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ABSTRACT

Agroforestry parklands belong to multistrata agroforestry systems frequent in tropical Africa.
Understanding the structure and carbon storage of these land use systems can be a good step
toward their sustainable management. The objective of the study was to assess the demography
structure and appreciate the carbon stock of the parklands to gauge the farmer perceptions on
climate change. A total of 300 farmers were interviewed in households, thus 100 per agro-
ecological zone. In total, 126 ha areas were set in parklands of the three agro-ecological zones of
Cameroon (Adamawa, North and Far North). The dendrometric parameters recorded were:
diameter (dbh), height and crown diameter. The above and below ground biomass were
determined using allometric equations. The results reveal that B.aethiopum parklands supply
essential ecosystem services to local populations through informal economies. The species
richness ranges from 8 in the Far North to 13 species in the Adamawa agro-ecological zones.
The density is 18.94 stems/ha. The population structure of B. aethiopum is bell-shaped
indepently of the agro-ecological zone. Farmer perceptions vary according to agro-ecological
zone. Nevertheless the following manifestations of climate change were common for the agro-
ecological zones : regular flood, destruction of houses and farms, dryness, delay of rainfall and
agricultural calender upset. Local strategies among which, use of organic fertilizers, reduction of
busfires, reafforestation and respect sacred environments were developed to mitigate climate
change. The ecological and economic services of B. aethiopum parklands are 376.548 tC/ha and
2 165151 CFA respectively. In addition to the usual socio-economic and environmental
functions of B.aethiopum agroforestry parklands of Cameroon, this study showed their
ecological importance in terms of carbon sequestration capacity and agrobiodiversity.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 436




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

Keywords: B. aethioum agroforestry parklands, Cameroon, Climate changes, Ecological
services, Economical value, Structure.

INTRODUCTION

Parklands belongs to multistorey agroforestry systems which structure the subsaharian Africa
agrarian lanscape. They are among the most performant agroforestry systems in tropical Africa
[1]. They are monospefic (dominated by one species) or multispecific (codominance of two or
more species) depending on the engeniosity of farmers. The landscape of the septentrional part
of Cameroon from the Guinean Savannah Highlands to the Sudano-Sahelian zone is dominated
by Agroforestry Parklands as in West Africa. Their existence duty, structure and physionomy are
connected to anthropic interventions [2,3]. Beside, these parklands are characterized by their
diversity and multifonctionality influenced by non anthropic factors. Through furnishing goods
and services, the deliberate maintenance of useful trees species in agrarian landscape is important
for socio-economical development of local populations [4,5]. They play a major function not
only in the satisfaction of paramount needs of populations, but as well as in the biodiversity
conservation [6]. Traditional agroforestry has been widely promoted in the tropics as a natural
resource management strategy that attempts to balance the goals of agricultural development
with the conservation of biodiversity. Agroforestry systems have the advantage to allow farmers
to increase their yields while at the same time protecting the environment [7].

The volume of literature on various aspects of agroforestry parklands is increasing in West
Africa [2,3, 8,9-27] while in Central Africa, out of works realized in Cameroon [16,28,29], few
data exist on this problematic. In addition, data related to relationship between parklands and
climate change are scarce. To fill in these gaps, the present study focus on the demographic
structure, ecological services and the economic value of the Borassus aethiopum parklands in the
zone. Therefore, the purpose of the study was to assess the demography structure and carbon
stock of the multistrata in view to gauge the farmer perceptions on climate change.

MATERIALS AND METHODS
Study site

The study was undertaken in the septentrional part of Cameroon including three agro-ecological
zones named Adamawa, North and Far North. These areas correspond to Guinean Savannah
Highlands, Sudanian and Sahelian agro-ecological zones. They differ roughly by their climate,
demography and vegetation characteristics [30]. They are situated along a climatic gradient
driving from Beka Modibo (Adamawa region) to Logone Birni (Extreme North) (Table 1).
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Table 1: Characteristics of the study sites

Zones / Latitude (°C) | Longitude (°C) | Main ethnies | Climate Rainfall

Geographical (mm)

coordinates groups
Adamawa 6°541139N 14°263153E Mbere, Guinean 1400
(Beka Mboum, Peulh,

Modibo) Dandi

North (Poli) 8°4768877N 13°2352778E Dawago, Sudanian 1000

Tchamba

Far North 11°7680579N 15°0797731E Kotoko, Sahelian 781
(Logone Kabaye, Massa

Birni)
METHODOLOGY

The study was conducted in various phases : household interviews, floristic analysis and
estimation of carbon stocks.

In each agro-ecological zone, semi - structural interviews were carried out with 300 farmers of
which 100 per zone. Discussions with farmers were based on the structure of the production
systems, biodiversity knowledge, climate change and indigenous strategies developed locally for
the conservation of biodiversity, uses of indigenous tree species as well as socio-economic
factors which affect their daily activities. In addition, the survey evalued the sensitivity of
farmers on the impacts of climate change and the vulnerability of the local ecosystem. Similar
approaches have been successfully used in Cameroon [31] and in Benin [6].

For the floristic phase of the study, a total survey area of 126 hectares of parklands were
explorated, thus 42 ha per agro-ecological zone. Compass and GPS were used to establish
transects of 50 m in length over 20 m in width and the community sampling units were
established (20 sampling plots/ha). In each plots, plants were identified and floristic composition
enumerated. The diameter of trees was measured at 1.30 m aboveground for trees and at 0.30 m
for shrublets. The measures effectuated throughout each transect follow standard forestry
methods[32]. Savannah was used as witness. Likewise, for measuring diameter at breast height
(dbh) and height, instruments like dbh meter and Finnish Caliper and measuring tape were
employed for all woody species. The basal area of each species was determined in addition to the
crown diameter.
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To estimate biomass of different trees, non-destructive methods were used. Biomass of
Arecaceae was determined through specific allometric formula developed by various authors
[33,34] : Y==6.666 + 12.826 « (HT?%) « In(HT). Others allometric equations adapted for the
dry areas were used for the non Arecaceae species: (AGB) = p * exp(-0.667+1.784 In(D)+0.207
(In(D))2 — 0.0281 (In(D))3) [35]. For the dead stand, dead felt wood and the below ground
biomass, specific allometric equations were used [36,37,38].

DATA PROCESSING AND ANALYSIS

The conversion of kgeqC to kgeqCO, was made and the total CO, sequestered in the parklands
determined. According to figures of Ecosystems Marketplace from 2009 to 2016 [39], the
average transaction price was estimated at 10 USD/t CO2. The conversion was used to estimate
the ecological service value considering that one dollar is equal to 575 FCFA. For all the
quantitative data, analyse of variance was performed and the programme used was Statgraphic
plus 5. 0.

RESULTS

Parklands have functions and produce useful ressources for farmers. They participate to the
improvement of the economy of the households and concur to poverty reduction. Farmers of the
northern part of Cameroon have good knowledges on its importance. In each zone, the local
name of parkland exists in traditional lexicon. Thus, it is locally known in :

-Adamawa agro-ecological : as «Salbere/Salakire» in Mbere vernacular ; «Gaba baira» in
Mboum ; «Loukgoudou» in Foulani ; «Salike» in Dandi ;

-North agro-ecological : as «Dadongo» (Dawago) ;

-Far North agro-ecological : as «Delep / Goum» in Kotoko, «Sinera / Zar» in Massa,
«Vouwai/Woura» in Mousgoum, «Kalya» in Kabaye. A diversity of names are given to this
traditional agrofoestry system practised since millenium.

Parklands are land use systems in which perenial woods are deliberately conserved in association
with crops and / or animals in a spatial scatered arragement and / where exist both ecological and
economical interactions between trees and other components of the systems [9]. They harvest
from parklands (Fig.1) various products which they consumed and commercialized to
accommodate and adapt to climate changes.
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Figure 1: Physionomy of B.aethiopum parkland
Use of products from B. aethiopum Parklands

Parklands supply essential ecosystem services to Cameroon population through informal
economies. All the parts of the species are used in different domains by the population : feeding,
handicraft, pharmacopea, fodder, energy and soil fertility [26,40]. Commercialization of products
from the species constitutes the main socio-economic activities in the area where it is exploited.
The pulp of the fruit is consumed and commercialized by the population as well as the hypocotil
axis (Fig.2) [40]. Wine is produced from the tree.
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Figure 2: Fruits (a) and hypocotil (b) of B. aethiopum

Palms and trunks of the species are used for construction, bridges and animal watering tools. In
addition palms are used to weave (looms, baskets, mats). The hypocotil axis are cooked and
consumed as vegetable named locally in Fufulde «basi». The cooked hypocotil are
commercialized in local market while uncooked one are selled in regional. In account of these
products, farmers harvest also products from other tree species conserved in the exploitation such
as Adansonia digitata, Hyphaene thebaica, Haematostaphis barteri whose fruit pulps are
consumed and marketed. In some agro-ecological areas like Adamawa, farmers have introduced
exotic species such as Persea americana, Mangifera indica, Citrus spp., etc. in their parklands.
In addition, farmers (10.83%) of the Northern and Far Northern proclaim unanimously that
during drought, parklands become excellent touristic site to take a rest and for shade.

Local perceptions of climate change and adaptation

In the septentrional part of Cameroon, the impacts on various projections on changes of
temperatures and precipitations sound low compared to the pressure of human activities. The
most important manifestations of climate changes recognized by farmers include floods, dryness,
frequent dust, abundance of plant parasits, destruction of properties (houses, farms, animals),etc.
Farmers of the Adamawa, North and Far North zones are awared of the variability of the climate
in their regions. Farmer perceptions vary according to the agro-ecological zone. The majority of
farmers (46%) mentionned that the years 1996, 2010 and 2015 were very rainy in Adamawa
while those of the North (48%) quoted 1999, 2010 and 2015 as such (Fig.3). In the Far North,
the situation was totally different because farmers recognition of the variability of the climate
was low. Nevertheless a few of them recognize that rainfall was abundant in 2005 (6%), 2010
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(16%) and 2012 (8%). Meanwhile, farmers (39,27%) of these three zones are unanimous on the
fact that rainfall was very affluent in their areas in 2010. The climate changes in these zones
went with frequent floods and violent winds. Fortunatelly, one of the contribution of the
parklands was to reduce their rate. 60% of farmers of the three zones are unanimous on the fact
that parklands improve the environment by increassing relative humidity and reducing the
velocity of the wind. For the drought, 12.5% of respondents affirm that they improved it.

Concerning temperature, farmers of the Adamawa agro-ecological zone remembered the dryness
of their environment in 2015 (14%), those of the North targeted years 2004 (15%), 2011(15%)
and 2014 (36%) whereas those of the Far North named years 2006 (7%), 2007(7%), 2009 (5%)
and 2011 (7%). During these periods of high temperature, life conditions became very difficult.
The major risks of the climate changes according to the persons interviewed are flood, soil
erosion and strong wind. For them, vegetation degradation of the parklands is a phenomenon
which results from actual climatic dessication, repetitive drought and gradual climate aridity.
They constitute the main reasons of species vulnerability. In some parklands, wind brake and
often knock down trees.

The local strategies developed by farmers were : use of organic fertilizers, reduction of bush
fires, reafforestation and respect of sacred groves. They think that the non respect of some
traditional values among which sacred environments (sacred groves, social forbbiden, etc.) is one
of the cause of climate change.
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Figure 3: Variability of rainfall from 1970 - 2019: according to
farmers (a) and meteorolgical stations (b).

Borassus aethiopum parkland characteristics

B. aethiopum represents 80.84 % of trees in Adamawa, and 80% in North and Far North
parklands respectively. The global percentage is 81.33% with a density of 18.94 stems/ha. The
species richness ranges from 8 in the Far-North to 13 plant species in Adamawa parklands of
Cameroon. The number of species decreases in parklands of Adamawa to Far North agro-
ecological zones (Fig. 4) suggesting that farmers of the Adamawa agro-ecological zone conserve
biodiversity and at the same time plant new species in their production systems. Parklands
constitute a refuge of some important species. In the floristical view, Adamawa parklands differ
from others by the presence of Citrus spp., Persea americana and Psidium guajava which were
introduced by farmers. This situation suggests that farmers take care of their agrosystems.
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Figure 4: Floristic composition of Borassus aethiopum parklands in Cameroon
Demographic structure of Borassus aethiopum parklands in Cameroon

The global parkland structure varies according to agro-ecological zones. It is «J» distribution in
Adamawa while for the two other zones, it is normal (bell). The «J» distribution shows that in
the Adamawa parklands, there is a slight regeneration of the population of trees. The maximum
of trees is found in the class diameter 30 - 70 cm (Fig. 5). This distribution suggests that old trees
are maintained in the system while the regeneration of seedlings is difficult. Similar remarks
were reported in Borassus akeassi parklands in Burkina Faso[21]. This indicates that farmers
during clearing activities of their field protect seedlings (B.aethiopum and other species).
Parklands of Far North and North zones present a normal distribution. This suggests that in these
parklands, regeneration of trees and maintenance of old trees are difficult. Maximum of trees are
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located between 30-50 cm of diameter. The demography of Borassus aethiopum without other
species exhibits a normal distribution independently of the agro - ecological zone (Fig. 5). As
above mentionned, this distribution indicates that young and old plants in the system have
difficulties to grow. These results agree those reported in B.akeassi in Benin[22].
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Figure 5: Parklands diametric distribution : global structure of parklands
(a) and structure of B. aethiopum alone (b).

The height of B.aethiopum fluctuated between 5 and 20 m. The highest trees were found in the
Far North agro-ecological zone confirming the trend observed when the global structure of
parklands was considered (Fig.6ab). The maximum of trees (640) are located between 10-20 m
class (Fig.6). This height confirms field observations on damages provoked by the wind on
Borassus trees. In fact, many individuals were found destructed by wind in this agro-ecological
zone.

The global canopy diameter structure of the parklands follows a «L» distribution with a
maximum of trees concentrated below 5 m (Fig.6c¢d). This trend is respected when the structure
of B.aethiopum is considered alone. The maximum of trees in the global structure comes from
Adamawa and North agro-ecological zones whereas for the Far North the canopy of the trees
dominanted in the 5-10 m class. Considering B. aethiopum alone, the North and Adamawa agro-
ecological zones are dominant with a slight superiority in the North (Fig.6d).
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Figure 6: Distribution of the height and diameter of canopy of parklands : global structure
of the system (a) and B.aethiopum alone (b), global diameter structure of canopy (c) and
B.aethiopum alone (d).

Stratification of the parklands is roughly constituted by about three layers. The above ground
layer (0-4m) is characterized by crops which composition varies according the zone : Far North
(Logone Birni) (Sorghum bicolor, Zea mays, Vigna inguiculata, Lypersicon esculentus,
vegetables, Alium spp., Gossypium hirsutum, Arachis hypogaea, Oriza sativum and Phaseolus
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vulgaris) ; North (Poli) (Sorghum bicolor, Zea mays, Gossypium hirsutum, Arachis hypogaea,
Oriza sativum, Phaseolus vulgaris) and Adamawa (Beka modibo) (Manihot esculenta, Phaseolus
vulgaris, Zea mays, Cucumis spp., Dioscorea dumentorum, Arachis hypogaea, Ipomea batatas
and Glycine max).

The shrub layer (4-10m) is the most diversified stratum with Acacia nilotica, Diospyros
mespiliformis, Hyphaene thebaica, Piliostigma thonningii, Tamarindus indica, Terminalia
glaucescens, Securidaca longepedunculata, Sterculia sp., Citrus spp., Psidium guajava, etc.

The woody layer (>10m) is composed of Adansonia digitata, Albizia zygia, Bombax costatum,
Borasus aethiopum, Haematostaphis barteri, Ficus sycomorus and Khaya senegalensis. It can be
mentioned that Mangifera indica and Persea americana are present only in the woody layer of
the Adamawa agro-ecology. They were introduced by farmers because the climate is moderate
compared to the dry area.

Ecological services and economical value of Borassus aethiopum parklands

The total carbon stock of 102.70 tC /ha was obtained in the Borassus aethiopum parklands. The
main species, B. aethiopum accumulated 87.9t/ha itself representing 85.59 % of the carbon
sequestrated. Among the different agro - ecological zones, Adamawa stocks 43.134+4.724tC/ha
while the North is the last with 27.826+4.841tC/ha. However there is not a significant difference
between parklands from different agro - ecological zones of Cameroon (0.066>0.05). This
behaviour indicates that the potential of sequestration of B. aethiopum parklands is homogenous
along the climatic gradient. However, the ecological services of the parklands varies from
102.386+1.800 tCO- in the North to 158.176+1.722 tCO, in Adamawa region (Tableau 2).

Table 2: Ecosystemic and economic services of parklands

Adamawa North Far North Total
Above 27.656+1.802 | 18.324+0.943 | 19.730+0.975 | 65.710+1.240
Borassus ground
aethiopum | Below 8.875+1.051 6.851+1.077 6.464+1.087 22.190+1.072
ground
Deadstand | 0.234+0.071 0.364+0.072 0.188+0.072 0.786+0.072
Above 4.643+0.895 1.783+0.967 3.679+0.917 10.105+0.677
Other ground
species Below 1.727+0.279 0.599+0.286 1.181+0.286 3.507+0.284
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ground
Total (tC /ha) 43.135+0.574 | 27.921+0.600 | 31.242+0.588 | 102.695+0.587
Ecological service | 158.176+1.722 | 102.386+1.800 | 114.564+1.764 | 376.548
(tCO2/ha)
Economical value | 1581.76+1.722 | 1023.86+1.800 | 1145.64+1.764 | 3765.48 $
(USA)
Economical value | 909 512 588 719.5 658 743 2165 151 CFA
(CFFA)
DISCUSSION

In the tropics, preservation of useful trees species in farmers lands remains a rule during clearing,
hence the actual physionomy of the parklands draws its origin. Conservation and management of
useful tree species in farms explains the actual floristic composition of agrosystems. In the same
time, the proportion of tree species retained in the farms increases compared to the natural
vegetation. B. aethiopum represents 81.33% of the number of species of the parklands.
Whatever, the density of B. aethiopum is the most important. The structure of B.aethiopum
disagrees that of Parkia biglobosa in Benin [18]. The ecology and the population density are the
possible explanations of this situation. Compared to west african parklands, B. aethiopum
parklands in Cameroon are less diversified [21]. During the agricultural intercampaign period,
farmers make tacit agreement with herdmen to graze cattle in the parklands. It is a <<win win>>
deed of which food for hersder and fertility for the farmer. The pastoral management of the
parklands modifies the floristic composition and landscape [26]. The total specific richness of
woody species recorded in parklands of Cameroon is comparable to that obtained in Nigeria (22
especes) [41] and in Togo (25 especes) [15]; but less than that of South of Burkina Faso (46
especes) [13]. The density obtained is these parklands is similar to that in North West of Atacora
(19 stems /ha) [42] and in northern Cameroon (14 - 47 stems/ha) [29]; but less than those
recorded in Togo (32-82 stems/ha) [15]; in Benin (30-36 stems/ha) [27] and higher than those in
land uses nexting cynegetic area of Pendjari (7.9 + 5.4 stems/ha) [6]. The socio-economic
importance of B. aethiopum induces a strong pressure on its population in Cameroon like
elsewhere. These parklands present debated distributions showing their dynamism with a low
renewal of woody population. The intense production of hypocotil is one of the possible
explanations. Analogous « L » distribution was reported in Parkia biglobosa parklands in
Doufelgou (Togo) [15]. Nevertheless, «J» distribution was reported in parklands of Bamou’
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bassin [27]. This distribution structure was characterized by a rising repartion of individuals from
low to large diameters in P. biglobosa and Vitellaria paradoxa parklands. Gbesso et al.(2014)
reported in the same species in Sudano-sahelian zone of Benin, a normal distribution[22].
Concerning the structure of the height of the species, it is normal with individual of high size. To
ensure the conservation of the species, it is essential to assess how exploitation affects the
population processes and overall population dynamics of the species.

Carbon stock, sequestration potential and economic value

Several works have shown the role of agroforestry systems as an opportunity to reduce CO-
concentrations in the atmosphere by increasing carbon stocks in agricultural lands [43,44, 45,
46, 47]. Aboveground carbon only for B.aethiopum ranged from 6.851+1.077 to
8.875+1.051tC/ha. Belowground biomass ranged from 0.599+0.286 to 1.181+0.286 tC/ha. In
terms of economic value, the total carbon stock in the three ecological zones of Cameroon is
3765.48 $ (2 165151 FCFA). Adamawa parklands have a very high economic value of
1581.76+£1.72 $ (909 512F FCFA) versus 1023.86+1.80% (588 719.5 FCFA) in those of the
North. Despite certains phenomenons which destroy parklands, those of B. aethiopum are
economically profitable and appear as an attractive alternative in terms of production of timber
and the fight against global warming.

Climate change

Climate change is not perceived only by scientists, farmers are awared of it in their zones and
have good knowledges on the variations of climate in their area in certains years through natural
and physical factors such as yield decreasing or abundant precipitations, frequent floods, houses
open to violent winds and dryness, erosion and sedimentation, appearance of new species,
proliferation of plant parasites, rainfall delay and farm calender upset, etc. Very often, they think
that profanation of sacred environments by the population is one the cause of climate changes.
Some of their declarations are confirmed by meteorological data. In Adamawa zone, the years
2005, 2010 and 2016 were targeted as years of exceptional precipitations. Meteorological
stations reveal that North, Far North and Adamawa, received 2105.5mm (1999) ; 903.9 mm
(2010) and 1940 mm (1996) of water respectively. Concerning temperature, it fluctuated in 2015
from 20.62 to 32.49 °C whereas in 2016, it varies from 23.15 to 35.67°C. In the North in 2014,
the minimum temperature is 22.66 while the maximum was 35.31°C. Finally, in the Far North in
2011, the mean temperature was 29.28°C.

Farmers are vulnerable to effects of climate change. In Africa, Cameroon is characterized by
strong climate variations since 1960 [31]. The rise of pluviometry and temperature is palpable on
annual, seasonal and monthly scales. The issue here is to bring out an analysis of the evolution of
the climate in the septentrional zones of Cameroon from 1986 to 2018 in order to establish the
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bond between climatic changes and farmer declarations. The farmers declarations are confirmed
by the climate data (pluviometry, temperature, etc.) obtained from meteorological stations of the
three agro-ecological zones.

Borassus aethiopum species showed an important role in mitigating climate change; its
sequestration potential represents 85.59% of the biomass stored in these parklands. Conservation
of forests, including those under the control of local communities in developing countries, is an
important component of a comprehensive climate mitigation strategy [48]. The present study
identified B.aethiopum parklands of Cameroon as an important carbon sink due to the relative high
diversity of plant species which significantly contribute to reduce atmospheric carbon. The
quantity of carbon stock obtained during field investigation range between 27.826+4.841-
43.134+4.724 tC.ha, values generally found in semi-arid natural ecosystems [43,45, 49].
B.aethiopum the most represented species (> 80%) in these parklands in terms of individuals had
been reported by several studies to have a good regeneration [6,25]. The protection of these
parklands from bush fire could help to avoid their destruction and therefore improve their capacity
to mitigate climate change. Farmers parceive climate changes through many natural and physical
factors. Against these climate changes, they develop endogenous flexible strategies such as use
of organic fertilizers, reafforestation, reduction of bushfires, respect of traditional culture, etc.
These results suggest that the B.aethiopum agrosforestry parklands of Cameroon need to be taken
into account in national environment protection policies as an alternative to respond to
international agreements related to biodiversity conservation, combatting desertification and
climate change as trade-off of safeguarding cultural heritage.

CONCLUSION

The current study highlights the key role of B. aethiopum parklands of Cameroon in addressing
some environmental problems including biodiversity losses, climate changes and desertification.
Out of the adoption of organic fertilizer, reafforestation and reduction of bushfires, no efficient
endogenous and continuous measures of adaptation have been recorded. The extension of the dry
season could affect the natural regeneration of the B. aethiopum parklands. In addition to the
usual socio-economic and environmental functions of B.aethiopum parklands of Cameroon in
terms of supply of food, wood and energy and reducing pressure on natural forests, this study
showed their ecological importance in terms of carbon sequestration capacity and
agrobiodiversity.

ACKNOWLEDGEMENT

Authors wish to express their gratitude to the Centre of Interface, Research and Applications for
the Sustainable Development in Africa (CIRADA) which funds this research. They are also

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 450




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

indebted to anonymous reviewers for their useful comments which help to improve the quality of
the paper.

REFERENCES

1.

10.

P. M. Mapongmetsem, Domestication et culture des espéces d’intérét socio-économique
pour réduire la pauvreté au Cameroun. Lecon inaugurale des Doctoriales, Faculté des
Sciences, Université de Ngaoundéré. Edition Excellence Plus. Cameroun. 2017; 44.

N. Diarassouba, K. E. Koffi, K. A. N’guessan, P.Van Damme, & A. Sangare,
Connaissance locales et leur utilisation dans la gestion des parcs a karité en Cote d’Ivoire.
Africa focus, 21(1) (2008) 77-96.

A. Floquet, Typologie des systemes agroforestiers au Bénin. pp. 180-188. In: Sinsin B. &
Kampmann D. (eds.). Atlas de la biodiversité de 1’Afrique de I’Ouest, Bénin. BIOTA.
Cotonou & Frankfurt/Main. 1, 2011 ; 725.

B. A. Bationo, B. Yelemou & S. J. Ouedraogo, Le neem (Azadirachta indica A. Juss.),
une espece exotique adoptée par les paysans du Centre-Ouest du Burkina Faso. Bois et
Foréts des Tropiques, 282 (2004) 5-10.

A. E. Assogbadjo & B. Sinsin, Diversité des especes en agroforesterie. In: Sinsin B. &

Kampmann D. (éds.). Atlas de la biodiversité de I’ Afrique de ’Ouest, Volume 1 Bénin.
BIOTA. Cotonou & Frankfurt/Main. 2011 ; 190-194.

G. F. Vodouhg, O. Coulibaly, G. Biaou & B. Sinsin, Traditional agroforestry systems and
biodiversity conservation in Benin (West Africa). Agroforestry Systems. 2011 ; DOI
10.1007/s10457011-9377-4.

P. M. Mapongmetsem, Phénologie et mode de propagation de quelques essences a
potentiel agrofrestier dans la zone forestiére. Thése de Doctorat 3 *™ cycle, Université de
Yaoundé I. 1994;172.

R. A. Pullan, Farmed parkland in West Africa. Savanna, 3 (1974)119-151.

E. Bonkoungou, Les parcs agroforestiers des zones semi-arides d’Afrique de 1’Ouest :
conclusions et recommandations du symposium international de
Ouagadougou.Coordination du réseau SALWA, 1994,

A. Sene, Etude socio-economique des systemes a parc dans le bassin arachidier : cas de
Sterculia setigera et de Cordyla pinnata. Mémoire de confirmation. Direction des
recherches sur les ressources forestieres. 1994 ; 86.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 451




11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

International Journal of Agriculture and Environmental Research
ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

A. Mahamane, Structure, fonctionnement et dynamique des parcs agroforestiers dans
l'ouest du Niger. Thése de Doctorat 3°™ Cycle, Faculté des Sciences et techniques,
Université de Ouagadougou Bukina Faso, 1997; 2014.

J. M. Boffa, Agroforestry parklands in sub-Saharan Africa, Cahier FAO Conservation 34,
FAO, Rome, 1999 ; 230.

J. M. Boffa, Productivity and management of agroforestry parklands in the Sudan zone of
Burkina Faso, West Africa. Ph.D Dissertation, Prudue University, West Lafayette,
Indiana, 1995.

J. M. Boffa, Les parcs agroforestiers en Afrique subsaharienne. Cahier FAO
Conservation 34, FAO, Rome, 2000 ; 230.

B.Wala Kpérkouma, Sinsin Kudzo, Atsu Guelly, Kouami Kokou, Koffi Akpagana,
Typologie et structure des parcs agroforestiers dans la préfecture de Doufelgou (Togo).
Sécheresse, 16 (3) (2005) 209-2016.

G. Smektala et al., Parcs agroforestiers sahéliens : de la conservation a I’aménagement.
VertigO — La revue en sciences de lI'environnement, 6 (2) (2005)1-13.

M. Larwanou, I|.Oumarou, L.Snook, I. Danguimbo & O. Eyog-Matig, Pratiques
sylvicoles et culturales dans les parcs agroforestiers suivant un gradient pluviométrique
nord - sud dans la région de Maradi au Niger. Tropicultura, 28 (2) (2010) 115-122.

A. K.Natta, S. F-X. Bachabi, N. Zoumarou-Wallis, A.Dicko, Typologie et structure des
parcs agroforestiers dans la zone soudanienne du Nord Bénin. Annales des Sciences
Agronomiques, 16 (1) (2012) 67-90.

E. A. Diatta et B.Sagna, Caractérisation et modes d’exploitation des parcs a Elaeis
guineensis, Jacq. en Basse Casamance : cas des villages de Carounate (cassa) et de
Djiguinoume (kalounayes). Mémoire de Licence Agroforesterie, Université Assane de
Ziguinchor, 2013 ; 49.

Z. D. Z. D.Gomis, Les parcs agroforestiers a Elaeis guineensis Jacg. (Palmier a huile) :
Caractéristiques biophysiques et importance socio-économique a Ouonck (Basse-
Casamance). Mémoire de Master 2. Université Assane de Ziguinchor, 2015, 79.

M. AB. A.Diedhiou, E. Faye, D. Ngom, M. AB. Toure, Identification et caractérisation
floristiques des parcs agroforestiers du terroir insulaire de Mar Fafaco (Fatick, Sénégal. J.
Appl. Biosci. J. Appl. Biosci., 79 (2014) 6855 — 6866.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 452




22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

F. L. Gbesso, H. Yedomonhan, B. Tente, A.Akoegninou, Distribution géographique des
populations de rbniers (Borassus aethiopum Mart, Arecaceae) et caractérisation
phytoécologique de leurs habitats dans la zone soudano-guinéenne du Benin, Journal of
Applied Biosciences 74 (2014) 6099— 6111

M. Goudiaby, Les parcs agroforestiers en Basse-Casamance : Contribution du Parkia
biglobosa (néré) a la réduction des risques de pauvreté des ménages de la communauté
rurale de Mangagoulack, au Sénégal. Université de Laval, Québec, Canada : 2013, 98.

G. Yaméogo, B. Yélémou & D. Traoré, Pratique et perception paysannes dans la création
de parc agroforestier dans le terroir de Vipalogo (Burkina Faso). In Biotechnol. Agron.
Soc. Environ, 9 (2005) 241-248.

J. Yameogo, Y. Samandoulgou & M. Belem, Le ronier (Borassus akeassii B.O.G.) dans
les parcs agroforestiers a Kokologho, Sakoinsé et Ramongo dans la province du
Boulkiemde, Centre-ouest du Burkina Faso. Journal of Applied Biosciences, 100 (2016)
9557 — 9566.

I. Dan Guimbo, B. Morou, H. Rabiou, M. Larwanou, Facteurs de pression sur les parcs
agroforestiers a Vitellaria paradoxa et a Neocarya macrophylla dans le Sud-ouest du
Niger (Afrique de I’Ouest). Journal of Applied Biosciences, 107 (2016) 10407-10417

M.V. Ahissou, O. R.Balagueman, S. S.H.Biaou, K. A.Natta, B.S.C. Dan, Caractérisation
structurale des populations de Borassus aethiopum Mart. dans la commune de Save au
Bénin. Annales de Sciences de I’Université de Parakou. 7(1) ( 2017) 47-53.

R. Peltier, C. N.Forkong, M.Ntoupka, R.J.Manley, M.Henry, V.Morillon, Evaluation du
stock de carbone et de la productivité en bois d’un parc a karités du NordCameroun. Bois
et Foréts des Tropiques, 294 (4)( 2007) 39-50.

C. Seignobos, Végétations anthropiques dans la zone Soudano-Sahélienne : la
problématique des parcs, Cameroun. Rev Geogr, 3 (1982) 1-23.

A. Aubréville, Climats, foréts et désertification de I'Afrique tropicale, Edition Géographie
Maritime et Coloniale, Paris, 1949 ; 351.

Ndongo Din et al., Local perception of climate change and adaptation in mangrove area
of the Cameroon coast. Journal of Water ressource and Protection, 8 (2016) 608-618.

Hu Du, F.Zeng, W.Peng, K.Wang, H. Zhang, T. Song, L. Liu, Carbon storage in a
Eucalyptus plantation chronosequence in Southern China. Forests, 6 (2015 )1763-1778.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 453




33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

IPCC, Good practice guidance for land use, land use change and forestry. Jim Penman et
al.(eds), Institute for Global Environmental Strategies, Hayama, Japon, 2003, 20.

Winrock, Guide de Mesure et de Suivi du Carbone dans les Foréts et Prairies Herbeuses.
Winrock International, Timothy Pearson et Sandra Brown, 1621 N., Kent St., Suite 1200
Arlington, VA 22209, USA , 2005 ; 39.

J. Chave et al., Tree allometry and improved estimation of carbone stock and balance in
tropical forest. Oecologia, 145 (2005) 87-99.

M. Segura, M.Kanninen, Allometric models for tree volume and total aboveground
biomass in tropical humid forest in Costa Rica. Biotropica 37(1) (2005) 2- 8.

G. Valentini, Evaluation de la séquestration du carbone dans les plantations
agroforesticres et des jachéres issues d’une agriculture migratoire dans les territoires
autochtone de Talamanca au Costa Rica. Mémoire de MSC en Biologie végetale,
Université de Laval Québec, Canada, 2007 ; 128.

M. A. Cairns, S.Brown, E. H .Helmer, G.A.Baumgardner, Root biomass allocation in the
word’s repland forests, Oecologia, 111(1997)1 — 11.

K. Hamrick & A.Goldstein, Raising ambition: state of the Voluntary Carbon Markets.
Ecosystem Marketplace. A forest trends initiative, 2016; 58.

P. M. Mapongmetsem, B. Nduryang et G.Fawa, Contribution a la connaissance des
produits forestiers non ligneux de la zone sudano-sahélienne du Cameroun. Kapseu C.,
Nzié W., Nso E., Silechi J. et Gomo (éds). Biodiversité et changements globaux du 21 au
23 juillet 2015 a Ngaoundéré, 2015 ; 139-147.

R. A. Cline-Cole, J. A.Falola, H. A.C.Main, M. J.Mortimore, J. E.Nichol, F.D.O'Reilly,
Wood fuel in Kano. United Nations University Press, Tokyo, 1990 ;124.

0O.Gaoue, T.Ticktin, Patterns of harvesting foliage and bark from the multipurpose tree
Khaya senegalensis in Benin: variation across ecological regions and its impacts on
population structure. Biol. Conserv. 137(2007) 424-436.

L. Zapfack, V.N. Noumi, P. J. Dziedjou Kwouossu, L. Zemagho, N. T. Fomete,
Deforestation and carbon stocks in the surroundings of Lobe “ke “~ National Park
(Cameroon) in the Congo Basin. Environ Nat Resour Res 3(2) (2013) 78-86.

V. A. Kemeuze, P. M. Mapongmetsem, D.Sonwa, E.Fongnzossie & B.A.Nkongmeneck,
Plant diversity and carbon stock in sacred groves of semi-arid areas of Cameroon: case
study of Mandara mountains. International Journal of Environment, 6(2)( 2015) 308-318.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 454




45.

46.

47.

48.

49,

50.

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume:05, Issue:04 "July-August 2019"

D. A. Manfo, M. Tchindjang, H. J. Youta, Systemes agroforestiers et conservation de la
biodiversite ~ dans un milieu fortement anthropisé ": le cas d’Obala. Revue Scientifique et
Technique Forét et Environnement du Bassin du Congo, 5(2015) 22—34.

L. Zapfack, V.Noiha Noumi, R. B. Tabue Mbobda, Economic estimation of carbon
storage and sequestration as ecosystem services of protected areas: a case study of
Lobeke national park, a carbon sinks in the Congo basin. J. Trop. For. Sci., 28(4)(2016)
406 —415.

V. Noiha Noumi et al., Floristic diversity, carbon storage and ecological services of
eucalyptus agrosystems in  Cameroon. Agroforestry Systems, 2017 ; DOI
10.1007/s10457-017-0130-5.

K. Brown and W. N. Adger, Economic and Political Feasibility of International Carbon
Offsets. Forest Ecology and Management 68(2-3)(1994) 217-229.

A. Dona, P.M. Mapongmetsem, D. Dongock Guemo & A.Pamboundem, 2016.
Phytodiversity and carbon stock in Guinean savannahs zone of Tandjile-East, Chad.
International Journal of Applied Research, 2(9)(2016) 455-460.

Nkeng P.E., Mouack. P., 2013. Vulnérabilité des communes de la région de I’extréme
nord aux effets du changement climatique. Rapport I’atelier de restitution et de validation
des résultats de I’étude. 58p.

www.ijaer.in Copyright © IJAER 2019, All rights reserved Page 455




