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GENERAL ABSTRACT 

 

Rangeland degradation threatens the productivity of rangelands, soil organic carbon storage 

and offset of greenhouse gasses. A key component for sustaining production in rangeland 

ecosystems is the maintenance of soil organic matter (SOM), which is strongly influenced by 

land management. Many management techniques intended to increase forage production may 

potentially increase SOM, thus sequestering atmospheric carbon (C) and other greenhouse 

gasses such as nitrous oxide and methane. Effective management activities require an 

understanding of the impact of livestock grazing on these ecosystems. The purpose of this 

study was to investigate the influence of grazing management practices on vegetation 

composition, soil organic carbon and greenhouse gas emissions. The study was conducted on 

a commercial grazing land. The study followed a pseudo-replication design in which there 

were three treatments: (1) continual grazed, (2) rotational grazed and (3) and ungrazed 

Vegetation attributes, soil parameters and GHG fluxes were measured in each of the three 

sites. Soil samples for measurement of soil organic carbon concentration were taken up to a 

depth of 1.2m, at an interval of 0-10, 10-20cm, 20-30cm, 30-60cm, 60-90cm and 90-120cm. 

Greenhouse gas samples were collected using the static chamber method, and carried out for 

a period of three months covering the dry and wet season as well as a transition period.  

 The herbaceous biomass production was significantly higher (p≤0.5) in rotationally grazed 

areas compared to both continually grazed and ungrazed areas. Percentage plant cover was 

significantly higher under rotationally grazed areas compared to both continually grazed and 

ungrazed areas which were not significantly different. There was a significant difference in 

plant species richness between the three grazing management practices (p≤0.05). The plant 

species richness was highest in rotationally grazed areas, followed by continually and 

ungrazed areas with mean species numbers of, 13.4±1.82, 11.9±1.74 and 9.67±2.24, 

respectively. Rotationally grazed site had significantly higher species diversity followed by 

continual and ungrazed area with mean values of 3.08±0.65, 2.88±.072 and 2.43±0.02, 

respectively.  The ungrazed site recorded significantly (p≤0.05) higher soil organic carbon 

concentrations than rotational and continuously grazed sites for all soil depths up to 1.2m 

depth. Cumulative soil CO2 fluxes were highest from continual grazing system, followed by 

rotational grazing and lowest in ungrazed area, having 2357±123.9, 1285±123.9 and 

1241±143 CO2 (kg ha
-1

 3 month), respectively. The N2O and CH4 fluxes were also highest in 

continual grazing and lowest in ungrazed site, with 677.9±130.1, 208.6±127.3 and 

162.2±150.3 (gm ha
-1

 3 month) and CH4, 232.7±126.6, 173.1±126.6 and 80±46.2 (gm ha
-1

 3 

month), respectively. The rotationally grazed site showed enhanced plant species biomass 

production, percentage cover and species diversity compared to the continuously grazed area. 

Soil organic carbon concentrations were significantly higher at the ungrazed site followed by 

rotationally grazed and continual grazing system respectively. Greenhouse gas emissions 

were significantly higher in continuously grazed area with ungrazed site having the lowest 

emissions. From the above findings, study has demonstrated that rotational grazing 

management system has the potential to significantly improve the range productivity, 

increase soil organic carbon and reduce emissions of greenhouse gasses.
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CHAPTER ONE 

GENERAL INTRODUCTION 

1.1 Background 

Globally, rangelands occupy more than half of the world‘s land area and about 69% of the 

world‘s agricultural land (Faostat, 2009). In Kenya, rangelands cover approximately 88% of 

the land mass. Apart from being vital for domestic livestock production, rangelands are also 

important habitats for wild flora and fauna (Riisgaard and Halberg, 2010; Galvin, 2009). The 

major use of rangelands is for livestock production, mainly through pastoralism and a few 

commercial farms. An estimated 25 million pastoralists and 240 million agropastralists 

primarily depend on livestock production for their income (FAO, 2009).  

Livestock grazing is the central component of land management (Galvin, 2009). The decline 

of rangeland resources compromises the traditional mobility within the pastoralist system   

(Gao et al., 2009; Maestre et al., 2009). The ability of dryland communities to cope with the 

challenges of complex and dynamic system is usually undermined by rangeland degradation. 

Rangeland‘s natural resources are experiencing rapid degradation, thus reducing their 

contribution to livestock feed supply. Pastoral systems are losing resilience as traditional 

coping mechanisms are failing due to increasing environmental degradation coupled by 

absence of national policies to address the problem (Kassahun et al., 2008). These lands also 

contributes a significant percentage to the biosphere-atmosphere exchange of the three 

greenhouse gasses, with fluxes closely linked to rangeland management practices (Soussana 

et al., 2010). 

Rangelands are exploited by livestock through grazing which influences the sustainability of 

grazing lands with respect to grazing intensity (Kioko et al,2012). Specifically, high grazing 

intensity have a huge effects on the botanical composition and species diversity of the grazed 

pasture by depressing the vigor of dominant species, consequently leading to colonization by 

highly competitive and tolerant plant species  (Kgosikoma, 2012).  When the duration and 
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frequency of grazing and the rest periods are controlled, rotational grazing can improve the 

state and health of the range and also biomass production (Jacobo et al., 2006). Proper 

utilization creates environmental conditions that prevent the survival of invasive weed 

species, while favouring recruitment and survival of palatable forage/browse species thus 

increases forage quality. Livestock through grazing affects the composition and productivity 

of plants through change of plant nativity, recruitment, and mortality (Adler et al, 2005) .The 

effect as a result of grazing influence may cause changes in community structure and function 

(Fortin et al, 2003). An ecosystem may maintain its stability and resistance to changes 

produced by grazing up to a certain threshold beyond which further changes increasingly 

being accentuated by stochastic abiotic factors such as rainfall. Therefore, management of 

plant communities for sustainable livestock production requires seasonal integration of 

information on plant species composition and production across the expansive and often 

heterogeneous rangelands. 

Soil forms the largest terrestrial reservoir of carbon (C) and can store about three times as 

much C as the atmosphere can sequestered mainly in decomposed plant litter and residues. 

Global estimation shows that, rangelands have the potential to sequester carbon in the soil at 

the rate of 0.5 petagrams (Pg.), hence they play vital role in managing global warming. The 

net global warming potential from greenhouse gas exchanges within savannah grasslands is 

currently not known and it is also hard to determine the net carbon (C) balance because the 

annual grassland carbon sequestration is matched by a correspondingly large C loss through 

respiration. The type and condition of the ecosystem i.e. species composition, soil, 

management and climate dictates C sequestration potential of grasslands (Conant et al., 2001; 

Follett and Reed, 2010). Soil and vegetation management could be a viable option to 

conserve and sequester C and hence mitigate atmospheric accumulation of CO2 (Post and 

Kwon, 2000), although improved estimates of  C balances are also required. Recently, rapid 
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losses of soil C associated to intensive livestock grazing have been reported for tropical 

savannas. Rangeland management modifies Soil organic carbon storage (Conant et al., 2001; 

Schuman et al., 2002), potentially increasing C sequestration (Follet et al., 2001). The 

management of this lands  primarily affects soil organic carbon storage  by modifying C 

inputs to the soil, including root turnover and C allocation between roots and shoots (Ogle 

and Reynolds, 2004). 

Previous studies done on impacts of grazing shows that repeated grazing reduces plant 

growth and productivity, whereas light-to-moderate grazing cause suppression of growth with 

occasional growth enhancement (Green , 2000). Selective defoliation modifies species 

composition, that often leads to low productivity and undesirable plant compositions. The 

livestock hoof action deteriorates soil aggregate stability and compact the soil surface through 

trampling and treading leading to increase in the soil bulk density.  The unfavourable changes 

in soil physical properties may cause a decline in water infiltration and root growth. 

Livestock also influences the soil biogeochemical processes through the addition of nutrients 

in the form of faecal and urine. Barger in their studies reported that, grazing has the potential 

to influence rangeland carbon dynamics by altering plant litter chemistry (Barger et al., 

2004), litter production, plant biomass allocation patterns, and the spatial distribution of 

nutrients (Evans et al, 1997). Furthermore, other  study reported that, depending on the 

intensity, grazing pressure may slow decomposition rates by decreasing plant litter carbon to 

nitrogen (C: N) ratio, or due to decreased standing biomass, may accelerate the 

decomposition by increasing soil temperature (Welker et al., 2004). 

Despite the above mentioned rangeland carbon dynamics in response to grazing, most results 

from previous research showed a wide variation ranging from positive to negative to no 

response and little has been done on grazing rangeland soils. Therefore, there is need to 
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document the impact of grazing management practices on soil organic carbon stock in 

rangelands. 

 

The net global warming potential from greenhouse gas exchanges within savannah grasslands 

is currently not known and it is also hard to determine the net carbon (C) balance because the 

annual grassland carbon sequestration is matched by a correspondingly large C loss through 

respiration. Soil and vegetation management could be a viable option to conserve and 

sequester C and hence mitigate atmospheric accumulation of CO2. Rangelands have been 

estimated to act as a small C sink but there are still extremely large uncertainties (Janssens et 

al., 2003). Nitrous oxide production in soils occurs as a result of both the oxidative process of 

nitrification and the reductive process of denitrification (Davidson et al,, 1991; Granli et al., 

1994). Soil physical properties such as coarse soil texture usually promote nitrification; on 

the other hand, fine soil texture and high organic C content promote denitrification, where 

sometimes the two processes go on simultaneously within soils (Davidson, 1991). 

Rangelands can also be a sink of CH4 (Ambus et al., 1995; Mosier, 1998). Smith in his 

studies reported that, in aerobic soils, CH4 is taken up through oxidation by methanotropic 

bacteria contributing to about 5.8% to the global atmospheric CH4 sink (Maljanen et al, 2003; 

Scholes et al., 2003) 

 

GHG fluxes from grasslands ecosystems are intimately linked to grazing management. In 

grasslands, CO2 is exchanged within the soil and vegetation, N2O is emitted by soils and CH4 

is emitted by animals and exchanged with the soil. When CO2 exchange with vegetation is 

included on net GHG exchange calculation, these ecosystems are usually considered GHG 

sinks (Allard et al., 2007;  Soussana et al., 2007).  
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The choices taken when managing grasslands to reduce GHG budget may involve important 

trade-offs. Allard et al. (2007)   in their studies of greenhouse gas net exchange from 

grasslands including CO2 exchange with the vegetation observed a net CO2 equivalent sink 

activity, but with different trade-offs. Enteric emissions strongly affected greenhouse gas 

budget in intensively and extensively managed grassland with an average of 70% offset of 

total CO2 sink as observed by Allard et al. (2007). On the other hand, Soussana et al., (2007) 

observed that addition of CH4 and N2O emissions from pasture soils to CO2 sink activity of 

grasslands resulted in relatively small offset of total CO2 sink activity (19% average), though 

the small trade-off but was not enough to affect the CO2 equivalent sink potential of the sites 

studied.   

With emission reduction targets in place at the present, measures to reduce greenhouse gas 

emissions through land management are being investigated as a potential means to mitigate 

climate change. Driven by this, there is a strong demand from policy-makers for simple 

emission factors, which quantify the effect of land management activities on the net emission 

of greenhouse gases, but as yet these are poorly developed (Couwenberg et al., 2011). As part 

of this, there is need for a better understanding of the vegetation composition, vertical 

distribution of soil organic carbon and emissions of methane, carbon dioxide and nitrous 

oxide from grassland soils in response to the type of grazing management regimes in 

rangelands.  

 

1.2 Statement of the problem 

The decline of productivity due to degradation and reduced ecological function of rangeland 

ecosystems due to human activity, are ecological and environmental problems recognised 

world-wide to have far-reaching implications in global warming and reduced rangeland 

productivity (Dlamini et al. 2015). Livestock exploits rangelands through grazing which 
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influences the sustainability of rangelands (Kioko et al,2012). Specifically, high grazing 

intensity have a huge effects on the botanical composition and species diversity of the grazed 

pasture by depressing the vigor of dominant species, consequently leading to colonization by 

highly competitive and tolerant plant species  (Kgosikoma, 2012).   Overgrazing is one of the 

primary contributors to grassland degradation around the world, through reduction in 

vegetation cover, degradation of topsoil, causing soil compaction as a result of trampling, 

reduction in soil infiltration rates, and enhancement of the susceptibility of soils to erosion 

(Hilker et al. 2014). The present understanding of GHG emissions in Africa is particularly 

limited when compared to the potential of the continent as both a GHG sink and source. Lack 

of data on GHG emissions from African natural grasslands hinder the progress of our 

understanding of GHG emissions in the continent (Bombelli et al., 2009; Valentini et al., 

2014). In order to identify mitigation measures and other climate smart interventions for the 

region, there is urgent need to quantify baseline GHG emissions, as well as understand of the 

impacts of deterrent land-use management strategies on GHG emissions (e.g., Palm et al., 

2010). Livestock grazing is one of the most effective strategies to prevent grassland 

degradation and to support sustainable grazing (Wiesmeier et al. 2012). However, response 

of rangeland ecosystems to livestock grazing is mediated by the type of grazing management 

strategy employed (Butof et al. 2013). Therefore, it is important to take into account the 

influence of grazing management practices on vegetation, soil organic carbon and greenhouse 

gas emissions into account when making recommendations for proper grazing management 

practices to be adopted.  

1.3 Justification 

The understanding grazing management effects on GHG emissions and the soil organic 

carbon stocks is important to provide effective management options in the rangelands. This 

may contribute to improving productivity as well as managing the impacts of climate change. 
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In order to identify mitigation measures and other climate smart interventions for the 

Country, it is important to quantify baseline GHG emissions, as well as understand the 

impacts of different grazing management strategies on GHG emissions. The ability of 

rangelands to sustainably support production depends on the amount of soil organic carbon, 

where livestock grazing can either increase or reduce the amount of carbon in the soil. 

Rangeland plant composition and productivity is influenced by livestock through grazing. 

The effect as a result of grazing causes changes in plant community structure and function. 

Therefore, management of plant communities for sustainable livestock production requires 

seasonal integration of information on plant species composition and production across the 

expansive and often heterogeneous rangelands. There is need to identify the appropriate 

grazing management practices that will increase soil organic carbon stocks and hence 

increasing rangeland productivity while offsetting greenhouse gas emissions. The present 

study findings will contribute towards guiding policy formulations for sustainable rangeland 

management at both county and national levels of governance. 

 

1.4 Study Objective  

1.4.1 Overall Objective 

To contribute to sustainable rangeland management through evaluation of soil organic carbon 

stocks, vegetation composition and GHG emissions in different grazing management regimes 

for climate change mitigation. 
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 1.4.2 Specific Objectives 

1. To evaluate the influence of grazing management practices on plant species 

composition. 

2. To determine the influence of grazing management practices on soil organic carbon 

stocks.  

3. To predict the long term impact of grazing management practices on soil carbon 

stocks. 

4. To determine the influence of grazing management practices on Methane, Nitrous 

oxide and Carbon dioxide emissions. 

1.5 Hypothesis   

1. There is no effect of grazing management practices on plant species composition 

2. Grazing practices has no influence on soil organic carbon stocks. 

3. There is no significant relationship between different grazing regimes and future 

accumulation of soil organic carbon stocks. 

4. There is no significant relationship between grazing management practices and 

methane, Nitrous oxide and carbon dioxide emissions. 

1.6 Outline of the Thesis  

This thesis has seven chapters. Chapter one presents the general introduction, problem 

statement, justification, broad and specific objectives, outline of the thesis and key 

definitions. Chapter two discusses the general literature review while chapter three contains 

the general materials and methods. In chapter four, the influence of grazing management 

practices on plant species diversity is presented and discussed. Chapters five and six outlines 

the influence of grazing management regimes practices on soil organic carbon and the 
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influence of different grazing management practices on methane, Nitrous oxide and carbon 

dioxide emissions, respectively. The general conclusions and recommendations are listed in 

Chapter seven. 

 1.7 Definition of key terms in this thesis  

Drylands: Regions where the mean annual precipitation to potential evapotranspiration ratio 

is less than 0.65 (Middleton and Thomas, 1997).  

Rangeland: Land with renewable, multiple use natural resources to both animals and humans 

and on which native vegetation, predominantly grasses, grass-like plants, forbs, or shrubs  

which are suitable for grazing or browsing use  grow (Moghaddam, 2000).  

Grazing management: refers to the manipulation of livestock grazing to accomplish a 

desired result. 
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CHAPTER TWO: LITERATURE REVIEW 

 2.1 Extent and importance of rangelands  

Rangelands make approximately 50% of the global landmass and  about 69% of the world‘s 

agricultural land (Faostat, 2009). Apart from being vital for domestic livestock production, 

rangelands are also important habitats for wild flora and fauna (Riisgaard, and Halberg, 2010; 

Galvin, 2009). The major use of rangelands is for livestock production, mainly through 

pastoralism. An estimated 25 million pastoralists and 240 million agropastralists primarily 

depend on livestock production for their income (FAO, 2009). Livestock movement is the 

central component of land management (Galvin, 2009). The decline of rangeland resources 

compromises the traditional mobility within the pastoralist system, with some of the obstacles 

to pastoral mobility being: loss of grazing land to agriculture,  poor management of watering 

point management, conflicts and insecurity, shifting boundaries (county, national and 

regional), and social change necessitated by changing human aspirations and economic needs 

(Gao et al., 2009; Maestre et al., 2009).  

The ability of communities living in rangelands to cope with the challenges of complex and 

dynamic system is usually undermined by rangeland degradation. Rangeland‘s natural 

resources are experiencing rapid degradation, thus reducing their contribution to livestock 

feed supply. Pastoral systems are losing resilience as traditional coping mechanisms are 

failing due to increasing environmental degradation coupled by absence of national policies 

to address the problem (Kassahun et al., 2008).  
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2.2 Livestock grazing and rangeland soil carbon pool 

Soil forms the largest terrestrial reservoir of carbon (C) and can store about three times as 

much C as the atmosphere can sequestered mainly in decomposed plant litter and residues. 

Recently, rapid losses of soil C associated to intensive livestock grazing have been reported 

for tropical savannas. Milchunas, (2006) reported that the impact of grazing management on 

the soil biogeochemical processes that regulate rangeland carbon dynamics is not well 

understood due to heterogeneity in grassland types. In his study, out of the 34 data sets  he 

evaluated to compare  soil carbon of grazed and protected areas, about 40% indicated an 

increase in soil carbon due to grazing and about 60% showed a decrease or no response to 

grazing (Milchunas, 2006). Studies done previously showed that the impact of grazing on 

ecosystem processes is influenced by the extent of the removal of photosynthetic biomass 

(defoliation), which is determined in part by grazing intensity; treading and trampling and 

faecal and urine depositions (Heitschmidt et al., 2004).  

The livestock hoof action deteriorates soil aggregate stability and compact the soil surface 

through trampling and treading leading to increase in the soil bulk density.  The unfavourable 

changes in soil physical properties may cause a decline in water infiltration and root growth. 

Livestock also influences the soil biogeochemical processes through the addition of nutrients 

in the form of faecal and urine. Barger in their studies reported that, grazing has the potential 

to influence rangeland carbon dynamics by altering plant litter chemistry (Barger et al., 

2004), litter production, plant biomass allocation patterns, and the spatial distribution of 

nutrients (Evans et al, 1997).  

Despite the above mentioned rangeland carbon dynamics in response to grazing, most results 

from previous research showed a wide variation ranging from positive to negative to no 

response. For instance, Gill (2007) in his evaluation of the influence of 90 years of protection 
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from grazing on carbon dynamics in subalpine rangeland, reported that livestock grazing had 

no significant impacts on total soil carbon or particulate organic matter, although active soil 

carbon content increased and that the loss of carbon from the active carbon pool was higher 

in grazed sites than in ungrazed areas. The implication of these results is that grazing may 

convert the relatively recalcitrant carbon pool into easily mineralizable carbon fraction.  

Conant et al (2003) in their study done in pastures of Virginia, USA, showed that the major 

factor controlling soil organic carbon dynamics is actually grazing management, they found 

that soil organic carbon averaged 8.4 Mg C ha
-1

 more under intensive management or short 

rotation grazing than extensively grazed or hayed sites. Naeth et al. (1991) observed a 

negative impact on soil organic matter with heavy intensity or early season grazing, as 

compared to light intensity or late season grazing in the grasslands of Alberta, Canada. Heavy 

grazing resulted in significant reductions in height of standing and fallen litter, and a decrease 

in live vegetative cover and organic matter mass. Consequences of increasing atmospheric 

CO2 concentration can affect rangeland carbon storage by accelerating the photosynthesis 

rate, which increases biomass production, and lowers the decomposition rate (Ingram et al., 

2008; Svejcar et al., 2008). Therefore an appropriate grazing management regime needs to be 

adopted in order to offset the increase of atmospheric CO2 

2.3 Soil Organic Carbon Storage and Sequestration 

Soil organic carbon pool has been widely appreciated in the global C cycle (Jones et al., 

2005; David Powlson, 2005).  The SOC pool is comprised of animal and plant residues at 

various stages of decomposition, chemical and microbiological breakdown products, and the 

bodies of microorganisms and small animals (Lal, 2008). Carbon dioxide emissions from 

rangeland practices are caused by removal of plant species biomass, increases in the 

mineralization rates due to changes in soil temperature and moisture and losses by leaching 
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and erosion (Lal, 2003). However, under appropriate management, the C in the soil‘s biomass 

can be permanently stored  becoming a form of C sequestration (Lal, 2008).  

Besides the climate change mitigation, terrestrial C sequestration has a series of ancillary 

benefits (Lal, 2008). Organic C plays a crucial role in preventing and mitigating soil 

degradation. The importance of soil organic carbon on soil structure are many; soil structure 

is affected by increased soil organic carbon directly through the stabilization of aggregates 

and indirectly through increased aeration, increased infiltration rates, increased water holding 

capacity and decreased surface crusting (Craswell and Lefroy, 2001; Martius et al., 2001). 

The estimates of soil organic carbon storage globally range from 1200 to 1600pg in the top 

1m soil depth, which is mostly the case in arid and semi-arid regions (   az-Hernández et al., 

2003). Below the 1m depth profile, soil carbon storage is rarely estimated at the natural 

landscapes ( Li et al., 2007). The big question which remains answered is how much carbon 

is underestimated in global budgets below the first meter with respect to grazing management 

practies. It was estimated that, there is a 60% increase in the global soil organic carbon (SOC) 

storage with depth extended to 2.0m (Batjes, 1996). A recent estimate shows that there is a 

56% increase in soil organic carbon storage at global level when the third meter of soil is also 

included in the estimates (Jobbágy and Jackson, 2000).  Mounting the global estimates of 

deep soil organic carbon storage reflected an increasing need for an understanding of the 

importance of deep soil carbon (Veldkamp et al 2003, ).  

2.4 Effects of grazing practices on vegetation composition and aboveground biomass 

production  

Rangeland ecosystems are largely impacted by land uses (Conant et al., 2001), which have a 

significant effect on the environment globally. Livestock exploits rangelands through grazing 

and grazing intensity influences the sustainability of grazing lands (Kioko et al,2012). 
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Specifically, high grazing intensity have a huge effects on the botanical composition and 

species diversity of the grazed pasture by depressing the vigor of dominant species, 

consequently leading to colonization by highly competitive and tolerant plant species  

(Kgosikoma, 2012).   

Livestock through grazing affects the composition and productivity of plants through change 

of plant nativity, recruitment, and mortality (Adler et al, 2005) .The effect as a result of 

grazing influence may cause changes in community structure and function (Fortin et al, 

2003). An ecosystem may maintain its stability and resistance to changes produced by 

grazing up to a certain threshold beyond which further changes increasingly being 

accentuated by stochastic abiotic factors such as rainfall. Proper utilization creates 

environmental conditions that prevent the survival of invasive weed species, while favouring 

recruitment and survival of palatable forage/browse species thus increases forage quality. 

Therefore, management of plant communities for sustainable livestock production requires 

the use of proper grazing management practices across the expansive and often 

heterogeneous rangelands. 

2.5 Grazing practices and greenhouse gas emissions 

The influence of grazing on the productivity of rangelands, greenhouse gas emissions and soil 

organic carbon content are variable and depend on local climate, soil, topography, plant 

community, and grazing timing and intensity (Jackson et al, 2007) . In general, the livestock 

are the greatest sources of greenhouse gases from rangelands (Beauchemin et al, 2010). 

Grazing can change the physical characteristics of soil through compaction or otherwise 

physically disturb soils, particularly when animal densities are high for prolonged periods and 

when soils are saturated (Greenwood and McKenzie, 2001). Compaction leads to decreased 

plant growth and thus C uptake from the atmosphere. Grazing through soil compaction can 
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also affect the soil hydrologic cycle by decreasing infiltration rates, lowering soil aeration, 

and altering the composition and diversity of soil biota consequently leading to promotion of  

CH4 and N2O production (Asner et al., 2004). Grazing animals can also destroy surface soil 

structure, disturb surface crusts, and create micro-topography (Trimble and Mendel 1995), 

which can increase soil C losses through erosion agents such as wind and water.   

The structure and function of plant communities can be directly affected by grazing through 

selective plant removal, defoliation, and changing the amount and composition of residual 

biomass (Ingram et al., 2008; Rook et al., 2004). The amount of defoliation also affects 

subsequent forage production by changing light competition and residual biomass (Collins et 

al., 1998). When vegetation is removed, soil moisture decreases and temperature increases 

(Asner et al., 2004), which can lead to increased decomposition at the soil surface and less 

transfer of plant litter into the soil organic matter pool. Finally, grazers through their 

excrement redistribute nutrients. The dung and urine patches usually concentrate nutrients  

and act as hotspots of organic matter deposition, with impacts on plant community 

composition and growth (Veldkamp et al., 2003).   Greenhouse gas emissions from soils can  

also be affected by livestock due to differences in animal size and behaviour, manure 

production and composition and grazing preferences (Mekuria and Veldkamp, 2012), 

However, there are no current studies reporting the influence of grazing management 

practices on greenhouse gas emissions. It is against this background that the current study 

therefore attempts to estimate the emissions of GHG from soil under different grazing 

management systems, the influence of these grazing systems on vegetation and the vertical 

distribution of soil organic carbon and then predict the long term impact of grazing systems 

on SOC. 
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CHAPTER THREE: MATERIALS AND METHODS 

3.1 STUDY AREA 

3.1.1 Location 

The study was conducted in Yaoni commercial ranch located in Makueni County, 

approximately 125 km southeast of Nairobi, Kenya (Figure 1). ). This is a commercial 

grazing ranch in south eastern rangelands of Kenya.  Makueni County borders Kajiado to the 

West, Taita Taveta to the South, Kitui to the East and Machakos to the North. It lies between 

Latitude 1º 35´ and 30
0
 00‘ South and Longitude 37º10´ and 38º 30´East. The county is 

largely arid and semi-arid and usually prone to frequent droughts.  The dominant vegetation 

type is grasses with scattered acacia species shrubs. The ranch has been used for livestock 

(cattle) grazing for the last 70 years under both rotational and continuous grazing system. 

 

 

 

 

 

 

 

 

 

Figure 1: Map of the study area in relation to map of Kenya 
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3.1.2 Agro-economic potential/economic activities 

Yohani falls under agro-ecological zone IV and V (Jaetzold et al., 2006). In terms of agro-

ecological potential, Jaetzold et al. (2006), classifies the area as a ranching zone naturally 

suited for extensive livestock production and wildlife utilization. 

3.1.3 Climate 

Yohani ranch lies at an altitude of between 1200-1400 metres above sea level. Rainfall and 

temperatures are influenced by altitude. Rainfall is bimodal with long rains falling between 

the months of March to May and short rains in October to December. Total annual rainfall is 

between 400 and 600mm (KMS KMD/FCST/5-2016/SO/01). In between the rainy seasons, 

the area experiences intervening dry spells in January/February as well as July to September. 

Provide temperature ranges with seasonality variations. 

3.1.4 Topography, geology and soils 

The terrain is characterized by plains to the North, undulating hills to the South.  The geology 

of the study area is characterized by relatively deep over-burden, with very few exposures of 

the underlying basement rock. The basement system are crystalline rocks of pre-cambrian age 

often occurring as fine-grained schists and course gneisses, that have been invaded by pink 

quartzo feldspathic pegmatites (Kurrent Technologies, 2011).  

3.1.5 Natural vegetation 

The study area is mainly covered by savannah woodland with a significant woody plant 

component. The natural vegetation of the study area consists of predominantly, Themeda 

triandra, a tufted perennial grass species that is preferred by grazers, and Themeda -Balanites 

or Themeda-Acacia wooded grassland (Kinyua et al., 2000). 
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3.2 Experimental design and Treatments 

The study followed a pseudo-replication design involving two grazing systems and ungrazed 

area: continuous grazing, rotational grazing and ungrazed area (control A section of the ranch 

was converted from continuous grazing into rotational grazing for the last six years at the 

time the study was conducted. The second sampling block was an area that has been under 

continuously grazing for the past 30 years. Under the rotational grazing, cattle are moved 

between paddocks after a period of two months. The ungrazed area consist of an abandon 

land area that has not been grazed for more than 30 years due to a deep gully due to erosion 

creating and isolation that is inaccessible by livestock as shown in (Figure 1). The specific 

research methodology per objective are presented in the independent papers presented as 

chapters below. 
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CHAPTER FOUR: VEGETATION COMPOSITION IN RELATION TO GRAZING 

MANAGEMENT PRACTICES IN SEMI-ARID LANDS, MAKUENI COUNTY, 

KENYA 

Abstract 

Livestock grazing practices in the rangelands are being recognized as management tools for 

environmental protection and increased livestock productivity. However, improper livestock 

grazing practices exploits rangelands hence threatening the sustainability of these ecosystems 

and the livelihoods of the pastoral. Overgrazing of the rangeland ecosystem has been largely 

reported to reduce pasture productivity and increase environmental degradation. The aim of 

this study was to evaluate the influence of grazing practices on vegetation composition in 

Yoani, a commercial grazing land within Makueni County. The study followed a pseudo-

replication design in which there were three treatments: (1) continual grazed, (2) rotational 

grazed and (3) and ungrazed. Shannon-Wiener‘s diversity index was used to determine 

species diversity. The Rotationally grazed site had significantly higher (p≤0.05) herbaceous 

biomass production compared to both continually grazed and ungrazed areas. Biomass yield 

was significantly higher (p≤0.05) in continual grazing than the ungrazed site. Percentage 

cover of herbaceous plants was significantly higher under rotationally grazed areas compared 

to both continually grazed and ungrazed areas which were not significantly different. There 

was no significant difference in plant species richness between the three sampling blocks 

(p≤0.05). However, plant species richness was highest in rotationally grazed areas, followed 

by continually and ungrazed areas with mean species numbers of 13.4±1.82, 11.9±1.74 and 

9.67±2.24, respectively. The rotationally grazed site had higher species diversity followed by 

continual and ungrazed area with mean values of 3.08±0.65, 2.88±.072 and 2.43±0.02 

respectively.  

Key words: Plant Biomass, Plant Cover, Species Diversity and Richness, Grazing 

management.  
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4.1 Introduction 

Globally, properly managed grazing lands incorporates the most important land use practices 

(Liebig et al., 2006) and  covers about 25% of earth‘s land surface (Asner et al., 2004; 

Einstein, 2010). The significant area of rangelands globally makes them a useful resource for 

grazing, biodiversity conservation and a source of livelihood, specifically for rural 

communities (Ericksen et al., 2009). Most of the global‘s rangelands are believed to be 

degraded as a result of excessive livestock grazing (Milton et al, 1994). Livestock grazing 

influences the plant community structure and ecosystem functioning which is a key issue in 

the management of rangelands in order to maximize livestock production and sustainability 

(Jacobo et al, 2006). Evidence exists to the effect that livestock grazing strongly influences 

the structure, richness, and composition of plants in rangelands ( Porqueddu et al., 2016;), for 

instance, the short term effects of grazing have been reported to influence the structure of 

plant communities through defoliation and reduction of  plant tissues  while causing changes 

in botanical composition and species diversity in the long term through selective grazing 

(Jacobo et al., 2006). Changes in plant species composition are mostly due to the substitution 

of palatable by unpalatable species ,this have been observed to lead to  an increase in annual 

plants species following rangeland degradation (Tarhouni et al, 2007), as well as a decline in  

plant species diversity and rangeland productivity (Cingolani et al, 2005). When unpalatable 

species become dominant, it becomes difficult to reverse the effects hence lowering the 

rangeland productivity (Westoby et al, 1989).Rotational  grazing may be used as a useful 

management method to preserve species diversity and rangelands productivity (Gamoun, 

2014). It is also a preferred  practice for conserving biological soil crusts and the ecological 

services they provide in nitrogen fixation and soil stabilization (Liu et al., 2009). Moreover, 

low to light grazing intensity can increase production compared to no grazing. However, the 

extent of grazing may affect the photosynthesis process which maximizes manufacturing of 
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plant food and depends on the growing conditions of the harvesting stage within the seasons 

hence there is need to use a proper grazing management strategy (Patton et al, 2007). 

Furthermore, Grazing influences soil properties and hydrology, which may result to critical 

outcomes affecting plant growth and productivity in the rangelands where water scarcity is a 

common phenomenon (Jeddi et al, 2010).  

Rangelands in the tropics are highly dominated by Savanna grasslands with most grass 

species being highly tolerant to grazing, however, the common high grazing intensity coupled 

with frequent droughts increasingly lead to shift in species composition and decline in soil 

fertility and biomass productivity (Van Auken, 2009). Poor grazing practices leads to 

overgrazing which negatively influence the botanical composition and species diversity. 

Continuous grazing results to increase in more competitive and drought tolerant grass species 

but of low feed value to animals while selective grazing of palatable herbaceous vegetation 

by grazing animals encourages the establishment of annuals and unpalatable plant species 

(Fensham et al, 2010). Rangeland vegetation does not always respond in a linear way to 

grazing intensity, partly because local environmental conditions such as high rainfall and soil 

fertility regulate the plants‘ ability to cope with grazing pressures. However, herbaceous 

biomass appears to be more responsive to differences in grazing intensities across grazing 

management systems. Well managed rangelands usually exhibits a higher herbaceous 

biomass production than the poorly managed grazing lands , which could be due to the higher 

grazing intensities of the latter  compared with the former .  

 The concept of rangeland management in Kenya has become widely accepted and 

implemented. When natural vegetation becomes severely degraded, management with an aim 

of increasing productivity has been proven unlikely. However, this situation can be remedied 

if restoration work is undertaken (Le Houérou 2002; Gamoun et al. 2012), therefore 

rangeland protection becomes necessary for sustainable management and increased resilience 



22 
 

(Gamoun et al. 2011; Gamoun 2014). In practice, grazing management is simply controlling 

where and when animals graze over the landscape (Norton et al. 2013). Additionally, it is the 

manipulation of the soil–plant–animal complex of the grazing land in pursuit of a desired 

result (Allen et al. 2011). The effects of grazing management practices such as controlled 

stocking densities and grazing systems on plant species diversity and plant biomass 

production or functional groups may have important consequences for ecosystem function 

(Hickman et al. 2004). Although a lot of studies have been done on the impact of grazing on 

vegetation dynamics, we did not find literature on studies comparing the impact of different 

grazing management systems on vegetation cover, biomass, diversity and richness in the 

southern rangelands of Kenya. Therefore, we investigated the influence of two grazing 

systems (continual and rotational) and ungrazed area on herbaceous vegetation composition 

4.2 Materials and methods 

4.2.1 Treatments and experimental design 

Detailed descriptions of the site are as described in chapter three of this thesis. The study 

followed a pseudo-replication design in which there were three treatments: (1) continual 

grazed, (2) rotational grazed and (3) and ungrazed. Four transects were laid 50m apart from 

each other in the individual. Demarcation of 10m
2 

were done at an interval of 20m along the 

transect within which five quadrats were laid down within the 10m
2
 plot. 

4.2.2 Vegetation data collection  

Vegetation data was collected using the Quadrat method by Garg and Vyas, (1975). 

Demarcation of 100 m
2
 sub- plot within grazing systems was done and five 1x1m quadrats 

laid out. A quadrat was placed at each of the four corners of the 100m
2
 plot and the 5th 

quadrant placed at the centre of the plot. Plant functional types were identified as annuals, 

perennials, forbs. They were then clipped, weighed and put in their respective sample bags 
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for biomass determination. The herbaceous vegetation cover was estimated by visual method 

within each quadrat with the help of Taxonomist from the University of Nairobi. Biomass 

was determined by weighing the oven dried vegetation sample. Species diversity and richness 

were determined using Shannon Weiner's diversity index (1963) as described by (Krebs, 

1989). Species richness was calculated as the total number of species per quadrat (Polley et 

al, 2005).  

Shannon-Weiner‘s  iversity index (H‘);  

    ∑ (
  

 
)    (

  

 
)  

 

Where; n1 = number of individuals of each species, 

 N = Total number of individuals (or amount) for the site  

 Ln = the natural log of the number. 

 

4.2.3 Statistical Analysis 

Data collected on vegetation attributes was subjected to analysis of variance (ANOVA) using 

Genstat Discovery 15
th

 edition statistical software. Turkey‘s HSD post hoc was used to 

separate treatment means.  

 

4.3 Results and discussion 

4.3.1 Influence of grazing management on herbaceous plant species diversity and 

richness 

The total number of perennial herbaceous plant species recorded were 20 under continual 

grazing, 16 and 11 under rotationally grazed and ungrazed areas respectively. The total 

number of forbs recorded in continual grazing system were 19 while those recorded under 
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rotational grazing system and ungrazed area were 13 and 6, respectively (Tables 1 and 2).  

The perennials with the highest density under rotational grazing and continuous grazing 

systems were Cynodon dactylon, Erragrostis superba and Cyperus spp. While the dominant 

perennial plant species found under ungrazed area were Themeda triandra, Cynodon 

plectostachyus and Panicum maximum. The forbs that dominated rotationally grazed areas 

were Amarandus hypritis, Tagetes minuta and Ipomea mombasana while those which are 

dominant under continuous grazing management system were Indigofera spicata and 

Oxygonum sinuatum .The ungrazed areas were dominated by Comelina benghalensis and 

Chlorophylum spp 

There was significant difference in plant species richness between the three grazing 

management systems (p≤0.05). The plant species richness was highest in rotationally grazed 

areas, followed by continually and ungrazed areas with mean species numbers of, 13.4±1.82, 

11.9±1.74 and 9.67±2.24, respectively (Figure 2 and 3). Rotationally grazed site had 

significantly higher species diversity followed by continual and ungrazed area with mean 

values as follows 3.08±0.65, 2.88±.072 and 2.43±0.02, respectively.  
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Table 1. Perennial plant species dominating different grazing management systems 

 

 Herbaceous plant  species Rotational Continual Ungrazed   

 

Cynodon dactylon 306 116 2 

 

 

Erragrostis superba 59 14 5 

 

 

Cyperus spp 52 29 0 

 

 

Digitaria macroblephera 21 17 4 

 

 

sporobolus fimbriatus 15 21 0 

 

 

Bothriochloa insculpta 11 28 0 

 

 

Chloris roxburghiana 13 35 3 

 

 

Cynodon plectostachyus 9 2 43 

 

 

Cyperus rotundus 9 27 2 

 

 

pennisetum mensianum 7 3 0 

 

 

Sporobolus pyramidalis 6 16 0 

 

 

Aristida teniensis 6 4 0 

 

 

cymbopogon excavatus 4 0 2 

 

 

Digitaria velutina 2 0 3 

 

 

Panicum maximum 2 3 28 

 

 

Centrias ciliaris 2 10 2 

 

 

Themeda triandra 0 0 60 

 

 

Hyperenia litonia 0 4 0 

 

 

Erragrostis tenuifolia 0 5 0 

 

 

hyparrhenia rufa 0 2 0 

 

 

Microchloa kunthii 0 3 0 

 

 

Enteropogon contortus 0 3 0 

 

 

digitaria scalarum 0 2 0 

   Total  number of species 16 20 11   
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Table 2. Forbs dominating different grazing management systems. 

  

Grazing management systems 

   Herbaceous plant species Rotational Continual Ungrazed   

 

Amarandus hypritis 54 8 0 

 

 

Tagetes minuta 34 2 0 

 

 

Ipomea mombasana 24 7 0 

 

 

solanum incunum 22 14 0 

 

 

Comelina africana 16 0 0 

 

 

Lukas martinensis 8 2 2 

 

 

Justicia anceliana 8 9 4 

 

 

Chlorophylum spp 7 0 9 

 

 

comelina latifolia 7 0 0 

 

 

Indigofera spicata 5 23 0 

 

 

Comelina benghalensis 4 6 19 

 

 

Tribulus terrestris 4 0 0 

 

 

Oxygonum sinuatum 3 19 0 

 

 

ocimum basilicum 0 2 0 

 

 

Sita ovada 0 5 0 

 

 

Tephrosia pumila 0 10 0 

 

 

Acanthospermum 0 12 0 

 

 

Potroclin somalensis 0 1 0 

 

 

seteria pallitefusica 0 2 0 

 

 

Bitten billosa 0 17 3 

 

 

vilanthus mandela sp 0 1 0 

 

 

pollyghala spinosphtera 0 3 3 

 

 

pollyghalus spinofthera 0 2 0 

   Total number of species 13 19 6   
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Table 3: Tree species dominating the grazing management systems 

    Rotational Continual Ungrazed   

 

Acacia tortilis 7 2 0 

 

 

Combratum mole 1 1 0 

 

 

Acacia senegal 1 5 3 

 

 

Commiphora africana 1 0 0 

 

 

Ormocarpum kirkii 1 0 0 

 

 

Dumbega rotundifolia 0 1 0 

 

 

Acacia merifera 0 2 10 

 

 

Acacia nilotica 0 3 0 

 

 

balanitis egyptica 0 1 5 

 

 

Balanitis egyptica 0 1 2 

 

 

Omocabum trachybum 0 0 1 

   Zizibhum spp 0 0 1   

 

Total number of species 5 9 6 

  

 

 

 

Figure 2: Herbaceous plant species richness across different grazing 

management systems 
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Figure 3: Herbaceous species diversity under different grazing management 

systems.  

 

The dominance of Cynodon dactylon under both the rotationally and continuous grazing 

systems  can be attributed to the fact that this has the ability to withstand heavy grazing 

pressure and can adapted to various climatic and edaphic conditions(Rita et al., 2012; Egeru 

et al., 2015). The observed high number of forbs under continuous grazing system can be 

attributed to the high grazing pressure which reduces the density of palatable plants forcing 

the animals to forage on species of low nutrition value. As a result, most palatable herbaceous 

plant species cease to grow, consequently leading to emergence of forbs.  Similar results were 

reported by Mudongo et al., (2016) who observed that continuous grazing led to diminished 

perennial grass and increase in forbs and woody species. The low density of forbs in the 

ungrazed area can be due to the canopy cover effects from the dominant woody species 

which result to insufficient resources such as sun light hence poor growth. The dominant tree 

species in the rotationally grazed site were Acacia tortilis while Acacia Senegal and Acacia 
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merifera dominated the continuous grazing system site and the ungrazed area. Digitaria 

velutina was the only annual which was present and dominant across the three sites. This 

could be attributed to its nature of spreading slowly but steadily by seeds and rooting at the 

nodes of shoots, hence its ability to take advantage of many environments. 

 The observed low plant species diversity in ungrazed areas can be attributable to the 

presence of a few dominant tree stands that tap the largest share of the habitat resources 

(nutrients and light). Belsky, (1992) reported that plant species favoured by lack of livestock 

disturbance through grazing always tend to outcompete plants with smaller statures, an 

argument that was also supported by (Pekin et al, 2015). On the other hand, we recorded 

lower herbaceous plant species diversity and richness in the continuously grazed areas 

compared to the rotationally grazed areas. This implies that the high livestock grazing 

pressure in the continually grazed areas led to decreased herbaceous species diversity and 

richness in this semi-arid rangeland.  

The high herbaceous plant species diversity in rotationally grazed areas may be as a result of 

the effects of livestock grazing that results in opening up of the canopy, hence giving chance 

for regeneration of gap opportunistic plant species. The observed high plant species diversity 

and richness can also be attributed to grazing which may have reduced competition among 

plant species through selective grazing on palatable plant species hence giving equal chance 

for the various plant species to grow.  

Our results are in agreement with the intermediate disturbance hypothesis proposed by 

Connell (1978), whereby the models and metadata analysis have indicated that species 

richness and the Shannon Wiener diversity index are strong predictors of the intermediate 

disturbance hypothesis (Svensson et al, 2012). The mechanism underlying the intermediate 

disturbance hypothesis is centred on a complex interplay between life history, biotic 
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interaction and historical disturbance regime (Catford et al., 2012). The increased availability 

of plant requirements, such as light, following disturbances through livestock grazing 

explains why high diversities were observed in rotationally grazed areas.  

According to Robert and Gilliam, (2003) intermediate disturbance causes changes in local 

microclimates by opening up space in the canopy, resulting in the availing of resources such 

as sun-light, which would otherwise not be accessible to understory plants. Physical 

disturbances prevent competitively dominant species from excluding other species from the 

community (Mackey and Currie, 2001). This brings about a trade-off between plant species 

ability to compete and tolerate various forms of disturbance. Species diversity is low at 

extremely low levels of disturbance because only the best competitors dominate and persist 

within community (Connell, 1978).  

This concept is in agreement with the findings of this study, in which sampling site under the 

ungrazed area where disturbance was low displayed low plant species diversity. However, in 

the severely and the highly disturbed areas, a few species persisted or repeatedly colonised 

after every similar regime of disturbance, thus resulting in low species diversities. This 

concept also applies to the findings of this study in which continually grazed areas had lower 

species diversities than rotationally grazed areas this could be probably due to the difference 

in disturbance from grazing livestock. Continually grazed area experienced high grazing 

pressure. This was evident by the fact that it was dominated by unpalatable plant species. 

Therefore, the balance between competitive exclusion and the loss of competitive dominants 

through disturbance is attained at intermediate disturbances (Mackey and Currie, 2001) which 

in our study, we can put rotationally grazed site under this category due to minimal 

disturbance with respect rest periods from grazing.  
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4.3.2. Effects of grazing management on herbaceous biomass production and ground 

cover 

The above-ground herbaceous biomass production was significantly different in rotationally 

grazed site (P ≤ 0.05) than both continually grazed and ungrazed sites (Figure 4), with the 

rotational grazed site having the highest herbaceous biomass. The herbaceous vegetation 

cover was significantly different across the three grazing management systems (Fig 5) with 

the rotationally grazed site having the highest percent herbaceous cover, followed by 

continual and ungrazed sites, with the following percentages (27.62±3.76,37.22±2.6 and 

55.78±2.56), respectively.  

 

Figure 4: Herbaceous biomass yield (Kgha-
1
) across different grazing 

management systems.  
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Figure 5: Herbaceous percentage cover under different grazing management 

systems.  

Both enhanced biomass production and herbaceous cover in rotational grazed sites could be 

attributed to higher forage recovery time which gives plants enough time to regrow as a result 

of rest periods. Furthermore, plant species under rotational grazing have higher competitive 

advantage due to less selectivity by grazing livestock, these leads to high growth rate of 

palatable plant species which usually results to a higher biomass compared with the 

unpalatable plant species found under continual grazing as a result of selective grazing.  

These results are similar to those observed by Alphayo, (2015) while studying the influence 

of holistic grazing management on biomass production. The low herbaceous cover and 

biomass yield in ungrazed site is associated to canopy effects from the dense wooded species 

which may have affected growth of the herbaceous vegetation due to shedding effects as a 

result of canopy cover, resulting to low photosynthetic rates and thus reduced growth.   

The low herbaceous cover and biomass production under continuous grazing management 

can be due to the fact that livestock graze continuously until forage is reduced to critical low 

levels that affect their recovery. This exposes plants to frequent defoliation, which can be 
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detrimental to plant productivity. The low biomass observed in continual grazing sites was 

partly due to individual plants being subjected to multiple and severe defoliations without 

enough time for regrowth. The high frequency of livestock grazing invariably must have led 

to a decline in the plant‘s productivity, root biomass and vigour. The low aboveground 

herbaceous cover and biomass yield in continual grazing sites could have negative effects on 

soil chemical and physical properties, leading to further reduction in herbage productivity. 

The difference in biomass and cover between the rotational and continual grazing systems 

can also be attributed to the influence of livestock grazing on the composition and structure 

of the plant community, primarily by modifying the competitive interactions via selective 

feeding of livestock.  

 Similar results were reported by Gebremeskel, (2006) who found more biomass production 

under moderate grazing regimes that are well utilized by grazing animals than areas that had 

been severely and continuously grazed in the semi-arid lands of Ethiopia. Our results were 

also in agreement to those of (Jacobo et al., 2006) who  reported that in time-controlled 

grazing systems, the frequency and duration of grazing and the rest  periods is of importance 

to  plant species recovery from defoliation and gain  vigor for their survival, thus resulting in 

increased biomass yield. Other studies have also reported similar results whereby in the well-

structured grazing system, high biomass has been realised and attributed to adequate recovery 

time allowed after defoliation than in the continuous grazing that is always subjected to high 

grazing pressure without rest (Radford et al., 2008, Steffens et al., 2008).  

The low herbaceous biomass observed in the continually grazed site can be attributed to high 

percent utilization of pasture in the continually grazed areas. The low biomass production and 

herbaceous percentage cover under the continual grazing system can also be attributed to the 

reduced plant leaf area by grazing animals and with insufficient or no time to recover which 

affects negatively the absorption of active radiation for photosynthesis. This is evidenced by 
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the low biomass production which is as a result of reduced plant‘s ability to convert light 

energy into chemical energy for production of biomass. The functioning, growth and 

development of plant is normally affected by limited conversion of energy (Li et al., 2013). 

The root system is also greatly affected by high grazing pressure because the energy to 

support the root biomass and new root production is reduced hence affecting the root 

longevity. When plants are subjected to high grazing pressure, their ability to access the 

required water and nutrients for their survival is undermined (Holechek, 2001) leading to low 

plant biomass as was observed in the continually grazed  sites. 

Kgosikoma, (2012) observed that grazing intensity is the major factor determining the 

influence of grazing  on the ecosystem, and that continuous grazing leads to overuse of forage 

resources, which affects the ability of plants to regrow after defoliation hence low 

aboveground herbaceous  biomass and cover while working in semi-arid rangelands of 

Botswana. In a study on the linkages between land use change, land degradation and 

biodiversity across East Africa.  Maitima et al., (2009), reported grazing intensity to have 

profound impact on biodiversity and emphasised the need for balance between land use and 

degradation.  

4.4 Conclusions  

The rotationally grazed area had significantly higher species richness, herbaceous biomass 

production and cover compared to both the continual grazing system and ungrazed area. 

There was no difference in plant species diversity between the two grazing systems 

(rotational and ungrazed) but the ungrazed site had significantly lower plant species diversity. 

The reduced biomass production in the continuous grazing system is attributable to the 

overgrazing of the continuously grazed site. This study confirmed that rotational grazing 

system on arid rangelands is an effective tool for sustainable grazing management. By 
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controlling the time livestock graze in an area, managers conserve biodiversity, increase 

primary productivity and ground cover while ensuring the continued productivity of forage. 

We therefore recommended that, grazing period be strictly monitored with respect to the 

available pasture to ensure that the time spent by grazing animals in a given range site does 

not deteriorate the environment. 
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CHAPTER FIVE: SOIL ORGANIC CARBON CONTENT AND STOCKS AS 

INFLUENCED BY GRAZING MANAGEMENT IN SEMI-ARID GRASSLANDS 

OF KENYA 

 

Abstract 

Rangeland cover approximately 85% of Kenya‘s land mass and is a major resource for 

livestock farming. However, these lands are stressed differently by various land management 

practices which in turn have negative impacts on soil health. Our study aimed at determining 

the influence of grazing management systems on soil organic carbon content and stocks in 

Yoani ranch located in the southern rangelands of Kenya. The study followed a pseudo-

replication design in which there were three treatments: (1) continual grazed, (2) rotational 

grazed and (3) and ungrazed .Soils were sampled up to a depth of 1.2m, at an interval of 0-10, 

10-20cm,20-30cm, 30-60cm,60-90cm and 90-120cm for determination of  soil organic 

carbon content and stocks. The ungrazed site recorded significantly (p≤0.05) higher soil 

organic carbon content and stocks followed by rotationally grazed site and continuously 

grazed sites which had the least SOC up to 1.2m depth. The predicted results showed that the 

rate of SOC stock [t/ha] change was positively higher under rotational grazing system in 

comparison to ungrazed and continual grazing system for the modelling period of 2015-2064. 

In the absence of grazing, the system was predicted to accumulate 19.22 Mg C ha
-1

 of SOC at 

the rate of 0.369 Mg C ha
-1

yr
-1

, whereas rotational grazing system was predicted to 

accumulate 30.46 Mg C ha
-1

 at the rate of 0.61 Mg C ha
-1

yr
-1

. The continual grazing 

management system resulted in accrual of 18.49 Mg C ha
-1

 at the rate of 0.37 Mg C ha
-1

 yr
-1

 

over 50 years. Thus, rotationally grazing management system has the greatest potential of 

accumulating soil organic carbon in semi-arid grasslands.   

Key words: Soil organic carbon content; Carbon stocks; Grazing practices; Rangelands 
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5.0 Introduction 

Rangelands are important ecosystems that occupy more than half of the earth‘s terrestrial 

surface and are characterised by low-stature vegetation, owing to temperature and moisture 

restrictions (Brown et al, 2008). On global scale, rangelands provide up to 70% of the forage 

for livestock and contribute to the livelihoods of  more than 800 million people ( Derner and 

Schuman, 2007). Rangelands also provide essential ecosystem services, climate regulation, 

carbon sequestration as well as the mitigation of greenhouse gases such as carbon dioxide 

(Briske et al., 2008; Brown et al., 2008). Africa‘s rangelands cover about 43% of its 

landmass and are characterized as woodlands, Shrublands and/or grasslands (Hoffman and 

Vogel, 2008). 

 In Kenya the primary users of rangelands are pastoral communities whom practice extensive 

grazing. Besides, a smaller number of agro-pastoralists and commercial farms exist. 

Livestock production in these areas has gained importance due to the increasing human 

population and hence increased food demand. Consequently, this has led to an increased 

grazing pressure in most of the rangeland areas.  

Forage quality and quantity are determinants of rangeland‘s sustainability and profitability 

(Briske et al., 2008). However, rangelands have experienced soils and vegetation degradation 

due to overgrazing, climate change and plant invasions (Asner et al., 2004, Manjarrez-

Dominguez et al , 2015). Thus, management practices that will favour plant production and 

enhance livestock productivity have considerable potential to restore or even increase 

grassland soil carbon (C) storage and provide a potential positive feedback on the global C 

cycle (Derner and Schuman, 2007; Follett et al, 2010; P Smith et al., 2010). Currently, there 

is widespread interest in harnessing the large soil carbon sequestration potential from 

rangelands to offset global greenhouse gas (GHG) emissions, due to their vastness, history of 
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degradation, and potential for improved management. Their ability for soil C storage is 

estimated to be in a similar order of magnitude as that of croplands and forests (Pete Smith et 

al., 2008).  

Grazing directly affects the structure and function of plant communities through selective 

plant removal (HilleRisLambers et al,, 2010; Huntsinger, Bartolome et al., 2007), defoliation, 

and changing the amount and composition of residual biomass (Bartolome et al., 1992;). The 

level of defoliation also affects subsequent forage production by changing light competition 

and residual photosynthetic tissues. With the change in vegetation cover caused by grazing, 

soil moisture decreases and temperature increases (Asner et al., 2004; Bremer et al., 2001), 

which can result in more decomposition at the soil surface and less transfer of plant litter into 

the soil organic matter pool. 

The impact of grazing management on soil biogeochemical processes that regulate rangeland 

carbon dynamics have not been well studied and understood due to heterogeneity in 

grassland. Bekker et al, (2006), reported an increase in soil organic carbon in ungrazed areas 

compared to areas under grazing. The impact of grazing on ecosystem processes is stimulated 

by the removal of photosynthetic biomass (defoliation), which is determined through grazing 

intensity; treading and trampling and fecal and urine depositions (Heitschmidt et al., 2004).  

The quantity of defoliation relies upon plant morphology, production levels, and the 

availability of water and nutrients. Selective defoliation modifies species composition, 

resulting in low productivity and undesirable plant compositions. Livestock treading compact 

the soil surface, increasing the soil bulk density while hoof action deteriorates soil aggregate 

stability. Adverse changes in soil physical structure may also result to a decline in water 

infiltration and root development.The addition of nutrients through fecal and urine affects the 

soil biogeochemical methods. Altogether, grazing has the capability to steer rangeland carbon 
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dynamics through changing plant litter chemistry (Neff et al, 2009), plant biomass allocation 

patterns clutter production, and the spatial distribution of nutrients (Grayston et al., 1997).  

Regardless of the above noted grazing effect on rangeland carbon dynamics, most research 

results showed a wide variation ranging from positive to negative to no response. Gill (2007) 

evaluated the impact of ninety years of protection from grazing on carbon dynamics in 

subalpine rangeland and reported that livestock grazing had no significant impacts on soil 

carbon or particulate organic matter, however active soil carbon content increased. The loss 

of carbon from the active carbon pool become higher in grazed plots (4.6% of general 

carbon) than in ungrazed plots (3.3% of general carbon). Those results suggest that grazing 

can also convert the recalcitrant carbon pool into easily mineralizable carbon fraction. The 

exclusion of grazing prompted an increase in annual forbs and grasses without dense fibrous 

rooting structure conducive to soil organic matter formation and accumulation (Reeder and 

Schuman, 2002).Similarly, other scientists have reported the various impacts of grazing 

management on rangeland soil organic matter, for instance, a study by Conant (2003) in 

pastures of Virginia, United States of America, found that soil organic carbon averaged 8.4 

mg C ha
-1

 more under intensive management or light rotation grazing than considerably 

grazed sites. Naeth et al. (1991) reported a negative impact on soil organic carbon in heavy 

intensity or early season grazing, compared to light grazing in the grasslands of Alberta, 

Canada. Heavy grazing resulted in vast discounts in height of status and fallen clutter, and a 

decrease in stay vegetative cover and biomass production. 

Furthermore, the vertical distribution of Soil carbon storage is rarely estimated at the natural 

landscapes (Wang et al., 2010).How much carbon is underestimated in global budgets below 

the first meter is surely a bigger question mark. Batjes (1996) estimated a 60% increase in the 

global soil organic carbon (SOC) storage with depth extended to 2.0 m. A recent estimate of 

SOC storages has reported with a 56% increase at global level with the third meter of soil 
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was also included (Jobbágy and Jackson, 2000) . An increasing understanding of the 

importance of deep soil carbon is reflected in the mounting global estimates of soil carbon 

storages (Veldkamp et al., 2003). The biomes with the most SOC at 1–3 m depth were 

tropical evergreen forests and tropical grasslands/savannas (Jobbágy and Jackson, 2000). Soil 

C pool that remains poorly understood is its vertical distribution, especially the differences of 

this vertical distribution across management types. Most previous studies on soil carbon 

storage have been focused on upper layer, although deeper profile was known to be important 

in soil carbon storage (Mi et al., 2008). 

 In present time, it is essential to estimate mitigation potential of grazing lands because of 

their vast area. There are several methods of estimating changes in soil organic carbon. The 

IPCC Guidelines (IPCC 2006) provide a three-tiered approach where the tier 3 is based on 

dynamic model if the data is available. Models of soil organic carbon dynamics are a well-

known tool to simulate the response of the soil system to environmental disturbances and are 

widely used to study changes in SOC stocks (Peltoniemi et al., 2007). The main 

characteristics of the most popular process-oriented SOC turnover models have been 

frequently discussed in the literatures (G. Wang, Huang, Wang, Yu, and Zhang, 2013). From 

literature, it has been observed that CENTURY, RothC and DNDC are the most frequently 

used models to simulate SOC dynamics spatially (Yu and Yao, 2003). RothC- 26.3 was 

originally developed and parameterized to model the turnover of organic C in arable topsoil‘s 

from the Rothamsted long-term field experiments. Later, it was extended to model the 

turnover in the grassland and in woodland, and operate in different soils under different 

climates (Coleman et al., 1997). RothC-26.3 has been tested against long-term experiments in 

a range of soils and climatic conditions in Western and Central Europe and some parts of 

Africa  (Coleman et al., 1997; Falloon and Smith, 2002). 
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Currently, there are few experimental data regarding the potential for carbon sequestration in 

tropical drylands, particularly for the land management practices associated with grasslands 

(Farage et al., 2007; Favretto et al., 2016). Although field experimentation is required to 

confirm the ability of particular soils and agricultural practices to sequester carbon, modelling 

provides a means by which the overall feasibility of a variety of land management practices 

can be assessed (Smith et al., 2010). Modelling soil carbon dynamics also provides a vehicle 

by which the most promising methodologies can be selected for further investigation. This is 

particularly relevant to soil carbon sequestration as it can take several years before 

measurable changes are evident in the field following alteration in agricultural practice 

(Poussart et al., 2004; Rasmussen et al., 1998).  

Although the effects of grazing impact on soil C storage been extensively studied in a wide 

range of ecosystems worldwide (Pelster et al., 2015) there is no existing literature on studies 

done to examine the linkage between SOC storage and grazing systems in the southern 

eastern rangelands of Kenya. Understanding the effects of livestock grazing management 

systems on SOC stocks is of essence for rational utilization of grassland. Therefore, we 

investigate the influence of three different grazing management systems (continual, and 

rotational grazing system and an ungrazed area) on SOC. This study also investigated the 

potential for carbon sequestration under different grazing management systems in semi-arid 

grasslands of Makueni County, Kenya using RothC modelling approach over a period of 50 

years.  
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5.1 Materials and methods 

5.1.1 Treatments and Experimental design 

The study was conducted at Yohani ranch in Makueni County. The study followed a pseudo-

replication design in which there were three treatments: (1) continual grazed, (2) rotational 

grazed and (3) and ungrazed. Four transects were laid 50m apart from each other in the 

individual treatments thereafter soil were sampled at an interval of 20m along a 100m 

transect. Detailed descriptions of the site are as described in chapter three of this thesis. 

5.1.2 Soil Sampling 

Soil was sampled at intervals of 0–10, 10-20, 20-30, 30-60, 60-90 and 90-120 cm depth using 

a soil auger.  Soils were sampled at intervals along a 100m transect. Within each sampling 

point, two soil samples were mixed to form a composite soil sample per respective depths. 

The composited samples were packed in a well labelled polythene bags for transportation to 

ILRI Mazingira Centre for soil organic carbon analysis. In addition, undisturbed soil samples 

for each depth were collected using core rings with a defined volume (100 cm
3
) from each 

sampling plot for bulk density determination. 

5.2.3 Soil Analysis 

The soil samples were air-dried and passed through a 2 mm sieve. In order to determine soil 

total C and N content, 20 g of sieved soils were dried at 40°C for 48hrs and thereafter ground 

with a hammer mill (RetschMM400Mixer Mill, Retsch GmbH, Germany). A 20g subsample 

was then analysed for C content using a high-temperature oxidative combustion system 

(Elementar Vario Max Cube). The bulk density for each depth was estimated by core ring  

method (Blake, 1965).  
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Soil carbon stocks were calculated using the following equation 1: 

SOCStock=c × BD × D   

Where  SOC is the soil organic carbon stock (Mg C ha-1) (Were, 2015). c represents the 

carbon concentration (%), BD bulk density (gcm-3) and D the respective soil depth (m). 

where:  

5.2.4 Roth C Model Description and Data requirements  

The RothC-26.3 model is a SOM decomposition model that divides incoming plant residues 

into decomposable plant material (DPM) and resistant plant material (RPM); these both 

decompose to form microbial biomass (BIO), humified organic matter (HUM) and evolved 

CO2 (Coleman and Jenkinson, 1996). The model also includes an inert pool of organic matter 

(IOM). Roth-C is one of the most widely used SOC models (Jenkinson et al., 1991; Juma, 

Izaurralde et al., 1996) and has been evaluated in a wide variety of ecosystems including 

croplands, grasslands and forests (Falloon and Smith, 2002). The schematic structure of the 

Roth-C model depicts plant residues entering the soil environment, undergoing 

decomposition by the soil microbial biomass to form several pools with the evolution of CO2. 
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5.2.5 Data requirements 

The Roth-C model requires three types of data:(a) Climatic data; monthly rainfall (mm), 

monthly evapotranspiration (mm), average monthly mean air temperature (° C); (b) Soil data; 

clay content (%), inert organic carbon (IOM), initial soil organic carbon (SOC) stock (t C ha
-

1
), depth of the soil layer considered (cm); (c) Land use and land management data; soil 

cover, monthly input of plant residues (t C ha
-1

), monthly input of farmyard manure (FYM) (t 

C ha-1), residue quality factor (DPM/RPM ratio) (Jenkinson et al., 1991). 

5.2. Model Calibration procedure 

For calibration, RothC model was run through an equilibrium period (7000–10,000 years) 

standard procedure to represent soil and vegetation conditions prior to human disturbance 

(Parton et al., 1987). The equilibrium files for all the land management units (monthly plant 

residue input, soil cover, monthly farm yard manure) were prepared. The model was set up to 
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simulate the characteristics of the study site, including the land management represented by 

monthly C inputs (t C ha
-1

) and soil cover (Coleman, and Jenkinson, 1990) (whether soil is 

covered by a crop or is fallow). All soil pool data were converted from g C/kg soil to t C/ha 

for use in the model. Climate data for Makueni County were acquired from Kenya 

meteorological department. Land management data with a DPM/RPM (decomposable plant 

material/resistant plant material) ratio of 0.67 and an inert organic matter (IOM) content of 

4.83, 4.5504 and 3.798 t C ha
-1

 for ungrazed site, rotationally and continually grazed sites 

respectively were approximated using equation (1) proposed by Falloon et al, 1998 (because 

the radiocarbon content was not known) were used to simulate equilibrium land use at the 

study site. 

IOM = 0.049TOC1.139 (1) 

Where: TOC is Total organic carbon, t C ha
-1

 

IOM is inert organic matter, t C ha
-1

 

Model input files were created using the input data collected from the site, and model runs 

executed to accurately simulate management regimes at the site studied.  

5.2.1 Litter collection and soil carbon content determination 

Quadrat method was used to collect litter samples as described by Garg and Vyas, (1975). In 

each plot, a 100 m
2
 sub- plot was demarcated and five 1x1m quadrats laid out. A quadrat was 

placed at each of the four corners of the 100m
2
 plot and the 5th quadrant placed at the center 

of the plot. There was a total of 135 quadrats were used for the three grazing systems, each 

grazing system having 45 quadrats. Litter samples were collected from the 1×1m quadrats 

and packed in well labelled polythene bags. The litter samples were oven dried and thereafter 

ground with a hammer mill (RetschMM400Mixer Mill, Retsch GmbH, Germany). A 10g 
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subsample was then analysed for C concentrations using a high-temperature oxidative 

combustion system (Elementar Vario Max Cube).The result were converted to T C/ha. Plant 

residue input was calculated by dividing this amount with the number of years the place has 

been under grazing to get the yearly residue input. Then divide by 12 to get the monthly 

residue input.  

Table 4.The proportion of carbon (tCha-
1
) assumed added in plant material each year 

under different grazing management systems based on RothC model calculations  

Month Rotation grazing Continual grazing Ungrazed 

January 0.05 0.015 0.022 

February 0.05 0.015 0.022 

March 0.05 0.015 0.022 

April 0.05 0.015 0.022 

May 0.1 0.037 0.05 

June 0.15 0.037 0.05 

July 0.1 0.037 0.05 

August 0.15 0.037 0.05 

September 0.1 0.035 0.05 

October 0.1 0.035 0.05 

November 0.05 0.035 0.02 

December 0.05 0.035 0.02 

 

 

Figure 6: Averages monthly rainfall and temperature data from 1950-2014). 
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5.2.3 Running the model 

5.2.3.1 Simulation procedure  

 

The initial carbon content of the soil organic matter pools and the annual plant addition to the 

soil were obtained by running the RothC model to equilibrium under constant environmental 

conditions (Coleman and Jenkinson, 1996). The constant climatic conditions were taken to be 

the average of climate data from 1950 to 2010 By initializing the model in, and running the 

model from 1950, potential initialization effects are minimized (Smith et al., 2005). RothC is 

known to be relatively insensitive to the distribution of C inputs through the year; the 

proportions of plant material added to the soil in each month were set to describe the pattern 

of inputs for a typical grassland (Table 4). Plant cover was assumed to occur all year round in 

grasslands. Initially, the total plant input was obtained by dividing litter carbon content by the 

number of years the area has been under the different management to get the annual plant 

residue input and by 12 to get the monthly plant residue input: this was not intended to 

represent the actual plant addition, but provided the first point in the initialization, indicating 

how the annual plant addition should subsequently be adjusted.  

The adjusted annual plant addition was then redistributed through the months, and the 

equilibrium run repeated. This iteration was continued until the measured and the simulated 

carbon contents of the soil were within 0.00001 tC ha
-1

 .Having determined the plant 

additions and carbon contents of the soil organic matter pools, the simulations were run 

forward from 2015 to 2064 using the measured climate and simulated plant residue input data  

5.2.3.2 Statistical analysis  

Analysis of variance (ANOVA) was performed to determine if the measured soil organic 

stocks were significantly different among the grazing regimes. Significant differences for the 
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analysis of variance were accepted at P ≤ 0.05. Tukey‘s HS  post hoc was used to separate 

means of the measured soil attributes under the various grazing treatments.   

5.3 Results and Discussions 

5.3.1. Influence of grazing management on soil bulk density 

Along the soil profile, a significant difference (p≤0.05) in soil bulk density up to 0.3m depth 

was observed  with continuously grazed site showing the highest values followed by 

rotationally grazed area and ungrazed site, respectively, however the latter were no 

significantly different in bulk density at the lower depths across the management regimes 

(Table 5)  

Table 5: Soil bulk density (gcm-3) across grazing management systems  

Depth(m) Ungrazed Rotational Continuous Cv% 

0-0.1 1.22±0.02a 1.45±0.01b 1.57±0.02c 3.2 

0.1-0.2 1.17±0.02a 1.38±0.04b 1.46±0.04c 3.9 

0.2-0.3 1.13±0.02a 1.24±0.01b 1.28±0.003c 1.9 

0.3-0.6 1.06±0.03a 1.14±0.08a 1.22±0.03a 7.6 

0.6-0.9 1.08±0.02a 1.1±0.02a 1.14±0.24a 19.8 

0.9-1.2 1.07±0.02a 1.08±0.02a 1.18±0.006b 1.8 

Means with different letters within the row are significantly different (P ≤ 0.05) 

The significantly high soil bulk density under continual grazing system compared to 

rotationally grazed and ungrazed areas can be attributed to animal trampling which may have 

had severe effect on soil compaction. The lower bulk densities in rotational grazing sites can 

be due to the minimum livestock impact and loafing due to short duration grazing that gives 

maximum rest to the grazed area. The low bulk density in the ungrazed area can be attributed 

to lack of grazing disturbance from livestock. The decrease in bulk densities down the soil 
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profile across the grazing management systems is due to the fact the pressure exerted by 

grazing animals is concentrated on the upper soil layers. Similar effects have been observed 

for other grassland ecosystems (Daniel et al., 2002; Savadogo et al., 2007; Stavi et al., 2008; 

Wei et al.,2011) , and also (Steffens et al., 2008) monitored significant higher bulk densities 

in a semi-arid steppe in heavily grazed plots compared with ungrazed plots. Igwe (2005) 

found that areas grazed continuously exhibited higher bulk density than the areas under 

moderate grazing in south eastern Nigeria. This finding was attributed to consistent animal 

trampling that increases soil compaction. 

5.3.2 Effect of livestock grazing management on Soil Carbon concentrations and stocks 

The ungrazed site showed higher SOC concentrations and stocks than the grazed sites along 

the soil profile (Fig 7 and Table 6) respectively. Similarly, the rotationally grazed site showed 

higher SOC concentrations and stocks along the entire sampled soil depths compared to 

continual grazing system. However, the difference in SOC concentration was not statistically 

different (p≥0.05) between continual and rotational grazing systems at the lower depths 

(0.3M- 1.2M.)  
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Figure 7: Soil organic carbon content across different grazing management 

system. Different letters indicate significant differences (p≥0.05 ) per depth 

across grazing systems.  

 

 

Table 6: Soil organic carbon stocks (MgCha-1) across different grazing management 

systems along the soil profile (Means + SE) 

Means with different letters within the row are significantly different (P ≤ 0.05) 
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Soil depth (cm) 

Continual  Rotational Ungrazed

Depth(M) Continual grazing  Rotational grazing Ungrazed  

0-0.1 18.66±2.82a 20.9±1.83a 20.95±1.43a 

0.1-0.2 14.95±2.00a 18.85±0.0.51a 19.42±1.65a 

0.2-0.3 11.97±2.41a 13.67±2.11ab 15.93±4.73b 

0.3-0.6 26.79±2.378a 28.63±2.522a 38.76±3.57b 

0.6-0.9 21.1±2.37a 23.14±2.87a 33.47±2.82b 

0.9-1.2 17.05±0.57a 22.03±1.65b 28.6±2.04c 
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The difference in SOC concentrations and stocks across grazing systems can be attributed to 

the difference in herbaceous vegetation cover. The higher aboveground standing biomass 

under rotational grazing and ungrazed sites significantly reduced loss of organic matter and 

nutrients from the soil-plant system through soil erosion. Also, more stubble biomass is 

expected under rotational grazing sites than continual grazing sites, which means a 

conversion of atmospheric carbon through the process of photosynthesis into carbon and 

nitrogen compounds that are returned to the soil through litter fall and dead plant materials. 

The higher SOC content stocks in the rotational grazing management system can therefore be 

attributed to increased litter accumulation.  

The low herbaceous plant cover under the continual grazing system as a result of high 

grazing pressure exposes soils to sun rays leading to increased soil temperatures and 

evapotranspiration rates hence increased decomposition of organic matter resulting in higher 

losses of carbon. Furthermore, the presence of deep-rooted plants (trees) that gradually 

decompose when plant dies in combination with leaf litter decomposition may have 

contributed to high SOC in ungrazed and rotationally grazed than in continually grazed area. 

A few shrubs, grasses and herbs with shallow roots contribute to annual litter deposition that 

is also suppressed by herbivores and these results into low SOC accumulation for continual 

grazing system.  

The findings collaborates with those of Sanjari et al, (2008), who pointed out that, a relative 

increase in soil organic matter under time controlled grazing as opposed to under continuous 

grazing was attributed to higher rates of grass growth and rest periods that lead to an increase 

in litter accumulation and subsequent increase soil organic carbon under time rotational 

grazing compared with continuous grazing. In a study by Han et al., (2008) on the effects of 

grazing intensity on soil carbon in Mongolia, they reported less organic carbon in areas with 
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high grazing intensity than areas under low grazing intensities and attributed the results to 

high net primary production under light grazing intensities. 

In contrast to the findings of this study,(Ingram et al., 2008)  reported that areas under 

continuous heavy grazing had more organic carbon stocks than areas that were lightly grazed, 

because of the higher root mass they observed in areas under high grazing pressure. Pineiro et 

al (2010) in their review of different effects of livestock grazing on soil organic carbon 

reported divergent results where grazing increased SOC while in some instances, it reduced 

or had no influence on SOC. Derner and Schuman (2007) in their study on the potential of 

rangelands in sequestrating carbon, noted that grazing usually increases carbon storage on C4 

dominated grasslands.  

5.3.3 Projected impact of grazing management systems on soil organic carbon stocks for 

a 50 year period. 

In the absence of grazing, the ungrazed site was predicted to accumulate 19.22 Mg C ha
-1

 of 

SOC at the rate of 0.369 Mg C ha
-1

yr
-1

, whereas rotational grazing system was predicted to 

accumulate 30.46 Mg C ha
-1

 at the rate of 0.61 Mg C ha
-1

yr
-1

.The continual grazing 

management system resulted in accrual of 18.49 Mg C ha
-1

 at the rate of 0.37 Mg C ha
-1

 yr
-1

 

over 50 years.  
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Figure 8: Predicted Soil organic Carbon Stocks in a 50 year period under 

different grazing management systems 

 

The predicted higher SOC stocks in rotationally grazed area than in both continual and 

ungrazed areas can be attributed to plant biomass returning into soil. Under rotational system, 

the input of above-ground plant materials is continuous throughout the year in a significant 

amount compared to continually grazed areas due to enhanced biomass production. The 

modelling results indicate a higher proportion of total plant material in rotational grazed 

systems entering into soil for carbon sequestration compared with both continually grazed 

and ungrazed areas 

Furthermore, the effect of grazing livestock on soil physical characteristics can explain the 

differences in the predicted high accrual of soil carbon under rotational and continual 

systems. The predicted low rate of accumulation of soil organic carbon under continual 
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grazing system can be due to livestock trampling as a result of high grazing pressures which 

leads to soil organic carbon losses.  

 The low herbaceous plant cover under the continual grazing system as a result of high 

grazing pressure exposes soils to sun rays leading to increased soil temperatures and 

evapotranspiration rates hence increases the decomposition of organic matter resulting in 

higher losses of carbon from the soil. The difference between the ungrazed site and 

rotationally grazed site could be attributed to the difference in the quality litter inputs. The 

litter input in the ungrazed site is majorly form the wood vegetation which may take time to 

be incorporated in the soils as opposed to the ones in the rotationally grazed site which are 

majorly herbaceous vegetation. 

 Our finding are in agreement with studies done by Fearnside and Barbosa (1998), who 

showed that trends in soil C were strongly influenced by pasture management. Sites that were 

judged to have been under poor management generally lost soil carbon, whereas sites under 

good management accumulated soil carbon. Trumbore et al. (1995) reported soil C losses in 

overgrazed pasture in the Amazon region. According to Neill et al. (1997), degraded pastures 

with little grass cover are less likely to accumulate soil C because inputs to SOC from pasture 

roots will be diminished. Barger in his studies reported that, grazing has the potential to 

influence rangeland carbon dynamics by altering plant litter chemistry, litter production, plant 

biomass allocation patterns, and the spatial distribution of nutrients Furthermore, he reported 

that, depending on the intensity, grazing pressure may slow decomposition rates by 

decreasing plant litter carbon to nitrogen (C: N) ratio, or due to decreased standing biomass, 

may accelerate the decomposition by increasing soil temperature. 
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5.4 Conclusion 

The study showed that the highest levels of soil organic carbon content and stocks were 

observed in the ungrazed area followed by the rotationally and continuously grazed areas 

respectively. The predicated soil organic content showed that rotationally grazed systems can 

sequester up to 6.5 t C over 50 years, yielding an average 0.46 t C ha
−1

 year
−1

. In the absence 

of grazing, the system was predicted to accumulate 19.22 Mg C ha
-1

 of SOC at the rate of 

0.369 Mg C ha
-1

yr
-1

, whereas the continual grazing management system resulted in accrual of 

18.49 Mg C ha
-1

 at the rate of 0.37 Mg C ha
-1

 yr
-1

 over 50 years. All the grazing systems were 

predicted to accumulate SOC. The results highlighted the importance of well managed 

pasture in soil carbon sequestration as a potential measure for mitigating climate change. 

These shows, that the success of all grazing systems when constrained by similar ecological 

variables, the difference in their performance with respect to their impact on soil organic 

carbon is as a result of the effectiveness and the efficiency with which the grazing 

management practices are used rather than ecological variables.  
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CHAPTER SIX: EFFECTS OF GRAZING MANAGEMENT ON GREENHOUSE 

GAS EMISSIONS IN SOUTHERN RANGELANDS OF KENYA 

Abstract 

Rangelands ecosystems play a critical role in regulating the emission and uptake of the most 

important greenhouse gases (GHGs) such as CO2, CH4, and N2O. However, the effects of 

grazing management on GHG fluxes in the semi-arid lands of East Africa remain unclear. 

The present study compared the effects of three grazing systems on cumulative CO2, CH4, 

and N2O fluxes in the semi-arid grazing land ecosystem in Yohani ranch Makueni County, 

Kenya. The study followed a pseudo-replication design in which there were three treatments: 

(1) continual grazed, (2) rotational grazed and (3) and ungrazed. Greenhouse gas samples 

were collected using the static chamber method for a period of three months covering the dry 

and wet season as well as a transition period. Cumulative soil CO2 fluxes were highest in 

continual grazing system (2357±123.9 kg ha
-1

 3 month), followed by rotational grazing 

(1285±123.9 kg ha
-1

 3 month) and lowest in the ungrazed (1241±143 CO2 kg ha
-1

 3 month) 

respectively. The three month cumulative N2O and CH4 fluxes were also highest in continual 

grazing and lowest in ungrazed site   677.9±130.1, 208.6±127.3 and 162.2±150.3 (gm ha
-1

 3 

month) and CH4, 232.7±126.6, 173.1±126.6 and 80±46.2 (gm ha
-1

 3 month)  respectively. 

The results suggest that the continual livestock grazing system increases emissions of GHGs 

compared to rotational grazing.  

 Key words: Greenhouse gas fluxes; Grazing management systems; Rangelands 
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6.0 Introduction 

Greenhouse gas (GHG) emissions were estimated globally to be 49×109 MgCO2 eq. in 2010 

(Change, 2014a, 2014b), with approximately 21.2–24% (10.3–12×109 MgCO2 eq.) of 

emissions originating from soils in agricultural, forestry and other land use (Tubiello et al., 

2015). Annual CO2 and CH4 emissions from agriculture were estimated to be 5.2–5.8×109 

MgCO2 eq.yr
−1

 in 2010 (FAO, 2014; Tubiello et al., 2013), with approximately 4.3– 5.5×109 

MgCO2 eq.yr
−1

 attributable to land-use change (Change, 2014a). Greenhouse gas fluxes in 

Africa play vital role in the global GHG budget (Bombelli et al., 2009; Ciais et al., 2011; 

Hickman et al., 2014; Thompson et al., 2014; Valentini et al., 2014). For instance, in sub-

Saharan Africa, Nitrous oxide (NO2) emissions has been estimated to contribute between 6 

and 19% of the global total changes in soil fluxes in SSA with high inter annual variations in 

the tropical and subtropical environments (Thomas and Rosenstock, 2016). Rangelands are 

important ecosystems not only because of the vast area they occupy and their contribution as 

major feed resource to livestock, but are also important ecosystems in the global budget of 

the greenhouse gases (GHGs); carbon dioxide (CO2), methane (CH4) and nitrous oxide 

(N2O). In Kenya, rangelands occupy more than three quarters of land and the primary users 

of these are pastoral communities who practice extensive grazing. However, there are some 

agro-pastoralists and commercial ranching farms. Livestock production in these areas has 

gained importance due to increased human population resulting to increased food demand. 

Consequently, this has led to increase in grazing pressure in most of the rangeland areas. 

Rangelands have experienced soils and vegetation degradation due to overgrazing, climate 

change and plant invasions. Thus, management practices that will favour plant production for 

increased livestock productivity is desirable. This should have potential to restore or even 

increase grassland soil carbon storage and provide a potential positive feedback on the global 

carbon cycle ( Smith et al., 2010).  
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The extent to which rangeland act as a net sink or a source for GHGs is determined 

particularly by their management (Conant et al., 2001). Rangeland degradation through 

inappropriately adopted livestock grazing management can lead to a net release of GHGs, 

predominantly in the form of CO2 that deplete soil organic carbon stocks (Lal, 2004). On the 

other hand, efficient grassland management and restoration of degraded sites, e.g. through 

planned grazing or exclusion, offer large GHG mitigation potential, mainly through the 

sequestration of atmospheric CO2 (Conant et al., 2001; Lal, 2004; Smith, 2008). A complete 

understanding of agriculture‘s impact on radiative forcing and the accurate quantification of 

GHG mitigation potentials require field-level measurements of CO2, CH4, and N2O 

(Robertson et al., 2000). Complete field-level GHG fluxes of agricultural systems have been 

extensively measured in intensive and semi-intensive European grasslands (Soussana et al., 

2010) in the Midwest and Northeast United States on croplands and unmanaged sites 

(Robertson et al., 2000; Mosieretal. 2006) and on moderately and heavily grazed pastures of 

the temperate steppe in the United States (Liebig et al., 2010). However, we didn‘t find 

literature on the GHG balance of livestock farming in Kenyan rangelands. Furthermore, the 

influence of grazing management on the balance of GHGs is not yet well established, and 

further research is needed to quantify the effect of grazing management in GHGs emissions 

(Gill et al., 2010;). 

Although the effects of grazing impact on greenhouse gas emissions have been studied in a 

wide range of ecosystems worldwide, there is no existing literature on studies done to 

examine the linkage between greenhouse gas emissions and grazing systems in Kenyan 

rangelands (Pelster et al., 2015). Worthwhile, the effects of livestock grazing management 

systems on greenhouse gas emission need to be understood in order to sustainably utilize 

grassland and determine ―low emission development strategies‖ (LE S). Therefore, we 

investigated the influence of two grazing systems (continual and rotational grazing systems) 
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on GHG emissions and compared to an ungrazed area in the south eastern rangeland of 

Kenya.  

6.1 Materials and methods 

6.1.1 Experimental design and treatments 

The treatments are presented in chapter three under general materials and methods chapter. In 

each grazing system, four sampling points were randomly selected, and within each sampling 

point, four chambers were installed to form a 10m x10m square. 

6.1.2 Flux measurements 

The concentration of CO2, N2O and CH4 were measured using the static greenhouse gas 

chamber approach (Pelster et al., 2015). In each grazing system, four sampling points were 

randomly selected, and within each sampling point, four chambers were installed to form a 

10m x10m square. The, chambers consisted of a collar (0.27m×0.372m×0.1m) and a lid 

(27×37.2×12.5cm) made of plastic. The collars were inserted up to 10cm into the ground. 

The lids were equipped with 50cm long (2.5cm diameter) vent tubes, thermometers to 

measure internal temperature, fan and a gas sampling ports. 

 During measurements, the lid was placed on the collar and both increments were tied with 

clamps with a gasket between the lid and the collar for airtight seal. Chamber bases were 

inserted at least one week prior to the first greenhouse gas concentration measurements and 

remained in place throughout the three months sampling period. During each sampling event, 

chambers were closed for 30 min and thereafter, four samples taken at 10 min intervals (0, 

10, 20, and 30 min) from each individual chamber. A gas pooling technique was employed 

where 15 ml of gas was sampled in each of the four chambers within a sampling point. This 

was done using a 60ml propylene syringe with Luerlocks and immediately transferred into 20 
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ml glass vials fitted with crimp seals (Butterbach-Bahl et al., 2016).  The first 30ml of the 

sample were used to flush the vial and the remaining 30ml filled the vial in order to pressurize 

it to reduce the likelihood of contamination with ambient air. Samples were analyzed within 

36 hours after every sampling period.  

Concentrations of CO2, N2O, and CH4 were analyzed using a gas chromatograph (model 

8610C; SRI ) equipped with two detectors; a flame ionization detector (FI ) comprising of a 

Platinum catalyzed methanizer for catalytic conversion of CO2 to CH4 and for subsequent 

detection of CH4 and CO2 and an electron capture detector (ECD) to detect N2O. A mixture 

of CO2 and N2 pre-mixed in the ratio of 5:95, was used as the ECD Make-up gas to improve 

on the detector sensitivity.  

The analytes were separated on (3m, 1/8″) chromatographic columns packed with Hayesep D 

stationary phase at an isocratic oven temperature program of 70°C. ECD and FID detectors 

temperatures were set at 350°C. 99.999%. White spot Nitrogen was used as carrier gas at 

flow rates of 25ml min
-1

 on both FID and ECD lines. Gas concentrations of samples were 

calculated based on the peak areas measured by the gas chromatograph relative to the peak 

areas measured from calibration gases run at two calibration levels. This was done four times 

each day. Calibration gases ranges from (4.28-8.3097 ppm) for CH4, (400-810.5 ppm) for 

CO2 and (0.36-0.7606 ppp) for N2O. Concentrations were then converted to mass per volume 

using the Ideal Gas Law (pV = nRT) and measured chamber volume, internal chamber air 

temperature, and atmospheric pressure determined during sampling. GHG fluxes were 

calculated using linear regression of gas concentrations versus chamber closure time. 

6.1.3. Statistical analysis  

Gas flux data was subjected to analysis of variance (ANOVA) using GenStat Discovery 15
th

 

edition statistical software. Tukey‘s HS  post hoc was used to separate the treatment means.  
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6.2 Results and Discussions 

6.2.1 Influence of grazing management on N2O fluxes 

Significantly higher soil nitrous oxide fluxes (p≤0.05) were obtained in the continuously 

grazed site (677.9±130.1gmha
-1

 3 months) compared to both rotationally grazed and 

ungrazed site (208.6±127.3 and 162.2±150.3 gmha
-1

 3 months), respectively, with the 

ungrazed area having the lowest nitrous oxide fluxes (Figure 9).  

 

Figure 9: Cumulative flux of N2O across grazing management systems.  

 

 

The high N2O emission rates observed in grazed pastures than ungrazed area can be attributed 

to N and C from the deposition of animal excreta to the soil and anaerobic conditions as a 

consequence of soil compaction caused by animal treading. Trampling compacts the soil 

affecting the abiotic soil characteristics such as pore size, soil moisture and soil aeration. The 

low air filled pores as a result of soil compaction leads to a decreased oxygen concentration 
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and more anaerobic conditions which can result in high denitrification, thus leading to a 

significant loss of inorganic N via gaseous emissions. Similar results were found by Douglas 

and Crawford (1993) who reported N20 emissions and denitrification rates were two times 

higher in compacted than in uncompacted grassland soils. The same results were also 

reported by Torbert and Wood (1992) who found an increase in bulk density resulting to 

increased total "N losses by a factor of 3.6 and attributed this to denitrification as a major 

cause of the observed N loss. Accordingly, moisture effects on soil nitrous oxide fluxes are a 

result of the limitations of oxygen diffusion into the soil and expansion of soil anaerobiosis, 

which in turn promotes reductive microbial processes such as denitrification under continual 

grazing system (Patra et al., 2005)  

The observed high N2O fluxes in the continual grazing system can also be attributable to the 

low vegetation cover which may have led to high soil temperatures. Continuous grazing 

system reduces above ground vegetation cover compared to rotationally grazing management 

system due to high grazing pressure on continual basis throughout the year. The low 

vegetation cover leads to increased soil temperatures under continual grazing which increase 

N2O emissions. This can be explained by an expansion in the soils pores that are triggered by 

the accelerated soil respiration leading to increased denitrification rate, and the temperature 

sensitivity of the underlying enzymatic processes causing N2O release. Grazing livestock 

reduce aboveground herbaceous cover which increases evaporation at the soil surface, 

resulting in higher salinity and increase in denitrification rates Our observation of high fluxes 

from continual grazing agrees with other previous studies which have reported an increase in 

nitrous oxide fluxes with increase in soil temperature (Brumme, 1995; Dinsmore et al., 2009; 

Dobbie and Smith, 2003; Schindlbacher et al., 2004).  The present study findings collaborates 

with those recorded in a temperate steppe grassland in Inner Mongolia (Du 2006), but differ 
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from those reported by Jiang et al. (2010) working in the alpine grassland, where N2O 

emissions were found to peak under higher soil moisture conditions. 

 The high emissions from continual grazing can also be attributable to high grazing frequency 

because of the presence of active hot spots of urine and dung depositions, due to continuous 

grazing throughout the year. According to Nunez and others (2007) the nutrient cycle is 

influenced by grazing animals who can return as much as 80% of consumed N in the form of 

dung and urine. Other studies, for example, Wolf and others (2010), found higher N2O 

emissions with an increase in stocking rate (LU ha-
1
). Restricted grazing not only reduces N-

input from urine, but also reduces hoof compaction of the soil. Luo and others (2008) 

reported a total reduction of N2O emission by 7–11% under restricted grazing regimes. 

Similarly, (Nunez and others 2007) in their study of effects stocking rate on soil nitrogen, 

reported that, the application of the concept of carrying capacity (the number of animals that 

the pasture can support) can significantly reduce the N2O losses from soils. 

6.2.2 Influence of grazing systems on soil CO2 fluxes 

The continually grazed site showed significantly higher CO2 fluxes (P≤0.05) than both 

rotational and ungrazed sites (Fig 10). Rotationally grazed site had slightly higher CO2 fluxes 

than the ungrazed site though were not statistically significant (P≤0.05). The three month 

cumulative emissions for continual, rotational grazing and ungrazed area were 2357±122.1, 

1285±123.9 and 1241±143 CO2 (kg ha
-1

 3 month) respectively. 
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Figure 10: Cumulative fluxes of CO2 across grazing management systems.  

 

The observed high C02 fluxes in continuous grazing system can be attributed to the effects of 

grazing livestock on soil temperature, soil moisture, plant litter and the amount of urine and 

dung deposition which influences the C02 fluxes. Urine and dung deposition acts as hot spots 

for the emissions of CO2. Soil temperature influences enzyme kinetics and metabolic turnover 

rates of nitrifiers and denitrifiers. Microbial activity and organic matter mineralization are 

higher at higher soil temperature, thereby resulting in higher CO2 emissions. The observed 

low soil CO2 fluxes under the rotational grazing and ungrazed land can be attributed to 

shedding effect that results from adequate herbaceous and woody vegetation cover, 

respectively, which tends to reduce the soil temperatures. The low herbaceous plant cover 

under the continual grazing system exposes soils to sun rays leading to increased soil 

temperatures and evapotranspiration rates hence increased decomposition of organic matter 

resulting to carbon loss from the soil. Moreover, the high carbon dioxide emissions under 
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continual grazing can likely be attributed to decrease in photosynthesis and carbon 

transportation to the roots occasioned by the low vegetation as a result of grazing pressure. 

The high CO2 emissions under the continual grazing can also be attributed to the grazing 

influence on topsoil carbon sequestration. Mechanism such as trampling induces soil 

compaction and deterioration of the soil structure. This is followed by mineralization of 

organic carbon which is released due to destruction of macro-aggregate structures. 

Similar results were reported by Zhou, (2013) in a study where it was reported reported that, 

at constant temperature, wetter soils emitted more CO2 due to better conditions for microbial 

respiration. This observation is only true until the point of water saturation when CO2 fluxes 

tend to decrease, as those conditions favor the development of anaerobiosis, slowing down 

the decomposition of organic matter and reducing CO2 diffusion to the atmosphere (Knowles 

et al., 2015). 

6.2.3 Grazing management influence on CH4 fluxes  

The three-month cumulative emission of CH4 was highest at continually grazed site and 

lowest at ungrazed area, i.e. the emissions for continual, rotational grazing and ungrazed area 

were, 232.7±126.6, 173.1±126.6 and 80±46.2 (gm ha
-1

 3 month) respectively (Fig11). 
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Figure 11: Cumulative flux of CH4 across grazing management systems  

 

The reduced production of CH4 in areas under rotational grazing and ungrazed sites can be 

attributed to low soil bulk density from grazing effects which is important for CH4 uptake 

since atmospheric CH4 is the only source for methanotrophs communities in the soils. When 

the diffusion rate of CH4 from the atmosphere to soil layers is affected by trampling, the 

oxidation rate of CH4 is also affected as a consequence. Thus, an improvement in the physical 

structure of the soil in the form of a lower bulk density is likely to be the main reason for the 

reduction of CH4 production in the rotationally and ungrazed sites. Our findings collaborates 

with those done by Shi (2017) on the effects of grazing on CO2, CH4, and N2O fluxes in three 

temperate steppe ecosystems reported an increase in CH4 emissions with increased bulk 

density due to trampling by livestock.  
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The high emission under continual grazing system could be due to high soil moisture caused 

by changes in soil bulk density. The low air filled porosity as a result of soil compaction leads 

to more anaerobic conditions which lowers the diffusion rate between the atmosphere and 

soil, as the only way for CH4 absorption by methanotrophs, hence leading to emission of 

CH4. Our findings collaborates a study done by Paz-Ferreiro (2012) who reported an increase 

in CH4 emissions with increasing grazing intensity in temperate grasslands. 

The higher emissions under continually grazed area can be due to the fact that cattle are 

always present in the area hence continuously depositing dung and urine on daily basis thus 

increasing the emissions of CH4. Grazing animals on continuous basis reduces standing 

biomass and vegetation cover which ultimately increase soil evaporation hence an increased 

water stress, which could inhibit the activities of methanotrophs. The difference in CH4 

emissions between the continual and rotational grazing systems can be attributed also to the 

populations of soil methanotrophs .Zhou et al. (2008) found that the population of 

methanotrophs were lower in heavily grazed sites compared with the lightly and moderately 

grazed sites.  

6.2.4 Greenhouse gas balance across grazing management systems  

Based on the C02 equivalent calculations, the study revealed that the continual grazing 

management regime emits up to 87kgha
-1

 CO2 equivalent of the greenhouse gases, while the 

rotational grazing system and ungrazed areas leads to carbon sequestration with a negative 

carbon balance of ( -54.47kgha
-1

 and -105.56Kgha
-1

) respectively ( Fig 12). 
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Figure 12: Total GHG balances across grazing management systems  

Our results clearly demonstrated the need for taking into account the fluxes of all three gases 

(CO2, N2O and CH4) when calculating the greenhouse gas balance of a grassland. As 

expected, reducing grazing pressure strongly reduced both GHG emissions. Hence, grassland 

management methods that reduce herbaceous vegetation cover, biomass production and 

increases soil bulk density, may not be appropriate as a mitigation option in semi-arid 

grasslands.  

6.3 Conclusion 

Despite the relatively short study period, the findings did indicate that Continuous grazing 

system had the highest emissions of the three greenhouse gases followed by rotational 

grazing system while the ungrazed site had the lowest emissions.  The results suggest that the 

continual livestock grazing system leads to high soil emissions of GHG compared to 

rotational grazing and that grazing exclusion holds large potential to restore the semi-arid 

soils to sequester atmospheric GHGs. The balance between grazing management system 

-200

-150

-100

-50

0

50

100

150

200

Ungrazed Rotational Continual

To
ta

l G
H

G
 F

lu
x 

in
 C

O
2

 e
q

 



69 
 

predominantly determines GHG balances of grass-based livestock farming in this region. 

Therefore, for reduced GHG balance of grazing lands, rotational management system needs 

to be adopted. 
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CHAPTER SEVEN: GENERAL DISCUSSION, CONCLUSIONS AND 

RECOMMENDATIONS 

 

7.1 General discussion 

The ungrazed site recorded significantly (p≤0.05) higher soil organic carbon concentrations 

and stocks followed by the rotationally grazed area and lowest continuously grazed sites for 

all soil layers up to 1.2m depth. The predicted results showed that the rate of SOC stock [t/ha] 

change was positively higher under rotational grazing system followed by ungrazed and 

continual grazing system respectively for the modelling period of 2015-2064. The higher 

aboveground standing biomass under rotational grazing and ungrazed sites significantly 

reduced loss of organic matter and nutrients from the soil-plant system through soil erosion. 

The presence of three which create a microclimate in areas under rotational grazing and 

ungrazed can also explain the high soil organic carbon due their effect on soil moisture and 

temperatures 7). The difference in SOC content and stocks across the grazing systems can 

also be attributed to the difference in the herbaceous vegetation cover Furthermore, less pore 

space limits gas exchange and cut back root growth. The two mechanisms counsel that soil 

compaction reduces plant production and thus SOC storage. This findings collaborates with 

those of Sanjari et al, (2008), who pointed out that, a relative increase in soil organic matter 

under time controlled grazing as opposed to under continuous grazing was attributed to 

higher rates of grass growth and rest periods that lead to an increase in litter accumulation 

and subsequent increase soil organic carbon under time rotational grazing compared with the 

continuous grazing. 

Rotationally grazed area had higher biomass production, herbaceous cover and species 

diversity and richness followed by continually grazed area while the ungrazed site had the 

lowest. Improved biomass yields, cover and high species diversity in rotation grazed areas 
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was largely attributed to the flexibility in the management in which grazing frequency, 

durations and the rest periods are efficiently controlled compared to continuous grazing areas. 

The emissions of the three greenhouse gases (CO2, N2O and CH4) were higher in continually 

grazed area, followed by rotationally grazed area and lowest in the ungrazed area. The 

observed high fluxes in continuous grazing system can be attributed to the effects of grazing 

livestock on soil temperature, soil moisture, plant litter and the amount of urine and dung 

deposition which influences the GHG fluxes. Soil temperature influences enzyme kinetics 

and metabolic turnover rates of nitrifiers and denitrifiers (Lecain et al., 2000). Microbial 

activity and organic matter mineralization are higher at higher soil temperature, thereby 

resulting in higher CO2, N2O and CH4 emissions. Our findings collaborates with those done 

by Shi (2017) on the effects of grazing on CO2, CH4, and N2O fluxes in three temperate 

steppe ecosystems reported an increase in GHG emissions with increased bulk density due to 

trampling by livestock under continuous grazing system. 

7.2 General Conclusions 

The current study was carried out to investigate the effect grazing management practices on 

biomass production, cover, species diversity, soil organic carbon content and stocks and 

greenhouse gas emissions. The rotationally grazed area had higher biomass production, cover 

and species diversity followed by the continuous grazing system and ungrazed site 

respectively. In terms of soil organic carbon, the ungrazed site had the highest soil organic 

carbon content followed by the rotational grazing system while the continuous grazing 

system had the least. The emissions of GHG (CO2, N2O and CH4) were highest under 

continuous grazing system, followed by rotational grazing system and least in ungrazed site. 

The present study suggests that rotational grazing is a viable management tool for the 

productivity of livestock-disturbed rangeland ecosystems that are ecologically vulnerable to 
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overgrazing and degradation. The balance between grazing management system 

predominantly determines GHG balances of grass-based livestock farming in this region. 

Therefore, for reducing GHG balances of grazing lands, rotational management system needs 

to be adopted. 

7.3 General Recommendations 

 To increase soil organic carbon and primary productivity in semi-arid grasslands in 

Kenya, rotational grazing management should be encouraged. 

 A study needs to be done to assess the temporal and spatial effects of grazing 

management systems on greenhouse gas fluxes in semi-arid grasslands due to their 

heterogeneity nature. 

 Soil microorganisms play a vital role in determining the organic matter dynamics in 

the soil and greenhouse gas emissions, this study did not investigate the effect of the 

different grazing management on soil microorganism. Therefore, further research on 

the effects of grazing management on soil microorganisms would help to further 

reveal the mechanisms underlying the observed enhancement of the measured soil 

organic carbon and the low soil emissions of the three greenhouse gasses under 

rotational grazing management. 
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APPENDICES 

Analysis of Variance for Soil organic carbon and Nitrogen concentrations. 

Analysis of variance 

  

Variate: Carbon (0-10) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.7810  0.3905  2.47  0.111 

Residual 19  2.9992  0.1579     

Total 21  3.7802 

       

  

Variate: Carbon (10-20) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  1.13198  0.56599  6.18  0.009 

Residual 19  1.74019  0.09159     

Total 21  2.87217 

 

       

 

Variate: Carbon (20-30) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.61104  0.30552  10.17 <.001 

Residual 19  0.57061  0.03003     

Total 21  1.18165       

  

  

 

Variate: Carbon (30-60) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.57829  0.28914  8.93  0.002 

Residual 19  0.61501  0.03237     

Total 21  1.19330       

  

 

Variate: Carbon (60-90) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.51156  0.25578  6.80  0.006 

Residual 19  0.71470  0.03762     

Total 21  1.22626       

  

 

 

Variate: Carbon (90-120) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.39536  0.19768  14.94 <.001 

Residual 19  0.25144  0.01323     

Total 21  0.64680       

  

Nitrogen 

Variate: Nitrogen (0-10) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 
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Treatment 2  0.0024516  0.0012258  1.33  0.287 

Residual 19  0.0174499  0.0009184     

Total 21  0.0199015       

  

 

Variate: Nitrogen (10-20) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.0024516  0.0012258  1.33  0.287 

Residual 19  0.0174499  0.0009184     

Total 21  0.0199015       

 

Variate: Nitrogen (20-30) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.00056055  0.00028028  2.91  0.079 

Residual 19  0.00182822  0.00009622     

Total 21  0.00238877       

  

 

Variate: Nitrogen (30-60) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.0009131  0.0004565  3.50  0.051 

Residual 19  0.0024759  0.0001303     

Total                                            21  0.0033890 

 

 

Variate: Nitrogen (90-120) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.01798  0.00899  0.63  0.544 

Residual 19  0.27138  0.01428     

Total 21  0.28936       

  

 

Analysis of Variance for Soil organic carbon stocks 

Variate: MgCha
-1

 (0-10) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  27.07  13.53  0.45  0.646 

Residual 19  574.69  30.25     

Total 21  601.75 

 

 

Variate: MgCha
-1

 (10-20) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  89.36  44.68  1.67  0.215 

Residual 19  509.27  26.80     

Total 21  598.64       

  

        

Variate: MgCha
-1

 (20-30) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  44.674  22.337  5.00  0.018 
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Residual 19  84.928  4.470     

Total 21  129.602       

  

 

Variate: MgCha
-1

 (30-60) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  414.05  207.02  4.07  0.035 

Residual 18  915.95  50.89     

Total 20  1330.00 

 

 

 

 

Variate: MgCha
-1

 (60-90) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  438.94  219.47  3.93  0.038 

Residual 18  1005.29  55.85     

Total 20  1444.23       

  

 

Variate: MgCha
-1

 (90-120) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  362.45  181.22  12.33 <.001 

Residual 18  264.53  14.70     

Total 20  626.98 

 

 

Soil Bulk Density 

 
       

Variate: Bulk Density 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.556853  0.278427  28.55 <.001 

Residual 41  0.399838  0.009752     

Total 43  0.956691 

 

       

  

Variate: Bulk density (20-30cm) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.0336889  0.0168444  31.58 <.001 

Residual 6  0.0032000  0.0005333     

Total 8  0.0368889 

 

  

 

Variate: Bulk density( 30-60) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.036822  0.018411  2.43  0.169 

Residual 6  0.045467  0.007578     

Total 8  0.082289       
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Variate: Bulk density (60-90) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.22249  0.11124  1.95  0.222 

Residual 6  0.34173  0.05696     

Total 8  0.56422       

  

 

 

Variate: Bulk density (90-120) 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

Treatment 2  0.0216222  0.0108111  26.30  0.001 

Residual 6  0.0024667  0.0004111     

Total 8  0.0240889       

  

 

 


