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Overview of Tanzania

Tanzania (1o and 12oS and 30o and 41oE) with population estimated at 34.6 million growing at annual rate of about 3.4 per cent (URT, 2003) covers approximately an area of about 886,000 km2 in East Africa, south of the equator. About 80% of the total population lives in rural areas with 50% of the population living below the poverty line and significant is food insecure and malnutrition, particularly in children. Tanzania is facing increasing poverty, food insecurity, environmental degradation, and HIV/AIDS pandemic. About 42% of the land area is cultivable but only 10 million hectares are under cultivation. 
The country lies between three great lakes (Victoria in the north, Tanganyika in the west and Nyasa in the south in the Western Rift Valley) and the Indian Ocean to the east (UNDP/World Bank 1988).  The altitude varies between the summit of Mount Kilimanjaro 5,950 m above sea level and the floor of Lake Tanganyika 358 m below sea level (Kauzeni et al., 1993). Tanzania experiences temperatures ranging from tropical to temperate. Rainfall is variable and about 3% of Tanzania receives annual rainfall exceeding 1,250 mm while 21% of the country can expect with 90% probability more than 750 mm of annual rainfall (Berry, 1995). Soils vary from deep sandy to heavy texture soils in the coast, sandy loam in the central and western plateau and eroded land and deeply weathered soils occurring on mountain slopes and in the central highlands. The most fertile soils in Tanzania are the reddish-brown soils derived from volcanic rocks although mbuga (lowland) and other alluvial soils have good potential elsewhere in the country (Kauzeni et al., 1993) especially the semi-arid land. 
The semi-arid areas of Tanzania

Much as 50-80% of Tanzania falls in the 400 – 1200 mm rainfall semi-arid zone with evapotranspiration normally exceeding rainfall in nine months of the year. The rainfall in the semi-arid of Tanzania is not only relatively inadequate but also of high variability. A high variability means that there can be a prolonged dry spell even during the rainy season, which is the characteristic of semi arid areas of Tanzania. The major occupation for the people in the semi-arid areas of Tanzania includes agriculture, pastoralism and agro-pastoralism. Tanzania is rich in minerals. The potential areas for mining in Tanzania and which have high productivity on gold and diamond are the semi-arid areas. This is a competing activity with other environmental management initiatives. These areas have for the past three years experienced prolonged drought which led to serious food shortages in the country. Poverty, malnutrition, access to clean water and medicines are one of major problems facing the communities in these areas. Majority of people live at a very serious poverty level of 1 – 2 US$ per day and at times people do not afford two meals a day. 
Forests and woodlands

The vegetation of the semi-arid areas of Tanzania is characterized by grasslands, dense thickets, woodlands and seasonally flooded grasslands. Forests are important sources of environmental, economic, social and cultural functions in the semi-arid areas of Tanzania. Tanzania is one of the countries in southern Africa with the major proportion of its landscape (38-50%) under forests and woodlands. The Tanzanian forests forms an important part of the world plant and fauna biodiversity hotspots of the Eastern Arc Mountains. However most of the Tanzanian natural vegetation has over the years been considerably modified by human occupation (Berry, 1995). Deforestation and land degradation in arid and semi-arid lands are on the increase all over Tanzania. It is widely estimated that about 130,000 – 150,000 ha are cleared annually in Tanzania (MNRT, 1998). The major causes include forest clearing for agriculture expansion, shifting cultivation, fires to stimulate grazing pastures, over-exploitation of tree resources (logging), human settlements, charcoal making and mining. 

Agriculture

Agriculture is the mainstay of the economy of Tanzania, providing 40 to 50% of the Gross National Product (GNP), 80% of exports and 90% of the employment (Kajembe, 1994).  Tanzania is a country of varying agricultural potential, ranging from semi-arid to fertile and highly productive land under rain-fed agriculture. The main crops cultivated include coffee, tea, cotton, sisal, tobacco, wheat, maize, rice, beans, and cashew.  Much of the productive land however is already densely settled and as population pressure continues to rise, more and more people are settling and cultivating in the marginal areas, often encroaching into grazing areas or forest and wildlife reserves (Kauzeni et al., 1993). As land pressure increases, more and more marginal areas in the world are being used for agriculture.  Much of this land is located in the arid or semi-arid belts where rain falls irregularly and much of the precious water is soon lost as surface run off.  

Natural resource management projects in ASALs of Tanzania

The trends in management of natural resources in Tanzania are a translation of implementation of macroeconomic policy frameworks, sectoral policies and programmes. The Natural Resources sector policies advocate among other things community involvement in conservation and management of natural resources; private sector involvement, involvement of non-governmental organisations and community based organisations. The Management of Natural Resources Program in Tanzania implements the policies and strategies aimed at attaining the vision of the 2025: sustainable socio-economic development by the year 2025. To ensure this the responsible ministry has the role to ensure that the natural resources are managed in order to positively contribute to the national development in its totality. Strategies towards achieving the goals are articulated in various national policy documents. These include the National Poverty Eradication Strategy (NPES) that focus on poverty eradication, Poverty Reduction Strategy Paper (PSRP) developed in the context of Highly Indebted Poor Country Initiatives (HIPC) process and the Tanzania Assistance Strategy (TAS) that identifies priority areas for external support (MNRT, 2002). Sustainable agriculture development depends on proper use of the natural resource base. The agricultural sector recognizes this and has based its strategies on sustainable natural resource management, while increasing agricultural productivity and profitability. Fertile soils in Tanzania are confined to the volcanic soils, alluvial soils in river valleys and wetlands (mbugas) in semi-arid areas. Considerable research work has been done in the past to develop technologies and practices for land/soil management and conservation (MAFS, 2003).
TREE PLANTING AND AGROFORESTRY IN SEMI-ARID AREAS OF TANZANIA
Village tree planting programs
Tree planting programs and campaigns date back to the 1960s as part of nation wide reafforestation effort. The Village Afforestation Program in Tanzania was designed under the spirit of the Arusha Declaration in 1967, and became effective in 1970 to play a major part in the country’s afforestation efforts. The Forest Division of the Ministry of Natural Resources and Tourism was implementing the program with support from different donors. The major goal was to increase fuelwood production to reduce the rural energy crisis. Village woodlots were therefore emphasized as means of meeting future fuelwood shortages in all agro-ecological zones of the country. This policy of promoting village woodlots has however not been successful especially in dry land farming areas. Growth rates are slower, survival rates are poorer and protection of seedlings against fires and animals is more of a problem. In pastoral areas tree planting have had poor results in Tanzania (Kerkhof, 1990. Protecting areas from grazing animals has been found to be a much more effective way of restoring the natural vegetation and tree cover under the NGITILI system in the Sukuma land. 
Agroforestry in the ASALs of Tanzania
In the past three decades initiatives have been made to introduce agroforestry technologies to the arid and semi-arid areas of Tanzania. Hifadhi Ardhi Dodoma (Soil Conservation Project) (HADO) was established in 1973 in efforts to control severe soil erosion in Dodoma, an arid region in the central Tanzania (Kerkhof, 1990). This project had a strong backup from the ruling party TANU that time and got support from village governments in implementation. Villages established communal woodlots. Under the help of Sokoine University of Agriculture some agroforestry trials were established testing the intercropping of cereals with Leucaena leucocephala. Others were looking at the production of fodder for stall-feeding cattle however until 1990 none of these has been successful to produce any firm data. 

The current National Forest Policy in Tanzania put emphasis on community and farm forestry in which agroforestry forms an integral part of natural resource management (MNRT, 1998). Various agroforestry technologies have been tested in the country for soil improvement, fuelwood and fodder production and have yielded encouraging results. Early community and farm forestry research focused on woodlots and home gardens. However these systems seemed to work well in humid areas where soil moisture is not a constraint as opposed to semi-arid areas (Chamshama et al., 1998). This technology however has been widely used in the high potential areas of northern (Arusha and Kilimanjaro regions), Eastern (Tanga and Morogoro regions) and southern highland (Mbeya, Rukwa and Iringa regions), areas of Tanzania that receive more than 1000 mm of annual rainfall. 

Alternative agroforestry technologies such as rotational woodlots, improved fallows, fodder banks and relay cropping systems for semi-arid areas have been tested in Morogoro, Shinyanga and Tabora regions. The World Agroforestry Centre (then ICRAF) through Hifadhi Ardhi Shinyanga (HASHI) Project have for the past two decades introduced agroforestry to the semi-arid areas of Tanzania in Shinyanga and Tabora in the Acacia and miombo woodlands. Agroforestry technologies introduced included: fodder banks, improved fallows, rotational woodlots and domestication of indigenous fruits and medicinal plants. The government under the Ministry of Natural Resources and Tourism has now incorporated agroforestry in Component II of the Management of Natural Resources Program (MNRP) to scale up the technologies in the western and Lake Zone areas of Tanzania, largely covered by semi-arid climate.
Tanzania Agricultural Research Program phase II 

Tanzania Agricultural Research Program (TARP I & II) has for the past ten years worked in the western zone of Tanzania and much emphasis was on agroforestry. The program has been working in close collaboration with the World Agroforestry Centre (ICRAF) in promoting various agroforestry technologies in the dry areas of the western Tanzania. The Agriculture Policy puts much emphasis on increased food security and agroforestry is a major component in increasing land productivity. The Medium Term Plan (MTP 2004/5-2009/10) of the Ministry of Agriculture and Food Security underscores the need of promoting proven knowledge, information and technologies as one key strategy for food security and poverty alleviation (MAFS, 2003).
Wildlife management  
Wildlife protected areas occupy 28% of Tanzania and substantial area is in the semi-arid zone. Game reserves and national parks in the semi-arid areas of Tanzania include: Selous, Moyowosi, Ugalla, Ringwa, Maswa and Serengeti, Ruaha, Ngorongoro and Mikumi to mention a few. Various projects have been initiated in the wildlife protected areas. The Serengeti Conservation Project have adopted apart from community involvement in wildlife management, the improved fuel wood saving stoves. In the Ngorongoro Conservation Area villagers have been trained on eco-tourism under the Management of Natural resources Program. 
Tanzania is endowed with favourable environment for production of honey, beeswax and other bee products. This makes beekeeping another important socio-economic activity in the semi-arid areas of Tanzania. Potential production areas include; the miombo woodlands, Acacia woodlands, wooded grasslands and savannah grasslands which are found largely in the semi-arid areas of the country (MNRT, 2001b). A Beekeeping Development Project (BDP) was established in 1998 as part of implementation of the National Beekeeping Policy to address poverty reduction initiatives. This project is implemented in five districts of Kibondo, Manyoni, Handeni, Kondoa and Tabora in the semi-arid land. 

Rangeland management in ASALs of Tanzania

Millions of livestock units are concentrated in the semi-arid northern and western Tanzania where rangelands are utilized beyond their carrying capacities. This increased has resulted into growing conflicts between agriculture and other land uses. Incidences of land disputes between pastoralists and farmers have been reported mainly from the semi-arid areas where livestock keeping compete with agriculture.

Non Wood Forest Resources from the ASALs of Tanzania

In the arid and semi arid lands (ASALs) where conditions for agriculture and other land use systems are often harsh and unpredictable, trees are vital assets for the communities living in these zones. The ASALs of Tanzania are an important source of a variety of non wood forest products. The Tanzania ASALs are important sources of gums and resins, and commercialisation of these products forms an important socio-economic activity in these areas. In Tanzania the principal product is gum Arabic and other natural gums, which are collected from Acacia and Commiphora woodlands in the semi- arid areas of Tanzania. These natural stands of Acacia are found growing naturally and are unfortunately not normally managed. A regional project under FAO for the dry lands of Eastern and Western Africa on strengthening the production and quality control of gums and resins in Africa has been initiated and Tanzania is one of beneficiaries.

Resins of potential development in Tanzania are obtained from Boswellia and Pine tree species. However their economic exploitation is not yet done in the country. Production figures for both gums and resins in Tanzania are not well known. They form part of neglected, and yet of high economic value products from the semi-arid areas of Tanzania. A regional project has been initiated under the East African Forestry Research Network (AFORNET) as a follow-up to the recent study by the Forestry Research Network for Sub-Saharan Africa (FORNESSA) which reviewed the state of knowledge of Boswellia species and commercialization of frankincense in the dry lands of Eastern Africa. The project aim is to improve management of Boswellia species and commercialisation of Frankincence in East Africa.
ASALs of Tanzania are sources of various types of indigenous fruits, vegetables and medicinal plants. The biodiversity in these regions have played major roles in human daily lives through production of various products. These products have been contributing to income generation and serving as strategic food resources during famine periods.  In the rural areas of Tanzania the reliance on traditional medicines compared to modern treatments is substantial due to scarcity of hospitals and dispensaries, lack of medicines and the associated costs.  It is estimated that about 60% of miombo trees and other plant species in the woodlands have medicinal value. The World Agroforestry Centre (ICRAF) and partners are promoting the domestication of indigenous fruits and medicinal plants in the miombo and Acacia woodlands of Tanzania. 
The ASALs of Tanzania are also important sources of tree species used for handcraft, especially Dalbergia melanoxylon (Black wood). Wood carvings making is an important socio-economic activity in the dry areas of Tanzania and the harvesting of the wood material contribute substantially to deforestation. 
Soil and water conservation initiatives in the ASALs of Tanzania

Sustainable agriculture in the drylands depends upon effective utilisation of available water resource both from the ground and rainwater. Research in the semi-arid areas of Tanzania was carried out between 1992 and 2001 to develop improved cropping systems based on rainwater harvesting. This work was a collaborative venture between the Centre for Land Use and Water Resources Research and the Soil Water Management Group at Sokoine University of Agriculture. Shortage of soil-water for plant use is the major problem in the semi-arid areas of Tanzania and RELMA have been working in water harvesting projects in the Country. The argument is that the approaches such as cut-off drains and tree planting for soil conservation in ASALs of Tanzania have been inappropriate for plants in these areas suffer more from water rather than nutrient constraints. Farmers in the semi-arid areas of have realized this problem and have intensified their cultivation in wetlands and other seasonally flooded valley bottoms. This approach has led to the significant production of paddy in semi-arid areas (Hatibu & Mahoo, 2000).
The Ministry of Agriculture and Food Security is implementing a project on PIDP all over drylands of Tanzania. 
Agroforestry technologies in the ASALs of Tanzania

Rocheleau et al., (1988) documented agroforestry options for the dry lands of Africa. There exist various agroforestry options for the arid and semi-arid areas in Tanzania with key ones being:
Trees on farm

Farmers in semi-arid areas normally leave some trees in the process of clearing crop fields. Trees mainly left have uses including timber, medicines and fruits. Common species include Pterocarpus angolensis, Vitex mombassae, Brachystegia spiciformis, Terminalia sericea, Afzelia quanzensis, Strychnos cocculoides, Brachystegia boehmii, Pterocarpus tinctorius, Faidherbia albida, Balanites aegyptiaca, Sclerocarya birrea and Julbernardia globiflora. Normal tendency however of farmers in these areas is to allow cattle to graze after crop harvest and this have effect on the growth and regeneration of these trees. 
Boundary planting

It is normal to see trees planted on boundaries in the landscapes of the semi-arid areas of Tanzania. They are used to demarcate land under communal ownership especially in the Sukuma land. Trees planted on boundaries cut down wind speed, water and soil erosion, and improve soil structure and fertility. In the Sukuma land for example people have planted Euphorbia tirucalli as live fence for farm protection and as wind breaks as are left to grow tall. Others have planted Senna siamea, Azadrachta indica, Albizia lebbeck, Australian acacias, Leucaena leucocephala and have left indigenous trees like Acacia nilotica and A. polyacantha to mention a few on their farm boundaries.  
Rotational woodlots

People in the semi-arid areas of Tanzania have adopted rotational woodlots initially planted with Australian acacias, Senna siamea, Acacia nilotica and Acacia polyacantha in Tabora and Shinyanga in the Central western Tanzania. The idea behind this technology is that trees are planted together with food crops for the first three years and when it is not economical to plant crops under the tree canopy trees are left to grow for other two to three years before they can be harvested and the rotation to start. Farmers however have left their trees longer than the predicted rotation age of five years, and some have left their trees up to more than ten years. Fast growing Australian acacias have yielded 40 – 90 tons per ha of dry wood in only five years. Rotational woodlot has great potential in rehabilitation of degraded lands in the country. Efforts are made to include more indigenous and exotic trees in the system such as Brachystegia spiciformis, Terminalia sericea, Pterocarpus angolensis, Afzelia quanzensis, Melia azedrach, Casuarina junghuhniana and Cedrela odorata to supply both fuelwood and timber.
Improved fallows

Soil fertility is a major constraint for agricultural production in the semi-arid areas of Tanzania. Improved fallows technology has been introduced in these areas to increase soil productivity. Tree and herbaceous legume species being promoted in the semi-arid areas of Tanzania include Sesbania sesban, Gliricidia sepium, Acacia angustissima, Tephrosia vogelli, Cajanus cajan and Pigeon pea. Maize grain yields of between 780 – 1,725 kg per ha have been recorded in Tabora region.
Fodder banks

The fodder bank technology involves growing high value trees and /or shrubs (Leucaena pallida, L. diversifolia, Acacia angustissima and Gliricidia sepium) to provide fodder to alleviate shortages of fodder in dry season and consequently, increase and sustain milk production in rural, peri-urban and urban areas. Fodder production of up to 6.9 t DM/ha/yr in Tabora has been recorded. Dairy cows on a diet of hay and crop residues yielded 8-12 litres/cow/day when supplemented with dry tree leaves in Tabora.  In Shinyanga supplementation of diets with 2-4 kg of Leucaena leaves resulted in 30% increase in milk production. 

Ngitili (traditional fodder banks)

“Ngitilis” are reserved natural pastures for the purpose of provision of fodder, fuel and construction materials, and soil restoration. This traditional system is practiced by the Sukuma people in the central western Tanzania which experience long dry season annually. Improved “ngitilis” involves inter planting fodder trees, herbaceous legumes and grasses in these reserved natural pastures. Biomass yields of between 4 to 9 tons DM/ha/yr have been recorded in Shinyanga.
Domestication of indigenous fruit and medicinal trees

The miombo and Acacia woodlands in the semi-arid areas of Tanzania are endowed with a rich diversity of indigenous fruit and medicinal trees which have for many years played an important role in the well being of rural communities as source of food, fuel wood, timber, poles, fodder, medicinal, income and providing food security during seasonal food shortages and in times of famine. These under-exploited fruits are rich in essential vitamins minerals, sugar, proteins, oils and fibre (Ndabikunze et al 2000) and contribute significantly to the nutrition well being of the rural communities. About 80% of rural people in Tanzania depend on traditional medicine for their primary health care needs (Mahunna 1990), mostly derived from indigenous tree species. Increased land degradation in the miombo and Acacia woodlands of Tanzania has posed a great threat on the availability of indigenous fruits and medicinal plants. A tree domestication program is being implemented by the World Agroforestry Centre (ICRAF) in collaboration with partners in the central western Tanzania. 
The domestication process is to bring the wild fruit and medicinal trees to the farm in order to enhance food security, improve income, health and nutritional status of the poor rural and urban communities while safeguarding their biodiversity and protecting environment. Range wide collections of germplasm of fruit trees Sclerocarya birrea, Strychnos cocculoides, has been established in order to identify superior genotypes for establishment of seed orchards and clonal banks. Nine priority medicinal tree species that include Combretum  zeyheri, Turrea fischeri, Securidaca longipendulata, Cassia abbreviate, Zanthoxylum chalybeum, Albizia antelmintica, Entanrrophragma bussei, Entada abyssinica and Terminalia sericea are being evaluated on farmers fields.

Processing of indigenous and exotic fruits
Indigenous fruits have for along time made a significant dietary and nutritional contribution to the rural families as source of vitamins, minerals, calories, protein and oil. Most of these fruits are eaten raw. Income generated from these fruits is very low because of poor markets and processing technologies leading to huge fruit wastage. 

ICRAF and Tumbi Agriculture Research Institute in the central western Tanzania over the last 3 years have trained about 2,000 farmers from 30 farmer groups on processing of indigenous fruits. Using standard recipes for processing indigenous fruits, different products of jams, juices and wine have been produced both on-station and on-farm. Edible fruits from Parinari curatellifolia, Strychnos  cocculoides,Vitex mombassae, Flacourtia indica, Sclerocarya birrea and Syzigium guinensis are being used to produce products that are good, acceptable and that can be commercialized. 
Conclusions
In spite of policy developments that recognize the need to protect the rights of people to natural resources while preserving and restoring ecosystems, there is yet no sustainable development strategies specifically linking together policies to address problems of environmental degradation and poverty. Tree planting and mechanical soil conservation measures in arid and semi-arid areas of Tanzania have not been very successful because they do not address the real problem which is over-grazing and water.
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