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ABSTRACT

This study investigated the diversity of herbaceous pastures under different grazing and burning
intensities, and herders’ perceptions of pasture composition and utility value in Aswa Ranch, Pader
district. Data were collected through a cross-sectional vegetation survey between November and
December 2022 using 1m x 1 m quadrats along transects placed in areas with different grazing and
burning intensities. Diversity was assessed using indices such as richness (S), Shannon-Wiener
(H"), Gini-Simpson (G), and Importance Value Index (IVI). Focus group discussions were also
conducted to record local ecological knowledge and perceptions. IVI analysis revealed
Hyparrhenia species and Digitaria abyssinica as dominant in minimally grazed plots and
Brachiaria decumbens, Sporobolus pyramidalis, Paspalum spp., and Cenchrus ciliaris as
dominant in regularly grazed areas. Herders similarly identified Hyparrhenia spp., Brachiaria
decumbens, Imperata cylindrica, Panicum maximum, Sporobolus pyramidalis, and Cynodon
dactylon as abundant, but highlighted Sporobolus pyramidalis and Cymbopogon afronardus as
undesirable for livestock production. Minimally grazed areas had higher Shannon-Weiner, species
richness, evenness and Gini-index values. In contrast, regular burning was associated with higher
species diversity. Generally, Aswa Main was more diverse than Aswa Zebu. Herdsmen's
perceptions revealed high grazing intensity, indiscriminate bush burning, proximity of kraals and
animal watering areas as factors affecting pasture composition. While the general state of the
pastures was considered favourable for livestock production by the herdsmen, pastures are
experiencing a downward trend in pasture quality, as depicted by the increasing trend of
undesirable species such as Sporobolus pyramidalis and Cymbopogon afronadus, especially in the
overgrazed areas. Therefore, to ensure a more uniform distribution of palatable species across the
grazing areas, the ranch management should adopt an incremental restoration strategy involving
phased oversowing combined with rest periods and proper rotational grazing management to
facilitate natural pasture regeneration and increase species richness and evenness. They should
also incorporate legume species as part of the restoration strategy to improve the nutritive value of

pastures.



CHAPTER ONE: INTRODUCTION

1.1 Background of the Study

About 40% of the earth's surface area is occupied by rangelands, 70% of which is agricultural land
(Abdalla et al., 2018; Conant, 2012; Wang & Fang, 2009). These not only support the functioning
of natural systems but also play a vital role in the survival and well-being of numerous individuals
worldwide (Godde et al., 2020). They provide grazing resources for livestock production and other
ecosystem services (Bailey et al., 2019; Kazungu et al., 2020; Olsson et al., 2019; Reda et al.,
2020). As highlighted by Eldridge ef al. (2016) and Golodets et al. (2010), livestock production
stands out as the predominant land-use practice within the rangelands. It is estimated that about
50% of global livestock animals rely on rangeland resources for their dietary needs and survival
(Briske et al., 2020; Thornton, 2010). Notably, pastoral livestock farming, a prevalent practice in
natural grasslands, covers one-third of Africa’s total land area (Egeru et al., 2015). Grazing animals
are efficient at utilising resources for food production in these largely dry rangelands, where
traditional crop cultivation is limited (Philipsson et al., 2011; Treydte et al., 2017). This
underscores the significance of rangelands in driving the economies of African countries through

the livestock sector.

In Uganda, rangelands which are commonly natural grasslands, are the mainstay sources of feed
for ruminant livestock (Egeru ef al., 2015) and account for more than 90% of beef production in
the country (Zziwa et al., 2015). However, the composition and biomass of forages within the
grasslands are subject to spatial and temporal changes. Such changes can greatly influence
rangeland productivity through their effect on its biomass production and total nutrient status,
which in turn has a large bearing on utility for livestock production in terms of nutrient intake.
According to Tolera et al. (2000), the orientation of species composition towards low-nutritional
pastures is associated with reduced livestock reproductive performance and production, slower
growth rates, poor body condition, and higher vulnerability to parasites and diseases. Nantongo et
al. (202) demonstrated a decline in average daily growth (ADG) among animals on natural pastures
due to reduced dry matter intake (DMI) based on seasonal variations in pasture composition. As
highlighted by Savadogo et al. (2009), the primary causes of rangeland degradation are climatic
conditions, anthropogenic activities (deforestation, burning, and grazing), and/or their interactions.

For instance, overgrazing creates bare soil surfaces, which reduces the soil’s ability to support



pasture establishment and growth and replenishment of palatable soil pasture seed banks.
Consequently, undesirable, ungrazed plants thrive and set seed, lowering the pastureland's grazing
value. Additionally, the soil seed bank for most palatable species in overgrazed sites may be
depleted to a point that relieving it of livestock activity and fertilisation does not restore native
species. Warth et al. (2020) mentioned that land cultivation, intense grazing, and shortened fallow
periods can also curtail flowering/seed setting to replenish soil seed bank sinks. Also, frequent and
intense burning can destroy vegetation regenerative capacity through sprouting or recruitment

from soil seed banks (Balch et al., 2013).

In the Acholi sub-region, there has been a resurgence of agriculture-related activities following
recovery from the disruptive 2-decade-long insurgency due to civil strife. From the natural laws
of ecology, it is expected that significant changes in vegetation structure through succession
processes occurred during the period of insurrection since a large portion of the land was left
unused or minimally used for farming or grazing. However, this vegetation now faces increasing
development pressure, as evidenced by the ten-year agricultural production data from UBOS
(2010-2019), which show a systematic increase in land use intensity associated with increased
expansion of farmlands, livestock density, and extraction of both herbaceous and woody biomass.
As highlighted by Thornton (2010), the intensity and scale of these land use practices is projected
to increase owing to the increasing human population and demand for rangeland resources.
Unfortunately, the impact of these land-use practices on the composition and diversity of natural
pastures in Acholi sub-region has not been extensively explored. Yet, designing management
options that maintain grazing lands in good condition or restore degraded pasturelands requires
knowledge on how vegetation responds to varying kinds and levels of land-use intensity (Angassa

et al., 2006; Asner et al., 2004).

Against this background, the current study sought to investigate the impact of differential
utilisation of grazing land on the composition and diversity of pastures. To achieve this, pastures
under minimally and regularly grazed plots and minimally and regularly burned plots were
evaluated for their phytosociological attributes. This assessment was integrated with the herders’
perception of the composition and utility value of pastures similar to Angassa et al. (2012) & Roba
(2008). According to Grice and Hodgkinson (2002), this approach is effective in informing viable

management systems for both the conservation and sustainable use of semi-arid rangelands. This



research provides valuable information relevant to the development of appropriate management

practices that will sustain livestock production without further degrading pasture resources.

1.2 Problem Statement

There is a paucity of scientific information on how different land use practices affect the
composition and diversity of natural pastures in the Acholi rangelands, even though national data
(UBOS 2010-2019) indicate increasing land use intensity driven by agricultural expansion, rising
livestock numbers, and herbaceous and woody biomass extraction. As indicated by Zerbo et al.
(2016), such land use practices and their interaction with climatic and edaphic conditions influence
the composition of natural pastures within the rangelands. The magnitude and direction of the
change in species composition depend on the nature, duration, and intensity of the intervening
factors. Moreover, these changes are said to affect biomass production and the total nutrient status
of pastures (Bell et al., 2021), which in turn has a large bearing on utility for livestock production
in terms of nutrient intake, thereby affecting farmers who heavily depend on livestock for their

livelihoods.

Although the response of pasture species to land use practices and other factors has been
investigated in Uganda’s rangelands, for instance, distance from piospheres (Egeru et al., 2015),
climate and non-climatic transformations (Atuhaire et al., 2018), pasture use and management
strategies (Roschinsky et al., 2012), and production systems, land cover, and soil factors (Egeru
et al., 2019; Kyoshabire et al., 2018; Zziwa et al., 2012), issues on the intensity of use, which
affects pasture composition, are still largely unknown, especially in the Acholi subregion.
Additionally, much of the existing research primarily examines the impact of grazing on
rangeland vegetation in the Karamoja subregion and Western Uganda, resulting in a void in
knowledge specifically related to the rangelands in Acholi despite the increasing ranching

activities in the subregion.

Therefore, this study examined the impact of uneven utilisation of natural pastures on the
composition and diversity of herbaceous species. The study sought to provide information on
the composition of herbaceous pasture species, which is valuable for assessing the ecological
conditions of grazing areas and their capacity to meet the dietary needs of grazing livestock

(Gurevitch et al., 2010; Heitschmidt ez al., 1995).



1.3 Objectives of the Study
1.3.1 Main objective
The main objective of this study was to investigate the effect of differential utilisation of

natural pastures on their composition and diversity in Aswa Ranch.

1.3.2 Specific objectives
1) To determine the phytosociological parameters of herbaceous pastures under
different grazing intensities in Aswa Ranch.
i1) To determine the diversity of herbaceous pastures under different burning intensities
in Aswa Ranch.
ii1) To assess the herders’ perceptions of the composition and utility value of herbaceous

pastures in Aswa Ranch.

1.4 Hypotheses and Research Questions
1.4.1 Hypotheses/Research question.
1)  The phytosociological parameters of herbaceous species do not differ across different
grazing intensities.
i1)  Herbaceous species diversity is the same across different burning intensities.
i11)  What are the herders’ perceptions of the composition and utility value of herbaceous

pastures in Aswa Ranch?

1.5 Significance of the Study

According to Heitschmidt et al. (1995) and Gurevitch et al. (2010), species composition is the
primary determinant of the ecological condition of grasslands, with the kinds, size, and density of
plants, influencing ecosystem quality and quantity. Riding on the above, the current study
investigated the composition of the natural pastures within the research area using field surveys
and herders’ perceptions to offer valuable insights into the condition of rangelands. Consequently,
the results of this research will guide rangeland managers and researchers in formulating and
implementing sustainable grazing management practices aimed at conserving nutritious pasture
species, ensuring a long-term ecological balance and livestock activity. This research also provides
invaluable information that will aid policymakers in designing policies that enforce sustainable

land use practices and protect the integrity of rangelands. Additionally, the study findings



underscore the significance of integrating field-based studies and local herders’ knowledge in

understanding rangeland pasture dynamics.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

Natural grasslands support more than 40% of the world's livestock production (Briske et al., 2020;
Thornton, 2010), and serve as essential grazing grounds and a primary dietary source for livestock
in the tropics (Egeru et al., 2015; Khuliso et al., 2020). In Uganda, the livestock sector is a
significant contributor to the economy, accounting for approximately 17 percent of the agricultural
Gross Domestic Product (GDP) and 4.3 percent of the overall GDP (FAO, 2019). Overall, this
sector (80% of animal herds and 90% of cattle) is sustained by natural pastures (Government of
Uganda, 2014). Unfortunately, these natural grasslands are constantly impacted by suboptimal
management, rendering them vulnerable to ongoing degradation. Studies indicate that this
degradation is a consequence of both human and natural factors, which significantly affect the
grazing resources (Zerga, 2015). Therefore, in the absence of sustainable management practices,
the capacity of natural grasslands to support the nutritional requirements of livestock is

compromised, thereby constraining the livelihoods of livestock-dependent communities.

2.2 Phytosociological Parameters of Pastures under Different Grazing Intensities
Phytosociology delves into the composition, development, and interrelationships of plant
species within communities (Ismail & Elawad, 2015). It examines how populations of plant
species coexist and interact (Mishra ef al., 2012), and observes changes in vegetation cover
influenced by human activity, climate change, and growth-impacting factors. Key
phytosociological attributes include species richness, species evenness, relative abundance, and
importance value index, which collectively define the composition of grasslands. These
attributes are said to be majorly influenced by grazing intensity (Eldridge et al., 2016). Previous
studies that have examined phytosociological parameters of natural pastures at different grazing
intensities report results at varying depths.

For instance, Haarmeyer et al. (2010) reported a higher abundance of annual species on heavily
grazed sites in their study, which was attributed to increased precipitation during the study
period. Additionally, Odadi et al. (2017) and Selemani et al. (2013) observed that annual species
and weeds, which are often undesirable for grazing, were prevalent under heavy grazing.

Likewise, desirable grass species ( perennials) have been observed in moderately grazed areas



(Pfeiffer et al., 2019; Tefera et al., 2007). Rutherford & Powrie (2013) mentioned that heavy

grazing changes composition by affecting quality, favouring annual species.

Jawuoro et al. (2017) observed low species richness in areas near piospheres due to heavy
grazing. They argued that the higher animal concentration near piospheres hampered seed
germination and slowed plant regeneration upon grazing due to defoliation and soil trampling.
Declining species richness has also been observed under continuous grazing systems (Desta et
al., 2024; Atsbha et al., 2020). The authors attributed the findings to increased indirect pressure
on seedling germination and plant establishment patterns under those systems. Likewise, Desta
et al. (2024) demonstrated higher species richness under grazing exclusion and controlled
grazing. The authors argued that controlled or no grazing improves seedling germination and

pasture establishment.

According to Rahmanian et al. (2020), overgrazing exerts a negative effect on species diversity.
The authors argued that intense grazing reduced species diversity by eliminating palatable
species. However, Rutherford and Powrie (2010) reported from their fence-line studies that
intense grazing may even increase species diversity of the grazed communities by increasing
evenness. Moreover, Rutherford ef al. (2012) reported an increase in evenness due to the
suppression of dominant species that resulted in higher species diversity of heavily grazed
communities. (Shu et al., 2022) also reported an increase in species evenness and Shannon-
Weiner indices under high grazing intensity. The high evenness was caused by the occurrence
of small weeds with no clear dominant species because of the loss of the large dominant species,
e.g., Gramineae and Cyperaceae plants, due to intense grazing. However, some studies reported
no significant association between grazing intensity and plant diversity (Eldridge et al., 2016;
Jordan et al., 2022). In their study, in southern Tunisia, Gamoun, (2014) reported higher
significant results of Shannon-Weiner on ungrazed sites and weaker significance on heavily
grazed sites. Hao et al. (2022) reported the highest Shannon-Weiner and evenness in heavily

grazed sites in their study in the Alpine Steppe on the Qinghai—Tibetan Plateau.

Grazing regimes are said to affect the dominance of pasture species in the rangelands by altering
its composition. The effect of grazing regimes on the dominance of pasture species is
demonstrated by Hao ef al. (2022). The authors reported a shift in species dominance from

grasses and sedges to forbs. Heavily grazed areas negatively affected the importance value of

7



sedge species. However, the importance values of sedges and grasses were highest under low
grazing intensity. The findings were partly attributed to the fact that browsers preferred grasses
and, therefore, forbs had a competitive advantage to grow and set seed. Similarly, Yang et al.
(2016) observed a shift in the dominant species of the plant community from palatable grasses

(Gramineae and Cyperaceae) to unpalatable grasses (Compositae and Ranunculaceae).

Based on the conclusions of Eldridge ef al. (2016) and Titcomb et al. (2021), a synthesis of the
previous research indicates that the impact of grazing intensities on phytosociological attributes
is dependent on factors such as the ecosystem type, site characteristics and grazing history, plant
traits and their adaptive capacity to grazing, and herbivore type. This explains the differences in
how plant communities respond to grazing pressure, which is important in determining the
grazing value of a given grazing land. Therefore, the current study sought to understand the
grazing value of natural pastures within the research area by examining their phytosociological

attributes under site-specific grazing intensities.

2.3 Herbaceous Species Diversity under Different Burning Intensities

According to Boakye et al. (2013), fire frequency has an overriding effect on plant species
diversity. Depending on the management decisions implemented, unnaturally frequent fires can
have detrimental impacts on plant diversity (Collins & Calabrese 2012). Pyke et al. (2010)
argued that that fire can change plant communities by reducing the dominance of some plants
while enhancing the dominance of others. Studies have attempted to investigate the effects of
fire intensity and frequency on species diversity. For instance, in their study, Munyai et al.
(2023) found a greater prevalence of palatable 7. triandra in the burned sites and the unburned
areas were characterised by unpalatable species with high moribund material. Similarly, Collins
& Calabrese (2012) found higher species diversity in areas infrequently burned and grazed and
the lowest diversity in frequently burned and ungrazed sites. Morrison (2002) reported a
reduction in herbaceous species richness in one of the most species-rich savannas in North
America after a reduction in fire frequency and drought, signifying the role of fire in shaping
vegetation structure. Morrison (2002) concluded that species richness of native grasses and
exotic forbs did not significantly differ between burned and unburned treatments. However, they

concluded that burning during the drought period increased forb species richness.



In his study on the Effects of fire intensity on plant species composition of sandstone
communities in the Sydney region, Morrison (2002) found that monocotyledon and Fabaceae
species were more abundant at higher than lower intensities, the Proteaceae and Rutaceae at
intermediate intensities, and the Epacridaceae at lower rather than higher intensities.
Additionally, fire-tolerant species increased with fire intensity and were higher in areas with
medium intensity. Fire-sensitive species were higher in burnt areas with low intensity. The
overall richness of the species increased with increasing fire intensity, this being mainly due to
the increasing richness of the fire-tolerant species. The evenness of the fire-sensitive species
was greater in the burnt areas than in the unburnt areas. Similarly, Twidwell et al. (2012)
reported that Native forb species richness was greater in burned than in unburned areas. The
available literature shows a difference in the effect of fire on species composition and diversity
based on the location, grassland type and frequency/severity of fire. The current study

investigated the effect of different burning intensities on the diversity of herbaceous species.

2.4 Herders’ Perceptions on the Composition and Utility Value of Dominant Herbaceous

Species

2.4.1 Abundance and utility value of dominant herbaceous species

The application of herders’ perceptions in ecological research is grounded in their intrinsic
ability to discern key aspects of grassland ecology. Herders possess a nuanced understanding of
pasture quality, carrying capacity of livestock, ideal grazing periods, palatability of diverse plant
species for animals, and seasonal distribution and accessibility of pastures, among other
dynamics of grasslands (Ghorbani ef al., 2013; Egeru et al., 2015). This traditional ecological
knowledge (TEK) emerges from herders’ continuous interaction with the environment, coupled
with their acute observational abilities. It not only informs their strategies for the optimal use of
natural pastures for grazing but also enriches ecological studies, offering a practical perspective

on the sustainable management of grassland ecosystems.

Numerous studies have leveraged TEK to explore variations in the abundance, seasonal
changes, and utility value of rangeland pastures. For instance, Keba et al. (2013) found that in
Ethiopia’s Borana rangelands, pastoralists favoured grasses like Cenchrus ciliaris and
Pennisetum maximum, which also exhibited higher crude protein (CP) levels, while the less

preferred and less palatable species like Digitaria naghellensis and C. dactylon had higher
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structural fibre content. Their study confirmed a strong correlation between pastoralists’ ranking
of common grass species and chemical composition values derived from laboratory analyses.
Similarly, Roschinsky et al. (2012) reported that in western Uganda’s Ankole pastoral system,
Hyparrhenia rufa and Brachiaria spp. were preferred, contrasting with the least desirable yet
prevalent Sporobolus pyramidalis and Cymbopogon afronardus. In Karamoja sub-region,
Atuhaire et al. (2018) identified Hyparrhenia spp., Brachiaria spp., Pennisetum spp., and
Chloris spp. as dominant, with B. decumbens standing out for its competitiveness and nutritional
value. For pastoral and agropastoral production systems in northern Uganda, Anyait et al. (2023)
noted the dominance of Hyparrhenia rufa and Imperata cylindrica during the wet season in the
pastoral system, while Brachiaria species and Themeda triandra prevailed within agropastoral
systems. Likewise, Imperata cylindrica and Cynodon dactylon were the only available species
during the dry season for the pastoral system, with Cynodon dactylon and Panicum maximum

dominating in the agropastoral system.

A synthesis of these previous studies confirms that pastoralists have enormous knowledge of
plant diversity and are therefore reliable sources of information for ecological studies. These
studies also show that pasture composition and utility value differ across locations due to spatial
variation in topography, soil characteristics, and management practices. Considering the above,
this study sought to determine the abundance and utility value of dominant pastures in the study
area based on the experience and knowledge of local herders regarding the pastures in their

grazing lands.

2.4.2 Land use practices influencing herbaceous species composition and diversity

A combination of dominant herbaceous perennial grasses (Morris & Kotze, 2006) and a mix of
legumes describes a healthy grazing area. Perennial grasses have extensive root systems and are
thus better adapted to preventing soil erosion than annual species (Zerga, 2015). In addition, the
presence of legume pasture species improves the utility value of grazing areas since they are
high in crude protein content. However, the occurrence of these species (in terms of
composition, diversity, and distribution) in natural grasslands is majorly influenced by
anthropogenic (human) activities (Alcamo et al., 2011), such as grazing, use of fire, and selected
cutting practices. For instance, grazing on natural grasslands, which is one of the primary ways

in which land is utilised, influences the makeup of species within the community, the traits of
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the vegetation, and the amount of plant matter present (Klein et al., 2007; Post & Pedersen,
2008). Grazing has both short- and long-term impacts on plant communities (Jacobo et al., 2006;
Teague et al., 2004).

In the short term, grazing can alter the plant community structure by removing plant matter, and
over time, botanical composition and species diversity changes. Under appropriate grazing,
there is an improvement in both species diversity and plant productivity. Appropriate grazing
may be characterized by regulation of the number of livestock allowed to graze, as well as their
placement, time spent foraging, and frequency of visits to the grazing land (Ruvuga, 2021). This
is to maintain grazing areas with desirable perennial grass species, adequate plant coverage, and
abundant forage growth (Pfeiffer et al., 2019; Tefera et al., 2007). Also, Selemani et al. (2013)
and Verdoodt et al. (2010) revealed that practices such as rotational grazing allow for the areas
rested from grazing to recuperate, bring in new plant varieties, and revive biodiversity. Often,
the rotational grazing system is employed where there is no alternative grazing land to permit

the migration of livestock.

On the other hand, prolonged intensive grazing results in weakened growth of desirable plant
species, a rise in undesirable vegetation, decreased forage production, decreased biodiversity,
and increased soil and water erosion (Odadi et al., 2017; Selemani et al., 2013). In addition,
continuous grazing leads to a substantial decrease in plant ground cover, significant alterations
in the mix of herbaceous species, and hindrance of herbaceous regrowth (Hawkins, 2017;
Jordaan et al., 2019; Jordaan & Rooyen, 2020). This is because heavy grazing interferes with
the growth and spreading of seeds for herbaceous species (Bhasin, 2011). In such conditions,
undesirable plant species (such as weeds) that are not grazed have ample opportunities to
flourish and produce seeds (Egeru et al., 2015).

As for grazing exclusion, there is an increase in the growth of previously suppressed species
and their diversity in the natural grasslands (Shang et al., 2008). Regarding the use of fire,
Mapiye et al. (2008) argued that prescribed burning aids in controlling and removing
undesirable vegetation in grazing lands, resulting in increased livestock productivity.
Additionally, fire enhances the palatability and nutritional value of rangeland pastures (Sabiiti
et al., 1992). However, unprescribed fires can destroy valuable vegetation, exposing soils to

erosion, and alter plant composition towards fire-tolerant species with low nutritional value
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(Mapiye et al., 2008; Waiswa et al., 2019). For instance, bushfires in Karamoja sub-region have
promoted the prevalence of less desirable fire-resistant species, such as Themeda triandra,

Lanea humilis, and Dichrostachus cinerea (Aleper et al., 2017).

The influence of other human-induced factors on herbaceous species composition has also been
highlighted, such as charcoal production (Aleper Daniel & Namaganda, 2017), road
construction, construction of watering points and kraals (Egeru, Bernard, et al., 2015; Jawuoro
et al., 2017; Shahriary et al., 2012), and expansion of human settlement. Generally, effective
grazing management is crucial for achieving economic benefits while safeguarding the health
of grasslands and livestock (Alemu et al., 2019). Sustainable grazing practices enhance livestock
productivity and ensure natural grasslands continue to provide other ecological benefits (Godde
etal.,2018; Teague & Barnes, 2017). This research addresses the previously unexplored aspects
of the human activities influencing the diversity and composition of pastures in the study area

from the herders’ perspective.
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Study Area

The study was conducted in Pader District at Aswa Ranch since it is characterised by land use
activities which presented suitable ground for the study. The Ranch is situated in Northern
Uganda within the Acholi sub-region (Figure 3.1). The district’s boundaries are defined by
Lamwo District to the northwest, Kitgum District to the northeast, Agago District to the east,
Otuke District to the southeast, Gulu District to the west, Oyam District to the southwest, and
Lira District to the south. Aswa ranch is approximately 35km off the Gulu-Kitgum highway and
covers areas within Angagura, Laguti and Atanga sub-counties. The ranch is located along river
Aswa and comprises several seasonal streams that tend to dry up during the dry season. The
river and streams serve as the main drinking water sources for livestock on the ranch throughout
the year.

The area typically experiences two wet seasons (from March to May and September to
November) and two dry seasons (from December to February and June to August). The average
annual rainfall is approximately 1,330 mm, with monthly maximum temperatures around 29°C
and minimum temperatures around 17°C. However, it is noteworthy that recent climate change
dynamics have caused greater variability in rainfall and temperatures in this area.

The area is dominated by native tropical grasses such as Brachiaria spp., Panicum maximum,
Hyparrhenia spp., Pennisetum spp., Andropogon spp., Heteropogon spp., Setaria spp., Themeda
triandra, Cenchrus ciliaris, and Cynodon spp. Conversely, the overstorey is primarily composed
of Combretum and Acacia species.

Originally established in 1967 by the Uganda Livestock Industry Limited, the ranch purposed
to breed beef animals, train farmers and livestock technicians, and provide semen for breed
improvement in the local community. However, after its collapse during a wave of insecurities
in the region, it was revived in 2014 by the National Animal Genetic Resources Centre and Data
Bank (NAGRIC & DB) under the Ministry of Agriculture, Animal Industry and Fisheries
(MAAIF) (Aswa Ranch records). The ranch was restocked with over 1000 heads of cattle and
has since grown to a capacity of more than 1800 heads of cattle. These animals are managed
under separate farms: “Aswa main” in Angagura, comprising cattle of mixed breeds and “Aswa
zebu” in Laguti, comprising pure zebu breeds. In each location, animals are managed in separate

herds/kraals, with kraals typically located 5 km apart. Currently, the ranch has over 2500 heads
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of cattle with an average of 80 heads of cattle per herd/kraal. The herdsmen in the ranch practice
open continuous cattle grazing, a practice which does not allow sufficient time for grazed areas
to fully recover. In recent years, the ranch has experienced an influx of activities such as charcoal
production, expansion of crop cultivation, and settlements by squatters within the ranch,
increasing pressure on the available grazing grounds. Additionally, due to insecurity caused by
land wrangles within the ranch, a large area of land meant for grazing is not utilised by the

herdsmen.
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Figure 3. 1: Map of Pader district showing the location of the study area

3.2 Study Design

This study adopted a cross-sectional survey design using a transect method to develop an inventory
of natural pastures in the regularly and minimally grazed and burned sites of the ranch. Herbaceous
vegetation species were inventoried to assess the diversity, dominance, and richness of natural

pastures under defined grazing intensities and burning intensities. The inventories were
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corroborated by focus group discussions through which the perceptions of herdsmen on the
composition of herbaceous pastures were investigated. These discussions were centred around the
abundance and utility value of natural pastures and anthropogenic factors affecting the

composition of pastures in the ranch.
3.3 Sampling Procedure

3.3.1 Field survey

Approximately 80 heads of cattle were organised into kraals in the ranch and grazing areas
designated for the kraal. The study aimed to sample the vegetation of grazing areas belonging
to the selected kraals. Six grazing grounds(sites) belonging to six kraals were randomly selected
for the study, with three sites selected from each of the nine major kraals of Aswa Ranch's two
locations (Aswa main in Angagura and Zebu farm in Laguti).

In this study, five 20 m? plots were systematically placed at 20 m intervals along a 100 m transect
in each sampling site (minimally grazed and regularly grazed) per kraal. Five 1m? plots
(quadrats) were then fitted in each of the 20 m? plots placed along each transect.

Therefore, 25 1m? plots were sampled at each sampling site, resulting in 50 plots per kraal. With
three kraals sampled per location, a total of 150 1m? plots were sampled in each of the locations.
It was not possible to define grazing intensity based on stocking density, given the grazing
system in the study area. Cattle are mostly grazed on free range for most of the year without
confining them into paddocks. Therefore, the selection of minimally grazed and regularly grazed
sites for each herd was based on the frequency of grazing by animals in a grazing season,
observations and past grazing pressure, including signs of grazed vegetation, evidence of dung
and trampling, grazing history, as well as herders’ knowledge, based on general
recommendations for rangeland condition assessment (Parker, 1954; Sanaei et al., 2021;

Mannetje & Jones, 2000).

Minimally grazed areas were also identified as grazing grounds (paddocked or open), which
could spend more than one season without being grazed, grazed once in a year or completely
ungrazed. Conversely, regularly grazed areas were identified as areas that are grazed every

season throughout the year.
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The sampling of areas according to burning intensities also followed the same procedure
described above. Burning intensities were defined based on the frequency of burning, where
minimally burned areas meant areas burnt once a year, and regularly grazed areas were areas

burnt more than once in a year.

3.3.2 Selection of focus group participants

Four focus group discussions (FGDs) were conducted, two in Aswa Main and two in Aswa Zebu.
Krueger (1994) and Morgan (1997) have suggested that three to six different focus groups are
adequate to reach data saturation and/or theoretical saturation. Each of the groups consisted of nine
participants, as per Hennink (2007), chosen purposively based on their experience and years spent
grazing animals on the ranch. Potential participants were contacted by the researcher through the
ranch Animal Husbandry Officers and invited to participate. All participants volunteered and gave
their informed consent to take part in the study. They were all male, aged between 25 and 35 years.

These had been rearing animals on the ranch for at least 5 years.
3.4 Sample Size

3.4.1 Assessment of the phytosociological parameters of herbaceous species under different
grazing intensities
For grazing intensity, a vegetation survey of 300 plots (1m? quadrats) nested within 4 m x 5 m

plots along a 100 m transect line in each sampling site was conducted.

3.4.2 Assessment of the diversity of herbaceous plants under different burning intensities
A similar number of plots were surveyed for burned areas following the same procedure as stated

1n section 3.4.1 above.

3.4.3 Assessment of herders’ perceptions of the composition and utility value of dominant
herbaceous pastures
A total of 36 herdsmen participated in the four focus group discussions as already described in

section 3.3.2.
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3.5 Data Collection

3.5.1 Assessment of the phytosociological parameters of herbaceous species under different
grazing intensities

Herbaceous species assessment was conducted between November and December towards the end
of the main rainy season when most plants attain full flowering stage (Angassa, 2012). Herbaceous
species are easily distinguished by their flower colour, shape, and appearance. Floristic sampling
procedures stipulated by Kent (2011) were used. A standard quantitative ecological method for
recording field observations in phytosociology by relevés was adopted (Kent, 2011). A 1x1 m?
(Rajvanshi et al., 1987; Sharma et al., 1983) quadrat was used to determine species richness and

abundance.

Species abundance was measured in terms of percent cover because many types of grass tend to
be clonal, thus making it difficult to distinguish between discrete individuals (Magurran, 1988).
The percentage of cover occupied by each herbaceous species was visually estimated per plot using
the method of Braun-Blanquet (1932) with the cover classes r (rare species), +: cover less
than1%,1a: cover between 1 and 3%; 1b: cover between 3 and 5%; 2a: cover between 5 and 15%;
2b: cover between 15 and 25%; 3: cover between 25 and 50%; 4: cover between 50 and 75%; and

5: cover between 75 and 100%.

Species present on the plot, but not covering 1% of the plot area, were recorded as 1% cover to
indicate presence. Species richness and abundance were determined by observing pastures within
the 300 1 m? plots and taking the average. Herbaceous species rooted within each quadrat were
identified, counted, and recorded using presumptive local names as guided by experienced

herdsmen and illustrated guides to tropical grasses.

3.5.2 Assessment of the diversity of herbaceous plants under different burning intensities
Data collection for minimally and regularly burned intensities followed the same procedures as

those explained for objective one.

3.5.3 Assessment of herders’ perceptions of the composition and utility value of dominant
herbaceous pastures
The study adopted a focus group discussion (FGD) approach to assess herders’ perceptions of the

composition and utility value of herbaceous pastures. The FGDs were managed by three
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facilitators, including the researcher, who knew the commonly used languages in the ranch
(Runyankore, Acholi, Karamojong) and English. Whereas all the participants were able to
understand basic English, some of the concepts were translated by the facilitators into the local
languages to provide more clarity. The facilitators were briefed by the researcher about the study
objectives, and the guiding questions were clearly explained as presented in the focus group
discussion guide (see Appendix Al) before conducting the FGDs. Consequently, the participants
were briefed about the study objectives and time compensation benefits. Participants were given
UgShs. 7000/= at the end of every focus discussion session. Each focus group session was
conducted at the ranch offices between 10:00 am and 12:00 pm and lasted between 60-75 minutes.
In addition to note-taking and participant observation, the discussions were audio-recorded after
obtaining permission from the participants, following the procedures described by Stewart et al.
(2007). The lead researcher posed the questions in English, while the second facilitator translated
the conversation into local languages to provide clarity for the participants. The third facilitator
supported the translation, detailed note taking and managed audio recordings. The audios were
later transcribed into scripts for analysis. Disagreements were settled by encouraging members
with differing views to give reasons for their opinions and, in some instances, establish a common

ground where all the participants agree on shared experiences.

During the discussions, a list of herbaceous species was generated, and participants were requested
to categorise pasture species into high, moderate, and low abundance using a participatory ranking
approach as described in Ager et al. (2013). Similarly, participants characterised the grazing
desirability of dominant grasses in terms of highly desirable, desirable, less desirable, and
undesirable using the same method. The criteria used for classifying pasture abundance and

desirability are presented in Appendices F and G.

Additionally, herdsmen were asked to explain whether grass composition had changed over the
past 5 years by pointing out whether particular pasture species had decreased, increased, or
unchanged and the likely causal factors linked to the observed situations. The description was
based on an earlier study by Roba & Oba (2009), who noted that livestock herders commonly use

terms such as “increasing”, “not changing” and “decreasing” to describe differences in the trend

of pasture species composition.
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Furthermore, with guidance from literature (Cook et al., 2020), herdsmen (identified during the
focus groups as more knowledgeable) worked with the facilitators to match the identified species
of pastures with botanical names.

Finally, herdsmen were asked to rank in relative terms the factors affecting herbaceous species

composition and diversity in the ranch.
3.6 Analysis

3.6.1 Assessment of the phytosociological parameters of herbaceous species under different
grazing intensities
Data obtained through the field survey was used to compute diversity indices and consequently

analysed as explained below.

Species diversity and evenness measures were determined according to Krebs (1989) as follows:

1. S (species richness), that is, the number of species in a plot or locality, regardless of their
abundance (the number of individuals or the biomass of each taxon). It was calculated as
the total number of species per chosen (1 m x 1 m) quadrant (Kent & Coker 1992).

ii.  H’ (Shannon-Wiener Index) or Shannon diversity index = — XPi* In(P1); pi is the relative

abundance of species i or the ratio between a number of individuals of species i and the
total number of individuals of all species present in a sampling plot/locality. The higher
the value of H’, the higher the diversity.

iii.  Evenness (E) = H’/InS is an expression of the balance in the distribution of individuals
among the species. Its value approaches 0 when one species is highly dominant and 1 when
all species have similar densities. £ is independent of the species numbers occurring on a

plot.

iv. eH ’, a measure of the number of abundant species in the sample, where H’ is Shannon-
Wiener index

v.  R3=I-D, or Gini-Simpson Index, representing the number of very important species and
where

vi. D =Zni(ni— 1)/N (N-1) is the Simpson index, ni is the quantity of individual species per

subplot, while AV is the total quantity of species within the same plot or locality.
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Significant differences in mean species richness, evenness, and Shannon diversity index between
regularly grazed and minimally grazed plots for the two sites were evaluated by a non-parametric
test, the Mann-Whitney U, because data failed to meet the conditions for variance of homogeneity
based on Levene’s test. The diversity indices were treated as dependent variables, and the

grazing intensity (minimally grazed and regularly grazed) as independent variables.

To examine the effect of site location and grazing intensity on specific richness, family richness,
genera richness, and species richness were regarded as the number of families or genera or species
occurring in a given site location or grazing intensity type. Generalised linear models with Poisson
errors (Zerbo et al., 2016) were applied to analyse the effect of explanatory variables, site location,
and grazing intensity on family richness, genera richness, and species richness. To account for

overdispersion, penalised quasi-likelihood estimation was used (Bognounou et al., 2009).

To assess the dominance of herbaceous species in the vegetation communities, frequency and
dominance were converted to relative values and summed to obtain importance value index (IVI)

per herd according to Chaudhry et al. (2006) and Dangoli & Shivakoti (2001).

Importance value index (IVI) = Relative frequency + relative dominance, or
IVI = (100f/F) + (100 t/T).

Where f is the frequency of a species, F is the sum of the frequencies of all species, t is the total
cover of a species, and T is the total cover for all the species.

Data were entered into Microsoft Excel to compute phytosociological parameters and
consequently analysed using SPSS version 25 for descriptive statistics and a Mann-Whitney U

test, and R software (version R 4.4.1) for generalised linear regression models.

3.6.2 Assessment of the diversity of herbaceous plants under different burning intensities

Diversity indices were computed following procedures explained in section 3.6.1 above.
Significant differences in mean species richness, evenness and Shannon diversity index between
regularly burned and minimally burned plots for the two sites were evaluated by a non-parametric
test, the Mann-Whitney U, because data did not meet the conditions of normality and variance of
homogeneity (Appendix E). The diversity indices were treated as dependent variables, and

the burning intensity (minimally burned and regularly burned) as independent variables.
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Generalised linear models with Poisson errors (Zerbo et al., 2016) were applied to analyse the
effect of site location and burning intensity on family richness, genera richness, and species
richness. To account for overdispersion, penalised quasi-likelihood estimation was used as per the
procedures in Bognounou et al. (2009). Data was entered into Microsoft Excel and consequently

analysed using SPSS version 25 and R software (version R 4.4.1), as in 3.6.1 above.

3.6.3 Assessment of herders’ perceptions of the composition and utility value of dominant
herbaceous pastures

Audio recordings from the focus group discussions were transcribed into scripts for analysis. Using
an inductive qualitative approach (Thomas, 2006), all data were coded into themes and
subsequently into categories, which included reasons responsible for the current state of grazing
areas, herders’ basis for selecting a grazing area, and land use practices perceived by herdsmen as
affecting the composition of natural pastures in the ranch (Appendix B). Consequently, these
ranked factors (as earlier explained in section 3.5.3) were analysed by rank analysis in addition to
the participants’ direct quotes.

For all the ranked data, indices were calculated to analyse the ranking of individual responses. The

index was calculated according to Formula (1) developed by Kosgey et al. (2008).

_ [(N*F1)+((N=1)F2)+-+(1+Fn)]
Index= E[(N*F1)+((N—1%F2)+--+(1%Fn)] (1)
Where N=maximum level of rank, Fl1=frequency of the 1st rank, F2=frequency of the 2nd rank,

and Fn=frequency of the last rank.

Descriptive statistics using Microsoft Excel and inductive content analysis were employed to

analyse the data obtained from the research participants.

3.7 Data Quality Control (Validity and Reliability)
The focus group discussion guide and field data collection templates were pretested and the
preliminary data collected was used to test for data consistency and modify the tools into valid and

reliable instruments.

3.8 Ethical Consideration
Ethical approval was obtained from the Gulu University Research and Ethics Committee, under

reference number GUREC-2023-506, prior to the commencement of the study. Before engaging
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the herdsmen and commencing data collection, permission was sought from the Chief
Administrative Officer (CAO), the Resident District Officer (RDC), the District Production

Departments, and local council leaders of the study areas.

During data collection, the respondents were presented with an introductory letter from the Faculty
of Agriculture and Environment in order to build their confidence to voluntarily participate in the
research. They were thoroughly briefed on the purpose of the study and subsequently requested to
sign the consent form upon agreeing to participate in the study. The privacy of respondents and
the confidentiality of their identities were strictly ensured at any point. Also, the information

obtained from the study participants was only used for academic purposes.

3.9 Limitations of the Study

Assessment of pastures was conducted at the peak of the growing season and did not take into
account other factors such as seasonal dynamics, bush encroachment, and shifts in climate, all of
which affect the composition of natural pastures and therefore could have had an impact on the
current findings. To minimise information loss error, the discussions were interpreted to a common

language (English) in addition to audio recordings (Quintanilha et al., 2015).
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CHAPTER FOUR: PRESENTATION OF RESULTS

4.1 Assessment of the Phytosociological Parameters of Herbaceous Species under Different

Grazing Intensities

4.1.1 Relative abundance of herbaceous species in the study area

Field examination of herbaceous species revealed 17 herbaceous species belonging to 3 families
and 14 genera Table 4.1. Overall, Hyparrhenia species and Digitaria abyssinca were abundant in
minimally grazed areas while Brachiaria decumbens and Sporobolus pyramidalis were abundant
in regularly grazed sites. Aswa Main was the most abundant with the highest number of species

compared to Aswa main.
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Table 4. 1: Relative abundance of herbaceous species in the study area (species abundance = % cover represented by the species)

Species LOCATION

ASWA MAIN ASWA ZEBU MAIN + ZEBU

Family Scientific name Local name Regularly Minimally Regularly Minimally  Regularly Minimally
grazed grazed grazed grazed grazed grazed

Poaceae Hyparrhenia rufa Lagang 28.14 39.44 11.86 25.2 30.03 34.07
Poaceae Hyparrhenia filipendula Ajuu 24.28 14.39 14.61 29.7 13.55 23.85
Poaceae Brachiaria decumbens Ogema 18.63 8.27 38.80 29 26.67 18.00
Poaceae Sporobolus pyramidalis Oywec dyang 13.84 4.72 4.02 0.28 8.33 2.27
Poaceae Imperata cylindrica Obiya 2.73 3.18 0.24 - 1.37 1.48
Poaceae Digitaria abyssinica Cogamacon 6.06 11.08 10.25 12.3 7.59 10.11
Cyperaceae Cyperus rotundus Lugakur 0.13 0.67 1.94 - 1.00 0.34
Poaceae Paspalum spp. na 2.13 9.37 5.09 1.13 3.36 4.83
Fabaceae Desmodium heterophyllum  na 1.66 0.37 - 0.14 0.75 0.23
Fabaceae Desmodium incanum na 0.27 - - 0.07 0.12 0.06
Poaceae Themeda triandra Abii 2.06 0.61 - 0.14 1.00 0.34
Fabaceae Centrocema pubescens na 0.07 0.37 - - 0.06 0.18
Poaceae Cenchrus ciliaris na - 0.67 13.07 1.98 6.09 1.08
Poaceae Cynodon dactylon Mwodo - 0.12 - - - 0.06
Poaceae Eragrotis curvula Mwodo - - 0.034 - 0.06 -
Cyperaceae Cyperus esculentus Lugakur - - 0.07 - 0.02 -
Poaceae Panicum maximum Otok - 6.74 - - - 3.12
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4.1.2 Effect of grazing intensity on specific richness

In Table 4.2, the richness of family, genera, and species was significantly lower (p<0.05) under
minimal grazing than in regular grazing in Aswa Zebu, but no significant difference (p>0.05) was
detected in Aswa Main between the two grazing intensities. Overall, family, genera, and species
richness were significantly higher (p<0.05) in regularly grazed plots than in minimally grazed

plots.
Table 4.2: GLM estimates of the effect of grazing intensity on specific richness

Grazing regime
Specific Location Minimally

richness erazed Regularly grazed F-value p-value
Aswa Main 3 3 3.2823 0.0721
Family richness Aswa Zebu 3 2 16.7921 0.0001*
Main + Zebu 3 3 14.8076 0.0001*
Aswa Main 9 14 1.1601 0.2832
Genera richness Aswa Zebu 9 7 44.7576 <0.0001*
Main + Zebu 12 14 16.8933 0.0001*
Species Aswa Main 12 14 0.8672 0.3532
richness Aswa Zebu 11 9 28.5948 <0.0001*
Main + Zebu 15 17 13.4985 0.0003*

*Shows significant values; Specific richness = total number of species, families, and genera found in a particular
location on the ranch

4.1.3 Diversity of herbaceous species according to grazing intensity

The differences in mean species numbers (S), Shannon Weiner (H’), Gini Simpson (G), and
species evenness (J) between the two locations and grazing intensities are shown in Table 4.3.
Mean species richness by plot (S) showed that Aswa Main was more diverse than Aswa Zebu. In
Aswa Main, mean species richness was statistically significant (p<0.05) between minimal and
regular grazing intensities in Aswa Zebu. Considering Shannon Weiner and Gini Simpson,
significant differences (p<0.05) were detected between minimally and regularly grazed plots for
both locations. In Aswa Zebu, the evenness index differs significantly (p<0.05) between minimally

and regularly grazed plots in Aswa Main.
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Table 4. 3: Effect of grazing intensity on the diversity of herbaceous species on Aswa ranch

Mean species Shannon Gini Simpson Species
Location Grazing regime richness (S) Weiner (H) Index (G) evenness (J)
Minimally grazed 4.40£1.19 1.15+0.27 0.63+0.10 0.80+0.10
Aswa Main Regularly grazed 4.21+£1.27 0.89+0.30 0.47+0.16 0.65+0.18
p-value 0.35 <0.0001* <0.0001* <0.0001*
Minimally grazed 3.75+1.21 1.02+0.33 0.58+0.16 0.81+0.15
Aswa Zebu Regularly grazed 2.88+0.77 0.82+0.24 0.50+0.12 0.81+0.12
p-value <0.0001* 0.0001* 0.0002* 0.948

*Shows significant values; S = mean number of species per quadrant

4.1.4 Herbaceous species composition and dominance based on Importance Value Index
avi

Hyparrhenia species and Digitaria abyssinica were dominant in minimally grazed plots while
Brachiaria decumbens, Sporobolus pyramidalis, Paspalum spp., and Cenchrus ciliaris were
dominant in regularly grazed areas (Table 4.4). Hyparrhenia rufa was dominant in Aswa Main,

while Hyparrhenia filipendula and Cenchrus ciliaris was dominant in Aswa Zebu.
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Table 4. 4: Importance value index of different herbaceous species on Aswa ranch

Species Location
Aswa Main Aswa Zebu Main + Zebu
Family Scientific name Local name Regularly  Minimally Regularly Minimally Regularly = Minimall
grazed grazed grazed grazed grazed y grazed

Poaceae Hyparrhenia rufa Lagang

43.06 71.94 25.12 45.04 34.09 58.49
Poaceae Hyparrhenia filipendula Ajuu

20.62 33.68 29.64 53.44 25.13 43.56
Poaceae Imperata cylindrica Obiya

7.92 11.87 2.03 - 4.98 5.93
Poaceae Brachiaria decumbens Ogema

38.45 21.02 57.07 61.06 47.76 41.04
Poaceae Sporobolus pyramidalis Oywec

dyang 33.30 17.40 10.84 1.63 22.07 9.51

Cyperaceae  Cyperus rotundus Lugakur 1.13 4.08 10.21 - 5.67 2.04
Fabaceae Desmodium heterophyllum  na 9.77 3.14 - 1.49 4.89 2.32
Fabaceae Desmodium uncinatum na 1.53 - - 0.50 0.77 0.25
Poaceae Paspalum spp. na

13.21 23.06 15.83 4.77 14.52 13.92
Poaceae Themeda triandra Abii 6.28 5.21 - 1.05 3.14 3.13
Fabaceae Centrocema pubescens na

0.74 1.62 - - 0.37 0.81
Poaceae Digitaria abyssinica Cogamacon

11.23 24.20 21.39 24.09 16.31 24.14
Poaceae Cynodon dactylon Mwodo

- 1.01 - - - 0.51
Poaceae Cenchrus ciliaris na - 2.86 27.06 6.92 13.53 4.89
Poaceae Panicum maximum Otok

- 8.74 - - - 4.37
Poaceae Eragrotis curvula Mwodo

- - 0.39 - 0.20 -
Cyperaceae  Cyperus esculentus 0.40

Lugakur - - ) - 0.20 -
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4.2 Determining the Diversity of Herbaceous Species under Different Burning Intensities

4.2.1 Effect of burning intensity on specific richness
In Table 4.5, the genera and species richness were significantly different (p<0.01) between
minimally burned and regularly burned plots in both locations sampled. Family richness was only

significant (<0.05) in Aswa Zebu between the two burning intensities.

Table 4. 5: GLM estimates of the effect of burning intensity on specific richness
Specific richness Location Minimally Regularly

burned burned F-value p-value
Family richness Aswa Main 3 3 2.1790 0.142
Aswa Zebu 3 2 16.7920 <0.0001*
Main + Zebu 3 3 1.5561 0.2132
Genera richness Aswa Main 9 14 8.4428 0.0042*
Aswa Zebu 9 7 13.5650 0.0003 *
Main + Zebu 12 14 0.0305 0.8615
Species richness Aswa Main 12 14 7.4307 0.0072*
Aswa Zebu 11 9 18.5640 <0.0001 *
Main + Zebu 15 17 0.3180 0.5733

*Shows significant values; Specific richness = total number of species, families, and genera found in a particular
location on the ranch.

4.2.2 Diversity of herbaceous species according to burning intensity

Table 4.6 revealed significant differences (p<0.05) for species richness and Shannon-Wiener
between minimally burned and regularly burned intensities for both locations. Unlike in Aswa
Main, the Gini-Simpson index was statistically significant (p<0.05) between the two burning

intensities in Aswa Zebu.

Table 4. 6: Effect of burning intensity on the diversity of herbaceous species on Aswa ranch

Location Burning regime Mean species Shannon Gini Simpson Species
richness (S) Weiner (H) Index (G) evenness (J)

Minimally burned 4.04+1.13 0.98+0.03 0.54+0.13 0.73+0.02

Aswa Main Regularly burned 4.57+1.26 1.07+0.04 0.56+0.18 0.72 £0.02
P-value 0.007* 0.041* 0.12 0.822
Minimally burned 3.75+1.10 1.03+0.30 0.59+0.14 0.81+0.14

Aswa Zebu Regularly burned 3.05+0.87 0.88£0.26 0.52+0.13 0.82+0.13
p-value <0.0001 * 0.001* 0.003* 0.5364

*Shows significant values; S = mean number of species per quadrant
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4.3 Assessing Herdsmen's Perceptions of the Composition and Utility Value of Herbaceous

Pastures in Aswa Ranch

4.3.1 Abundance of herbaceous species as perceived by the herdsmen in Aswa Ranch
Findings from focus group discussions revealed 25 herbaceous species as available forage within
the grazing areas in the research area (Table 4.7). The participants of the focus groups perceived
Hyparrhenia spp., Brachiaria decumbens, Panicum maximum, Sporobolus pyramidalis, and
Cynodon dactylon as highly abundant in the study area. Likewise, Cymbopogon afronadus,
Eleucine indica, Chloris pychnothrix, and Desmodium uncinatum were some of the species
reported to have low abundance.

Table 4. 7: Utility value and abundance rating by herders of herbaceous species available in
the study area

Family Scientific names Local name Desirability Abundance
as livestock
feeds

Poaceae Hyparrhenia rufa Lagang H XXX
Poaceae Hyparrhenia filipendula Ajuu H XX
Poaceae Brachiaria decumbens Ogema H XXX
Poaceae Imperata cylindrica obiya L XX
Poaceae Panicum maximum Otok H XXX
Poaceae Sporobolus pyramidalis Oywec dyang U XXX
Poaceae Cynodon dactylon Mwodo H XXX
Poaceae Cymbopogon afronadus na U X
Poaceae Digitaria abyssinica Cogamacon L XX
Poaceae Cenchrus ciliaris na D XX
Poaceae Eleusine indica na L X
Poaceae Themeda triandra Abii L XX
Poaceae Chloris pychnothrix, na L X
Fabaceae Desmodium uncinatum na H X
Fabaceae Centrocema pubescens na D X
Poaceae Paspalum spp. na D XX
Poaceae Eragrostis pilosa na D X
Poaceae Pennisetum spp. Lagada D X
Commelinaceae Commelina benghalensis na L X
Asteraceae Bidens pilosa Labika U X
Poaceae - Pwa-pwa L X
Poaceae Chloris gayana Oconge D X
Poaceae Setaria sphacelata Alene L XX
Poaceae Brachiaria ruziziensis Oduny D XX
Poaceae Brachiaria humidicola Lacan Onyaa D XX

H=highly desirable, D=desirable, L=less desirable, U=undesirable, Abundance; x=low, xx=moderate xxx=high
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4.3.2 Utility value of herbaceous pastures as perceived by herdsmen in Aswa Ranch

4.3.2.1 Desirability of pastures and factors responsible for the current state of pastures
Herbaceous species perceived as desirable for cattle included Brachiaria spp., Panicum maximum,
Hyparrhennia spp., Desmodium uncinatum, and Cynodon dactylon (Table 4.7). Conversely,
species such as Sporobolus pyramidalis, Cymbopogon afronadus, and Bidens pilosa were
perceived as undesirable for livestock grazing. A participant quoted, “Because of its tough fibrous
characteristics, Sporobolus pyramidalis is likely to cause wearing of teeth and cracking or loss of
teeth in extreme cases, reducing the feeding efficiency of animals” (FGD2).

Generally, herdsmen perceive the condition of pastures in their grazing areas as favourable for
optimal cattle grazing and survival. They attribute this positive state to favourable rains (0.21) and
burning practices (0.19) (Table 4.8). A participant said, “In the previous years when we had longer
episodes of drought, we suffered looking for good grasses for our animals, but in recent years, it

has been raining well; that's why we have enough pastures you are seeing today” (FGDI1).

Table 4. 8: Factors responsible for the current state of the grazing areas

Location
Factors Aswa Main Aswa Zebu Overall
FGD1 FGD2 FGD3 FGD4 Index
Favourable rainfall conditions 0.12 0.39 0.16 0.17 0.21
Burning practices (1-2 times a year) 0.5 0.11 0.14 0.02 0.19
Adaptability of pastures 0.04 0.12 0.24 0.23 0.16
Long distance between kraals 0.07 0.05 0.08 0.32 0.13
Favourable soil type 0.03 0.08 0.27 0.1 0.12
Topography 0.08 0.24 0.07 0.05 0.11
Low pest populations 0.16 0.01 0.04 0.11 0.08

4.3.2.2 Herdsmen’s reason for selecting an area for cattle grazing

Herdsmen strategically select grazing areas for their cattle based on criteria such as the availability
of palatable and nutritious pasture species, access to water, altitude, nearness to kraals, and absence
of tsetse flies (Table 4.9). A respondent mentioned that “even when you unknowingly take animals
to areas infested with tsetse flies, the animals will not graze and will end up escaping to other
grazing areas that are devoid of the tsetse flies” (FGD 4). The decision to change grazing areas
by herdsmen is based on factors such as pest outbreaks, pasture growth rates, seasonal changes,

depletion of pastures, and cattle behaviour.
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Table 4. 9: Herdsmen's reasons for selecting an area for grazing animals

LOCATION

Factors Aswa Main Aswa Zebu Overall

FGD1 FGD2 FGD3 FGD4 Index
Availability of palatable and nutritious  0.21 0.27 0.29 0.15 0.23
species
Access to water resources 0.17 0.19 0.13 0.19 0.17
Absence of tsetse flies 0.07 0.13 0.11 0.25 0.14
Altitude (with respect to season) 0.3 0.1 0.09 0.03 0.13
Nearness to kraals 0.07 0.13 0.18 0.1 0.12
Low weed and shrub density 0.12 0.03 0.11 0.18 0.11
Presence of shade 0.06 0.15 0.09 0.1 0.1

4.3.3 Herders’ perceptions of land use practices affecting the composition of herbaceous
species in Aswa Ranch

The current study revealed that, while participants generally consider grazing areas to be in good
condition, they have observed significant changes in the pasture composition over the past five
years. Specifically, there has been a gradual increase in the presence of Imperata cylindrica,
Sporobolus pyramidalis, and Hyparrhennia rufa. In contrast, species such as Centrosema
pubescens and Panicum maximum are reported to be diminishing. Land use practices such as
grazing land use intensity, charcoal production, indiscriminate burning, proximity of dip tanks,
water tanks, and kraals, and crop farming are perceived to have contributed to these changes (Table

4.10).

Table 4. 10: Land use practices affecting the composition of herbaceous species

Location
Land use Practices Aswa Main Aswa Zebu Overall
Index
FGD1  FGD2 FGD3 FGD4
Grazing land use intensity 0.25 0.23 0.18 0.17 0.21
Charcoal production 0.18 0.1 0.15 0.23 0.17
Indiscriminate Burning 0.12 0.14 0.1 0.28 0.16
Proximity of valley tanks, dip tank, spray race, and 0.2 0.17 0.07 0.12 0.14
kraal
Crop farming (land clearance for cultivation) 0.04 0.14 0.19 0.06 0.1
Human settlement 0.12 0.05 0.13 0.06 0.09
Other infrastructural activities: electricity lines, 0.07 0.16 0.04 0.05 0.08
access roads, and sand mining.
Burning for hunting 0.02 0.01 0.14 0.03 0.05
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CHAPTER FIVE: DISCUSSION OF RESULTS

5.1 Assessment of the Diversity of Herbaceous Species under Different Grazing Intensities

The higher abundance of Hyparrhenia species and Digitaria abyssinca in minimally grazed areas
was likely because the low disturbance under minimal grazing supported the grazing-sensitive
species to grow, set seed and thrive. Likewise, the prevalence of Brachiaria decumbens and
Sporobolus pyramidalis in regularly grazed areas indicated a shift in grass structure to species that
are tolerant to frequent defoliation and trampling. Similarly, Kioko et al. (2012), reported a
prevalence of grazing-tolerant and less palatable pasture species under heavy grazing regimes.
Also, Atuhaire ef al. (2018) and Egeru ef al. (2015) reported the abundance of Hyparrhenia species
in the semi-arid areas of Karamoja. They, however, attributed the high relative abundance of
Hyparrhenia spp. to high total rainfall in their research area, especially during the rainy seasons.
Additionally, the differences observed in the relative abundance of herbaceous species in Aswa
Main and Aswa Zebu could be attributed to the grazing history between the two locations. For
context, Aswa Zebu had a longer period of grazing exclusion as compared to Aswa Main. Kioko
et al. (2012) reported that areas excluded from grazing had higher grass biomass as compared to
areas continually grazed. This explains a higher occurrence of of increaser II species such as

Cenchrus ciliaris in Aswa Zebu.

The family of Poaceae dominated the natural pastures in the study area, likely due to their ability
to survive in a wide range of climatic and edaphic conditions. The current results agree with those
of Agnew (2006) and Zerbo et al. (2016), who observed that Poaceae is among the most dominant
families in savannah grasslands. The significant differences observed in family, genera, and
species richness between regularly grazed and minimally grazed plots are likely that grazing
intensities affect herbaceous species composition by either increasing or decreasing the dominance
of specific richness. The current results contradict those of Zerbo et al. (2016) who found no
significant differences in species richness between protected and communal areas. The high
richness index observed under regular grazing is likely because regular grazing limits the
dominance of a few species, hence encouraging less competitive pastures to thrive. These findings
agree with those of Haarmeyer et al. (2010), who reported an increase in species diversity under

high grazing intensity in the grasslands of South Africa.
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Considering Hill’s diversity indices, the findings of the present study showed that Aswa Main was
more diverse than Aswa Zebu. The fact that species richness was significantly associated with
grazing intensity in Aswa Zebu contradicts the findings of Adler et al. (2005), Eldridge et al.
(2016), Jordan et al. (2022), and Yeo (2005), who found no significant relationship between
species diversity and varying grazing pressure in their studies conducted in water-limited
ecosystems. Conversely, Desta et al. (2024), Gamoun (2014), and Jawuoro et al. (2017) have
documented significant differences between species richness and grazing intensity. The
insignificant association observed between species richness and grazing intensity in Aswa Main
suggests that this grassland community has more dominant species that are likely partly tolerant

to the currently observed intensity of grazing.

The significant grazing effect on Shannon-Weiner and Gini-Simpson indices aligns with the
findings of Rahmanian et al. (2020), who reported a negative effect of high grazing intensity on
species diversity in the rangelands of northeastern Iran. Additionally, researchers Akhzari et al.,
2015 and Zhao et al. (2007) also confirmed that high vegetation diversity was associated with
reduced grazing pressure. However, Rutherford & Powrie (2013), Saayman et al. (2016), and Todd
& Hoffman (2009) found no significant effect of grazing on species diversity in their studies,
contradicting the findings of the current study. The low evenness observed at regular grazing in
Aswa Zebu is perhaps due to increased grazing pressure, which promotes the dominance of a few
grazing-tolerant species, leading to the reduction in the abundance of others. A study conducted
by Shu et al. (2022) in the degraded grassland of the Qinghai—Tibet Plateau, which revealed that
an extremely high grazing intensity promotes evenness, contradicts these results. Nevertheless, the
current results on the evenness index for Aswa Main are consistent with the findings of Desta et
al. (2024), which indicated a significant relationship between evenness and grazing intensity in the
Ethiopian semi-arid rangelands . The absence of a significant difference between minimally and
regularly grazed plots in Aswa Main is probably due to the long history of grazing, which might
have led to the dominance of herbaceous species that are tolerant to grazing, causing a significant
reduction in the abundance of other species in the ecosystem. In line with the results obtained for
the evenness index in Aswa Zebu, Jordan, et al. (2022) found no association between species

evenness and grazing intensity in the USA dryland plant community.
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Herbaceous vegetation analysis by IVI revealed an overall dominance of the study area by
Increaser II species, which are more resistant to grazing (Kioko et al., 2012) and bush burning,
which is commonly practiced in the ranch. The observed higher value of Sporobolus pyramidalis
in regularly grazed areas reflected long-term grazing stress and declining grazing value. This could
be due to the defoliation and trampling effect which replaces palatable species with undesirable
pastures. A link between a high abundance of these species and degraded rangelands due to grazing
has been reported by Atuhaire et al. (2018) and Roschinsky et al. (2012). The presence of decreaser
species such as Cenchrus ciliaris among the dominant species in Aswa Zebu in minimally grazed
areas was probably due to the longer grazing exclusion reported for Aswa Zebu until 3 years ago,
which allowed the regeneration of these species in the grazing areas. Generally, leguminous
herbaceous plants were rare across the sampled areas, likely due to the burning practices practiced
in the grazing areas. These results concur with those of Atuhaire er al. (2018) and Egeru et al.
(2015), who attributed it to frequent disturbances by intense seasonal fires, which destroy seeds

and limit seedling emergence.

5.2 Determining the Diversity of Herbaceous Pastures under Different Burning Intensities

The effect of burning intensity on specific richness, genera richness, and species richness was
significantly higher in regularly burned plots than in minimally burned plots in Aswa Main. This
could be so because regular burning reduces the dominance of fast-growing and dominant invasive
species and woody plants, allowing a broader range of species to germinate and establish. The
current results contradict the findings of Akinsoji (2013), who recorded a lower diversity index in
burnt plots than in unburnt plots. Unlike the current study, grazing was not recorded as having
been practiced on the author’s plots, which might have played a significant role in influencing the

diversity in the current study.

As for Aswa zebu, lower genera richness, species richness, and family richness values in regularly
burned plots could be due to regular fires affecting fire-sensitive species, causing the dominance
of fire-resistant species. Sanyaolu (2015) reported similar results for frequently burned plots in
Nigeria. In their study, the authors observed that burning enhanced the dominance of certain
species at the expense of the fire-sensitive broadleaved herbaceous plants. Similarly, Collins &
Calabrese (2012) found higher species diversity in areas infrequently burned and grazed and the

lowest diversity in frequently burned and ungrazed sites.
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The differences obtained for the burning effect on diversity indices between the two locations for
regularly burned and minimally burned plots might be explained by the fact that both locations
have different grazing histories, with Aswa Main having had more years of disturbance than Aswa
Zebu. However, as with Aswa Zebu results, Sanyaolu (2015) reported similar results in Nigeria,

but contrasting findings were registered in Aswa Main.

The significantly higher result for the Gini Simpson index in minimally burned plots in Aswa Zebu
implies that under minimal burning, the dominance of species is suppressed since the germination

and establishment of more sensitive species is possible, allowing a more even vegetation makeup.

5.3 Assessment of the Herders’ Perceptions of the Composition and Utility Value of
Herbaceous Pastures in Aswa Ranch

In the assessment of herders’ perceptions of abundance and utility value of pastures, most local
herdsmen described the general state of the grazing areas as favourable for optimal grazing. This
implies that the herdsmen viewed the available natural pastures and water resources as able to meet
the dietary and water requirements of their animals. These findings, however, contradict those of
a study by Mathewos et al. (2023) conducted in the semi-arid rangelands of Ethiopia, where
pastoralists described the rangeland conditions as very poor. Analysing the factors responsible for
the perceived positive state of the grazing areas revealed favourable rainfall amounts, annual
burning practices, and high adaptability of pastures as the major reasons. These results support
recent research by Kang ef al. (2023), Ruvuga et al. (2020), and Atuhaire et al. (2018), who
revealed that rainfall affects the species composition of natural grasslands. Moreover, Holmgren
and colleagues (2006) demonstrated that rainfall variability influences the phenological parameters
of natural vegetation. However, some showed no effect of precipitation on species composition,
especially in situations where only a minimal variation in average rainfall occurs over time

(Arévalo et al., 2011).

The indication by herdsmen that bush burning promotes good rangeland conditions might be
explained by the ability of fire to stimulate the growth of new palatable pastures. These findings
are supported by the literature of Waiswa et al. (2019), who reported that “fire reduces bush

encroachment, stimulates the growth of nutritious pastures, controls pests such as ticks, and
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improves soil fertility.” Similarly, Fynn et al. (2004) found that burning stimulates the regrowth of
native mesic grassland forb species from their underground storage tissues. In terms of
adaptability, the claim that some desirable pasture species, such as Cynodon dactylon, Panicum
maximum, Brachiaria spp., and Hyparrhenia spp., are well adapted to the ecological conditions
and dominant within the ranch explains the connection between adaptability and good rangeland
conditions. These are reported to be available in the grazing lands throughout the year. Additional
explanations for the perceived favourable state of the grazing sites could be due to the sufficient
distance (5 km apart) between grazing areas for the different kraals coupled with the current cattle
grazing levels within the ranch, which did not exceed the carrying capacity of the pasture
resources. The spacing ensures that cattle have enough pasture resources within their grazing areas
without frequently crossing to adjacent kraals. According to Michler ef al. (2022), cattle generally
graze within a radius of 5 km around the kraals. However, study participants note that this is only
sustainable when animal numbers are kept low to avoid rapid depletion of resources within

individual grazing areas.

In terms of topography, the ranch was surrounded by the Aswa River, which is flanked by several
streams that supply clean drinking water to the livestock throughout the year. Relatedly, access to
rivers and streams was identified by Michler ef al. (2022) as a key preference factor for livestock
grazing. Lastly, respondents mentioned the absence of pests as an indicator of good pasture
conditions. Similar accounts were recorded by earlier work (Ono & Ishikawa, 2020), who found
that the presence of mosquitoes in the rangelands affected pasture utilisation by livestock. Local
herdsmen were guided majorly by the availability of palatable and nutritious pastures, access to
water, and the absence of tsetse flies when selecting grazing areas. These results are in line with
those of Ono & Ishikawa (2020), who noted that pastoral societies in Mongolia prioritise the

availability of edible grass and easy access to drinking water when choosing grazing sites.

In the present study, herdsmen emphasised that cattle instinctively avoid grazing areas with tsetse
flies, preferring insect-free areas. These observations are supported by the findings of Michler et
al. (2022), which indicate that animals tend to prefer grazing areas with a reduced presence of
biting insects. Concerning altitude, the study participants acknowledge being guided by the
animals’ behaviour. Notably, cattle avoided lowlands during the wet season due to waterlogging,

hence, they almost entirely depended on high-altitude pastures. However, during the dry season,
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when waterlogging has subsided and upland pastures have been depleted, dried, or lignified, cattle
rely on the lowlands for their dietary needs. This demonstrates a distinctive adaptation to seasonal
and altitudinal variations in forage availability. Further, the preference for grazing areas near the
kraals by herders in the study area was for convenience and safety purposes. Respondents argued
that keeping the animals closer to the kraals reduced the risk of theft, as animals could easily be

managed and monitored as they graze.

Relatedly, Gusha et al. (2023) observed a strong association between grazing animals and
anthropogenic features, such as homesteads and kraals. They argued that such areas are
characterised by active green growth, suggesting access to better forage. Similar to the observation
by Ono & Ishikawa (2020), herdsmen in the present study preferred cool grazing areas with ample

shade for their animals during the dry season.

Regarding the decisions to change pastures, the current study showed that pest outbreaks, pasture
growth rates, and seasonal changes were the primary reasons for moving to new pastures.
Ulziibaatar and Matsui (2021) reported that grass and water availability, resting the pasture, and

avoiding severe weather were the primary reasons for herdsmen to move to new pastures.

Based on the present findings, Hyparrhenia spp., Brachiaria decumbens, Imperata cylindrica,
Panicum maximum, Sporobolus pyramidalis, and Cynodon dactylon were identified as the most
abundant species in the study area. Comparable research conducted among herdsmen in northern
Uganda has similarly revealed the prevalence of Hyparrhenia spp., Cynodon spp., Panicum spp.,
and Sporobolus spp. (Anyait et al., 2023; Atuhaire et al., 2018; Egeru et al., 2015). Similar studies
documented these species as tolerant to drought and grazing (Kioko et al., 2012). Moreover,
Hyparrhenia spp. and Sporobolus spp. have been identified among the most dominant grass
species in East African rangelands due to their self-seeding ability and spreading capacity

(Machogu, 2013; Sabiiti et al., 2004).

Furthermore, Brachiaria spp., Panicum maximum, and Cynodon dactylon, reported by herdsmen
as abundant, were reported to have high nutritional value by several researchers (Anyait et al.,
2023; Heneidy & Hamly, 2009). In the current study, the report by herdsmen that Brachiaria spp.,
followed by Panicum maximum, Hyparrhenia spp., and Cynodon dactylon, were the most
desirable species concurs with research by Atuhaire et al. (2018) and Roschinsky ef al. (2012). In
their study, Atuhaire et al. (2018) highlighted that Brachiaria decumbens was associated with high
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digestibility and ability to meet cattle's minimum crude protein requirements. Contrary to the
findings of the current study, Anyait et al. (2023) and Keba et al. (2013) categorised Hyparrhenia

rufa and Cynodon dactylon, respectively as lower-quality pastures.

In line with the current study, Atuhaire et al. (2018) and Roschinsky et al. (2012) identified
Sporobolus pyramidalis and Cymbopogon afronadus as undesirable species in their research.
Participants in the present study argued that these grass species could cause injuries to the animals’
teeth and mouth and outcompete desirable pasture species. The present study's findings also reveal
a gradual increase in Imperata cylindrica, Sporobolus pyramidalis, and Hyparrhenia rufa and a
decrease in Panicum maximum and legume species such as Centrosema pubescens. These results
present several implications; Firstly, the increase of Sporobolus pyramidalis likely implies that the
grazing value of the grazing land in the study area was diminishing. This observation is supported
by the findings of Roschinsky et al. (2012) in western Ankole, who argued that these Sporobolus
species are associated with areas undergoing intensive stress due to grazing. Notably, intensive
grazing directly shifts the composition of plant communities selectively towards less palatable
pastures with low nutrition value (Metera ef al., 2010; Wan et al., 2015). Secondly, the increase in
Hyparrhenia rufa and Imperata cylindrica could be due to their resilience to drought (Roschinsky
et al., 2012) and annual fires (FAO, 2014). Additional studies (Butler et al., 2021; Pathak et al.,
2018) that support the present observations revealed that Imperata cylindrica resprouts rapidly and
thrives in frequently burned areas owing to its extensive rhizome structure (Howard, 2005;
MacDonald, 2004). Thirdly, the reduction of palatable and highly nutritious species such as
Panicum maximum and legume species probably points to increasing degradation of the grazing
areas. Similarly, Roba & Oba (2009) noted that rangelands experiencing degradation tend to lose

palatable grass species, which are subsequently replaced by unpalatable species.

Also, consistent with the current study, earlier research by Atuhaire ef al. (2018) and Egeru et al.
(2015) in Karamoja sub-region revealed low or absence of legume pasture species across the study
sites. These authors attributed this pattern to uncontrolled annual fires, which are characteristic of
the sub-region. The observed shift in vegetation composition within the Aswa ranch is likely to
negatively affect the nutritional intake of livestock. Therefore, without proactive measures to
curtail the probable declining grazing value, this could potentially hinder both the growth and

reproductive rates of grazing animals.
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Regarding herders’ perceptions of land use practices affecting the composition of herbaceous
species, participants identified grazing, indiscriminate bush burning, charcoal production, crop
farming, and proximity of dip tanks, water tanks, and kraals as the primary factors influencing the
composition of pastures in the study area. These findings are consistent with earlier research
(Azadiet al., 2009; Briggs et al., 2002; Collins & Calabrese, 2012; Johnson & Matchett, 2001;
Richard Geoffrey Lechmere-Oertel, 2003; Roques et al., 2001) that emphasised fire and grazing
as key factors influencing the composition of vegetation in natural grasslands. Likewise, among
the human-induced factors mentioned by respondents in a study by Ulziibaatar & Matsui (2021)
in Mongolia were mainly overgrazing (91%) and reduced herding mobility (92%).

The report by herdsmen that herbaceous species were majorly impacted by grazing is likely
because intense grazing pressure limits the capacity of palatable grasses and legumes to produce
and disperse seeds, thereby enabling the less palatable ungrazed plant species to thrive and set seed
(Bhasin, 2011). The participants reported that heavily grazed areas were associated with
undesirable pasture species such as Sporobolus spp. and a low abundance of desirable species. The
findings corroborate previous studies by Angassa (2012) and Angassa & Oba (2008). Likewise,
undergrazed areas were associated with thick bushes and tsetse flies. A participant mentioned that
“Animals always avoid grazing in thick bushes and tsetse fly infested areas, and even when driven
to such places, they only move through or change direction to favourable grazing grounds.” (FGD
1) According to Metera ef al. (2010), undergrazing is associated with less stimulation and gradual
loss of grazing-dependent endemic grasses and legumes. This is because undergrazing may
promote the expansion of bush encroachment, which likely suppresses the proliferation of

palatable understory herbaceous species, especially in the absence of fire.

Regarding bush burning, herdsmen evaluated its impact on its ability to clear bushes and promote
the sprouting of new fresh nutritious grass at the onset of the rainy season. This was probably
because the area was usually subjected to fire annually. However, it was difficult to attribute
vegetation change to fire alone. What is clear in the current results is that the dominant species in
the ranch were reported in studies as resistant and prevalent in fire-treated ecosystems. Drawing
from a recent study that compared burned and unburned sites, Munyai et al. (2023) confirmed
differences in grass species composition between the two sites investigated. In their study, the

authors confirmed higher moribund material and unpalatable species in fire-treated sites than in
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burned areas. Collins & Calabrese (2012) also reported higher species diversity in areas
infrequently burned and grazed and the lowest diversity in frequently burned and ungrazed sites,

further indicating the effect of burning on species composition and diversity.

When asked about the influence of charcoal production and crop cultivation on pastures, herdsmen
revealed that these practices reduce the area for cattle grazing, thereby limiting options for
livestock feeding. Specifically, herdsmen were inconclusive on how vegetation changes occur in
areas where charcoal production is rampant. Hence, further research using long-term field
experiments could investigate how charcoal production alters species composition. However,
given that charcoal production involves cutting trees and shrubs, one may suggest that reducing
upperstory vegetation may promote light penetration and proliferation of understory species that
are sensitive to excessive shade. Nevertheless, in situations where this practice leads to excessive
soil compaction, exposing the soil to erosion, the regeneration and composition of vegetation may

be significantly affected.

In line with the present findings, the impact of dip tanks, water tanks, and kraals on the composition
of pasture species has been widely discussed elsewhere (Egeru ef al., 2015; Jawuoro ef al., 2017;
Shahriary et al., 2012). The present observations point to the prevalence of Sporobolus species and
Cynodon dactylon around kraals, dip tanks, and water tanks. As per Jawuoro et al. (2017),
vegetation in the vicinity of piospheres is associated with reduced species diversity and low
nutritive value and tolerant to intense grazing. The authors asserted that excessive defoliation and
trampling around piospheres hampers seed germination and slow down plant regeneration after
grazing, hence lowering species diversity and composition. These observations are further
supported by Angassa et al. (2012), who reported that increasing water points in the rangelands

was associated with the loss of native species.

40



CHAPTER SIX: CONCLUSION AND RECOMMENDATION

6.1 Conclusions

High grazing intensity reduced species diversity of natural pastures and the rangelands in such
areas were associated with higher proportion of unpalatable Cynodon dactylon and Sporobolus
pyramidalis. Additionally, grazing tolerant species dominated the grazing areas as demonstrated
by the importance value index values. Legume species had the lowest importance value index

values.

Additionally, regularly burnt areas were associated with higher species diversity and richness in

all areas of the ranch studied.

Herdsmen perceived Brachiaria decumbens, Panicum maximum, Hyparrhennia spp., and
Cynodon dactylon as the most desirable species present in the grazing areas, while Sporobolus
pyramidalis and Cymbopogon afronurdus were regarded undesirable. Also, herdsmen reported a
gradual decline in palatable species and an increase in grazing tolerant and fire-resistant plant
species. Grazing and burning intensities were listed by herdsmen as the primary factors affecting

the composition and diversity of plant species in the study area.

6.2 Policy Recommendations

The management of the ranch should adopt an incremental restoration strategy involving phased
oversowing combined with rest periods and proper rotational grazing management to facilitate
natural pasture regeneration, increase species richness and evenness. Legume species should also

be incorporated into the restoration strategy to improve nutritive value of the pastures.

Additionally, to lessen the damaging effects of uncontrolled fires on pastures, local herdsmen
should implement regulated biannual bush burning which was seen to support higher species

diversity.

6.3 Recommendation for Further Research

Establishing a trend in the seasonal variation species composition of natural pastures under
different grazing intensities would be an important part of the longitudinal study spanning over at
least 2—4 seasons. Such a long-term investigation was not possible with the present study but would

be needed to assess the pasture dynamics (trend, species diversity, and abundance) as influenced
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by interaction effects of grazing, climatic, and anthropogenic factors. Additionally, this can be
instrumental in early identification of emerging invasive and weedy as well as low-utility value

species.

42



REFERENCES

Abdalla, M., Hastings, A., Chadwick, D. R., Jones, D. L., Evans, C. D., Jones, M. B., Rees, R. M.,
& Smith, P. (2018). Critical review of the impacts of grazing intensity on soil organic carbon
storage and other soil quality indicators in extensively managed grasslands. Agriculture,

Ecosystems and Environment, 253, 62—81. https://doi.org/10.1016/j.agee.2017.10.023

Adler, P. B., Milchunas, D. G., Sala, O. E., Burke, 1. C., & Lauenroth, W. K. (2005). Plant traits
and ecosystem grazing effects: Comparison of U.S. sagebrush steppe and patagonian steppe.

Ecological Applications, 15(2), 774—792. https://doi.org/10.1890/04-0231

Ager, A., Stark, L., & Potts, A. (2013). Participative ranking methodology: A brief guide: Version
3.1. New York: Program on Forced Migration & Health, Mailman School of Public Health,

Columbia University.

Akhzari, D., Pessarakli, M., & Ahandani, S. E. (2015). Effects of grazing intensity on soil and
vegetation properties in a mediterranean Rangeland. Communications in Soil Science and

Plant Analysis, 46(22), 2798-2806. https://doi.org/10.1080/00103624.2015.1089272

Alcamo, J., Schaldach, R., Koch, J., Kélking, C., Lapola, D., & Priess, J. (2011). Evaluation of an
integrated land use change model including a scenario analysis of land use change for
continental Africa. Environmental Modelling and Software, 26(8), 1017-1027.
https://doi.org/10.1016/j.envsoft.2011.03.002

Alemu, A. W., Krobel, R., McConkey, B. G., & Iwaasa, A. D. (2019). Effect of increasing species
diversity and grazing management on pasture productivity, animal performance, and soil

carbon sequestration of re-established pasture in Canadian Prairie. Animals, 9(4), 127.

https://doi.org/10.3390/ani9040127

Aleper, D. K., Nyeko, M., & Mary, N. (2017). Status and trends of rangelands in Central Karamoja,
recommendations for enhancement of livestock production, Moroto. National Agricultural

Research Organization (NARO) and Welt Hunger Hilfe Uganda, February.

Aleper Daniel, K., & Namaganda, B. (2017). Status and trends of rangelands in Central Karamoja,

recommendations for enhancement of livestock production.

43


https://doi.org/10.1016/j.agee.2017.10.023
https://doi.org/10.1890/04-0231
https://doi.org/10.1080/00103624.2015.1089272
https://doi.org/10.1016/j.envsoft.2011.03.002
https://doi.org/10.3390/ani9040127

Angassa, A. (2012). Effects of grazing intensity and bush encroachment on herbaceous species
and rangeland condition in Southern Ethiopia. Land Degradation and Development, 25(5),
438-451. https://doi.org/10.1002/1dr.2160

Angassa, A., & Oba, G. (2008). Herder perceptions on impacts of range enclosures, crop farming,
fire ban and bush encroachment on the rangelands of Borana, Southern Ethiopia. Human

Ecology, 36(2), 201-215. https://doi.org/10.1007/s10745-007-9156-z

Angassa, A., Oba, G., & Stenseth, N. C. (2012). Community-based Knowledge of Indigenous
Vegetation in Arid African Landscapes. 8(1), 70-85.
https://www.jstor.org/stable/26188715?seq=1&cid=pdf-

Angassa, A., Tolera, A., & Belayneh, A. (2006). The effects of physical environment on the

condition of rangelands in Borana. Tropical Grasslands, 40, 33-39.

Anyait, R., Nambi-Kasozi, J., Tumwebaze, S. B., & Katongole, C. B. (2023). Characterization of
Chemical Composition and Availability of Pastures in Pastoral and Agro-Pastoral Production

Systems of Uganda: Tackling Barriers to Enteric Methane Inventorying Using the Tier 2
Approach. FARA Research Report, 7(56), 685—743. https://doi.org/10.59101/frr072356

Arévalo, J. R., de Nascimento, L., Fernandez-Lugo, S., Mata, J., & Bermejo, L. (2011). Grazing
effects on species composition in different vegetation types (La Palma, Canary Islands). Acta

Oecologica, 37(3), 230-238. https://doi.org/10.1016/j.actao.2011.02.006

Asner, G. P., Elmore, A. J., Olander, L. P., Martin, R. E., & Harris, T. (2004). Grazing systems,
ecosystem responses, and global change. In Annual Review of Environment and Resources

(Vol. 29, pp. 261-299). https://doi.org/10.1146/annurev.energy.29.062403.102142

Atuhaire, A. M., Boma, P., & Mugerwa, S. (2018). Pasture management strategies for sustainable
livestock production in Karamoja pastoral system, Uganda. Livestock Research for Rural

Development, 30(10).

Azadi, H., van den Berg, J., Shahvali, M., & Hosseininia, G. (2009). Sustainable rangeland
management using fuzzy logic: A case study in Southwest Iran. Agriculture, Ecosystems and

Environment, 131(3—4), 193-200. https://doi.org/10.1016/j.agee.2009.01.017

44


https://doi.org/10.1002/ldr.2160
https://doi.org/10.1007/s10745-007-9156-z
https://www.jstor.org/stable/26188715?seq=1&cid=pdf-
https://doi.org/10.59101/frr072356
https://doi.org/10.1016/j.actao.2011.02.006
https://doi.org/10.1146/annurev.energy.29.062403.102142
https://doi.org/10.1016/j.agee.2009.01.017

Bailey, D. W., Mosley, J. C., Estell, R. E., Cibils, A. F., Horney, M., Hendrickson, J. R., Walker,
J. W., Launchbaugh, K. L., & Burritt, E. A. (2019). Synthesis Paper: Targeted Livestock
Grazing: Prescription for Healthy Rangelands. Rangeland Ecology and Management, 72(6),
865—877. https://doi.org/10.1016/j.rama.2019.06.003

Balch, J. K., Massad, T. J., Brando, P. M., Nepstad, D. C., & Curran, L. M. (2013). Effects of high-
frequency understorey fires on woody plant regeneration in southeastern Amazonian forests.
Philosophical Transactions of the Royal Society B: Biological Sciences, 368(1619).
https://doi.org/10.1098/rstb.2012.0157

Bell, M. J., Huggett, Z. J., Slinger, K. R., & Roos, F. (2021). Effect of pasture cover and height on
nutrient concentrations in diverse swards in the UK. Grassland Science, 67(3), 267-272.

https://doi.org/10.1111/ers.12306

Bhasin, V. (2011). Pastoralists of Himalayas. Journal of Human Ecology, 33(3), 147-177.
https://doi.org/10.1080/09709274.2011.11906357

Boakye, M. K., Little, I. T., Panagos, M. D., & Jansen, R. (2013). Effects of Burning And Grazing
on Plant Species Percentage Cover and Habitat Condition in the Highland Grassland of
Mpumalanga Province, South Africa. J. Anim. Plant Sci, 23(2), 603—610.

Bognounou, F., Thiombiano, A., Savadogo, P., Boussim, J. I., Odén, P. C., & Guinko, S. (2009).
Woody vegetation structure and composition at four sites along a latitudinal gradient in

Western Burkina Faso. Bois et Foréts Des Tropiques, 300(2), 29-44.

Braun-Blanquet, J. (1932). Plant sociology. The study of plant communities. Plant sociology. The

study of plant communities. First ed.

Briggs, J. M., Knapp, A. K., & Brock, B. L. (2002). Expansion of Woody Plants in Tallgrass
Prairie: A Fifteen-Year Study of Fire and Fire-Grazing Interactions. Source: The American

Midland Naturalist, 147(2), 287-294. http://www.jstor.com/stable/3083203

Briske, D. D., Coppock, D. L., Illius, A. W., & Fuhlendorf, S. D. (2020). Strategies for global

rangeland stewardship: Assessment through the lens of the equilibrium—non-equilibrium

45


https://doi.org/10.1016/j.rama.2019.06.003
https://doi.org/10.1098/rstb.2012.0157
https://doi.org/10.1111/grs.12306
https://doi.org/10.1080/09709274.2011.11906357
http://www.jstor.com/stable/3083203

debate. Journal of Applied Ecology, 57(6), 1056—-1067. https://doi.org/10.1111/1365-
2664.13610

Butler, O. M., Lewis, T., & Chen, C. (2021). Do soil chemical changes contribute to the dominance

of blady grass (Imperata cylindrica) in surface fire-affected forests? Fire, 4(23).
https://doi.org/10.3390/fire4020023

Cauldwell, A. E., Zieger, U., Bredenkamp, G., & du Bothma, J. P. (1999). The r-esponses of grass
species to grazing intensity in the miombo woodlands of the Chibombo District of the Central

Province, Zambia. South African Journal of Botany, 65(5-6), 310-314.

Chaudhry, M. S., Sarwar, G., & Majeed, A. (2006). Natural plant communities in view of response
variables and ecological indices from Lalsuhanra biosphere reserve, Pakistan. Pak J Biol Sci,

9(9), 1628-1638.

Collins, S. L., & Calabrese, L. B. (2012). Effects of fire, grazing and topographic variation on
vegetation structure in tallgrass prairie. Journal of Vegetation Science, 23(3), 563-575.

https://doi.org/10.1111/5.1654-1103.2011.01369.x

Conant, R. T. (2012). Grassland soil organic carbon stocks: Status, opportunities, vulnerability.

In Recarbonization of the Biosphere (pp. 275-302). Springer, Dordrecht.

Cook, B., Pengelly, B., Schultze-Kraft, R., Taylor, M., Burkart, S., Cardoso Arango, J., Gonzdlez
Guzman, J., Cox, K., Jones, C., & Peters, M. (2020). Tropical Forages: An interactive
selection tool. 2nd and Revised Edn. International Center for Tropical Agriculture (CIAT),
Cali, Colombia and International Livestock Research Institute (ILRI), Nairobi, Kenya.

tropicalforages.info.

Dangoli, D. R., & Shivakoti, G. P. (2001). Species composition and dominance of plant

communities in western Chitwan, Nepal. Nepal Journal of Science and Technology, 3(1).

Desta, A. G., Yimenu, S. A., Teshale, W. T., Tessema, B. A., & Tessma, M. A. (2024). Impacts
of Grazing on the Selected Features of Herbaceous Species and Harvested Dry Matter Yield
of Natural Pasture. [Infernational Journal of Forestry Research, 2024(1).
https://doi.org/10.1155/2024/6689292

46


https://doi.org/10.1111/1365-2664.13610
https://doi.org/10.1111/1365-2664.13610
https://doi.org/10.3390/fire4020023
https://doi.org/10.1111/j.1654-1103.2011.01369.x
https://doi.org/10.1155/2024/6689292

Egeru, A., Bernard, B., Nampala, M. P., Henry, M.-M., & Paul, N. (2015). Piosphere Syndrome
and Rangeland Degradation in Karamoja Sub-region, Uganda Piosphere Syndrome and
Rangeland Degradation in Karamoja Sub-region, Uganda The Scope of Biosafety and
Biosecurity in Uganda: Policy Recommendations for the Control of Associated Risks View
project Science Councils View project Piosphere Syndrome and Rangeland Degradation in

Karamoja  Sub-region, Uganda. Resources and Environment, 5(3), 73-89.

https://doi.org/10.5923/1.re.20150503.01

Egeru, A., Wasonga, O., Gabiri, G., MacOpiyo, L., Mburu, J., & Mwanjalolo Majaliwa, J. G.
(2019). Land Cover and Soil Properties Influence on Forage Quantity in a Semiarid Region
in East  Africa.  Applied and  Environmental  Soil  Science, 2019.
https://doi.org/10.1155/2019/6874268

Egeru, A., Wasonga, O., MacOpiyo, L., Mburu, J., & Majaliwa, M. G. J. (2015). Abundance and
diversity of native forage species in pastoral Karamoja sub-region, Uganda. African Study

Monographs, 36(4), 261-296.

Eldridge, D. J., Poore, A. G. B., Ruiz-Colmenero, M., Letnic, M., & Soliveres, S. (2016).
Ecosystem structure, function, and composition in rangelands are negatively affected by
livestock grazing. Ecological Applications, 26(4), 1273—1283. https://doi.org/10.1890/15-
1234

FAO. (2019). The future of livestock in Uganda. Opportunities and challenges in the face of

uncertainty. Rome.

Gamoun, M. (2014). Grazing intensity effects on the vegetation in desert rangelands of Southern

Tunisia. Journal of Arid Land, 6(3), 324-333. https://doi.org/10.1007/s40333-013-0202-y

Godde, C. M., Boone, R. B., Ash, A. J., Waha, K., Sloat, L. L., Thornton, P. K., & Herrero, M.
(2020). Global rangeland production systems and livelihoods at threat under climate change
and variability. Environmental Research Letters, 15(4). https://doi.org/10.1088/1748-
9326/ab7395

47


https://doi.org/10.5923/j.re.20150503.01
https://doi.org/10.1155/2019/6874268
https://doi.org/10.1890/15-1234
https://doi.org/10.1890/15-1234
https://doi.org/10.1007/s40333-013-0202-y
https://doi.org/10.1088/1748-9326/ab7395
https://doi.org/10.1088/1748-9326/ab7395

Godde, C. M., Garnett, T., Thornton, P. K., Ash, A. J., & Herrero, M. (2018). Grazing systems
expansion and intensification: Drivers, dynamics, and trade-offs. Global Food Security, 16,

93-105. https://doi.org/10.1016/j.£5.2017.11.003

Golodets, C., Kigel, J., & Sternberg, M. (2010). Recovery of plant species composition and
ecosystem function after cessation of grazing in a Mediterranean grassland. Plant and Soil,

329(1), 365-378. https://doi.org/10.1007/s11104-009-0164-1

Government of Uganda. (2014). Draft rangeland management and pastoralism policy. Kampala:

Animal Industry and Fisheries Ministry of Agriculture.

Gurevitch, J., Mengersen, K., Gurevitchl, J., & Mengersen2, K. (2010). A statistical view of
synthesizing patterns of species richness along productivity gradients: devils, forests, and

trees. Ecology, 91(9), 2553-2560. https://www.]jstor.org/stable/27860831

Gusha, B., Palmer, A. R., & Zondani, T. C. (2023). Assessing Livestock Grazing Distribution in
Communal Rangelands of the Eastern Cape, South Africa: Towards Monitoring Livestock

Movements in Rangelands. Land, 12(760). https://doi.org/10.3390/1and12040760

Haarmeyer, D. H., Schmiedel, U., Dengler, J., & Bosing, B. M. (2010). How does grazing intensity
affect different vegetation types in arid Succulent Karoo, South Africa? Implications for
conservation management. Biological Conservation, 143(3), 588-596.

https://doi.org/10.1016/j.biocon.2009.11.008

Hao, X., Yang, J., Dong, S., Shen, H., He, F., Zhi, Y., Kwaku, E. A., Tu, D., Dou, S., Zhou, X., &
Yang, Z. (2022). Impacts of Short-Term Grazing Intensity on the Plant Diversity and

Ecosystem Function of Alpine Steppe on the Qinghai—Tibetan Plateau. Plants, 11(14).
https://doi.org/10.3390/plants11141889

Hawkins, H. J. (2017). A global assessment of Holistic Planned GrazingTM compared with
season-long, continuous grazing: meta-analysis findings. African Journal of Range and

Forage Science, 34(2), 65-75. https://doi.org/10.2989/10220119.2017.1358213

48


https://doi.org/10.1016/j.gfs.2017.11.003
https://doi.org/10.1007/s11104-009-0164-1
https://www.jstor.org/stable/27860831
https://doi.org/10.3390/land12040760
https://doi.org/10.1016/j.biocon.2009.11.008
https://doi.org/10.3390/plants11141889
https://doi.org/10.2989/10220119.2017.1358213

Heitschmidt, R. K., Grings, E. E., Haferkamp, M. R., & Karl, M. G. (1995). Herbage dynamics on
2 Northern Great Plains range sites. Rangeland Ecology & Management/Journal of Range
Management Archives, 48(3), 211-217.

Heneidy, S. Z., & Halmy, M. W. (2009). The nutritive value and role of Panicum turgidum Forssk.
in the arid ecosystems of the Egyptian desert. Acta Bot. Croat, 68(1), 127—-146.

Hennink, M. M. (2007). International focus group research: A handbook for the health and social
sciences. Cambridge University Press. https://doi.org/10.1017/CB0O9780511619458

Howard, J. L. (2005). Imperata brasiliensis, 1. cylindrica. In: Fire Effects Information System,
[Online]. U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station,
Fire  Sciences  Laboratory  (Producer).  Available: https://www.fs.usda.gov
/database/feis/plants/graminoid/impspp/all. html [2024, May 24].

Ismail, I. M., & Elawad, A. A. (2015). Phytosociological Analysis and Species Diversity of
Herbaceous Layer in Rashad and Alabassia Localities, South Kordofan State, Sudan. Jordan

Journal of Biological Sciences, 8(2), 151-157.

Jacobo, E. J., Rodriguez, A. M., Bartoloni, N., & Deregibus, V. A. (2006). Rotational grazing
effects on rangeland vegetation at a farm scale. Rangeland Ecology and Management, 59(3),

249-257. https://doi.org/10.2111/05-129R 1.1

Jawuoro, S. O., Koech, O. K., Karuku, G. N., & Mbau, J. S. (2017). Plant species composition and
diversity depending on piospheres and seasonality in the southern rangelands of Kenya.

Ecological Processes, 6(16). https://doi.org/10.1186/s13717-017-0083-7

Johnson, L. C., & Matchett, J. R. (2001). Fire and grazing regulate belowground processes in
tallgrass  prairie.  Ecology,  82(12), 3377-3389.  https://doi.org/10.1890/0012-
9658(2001)082[3377:FAGRBP]2.0.CO;2

Jordaan, F., & Rooyen, J. Van. (2020). The Effect of Land-Use on Herbaceous Production and
Grazing Capacity in the Molopo District of the North West Province, South Africa.
International  Journal of Sustainable  Agricultural — Research, 7(4), 275-286.
https://doi.org/10.18488/journal.70.2020.74.275.286

49


https://doi.org/10.1017/CBO9780511619458
https://doi.org/10.2111/05-129R1.1
https://doi.org/10.1186/s13717-017-0083-7
https://doi.org/10.1890/0012-9658(2001)082%5b3377:FAGRBP%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(2001)082%5b3377:FAGRBP%5d2.0.CO;2
https://doi.org/10.18488/journal.70.2020.74.275.286

Jordaan, F., Van Rooyen, J., & Strydom, W. S. (2019). The Effect of Land-Use on the Species
Composition and Rangeland Condition in the Molopo District of the North West Province,
South Africa. Modern Agricultural Science and Technology, 5(5-6), 29-42.
https://doi.org/10.15341/mast(2375-9402)/03.05.2019/004

Jordan, S. E., Palmquist, K. A., Burke, L. C., & Lauenroth, W. K. (2022). Small effects of livestock
grazing intensification on diversity, abundance, and composition in a dryland plant

community. Ecological Applications, 32(8). https://doi.org/10.1002/eap.2693

Kang, X., Qi, W., Knops, J. M. H., Luo, S., Jia, P., Du, G., Zhang, A., Li, W., & Chen, H. (2023).
Climate factors impact different facets of grassland biodiversity both directly and indirectly
through soil conditions. Landscape Ecology, 38(2), 327-340. https://doi.org/10.1007/s10980-
022-01525-6

Kazungu, M., Zhunusova, E., Yang, A. L., Kabwe, G., Gumbo, D. J., & Giinter, S. (2020). Forest
use strategies and their determinants among rural households in the Miombo woodlands of
the Copperbelt Province, Zambia. Forest Policy and Economics, 111.
https://doi.org/10.1016/j.forpol.2019.102078

Keba, H. T., Madakadze, 1. C., Angassa, A., & Hassen, A. (2013). Nutritive value of grasses in
semi-arid rangelands of Ethiopia: Local experience based herbage preference evaluation
versus laboratory analysis. Asian-Australasian Journal of Animal Sciences, 26(3), 366-377.

https://doi.org/10.5713/ajas.2012.12551

Kent, M. (2011). Vegetation description and data analysis: a practical approach. 2nd Edition. John
Wiley & Sons. Warth, B., Marohn, C. and Asch, F., 2020. Modelling land use change effects

on ecosystem functions in African Savannas-A review. Global Food Security, 26, p.10.

Khuliso, R. E., Bethwell, M., Ntuwiseni, M. E., & Duduzile, S. (2020). Effect of soil type on
herbaceous species composition and distribution in community property association projects

of Bela-Bela municipality, South Africa. Trop. Agric. (Trinidad), 97(2), 104-117.

Kioko, J., Kiringe, J. W., & Seno, S. O. (2012). Impacts of livestock grazing on a savanna grassland
in Kenya. Journal of Arid Land, 4(1), 29-35. https://doi.org/10.3724/SP.J.1227.2012.00029

50


https://doi.org/10.15341/mast(2375-9402)/03.05.2019/004
https://doi.org/10.1002/eap.2693
https://doi.org/10.1007/s10980-022-01525-6
https://doi.org/10.1007/s10980-022-01525-6
https://doi.org/10.1016/j.forpol.2019.102078
https://doi.org/10.5713/ajas.2012.12551
https://doi.org/10.3724/SP.J.1227.2012.00029

Klein, J. A., Harte, J., & Zhao, X. (2007). Experimental Warming , Not Grazing , Decreases
Rangeland quality on the Tibetan Plateau. Ecological Applications, 17(2), 541-557.

Krebs, C. J. (1989). Ecological Methodology Harper Collins. New York.

Kyoshabire, C., Kizza, S., & Rollanda, K. (2018). Species Richness and Nutritive Values of Fodder
and Their Relationship with Soil Characteristics in Ugandan Rangelands. American Journal

of Agriculture and Forestry, 6(3), 38—43. https://doi.org/10.11648/j.ajaf.20180603.11

MacDonald, G. E. (2004). Cogongrass (Imperata cylindrical) - Biology, ecology, and
management. Critical ~ Reviews in  Plant  Sciences, 23(5), 367-380.
https://doi.org/10.1080/07352680490505114

Machogu, C. (2013). A Comparative Study of the Productivity of Brachiaria Hybrid CV. Mulato
11 and Native Pasture Species in Semi-arid Rangelands of Kenya.

Magurran, A. E. (1988). Ecological diversity and its measurement. Princeton University Press.

Mapiye, C., Mwale, M., Chikumba, N., & Chimonyo, M. (2008). Fire as a rangeland management
tool in the savannas of southern Africa: a review. Tropical and Subtropical Agroecosystems,

8, 115-124.

Mathewos, M., Sisay, A., & Berhanu, Y. (2023). Grazing intensity effects on rangeland condition
and tree diversity in  Afar, northeastern  Ethiopia. = Heliyon,  9(11).
https://doi.org/10.1016/1.heliyon.2023.e22133

Metera, E., Sakowski, T., Stoniewski, K., & Romanowicz, B. (2010). Grazing as a tool to maintain
biodiversity of grassland-a review. Animal Science Papers and Reports, 28(4), 315-334.
https://cabidigitallibrary.org

Michler, L. M., Kaczensky, P., Ploechl, J. F., Batsukh, D., Baumgartner, S. A., Battogtokh, B., &
Treydte, A. C. (2022). Moving Toward the Greener Side: Environmental Aspects Guiding
Pastoral Mobility and Impacting Vegetation in the Dzungarian Gobi, Mongolia. Rangeland
Ecology and Management, 83, 149—160. https://doi.org/10.1016/j.rama.2022.03.006

51


https://doi.org/10.11648/j.ajaf.20180603.11
https://doi.org/10.1080/07352680490505114
https://doi.org/10.1016/j.heliyon.2023.e22133
https://cabidigitallibrary.org/
https://doi.org/10.1016/j.rama.2022.03.006

Mishra, N. K., Singh, R., & Ojha, S. (2012). Phytosociological perspectives of representative
herbaceous genera of common occurrence belonging to family asteraceae in grassland
ecosystem of Anpara Region in district Sonebhadra (UP). Indian Journal of Life Sciences,
2(1), 119-123.

Morris, C., & Kotze, D. (2006). Introduction to Veld care. Agricultural research council,
University of Kwazulu Natal.

Morrison, D. A. (2002). Effects of fire intensity on plant species composition of sandstone

communities in the Sydney region. Austral Ecology, 27,433-441.

Munyai, N., Ramoelo, A., Adelabu, S., & Bezuidenhout, H. (2023). The influence of fire presence
and absence on grass species composition and species richness at Mountain Zebra National

Park. Koedoe, 65(1). https://doi.org/10.4102/koedoe.v65i1.1738

Odadi, W. O., Fargione, J., & Rubenstein, D. 1. (2017). Vegetation, Wildlife, and Livestock
Responses to Planned Grazing Management in an African Pastoral Landscape. Land

Degradation and Development, 28(7), 2030-2038. https://doi.org/10.1002/1dr.2725

Olsson, B. A., Guedes, B. S., Dahlin, A. S., & Hyvonen, R. (2019). Predicted long-term effects of
decomposition of leaf litter from Pinus taeda, Eucalyptus cloeziana and deciduous miombo

trees on soil carbon stocks. Global Ecology and  Conservation, 17.

https://doi.org/10.1016/j.gecc0.2019.e00587

Ono, C., & Ishikawa, M. (2020). Pastoralists’ herding strategies and camp selection in the local
commons—a case study of pastoral societies in mongolia. Land, 9(12), 1-19.

https://doi.org/10.3390/1and9120496

Parker, K. W. (1954). Application of ecology in the determination of range Condition and trend.
Journal of Range Management, 7(1), 14-23.
https://doi.org/http://dx.doi.org/10.2307/3894620

Pathak, K., Malhi, Y., Sileshi, G. W., Das, A. K., & Nath, A. J. (2018). Net ecosystem productivity

and carbon dynamics of the traditionally managed Imperata grasslands of North East India.

52


https://doi.org/10.4102/koedoe.v65i1.1738
https://doi.org/10.1002/ldr.2725
https://doi.org/10.1016/j.gecco.2019.e00587
https://doi.org/10.3390/land9120496
https://doi.org/http:/dx.doi.org/10.2307/3894620

Science of the Total Environment, 635, 1124-1131.
https://doi.org/10.1016/j.scitotenv.2018.04.230

Pfeiffer, M., Langan, L., Linstadter, A., Martens, C., Gaillard, C., Ruppert, J. C., Higgins, S. L.,
Mudongo, E. L., & Scheiter, S. (2019). Grazing and aridity reduce perennial grass abundance

in semi-arid rangelands — Insights from a trait-based dynamic vegetation model. Ecological

Modelling, 395, 11-22. https://doi.org/10.1016/j.ecolmodel.2018.12.013

Philipsson, J., Zonabend, E., Bett, R. C., & Okeyo, A. M. (2011). Global perspectives on animal
genetic resources for sustainable agriculture and food production in the tropics. AGTR

Version 2  Training  Module.  http://agtr.ilri.cgiar.org/Documents/Modules/Global

perspectives.pdf

Post, E., & Pedersen, C. (2008). Opposing plant community responses to warming with and
without herbivores. Proceedings of the National Academy of Sciences, 105(34), 12353—
12358.

Pyke, D. A., Brooks, M. L., & D’Antonio, C. (2010). Fire as a restoration tool: A decision
framework for predicting the control or enhancement of plants using fire. Restoration

Ecology, 18(3), 274-284. https://doi.org/10.1111/.1526-100X.2010.00658.x

Quintanilha, M., Mayan, M. J., Thompson, J., & Bell, R. C. (2015). Different Approaches to Cross-
Lingual Focus Groups: Lessons From a Cross-Cultural Community-Based Participatory
Research Project in the ENRICH Study. International Journal of Qualitative Methods, 14(5),
1-10. https://doi.org/10.1177/1609406915621419

Rahmanian, S., Hejda, M., Ejtehadi, H., Farzam, M., PySek, P., & Memariani, F. (2020). Effects
of livestock grazing on plant species diversity vary along a climatic gradient in northeastern

Iran. Applied Vegetation Science, 23(4), 551-561. https://doi.org/10.1111/avsc.12512

Rajvanshi, R., Kumar, V., Bachpai, W., Rajagopal, K., & Raj, S. F. H. (1987). Herbaceous
undergrowth in some forest habitats in Nilgiris. Indian Forester, 113(9), 599—-608.

53


https://doi.org/10.1016/j.scitotenv.2018.04.230
https://doi.org/10.1016/j.ecolmodel.2018.12.013
http://agtr.ilri.cgiar.org/Documents/Modules/Global%20perspectives.pdf
http://agtr.ilri.cgiar.org/Documents/Modules/Global%20perspectives.pdf
https://doi.org/10.1111/j.1526-100X.2010.00658.x
https://doi.org/10.1177/1609406915621419
https://doi.org/10.1111/avsc.12512

Reda, G. K., Kebede, T. G., Kahsay, S. T., & Gebrehiwot, B. H. (2020). Carbon sequestration and
vegetation properties across the age of community managed exclosures in Northern Ethiopia.

Journal for Nature Conservation, 56. https://doi.org/10.1016/1.jnc.2020.125856

Richard Geoffrey Lechmere-Oertel, B. (2003). The effects of goat browsing on ecosystem patterns
and processes in succulent thicket, South Africa The effects of goat browsing on ecosystem

patterns and processes in succulent thicket.

Roba, H. G. (2008). Global goals, local actions: a framework for integrating indigenous
knowledge and ecological methods for rangeland assessment and monitoring in northern
Kenya. Norwegian University of Life Sciences, Department of International Environment and

Development Studies, Noragric.

Roba, H. G., & Oba, G. (2009). Community participatory landscape classification and biodiversity
assessment and monitoring of grazing lands in northern Kenya. Journal of Environmental

Management, 90(2), 673—682. https://doi.org/10.1016/j.jenvman.2007.12.017

Roques, K. G., O’Connor, T. G., & Watkinson, A. R. (2001). Dynamics of shrub encroachment in
an African savanna: Relative influences of fire, herbivory, rainfall and density dependence.
Journal of Applied Ecology, 38(2), 268-280. https://doi.org/10.1046/].1365-
2664.2001.00567.x

Roschinsky, R., Mulindwa, H., Galukande, E., Wurzinger, M., Mpairwe, D., Okeyo, A. M., &
Solkner, J. (2012). Pasture use and management strategies in the Ankole pastoral system in
Uganda. Grass and Forage Science, 67(2), 199-209. https://doi.org/10.1111/].1365-
2494.2011.00834.x

Rutherford, M. C., & Powrie, L. W. (2013). Impacts of heavy grazing on plant species richness: A
comparison across rangeland biomes of South Africa. South African Journal of Botany, 87,

146-156. https://doi.org/10.1016/1.sajb.2013.03.020

Ruvuga, P. R. (2021). Rangeland and livestock management practices for improved herder

livelihoods in miombo woodland. http://pub.epsilon.slu.se/

54


https://doi.org/10.1016/j.jnc.2020.125856
https://doi.org/10.1016/j.jenvman.2007.12.017
https://doi.org/10.1046/j.1365-2664.2001.00567.x
https://doi.org/10.1046/j.1365-2664.2001.00567.x
https://doi.org/10.1111/j.1365-2494.2011.00834.x
https://doi.org/10.1111/j.1365-2494.2011.00834.x
https://doi.org/10.1016/j.sajb.2013.03.020

Ruvuga, P. R., Wredle, E., Mwakaje, A., Selemani, I. S., Sangeda, A. Z., Nyberg, G., & Kronqvist,
C. (2020). Indigenous Rangeland and Livestock Management Among Pastoralists and Agro-
pastoralists in Miombo Woodlands, Eastern Tanzania. Rangeland Ecology and Management,

73(2), 313-320. https://doi.org/10.1016/j.rama.2019.11.005

Ryan, C. M., Pritchard, R., McNicol, I., Owen, M., Fisher, J. A., & Lehmann, C. (2016). Ecosystem
services from southern African woodlands and their future under global change.
Philosophical Transactions of the Royal Society B: Biological Sciences, 371(1703).
https://doi.org/10.1098/rstb.2015.0312

Saayman, N., Morris, C., & Botha, H. (2016). Livestock grazing has minimal effect on the species
richness and diversity of semi-arid shrubland in the Western Little Karoo, South Africa.
African  Journal  of  Range  and  Forage  Science,  33(4), 225-233.
https://doi.org/10.2989/10220119.2016.1243581

Sabiiti, E. N., Tegegne Teka., & Dryland Husbandry Project. (2004). Dryland husbandry in
Uganda : community participation and development. Organization for Social Science

Research in Eastern and Southern Africa (OSSREA).

Sabiiti, E. N., Wamara, J. B., Ogen-Odoi, A. A., & Wein, R. W. (1992). The Role of Fire in Pasture
and Rangeland Management. Source: Nomadic Peoples, 31, 107-110.

Sanaei, A., Sayer, E. J., Saiz, H., Yuan, Z., & Ali, A. (2021). Species co-occurrence shapes spatial
variability in plant diversity—biomass relationships in natural rangelands under different
grazing intensities. Land Degradation and Development, 32(15), 4390-4401.
https://doi.org/10.1002/1dr.4044

Savadogo, P., Tigabu, M., Sawadogo, L., & Odén, P. C. (2009). Examination of multiple
disturbances effects on herbaceous vegetation communities in the Sudanian savanna-
woodland of West Africa. Flora: Morphology, Distribution, Functional Ecology of Plants,
204(6), 409-422. https://doi.org/10.1016/].flora.2008.04.004

Selemani, I. S., Eik, L. O., Holand, @., Adney, T., Mtengeti, E., & Mushi, D. (2013). The effects

of a deferred grazing system on rangeland vegetation in a north-western, semi-arid region of

55


https://doi.org/10.1016/j.rama.2019.11.005
https://doi.org/10.1098/rstb.2015.0312
https://doi.org/10.2989/10220119.2016.1243581
https://doi.org/10.1002/ldr.4044
https://doi.org/10.1016/j.flora.2008.04.004

Tanzania. African Journal of Range and Forage Science, 30(3), 141-148.
https://doi.org/10.2989/10220119.2013.827739

Shahriary, E., Palmer, M. W., Tongway, D. J., Azarnivand, H., Jafari, M., & Mohseni Saravi, M.
(2012). Plant species composition and soil characteristics around Iranian piospheres. Journal

of Arid Environments, 82, 106—114. https://doi.org/10.1016/].jaridenv.2012.02.004

Shang, Z. H., Ma, Y. S., Long, R. J., & Ding, L. M. (2008). Effect of fencing, artificial seeding
and abandonment on vegetation composition and dynamics of ‘Black Soil Land’ in the
headwaters of the Yangtze and the Yellow Rivers of the Qinghai-Tibetan Plateau. Land
Degradation & Development, 19(5), 554—563. https://doi.org/10.1002/1dr

Sharma, S. K., George, M., & Prasad, K. G. (1983). Forest vegetation survey and classification

with special reference to south India. I. Vegetation survey and quadrat analysis. 109(6).

Shu, K., Gao, X., Qian, D., Zhao, L., Li, Q., & Dai, L. (2022). Relationship between Biomass and
Biodiversity of Degraded Grassland in the Sanjiangyuan Region of Qinghai—Tibet Plateau.
Diversity, 14(11). https://doi.org/10.3390/d14111002

Stewart, D., Shamdasani, P., & Rook, D. (2007). Focus Groups. SAGE Publications, Ltd.
https://doi.org/10.4135/9781412991841

’t Mannetje, L., & Jones, R. M. (Eds.). (2000). Field and laboratory methods for grassland and
animal production research. CABI Publishing. https://doi.org/10.1079/9780851993515.0000

Teague, R., & Barnes, M. (2017). Grazing management that regenerates ecosystem function and
grazingland livelihoods. African Journal of Range and Forage Science, 34(2), 77-86.
https://doi.org/10.2989/10220119.2017.1334706

Teague, W. R., Dowhower, S. L., & Waggoner, J. A. (2004). Drought and grazing patch dynamics
under different grazing management. Journal of Arid Environments, 58(1), 97-117.

https://doi.org/10.1016/S0140-1963(03)00122-8

Tefera, S., Snyman, H. A., & Smit, G. N. (2007). Rangeland dynamics in southern Ethiopia: (1)

Botanical composition of grasses and soil characteristics in relation to land-use and distance

56


https://doi.org/10.2989/10220119.2013.827739
https://doi.org/10.1016/j.jaridenv.2012.02.004
https://doi.org/10.1002/ldr
https://doi.org/10.3390/d14111002
https://doi.org/10.4135/9781412991841
https://doi.org/10.2989/10220119.2017.1334706
https://doi.org/10.1016/S0140-1963(03)00122-8

from water in semi-arid Borana rangelands. Journal of Environmental Management, 85(2),

429-442. https://doi.org/10.1016/j.jenvman.2006.10.007

Thomas, D. R. (2006). A General Inductive Approach for Analyzing Qualitative Evaluation Data.
American Journal of Evaluation, 27(2), 237-246.
https://doi.org/10.1177/1098214005283748

Thompson Hobbs, N. (1996). Modification of Ecosystems by Ungulates. Source: The Journal of
Wildlife Management, 60(4), 695-713.
https://www.]jstor.org/stable/3802368?seq=1&cid=pdf-

Thornton, P. K. (2010). A review of Livestock production: recent trends , future prospects.
Philosophical ~ Transaction of the Royal Society B, 365, 2853-2867.
https://doi.org/10.1098/rstb.2010.0134

Titcomb, G. C., Amooni, G., Mantas, J. N., & Young, H. S. (2021). The effects of herbivore
aggregations at water sources on savanna plants differ across soil and climate gradients.

Ecological Applications, 31(7). https://doi.org/10.1002/eap.2422

Todd, S. W. (2006). Gradients in vegetation cover, structure and species richness of Nama-Karoo

shrublands in relation to distance from livestock watering points. Journal of Applied Ecology,

43(2), 293-304. https://doi.org/10.1111/1.1365-2664.2006.01154.x

Todd, S. W., & Hoffman, M. T. (2009). A fence-line contrast reveals effects of heavy grazing on
plant diversity and community composition in Namaqualand, South Africa. Plant Ecology,

142(1-2), 169-178. https://doi.org/10.1023/a:1009810008982

Treydte, A. C., Schmiedgen, A., Berhane, G., & Tarekegn, K. D. (2017). Rangeland forage
availability and management in times of drought — A case study of pastoralists in Afar,
Ethiopia. Journal of Arid Environments, 139, 67-75.
https://doi.org/10.1016/j.jaridenv.2016.12.014

Twidwell, D., Rogers, W. E., McMahon, E. A., Thomas, B. R., Kreuter, U. P., & Blankenship, T.

L. (2012). Prescribed Extreme Fire Effects on Richness and Invasion in Coastal Prairie.

57


https://doi.org/10.1016/j.jenvman.2006.10.007
https://doi.org/10.1177/1098214005283748
https://www.jstor.org/stable/3802368?seq=1&cid=pdf-
https://doi.org/10.1098/rstb.2010.0134
https://doi.org/10.1002/eap.2422
https://doi.org/10.1111/j.1365-2664.2006.01154.x
https://doi.org/10.1023/a:1009810008982
https://doi.org/10.1016/j.jaridenv.2016.12.014

Invasive Plant Science and Management, 5(3), 330-340. https://doi.org/10.1614/ipsm-d-12-
00017.1

Ulziibaatar, M., & Matsui, K. (2021). Herders’ perceptions about rangeland degradation and herd
management: A case among traditional and non-traditional herders in khentii province of

mongolia. Sustainability (Switzerland), 13(14). https://doi.org/10.3390/sul3147896

Verdoodt, A., Mureithi, S. M., & Van Ranst, E. (2010). Impacts of management and enclosure age
on recovery of the herbaceous rangeland vegetation in semi-arid Kenya. Journal of Arid

Environments, 74(9), 1066—1073. https://doi.org/10.1016/j.jaridenv.2010.03.007

Waiswa, C. D., Mugonola, B., Kalyango, R. S., Opolot, S. J., Tebanyang, E., & Lomuria, V.

(2019). Pastoralism in Uganda: theory, practice and policy. www.mak.ac.ug

Wan, H., Bai, Y., Hooper, D. U., Schonbach, P., Gierus, M., Schiborra, A., & Taube, F. (2015).
Selective grazing and seasonal precipitation play key roles in shaping plant community
structure of semi-arid grasslands. Landscape  Ecology, 30(9), 1767-1782.
https://doi.org/10.1007/s10980-015-0252-y

Wang, W., & Fang, J. (2009). Soil respiration and human effects on global grasslands. Global and
Planetary Change, 67(1-2), 20-28. https://doi.org/10.1016/j.gloplacha.2008.12.011

Warth, B., Marohn, C., & Asch, F. (2020). Modelling land use change effects on ecosystem
functions in African Savannas — A review. Global Food Security, 26, 100421.
https://doi.org/10.1016/1.gfs.2020.100421

Yang, Z., Xiong, W., Xu, Y., Jiang, L., Zhu, E., Zhan, W., He, Y., Zhu, D., Zhu, Q., Peng, C., &
Chen, H. (2016). Soil properties and species composition under different grazing intensity in

an alpine meadow on the eastern Tibetan Plateau, China. Environmental Monitoring and

Assessment, 188(12). https://doi.org/10.1007/s10661-016-5663-y

Yeo, J. J. (2005). Effects of Grazing Exclusion on Rangeland Vegetation and Soils, East Central
Idaho.  Source: Western  North  American  Naturalist,  65(1),  91-102.
https://www.jstor.org/stable/41717427

58


https://doi.org/10.1614/ipsm-d-12-00017.1
https://doi.org/10.1614/ipsm-d-12-00017.1
https://doi.org/10.3390/su13147896
https://doi.org/10.1016/j.jaridenv.2010.03.007
http://www.mak.ac.ug/
https://doi.org/10.1007/s10980-015-0252-y
https://doi.org/10.1016/j.gloplacha.2008.12.011
https://doi.org/10.1016/j.gfs.2020.100421
https://doi.org/10.1007/s10661-016-5663-y
https://www.jstor.org/stable/41717427

Zerbo, I., Bernhardt-Romermann, M., Ouédraogo, O., Hahn, K., & Thiombiano, A. (2016a).
Effects of Climate and Land Use on Herbaceous Species Richness and Vegetation
Composition in West African Savanna Ecosystems. Journal of Botany.

https://doi.org/10.1155/2016/9523685

Zerbo, 1., Bernhardt-Rémermann, M., Ouédraogo, O., Hahn, K., & Thiombiano, A. (2016b).
Effects of Climate and Land Use on Herbaceous Species Richness and Vegetation

Composition in West African Savanna Ecosystems. Journal of Botany.

https://doi.org/10.1155/2016/9523685

Zerga, B. (2015). Rangeland degradation and restoration : A global perspective. Point Journal of
Agriculture and Biotechnology Research, 1(2), 037-054.

Zhao, W.Y., Li,J. L., & Qi,J. G. (2007). Changes in vegetation diversity and structure in response
to heavy grazing pressure in the northern Tianshan Mountains, China. Journal of Arid

Environments, 68(3), 465—479. https://doi.org/10.1016/.jaridenv.2006.06.007

Zziwa, E., Kironchi, G., Gachene, C., Mugerwa, S., & Mpairwe, D. (2012). Production systems,
land cover change and soil factors affecting pasture production in semi-arid Nakasongola.
International  Journal of Agronomy and Agricultural Research, 2(5), 1-12.

http://www.innspub.net

Zziwa, E., Mpairwe, D., Mugasi, S. K., & Laswai, G. H. (2015). Beef Production Practices and
Responses to Climate Change in the Rangelands of Lake Victoria Basin in Uganda.
International ~ Journal  of  Agriculture  and  Forestry, 5(2), 121-130.
https://doi.org/10.5923/].1jaf.20150502.05

59


https://doi.org/10.1155/2016/9523685
https://doi.org/10.1155/2016/9523685
https://doi.org/10.1016/j.jaridenv.2006.06.007
http://www.innspub.net/
https://doi.org/10.5923/j.ijaf.20150502.05

APPENDICES
Appendix Al: Sample of Data collection tool (English)

Version 3.0
FOCUS GROUP DISCUSSION GUIDE
Anthropogenic factors affecting herbaceous species composition
Dear respondents,
The information obtained from you in this group discussion is purely for academic purposes and
will be treated with the confidentiality it deserves.
Respondent ID.........oooiiiiiiii e District......cooviiiiiii

Parish.......c.ocooi Village........cooooeviiiini. Date........c.coovvvnennt.

QUESTIONS

1. How do you rate the present state of your pastures? How has it been if it has not been so
always?

2. What factors contribute to the condition of pastures you graze your animals?

3. How do you graze your animals? (Probes: communal grazing land, individual grazing area,
fenced, open

4. How is it ensured that the grazing area always has fresh grass? (probes: rotational, resting,
burning, weed control, control of bush/shrub encroachment), how is communal grazing area
jointly managed?

a. If burning is mentioned, what are the reasons? What’s the burning cycle, which months? Is it
every year? What proportion of grazing land is burned?

b. If rotational grazing is mentioned, how long is the rotational cycle?

5. What are the 5 most dominant pasture species on your grazing grounds?
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6. Mention 5 pasture species in your grazing land which are liked most by animals (ranked by
descending order)

7. In your own opinion, what can be done to improve the condition of natural pastures and boost
productivity of your animals?

Appendix A2: Data collection tool (Luo)

Version 3.0
Tic dano timo ma tye ka balo kwayi lum in ikin ping
Apwoyo lagam lok man,
Ngec ma wabi nongo ne kibot in i nywako tam man bi keme ki lok me kwan keken ki bene wa bi
neno ni wagwoko obedo mwung ki ma wawinye kwede.
Lanyut palagam LoK........o.oiiiiiiiii e

DISEIICK .« e vttt

LAPENY

1. Itamo ningo ikom kit ma ka cam pa dyangi ni tye kwede? Bedo kuman jwi?

2. Peko ango ma miyo kit cam pa dyangi bedo kuman?

3. Kit ango ma ipito ki dyangi? (iyi adwol dyangi palwak? Iyi adwol pa ngat acel aceladwol magi
celo?, onyo ka mo keken?

4. Ngo ma itimo owek cam pa dyangi obed nyen jwijwi? Peny ka iloko adwol aloka?, onyo
iweko adwol dyangi ywee?, onyo iwango wek olot manyen?, onyo idoyo? Onyo iputu yen ma
dyangi pe camo?), yoo ango ma ogwoko adwol palwak kacel maber?

a. Ka ce wango adwol owace, pingo gi wango lum?, dwe mene ma gi maro wango iye lum,

kiwango imwaka weng? Kiwango marwom kwene?
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b. Ka loko adwol aloka owace, tero kare marwom kwene ka giloko dyangi?

5. Kit cam abic mene manonge i adwol pa dyangi?

6. Waci wit cam abic ma dyangi maro I adwol.

7. 1 tammi, ngo ma kiromo timone me loko kit cam 1 adwol dyangi me wek omed kero pa
dyangi?

Appendix A3: Data collection tool for vegetation survey

Version 2.0

FIELD DATA COLLECTION TEMPLATE

DETERMINATION OF PASTURE SPECIES COMPOSITION AND DIVERSITY

District.....oooieiiiininian Parish..................... Village ............... Date...coovevnvneinnnnn.
Plant Number of quadrants employed in the study Number of quadrants | Percentage of
species in which the species frequency
(n) is present(N) (F=N/Q x100)

PP P IV )V VEVIE VI X X | X[ X

X | XIV | XV

mig|O| ||| >

Appendix B: Coding of transcripts from focus group discussion in a study conducted in
Pader in 2022
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Extracts from transcripts Primary Themes Categories
codes

The condition of our pastures was not in good | Favourable Favourable rainfall Factors

state in the past because of drought. Rainfall contributes to good responsible for
pastures in the grazing the current

Grasses are in good condition and abundant areas. state of the

throughout the year because of the good rains grazing areas.

experienced in the last two years

Burning clears overgrown bushes and gives way | Burning Burning practices

for fresh grass. practices practised once or twice
a year (1-2 times)

Burning is used to control bush encroachment improve the pasture

) . ) conditions.

Burning eliminates diseased pastures.

Burning supports the growth of some species,

such as spear grass in the grazing areas.

Pastures such as Hyparrhenia spp. are abundant | Adaptability | The pastures are well

in the grazing areas because they do well on of pastures suited to the climatic

such soils.

and edaphic conditions
in the grazing areas.

Each kraal has been allocated grazing areas
which are considered sufficient to supply
pastures to the animals per Kraal location.

The distance between the grazing areas per
Kraal reduces competition for pasture resources.

Grazing areas

The long
distance/sufficient
pasture areas allocated
per Kraal reduces
competition/strain on
the resources.

The ranch is surrounded by river Aswa and Topography The topography of the

several water streams. ranch supports
continuity of grazing

Animals can access water throughout the year throughout the year.

There is a variety of species because of the soil | Favourable The soil types support a

types. soil types variety of pasture
species in the grazing

The soil types are different from upland to low areas

land and support different pasture species

Pest infestations are low Low pest Low pest populations in

populations the grazing areas allows

Animals do not like grasses infested with pests

Animals avoid pest infested grasses

maximum utilization of
pastures.
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Animals prefer fresh green grass Availability Animals often take the
of palatable direction of palatable

Animals follow the path of fresh green and and nutritious | and nutritious species

abundant grass species

Animals will consume palatable grasses before

the less palatable ones.

Survey areas with fresh and good grass before

shifting from one grazing area to another.

Consider water access before taking animals to | Access to Priority is given to

graze. water grazing areas where

water access is possible.
Tsetse flies can bite animals and interfere with Absence of Animals avoid places

their utilization of pastures

Tsetse flies are normally in areas where there
are thick bushes

tsetse flies

where there are tsetse
flies

Lowlands are waterlogged during the rainy
seasons

Animal movement is difficult in the lowlands
during the rainy season

Animals mainly concentrate their grazing on
uplands

Animals deplete pastures on uplands during the
wet seasons

Waterlogging in lowlands reduces in the dry
seasons

Animals have access to fresh green grass in the
lowlands during the dry season

Altitude (with
respect to
seasons)

Animals can access
palatable grasses in the
wet season on uplands
and in the dry season in
lowlands

Prefer grazing animals near their respective
kraals for easy monitoring.

Grazing near kraals reduces on cases of theft

Nearness to
kraals

Animals are better
monitored and protected
near Kraals

Areas with weeds are not good for animal
grazing

Areas with shrubs do not have good quality
pastures for grazing

Low weed
and shrub
density

Areas with low weeds
and shrubs are good
grazing grounds.

Reasons for
selecting areas
for grazing
animals
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Animals prefer grazing areas with some shade

Presence of
shade

Cool grazing areas with
shade are comfortable
for animals especially
during the dry season

Over grazed areas have poor pasture species
such as Sporobolus pyramidalis

Grazing land
use intensity

Burning charcoal reduces area for grazing

Areas where charcoal is burnt are prone to
trampling and may affect

Charcoal
production

Charcoal production
can affect pasture
composition due the
trampling effect.

Pasture composition improves with distance
away from the farm infrastructure.

Intense trampling and overgrazing

Pastures are less palatable and have low
nutritive value

Excessive defoliation

Proximity of
valley dams,
dip tanks,
spray race
and Kraal

The presence of valley
dams, dip tanks, spray
race and kraals
influence pasture
composition

Farming reduces area for grazing

Some pastures are abundant in cultivated areas
compared to others.

Crop farming

Crop farming influences
pasture composition and
diversity

Human settlements reduce grazing areas Human
settlement

The intensity of grazing is high on the

remaining grazing grounds

The creation of electricity lines, access roads Other Pastures in the vicinity

interfere with pasture species composition infrastructural | of infrastructural
activities: activities face intense

The areas where these activities are carried by electricity pressure due to

species resistant to trampling. lines, access trampling

. roads, sand

Pasture composition changes as one moves mining

away from areas of intense activities

Hunters looking for “anyeri” burn pastures Burning for Burning can support
hunting proliferation of fire-

The burning intensity depends on the demand
for “anyeri”

resistant species

Land use
practices
affecting the
composition of
natural
pastures

Appendix C: Community Engagement Plan

Community Engagement Plan
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The key community stake holders to be involved include; District Agricultural/ Extension
Officers, Sub- County/parish chiefs and LC1 Chairpersons.
The research team will include the following;
e The research project leader: I will train the research team, oversee the activities and
provide all necessary assistance to ensure success of the project.
e Supervisor (one); he/she will provide maximum guidance on the tool and all relevant
support for enumerators to ensure that timely and quality data is collected.
e Research assistants; a maximum of 2 research assistants and 1 facilitator will be recruited
to aid the data collection exercise and the focus group discussions respectively.
Pre-study activities; community mapping to help in resource coordination; identifying and
consulting with the relevant key stakeholders, meeting with local/community leaders, identifying
the values and norms of the community, recruitment, training and introduction of the research
team to the community, mobilization of the target audience, community sensitization and
formative consultations all of which will set a good foundation for implementation.
Study Implementation activities; continuous consultation with the relevant key stakeholders,
community sensitization about the ongoing research project; organizing the community for
participation in the research project as key respondents. Community members who are
conversant with the study area will be recruited to aid in selection of sampling plots during the
transect walks. Experienced cattle and/or goat farmers of the same parish will also be organized
to participate in the focus group discussions. Data collection and compilation will be conducted
by the research team. Study participants will be rewarded for their time committed towards the

study.
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Post-study activities: these will include feedback and dissemination of study findings,
discussion of application of study results with host community and other relevant key
stakeholders.

Appendix D1: Sample of Informed Consent Document (English)

Version 2.0
INFORMED CONSENT DOCUMENT
Title of the study: Impact of rangeland use on herbaceous species composition and diversity of
natural pastures in Gulu and Kitgum districts
Investigator(s): Waiswa Caleb Institution: Gulu University
Introduction
I am Waiswa Caleb, a student of Gulu University pursuing Master of Science in animal
production and marketing. I am currently conducting a study on the impact of rangeland use on
herbaceous species composition and diversity of natural pastures in Gulu and Kitgum districts. |
hereby request for your support towards the completion of this study. This informed consent
explains the study to you. After the study has been explained, any questions you may have are
answered, and you have decided to participate in the study, you will be asked to sign a consent,
which you will be given a copy to keep.
Sponsors of the research project
This research project is funded by the research investigator.
Purpose
The study seeks to assess the impact of rangeland use herbaceous species composition and
diversity of natural pastures in Gulu and Kitgum districts. The findings of this study will add to

the body of knowledge available on herbaceous species composition and diversity for northern
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Uganda, guide policy makers in the design of localized programs like introduction of new
pasture species important in improving livestock productivity.

Procedures

Your participation in this study will involve contribution of your views in an hour’s focus group
discussion on the management and pasture composition of grazing land in your area. You will
also be requested to guide the researchers during the identification of sampling sites.

Who will participate in the study?

You have been chosen to participate in this study because of your experience and involvement in
livestock grazing in this area. The transect walks and focus group discussions will take not more
than an hour of your time. About 10 participants will be required for each focus group
discussion.

Risks/discomforts

There is no foreseeable risk of harm or discomfort that will arise from your participation in this
study. The only risk or discomfort will be the inconvenience in terms of time spent during the
interview.

Benefits

All the information which will arise out of this research will be compiled into a report and the
findings and recommendation will be availed to the research participants. A statement that
research participants will get feedback on findings and progress of the study, and that any new
information that affects the study participants (including incidental findings) will be made
available to research participants.

Confidentiality
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Your identity will not be revealed to any one as we shall only use codes to identify participants.
Information obtained will only be accessible by the research team. Soft copies of the data will be
protected by password and hard copy files will be kept under lock and key. Confidential
information will only be accessed by the principal investigator.

Alternatives

You do not have to participate in this study if you are not interested. You will not lose any
benefit in case of no participation.

Cost

There will not be any additional cost incurred as a result of participating in this study.
Questions

If you have any questions related to the study as a research participant, you can contact the
principal investigator, Waiswa Caleb on telephone number 077420302 or via email on

calebwaiswa@gmail.com.

Statement of voluntariness

Participation in the research study is voluntary, and you may join on your own free will. You
have a right to withdraw from the study at any time without penalty. If you have any issues
pertaining to your rights and participation in the study, please contact the Chairperson, Gulu
University Research Ethics Committee, Dr. Gerald Obai Tel: No., 0772305621; email:
lekobai@yahoo.com/lekobai@gmail.com; or the Uganda National Council for Science and
Technology, on plot 6 Kimera Road, Ntinda, Kampala on Tel 0414705500.

Statement of consent
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I hereby declare that the researcher has described to me what is going to be done, the risks, the
benefits involved and my rights as a participant in this study. I understand that my decision to
participate in this study will not affect me in any way. In the use of this information, my identity
will be concealed. I am aware that I may withdraw at any time. I understand that by signing this
form, I do not waive any of my legal rights but merely indicate that I have been informed about
the research study in which I am voluntarily agreeing to participate. A copy of this form will be

provided to me.

Name of participant.................. Signature/Thumbprint..................... Date
Name of witness...................... Signature.............cooeiiiiiinnn.
Date....ooovviiiiiii

Name of interviewer................cooeeeennn.. Signature

.................. Date........oooiiiiiii

Appendix D2: Sample of Informed Consent Document (Luo)

Version 2.0
KARATAC ME YEYO IYONGE NIANG
Wilok me gin kweda: Adwogi me tic ki olet ikom kwayi lum cam mapatpat pa lee ii Gulu kii
Kitgum
Lakwed : Waiswa Caleb
Gang pwonye: Gulu University
Nyute
An Waiswa Caleb latin kwan me Gulu University matye ka timo irwom me degree me aryo
igwoko lee kicato. An ikare man atye ka timo kwed ikom tic ki olet ki kwayi cam mapatpat pa

lee i1 Gulu kii Kitgum. An dong alego konyi me wek atyek kwed eni. Waraga me yeyo tito boti
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kwed man. Iyoo nge titi maber kwed man ajolo lapeny mo keken ma itye kwede, kit ma in dong
iyee me bedo but kwed man, abilegi me keto cingi ikaratac man me yeyo, karatac man acel
bidong boti.

Lacul pi kwed man

Ngat matye kaculo pi kwed man en aye obedo ngat matye katimo kwed ni.

Tyen lok

Kwed man tye me niang matut ikom adwogi me tic ki olet ikom kwayi lum cam mapatpat pa lee
i1 Gulu kii Kitgum. Adwogi me kwed man obimedo ngec madong tye ikom kwayi lum cam
mapatpat pa lee pi komalo me Uganda, konyo lumok cik me yubo gin atima 1 adwol macalo kelo
kwayi lum manyen ma pirgi tek me medo kero pa lee.

Yoo me tic

Bedo ni ibut kweda man obibedo miyo tammi inywako ikom kit me tic ki olet 1 adwoli. Ki bilegi
me konyo lukweda ikare me nongo kabedo me timo kweda.

Anga ma obibedo ikweda man?

Kiyero me bedo ibut kweda man pi ngec ma itye kwede ikit me dwoko lee idwol man. Wot iolet
ki nwako tam pe bitero wang cawa ni makato acel.dano maromo aboro bimite inwako tam idul
acel acel.

Peki maromo ngole/ jami maromo weko pe iwinyo maber

Pe tye peko mo onyo jami matyero time marac mabi aa ibedo pa in ibut kwed man. Gin matwero
time marac aye cawani ma gibitiyo kwede ikare me gamo lapeny.

Ber pa kwed man

Ngec ma obi aa ki ikwed man kibi guru doge kacel ki adwogi ne kibimiyo ki jo ma gubedo ibut 2
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kwed man. Ngec mo keken manyen ma gudo kom ngat ma obedo ibut kwed man kibi weko ngee
ne bote.

Mung

Pe wa biweko ingene bot ngat mo keken macalo wabi tic ki namba me ngeno jo ma watiyo
kwedgi. Ngec ma wa nongo jo matwero nongo ne aye jo ma gubedo ibut kwed man keken. Ngec
ma pire tek lakwed madit keken aye twero nongo ne.

Yoo mukene

Pe myero ibed ibut kwed man ka ipe kimiti iye. Pe ibi rwenyo gi mo maber pi bedo pe ni ibut
kwed man

Acara

Pe ibimedo kit acara mo keken pi bedo ni ibut kwed man.

Lapeny

Ka itye ki lapeny mo keken malube ki kwed man iromo goyo cim bot Waiswa Caleb inamba
0777420302 onyo ki e-mail calebwaiswa@gmail.com. Lok me dyere

Bedoni ikwed man obedo dyere. Itwero bedo iye imiti ni. Itye ki twero me weko bedo ikwed
man labongo pwod mo keken.

Ka itye ki lok mo malube ki tweroni ikwed goo cim bot won kom maloyo kwed 1 Gulu
University Daktar Gerald Obai inamba cim 0772305621 onyo ki e-mail:
lekobai@yahoo.com/lekobai@gmail.com; or the Uganda National Council for Science and
Technology, on plot 6 Kimera Road, Ntinda, Kampala on Tel 0414705500.

Lok me yeyo

An ayaro atyer ni lakwed otita ngo ma obitime, peki maromo ngole, ber ma wa binongo iye ki

twero na macalo ngat ma obibedo ibut kwed man. Aniang ni moko tama me bedo ikwed man pe
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bitimo gin mo keken. Itic ki ngec man, lok koma bibedo imung. Atye ki ngec ni atwero aa icawa
mo keken. Aniang ni teko cinga I karatac man pe nyuto ni ajalo twero na ento kitita aniang ikom

kwed man ci aye dyere. Karatac man kibi mina adong kwede bene.

Nying lagam lok........................... cing’kocing.............ooeeiiiinll. Nino
dwe........ooeenl.

Nyingpacaden..............cceeevvnnn.n. Cing/kocing.......cc.oevvvinvennnnnnn. Nino
dwe......oooiiiin.

Nying lapeny tam .............ccoeeevinine. Cing ..ovvviiii Nino
dwe......oooiiiin.
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Appendix E: Test Of Homogeneity of Variances based on Levene Test

E1: Levene test results for diversity indices of herbaceous species according to grazing
intensity in Aswa Main.

Test of Homogeneity of Variances

SPECIES RICHNESS Based on Mean 0.100 1 148 0.752
Based on Median 0.147 1 148 0.702
Based on Median 0.147 1| 147.972 0.702
and with adjusted df
Based on trimmed 0.079 1 148 0.779
mean

SHANNON INDEX Based on Mean 0.996 1 148 0.320
Based on Median 0.798 1 148 0.373
Based on Median 0.798 11 143.218 0.373
and with adjusted df
Based on trimmed 0.972 1 148 0.326
mean

SPECIES EVENNESS Based on Mean 28.851 1 148 0.000
Based on Median 25.430 1 148 0.000
Based on Median 25.430 11 117.011 0.000
and with adjusted df
Based on trimmed 29.128 1 148 0.000
mean

GINI-SIMPSON Based on Mean 12.197 1 148 0.001

INDEX (G)
Based on Median 12.218 1 148 0.001
Based on Median 12.218 1| 128.947 0.001
and with adjusted df
Based on trimmed 12.249 1 148 0.001
mean
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E2: Levene test results for diversity indices of herbaceous species according to grazing
intensity in Aswa Zebu.

Test of Homogeneity of Variances

SPECIES RICHNESS Based on Mean 18.687 1 148 0.000
Based on Median 14.255 1 148 0.000
Based on Median 14.255 11 132.115 0.000
and with adjusted df
Based on trimmed 18.783 1 148 0.000
mean

SHANNON INDEX Based on Mean 8.079 1 148 0.005
Based on Median 7.770 1 148 0.006
Based on Median 7.770 1| 134.688 0.006
and with adjusted df
Based on trimmed 7.857 1 148 0.006
mean

SPECIES EVENNESS Based on Mean 3.496 1 148 0.063
Based on Median 1.714 1 148 0.192
Based on Median 1.714 11 131.993 0.193
and with adjusted df
Based on trimmed 2.834 1 148 0.094
mean

GINI-SIMPSON Based on Mean 5.519 1 148 0.020

INDEX Based on Median 3.840 1 148 0.052
Based on Median 3.840 1| 133.220 0.052
and with adjusted df
Based on trimmed 4.872 1 148 0.029
mean
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E3: Levene test results for diversity indices of herbaceous species according to burning

intensity in Aswa Main.

Test of Homogeneity of Variances

Levene
Statistic clf df2 Sig.

RICHMESS  Basedon Mean 23149 1 148 130

Based on Median 1.824 1 148 A74

Based on Median and 1.824 1 141 962 A74

with adjusted df

Based on trimmed mean 2507 1 148 15
SHARNMOMN Based on Mean 3644 1 148 058

Based on Median 3574 1 148 061

Eased on Median and 3574 1 135,658 061

with adjusted df

Based on trimmed mean 364 1 148 058
EVEMMESS  Basedon Mean 409 1 148 24

Based on Median 099 1 148 754

Based on Median and 088 1 133,657 754

with adjusted df

Based on trimmed mean 212 1 148 G46
G Based on Mean 7.053 1 148 009

Based on Median 4223 1 148 042

Based on Median and 4223 1 124 V&7 042

with adjusted df

Based on trimmed mean 5.8, 1 148 016
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E4: Levene test results for diversity indices of herbaceous species according to burning

intensity in Aswa Zebu.

Test of Homogeneity of Variances

Levene
Statistic clf df2 Sig.

RICHMESS  Basedon Mean 6.708 1 148 011

Based on Median 5.8495 1 148 016

Based on Median and 5.895 1 144 157 016

with adjusted df

Based on trimmed mean 7672 1 148 006
SHAMMOM Based on Mean J12 1 148 400

Based on Median GO6 1 148 405

Eased on Median and Nil*[d 1 144315 405

with adjusted df

Based on trimmed mean G668 1 148 415
EVEMMESS  Basedon Mean .0oo 1 148 956

Based on Median 019 1 148 891

Based on Median and 018 1 142,815 842

with adjusted df

Based on trimmed mean 002 1 148 61
G Based on Mean 1.222 1 148 271

Based on Median D64 1 148 328

Baszed on Median and 064 1 143,800 328

with adjusted df

Based on trimmed mean 1.022 1 148 314
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Appendix F: Criteria used by participants for placing pastures into the different
abundance categories

Present as isolated individuals or small patches

Abundance Definition (for FGD participants) Frequency or cover percentage (a
Category . .
modification from Zerbo et al.,
2016)
High Abundance Seen in most grazing areas across the ranch. | Species with > 50% cover or
> 0,
Appears in dense patches or nearly continuous frequency = 50%.
stands.
Moderate Found in several grazing areas in the ranch butnot | 25 < 50% cover or frequency of 25
. . <500
Abundance dominant. Intermittent patches or scattered | < 50%
distribution
Low Abundance Seen only in few places, rare in the grazing areas. | <25% cover or <25% frequency

Appendix G: Criteria used by participants for categorising the desirability of pastures.

green. Less preferred than highly desirable

species.  Provides  moderate  animal

performance.

Desirability Definition for FGD Participants Criteria based on a modification of
Category USDA, 2020
Highly Desirable They are well-adapted to the site, readily | Highly palatable, nutritious, tender, high
consumed, persistence, and provide high | digestibility and CP content.
tonnage and quality. Animals eagerly seek and
consume this grass. Always grazed first and
completely.
Desirable Often eaten, especially when young and | Good palatability, moderate nutrients,

but may be less preferred in mature

stages.

Less Desirable

Species that are grazed reluctantly or only
when preferred grasses are scarce. They may
be fibrous, low in nutrients, or difficult to
digest. Coarse or tough. May lead to lower

animal productivity.

Low palatability, fibrous, or nutrient
poor; selectively avoided when better

forage is available.

Undesirable

Avoided by animals unless forced. Can cause
illness or has thorns/toxins. May dominate

and suppress good grasses.

Unpalatable, toxic, invasive, or harmful;

little/no feed value, may cause

undesirable effects when eaten.
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Appendix H: Clearance from Gulu University Research Ethics Committee (GUREC)
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