745				24.2333		4.24347

								october		25.1333		25.2		24.4667		22.7333		24.1667		26.6333		25.2333		24.2667		25.2333		24.7851777778				november		28.2333		7.3465				25.8667		10.6781				24.3		7.0649

								november		28.2333		26.8667		25.8333		23.8667		21.8		25.9667		26.3		25.1		25.4667		25.4926

								mean		24.9333333333		25.9777833333		25.1222166667		21.7444333333		23.3222333333		24.05		25.2916666667		24.4166666667		23.7111166667		24.2854944444						limited																				100 % ppt		50 % ppt		150 % ppt

																																		25.6667		6.3975				23.9		6.4895				26.9333		11.6282						30.7333		29.5667		30.0667

																																		26.1		6.08126				21.3333		8.51175				24.5		8.65996						26.3333		25.6		25.1

																																		26.6		5.3572				23.3667		9.0581				25.8		13.805						28.3333		27.4667		25.1333

										abient flux																								26.4333		10.5201				24.3667		8.12641				23.9		9.04486						29.3		28.8667		27.8333

										JUNE		JULY		AUG		SEP		OCT		NOV														25.2		4.78521				21.1667		5.61309				24.2667		3.77605						30.7667		30.3		30.3667

								grazed		8.2714		6.4452		7.4128		9.4789		3.06162		7.3465														26.8667		10.0394				24.8		13.3985				25.1		7.6722						30.9667		30.2		30.3333

								ungrazed		10.0388		11.1739		8.0875		12.0901		3.29745		10.6781

								abandon		12.6745		9.0717		11.4174		10.0824		4.24347		7.0649														enhanced

																																		25.0333		5.9998				26.8333		9.81802				16.921105		9.15371

										limited flux																								23.6333		6.168				19.6667		9.7891				21.3765		13.4681

										june		july		august		sep		oct		nov														25.8		10.6395				25.3333		11.6979				22.814228		12.9611

								grazed		6.3975		6.08126		5.3572		10.5201		4.78521		10.0394														25.9667		8.387				23.8667		10.1127				23.176		10.6568

								ungrazed		6.4895		8.51175		9.0581		8.12641		5.61309		13.3985														24.4667		3.15771				19.6333		4.5318				12.9473775		5.51091

								abandon		11.6282		8.65996		13.805		9.04486		3.77605		7.6722														25.8333		8.41383				25.9667		8.87777				17.2729		8.25811

												enhanced flux

										june		july		august		sep		oct		nov

								grazed		5.9998		6.168		10.6395		8.387		3.15771		8.41383

								ungrazed		9.81802		9.7891		11.6979		10.1127		4.5318		8.87777

								abandon		9.15371		13.4681		12.9611		10.6568		5.51091		8.25811

																																								Tair

																																				grazed						ungrazed						abandoned

																																				100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		mean

																																		june		26.5333		27.8667		29.0333		28.9333		28.6		28.5333		30.7333		29.5667		30.0667		28.8740666667

																																		july		25.8		25.9333		26.5		21.6		22.4333		21.8		26.3333		25.6		25.1		24.5666555556

																																		august		31.7		31.4333		29.4667		23.7		26.6667		26		28.3333		27.4667		25.1333		27.7666666667

																																		septmber		28.8667		28.9667		28.7667		26.4667		29.3667		27.2333		29.3		28.8667		27.8333		28.4074222222

																																		october		27.7333		29.8333		28.4333		27.2		28.7		33.7667		30.7667		30.3		30.3667		29.6777777778

																																		november		31.1667		30.2		30.3333		30.0667		25.3		26.5667		30.9667		30.2		30.3333		29.4592666667

																																		mean		28.6333333333		29.0388833333		28.75555		26.3277833333		26.84445		27.3166666667		29.40555		28.6666833333		28.1388833333		28.1253092593
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										grazd						ungrazd						abandon												grazed		ungrazed		abandoned

										ambient																						june		26.6333		24.7333		25.1

										Tsoil		flux				Tsoil		flux				Tsoil		flux								july		22.4667		23.8		22.6667

								june		24.6333		8.2714				24.7333		10.0388				27.1		12.6745								august		27.4667		20.3333		26.55

								july		22.4667		6.4452				23.8		11.1739				22.6667		9.0717								septmber		26.6667		24		25.9

								august		27.4667		7.4128				20.3333		8.0875				26.55		11.4174								october		22.1333		20.7333		24.2333

								septmber		26.6667		9.4789				24		12.0901				25.9		10.0824								november		28.2333		25.8667		24.3

								october		22.1333		3.06162				20.7333		3.29745				24.2333		4.24347										25.6		23.2444333333		24.7916666667

								november		28.2333		7.3465				25.8667		10.6781				24.3		7.0649

										limited

										25.6667		6.3975				23.9		6.4895				26.9333		11.6282

										26.1		6.08126				21.3333		8.51175				24.5		8.65996

										26.6		5.3572				23.3667		9.0581				25.8		13.805

										26.4333		10.5201				24.3667		8.12641				23.9		9.04486

										25.2		4.78521				21.1667		5.61309				24.2667		3.77605

										26.8667		10.0394				24.8		13.3985				25.1		7.6722

										enhanced

										25.0333		5.9998				26.8333		9.81802				16.921105		9.15371

										23.6333		6.168				19.6667		9.7891				21.3765		13.4681

										25.8		10.6395				25.3333		11.6979				22.814228		12.9611

										25.9667		8.387				23.8667		10.1127				23.176		10.6568

										24.4667		3.15771				19.6333		4.5318				12.9473775		5.51091

										25.8333		8.41383				25.9667		8.87777				17.2729		8.25811
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Sheet1

								swc table of means at 30 cm

				land use				grazed						ungrazed						abandoned				mean month

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt

		month		june		37.23		20.6267		23.0433		32.5833		19.03		21.8067		33.3967		22.5667		40.9267		27.9122

				july		29.8755		9.2167		51.5733		35.1333		48.47		40.1833		18.1133		15.6033		31.1367		31.0339

				august		17.4533		22.0767		45.5967		34.3567		34.6733		25.96		28.0667		27.1167		52.0687		31.9299

				septmber		28.67		27.0167		43.5267		50		25.7267		41.17		47.68		27.2167		29.86		35.6519

				october		15.62		12.0167		11.8		28.4233		20.5567		18.5133		15.2		13.7967		15.7467		16.8526

				november		29.8333		32.3467		29.8233		27.3133		29.9267		32.04		27.03		38.2667		35.4867		31.3407

		means				26.4470166667		20.5500333333		34.2272166667		34.6349833333		29.7305666667		29.94555		28.2477833333		24.0944666667		34.20425

				mean ppt				29.7766						24.7917						32.7923

				mean land				27.0747						31.437						28.8488

				cv (%)								52.12

				LSD (P ≤ 0.05)

				land use								5.7897

				month								8.1878

				ppt								5.7897

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt

								swc table of means at 20 cm

				land use				grazed						ungrazed						abandoned				mean month

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt

		month		june		33.6167		25.44		29.51		30.0167		18.5267		35.2533		23.5533		26.9967		24.72		27.5148

				july		13.3839		6.9067		15.0333		43.2933		25.6367		40.3033		23.9633		18.5933		31.85		24.3293

				august		25.7813		36.87		37.2967		36.83		23.99		29.28		37.1033		23.2467		27.78		30.9087

				septmber		51.5933		37.98		44.6933		44.12		26.8267		47.3567		54.36		34.7467		36.82		42.0552

				october		11.6		16.6767		16.3267		26.6567		14.1467		16.5233		12.3833		10.4533		11.03		15.0885

				november		28.42		23.8533		32.55		20.6333		23.3333		19.1633		19.9133		26.11		34.6133		25.3989

				means		27.3992		24.6211166667		29.235		33.5916666667		22.0766833333		31.3133166667		28.5460833333		23.3577833333		27.8022166667

				mean ppt				29.8457						23.3519						29.4502

				mean land				27.0851						28.9939						26.5687

				cv (%)										47.13896

				LSD (P ≤ 0.05)

				land use										4.9539

				month										7.0059

				ppt										4.9539

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt

								swc table of means at 10 cm

				land use				grazed						ungrazed						abandoned				mean month								GRAZED						UNGRAZED						ABANDONED

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt										100% PPT		50% PPT		150% PPT		100% PPT		50% PPT		150% PPT		100% PPT		50% PPT		150% PPT

		month		june		34.7067		43.5733		22.6933		24.5467		23.04		22.8167		28.6267		21.7633		19.7833		26.8389						0-10 CM		27.04223		27.50833		27.435		30.42833		26.65625		34.59		27.36445		21.39612		25.675

				july		19.6002		11.2567		22.88		34.1667		24.1741		44.77		19.1033		22.12		42.5767		26.7386						10-20 CM		27.3992		24.62112		29.235		33.59167		22.07668		31.31332		28.54608		23.35778		27.80222

				august		32.5632		27.23		29.24		25.8433		20.9267		31.2633		25.05		22.9		30.02		27.2263						20-30 CM		24.447		20.55		34.2272		34.635		29.7306		29.9456		28.2478		24.0945		34.2043

				septmber		48.44		39.38		46.8633		37.5933		52.6867		54.38		51.7867		32.7267		26.64		43.3885

				october		7.0533		19.8667		16.2167		38.3267		18.4233		28.6033		13.71		10.4467		16.8267		18.8304

				november		19.89		23.7433		26.7167		22.0933		20.6867		25.7067		25.91		18.42		18.2033		22.3744

		means				27.0422333333		27.5083333333		27.435		30.4283333333		26.65625		34.59		27.36445		21.3961166667		25.675

				mean ppt				28.2783						25.1869						29.2333

				mean land				27.3285						30.5582						24.8119

				cv (%)												40.11354

				LSD (P ≤ 0.05)

				land use												4.2182

				month												5.9654

				ppt												4.2182

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt

								BIOMASS table of means at 20 cm

				land use				grazed						ungrazed						abandoned				mean month

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt										GRAZED						UNGRAZED						ABANDONED

		month		june		4.717		33.027		66.053		334.987		207.597		51.9		193.44		132.107		184.007		134.204								100% PPT		50% PPT		150% PPT		100% PPT		50% PPT		150% PPT		100% PPT		50% PPT		150% PPT

				july		311.395		51.897		231.185		547.297		410.473		334.983		589.76		193.437		264.213		326.071						0-10 CM		1719.715		1084.375		1499.565		5943.817		1728.397		2395.222		2308.723		1626.168		1790.518

				august		396.32		382.163		339.7		391.597		396.317		646.377		330.267		226.467		283.083		376.921						10-20 CM		210.7415		170.6352		230.3973		446.644		272.8607		320.0415		301.169		301.1702		253.2027

				septmber		56.617		70.767		56.613		948.337		132.107		226.463		169.85		165.127		448.217		252.677						20-30 CM		22.0167		36.9568		33.025		57.4003		124.242		18.8698		24.3745		174.567		52.6827

				october		424.63		415.187		401.033		377.443		344.413		471.803		419.907		920.03		207.593		442.449

				november		70.77		70.77		287.8		80.203		146.257		188.723		103.79		169.853		132.103		138.919

		means				210.7415		170.6351666667		230.3973333333		446.644		272.8606666667		320.0415		301.169		301.1701666667		253.2026666667		278.5401666667

				mean ppt				319.518						248.222						267.881

				mean land				203.925						346.515						285.181

				cv (%)										91.01632

				LSD (P ≤ 0.05)

				land use										96.709

				month										136.77

				ppt										96.709

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt

								BIOMASS table of means at 30 cm

				land use				grazed						ungrazed						abandoned				mean month

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt

		month		june		4.717		23.59		33.027		33.023		9.437		0		42.46		66.05		103.797		35.122

				july		18.872		4.717		9.433		42.46		9.435		9.433		9.437		14.153		14.153		14.677

				august		80.207		165.13		75.487		117.95		217.027		33.023		42.46		18.87		51.893		89.116

				septmber		4.717		4.717		0		108.513		9.437		33.023		18.87		37.74		70.767		31.976

				october		4.717		4.717		9.433		33.023		462.373		9.433		18.87		858.693		66.053		163.035

				november		18.87		18.87		70.77		9.433		37.743		28.307		14.15		51.893		9.433		28.83

		means				22.0166666667		36.9568333333		33.025		57.4003333333		124.242		18.8698333333		24.3745		174.5665		52.6826666667		60.4593333333

				mean ppt				34.597						111.922						34.859

				mean land				30.6661						66.8375						83.8746

				cv (%)												278.2366

				LSD (P ≤ 0.05)

				land use												64.171

				month												90.751

				ppt												64.171

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt

								BIOMASS table of means at 10 cm

				land use				grazed						ungrazed						abandoned				mean month

				ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt		100 % ppt		50 % ppt		150 % ppt

		month		june		1854.21		957.78		1236.14		3213.03		1556.98		1462.61		849.26		1429.58		1226.71		1531.81

				july		1821.19		1000.24		2080.68		13038.21		2090.12		2552.49		2321.3		2104.27		2075.96		3231.61

				august		1920.27		1868.37		1259.73		3818.36		2887.47		4401.99		3128.1		1679.64		1382.4		2482.92

				septmber		1476.77		1066.28		820.94		7869.78		1283.32		2104.27		3514.98		1774		3156.41		2562.97

				october		1707.95		754.89		2057.09		5194.62		1288.04		2137.3		2462.85		839.82		1542.82		1998.37

				november		1537.9		858.69		1542.81		2528.9		1264.45		1712.67		1575.85		1929.7		1358.81		1589.97

		means				1719.715		1084.375		1499.565		5943.8166666667		1728.3966666667		2395.2216666667		2308.7233333333		1626.1683333333		1790.5183333333		2232.9416666667

				mean ppt				3324.08						1479.65						1895.1

				mean land				1434.55						3355.81						1908.47

				cv (%)												113.2024

				LSD (P ≤ 0.05)

				land use												964.26

				month												1363.7

				ppt												964.26

				interaction (P ≤ 0.05)

				land use/month

				land use/ppt

				month/ppt

				land use/month/ppt
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Sheet3

				grazed												ungrazed												abandon

				ambient												ambient												ambient												grazed		ungrazed		abandon

		june		30.23		29.6167		24.7067		28.1844666667						32.5833		30.0167		24.5467		29.0489						28.6267		23.5533		33.3967		28.5255666667				June		28.18447		29.0489		28.52557

		july		24.8755		13.3839		19.6002		19.2865333333						25.1333		21.2933		24.1667		23.5311						19.1033		23.9633		18.1133		20.3933				July		19.28653		23.5311		20.3933

		aug		17.4533		25.7813		32.5632		25.2659333333						34.3567		36.83		25.8433		32.3433333333						25.05		37.1033		28.0667		30.0733333333				August		25.26593		32.34333		30.07333

		sep		28.67		41.5933		38.44		36.2344333333						29		30.12		27.5933		28.9044333333						39.75		39.21		39.68		39.5466666667				Septem		36.23443		28.90443		39.54667

		oct		15.62		11.6		7.0533		11.4244333333						19.4233		23.6567		22.3267		21.8022333333						13.71		12.3833		15.2		13.7644333333				October		31.42443		39.80223		38.76443

		nov		29.8333		28.42		19.89		26.0477666667						27.3133		20.6333		22.0933		23.3466333333						25.91		19.9133		27.03		24.2844333333				Novemb		26.04777		23.34663		24.28443

																																								27.7405933333		29.4961033333		30.2646216667

				50% lim												50% lim												50% lim

				20.6267		15.44		23.5733		19.88						23.04		18.5267		19.03		20.1989						22.5667		26.9967		21.7633		23.7755666667

				19.2167		16.9067		11.2567		15.7933666667						24.1741		25.6367		28.47		26.0936						15.6033		18.5933		22.12		18.7722

				22.0767		26.87		27.23		25.3922333333						20.9267		23.99		34.6733		26.53						27.1167		23.2467		22.9		24.4211333333

				27.0167		37.98		39.38		34.7922333333						52.6867		26.8267		25.7267		35.0800333333						27.2167		34.7467		32.7267		31.5633666667

				12.0167		16.6767		19.8667		16.1867						18.4233		14.1467		20.5567		17.7089						13.7967		10.4533		10.4467		11.5655666667

				32.3467		23.8533		23.7433		26.6477666667						20.6867		23.3333		27.9267		23.9822333333						38.2667		26.11		18.42		27.5989

				50% enh												50% enha												50% enh

				22.6933		29.51		23.0433		25.0822						21.8067		25.2533		22.8167		23.2922333333						19.7833		24.72		30.9267		25.1433333333						grzd		ungrazed		abandon

				22.88		35.0333		21.5733		26.4955333333						28.1833		26.3033		32.77		29.0855333333						32.5767		31.85		31.1367		31.8544666667				June		19.88		20.1989		23.77557

				29.24		27.2967		25.5967		27.3778						25.96		29.28		31.2633		28.8344333333						30.02		27.78		32.0687		29.9562333333				July		15.79337		26.0936		18.7722

				30.8633		34.6933		33.5267		33.0277666667						31.17		27.3567		34.38		30.9689						26.64		36.82		29.86		31.1066666667				August		25.39223		26.53		24.42113

				16.2167		16.3267		21.8		18.1144666667						28.5133		26.5233		28.6033		27.8799666667						16.8267		21.03		15.7467		17.8678				Septem		34.79223		35.08003		31.56337

				26.7167		32.55		29.8233		29.6966666667						32.04		19.1633		25.7067		25.6366666667						18.2033		34.6133		35.4867		29.4344333333				October		26.1867		32.7089		31.56557

																																						Novemb		26.64777		23.98223		27.5989

																																								24.78205		27.4322766667		26.28279

																																								grzd		ungrazed		abandon

																																						June		25.0822		23.29223		25.14333

																																						July		26.49553		29.08553		31.85447

																																						August		27.3778		28.83443		29.95623

																																						Septem		33.02777		30.9689		31.10667

																																						October		28.78113		38.87997		37.8678

																																						Novemb		29.69667		25.63667		29.43443

																																								28.4101833333		29.4496216667		30.8938216667
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												ambient swc

								v

												grazed		ungrazed		abandon						swc		grazed		swc		ungrazed		swc		abandon

										June		28.18447		29.0489		28.52557				JUNE		28.18447		8.2714		29.0489		10.0388		28.52557		9.6745

										July		19.28653		23.5311		20.3933				JULY		19.28653		6.4452		23.5311		11.1739		20.3933		9.0717

										August		25.26593		32.34333		30.07333				AUG		25.26593		7.4128		32.34333		9.0875		30.07333		11.4174

										Septem		36.23443		28.90443		39.54667				SEP		36.23443		9.4789		28.90443		12.0901		39.54667		10.0824

										October		31.42443		39.80223		38.76443				OCT		31.42443		9.06162		39.80223		12.29745		38.76443		12.24347

										Novemb		26.04777		23.34663		24.28443				NOV		26.04777		7.3465		23.34663		10.6781		24.28443		7.0649
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																Biomass vs soil respiration		s

								UNGRAZED										ABANDONED												GRAZED

								Biomass		Ungrazed								Biomass		Abandoned										Biomass		Grazed

						June		229.771		10.0388						June		351.5967		7.0649								June		164.95167		8.2714

						July		297.1277		9.0875						July		361.72		9.6745								July		222.8513		7.4128

						August		631.1927		11.1739						August		760.209		11.24347								August		317.1523		6.4452

						September		790		10.6781						September		673.499		9.0717								September		490.0473		8.06162

						October		909.976		11.29745						October		782.942		11.4174								October		542.5133		7.3465

						November		1065.543		12.0901						November		734.567		10.0824								November		712.7013		9.4789

								653.9350666667										610.7556166667												408.3695283333
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