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ABSTRACT: The prospect with which species colonization and succession may occur is of 

significant importance when considering selection of plant species for restoration of degraded 

quarry sites. The methodology to employ with intent to enhance rapid nature rejuvenation in 

degraded sites and yet as cheaply as possible, is still a matter of great concern in most 

restoration projects. Nevertheless, the Tanzania National Biodiversity Strategy and Action 

Plan of 2001 states that “biodiversity is a source of economic and ecological security to both 

present and future generations”. In actual sense, the quarry work at Wazo Hill is an important 

developmental practice that delivers not only construction material (cement) but also 

livelihoods and financial backstopping to the country. However, the two: biodiversity 

conservation and development goals are most of the time uneasily balanceable. Therefore, 

taking responsibility to restore quarry sites’ biodiversity following its loss due to quarry 

mining activities is a laudable undertaking that Twiga Cement has committed to engineer. 

The challenge remains on selection of the best approaches and even species that can aid a 

degraded quarry site to regain its lost biodiversity back to its pre-disturbed and self 

perpetuating state in a reasonable time. It was the crux of this study to develop and test 

different practices for enabling effective rehabilitation and enhancing biodiversity enrichment 

in degraded quarry sites through aided vegetation reestablishment at a reasonable cost and 

time. In this study two plant species; Leucaena leucocephala and Cenchrus ciliaris were 

selected, and their potential for restoring degraded quarry sites tested. These two species are 

known to be good colonizers of degraded mining environment, and they are capable of 

facilitating a quick recovery of biodiversity in severely degraded mining sites. The Wazo Hill 

Quarry Site (WHQS) has suffered loss of most of its natural plant species and damage of its 

underlying top soils as a result of mining activities. Laboratory analysis of WHQS soil 

samples was undertaken and the soils were found to be moderately alkaline (pH 7.87-8.64). 

This was attributed to the higher calcium contents in those calcareous soils. Furthermore, 

planting experiments on three different types of quarry soils namely calcareous soils, topsoil 

and equal mixture of the two soil types was conducted. L. leucocephala seedlings germinated 

in all three types of soils achieving a mean height of 29.2 cm in top soils, 23.5 and 18.4 cm 

within four months in mixed soils and calcareous soils respectively. Furthermore, C. ciliaris 

grasses germinated and performed well in all three types of soils, achieving a mean dry 

matter (DM) of 41.7, 40.4 and 39.8 gm in topsoil, mixed and calcareous soils respectively. 

Furthermore, the stakeholder consultation revealed that 63.3% of the WHQS adjacent 

communities are aware of Twiga Cement environmental management undertakings. In 

addition, 192 Twiga Secondary School students were educated on quarry restoration 

activities, and 25 students had an opportunity to visit WHQS nursery and mining sites for 

environmental education. It was concluded that the multipurpose leguminous trees L. 

Leucacephala and the forage grass species C. ciliaris grasses are suitable species for 

incorporating into quarry rehabilitation programmes through re-vegetation based on their 

capacity to germinate and grow at higher rate as it was  revealed in these degraded quarry 

sites’ soils. It is recommended that the two species should be in-cooperated in the ongoing 

rehabilitation program at WHQS. Nevertheless, the ongoing rehabilitation at WHQS will be 

more successful and sustainable with involvement of all groups of stakeholders, including  

adjacent communities and interested parties on biodiversity conservation. 
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1.0 I0TRODUCTIO0 

Wazo Hill quarry is a site in Dar es Salaam, Tanzania where for decades limestone has been 

extracted for cement manufacturing. Being previously extracted, the area suffered a loss of its 

original biodiversity and geomorphology the fact that affected its ecosystem structure and 

functionality.  L. Leucocephala leguminous pioneer tree species has been noticed to start to 

establish itself at Wazo Hill Quarry site (WHQS). This is due to its higher capability of 

colonizing such extreme degraded tropical sites with shallow, unfertile, rock and stony soils. 

L. leucocephala is commonly used to improve forage quality in agro-silvipastoral systems 

owing to its higher crude protein of about 30% exceeding the commonly used fodder grasses 

and trees (<20%). Thus, this project aimed at taking advantage of this species by enhancing 

and promoting its colonization through creating favourable environments that will favour its 

establishment. Together with this, the project introduced African foxtail grass (Cenchrus 

ciliaris), a forage grass that is also capable of naturally establishing itself in harsh mining 

environments. This envisages at turning the area from a wasteland to productive land, in 

particular recreational, nature conservation or pastureland. The trees are expected to promote 

colonization of a range of wildlife species including birds and insects such butterfly and bees. 

Furthermore, improve both soil structure and fertility, sequester carbon for climate change 

mitigation and reduce pressure on nearby forests through enabling communities to meet their 

immediate wood demands. Nevertheless, the project was envisaging the site to be used for 

dairy goats or goats production and the milk produced can be supplied to the local school 

children or sold cheaply to the surrounding community. 

 

2.0 OBJECTIVES  

 

2.1 Overall Objective  

 

To establish and promote vegetation cover at Wazo Hill Quarry and turn it from wasteland to 

productive land for animal production, recreation, education, environmental conservation and 

a carbon sequestration site in the long run. 

 

2.2 Specific Objectives 

  

1) To establish and promote fast growing Leucaena leucocephala  pioneer tree species 

mixed with other locally harsh environment adapted native plant species at Wazo Hill 

Quarry  

2) To establish and promote drought, acid and poor fertility tolerance Cenchrus ciliaris 

forage grasses at Wazo Hill Quarry 

3) To create favourable environment for animal production, wildlife conservation and forest 

establishment at Wazo Hill Quarry Site in the near future.  

4) To raise awareness on the quarry restoration activities and values of biodiversity to 

surrounding local communities. 

5) To understand the perceptions of the local communities towards the environmental 

conservation undertakings at Wazo Hill Quarry site. 
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3.0 BACKGROU0D I0FORMATIO0 

 

The problems of high biodiversity loss and degradation of terrestrial lives due to human 

activities has raised high public concerns over the past several years (Adams, et al., 2004). 

This high public sensitivity to environmental degradations has led to development and 

deployment of programs and policies for restoration of abandoned mining sites in many 

countries in Western Europe and North America, whilst Africa and South America are 

lagging behind due to higher costs involved in these programs and poor environmental 

awareness (Ormerod, 2003).  

Most restoration initiatives were aimed at remediation of both structural and functional 

conditions of the degraded mining sites and rivers back to their pre-disturbed state, which is 

regarded as sustainable and resilient (Meyer, 1997; Harding, 2005). However, most of these 

projects failed to meet their objectives due to shortage of funds, overambitious goals and use 

of improper methods and techniques for restoration. This failure is in part, due to the fact that 

most restoration projects were being led by engineers and radical biodiversity conservationist 

who tended to condemn all invasive species without looking on the other side of exploring 

their potential for restoring degraded sites. For effective and yet cheap restoration of 

degraded mining sites through afforestation it is worth promoting tough and rapid growing 

species like L. Leucacephala trees and C. Ciliaris perennial grasses. However, care should be 

taken to control the spread of such species into untargeted sites such as nature reserves 

through good management practices. 

 It was the overall aim of this project to take advantage of the L. leucocephala, a species that 

was observed at WHQS at the beginning of the project in earlier 2012. Spotting leucaena at 

this site indicated some possibility of species to site matching. Yet un-tested, there would be 

no justification for this, especially considering that soil and other micro conditions differ 

from one area to another. But also, there are many different accessions of leucaena and which 

perform differently under the various agroecological zones of tropical countries (Majule, 

2006). Leguminous pioneer tree species like L. leucocephala are grouped together with other 

multipurpose tree species such as Acacia tortilis, Acacia mangium, cassia siamea and Acacia 

Senegal, as species capable of establishing themselves in harsh degraded tropical sites; 

characterised by shallow, unfertile, acidic/alkaline or rocky soils in degraded wastelands such 

as abandoned limestone, gypsum, stone and gravel mining sites. Nevertheless, L. 

leucocephala is capable of converting the atmospheric Nitrogen gas into soil nitrates which 

are essential nutrients for plant growth. In addition, its leaf litter is essential resource for 

improving soil organic matter (SOM) and other essential nutrients including phosphorus that 

will keep on accumulating with time to create favorable environment for other important 

native plant species to colonize the site (Majule, 2006). 

Leucaena leucocephala grows very fast which means that it can trap and sequester a lot of 

CO2 from the atmosphere into its biomass, and as such, help to mitigate climate change 

impacts. Furthermore, combined with shortage of wood resources in the areas surrounding 

the quarry, leucaena’s fast growth will enable the local communities to meet their immediate 
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demand on fuel wood, construction poles, pastures, fuel wood and charcoal, and thus reduce 

pressure to forest resources from other parts of the country. Preponderantly, these trees will 

create favourable habitats for different wildlife species including nesting sites for birds and 

nectar to various insects including ants, bees and butterflies during flowering periods. 

More importantly, these are the plant species that are commonly used to improve forage 

quality and availability to livestock including cattle, goats, rabbits and chickens in degraded 

tropical rangeland (arid and semi-arid) areas, for example in Northern Kenya and Khar Desert 

in India. The crude protein (CP) of L. leucocephala leaves is about 30% exceeding that of 

most commonly used fodder grasses (<20%), higher CP levels are important for livestock as 

this is the readily available protein for animal growth and reproduction (Shelton and 

Brewbaker, 1994; Gutteridge et al., 1998).  L. leucocephala is also commonly planted in 

various grazing fields and pasturelands in Tanzania including the Sokoine University of 

Agriculture Dairy Cattle Farm in Morogoro, to provide high quality browse fodder at times of 

severe drought when grasses are dry and are of low nutritive values. The pods and seeds of 

Leucaena leucocephala are of mild toxin but they are normally collected by local farmers and 

fed to goats, rabbits and chicken to supplement protein intake.  

 C. ciliaris forage grass seeds can be sown with intent of introducing forage grasses at the 

understory of the established trees. C. ciliaris is highly resilient harsh environmental 

conditions tolerant grass that is able to persist in severely eroded and nutrient depleted 

shallow soil profiles (Zieglar, 2000). C. ciliaris grasses are also good for controlling both 

wind and soil erosion from the quarrying opencasts.  

 

Following the establishments of these two species at the site and other associated species, it is 

anticipated that the site can be used for dairy cattle or goat production.  Milk and other by-

products produced from this site can be supplied to the local school children or sold cheaply 

to the surrounding local people or even provided to the Twiga Cement workers to counteract 

the effect of fine dusts that are most likely to be inhaled by the people working in or living 

close to cement industries. On the other hand, manure produced by those animals will aid to 

improve further soil fertility at the site. Otherwise, the site can be left as green belt for 

education, recreation and environmental conservation. In a long run when the soil become 

well established, climax tree species such as mango, jack fruit trees, baobab, tamarindus and 

other native or fruit trees can be promoted to establish a multipurpose forest garden or tree 

orchard at WHQS. 

 

 

4.0  METHODOLOGY 

4.1 Description of the study Site 

Wazo Hill is located near Dar es Salaam city, about 25km from the city centre between 

latitude 6° 34' south and longitudes 39° 24' east, and an altitude between 100 and 200 above 

mean sea level (Kebede & Nicholls, 2011). The climate of Dar es Salaam is very much 

influenced by its closeness to the equator and the adjacent Indian Ocean. Thus, it has tropical 

climatic conditions with hot and humid weather throughout the year (ibid). It receives around 

1000mm of precipitation per annum; the average temperature is 26 (ibid).   
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The following approaches and set of activities were undertaken in order to meet the study 

objectives: 

4.2. Germination characteristics and plant performance under different quarry soils 

Species were tested to see influence of soil quality on their performance. As such, soil 

samples collected in three sites with different stages of quarrying namely: undisturbed quarry 

site in the northern part that were dominated by coastal bushes; disturbed-unrehabilitated site 

that dominated by calcareous rocks, gravel, stony and shallow soils near the active quarrying 

sites; and, the rehabilitated quarry site on the further south near the Twiga Cement industry 

were analysed of their composition alongside growing seed germination testing on the pots.   

A total of 120 pots were laid; 60 pots were L. leucocephala seeds planted and the rest were C. 

ciliaris grasses planted. This aimed at testing germination characteristics, survival and growth 

rate of these two species when planted under different soils. There were 3 different soil types 

in this experiment in which the first 20 pots were filled with pure quarry/calcareous soil, 20 

pots filled with soil spoil (topsoil) which was the natural topsoil stripped off  and heaped 

during the mining process for future restoration purposes. The rest 20 being filled with a 

mixture of soil spoil and quarry soil in equal rations. The same setting was also done for 

Cenchrus ciliaris understory grasses. Regular watering was undertaken being twice a day for 

3 months. Thereafter, watering rate was reduced gradually to prepare L. leucocephala to 

withstand field conditions, whilst C. ciliaris were harvested for dry matter biomass 

measurements at laboratory. The C. ciliaris were cut by means of a sharp knife at a height of 

10cm above the soil surface and then packed into paper bags for oven drying at 60
0
C to 

constant weight. 

4.3. Wazo Hill Quarry Site’s Soil Laboratory Analysis 

 

Ten (10) Soils samples were randomly collected at a depth of 0-25 cm from both undisturbed 

and rehabilitated areas of WHQS by means of soil auger, and thereafter taken to Sokoine 

University Soil Laboratory for analysis. Five (5) soil samples from undisturbed quarry sites 

and the rest from disturbed-rehabilitated sites were collected. This aimed at comparing the 

soil conditions between sites prior quarrying and after rehabilitation activities.  

The soils were collected from two 200 m long line transects that were intersecting with “X” 

shape (diagonal), at an interval of 100m sampling points (one sample collected at the centre). 

Parameters analysed included soil texture class, pH, bulk density, electric conductivity, 

phosphorus and nitrogen content.  

 

4.4. Stakeholder Involvement and Public Consultation 

 

A structured questionnaire was designed for household survey and it was administered to 20 

randomly selected respondents, who were interviewed at their home places. Furthermore, the 

study interviewed10 respondents who were randomly encountered along the roads nearby 

WHQS, using a checklist guiding questions. The essence of this survey was to accrue the 
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local people’s perceptions on the quarrying activities, and on the proposed and ongoing 

environmental conservation initiatives at WHQS. It also intended to capture the relevant 

information regarding the impacts of the quarry mining activities on socio-economic and 

health related issues from the general public. Nevertheless, one finalist student pursuing B.Sc. 

Environmental Management and Science from Sokoine University of Agriculture (SUA) was 

recruited to conduct his special research project, alongside the objectives of this study. That 

special project was a partial fulfilment for award of his bachelor degree at SUA. 

Nevertheless, governmental and nongovernmental organizations were consulted to capture 

they views. A social scientist was involved in preparing and administering the questionnaire. 

  

4.5. Environmental education, public awareness raising and publicity 

 

On course of this research, a nearby secondary school about 10 km away; Twiga Secondary 

School was visited, and the students together with their teachers were interviewed to assess 

their level of understanding on quarrying and biodiversity issues. This went hand in hand 

with educating them on quarrying and biodiversity conservation. Thereafter, the students 

were offered an opportunity to visit the WHQS for imparting more skills and knowledge on 

environmental conservation at the quarry site. Furthermore, the activities and results of this 

research were highly publicized through postings at quarry life award and Facebook websites 

in order to attract public participation through commenting, voting for the project and 

disseminating the research findings. This among other things aimed at raising awareness to 

the general public on the importance and potentials of quarries for biodiversity conservation, 

recreation and production. Lastly, the researchers actively participated in the preparation and 

shooting of the Quarry Life Award video for further publicity of this research. Nevertheless, 

researchers provided description notes and pictures to the national quarry award co-ordinators 

for advertisement of this research into different newspapers. 

 

4.6. Researchers’ Field Observations:  

 

Observation of the field conditions including soil and rock conditions, vegetation and wildlife 

on both disturbed and intact sites at Wazo Hill Quarry was undertaken. Plant species were 

identified and their suitability to nature conservation, livestock feeding and enhancing site’s 

restoration potential assessed. Field notes and pictures were also taken. 

 

4.7. Statistics 

 

All data were analyzed by means of Excel spreadsheets and IBM SPSS 19.0 computer 

software.  The data were tested for normality and if qualified; One way ANOVA was used to 

compare if there is significant difference on the parameter of interest along the different 

quarry soils at p=0.05 level of significance. If data didn’t conform to the normality 

assumptions the Kruskal-Wallis no-parametric test was employed.  
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5.0 RESULTS  

This chapter presents the findings of the different actions that were undertaken at WHQS 

during March-September, 2012: 

5.1. L. Leucocephala and C. ciliaris Seeds Germination Properties and Plant/Seedling 

Performance  

The results of the sowing trial of scarified L. leucocephala seeds in hot water L. leucocephala 

did germinate in all 3 soil types namely quarry (calcareous) soil, top soil and mixture of the  

two soil types. Seedlings started to emerge on day 6 to 10, in all 3 soil types. There was a 

significant difference in mean height of the seedlings (P=0.032). In which, seedlings that 

emerged on top soils had a higher growth rate compared to the other two soil types in which 

they achieved a mean height of 29.2 cm within 4 months, whilst those in mixed and 

calcareous soils achieved a mean height of 23.5 and 18.4cm respectively.  

5.2. Cenchrus ciliaris Germination and Biomass Accumulation Properties 

C. ciliaris did germinate starting from day 4 post sowing, and performed well in all three 

types of soils obtained from WHQS. However, there was no significant difference in mean 

dry matter (DM) weight along the quarrying regimes (P=0.061). In which, the grasses up to a 

mean height of 31.6cm, and the mean DM for grasses grown in topsoils was 41.7gm, whilst 

those grown in mixed and calcareous soils had a mean height of 40.4 and 39.8gm 

consecutively. 

 5.3. Wazo Hill Quarry Site’s Soil Properties 

It was found that the soils at undisturbed quarry sites were slightly alkaline with average pH 

of 7.94, whilst at rehabilitated sites; soils were moderately alkaline with average PH of 8.25.   

Most of the soil samples fell into clay to sand clay texture class with red colors, implying that 

the amount of Iron in the soils is higher. Both soils had a suitable mean buck density; 1.16 

and 1.46 for undisturbed and rehabilitated site consecutively. This implies that the soils were 

not heavily compacted and do allows significant amount of rain water to penetrate into the 

deep soil root zone. Also, the soil organic matter in both rehabilitated and undisturbed was 

fine as the SOM depth ranged (from 2-7cm) in most place. The mean levels of phosphorus 

were higher (6.63 Mg/Kg) and that of Total Nitrogen was 0.22 percent. See also Annex 3 for 

details. 

5.3 Stakeholder Involvement and Public Consultation 

 

The major finding was that most of the local people were happy with the ongoing land 

restoration and afforestation activities that are taking place at Wazo Hill Quarry site; inspired 

by their potential of reducing emission of fine dusts to the atmosphere. However, some 

individuals seemed to be unaware of the ongoing restoration activities, in particular tree 

planting (36.67% of respondents). There was a general understanding of  most respondents 

about the new plant installed at Twiga Cement Company under the Heidelberg Cement 

Group as they related it to low dust emissions at the site due to its mechanism for 

underground deposit of dusts. Unlike old chimneys, which directly pour dusts into the 
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atmosphere, the new ones have less environmental effects to the adjacent communities. 

About 63.33% of the residents reported that the company had a meeting with them expressing 

its wishes to reduce amounts of dusts emitted to the atmosphere. Also, a lot of them 

complained that there is limited access and use rights to the quarry sites (perhaps due to 

safety issues), however they expressed their wish of being allowed to access the newly 

rehabilitated sites for recreation, and even for use for agriculture in particular for pasture to 

feed their cattle and goats (13.33% of the respondents).  Nevertheless, a SUA undergraduate 

student namely; Isakwisa Mwakasangula who was involved in this project as a part of 

capacity building was awarded a degree “B.Sc. Environmental Management” in July, 2012 

with project titled: “Assessment of Impacts of Quarry Mining Activities on Plant Species 

Diversity and Abundance at Wazo Hill Quarry Mine in Dar es saalam, Tanzania”. See annex 

4 for abstract. 

 

5.4 Environmental Education, Public Awareness Raising and Publicity 

 

For creating an awareness of the importance of good environmental practices in quarry areas, 

192 Twiga Secondary School students were educated on quarry restoration activities. Twenty 

five (25) students among them had an opportunity to visit the quarry site and tree nursery at 

WHQS on 27
th
 June 2012. The students and their teachers expressed their feeling that the 

educational trip was very informative to them. Also, they promised to spread the knowledge 

of quarrying, restoration and biodiversity conservation activities undertaken at Wazo Hill to 

the rest of the school and the general public at large.  Over 150 public votes were obtained at 

quarry life awards, and a lot of “likes” comments and suggestions were gathered from 

Facebook community that were following this project. 

 

 

6.0 DISCUSSIO0S  

The higher germination rates of L. leucocephala in the trial pots imply the higher potential of 

easily establishment of this species at the degraded Wazo Hill quarry sites. The fact that, this 

species is envisaged to attract other species including native due to its ability to produce high 

organic carbon, nitrogen, exchangeable phosphorus, as well as exchangeable calcium and 

magnesium upon its litter fall and decomposition and mineralisation (Brewbaker et al., 1985). 

Furthermore, Majule (2006) reported that L. leucocephala managed to improve soil fertility 

and structural deficiencies at a deteriorated agricultural land for few years, and it achieved a 

height of 4.7m within 3 years. The emergence of plants that were not sown in both topsoil 

and mixed soil pots that were uprooted immediately to avoid competition with the L. 

leucocephala seedlings, implies that the soil spoil at WHQS have rich soil seed banks that 

have potential of facilitating establishment native species in situ with less sowing. Thus, the 

practice of spraying the striped soils at degraded quarry sites as part of rehabilitation work is 

worth undertaking if the biodiversity of the degraded quarry sites need to be restored and easy 

and with great swiftness.  

 

The soil properties including higher pH (7.94-8.25), good drainage due to low bulk density 

and adequate nutrients that were found to be a characteristic of WHQS’s soils implies the site 

is ideal for rapid establishment of L. Leucocephala, and hence fastening the restoration 

process. This is based on the fact that L. leucocephala is known to be capable of adapting to a 

wide variety of soil types; however it do best on deep clay soils, well drained, neutral to 
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calcareous soils including mildly acid soils (pH > 5.2). It requires good levels of phosphorus 

and calcium for best growth, is not tolerant of poorly drained soils, especially during seedling 

growth
1
. However, Kishchuk (2000) reported that increased alkalinity within a range of 7.9-

8.5 might decrease forest trees productivity by 30% as a result of inhibition of absorption of 

other essential nutrients from the soil at the root zone. Brewbaker et al., (1985) reported that 

wetter environments have better yields of L. leucocephala than dry ones and they stated that 

productivity increase linearly from 800 to 1,500 mm. The climate in Dar es Salaam falls 

within the same range where L. leucocephala can do better, having annual rainfall of 

approximately 1100mm and higher mean annual temperature range between 27 and 31
0
C.  

On the other hand, C. ciliaris grasses are more tolerant to droughts surviving on rainfall range 

between 375 and 750mm. they do better on light textured soils with high phosphorus and 

thrive on the clay loams and clay especially during establishment which then can do better 

afterwards. Favourable pH range is between 7 and 8 although it can also grow on pH 5.5
2
. 

Conditions of the quarry sites as per the results of this study are thus favourable to the growth 

of this species. Especially a ph of 7.94-8.25 is within the pH range requirement of 7 and 8. 

Cenchrus ciliaris grasses performed well in all three soil types, in which the seeds 

germinated and accumulated higher biomass. This implies that C. ciliaris grasses should be 

promoted in those areas were resources are limited to refill them with topsoil. This help to 

ensure that all extracted areas are covered by vegetation in order to arrest dust as well 

creating habitat for wildlife such as insects and birds. 

 

7.0. CO0CLUSIO0S, STUDY LIMITATIO0S A0D RECOMME0DATIO0S 

The study revealed that multipurpose leguminous trees L. Leucacephala and the forage grass 

species C. ciliaris grasses are suitable species for incorporating into quarry rehabilitation 

programmes through re-vegetation based on their capacity to germinate and grow at higher 

rate that they revealed in these degraded quarry sites’ soils. It was found that the higher 

CaCO3 of soil does not have adverse effect on vegetation establishment, in particular 

germination and seedling growth. The practice of spraying top soils on the extracted quarry 

sites before tree planting is an important undertaking, as it was found to accelerate the 

restoration process through nutrients and seed bank provision, as well as improving the soil 

structure. Nevertheless, for any rehabilitation program to be successful and sustainable 

stakeholder involvement in particular school children, youths and adjacent communities is of 

particular importance. 

Despite the limitations of this study which include limited time as the nature of this 

vegetation reestablishment, a study would have needed longer time of at least 5 years to allow 

restoration process to be realized. Also, large experimental units such as 10 x 20 m
2
 plots 

                                                             

1
 http://www.fao.org/ag/AGP/agpc/doc/Gbase/DATA/Pf000158.htm 

2 http://www.fao.org/ag/AGP/AGPC/doc/Gbase/data/pf000196.htm 
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would have been ideally but due to shortage of fund the plants were grown in pots. The study 

therefore, specifically recommends the following; 

1) The ongoing restoration activities at WHQS should continue and according the soil and 

climatic conditions of the site, the study recommends incorporation of L. leucocephala, 

Cenchrus ciliaris, Morus alba Acacia auriliformes, Medicago sativa, acacia mangium, 

grewia bicolar, tamarindus indica, Adansonia digitata, Azadiracta indica and senna 

siamea since they are adopted to site’ ecological conditions. Flowers and fruits like pods 

and berries are edible plants by a range of wildlife including the vervet monkeys that are 

already present at the WHQS. These being multipurpose tree species apart from arresting 

fine dust, will maximize efficient use of lands including forestry, tourism, beekeeping and 

livestock production ventures. Furthermore, help in adapting and mitigating to the global 

climate change effects. 

 

2) General public access to the quarry for recreation, education and research should be 

facilitated and ensure that people enjoy the site without compromising with the sites 

ecological integrity or risking their life. This can be achieved through setting “acceptable 

use limits” for example use codes of conduct and rules to avoid vegetation trampling and 

accidents on quarry cliffs or ongoing machine operations at the site. 

 

3) The company should build a good rapport with adjacent communities based on the fact 

that undertaking mining activities near residential or city areas is a huge challenge. The 

company should facilitate common understanding with adjacent communities regarding 

the boundary conflicts and site encroachments issues. This can be achieved through 

fostering public consultations and involvements.  

 

4) The rare rock structures such as cliffs and pavements should be protected through fencing 

and zoning in order to promote presence of mosaic of carboniferous limestone landscapes 

and facilitate habitat diversity for wildlife. In which they can be managed for recreation 

purposes due to their scenic beauty, archaeological and nature conservation and 

educational potential.  

 

5) Research and Monitoring should be further enhanced in order to inform the management 

earlier on presence of invasive species or any signs of deterioration at the site. This will 

provide valuable information for judging effectiveness of the management actions 

whether the site conditions are improving or deteriorating (early warning).  

 

6) Publicity of quarry restoration activities into local media should be enhanced in order to 

boost morale in environmental conservation amongst communities in the country. Also, 

to help the community to know what is going in terms of environmental conservation at 

WHQS. 

 

7) Other environmental friendly activities including bee keeping should be established to 

exploit the potential of flowering plants and ponds available at site. Aquaculture should 

be promoted through introduction of tilapia fishes into the three ponds that are available 

at WHQS, however, trees should be planted around the pond edges/embankments in order 

to strengthen them. Livestock production in particular dairy goats like Sanen and 

Norwegian goats have a great potential to utilize the fodder trees and grasses at the site. 
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A00EX 2: E0VIRO0ME0TAL A0D SOCIO-ECO0OMIC SURVEY TOOLS  

Annex 2.1: Household Questionnaire 

I. Respondent’s Particulars 

Name of Respondent: .........................................., Sex: M/F   Age:............ Date....................... 

Occupation: .......................................  Education level: .................................................. 

Address: Phone/Email: ........................................... 

II. Questions 

1. How do you know the Twiga Cement Company? ................................................ 

2. For how long have you known it? ............ (Years, Months or Days) 

3. Have you ever being at the Wazo Hill Quarry site (Yes/No). Circle one 

4. Do benefit from any of the Twiga cement undertakings at Wazo Hill Quarry site? 

5. How have you-or other people close to you been affected by the quarrying activity in 

this site? (a) Highly affected (b) Moderately affected (c) Less affected (d) Not 

affected 

6. How can you talk about this company in terms of environmental, healthy and socio-

economic issues? 

Any impacts, mention them............................................................................................ 

......................................................................................................................................... 

7. Our research focuses on rehabilitation of the quarry and we have proposed to plant 

quick land reclaiming plants called (Leucaena ”miti ya mileosina”) and grass (African 

fox tail grass “Nyasi”). Are you familiar with these plants? Yes/No 

What are your views on this idea?.................................................................................... 

8. Do you think you are going to benefit from this idea? (Yes/No). If yes what are the 

expected benefits? 

Mention:......................................................................................................................... 

9. What are you opinions on restoration of this site with regard to trees and grass 

planting? 

(a) Excellent (b) Very good (c) Good (d) wastage of time and resources (e) No idea 

 

10. In your own opinion what should be done to the graded quarry sites? 

(i) Abandon them (ii) re-fill them with soil (iii) change them to damping sites (iv) 

plant trees and grasses on them (v) Allow local people to use them for 

agriculture (viii) Conserve them and use them for recreation/tourism (ix) 

Other................................................................... 
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Annex 2.2. Checklists 

1. Do you know Twiga Cement? 

2. For how long have you known it? 

3. Have you ever been at the quarrying site? 

4. If you will be given a chance to visit the quarry site would you accept the offer? 

5. In your opinion, do quarrying activities have any effects to the environment? 

6. If there are what are they? How do they affect you/communities around you? 

7. In your view what other initiatives should be done to improve degraded conditions 

in the quarry site? 

8. What other views/comments do you have in relation to quarrying and the 

restoration activities at Twiga Cement? 

 

A00EX 3: WAZO HILL QUARRY SITE’S SOIL LABORATORY A0ALYSIS 

RESULTS 

 

SITE 

Soil 

Depth 

(cm) PH 

EC 

(Ms/cm) 

Texture 

Class 

T0-

Kjeld(%) 

P 

(mg/kg) 

K 

(cmol/Kg) 

Bulk 

Density 

Undisturbed1 0-25 7.87 0.90 C 0.18 5.85 0.32 0.98 

Undisturbed2 0-25 7.89 0.11 SC 0.26 6.60 0.44 1.00 

Undisturbed3 0-25 7.95 0.11 C 0.22 5.50 0.72 1.19 

Undisturbed4 0-25 8.01 0.32 C 0.19 5.70 0.45 1.22 

Undisturbed5 0-25 7.98 0.25 SC 0.22 6.63 0.48 1.39 

Rehabilitated1 0-25 8.55 0.17 SC 0.18 11.00 0.26 1.52 

Rehabilitated2 0-25 8.64 0.11 SCL 0.26 3.00 0.34 1.43 

Rehabilitated3 0-25 8.08 0.10 SCL 0.22 5.50 0.60 1.60 

Rehabilitated4 0-25 7.92 0.16 SC 0.19 9.78 0.39 1.46 

Rehabilitated5 0-25 8.05 0.13 SC 0.24 8.20 0.56 1.27 

 

Legend: EC=Electric conductivity, TN=Total Nitrogen, P=Phosphorus and K=Potassium 
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A00EX 4: ISWAKWISA MWAKASA0GULA’S SPECIAL PROJECT ABSTRACT  

Title: Assessment of Impacts of Quarry Mining Activities on Plant Species Diversity 

and Abundance at Wazo Hill Quarry Mine in Dar es saalam, Tanzania. 

The impact of mining activities to the plant species diversity and abundance calls special 

attention in Wazo Hill quarry area. The study was conducted to identify the impact of mining 

to plant species diversity and abundance. In data collection three area regimes was considered 

that is rehabilitated, abandoned and undisturbed area. There three areas were treated by one 

way ANOVA and the result showed that there was no significant difference in plant species 

diversity across mined, rehabilitated and abandoned mined sites. In which it was found that 

there was more species richness in undisturbed sites than the rest. Mean vegetation height at 

undisturbed sites was higher compared to the disturbed ones 2.5 m while the rest had a mean 

range of 1.4-2.0m. The interview with Twiga cement staffs and wazo hill residents reveals 

that the fine dust from the industry not only have local impacts but also distant impacts as it 

spread over the vegetation canopy and impair with gaseous exchange and attract pest and 

diseases to plants such as fungus and white flies, thus reducing plant biodiversity. It was 

concluded that the quarry mining activities do affect plant species diversity as undisturbed 

sites were richer in species diversity than disturbed and even the rehabilitated one. The 

researcher recommended that areas which are abandoned should be rehabilitated by planting 

fodder grass like cinchrus ciliaris that will be used to feed milky got to be establish within 

the mining area. This programme will improve the health of the surrounding people who are 

affected directly from fine dust. 
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A00EX 5: LIST OF PLA0T SPECIES IDE0TIFIED WAZO HILL QUARRY SITE 

 

S/0 Scientific 0ame Common name Use/Potential role 

1. Heteropogon contortus Spear grass Pasture, thatching, wildlife 

habitat, soil erosion control 

2. Hyparrhenia ruffa Thatch grass Pasture, thatching, wildlife 

habitat, soil erosion control 

3. Bothrocloa mozambiensis Mozambique grass Pasture, thatching, wildlife 

habitat, soil erosion control 

4. Adansonia digitata Baobab Wildlife habitat, edible fruits, C 

seq. and soil conservation 

5. Typha papyrus. Wetland grass Water purification & wildlife 

habitat 

6. Leucaena leucacephala Leucaena tree Fodder, habitat, C seq. fuel 

7. Cenchrus ciliaris African fox tail Pasture, thatching, wildlife 

habitat, soil erosion control 

8 Racinus comminus Castor oil Biogas, C seq., Wildlife habitat 

9 Jatropha carcus Jatroha Biogas, C seq. 

8 Chloris rhoxybagiyana Horse tail grass Pasture, thatching, wildlife 

habitat, soil erosion control 
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A00EX 6: PHOTOS 

Annex 6.1: Seedling Performance and Research 

  

Plate 1: Three months old 

Leucaena lecocaphala 

seedlings & C. Ciliaris 

grasses grown in different 

soils 

 

 

 

 

Plate 2: Three months old 

Cenchrus ciliaris grasses 

grown in different soils 

 

 

 

 

Plate 3: Seedling 

monitoring, observations 

and survival rate counting 

 

 

 

 

 

Plate 4: Soil Sampling. A 

pre-requisite for site 

species matching  
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Annex 6.2: Stakeholder Surveys and Awareness  

 

 

 

 

 

 

Plate 5: Administering 

questionnaire at households 

surrounding the quarry site   

 

 

 

 

 

Plate 6: Administering 

questionnaires to other 

stakeholder found near the 

site  

 

 

 

Plate 7: Education 

Dissemination to students 

from Twiga secondary 

school at the Quarry site  

 

 

 

 

Plate 8: Cattle grazing as 

observed at Chasimba 

village near the quarry site. 
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Annex 6.3: Quarrying Work and Restoration  

 

 

 

Plate 8:  Aimed at 

Coming back to this stage 

as it is was prior to 

quarrying. 

 

 

Plate 9: At the beginning 

of quarrying. Topsoil 

heaped for future 

restoration (WHQS, 

2012) 

 

 

Plate 10: Quarrying 

Activity in Progress at 

WHQS 

 

 

 

 

Plate 11: After quarrying. 

How the site looks  

 

 

 

Plate 12: After quarrying, 

restoration activity has 

started.   
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Annex 6.4: Wazo Hills’ 0atural and Secondary 

vegetation at rehabilitated sites 

 

 

 

 

 

Plate 13: Refilling the site 

with top soil. The Soil for 

Rehabilitation at Wazo 

hill Quarry (2012)  

 

 

Plate 14: African foxtail 

performing very well on 

the site after restoration 

(One of areas where soil 

were sampled)  

 

 

 

Plate 15: Restoration rate 

none-uniform/slow (Area 

studied, soil samples and 

physical observation 

 

 

Plate 16: Adansonia 

digitata (Baobab tree) 

performing well at the 

extracted site of Wazo 

Hill Quarry: indicates that 

restoration is possible 

 


