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ABSTRACT
Mabonji is a very hilly rainforest area of the Meme Division of the Southwest region of Cameroon, with important biological diversity and rich volcanic soils, which attracts many people to the area, especially farmers. It covers an area of about 18,000 hectares, with a population of about 3,000 inhabitants practicing different land uses. The soil is naturally loose, with low water holding capacity, and is subject to leaching and degradation. The objective of this project was to restore and conserve the forest slopes of Mabonji by incorporating sustainable development practices. 
Data were gathered through collective community problem identification, an interactive and participatory process focused on inventorying the biodiversity, ecological habitats, different forest and land use practices by local people, as well as the legislative framework. Results were analyzed to achieve an enhanced understanding of the immediate environment under different land use practices, and to design and implement an indigenous, sustainable, participatory agrotropic-rainforestry approach. 
Three pilot sites were selected on which trial farms were established, where a comparative study was conducted to derive a suitable, convincing restoration method, resulting in the adoption of an “agrotropic-rainforestry” farming approach adapted to local needs. The process lasted for 18 months, during which farm plots were prepared by groups of local people on slopes through selective felling of specific trees by girdling or thinning to create gaps for cropping, along with raising seed nurseries, cultivation and planting. Alternative income-generating activities were introduced, including snail farming, pig/fish farming and Non-Timber Forest Products (NTFPs) extraction which farmers exploit outside the growing season as a “bush allowance”. Water catchments in the area were planned, constructed locally and protected for community use. 
Data collected on the trial farms showed that results were positive, indicating a totally transformed landscape. Abandoned hill slopes, hill forest ecosystems, biodiversity, and farm plots were restored and improved, and yields increased. Frequently occurring erosion and other problems have diminished, and soil fertility has increased. Many farmers are acquiring land on hill slopes and have begun to carry out the new farming system, something that was never done before. Finally, natural resources of forested slopes could be sustained for the long term by enabling local people to be proactive and act as immediate custodians of their environment. It is expected that the farming methods proposed in this project will empower villagers, build their capacities and skills, improve knowledge about natural resource governance, and enhance community participation in development activities.

INTRODUCTION
Mabonji is a very hilly rainforest area of the Meme Division of the Southwest region of Cameroon, with important biological diversity and rich volcanic soils, which attracts many people to the area, especially farmers. In this area, which is located on a cluster of undulating hills, unsustainable farming systems like slash and burn agriculture, and forest clearing through fires for the hunting and collection of NTFPs, can seriously degrade hills and slopes. The area has suffered from serious depletion of natural resources because of commercial timber exploitation in the area since 1960, conversion of forested land for agriculture, and loss and degradation of vegetation in an unstable climate. There has been a marked increase in temperature over the last years, and food shortages and depletion of water sources are evident.
Problem statement 
An assessment study of the Mabonji area considering the physical, environmental, ecological and human milieu, showed that the area is experiencing the following problems: degraded hills and slopes, poor and fragile soils with low water holding capacity; loss of biodiversity, ecological habitats and hill rainforest; insufficient and inaccessible farmlands, inappropriate and rudimentary farming methods (including slash and burn); and encroachment on forest reserves by the local population for arable land and for NTFPs. This translates into lack of food and water, and generalized poverty in a growing population. In addition, the area suffers from a lack of community participation, conflicts in land tenure and in community/village land and community forests, insufficient education and training and loss of cultural knowledge and values. The community also does not understand the forestry law of 20th January 1994 and environment law no: 96/12 of 5th August 1996 relating to environmental management in Cameroon.
Objectives and hypothesis
The objectives of this study were to develop a locally relevant indigenous restoration method suitable to the area. The project aimed to use an “agrotropic-rainforestry” method—which will be fully described in the next sections—to conserve hill forest ecosystems and biodiversity and to restore degraded hill slopes from erosion, landslides, siltation, soil infertility and deforestation. This agroforestry system is expected to facilitate participatory governance of natural resources for community benefit, to promote alternative income-generating activities, to curb encroachment into forest reserves, and to ensure sustainable use of natural resources, including forests, wildlife, and fisheries.
Proposed solutions

The proposed solutions include establishment of restoration and management technologies, with the adoption of the agrotropic-rainforestry approach using participatory natural resource management, raising awareness among the local population, and improving seed production techniques and cropping systems. The agrotropic-rainforestry approach uses agroforestry principles adapted to tropical rainforest regions, taking advantage of the existing forest resources to increase productivity and protect soils and water. In agroforestry systems, litter production from leaves, bark, branches, and trunks from natural trees and crops can be managed to improve soil fertility. Plant roots can provide support on the slopes, preventing erosion and thereby conserving soil and biodiversity. 
The agrotropic-rainforestry approach needs to be adapted to specific site conditions and suit the local needs. At the project area, preliminary experiences used indigenous mixed-cropping methods, including cash and subsistence crops, and existing timber products as well as NTFPs (nuts, fruits, tubers, leaves and seeds). Crop yield along the slope varied at different points of the slope, for example, oil palms and coffee did very well on the highest gradient of the slope, whereas rubber, banana, plantain, NTFP’s, and secondary forest species did well on the middle part of the slope, and most species of raffia palms/hydrophytes did best on the lowest parts of the slope. These results provided the basis for developing a suitable agrotropic-rainforestry approach adapted to the slopes of Mabonji.
This project is expected to solve land tenure problems through the recovery of abandoned sites, increasing the arable land for relatively fast, economically feasible and sustainable means of income for community development. Findings from the project will be used as a tool for participatory natural resource management and governance to establish a wide-scale sustainable restoration design for land use planning for degraded hill slopes in other areas of Cameroon. 
Study site description

The research area is located within the equatorial rainforest slopes of Mabonji in the Meme division of the Southwest region of Cameroon at latitude 4º3'N and longitude 9º3'W and approximately 100 km from the Atlantic Ocean. The area is highly undulated and falls within the volcanic mountain line. The highest peak nearby is the Rumpi hills (1765 m) located to the Northwest, and the Southern Bakundu Forest Reserve lies about 5 km to the South of other villages. Mabonji has an equatorial to semi temperate climate depending on elevation. The area has an annual average temperature of about 25oC with varying relative humidity of about 75%, and two distinct seasons, a rainy and a dry season with the first beginning in March, marking the start of the farming season and ending in October, while the second begins in October and ends in April.

Meme has a fast-growing population averaging 3,000 inhabitants while an unknown number live outside the area and only come in to farm and exploit other natural resources. Physical observations of the soil have showed that it is loose, with very poor water holding capacity, and prone to element leaching. This soil is not productive without fertilizers (Nkwi 2003). During the slightest rainfall the soil becomes very sticky and muddy. The stickiness indicates that the soil contains some clay, as well as laterite and large rocks. This physical observation ties with scientific findings on soils from a study on watersheds in the rainforest of Southwest Cameroon (Robain et al. 1992). Their study revealed that soils in general and especially top soils in this area are fragile and are easily degraded.
However, the natural ecosystem has a capacity for enhanced productivity if well managed. There is a distinct stratification of vegetation with grasses and shrubs at the top of the slope, and big trees at the bottom. The forest understory has an even distribution of humus, constituting an excellent milieu for crop production. Litter production from trees is very high, with leaves, bark and branch litter rendering the soil very fertile. Fertility decreases from bottom to the top of the slope. This influences plants and crop distribution along the gradient of the slopes. The fertility gradient also influences crop yield, with crops doing better at the lower part of the slope. Therefore the largest concentration of farms is at this point. However, conventional farming causes serious erosion problems and soil nutrient depletion when the original vegetation is cleared and replaced by agricultural crops. 

METHODOLOGY
The method used for this project was interactive and participatory team work, involving local people (farmers and groups/associations, village heads) and all stakeholders in the community, evaluating different farming and cropping systems and crops cultivated in the area, the natural resources available and ways in which they are exploited. Then we drew up a work plan which was executed together with the groups adopting the agrotropic-rainforestry system. 
There was no formal funding for the project. Funding came from the local community itself through participatory activities. It was expected that if people assume total ownership of the project they will be fully ready to contribute. Tools and materials were provided by the groups involved and volunteers who made their farms available for trial purposes. The expertise and equipment was supplied by the technical team who, with assistance from the villagers, conducted surveys and inventories, evaluated the physical milieu, and assessed the landscape, its vegetation, ecology, geology, hydrology, watersheds and existing catchments, soil condition, farming and cropping systems, and natural resources exploited. 
To test the suitability of the agrotropic-rainforestry approach, three trial farm plots were established on different terrains, all measuring 500 m2 and with three replicates each. Plot I was on an uncleared slope, plot II on a cleared slope and plot III on a degraded slope. These plots were cultivated to compare yields and decide on a suitable restoration method. This was followed by the establishment of tree nurseries of fast-growing timber species, including cash crops such as cocoa, oil palm, coffee and some NTFPs like kolanut (Cola verticillata), bitter cola (Garcinia cola), bush mango (Ivingia gabonensis), plums, pears, jangsang (Ricinodendron heudelotii), njabe (Baillonella toxisperma), and grafted citrus. 
Timber species included Cedrela odorata, iron wood (Lophira alata), camwood (Pterocarpus soyauxii), bete (Mansonia altissima), frake (Terminalia superba) and iroko (Milicia excelsa). Planting was done at the beginning of the rainy season in March, followed by yearly monitoring and evaluation, for a period of five years. All activities and methods relevant to the process were conceived by the entire working group, and any doubts were openly and thoroughly addressed. 
The project was established in an area including the trial plots mentioned above, the catchment and other participant farmlands making an estimated surface area of about 4,000 hectares. In addition, other farmers joined the project implementing this system on their own farmland, thus increasing the project acrea over time.

Definition of agrotropic-rainforestry as adopted in the system
“Agrotropic-rainforestry” or “natural mosaic cropping” is defined as integral cultivation, or cultivation of a multitude of crops and plants in an existing rainforest, using traditional, indigenous farming methods. In this approach, management for enrichment planting improves conditions for new and existing plants, following a natural growth pattern and sequence. Where there is no existing forest, all the crops, trees and forest plants are generally grown side by side. In the agrotropic-rainforestry approach, mimicking the natural forests structure, a mosaic design is used with an irregular planting system, i.e. intercropping different species in the same environment, depending on their ecological requirements, topography and soils.
Application of restoration methods on sloped farmland
There have not been other identical agrotropic-rainforestry experiences in Africa or elsewhere so far; the approach was conceived and realized on the ground based on technical personnel and farmer experience in the course of seeking solutions for the perceived problems.

This method was applied on the experimental plots at three sites, beginning with the preparation of the slope following the natural distribution of vegetation and habitat. 
Planting trees and crops
At the top of the slopes, grasses, shrubs, oil palm, mango, paw paw, maize and coffee did well, therefore this portion was enhanced by planting oil palm and coffee as well as fast-growing timber species such as Cedrela, iron wood and frake. These enrichment plantings were done in areas where the light availability was increased by treatments to the existing vegetation, i.e. on pegged ringed open spaces. In areas where there was dense growth of grasses and shrubs, brushing was done to open up space for planting, and only the area where the hole was dug was ringed.
Digging the holes for all planting and cropping activities on the slope consisted of a procedure that involves first identifying points for planting, pegging, and creating terraces on the upper part of the slope, then using the soil removed from the upper part to build up the lower part, after which the hole is prepared for planting. To keep the young planted seedling upright and intact, sticks, branches, palm fronds and tree trunks are tied together in a bundle and placed at the base of the hole, close to the plant. The bundle is held together and supported by stakes, and protects the plants from erosion, runoff and nutrient leaching. This bundle helps form a biomass chain and network across the entire slope. The bundle also serves as check dam, preventing siltation at the foot of the slope. 
Selective felling and girdling of unwanted trees

Elimination of unwanted trees is needed to open space for the desired trees and crops, and it can be done either by selective felling or girdling according to the specific situation encountered in the field. Selective felling of unwanted trees creates gaps, allowing sun rays to reach the crops. Some of the cut logs and branches are laid perpendicular to the slope along the entire length of the slope. The trees felled are allowed to decompose for 3 months before enrichment planting is done.
The second and most effective way to remove trees is by girdling at a height of 1.5 m, to enable defoliation and subsequent litter decomposition to take place. The organic material provides nutrients to the crops. This litter also acts as mulch to improve the soil structure, retaining moisture on the slope, and enabling a soil microenvironment with healthy microbial and macrofauna populations. The mulch also prevents erosion, especially sheet erosion, and prevents landslides. It also provides a medium for germination of young seeds. 
Girdling is preferred to felling because the stump and roots can remain viable and re-sprout. The roots of the girdled tree still anchor the soil for some time, and some of the excess water percolated into the soil will be absorbed, thus reducing danger of land slides. In contrast, when trees are felled, the roots die off much faster, facilitating runoff and erosion. The roots of the girdled stumps, together with those of remaining trees, shrubs, grasses, and food crops form an underground network, anchoring and reinforcing the soil, thereby keeping the slope intact. This network also prevents surface water saturation by absrobing excess water.
Choice of crop and tree species for planting

The root system and the suitability of the plant for a certain part of the slope are important considerations for choice of plants for slope restoration. Cocoa, kolanut, bitter cola, oil palm, plums, pears, bananas, plantains mango, and coco yams were planted on the middle slope alongside already existing timber and non-timber species including change blood (tree berry), monkey cola, bush pepper and others. The mosaic nature of the cropping system gave the slope a good vegetative cover, rendering it more stable and productive. The vegetation intercepts and slows down rain during heavy downpours, and will absorb and transpire excess water into the atmosphere. The roots provide a microclimate that harbors soil organisms contributing to soil health.
Protection of water sources

At the foot of the slope, there is a brook with a stream that serves as a source of potable water. Water here is used for irrigation, other farm and community activities, and drinking. On the banks close to the slope there is a natural forest with a variety of aquatic hydrophytic and non-aquatic species. This area has been enhanced with oil palms, raffia palms, njabe (the oil is used in cooking and for medicinal purposes), and was protected from human intervention, including farming, logging and firewood harvesting, since it is the only water source in the area. The demarcation line was drawn 300 m from the source. On one side, a dense forest was allowed to act as a natural boundary to all human activities. Fast-growing Cedrela odorata were planted for delimitation. 
The water source was protected from contamination by mounting rocks into a dam collecting the water into a pipe that facilitates easy fetching by the community. This dam improves water quality for human consumption. Previously, the water source was exposed, lying in a stagnant pool, and was scooped from the ground with dishes. This left the water dirty and turbid, and caused scarcity especially during the dry season, as well as disease. The dam has greatly improved the situation. It was also explained to the local community that the catchment will dry up if the area is cleared for farming. The community committed to properly managing the upper slopes of the hill to prevent erosion and siltation.
RESULTS AND DISCUSSION
Crop Yields

The yield for cocoa and coffee from plot I, which was on a slope that had not been cleared, was higher than in the other plots, and increased over the years (Table 1). This indicates that production is low when the crops are still young, but as they mature in a favorable environment with constant nutrient input to the soil from leaves and branches, yields increase. There was also an apparent healthy interaction among different tree and crop species.
Plot II, which was on a slope that had been completely cleared, had high yield during the first 3 years, but yield dropped during the 4th and 5th years (Table 1). At the start, when the area was just cleared, there was enough humus formed from the decomposing cleared material, but as time went on, the whole area became exposed to precipitation, washing away this fertile material. There was not enough vegetation cover or shade trees to shelter the cocoa and provide the necessary organic matter. 
Plot III, which was on a slope that had been degraded by slash and burn practices and exploited for timber, had poor yield throughout compared to the other plots (Table 1). It was observed that some of the crops on the upper slopes, especially cocoa, died off, maybe because of absence of shade trees that could contribute to retaining water for plant development. However, the coffee yield was constant across all the three plots, showing that coffee can survive most adverse conditions beter than cocoa. 

Alternative Livelihood Activities (ALAs) of agrotropic-rainforestry

Restoration projects usually take a long time to mature, and local people need to have access to other means to provide their livelihood needs. The agrotropic-rainforestry system simultaneously fosters restoration and provides some form of income. Alternative livelihood activities incorporated in agrotropic-rainforestry are important, ensuring the system is readily accepted in the community because of immediate benefits to compensate for time and other investment into the project. Some ALAs included fish pond farming, which generates income and provides an alternative source of much-needed protein since bushmeat is scarce. Pig and snail farming were also included in home gardens. The snails grow in their natural habitat in a netting fence (snailery), thus being raised in a natural environment. Also some of the ALAs will ensure cycling of materials to avoid wasting perishable farm leftovers, and kitchen or household waste. It also provides additional employment to the community, contributing to poverty alleviation.
Management of farms on slopes
Successful management in slope agriculture needs to take into account both the farm and the slope characteristics. Both have to be managed concurrently because the success or failure of one will automatically affect the other. This is a gradual process based on intensive work, both risky and time consuming, and requires a lot of patience. A balanced situation can be achieved through appropriate preparation of the area, by using data obtained in the initial assessment as previously described. Hydrological processes such as rainfall, infiltration and evapotranspiration as well as subsurface flow rates are key to maintaining slope stability (Oppenheimer 1988). The agrotropic-rainforestry system ensures this through check dams and through the caring of natural plant regeneration along the slope. The taller trees take up excess groundwater, while crops, shrubs and other shorter plants ameliorate the surface water availability. 
Each stage of the whole restoration process was planned and managed. For example, pesticide application began at the top of the slope moving downwards. This prevents potential injuries to the worker applying the chemicals. 
Harvesting begins at the top of the slope, moving downwards. Cocoa pods and other fruits tend to roll down the slope, some are caught by check dams and the rest by wood logs that are closer to the bottom of the sope where they can be gathered and collected. Carrying produce is the most difficult task, as farmers may fall down when carrying their loads on the slope. Therefore the load is usually reduced to a small head loads. 
The timber and other fast-growing species serve as wind breaks during heavy storms and provide shade conducive for the development of sensitive crops such as cocoa. The slope is constantly monitored for water gullies. Immediate remedy to stop the water flow in gullies is provided by split plantain and banana stems or small logs and branches that are laid across the flow line in a bundle.
Benefits of slope mosaic agrotropic-rainforestry
Degraded slopes and hills of the Mabonji area have been recovered and have developed higher productivity. This helps create a micro-climate enabling the renewal, survival and co-existence of different species, based on ecological principles, contributing to climate stability and creating a healthy and beautiful environment. Fruit and crop yields have increased from 35% to about 89%, with healthier and more viable seeds and fruits due to the interaction of different plants in the same environment. Although some plants are self-pollinated, a great number are insect-pollinated: the intercropping system utilizing several native species yields a microhabitat which is favorable to pollinator species. Other benefits are provided by subsistence crops and NTFPs, both of which are very helpful during off-seasons for subsidizing family incomes and improving livelihoods (Table 2).

The area has regained aesthetic value and fertility. There are fewer landslides, less erosion, and serious land tenure problems have been resolved, creating more stable and calm local communities. There is increased awareness about conservation, participatory natural resource management of community resources and the protection of a common resourse in the water catchment. 

CONCLUSION
Restoration projects are very challenging and need a lot of personal initiative, sacrifices, input and determination to succeed. They require large upfront investments and involvement of local stakeholders, as well as technical assistance from experts. 

The project’s success can be witnessed in the transformation of abandoned hill slopes into economically, biologically, and ecologically useful and productive ecosystems. A sustainable farming and management system for natural resources was adopted, soil condition and fertility improved, and hill forest ecosystems and biodiversity were conserved. Community water sources were improved, aquaculture projects were realized at minimal cost, alternative livelihood activities with bush allowance benefits were created, and local knowledge on community development was enhanced.
The case of Mabonji both sensitized and empowered the farmers since each member of the community developed a sense of belonging and ownership through their involvement in planning and execution of work plans. The community benefitted directly through personal ownership of land on the hill slopes according to their input and interest. Capacity building and training activities were provided for free, together with improved varieties of nursery seedlings and grafted material, for trials on their farms. Community members were convinced and willingly provided seed material and land for trial farms, learning skills which helped them improve their farms. 
It is necessary to build on traditional knowledge, ideas and opinions of indigenous people to ensure success, while including existing research and scientific data on the region. The adoption of agrotropic-rainforestry has improved an old local practice. Traditionally, farming practices were based on mixed cropping, planting a bit of every available crop on their farms. The new system was therefore warmly welcomed though improved and modernized. Involving local people and considering their opinions, giving them the opportunity to actively participate, and ensuring their right of custodianship and ownership of their natural heritage was very important to the success of the whole process. 
Future work includes organizing workshops and seminars, and disseminating the project results at conferences. There are still gaps of data on rainfall, insolation, slope gradients, and engineering and hydrologic properties of local soils. Replication will also be promoted within the region and beyond, training sessions will be held, and further knowledge and capacity will be generated where knowledge gaps exist, especially in terms of engineering and hydrologic properties of the area’s soils.
TABLES
Table 1: Comparative crop yield on three trial plots collected during a period of five years.
Table 2: Additional income from alternative activities (Bush Allowance) in agrotropic-rainforestry.

FIGURES
Figure 1: Overview of slopes after restoration.

Figure 2: Maize farm after restoration.

Figure 3: Citrus orchard after restoration.

Figure 4: Plant nursery for restoration project.

Figure 5: Snail farming project with snaileries.

Figure 6: Mabonji water source; catchment protected and preserved for community use. 
Scarcity of water has helped raise consciousness amongst community people to conserve their water source.
Table 1.
	Trial farm Plots I,II 

& III
	Annual Yield for Cocoa & Coffee Year 1
	Annual Yield for Cocoa & Coffee Year 2
	Annual Yield for Cocoa & Coffee Year 3
	Annual Yield for Cocoa & Coffee Year 4
	Annual Yield for Cocoa & Coffee Year 5

	Plot I on slope not cleared
	4

tons
	800

kg
	6

tons
	900

kg
	8

tons
	950

kg
	10 tons
	1

 ton 
	10

tons
	1.2

tons

	Plot II on slope completely cleared 
	2

tons


	800

kg
	4

tons
	800

kg
	5

tons
	800

kg
	3

tons
	820

kg
	2

tons
	822

kg

	Plot III on slope completely degraded 
	2

tons
	750

kg
	1ton
	780

kg
	800

kg
	860

kg
	785

kg
	800

kg
	622

kg
	800

kg


Table 2.
	No
	Crop species and products: common name only
	Quantity per kg and other
	Price in local currency (FCFA)
	Uses

	1
	Njansang
	1 glass
	500frs
	Spice

	2
	Bush pepper
	1 glass
	250frs
	Spice

	3
	Bush mango
	1 glass
	300frs
	Fruits for food and seed for spices 

	4
	Plums
	1 bucket
	4.500frs
	Food 

	5
	Pears
	1 fruit
	100frs
	Food

	6
	Citrus (oranges, lemon, grapes and tangerines)
	Bag of 50kg
	7.500frs
	Food

	7
	Pineapple
	1 fruits
	250frs
	Food 

	8
	Plantains/Bananas
	1 bunch 
	Between 1500-2500frs 
	Food 

	9
	Monkey Cola
	1 fruit
	150frs
	Food 

	10
	Bitter Cola 
	1 bucket 
	25.000frs
	Food/medicine 

	11
	Kola nut
	1 nut
	25frs
	Food/stimulant 

	12
	Com
	1 bucket 
	5.000frs
	Food 

	13
	Tree berry (Change Blood)
	1 small heap
	200frs
	Food as fruit 

	14
	Coco yams 
	1 bucket 
	3.500frs
	Food

	15
	Yams
	1 heap
	2500frs
	Food 

	16
	Raffia palm wine (matutu), Oil palm wine (matango) 
	5 litres
	600frs
	Drink 

	17
	Fuel wood/Timber
	Log/bundle and plank
	1500-2500frs
	Fuelwood for domestic use, drying of cocoa, and timber for house construction 

	18
	Ngongo leaf
	1 bundle
	100frs
	Rapping of food

	19
	Cocoa 
	1 kg
	1000frs
	Export 

	20
	Coffee
	1 kg
	600frs
	Export 

	21
	Palm Oil
	1 litre
	600frs
	Local use and export 
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