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Abstract

Land use management by smallholders’ households in dry landscapes can be an
important entry point for contending desertification, climate change mitigation
and biodiversity conservation. Strategies employed by these households to
address land use problems can bring together efforts of the three Rio conventions.
Identifying the typology of the current land use can lead to understand how
biomass can be managed toward climate change mitigation efforts such as
Clean Development Mechanism and Reduce Emissions from Deforestation and
Forest Degradation including conservation, sustainable management of forests
and enhancement of forest carbon stocks. From this perspective, a survey of
598 households in six divisions in the Far North Cameroon was conducted using
a semi-structured questionnaire.

This study reveals six main land uses, some of which overlap: cropped field
(managed by 95% of local households), grassland (34%), settlements (28%) and
forest lands (76%) that significantly contribute to local livelihoods. Non-timber
forest products, fuelwoods, timbers and fodders are the main products provided
by these land uses. Besides the products, some management practices including
agroforestry, urban and peri-urban forestry and forest plantation have been
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identified to contribute to combat desertification and conserve biodiversity and
climate change mitigation and adaptation in this semi-arid area of Cameroon.
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Climate change - Rio Convention

6.1 Introduction

Human activities in the land use, land use change and forestry (LULUCEF) sectors are
recognized among the main causes of land degradation, biodiversity loss and climate
change. Land use refers to the total of human’s activities and inputs undertaken in a
certain land cover type, while land use change refers to a transformation in terms of
use or management of land by humans, which is accompanied by a change in land
cover (IPCC 2000). Several studies have showed the links between land use change,
biodiversity loss, climate change and desertification (Pando-Moreno et al. 2004; de
Chazal and Rounsevell 2009; Oliver and Morecroft 2014; Foley et al. 2005).

The LULUCEF sector has an important place in the Convention on Biological
Diversity. Decisions adopted by the conference of the parties to the convention on
biological diversity at its fifth meeting, held in Nairobi, considered land use change
as a proximate cause of biodiversity loss (CBD 2000). Gonzalez et al. (2012)
detected significant 1960-2000 species richness decline of 21% across the Sahel
in which northern Cameroon is a part. This issue has also been identified by the
Cameroon National Biodiversity Strategies and Action Plan (NBSAP) which
attributed biodiversity loss to forest and savanna conversion to industrial farming
systems and urban development (Republic of Cameroon 2012).

Land use change and climate change are interlinked (Teixeira et al. 2006; IPCC
2013). The first national inventory of greenhouse gas (GHG) emission published in
Cameroon’s “Initial National Communication” to the United Nations Framework
Convention on Climate Change (UNFCCC) (MINEP 2006), by the Environment
and Forest Minister, highlights the key role of LULUCEF activities in climate change.
This inventory clearly established that the highest levels of GHG emissions are
associated with the agriculture and land use change. Agriculture and land use change
are responsible respectively of 38% (16,435 GgECO,) and 50% (22,186 GgECO,)
of total GHG emission in the country (MINEP 2006).

The Secretariat of the United Nations Convention to Combat Desertification
(UNCCD) (1994) recognized land use as the direct factor of land degradation in
Africa and worldwide. The article 9 of the UNCCD recommends to each affected
African country party to “identify and analyze the constraints, needs and gaps
affecting development and sustainable land use and recommend practical measures
to avoid duplication by making full use of relevant ongoing efforts and promote
implementation of results”.
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Compared to the humid area of the country belonging to the Congo Basin, the
implementation of national environmental policies and programmes developed to
address such problems until now have been happening in the context of limited
information in land use management. Cameroon like other countries of Central
Africa is covered by humid and dry landscapes. Unfortunately, because of the
high interest in preserving the Congo Basin forests, much of the research and
conservation activities have so far been focused in the southern part of the country
and very little information exists in the northern dry landscape. It remained some-
what poorly understood the links between human activities and environmental
dynamics in semi-arid areas of Cameroon.

Land use management by smallholders’ households can be an important entry
point to reduce desertification, mitigate climate change and conserve biodiversity.
According to the Secretariat of the United Nations Convention to Combat Desertifi-
cation (UNCCD) (1994), LULUCEF activities can play an important role in reducing
net GHG emissions to the atmosphere through conservation of existing carbon
pools, sequestration by increasing the size of carbon pools and substitution of fossil
fuel energy by use of modern biomass. Sustainable land use can also address human
activities such as overexploitation of plants and trampling of soils that exacerbates
dryland vulnerability (Millennium Ecosystem Assessment 2005). Thus, the imple-
mentation of land use, land use change and forestry activities can be potential
synergies between existing multilateral environmental agreements.

Recent research studies highlighted some indigenous strategies that have been
practised in the Sahel and elsewhere in Africa. Some of them describe mitigation and
adaptation strategies that have enabled local population to reduce their vulnerability
to climate variability and change (Nyong et al. 2007; Egeru 2012; Kpadonou et al.
2012), while others underlined traditional practices in biodiversity conservation and
measures to combat desertification (Oke and Jamala 2013; Fraser et al. 2006; Hens
2006; McNeely and Scroth 2006). The present study will (i) identify and characterize
the main land use in the semi-arid area of Cameroon and (ii) analyse the management
of plant resource in those land use (ii) and their role in biodiversity conservation,
mitigating climate change and desertification.

6.2  Study Area, Data Collection, and Data Analysis
6.2.1 Study Area

The Far North Region of Cameroon lies between 9°40" and 13°05’ north and 12°15’
and 16°45’ east. It covers 34,263 square kilometre (Tabopda Wafo 2008) and
represents 7.21% of the total country land area. This region is bordered to the
north and the east by the Republic of Chad, to the west by the Federal Republic of
Nigeria and to the south by the North Region of Cameroon (Fig. 6.1). The Far North
Region is one of the most populated regions of the country with 3.709691 million,
which represents 17.4% of Cameroon’s overall population and a density of 90.8
inhabitants per square kilometre (Mbarga 2010).
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Fig. 6.1 Location of the study area

The semi-arid zone of Cameroon is the hottest and driest part of the country. The
climate of the region is characterized by the dry and wet seasons. Annual total
precipitation is between 400 and 1000 mm and depends on the landscape shape.
Annual average mean temperature is between 25 °C and 27 °C in the cooler seasons
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Fig. 6.2 Ecological zones of Far North Region

(September—February) and 27 °C and 30 °C in the warmer seasons (March—August)

(McSweeney et al. 2012).

The Far North Region contains six divisions which include Diamare, Logone and
Chari, Mayo Danay, Mayo Kani, Mayo Sava and Mayo Tsanaga. These divisions
were grouped into three main ecological zones (Fig. 6.2) according to their climatic,
floristic and topographic affinities and socio-economy characteristic: (a) regularly
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flooded Logone plain with low population density with shrub steppe and flooded
grassland, (b) the Mandara Mountain zone with woody savanna and (c) the plain of
Diamare with high population density (Tabopda Wafo 2008) and woody steppe and
shrub savanna (Konga Mopoum 2013). We assume that management practices of
land and floristic composition should be different according to the main above zones.

6.2.2 Data Collection
Data were collected in two main steps.

Step 1: Identification and Characterization of the Main Land Use
Semi-structured interviews and focus group discussions were used to identify the
main land use of the study area. A total of ten focus group discussion was conducted
with questionnaire in several king palaces including Lara, Kaele, Pette and Yagoua
in Diamare plain; Goulfey, Guirvidig, Waza and Maga in Logone plain; and Mogode
and Rhumsiki in Mandara Mountains. In each village at least six notables
participated in group. The discussion was focused on land use description and
management practices. Semi-structured interviews were conducted with four local
administrative in each division. The data collected were completed by field
observations.

Step 2: Land Use Management Assessment

Household semi-structured interviews were conducted using questionnaire in the
three main ecological zones. The questionnaire was only based on the use and
management of plant resources in the main land use types. The management criteria
used were as follows: nature of plant species (natural or planted) in the land use,
harvesting technics and availability of exploited resources. At the end of this step, a
total of 598 households have participated to our interview with 150 in Logone plain
(25% of households), 199 in Mandara Mountains (33%) and 249 in Diamare plain
(42%). This activity has been carried out in Lara, Kaele, Guidiguis, Pette and
Yagoua in Diamare plain; Goulfey, Guirvidig, Waza and Maga in Logone plain;
and Gouria, Mokolo, Mogode and Rhumsiki in Mandara Mountains.

6.2.3 Data Analysis

The classification and characterization of land use was done using Intergovernmental
Panel on Climate Change (IPCC) good practice guidance (GPG) for land use, land
use change and forestry (LULUCF) (IPCC 2003) and FAO land cover classification
system (Di Gregorio and Jansen 2000). The GPG for LULUCEF describes six land-
based structures for reporting emissions and removals of greenhouse gases. These
land-based structures include forest land, cropland, grassland, wetlands, settlements
and other lands (lands that do not fall within any of the other categories). The data
collected were computed using XLSTAT-Pro 7.5 for statistical analysis. These data
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Table 6.1 Distribution of land use into ecological zone (+ = present; — = absent)

Land use Mandara Mountains Diamare plain Logone plain
Cropland + + +

Grassland — — +
Settlements + + +

Wetlands + + +

Forest land + + +

Other lands + + +

were presented per ecological zone. Significant different means were separated using
one-way analysis of variance (ANOVA) with Student-Newman-Keuls (SNK) test at
confidence interval of 95% (Golding et al. 2000).

6.3  Main Land Use of the Far North Region of Cameroon

A total of six main land uses was identified in the Far North Region of Cameroon
according to the IPCC good practice guidance for land use, land use change and
forestry. These include cropland, forest land, grassland, wetlands, settlements and
other lands (rock, sandy area) (Table 6.1).

The croplands include farming systems (treeless farms and agrosystem parkland),
fallow, orchards and gum arabic’s plantation. The forest lands include forest planta-
tion, steppe, shrub savanna and tree savanna. Grassland only included periodically
flooded grassland, while the settlement comprises urban forest.

According to land cover classification system based on dominant life form and
density of woody plants, Table 6.2 presents the characterization of the main land use
and the main uses of these zones based on field observations. It was found that many
of these land uses are areas of perennial and seasonal grazing, non-timber forest
product (NTFP) and fuelwood collection, straw collection for house and fence
building, recreation and windbreak.

6.4 Household Characterization

Table 6.3 presents the main characteristics of the households in each ecological
zone. The average size of household is eight persons in the whole study area. At least
72% and 60% of head of household is unschooled respectively in Mandara
Mountains and Logone plain. The sample population in the study area is mainly
farmers and breeder.

Agriculture is the main source of household’s income in the Diamare plains and
Mandara Mountains. This activity is followed in those ecological zones by breeding,
fuelwood and NTFP exploitation (Table 6.4).
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Table 6.2 Characteristics of the main land uses of the semi-arid area of Cameroon

Land use

Dominant
life form

Relative density of woody
plants (%)

Mains uses

Forest land

Shrubs

<40%

— Perennial grazing

— NTFP collection

— Fuelwood collection

— Timber collection

— Straw collection for house and
fence building

Trees

>40

— Seasonal grazing

— NTFP collection

— Fuelwood collection

— Timber collection

— Straw collection for house and
fence building

Grassland

Grass

<1%

— Seasonal grazing

— NTFP collection

— Straw collection for house and
fence building

Wetlands

0%

— Livestock’s watering
— Other uses

Settlements

Trees

Between 10% and 20%

— Windbreak

— Soil erosion protection
— NTFPs collection

— Fuelwood collection

— Timber collection

— Recreational area

Croplands

Treeless

0%

— Market garden

— Cotton production
— Subsistence crops
— Paddy field

Shrubs

<1%

— Market garden

— Cotton production

— Subsistence crops

— Seasonal grazing

— NTFP collection

— Fuelwood collection

— Straw collection for house and
fence building

>60%

— Orchards
— Gum arabic plantations

Trees

<10%

— Market garden

— Cotton production
— Subsistence crops

— Seasonal grazing

— NTFP collection

— Fuelwood collection

>60%

— Orchards

(continued)
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Table 6.2 (continued)

Dominant Relative density of woody
Land use life form plants (%) Mains uses
Other lands | Bare laterite 0 -

soil

Bare sandy -

soil

Rock 0 -

House 0 -

Burning area | 0 -

Table 6.3 Household characterization in the main ecological zones of the semi-arid area of
Cameroon

Mandara Diamare Logone p-

Variables mountains plain plain Average | value
Sex (%)

Female 6.2° 8.3° 22.7° 10.9 0.02

Male 93.8* 91.7* 77.3° 89.1 0.02
Age (year) 46.2* 39.3° 44.4* 42.3 0.00
Marital status (%)

Single 0.9° 9.2¢ 7.7% 6.5 0.06

Married 98.1* 88.6" 81.9° 89.8 0.01

Widower 1.0 22 10.4 3.7 0.01
Number of person/household

Number of 9* 7° g 8 0.03
people
Education (%)

Not schooling 72.2% 25.9° 60.5* 46.5 0.00

Primary school 21.3 26.1 18.6 23.1 0.6

Secondary 6.5 46.1* 20.9¢ 29.4 0.00

University - 1.9 - 0.9 -
Principal occupations (%)

Farmer 92.5 92.4 61.3 82.1 0.11

Craftsman 2.0 24 0.7 1.7 0.4

Trader 1.0° 0.4* 8P 3.1 0.00

Breeder 432 71.5 44.0 54.9 0.09

NTFP operator 20.6 17.3 20.7 19.5 0.7

Fisher - - 2.0 0.7 -

Others 3.0° 2.4° 9.3% 4.9 0.01

Means not sharing the common letter in a column are significantly different at p = 0.05 probability
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Table 6.4 Main household source of income in the semi-arid area of Cameroon

Diamare plain | Logone plain | Mandara Mountain

N =249 N =150 N =199 Average |p
Agriculture | 58.5° 17.2° 57.0° 49.1 <0.0001
Orchards 3.9 0.5° 1.5% 25 0.06
NTFPs 5.4° 0.8° 217 3.4 0.09
Fuelwood 3.8° 12.1° 1.81° 49 0.04
Breeding 28.4° 28.3° 12.5° 23.9 0.01
Other 0.9° 41.2° 25.1° 16.6 <0.0001

Means not sharing the common letter in a column are significantly different at p = 0.05 probability

Table 6.5 Main products exploited by farmers (% of household managing the land use) of the
semi-arid area of Cameroon

Diamare | Logone Mandara

Land use plain plain Mountain
types Product N=249 |N=150 |N=199 Average |p F
Croplands | NTFPs 67.3* 72.0° 80.2* 72.0 059 | 05
Fuelwoods | 69.8% 15.3° 76.9% 61.3 0.00 8.9
Timber 6.6" 0.3 2.7 43 012 | 23
Fodders 81.4° 37.9° 52.4° 64.6 0.00 [10.9
Settlements | NTFPs 17.7° 60.2° 2.2° 21.4 <0.00 |14.6
Fuelwoods | 18.5 0.8° 2.8° 10.5 001 | 5.6
Timber 3.7° 7.9 0.8% 3.7 0.19 | 1.8
Fodders 3.3 - 0.4 1.8 039 | 1.0
Grasslands NTFPs 27.9° 54.0% - 24.9 0.00 7.7
Fuelwoods | 1.7° 55.1° - 11.6 0.00 [41.9
Timber 33.4° 4.1° - 18.0 001 | 59
Fodders 34.0 1.6° 0.2° 17.9 0.00 | 7.3
Forest NTEPs 70.8° 65.4° 54.4° 65.0 032 | 12
lands Fuelwoods | 69.1° 9.8° 27.1° 454 0.00 [17.2
Timber 43.2° 16.0° 41.2% 37.4 012 | 23
Fodders 37.7° 8.7° 9.7° 24.5 0.02 | 43

Means not sharing the common letter in a column are significantly different at p = 0.05 probability

6.5 Key Products and Services of Land Uses

The main services provided by these land uses include provisioning, supporting,
regulating and cultural services. The key provisioning services are NTFPs, fuel-
wood, timber and fodders (Table 6.5).

Croplands and forest lands are the major land uses which provide most of the
NTFPs and fuelwoods. A total of 75 citations of local names of plant species have
been recorded as NTFPs exploited in cropping systems. Only 53 of them have been
identified. Of these identified plants species, 43 are natives while ten are exotics. The
top ten most cited NTFPs of cropland are Adansonia digitata, Ziziphus mauritiana,
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Mangifera indica, Faidherbia albida, Psidium guajava, Citrus aurantifolia,
Ximenia americana, Azadirachta indica, Acacia nilotica and Ziziphus spina-christi.
A total of 48 plant species have been cited as exploited as fuelwoods in cropping
systems with six exotic species. The top ten species include Faidherbia albida,
Balanites aegyptiaca, Ziziphus mauritiana, Acacia sp., Azadirachta indica,
Anogeissus leiocarpa, Tamarindus indica, Terminalia macroptera, Senna siamea
and Mangifera indica (Appendix).

The leafy stems of cereals, oilseed cakes, cottonseeds, straw and hay are the main
products used as fodder by farmers in cropland followed by Hyphaene thebaica and
Borassus aethiopum. Woody species include Faidherbia albida, Anogeissus
leiocarpa, Ziziphus spp., Balanites aegyptiaca and Tamarindus indica (Appendix).

As for the other services, many plant species cited in cropping systems contribute
to soil fertilization. These species include Acacia spp. (Acacia hockii, A. gerrardii,
A. nilotica, A. senegal, A. seyal), Faidherbia albida, Leucaena sp., Piliostigma
reticulatum, P. thonningii, Prosopis africana, Sesbania sesban and Tamarindus
indica (Appendix). Among the forest lands, some sacred grooves have been
recorded in the Diamare plain and Mandara Mountains. These areas are mostly
used for cultural purposes by communities of these zones.

6.6 Management of Natural Resources in Land Uses

Only 5% of households in Mandara Mountain are treeless farm owners followed by
20% in Diamare plain and 70% in Logone plain (Fig. 6.3).

Of the total plants cited in the croplands, most of them have been preserved by
local farmers (74%) during establishment of the farm. Systematic cutting is the main
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harvesting method in Mandara Mountains and Logone plain (done by 58% of
households). In the Diamare plain, pruning is the most frequent harvesting technic
followed by systematic cutting and gathering (Fig. 6.4). According to the
smallholder’s farmers these different techniques are necessary to maintain the
quantity of trees in the farming systems.

In the whole Far North Region, a total of 12% of farmers argue that the quantity of
trees in their farms is constant since their creation while 42% and 42% argue for the
increasing and decreasing tree quantities, respectively, and then 4% no idea.

As far as the prospects to increase the number of trees in farming systems are
concern, 40% of farmers in the Logone plain disagreed while only 7% agreed and
52% had no opinion (Fig. 6.5).

6.7 Land Use and Biodiversity Conservation

Land use in semi-arid areas of Cameroon has good implications for plant species
conservation according to the assertion of local famers. A total of 141 citations of
local plant names have been recorded during interviews. These include 93 different
citations in croplands, 83 in forest lands, 47 in settlements and 38 in grasslands. Only
97 plant species including 69 in croplands (agroforests, orchards, fallows and gum
arabic’s plantation), 59 in forest lands, 37 in settlements and 32 in grasslands
(Fig. 6.6) were identified during field survey in the whole study area. If these
citations are confirmed by field assessment, land use types of semi-arid areas of
Cameroon will be considered among the richest habitat for plants in the Sahel.
Agroforestry parkland is recognized as a good way to conserve biodiversity. This
statement has been established by several studies in many countries over the world
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Fig. 6.5 Prospect to increase
the potential of trees in
farming systems
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(Foley et al. 2005; Moreno-Calles et al. 2010). Agroforestry plays five key roles in
conserving biodiversity. These include provision of habitat for species with high
tolerance of disturbance; safeguarding the germplasm of sensitive species; reduction
of the rates of conversion of natural habitat by providing a more productive,
sustainable alternative to traditional agricultural systems; providing connectivity
by creating corridors between habitat remnants which may support the integrity of
these remnants and the conservation of area-sensitive floral and faunal species; and
providing other ecosystem services such as erosion control and water recharge, thus
preventing the degradation and loss of surrounding habitat (Jose 2009; Buck et al.

2004).
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At least 95% of smallholder’s households affirmed having agroforestry parklands
in the Mandara, 80% in Diamare plain and only 30% in Logone plain. Concerning
the species richness of these agroforestry parklands, a total of 69 plant species of
croplands have been cited by smallholders’ farmers in the whole study area and
highlight the role of these land uses in biodiversity conservation. Field assessment is
needed to confirm this species richness not only at the level of the whole study area
but also at the level of each agroforest. However, comparing with other African
countries situated within the same ecological area, this species richness is far above
56 plant species identified by Kindt et al. (2008) and Nikiema (2005) respectively in
parklands in Mali and Burkina Faso. Of the 69 plant species of these agroforestry
parklands, 59 of them are native species, which confirms the fact that multi-strata
agroforestry systems cover an intermediate level of plant biodiversity that lies
between forests and monocrop perennials or field crops (Swallow and Boffa 2006;
Oke and Jamala 2013).

6.8 Land Use and Climate Change

Agroforestry, urban and peri-urban forestry and forest planting offer the opportunity
for development of synergies between efforts of climate change mitigation and effort
to support vulnerable populations to adapt to the undesirable consequences of
climate change (Verchot et al. 2007; Lwasa et al. 2014).

Agroforestry parkland in smallholder agroecosystems of sub-Saharan Africa has
a great potential in carbon sequestration through physical and biological processes.
Thus, it plays an important role in climate change mitigation (Smith et al. 2008;
Luedeling and Neufeldt 2012) through carbon sequestration. Takimoto (2007)
shows that agroforestry parkland of West African Sahel has the potential for
sequestering more carbon than in treeless land use systems. Furthermore, Smith
et al. (2008) estimated at —0.73 to 1.39 Mg C ha 'year™ ' the potential of carbon
sequestration of agroforestry parkland in dryland areas, while Luedeling and
Neufeldt (2012) estimated 1.47 Mg CO, ha 'year™' in Sahelian parkland. The
69 plant species cited in cropland have a potentiality to mitigate climate change
through carbon sequestration. However, the carbon stock potential of agroforestry
parklands remains unknown in the semi-arid area of Cameroon. This information
could be useful for the REDD+ (reduction of emission of deforestation and forest
degradation with sustainable management of forests, conservation of forest carbon
stocks and enhancement of forest carbon stocks) project initiators and for the
implementation of the National Appropriate Mitigation Action (NAMA) plan.

Carbon sequestration by urban forest and other community-based afforested (A)/
reforested (R) areas of semi-arid area of Cameroon also offers a great opportunity for
Clean Development Mechanism (CDM) of the Kyoto Protocol of the United Nations
Framework Convention on Climate Change. Agroforestry could also be one of the
potential CDM sink projects (Roshetko et al. 2007) if criteria are adequately
respected. Some authors indicate that land use systems and agricultural practices
which contribute to increase the soil carbon stock could generate carbon offsets
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(Hurteau and Brooks 2011; FAO 2000). However, the appropriate agroforestry
systems for CDM in semi-arid areas need to be identified.

Urban and peri-urban forestry has also been identified as one of the good
approaches to mitigate climate change globally and in African dryland in particular
by reducing atmospheric carbon and other urban emissions (Fuwape and Onyekwelu
2010; Lwasa et al. 2014). Urban and peri-urban forestry is well developed in many
cities in the Far North of Cameroon. An assessment of small-scale forestry estimated
at 75.5 hectares the total area of forest planted by local farmers between 1983 and
2011 with the aim of climate change mitigation and adaptation. A total of 41 plant
species were cited as exploited in urban forests. The main cited include Azadirachta
indica, Acacia senegal, Eucalyptus camaldulensis, Khaya senegalensis and Senna
siamea. Some of these plant species have been reported as relevant for urban systems
in Togo (Raoufou et al. 2011).

According to McPherson et al. (1994), carbon sequestration of urban trees can
range from 16 to 360 kg yr.”' respectively for small slow-growing trees with
8—15 cm diameter at breast height and for larger trees growing at their maximum
rate. In Cameroon, the capacity of carbon sequestration by urban forest is not well
known. However, it has been reported that average carbon sequestration of
Azadirachta indica is 6372.0 kg C ha™' year ' and Dalbergia sissoo 1415.11 kg
C ha ' year™' (Shankar et al. 2014).

The sustainable management of these land use can help to avoid deforestation in
semi-arid areas of Cameroon and increase their potentials as main carbon sinks.

6.9 Adaptation Options

According to the fifth assessment report of the Intergovernmental Panel on Climate
Change, semi-arid areas are among the most vulnerable ecosystems to climate
change (IPCC 2013). Many adaptation options including improved tree management
and planting through agroforestry, urban and peri-urban forestry, afforestation/
reforestation, etc., can both reduce the negative impacts and take advantage of the
positive aspects of changes (Woodfine 2009; UNDP et al. 2009). These land uses are
present in study area and constitute an opportunity.

6.10 Conclusion

Many land use systems in semi-arid areas of Cameroon provide some services which
are relevant for the livelihoods of the local population. Among these land uses,
agroforestry, orchard development, afforestation/reforestation through urban and
peri-urban forestry and other forest plantations have been identified as opportunities
to combat desertification and enhance climate change mitigation and adaptation and
biodiversity conservation. However, the result of this study relies mainly on the
perception of local smallholder’s farmers. The field assessment of plant resources of
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these land uses is necessary in order to quantify the capacity of each of these land
uses in biodiversity conservation and carbon stock.

Acknowledgements This study was conducted as part to the component 3 of Global Comparative
Programme of CIFOR with financial support of the Norwegian Agency for Development Coopera-
tion (NORAD) to whom we express our sincere gratitude. We also thank Mr. Eugene Chia
(COBAM Research Officer) and all our village informants for their cooperation and assistance.



205

6 Land Use Management by Smallholders’ Households as a Promising Way. . .

(panunuod)

S

uowd] sn4ir)

N
N

DIO/IUDIND SNATID)

—
N

supm3uv.aponb snssi)

=
N

‘ds vissp)

=)}
—

S1DIUIPIDI0 DISSD))

o]
—

vdvdpd voriv)

o~
—

‘ds puvryonag

O
—

np12p vijjPMsog

v
—

wmnidonyap snsspiog

<t
—

wnpisod xvquiog

o
—

povnd{3ap sanuvipg

N
—

DIIPUL DIYODLIPDZY

—
—

‘ds sisdodv.avdsy

(=)
—

sndip2012] snss13ouy

SISUR|P3UIS DUOUUY

2IPIUIPIID0 WNIPDIIDUY

ISP DIUOSUDPY

‘ds provoy

[pas p1oVIY

[p3auas p1OVIY

pyuvovjod vIOVIY

— Qo0 === =IO~ = O — | — |0 0 oo — O

ol oo~ |l - |~ == O —- |||l |||

— Qoo =IO~ |~ —|O - — |0 o oo o OO

—|l o=l === = —|Ol—=— | = —|O|lOC OO

| | O =[O =[O ||| == OO OO OO | —

— OO IO O — |0 = OO0 0 0|0 o OO
eliellsllellel=llellehb il li=li o lellelielielie]leliolie) o))

— Q0| IO |—|— — — O 00|00 0|0 o 0O

— | et | O [ | O = [ = | O = | OO — OO —| O

— == O = OO == — = O 00|00 0|0 o0 0O

—_— - O~ OO~ - |O —~ —|O |0l |0~ O~ O

— == OO |00 I0|I0|O0— —|O —H OO0 00— O oo

DI1OJIU DIDDIY

— NNt N |0 |~ 0D

SdALN

Llolo|lo|o|o|o|o|o|— 00— 0|0 |0|o|o|/o|o/ 00|

md

L

Sd4LN

Llolololo|loo|loo|—|0|l0cj0o0 00|00 0|o|lC

Z

Hlo|lo|—|o|lo|o|oc|o|o|o|—~|o|lo|—|Oo|o|o|c|o|o|o|o

Lol 0|00/~ 0Ol |0|C

Sd4LN Md

L

SdALN

o}

Md

L

Spue[ S9I0,]

puerdor)

SpUER[SSEID)

JUSWII[NS

saroadg

z

adA] asn pue ayy ui sapads jueld jo fijiqejieay :xipuaddy




V. A. Kemeuze et al.

206

0, 0 0] 0 0o 0ol 0] 0 1| o o] o 0/ o 0] o suaosaqnia puapvn | Ly
0, 0 0] 0 0, 0 0] 0 0 0 ) I 0 I 0 vjnby viuapivy | 9
T | ol 1 I I, 0 0] 0 0, 0 ) 0 0 0 0 ndunuuoyy snatg | Gy
T o] 1 1 T o] 1 0 0, 0 0 1 0 0 0 0 sn1ou0ofs snotg |
I 0o 1] 0 I, 0 0] 0 0, 0 0/ 0 I 0 I I ds smord | ¢y
I 0 I I I 0/ 0 0 0| 0 0| 0 0| 0 0 0 vy ydSopd snot | ¢h
ol of o] o I 0/ o0 0 0| 0 0| 0 0ol o0 0 0 vdupoojpydpus smorg | Ty
I | ol o] 0 o ol 0] o0 0 0 ) 0 0 0 0 vsown]s snolg | O
I I I I I I I 0 0, 0 T 1 I I I I DpIGID DIGIYPID | 6E
I o] 1 1 I | o] 1 0 0| 0 0| o 0] 0 I I sisuapnpouw) snidipong | g¢
I 0 0] o0 0, 0 0] 0 0, 0 0/ 0 0 0 0 0 vupLD VPP | LE
I 0/ o0 I I o o 0 0| 0 0| 0 0| o0 0| 0 suwofijidsow soaddsorq | 9¢
I | ol o] 0 I 0 0] 0 1|0 ) I 0 0 0 'ds atodsorq | G
T | ol 1 I 0, 0 1 0 0, 0 ) I 0 I 0 windipo04o1w WNLDIAQ | ¢
0, 0 0] 0 0 0 1 0 0, 0 0/ 0 0 0 0 0 uaao vypPIng | ¢E
0 0o 1] 0 0 0 1 0 0, 0 0/ 0 0 0 0 0 SnuSSUDIS U01047) | 7€
0, 0 0] 0 0, 0 0] 0 I |0 0/ 0 0 0 0 0 ds wmun) | ¢
I | ol o] o0 0, 0 0] 0 10 0 1 0 0 0 0 si1quidads smso) | g
I o 0] 1 0 0 1 0 0 0 ) 0 0 0] 0 nduysaay vaoydnuuio) | 67
I 0 0] 1 0, 0 0] 0 0, 0 0/ 0 0 0 0 0 ajjow wna1quio) | 8T
I o 0] 1 I 0 0] 0 0, 0 ) 0 0 0 0 wmsounnys wmaiquio) | [T
I | ol 1 I T o 1 0 0, 0 ) 0 0 0 0 wnuijjoo wnja1quio) | 9g
0 0/ o0/ 0 0, 0 0] 0 I |0 0/ 0 I 0 0 | 0 | nuoyounyd wnuiadsopyso) | Gg
0, 0 0] 0 I, 0 0] 0 0 0 ) 0 0 0] 0 vijofuamy smr) | 4T
0, 0 0] 0 T | o] 1 0 0 0 0/ 0 0 0 0 0 dssnap)y | €T

SAAIN| d| md| L) SAIIN| d| Md| L| SAAIN| d| Mmd| L| SEIN| 4| md| L saads | N

Spuej 18210 —uﬁEQOHU Spuejsseln) JUaWIAMNRS




207

6 Land Use Management by Smallholders’ Households as a Promising Way. . .

(panunuod)
I o 1 I I 0 1 0 0, 0 0 0 0 0 0 0 D2.441q DEADIOIDPIS | L
0, 0 0] 0 I, 0 0] 0 0, 0 0 0 0 0 0 0 S0 STUdLY | ¢L
0, 0 0] 0 | o 1 0 0, 0 0 0 I 0 0 0 vavlvns wmpisd | gL
0| 0/ o0 I I 0 I 0 0| 0 0| 0 ! 0 I 0 nsuuuoy) vuSysoytd | 1L
| o] 1 I I o 1 0 I 0 0 1 0 0 0 0 wingppnou2L USUSOI | 0L
I, 0 0] 0 I, 0o 0] 0 I 0 0 0 I 0 0 0 D4afij1o0p X1u20Yd | 69
I o] 1 I I o] 1 0 0, 0 0| 0 Il o Il o p§0qo1Siq PRLD] | 89
I I I 0 I, 0 0] 0 0, 0 0 0 0 0 0 0 wnijofiyp] vaONDN | L9
I 0 1 I I 0 I 0 0| 0 0, 0 I 0 I 0 Da2f12]0 DSULOW | 99
I 0/ 0] 0 0| 0 O I 0 0 0, 0 0| 0 0| 0 stuul DuSSDAIW | 69
0, 0 0] 0 T o0 1 0 0, 0 0 0 I I I 0 DIIpUl DIJISUDI | 9
0, 0 0] 0 T o 1 0 0, 0 0 0 0 0 0 0 “ds puoona7 | €9
0 0 0 0 0 0 0 0 1 0 ol 1 0 0 0 0 SISUPINUILIDUL SDONIT | 79
I o o] 1 0, 0 I 0 0, 0 0 0 0 0 0 0 vIISPY DIUAPVIAIT | 19
I, 0 0] 0 T o I 0 0, 0 0 0 0 0 0 0 Laduiyss pouunT | 09
0, 0 0] 0 0, 0 0] 0 I 0 0 0 0 0 0 0 DSOIUINLY DIUUDT | 6§
I o] 1 I T o] 1 0 I 0 0 1 0 0 I 0 sisuap3auas vy | 8G
0, 0 0] 0 0, 0 0] 0 I 0 0 1 0 0 0 0 “ds poowody | LG
0 0o, 0] O 0 0 0 0 ! 0 0 1 0 0 0| 0 vaafinds sudiy | 9
I o] 1 I 0, 0/ 0 I I I 0 1 0 0 0| 1 nfind viusyLpdSy | 66
0, 0 0] 0 I, 0 0] 0 0, 0 0 0 0 0 0 0 SnuIquUUDD SIOSIQIH | S
0, 0 0] 0 I, 0 0] 0 0, 0 0 0 0 0 0 0 snppjadouout SNqojpxXag | ¢S
I o] 1 I T o 1 0 I 0 0 0 0 0 0 0 UaLDq SIYADISOIWIDE | TS
0, 0 0] 0 T o 1 I I 0 I 0 0 0 0, 0 SISUa[PSIUaS PN | [G
I, o 1] 0 0, 0/ 0] 0 0, 0 0 0 0 0 0 0 ‘ds mimaan | g
0| 0/ o] o0 0| of 1] 0 0 0 0ol o 0| 0 0| 0 ds wnd(ssop | 6t
I o] 1 I 0, 0 0] 0 0, 0 0 0 0 0 0 0 DYIUDIVLIY DIUIPIVY) | 8




V. A. Kemeuze et al.

208

sjonpoud 1$210J JQUIT)-UON] SJA LN JOPPOJ o ‘POOM-[on} A ‘Toquin) [

| S | 6t €S T 8y L 927 v 9| 8I 0c| €I 8T €1 8oL
0 0 0 0 ! 0 1 0 0 0 0| 0 0 0 0 0 usuyo-purds snydiziz | 16
I 0 1 I 1 0 1 0 0 0 1/ 0 I 0 I 0 puvyrnpw snydiztz | 96
I 0 ! I 1 0 I 0 0 0 0/ 0 I ! I 0 DUDOLIWD DIUWIYX | C6
I I I 0 I 0 I 0 0 0 0| 0 I 0 I 0 pupiuop XajA | 6
1 0 1 ! 1 0 I 0 0 0 0| 0 I 0 I 0 vxopvand DLDIIAIA | €6
0 0 0 I 0 0 0 1 0 I 0 1 0 0 0 1 DUDILSIU DL2ANIA | T6
0 0 0 0 1 0 1 0 0 0 0| 0 0 0 0 0 ds vypunuisg | 16
0 0 0 0 0 0 0 0 0 0 0/ 0 0 ! I 0 Npjusul pIpUIULId ], | 06
I 0 ! I 0 0 I 0 0 0 0/ 0 0 0 0 0 D23do.LovU DIPUIULIZL | 68
I 0 I I I 0 I 0 I 0 1 I I I 0 DoIpul SNpULIbWD ], | 88
0 0 0 0 0 0 0 0 1 0 0| 0 0 0 0 0 saprojpiaduoa) poovg | L8
1 0 1 I 0 0 0 0 0 0 0| 0 0 0 0 0 SISUDLIDISDSDPDUL DIZLDMS | 98
! 0 1 0 0 0 0 0 0 0 0| 0 0 0 0 0 psourds souyddug | 68
0 0 0 0 ! 0 0 0 0 0 0/ 0 0 0 0 0 snsojuawioy snjupydoars 8
1 0 1 0 1 0 ! 0 0 0 o 0 0 0 0 0 wnupnyIuny wnuLadsoadals | ¢8
1 0 I 0 0 0 I 0 0 0 0| 0 0 0 0 0 D2IVIDID DIUIDIOUDSIIS | T8
0| o o] 1 0, 0 0] 0 I I 0 1 0 0 0 0 ds snjoqoaods | 18
0 0 0 0 0 0 0 0 1 0 0| 0 0 0 0 0 vijofiquioyL vpis | 08
1 of 1|0 1 of 1 0 0| 0 0| 0 0| 0 0 0 vdipolyond viupqsag | 6L
0 0 0 0 0 0 0 0 I 0 0| 0 0 0 0 0 D10} DUUSS | 8/
I 0 I I 0 0 I 0 0 0 0/ 0 0 0 0 0 DUINSUIS DUUDS | L[,
0 0 1 ! 0 0 I 0 0 0 0| 0 0 0 I ! DIUDIS DUUS | 9L
0 0 0 0 0 0 0 0 1 0 0| I 0 0 0 0 SHDIUIPLIIO0 DUUIS | Gf
SdAIN| d| Mmd L] SdAIN| d| Md| L| SddIN| d| Md L| Sd4IN 40 Mmd L soadg | N
Spue| 15210 puerdor) SpUR[SSBID) JUSWANIOS




6 Land Use Management by Smallholders’ Households as a Promising Way. .. 209

References

Buck LE, Gavin TA, Lee DR, Uphoff NT, Behr DC, Drinkwater LE, Hively WD, Werner FR
(2004) Ecoagriculture: a review and assessment of its scientific foundations. Cornell University,
Ithaca, 141 p

CBD (2000) Decisions adopted by the conference of the parties to the convention on biological
diversity at its fifth meeting, Annexe III. UNEP/CBD/COP/5/23, Nairobi, Kenya, pp 66-206

de Chazal J, Rounsevell M (2009) Land-use and climate change within assessments of biodiversity
change: a review. Global Environ Chang 19(2):306-315

Di Gregorio A, Jansen LIM (2000) Land cover classification system (LCCS): classification
concepts and user manual. Environment and natural resources service, GCP/RAF/287/ITA
Africover—East Africa project and soil resources, management and conservation service.
FAO, Rome, 157 p

Egeru A (2012) Role of indigenous knowledge in climate change adaptation. A case study of Teso
sub-region, Eastern Uganda. Indian J Tradit Knowl 11(2):217-224

FAO (2000) Carbon sequestration options under the clean development mechanism to address land
degradation. Rome, 35 p

Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR, Chapin FS, Coe MT, Daily
GC, Gibbs HK, Helkowski JH, Holloway T, Howard EA, Kucharik CJ, Monfreda C, Patz JA,
Prentice IC, Ramankutty N, Snyder PK (2005) Global consequences of land use. Science
309:570-574

Fraser DJ, Coon T, Prince MR, Dion R, Bernatchez L (2006) Integrating traditional and evolution-
ary knowledge in biodiversity conservation: a population level case study. Ecol Soc 11(2):4.
https://doi.org/10.5751/ES-01754-110204

Fuwape JA, Onyekwelu JC (2010) Urban forest development in West Africa: benefits and
challenges. J Biodivers Ecol Sci 1(1):77-94

Golding EM, Robertson CS, Bryan RM Jr (2000) L-arginine partially restores the diminished CO,
reactivity after mild controlled cortical impact injury in the adult rat. J Cereb Blood Flow Metab
20:820-828

Gonzalez P, Tucker CJ, Sy H (2012) Tree density and species decline in the African Sahel
attributable to climate. Article J Arid Environ 78:55-64

Hens L (2006) Indigenous knowledge and biodiversity conservation and management in Ghana. J
Hum Ecol 20(1):21-30

Hurteau MD, Brooks ML (2011) Short-and long-term effects of fire on carbon in US dry temperate
forest systems. Bioscience 61(2):139-146

IPCC (2000) Special report of the intergovernmental panel on climate change. In: Watson RT,
Noble IR, Bolin B, Ravindranath NH, Verardo DJ, and Dokken DJ (eds) Land use, land-use
change, and forestry. Cambridge University Press, Cambridge, United Kingdom and NY, USA,
377 pp

IPCC (2003) Good practice guidance for land use, land-use change and forestry. In: Penman J,
Gytarsky M, Hiraishi T, Krug T, Kruger D, Pipatti R, Buen-dia L, Miwa K, Ngara T, Tanabe T,
Wagner F (eds). IPCC National Greenhouse Gas Inventories Programme and Institute for
Global Environmental Strategies (IGES), Hayama, 632 p

IPCC (2013) Climate change 2013: the physical science basis. Contribution of Working Group I to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker TF,
Qin D, Plattner G-K, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex V, PM Midgley
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA,
1535 pp

Jose S (2009) Agroforestry for ecosystem services and environmental benefits: an overview.
Agrofor Syst 76:1-10

Kindt R, Kalinganire A, Larwanou M, Belem M, Dakouo JM, Bayala J, Kaire M (2008) Species
accumulation within land use and tree diameter categories in Burkina Faso, Mali, Niger and
Senegal. Biodivers Conserv 17:1883-1905


https://doi.org/10.5751/ES-01754-110204

210 V. A. Kemeuze et al.

Konga Mopoum CN (2013) Land cover mapping of the far north region of Cameroon and change
detection following post-classification approach. Master thesis, Warsaw University of Life
Sciences and Eberswalde University for Sustainable Development, 65 pp

Kpadonou RAB, Adégbola PY, Tovignan SD (2012) Local knowledge and adaptation to climate
change in Ouémé valley, Benin. Afr Crop Sci J 20(2):181-192

Luedeling E, Neufeldt H (2012) Carbon sequestration potential of parkland agroforestry in the
Sahel. Clim Chang 115:443-461

Lwasa S, Mugagga F, Wahab B, Simon D, Connors J, Griffith C (2014) Urban and peri-urban
agriculture and forestry: transcending poverty alleviation to climate change mitigation and
adaptation. Urban Clim 7:92-106

Mbarga B (2010) Report of the third general census of housing and population in Cameroon.
Central Office of the Census and Population Studies, 5-26

McNeely JA, Scroth G (2006) Agroforestry and biodiversity conservation - traditional practices,
present dynamics and lessons for the future. Biodivers Conserv 15:549-554

McPherson EG, Nowak DJ, Rowntree RA (1994) Chicago’s urban Forest ecosystem: results of the
Chicago Urban Forest Climate Project (NE-186). Forest Service, US Department of Agriculture,
Department of Agriculture, Radnor, PA

McSweeney C, New M, Lizcano G (2012) Cameroon, UNDP Climate Change Country Profiles.
http://country-profiles.geog.ox.ac.uk

Millennium Ecosystem Assessment (2005) Ecosystems and human well-being: desertification
synthesis. World Resources Institute, Washington, DC, 26 p

MINEP (2006) Plan d’Action National de Lutte Contre la Désertification (PAN/LCD), 97 pp

Moreno-Calles A, Casas A, Blancas J, Torres I, Masera O, Caballero J, Garcia-Barrios L, Pérez-
Negrén E, Rangel-Landa S (2010) Agroforestry systems and biodiversity conservation in arid
zones: the case of the Tehuacdn Valley, Central México. Agrofor Syst 80(3):315-331

Nikiema A (2005) Agroforestry parkland species diversity: uses and management in semi-arid West
Africa (Burkina Faso). PhD thesis. Wageningen University, Wageningen, 102 p

Nyong A, Adesina F, Elasha BO (2007) The value of indigenous knowledge in climate change
mitigation and adaptation strategies in the African Sahel. Mitig Adapt Strateg Glob Chang
12:787-797

Oke DO, Jamala GY (2013) Traditional agroforestry practices and woody species conservation in
the derived savanna ecosystem of Adamawa state, Nigeria. Biodivers J 4(3):427-434

Oliver TH, Morecroft MD (2014) Interactions between climate change and land use change on
biodiversity: attribution problems, risks and opportunities. Interdiscip Rev Clim Chang 5
(3):317-335

Pando-Moreno M, Jurado E, Manzano M, Estrada E (2004) The influence of land use on desertifi-
cation processes. J Range Manag 57:320-324

Raoufou R, Kouami K, Akpagana K (2011) Woody plant species used in urban forestry in West
Africa: case study in Lomé, capital town of Togo. J Hortic For 3(1):21-31

Republic of Cameroon (2012) National biodiversity strategy and action plan — version II —
MINEPDED, 154 p

Roshetko JM, Lasco RD, Delos Angeles MS (2007) Smallholder agroforestry systems for carbon
storage. Mitig Adapt Strateg Glob Chang 12:219-242

Secretariat of the United Nation Convention to Combat Desertification (1994) Elaboration of an
international convention to combat desertification in countries experiencing serious drought
and/or desertification, particularly in Africa. Final text of the Convention, 58 pp

Shankar R, Chandra Sekhar C, Joseph B, Sunitha Devi KB, Aarif Khan MA (2014) Carbon
Sequestration in multipurpose agroforesty plantations by using monoculture agroforestry
models. Int J Sci Res 3(9):355-359

Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, McCarl B, Ogle S, O’Mara F, Rice C,
Scholes B, Sirotenko O, Howden M, McAllister T, Pan G, Romanenkov V, Schneider U,
Towprayoon S, Wattenbach M, Smith J (2008) Greenhouse gas mitigation in agriculture. Philos
Trans R Soc B 363:789-813


http://country-profiles.geog.ox.ac.uk

6 Land Use Management by Smallholders’ Households as a Promising Way. .. 211

Swallow B, Boffa J-M (2006) The potential for agroforestry to contribute to the conservation and
enhancement of landscape biodiversity. In: Garrity D, Okono A, Grayson M, Parrott S (eds)
World agroforestry into the future. Nairobi, World Agroforestry Centre, pp 95-101

Tabopda Wafo G (2008) Les aires protégées de I’Extréme-Nord Cameroun entre politiques de
conservation et pratiques locales. These de doctorat Ph/D. Université d’Orléans, 331 p

Takimoto A (2007) Carbon sequestration potential of agroforestry systems in the West African
Sahel: an assessment of biological and socioeconomic feasibility. University of Florida,
Gainesville, 184 p

Teixeira MA, Murray ML, Carvalho MG (2006) Assessment of land use and land use change and
forestry (LULUCF) as CDM projects in Brazil. Ecol Econ 60:260-270

UNDP, UNEP, UNCCD (2009) Climate change in the African drylands: options and opportunities
for adaptation and mitigation. Publishing Services Section, Nairobi, 58 p

Verchot L, Van Noordwijk M, Kandji S, Tomich T, Ong C, Albrecht A, Mackensen J, Bantilan C,
Anupama K, Palm C (2007) Climate change: linking adaptation and mitigation through
agroforestry. Mitig Adapt Strateg Glob Chang 12(5):901-918

Woodfine A (2009) Using sustainable land management practices to adapt to and mitigate climate
change in sub-saharan Africa. TERRAFRICA, 78 pp



	6: Land Use Management by Smallholders´ Households as a Promising Way for Synergies Between the Rio Conventions: Case Study in...
	6.1 Introduction
	6.2 Study Area, Data Collection, and Data Analysis
	6.2.1 Study Area
	6.2.2 Data Collection
	6.2.3 Data Analysis

	6.3 Main Land Use of the Far North Region of Cameroon
	6.4 Household Characterization
	6.5 Key Products and Services of Land Uses
	6.6 Management of Natural Resources in Land Uses
	6.7 Land Use and Biodiversity Conservation
	6.8 Land Use and Climate Change
	6.9 Adaptation Options
	6.10 Conclusion
	Appendix: Availability of Plant Species in the Land Use Type
	References


