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ABSTRACT 

Degradation of fertile lands by mining has raised series of environmental concerns and several environmentalist are advocating 

for restoration of biodiversity. This is due to the fact that restoration of biodiversity on a degraded mine site is directly linked to 

restoration of ecological integrity. However, due to the expensive nature of mine reclamation, most mining companies just backfill 

their mine waste (Laterite) into excavated pits without amending it. This lateritic soil have their physicochemical parameters falling 

below Food and Agricultural Organization standards and therefore cannot support the effective growth of plants. The main 

objectives of the project were: (a) to investigate the possibilities of using Bambara beans to increase the soil nutrient levels on 

lateritic mine waste; (b) to investigate the possibilities of using Bambara beans to rehabilitate biodiversity on lateritic mine waste; 

(c) to use Bambara beans as alternative organic fertilizer. Experimental plot of dimension 10×15m was divided into two equal 

Plots. Plot A and Plot B (Control Plot). Cultivation of Bambara beans was done at 5cm interval and 4seeds per hole. Zea may 

(Maize) and Phaseolus vulgaris (Common beans) which were used as control flora were cultivated on both Plot A and Plot B and 

monitored for 13weeks and 6weeks respectively. Some selected native crops were later cultivated after the Bambara beans were 

cut, ploughed and decomposed.  Using Arithmetic mean, Zea mays on Plot A (Shown in Fig 14 - Fig 15) recorded a height of 

52.3cm and those on Plot B (Shown in Fig 16) recorded a height of 12.3cm after the 13weeks.  Also, Common beans (Cultivated 

after nodule formation) on Plot A had height of 32.5cm and on Plot B, 23.4cm after 6weeks.  Growth rate of Zea may and P. 

Vulgaris calculated using the growth rate formula revealed that Zea may on Plot A had a growth rate of 1.98cm/week before nodule 

formation and 6.4cm/week after nodule formation. Those on Plot B, 1.78cm/week before nodule formation and 0.28cm/week after 

nodule formation for the 13week period. Common beans on Plot A (Shown in Fig 17) had a growth rate of 5.8cm/week and those 

on Plot B (Shown in Fig 18), 3.8cm/week. Percentage soil nutrients increment after the research were: nitrogen, 22.5%; 

Phosphorus, 155.3%; Calcium, 17.1%; magnesium, 254.8% and pH 16.87%. Native crops planted on Plot A and Plot B yielded 

67% and 24% survival respectively. Fauna excluding microorganism in the Bambara beans increased by 2900%. Increase in 

Fauna and survival of control flora on Plot A was directly linked to the survival of the Bambara bean whilst increment in soil nutrient 

and survival of native crops on Plot A linked to the decomposition of ploughed Bambara beans though 10days period of 

decomposition is small for Bambara beans to fully relinquish it nutrient to the soil. This project has demonstrated the potential of 

restoring and promoting biodiversity using Bambara beans. Again, it is relatively the cheapest, easiest, environmentally friendly 

and very efficient biodiversity restoration research ever piloted since the introduction of QLA. 

 

INTRODUCTION, BACKGROUND INFORMATION AND PROBLEM STATEMENT 

The role of the mining sector in the socio-economic development of mineral rich countries cannot be underestimated. Besides 

their direct contribution to Gross Domestic Product(GDP), mining can attract  land, capital and labour all of which are indispensable 

for industrialization and economic development.(Appiah et al, 2013) Following its contribution to the socioeconomic transformation 

in the country, the industry has between 1984 and 1999, attracted about 4 billion dollars  of  direct  foreign  investment  into  the  

country  for  mine  development,  expansion  and  extraction,  which promote poverty reduction and enhancement of living 

standards (Minerals Commission, 2000). 

Although mining is an economic booster, its negative ecological backlashes have become a great concern to environmental 

experts, in the era of increasing environment and sustainable development concerns. Reclamation of derelict mine sites is 

necessary for restoration of ecological integrity. (Tetteh et al, 2015). However, due to the expensive nature of mine reclamation, 

most mining companies just backfill their mine waste (laterite) into excavated pits. A major concern is that the available  material  

for reclamation  which is mine  waste  (laterite) has  its  physicochemical  parameters  falling  below  Food  and Agricultural 
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Organization (FAO) standards. (Boadu et al, 2014).The land owners who are peasant Ghanaian farmers are left with infertile lands 

incapable of supporting growth of plants.  

 In their quest to restore the biodiversity, most people rely on inorganic fertilizers, NPK or Sulphate of Ammonia. Prolong and 

wrong application of inorganic fertilizer do not only deteriorate the soil but also pollute aquifers and destroys aquatic ecosystems 

when they leach into them. The application of manure into the soil which is one of the ways to restore degraded land improves soil 

fertility and increases agricultural production. However, when it is applied for many years and in large volumes, increases the pH 

of acidic soils (Whalen et al., 2000) and some toxic metals (Qian et al., 2003) in the soil. 

Bambara bean is a low-cost, dependable farm resource that grows in harsh environments where many other crops fail. Cultivation 

is exclusively easy using traditional methods and landraces. Bambara beans being a leguminous species fixes nitrogen from the 

air, thereby insulating itself from Africa’s all-too-common paucity of soil-nitrogen. And beyond all that, the plant thrives in laterite, 

the reddish acidic soil that is toxic to many crops and is the curse of tropical agriculture. (National Research Council, 2006). 

Voandzeia subterranea has a short life cycle ranging from 3-6months depending on Variety and Cultivar. (Department of 

Agriculture, Forestry and Fisheries, 2011). Cultivation of Bambara beans is environmentally friendly. These unique characteristics 

makes Voandzeia subterranea suitable in restoration of biodiversity on a degraded mine site. 

 

OBJECTIVES OF THE RESEARCH 

The main objectives of the research were: 

a) To investigate the possibilities of using Bambara beans to increase the nitrogen and other soil nutrient on lateritic mine 

waste. 

b) To investigate the possibility of using Bambara beans to rehabilitate biodiversity during mine site reclamation activities. 

c) Use Bambara beans as an alternative organic fertilizer 

METHODOLOGY 

Description of the Study Area 

The research was carried out at the West Africa Quarries Limited (WAQL), Beposo. The company is located at Atta-ne-Atta near 

Beposo in the Shama District in the Western Region of Ghana (N50° 08‘12” -W10° 36‘42” and N50° 08‘23” - W10° 36‘38”). It is 

2.3 km from the Cape Coast-Takoradi road. WAGL operates a single pit and was commissioned on March 7, 2014 to averagely 

supply 250 tons granite aggregates per hour for road construction and other constructional purposes using a three-stage mobile 

crusher to facilitate the socioeconomic development of Ghana. It has a concession size of 16.49 acres, a moist tropical climate 

with an average annual temperature of 23-32°C and an annual rainfall ranging between 1200mm and 1800mm, with July as the 

peak month producing 375mm. It experiences two rainfall maxima with a very distinct dry season. Relative humidity is generally 

ranges from 76% to 85%. The maximum daily temperatures during the hot months may be expected to exceed 35°C while the 

minimum can fall below 21°C. The fauna common at the area are Avi fauna-Birds (Accipitridae, Ardeidae), Dragonflies and 

Damselflies, Rodentia-Sciuridae, striped ground squirrel, western palm squirrel, Hystricidae-Brush tailed porcupine and 

Thryonomyidae-Grasscutter/cane rat. The flora present is dominated by Ceiba pentandra, Alchonea Cordifolia and oil palm (Elaies 

guineensis). 165 vascular plant species have been recorded with about seven listed on the IUCN Red List as globally threatened 
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Research Methods: Activities undertaken during the research 

Site Selection and Biodiversity Assessment 

Experimental plot was selected at West African Quarries Limited; The O and the A horizons of the experimental plot was scrapped 

off to simulate the nature of the land after mining. (Shown in Fig 1). A portion of the experimental Plot of dimension 10m×15m was 

demarcated and divided into two equal halves. Plot A (5×7.5m) was use for the cultivation of Bambara beans and Pot B (5×7.5m) 

was used as the control plot. 

  

Assessment of Physicochemical Parameters of Samples from Plot A and Plot B 

Six composite soil samples were taken from Both Plot A and Plot B using the V-method of soil 

sampling; three samples each from Plot A and Plot B. They were taken to KNUST Soil Research 

Laboratory to determine the following: Nitrogen (N), Phosphorus (P), Potassium(K), Calcium 

(Ca), Magnesium (Mg) , Sodium(Na), Aluminum(Al), Organic Carbon (C),   Organic matter 

content (OMC), pH and toxic elements such Cadmium (Cd) and Arsenic (As). This was done to 

establish a baseline for the physicochemical parameters of the experimental plot for the 

research.  

 

Selection and Cultivation of Bambara beans. 

According to the Department of Agriculture, Forestry, Fisheries of South Africa, 2011, there are seven varieties of Bambara beans. 

The following are the varieties: Black, Red, Cream/black eye, Cream/brown eye, Cream/no eye, Speckled/flecked/spotted and 

Brown. The cream/brown eye variety (Shown in Fig 2) was selected because of it early maturation period, high yield, it abundance 

and ease of accessibility on the market.  

3kg of Bambara beans was soaked in water for 24hours to soften the seed coat and facilitate germination. Bambara beans have 

a hard seed coat and that has a practical implication on the days of germination, flowering, podding and maturity. Soaking Bambara 

beans in water for 24hrs yield 50% emergence in 6.9day and it yields 50% emergence when it is not soaked. (Berchie et al, 2011). 

Planting was done at a close spacing of 10cm and 4seeds per hole using the V-notch method and a simple farm tool which is a 

hoe.  

 

 

 

 

Fig 1: Experimental Plot after 
Scrapping 

Fig 5: Pod on Uprooted 
Bambara beans 

Fig 4: Pot A with Bambara 
beans after 13 weeks 

Fig 3: Researcher Planting 
Bambara Beans using the 
hoe 

Fig 2:  Cream/brown eye       
Variety 
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Cultivation of Selected Crops as Control Flora 

Plants are predominantly made up of carbon, oxygen and hydrogen which are supplied by air and water. Beyond these three 

elements, nitrogen is required in greatest quantity. (Crews, 1999). To determine the contribution of Bambara beans to other flora, 

10 maize seeds were randomly cultivated on Plot A and Plot B at the same time Bambara beans was cultivated. 10 seeds of 

Common beans were also cultivated each on Plot A and Plot B after nodule formation. Common beans are poor fixers (less than 

50 lb N per acre) and fix less than their nitrogen needs. Maximum economic yield for beans in New Mexico requires an additional 

30–50 lb of fertilizer nitrogen per acre. (Lindemann, W.C. and Glover, C. R., 1996). The growth of the maize and the common 

beans were monitored for 13weeks and 6weeks respectively.  

 

Cutting, Ploughing and Decomposition of Bambara beans  

Most of the nitrogen in leguminous plants eventually returns to the soil for neighboring plants when vegetation (roots, leaves, fruits) 

of the legume dies and decomposes. (Lindemann, W.C. and Glover, C. R., 1996). Likewise, all other nutrients contained in a plant 

is relinquished to the soil when they decompose. Bambara beans was cut down after pod formation (after 13 weeks). At the time 

of pod fill, nodules on annual legumes generally lose their ability to fix nitrogen because the plant feeds the developing seed rather 

than the nodule. (Lindemann, W.C. and Glover, C. R., 1996) 

Bambara beans was cut into smaller pieces at least 1/2inche using the mower. (Fig 4 shows the Bambara beans before cutting). 

Cutting decomposition materials into small pieces increases the surface area for decomposers to act on.  They were watered and 

ploughed into the soil to keep the soil moist, to ensure more of the biomass is returned to the soil and volatile soil nutrient trapped 

in the soil.  

 

Cultivation of Native Crops  

Per stakeholder’s consultation, some selected native crops were cultivated on plot A after the 10days decomposition period. They 

were: Maize, Cassava, Oil Palm, Groundnut, Pepper, Okro, Tomatoes, and Mangoes. They were monitored for 15days.  

 

Education and field demonstration as part of community involvement in reclamation 

According to the Radio Advertising Bureau, 75% of all people listen to the radio daily. It simply means that 75% of the people have 

the radio on at some point during the day. (PublishersEdge.com, 2016). Dynamite FM, 2nd oldest radio station in Western Region, 

Ghana, which has a wide coverage, more listeners per day and situated in the heart of a mining community was used for the radio 

section of the QLA and Biodiversity campaign (https://www.youtube.com/watch?v=iFaHDlqvH04) 

Aside, the farm-to-farm visit, some farmers at Atta-ne-Atta were selected and taught to include Bambara beans which is a legume 

into their cropping system. This was to help them appreciate the fertilizer aspect of the Bambara beans and also salvage them 

Fig 6: Flower on Bambara beans Fig 7: Cutting of Bambara beans 
using a Mower 

Fig 8: Plot A after Ploughing of 
Bambara beans 
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from the problem of money they spend on inorganic fertilizer. They were to pass on the knowledge to their fellow farmers (Fig 9 

shows the selected farmers) 

Publicity was also extended to schools within Beposo and Tarkwa. They were educated on the need to conserve biodiversity and 

the potentials of Bambara beans in restoring biodiversity on degraded land. 

 

 
 
 
 
 
 
 
 
 

 

RESULTS 

Survival Potential of Cream/brown eye Bambara beans Variety on the Lateritic soil 

Though physicochemical parameters of the laterite were below FAO standards yet the Cream/brown eye variety of Bambara beans 

selected was efficient in surviving on the degraded lateritic soil.  Seeds germinated during the 7th day. Maturity indicators which 

are Nodules, Flowers (Shown in Fig 6), Pods (Shown in Fig 5) were seen during the 6th week, 9th week and 13th week respectively. 

This period is within that required for Bambara beans to mature. (Fig 4 shows Bambara beans after 13weeks). Bambara beans 

take about three to six months to mature, depending on weather conditions and the cultivar. (Department of Agriculture, Forestry 

and Fisheries, 2011) 

 

Contribution of Bambara beans to the Control Flora 

The research indicated that the Bambara beans cultivated on Plot A contributed to the growth of the maize and common beans 

on Plot A. Maize on Plot A recorded an average height of 52.3cm whilst those on Plot B recorded 12.3cm after the 13 weeks. 

Common beans on Plot A recorded an average height of 35.3cm and 23.1cm after the 6weeks. (Height of maize and common 

beans through the 13weeks and 6weeks respectively is represented in Fig 12 - Fig 13). Native crops yielded 67% survival 

Using the growth rate formulae (height as concerned parameter), it was revealed that growth of maize before and after nodule 

formation were 1.98cm/week and 0.28cm/week respectively. Common beans on Plot A and Plot B recorded a growth rate of 

5.8cm/week and 3.8cm/week respectively. By visual inspection, Maize on Plot A developed tassels and were greener than those 

on Plot B. Common beans on Plot A were also greener and healthier than those on plot B.  

 

2.3 Assessment of Physicochemical Parameters 

Laboratory results before and after the research is presented on Table 1. Though 10 days period of decomposition is short for 

Bambara beans to relinquish all the nutrient it has to the soil, however, excluding organic matter content, organic carbon, cadmium, 

Aluminum, Sodium and Hydrogen, all other soil nutrient increased. 

 

 

Fig 9: Selected Farmers being briefed 
on QLA and Fertilizer potential of 
Bambara beans 

Fig 10: Radio Section of QLA and 
Biodiversity Campaign 

Fig 11: Schools Section of QLA and 
Biodiversity Campaign 



 

7 
 

  

Biodiversity assessment 

The research has indicated that Bambara beans can promote biodiversity following its contribution to the control flora and also 

native crops cultivated. The growth rate of the control flora is represented in Fig 12 - Fig 13. Fig 28 shows the percentage survival 

of native crops cultivated on both Plot A and Plot B. Fig 4 shows Plot A with Bambara beans after 13weeks and Plot B. Some of 

the Fauna attracted (shown Fig 20 - Fig 24) during the research were recorded based on site and count method. Results of Fauna 

captured before and after research is presented in Fig 27. 

 

Education and Field Demonstration as part Community Involvement in reclamation 

Though Atta-ne-Atta folks knew the nutritious value of Bambara beans however, they were oblivious of the nitrogen as well as the 

fertilizer potential of Bambara beans. The research has made it possible to practically teach Atta-ne-Atta folks who are peasant 

farmers to access the full potential of Bambara beans. The issue associated with inability to purchase inorganic fertilizer is curbed 

as a result of the education. QLA as well as Chacem received enough publicity. 
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Fig 12: Growth rate of Maize Plant on Plot A and Plot B for 13weeks 

Fig 14: Maize Plant on Plot A 
after 13weeks 

Fig 15: Maize Plant with a 
Tassel on Plot A 

Fig 16: Maize Plant on Plot 
B after 13weeks 

Fig 17: Common beans on 
Plot A after 6weeks 
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Fig 18: Common beans on Plot B after 
6weeks 

Fig 19: Millipede Fig 20: Earthworm 

Fig 21: Spider Fig 22: Grasshopper Fig 23: Snail 
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DISCUSSIONS 

Increase in height of the control flora occurred during of nodule formation, Maize plant require high amount of nitrogen during 

tassel formation. Another indication of nitrogen in a plant is its green nature. This is an indication that there was nitrogen fixation 

occurring and the nitrogen loving crops absorbed some of the nitrogen leaked into the soil. Some of the nitrogen fixed by 

leguminous plants is leaked into soils to be absorbed by surrounding non-leguminous plant. (Lindemann, W.C. and Glover, C. R., 

1996). This suggest that Bambara beans could be integrated into a cereal-based cropping system.  

Reduction in Aluminum (from 25.72cmol/kg to 0.95cmol/kg) and hydrogen (18.70cmol/kg to 0.98cmol/kg) was due to increment in 

PH from very strongly acidic (4.84) to strongly acidic (5.65). The more hydrogen ions held by the exchange complex ions of a soil 

in relation to the basic ions (Ca, Mg, K) held, the greater the acidity of the soil. Aluminum also contribute to soil acidity. (Crop 

Nutrition, 2016). Plant nutrients are generally most available to plants in the pH range 5.5 to 6.5(Haifa, 2016). This suggest that Bambara 

beans can be used to remediate acidic soils. 

The percentage increment in soil nutrient were: nitrogen, 22.5%; Phosphorus, 155.3%; Calcium, 17.1% and magnesium, 254.8%. 

When ploughed back into the soil, legumes ensure nitrogen and other nutrients are recycled (returned) into the soil. The 

nutrients are released slowly to the soil as the dead plants rot. (The Organic Farmer, 2016). 

 Reduction in Arsenic (As) from 0.013mg/kg to 0.010mg/kg, indicate that Bambara beans can be used to remediate soils high in 

As.   

The %survival of native crops on Plot A (67%) and increment in fauna (2900%) is due to change of the lateritic soil into an efficient 

growth medium by the Bambara beans.  

 

ADDED VALUE OF PROJECT TO BIODIVERSITY, SOCIETY AND COMPANY 

Biodiversity 

Bambara beans is a chief source of protein in Ghana and Africa but this is the first pilot research that has been carried out to 

remediate quarry waste into efficient growth medium to restore biodiversity using the plant. The experimental plot with Bambara 

beans (Plot A) supported native plants that were cultivated during stakeholders’ consultation. 

Increment in soil nutrients after the research will enhance biodiversity restoration of the experimental plots; primary, secondary 

and tertiary successors. Most primary successors in the ecological niche are flora and they are dependent on soil nutrients (Table 

1) for survival; this research has provided the suitable growth medium for flora. 

Assessment of macro fauna during and after the research projected 2900% increment at the experimental plots. Total biodiversity 

assessments have proven that the research is the cheapest, environmental friendly and easiest way of restoring biodiversity at a 

mine/quarry site. 

 

Society 

Although, the inhabitants of Atta-ne-Atta, mostly cash crop farmers, knew the nutritional value of Bambara beans as food, they 

didn’t know its fertilizer potentials. The inhabitants were educated and best practices to harness the potentials of Bambara were 

agreed on: initial mass cultivation of Bambara beans prior to any cash crop farming. The beans from the crop would be eaten as 
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food and some sold as economic relief project. The Bambara plants would be mulched to enhance the soil Nutritional contents for 

any other project.  

Simulating the time value of restoring the soil nutrients using Bambara beans, the community agreed to reduce their inorganic 

fertilizer application by 50%. This will help them save money used to procure inorganic fertilizers during farming. 

 

Company 

During the various stakeholders’ meetings, GHACEM and the Heidelberg Cement Group were publicized. This has brought the 

Company to the people of Tarkwa, Atta-ne-Atta, Shama and neighbouring communities. Many knew Ghacem solely as cement 

manufacturing company, but the research also advertised the mining aspect of the company which has positive effect on WAQL 

customer network. 
This is r elati vel y the cheapest, easi est and ver y effici ent biodi versi ty restorati on research ever piloted since the i ntr oducti on of QLA. Ghacem i n the future can i mplement this proj ect during WAQL and Yong wa Li mestone sites reclamation acti vi ties ; this will  reduce the cost invo lve in  post  min ing b iodiversit y restoration programs.  

This research has the potentials to meet FAO soil standards if the process is repeated eight times consecutively (two years) during 

post mining activities. Ghacem would be freed from Environmental Protection Agency of Ghana bonds if the project is 

implemented. 

The added biodiversity of the project can be added to the biodiversity already captured if they don’t exist. This will prevent further 

species from going extinct demographically. 

CONCLUSIONS: STATEMENT ON CHANCES OF SUCCESS AND OUTLOOK ON FUTURE 

IMPLEMENTATION 

Though the objectives of the project has been achieved but the following has to be taken into consideration during future 

reclamation projects which will require implementation of the project on a large scale.  

Results of present investigation clearly indicated increment in soil nutrient and reduction in toxic level on a lateritic soils. However, 

new values obtained for soil nutrient increment were not within FAO standard. Hence, the project must be repeated eight times 

consecutively (two years) until FAO standards are met.  

The 10days decomposition period must be extended to at least a month for the Bambara beans to fully relinquish the nutrient it 

has to the soil. 

In Ghana the number of people engaged in illegal artisanal activities rose from 30,000 in 1995 to 1miilion in 2006 though 

government has legalized ASM. (Banchrigah, 2007). Aside they not securing license before operation, their inability to reclaim 

their degraded land due to high cost of reclamation makes their activities illegal. To salvage the problem of land degradation, more 

work has to be done on teaching illegal miners how to apply this simple, environmentally friendly and less expensive method of 

reclamation. Eradicating illegal Artisanal activities is impossible in Ghana and Africa at large. Hence, if it cannot be eradicated, its 

negative environmental effects can be reduce. 
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Project tags (select all appropriate):  

This will be used to classify your project in the project archive (that is also available online)  
  

  
Project focus:  

☐  Biodiversity management  

☐ Cooperation programmes  

☐ Education and Raising awareness  

☐ Endangered and protected species  

☐ Invasive species  

☐ Landscape management - rehabilitation  

☐ Rehabilitation  

☐ Scientific research  

☐ Soil management  

☐ Urban ecology  

☐ Water management  

  
Flora:  

☐  Conifers and cycads    

☐  Ferns    

☐  Flowering plants    

☐  Fungi    

☐  Mosses and liverworts  

  
Fauna:  

☐  Amphibians    

☐  Birds    

☐  Dragonflies & Butterflies    

☐   Fish    

☐  Mammals    

☐ Reptiles    

☐ Spiders    

☐  Other insects    

☐  Other species  

  

Habitat:  

☐  Cave    

☐  Cliffs    

☐  Fields - crops/culture    

☐  Forest    

☐  Grassland    

☐  Human settlement    

☐  Open areas of rocky grounds  

☐  Recreational areas    

☐  Screes    

☐  Shrubs & groves    

☐  Soil    

☐  Wander biotopes  

☐  Water bodies (flowing, standing)    

 ☐  Wetland  
  

Stakeholders:  

☐  Authorities    

☐ Local community    

☐  NGOs    

☐  Schools    

☐  Universities  

  


