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ABSTRACT 

Renco Mine tailings dump was commissioned in 1998, since 2006, a few tolerant plant species, 

most often exotics, with lower growth rates and not acclimatized to local conditions were once 

planted on the tailings dump using natural soil in an attempt to reclaim it. The main objective of 

the study was to compare early growth performance of Dodonaea viscosa and Leucaena 

leucocephala planted on biosolids (treatment) and natural soil (control) applied on an operational 

mine tailings dump at Renco Mine, Zimbabwe. Soil fertility analysis results shown that, both 

soils were very acidic, high in N and had traces of Ca, Mg and K. However, only boisoilds were 

high in P. Two rows with 125 planting holes each and an inter-row spacing of 2m were 

established on grass covered block area, and similarly on bare ground block area, and half of the 

holes randomly applied with either of the soil types in each block. A total of 250 Dodonaea 

viscosa species and 250 Leucaena leucocephala species were randomly planted on these planting 

stations in December 2017.  Generally, Dodonaea viscosa planted on biosolids on grass covered 

area exhibited the highest overall monthly growth height increment interval of 3.1± 1.45cm. 

Similarly, Leucaena leucocephala recorded an overall monthly mean height growth increment 

interval of 2.27 ± 1.11cm. The highest monthly average Root Collar Diameter intervals were 

0.03 ± 0.02cm on both species planted on biosolids with grass cover. Dodonaea viscosa planted 

on biosolids soil treatment on grass covered ground recorded the highest survival rate of 66.7%. 

Leucaena leucocephala planted on biosolids soil treatment on grass covered ground recorded its 

highest survival rate of 61.1%. Lowest survival rates were recorded on Leucaena leucocephala 

planted on natural soil on both bare ground and grass covered with survival rates of 22.2% and 

33.3% respectively. Significant differences were observed in early growth performance of 

Dodonaea viscosa and Leucaena leucocephala on mine tailings dump (P<0.05). Similarly, 

significant differences were observed in early growth performance of species on different soil 

treatments applied on mine tailings dump (P<0.05) as well as early growth performance of 

species on grass covered soil and bare soil on mine tailings dump (P<0.05). Findings of the study 

indicate that, Dodonaea viscosa can be extensively used in revegetation of mine dumps, while 

Leucaena leucocephala can be relatively used with ameliorative measures on pH. 
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CHAPTER 1: INTRODUCTION 

 

1.1 BACKGROUND TO THE STUDY  

The mining sector in Zimbabwe has significantly flourished over the years with an average 

growth of 3.5% (Chamber of Mines, 2015). The World Bank has projected an increase on value 

of minerals from $2.1 billion to an average of around $8 billion by 2018 (Chamber of Mines, 

2015). Chamber of Mines (2015) added that, mining sector has contributed 15% of nominal 

GDP, 58% of the nation’s total exports, 13% of fiscal revenue, more than 45000 employment 

jobs, and more than 50% of foreign direct investment. This implies that, extraction of minerals 

bear meaningful socio-economic benefits, for that reason, certainly exploitation of minerals is 

necessary for economic development. However, Singh (2015) indicated that, environmental 

impacts at mines are generally large, with total destruction of the vegetation on mined areas, and 

considerable reshaping of the natural topography. For instance, the establishment of tailings 

dumps facilities and disposal of tailings changes the form of fringe ecosystems.   

 

In relation to that, Singh (2015) indicated that, where tailings dump construction takes place, the 

land is usually cleared of all vegetation, the landscape drastically altered and the ecosystem 

totally disrupted. Bell (1998) noted that, if inappropriately managed, such activities can also have 

significant off-site impacts, particularly from the discharge of drainage contaminated with 

sediments, chemicals, metals or altered acidity. These dumps are drastically disturbed and are 

physically, nutritionally and microbiologically impoverished habitats (Singh and Jha, 1993). 

Similarly, Blight (1989) stated that, tailings dams cause additional environmental impacts if they 

are not vegetated and stabilized because heavy rains can easily wash away the unstable dams into 

streams, rivers and lakes. Sediments in streams and lakes have negative impacts such as 

increasing water temperatures, which lowers the concentration of dissolved oxygen. This in turn 

can kill fish and other aquatic organisms, and finally disrupt food chains. Gorman (2004) 

indicated that, sediment destroys spawning beds and destructs lakes and streams from scenic 

beauty and recreational uses. Gorman (2004) added that, sedimentation increases flooding 

because it reduces a stream’s water carrying capacity after overflows the banks more easily, 

flooding the surrounding settlements thereby triggering social, economical and environmental 

damage. 
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According to Singh (2015), the disposal of mine tailings is one of major environmental issues 

that have become more serious with the increasing exploration for minerals. In relation to this, 

Bell (1998) mentioned that, mine wastes represent the highest proportion of waste produced by 

industrial activity, with billions of tonnes being produced annually. In general, Guoqing et al. 

(2017) mentioned that, mining activities can give rise to vegetation deterioration, soil erosion, 

geological hazards and environmental pollution, which restrict the sustainable development of 

mining areas. In light to that, Guoqing et al. (2017) added that mining areas are thus a typical 

vulnerable ecosystem. 

  

Legally, Section 73 (1) (b) (i) of the Constitution of Zimbabwe Amendment (No. 20) Act (2013) 

prescribes that, every person has a right to have the environment protected for the benefit of 

present and future generations, through reasonable legislative and other measures that prevent 

pollution and ecological degradation.  In line with that, Section 4 (2) (f) of the Environmental 

Management Act (20:27) as read with Section 24(1)(a) of S.I. 6 of 2007 prescribes that, 

anticipated negative impact on the environment and on people’s environmental rights shall be 

prevented, and where they cannot be altogether prevented be minimized and remedied. To that 

end, requirements related to rehabilitation of tailings dumps facilities have to be complied with. 

 

Mulizane et al. (2005) suggested that, initiating the normal ecological succession using less-cost 

techniques is the preferred strategy on mine tailings dumps rehabilitation, such that, in terms of 

biodiversity, the environment can then enrich itself natural, as plants and animals wildlife can be 

progressively restored. In agreement with that, Baker and Brooks (1989) stated that, the first step 

which can only be considered in building up a self-sustaining ecosystem is through re-vegetation 

by plants, and colonization by microorganisms, birds and insects is necessary before the system 

can be considered viable. In line with this, Sheoran and Poonia (2010) suggested that, once the 

abandoned mine lands have vegetation growing on the surface, regeneration of these areas for 

productive use will begin and offsite damages will be minimized. These opinions are most ideal 

for tailings dumps rehabilitation. 

 

However, Troung (1999) indicated that, tailings materials mainly consist of crushed rock, with 

poor physical structure, less moisture content, metal toxicity, acid generating on the surface, high 

salt concentrations and lack essential nutrients for plant growth. Stanley et al. (2000) pointed out 

that, tailings materials are inappropriate for plant growth, as a result there is need to assess the 
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performance of different species in re-vegetating tailings dams. For that reason, Swann (2007) 

suggested that, species which naturally colonise mine tailings dumps, are ideal indicators for the 

types of species to examine further in re-vegetation projects.  

 

Likewise, Kaphaizi (2015) revealed that, Leucaena leucocephala, Celtis africana and Eucalyptus 

camaldulensis species characterized natural ecological succession in a study conducted on a 

decommissioned tailings dump established in 1982 at Renco Mine. In addition, Kaphaizi (2015) 

observed that, these species reached levels of contributing to the generation of organic matter 

and thereby improving its structure and fertility. In addition, Brackley and Ziupfu (1995) 

indicated that, Dodonaea viscosa was among the species that thrived well on the dump at Renco 

Mine. However, the studies were based on ecological succession on the tailings dump but could 

not establish early growth performance of these species on an operational tailings dump. Of 

concern, a revegetation programme is in progress on an operational tailings dump established in 

1998 at Renco Mine.  

 

A few tolerant plant species, most often exotics, with lower growth rates and not acclimatized to 

local conditions, were once planted on the tailings dump since 2006 in an attempt to reclaim it.  

In addition, the traditional way of revegetation of mine tailings dumps at Renco Mine was 

through application of natural soil on mine tailings dumps as remedy to address soil fertility 

challenges. In relation to that, Wijesekara et al., (2016) highlighted that, biosolids-associated 

mine site rehabilitation is an important strategy and has a significant role according to the 

perspective of environmental remediation. In view of this, Renco mine operates a sewer 

treatment plant which generates considerable volume of sewage sludge which can be probably 

used in the revegetation program at the tailings dump. The researcher noted that, inside a nursery 

established at the dump there were only two species nursed for the tree planting season namely, 

Dodonaea viscosa and Leucaena leucocephala. It is against this background that, the researcher 

proposed to undertake a study on early growth performance of Dodonaea viscosa and Leucaena 

leucocephala planted on different soil types applied on an operational mine tailings dump at 

Renco Mine. 
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1.2 STATEMENT OF THE PROBLEM 

Tailings dumps cause environmental problems if they are not stabilized by vegetation. Heavy 

rains can easily wash the unstable dumps into streams, rivers and lakes resulting in social, 

economic and environmental damage. Moreover, a mine tailings dump destroys wildlife habitat, 

leach out toxic minerals into streams and groundwater and leads to several environmental 

impacts such as dust, erosion and acid mine drainage, that is, if not properly rehabilitated. In 

relation to this, Mulizane et al. (2005) revealed that the preferred strategy on mine tailings dumps 

rehabilitation is to initiate the normal ecological succession using low-cost techniques such as 

revegetation. Similarly, Baker and Brooks (1989) stated that, revegetation by plants can only be 

considered the first step in building up a self-sustaining ecosystem, and colonization by birds, 

insects and fungi is necessary before the system can be considered viable. Albeit, Troung (1999) 

indicated that, tailings materials consist mainly of crushed rock, with poor physical structure, less 

moisture content, metal toxicity, acid generating on the surface, high salt concentrations and lack 

essential nutrients for plant growth. That is, the composition of tailings makes re-vegetation of a 

tailings dump difficult. Since commissioning of the active tailings dump at Renco Mine in 1998, 

a few tolerant plant species, most often exotics, with lower growth rates and not acclimatized to 

local conditions, were once planted on the tailings dump in an attempt to reclaim it. However, 

little was done to study use of certain plant species on mine tailings rehabilitation since 

commencement of the revegetation program. In addition, application of the natural soil on mine 

tailings dumps as remedy to address soil fertility challenges was without scientific study, and 

biosolids generated at the sewage treatment plant have not been examined on the possible use in 

the revegetation program at the tailings dump. Kaphaizi (2015) indicated that, Leucaena 

leucocephala characterized natural ecological succession at Old Tailings dump at Renco Mine. 

More so, Dodonaea viscosa characterizes the surrounding tree vegetation adjacent to the tailings 

dump. However, these species have not been given due consideration to study early growth 

performance of species on mine tailings dumps at the mine. In view of this, the researcher 

conducted a comparative study on early growth performance of Dodonaea viscosa and Leucaena 

leucocephala planted on different soil types applied on an operational mine tailings dump at 

Renco Mine. 
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1.3 OBJECTIVES  

 

1.3.1 General Objective 

To compare early growth performance of Dodonaea viscosa and Leucaena leucocephala 

planted on different soil types applied on an operational mine tailings dump at Renco Mine. 

 

1.3.2 Specific Objectives 

 To measure height and root collar diameter during early growth of the species. 

 To assess the survival rates of the species during early growth. 

 To compare early growth performance of the species on different soil cover. 

 To compare early growth performance of the species on different soil treatments. 

 

1.4 HYPOTHESES 

1. H0: There is no difference in early growth performance of Dodonaea viscosa and Leucaena 

leucocephala on mine tailings dump (µ1= µ2). 

 H1: There is difference in early growth performance of Dodonaea viscosa and Leucaena 

leucocephala on mine tailings dump (µ1≠ µ2).  

 

2. H0: There is no difference in early growth performance of species on different soil treatments 

applied on mine tailings dump (µ1= µ2). 

 H1: There is difference in early growth performance of species on different soil treatments 

applied on mine tailings dump (µ1≠ µ2). 

 

3. H0: There is no difference in early growth performance of species on grass covered soil and 

bare soil on mine tailings dump (µ1= µ2). 

H1: There is difference in early growth performance of species on grass covered soil and bare 

soil on mine tailings dump (µ1≠ µ2). 

  

1.4 SIGNIFICANCE OF THE STUDY  

Firstly, the research offers an interactive platform to transfer knowledge from research to 

companies and other organisations that apply it. Zellner (2003) stated that, the benefits of 

developing human capital go well beyond formal education. Zellner (2003) added that, those 

who perform research acquire substantial tacit knowledage of how to make innovation work in 
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reality, and this knowledge is mostly transferred through direct contact or mobility of people. In 

view of this, being employed at Renco Mine as a Safety, Heath and Environmental Management 

Officer, the researcher seemly shall add knowledge on species to use in rehabilitation of the 

operational tailings dump at Renco Mine. In this case, the interface in-between environmental 

problems at mine tailings dumps and knowledge obtained by the researcher becomes more 

practical in suggesting solutions and/or making recommendations making the research 

worthwhile.  

 

The research is in line with actions that comply with legal requirements on environmental 

management in relation to management of mining waste as committed by the mine’s Safety, 

Heath and Environmental Management (SHE) policy. Section 73(1)(b)(i) of the Constitution of 

Zimbabwe (Amendment No. 20) Act (2013) as read with the Environmental Management Act 

(Chapter 20:27) on Section 140(2)(c) as well as Section 24(1)(b) of S.I. 6 of 2007 prescribes 

proper management of mining waste such as tailings materials. Mulizane et al. (2005) suggested 

that, the preferred strategy on mine tailings dumps rehabilitation is to initiate the normal 

ecological success using less-cost techniques such as revegetation. However, Stanley et al. 

(2000) pointed out that, tailings materials are inappropriate for plant growth, as a result there is 

need to assess the performance of different species in re-vegetating tailings dams. Hence, this 

research work became meaningful to provide a suggestive and indicative insight in the selection 

species for the revegetation of the active tailings dumps. In other words, the research shall reflect 

on opportunities to explore further on plant species in relation to rehabilitating tailings dumps. 

Ultimately, compliance with environmental management statutes shall be upheld when 

rehabilitation work progresses well. 

 

The research augments knowledge base of the researcher in the area of re-vegetation of mine 

tailings dumps as well as other researchers in this subject. In line with this, Georghion (2015) 

stated that, knowledge created by one researcher can be used by another without finacial 

compansation. That is, a positive extenality comes in form of knowledge spillover. In relation to 

this, the academic field at large shall benefit from a new applied inquest which shall be published 

at the University library, and further contribute to the existing literature resource base for 

learning purpose.  
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The research probably builds a model in bringing the deserted land back into valuable use and 

appreciable contribution to the environment.  Sheoran and Poonia (2010) stated that, once the 

abandoned mine lands have vegetation growing on the surface, the regeneration of these areas 

for productive use will begin and offsite damages will be minimized. That is, vegetation 

rehabilitation supports the minimization of wind and water erosion from the tailings dumps, 

improves aesthetics, no production of waste products, increase soil organic concetrations, binds 

metals, hence the land and surrounding ecosystems can be productive. In addition, vegetation, 

particularly trees, probably would reduce net percolation through the soil or mine spoil material 

and reduce the leaching potential of the metals.  

 

More to that, the research upholds a commitment prescribed in the mine’s SHE policy in relation 

to minimizing pollution. The policy states that, environmental pollution and disturbances arising 

from processes, products and services are prevented or minimised wherever possible. Thus, 

vegetative rehabilitation supports the minimization of wind and water erosion from the tailings 

dumps. Prospectively, the research is determined to uphold the essence of continual 

improvement with regards to rehabilitation of tailings dumps at Renco Mine. Based on all the 

above mentioned, there is overwhelming evidence from multiple sources to justify the research. 

 

1.5 STUDY AREA 

1.5.1 Study Site 

Renco Mine is a large scale gold mine located in Nyanjena Communal Lands under Masvingo 

Rural District south of Masvingo province. The mine is 5Km north of Bangala Dam along 

Mutirikwi River and 75 km south of Masvingo City, that is, 20
o
 37' 33" South and 31

o
 9' 59" East 

as shown in Figure 1.1. The research was carried out at an operational tailings dump, which was 

established in 1998 at Renco Mine. The southern side of the dump was targeted for the study 

with a total area of 1.56ha and a rising slope of 22
o
.  

 

1.5.3 Climate  

Brakely and Ziupfu (1995) indicated that, Renco Mine falls under Natural Region V in the 

Lowveld area of Zimbabwe, and the area experience summer temperature in the range of 30
o
C to 

40
o
C with an average annual rainfall of less than 500mm. Nhandara et al. (1997) also indicated 

that, the Lowveld region is hot and dry with mean annual rainfall of less than 500mm, and the 
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rainfall is very unreliable and drought is common. Gambiza and Nyama (2000) noted that, the 

region is usually so dry for successful crop production especially without irrigation. 

 

Figure 1.1: Locality of Renco Mine in Masvingo District 

1.5.2 Human Geography 

Nyajena Communal Land is a communal area with villagers sparsely settled. Villages of 

Muvango, Mupondi, Makonesi, Mashapa, Maramba, Muzondo, and Chikwenhere surrounds the 

mine.  Agriculture is the main livelihood for many rural community of Nyajena. The communal 

area is characterized by mixed farming activities such as crop farming, livestock production, 

poultry, and apiary. The crops that are commonly grown in fields include maize, groundnuts, 

round-nuts, sweet potatoes, rapoko and finger millet with maize being the primary staple grain. 

However, some cash crops are also grown at Rupike Irrigation. For instance, beans, wheat, 

onions, cabbages and carrots. In addition, a number of community gardens were established in 

partner with non-governmental organizations (NGOs) as a result market gardening is also part of 

agricultural activities in the communal land. However, crop production in the communal area is 

mainly rain fed. Rupike Irrigation Scheme is the major irrigation scheme supporting livelihoods 

in the communal land located approximately 5Km from Renco Mine. On livestock, most 

villagers keep cattle as a form of wealth and for drought power whilst goats, sheep and poultry 

are usually for supplementary feeding. Renco Mine has a compound settlement with 1010 houses 

accommodating most of the employees, and also recreational facilities such as clubs, sporting 
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fields and halls. According to RIZIM (2016), the mine had a complement of 1150 employees in 

year 2016. Thus, the mine is the main source of livelihood for the employees, and also forms a 

market for selling crop and livestock produce from surrounding villagers. 

 

1.5.4 Vegetation 

Renco Mine area is dominated by woody vegetation essentially confined to the hillsides, which 

are still partly covered with Miombo Woodland. The dominant tree species on all hills are 

Brachystegia spiciformis and Brachystegia glaucescens.  Most of the flat land has had its timber 

removed and consist of fields, gardens, the mine compound and the tailings dump. The 

remainder is grassland with widely scattered trees and some denser woody vegetation where 

there are rock outcrops. Patches of riparian woodland occur along the Mutirikwi River and some 

of its tributaries. Other common trees are Albizia versicoloi (mainly on slopes), Julbernardia 

globiflora, Dalberbiella nysa, Kirkia acuminate, Combretum molle, Diplofhynchus 

condylocarpon, Diospyros mespiliformis, Olax dissitiflora, Pseudolachnostylis maprouneifolia, 

Ficus glumosa, Sclerocarya birrea and Strychnos madagascariensis. A most interesting feature 

in the Borassus palms which are extremely rare in Zimbabwe, only known from the lower Rusitu 

Valley near the Mozambique border and Renco Mine and its surroundings (Brakely and Ziupfu, 

1995). 

 

1.5.5 Geology and Soils 

More than 70% of the area at Renco Mine is underlined by granulites which forms an area of 

hills aligned north-east. The soils of the enderbite hills mainly cover the area. The soils are dark-

reddish brown loamy sand of colluvial origin over residual pockets of red sandy clay loam to 

sandy clay. Their depths results in part from interactions between the soil’s inherent fertility and 

the stabilizing vegetation, mainly well grown Brachystegia spiciformis woodland. Soil associated 

with less grown Brachystegia spiciformis woodland on siliceous gnesiss hill slopes are mainly 

dark brown, fersiallitic, medium grained and light textured.  The valleys of both the enderbite 

and siliceous gneiss contain alluvial/colluvial deposition with medium grained and loamy sands 

on upper slopes giving way to similar loamy sands over hydromorphic sandy clays further down 

slope. The somewhat hydromorphy of the area results from the large quantities of run-off and 

groundwater received from the surrounding hills. Land Suitability Classification is VI-VII with 

land use most suitable for wildlife, limited to moderate grazing (Brakely and Ziupfu, 1995).  
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 MINE TAILINGS DUMPS AND ENVIRONMENTAL IMPACTS 

Guoqing et al. (2017) indicated that, mining activities can generally give rise to vegetation 

deterioration, soil erosion, geological hazards and environmental pollution, which restrict the 

sustainable development of mining areas. It is important to note that, the quantity of an extracted 

ore body commonly causes environmental impacts after mineral processing. Cook and Johnson 

(2001) pointed out that, mining activities includes primary extraction, milling, and processing, 

refining and waste disposal in the form of rock and tailings dumps. In relation to that, Dumba 

(2013) mentioned that waste generation and disposal of waste is the drive of most of the 

extensive destruction and pollution on land. On that remark, Kossoff (2014) mentioned that, the 

chief waste stream in mining is tailings, which are often stored in impoundments behind dams 

with ensuing environmental, health and economic impacts. Lottermoser (2007), defined tailings 

as mixtures of crushed rock and processing fluids from mills, washeries or concentrations that 

remain after extraction of economic metals, minerals, mineral fuels or coal from the mine 

resource. MAC (1998) stated that, tailings facilities provide a window on the mining industry, 

thus, they tell a story to the public about how the industry manages its activities. MAC (1998) 

added that, tailings pose a risk that must be managed in the long term. Likewise, Renco mine 

tailings dump facilities are not an exception to environmental impacts hence the need to embark 

on rehabilitation programs such as revegetation. 

 

According to Cook and Johnson (2001), if a mining project involves the extraction of a few 

hundred million metric tonnes of mineral ore, then the mine project will generate a similar 

quantity of tailings. For instance, RIOZIM (2016) revealed that, ore hoisted in year 2016 was 

276028t against a total of 260092.2t of tailings disposal translating to 94% of ore extracted 

during the year. In line with that, Bell (1998) indicated that mine waste represent the highest 

proportion of waste produced by industrial activity, with billions of tonnes being produced 

annually. That is, the beneficiation process generates high volume waste called tailings, the 

residue of an ore that remains after it has been milled and the desired metals have been extracted, 

in this case gold. In line with that, Wright et al. (2004) mentioned that, the exposed mine tailings 

contribute to erosion and sedimentation due to absence of vegetation cover. Miller (1992) noted 

that, the waste disposal through dumping on mine tailings creates serious environmental and 

health problems to communities that live close to the abandoned mines and mine tailings.  In 
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relation to that,  Brnich and Mallet (2003) stated that, these mine tailings are rich in heavy metals 

and potential source for acid mine drainage. In this regard, Guoqing et al. (2017) mentioned that, 

mining areas are thus a typical vulnerable ecosystem.  

 

In addition, Kossoff et al. (2014) indicate that, the structural nature of the impoundment and the 

direct results of overflows, and wall failures may affect the surrounding environment. Such 

impacts include long-term seepage that results in groundwater contamination, disturbance of 

wildlife habitat and dust emission. Kossoff et al. (2014) added that, the structural failures 

generally results in rapid release of material over a short time span. In the same line, Mulizane et 

al. (2005) stated that mining tailings dumps leach out toxic minerals into streams and 

groundwater with toxic minerals thereby destroying wildlife habitats. In agreement with that, 

Edwards (1996) indicated that, the sheer magnitude and often toxic nature of the material held 

within tailings dumps means that their erosion, and the ensuing discharge into river systems, will 

invariably affect water and sediment quality, and aquatic and human life for potentially hundreds 

of kilometers downstream. 

  

Kossoff et al. (2014) mentioned that, how a mining company disposes of this high volume toxic 

waste material is one of the central questions that will determine whether the mining project is 

environmentally friendly. The key long term goal of tailings disposal and management is to 

prevent the mobilization and release into the environment of the tailings. In this regard, it is 

important to rehabilitate affected ecosystems within mining surrounding, for instance 

revegetation of mine tailings dumps. 

 

2.2 ENVIRONMENTAL MANAGEMENT LAWS ON MINE TAILINGS DUMPS 

UN (1992) reported on Agenda 21 premised on the need to take a balance and integral approach 

to environment and development questions. Agenda 21 addresses the pressing problems of today 

and also aims at preparing the world for the challenges of the next century. In relation to 

revegetation of tailings dumps, UN (1992) stated that, one of the management related activities 

to combat desertification is to carrying out revegetation in appropriate mountain areas, highlands, 

bare lands, degraded farm lands, arid and semi-arid lands and coastal areas. It is also against the 

background of Agenda 21 principles as stated in Section 8 paragraphs 8.13, 8.14 and 8.15 that, 

the Government of Zimbabwe through S.I. 103 of 2003 gazetted the Environmental Management 

Act (Chapter 20:27) in 2003 on the 17
th

 of March.  
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The Environmental Management Act (Chapter 20:27), provides for environmental rights as 

prescribed in Section 4 (1) stating that, every person shall have a right to a clean environment 

that is not harmful to health; and access to environmental information, and protect the 

environment for the benefit of present and future generations. These rights were later on 

enshrined in the Constitution of Zimbabwe (Amendment No. 20) Act (2013). Section 73 reads, 

(1) every person shall have a right to (a) environment that is not harmful to their health or 

wellbeing; and (b) to have the environment protected for the benefit of present and future 

generations, through reasonable legislative and other measures that (i) prevent pollution and 

environmental degradation; and (ii) secure ecologically sustainable management and use of 

natural resources while promoting justifiable economic and social development. Section 140 (2) 

(c) of the Act as read with Section 24 (1) (b) of S.I. 6 of 2007 prescribes rehabilitation and 

management of mining waste. Additionally, Section 4 (2) (e) of the Environmental Management 

Act (Chapter 20:27) stipulated that, development must be socially, environmentally and 

economically sustainable. Section 4 (2) (f) prescribed that, anticipated negative impact on the 

environment and on people’s environmental rights shall be prevented, and where they cannot be 

altogether prevented, be minimized.  

 

Furthermore, Section 25 of S.I. 109 of 1990 stipulates that, every dam and dump which has been 

approved in terms of Section 225 of the Mines and Minerals Act (Chapter 21:05) and is to be 

built for the purpose of impounding tailings, slimes, sand or water shall be constructed under the 

supervision of a competent person in such a manner as not to endanger life or limb or cause 

damage to property. In addition to that, Section 26 (1) prescribes that, tailings dumps shall be 

properly designed and constructed and adequately maintained. In view of that, this research 

study complements effort to comply with legal requirements on environmental management in 

relation to rehabilitation of mining waste as committed by the mine’s Safety, Heath and 

Environmental Management (SHE) policy. 

 

2.3 MINE CLOSURE PLANS ON TAILINGS DUMPS 

MMCZ (2015) highlighted that, in Zimbabwe the mining sector continues to be one of the major 

foreign currency earner, and the sector was infused in Cluster 4 on Value Addition and 

Beneficiation of Zimbabwe Agenda for Sustainable Socio-economic Transformation (ZIM-

ASSET) to show its importance to the economy of the country. In line with that, Ashton et al. 

(2001) stated that despite adverse economic feature and depressed commodity prices for minerals 
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and mineral products, mining and its associated industries continue to form the cornerstone for 

the economies of most southern African countries. However, Baker and Berthelot (1999) 

indicated that, the mining industry is faced with the fact that ore bodies have a finite life. In most 

cases, tailings dumps are an open feature left without proper management. As a result, Johnson et 

al. (1994) indicated that, continuing environmental damage from wind-blown dusts and dispersal 

of contaminated solid waste is a feature of mines throughout the world. In relation to that, 

Sheoran and Poonia (2010) stated that, once the abandoned mine lands have vegetation growing 

on the surface, the regeneration of these areas for productive use will begin and offsite damages 

will be minimized.. 

 

However, in relation to tailings dumps closure plans, reclamation of the tailings dumps at 

decommissioning stage can be difficult. Gardner (2001) noted that, in too many instances mine 

dumps have been abandoned with limited or rehabilitation treatment. For instance, Nyakudya et 

al. (2011) revealed that, tailings dump at Rein Gold Mine in Bindura was left bare without any 

rehabilitation. As a result, Ashton et al. (2001) indicated that many mine-related environmental 

impacts often continue long after the mine has stopped production and has been closed. For 

instance, Baker and Berthelot (1999) indicated that, amongst the more pronounced post-closure 

impacts on record is landscape scarring in the form of un-rehabilitated mine tailings dumps, 

waste rock dumps and discarded dumps. According to Schoenbrunn and Laros (1997), one of the 

main concerns with tailings dumps is the long-term geotechnical stability of the water retaining 

structures. Often these tailings retain high levels of metals or other compounds and are generally 

devoid of the organic constituents that are required for vegetation colonization (Baker and 

Berthelot, 1999). A serious question now facing the mining industry and government is how 

these facilities can be best be safely managed to ensure protection of human and the environment 

in the long term (Baker and Berthelot, 1999). Therefore, there is need to develop mine closure 

plans including revegetation of mine tailings dumps. In light to that, a scientific enquiry on 

successful implementation of revegetation programs may be required thus an opportunity for 

research work to serve as a knowledge base in that regard.  

 

2.4 REVEGETATION OF MINE TAILINGS DUMPS 

Guoqing et al. (2017) indicated that, in recent years, revegetation around mines has attracted the 

scientific community’s attention. In view of that, Guoqing et al. (2017) pointed out that, to 

recover and maintain sustainable ecosystem around mines, revegetation has become one of the 



14 

 

main means of ecological restoration of mining areas. Reclamation of mining areas largely 

improved vegetation cover (Guoqing et al., 2016). In a study to compare growth performance of 

exotic species Eucalyptus grandis and Acacia saligna, and indigenous species Acacia 

polyacantha and Bauhinia thonningii in rehabilitating active gold mine tailings dump at Shamva 

Mine in Zimbabwe, Mulizane et al. (2005) concluded that, indigenous species compare favorably 

with exotic tree species in both survival rates and growth performance and can be used in gold 

mine tailings dump rehabilitation. Mulizane et al. (2005) revealed that, mean height increment of 

exotics significantly surpassed indigenous tree species. Mulizane et al. (2005) indicated that, E. 

grandis performed best followed by A. saligna, and A. polyacantha was highest on root collar 

diameter followed by the exotics but B. thonningii showed the lowest height increment. There 

was no significant difference for the mean root collar diameter and height between the exotics 

and indigenous species (Mulizane et al., 2005). 

 

In another case study, revegetation of Sullivan Mine was initiated in 1972, Gardiner (1974) 

indicated that, initial attempts to establish trees and shrubs focused on modifying mine and mill 

waste with variety of amendments including lime and fertilizer. Gardiner (1974) revealed that, 

seedling survival was highly variable and plantings were not successful. According to Przeczek 

(2004), through the mid 70’s and 80’s woody species were often planted at the time of seeding 

with various grass and legume seed mixes. However, Przeczek (2004) revealed that, survival was 

generally poor and there was limited opportunity to determine which tree and shrub species had 

the greatest potential for use in the reclamation program. Similarly, Gruffit and Toy (2001) 

established that, both native and introduced species performed well after revegetation 

programme on iron ore mines in Minais Gerais state in Brazil. Graffit and Toy (2001) noted that, 

tree and shrub species were set out with the use of fast growing native species (Sema 

machantera, Tibouchina granulose, and Vismia species) and introduced species (Acacia 

mangium, Lueceana species). Additionally, Mukhopadhyay and Masto (2016) indicated that, 

revegetation around mining areas causes a linear increase in soil organic carbon stock with time. 

In addition, revegetation around mining areas has also been proposed as a suitable technique to 

reduce metal toxicity and improve soil fertility (Touceda-Gonzalez et al., 2017). In consistent 

with sustainable development principles, tailings dumps should be intended as a transient land 

use. This means that after dumping, the condition of the land should be restored so that its value 

is similar to or greater than it was before dumping (Gardner, 2001). Tailings rehabilitation should 

be the process of converting tailings dumps to their valuable use and not a process of burying 
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waste, smoothing out the landscape and applying a green mantle of relatively valueless 

vegetation (Mulizane et al., 2005) Relatively, a number of benefits are realized from revegetation 

of mine tailings dump including erosion control, restoration of degraded ecosystem, 

immobilization of tailings materials and toxic elements, reduced siltation and pollution of water 

bodies from tailings material. Therefore, based on the literature above, the researcher attempts to 

complement the idea to rehabilitate mine tailings dumps by means of revegetation with the 

concept of comparing growth performance with intention to improve the performance of the 

whole program.  

 

2.5 SOIL FERTILITY CHALLENGES ON PLANT GROWTH  

Mulizane et al. (2005) noted that, revegetation of tailings dump is made difficult due to the fact 

that the sites are composed of freshly crushed rock with metal toxicity, high salt concentration, 

poor physical structure, less moisture content and lack essential nutrients for plant growth. In 

agreement to this, Juwarkar et al. (2009), mine reclamation poses a great number of challenges 

given the often huge scale of the disturbance, that mine dumps typically have low organic 

content and water holding capacity, are frequently nutritionally deprived, and have a lack of 

nutrient cycling due to a lack of vegetation, mycorrhizal fungi and other microbial action. 

Furthermore, Singh and Jha (1993) stated that, nitrogen (N) and phosphorus (P) are the two 

major limiting nutrients in mine tailings thwarting the establishment and growth of plant species  

 

As a result of poor soil characteristics such as low-level organic matter and poor soil texture and 

structure, these shortfalls and overburdens are identified as drastically unproductive land masses 

(Wijesekara et al., 2016). Ultimately, infertile soils and harsh conditions associated with these 

disturbed lands can adversely affect the establishment of soil microbial life, earthworms, other 

soil fauna and plant growth (Wijesekara et al., 2016). Therefore, disturbed lands such as tailings 

dump needs to be rehabilitated to avoid potential environmental consequences and to restore the 

lost ecological life. 

 

2.6 SOIL REMEDIATION ON MINE TAILINGS DUMPS 

Stanley et al. (2000) indicated that, soil has significant role in the restoration process due to the 

fact that tailings are totally inappropriate for vegetation growth. Therefore, there is need to create 

proper conditions for plant growth. EPA (2006) defined a soil amendment as a material that is 

applied to a substrate in an effort to improve the essential conditions required for adequate plant 
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growth, and/or for reducing the mobility and bioavailability of any soil contaminants. 

Amendments are often used in the reclamation of soils and unconsolidated over burden, which in 

almost all cases, lack optimal conditions for plant growth (EPA, 2006). These substrates can 

generally be described as having potentially low levels of plant available nutrients such as N and 

P, high concentration of heavy metals, low organic matter content, high salt content and lower or 

higher than normal pH (EPA, 2006). 

 

In relation to that, Milczarek (2006) noted that, a number of studies have shown that the 

additional organic matter to tailings materials such as biosolids and green waste improves the 

textual properties and fertility and promotes re-vegetation. In the same line, Forge et al. (2006) 

indicated that, the abundance and diversity of soil organisms are considered to be prime 

indicators of soil health, which is defined as the capacity of soil to sustain productivity. 

According to Sekhar and Jakhu (2005), in an attempt to vegetate tailings dumps it has been noted 

that while milky latex containing plant can be grown without any preconditioning of the soil, 

almost any plant can be grown after proper conditioning. Norman and Raforth (1998) stated that, 

plant growth on mine tailings dumps can be aided by the availability of topsoil and additions of 

biosolids, hay, paper residue and compost. Norman and Raforth (1998) added that, if soil 

recently stripped from a nearby area is used as a cover on the tailings dump, it will likely contain 

native seeds needed to aid rapid revegetation.  

 

According to Forge et al. (2006), municipal biosolids are good sources of N, P, and 

micronutrients for short term crop production. Biosolids can be defined as stabilized organic 

solids derived from sewage treatment processes which can be managed safely to be used 

beneficially for their nutrient, soil conditioning, energy, or other values (Wijesekara et al., 2016). 

Forge et al. (2006) added that, biosolids have potential to increase soil biodiversity and improve 

soil health. However, because they contain greater concentrations of some metals than receiving 

soil, there is potential for biosolids to have regressive effects on soil biodiversity and soil health. 

Municipal biosolids are used extensively for mine and landfill reclamation and better knowledge 

of how biosolids influence the health of agricultural soils should improve understanding of the 

long-term benefits and constraints of using biosolids in mine and landfill reclamation (Forge et 

al., 2006) 
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For instance, Horton and Kempe (2001) revealed that, in 2001 DL 1796 Tailings (Phase One 

reclamation with biosolids in 1996) and DL 2900 Old Tailings (Phase Two reclamation with 

biosolids in 1997) at the Hedley Gold Tailings Project have shown continued forage production 

for five and four growing seasons respectively without further treatment or chemical fertilization. 

This forage establishment has resulted in decreased tailings dust and improved aesthetics for the 

Hadley community. No adverse effects to the surface or ground water, soil or vegetation have 

been observed in the monitoring data form the application of biosolids (Horton and Kempe, 

2001).  

 

According to Wijesekara et al. (2016), modern wastewater and sewage treatment facilities 

generate biosolids in large quantities. Globally, around 10 x 10
7 

tons per year of biosolids 

generated (Wijesekara et al., 2016). In 2050, the world’s population is projected to be 9.6 billion 

and will potentially generate 17.5 x 10
7 

tons per year of biosolids at a rate of 50g per person per 

day (Wijesekara et al., 2016). Furthermore, Wijesekara et al. (2016) indicated that, 66% of the 

world’s population (7.4 billion) is forecasted to be urban by 2050. This urban population will 

generate 13.5 x 10
7 

tons per year of biosolids. To manage this large quantity, the most 

appropriate strategy woud be reuse and recycling. Biosolids are reused in different ways such as 

a fertlizer or soil conditioner. For instance, Wijesekara et al. (2016) indicated that 6% and 4% are 

used in landscaping (composting) and land rehabilitation respectively. Among sustainable uses, 

biosolids-associated mine site rehabilitation is an important strategy and has a significant role 

according to the perspective of environmental remediation (Wijesekara et al., 2016). 

 

Furthermore, according to Wijesekara et al. (2016), the addition of biosolids enhances most soil 

physical properties in degraded lands from mining. The high organic matter of biosolids is the 

main cause for improvement in physical properties in mine spoil soils. Improvements in physical 

properties including decreased bulk density and temperature, increased porosity and aggregation, 

increased hydraulic conductivity and water holding capacity, increased infiltration, maintained 

soil texture, and reduced erosion and sedimentation have been reported in mine spoil 

rehabilitation with biosolids (Wijesekara et al., 2016). The application of biosolids causes a 

reduction in bulk density in degraded soils by increasing pore space by enhancing macro-pores, 

meso-pores, and micro-pores, thereby increasing the field capacity (Wijesekara et al., 2016). In 

relation to this, Zanuzzi et al. (2009) reported that a remarkable increase in porosity and 

aggregate stability has been reported in acidic tailings rehabilitation with sewage sludge in Spain.  
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Furthermore, Wijesekara et al. (2016), the application of biosolids raises chemical properties 

such as pH, EC, CEC, nutrient contents, and organic matter in soils. The presence of clay, 

mineral particles, and organic colloids in biosolids increases the CEC in the receiving degraded 

sites (Gardner et al., 2010). The application of biosolids to mine spoils increases key plant 

nutrients such as N, P, Ca, and S, thereby increasing fertility and accelerate mine site 

rehabilitation (Larney and Angers, 2012). Biosolids application increases microbial biomass 

carbon and microbial enzymatic activities in receiving mine spoils (Gardner et al., 2010). 

Biosolids creates an energy-rich soil environment favorable to soil microorganisms by increasing 

soil organic matter, which is the main energy source of microbes (Wijesekara et al., 2016).  For 

instance, Gardner et al. (2010) stated that, an increased amount of soil microorganisms such as 

denitrifiers, sulfate reducers, total aerobic microorganisms, and total anaerobic heterotrophs was 

observed in a mine site rehabilitated with biosolids in Canada. However, Waterhouse et al. 

(2014) indicated that the mortality of earthworms increased owing to biosolids application in a 

mine site rehabilitation in New Zealand, which further suggest the need for ecological test before 

implementing strategies. In light to that, there is knowledge gap in the usage of top soil applied 

on tailings materials which have very poor in soil fertility. Therefore, there is need to incorporate 

study on different types of top soils used in revegetation of mine tailings dumps. 

 

2.7 GROUND COVER EFFECTS ON PLANT GROWTH 

According to Rizza et al. (2007), species react differently to planting stress, competition for light, 

water and nutrients, and even browsing and erosion. Rizza et al. (2007) added that, grasses have 

been shown to compete with trees for water and nutrients in a number of ecosystems. Ashby and 

Kost (1989) supported the use of warm-season grasses for revegetation of mined sites, but 

warned that their size and competitive ability may limit tree growth. In a case study, Franklin and 

Buckley (2006) noted that, although the growth of northern red oak and sugar maple was high in 

the absence of cover, there was no apparent growth response to increasing amounts of cover. 

Rizza et al. (2007) added that, they also showed the greatest growth in the native warm season 

grass treatments. 

 

Additionally, Franklin and Buckley (2006) noted that, Eastern redbud and Virginia pine typically 

grow best in environments with high light and low competition. Franklin and Buckley (2006) 

further revealed that, while redbud survival was highest at intermediate cover classes, survival of 

Virginia pine decreased with increasing cover. In relation to that, Rizza et al. (2007) pointed out 
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that, the root collar diameter growth of both species decreased with increasing ground cover, 

suggesting that diameter growth of both species is relatively intolerant of competition. Franklin 

and Buckley (2006) indicated that, both species had some foliage near ground level, where light 

levels were reduced by ground cover. Competition for water and nutrients could have potentially 

reduced seedling growth rates (Rizza et al., 2007). Northern red oak and sugar maple had greater 

survival rates, and similar responses to ground cover, and the main influence on the survival of 

these seedlings was winter mortality (Rizza et al., 2007). Franklin and Buckley (2006) pointed 

out that, both species had greater survival rates when surrounded by moderate amounts of 

groundcover, and higher transpiration rates in the second year when surrounded by higher 

amounts of groundcover. This suggests improved water relations at moderate amounts of 

groundcover (Franklin and Buckley, 2006). In view of these cases, it is important to note that, 

early growth performance of species planted on different ground cover might give different 

result hence there is need to assess performance of species with regards to ground cover. 

 

In relation to the later, Ranjan et al. (2015) indicated that, grasses are considered as a nurse crop 

for an early vegetation purpose. However, Ranjan et al. (2015) indicated that, grasses have both 

positive and negative effects on mine lands. Ranjan et al. (2015) added that, they are frequent 

needed to stabilize soils but they may compete with woody regeneration. Grasses can offer 

superior tolerant to drought, low soil nutrients and other climatic stresses (Shu et al., 2002). 

Ranjan et al. (2015) stated that, roots of grasses are fibrous that can slow erosion, and their soil 

forming tendencies eventually produce a layer of organic soil, stabilize soil, conserve soil 

moisture and may compete with weedy species. According to Shu et al. (2002), the initial cover 

from grasses must allow the development of diverse self-sustaining plant communities.   

 

2.8 PLANT SELECTION ON REVEGETATION OF TAILINGS DUMPS 

According to Grange (1973), selection of plants determines the establishment of plant species 

that will grow on the tailings dump. Milizane et al. (2005) stressed that, although the idea of 

using indigenous species in vegetation of tailings dumps is now widely accepted there is need for 

continued investigation into the establishment of indigenous species which perform comparably 

to exotic species on tailings dumps. Corps (1990) indicated that, serious there are no ‘miracle 

trees’ which always do well on all sites, yet there are generally trees which are well adapted to 

all but the most extreme sites. This implies that, serious consideration must be given to match the 

environmental requirements of the desired species to the planting environment. Therefore, proper 
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establishment of vegetation cover depends mainly on the selection of plant species that will 

grow, spread and thrive under hostile conditions provided by the nature of the dump material.  

 

In relation to that, Swann (2007) pointed out that selection of suitable plants is site specific and 

influenced by the local climate, and species which naturally colonise mine sites are ideal for the 

types of species to examine for further in revegetation projects. Swann (2007) added that, native 

or locally acclimatized plants are commonly chosen for long-term revegetation in order to 

establish an ecological situation similar to that prevailing before the mine was developed. 

Likewise, Kaphaizi (2015) noted that, Leucaena leucocephala, Celtis africana and Eucalyptus 

camaldulensis species characterized natural ecological succession in a study conducted on a 

decommissioned tailings dump established in 1982 at Renco Mine. In view of the above, the 

researcher went on to study Leucaena leucocephala and Dodonaea viscosa which is another 

species local to the surrounding areas of Renco Mine tailings dumps. 

 

The establishment of native species in reclaimed areas is a goal of many reclamation plans, but 

research on reclamation vegetation at Coal Valley Mine indicates that although richness and 

native cover do increase with time, native species remain a small component of the vegetation 

communities (Strong, 1998). In line with that, Swann (2007) suggested that, species which 

naturally colonise mine tailings dumps are ideal indicators for the types of species to examine 

further in re-vegetation projects. However, Williams and Crone (2006) stated that generally the 

use of the agronomic species while efficient for short term goals on ground cover and erosion 

control, probably interferes with the establishment of native species. In light to this, Leucaena 

leucocephala is an agronomic species while Dodonaea viscosa is an indigenous native species 

found at Renco Mine tailings dump which can be investigated on early growth performance in 

rehabilitation of the dump.  

 

According to Yang et al. (2003), on mine spoils, nitrogen is a major limiting nutrient, and regular 

addition of fertilizer nitrogen may be required to maintain healthy growth and persistence of 

vegetation. In this regard, Singh et al. (2004) indicated that an alternative approach might be to 

introduce legumes and other nitrogen-fixing species. Ranjan et al. (2015) revealed that, nitrogen-

fixing species have a dramatic effect on soil fertility through production of readily decomposable 

nutrient-rich litter and turnover of fine roots and nodules. Zhang et al., (2001) added that, 

mineralization of N-rich litter from these species allows substantial transfer of companion 
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species and subsequent cycling thus enabling the development of a self-sustaining ecosystem. In 

line with this, Orwa et al. (2009) indicated that, Leucaena leucocephala has high nitrogen-fixing 

potential (100-300Kg N/ha per year) related to its abundant root nodulation, and thrives on steep 

slopes and in marginal areas with extended dry seasons, making it a prime candidate for restoring 

forest cover. Therefore, the researcher subjected Leucaena leucocephala in this study as one of 

the species to rehabilitation tailings dump at Renco mine. 

 

Furthermore, Singh (2015) indicated that, Leucaena leucocephala performs well on mine tailings 

although in early growth performance of the tree is poor. According to Soni (2009), Dodonaea 

viscosa has higher soil binding capacity and can be used for fast stabilization of degraded 

ecosystems. In agreement with that, Pearman (2002) stated that, Dodonaea viscosa is used in 

reforestation, reclamation of marshes and degraded land, and as a soil stabilizer. Rani et al. 

(2009) indicated that, Dodonaea viscosa tolerates sandy or rocky soils, salt spray, windy areas 

and drought conditions, and it favors areas that receive full sun and is often cultivated in loamy 

or sandy soils. ICREF (2011) revealed that, areas which lack any nutrient containing soil can be 

planted with Agave americana, A. sisalana, Dodonaea viscosa, Euphorbia tirucalli, E. tortilis, 

Mimosa hamata, Tecoma stans and Sterculia urens which has been proved successful in extreme 

conditions. In view of this, there is an opportunity to investigate performance of both species at 

an early growth stage in rehabilitation of mine tailings dump. 

 

2.9 SUSTAINABLE DEVELOPMENT GOALS AND MINING  

Human and other animals rely on other forms of life on land for food, clean air, clean water, and 

as a means of combating climate change (UNDP, 2015). In addition, UNDP (2015) indicated 

that, plant life makes 30% of the human diet, and forests which cover 30% of the earth’s surface, 

help to keep the air and water clean and the earth’s climate balance as well as a home to millions 

of animal species. But the land and life on it are in trouble. Arable land is disappearing 30 to 35 

times faster than it has historically (UNDP, 2015). Deserts are spreading and animal species are 

going extinct (UNDP, 2015). Fortunately, the SDGs aim to conserve and restore the use of 

terrestrial ecosystems such as forests, wetlands, drylands and mountains by 2020 (UNDP, 2015). 

 

According to Ruppel and Ruppel-Schlichting (2011), the international community under United 

Nations Environmental Programme (UNEP) signed Rio Declaration 1992 on biodiversity and 

protection of the ecosystem where governments agree to general principles and an action plan on 
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ecosystem and biodiversity protection and sustainable use of natural resources for current and 

future generations. Thereafter, UNDP (2015) revealed that, after the successful implementation 

of Millennium Development Goals (MDGs), a new set of goals, the Sustainable Development 

Goals (SDGs), aims to end poverty and hunger by 2030. These goals were set after world leaders 

recognized the connection between people and planet. According to UNDP (2015), Goal 15 of 

the SDGs is basically on protection, restoration and promotion of sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat desertification, and halt and reverse land 

degradation and halt biodiversity loss. In light to that, the aspect of tailings dump revegetation 

promotes the opportunity to restore the ecosystem that was there before the dump was 

establishment thereby creating an opportunity for the present and future generations to benefit 

from the restored ecosystem services.  
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CHAPTER 3: RESEARCH MATERIALS AND METHODS 

 

3.1 RESEARCH DESIGN 

This section explores the subject of research design and methodology as well as to substantiate 

the choice made in the study. Research design is the blue print or framework for collection, 

measurement and analysis of data (Pandey et al., 2015). Bless et al. (2006) define research 

design as operations to be performed, in order to test a specific hypothesis under a given 

condition. Welman et al. (2005) viewed a research design, as the functional plan in which certain 

research methods and procedures are linked together to acquire a reliable and valid body of data 

for empirically grounded analysis, conclusion and theory formulation. This plan, at minimum, 

spells out the variables that will be studied, how they will be studied, and anticipated relationship 

to each other (Spector, 1981). In this regard, a research design is a set of logical procedures that 

enables one to obtain evidence to determine the degree to which a theoretical hypothesis or set of 

hypothesis is or are correct. Mouton (1996) states that, the main function of a research design is 

to enable the researcher to anticipate what the appropriate research decisions are likely to be, and 

minimize the validity of the eventual results. The research design thus provides the researcher 

with a clear research framework, and it guides the methods, decisions and sets the basis for 

interpretation. Therefore, a research design is applied so that suitable research methods are used 

to ensure the attainment of objectives for the research study. 

 

According to Creswell (2003), there are three elements of inquiry central to the design of a 

research namely; knowledge claims, strategies of inquiry, and methods of data collection and 

analysis. Creswell (2003) added that, these approaches, in turn, are translated into processes in 

the design of research. Phillips and Burbules (2000) stated that, by stating a knowledge claim 

means that researchers start a project with certain assumptions about how they will learn and 

what they will learn during their inquiry. In line with this, Creswell (1994) mentioned that, 

philosophically, researchers make claims about what is knowledge (ontology), how we know it 

(epistemology), what values go into it (axiology), how we write about it (rhetoric), and the 

processes for studying it (methodology). To add on, Creswell (2003) indicated that, there are 

four schools of thought about knowledge claims namely; postpositivism, constructivism, 

advocacy/participartory, and pragmatism.  
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However, since this research on comparative study of early growth performance of species 

planted on a mine tailings dump is more experimental, the researcher employed postpositivism. 

Creswell (2003) revealed that, postpositivism assumptions have represented the traditional form 

of research, and these assumptions hold true more for quantitative research than qualitative 

research. In relation to this, Neuman (2000) stated that, if a problem calls for the identification of 

factors that influence outcome, the utility of an intervention, and understanding the best 

predictors of an outcome then a quantitative research design is the best. This position is 

sometimes called “scientific method” or doing science. It is also called quantitative research, 

positivist/postpositivist research, empirical research and postpositivism (Creswell, 2003). 

 

Postpositivism reflects a determistic philosophy in which causes probably determines effects or 

outcomes. Thus, the problems studied by postpositivists reflect a need to examine causes that 

influences outcomes, such as issues examined in experiments. It is also reductionistic in that the 

intent is to reduce the ideas into a small, discrete set of ideas to test, such as the variables that 

constitute hypotheses and research questions. The knowledge that develops through a 

postpositivist lens is based on careful observation and measurement of the objective reality that 

exist out there in the world. Thus, developing numeric measures of observations become 

paramount for a postpositivist. Finally, there are laws or theories that govern the world, and these 

need to be tested or verified and refined so that we can understand the world. Thus, the scientific 

method is the accepted approach to research by postpositivits, that is, the researcher begins with 

a theory, collects data that either supports or refutes the theory, and then makes necessary 

revisions before additional test are conducted (Phillips and Burbules, 2000).  

 

As earlier on indicated, the second element of inquiry on research design is the strategy of 

enquiry. In relation to that, Creswell (2007) indicated that there are three strategies namely; 

quantitative, qualitative and mixed methods. As earlier on highlighted, the researcher employed 

the quantitative strategy of inquiry for this research. Based on the above mentioned, quantitative 

research is explicitly linked to postpositivist. Campbell and Stanley (1963) indicated that, 

quantitative inquiry include true experiments, quasi-experiments and correlational studies. 

However, Campbell and Stanley (1963) endorsed the true experimental designs, which provides 

a higher degree of control in the experiment and produces a higher degree of validity. Williams 

(2007) indicated that, the true experimental designs result in a systematic approach to 

quantitative data collection involving mathematical models in the analysis.  
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In reference to the problem statement of the study, the main objective of the study is to compare 

early growth performance of Dodonaea viscosa and Leucaena leucocephala on mine tailings 

dump at Renco Mine. In this regard, the researcher attempts to generate knowledge which could 

make revegetation of mine tailings dumps more successful, efficient and sustainable.  Therefore, 

the researcher intends to collect quantitative data by measuring growth performance on the 

species planted on the tailings dump as well as exploit mathematical models to reach to the 

conclusion. It is only through this process that the researcher would be able to conduct this study. 

At this point, the researcher employs a true experimental design for this research.   

 

3.1.1 Experimental Design 

An experiment is characterized by the treatments and experimental units to be used, the way 

treatments are assigned to units, and the responses that are measured (Oehlert, 2010). University 

of Southern California Libraries (2016) defined an experimental design as a blueprint of the 

procedure that enables the researcher to maintain control over all factors that may affect the 

result of an experiment. SAS (2005) indicated that, an experimental design specifies an 

experimental group and a control group. In relation to that, University of Southern California 

Libraries (2016) indicated that, the independent variable is administered to the experimental 

group and not to the control group, and both groups are measured on the same dependent 

variable. That is, the investigator can influence the number and the type of intervention. This is 

in contrast to the other types of studies called observational in which the events are not 

influenced by the investigator. In addition, Pandey et al. (2015) indicated that, subjects are 

randomly assigned to either the treatment or control group and are measured or tested both 

before and after the experimental treatment is implemented.  

 

In this study, the research intends to demystify the traditional way of revegetation of mine 

tailings dumps through planting of different tree species on natural soil applied on mine tailings 

dumps as remedy. In most cases the practice is not successful because there is no baseline 

scientific information which may improve revegetation programs.  According to Quinn and 

Keough (2012), experiments are conducted to provide specific facts from which general 

conclusions are established and thus involve inductive reasoning. Thompson and Panacek (2006) 

pointed out that, experimental design has remained consistent and is often the gold standard 

against which other designs are measured. It is against this background that, the researcher 

employs an experimental research which is scientific and is most suitable to the study.  
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In view of abovementioned, the researcher centered the design on the indicated hypotheses and 

objectives of the study in designing this research. Thus, Dodonaea viscosa and Leucaena 

leucocephala species were planted on Renco Mine tailings dump, and in this design the species 

are the experimental units. Two forms of soil type were applied as treatments remedy to the 

tailings material inside the planting holes for the experimental units. That is, the biosolids and 

natural soil obtained from topsoil nearby to the tailings dump.  In this research, the treatment or 

experimental group is composed of biosolids soil type whilst natural soil stands as the control 

group. Oehlert (2010) indicated that, the control can be a convectional practice or common use 

or no intervention. As earlier on indicated, application of natural soil as remedy to tailings 

material has been the practice since revegetation exercise was started to rehabilitate the dump, 

therefore, the researcher decided to have natural soil as the control treatment or group. Oehlert 

(2010) added that, a control treatment is a standard treatment that is used as a baseline or basis of 

comparison for the other treatments. 

 

Furthermore, the dump had two surface characteristics with regard to soil cover, that is, area 

covered with grass and the other part as bare ground. The bare area characterizes the upper part 

of the dump while the lower part is mainly characterized with grass cover. These two 

characteristics present different kind of environment on growth of species hence these were 

considered as blocks.  SAS (2005) defined blocks as groups of experimental units that are 

formed to be as homogeneous as possible with respect to the block characteristics. SAS (2005) 

added that, the term block comes from the agricultural heritage of experimental design where a 

large block of land was selected for the various treatments that had uniform soil, drainage, 

sunlight, and other important physical characteristics. Montgomery (1997) mentioned that, most 

experimental designs require experimental units to be allocated to treatments either randomly or 

randomly in blocks. In view of this, it is more likely that species planted on grass covered ground 

have different physical characteristics as compared to the species grown on bare ground. The 

physical characteristics that may differ include terrain, organic material, moisture, rate of erosion 

and micro-organisms. Therefore, the researcher decided to have two blocks, that is, area covered 

with grass and the other part as bare ground. 

 

Based on the above arrangement, two soil treatments (biosolids being the treatment or 

experimental group, and natural soil as the control group) assigned to two types of experimental 

units, that is, Dodonaea viscosa and Leucaena leucocephala on the tailings dump. Furthermore, 
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the research employed two blocks, that is, the experimental units with grass cover and bare 

ground (without cover). 

 

3.1.1.1 Randomization 

According to Oehlert (2010), randomization is the use of a known, understood probabilistic 

mechanism for the assignment of treatments to units. Randomization is the main tool to combat 

systematic and random error. Experiments must be designed so that we have an estimate of the 

size of random error. This permits statistical inference, for example, confidence intervals or test 

of significance. The success of randomization in various steps of an experiment protects against 

confounding is so overwhelming that randomization is almost universally recommended. Once 

we decide to use randomization, there is still the problem of actually doing it. Randomizations 

usually consist of choosing a random order for a set of objects (for example, choosing a subset of 

units for treatment A). Thus we need methods for putting objects into random orders and 

choosing random subsets (Oehlert, 2010).  

 

In relation to the later, in this study the first stage of randomization was conducted on 500 

planting holes. Thus, a card was randomly drawn from the hat with two cards inscribed “A” 

representing the block covered by grass, and “B” representing the bare ground block. The first 

card drawn was the first block to be filled up with the treatments followed by the other block. In 

a similar way, this first block was the first to be planted. At the same time, randomization was 

conducted for the two treatments. That is, two cards inscribed “1” representing the treatment 

group, and “2” representing the control group were placed in a hat and randomly drawn. 

Meaning, the first card drawn was the first treatment applied to the first planting hole starting 

with the lower row of a block then the second treatment type was applied to the next hole in the 

same row. In that alternating order all the planting holes were filled with the treatments even in 

the second row of the block. Similarly, because each block had two rows for two species, two 

cards inscribed “x” representing Dodonaea viscosa and “y” representing Leucaena leucocephala 

were drawn from the hat with the first card drawn taking lower first row then the second taking 

the second upper row in a block. Meaning, each row was planted with one type of species. This 

implies that, randomization for treatments and species was done separately for each block.  

 

On the other end, the study worked with a population of 500 planting holes, meaning 250 

planting hole for each of the two species. The species were nursed in a nursery at the tailings 
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dump. Thus, the researcher conducted randomization for both species to establish the random 

order in which the trees were drawn from the nursery to the planting stations. According to 

Oehlert (2010), physical generation of random orders is most easily done with cards or tickets in 

a hat. Oehlert (2010) illustrated that, take N cards, number them from 1 through to N, and mix 

them well, then the first object is then given the number of the first card drawn and so on. In 

relation to this, the researcher prepared and numbered 250 small cards from 1 to 250 for each 

type of species and mixed them thoroughly in a container. The first number withdrawn was 

assigned to the first nursed species with respect to existing order of rows inside the nursery shed. 

This procedure was followed up to the end for both species. Thereafter, the species were 

rearranged according to the new assigned random order numbers in increasing order. On the 

planting day, during the National Tree Planting Day, the trees were drawn in that random order 

and planted on the first randomly selected block.     

 

3.2 SELECTION OF THE STUDY SITE AND PLANTING METHODS 

The research was carried out on the southern side of an operational tailings dump at Renco Mine. 

A total area of 1.56ha with a rising slope of 22
o
 on the dump was targeted for the study as shown 

in Figure 3.1. The area was selected because was earmarked for the tree planting season for year 

2016-2017. Furthermore, a certain portion of the targeted area was planted Cynodon dactylon in 

2006 which established ground cover on the dump. Cynodon dactylon characterizes the common 

grass species found in the natural ecosystem surrounding the mine dump. The researcher had to 

adopt this reserved area for the research. In line with this, Dodonaea viscosa and Leucaena 

leucocephala species were nursed by mine employee at the nursery located at the tailings dump. 

This follows a recommendation made by Kaphaizi (2015) that, species that characterized 

ecological succession on the old tailings dump can be extensively used for revegetation of an 

operational dump. Among the species that characterized ecological succession on the old dump 

was Dodonaea viscosa and Leucaena leucocephala.  

 

Planting holes of 60 cm depth and 2 m in-row spacing were prepared on the terraced tailings 

dump. Pepper et al. (2003) pointed out that, the goals of revegetating mine tailings have to 

include the application of materials to amend the tailing substrate and provide an adequate 

environment for plant growth, for instance the use of biosolids. Accordingly, planting holes were 

each filled with either of the two treatment soil types as remedy to the tailings material and aid 

soil fertility as well as to support plant growth. Two rows with 125 planting holes each and an 
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inter-row spacing of 2m were established on grass covered (Cynodon dactylon) area herein 

referred to as grass covered block. Similarly, two rows with same spacing were established on 

bare ground herein referred to as bare ground block. A total of 500 trees (250 species of 

Dodonaea viscosa and 250 species of Leucaena leucocephala) from the nursery at the dump 

were planted on these planting stations on the 6
th

 of December 2017.   

 

 

Figure 3.1: Renco Mine Tailings Dump Satellite Imagery 

 

3.3 SAMPLING  

Sampling means selecting a given number of subjects from a defined population as 

representative of that population (Pandey et al., 2015). Groves (2004) revealed that, the two main 

advantages of sampling are the faster data collection and lower cost. Meaning that, less time and 

money is required to study a sample than the whole population. On the other hand, Singh and 

Masuku (2014) indicated that, the basic role of statistics in research is to make conclusions about 

a population of interest when data is available from a sample. In this study, there are two 

elements to be sampled namely sampling of species and soil sampling. The populations of 

interests are the species which were subjects for measurement of early growth performance 

grown on two soil types. However, Singh and Masuku (2014) indicated that, the selection of 
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sampling methods and determination of sample size are extremely important in applied statistics 

research problems to draw correct conclusions.  

 

3.3.1 Sample Size Determination and Sampling of Species  

The sample size should be carefully fixed so that it will be adequate to draw and generalized 

conclusions. The fixation of the adequate sample size requires specific information about the 

problems under investigation in the population under study (Singh and Masuku, 2014). Cornish 

(2006) revealed that, the greater the sample size the more statistically significant, however, a 

very large sample means even tiny deviations from the null hypothesis will be statistically 

significant.  

 

In this comparative study, the researcher adopted Yamane (1967) formula to calculate sample 

sizes for the species in the study. The formula is given as follows: 

n = N/[1+N(e)
2
]      [1] 

Where n is the sample size, N is the population size, and e is the level of precision. A 95% 

confidence level and p = 0.5 are assumed. This formula was supported by Glenn (1992) 

presenting tables for selection of sample sizes. In relation to this study, using the formula given 

above the researcher calculated and established a sample sized of 72 species as the sample size 

for each of the two species (Dodonaea viscosa and Leucaena leucocephala) at ±10% level of 

precision. 

 

In terms of selecting species for the two samples, the research upheld randomization and used 

systematic random sampling. (Singh and Masuku, 2014) highlighted that, in this method of 

sampling, the first unit of the sample selected at random and subsequent units are selected in a 

systematic way. Meaning, if there are N units in the population and n units are to be selected, 

then R = N/n (the R is known as the sampling interval). The first number is selected at random 

out of the remainder of this R (sampling interval) to the previous selected number. In this study, 

the researcher applied a sampling interval of 3 species. Therefore, the first plant was randomly 

selected from the first 3 plants within the same treatment in the lower row by means of picking 

one small card from three cards mixed in a container inscribed “1”, “2”, and “3”. Thus, other 

selected species of the same treatment then follows the systematic order by counting 3 species 

from the first selected plant.  The selected plants were marked by assigning GPS coordinates for 
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locating the sample species during monitoring and measurement exercise in the course of the 

research. 

 

3.3.2 Soil sampling 

Ferguson et al. (2007) indicated that, the primary objectives of soil sampling are to determine the 

average nutrient status and degree of variability in a soil type. Ferguson et al. (2007) added that, 

correct nutrient management based on accurate information about soil fertility levels in soil, can 

result in increased plant growth performance, reduced cost and minimized environmental impact. 

The researcher was mainly interested in knowing nutrient status in two soil types used in this 

research study for the purpose of better soil fertility management in the revegetation program.  

 

However, Patil (2002) stated that, high cost of laboratory analytical procedures frequently strain 

environmental and public health budgets. As a result Patil (2002) indicated that, composite 

sampling can substantially reduce analytical costs because the number of required analyses is 

reduced by compositing several samples into one and analyzing the composited sample. The 

researcher realized that both soil types used as treatments was stockpiled on the driveway in the 

mid-section of the dump near planting stations using a front-end loader and tractor. This form 

gave a homogeneity character whereby composite soil sampling can be applied. EPA (2005) 

defined composite soil sampling as a technique that combines a number of discrete samples 

collected from a body of materials into a single homogenized sample for the purpose of analysis. 

Therefore, due to cost saving in analyzing soil samples as well as the form of soil stockpiles, the 

researcher applied use of composite soil sampling.   

 

According to EPA (2015), the principal limitation of composite sampling is the potential for 

hotspots to remain undiscovered due to the inherent characteristics of the process. For instance, a 

discrete subsample may contain a high concentration of contaminate that may be masked due to 

the dilution effect in the composite sampling procedure. To eliminate this limitation, the 

researcher adhered to the requirement of collecting same number and similar sizes of subsamples 

at equal depth to promote homogeneity of the samples. Meaning, each discrete subsample 

contributed an equal amount of soil material to the composite sample. The researcher ensured 

thorough mixing of the subsamples before extracting the final composite sample. 
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Furthermore, EPA (2015) indicated that, another challenge in collecting composite samples is 

that of site history of the points were the subsamples are extracted. That is, the only way to 

eliminate this limitation is to be certain on the site history. In the case of this research, the 

researcher was certain that biosolids material was obtained from the dry beds at the sewage 

treatment plant operated by the mine. The researcher obtained site history which refers that, the 

site for natural soil composite sample was extracted from the soil that was scrapped and piled 

during the construction of the tailings dump. That is, one elongated pile of soil was the collection 

point from where the tractor was drawing from then carrying to the dump.    

 

In relation to the later, two distinct 500g composite soil samples were collected from two types 

of soil, that is, biosolids and natural soil for soil fertility analysis. Composite samples were 

collected from four stockpiles (two for each soil treatment) spread on different points of the 

dump. Each soil pile was approximately 6t in volume and cone shaped. Each soil pile was 

divided into four sections on the opposite sides right-round, and two sections on the top. 

Subsamples of 500g were extracted by boring on each section using an auger and plastic buckets. 

MDA (2017) illustrated that, each boring location is marked by an “X” and is identified by one 

or more of the three letters, that is, “B”, “M” or “T” (a “B” means collect a subsample from the 

bottom third of the soil pile, a “M” means collect a subsample from the middle third of the soil 

pile, and a “T” means collect a subsample from the top third of the soil pile. The researcher used 

this illustrated approach as indicated in Figure 3.2.  

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Cone Shaped Soil Pile Sampling Approach (Source taken from MDA (2017) Soil 

Sampling Guidance). 
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The sub-samples of the same treatment were thoroughly mixed in a plastic bucket and a 

composite sample was extracted then packed in plastic sample bags. The two composite samples 

labelled SWren17 (sample for Biosolids) and NSren17 (sample for Natural Soil) were sent to 

Scientific and Industrial Research and Development Centre (SIRDC) in Harare for soil fertility 

analysis. 

 

3.4 DATA COLLECTION 

The researcher used primary data collection research tools to collect data during the research 

study. Hox and Boeije (2005) defined primary data as data that are collected for the specific 

research problem at hand, using procedures that fit the research problem best. Hox and Boeije 

(2005) indicated that, on every occasion that primary data are collected, new data are added to 

the existing store of social knowledge. Increasingly, this material created by other researchers is 

made available for reuse by the general research community; it is then secondary data Hox and 

Boeije, 2005).  

 

One major primary data collection strategy is the experiment. In an experiment, the researcher 

manipulates one or more independent variable following a planned design and observes the 

effects of the independent variables on the dependent variable, the outcome variable. The 

essence of an experiment is that the research situation is one created by the researcher. This 

permits strong control over the design and the procedure, and as a result the outcome of an 

experiment permits casual interpretation referred to as internal validity, that is, the degree to 

which the experimental design excludes alternative explanations of the experiment’s results. This 

is different for secondary data collection whereby the researcher is required to locate data 

sources, retrieve the relevant data, and to evaluate how well the data meet the quality 

requirement of the current research (Hox and Boeije, 2005).   

 

In line with the abovementioned, sampled species were measured in growth performance of 

height and root collar diameter using a flexible measuring tape and Vernier Caliper respectively. 

Initial measurements were collected soon after the day of planting. Thereafter, growth 

measurements were collected periodically over a period of 9 months, that is, after every 4 weeks 

starting from the 6
th

 of December 2016, which was the planting date, up to the 31
st
 of August 

2017. Simultaneously, survival rates and rainfall measurements were also captured and recorded. 

In this case, the researcher had an opportunity to collect primary data in 3 seasons, namely, 
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summer, autumn and winter. Probably, the factor of seasonal changes on early growth 

performance of the plant species might be of importance to note. 

 

3.5 DATA ANALYSIS 

Data was analyzed separately for height, root collar diameter and survival rates using Analysis of 

Variance (ANOVA) for Randomized Complete Block Design (RCBD) model, and computation 

using Statistical Package for the Social Science (SPSS 16.0) for Windows and Microsoft Office 

Excel. Oehlert (2010) indicated that, the improvement of this design over a completely 

randomized design enables the researcher to make comparisons among treatments after removing 

the effects of a confounding variable, for instance in this case, different soil cover in blocks. 

Quinn and Keough (2012) indicated that, the linear model we fit to these data is an additive 

effects model, in which the response variable in each cell represents and an additive combination 

of factor A (treatments) and block effects and assuming there is no interaction between 

treatments and blocks. The additive model for the RCBD is: 

 

 

Yij = µ + αi + βj + ξij         [2]  

 

 

Where:  

Yij: is the value of the response variable from the i
th

 treatment group and the j
th

 block 

µ: constant overall population mean of the response variable 

αi: constant for the i
th

 treatment group; deviation from mean of i 

βj: constant for the j
th

 block; deviation from the mean of j 

ξij: random deviation associated with each observation 
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Table 3.1: RCBD Table 

Treatments Sub Sample Blocks Treatment 

Total             

(Yi..) 

Treatment 

Mean 

(Ÿ.j.) 

1 2 

Grass Cover Bare Ground 

1 Biosolids 

1 (Dodonaea viscosa)  Y111 Y121 

(Y1..) (Ÿ.j.) 

2 (Leucaena leucocephala) Y112 Y122 

Y1j. Y11 Y21 

2 
Natural 

Soil 

1 (Dodonaea viscosa)  Y211 Y221 

(Y2..) (Ÿ.j.) 

2 (Leucaena leucocephala) Y212 Y222 

Y2j. Y12 Y21 

Block Total (Y.j.) (Y.1.) (Y.2.) (Y...) - 

Total Block Mean (Ÿ.j.) (Ÿ.1.) (Ÿ.2.) - (Ÿ...) 

 

Missing observations are potentially a big problem for RCBD because a single missing 

observation is, in effect, a missing cell (Quinn and Keough, 2012). Reason for missing data 

includes complete wilting of plant species. Snedecor and Cochran (1989) proposed a method to 

estimating missing values based on the assumption of additivity, and use available information 

from the same treatment and block. Quinn and Keough (2012) indicated that, whenever 

estimating a value then one degree of freedom (df) should be subtracted from the residual for 

each substituted value. As stated by Quinn and Keough (2012), data that was missing j in an 

experimental group i in a RCBD was estimated using information from Table 3.1 as follows:  

 

*Yij = (aAi + bBj - ∑∑Yij)/(a – 1)(b – 1)     [3] 

Where: 

*Yij: is the estimated mean in i
th

 treatment of j
th

 block 

Ai: is the sum of Means in i
th

 treatments with a missing mean 

Bj: is the Sum of Means in j
th

 block with a missing mean 

a: number of treatments 

b: number of blocks 
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Furthermore, according to Quinn and Keough (2012), a two-way ANOVA is useful when we 

desire to compare the effect of multiple levels of two factors and we have multiple observations 

at each level. Therefore, since the researcher dealt with multiple levels of two treatments, a two-

way ANOVA in RCBD was used, α = 0.05 significance level.  

 

3.5.1 Rejection Criteria 

Hypothesis 1: H0 was rejected when Fcal > F(0.05: (a – 1)( b – 1), ab(n – 1)) or p < 0.05, and failed to reject 

H0 when Fcal < F(0.05: (a – 1)( b – 1), ab(n – 1)) or p > 0.05.  

 

Hypothesis 2: H0 was rejected when Fcal > F(0.05: a -1, ab – 1) or p < 0.05, and failed to reject H0 when 

Fcal < F(0.05: a -1, ab – 1) or p > 0.05. 

 

Hypothesis 3: H0 was rejected when Fcal > F(0.05: b -1, ab – 1) or p < 0.05, and failed to reject H0 when 

Fcal < F(0.05: b -1, ab – 1) or p > 0.05. 

 

3.5 DATA PRESENTATION 

In the production of a comprehensive research, the researcher presented data graphically using 

simple bar graphs, pie charts and tables. Thereafter, discussion of the presented results was made 

in line with the research findings. 

 

3.6 ETHICAL CONSIDERATIONS 

Johnstone (2009) suggests that, ethics is a branch of philosophy which deals with the dynamics 

of decision making concerning what is right and wrong. Fouka and Mantzorou (2011) indicated 

that, scientific research work, as all human activities, is governed by individual, community and 

social values. In this regard, research ethics relates to moral standards that the researcher should 

consider in all research methods in all stages of the research design. Fouka and Mantzorou 

(2011) stated that, research ethics involve requirements on daily work, the protection of dignity 

of subjects and the publication of the information in the research. It is against this background 

that, the researcher was committed to follow research ethics relative to this research study.  

 

According to Armiger (1997), informed consent is the major ethical issue in conducting research. 

As such, after obtaining the approval to conduct the study from Midland State University, the 

researcher tendered a letter of request to the Human Resources Superintendent requesting to 
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carry out a research study at Renco Mine tailings dump. The researcher also engaged the Plant 

Superintendent who oversees operation of the tailings dump. Thereafter, the researcher was 

permitted to proceed in carrying out this research study.  

 

Fouka and Mantzorou (2011) indicated that, research should consider the principle of 

beneficence. Beauchamp and Childress (2001) suggest that, the principle of beneficence includes 

the professional mandate to do effective and significant research so as to better serve and 

promote the welfare of our constituents. In this regard, the researcher indicated that, the results 

and findings of the research were set benefit more the on-going rehabilitation exercise on the 

tailings dump at Renco Mine. In relation to that, the researcher made a request to collect soil 

samples used for soil fertility at the tailings dump. The researcher indicated that the samples 

were going to be sent to SIRDC for soil fertility analysis. This was necessitated by the need to 

drive the objectives of the study. 

 

In addition, Fouka and Mantzorou (2011) indicated that the researcher is responsible to maintain 

confidentiality. In reation to that, the researcher indicated that research findings were going to be 

used for academic purpose as such research information was going to be treated with higher 

levels of confidentiality.  

 

On the other hand, Jameton (1984) stated that, one of the most imporatnt element in research is 

competency of the researcher. In relation to this, the researcher was under direct supervision of a 

Midlands State University lecturer to guide the research study.  Furthermore, during the time of 

the resesarch, the researcher was employed at the mine as a Health, Safety and Environment 

Officer since year 2013 with vast of field experience particularly at the respective mine tailings 

dump. In addition, the reseacher carride out a research on ecological succession on the old 

tailings dump at Renco Mine gaining more insight in rehabilitation of mine tailings dumps. 

Based on this experience, it is relatively considerable that the researcher  had some competetnce 

in the line of study. 
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CHAPTER 4: RESULTS AND DISCUSSION 

 

4.1 RESULTS OVERVIEW  

Generally, Dodonaea viscosa planted on biosolids on grass covered area exhibited the highest 

overall monthly mean height increment of 3.1 cm with monthly growth increment interval of 

3.1± 1.45cm as shown in Figure 4.1. This was followed by Leucaena leucocephala planted on 

biosolids with grass cover recording an overall monthly mean height increment of 2.27 cm with 

monthly growth increment interval of 2.27 ± 1.11cm. As presented by Figure 4.1, lower height 

increments were recorded on Leucaena leucocephala planted on natural soil both on bare ground 

and grass covered area with monthly mean height increments of 1.1cm and monthly growth 

increment intervals of 1.1 ± 1.80cm and 1.12 ± 0.94cm respectively. Similarly, another lower 

monthly mean height increment of 1.1cm was recorded on Leucaena leucocephala planted on 

biosolids without soil cover with a monthly mean height increment interval of 1.12 ± 1.02cm. 

 

 

Figure 4.1: Overall Average Height Increments (cm) Intervals 
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Additionally, species thriving on biosolids soil treatment displayed higher monthly mean height 

increments as compared to plants planted on natural soil as shown in Figure 4.2 and Figure 4.3 in 

relation to estimated marginal means. More so, species thriving in area with grass surface cover 

exhibited higher monthly mean height increments as compared to plants planted uncovered 

surfaces. In relation to that, Dodonaea viscosa showed higher estimated marginal means of 

height increments on both soil types and cover as compared to Leucaena leucocephala. 

 

Figure 4.2: Estimated Marginal Means of Monthly Average Height Increments on Grass Cover 

 

 

Figure 4.3: Estimated Marginal Means of Monthly Average Height Increments on Bare ground 
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Figure 4.4: Overall Average Root Collar Diameter Increments (cm) Intervals 

 

The overall monthly mean root collar diameter (RCD) was high on both Dodonaea viscosa and 

Leucaena leucocephala planted on biosolids covered with grass as presented in Figure 4.2. The 
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ground on both soil types showed stranded growth as shown in Figure 4.2 with lower bounds of 

monthly mean increments on root collar diameter not changing at all.  In general, root collar 

diameter changes were attributed to ground cover though species on biosolids recorded higher 

increments. 
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Figure 4.5: Estimated Marginal Means of Monthly Average RCD Increments on Grass Cover 

 

 

 

 

Figure 4.6: Estimated Marginal Means of Monthly Average RCD Increments on Bare ground 
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In overall, survival rate of 66.7% for Dodonaea viscosa planted on biosolids soil treatment on 

grass covered ground was the highest. This was followed by Leucaena leucocephala planted on 

biosolids soil treatment on grass covered ground with a survival rate of 61.1%. Lowest survival 

rates were recorded on Leucaena leucocephala planted on natural soil on both bare ground and 

grass covered with survival rates of 22.2% and 33.3% respectively. Similarly, lower survival 

rates for Dodonaea viscosa were recorded on natural soil both on bare ground and grass covered 

with rates of 33.3% and 38.9% respectively.  

 

Basically, species planted on biosolids recorded high survival rates as compared to species 

planted on the natural soil. In addition to that, it was noted that species planted on covered 

ground recorded better survival rates than species on bare ground. In general, Dodonaea viscosa 

showed better survival rates than Leucaena leucocephala.  

 

Figure 4.7: Recorded Survival Rates (%) as at 31 August 2017  
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4.2 GROWTH PERFORMANCE ANALYTICAL RESULTS 

 

4.2.1 Height and Root Collar Diameter  

Table 4.1: ANOVA of RCBD for Monthly Average Height Increments (cm) of Species 

Source Type III Sum of 

Squares 

df Mean Square F Sig. Observed Power  

Corrected Model 26.506 3 8.835 18.793 .000 1.000 

Intercept 233.784 1 233.784 497.269 .000 1.000 

Species 11.664 1 11.664 24.811 .000 .998 

Cover 7.736 1 7.736 16.454 .000 .979 

Soil 7.106 1 7.106 15.116 .000 .969 

Error 31.969 68 .470    

Total 292.260 72     

Corrected Total 58.476 71     

 

Based on results presented in Table 4.1 and Table 4.2 on monthly average height increments and 

root collar diameter (RCD) increments of species respectively, at α = 0.05 significance level, in 

both cases p < 0.05. That is, α = 0.998 for monthly average height increments, and α = 0.758 for 

monthly average RCD increments. Therefore, there was enough evidence to conclude that, there 

was a significant statistical difference in early growth performance of Dodonaea viscosa and 

Leucaena leucocephala on mine tailings dump. This is in agreement with results presented on 

estimated marginal means for both height and root collar diameter. Growth rates for Dodonaea 

viscosa were relatively better as compared to early growth performance of Leucaena 

leucocephala 

 

Table 4.2: ANOVA of RCBD for Monthly Average RCD Increments (cm) of Species 

Source Type III Sum 

of Squares 

df Mean Square F Sig. Observed 

Power 

Corrected Model .003 3 .001 8.433 .000 .991 

Intercept .037 1 .037 340.202 .000 1.000 

Species .001 1 .001 7.286 .009 .758 

Cover .001 1 .001 12.952 .001 .944 

Soil .001 1 .001 5.060 .028 .602 

Error .007 68 .000    

Total .048 72     

Corrected Total .010 71     
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Furthermore, Singh (2015) indicated that, early growth performance of Leucaena leucocephala 

on mine tailings is poor. Conversely, Rani et al. (2009) indicated that, Dodonaea viscosa 

tolerates sandy or rocky soils, salt spray, windy areas and drought conditions, and it favors areas 

that receive full sun and is often cultivated in loamy or sandy soils. In light to this, the results 

obtained by the researcher as presented in Figure 4.2 and Figure 4.3, are in agreement with this 

remark, early growth performance of Leucaena leucocephala was less to that of Dodonaea 

viscosa. This also applies to results presented if Figure 4.5 and Figure 4.6. In view of this, the 

researcher recommended that, Dodonaea viscosa can be extensively be used in revegetation of 

mine tailings dump at Renco mine due to its early growth adaptability. The researcher added 

that, Leucaena leucocephala can also be used with aided nursing such as regulating pH during 

early growth stages. Furthermore, Orwa et al. (2009) indicated that, Leucaena leucocephala has 

high nitrogen-fixing potential related to its abundant root nodulation, and as indicated by Yang et 

al. (2003) that, nitrogen is a major limiting nutrient on mine tailings dumps. The researcher 

recommends continued use Leucaena leucocephala as the species has potential to address the 

deficit of nitrogen on mine tailings. 

 

4.2.2 Effect of Treatment and Control  

In reference to results presented in Table 4.1 and Table 4.2 in relation to soil type (treatment and 

control), at α = 0.05 significance level, in both cases p < 0.05. That is, α = 0.969 for monthly 

average height increments, and α = 0.602 for monthly average RCD increments. Therefore, there 

was enough evidence to conclude that, there was significant statistical difference in early growth 

performance of species on different soil treatments applied on mine tailings dump. 

 

Though the results presented in Table 4.3 indicates that, both soil samples were acidic, both 

species especially Dodonaea viscosa thrived well on biosolids soil material than in natural soil. 

As shown in Table 4.3 biosolids were high in N and P as compared to natural soil. This was in 

agreement with Forge et al. (2006) stating that, biosolids are good sources of N, P, and 

micronutrients for short term crop production. Even, Leucaena leucocephala relatively grew 

better on biosoilds as compared to the natural soil. This finding was similar to a study at the 

Mission Mine in Arizon, whereby Pepper et al. (2003) indicated that, application of biosolids can 

be a feasible revegetation strategy.  
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It was established that, pH was low in both soil types. Lake (2000) pointed out that, the effect of 

soil pH is great on the solubility of minerals or nutrients, and most minerals and nutrients can be 

soluble or available in acid soils than neutral or slightly alkaline soils. However, Mashakada 

(2001) pointed out that, extremely and string acid soils (pH 4.0 – 5.0) may be toxic to the growth 

of some species. In view of this, Leucaena leucocephala could have been greatly affected in both 

soils than Dodonaea viscosa which appeared to be tolerant of the condition. However, due to low 

pH found in the biosolids, the researcher suggest that, testing of pH should be done before using 

any soil type for planting trees on mine tailings dumps, and remedy should be done in order to 

reach correct pH levels. 

4.2.3 Effect of Soil Cover  

As presented in Table 4.1 and Table 4.2 in relation to soil cover, at α = 0.05 significance level, in 

both cases p < 0.05. That is, α = 0.979 for monthly average height increments, and α = 0.944 for 

monthly average RCD increments. Therefore, there was enough evidence to conclude that, there 

was difference in early growth performance of species on grass covered soil and bare soil on 

mine tailings dump.  

 

There were higher monthly mean heights and RCD increments on both species planted on areas 

covered by grass species (Cynodon dactylon) as compared to bare ground. The researcher 

attributed this positive increase as alluded by Ranjan et al. (2015) stating that, roots of grasses 

are fibrous that can slow erosion, and their soil forming tendencies eventually produce a layer of 

organic soil, stabilize soil, conserve soil moisture and may compete with weedy species. In line 

with this, Shu et al. (2002) mentioned that, the initial cover from grasses allows the development 

of diverse self-sustaining plant communities. Furthermore, Ranjan et al. (2015) indicated that, 

grasses are considered as a nurse crop for an early vegetation purpose. Therefore, the researcher 

noted positive impact of grass cover on early growth performance of species planted on mine 

tailings at Renco Mine. However, the researcher recommends further investigation on the type of 

grass species for use in establishing ground cover and a nurse for tree seedlings.  

 

4.3 PLANT-SOIL FERTILITY ANALYSIS   

Soil pH was strongly acidic in both samples as shown in Table 4.3. In relation to that, Grange 

(1973) pointed out that, a wide range of plant communities can survive on soil that have pH from 

5.0 or high. In addition to that, Mashakada (2001) mentioned that, whenever pH is as low as 3 or 
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as high as 8 there are always nutrient availability problems, and dramatically reduce plant 

growth. Lake (2000) also indicated that, at a low pH, beneficial element such as molybdenum 

(Mo), phosphorus (P), magnesium (Mg) and calcium (Ca) become less available to plants. Lake 

(2000) added that, other elements such as Al, Fe, and Mn may become more available and Al 

and Mn may reach levels that are toxic to plants. Lake (2000) recommended that, lime is usually 

added to acid soils to increase soil pH. Lake (2000) added that, lime also provides two nutrients, 

Ca and Mg, and makes P that is added to the soil more available for plant growth as well as 

increases availability of N by hastening the decomposition of organic matter. In contrast, when 

the pH is greater than 7.5, Ca can tie up P, making it less available to plants, and may cause Zn 

and Co deficiencies that lead to student plants and poor growth (Lake, 2000). In that regard, 

Mashakada (2001) recommends that, due to fact that soil pH changes over time, monitoring pH 

changes over time is an important management tool, that is, past and present soil tests, assist to 

prevent soil from becoming more acidic or alkalinity. 

 

Table 4.3: Soil Fertility Test Results obtained from SIRDC 

Sample Ref pH 

0.01M 

CaCl2 

Potassium 

(K) 

(Meq/100g) 

NH4Cl 

Extractable 

Calcium (Ca) 

(Meq/100g) 

NH4Cl 

Extractable 

Magnesium 

(Mg) 

(Meq/100g) 

NH4Cl 

Extractable 

Phosphorous 

(P) 

(ppm) Resin 

Extractable 

Initial 

Nitrogen (N)   

1M KCL 

Extractable 

SWren17 3.85 0.01 4.10 0.16 80.02 35.03 

NSren17 4.48 0.01 5.08 0.19 7.06 24.52 

 

In relation to that, Orwa et al. (2009) pointed out that, Leucaena leucocephala performs 

optimally on calcareous soils but can be found on saline soils and on alkaline soils; it is not 

tolerant of acid soils. Orwa et al. (2009) added that, Leucaena leucocephala is known to be 

intolerant of soils with low pH, low phosphorus, low calcium and high salinity, and has often 

failed under such conditions. On the other hand, Gilman (2014) pointed that, Dodonaea viscosa 

can thrive in acidic and alkaline, sandy and loamy conditions, and the species is drought tolerant. 

Similarly, Pearman (2000) indicated that, Dodonaea viscosa is tolerant of salinity, drought and 

pollution. This implies that, as shown by the results on growth performance, Dodonaea viscosa 

thrived better in both soil conditions which were acidic in nature as compared to Leucaena 

leucocephala. Furthermore, in reference to Figure 4.7, low survival rates of below 33.3% to the 

lowest of 22.2% as depicted can be attributed to acidic conditions of both soil applications. In 

view of this, the researcher strongly recommends liming application for continual use of the two 

soil types.  
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Nitrogen and Phosphorus were very high in content in the biosolids than in the natural soil.  The 

results were in agreement with Forge et al. (2006) stating that, municipal biosolids are good 

sources of N, P, and micronutrients for short term crop production. In relation to that, EPA 

(2006) indicated that, tailings materials are generally be described as having potentially low 

levels of plant available nutrients such as N and P, therefore, it is advantageous to have high 

value of N and P in the remedial soil for plant growth and development. However, Rorison 

(1977) revealed that, Nitrosomonas and Nitrobacter, which are largely responsible for 

nitrification of ammonia to nitrite and nitrite to nitrate, are very poorly active at lower pH. 

Uchida (2006) indicted that, nitrogen is taken by plants an ammonium (NH
+4

) and nitrate (NO
-3

) 

ions, and is a vital constituent of amino acids in proteins and nucleic acids used in forming 

protoplasm, the site for cell division and thus for plant growth and division. Thus, due to low pH 

results, the researcher greatly attributed stranded growth and survival of Leucaena leucocephala 

to low pH as the microorganisms responsible for conversion of nitrogen to NH
+4

 and nitrate NO
-3

 

probably were not active in this condition. Similarly, the researcher strongly recommends liming 

application for continual use of the two soil types. 

 

However, low soils quantity of P in the natural soil was of great concern. Uchida (2000) 

indicated that, phosphorus plays a major role in energy storage and transfer, and aids in root 

development. In view of that, stranded growth of species planted on natural soil was attributed to 

the fact that probably the species were prone to slow root development hence triggering slow 

growth rates. The researcher remarked that, slow root developments ultimately have a smaller 

surface area for uptake of plant mineral nutrients implying that less nutrients were obtained by 

plants on this soil application resulting to slower growth rates. Therefore, the researcher 

suggested that, application of phosphorus fertilizers would address the challenge in this regard. 

 

Traces of K, Ca, and Mg elements, which are also vital minerals for various plant metabolism 

processes, were recorded from both soils. Schwartzkopf (1972) pointed that, K is absorbed by 

plants in larger amounts than any other element except N and Ca. it is needed for the plant cell’s 

metabolic processes and apparently has a role in influencing the action of enzymes, as well as in 

aiding the synthesis and translocation of carbohydrates. SIRDC (2017) revealed that, the quantity 

of potash was relatively suitable for plant growth. Therefore, both species stood the opportunity 

to utilized available K. Schwartzkopf (1972) also indicated that, Ca is an extremely important 
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mineral in plant nutrition; basically its key role is on the development of cell walls and in root 

development. According to Schwartzkopf (1972), Mg plays a vital role in photosynthesis, as it is 

the central atom in the chlorophyll molecule. However, the researcher noted that little has to be 

done to maintain or improve quantities of K, Ca and Mg. 

 

4.4 RAINFALL DISTRIBUTION 

As shown in Figure 4.1, rainfall distribution was positively skewed. According to Leishman and 

Westoby (1994), early seedling growths are highly susceptible to changes in climatic conditions 

such as rainfall. Hsiao (1973) indicated that, decline in plant growth can be due to water 

limitations which inhibit cell expansion and division. 

 

In relation to the recorded rainfall, Orwa (2009) indicated that, Leucaena leucocephala is not 

tolerant to waterlogging conditions. It was realized that, Since December 2016 up to March 2017 

severe wet conditions mainly characterized the rainfall pattern and distribution. Somehow, the 

researcher noted that, this condition was not suitable for Leucaena leucocephala to thrive well. 

 

 

Figure 4.8: Recorded Volume of Rainfall (mm) as from December 2016 - August 2017  

 

The study location started to receive low amounts of rainfall beginning of May 2017, and since 

the revegetation exercise is rain fed, drought conditions prevailed from May 2017 to August 

2017 and so on. Uchida (2000) stated that, K is known to improve drought resistance by assisting 

in regulating the plant’s use of water by controlling the opening and closing of leave stomata, 

were water is released to cool the plant, and uptake of water from the roots. In view of this, as 

indicated by Pearman (2000) that, Dodonaea viscosa is tolerant of drought it becomes more 

beneficial to regulate water use in the species. The researcher attributed the higher survival rate 

of 66.7% for Dodonaea viscosa to the suitable extractable soil K. 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 CONCLUSIONS 

In overall, Dodonaea viscosa planted on biosolids on grass covered area thrived well. The same 

trend was noted on Leucaena leucocephala, with its higher growth rates recorded on biosolids 

with grass cover. However, lower growth rates were recorded on Leucaena leucocephala planted 

on natural soil both on bare ground and grass covered. Highest survival rate was recorded on 

Dodonaea viscosa planted on biosolids soil treatment on grass covered ground. Relatively higher 

survival rate for Leucaena leucocephala was also obtained on biosolids soil treatment on grass 

covered ground. Lowest survival rates were recorded on Leucaena leucocephala planted on 

natural soil on both bare ground and grass covered. In addition to that, there were higher monthly 

mean heights and RCD increments on both species planted on areas covered by grass species 

(Cynodon dactylon) as compared to bare ground. The researcher attributed this positive increase 

to the conditions set by grass roots such as soil forming tendencies which eventually produce a 

layer of organic soil, stabilization of soil, and soil moisture retention may compete with weedy 

species.  

 

In general, both soil treatments were acidic, biosolids were high in N and P as compared to 

natural soil, and traces of K, Ca, and Mg elements, which are also vital minerals for various plant 

metabolism processes, were noted from both soils. However, both species especially Dodonaea 

viscosa thrived well on biosolids soil material than in natural soil. Leucaena leucocephala 

relatively grew better on biosoilds as compared to the natural soil. The researcher concluded that, 

Dodonaea viscosa can be extensively used in rehabilitation of mine tailings dump at Renco Mine 

as the species shown potential to thrive in hostile conditions found on mine tailings. Leucaena 

leucocephala can be relatively used with ameliorative measures on soil especially soil pH. The 

researcher suggested that, grasses should be considered for use to provide nurse for early 

vegetation purpose. Based on the account of the study, the researcher concluded that, species 

planted on biosolids with grass cover recorded high growth and survival rates as compared to 

species planted on the natural soil.  
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5.2 RECOMMENDATIONS 

The establishment of vegetation on mine tailings dump is the main thrust of revegetation of mine 

tailings dumps. During this research, the researcher focused on early growth performance of 

Dodonaea viscosa and Leucaena leucocephala planted on different soil types applied on an 

operational mine tailings dump at Renco Mine. Furthermore, the researcher compared growth 

performances of these species on different soil cover.  However, the researcher realized that there 

were other factors which may complement the thrust of successfully establishing vegetation in 

the revegetation of mine tailings dumps. In view of that, the researcher made the following 

recommendations. 

 

 Based on the results obtained from soil fertility analysis, the researcher recommends that 

further full soil fertility analysis should be carried out from soil were indigenous species are 

thriving in the natural vegetation. This will ensure better soil treatment conditions which 

should be achieved or to form baseline of suitable conditions for growth of respective native 

species. 

 

 In addition, the researcher greatly recommends that, there in need to apply liming fertilizer on 

both soil types in addressing low pH levels which are associated with plant-nutrient uptake 

challenges. For instance application of gypsum. Many plant species thrive well in the range of 

pH of 5 to 8. The research suggests that, pH test should be done before using any soil type for 

planting trees on mine tailings dumps. 

 

 Based on the results of the research, the researcher recommended that, grass species should be 

planted first to establish an initial ground cover on mine tailings dumps before introducing 

tree species. Survival rate of tree seedlings planted on a mine tailings dump is most likely to 

be higher on grass covered area as compared to bare area. Vegetation has an important role in 

protecting the soil surface from erosion and allowing accumulation of soil organic matter, 

total N, available P, available K, and increased water retention capacity.  

 

 In relation to the later, the researcher recommends that, further investigations have to be made 

on studying different types of grass species which may compete less for plant-soil nutrients 

with tree seedlings which may be planted as a nurse to establish ground cover. It has been 

established that, grass species compete with trees for water and nutrients in a number of 
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ecosystems which may limit tree growth. The researcher suggests that, grass species found in 

the respective local surroundings are the most ideal for this kind of a study. 

 

 The researcher recommends that, there is need to continue to investigate growth and survival 

performance of other indigenous species found in the respective local surrounding. For 

instance, legume species which play an important role of nitrogen fixation. Native or locally 

acclimatized plants are commonly chosen for long-term vegetation in order to re-establish an 

ecological situation similar to that prevailing before the mine was developed. Use of adaptive 

native species is more sustainable and promotes restoration of the ecosystem that was in 

existence before establishment of the mine dump. 

 

 Although the researcher managed to carry out this study fitting in three different climatic 

seasons over a period of nine months, the researcher recommends longer studies in order to 

get more substantial results. The researcher suggest that, further research after early growth 

performance have to be carried out over years of establishment to get more validated resource 

information for further revegetation exercises. For instance, studies which can be carried over 

a period of a decade are more likely to show a broader insight on growth performance of 

species.   

 

 The researcher also recommends that, Dodonaea viscosa can be extensively used in 

revegetation of mine dumps. As established during the study, Dodonaea viscosa shown the 

ability to thrive on a mine dump on both soil types (biosolids and native soil), and even shown 

a higher survival rate than Leucaena leucocephala. However, Leucaena leucocephala can be 

relatively used with ameliorative measures on soil especially soil pH. Likewise, Leucaena 

leucocephala contributes to soil fertility enrichment through the symbiotic relationship 

between the notrobacter and its root nodules for nitrogen fixation into the soil. The researcher, 

also suggest progressive planting of these species, that is, continual replacement of 

permanently wilted species. 

 

 Although rainfall distribution was positively skewed and was the only source of water for 

plant growth, there is need of water supplement by means of irrigation. For instance, Renco 

Mine is in Natural Region V receiving an average annual rainfall of less than 500mm, which 

is far less than what is required to sustain early plant growth yearly.  
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APPENDIX E1: Descriptive Statistics – Monthly Average Height Increments (cm) 

Type of species 

(Subjects or 

Experimental units) 

Type of soil 

(Control 

and 

Treatment) 

Type of soil 

surface 

cover 

(Block) Mean 

Std. 

Deviation N 

Dodonaea viscosa Natural Soil Grass cover 2.0278 .63431 9 

Bare ground 1.7078 .80563 9 

Total 1.8678 .72241 18 

Biosolids Grass cover 3.1033 .73882 9 

Bare ground 1.9789 .92271 9 

Total 2.5411 .99610 18 

Total Grass cover 2.5656 .86743 18 

Bare ground 1.8433 .85179 18 

Total 2.2044 .92304 36 

Leucaena 

leucocephala 

Natural Soil Grass cover 1.1167 .47906 9 

Bare ground 1.0989 .40652 9 

Total 1.1078 .43111 18 

Biosolids Grass cover 2.2711 .56483 9 

Bare ground 1.1111 .51984 9 

Total 1.6911 .79592 18 

Total Grass cover 1.6939 .78161 18 

Bare ground 1.1050 .45275 18 

Total 1.3994 .69676 36 

Total Natural Soil Grass cover 1.5722 .71908 18 

Bare ground 1.4033 .69379 18 

Total 1.4878 .70163 36 

Biosolids Grass cover 2.6872 .76834 18 

Bare ground 1.5450 .85273 18 

Total 2.1161 .98763 36 

Total Grass cover 2.1297 .92605 36 

Bare ground 1.4742 .76951 36 

Total 1.8019 .90753 72 
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Type of species 

(Subjects or 

Experimental units) 

Type of soil 

(Control 

and 

Treatment) 

Type of soil 

surface 

cover 

(Block) Mean 

Std. 

Deviation N 

Dodonaea viscosa Natural Soil Grass cover .0244 .00726 9 

Bare ground .0233 .01500 9 

Total .0239 .01145 18 

Biosolids Grass cover .0344 .01014 9 

Bare ground .0222 .01093 9 

Total .0283 .01200 18 

Total Grass cover .0294 .00998 18 

Bare ground .0228 .01274 18 

Total .0261 .01178 36 

Leucaena 

leucocephala 

Natural Soil Grass cover .0178 .00667 9 

Bare ground .0144 .01014 9 

Total .0161 .00850 18 

Biosolids Grass cover .0322 .00972 9 

Bare ground .0133 .00866 9 

Total .0228 .01320 18 

Total Grass cover .0250 .01098 18 

Bare ground .0139 .00916 18 

Total .0194 .01145 36 

Total Natural Soil Grass cover .0211 .00758 18 

Bare ground .0189 .01323 18 

Total .0200 .01069 36 

Biosolids Grass cover .0333 .00970 18 

Bare ground .0178 .01060 18 

Total .0256 .01275 36 

Total Grass cover .0272 .01059 36 

Bare ground .0183 .01183 36 

Total .0228 .01201 72 

 


