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Abstract— Disposal of mine tailings on the ecosystem can cause alterations in plant productivity. A study was carried out 

to assess the effects of grass, herbaceous and woody diversity, and aboveground biomass C on nickel mine tailings dumps 

with 19, 22, 24 and 26-years old Acacia saligna trees at Trojan Nickel mine, Zimbabwe. The total counting method was 

used to determine the number of individual herbaceous and woody species. The Braun Blanquet abundance and cover scale 

was used for the diversity of grass species while the Shannon-Wiener Diversity Index (H’) was used to determine diversity 

of herbaceous and woody species among the mine tailings dumps. Aboveground biomass C data was estimated from 

allometry equations using tree height, diameter at breast height and wood density measurements. Analysis of variance was 

used to determine mean aboveground biomass C with difference in tree age. The aboveground biomass C including surface 

litter increased significantly (p<0.05) with the age of A. saligna trees on tailings’ dumps. The diversity of herbaceous, 

woody and grass species increased with the age of A. saligna trees. Herbaceous species diversity was highest (H’=2.21) in 

the tailings’ dump with 26-years old A. saligna trees while the tailings’ dump with 22-years old A. saligna trees recorded 

the least species diversity (H’=1.87). Re-vegetation of mine tailings should be considered in ecological restoration. 

However, aboveground biomass C content of different plant species thriving on mine tailings’ dumps has to be studied in 

order to determine the mine tailings’ dump ecosystem C stocks. The study also recommends an in-depth research on 

seasonal diversity of specific species on mine tailings’ dumps. 
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I.  INTRODUCTION  

 

Globally, forests of the tropics are crucial components of 

the carbon cycle [24]. Live tree biomass estimates are 

essential for carbon accounting, bio-energy feasibility 

studies, and other analyses. About 40 per cent of the land 

carbon is embodied in trees and are efficient carbon sinks 

which provides greater than 50 per cent of the world’s 

gross primary productivity (GPP) [34]. According to [14], 

about 50 per cent of the total carbon in tropical forests is 

stored in the aboveground biomass and 50 per cent in the 

top one meter of the soil. The aboveground biomass carbon 

of the African tropical forest is three times more than of a 

soil to a one meter depth [15]. Four carbon pools of the 

land ecology include; the aboveground biomass, the 

belowground biomass, woody debris and the dead litter 

[17]. The aboveground biomass of trees comprises of the 

greater percentage of the carbon source, and is the most 

abundant in terrestrial forest ecosystem [37]. Soil organic 

matter contributes secondly to carbon stocks of forests.  

 

Examining the productivity of forest communities is 

important for the estimation of the accumulated biomass. 

Biomass estimation of the re-vegetated mine tailings 

enables the calculation of the amount of carbon dioxide 

that can be sequestered by trees. Estimation of tree 

biomass can be done using geographical information 

systems (GIS) and remote sensing techniques [37]. Re-

vegetation has been the most successful way of restoring 

tailings’ dumps. Re-vegetation of mine tailings involves 

the addition of neutralizing materials (carbonates, 

hydroxides, and silicates), inorganic fertilizers and/or 

organic materials, such as natural organic wastes 

(municipal sewage sludge, paper mill sludge or sawdust), 

and seeds of native plants [20]. Vegetation protects the soil 

from surface erosion, reduces the loss of nutrients and 

promotes aggregate stability of the slimes dam [10; 26].  

 

Species diversity contributes to the regulation of carbon 

flux, climate control and water cycle. Most mine tailings 

disposal sites are devoid of vegetation [27], and are 

considered environmentally harmful due to their high 

heavy metal concentrations [10]. Acacia saligna or the Port 

Jackson willow, is very adaptable, fast growing tree native 

to Western Australia and has been extensively used for 

stabilizing soils in tailings dumps [28]. Revegetation of 

mine tailings is the most fundamental aspect in the 

improvement of soil quality, assemblage of plant species 

and the physiological state of the disturbed ecosystem [19; 

25]. 

http://www.isroset.org/
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The significance of trees in carbon sequestration and 

species composition has long been recognized, but few 

researches have been conducted to establish biomass 

content and species diversity on nickel mine tailings 

dumps. Thus, herbaceous, grasses and woody vegetation 

are important tools in the net removal of CO2 and climate 

change mitigation. 

 

II. RELATED WORK  

 

The biomasses of standing trees are calculated using 

allometric equations and their reliability cannot be easily 

validated [29]. As in [31] found an aboveground biomass 

of 4.72Mg ha
-1 

in an offsite native soil, 6.71 Mg ha
-1

 on an 

11 year old gold and copper treated mine tailings and 

0.63Mg ha
-1 

on an 11 year old gold and copper untreated 

mine tailings. The carbon contained in the litter pool of the 

12-year old Eucalyptus grandis plantation on post-mining 

reforestation activities on the KwaZulu-Natal coast in 

South Africa was found to be 13.34 Mg ha
-1 

and an equal 

aged Casuarina equisetifolia plantation had 10.78 Mg ha
-1 

[41].  

 

Dead root, litter and leaf drop, and the bodies of soil 

animals such as insects and worms are the primary sources 

of organic matter in the soil [11]. A 20-year old nickel 

mine dump had species richness of 28 mite (Acari) whilst a 

copper tailings had a higher diversity (H’=1.79), a 40-year 

old tailings had species richness of 20 and diversity index 

(H) of 1.31, whereas an eight year old tailings had a 

species richness of 15 and a diversity index of 1.21 [22] 

 

III. METHODOLOGY 

 

Description of the study site 

The study was carried out at Bindura Trojan Nickel Mine 

tailings’ dumps (31
o
17ˈE; 17

o
19ˈS, altitude), west of 

Bindura town. The area is located in Zimbabwe’s agro-

ecological region IIa which is characterized by a savannah 

climate, where rainfall pattern is moderately distributed 

throughout the season. Average rainfall ranges from 700-

900 mm per annum with most of it falling between 

November and January, giving a fair distribution across the 

season, and a dry season between April and October. Mean 

temperatures are above 24.6°C in November and as low as 

6.5°C in July [40]. 

 

The area is generally hilly with some valleys from where a 

small stream flows in an easterly direction. The area with 

26-years old A. saligna trees is at the base of the dump and 

is parallel to the flowing stream. Tailings dump seven (7) 

has a south facing slope whilst tailings’ dump three (3) has 

a northerly facing slope. The area actually rests on a 

greenstone belt mainly consisting of basaltic rocks 

(komatiitic basalt, tholeitic basalt and banded iron 

structures) and volcanic tuffs [32]. The ore is rich in 

Pyrrhotite. The intrusive rocks consist of dolerite, gabbroic 

rocks and quartz feldspar porphyry [40]. Soils are 

generally red clays (fersiallitic) in the hills having 

moderate amounts of active clay [34], and vertisols occupy 

the lower catenary positions.  

 

The vegetation is typically miombo woodland dominated 

by Brachystegia spiciformis, Brachystegia boehmii, 

Brachystegia glaucescens and Julbernadia globiflora 

species. Other associated trees include Terminalia sericea, 

Senegalia polyacantha, Vachellia gerrardii, among others. 

Dominant grasses that are found together with A. saligna 

trees on the mine tailings dump include: Pogonathria 

squarrosa, Hyperrhenia filipendula, Craspedorachis 

rhodesiana, H. dissoluta, Brachiaria brizantha and 

Eragrostis species [35]. 

 

The grass species that were planted at Trojan Nickel mine 

tailings dump comprised of Chloris gayana, Panicum 

repens, Agrostis alba, Cynodon dactylon and Cynodon 

nlemfuensis. Acacia saligna (Labill) trees are the only 

woody species that were planted on dumps 3 and 7. 

Approximately 2900-3000 A. saligna (Labill) trees were 

planted per hectare. Top soil with organic matter was taken 

from natural sites and was used as the growth medium for 

newly planted species at mine tailings’ dumps. 

 

Selection of study sites 

Bindura Trojan Nickel mine has 10 tailings’ dumps 

numbered one to ten for tailings deposition. The areas 

planted with A. saligna (Labill) trees of different ages were 

purposively selected (Table 1). Two tailings’ dumps (3 and 

7) were selected as study sites basing on the variation in 

the age of A. saligna (Labill) trees. Tailings’ dump 3 was 

established in 1968 and was the first to be de-

commissioned in 1998 whereas; dump 7 was established in 

1971 and de-commissioned in 2003. Dump 3 has five 

heaped and stepped layers whilst dump 7 has six layers. 

The absolute height of the deposition layers ranges from 

1170 m to 1216 m above sea level (dump 3) and 1168 to 

1176 m above sea level (dump 7).  

 
Table 1. Year of establishment of A. saligna trees and elevation 

of layers at Bindura Trojan Nickel mine dumps 3 and 7, 

Zimbabwe 

Dump/ Layer  Year when  Layer 

   Acacia saligna elevation (m) 

   was planted (age)   

Dump 3/ Layer 1  1994 (26 years)    1170 -1173 

           3              1996 (24 years) 1194 -1198 

             5               1998 (22 years)  1216 - 1217 

Dump 7/ Layer   

          3  2001 (19 years)     1168 -1176 

 

Aboveground Woody Biomass Estimation 

All the A. saligna trees in each area (1200 m
2
) were 

measured for stem diameter (DBH) at breast height and 

tree height (H). Diameter tape was used to measure stem 

diameter and tree height was measured using Suunto 

hypsometer in metres. In case where trees with several 

trunks, the diameter for each trunk was recorded separately 

and those with multiple trunks above the height of 1.3 

metre were measured as an individual tree [5]. 
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Aboveground biomass was estimated without cutting down 

the trees and this is relevant for plantations, forests and 

agroforestry ecosystems with scarce tree resources and 

where harvesting is highly unacceptable [8]. Estimating 

aboveground forest biomass by non-destructive method 

involves measuring the DBH, tree height, volume of the 

tree and wood density. This gives a better calculation of 

tree biomass using allometry equations [37]. According to 

[8] the total aboveground biomass (AGB) of a tree with 

diameter, D, is directly related to the product of trunk basal 

area (BA= πD
2
/4), total tree height (H), wood density (ƿ) 

and a standard stem form factor (F) of 0.4 by [6]. The 

following model was assumed in this study: 

 

AGBest = F x ƿ x (πD
2 
/4) x H        [1] 

 

To determine wood density, the water displacement 

method was used [36], and this allows for the 

asymmetrically shaped wood samples to be easily 

measured. The sample of wood was oven heated at an 

unchanged temperature of 85°C for 7 days, up to until the 

wood sample achieved an invariable weight [7], and its 

weight was recorded. Six wood disks were taken from the 

field and their average wood densities were considered for 

the estimation of the aboveground tree biomass. The 

sample was sunk completely underwater. The displaced 

water was recorded to calculate the sample’s green 

volume. The recorded weight of the displaced water is 

equivalent to the sample’s green volume. Wood density 

was then calculated as the relationship of weight of the 

oven heated wood sample to its green volume. 

 

Surface litter Carbon determination  
A 28 cm diameter ring was used to collect surface litter by 

inserting the ring on top of the litter, and the litter was 

collected from inside the ring up to the soil surface (g cm
-2

) 

[2; 30]. 

 

The surface litter was oven dried for 48 hours at 70°C and 

the weight was recorded. The residue sample was then 

combusted at 400°C for six hours [2]. The surface area 

from which litter was collected was then calculated. The 

amount of C was calculated as the proportion of the weight 

of the sample after combustion to that of the initial sample 

weight divided by the area of the diameter ring. The C 

obtained in g cm
-2

 was then converted into tonnes (Mg) per 

hectare (equation 2).   

 

Surface litter C = [(weight of litter after combustion/ mass 

of litter after oven drying) ÷ Area of the collection ring] [2]                                                                                             

 

Determination of floral species diversity 

Vegetation data were obtained by measuring plant life-

forms: grasses, herbs and trees in each tailings’ dump. 

Braun Blanquet abundance and cover scale was used for 

the diversity and composition of grass species [4]. The 

total counting method was used to determine the number of 

individual herbaceous and tree species. Species diversity 

and composition of flora was analysed using Shannon 

Wiener diversity index (H’) (equation 3). The abundance 

and cover scale of Braun-Blanquet has five classes (1 to 5) 

with intermediate scores in determining floristic 

composition. The score of 1 indicates less than 5 per cent 

plant cover, score of 2 has a range of 5-25 per cent plant 

cover, score of 3 has a range of 25-50 per cent plant cover, 

score 4 has a range of 50-75 per cent plant cover and a 

score of 5 representing greater than 75 per cent plant cover 

(Table 2). Identification of grass species in the area was 

guided by a grass manual. Unidentified species were 

pressed and later identified at the National Herbarium in 

Harare. 

 

The Shannon-Wiener Diversity Index (H’) was used to 

compare species composition and diversity of flora among 

the dumps planted with A. saligna trees (Equation 3):  

 

The Shannon-Wiener Diversity Index, H’, = -∑pi ln pi   [3] 

pi = proportion of the ith species to the total count or 

the importance value of a species as a proportion of 

all species. 

 
Table 2. The Braun-Blanquet abundance and cover scale 

Grass cover score  Percent plant cover (%) 

1    <5 

2   5-25 

3   25-50 

4   50-75 

5   >75 

 

IV. RESULTS AND DISCUSSION 

 

Aboveground biomass and surface litter Carbon at 

Bindura Trojan mine tailings dumps planted with A. 

saligna, Zimbabwe 

The amount of aboveground biomass C differed with the 

age of trees (F = 8.524; P = 0.000) (Figure 1). The mean ± 

SD aboveground biomass C (Mg ha
-1

) was similar for the 

dump with 26-years old A. saligna trees (5.32 ± 4.33), 

dump with 24-years old A. saligna trees (5.49 ± 5.80) and 

dump with 19-years old A. saligna trees (4.27 ± 2.55). 

However, dumps with 26 and 24-years old A. saligna trees 

had higher aboveground biomass C than the one with 22-

years old A. saligna trees. Aboveground biomass C 

differed significantly with the age of A. saligna trees 

(Figure 1). The aboveground biomass C of A. saligna for 

dumps from the same tailings dump 3 was similar for 

dumps with 24-years old and 26-years old trees (Figure 1). 

The dump from the same tailings’ site with trees seven 

years younger had low aboveground biomass C. This is in 

accordance to [42] who found aboveground biomass of 

2.04 Mg ha
−1

 on iron ore mine tailings after seven years in 

Beijing, China. Even though the range for aboveground 

biomass C in this study was lower than the findings by 

[21], in the five and seven years old Acacia mangium 

Willd in coal mine tailings, a positive trend was observed. 
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Figure 1. Aboveground biomass Carbon over an age 

sequence of A. saligna trees at the mine tailings’ dumps. 

Letters in superscript show significant difference (p < 

0.05) for aboveground biomass C of A. saligna and surface 

litter. Error bars ± 1 SD of the mean. 

                                   

The amount of surface litter C accumulation significantly 

(p < 0.05) increased with an increase in years of A. saligna 

trees (Figure 1). Surface litter C increased by 3.4 per cent 

over a three-year period from 19 to 22 years, 7.5 per cent 

over a two-year period from 22 to 24 years, 11.6 per cent 

over a two-year period from 24 to 26 years and 22.5 per 

cent over a seven-year period from 19 to 26 years. The 

mean surface litter C ± SD (Mg ha
-1

) under A. saligna trees 

was:  0.46 ± 0.17 for 26-years old, 0.32 ± 0.09 for the 

dump with 24-years old A. saligna trees, 0.23 ± 0.13 for 

the 22-years old trees and 0.19 ± 0.07 for the dump with 

19-years old A. saligna trees. This concurs with [31] who 

observed that the surface litter C increases with the 

increasing age of trees while working in a Pinus patula 

chronosequence in Zimbabwe. Similarly, [42] reported an 

increase in the accumulation of surface litter C with the age 

of the re-vegetated trees in a post-mining area of KwaZulu-

Natal coast in South Africa. The dump with 26-years old 

A. saligna trees had the highest surface litter C probably 

due to the fact that is located at the foot of the tailings site, 

parallel and closer to the running stream, which creates a 

moist environment that supports vegetative growth 

resulting in high production and leaf fall. On the other 

hand, differences could be attributed to natural 

successional cycle where re-seeders are replaced by the 

environmentally adaptive re-sprouting shoots that grow to 

dominate the over-storey in older aged forests. 

 

Herbaceous species diversity and composition on Nickel 

Tailings’ dumps over time 

A total of 1651 individuals representing 25 herbaceous 

species were recorded from all the four dumps planted with 

A. saligna trees (Table 3). Species diversity was highest 

(H’=2.21) in the dump with 26-years old A. saligna. The 

dominant herbaceous species showed noticeable 

differences with years after the revegetation with A. 

saligna. Species that were most dominant or diverse on a 

tailings’ dump with 26-years old A. saligna trees included: 

Sesbania sericea (H’=0.36), Celosia trigyana (0.26), 

Ageratum conyzoides (0.24), Trichodesma zeylanicum 

(0.26), Tagetes minuta (0.22) and Amaranthus species 

(0.16). Other species that were less abundant included the 

Richardias scabra (0.06), Solanum retroflexum (0.01) and 

Gloriosa superba (0.01). The most dominant species in the 

dump with 24-years old A. saligna trees were: Celosia 

trigyana (0.33), Ageratum conyzoides (0.31), Sesbania 

sericea (0.21), Tagetes minuta (0.21) and Bidens pilosa 

(0.19) whereas in the dump with 22-years old A. saligna 

trees abundant species included: Sesbania sericea (0.33), 

Tagetes minuta (0.31), Commelina benghlensis (0.23), 

Celosia trigyana (0.17), Bidens pilosa (0.16) and 

Ageratum conyzoides (0.15). In the dump with 19-years 

old A. saligna trees species that contributed more to 

diversity included: Ageratum conyzoides (0.34), Aloe spp 

(0.27), Celosia trigyana (0.22), Sesbania sericea (0.19) 

and Bidens pilosa (0.19). 

 

The diversity and composition of herbaceous species 

recorded an improvement with the increase in the years of 

A. saligna trees (Table 3). The increase in diversity with 

the age of the tailings’ dump conforms to the observation 

by [3] who found an increase in species diversity with time 

while working on Tikak mine tailings. In addition to age, 

the high number of species richness (18) on a dump with 

26-years old A. saligna trees may also be attributed to the 

presence of the running stream at the foot of the dump. 

Also in [12] soil nutrient availability, landscape position 

and water availability are also related to species 

composition and abundance in the forest understory. 

Contrary to the results of this study; [38] analyzed 

herbaceous species diversity and richness between May to 

August in 1992 and 1993 in Allegheny hardwood forests, 

Western Pennsylvania and found no significant difference 

with the increase in age of trees. In this study, the dump 

with 19-years old A. saligna had similar species richness as 

to the dump with 22-years old A. saligna species. The 

dump with 19-years old A. saligna trees is geographically 

located away from the rest of the tailings’ dumps. 

Furthermore the dump with 22-years old A. saligna species 

had the lowest herbaceous species diversity maybe due to 

its closeness to human settlement, where the diversity of 

species might be affected by anthropogenic activities [9]. 

 

Woody species diversity and composition at Bindura 

Trojan mine tailings’ dumps 

A. saligna and Lantana camara were the two most 

abundant woody species in all the dumps. Woody species 

diversity was higher in the dump with 26-years old A. 

saligna trees than other dumps, but the dump with the 24-

years old A. saligna trees had the lowest tree diversity 

(Table 3). Other sparsely distributed woody species in the 

revegetated areas included: Cussonia arborea, Jacaranda 

mimosifolia, Ficus spps, Senegalia polyacantha, Vachellia 

nilotica, Ziziphus mauritiana, Bauhunia thonningii, 

Eucalyptus camuldulensis and Terminalia sericea. The 
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dump with 26-years old A. saligna trees recorded the 

highest tree species diversity (Table 3). The species 

composition of woody vegetation in dumps with 26 and 

22-years old A. saligna trees was identical, and the dumps 

with 24 and 19-years old A. saligna also had similar tree 

structure. Vegetation at Bindura Trojan mine tailings’ 

dumps consisted mainly of the introduced species which 

were planted for the stabilization of the dumps. The 

species richness describes diversity, the larger the H’ value 

the greater the species diversity and vice versa. As in [9] 

indicated that an ecosystem with H' value of less than two 

is a less diverse community. Trojan nickel mine tailings’ 

dumps have rationally low woody species diversity, which 

agrees to [16] who found out that only planted tree species 

survived on Mhangura copper mine tailings’ dumps. 

 

The lower the H’ values in this study may be attributed to 

habitat incomplexity [23] and allelopathic effects from 

Lantana camara which exudes toxins and retards growth 

of other plants. As in [16] only a few species that are 

adapted to the geochemical environment of a particular 

mine tailings dump could become established. The most 

prevalent tree species was the Acacia saligna and the 

indigenous tree species are struggling to survive and 

establish on the nickel mine tailings dumps. The few 

indigenous tree species might have been dispersed on the 

dumps by wind and animal seed dispersers from the nearby 

natural forest. Lantana camara invaded the nickel tailings 

dumps and was most dominant in all the tailings’ dumps 

because of its high invasiveness and propagative nature 

[39]. 

 

Table 3. Species diversity over time at Bindura Nickel 

mine tailings dumps revegetated with A. saligna trees 

Measure  Age of A. saligna trees (Years) 

   19 22 24 26 

Herbaceous  
Species richness            14 14 16 18 

Species diversity (H’) 1.93 1.87 2.05 2.21 

Total number of   214 486 264 687 

Herbaceous species    

  

Woody     
Species richness  13 11 19 21 

Species diversity (H’) 2.06 1.79 1.84 2.18 

Total number of   124 91 113        111 

Woody species      

 

Grass species diversity and composition over time at 

Bindura Nickel mine tailings’ dumps, Zimbabwe 

The dumps with 26 and 22-years old A. saligna trees 

recorded the highest grass species (14), while the dump 

with 24-years old A. saligna trees recorded 12 grass 

species and the dump with 19-years old A. saligna trees 

recorded the lowest species richness (11). The dump with 

26-years old A. saligna trees recorded six dominant grass 

species which included: Dactylotenum giganteum (0.33), 

Agrostis alba (0.32), Chloris gayana (0.20), Melenis 

repens (0.18), Panicum repens (0.15) and Penisetum 

setaceum (0.13). The abundance of grass species tended to 

decrease with the age of the planted A. saligna trees. Other 

grass species that were less diverse (< 5 per cent cover) 

were; Hyparrhenia filipendula, Hyperthelia dissoluta, 

Heteropogon contortus, Eleusine coracana, Setaria 

megaphylla, Heteranthera zosterifolia and Rottboellia 

cocchinchinensis. The dump with 24-years old A. saligna 

trees had four dominant grass species: Imperata cylindrica 

(0.23), Agrostis alba (0.20), Chloris gayana (0.18) and 

Penisetum setaceum (0.12).  Five main grass species which 

dominated the dump with 22-years old A. saligna trees 

were: Chloris gayana (0.20), Imperata cylindrica (0.20), 

Melenis repens (0.15), Penisetum setaceum (0.22) and 

Agrostis alba (0.16). Six grass species that dominated the 

dump with 19-years old A. saligna were; Agrostis alba 

(0.35), Panicum repens (0.20), Chloris gayana (0.20), 

Dactylotenum giganteum (0.18), Imperata cylindrica 

(0.15) and Melenis repens (0.13). 

 

The higher grass abundance and cover in the dump with 26 

years old A. saligna trees might be attributed to the flowing 

stream closer to this area. Most of the grass species found 

in the tailings’ dumps were planted by the safety health 

and environment (SHE) department of Trojan mine, whilst 

the other species grew naturally with the improvement in 

growth conditions. Some plants found in this study such as 

Cynodon dactylon, Imperata cylindrica, Heteropogon 

contortus and Pennisetum setaceum have also been 

reported in a study in Mexico by [13]. The planted grass 

species contributed more to diversity in areas re-vegetated 

with A. saligna trees reflecting their potential in reclaiming 

nickel mine tailings dumps. Most grasses can survive 

under environmental and edaphic stress which may 

contribute to their existence on tailings sites. Although a 

few gaps existed, most of the surface was covered by well-

established grasses and shrubs.  

 

V. CONCLUSION AND FUTURE SCOPE  

 

The aboveground biomass C and surface litter C on the 

tailings’ dump increased significantly with the age of A. 

saligna trees. Results from this study suggest that the 

dumps with 26 older aged A. saligna trees accumulated 

more aboveground biomass C than with 24, 22 and 19 year 

old A. saligna trees. The diversity of herbaceous, woody 

and grass species showed an increasing trend with the age 

of A. saligna trees (19, 22, 24 and 26 years) on mine 

tailings’ dumps. The differences in surface litter C, species 

diversity and composition on mine tailing dumps have 

shown that species diversity on a mine tailings' dump 

improves with the passage of time (19, 22, 24 and 26 

years). The tailings soil quality produced relatively diverse 

vegetation with a composite of species. However, re-

vegetation on mine tailings’ dumps should be promoted as 

this has the capacity to restore degraded mining 

ecosystems and mitigate the effects of climate change. 

There is also need to understand the effects of surface litter 

and associated chemical interactions with the soil. 
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