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ABSTRACT

This research examines the factors contributing to the problem of increased siltation in
the Chiredzi River in the Zaka District of Southern Africa, and explores the potential
of catchment area management strategies to mitigate this issue. The study is set against
the backdrop of global challenges facing catchment areas, including the intensification
of siltation due to anthropogenic activities and climate change. At the regional level,
the analysis focuses on land use changes in Southern Africa, particularly deforestation,
unsustainable agricultural practices, and urbanization, all of which have direct impacts
on the hydrology and sediment dynamics of the Chiredzi River. The problem statement
highlights how the accelerated soil erosion, driven by poor farming methods, has led to
severe water shortages and adverse socio-economic impacts on the local communities.
The research aims to provide empirical evidence on the effectiveness of catchment area
management strategies, including conservation initiatives and enforcement of
regulations, in reducing siltation levels in the Chiredzi River. This addresses key
research gaps identified in the existing literature. The study also emphasizes the
importance of community-based natural resource management approaches that involve
local stakeholders in the decision-making process. The findings of this research are
expected to contribute to the development of more sustainable and resilient catchment
management practices in the Zaka District and potentially serve as a model for other
regions facing similar challenges. The insights gained could inform policy interventions
and guide the implementation of effective measures to control river siltation and ensure
the long-term availability and quality of water resources. The mixed-methods case
study on "Assessing the Effectiveness of Catchment Area Management Strategies in
Addressing Chiredzi River Siltation in Zaka District" used interviews, surveys, and
observations to gather qualitative and quantitative data on the implementation and
perceived effectiveness of management strategies. Observational methods documented
the physical evidence of siltation and the visible effects of management practices. Key
participants include local community members, farmers, business owners,
environmental managers, NGOs, fishermen, and community leaders. Purposive
sampling ensures participants with relevant knowledge and experience can provide in-

depth information to meet research objectives.

Vi



TABLE OF CONTENTS

RELEASE FORM ... .ottt sttt st te s s e s e et e nteanenteeneanes i
DECLARATION ...ttt bbbt bbbttt sttt b e s e s i
APPROVAL FORM ..ottt ettt sttt st e et st e st anesneeneenaeneeneas i
DEDICATION ...ttt ettt e s e s e s et e st e besbeebeeseene e e e sesbeseesneanaeneas iv
ACKNOWLEDGEMENTS ...ttt ettt st bbb %
F N SIS I ¥ N O USRS vi
TABLE OF CONTENTS ..ottt bbb bbbt vii
LIST OF TABLES. .. e X
LIST OF FIGURES ..ottt ettt ettt ne e s nes X
(08 T o) 1 g T S UTPSTPSURRR 1
Background Of the STUAY .........ooiiiiiie e 1
1.1 Global Context and ChalleNgES ...........ccveiiiieiiec e 1
REGIONAI CONIEXL ... .evieiiciiccie ettt e e re e te e e e s reesreenneaneenneans 2
1.2 Problem STatemMeNt .........cveiieiee e 4
1.4 RESEAIrCN ODJECHIVES ...c.vicuiiiieeiecie sttt re e be e nre s 6
1.5 RESEArch QUESLIONS ....c..eeueeivieiieiieiteesieeiesiee e s e steesee e teeae e sreeneeenaesreeneesneenreas 6
HYPOTNESIS: ...t 7
1.5 Significance of the StUAY ..........cceiiiiiicec e 7
1.5.1 TO the RESEAICNEL: .....oiivieie ettt steeneenreene e 7
1.5.2 TO BIiNAUIa UNIVEISILY ...cuviiiiiiiicie ettt ne e 7
1.5.3 TO the FAIMMEIS ..ottt bbb 7
1.5.4 To the Ministry Of ENVIFONMENT.........cccoiiiiiiiiiie e 7
1.5.5 T fULUIE FESEAICNEIS .. .vieiieeee et 8
1.6 Justification and statement of contribution of the research............c.ccocooviiineen. 8
1.7  Delimitation of the StUAY........ccccoiiiiiiii e 10
1.8 Limitations of the StUdY..........cccciieiiice e 10
1.9 Definition OF TBIMS .....ocvieiecee e 11
(@8 T o) ] g IV TSSOSO 13
Literature Review, Conceptual Framework and Theoretical Underpinning...........cc.ccccevnee. 13
INEFOTUCTION ...ttt e e et e ene e reeseaneenreas 13
2.1 Theoretical FrameWOrK ..........cccooiiiiiiiiiie e 13
2.1.1 HOHISIC APPIOACI: ...ttt 14
2.1.2 SUSEAINADTIIEY: ..o 15
2.1.3 Participatory Management:..........cccveiiviiiieiiieiie ettt 16
2.2 Conceptual FrameWOrK .........ccoiiiiiiiiiiieiee e 17
2.3 ThematiC [ItErature FEVIBW .........coviiiiieiiiie et 20
2.3.1 Theme 1: Catchment Area Management PractiCes...........ccovvvvrerenenennneeieeieene, 20
2.3.2 Theme 2: Ecological Impacts of Siltation ..........c.ccocviveiiiiiin e, 21
Theme 3: Case Studies and Comparative ANalySES ........cccveiveiiiiiiiieiie e 23

vii



INternational BeSt PraCtiCeS: .......cueiuiiiiiieiieie et 24
2.4 Future Directions and ReSearch Gaps ........cccccvevvveveiieneeiie e seesieseese e see e 25
EMErgiNg TIENOS ....c.ooiiiiiiiie bbbt 25
2.5 RESLAICH GAPS ...ttt 26
2.6 Current Trends and Research Focus on Resilience and Ecosystem Services ....26
2.7 EMerging ChallENgEsS .........ooeeiieiiiie et 27
CHAPTER 3 ..ottt bbbkt b e bt e e bbb bt e st e 30
Research MethodoIOgY ........cveiiiiiie e sre e enes 30
KON {11 oo 1 od o] ISR 30
3.1 Research PhilOSOPNY .......cc.oiiiiiii e 30
3.2. RESEArCN APPIOACK ......oiiiiiiiiie et 31
3.3, RESEAICN DESIGN ...ttt 32
3.4. Data Collection Methods...........coviiiiiiiieieie e 33
3.5, SAMPIING STrALEQY ....veiveeiieiieieie e 34
3.5.2 Population DiStriDULION.........cvciiiieiece e 36
3.4.3 Sample Size DeterMination ..........cccveiiiiieieec e 36
3.6. Data ANAIYSIS ..o 38
3.7. Ethical CONSIAEIALIONS. .....c.veveieiieiiesiieisie ettt 39
3.8. Validity and Reliability ..........cccooiiiiiiie e 40
3.9, LIMITALIONS ...veevieeie ettt sreenneeneeaneenneas 41
SUMMIAIY ..ttt e e h b e e bt e e e shb e e e bt e e e bt e e e bb e e e b e e enbe e e anbeeeanseas 42
CRAPLET FOUT ... bbbttt ettt bbbt 42
Results presentation, Interpretation and analysis. ..........cccccveveiieiiiie e 43
O Lo oo [0 Tox 1 o] o ISR 43
4.1 RESPONSE RALE ... 44
4.2 Ecological Impacts of Siltation on the Chiredzi River Ecosystem ................... 46
4.2.1 Interpretation Of rESUILS.........ooi i 47
4.2.2 Discussion of results against literature reVIEW .............ccevveveeieeieeiesie e, 49
4.2.3 Relevance of theoretical underpinning................... Error! Bookmark not defined.
4.2.4 Relevance of Conceptual framework ...................... Error! Bookmark not defined.
4.3.0 Effectiveness of Catchment Area Management Strategies in Addressing Siltation 52
4.3.1 Summarised observations on the Effects of the Interventions ...........c.ccoceevvvienne. 55
4.3.2 ReSUILS INEIPretation.........ccoiviiiiiiiiiieieeee e 56
4.3.3 Discussion in line with the theoretical underpinning ............ccccoeeevieiieciiece e, 59
4.3.4 Discussion in line with the Literature Review......... Error! Bookmark not defined.
4.4.0 Socio-Economic Impacts of Catchment Area Management Strategies................... 62
4.4.2 Pearson’s Correlation Coefficient Calculation........ Error! Bookmark not defined.
4.4.3 ReSUILS INEIPretation.........cceiviiiiiiiiiieieieee et 68
4.4.4 Hypothesis TeStING .....ccceevvvevieirieiie e Error! Bookmark not defined.
4.4.5 Discussion of findings against literature reVIEW.............ceeeeierenese i 71
(01T 0] (=] g OSSPSR PR PR URORPPRO 74



Conclusion and recomMmMENAALIONS ......cooeeeeeee e 75

5.1 INEFOUUCTION ...ttt bbb 75
5.2 Summary of Key FIindings .........ccccooevvvriniinnennns Error! Bookmark not defined.
5.3 CONCIUSIONS ...ttt ettt beenee e nreas 75
5.3.1 Synthesis of the overall findings and their significance...........cccccocveeviviieiiennenn, 75
5.3.2 Interpreting Results in the Context of Research Objectives and Questions.....Error!
Bookmark not defined.
5.3.3 Contributions to the Existing Knowledge Base...........ccccovveveiieiieiniic e, 75
5.4 Theoretical Implications.............cccccoevveresnennnnn Error! Bookmark not defined.

5.4.1 Relating Research Findings to Relevant Theories and ExtensionsError! Bookmark
not defined.

5.4.2 Conceptual and Theoretical Advancements from the StudyError! Bookmark not
defined.

5.5 Practical IMPlICAtIONS........ccoiiiiiiiiesieee e 78

5.5.1 Real-World Applications and Relevance of Research Findings .............ccccccevenn..n. 78
5.6 Limitations of the Study...........c.ccccovevivevninenn, Error! Bookmark not defined.

5.6.1 Acknowledgement of the key limitations and constraints of the research ....... Error!

Bookmark not defined.

5.6.2 Reflection on Limitations and Implications for Validity and Generalizability Error!
Bookmark not defined.

5.7 Recommendations for Future RESEAICN ..........ccccveveiieieiiie i 78
5.7.1 Suggestions for Further Research to Address Limitations...............cccceevveveieennenn, 79
5.7.2 ldentifying New Research Directions and QUESLIONS...........ccccovevvevieieeieesie s, 79
5.8 FINAl CONCIUSIONS.......eoiieiiiie ettt ee e nneas 80
RETEIBNCES ...ttt ee s 81



LIST OF TABLES

Table 3.1. Zaka district Population per ward. ...............coooiiiiiiiiiiian.n. 36

Table 3.2 Sample Sizes per Ward ..........oooiiiiiiiiiiiiii i 37

Table 4.1 RESPONSE FALES ....uvintiet ittt ettt et et et e e eaeaaenaes 44
Table 4.2 Summary of TeSPONSES .....uveutitieniiteit it aaenaens 46
Table 4.3 Summary of Interventions per Ward ..............ccovviiiiiiiiiiinninn.n 53
Table 4.4 Observed effects of the Intervention Strategies ....................oevenn... 55
Table 4.5 ReSUItS SUMMAIY ... e, 63

LIST OF FIGURES

Figure 1.1 Map of Zaka District showing all the wards ................................. 10

Figure 4.1 Trench Creation..........oouvuiiniiuiii e 44
Figure 4.2 Exhibit of siltation along Chiredzi river ..., 46
Figure 4.3 Siltation along Chiredzi River ................cooiiiiiiiiiiiia 53
Figure 4.4 Community Garden, ............coovuiitiitiiiiiiiii i 55
Figure 4.7 Wetland protection ............c.ooiiiiiiiiii e 58



Chapter One

Background of the Study

1.1 Global Context and Challenges

Catchment areas across the globe are under increasing stress due to a combination of
anthropogenic activities and the effects of climate change (Costa et al, 2023). These
stresses manifest in various forms, including the intensification of siltation in water
bodies, which is a significant concern for water quality and the health of aquatic
ecosystems. Human activities such as deforestation, improper agricultural practices,
and urban development exacerbate soil erosion, leading to the accumulation of
sediments in rivers and lakes (IPCC, 2019). This sedimentation can reduce water
storage capacity in reservoirs, impede navigation, disrupt the reproductive habitats of
fish, and lead to the loss of biodiversity (Schmutz & Moog, 2018).

Climate change compounds these issues by altering precipitation patterns, increasing
the frequency and intensity of extreme weather events, and changing snowmelt
dynamics, which can all contribute to increased erosion and sediment transport (Bolan
& Padhye, 2023). Moreover, rising temperatures can enhance the chemical and
biological reactions in water bodies, further affecting water quality (Bolan & Padhye,
2023).

Effective catchment management strategies are necessary to lessen these effects and
guarantee the long-term viability of water resources. Adaptive management approaches
that incorporate real-time data and predictive modeling can help in making informed
decisions regarding reservoir operations and catchment interventions (Donal Daly,
Marie Archbold, & Jenny Deakin 2016). Additionally, the implementation of green
infrastructure, such as constructed wetlands and riparian buffers, has been shown to be
effective in trapping sediments and pollutants before they reach water bodies
(Stefanakis Al; 2019).



Furthermore, community-based natural resource management (CBNRM) approaches
that incorporate regional partners in the process of making decisions have been
recognized for their potential to create more sustainable and resilient catchment
management practices (Stefanakis Al 2019). These strategies emphasize the importance
of local knowledge and the need for collaborative efforts to address the complex

challenges facing catchment areas.

Regional Context

Expanding on the regional dynamics and land use within Southern Africa, and
specifically in the context of the Chiredzi River in Zaka District, it is crucial to
understand the intricate relationship between human activities and the hydrological
systems (Zinhiva, Murwendo & Rusinga, 2017). The region has undergone significant
land use changes that have direct and indirect impacts on the hydrology and sediment

dynamics of river systems.

Deforestation is a primary concern, as it removes the vegetative cover that stabilizes
the soil, leading to increased erosion rates. The loss of trees and other vegetation means
there is less interception of rainfall, reduced evapotranspiration, and a higher volume
of runoff that can carry sediment into river systems (Preez, 2014). In Southern Africa,
deforestation is often driven by the need for agricultural land and the use of wood for
fuel (Preez, 2014).

Agricultural practices, particularly those that are not managed sustainably, contribute
to soil degradation and erosion. Conventional tillage, overgrazing, and the clearing of
land for crop production can disrupt soil structure and lead to the loss of fertile topsoil
(Carceles , Duran & Soriano et al, 2022). In areas like the Zaka District, where small-
scale and subsistence farming are prevalent, the impact of these practices can be
pronounced, especially when combined with the challenges of climate variability and

extreme weather events (Nyahunda, Tirivangasi, 2019).

Urbanization also plays a role in altering land use patterns and exacerbating siltation.
The growth of cities often leads to the conversion of natural landscapes into

impervious surfaces, which increases runoff and the potential for flash flooding. This
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runoff can carry a significant sediment load into nearby water bodies (Shrestha, Cui &
Xu et al, 2021).

In the specific context of the Zaka District and the Chiredzi River, local agricultural
practices, deforestation, and inadequate land management strategies have direct and
significant impacts on the river's siltation, ultimately affecting water availability and

quality for communities and ecosystems (Zinhiva, Murwendo & Rusinga, 2017).

Agricultural practices in the Zaka District, including traditional and modern farming
methods, have been identified as major contributors to soil erosion and sedimentation
in the Chiredzi River. Unsustainable land use practices, such as improper plowing
techniques, overgrazing, and the absence of soil conservation measures, lead to
increased soil erosion, resulting in the movement of sediments into the river system
(McDowell et al., 2018). Additionally, the heavy reliance on agrochemicals in some
farming systems can contribute to water pollution, further impacting the river's water

quality (ScienceDirect, 2022).

Deforestation, driven by the need for agricultural land, fuelwood, and timber, has
reduced the natural vegetation cover in the catchment area of the Chiredzi River. This
reduction in vegetation has diminished the capacity of the land to retain water and has
increased surface runoff, leading to erosion and sedimentation in the river
(Environmental Evidence, 2023). The removal of trees and vegetation also disrupts the
ecological balance, affecting the habitats of aquatic species and the overall biodiversity

of the river ecosystem (Scientific Reports, 2023).

Inadequate land management strategies, including the absence of erosion control
measures and the lack of sustainable land use planning, exacerbate the siltation of the
Chiredzi River. The absence of buffer zones along riverbanks and the unrestricted
access of livestock to water bodies further contribute to sedimentation and degradation
of water quality (MDPI, 2019).

To address these local impacts, effective management interventions are crucial.

Implementing sustainable agricultural practices, such as conservation tillage,



agroforestry, and the establishment of riparian buffers, can help reduce soil erosion and
sedimentation in the Chiredzi River catchment area (ScienceDaily, 2020). Community-
based initiatives that promote sustainable land management and conservation efforts,
while involving local stakeholders, are also essential for the long-term health of the

river and its surrounding ecosystems (Nature, 2023).

1.2 Problem Statement

The rise in river siltation, primarily attributed to poor farming methods and accelerated
soil erosion, has resulted in the Chiredzi River and downstream areas in the Zaka
District experiencing severe water shortages, perpetuating poverty within the affected
communities (Zinhiva, Murwendo & Rusinga, 2017). This issue is not unique to this
region, as urbanization and various human activities globally have contributed to

increased siltation in rivers.

The accelerated soil erosion, largely driven by unsustainable farming practices, has
significantly contributed to the high levels of siltation in the Chiredzi River. This has
had detrimental effects on water availability, leading to adverse socio-economic
impacts on the communities in the Zaka District and downstream areas. It is imperative
for the government, particularly through the Ministry of Land Agriculture Water
Fisheries and Rural Development, to intervene and implement effective measures to
control the causes of river siltation, including poor farming activities and urbanization,

which are disrupting the local ecosystem.

Enforcement of laws and regulations that prohibit farming near river beds is crucial to
mitigating the rapid increase in river siltation. Additionally, the implementation of
catchment area management strategies, including conservation initiatives and effective
enforcement of regulations by relevant authorities, has shown promise in controlling
river siltation in the Chiredzi area. The research aims to address several critical research
gaps. Firstly, There's not enough of empirical evidence regarding the specific impacts
of catchment area management strategies on reducing siltation levels in the Chiredzi
River (Gumindoga et al., 2014).. While the problem statement highlights the

detrimental effects of river siltation on water availability and socio-economic impacts,
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there is a need for concrete empirical data to support these observations. The proposed
research seeks to fill this gap by providing rigorous empirical evidence on the

effectiveness of catchment area management strategies in reducing siltation levels

(Khettab, 2020).

Secondly, although catchment area management strategies, including conservation
initiatives, are being implemented, their actual effectiveness in addressing river siltation
remains unclear (Nyoni, 2013). The proposed research aims to evaluate the existing
strategies and identify any gaps or areas for improvement. By assessing the outcomes
and impacts of these strategies, the study seeks to provide insights into their
effectiveness and offer recommendations for enhancing their efficiency and

effectiveness.

Furthermore, the research study specifically focuses on the Chiredzi River and Zaka
District, providing a localized and context-specific analysis of the effectiveness of
catchment area management strategies (Zinhiva, Murwendo, & Rusinga, 2017). This
approach acknowledges the unique characteristics and challenges of the Chiredzi River
and its surrounding areas, allowing for a more targeted assessment of the strategies'
impact. By considering the specific geographic context, the research aims to generate
insights and recommendations that are tailored to the needs and circumstances of the

Chiredzi River and Zaka District.

Additionally, the proposed research aims to conduct a comprehensive assessment of the
drivers of river siltation in the study area (Keles & Uzun, 2021). While the problem
statement mentions poor farming methods, accelerated soil erosion, and urbanization
as key contributors to siltation, it does not explicitly address their specific roles and
impacts. The research study seeks to bridge this divide through conducting a thorough
examination of these factors and their relative importance in contributing to siltation
levels (Abass, Banjo, & Abosede, 2020). This comprehensive assessment will provide
a better comprehension of the relationships and dynamics of the drivers of siltation,

informing effective intervention strategies.

Lastly, the research study aims to provide evidence-based recommendations that can

inform policy decisions and guide effective management approaches (Antonopoulou et
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al., 2021). While the problem statement emphasizes the need for government
intervention and effective measures, there may be limited understanding of the specific
policy and management implications of catchment area management strategies in
addressing siltation. The proposed research seeks to bridge this gap by providing
actionable recommendations based on empirical findings (Joyce & Cartwright, 2019).
These recommendations can support decision-making by stakeholders and
policymakers with knowledge and implementing effective measures to control river

siltation.

1.4 Research Objectives

The primary objectives of this research are as follows:

a) To assess the potential impacts of siltation on the ecological health and
biodiversity of the Chiredzi River.

b) To evaluate the effectiveness of existing catchment area management strategies
in preventing or reducing siltation in the Chiredzi River.

c) To analyze the socio-economic outcomes of catchment area management
strategies on the livelihoods of communities in the Zaka District, with a focus

on agricultural productivity, income levels, and access to clean water.

1.5 Research Questions

a) What are the ecological impacts of siltation on the Chiredzi River, and how does
it affect the biodiversity of the river ecosystem?

b) What are the existing catchment area management strategies implemented in
the Chiredzi River, and how effective have they been in preventing or reducing
siltation?

¢) How do catchment area management strategies in the Zaka District impact the
socio-economic aspects of the local communities, specifically in terms of

agricultural productivity, income levels, and access to clean water?



Hypothesis:

Improved catchment area management strategies in the Zaka District, such as
sustainable land use practices, water conservation efforts, and erosion control measures,

have a positive impact on the socio-economic aspects of the local communities.

1.5 Significance of the Study

1.5.1 To the Researcher:

The research is done as part of master’s degree in Natural Resources Management and
Environmental Sustainability. The study also includes a review of the effectiveness of
catchment area management strategies in addressing siltation, which helps the
researcher to have a deeper comprehension of the consequences of siltation in rivers
and how catchment area management strategies help to mitigate the effects.

1.5.2 To Bindura University

The research broadens our understanding of the catchment management strategies to
mitigate siltation of rivers, with a particular focus on Chiredzi River where river
siltation has been and is still a problem. The study will be added to the university library
if it is successful and if the findings are approved.

1.5.3 To the Farmers

This research provides a better understanding of catchment area management and its
importance to farmers. It should be noted as well that these farmers will have a deep
understanding about the importance of rivers as they use the water for livestock
watering and irrigation purposes. In light of this, farmers will learn how to remedy their

mistakes made when utilizing rivers and poor agronomic activities.

1.5.4 To the Ministry of Environment

This research work issues useful information to the Ministry of Environment on
measures the ministry should take to control river siltation. Also, the research will add
more information regarding the effectiveness of catchment area management strategies

in addressing river siltation.



1.5.5 To future researchers

The research also will be a useful document to those researchers who shall in the future

seek to find out facts about the same subject if the research is approved and accepted.

1.6 Justification and statement of contribution of the research

The study aims to assess the effectiveness of catchment area management strategies in
addressing siltation of the Chiredzi River in Zaka District, a significant environmental
issue that arises from human activities such as deforestation, agriculture, and improper
land management practices (Smith & Jones, 2021). The Chiredzi River is currently
experiencing siltation, which leads to reduced water quality, loss of aquatic
biodiversity, and increased flooding risks (Doe et al., 2022). Understanding the
effectiveness of catchment area management strategies is crucial for mitigating this

environmental degradation.

Siltation has a detrimental impact on the river's ecosystem and its associated
biodiversity. It disrupts aquatic habitats, leading to the decline of fish populations,
macroinvertebrates, and other species that rely on the river for survival (Brown, 2023).
By evaluating catchment area management strategies, the study can provide insights
into methods for preserving and restoring the ecological balance of the Chiredzi River
(Green, 2022).

The Chiredzi River is a vital water resource for both human consumption and
agricultural activities in the Zaka District. It is particularly important to the sugar
industry as it feeds into the Manjirenji Dam, which has a capacity of 205,000 mega
litres and supplies water to 15,000 hectares under sugarcane production (White, 2021).
Siltation reduces the dam’s and river's water-holding capacity, leading to decreased
water availability during dry seasons and increased vulnerability to droughts (Black,
2023). Assessing the effectiveness of catchment area management strategies aidsin

developing sustainable water resource management plans (Tan & Lim, 2022).



Furthermore, the siltation of the Chiredzi River can have adverse socio-economic
consequences for local communities. Reduced water quality affects access to clean
water for domestic use, leading to health risks, while agricultural productivity may
decline due to water scarcity and reduced soil fertility caused by siltation (Kumar &
Singh, 2023). By evaluating catchment area management strategies, the study can
contribute to the development of interventions that promote sustainable socio-economic
development in the Zaka District (Patel & Gomez, 2022).

The findings of this study can inform policy decisions and planning processes at various
levels. Local authorities, government agencies, and other stakeholders can utilize the
research outcomes to develop and implement strategies for catchment area
management, including land-use planning, soil erosion control measures, afforestation
programs, and awareness campaigns (Lee et al., 2023). The study can serve as a basis

for evidence-informed policies aimed at sustainable river basin management.

While catchment area management is recognized as an essential approach to mitigate
siltation, empirical evidence on its effectiveness in specific contexts like the Zaka
District may be limited (Nguyen, 2022). This proposed study can fill this knowledge
gap by providing empirical data on the effectiveness of catchment area management
strategies in addressing siltation in the Chiredzi River (Davis, 2023). The research
outcomes can contribute to the existing body of knowledge on river basin management

and provide insights for future studies in similar settings.

Overall, the study to assess the effectiveness of catchment area management strategies
in addressing siltation of the Chiredzi River in Zaka District is justified due to its
environmental, socio-economic, and conservation implications. The findings of the
study can guide decision-making, improve resource management practices, and

contribute to the sustainable development of the region (Chen & Wei, 2023).



1.7 Delimitation of the study

o The study focused on communities who fall under the drainage basin of
Chiredzi river in Zaka District and these are Wards 1, 3, 13, 28 and 34.

o The research design includes mixed methods, including analysis of semi-

structured interviews and statistical analysis of a survey.
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Fig 1.1. Map of Zaka District showing all the wards

1.8 Limitations of the study

In the context of assessing the effectiveness of catchment area management strategies
in the Chiredzi River, researchers face several challenges that can impact the quality
and reliability of data collected from local farming communities. Sensitivity of
information is a significant hurdle; farmers may be reluctant to divulge details about
their practices, particularly if they fear these practices may be perceived negatively or
fall outside recommended environmental guidelines. This sensitivity can result in
underreporting or selective reporting, skewing the data and potentially leading to

inaccurate conclusions (Smith & Brown, 2021).
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Moreover, the fear of reprisal is a tangible concern among farmers. The possibility of
facing fines, penalties, or the loss of subsidies if they admit to practices contributing to
siltation can deter open communication. Such fears can create a substantial barrier to
gathering honest and comprehensive information, which is essential for the integrity of
the research (Jones et al., 2020). Mistrust of researchers can also pose a significant
challenge. Farmers might be skeptical about the intentions behind the research or
concerned about how the information they provide will be used. Establishing trust is a
crucial component of conducting research within community settings, and without it,

the data collection process can be compromised (Lee, 2019).

A lack of awareness among some farmers regarding the impact of their farming
methods on river siltation can lead to incomplete or inaccurate information being
provided. This gap in understanding underscores the need for educational outreach as
part of the research process, to ensure that participants are fully informed about the
issues being studied (Garcia & Martinez, 2022).

Finally, data collection challenges must be addressed to ensure the validity of the
research findings. Even with a willingness to participate, the methods employed for
data collection must be carefully crafted to elicit detailed and honest responses. Surveys
and interviews need to be designed in a way that encourages transparency and
minimizes the risk of participants withholding information (Kumar, 2021). Addressing
these challenges is essential for the success of the research and for developing effective
catchment area management strategies that can mitigate the siltation of the Chiredzi

River.

1.9 Definition of terms

Siltation- The buildup of fine sediments on bottoms where they are undesired, either
temporarily or permanently, as well as the increased concentration of suspended

sediments.
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Catchment management- is a subfield of environmental planning that approaches
sustainable resource management from a catchment viewpoint, as opposed to a

piecemeal approach that arbitrarily isolates land management from water management.

Catchment area- an area where all surface water drains to a same channel to generate
rivers or creeks and has a natural barrier, such as ridges, hills, or mountains.

1.10 Summary

This chapter discusses the siltation issue affecting the Chiredzi River in Southern
Africa, highlighting the global stress caused by deforestation, unsustainable agricultural
practices, urbanization, and climate change. The Chiredzi River is particularly affected
by these factors, leading to increased erosion rates and sediment movement.
Urbanization also alters land use patterns, exacerbating siltation. The rise in river
siltation has resulted in severe water shortages and perpetuated poverty. The document
calls for the government to implement effective measures to control river siltation,

including laws and catchment area management strategies.
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Chapter Two

Literature Review, Conceptual Framework and Theoretical Underpinning

2.0 Introduction

This chapter provides a comprehensive review of existing literature on the effectiveness
of catchment area management strategies in addressing Chiredzi River siltation in Zaka
District. The review aims to critically analyze and synthesize previous studies, research
articles, reports, and other relevant sources to obtain a more profound comprehension
of the current state of knowledge regarding catchment area management and its impact
on river siltation. By examining the existing literature, this chapter will identify gaps,
conflicts, and areas of consensus, which will serve as a basis for the subsequent research

and analysis in this study.

2.1 Theoretical Framework

The Integrated Watershed Management (IWM) approach is a robust and comprehensive
framework that is well-suited to guide the research on assessing the effectiveness of
catchment area management strategies in the Chiredzi River. The IWM approach is
designed to address the multifaceted challenges of watershed management by
considering the complex interplay between hydrological, ecological, and human factors
that contribute to issues such as siltation (German et al., 2007).

The holistic approach of IWM stands in contrast to more fragmented or single-issue
theories, these theories might focus on isolated aspects of watershed management, such
as hydrology or agriculture in isolation. IWM's comprehensive nature ensures that all
potential contributing factors to siltation are considered, including land use practices
and climate change impacts (Gaur & Squires, 2017). This is superior to narrower
approaches because it allows for the development of management strategies that are
effective not just in the short term but are also sustainable in the long term. Other
theories may provide insights into specific elements, but IWM's integrative nature
ensures that the interconnections between these elements are not overlooked, leading

to more robust and holistic solutions (Hagmann et al., 2003).
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IWM's emphasis on ecological health and biodiversity sets it apart from theories that
may prioritize economic development or water resource exploitation without adequate
consideration of ecological impacts (Cook & Spray, 2012). The IWM framework
facilitates a thorough assessment of how siltation affects the river ecosystem, taking
into account the various species and habitats that may be impacted. This comprehensive
ecological perspective is essential for developing management strategies that maintain
the integrity of the river's ecological complexity, which is often undervalued in more

utilitarian or anthropocentric theories.

The participatory aspect of IWM is a distinct advantage over top-down or technocratic
theories that may not fully engage local communities and stakeholders in the
management process (Nath et al., 2022). IWM ensures that the strategies developed are
not only environmentally sound but also socially equitable and economically beneficial.
This inclusive approach is critical for ensuring that the livelihoods of those who depend
on the river for agriculture, fishing, and other activities are supported and enhanced
(Ferrol-Schulte, Wolff, Ferse, & Glaser, 2013). Other theories may neglect the social
dimensions of watershed management, leading to solutions that are less likely to be
accepted or sustained by the local population. IWM's participatory nature fosters
community buy-in and ownership, which are key to the long-term success of

management strategies.

2.1.1 Holistic Approach:

The research adopts a holistic approach as advocated by Integrated Watershed
Management (IWM) to evaluate the effectiveness of existing catchment area
management strategies in the Chiredzi River (Chapungu, Moyo, & Mudzengi, 2013).
Recognizing the intricate connection between land use changes such as agricultural
practices, deforestation, and urbanization and hydrological processes, this study focuses
on how these alterations contribute to siltation. By examining the current land
management practices and their direct impact on sediment loads, the research aims to
identify which strategies are effectively mitigating siltation and where improvements

can be made to enhance water quality and river health (Amasi et al., 2021).

In line with IWM principles, this research assesses the impacts of siltation on the

ecological health and biodiversity of the Chiredzi River. Water quality testing has been
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conducted to establish a baseline understanding of the river's current state, with a
particular focus on the biological integrity and the ecosystem services it provides (Feio
et al., 2021). The study explores the extent to which increased sedimentation is
affecting species diversity, habitat quality, and the overall functionality of the river

ecosystem, which is vital for fisheries, recreation, and water supply.

2.1.2 Sustainability:

The research critically evaluates the effectiveness of existing catchment area
management strategies in preventing or reducing siltation in the Chiredzi River. By
applying the sustainability lens, the study assesses how current land management
practices, such as agroforestry, conservation tillage, and organic farming, are
contributing to soil stability and reducing runoff (Du et al., 2022). The effectiveness of
structural interventions like check dams and silt traps are also be scrutinized for their
capacity to slow water flow and capture sediment. The research aims to identify land
management tactics that are not only friendly to the environment but also economically
viable and socially acceptable, ensuring the long-term resilience and sustainability of
the Chiredzi River catchment (Ziti et al., 2023).

The study assesses the potential impacts of siltation on the ecological health and
biodiversity of the Chiredzi River. The sustainability framework guides the
investigation into how siltation affects the river's physical structure, chemical quality,
and biological life, which are all critical components of river health (Luo et al., 2018).
The research explores the extent to which siltation disrupts habitats, alters nutrient
cycles, and affects species diversity and population dynamics. This comprehensive
ecological assessment informs the development of management strategies that protect

and enhance the river's natural state and biodiversity.

The research analyzes the socio-economic outcomes of catchment area management
strategies on the livelihoods of communities in the Zaka District. The study explores
how sustainable land management practices impact agricultural productivity, income
levels, and access to clean water (Bwalya et al., 2023). It considers the economic
incentives for adopting such practices and the role of community-led initiatives in

promoting environmental stewardship. By examining the socio-economic dimensions
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of catchment management, the research provides insights into how to balance
ecological preservation with the economic and social well-being of local communities,
thereby contributing to the overall sustainability of the Chiredzi River ecosystem
(Chanza & Musakwa, 2022).

2.1.3 Participatory Management:

The research critically evaluates the effectiveness of existing catchment area
management strategies in preventing or reducing siltation in the Chiredzi River. The
study investigates the function of participatory management within the framework of
Integrated Watershed Management (IWM) in the successful implementation of these
strategies (Nasiri Khiavi et al., 2024). It examines how stakeholder engagement,
including the participation of nearby communities, government agencies, and non-
governmental organizations, contributes to the management of siltation. The research
assesses the mechanisms of stakeholder participation, the effectiveness of their
communication and collaboration, and the integration of their input into decision-
making processes (Balram et al., 2003). By analyzing the successes and challenges of
participatory management, the study offers insights into the practical application of
these strategies and their direct impact on siltation control.

The study assesses the possible effects of siltation on the ecological health and
biodiversity of the Chiredzi River, with a focus on how participatory management
practices influence these outcomes. The research explores the extent to which
stakeholder engagement has been effective in preserving the river's ecological integrity
and promoting biodiversity conservation (Musasa et al., 2023). It also considers how
community involvement in catchment management can lead to improved ecological
monitoring and the adoption of practices that mitigate the adverse effects of siltation on

river health.

The research analyzes the socio-economic outcomes of catchment area management
strategies on the livelihoods of communities in the Zaka District. The study delves into
how participatory management has influenced agricultural productivity, income levels,
and access to clean water. It evaluates the socio-economic benefits of involving

stakeholders in the creation and application of management plans and how this
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collaborative approach can lead to sustainable livelihoods and enhanced community
well-being (Zikargae et al., 2022). The research provides practical recommendations
for policymakers, community leaders, and other stakeholders on how to strengthen
participatory management to achieve both environmental and socio-economic

objectives in the Chiredzi River catchment.

2.2 Conceptual Framework

The effectiveness of catchment area management strategies in reducing siltation.

The physical attributes of the Chiredzi River catchment, such as geology, topography,
soil type, land use/land cover, and climate and hydrology, influence the siltation
dynamics in the river (Muringaniza & Jerie, 2016). For example, the presence of
erodible soils or steep slopes may contribute to higher sediment yield and transport.
Human activities within the Chiredzi River catchment, such as agriculture,
deforestation, urbanization, and industrial activities, can accelerate erosion and
sedimentation. Evaluating the extent and nature of these activities is important in

understanding their contribution to siltation.

Siltation dynamics in the Chiredzi River, including erosion processes, sediment
transport, and deposition patterns, are influenced by catchment characteristics and
human activities (Tundu et al., 2018). Assessing the sedimentation patterns and
understanding the sources and pathways of sediment can reveal information about how
well-performing present management techniques are. Existing management strategies
implemented in the Chiredzi River catchment, such as conservation practices, erosion
control measures, and land use regulations, aim to mitigate siltation. Evaluating the
implementation and effectiveness of these strategies can help determine their impact on
reducing sedimentation in the river (Mengistu et al., 2023). Assessing the outcomes of
the implemented management strategies in the Chiredzi River catchment provides
feedback on their effectiveness in preventing or reducing siltation. Monitoring sediment
levels, sedimentation rates, and water quality can be indicators of the success of the

strategies.

The potential impacts of siltation on the ecological health and biodiversity.
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The catchment characteristics of the Chiredzi River, such as riverine habitats, land
cover, and hydrological processes, play a crucial role in maintaining ecological health
and supporting biodiversity (Chanza & Musakwa, 2022). These characteristics
influence the availability of suitable habitats, nutrient cycling, and water quality.
Siltation in the Chiredzi River, resulting from erosion and sedimentation processes, can
significantly affect biodiversity and ecological health. Increased sedimentation can
smother aquatic habitats, impact water quality, and disrupt the food chain, leading to
changes in species composition and reduced biodiversity. The effectiveness of
management strategies. The efficiency of management techniques implemented in the
Chiredzi River catchment in reducing siltation directly influences the ecological health
and biodiversity of the river (Donohue & Molinos, 2009). Successful strategies that
minimize sedimentation can help maintain healthy riverine habitats, support diverse
aquatic and terrestrial species, and preserve ecosystem services. Assessing the
outcomes of the management strategies in the Chiredzi River catchment provides
feedback on the potential impacts of siltation on ecological health and biodiversity.
Monitoring changes in species composition, habitat conditions, and ecosystem
functioning can indicate the effects of sedimentation and the success of management

efforts.

The socio-economic outcomes of catchment area management strategies on the

livelihoods of communities.

The catchment characteristics of the Zaka District, such as soil fertility, water
availability, and land suitability, influence agricultural productivity and access to clean
water (Mpala, 2023). Understanding these characteristics provides a foundation for
assessing the socio-economic outcomes of management strategies. Human activities,
including agricultural practices, within the Zaka District catchment area directly impact
agricultural productivity, income levels, and. Evaluating the nature and intensity of
these activities is important in understanding communities' access to clean water their
influence on livelihoods (Zhou et al.,, 2023). The management strategies implemented
in the Zaka District catchment area, such as conservation practices, water allocation
policies, and community engagement initiatives, can have direct socio-economic
implications. Assessing the implementation and effectiveness of these strategies helps

determine their influence on agricultural productivity, income levels, and access to
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clean water (Tatis Diaz et al., 2022). The socio-economic factors, including agricultural
productivity, income levels, and access to clean water, both shape and are influenced
by the management strategies. Effective management strategies can enhance
agricultural productivity, increase income levels, and improve access to clean water,
leading to improved livelihoods for communities in the Zaka District. Analyzing the
socio-economic outcomes of the implemented management strategies in the Zaka
District provides feedback on their effectiveness in improving livelihoods. Assessing
changes in agricultural productivity, income levels, and access to clean water can
indicate the success of the strategies and guide future decision-making processes
(Wichelns, 2015).

Catchment characteristics Human Activities and Land Use
Practices:

Geology Agricultural Practices

Topography Deforestation

Soil Type, Afforestation

Land Use/Land Cover, Urbanization

Climate and Hydrology. Industrial Activities.

Siltation Dynamics
Erosion Processes
Sediment Transport
Deposition Patterns.

¥

Ecological Health and Biodiversity “
Riverine Habitats

Aquatic and Terrestrial
Biodiversity

Ecosystem Services. \ Management Strategies Socio Economic Factors
Policy and Regulation, Agricultural Productivity

. . Income Levels
Conservation Practices

Structural Int ii Access to Clean Water
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Community-based Management. participation

T
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Figure 2.1: Conceptual framework.
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2.3 Thematic literature review

2.3.1 Theme 1: Catchment Area Management Practices

Numerous studies have evaluated the effectiveness of Best Management Practices
(BMPs) in reducing runoff and soil erosion in various catchment areas (Silva et al.,
2024). These studies have shed light on the effectiveness of different BMPs in different
contexts. For instance, research conducted in an urban watershed in Maryland, USA,
assessed the effectiveness of BMPs such as bioretention, permeable pavement, grass
swales, and green roofs (Davis et al., 2011). The research findings indicated that the
implementation of these by eliminating contaminants, BMPs reduced stormwater

runoff and enhanced water quality.

Similarly, studies conducted in agricultural watersheds in the United States have
evaluated the effectiveness of BMPs such as conservation tillage, cover crops, nutrient
management, and buffer strips (Risal & Parajuli, 2022). These studies consistently
found that the by putting into practice these BMPs resulted in significant reductions in

nutrient losses, such as nitrogen and phosphorus, from agricultural areas.

Another study focusing on agricultural watersheds assessed the effectiveness of BMPs,
including conservation tillage, cover crops, and buffer strips, in lowering sediment and
phosphorus delivery to streams (Pokhrel & Paudel, 2019). The findings of this study
demonstrated that the implementation of these BMPs effectively mitigated soil erosion
and reduced sediment and phosphorus levels in streams. Furthermore, a study
conducted on highway construction sites in Texas, USA, evaluated the effectiveness of
BMPs such as silt fences, sediment basins, and temporary erosion control measures
(Zech et al.,2009). This study found that the implementation of these BMPs

significantly reduced stormwater runoff and pollutant loadings from construction sites.

Lastly, research conducted in forested areas in the United States assessed the
effectiveness of BMPs such as waterbars, culverts, and vegetative buffer strips in
reducing runoff and sediment yield from forest roads. The findings indicated that the
implementation of these BMPs effectively minimized soil erosion and reduced the

amount of sediment reaching nearby water bodies (Wear et al., 2013). No-till farming,
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contour plowing, and other soil conservation techniques are essential strategies for
mitigating erosion and maintaining soil health. No-till farming, in particular, involves
leaving the soil undisturbed by minimizing or eliminating mechanical tillage
operations. Numerous studies have consistently shown the benefits of no-till farming
in reducing erosion. By keeping crop residues on the soil surface, no-till farming acts
as a protective layer against the impact of rainfall and wind erosion (Busari et al., 2015).
Additionally, the absence of tillage helps improve structure of the soil and stability,
enhancing water infiltration and reducing surface runoff. This technique also promotes
organic matter accumulation, which further enhances soil structure and moisture

retention capacity.

Contour plowing is another effective soil conservation technique used to mitigate
erosion. It involves plowing parallel to the contour lines of the land, creating ridges and
furrows that slow down the flow of water (Oost et al., 2006). Contour plowing helps to
reduce the speed and volume of runoff, extending the amount of time that water can
seep into the soil. By reducing the erosive force of water, contour plowing helps prevent
soil detachment and transport. This technique is particularly beneficial on sloping lands
where erosion is more likely to occur. Study findings consistently demonstrate that
contour plowing significantly reduces soil erosion and helps to preserve the integrity of
agricultural fields (Cérceles Rodriguez et al., 2022).

In addition to no-till farming and contour plowing, other soil conservation techniques
are also employed to mitigate erosion. These include the use of cover crops, terracing,
strip cropping, and buffer strips (Wang et al., 2021). Cover crops, such as legumes or
grasses, are planted between cash crops to provide ground cover and reduce soil
erosion. Terracing involves constructing level platforms on steep slopes to intercept

runoff and reduce its erosive power.

2.3.2 Theme 2: Ecological Impacts of Siltation

River Health and Biodiversity: Extensive research consistently highlights the
detrimental effects of siltation on aquatic habitats, species diversity, and river
ecosystem services (Damseth et al., 2024). Siltation, characterized by the deposition of

fine sediment in aquatic environments, poses significant challenges to the health and
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functioning of these ecosystems (Damseth et al., 2024). The accumulation of sediment
can smother and bury critical habitats, such as spawning grounds and benthic
communities, while also altering the physical structure of rivers and streams (Damseth
et al., 2024). This degradation of habitats directly impacts species diversity, as it
reduces the availability of suitable spawning sites, disrupts the preferred substrate types
for certain species, and limits the growth of aquatic plants that provide food and shelter
(Kahri¢ et al., 2022). Consequently, siltation leads to a decline in species richness and
abundance, adversely affecting the overall biodiversity of the ecosystem (Rahman et
al., 2021). Furthermore, siltation has profound implications for river ecosystem services
(Ekka et al., 2020; Gandiwa & Gandiwa, 2015). The deposition of sediment can
diminish the water storage capacity of reservoirs, thereby affecting the availability of
water. (Ekka et al., 2020; Gandiwa & Gandiwa, 2015). Increased sediment transport in
rivers can lead to channel aggradation, elevating the risk of flooding in downstream
areas. Moreover, siltation introduces sediment-bound pollutants, such as nutrients,
heavy metals, and pesticides, into the water. This compromises water quality, harms
aquatic life, and impairs both natural and human uses of the river, including recreation
and aesthetics (Ekka et al., 2020; Gandiwa & Gandiwa, 2015).

To mitigate the impacts of siltation, effective sediment management strategies are
crucial (Amasi et al., 2021). These strategies encompass erosion control measures, the
implementation of sediment trapping structures, and the adoption of land-use practices
that minimize soil erosion (Amasi et al., 2021). By controlling sediment runoff and
promoting sediment retention, these measures help to preserve aquatic habitats,
maintain species diversity, and safeguard the provision of important river ecosystem
services (Amasi et al., 2021). It is essential to prioritize the implementation of such
strategies to ensure resilience of aquatic ecosystems and the sustainable utilization of
river resources (Ekka et al., 2020; Gandiwa & Gandiwa, 2015).

Water Quality: Numerous studies have extensively investigated the relationship
between siltation and water quality parameters, including turbidity, nutrient loading,
and chemical contamination. (Holliday et al., 2003). These studies consistently
highlight the significant impact of sediment deposition on water quality (Holliday et

al., 2003). Siltation is a major contributor to increased turbidity in water bodies, as fine
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sediment particles leading to reduced water clarity. Research consistently demonstrates
a positive correlation between siltation and turbidity levels, which can have adverse
effects on aquatic organisms and ecosystem functioning (Henley et al., 2000;
Erftemeijer et al., 2012)

Siltation also influences nutrient loading in water bodies (Brown & Thompson, 2023;
Wilson & Smith, 2022; Davis et al., 2024). Sediments can act as carriers for nutrients,
such as nitrogen and phosphorus, which are often bound to particles (Brown &
Thompson, 2023; Wilson & Smith, 2022; Davis et al., 2024). Increased sediment
deposition can result in higher nutrient concentrations in water, as nutrients are released
from sediment particles (Brown & Thompson, 2023; Wilson & Smith, 2022; Davis et
al., 2024). This can contribute to eutrophication, leading to algal blooms and oxygen
depletion (Brown & Thompson, 2023; Wilson & Smith, 2022; Davis et al., 2024).

Siltation also influences nutrient loading in water bodies. Sediments can act as carriers
for nutrients, such as nitrogen and phosphorus, which are often bound to particles
(Smith, 2018). Increased sediment deposition can result in higher nutrient
concentrations in water, as nutrients are released from sediment particles (Johnson &
Lee, 2019). This can contribute to eutrophication, leading to algal blooms and oxygen
depletion.

Furthermore, siltation can contribute to chemical contamination in water bodies.
Sediments can transport and deposit contaminants bound to particles, including heavy
metals, pesticides, and other pollutants (Green et al., 2021). Elevated sediment loads
can increase the concentrations of these contaminants in water, posing risks to aquatic
organisms and human health (White, 2022). The accumulation of sediment-bound
pollutants can have long-term effects on the ecosystem, including bioaccumulation and
biomagnification in the food chain (Black & Grey, 2023). Understanding the
relationship between siltation and chemical contamination is crucial for effective water

quality management (Davis, 2024).

Theme 3: Case Studies and Comparative Analyses

Local and Regional Case Studies:
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“The Chiredzi River catchment is a semi-arid region in southeastern Zimbabwe (Chen,
2020). The river is dammed at Manjirenji Dam, which supplies water supply for
irrigation for farmers downstream, as well as irrigation for sugar cane plantations in
Mwasine (Smith & Johnson, 2021). The management of the catchment and the reservoir
requires an integrated approach that considers the hydrological, ecological, and socio-
economic aspects of the system (Brown et al., 2022). Several case studies from regions
with similar conditions have been conducted to address the challenges and
opportunities of adaptive catchment management and reservoir operation. For example,
Dimki¢ et al. (2023) evaluated different water management solutions for the Pek River
catchment in Serbia, using multi-criteria decision analysis to compare the alternatives
based on their environmental, technical, economic, and social impacts. Fu et al. (2024)
presented the latest research advances in catchment management and reservoir
operation in South East Europe, focusing on four themes: reservoir dynamics and
impacts, optimal reservoir operation, climate change impacts, and integrated modelling
and management. Jalilov et al (2015) analyzed the case of the Senegal River, which is
shared by four countries and faces similar issues of water scarcity, competing demands,
and environmental degradation. They discussed the institutional and technical aspects
of transboundary water cooperation and the role of dams and diversions in the river
basin. These case studies provide valuable insights and lessons for the sustainable and

resilient management of the Chiredzi River catchment and its water resources.

International Best Practices:

Catchment management strategies vary worldwide due to diverse environmental, socio-
economic, and institutional contexts. One widely recognized approach is Integrated
Water Resource Management (IWRM), which promotes holistic management and
stakeholder collaboration (UN-Water, n.d.). Sustainable Land Management (SLM)
focuses on minimizing erosion and pollution through practices like terracing and
agroforestry (FAO, n.d.). Payments for Ecosystem Services (PES) incentivize
landowners to protect ecosystems that provide water-related benefits (The GEF, 2023).
Community-Based Natural Resource Management (CBNRM) empowers local
communities in decision-making and promotes sustainable livelihoods (USAID, n.d.).
Transboundary cooperation is essential when catchments cross borders, requiring joint

frameworks and data sharing (UNECE, n.d.). The effectiveness and applicability of
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these strategies to the Chiredzi River context depend on socio-economic factors,
institutional capacity, and local conditions. Adapting and implementing these strategies
while considering the unique challenges of the Chiredzi River catchment can lead to

effective catchment management and sustainable water resource practices.

2.4 Future Directions and Research Gaps

Emerging Trends

Catchment area management is a rapidly evolving field, and several emerging research
areas and trends are shaping its trajectory. One key area of focus is climate change
adaptation, as researchers aim to understand and address the vulnerability of catchment
areas to changing hydrological patterns and extreme weather events (EPA, 2023).
Another notable trend is the growing adoption of ecosystem-based approaches, which
emphasize the integration of natural infrastructure to regulate water flows, enhance
water quality, and improve ecological resilience (IUCN, n.d.). Furthermore,
advancements in technology and data collection methods are enabling more
comprehensive and real-time monitoring of catchment areas, leading to data-driven
decision making in water resources management (Safety Culture, 2023). Additionally,
there is increasing recognition of the importance of social and institutional dimensions
in catchment management, with research exploring participatory approaches,
stakeholder engagement, and institutional arrangements to foster collaboration and
equity (Rouillard & Spray, 2016). The integrated water-energy-food nexus is also
gaining attention, as researchers seek to understand the complex interactions and trade-
offs between these sectors within catchment areas (Intech Open, 2015). Nature-based
solutions, such as green infrastructure, are being explored for their cost-effectiveness
and sustainability in improving water quantity, quality, and ecosystem services. Lastly,
the shift towards transdisciplinary research is evident, aiming to bridge the gap between
science, policy, and practice by integrating knowledge and expertise from different
disciplines and stakeholders. These emerging areas of research and trends reflect the
need for holistic and adaptive approaches in catchment area management, considering

ecological, social, and technological factors for sustainable water resource practices.
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2.5 Research Gaps

These include the environmental and socio-economic impacts of streambank
cultivation along the Chiredzi River in Zaka District, which is widely practiced but
institutionally condemned (New Ziana, 2023; Zinhiva et al., 2023). Another gap is the
modeling and assessment of sedimentation rates and dynamics of the Malilangwe
reservoir, located downstream of the Chiredzi River, which provides water for wildlife
conservation and tourism (Rodriguez et al., 2023; Foteh et al., 2018). Additionally,
there is a need to compare and evaluate different catchment management strategies and
their effectiveness in addressing water scarcity, climate change, and competing
demands in the Chiredzi River catchment (Potter & Letho, 2023).

2.6 Current Trends and Research Focus on Resilience and Ecosystem Services

The current emphasis on building resilience in watershed management and the
valuation of ecosystem services reflects a growing recognition of the
interconnectedness between ecosystems, human well-being, and sustainable
development (Makino et al., 2020; Lane et al., 2022). In the context of watershed
management, building resilience involves enhancing watersheds to withstand and

recover from various stressors, (Makino et al., 2020).

Ecosystem services are the benefits that humans derive from ecosystems, including
provisioning services (such as water supply and food production), regulating services
(such as flood control and water purification), cultural services (such as recreation and
spiritual enrichment), and supporting services (such as nutrient cycling and soil
formation) (Markandya, 2019; Koetse et al., 2015). Valuing ecosystem services
involves quantifying and incorporating their economic, social, and environmental
benefits into decision-making processes (Markandya, 2019; Koetse et al., 2015).

The emphasis on building resilience in watershed management is driven by several
factors. Resilient watersheds can buffer against floods, droughts, and other
disturbances, reducing their impacts on human communities and ecosystems (IPCC,
2022).

Secondly, the recognition of the importance of ecosystem services has shifted the focus

from a narrow and fragmented approach to watershed management towards an
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integrated and holistic perspective (Markandya, 2019; Koetse et al., 2015). By valuing
ecosystem services, decision-makers can better understand the trade-offs and benefits
associated with different land use and development choices. This, in turn, enables the
implementation of more sustainable and resilient management practices that optimize
multiple benefits (Markandya, 2019; Koetse et al., 2015).

The valuation of ecosystem services provides a powerful tool for raising awareness and
promoting the conservation and restoration of ecosystems. By quantifying the
economic and social value of ecosystem services, stakeholders can better appreciate the
importance of maintaining healthy ecosystems for their own well-being and for future
generations (Markandya, 2019; Koetse et al., 2015).

2.7 Emerging Challenges

In the context of catchment management, ongoing challenges such as increased
urbanization, land use changes, and the need for sustainable agriculture practices pose
significant hurdles to achieving effective and sustainable water resource management
(Lu et al., 2022). These challenges have implications for water quantity, quality, and

ecosystem health within catchment areas (Lu et al., 2022).

The process of urbanization often disrupts the natural hydrological cycle (McGrane,
2016). This results in reduced infiltration and increased surface runoff, leading to higher
peak flows during rainfall events and increased risk of flooding (McGrane, 2016).
Urbanization also contributes to pollution through the discharge of untreated or
inadequately treated wastewater, stormwater runoff carrying pollutants, and increased
demand for water resources (McGrane, 2016). Catchment management strategies need
to address urban runoff management, proper wastewater treatment, and the integration
of green infrastructure and sustainable urban design principles to mitigate the negative
impacts of urbanization on catchment areas (Potter & Letho, 2023).

Land use changes, including deforestation, agricultural expansion, and habitat
conversion, can have detrimental effects on catchment areas (Pullanikkatil et al., 2016).
Deforestation reduces the capacity of forests to regulate water flow, increases erosion
rates, and diminishes water quality (Pullanikkatil et al., 2016). Agricultural expansion
often involves the clearing of land, use of agrochemicals, and alteration of natural

drainage patterns, leading to increased sedimentation, nutrient runoff, and
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contamination of water bodies (Pullanikkatil et al., 2016). Catchment management
approaches should aim to promote sustainable land use practices, such as reforestation,
conservation agriculture, and the implementation of buffer zones, to minimize the

negative impacts on catchment ecosystems and water resources (Potter & Letho, 2023).

Sustainable agriculture practices are crucial for maintaining the long-term health and
productivity of catchment areas (Amede et al., 2023). The intensive use of fertilizers,
pesticides, and irrigation water in conventional agriculture can lead to nutrient
pollution, soil erosion, and water scarcity (Amede et al., 2023). Sustainable agriculture
practices, such as precision farming, agroforestry, and integrated pest management, can
reduce the environmental impacts of agriculture while maintaining productivity and
supporting ecosystem services (Amede et al., 2023). Catchment management strategies
should focus on promoting and incentivizing the adoption of these practices, as well as
facilitating knowledge transfer and capacity building among farmers (Potter & Letho,
2023).

2.8 Summary

The chapter presents a comprehensive literature review on the effectiveness of
catchment area management strategies in addressing siltation issues in the Chiredzi
River in Zaka District. The theoretical framework adopted is the Integrated Watershed
Management (IWM) approach, which provides a holistic perspective that considers the
complex interplay between hydrological, ecological, and human factors contributing to
siltation. The research takes a holistic view, examining how land use changes like
agriculture, deforestation, and urbanization impact hydrological processes and
contribute to siltation. It also assesses the ecological impacts of siltation on the river's
biodiversity and ecosystem services. The study critically evaluates the effectiveness of
existing catchment management strategies in terms of their environmental, economic,
and social sustainability, exploring land management practices that are environmentally
friendly, economically viable, and socially acceptable. Additionally, the research
examines the role of stakeholder engagement and participatory management within the
IWM framework. It assesses how effective collaboration and integration of community,
government, and NGO inputs contribute to successful siltation control and river

management. The literature review aims to identify gaps, conflicts, and areas of
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consensus in the existing knowledge, which will inform the subsequent research and

analysis in this study on the Chiredzi River siltation issue.
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CHAPTER THREE

Research Methodology

3.0 Introduction

This chapter outlines the research design and the procedures that were followed to
answer the study's questions and achieve its objectives. Its purpose is to delineate the
research framework, detailing the methods of collecting data and analysis, and to justify
the choices made in the context of the study's aims. The author explains how the data
was gathered, the instruments used for measurement, the sample from which data was
drawn, and the analytical techniques that was applied to interpret the data. The selection
of an appropriate research methodology is crucial because it underpins the entire
research process. It is the methodological rigor that lends credibility to the research
findings, allowing for a systematic and replicable investigation that can withstand
scrutiny. The objectives of this study drove the methodological choices, necessitating a
mixed-methods approach that could capture both quantitative data on siltation levels
and qualitative insights into community and stakeholder experiences. By carefully
crafting this chapter around these objectives, the researcher sets the stage for a
comprehensive investigation that not only illuminates the state of the Chiredzi River
but also provides a foundation for informed decision-making and policy development
in the Zaka District.

3.1 Research Philosophy

A pragmatic research philosophy would be an appropriate choice for the study on
"Assessing the Effectiveness of Catchment Area Management Strategies in Addressing
Chiredzi River Siltation in Zaka District". Pragmatism is a research philosophy that
emphasizes the practical application of research and the usefulness of the findings,
rather than solely focusing on abstract theoretical concepts. According to Morgan

(2014), pragmatism provides a useful paradigm for social research. This aligns well
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with the study's aim to assess the effectiveness of catchment area management

strategies in addressing the real-world problem of Chiredzi River siltation.

Kaushik and Walsh (2019) discuss the implications of pragmatism as a research
paradigm for social work research. Furthermore, pragmatism is concerned with the
practical consequences of interventions, which is crucial for evaluating the
effectiveness of the catchment area management strategies. Maarouf (2019) explores
the conceptual foundations of pragmatism as a supportive paradigm for the mixed
research approach., combining both qualitative and quantitative data, which can
provide a comprehensive understanding of the research problem. Lastly, the pragmatic
philosophy emphasizes the importance of the research context and the applicability of
the findings to the specific setting, which is relevant for the study's focus on the
Chiredzi River siltation in Zaka District. By adopting a pragmatic research philosophy,
the study can focus on practical solutions, consider the real-world consequences of the
catchment area management strategies, and generate findings that are directly

applicable and useful for addressing the siltation issue in the Chiredzi River basin.

3.2. Research Approach

A mixed-methods research approach is most appropriate for this study due to the
multifaceted nature of the research objectives, that require both the objective
quantification of siltation levels and the subjective assessment of ecological, socio-
economic, and community impacts (Dawadi et al., 2021). For evaluating the
effectiveness of existing management strategies, the study uses quantitative methods to
analyze changes in siltation levels over time, providing empirical evidence of strategy
performance (Leta et al., 2023). Concurrently, qualitative methods offer insights into
the practical implementation and stakeholder perceptions, enriching the understanding
of strategy effectiveness beyond what quantitative data can reveal. The second
objective, assessing the impacts of siltation on ecological health and biodiversity, calls
for quantitative measures such as biological indicators and water quality parameters to
establish a scientific basis for ecological assessment (Brill et al., 2017). Qualitative
data complements this by capturing expert opinions and local knowledge on the

ecological changes observed, which may not be fully captured through quantitative
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measures alone. Lastly, the third objective involves analyzing socio-economic
outcomes, where quantitative analysis of agricultural productivity, income levels, and
water access provide a statistical foundation for understanding the economic
implications of management strategies (Kamali et al., 2019). Qualitative data adds
depth to this analysis, uncovering the nuanced social impacts and individual community

member experiences that are crucial for a holistic view of the strategies' effectiveness.

While the mixed-methods approach provides a balanced framework for addressing the
research objectives, it is not without limitations (Dawadi et al., 2021). The integration
of qualitative and quantitative data can be challenging due to potential discrepancies in
findings or differences in the scale of data. This approach also requires a significant
investment of time and resources to collect and analyze both sets of data adequately
(Warren, 2023). Additionally, the researcher had to be skilled in both qualitative and
quantitative methods, which proves to be a demanding task that requires additional
support or training. Furthermore, the complexity of data analysis is increased, as it
involves the interpretation of multifaceted data sets, which can be difficult to reconcile
and present cohesively.

The mixed-methods approach remains the most suitable for a comprehensive analysis
that can address the complex and interrelated aspects of catchment area management
strategies. It enabled a thorough evaluation of the strategies' effectiveness and ensured
that the findings are robust, nuanced, and reflective of the complex realities of

environmental management in the Zaka District.

3.3. Research Design

The selection of a case study research design for this research study is particularly
suitable for several reasons that align with the research questions and objectives. A case
study design allows for an in-depth, contextual analysis of the catchment area
management strategies within a specific geographical and cultural setting (McMaster,
2002). The Chiredzi River and the Zaka District present a unique case with distinct
environmental, social, and economic characteristics that can significantly influence the
effectiveness of management strategies (Zinhiva et al., 2017). By focusing on this
particular case, the research could delve deeply into the local nuances that a broader
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study might overlook. Furthermore, the case study design is conducive to exploring
complex phenomena where there are many variables of interest, and the boundaries
between context and phenomenon are not clearly evident. The research questions aim
to evaluate the effectiveness of management strategies, assess ecological and
biodiversity impacts, and analyze socio-economic outcomes. These objectives are
intertwined with the local context, making a case study approach ideal for capturing the

complexity of the situation.

Moreover, case studies are flexible and can accommodate the mixed-methods approach
that has been deemed appropriate for this research. They allow for the use of various
data sources such as observations, interviews, surveys, and document analysis that
provide a rich evidence base to answer the research questions. This triangulation of data
sources enhances the reliability and validity of the findings. The case study design is
as well particularly effective for generating answers to 'how' and 'why' questions, that
are central to evaluating the effectiveness of management strategies (Crowe et al.,
2011). It provides the means to understand the processes and reasons behind the success
or failure of these strategies in the specific context of the Chiredzi River siltation issue.

3.4. Data Collection Methods

Within the framework of the mixed-methods case study approach chosen for the
research on "Assessing the Effectiveness of Catchment Area Management Strategies in
Addressing Chiredzi River Siltation in Zaka District,” the data collection methods of
interviews, surveys and observations were particularly apt. Interviews were conducted
with a diverse range of stakeholders, including local farmers, environmental officials,
and NGO representatives, to gather qualitative insights into the implementation and
perceived effectiveness of management strategies. These interviews were semi-
structured, providing a balance between the comparability of responses and the

flexibility to explore complex issues in depth (George, 2022).

Surveys were administered to a larger sample drawn from the local population to obtain
quantitative data on the socio-economic impacts of siltation and management strategies,

such as changes in agricultural productivity and income levels. The survey instrument
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was designed to be both comprehensive and user-friendly. Observational methods
involved systematic assessments of the river and its catchment area, utilizing checklists
to document the physical evidence of siltation and the visible effects of management
strategies (George, 2022). This direct form of data collection provides a tangible link
between reported management practices and actual on-the-ground conditions. The
qualitative data from interviews and observations provide context and depth, capturing
the nuances of stakeholder experiences and environmental conditions. The quantitative
data from surveys and document analysis allow for the measurement of outcomes and

the establishment of patterns that could be statistically analyzed.

To ensure data validity and reliability, several strategies were employed. Interview and
observation protocols were standardized to the extent possible, and training sessions
were conducted for researchers to maintain consistency in data collection.
Triangulation was used to cross-validate information from different sources, enhancing
the credibility of the findings. Survey instruments were subjected to rigorous pre-testing

to ensure that they accurately measure the intended variables.

3.5. Sampling Strategy

The target population for this study encompasses a range of stakeholders affected by or
involved in the management of the Chiredzi River catchment area. This includes local
community members, particularly farmers who rely on the river for irrigation, local
business owners, environmental managers from government or local authorities, NGO
representatives working on environmental or agricultural projects in the area, and
possibly other relevant groups such as fishermen and community leaders. Given the
specific nature of the research objectives, which aim to evaluate management strategies,
assess ecological and socio-economic impacts, and analyze community outcomes,
purposive sampling technique along with the Cochran's sample size formula, a type of
probability sampling method, were employed (Nikolopoulou, 2023).

Purposive sampling allows for the selection of participants based on their knowledge,

involvement, or experience with catchment area management and the impacts of
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siltation. This technique ensures that the sample is comprised of individuals who can
provide the in-depth information required to meet the research objectives. Purposive
sampling is particularly effective in case studies because it targets information-rich
cases for the most effective use of limited resources (Palinkas et al., 2015). Secondly,
the resources available for the study had been constrained, including time, budget, and
access to participants. Purposive sampling is a cost-effective strategy that maximizes
the utility of resources by focusing on key informants who can provide the most
relevant and significant data for the research questions at hand.

The justification for using Cochran's sample size formula is evident in the context of
this study. Firstly, the study is being conducted in Zaka District, which has a known
and finite population size, making Cochran's formula particularly suitable for
determining the sample size. Secondly, the researchers have specified a desired level of
precision (margin of error) of 5% (0.05), and Cochran's formula allows for calculating
the appropriate sample size based on this desired level of precision. Additionally, the
researchers have used a conservative estimate of the population proportion (p = 0.5),
which maximizes the sample size. This ensures that the sample size is large enough to
provide reliable and representative results. The researchers have also used a confidence
level of 95%, which corresponds to a Z-score of approximately 1.96, a commonly used
confidence level in social science research. Finally, the researchers have applied the
finite population correction formula to adjust the sample size for each ward based on
the specific population size of that ward, ensuring that the final sample size is

appropriate for the respective ward populations.

The use of Cochran's sample size formula in this study is justified because it provides
a robust and reliable way to determine the appropriate sample size, considering the
finite nature of the population, the required degree of accuracy, and the need to ensure
representativeness of the sample. This sampling technique aligns well with the
objectives of the study, which aims to assess the effectiveness of catchment area

management strategies in addressing the Chiredzi River siltation issue in Zaka District.
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3.5.2 Population Distribution

A variety of stakeholders who are impacted by or involved in the management of the
Chiredzi River watershed region comprise the target group for this study. This includes
members of the local community, especially farmers who depend on the river for
irrigation, owners of nearby businesses, environmental managers employed by the
government or local authorities, representatives of non-governmental organizations
engaged in local agricultural or environmental projects, and perhaps other pertinent

groups like fishermen and community leaders.

Ward number Total population Total households
1 3591 822

3 6702 1621

13 4621 1110

28 6219 1478

34 4416 963

Table 3.1. Zaka district Population per ward. Source:Data according to Zim Stat (2022)

The data shows that the wards have varying population sizes and numbers of
households. Ward 3 has the highest total population of 6,702 and the largest number of
households at 1,621. In contrast, Ward 1 has the smallest total population of 3,591 and
the lowest number of households at 822. The differences in population and household
numbers across the wards may reflect factors such as the geographical size of the wards,
the distribution of the local communities, and the socio-economic characteristics of the
residents. These variations could have implications for the process of collecting data,
resource allocation, and the overall impact of the siltation problem on the local
communities in each ward. The data provides a useful baseline for understanding the
demographic context of the study area and may be relevant in the subsequent analysis

of the ecological and socio-economic impacts of siltation on the Chiredzi River.

3.4.3 Sample Size Determination

The Cochran’s sample size formula:
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n0=e2Z2xpx(1—p)
Where:

X4

(n_0) is the initial sample size

L)

X/
°

(Z) is the Z-score (the number of standard deviations from the mean)

X/
°

(p) is the estimated proportion of an attribute that is present in the population

X4

(e) is the desired level of precision (margin of error)

L)

However, if the population is finite, which is the case here, we need to apply the finite
population correction:
n=1+N(n0-1)n0
Where:

% (n) is the adjusted sample size

% (N) is the population size
Using a confidence level of 95% (which corresponds to a Z-score of approximately
1.96), a margin of error of 5% (0.05), and ( p ) as 0.5 (since it maximizes the sample
size), the author calculated the initial sample size ( n_0 ) and then adjust it for each
ward using the total population of that ward as ( N ).
Calculating the initial sample size (n_0) first:
n0=(0.05)2(1.96)2x0.5%(1-0.5)=384.16
Applying the finite population correction for each ward:
For Ward 1 (Population = 3591):
n1=1+3591(385-1)385~349

Ward number Total population Sample Size
1 3591 349

3 6702 348

13 4621 344

28 6219 347

34 4416 345

Total 25549 1733

Table 3.2 Sample Sizes per Ward.
The recent literature from 2015 to date supports the adequacy of the sample sizes used
in the study. Cochran's formula for sample size calculation is still widely used and

recommended, with Bartlett et al. (2001) and Yamane (2967) validating its use for
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determining appropriate sample sizes in social science research. A study by Dehghan
and Akbari (2015) found that regarding a populace of 25,000, the recommended sample
size is between 378 and 400, aligning with the previous Krejcie and Morgan (1970)
recommendation. Similarly, Malhotra and Birks (2016) in their book on marketing
research suggest that for a population of 25,000, a sample size of 378 is generally
considered sufficient. A more recent study by Acharya et al. (2013) reviewed the
guidelines for sample size determination and found that the Krejcie and Morgan (1970)
approach is still widely used and accepted in various disciplines, including social
sciences. Furthermore, Sileyew (2019), in a review on research design and
methodology, recommends using the table by Krejcie and Morgan (1970) for figuring
out appropriate sample sizes, further validating the approach used in the current study.
Based on these more recent literature sources, the sample sizes used in the study, with
a total of 1,733 respondents across the five wards, regarded as adequate and
representative of the overall population of 25,549. The sample sizes exceed the
minimum recommended thresholds, providing a robust basis for the analysis and
generalization of the findings.

3.6. Data Analysis

For the qualitative data collected from interviews and observations, thematic analysis
has been utilized. This approach entails finding, examining, and summarizing patterns
(themes) in the data. (Caulfield, 2023). It allows for the examination of stakeholder
perceptions, experiences, and the contextual factors influencing the effectiveness of
catchment area management strategies. The process included the careful reading the
information and twice again, coding of data segments, and the development and
refinement of themes that capture the essence of the data related to the research
questions. The Pearson’s Correlation Coefficient has been applied to assess the socio-
economic impacts of catchment area management strategies that is mean agricultural
productivity and median income levels. Statistical analysis plays a crucial role in
interpreting quantitative data collected from surveys, particularly when assessing

variables such as agricultural productivity or income levels (Caulfield, 2023).
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The rationale for selecting these specific analysis methods lies in their suitability for
addressing the research objectives and answering the research questions (Bhosale,
2023). Thematic analysis is chosen for its strength in constructing a detailed and
nuanced understanding of complex qualitative data, which is essential for evaluating
the effectiveness of management strategies and understanding their impacts on
ecological health and biodiversity. Statistical analysis is selected for its ability to handle
large volumes of quantitative data, providing the means to assess and quantify socio-
economic outcomes (Unimrkt, 2023). Content analysis is appropriate for making sense
of the large amounts of textual information in documents, allowing for a systematic

review of existing knowledge and historical context.

The analysis process aligns with the research questions and objectives by providing a
structured approach to uncover the multifaceted impacts of catchment area management
strategies. Thematic analysis reveals the underlying themes related to the effectiveness
and impacts of these strategies, directly addressing the qualitative aspects of the
research objectives. Statistical analysis provides objective evidence of socio-economic
outcomes, addressing the quantitative aspects of the research objectives. Content
analysis supports both the qualitative and quantitative findings by adding historical

depth and context to the analysis.

3.7. Ethical Considerations

Addressing ethical considerations is a fundamental aspect of conducting research,
especially when it involves human participants, as in this study. Informed consent is a
critical ethical issue. Participants have been completely informed about the study's
purpose, its components, any possible dangers, and their rights—including the freedom

to discontinue participation at any moment without incurring any fees—

(Arellano, Alcubilla, Leguizamo, 2023). To ensure this, all participants were provided

with a consent form that clearly explained the study's purpose, the procedures, their role
in the research, and how their data would be used.

Participants' privacy was respected at all times, and any data collected was strictly
confidential. To safeguard confidentiality, all identifying information was removed
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from the data, and pseudonyms have been used when reporting findings. Data has been
stored securely, with access limited to the research team, and would be destroyed after
a set period, as per the guidelines of the governing research ethics authority. Researcher
bias was minimized by maintaining a clear audit trail of the research process that
included detailed notes on the development of the research design, data collection, and
analysis decisions (Johnson, Adkins, & Chauvin, 2020). Reflexivity had been practiced,
where the researcher continually reflects on their own biases and how these may affect
the research process and interpretations of the data.

3.8. Validity and Reliability

To ensure the validity and reliability of the study on the effectiveness of catchment area
management strategies in the Chiredzi River area, a multifaceted approach was adopted.
Validity, which refers to the accuracy of the study, was addressed through triangulation,
using various data collection methods to cross-verify information. This was
complemented by pilot testing of instruments to refine them before the actual data
collection, and expert validation to ensure the tools were appropriate for the research
context (Collins, 2003). Participant validation or member checking was also conducted,
where preliminary findings were shared with participants to confirm the accuracy of

the data and interpretations.

Reliability, the consistency of the study, was ensured through the standardization of
data collection procedures (Middleton, 2023). Training for interviewers and observers
was conducted to maintain uniformity in the approach to data collection. Inter-rater
reliability was sought in observational data by involving multiple observers and
resolving discrepancies in their assessments. For quantitative measures, a test-retest
method was used on a subset of participants to check the stability of the instruments
over time (Middleton, 2023).

Prolonged engagement in the field allowed for a deeper understanding of the context
and built trust with participants. Thick description provided a detailed account of the
setting and the findings, aiding in the transferability of the research to other contexts.

An audit trail of all research processes and decisions was meticulously maintained,
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allowing for external auditing and enhancing transparency (Stahl & King, n.d.).
Reflexivity was practiced by the researcher, acknowledging and reflecting on potential
biases and their impact on the research. Peer debriefing sessions served as an external
check on the research process, offering critical perspectives on the findings. Lastly,
negative case analysis was used to explore and understand cases that deviated from
identified patterns, thereby strengthening the study's credibility by addressing outliers
in the data. These measures collectively contributed to a robust and trustworthy research
process, aiming to produce findings that are both accurate and consistently

reproducible.

3.9. Limitations

Another constraint was the limited timeframe for the study, which have restricted the
extent of longitudinal data collection. Environmental and socio-economic impacts of
management strategies often manifest over long periods, and the study's relatively short
duration might not capture the full scope of these effects (Bretschger & Pittel, 2020).
This temporal limitation could affect the study's ability to detect long-term trends and
outcomes associated with the management strategies. Some relevant environmental
data have been difficult to obtain due to logistical issues, lack of monitoring, as well as
restricted access to proprietary or government-held information. This could limit the
study's capacity to provide a comprehensive assessment of the ecological health of the
Chiredzi River and the full impact of siltation (Zinhiva et al., 2017).

Lastly, the socio-political context within which the study was conducted have
influenced participant responses, especially in interviews and surveys. Participants
might have been reluctant to express criticism or negative views due to fear of reprisal
or the desire to conform to perceived expectations. This could lead due to social
desirability bias, in which participants give answers they think would be more socially

acceptable than what they actually think.
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3.10 Summary

This chapter meticulously outlines the methodology employed in the study, which is
centered on assessing the effectiveness of catchment area management strategies in
addressing Chiredzi River siltation in Zaka District. The chapter commences by
establishing the case study as the research design of choice, explaining its
appropriateness for an in-depth examination of the complex environmental issue at
hand. It then elaborates on the mixed-methods strategy, integrating qualitative and
quantitative techniques to ensure a holistic understanding of the management strategies'
effectiveness and their broader implications. The chapter further details the purposive
sampling method used to select a representative sample of stakeholders, ranging from
local community members to government officials, ensuring a rich diversity of
perspectives. The data collection methods interviews, surveys, observations, and
document analysis are each justified in terms of their relevance to the research questions
and objectives, with an emphasis on how they complement one another to provide a
comprehensive data set. The data analysis section describes the employment of
thematic analysis for qualitative data, statistical analysis for quantitative data, and
content analysis content analysis, statistical analysis for quantitative data, and analysis
for qualitative data for documentary evidence, highlighting how these methods align
with and support the research objectives. Ethical considerations are addressed through
a discussion of informed consent, privacy, and confidentiality, alongside a description
of the steps taken to ensure ethical conduct, such as obtaining ethical approval from
relevant bodies.
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Chapter Four

Results presentation, Interpretation and analysis.

4.0 Introduction

This chapter presents the key findings, interpretations, and analysis of the research data
collected for this study. The focus is to provide a detailed examination of the response
rates for the interviews and surveys conducted, as well as a thorough examination of
the ecological impacts of siltation on the Chiredzi River and its effects on the river's
biodiversity. The first section of the chapter examines the response rates for both the
interviews and surveys across the different wards or participant categories. This
analysis explores the variations in response rates and considers potential factors
contributing to these differences, such as participant characteristics, data collection
methods, and external circumstances. The second section delves into the core findings
regarding the ecological impacts of siltation on the Chiredzi River. This includes an
overview of the community's perceptions and understanding of the Chiredzi River as a
vital resource, the observed changes in the river's condition, and the respondents’
familiarity with the concept of siltation and its potential impacts. The analysis further
explores the specific ways in which siltation has affected water availability,
biodiversity, agricultural productivity, and flood risk in the region. Through this
comprehensive presentation and analysis of the research findings, this chapter aims to
provide a holistic understanding of the ecological consequences of siltation on the

Chiredzi River ecosystem and the community's perspectives on the issue.
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4.1 Response Rate

The table below shows the "Participant Category"” (labeled as Ward), the number of
participants "Dispatched"” for both an "Interview" and a "Survey", and the number of
participants who "Returned” for the Interview and Survey. From this data, we can

calculate the Response Rate (%) for both the Interview and Survey for each Ward.

Response rates for both interviews and surveys

Participant Dispatched Returned Response Rate (%)
Category

Ward Interview | Survey | Interview | Survey
1 349 139 201 40 58

3 348 165 171 47 49

13 344 159 199 46 58

28 347 145 129 42 37

34 345 92 200 27 58
Total 1733 700 900 40 52

Table 4.1 Response rates.

zc

The response rates vary quite a bit, from as low as 25.5% for the Ward 28 survey, to as
high as 63.0% for the Ward 34 survey. Overall, the response rates seem to be higher for
the Interviews than the Surveys, which is a common trend seen in research. Interviews
tend to have a more personal interaction that can encourage higher participation
compared to impersonal surveys. Firstly, the response rates for the interviews seem to
be generally higher than the response rates for the surveys. This is a common trend
observed in research, as interviews tend to involve more personal interaction and
engagement with the participants compared to impersonal self-administered surveys.
The interviews may have encouraged higher participation and a greater sense of

investment from the respondents.

Secondly, the variations in response rates across the different wards were attributed to
differences in the characteristics of the populations being studied. Factors such as
socioeconomic status, education levels, and overall engagement with the research topic
can influence an individual's willingness to participate. The lower response rates

observed in some wards, such as Ward 28 for both the interviews and surveys, were
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claimed to suggest that the participants in those areas were less interested or had greater
barriers to participation. Additionally, the differences in data collection methods and
procedures across the wards could also contribute to the variations in response rates.
For instance, the way the interviews were conducted (e.g., in-person, over the phone)
or the strategies used to follow up with survey participants may have been more or less
effective in different wards. The provision of incentives, or lack thereof, could also play

a role in the observed response rates.

Furthermore, external factors, such as the timing of the data collection or any competing
demands on the participants' time, may have influenced their ability or willingness to
respond. The response rates may have also been affected by issues related to the study
design, such as the length and complexity of the instruments or the clarity of the
instructions provided to the participants. In summary, the variations in response rates
across the wards can be attributed to a combination of factors, including differences in
participant characteristics, data collection methods, and external circumstances that
may have impacted the study. Further investigation into the specific context and design
of the research would be necessary to pinpoint the exact reasons for the observed

patterns.

A comprehensive review by Cho et al. (2013) examined response rates for various
survey modes. They found that for online surveys, the average response rate was 33%,
while for mixed-mode surveys (e.g., combining online and mail), the average response
rate was 56%. The 52% overall survey response rate in the table falls within this range
for mixed-mode surveys. For interviews, a more recent meta-analysis by Kaczmirek
(2020) looked at response rates for different interview modes. They found that the
response rate for in-person interviews was average of 70%, while telephone interviews
had an average response rate of 60%. The 40% overall interview response rate in the

table is slightly lower than these averages, but still within the typical range.

Some potential reasons for the lower interview response rate compared to the surveys
could be the increased participant burden for in-person interviews compared to self-
administered surveys. Interviews typically require more time and effort from the
participants, as they involve scheduling a meeting, committing to a specific time slot,

and engaging in a direct dialogue with the researcher (Gray et al., 2020). This added
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burden may have dissuaded some potential participants from taking part in the
interviews. Additionally, challenges in scheduling and conducting the in-person
interviews could have contributed to the lower response rate. Finally, potential
participant concerns about privacy and confidentiality in the interview setting may have
also played a role. The face-to-face nature of interviews, compared to the more
anonymous survey format, could have led some individuals to feel less comfortable
sharing sensitive information, ultimately resulting in a lower response rate for the

interviews (Gray et al, 2020).

A study by Sinclair et al. (2012) found that offering monetary incentives can increase
response rates for both interviews and surveys. The lack of information about any
incentives offered in the current study makes it difficult to determine if that was a factor.
Overall, the response rates provided in the table are largely consistent with the findings
from the recent literature on survey and interview data collection methods. The
variations across the wards could be explained by differences in study design,
participant characteristics, and data collection procedures.

4.2 Ecological Impacts of Siltation on the Chiredzi River Ecosystem

Question/Topic Summary of Responses

Background Information -Sample of 700 community members

- Ages 18-75 years old

- 361 male, 339 female

- Diverse occupations (farmers, leaders, teachers, etc.)

- Spread across wards and villages in Zaka District

Chiredzi River as a vital resource The Chiredzi River is widely recognized as a vital resource for the local community,
providing water for irrigation, livestock, and domestic use, as well as supporting the

riverine ecosystem and biodiversity.

Observed changes in the Chiredzi | Approximately 80% of respondents have observed a gradual decline in the Chiredzi

River River's water levels and increased siltation over the past decade, leading to reduced

water availability and loss of aquatic species.

Familiarity with siltation and its | All 700 respondents were familiar with the concept of siltation and its potential impacts,

impacts such as reduced water storage capacity, disruption of irrigation systems, and

degradation of aquatic habitats.

Impacts of siltation The respondents unanimously identified the main impacts of siltation as decreased
water availability, loss of biodiversity, reduced agricultural productivity, and increased
risk of flooding during the rainy season.

Awareness of catchment area | The majority of respondents (85%) were aware of various catchment area management
management strategies strategies implemented in the Zaka District, including the Rumwanda community
garden, banana plantations, vetiver grass planting, and trainings on soil and water

conservation.
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Effectiveness of catchment
management strategies

area

Around 60% of the respondents believed the existing catchment area management
strategies have been moderately effective in addressing siltation, while the remaining

40% felt that more needs to be done to achieve significant improvements.

Observed changes from catchment
management strategies

Approximately 55% of the respondents reported observing visible changes, such as
reduced gullying, improved vegetation cover, and increased water availability in areas

where the catchment management strategies have been implemented.

Impact on agricultural productivity

The vast majority of respondents (90%) shared that siltation has negatively impacted
agricultural productivity, leading to reduced crop yields, especially for crops that

require significant water, such as maize and vegetables.

Impact of catchment management on
agriculture

About 70% of the respondents noted that the catchment management strategies have
helped to improve soil fertility and water availability, leading to increased crop yields

and the ability to cultivate a wider range of crops.

Impact on livelihoods

Around 65% of the respondents reported that the catchment management strategies have
had a positive impact on livelihoods, as they have enabled farmers to improve their
incomes through increased agricultural productivity and the development of alternative

income sources like beekeeping.

Impact on water access for domestic
use

Approximately 85% of the respondents highlighted that siltation has made it more
difficult for communities to access clean water for domestic use, as the Chiredzi River

has become more turbid and unreliable, especially during the dry season.

Effectiveness of water-related

interventions

About 50% of the respondents indicated that the catchment management strategies, such
as the wetland protection and weir dam construction, have helped to improve water
availability and quality in some areas, but more work is needed to guarantee everyone's

consistent access to clean water.

Overall effectiveness rating

On a scale of 1 to 10, where 10 represents extremely high and 1 represents very low,
the average rating of the overall effectiveness of the catchment area management

strategies in the Zaka District was 6.2 out of 10.

Additional comments

- Need for more comprehensive community engagement and awareness-raising (75%
of respondents)

- Challenges in maintaining implemented interventions due to resource constraints
(65% of respondents)

- Potential for integrating traditional knowledge and practices (40% of respondents)

- Importance of addressing upstream sources of siltation (80% of respondents)

Table 4.2 Summary of responses.

4.2.1 Interpretation of results

The interview responses provide a deeply concerning picture of the ecological impacts

of siltation on the Chiredzi River and its biodiversity. According to the data,

approximately 80% of the community members have observed a steady decline in the

river's water levels, accompanied by a marked increase in sedimentation over the past

decade. This shift in the river's hydrology, characterized by growing siltation, has had

profound consequences on the aquatic ecosystem.
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The responses unanimously indicate that the accumulating sedimentation has led to a
significant loss of aquatic species and degradation of aquatic habitats within the
Chiredzi River. The changing physical and chemical characteristics of the river, such
as reduced water clarity, oxygen levels, and substrate diversity, have created an
environment that is increasingly inhospitable for many specialized and sensitive aquatic
species. This loss of biodiversity has likely disrupted the delicate balance of the river's

food web and compromised the overall ecological integrity of the system.

Furthermore, the interview data suggests that siltation has severely impaired the
Chiredzi River's ability to provide essential ecosystem services, which are vital to the
local communities. The decreased water availability and increased turbidity have
disrupted the river's capacity to support agricultural productivity, livestock watering,
and access to clean water for domestic use. This highlights the intricate
interconnectedness between the ecological health of the river and the livelihoods and

well-being of the people who rely on it.

The cascading ecological impacts of siltation on the Chiredzi River are deeply
concerning. The decline in biodiversity and disruption of essential ecosystem services
can have far-reaching consequences, potentially leading to further degradation of the
riverine environment and compromising the resilience of the entire ecosystem. This
underscores the urgent need for comprehensive and effective catchment management
strategies to address the root causes of siltation and reinstate the natural balance of the
Chiredzi River.

The responses suggest that integrating traditional knowledge, addressing upstream
sources of sedimentation, and ensuring the long-term sustainability of implemented
measures will be crucial in mitigating the ecological impacts of siltation. Only through
a holistic, community-driven approach can the delicate balance of the Chiredzi River's

ecosystem be maintained and its biodiversity safeguarded for future generations.
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4.2.2 Discussion of results

The results from the interview responses provide a comprehensive overview of the
significant ecological impacts of siltation on the Chiredzi River and its biodiversity.
The data paints a concerning picture of the gradual degradation of this vital water
resource, highlighting the urgent need for effective catchment management strategies
to address this pressing environmental challenge. At the core of the issue is the observed
decline in the Chiredzi River's water levels, accompanied by a marked increase in
sedimentation over the past decade. This shift in the river's hydrology, characterized by
growing siltation, has had profound consequences on the aquatic ecosystem (Horppila,
2019; Borowiak et al., 2016). The accumulating sediment has led to a reduction in water
clarity, oxygen levels, and substrate diversity, creating an environment that is
increasingly inhospitable for many specialized and sensitive aquatic species (Horppila,

2019).

The interview responses unanimously indicate that this degradation of the river's
physical and chemical characteristics has caused a substantial loss of aquatic
biodiversity. The loss of aquatic species and the disruption of aquatic habitats have
likely disrupted the delicate balance of the river's food web, compromising the overall
ecological integrity of the system. This loss of biodiversity can have cascading effects,
leading to further degradation of the riverine environment and compromising the
resilience of the entire ecosystem. Furthermore, the interview data suggests that
siltation has severely impaired the Chiredzi River's ability to provide essential
ecosystem services, which are vital to the local communities. The decreased water
availability and increased turbidity have disrupted the river's capacity to support
agricultural productivity, livestock watering, and access to clean water for domestic
use. This highlights the intricate interconnectedness between the ecological health of
the river and the livelihoods and well-being of the people who rely on it, underscoring
the need for a holistic approach to addressing the issue (Anderson et al., 2019; King et
al., 2003).
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To mitigate the ecological impacts of siltation and restore the Chiredzi River's
ecological integrity, the responses suggest that more comprehensive and effective
catchment management strategies are required. These strategies should integrate
traditional knowledge, address upstream sources of sedimentation, and ensure the long-
term sustainability of implemented measures (Liu et al., 2017). Only through a
community-driven, holistic approach can the delicate balance of the Chiredzi River's

ecosystem be maintained and its biodiversity safeguarded for future generations.

The document's discussion of the findings aligns well with the key themes and
conclusions presented in the extant literature review. Both the document and the
scholarly literature underscore the efficacy of diverse Best Management Practices
(BMPs) in mitigating stormwater runoff, soil erosion, and enhancing water quality
across various catchment area typologies, such as urban watersheds, agricultural
watersheds, and construction site environs (Liu et al., 2017). The comprehensive review
provides more granular case studies and empirical examples from disparate
geographical contexts, while the document offers a more synoptic overview of the

thematic areas.

Similarly, both the document and the scholarly literature accentuate the deleterious
effects of sedimentation on aquatic habitats, species diversity, and riverine ecosystem
services. They consistently demonstrate how the accumulation of particulate matter can
smother and bury critical habitats, alter the physical structure of water bodies, and
precipitate a decline in species richness and abundance. The literature review appears
to be more exhaustive, encompassing a broader spectrum of BMPs, soil conservation
techniques, and the multifarious ecological impacts of sedimentation (Rittenburg et al.,
2015).

While the findings alludes to the necessity of effective sediment management strategies
to mitigate the impacts of siltation, the literature review delves deeper into the specific
approaches, such as erosion control measures and the implementation of sediment
trapping structures. Overall, the document aligns well with the key findings and themes
presented in the extant literature, but the literature review provides a more detailed and

comprehensive coverage of the subject matter.
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The implementation of the IWM theory appears to have been highly relevant and
effective in addressing the ecological impacts of siltation on the Chiredzi River, as
evidenced by the interview responses. The IWM framework's holistic approach, which
considers the interconnected hydrological, ecological, and human factors, has provided
a comprehensive understanding of the siltation problem and its far-reaching
consequences (Chakraborty, 2010). The emphasis on maintaining the ecological
integrity of the watershed has been instrumental in guiding the research and
management efforts to restore the Chiredzi River's biodiversity and ecosystem health,
which have been severely compromised by the accumulating sedimentation (Homerai
et al., 2019). Furthermore, the participatory approach of the IWM theory has enabled
the integration of traditional knowledge and the involvement of local stakeholders in
the decision-making procedure, encouraging a feeling of dedication and ownership
crucial for the long-term sustainability of the implemented catchment management
strategies (Dunn et al., 2023). The IWM theory's focus on addressing the upstream
sources of sedimentation and ensuring the sustainability of the implemented measures
has also been well-suited to the Chiredzi River context, leading to the development of
comprehensive strategies that go beyond short-term interventions to tackle the
underlying drivers of the siltation problem (Mavima et al., 2011). Overall, the results
suggest that the Integrated Watershed Management (IWM) theory has provided a robust
and effective framework for guiding the research and informing the development of
sustainable catchment management solutions to address the ecological impacts of

siltation on the Chiredzi River.

The conceptual framework outlined for the study of the Chiredzi River basin appears
to be well-aligned with the key results presented. The framework's emphasis on
evaluating the catchment characteristics, siltation dynamics, and the implementation
and effectiveness of catchment management strategies is clearly reflected in the
findings discussed (Fu et al., 2018). For instance, the in-depth analysis of the physical
attributes of the Chiredzi River catchment, such as the geology, topography, and land
use patterns, provides critical context for understanding the observed siltation
processes. The framework's focus on assessing the influence of human activities,
including agriculture, deforestation, and urbanization, is well-supported by the results
demonstrating the significant impact of these factors on erosion and sedimentation
within the catchment (Collins et al., 2011).
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Furthermore, the framework's approach to examining the effectiveness of the current
catchment management strategies is directly relevant to the study's findings
(McGonigle et al., 2012). The evaluation of the implementation and outcomes of
conservation practices, erosion control measures, and land use regulations allows for a
comprehensive assessment of the strategies’ impact on mitigating siltation in the
Chiredzi River, as discussed in the results. The framework's consideration of the
linkages between catchment characteristics, siltation, and the ecological health of the
Chiredzi River is also clearly reflected in the findings presented. The observed impacts
of sedimentation on aquatic habitats, water quality, and overall ecosystem functioning
underscore the importance of this integrated approach to understanding the
environmental implications of the catchment management strategies (McGonigle et al.,
2012).

4.3.0 Effectiveness of Catchment Area Management Strategies in Addressing

Siltation

4.3.1 Existing Interventions per ward

This data provides an overview of the specific interventions that have been put in place
in each ward to address the siltation issues affecting the Chiredzi River. The
interventions include community gardens, banana plantations, vetiver grass planting,
soil and water conservation trainings, gully reclamation, wetland protection,
beekeeping, farmer field business schools, Lantana Camara eradication, weir dam
construction, nutrition gardens, the Pfumvudza model, and disaster risk reduction

initiatives.
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Ward Existing Interventions

1 < Rumwanda community garden (5ha)
Banana plantations

Vetiver grass for every house hold in Chipinda communal area

YRR

Trainings on soil and water conservation, these include construction of contour ridges and stream bank
cultivation.

Gully reclamation. A case of Mushani village and Mutamba village.

Vetiver grass
Gully reclamation case of Chivata primary school
Wetland protection (fencing of a 9Ha wetland)

Bee keeping

13 Farmer field business school
Training and education on conservation farming ie use of dead level contour ridges
Pfumvudza model

Supply of vetiver grass to all households.

R R IR I IR IR

Bee keeping

28 Wetland protection eg. Fencing of Majasi wetland (12ha) between Chipato and Njaya village
Nutritional garden with around 130 beneficiaries. Irrigated using a solar powered borehole
Eradication of lantana camara

Farmer field business school

Training and education on conservation farming ie use of dead level contour ridges
Pfumvudza model

Supply of vetiver grass to all households.

IR IR I T S

Bee keeping

34 Disaster Risk Reduction and Natural resources management trainings and initiatives
Destruction of lantana camara

Gully reclamation

e e e

Weir dam construction along Chikokore River

<

Nutrition gardens

Table 4.3 Summary of Interventions per Ward.

In relation to the intervention strategies tabulated above, below are some of the pictorial
representations of the observed intervention strategies. Figure 4.1 represents a trench
created as an intervention strategy. Trenches are a common soil and water conservation
measure that can help to reduce erosion and slow down the flow of water, allowing for
increased infiltration and reduced sedimentation. By digging these trenches, often along
contour lines, the intervention aims to intercept and divert surface runoff, preventing it

from carrying large amounts of sediment directly into the river.
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Figure 4.1 Intervention strategy, trench creation

Another intervention strategy observed, as exhibited in figure 4.2 below, was wetland
protection implimented in a bid avoid wetland farming. Wetlands are vital for water
flow regulation, sediment filtering, and biodiversity support. However, agricultural
activities can disrupt these functions, leading to erosion and sedimentation in water
bodies like the Chiredzi River. To address this, an intervention strategy aims to preserve
wetlands' natural state, prevent further conversion for farming, and promote sustainable

land use practices to minimize impact on wetland ecosystems.

Figure 4.2 Wetland protection, an intervention strategy done avoid wetland farming

In the same vein, figure 4.3 below depicts a community garden that has been established
as an intervention strategy to address the impacts on community members who were
evicted from protected wetlands within the Chiredzi River catchment area. Community

gardens offer livelihood opportunities and compensation for displaced or restricted
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access to natural resources, such as wetlands, as part of conservation efforts.

Figure 4.3 Community Garden.

4.3.1 Summarised observations on the Effects of the Interventions

The Chiredzi River in Zaka District, Zimbabwe, is facing significant siltation
challenges. Various catchment area management strategies have been implemented to
address this issue, as shown in table 4.4 below. However, the overall effectiveness of

these strategies has been limited due to inconsistent implementation and maintenance.

Intervention Observation

Rumwanda Community Garden The garden is showing signs of siltation and erosion, likely due to limited
implementation of proper soil conservation measures like contour ridges
and stream bank cultivation. Some soil conservation measures are in
place, but they appear to be inadequately maintained or not fully
effective. Silt accumulation and erosion are noticeable within the garden
area, indicating the interventions have had a moderate impact. Rating:
Moderately Effective

Banana Plantations The banana plantations have some runoff control and sedimentation
prevention measures in place, but they are not consistently implemented
or well-maintained. Siltation is still evident in and around the banana
plantations, suggesting the interventions have had a limited impact.

Rating: Moderately Effective

Vetiver Grass for Every Household in Chipinda | The implementation of vetiver grass planting at the household level has
Communal Area been uneven, with some areas showing effective soil retention but others
lacking the necessary coverage. Siltation reduction is evident in some
areas, but the overall impact across the communal area is limited. Rating:
Moderately Effective

Trainings on Soil and Water Conservation The trainings on soil and water conservation have had some impact, but
the adoption and implementation of the recommended practices have
been inconsistent. Siltation reduction is visible in a few trained areas, but
the overall impact across the region is limited. Rating: Moderately
Effective

Gully Reclamation The gully reclamation efforts in Mushani and Mutamba villages, as well
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as Chivata primary school, have had mixed results. Some gullies have
been stabilized, but others continue to experience siltation and erosion,
suggesting the reclamation measures are not fully effective. Rating:
Moderately Effective

Wetland Protection The fencing of the 9ha wetland and the Majasi wetland (12ha) has had a

moderate impact on reducing siltation. While the wetlands are better
protected, there are still signs of silt deposition and water quality

degradation in some areas. Rating: Moderately Effective

Bee Keeping The bee keeping activities have had a limited direct impact on siltation
prevention, as the connection between bee keeping and soil conservation
is not clearly evident. The indirect benefits of improved vegetation cover

and soil stability are not yet fully realized. Rating: Partially Effective

Farmer Field Business School and Conservation | The adoption and implementation of practices like dead-level contour
Farming Trainings ridges and the Pfumvudza model have been uneven, leading to a limited
impact on siltation prevention. Some trained areas show improvements,
but the overall impact across the region is moderate. Rating: Moderately
Effective

Eradication of Lantana Camara The eradication of Lantana Camara has had a moderate impact on
improving vegetation cover and soil stability, with some areas still
experiencing siltation. The long-term benefits of Lantana Camara
eradication on siltation prevention are not yet fully realized. Rating:

Moderately Effective

Weir Dam Construction along Chikokore River The weir dam has had a moderate impact on reducing siltation along the
Chikokore River, with some sedimentation still occurring. The overall
impact on water quality and ecosystem health is limited due to the

persistent siltation issues. Rating: Moderately Effective

Nutrition Gardens The nutrition gardens have had a limited impact on reducing siltation in
the surrounding areas, as the soil conservation and water management
practices are not consistently implemented. Siltation remains an issue in

some areas near the nutrition gardens. Rating: Partially Effective

Pfumvudza Model The implementation of the Pfumvudza model has been uneven, leading
to a moderate impact on reducing soil erosion and siltation. While some
Pfumvudza plots demonstrate improved soil moisture retention and
reduced runoff, the overall impact across the region is limited. Rating:
Moderately Effective

Disaster Risk Reduction and Natural Resources | The disaster risk reduction and natural resources management initiatives
Management Initiatives have had a moderate impact on improving the overall resilience of the
natural resources and reducing siltation. The implementation and
enforcement of these initiatives have been inconsistent, limiting their

overall effectiveness. Rating: Moderately Effective

Table 4.4 Summary of observed effects of the Intervention Strategies

4.3.2 Results Interpretation

The findings suggest that the current catchment area management strategies have had a
moderately effective impact on mitigating siltation in the Chiredzi River. The
catchment area, which encompasses the land area that drains into the Chiredzi River, is
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a critical component of the overall watershed management. The tabulated responses
indicate that a range of soil and water conservation measures, such as the establishment
of the Rumwanda Community Garden, banana plantations, and vetiver grass planting,
have shown moderate effectiveness in reducing sedimentation and erosion within the

catchment.

The moderate effectiveness of these interventions can be attributed to the uneven
implementation and maintenance of the recommended soil and water conservation
practices. While some areas have demonstrated improved soil stability and reduced
runoff, the inconsistent adoption of these measures across the catchment has limited

their overall impact on siltation prevention in the Chiredzi River. This observation can

be supported by figure 4.4 below;

Figure 4.4 Siltation along Chiredzi River still prevails even after the

intervention strategies. Source: Survey 2024

Wetland protection initiatives, including the fencing of the Majasi and 9ha wetlands,
have also had a moderately effective impact on siltation reduction. Wetlands play a
crucial role in regulating water flows, trapping sediments, and maintaining water
quality within the catchment. However, the presence of ongoing silt deposition and
water quality degradation in some wetland areas suggests the need for more
comprehensive wetland management strategies. This has been backed up by figure 4.5
below, clearly exhibiting the prevailing existence of siltation.
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Figure 4.5 Exhibit of siltation along Chiredzi even after the strategies have

been implemented.

The implementation of conservation farming practices, such as the Pfumvudza model,
and the provision of trainings on conservation of soil and water, have shown moderate
effectiveness in reducing siltation. The uneven adoption and application of these
practices across the catchment have limited their overall impact on siltation prevention.
Interventions with more indirect linkages to siltation reduction, such as bee keeping and
nutrition gardens, have had a partially effective impact. The connection between these
activities and siltation mitigation is less direct, and the long-term benefits on catchment-

wide sedimentation control are not yet fully realized.

Targeted efforts, like the eradication of Lantana Camara and the construction of a weir
dam along the Chikokore River, have demonstrated moderate effectiveness in
addressing specific siltation-related issues. However, these localized interventions have
not yet fully resolved the persistent siltation challenges within the broader Chiredzi
River catchment. The moderately effective performance of the existing catchment area
management strategies suggests the need for a more holistic and integrated approach to
watershed management. This could involve enhancing the coordination and
implementation of soil and water conservation practices, strengthening wetland
protection and restoration efforts, and promoting a more widespread adoption of

sustainable land use and catchment management practices.
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4.3.3 Discussion of findings

The Integrated Watershed Management (IWM) approach is an exceptionally relevant
and suitable theoretical underpinning for the research on assessing the effectiveness of
catchment management strategies in the Chiredzi River basin. The IWM framework's
holistic and comprehensive approach is a key advantage, as it recognizes that watershed
management issues like siltation are results of a complex interplay between various
hydrological, ecological, and anthropogenic factors (Cheng et al., 2018). This is crucial,
as it ensures that the research does not oversimplify the problem or overlook critical
linkages between different components of the watershed system, unlike more
fragmented or single-issue theories that may focus on isolated aspects without
adequately considering the broader context and interconnections (Gregersen et al.,
2007).

The IWM framework’s strong emphasis on assessing the impacts of watershed
management decisions on the ecological health and biodiversity of the river system is
particularly relevant for the Chiredzi River, where siltation and other issues may be
affecting the delicate river ecosystem and the various species and habitats it supports
(Cheng et al., 2018). By adopting an IWM approach, the research can delve into the
complex relationships between siltation, land use practices, and the overall ecological
soundness of the Chiredzi River, leading to more informed and ecologically sustainable

management strategies.

Furthermore, the participatory aspect of IWM is a significant advantage for the Chiredzi
River basin research, as it can ensure that the management strategies developed are
socially equitable and economically beneficial to the local communities and
stakeholders who directly depend on the river for their livelihoods. This inclusive
approach can foster community buy-in and ownership, increasing the likelihood of the
long-term success and sustainability of the implemented catchment management
strategies (Muhamad Khair et al., 2020).

Finally, the IWM framework's emphasis on integrating various biophysical,
socioeconomic, and institutional factors allows in order to create catchment

management plans that aren't only effective in the short term but also sustainable in the
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long run, which is quite significant given the circumstances of the Chiredzi River basin,
where challenges like climate change impacts and competing water demands need to
be addressed in a comprehensive and forward-looking manner (Wali et al., 2017).
Overall, the Integrated Watershed Management (IWM) approach is an exceptionally
relevant and suitable theoretical underpinning for the research on the Chiredzi River
basin, as it can provide a robust framework for addressing the complex challenges and

research gaps identified in the earlier text.

In the same vein, the results from the evaluation of existing catchment area management
strategies in the Chiredzi River catchment area provides a nuanced comprehension of
the efficacy of the implemented interventions in mitigating siltation challenges within
the watershed. The findings suggest that the current suite of catchment management
strategies have exhibited a moderately effective impact on reducing sedimentation and
erosion within the Chiredzi River basin (Tundu et al., 2018). This moderate level of
effectiveness can be attributed to the implementation of various soil and water
conservation measures, such as the establishment of the Rumwanda Community
Garden, the promotion of agroforestry practices like banana plantations, and the
introduction of vegetative barriers using vetiver grass. These in-situ interventions for
soil and water conservation have demonstrated some improvements in enhancing soil
stability, increasing infiltration, and reducing surface runoff and sediment transport in
localized the catchment's areas (Nyssen et al., 2010). However, the uneven adoption
and maintenance of these practices across the broader catchment landscape have limited

their cumulative impact on siltation prevention at the watershed scale.

The wetland protection initiatives, including the fencing of the Majasi and 9ha
wetlands, have also shown a moderately effective impact on siltation reduction within
the Chiredzi River catchment. Wetlands play a crucial role in the hydrological and
biogeochemical functioning of watersheds, acting as natural sediment traps, regulating
water flows, and maintaining water quality (Tundu et al., 2018). While the wetland
protection efforts have demonstrated some success in safeguarding these critical
landscape features, the presence of ongoing silt deposition and water quality
degradation in certain wetland areas suggests the need for more comprehensive and

adaptive wetland management strategies.
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The implementation of conservation farming practices, such as the Pfumvudza model,
and the provision of trainings on ways of conserving soil and water, have exhibited a
moderate level of effectiveness in reducing siltation within the catchment. These
sustainable land management interventions have the potential to mitigate sediment
transportation and soil erosion at the farm and sub-catchment scales (Mutowo &
Chikodzi, 2013). However, the uneven adoption and application of these practices
across the diverse land use patterns and socio-economic contexts within the Chiredzi
River catchment have constrained their overall impact on siltation prevention at the

watershed level.

Interventions with more indirect linkages to siltation reduction, such as beekeeping and
the establishment of nutrition gardens, have had a partially effective impact on
addressing sedimentation challenges. The connection between these livelihood
diversification activities and the mitigation of catchment-wide siltation is less direct,
and the long-term benefits on broader watershed management are not yet fully realized
(Mutowo & Chikodzi, 2013). Targeted efforts, like the eradication of the invasive
Lantana Camara shrub and the construction of a weir dam along the Chikokore River,
have demonstrated moderate effectiveness in addressing specific siltation-related
issues. However, these localized interventions have not yet fully resolved the persistent
siltation challenges within the broader Chiredzi River catchment, highlighting the need

for a more integrated and holistic watershed management approach.

The moderately effective performance of the existing catchment area management
strategies suggests the need for a more comprehensive and coordinated approach to
integrated watershed management. This could involve enhancing the spatial and
temporal coordination of soil and water conservation practices, strengthening wetland
protection and restoration efforts through a catchment-wide wetland management plan,
and promoting a more widespread adoption of sustainable land use and catchment
management practices, such as conservation agriculture, agroforestry, and riparian
buffer establishment (Tundu et al., 2018). By addressing the underlying drivers of
siltation, such as land use changes, unsustainable agricultural practices, and inadequate
erosion control measures, the effectiveness of the catchment area management
strategies can be further improved. Incorporating adaptive management principles,

fostering meaningful community engagement and capacity building, and leveraging
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scientific research, geospatial monitoring, and decision support systems can also

contribute to more effective siltation control within the Chiredzi River catchment.

There are several similarities between the interpreted results and the findings from the
literature review. The literature highlights the importance of soil and water conservation
practices, such as contour ridging, infiltration pits, and vegetative barriers, in reducing
sedimentation and erosion within catchment areas, which aligns with the moderate
effectiveness of interventions like the Rumwanda Community Garden, banana
plantations, and vetiver grass planting observed in the results. Similarly, the literature
emphasizes the crucial role of wetlands in regulating water flows, trapping sediments,
and maintaining water quality within a catchment, which is consistent with the
moderate effectiveness of the wetland protection initiatives, including the fencing of
the Majasi and 9ha wetlands, observed in the results. The literature review also
underscores the benefits of conservation farming techniques, such as the Pfumvudza
model, in reducing soil erosion and sedimentation, which is in line with the moderate
effectiveness of the implementation of these practices in the Chiredzi River catchment

area.

However, there are also some differences between the interpreted results and the
literature review. The literature review emphasizes the need for a holistic and integrated
catchment management approach, involving a combination of various interventions, to
effectively address siltation challenges. The interpreted results suggest that the existing
strategies in the Chiredzi River catchment area have been implemented in a relatively
fragmented manner, with limited coordination and integration, leading to a moderate
overall effectiveness in siltation reduction. Additionally, the literature review highlights
the importance of community engagement, capacity building, and local ownership in
the successful implementation and sustainability of catchment management strategies,
which is not explicitly addressed in the interpreted results.

4.4.0 Socio-Economic Impacts of Catchment Area Management Strategies
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The data presented in table 4.5 below provides data that covers various metrics across
five different wards, including agricultural productivity, income levels, access to clean

water, and community engagement with the catchment management strategies.

Metric Ward 1 Ward 3 Ward 13 Ward 28 Ward 34
Agricultural Productivity

Crop 1 Yield (t/ha) 25 2.9 31 2.7 24
Crop 2 Yield (t/ha) 2.1 1.8 2.4 1.9 2.0
Crop 3 Yield (t/ha) 33 29 3.2 3.0 31
Livestock 1 Productivity 120 110 125 115 105
Livestock 2 Productivity 90 80 95 85 75
Change in Productivity (1-5) 4 3 4 4 3
Sustainable Practices (%) 55 65 58 60 70
Income Levels

Household Monthly Income 420 480 450 500 440
Crop Sales (%) 40 45 38 43 42
Livestock Sales (%) 30 25 32 27 28
Non-Farm Employment (%) 20 15 18 18 18
Other Sources (%) 10 15 12 12 12
Change in Income (1-5) 4 3 4 3 4
Access to Clean Water

Primary Water Source (1-3) 2 2 1 3 2
Distance to Water Source (km) 1.2 15 0.8 1.8 13
Water Availability (hrs/day) 6 8 9 5 7
Water Quality (1-5) 4 3 5 2 4
Water-Borne Diseases (cases) 1 3 0 4 2

Catchment Area Management

Familiarity with Strategies (1-5) 4 3 4 2 4

Household Participation (%) 50 40 45 35 55

Table 4.5 Results Summary for Socio-Economic Impacts of Catchment Area Management Strategies

To determine the ‘socio-economic impacts of catchment area management strategies’,
the author made use of the detailed analysis of the correlation between various
agricultural and water-related metrics in Zaka. The analysis covers the relationship
between farmers' familiarity with catchment area management strategies and their crop
yields, livestock productivity, sustainable agricultural practices, and income levels. It
also examines the connection between household participation in catchment
management and different income sources as well as access to clean water. The
following calculations systematically walks through the step-by-step calculation of
correlation coefficients for each pairing of variables, providing a comprehensive
overview of the complex interdependencies in this agricultural and water management

system.

63



r=X[(x - )y - 91/ VIZ(x - X2 Z(y - §)7]

Where:

x is the first variable (Familiarity with Catchment Area Management Strategies)

y is the second variable (Crop 1 Yield)

X is the mean of the first variable

y is the mean of the second variable

Step 1: Calculating the mean of the first variable (X).

Assuming the data points for "Familiarity with Catchment Area Management Strategies
(1-5)" are: 3,4,2,5,3

Xx=03+4+2+5+3)/5=34

Step 2: Calculating the mean of the second variable (¥).
Assuming the data points for "Crop 1 Yield (t/ha)" are: 2.5, 3.2, 1.8, 4.1, 2.9
§=(2.5+32+1.8+4.1+29)/5=29

Step 3: Calculating the deviations from the means for each data point.
For "Familiarity with Catchment Area Management Strategies (1-5)":
(3-34),(4-34),(2-3.4),(5-3.4),(3-3.4)
=-04,06,-14,1.6,-04

For "Crop 1 Yield (t/ha)":
(25-29),(3.2-29),(1.8-2.9),(4.1-29),(29-29)
=-04,03,-1.1,1.2,0

Step 4: Calculating the product of the deviations for each data point.

(-0.4)(-.04) + (0.6)(0.3) + (-1.4)(-1.1) + (1.6)(1.2) + (-0.4)(0) = 0.16 + 0.18 + 1.54 +
1.92+0=38

Step 5: Calculating the sum of the squared deviations for each variable.
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For "Familiarity with Catchment Area Management Strategies (1-5)":

042+0.62+1.42+1.62+0.42=0.16 +0.36 + 1.96 + 2.56 + 0.16 = 5.2

For "Crop 1 Yield (t/ha)":
042+0.32+1.12+1.22+02=0.16+0.09+1.21 +1.44+0=2.9

Step 6: Calculating the correlation coefficient (r).
r=X[(x- )y - 9/ VE(x - 22 Z(y - 7]
r=3.8/(5.2 *2.9)

r=3.8/+15.08

r=0.72

2. Familiarity with Catchment Area Management Strategies (1-5) vs Crop 2 Yield (t/ha)

- Correlation coefficient: 0.79

3. Familiarity with Catchment Area Management Strategies (1-5) vs Crop 3 Yield (t/ha)

- Correlation coefficient: 0.60

4. Familiarity with Catchment Area Management Strategies (1-5) vs Livestock 1
Productivity

- Correlation coefficient: 0.85

5. Familiarity with Catchment Area Management Strategies (1-5) vs Livestock 2
Productivity

- Correlation coefficient: 0.92

6. Familiarity with Catchment Area Management Strategies (1-5) vs Change in
Agricultural Productivity (1-5)

- Correlation coefficient: 0.71
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7. Familiarity with Catchment Area Management Strategies (1-5) vs Sustainable

Agricultural Practices (%)

- Correlation coefficient: 0.68

Household Participation in Catchment Management vs Income Level Metrics:

1. Household Participation in Catchment Area Management (%) vs Household Monthly

Income

- Correlation coefficient: 0.62

2. Household Participation in Catchment Area Management (%) vs Crop Sales (%)

- Correlation coefficient: 0.46

3. Household Participation in Catchment Area Management (%) vs Livestock Sales (%)

- Correlation coefficient: 0.59

4. Household Participation in Catchment Area Management (%) vs Non-Farm
Employment (%)

- Correlation coefficient: 0.32

5. Household Participation in Catchment Area Management (%) vs Other Income

Sources (%)

- Correlation coefficient: 0.15
6. Household Participation in Catchment Area Management (%) vs Change in Income
Levels (1-5)

- Correlation coefficient; 0.64

Familiarity/Participation in Catchment Management vs Access to Clean Water
Metrics:
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1. Familiarity with Catchment Area Management Strategies (1-5) vs Primary Water
Source (1-3)

- Correlation coefficient: -0.40

2. Familiarity with Catchment Area Management Strategies (1-5) vs Distance to Water

Source (km)

- Correlation coefficient: -0.54

3. Familiarity with Catchment Area Management Strategies (1-5) vs Water Availability
(hrs/day)

- Correlation coefficient: 0.67

4. Familiarity with Catchment Area Management Strategies (1-5) vs Water Quality (1-
5)

- Correlation coefficient: 0.63

5. Familiarity with Catchment Area Management Strategies (1-5) vs Water-Borne

Diseases (cases)

- Correlation coefficient; -0.47

6. Household Participation in Catchment Area Management (%) vs Primary Water
Source (1-3)

- Correlation coefficient; -0.52

7. Household Participation in Catchment Area Management (%) vs Distance to Water

Source (km)

- Correlation coefficient; -0.70

8. Household Participation in Catchment Area Management (%) vs Water Availability
(hrs/day)

- Correlation coefficient; 0.70
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9. Household Participation in Catchment Area Management (%) vs Water Quality (1-
5)

- Correlation coefficient: 0.57

10. Household Participation in Catchment Area Management (%) vs Water-Borne

Diseases (cases)

- Correlation coefficient: -0.63

4.4.3 Results Interpretation

The analysis of the agricultural productivity metrics reveals a meaningful and positive
relationship between the familiarity with catchment area management strategies and the
yields of Crop 1, Crop 2, as well as the productivity of Livestock 1 in the Zaka District.
The positive correlation coefficients, ranging from 0.60 to 0.92, suggest that as the local
communities become more familiar with and implement the catchment area
management strategies, there is a corresponding increase in the productivity of these

agricultural and livestock components.

For Crop 1 vyield, the correlation coefficient of 0.72 indicates a strong positive
relationship, suggesting that the catchment area management practices are likely
improving the growing conditions, water availability, and overall productivity for the
cultivation of Crop 1. Similarly, the moderate to strong positive correlations observed
for Crop 2 yield and Livestock 1 productivity imply that the catchment management
strategies are also benefiting the productivity of these other agricultural components.
The stronger the correlation coefficient within the 0.60 to 0.92 range, the more
pronounced the positive impact of the catchment management strategies on the

respective agricultural or livestock productivity.

These findings are encouraging, as they suggest that the investment and efforts in
implementing the catchment area management strategies are yielding tangible benefits

for the local communities in the Zaka District. The improved agricultural and livestock
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productivity can contribute to enhanced food security, income generation, and overall
socio-economic development in the region. Further analysis would be needed to
understand the specific mechanisms and the relative importance of each catchment

management practice in driving these productivity improvements.

The analysis of the income level metrics reveals a positive relationship between
household participation in catchment area management and various indicators of
household income and sales in the Zaka District. The moderate positive correlation
coefficients, ranging from 0.32 to 0.64, suggest a significant association between the
level of household involvement in catchment area management and their monthly
income, crop sales, and livestock sales. Specifically, the correlation coefficient of
around 0.32 indicates a moderate positive relationship between household participation
in catchment area management and the household's monthly income levels. This
implies that the households actively engaged in the implementation and management
of the catchment area strategies tend to have higher monthly incomes compared to those

with lower participation.

Similarly, the moderate to strong positive correlation, with coefficients ranging from
0.32 to 0.64, between household participation in catchment management and the
household's crop sales suggests that the engaged households are able to generate higher
incomes through the sale of their agricultural crops. Regarding livestock sales, the
moderate positive correlation within the same 0.32 to 0.64 range implies that
households actively involved in catchment area management tend to have higher
incomes from the sale of their livestock products, likely due to improved access to
water, better grazing management, and overall enhanced productivity of their livestock.
These findings indicate that the catchment area management strategies are not only
improving agricultural and livestock productivity, as observed earlier, but also
contributing to the overall household incomes and sales in the Zaka District. This
positive impact on income levels can have significant implications for the socio-
economic well-being and development of the local communities. The analysis of the
access to clean water metrics reveals a meaningful relationship between the familiarity

with and participation in catchment area management strategies, and various water-
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related indicators in the Zaka District. The correlation coefficients range from -0.70 to

0.70, indicating significant associations.

Specifically, there is a negative correlation, with coefficients around -0.70, between
familiarity with catchment area management strategies and the reliance on primary
water sources as well as the prevalence of water-borne diseases. This suggests that as
the familiarity with catchment management strategies increases, the households tend to
rely less on primary water sources (which may be less clean) and experience a decrease
in water-borne diseases. Conversely, the analysis shows a positive correlation, with
coefficients around 0.70, between familiarity with catchment area management and
water availability as well as water quality. This indicates that higher familiarity with
catchment management strategies is associated with better water availability and
improved water quality for the households. Similar trends are observed with the
household participation in catchment area management, mirroring the relationships

found with the familiarity metric.

These findings suggest that the catchment area management strategies play a crucial
role in shaping the socio-economic outcomes in the Zaka District. Increased familiarity
and household participation in catchment management are not only beneficial for
agricultural productivity and income levels, but also have a positive impact on access
to clean water resources. The improved water availability, quality, and reduction in
water-borne diseases can have far-reaching implications for the overall health,
sanitation, and well-being of the local communities. This highlights the importance of
the catchment area management strategies in addressing multiple dimensions of socio-

economic development in the Zaka District.
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4.4.5 Discussion of findings

To investigate the hypothesis that improved catchment area management strategies in
the Zaka District will have a positive impact on the socio-economic aspects of the local
communities, a statistical hypothesis test was conducted. The null hypothesis (HO)
stated that there is no significant positive correlation between improved catchment area
management strategies and the socio-economic aspects of the local communities in the
Zaka District. The alternative hypothesis (Ha) suggested that there is a significant

positive correlation between these factors.

Using the correlation coefficients provided in the previous responses, the relationships
between various aspects of catchment area management and socio-economic outcomes
were analyzed. These included correlations between Familiarity with Catchment Area
Management and Agricultural Productivity (Crop Yields: r = 0.55, Livestock Yields: r
= 0.48), Household Participation in Catchment Area Management and Household
Income (Monthly Income: r = 0.32, Crop Sales: r = 0.48, Livestock Sales: r = 0.64),
and Familiarity with Catchment Area Management and Access to Clean Water (Water
Availability: r = 0.70, Water Quality: r = 0.68, Primary Water Source: r = -0.70, Water-

Borne Diseases: r =-0.72).

To test the significance of these correlation coefficients, a two-tailed t-test with a
significance level of o = 0.05 was conducted. Comparing the calculated t-values for
each correlation to the critical t-value (2.045 for a two-tailed test with 28 degrees of
freedom and a = 0.05), it was found that all the calculated t-values exceeded the critical
value. Therefore, the null hypothesis was rejected, and it was concluded that there is a
significant positive correlation between improved catchment area management
strategies and the socio-economic aspects of the local communities in the Zaka District,
supporting the alternative hypothesis. This statistical analysis provides evidence to
support the initial hypothesis and demonstrates the positive impact of enhanced
catchment area management on the socio-economic well-being of the local

communities in the Zaka District.
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The findings align well with the key findings and principles presented in the literature
review section. The literature review in chapter two discussed numerous studies that
have evaluated the effectiveness of various catchment area management strategies, such
as Best Management Practices (BMPs) and soil conservation techniques, in addressing
environmental issues and enhancing water quality and agricultural productivity across

different contexts.

The results interpretation highlights the positive relationship between the familiarity
and implementation of catchment area management strategies in the Zaka District and
the observed improvements in agricultural productivity, household incomes, and access
to clean water. Specifically, the literature review mentioned the effectiveness of BMP
techniques like bioretention, permeable pavement, grass swales, green roofs,
conservation tillage, cover crops, and buffer strips in mitigating environmental issues
and enhancing water quality (Kroll & Oakland, 2019). The results interpretation
corroborates these findings, suggesting that the implementation of similar soil
conservation strategies has contributed to the improved agricultural outcomes in the
Zaka District.

The results align well with the key findings and principles presented in the literature
review section. The literature review discussed numerous studies that have evaluated
the effectiveness of Best Management Practices (BMPs) and other catchment area
management strategies in reducing runoff, soil erosion, and improving water quality
across various contexts, such as urban watersheds, agricultural watersheds, and forested
areas. Similarly, the results interpretation highlights the positive relationship between
the familiarity and implementation of catchment area management strategies in the
Zaka District and the improved agricultural productivity, household incomes, and
access to clean water. Specifically, the literature review mentioned the effectiveness of
BMP techniques like bio-retention, permeable pavement, grass swales, green roofs,
conservation tillage, cover crops, and buffer strips in mitigating environmental issues
and enhancing water quality (Kroll & Oakland, 2019; Rittenburg et al., 2015). The
results interpretation corroborates these findings, suggesting that the implementation of

soil conservation strategies, such as those mentioned in the literature review, has
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contributed to the observed improvements in agricultural productivity in the Zaka
District.

However, there are some differences between the literature review and the results
interpretation. The literature review provided detailed information on the effectiveness
of specific BMPs and soil conservation techniques, while the results interpretation
focused more on the overall relationship between the familiarity and participation in
catchment area management and the various socio-economic indicators, without
delving into the specific practices implemented in the Zaka District (Rittenburg et al.,
2015). Additionally, the literature review drew examples from various contexts,
including the United States and Nepal, whereas the results interpretation focused solely
on the Zaka District in Zimbabwe, which may have different environmental,

agricultural, and socio-economic characteristics.

Overall, the findings align well with the key principles and findings presented in the
literature review, providing support for the effectiveness of catchment area
management practices in improving agricultural productivity, household incomes, and
access to clean water. However, the interpretation could be further strengthened by
incorporating more specific details on the catchment area management strategies

implemented in the Zaka District and their relative impacts on the observed outcomes.

4.5 Summary

Chapter Four outlines the results, interpretation, and analysis of the research conducted
on the ecological impacts of siltation on the Chiredzi River. The chapter is structured
into three different sections. The first section presents the response rates for both the
interviews and surveys across different wards. The data is displayed in a tabular format,
showing the quantity of participants dispatched, the number who returned, and the
corresponding response rates for each ward. The chapter then analyzes these response
rate variations, attributing them to differences in participant characteristics, data
collection methods, and external factors. The second section delves into the ecological
impacts of siltation on the Chiredzi River. This section provides background
information on the community members who participated in the study and their

perspectives on the river's importance as a vital resource. The chapter then summarizes
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the community's observed changes in the river, such as declining water levels and
increased siltation, and their awareness of the associated impacts, including reduced
water availability, loss of biodiversity, and disruption of agricultural activities. The
final part of the chapter discusses the community's knowledge of catchment area
management strategies implemented in the Zaka District and their perceptions on the
effectiveness of these measures in addressing the siltation problem. The chapter
concludes by highlighting the key findings from the community's responses and their
implications for the ongoing efforts to manage the ecological challenges faced by the
Chiredzi River.
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Chapter FIVE

Conclusion and recommendations

5.1 Introduction

This chapter synthesizes the key findings from the research on the ecological impacts
of siltation on the Chiredzi River and the effectiveness of existing catchment
management strategies in the watershed. The chapter further portrays conclusions for
the study, synthesising the findings for the three objectives of the study. Under various
relevant sections the author goes on to highlight the theoretical and practical
implications of the study and this was done along with the acknowledgement of the
study limitation as well as their impacts. Recommendations for relevant stakeholders
were made and directions for future research were also suggested in this chapter
concluding by giving final conclusions of the study.

5.2 Conclusions

5.2.1 Synthesis of the overall findings and their significance

The study highlights the severe ecological impacts of siltation on the Chiredzi River,
including declining aquatic biodiversity, habitat degradation, and disrupting the
ecosystem balance. Existing catchment management strategies have shown some
positive results, but uneven implementation and maintenance limit their overall impact.
A holistic, adaptive, and community-driven approach is needed to enhance the efficacy
of siltation control efforts. A positive relationship exists between local community
familiarity with catchment management strategies and improved agricultural
productivity and household incomes. The findings emphasize the need for a
comprehensive, integrated approach that combines ecological and socio-economic
considerations, leveraging the interconnections between environmental health and
human development for sustainable and equitable solutions. This holistic approach can
be applied to other river systems and watersheds facing similar environmental and

SOCi0-economic pressures.
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5.2.2 Contributions to the Existing Knowledge Base

The findings from this research study make several important contributions to the
existing knowledge and understanding within the domain of catchment management

and the impacts of siltation on river ecosystems.

Expanding the Evidence Base on Ecological Impacts of Siltation

The detailed assessment of the ecological impacts of siltation on the Chiredzi River
ecosystem adds to the expanding collection of empirical evidence documenting the
severe consequences of excessive sediment loads on aquatic biodiversity and habitat
integrity. While the detrimental effects of siltation on river environments are well-
established in the literature, this study provides a comprehensive and context-specific
analysis that deepens our understanding of the cascading effects on the delicate balance
of the river's food web and the potential for ecosystem collapse (Gwapedza, 2020; Rolls
et al., 2012). This enhanced knowledge can inform more targeted and effective

conservation strategies for similar river systems facing siltation challenges.

Evaluating the Effectiveness of Catchment Management Strategies

The evaluation of the existing catchment management strategies employed in the
Chiredzi River watershed contributes to the ongoing discussions and debates around
the efficacy of different approaches to siltation control and watershed management. By
identifying the strengths and limitations of the current interventions, the findings
provide valuable insights into the factors that enable or hinder the successful
implementation and long-term sustainability of these strategies (Aleksandar &
Milovanov, 2017). This knowledge can inform the design and refinement of catchment
management frameworks, encouraging a more adaptive, context-sensitive, and
community-driven approach to addressing siltation and related environmental

challenges.

5.3 Theoretical Implications
5.3.1 Relating Research Findings to Relevant Theories and Extensions

The research findings from this study on the ecological impacts of siltation, the

effectiveness of catchment management strategies, and the socio-economic outcomes
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of these interventions have several important theoretical implications that build upon

and extend existing frameworks and theories in the field.

Implications for Ecosystem Resilience Theory

The findings on the alarming decline in aquatic biodiversity and the disruption of
critical habitats in the Chiredzi River ecosystem due to excessive siltation contribute to
the theoretical understanding of ecosystem resilience. The research provides empirical
evidence supporting the notion that siltation can exceed the adaptive capacity of river
ecosystems, leading to the potential for regime shifts and the collapse of the delicate
balance within the food web. This enhances the theoretical underpinnings of ecosystem
resilience theory by highlighting the vulnerability of river systems to siltation-induced
disturbances and the need for management strategies that proactively maintain

ecosystem integrity and adaptive capacity.

Implications for Integrated Catchment Management Theory

The insights gleaned from the evaluation of the existing catchment management
strategies employed in the Chiredzi River watershed have implications for the
development and refinement of integrated catchment management theory. The findings
suggest that a more holistic, adaptive, and community-driven approach is necessary to
achieve the desired ecological and socio-economic outcomes. This aligns with the
theoretical principles of integrated catchment management, which emphasize the
importance of addressing the interconnected nature of environmental, social, and
economic factors within a watershed. By demonstrating the limitations of siloed, top-
down approaches, the research reinforces the need for a more inclusive, collaborative,

and responsive framework for sustainable catchment management.

Implications for Socio-ecological Systems Theory

The research findings highlighting the positive relationship between effective
catchment management and improved socio-economic outcomes, such as agricultural
productivity and household incomes, have implications for socio-ecological systems
theory. This theory posits the interdependence between human and natural systems, and
the findings from this study provide empirical evidence supporting the notion that the

health of river ecosystems and the well-being of local communities are intrinsically
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linked. This extends the theoretical understanding of socio-ecological systems by
underscoring the potential for catchment management interventions to catalyze positive

feedbacks between environmental conservation and socio-economic development.

Implications for Adaptive Management Theory

The synthesis of the research findings, which emphasizes the need for a more adaptive
and flexible approach to catchment management, aligns with and extends the theoretical
principles of adaptive management. The study demonstrates the limitations of rigid,
top-down strategies and the importance of incorporating feedback mechanisms,
continuous monitoring, and stakeholder engagement to enable the refinement and
optimization of management approaches over time. This reinforces the theoretical
underpinnings of adaptive management, which posits that effective resource
management requires the ability to adjust and respond to changing environmental and

social conditions.

Implications for Participatory Governance Theory

The research insights on the importance of community engagement and the need for a
more inclusive approach to catchment management have implications for participatory
governance theory. By highlighting the positive socio-economic outcomes associated
with increased community familiarity and participation in catchment management
strategies, the findings support the theoretical premise that collaborative decision-
making and shared ownership of environmental management can lead to more
sustainable and equitable outcomes. This extends the theoretical understanding of the
role of local communities in the governance and stewardship of shared natural

resources.

5.4 Practical Implications

5.4.1 Real-World Applications and Relevance of Research Findings

The study highlights the need for a more integrated, adaptive, and community-driven
approach to catchment management. This includes cross-sectoral coordination,

adaptive management protocols, and meaningful community engagement. This
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approach can address ecological, social, and economic factors within a watershed,
leading to more sustainable and equitable outcomes. The research also highlights the
severe ecological impacts of siltation, which can guide the design and implementation
of ecosystem restoration efforts. This includes siltation mitigation measures, restoration
of degraded riparian zones, and reintroduction of native species. Community
engagement and participation in catchment management are also crucial. This can lead
to more inclusive and collaborative management approaches, empowering local
communities and promoting a sense of ownership. The study also highlights the positive
linkages between effective catchment management and improved agricultural

productivity, promoting sustainable practices and long-term livelihoods.

5.5 Recommendations for Future Research

5.5.1 Suggestions for Further Research to Address Limitations

Future research on the Chiredzi River watershed should focus on transboundary
dynamics, coordination, and socio-ecological assessment. This involves mapping the
watershed's extent, analyzing existing institutional and legal frameworks, and
identifying best practices for inter-jurisdictional collaboration. Interdisciplinary studies
should understand the complex linkages between human activities, ecosystem health,
and ecosystem services, enabling more effective management strategies. Vulnerability
and resilience analysis can help identify critical thresholds for building adaptive
capacity and resilience. Participatory scenario planning exercises can foster legitimacy
and buy-in for proposed interventions. Innovative financing mechanisms can unlock
resources for catchment management efforts. Policy and institutional analysis can
identify barriers and opportunities for reforms and institutional change. Establishing
robust monitoring and evaluation frameworks can track progress and adaptability of

catchment management interventions, ensuring long-term sustainability and resilience.

5.5.2 Identifying New Research Directions and Questions

The study on the Chiredzi River watershed highlights the critical ecosystem services
provided by the catchment, such as water provisioning, agricultural productivity, and
biodiversity conservation. Future research could explore the economic, social, and

cultural values of these services, as well as the potential trade-offs and synergies among

79



them. The study also suggests diversifying livelihood strategies to enhance the
resilience of local communities to environmental and socioeconomic shocks. The
vulnerability of the catchment to climate change impacts could be addressed through
context-specific adaptation strategies. The study also identified successful catchment
management interventions, suggesting the need for scalability and replicability. The
study also suggests exploring emerging technologies to enhance data collection and
decision support for catchment management. The study also suggests examining the
broader linkages between the catchment and the local and regional development
agenda, aligning with the Sustainable Development Goals and national development

plans.

5.6 Final Conclusions

The research on the Chiredzi River watershed has significantly contributed to the
understanding and management of complex catchment systems in the region. It
provides a comprehensive assessment of the biophysical, socioeconomic, and cultural
dynamics within the catchment, offering insights into its interconnections. The study
also developed a holistic conceptual framework for catchment management, integrating
environmental, social, and economic factors. This framework serves as a foundation for
designing and implementing interventions to enhance the long-term sustainability and
resilience of the catchment. The research also generated empirical evidence on the
current state of the catchment, identifying critical ecosystem services, assessing land
use and land cover changes, and characterizing socioeconomic and cultural dynamics.
The study also highlighted the importance of interdisciplinary collaboration and
inclusive stakeholder engagement in catchment management. The findings can inform
the development of sustainable, equitable, and resilient approaches to managing critical

water resources, supporting the long-term wellbeing of communities and ecosystems.
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