
 

International Journal of Sustainable and Green Energy 
2017; 6(4): 49-56 

http://www.sciencepublishinggroup.com/j/ijsge 

doi: 10.11648/j.ijrse.20170604.11  
 

 Review Article  

Sustainable Environmental Conservation in East Africa 
through Agroforestry Systems: A Case of the Eastern Arc 
Mountains of Tanzania 

Msafiri Yusuph Mkonda
1, 2, *

, Xinhua He
1, 3 

1Centre of Excellence for Soil Biology, College of Resources and Environment, Southwest University, Chongqing, China 
2Department of Physical Sciences, Faculty of Science, Sokoine University of Agriculture, Morogoro, Tanzania 
3School of Plant Biology, University of Western Australia, Crawley, Australia 

Email address: 

msamkonda81@yahoo.co.uk (M. Y. Mkonda) 
*Corresponding author 

To cite this article: 
Msafiri Yusuph Mkonda, Xinhua He. Sustainable Environmental Conservation in East Africa through Agroforestry Systems: A Case of the 

Eastern Arc Mountains of Tanzania. International Journal of Sustainable and Green Energy. Vol. 6, No. 4, 2017, pp. 49-56.  

doi: 10.11648/j.ijrse.20170604.11 

Received: June 17, 2017; Accepted: June 30, 2017; Published: July 26, 2017 

 

Abstract: Sustainable conservation of any ecosystem needs a balance between resource utilization and management. The 

Eastern Arc Mountains (EAM) of East Africa which covers a large area more particularly in Tanzania needs such kind of balance 

for its sustainability. With potential biophysical resources such as fluvial, vertisols and xerosols soils with the annual rainfall 

exceeds 1200 mm per year, may attracts more degradation than conservation. This review aims to assess the influence of 

agroforestry and related farming systems in the intensification of sustainable conservation in the area. Thereby, we reviewed 39 

peer reviewed publications from the data base and some secondary data to attain the goal. It is discernible that agroforestry has 

increased crop yields for over 50% in the area. However, the ongoing degradation threatens the sustainability of the EAM. Forest 

degradation will offset over 100 million tons of carbon that is stored in the EAM. Besides, environmental degradation will 

significantly affect the water sources that feed over 3.5 million people in the downstream. Then, the supply of water for 

Hydro-Electric Power, environmental requirements and agricultural activities in the downstream will be adequate affected. To 

curb the authentic and potential degradation, the Eastern Arc Mountains Conservation Endowment Funds (EAMCEF) is 

operational in the area. Norway is among the great funders of EAMCEF. Therefore, for the robustness of sustainable 

conservation in EAM, a collective effort from various stakeholders especially donors are needed. 
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1. Introduction 

The Eastern Arc Mountains (EAM) of East Africa are 

endowed with potential biophysical resources that can allow 

numerous agricultural systems (e.g. agroforestry systems) to 

be practiced [18]. The area has a wide range of plant species 

and can further accommodate the integration of diverse tree 

crops [22]. Seemingly, a number of large-scale international 

donors like World Wildlife Fund (WWF) and Alliance for 

Green Revolution in Africa (AGRA) have earmarked the area 

to be significant for both human need and environmental 

requirements. These international donors have a belief that 

sustainable conservation is a surest path of elevating 

adaptation and mitigation in the area. 

The increasing food demand due to global population 

increase, has forced the excessive utilization of available 

environment resource to produce the needful [8, 23]. This 

production need not only to be high, but also to be stable and 

sustainable [30]. In sub-Saharan Africa this sorts of 

production is urgently needed to feed the under-nourished 

millions of people [9, 32]. However, this needs good farming 

systems that can optimally increase yields to curb hunger and 

famine in the region. Among other things, agroforestry 

appeared to have significantly increased stable yields in 
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various areas where adopted [18, 29, 33, 36]. East Africa has 

some potential ecosystems that can accommodate agroforestry 

systems to increase yields and food security [2, 3, 33]. 

Agroforestry is among the conservational practices that can 

sustain a number of economic, social and ecological 

significance [18, 29, 36]. In whole, it optimizes crop 

productivity, restores the degraded environment and improves 

environmental services in the area. It is a good proposition the 

as it can curb the problems related to hunger, poverty and 

environmental stress [5]. Mbwambo et al. [15], showed that 

the adoption rate of Agroforestry system in Tanzania is not 

sufficient because only 49% of the small scale farmers 

(peasants) have adopted alley intercropping (hedgerow), 18% 

improved fallow, whilst 18% have adopted home garden. 

Therefore, effective initiatives are to be taken to increases 

agroforestry adoption [3].We are proposing agroforestry in the 

region because most agro-ecological zones in Tanzania and 

Kenya have already affected by climate change and thus, the 

people are encroaching the EAM for obtain their livelihoods 

[11]. The Intergovernmental Panel on Climate Change 

grouped Tanzania as among the thirteen countries worst 

affected by the impacts of climate change and vulnerability 

and has weak adaptive capacities [12]. Basing on that juncture, 

the country is at risk of failing to feed the increasing 

population because about 70% of her people depend on 

rain-fed agriculture and they have weak purchasing power to 

access the imported food from the market [32]. The report by 

IPCC, imply that people look for alternative livelihoods 

including the encroachment in resources areas that are not 

severely impacted by environmental stress. Tin this aspect, the 

livestock grazers is the leading group in encroaching the 

ecosystem to search for water and pasture for their cattle [7, 10, 

13]. Therefore, the proposition of sustainable practices than 

can conserve the ecosystem for a longer time is fairly 

accorded. This includes the adoption of immediate and 

long-term remedies that relieves the vulnerable ecosystems 

and people in the area [11]. 

This study aims to review the promises of agroforestry 

systems to sustainable conservation in the Eastern Arc 

Mountains. It groups agroforestry and allied conservation 

practices as tool powerful tools for adaptation to the on-going 

climate change impacts in the study area. The attached 

socio-ecological benefits of agroforestry would impress other 

parts of the country to adopt it to benefit the same [5, 6]. The 

study falls on the interest of researchers, farmers and 

development partners i.e. The Eastern Arc Mountain 

Conservation Endowment Fund (EAMCEF). Therefore, 

agroforestry is considered as a tool that raises the resiliency of 

the vulnerable communities in most developing countries as a 

result of climate change impacts as advocated by IPCC and 

UNFCCC.  

2. Materials and Methods 

2.1. Profile of the Study Site 

The Eastern Arc Mountain (EAM) is comprised of thirteen 

separate blocs with their location stretching from South-East 

Kenya through South-Central Tanzania (Figure 1). They are 

situated between 3° 20´ to 8°45´S latitude and 35° 37´ to 38° 

48´E longitude covering an area of around 3300 km
2
 of 

sub-montane, montane, and upper montane forests. The 

current forested part in the Eastern Arc Mountains is less than 

30%, or some 1440 km
2
, of the estimated original forested 

area. The EAM biophysical characteristics (soil, vegetation 

and rainfall) are suitable for diverse agricultural systems. 

They have suitable biophysical characteristics compared to 

most parts of the country. It covers more than 15 districts in 

the country.  

 

Source: Adopted from Burgess et al. [2] 

Figure 1. Map showing 12 Eastern Arc Mountain blocs in Tanzania and 1 in 

Kenya. 

2.2. Methodology 

We selected 39 peer reviewed journal papers, government 

and international organizations reports to review for this paer. 

Studies conducted in the area or similar ecosystems and 

published in international journals were given high 

consideration in the selection. In whole, we gave priority to 

authentic journals and reports which were recently published. 

Similarly, we adhered to all intellectual property rights. 

Secondary climate data i.e. rainfall and temperature were 

analyzed through the Mann-Kendell Test [39]. In addition, we 

designed a conceptual framework to synchronize important 

aspects of the study (Figure 2). 

3. The Conceptual Framework 

For sustainable conservation; we need to grasp the socio 

-economic and ecological significance of agroforestry (Figure 

2). It serves the duo function of sustaining the human needs 

and environmental requirements from [26]. This framework 
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justifies its sustainable conservation. 

In the Eastern Arc Mountains especially in western and 

eastern Usambara, and Uluru mountains; mangoes, oranges 

and coconuts trees, maize, cassava, beans and sugarcane are 

some of the dominant crops produced in the area. 

Agrosilviculture, agrosilvopastoral and other forms of 

agroforestry system are integrated in the study area [26]. This 

integration offers numerous potentials to both the people and 

ecology (Figure 2). 

 

Figure 2. Conceptual framework of agroforestry. 

The conceptual framework in figure 2 above convey the 

information that through agroforestry; a wide range of social, 

economic, cultural and ecological just to mention a few, can 

be obtained. This is particular important in areas where the 

livelihood of most people is limited. Therefore, in the study 

area where most people are poor, it is advised to adopt 

agroforestry as among the major livelihoods to get the 

aforementioned benefits. 

4. Potentials of the Area 

The mountains are evolutionary and ecologically quite 

distinct from adjacent highlands, grasslands, savannas, and 

woodlands in East Africa. They have more affinity to 

Guineo-Congolian lowland rainforests. The Eastern Arc 

Mountain has been proposed as one of the several refugia in 

Africa during geologic periods when the tropical climate was 

generally adverse for forest development [16]. The EAM has a 

plenty of biophysical resources ranging from fauna, flora, 

water resources and soils [4]. It is a source of water supply for 

over 3.5 million people, storage of over 100 million tons of 

carbon, habitat of over 800 endemic plant species, 100 

endemic vertebrates, 10 endemic mammals, 19 endemic birds, 

31 endemic reptiles and 40 endemic amphibians [2, 3, 20]. 

Their unique characteristic and geological formation of 

isolation and connectivity played a crucial role in shaping the 

current distribution of species diversity within and between 

the mountain blocks. Connectivity is where mountains 

blocks were formed as sister blocs and were separated by a 

narrow gap without much difference in forest types. 

Connected mountain blocks include: North and South Pare, 

West and East Usambara, North and South Uluguru, and the 

Udzungwa, all in Tanzania. There are other isolated 

mountain blocs like Nguu, Nguru, Ukaguru, Rubeho, 

Mahenge, Malundwe, and Uvidunda in Tanzania. Taita hills 

in Kenya are the only part of Eastern Arc Mountain with an 

estimated remnant forested area of 6 km2 (Figure 1). These 

mountains are major sources of water that afterward flows 

downstream. Big rivers such as Rufiji, Wami, Ruvu, 

Kilombero and Pangani have their source on these mountains 

(Figure1). In turn, these rivers provide water for domestic, 

Hydro-Electric Power, farming and environment 

requirements [17].  

However, the ecosystem is threated by the increasing 

degradation due to expansion of anthropogenic livelihoods. 

Much of these activities happen for livelihoods sustenance. 
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Figure 3. Part of the EAM with some deforestation. 

The mountains have been globally ranked among the top 

biodiversity ‘rich hotspots’ in the world However, the 

findings from Mumbi et al. [2], Charles et al. [3], Mbwambo 

et al. [15], Reyes [24] and Milledge et al. [16] showed that 

these potentials are threatened by human induced activities 

and the global climate change. Table 1 below shows some 

potential tree species in the area. Some dominant wild 

Miombo fruit trees in the study area include: Parinari 

curatellifolia, Strychnos cocculoides, Vitex mombassae and 

Flacourtia indica. The block hosts the world’s endemic plant 

and animal species [2, 25]. Using the biophysical potentials; 

a wide range of crops are produced for socio-economic and 

ecological gains. The crops yields provide enough food 

varieties ranging from vitamin (vegetables), protein (beans), 

starch (maize) and oil (coconuts). In so doing, it reduces the 

vulnerability of the local communities as the EAM 

contribute to 40% the peoples’ livelihoods who lives 

adjacently [27]. In terms of climate, it appeared that the EAM 

experience the impact of global climate change. Annual 

precipitation in the region falls within two seasons, the ‘Long 

Rains’(approximately mid-February through June) and the 

‘Short Rains’ (approximately mid-October through December) 

but the overall, the annual rains is amounted to over 1100 mm 

while temperature varies between 22 and 33
o
C. The analyses 

from meteorological data has shown the significant decline of 

rainfall (p<0.05) and the non-significant increase of 

temperature (p>0.05). The rainfall has fluctuated at the 

increasing trend (R
2 

=0.41) while temperature so did in the 

increasing trend (R
2
 =0.10) as seen in Figure 4 below. It is 

seemingly, the decrease in rainfall has affected the ecosystems 

of the area i.e. water sources, extinctions of flora and fauna 

species just to list a few. Besides, the increasing temperature 

above the withstanding capacity has a fairly negative impact 

to the same. 

 

Source: Data analyses from Tanzania Meteorological Agency (TMA) 

Figure 4. Rainfall (A) and Temperature trend (B) in EAM. 
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Table 1. Potentials of Available Plant Species in the Eastern Arc Mountain. 

Species name  Uses/Functions  

Acacia species  Firewood, fodder, nitrogen fixation, shade  

Albizia schimperiana  Timber, firewood, nitrogen fixation, fodder, rain indicator  

Annona muricata  Fruits, shade, live fence  

Artocarpus heterophyllus  Fruits, shade, control soil erosion  

Balanites aegyptiaca  Timber, firewood, organic matter  

Commiphora eminii  Firewood, fodder, shade, organic matter, support climber  

Cordia africana  Timber, shade, firewood, soil improvement, fodder  

Cordia sinensis  Firewood, organic matter, shade  

Croton macrostachyus  Firewood, fodder, nitrogen fixation, shade  

Eucalyptus saligna  Poles, firewood, wind break, erosion control  

Faidherbia albida  Firewood, nitrogen fixation, fodder, shade  

Ficus species  Firewood, shade, windbreak, control soil erosion  

Grevillea robusta  Timber, shade, firewood, add organic matter  

Kigelia africana  Fruits, shade, nitrogen fixation  

Mangifera indica  Fruit, erosion control, windbreak, firewood  

Markhamia obtusifolia  Firewood, fodder, nitrogen fixation, shade  

Persea americana  Fruits, firewood, shade, soil improvement  

Salvadora persica  Firewood, fodder, nitrogen fixation, shade  

Syzygium cordatum  Timber, fruits, firewood, organic matter, shade  

Tamarindus indica  Timber, fruits, firewood, organic matter  

Source: Modified from Charles et al. [3] 

5. Degradation of the Area 

More than 70% of the area has been deforested through 

anthropogenic activities such as charcoal making and extensive 

agriculture. Since 1970’s more than 12% of all forest resources 

in the area have been cleared by small scale farming, charcoal 

production, and collection of forest resource and extensive 

grazing i.e. encroachment [27, 37]. These practices set more 

pressure to the already threatened ecosystems (mountains). The 

degradation has been optimal at the upstream of Uluguru, 

Nguru, Usambara and Udzungwa Mountains [31].  

This has affected water sources and other land resources 

[37]. Further, these degradation have increased the threat to 

endangered species especially in the practices lead to 

deforestation and disappearance of endangered species. 

Among these species includes natural vegetation species such 

as Mussaenda microdonta, Memecylon cogniauxii, Syzygium 

micklethwaitii, Coffea mongensis, Allanblackia ulugurensis, 

Lasianthus pedunculatus, Zenkerella capparidacea and 

Polyscias stuhlmannii. Apart from anthropogenic factors; the 

impacts of climate change has significantly increased the 

threat to resources degradation in the area (Figure 3). 

Therefore, for sustainable utilization and conservation of the 

available resources, we need to propose conservation practices 

in the area [28, 34, 35]. 

6. Conservational Practices 

To retain and improve of the present ecosystem, a couple of 

sustainable practices should be in place [4, 38]. Among others, 

agroforestry, afforestation of the degraded areas and setting free 

(undisturbed) the water sources. It should be understandable 

that the downstream areas should equally make sustainable 

utilization of water resources from the upstream. This will 

reduce the pressure exerted by the great demand of the same. 

Fragile ecosystems such as wetlands are readily vulnerable to 

anthropogenic activities and therefore, they should get 

conservational attentions from the users [10, 38]. Sustainable 

conservation of EAM will enhance the supply of water in 

numerous regions. For example, the Uluguru and Usambara 

Mountains are sustainable sources of water in Dar es Salam 

region respectively. They also supply water for Hydro-Electric 

Power in Kidatu and Nyumba ya Mungu Dams respectively. In 

the downstream, they also provide water for irrigation 

agriculture (i.e. Flowers Farming in Arusha), livestock keeping 

and small scale fishing just to mention some. 

Ecologically, agroforestry system facilitate the 

conservation of the soil fertility particularly in hedgerows. For 

example; Grevillea robusta, Tamarindus indica and Balanites 

aegyptiaca are good in forming soil organic matter [30] while 

some trees are environmental friendly to water sources; 

therefore, these trees increase the sustainability of water 

sources [21]. In addition, Artocarpus heterophyllus, Persea 

americana and Mangifera indica are very good at controlling 

soil erosion and protecting it from degradation. Besides, 

shading and wind blocking are among the significant 

environmental services from agroforestry system that cannot 

be quantified despite of their contribution to the environment 

(Table 1). Lastly, it provides building materials especially for 

houses. Therefore, it brings insight and attention to 

environmental and socio-economic expertise as it curbs 

diverse challenges related to the society livelihoods especially 

from poor and marginalized communities. 

7. Mitigation to Climate Change 

Forest plays a significant role of carbon sequestration by 

seizing carbon dioxide from the atmosphere. Reducing 

emissions from deforestation and forest degradation (REDD) 

is a mechanism that has been under negotiation by the United 

Nations Framework Convention on Climate Change 
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(UNFCCC) to mitigate the impacts of climate change at global 

level. As a response to the great concern of increasing Green 

House Gases (GHGs) in the atmosphere; the situation has 

awakened majority stakeholders to think about the whole 

issue and its remedies. About 50% of the forest biomass is 

carbon and thus forest degradation and afforestation have 

different impacts [3, 19]. Therefore, deforestation will lead to 

the increase in emission and concentration of carbon dioxide 

in the atmosphere, whilst afforestation will increase the level 

of atmospheric carbon sequestration (carbon sink). 

Numerous REDD projects related to climate change have 

been in practice in most of the developing countries like 

Tanzania as a resolution of the Kyoto Protocol of 1997. They 

intend to lessen carbon emission by emphasizing the use of 

clean development mechanism (CDM) as a carbon seizing 

mechanism. Boehm and Dabhi [1] show that despite the 

significance of CDM under Kyoto Protocol; there is a need to 

involve indigenous people prior the establishment of the big 

project funded under CDM. These authors add that, lack of 

consent from indigenous people in the establishment of 

project has brought some problems in some countries. For 

example, the construction of hydroelectric power (Panama), 

waste incinerator (India) and palm oil plantation (Indonesia) 

were opposed by indigenous people. 

 

Figure 5. Natural forest relevant for sinking atmospheric carbon in the area. 

For sustainable outcomes, the implementation of these 

projects needs participatory approach from the indigenous 

people. This approach endorses the consent and a sense of 

ownership from the people. CDM projects give directives on 

the prices and procedures on how the people can be 

compensated for their planted trees through carbon 

certification. Forest conservation (Figure 5) are good practices 

as they increase the earth’s capacity to sequester atmospheric 

carbon, and at the same time, they reduce terrestrial carbon 

emission [13, 14]. 

The forest in the area sinks and stores more than 100 million 

tons of carbon. By so doing, they regulates the global climate 

change. Agroforestry and other conservation practices seize 

tons of other dangerous greenhouse gases such as methane 

(CH4) and nitrous oxide (N2O). Hence, the adoption of 

conservational farming systems serve multiple ecological 

functions. They increase the yields of diverse crops, conserve 

environment and devise mitigation and adaptation measures to 

climate change impacts [13, 14]. 

8. Conclusions 

While this study has revealed the significant influence of 

agroforestry to reduce degradation, it is evident that there is 

still substantial degradation that is going on in the area. 

Further degradation threatens more than 40% of peoples’ 

livelihoods who live adjacent to this ecosystem, therefore, 

there is a need to conserve the EAM and make it sustainable. 

This can be possible by increasing awareness on the adoption 

of conservation practices in the area. Increased degradation 

has brought insight to environmental and development 

stakeholders such as Norwegian Government who sponsors 

the implementation of conservation practices in the through 

EAMCEP. 

At local and national, increased participatory approach and 

enforcement of the set regulation should be adequately adhered 

to. We recommend that, apart from adopting agroforestry and 

other conservation farming system, there is a need to make the 

payment of ecosystems services (PES) and market for 

ecosystem services (MES) more practical. The former will be 

done by the communities at the downstream while the latter will 

be done by those at upstream. This will enhance the equity of 

resource conservers and users. In addition, the environment 

related ministries and sectors should work more closely to 

adhere to sustainable conservation. This entails the Ministries 

of Agriculture, Water, Land, and Natural Resources and thus, 

they need to amend some of the conflicting policies, plans and 

programs on the same. 

Besides, the international donors fund food security, 

sustainable resources and sustainable intensification projects 

can include agroforestry systems as one of the important 

components in those projects. For examples World Wildlife 

Fund (WWF) and Alliance for Green Revolution in Africa 

(AGRA) have been giving funds for agricultural production, 

conservation, climate change and sustainability of the 

environment. These large -scale international donors should 

increase their advocacy on agroforestry system in the country. 
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Lastly, this study calls for interventions to rescues 

deforestation and degradation of forest resources should be 

done. This is because much of this deforestation has been 

pronounced in a recent time due to population increase. With 

that precaution, there is a need to identify the key beneficiaries 

of the forest ecosystem and how they can benefit from it. 

 

References 

[1] Boehm, S., Dabhi, S., 2009. Upsetting the Offset: Political 
Economy of Carbon Markets: 
http://mayflybooks.org/?page_id=21. 

[2] Burgess, T. M., Butynski, N., Cordeiro J et al., 2007. “The 
biological importance of the Eastern Arc Mountains of 
Tanzania and Kenya,” Biological Conservation, vol. 134, no. 2. 

[3] Charles, R., Munishi, P. K., Nzunda F., 2013. Agroforestry as 
Adaptation Strategy under Climate Change in Mwanga District, 
Kilimanjaro, Tanzania. International Journal of Environmental 
Protection, Vol. 3 Iss. 11, PP. 29-38. 

[4] Ehardt, C. L., Jones, T. P., Butynski, T. M., 2005. Protective 
Status, Ecology and Strategies for Improving Conservation of 
Cercocebus sanjei in the Udzungwa Mountains, Tanzania. 
International Journal of Primatology 26 (3): 557-583 the need 
for sustainable adaptation measures. 

[5] Eriksen K. L., O’Brien, K., 2007. “Vulnerability, poverty and 
Climate Policy, vol. 7, pp. 337-352. 

[6] Eriksen, K. L., Aldunce, C. S., Bahinipati, R. D., Martins, J. I. 
Molefe, C. Nhemachena, O`’Brien, K., Olorunfemi, F. Park J., 
Sygna L., Ulsrud, K., 2011. “When not every response to climate 
change is a good one: Identifying principles for sustainable 
adaptation Climate and Development., Vol. 3, pp. 7-20. 

[7] Eriksen, K. L., Klein, K., Ulsrud, O. L., Nass L., O’Brien, K., 
2008. “Climate change adaptation and poverty reduction: Key 
interactions and critical measures,” Report prepared for the 
Norwegian Agency for Development Cooperation (NORAD). 
Oslo: University of Oslo. 

[8] Food and Agricultural Organisation, 2013. The State of Food 
Insecurity in the World 2013: The Multiple Dimensions of 
Food Security, Rome. 

[9] FAOSTAT, d. Food and agricultural organization URL: 
http://faostat.fao.org/; (Accessed: 21.11.2016). 

[10] Hull, J., Burgess, N. D, Lovett, J. Mbilinyi, J., Gererch, R. E., 
2009. Conservation of Deforestation across an elevational 
gradient in the Eastern Arc Mountain, Tanzania, Biological 
Conservation, 142. 

[11] Intergovernmental Pannel on Climate Change, 2014 a. Climate 
Change 2014 Impacts, Adaptation, and Vulnerability. Part A: 
Global and Sectoral Aspects. Contribution of Working Group II to 
the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change. Field, C. B., V. R. Barros, Estrada, R. C. Genova, 
B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. 
Mastrandrea, and L. L. White (eds.). Cambridge University Press, 
Cambridge, United Cambridge, United Kingdom and New York. 

[12] Intergovernmental Pannel on Climate Change, 2014 b. Climate 
Change 2014: Impacts, Adaptation, and Vulnerability. Part B: 
Regional Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate 

Change. Barros, V. R., C. B. Field, D. Dokken M. D. Mastrandrea, 
K. J. Mach, T. E. Bilir, M. Chatterjee, K. L. Ebi, Y. O. Estrada, R. 
C Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. 
R. Mastrandrea, and L. L White (eds.). Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA. 

[13] Jama, B., Kwesiga, F., Niang, A., 2006. Agroforestry 
innovations for soil fertility management in sub-Saharan Africa: 
Prospects and Challenges. In: Garrity, D., Okono, A., Grayson, 
M. and Parrott, S. (eds.). World Agroforestry into the Future 
World Agroforestry Centre. Nairobi. pp. 53-50. 

[14] Jama, B., Zeila, A., 2005. Agroforestry in the drylands of 
eastern Africa: a call to action. ICRAF Working Paper – no. 1. 
Nairobi: World Agroforestry Centre. 

[15] Mbwambo, J., Saruni, P., Massawe, G., 2013. Agroforestry as a 
solution to poverty in rural Tanzania. Lessons from Musoma 
Rural District, Mara Region, Tanzania. Kivukoni Journal Vol. 1 
No. 2, 2013: 15-30. 

[16] Milledge, S. A. H., Gelvas, A. K., Ahrends, A., 2007. Forestry, 
Governance and National Development: Lessons learned from 
logging boom in Southern Tanzania. A Overview. TRAFFIC 
East/Southern Africa/Tanzania/ Development Partners 
Group/Ministry of Natural Resources of Tourism, Dar es Salaam. 

[17] Msikula, S. N., 2003. The economics of improved agroforestry 
systems for income, food security and biodiversity 
conservation in the East Usambara Mountains, Tanzania. M. Sc. 
thesis, Management of Natural Resources for Sustainable 
Agriculture. Sokoine University of Agriculture, Morogoro.119. 

[18] Mumbi, C., Marchant, R., Lane, P., 2014. Vegetation Response 
to Climate Change and Human Impacts in the Usambara 
Mountains. Hindawi Publishing Corporation Volume 2014, 
Article ID 240510, 12 pages. 

[19] Munishi, P. K, Shear, T. H., 2004. Carbon Storage in 
Afromontane Rain Forest of the Eastern Arch Mountain of 
Tanzania. Their Net Contribution to Atmospheric Carbon. 
Journal of Tropical Forest Science 16 (1): 78-93. U.S.A. 

[20] Nyadzi, R., Swai, M., Schueller, B., Gama, S. et al., 2006. 
“Adoption and Impact of Agroforestry Technologies on Rural 
Livelihoods in Southern Africa,” in proceeding of the second 
National Agroforestry and Environment Workshop Mbeya, 
Tanzania.  

[21] Padel, S., Smith, J., Smith, L. G., Vieweger, A., Wolfe, M. S., 
2015. The role of agroecology in sustainable intensification. 
Report for the Land Use Policy Group Organic Research 
Centre, Elm Farm and Game & Wildlife Conservation Trust. 

[22] Pandey, D. N., 2007. “Multifunctional agroforestry systems in 
India; CIFOR, Bogor, Indonesia,” Current science., vol. 92, pp. 
455-463. 

[23] Place, F., Prudencio, Y. C., 2006. Policies for improved land 
management in smallholder agriculture: The role for research 
in agroforestry and natural resource management. In: Garrity, 
D., Okono, A., Grayson, M. and Parrott, S. (eds.). World 
Agroforestry into the Future. World Agroforestry Centre. 
Nairobi. Pp. 71-78. 

[24] Reyes, T., 2008. Agroforestry systems for sustainable 
livelihoods and improved land management in the East 
Usambara Mountains, Tanzania. Shelukindo, H. B., Msanya, B. 
M., Semu, E., Mwango S, Singh, B. and Munishi, P. K. T., 2014. 
Characterization of Some Typical Soils of the Miombo 
Woodland Ecosystem of Kitonga Forest. 



56 Msafiri Yusuph Mkonda and Xinhua He:  Sustainable Environmental Conservation in East Africa through Agroforestry  

Systems: A Case of the Eastern Arc Mountains of Tanzania 

[25] Reserve, Iringa, Tanzania: Physicochemical Properties and 
Classification. Journal of Agricultural Science and Technology. 
Vol: 224-234. 

[26] Smith, C., 2008. Farming Trees, Banishing Hunger. How an 
agroforestry programme is helping smallholders in Malawi to 
grow more food and improve their livelihoods. Nairobi: World 
Agroforestry Centre. 

[27] Smith, J., 2010. Agro forestry: Reconciling production with 
protection of the environment. A synopsis of Research literature. 
Organic Research Centre. Elm Farm, p.24. 

[28] Snelder, D. J., Klein M., Schuren, S. H. G., 2007. “Farmers’ 
preferences, uncertainties and opportunities in fruit-tree 
cultivation in Northeast Luzon,” Agroforestry Syst., vol.71. 

[29] Thierfelder, C., Cheesman, S., Rusinamhodzi, L., 2012. A 
comparative analysis of conservation agriculture systems: 
benefits and challenges of rotations and intercropping in 
Zimbabwe. Field Crop Res. 137, 237–250. 

[30] Tilman, D., Balzer, C., Hill, J., Befort, B. L., 2011. Global food 
demand and the sustainable intensification of agriculture. Proc. 
Natl. Acad. Sci. U. S. A.  

[31] Thorlakson, T., 2011. “Reducing subsistence farmers` 
vulnerability to climate change: the potential contributions of 
agroforestry in western Kenya”, Occasional Paper Nairobi: 
World Agroforestry Centre, paper 16. P. 76. 

[32] Thornton, P. K., Jones, P. G., Ericksen, P. J., Challinor, A. J., 
2011. Agriculture and food systems in sub-Saharan Africa in a 
4 degrees C+ world. Philos. Trans. R. Soc. A Math. Phys. Eng. 
Sci. 369, 117–136. 

[33] Ulsrud, K., Sygna, L., O`Brien, K., 2008. “More than Rain: 
Identifying sustainable pathways for Climate adaptation and 

Poverty Reduction’. Published by Development Fund, Norway, 
p. 68 

[34] United Republic of Tanzania, 2014. Review of food and 
agricultural policies in the United Republic of Tanzania. 
MAFAP (Ministry of Agriculture, Food and Agricultural 
Programme) Country Report Series, FAO, Rome, Italy 

[35] United Republic of Tanzania, 2006. Derema Forest Corridor: 
East Usambara Mountains. Resettlement Action Plan for farm 
plots displaced for biodiversity conservation in the Derema 
Forest Corridor. Prepared for consideration of compensation 
funding by the World Bank. Ministry of Natural Resources and 
Tourism, Forestry and Beekeeping Division & Tanzania Forest 
Conservation and Management Project (TFCMP). 56 p. 
Usambara Mountains: historical perspective and future 
prospects. Pp. 97-102. In Price, 

[36] Verchot, L. V., Albiecht, A., Kandji, S., Noordwijk M. V., 
Tomich T., Ong C., Mackensen J., Bantilan C., Anupama K. V., 
Palm, C., 2007. “Climate change linking adaptation and 
mitigation through agroforestry”, Mitig Adapt Strat Global 
change., vol.12, pp. 901-918. 

[37] Zomer, RJ, Trabucco, A., Coe, R., Place F., 2009. Trees on 
Farm: Analysis of Global Extent and Geographical Patterns of 
Agroforestry. ICRAF Working Paper no. 89. Nairobi, Kenya: 
World Agroforestry Centre. 

[38] Kimaro A., Mpanda M., Rioux J., Aynekulu E., Shaba S., 
Thiong’o M., Mutuo P., Abwanda S., Shepherd K., Neufeldt H., 
Rosenstock T. (2015) Is conservation agriculture climate-smart’ 
for maize farmers in the highlands of Tanzania? Nutr Cycl. 
Agroecosyst. DOI 10.1007/s 10705-015-9711-8. 

[39] Sen PK. Estimates of the regression coefficient based on 
Kendall’s tau; 1968. 

 


